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I Tir& METABOLIC PROPERTIES OF VARIOUS ELEMENTS 

Project 48A 

Tracer Studies 

Kenneth Go Scott and Josephine Crowley 

A considerable volume of work was accomplished during the ~ast three 
months in our tracer program,_ aX1_)eriments being conducted with At llp carriei_"­
free Bi206, carrier-tree 1!J15~, carrier~f'ree Mo93, 99, Np237~ Tal82 of' a fair 
degree of apeoitic activityp carrier=f'ree sc46, and high specific activity 
Tml70 e 

Astatine. 
Jo Go Hamilton, K. Go Scott, C0 Wo Asling, P. Co Viallace~ and G. Thilo. 

The rather formidable difficulties associated with the assay of' astatine 
in biological material. has been finally solved by the use of' a scintillation 
counter which detects the K x~rays of' the short=lived Fo2llo The disintegra­
tion pattern of' At2ll has ;/been studied in the past by Segr~ and his co-workers~ 
and 60 percent of the dis~tegrations are by orbital electron capture to form 
Po211 which has a half-life of 5 x lo-3 seconds. Concomitantly, this results 
in t:!:le release of 90 kv x~rays. A special circuit was devised to enable the 
counting of these x ... :r:J.}:J vdth a reasonable signal to noise ratio. The system 
employed was q_uite ei'fj_c:i.;:-mt in that approximately 10 percent of' all the 
disintegrations of' At211 could be counted. The employment of' this procedure 
avoided the.laborious and rather inaccurate chemical procedures necessary for 
the isolation of' astatine so ,that the alpha particle e.ctivi ty could be counted. 
•ro insure that no impurities •nere present~ careful decay curves were taken 
extending over six: half'-lives and were observed to coincide with the reported 
?.5 hour half-life. 

Table I summarizes the average values obtainAd following the ·intravenous 
adi::inistratiort of At211 in rats. The time intervals of sacrifice vJere 1 9 4 9 

9, 131 and 24 hours. For each time intervnl 9 the values given represent the 
average for three rats. ·'l'he rats wepe young females 'Nhose weight averaged 
150 e;rams. The figures given for blood, skeleton and muscle were calculated 
on a basis of 7, 8 1 and 45 percent respectively. It v1ill be noted that in 
the case of' the lymph glandsp lacrimal gland~ and salivary gland 9 no figures 
are available on percent per organ accumulation. This arose from the fact 
that for these three tisues complete diss&etion was not achieved. Rather wide 
variations in stomach, small intestine and large intestine contents were noted 
and the percent per gram values varied over a large range from animal to 
animalo 

In general, it ean. be saj.d that the metabolic pathways of astatinep 
including its selective accum.ulat ion by tho thyroid

9 
resembles that of iodine 
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TABLE I 

DEPOSITION OF AT211 IN THE RAT 1 9 4, 9? 13, and 24 HOURS .AFT.ER INTRAV.tl!NOUS 
INJECTION" VALUES .liRE CORRECTED FOR RECOV.J:RY .AND EXPRESSED IN PERCENT OF .AB= 

!ii. SORBED DOSEO ANIMALS SACRIFICED AT 1~ 4~ and 24 HOURS EACH RECEIVED 50 MICRO-
CURIES OF AT2ll o THE 9 and 13 HOUR ANIMALS EACH RECEIVED 35 MICROCURIES OF 
k1'2110 

1 hour 4 hours··· 9 hours 13 hours 24 hours 
Organ %per %per % per % per % per % per % per % per %per %per 

organ gram organ gram organ. gram organ gram organ gram 

Adrenal .088 1&83 .080 1.5'7 .057 1000 .058 080 .048 .96 
Lymph Gland .60 1.23 1.18 .84 1.05 
Pituitary .087 1.13 .020 2.77 .009 1048 .010 1.25 .011 1.24 
Lac. Gl. 4089 • 76 .58 036 .84 
Ovary .156 1081 .142 1.55 0084 1.16 .075 • 93 .094 1045 
Sal.Gl. .77 .85 .63 .42 .67 
Eyes .12 .43 .093 .33 .063 .24 .048 .19 0087 .32 
Pancreas • 72 • 94 .51 .64 .30 047 .218 .40 .512 .61 
Brain 024 .16 .148 .09 0129 .08 .105 .o? .131 .08 
Thyroid 1024 66.7 2.09 129.0 1.88 lD7. 0 2.'75 171.0 3.28 188.0 
Heart .'7? .97 .41 060 .40 .51 036 .51 .4'7 .'77 
Lungs 30 74 2.85 3.16 2.?1 2061 2.19 2.'72 2.19 2.84 2066 
Spleen 3061 3.48 3.00 3.10 2.14 1095 1.31 1.45 l 0 '73 2.54 
Cells 2040 .415 1.88 .368 2.31 .240 2.fi8 0265 1.51 .301 
Plasma 1. '71 .296 1.24 .238 1.55 .162 1.43 .14:5 1.06 0213 
Liver 6.12 .8? 4.11 0 '70 7.21 .84 6.33 .82 3.6'7 .56 
Kidney 1.'76 102'7 1.53 1.06 1021 • ?8 1.09 .72 1018 .9'7 

t~) Stomach 5.87 4038 11.0 9.25 80'79 '7.15 9.08 7.43 '7025 7004 
Sm. Int. 4.82 1.12 2.95 088 3.51 .88 3.39 0 94 2065 1.05 
Cecum 1.38 .89 • 4 '7 .61 .• 44 .51 .49 .48 097 1.15 
Lgoint. 1.60 1019 .8? .'71 1029 .83 1.06 0 '72 1012 0 93 
Stom.Cont. 6.14 8086 10.9 35.2 9011 9025 5.'75 12.4 4.52 1107 
Sm,Int.Cont. 2. '74 1.09 1.66 1.13 1.61 .9'7 1.85 1.13 2.95 1.38 
Cecum Cont. 084 :n 1.32 .95 1.00 081 1.01 1.60 3083 4065 
Lg.Int.Conte .2'7 1.13 .29 2.20 .08 ~* 009 * 1. 71 11.8 
Skeleton 9.89 0 '748 7.10 .591 4.42 .403 4.'74 .424 5.45 0 4'76 
M;usc1e 19.? .265 16.6 .246 11.5 .,186 11.6 .185 133 .20'7 
Skin 22.2 .,91 19.0 .83 18.4 080 19.6 .88 18.2 .8'70 
Urine • 94 8.55 17.9 19.6 1'7.3 
Feces .03 .46 1084 2~34 3.'72 

*Large intestine empty, activity in organ due to washings only. 
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in many respects" In addition to the high uptake by the thyroid, there is 
noted a large concentration of this radioelement in the stomach and small 
intestinal fluids which has also been observed with iodine. Unfortunately9 

it was not convenient to secure saliva which would have been of interest since 
it has been noted by other investigators that following the administration 
of radio~iodine in man~ there is a high concentration in the saliva. The data 
presented here are by far the iilbst accurate tracer studies that have been done 
with astatine" .Experiments done in the past have shown very poor recovery 
due to the fact that isolation of astatine from biological material is associated 
with considerable loss of this highly volatile element in the process of its 
chemical recovery. 

A noteworthy point is that the urinary excretion of astatine is some­
what less than that of iodine since 1? percent was found to be excreted at the 
24 hour interval whereas with iodi,ne from 40 to 60 percent is excreted at the 
corresponding time interval. 

Radioautographic studies of rat thyroid tissue markedly damaged by 
varying doses of At2tl have been completed and tepresentative photomicrographs 
are presented in Figs. 1, 2p ahd 3. These were the animals which had received 
150

9 
100

9 
and 50 microcuries of astatinep respectively. Forty days later they 

were given 5 microcuries of carrier-free radio-iodine by intraperitoneal in= 
jection and sacrificed 24 hours later. The photomicrographs of the sections at 
the three dose levels presented here revealed undamaged parathyroid tissue with 
marked destructive effects upon the thyroid. .Another measure of the thyroid 
damage was determined in a parallel series of experiments in which the thyroid 
uptake of radio-iodine under identical conditions was deter.mined for a wide 
range of dosages of astatineo Normal .control figures average 20 percent in 
groups of five rats maintained on standard dog chow diet. The radio-iodine up­
take value at the 50 microcurie dose level of astatine was found to be 5 percent; 
at 100 microcuries 9 1 percent; and 150 microcuries, 0.5 percent. It is surpris­
ing to note such a considerable degree of radio-iodine uptake in tissues which 
evidence such marked injury. The radioautographs show concentration in occasion­
al follicles whi.ch have been spared destruction. This is evident in all three 
of the dose levels presented here. Ho~ever, considerable concentration occurs 
in regions in which there is no tissue identifiable as arising from the thyroid. 
Under higb power magnification these cells are small, possess pyknotic nuclei 
and scanty cytoplasm. Occasionally they are arranged in r6settes 9 but without 
presence of colloid. In many instances they appear in groups without any 
recognizable attempt to form patterns suggestive of thyroidal acini. Firially9 

they have been seen to occur in strands. Another observation is that not all 
cells of this peculiar morphology will accumulate iodine. It will be noted 
that the radioautographs differ in the amount of blackening. The- 150 micro­
curie specimen presented in Fig. 1 shmvs the greatest darkening of the photo­
graphic emulsion. This arose from the fact that a much longer exposure was 
empioyed in an attempt to indicate that region totally devoid tissue resembling 
that of the thyroid could accumulate radio-iodine. ~uite deliberately no 
quantitative comments concerning dosimetry are presented in this account. 
Recently we have succeeded in successfully preparing astatine radioautographs 
and find that the accumulation is extremely irregular within the gland. Some 
acini would appear to contain from 10 to 20 times more astatine than other of 
comparable size and morphology. Thus to state the amount of ionizing radiation 
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Figure 1: Photomicrograph of rat thyroid and corresponding radio-iodine 
radioautograph. The anima l received 150 1-LB of At2ll, 40 days later given 
5 ~c of carrier-free-radio-iodine, sacrificed 24 hours later, thyroid removed, 
paraffin Bection prepared and contact radioautograph made using no-screen 
x-ray film. The section was stained '"ith hematoxylin anJ eosin. It will be 
noted that the recognizable archl tecture of the thyroid is gone . One soli wry 
follicle is seen towards the left and perjphery of the thyroid t!.seue. 'From tJ1<> 

redionuto~re.ph it is evident that accumulation occurs in regions where the 
cellulPr etr,<cture does not resemble thyroid tlssu~. The parathyroid appeered 
·r-ie>r 1" •h !llElgrl:f::.cation to be- mchc-nged. 

OZ 1218 
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Figure 2: All procedures relating to the preparation of these specimens 
2 are the same as in Figure 1 except that this animal received 100 p.c of At ll 

The histopathological appearance is quite similar. Several rosettes of cells 
may be noted, a number of which contain colloid-like material and their 
position is demonstrated by the corresponding radioautogr~ph. 

oz 1219 . /' /"' 
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delivered to the thyroid as a whole is both meaningless and misleading. An 
interesting characteristic which is commonly encountered ili these radioauto­
graphic and histopathological studies is- that the larger acini and those about 
the periphery of the gland generally accumulate less astatine and radio~iodine. 
This probably explains the rather marked peripheral deposition of radio~iodine 
in Fig. 3. 

Currently, with the cooperation of the Division of Pathology of the 
Medical School, we are going over ih detail not only the thyroid but other 
target tissues; notably stomach, digestive tract, lymph gland, spleen and 
lymph node, for a more precise evaluation of the degree of radiation injury 
at the various dosage levels which ranged from 0 0 5 to 150 microcuries to the 
150 gram rats employed in our studies. 

Very recently an interesting development in our radioautographic tach~ 
niques has occurred in that we now have found it possible to prepare sinmltan­
eous iodine and astatine radioautographs upon the same thyroid sections" 
Carrier-free radio-iodine and astatine are administered 18 hours before the 
animals are sacrificed and the-thyroids removed. The period for fixation~ 
dehydration, and embedding of the tissue has been cut to 4 hours to avoid 
excessive loss of the astatine by radioactive decay. The sections are mounted 
with 10 micron NTA stripping film, developed 24 hours later, and stained by 
the routine hematoxylin and eosin procedure. By careful adjustment of dosages 
of these two radioelements, the accumulated iodine demonstrates its presence 
as smallp rather dark granules and the astatine by the heavy characteristic 
alpha particle tracks& This new procedure opens up a humber of interesting 
possibilities, particularly in a correlation between the uptake of iodine and 
astatine by individual acini. The results to date are of too preliminary a 
character for us to make any conclusive statements. Furthermore, it permits 
a correlation of astatine uptake and radio-iodine uptake in the same thyroid 
tissue which has been damaged either by astatine or radio-iodine. Finally~ 

a program is beihg initiated to attempt to isolate the compounds to which 
astatine may be bound in the thyroid cells and thyroglobulin. 

'. 

·The effect of At211 when injected ihto the anterior chamber of the 
eyes of' monkeys in relatively large doses has been investigated. The At 211 
was plac-e·tt in the anterior chamber by hypodermic injection after the removal 
of sufficient v-oltune from the anterior chamber to permit the injection of a 
similar volume of isotonic saline caritaining At211. The At211 dosage in mi.cro­
curies and the accompanying effects are summarized in Table II. 

It can be seen that alpha particles from At2ll can effectively damage 
the anterior chamber of the eye in doses greater than 1000 rep. The rate of 
disappearance of At211 from the eye was measured with a Geiger counter placed 
over the eye to .detect the K x-raJ associated with the decay of this radio~ 
elemente Astatine does ·not remain in the anterior chamber for relatively 
long periods of time. The mean biological half-time was found to be 1 0 3 
hours in the monkey for astatine in At 0 and At- chemical states. Owing to the 
decay of the At211 the net half-life in. the anterior chamber was calculated 
to be l.i hours. Thus one microcurie of At211 decaying by alpha disintegra­
tion is calculated to deliver 24 rep per microcurie per gram of tissueo The 
volume of the anterior chamber of the monkeys used in these studies was very 
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Monkey Nool 

- ·-
itt. eye ·~t ·.u ... eye 

··--··- ~.,....,.,_.,., 

Dose At211 
7/20/?0 77 tJ.C 22 tJ.C 

·-

7/27/50 Severe.iritis Same as rt. eye 
c3_eep ant.cliamber !-o lesser degree 
hazy vit.humor 

8/3/50 Hazy- cornea Essentially 
vvri~ed !J.ormal 
Descemetts 
membrane 

10/26/50 Cone shaped Normal -
cor_nea split pupil enlarged 
by edema fluid reacts sluggish-
vil.scularized ly to light. 

- Calculated 1860 530 
dose in 
rep 

·(.,_ 

TABLE II 

Monkey Noo2 
-

Rto _eye Lt. eye 
-- -

--

143 IJ.C 55 tJ.C 
-· 

Conjunctivitis Infiltrated 
~dema, same as posterior cornea 
monkey-No.,l rt. conjunctivitis 
eye, on;ty worse iritis 

Hazy cornea Hazy cornea 
hemorrhage in 
aiit.erior 
chamber 

E,yes enlarged, vascular, cornea 
enlarged, deep anterior chamber 
epithelium irregularly stippled 
cornea thin at apex of cone. 

3450 1320 
(there was 

evidence to 
suggest in-
fection) 

- ----

.. 

Monkey Noo3 

Rt. E!IJe Lto eye .. 

"""" 

220 IJ.C 55 tJ.C 

Cornea hazy Normal 
rough epithelium 
conjunctivitis 
edema . 
Hazy-· cornea Normal 
rough surface 
grey patch: in 
posterior cornea 

Completely grey Essenti~ 

cornea9 sheaf of ally 
blood vessels normal 
temporal superior 

5300 1320 

<(' 

I 
1-' 
1-' 
i 

~ 
I 
1-' 

~ 
(j1 
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close to 0.1 cc. 

The histo-pathological data is not yet avail.able, bU:t will be d.es= 
cribed in the next reporto 

As a correla,:ted. part of the experiment; the .monkey which received 275 
·microouries of astat1rie 'alsb' was' i?iven; 100 microcuries of carrier-free 
radio-iodine 24 hours before it was· sacrificed. A search for the thyroid . 
revealed'',;.iio tissue grossly identifiable as thyroid gland. The trachea was 

~"''"'~' ,'l~nwvedp and by means of a counter an area was foUlld which contained a detect­
able amount of radio-iodine indicating an uptake of the order of a few tenths 
of a percent. This radioactive tissue was sectioned and radioautographs pre= 
Y-~~- a typical example of which is presented in Fig~ 4. A careful e:x:amina-

__ ,... · tiori. of the sections revealed no recognizable thyroid tissue
9 

as such. Clusters 
of cells were noted to take up sufficient radio-iodine to produce significant 
darkening of the photographicemlilsion. However~ these cells were quite unlike 
the normal follicular cells of the thyroid acinus. Unfortunately~ it was not 
feasible to determine the amount of uptake of astatine by the thyroid in these 
animals at the same time the disappearance rate from the eyes was being studied. 
Since this rather small amo_unt .. of astatine pr.oduced such. a remarkable degree of 
destruction to the thyroid 9 additional monkeys have been procured for a more 
quantitative determination of the uptake of astatine by the thyroid and its 
destructive action. All of this work is a prelude to human studies with this 
most interesting radioelement with a view in mind of its possible therapeutic 
application to hyperthyroidism. It will be recalled from earlier reports that 
at dosage values well below the ·lethal level

9
• marked changes were noted in the 

lacrimal glands and the hemopoietic system. For this reason
9 

it is understandable 
that much caution must be exercised before this material can be used in humans. 

Carrier-Free Radio-bismuth. 

Carrier-free Bi206 was prepared on the cyclotron by the (d
9
2n) reaction 

on lead. The radiochemical procedures for its isolation have been previously 
reported. It was administered to 200-gram rats by intravenous injection and 
each a..TJ.imal received 7 microcuries. The animals were divided into groups of 
three and sacrificed at 2ho\lrs, 4 hours, 1 day, 4 days~ and 7 days. One group 
of animals had lymphosarcomatous tumors.- The reason :for doing these studies 
on a tumor bearing group of animals was that in the literature there has been 
reported selective accumulation of bismuth in neoplasms. The classical 
literature dealing with the metabolic behavior of bismuth in man and animals 
indicates that approximately 50 perc.ent is excreted within a period of' 3 weeks 
but that the remainder is most tenaciously retained~ the kidney and liver 
being the principal organs of retention. In such studies the bismuth was 
administered usually by intramuscular injection. Various compounds were employed 
but regardless of the bismuth compound usedn the. metabolic behavior seemed to 
be quite similar o The prinCiple organs of accumulation

9 
both in animals and 

manP were the kidney and liver. Bone 
9 

while ret·aining an appreciable frac= 
tionp did not apparently indicate a high level of concentration on a per gram 
basis. 

It will be seen in Table III that the carrier-free studies bear out 
certain of the reported information concerning the metabolism of this element 
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FIGUH.E 4 

Photomicrograph of paratracheal tissue of monkey after admin­
istration of 275 microcuries of astatine (parathyroid at top of 
picture; thyroid aplastic) 

oz 1227 
H WK-·2'it. 
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TABLE III 

DEPOSITION OF CARRIER-FREE Bi206 .IN NORMAL RATS 2 HOURS, 4 HOURS
0 

1~ 4 9 and 7 
DAYS AFTER INTRAVENOUS INJECTION AND IN 3 RATS BEARING LYMPHOSARCOMAS 1 DAY 
AFTER INTRAVENOUS INJECTION. VALUES ARE CORRECTED FOR RECOVERY AND EXPRESSED 
IN<PERCENT OF AJ3qQI@._~D,DOSE • . --~9ft RAT RECEIVED 7 MICROCURIES OF Bi206. 

. . . ' -: ·. ·:. ' ·. ·: ·,'. ·~ ':··~· . : .... . ~-·. J•:;:"' '. i\ >·:. . . 

2 hour 4 hour 1 day 1 day tumor 4 day 7 day 
Organ % per % per % per % per % per % per % per % per % per % per % per % per 

--- organ gram organ gram organ gram organ gram organ gram organ gram 
-e 

Heart .11 .14 .os .09 .04 .04 .02 .,02 .o1 .o1 .01 .01 
Lung 2.44 1.12 1.86 .99 .32 .15 .26 .17 .25 .10 .36 .11 
Spleen .46 .54 . .,52 .45 .sa .47 • 72 .59 .22 .21 .27 .31 
~Cells 0 75 .09 .39 .,04 

fl5 .01 {.10 .o1 {.o3 .o1 .04 <.01 
:plasma 1.63 .2"1 .• 74 .12 <.01 <.01 
Liver 19.9 2.17 24.,1 2.67 11.3 1.16. 13.6 1.31 6.56 .66 5.80 .63 
Kidney 34.4 22.7 33.4 19.,8 29.6 13.8 34.3 19.8 14.4 7.38 3.76 2.33 
Stomach .25 .,17 ~18 .,12 .,07 .05 .07 .,05 .o1 <.,01 .02 .,02 
sm. Int. 2.04 .51 1.11 .27 .40 .11 .57 .n .04 <.01 .06 .02 
Lgoint. 1.65 .53 :3.54 .s1 1.46 .,47 1.24 .52 .58 .14 .49 .16 
Stom.Cont. .13 .09 .,10 .12 .os .21 .02 .11 .o1 <.01 <.01 <.01 
Sm.Int.Cont. 5.22 1.13 2.70 .,94 .so .32 .68 .47 .06 .o1 .05 .01 
Lg. Int. Cont. 1.:39 .50 4.21 .95 3.20 1.58 7.38 5.25 .,18 .04 .19 .03 
Pancreas .22 .14 .28 .15 .14 .os .,07 .07 .,06 002 .05 .03 
Skeleton 2.84 .,18 2.16 .12 2.,97 .15 2.32 .,15 1.50 .09 1.11 .06 
Muscle 3.89 .04 3.~7- -.03 1.37 .01 1.52 .o1 .59 .006 .41 .004 
Skin 6.53 .19 6.43 .18 3.76 .11 2.29 .09 .28 .01 0 56 .02 
Fat·· .02 .01 .02 .01 
Brain .02 .02 .. o1 < 01 <.01 <.01 <.;01 <.-01 .• 01 <.01 .01 <.01 

~-· . Eyes • 03 .11 - <.01 <.,01 <001 <.01 <.01 <.01 <.01 
Pituitary <.o1 <.01 <,;01 <.;01 
Gonads .os .04 .06 .04 .02 <.01 .03 .01 .02 .,01 .02 <.01 

--Thyroid <.01 <.01 .o1 <.01 
Adrenal .02 .o2 <.01 <.01 .01 <.01 

· Lymph Gl. .40 .32 .15 • 26 .18 . .06 
Urine 16.5 14.7 35.3 18.0 .,.. 56.3 57.3 
Feces .,02 .06 8.15- 4.:36 18.9 29.5 
Tumor 12.4 .29 
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when it was administered at levels of the order of one milligram or more 
per kilogram of body weight. The liver and kidney show the highest concentra­
tion per gram, and as has been previously reported, the kidneys are the 
principle channel of excretion. However9 the rate of elimination is far 
more rapid than is indicated in studies fn which the metabolism of stable 

. bismuth was l:>ei;ng_ ~tucl.ied. J>y, ,c:l,l:),ssical ch~.mical procedure~. At the end of 
·- · -:. · .. 1:· ••. "' .. ;..... , -· ,.,.'j ._,. • .· : · .. ·;_ .. -,,u,_-~ w· .·• •.1. · · • · . ·-.·: . ..: '• - ·<, 

? days over 85 perCent of tfte··adfuinistered·-carrier=:t'ree radio=bismuth had 
. been eliminated, the urinary excretion being approximately twice that of 
the fecal elimination6 

Carrier-Free Radio-Manganese. 

A continuation of the preliminary studies of the metabolic pathways 
of carrier-free manganese has- been done. In the preceding Quarterly Report 

9 

preliminary data were presented for the metabolism of this radioelement in 
rats following its intravenous administration. The animals were sacrificed 
in groups of 3, at 2 a:nd 24 hours. ·subsequently, 5 and 48 hour studies have 
been conducted. The outstanding observations are that this radioelement under 
the conditions of the experiment shows a high concentration in the liver9 

kidney and pancrea~,. The latter is of interest in that there is the possibility 
that it might be accumulated in the islet tissue. It is planned to undertake 
radioautographic studies to see if this should be the case. Excretion is 
almost exclusively by way of the digestive tract ahd. it is surprising to find 
such a high concentration in the kidney which is not a major route of excretion. 
It will-also be noted that there is considerable concentration in the stomach 
which suggests that this organ may be responsible in part for the elimination. 
of the carrier-free radio-manganese. It would appear that the deposit ion in 
the liver is not primarily due to colloid-like behavior of this radioelement 
as the values for the spleen on a per gram basis are much less than the 
corresponding figures for the liver. The results are summarized in Table IV. 

Carrier-Free Radio-MolybdenUm.. 

A preliminary 4-hour study of the metabolism of carrier-free radio­
molybdenum in the rat following intravenous administration has been done. 
A group of three animals received this In.aterial as Moc15 by intravenous 
injection and were sacrificed-at·the·time .. tnt·erval indicated above. The 
activity measured was primarily Mo99 though there were traces of the shorter­
lived Mo93 in preparation. In this very preliminary study it will be noted 
that excretion would appear to be fairly rapi'd~ there being over 30 percent 
eliminated in the urine within the 4 hour time interval., Technical difficulties 
have retarded more extensive studieS at this time. For the longer time 
intervals the 6? hour Mo99 is the only radioisotope of this element available. 
For the preparation of carrier-free Mo99 the only means as yet for producing 
it is the alpha particle bompardment of Zr96. The yields obtained are quite 
low due to the fact '!;hat the abundance of zr96 iso2.8 percent. An attempt 
will be made to enhance this yield by using enriched material though at present 
the amount available is only of the order of a few milligrams. The radio­
chemical procedures used have been reported elsewhere. The results are 
summarized in Table Vo 
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TABLE IV 

DEPOSITION OF CAmUER-FREE Mn52 IN THE RAT 5 and 48 HOURS AFTER INTRAVENOUS 
INJECTION. VALUES ARE CORRECTED FOR RECOVERY AND ElCPRESSED IN PERCENT OF 
~SORBED DoSE. EACH RAT RECEIVED 2.5 MICROCURIES OF Mn.52. 

:-, _;/;·~;_.~~· , :·;·~:,:.'\._;~: , ~-. . . -;-"-~~:~t~~~;;L.:. .. ; .. ' _..~::,-

5. hour 48 hour 
%per % per % per %per 

Organ organ gram organ gram 

Heart 0 78 0 74 .25 .31 
Lung .98 .42 .82 .42 
Spleen .55 .47 .55 .55 
Blood .os <.,01 .06 <.01 
Liver 26.2 2.36 18.3 1. 76 
Kidney 7.00 3.33 4. 70 2.56 
Adrenal .06 .14 
Thyroid .02 .o1 
LY'mph Gland .45 .54 
Pancreas 1.90 1.16 2.34 .91 
Brain .o? .05 .16 .10 
Stomach 1.74 .99 1.28 0 90 
Stomach Content .16 .10 .o? .02 
Small Int. 4.41 .,91 1.83 .37 
Small Int. Cont. 5.04 1.03 1.81 .47 
Large Int. 2. '70 .74 1.96 .!51 
Large.Int. Cont. .19>•7 4.08 2.':'3 .58 
Skeleton 7·.10 .38 3.84 .21 
Muscle 9.79 .os 10.8 .10 
Skin 9.83 .2],. 9.49 .21 
Eyes .04 .04 
Pituitary <.01 <,;01 
Gonads .9i .35 .,88 .39 
Urine .02 .14 
Feces .14 38.4 
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TABLE V 

DEPOSITION OF CARRIER-FREE MIXTURE OF Mo93 and Mo 99 IN THE RAT 4 HOURS 
AFTER INTRAVENOUS INJECTION. VALUES ARE CORRECTED FOR RECOVERY AND 
EXPRESSED lN PERCENT OF .ABSOBBED DOSE. EACH RAT RECEIVED 2.6 :MICRO-
CURIES OF MQ93~99. · · 

% per % per 
Organ organ gram 

\ 

Heart 
-

.19 .20 
} 

Lung 1.18 .65 
Blood 2.51 .19 
Liver 30.3 3.86 
Kidney 2.47 1.52 
stomach .57 .51 
Stomach Content .19 .15 
Small Int. 2.62 .67 
Small Int. Cont. 4.87 1.43 
Lg. Int. 1.84 .39 
Lg. Int: Cont. .71 .16 
Pancreas .99 .81 
Skeleton 3.58 .23 
Muscle 7.20 .08 
Skin 7.51 .21 
Fat .13 
Brain .08 .05 
Gonads .27 .13 
Urine 32.9 
Feces .07 
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Neptunium23'7 • 

A 64~·d.ay tracer study using N'p237 has been done with a group of three 
ratso Ea0h animal received le3 milligrams of this long-lived isotope of 
neptuni~ in solution as Npo2++ with 85 milligrams of ammonium citrate. and 
20 milligrams of ammonium chloride. The -neptunium was given by intramuscular 
injection,, This is a group which is part of a series of studies extending 
to 256 daysc Only 5 percent of the neptunium was re.tained at the injection 
site at the 64 day time interval. Its metabolic behavior may be noted to 
differ s:J.gnificantly from tliat of plutonium. The skeletal retantion is about 
half of what was observed with plutonium at this time interval and in this 
respect it resembles a little more the behavior of carrier-free uranium. Here 
againv the fact that this material contained a weighable amount of neptunium 
may have influence9, its behavior as compared to being in the carrier-free state. 
Howevarv shorter-term studies with the· carrier-free Np237 suggest, but do not 
conclusively prove 9 that its deposition in the skeleton is appreciably less 
than that of plutonium. .An interesting point is that the content in the 
kidney is rather high and in this respect more nearly resembles uranium than 
plutonium. To sUmmarize', at the longer time intervals, the skeleton is 
definitely the target organ in that it shows the higher per gram retention of 
any of the tissues taken. It is interesting to note that the urinary excretion 
is muoh greater than the fecal elimination which shows a characteristic more 
like uranium ·than plutonium. The results are summarized in Table VI. 

fiadio-tantalum. 

The fate of Ta182 has been studied in the rat. The information given 
here has been obtained from animals which received 10 microcuries of radio­
tant;alum in 200 micrograms·· of tantalum as Ta203 in solution. There were three 
animals to each group and the material was administered uncomplexed and com­
plexed by the intramuscular and intravenous routes. The animals were sacri­
ficed at 256 days and the data are presented in Tables VII and VIII. The 
intramuscular data have been corrected for the fraction remaining unabsorbed 
at; the injection site. When given uncomplexed, 81 percent was found to be 
still remaining at the inject ion site at the end of the 256 day interval. 
Complex:Lng with citrate reduced the degree of retention at the injection 
site to 36 ~1ercent of the administered dose. There does not appear to be any 
striking difference in the distribution in the body following intramuscular 
injectionv whether or not the tantalum was complexed. Corresponding data 
at 64 days showed the liver and skeleton retention at that time interval to 
be doubled. The most striking variation is the relatively higher fecal 
exc:retion. noted when-the material was administered in the uncomplexed state. 
Some other 'Variations in concentration in the tissues were observed, notably 
sk.in and spleen. Significantly high concentration may be noted in the skeleton. 
Following intravenous administration, it may be seen that there is a very high 
concent:rat:1.on in the liver and spleen. Interestingly, it may be noted that 
it was greater when the tantalum solution had citrate added to it. This would 
suggest that the tantalum was behaving as a ·colloid in both instances and tha·t 
its true metabolic characteristics were altered und~r the conditions of the 
experiment. The degree of reliability for the intramuscular data is probably 
somewhat better 9 though the rather low specific activity of the material 
probably altered what would be the actual metabolic properties of radioactive 
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TABLE VI 

DEPOSITION OF Np
237 

IN THE RAT 64 DAYS .AFTER INTRAMUSCULAR IN.TECTION. 
VALUES ARE CORRECTED .FOR RECOVERY AND EXPRESSED IN PERCENT OF .ABSORBED 
DOSE. EACH RAT RECEIVED 1.3 MILLIGRAMS OF Np23'7 AND AMIXTURE OF 85 
MILLIGRAMS ·oF AMMONIUM CITRATE AND 20 MILLIGRAMS OF AMMONIUM CHLORIDE:. 

%per % per 
Organ organ gram 

Heart .33 c,35 
Lung .22 .11 
Spleen • 50 .58 
Blood <.01 <.01 
Liver 2.78 .,24 
Kidney 2.01 0 98 
Adrenal .o3 
Thyroid <.01 
Lymph Gl. .18 
Pancreas .3'7 .2'7 
Brain <.01 <.01 
Fat .o1 
Stomach 1.02 .26 
Sm. Int. 1.16 .11 
Lg. Int. 1.25 .14 
Skeleton 2'7.5 1.63 
Muscle 3.80 .03 
Sklri 1.'73 .04 
Eyes .o1 .04 
Pituitary <.01 
Gonads .0'7 0 

03 
Urine 3'7.1 
Feces 20.1 
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TABLE VII 

DEPOSITION OF TANTALUM IN THE. RAT usnm Tal82 AS A TRACER 256 DAYS .AFTER 
INTRAMUSCULAR INJECTION. VALuES ARE CORRECTED FOR RECOVERY AND EXPRESSED 

. m PERCENT OF .ABSORBED DOSE. EACH RAT RECEIVED 0. 20. MILLIGRAMS OF TANTJ).LUllll 
AS Ta205 AND 10 MICROcuRIES OF Ta182 • THREE RA!rS EACH RECEIVED 4.8 MILLI­
GRAMS OF SODIUM C lTRAT.E.. 

-256 day 256 _day + citrate 
% :Per %·p-er % per % per 

Organ organ gram organ gram 

Heart .04 .03 .12 .12 
Lung .13 .04 .30 .12 
Spleen .34 .27 .58 .56 
Blood .10 <.01 <.01 <.01 
Liver 3.50 .21 4.53 .28 
Kidney .,24 .os .44 .14 
Adrenal 'S.Ol .02 
ThyrOid <.01 <.01 
Lymph Gl. .03 .51 
Pancreas .30 .05 .40 .14 
Brain <.01 <.;01 <.01 <.01 
Fat <.01 .02 
Stomach .05 .o1 .11 .02 
Sm. Int. .18 .01 .48 .03 
Lg. Int. .• 11 .o1 .19 .02 
Skeleton 4.52 .17 ' 6.77 .26 
Muscl,e 3.56 .02 5.87 .04 
Skin 2.56' .04 6.40 .09 
Eyes .o1 .03 .03 .09 
Pituitary <.01 <.01 
Gonads .52 .16 .?7 .26 
Ul'irJ.e 41.7 45.6 
Feces 42.2 27.4 
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\ 
TABLE VIII \ · 

DEPOSITION OF TANTALUM IN RATS USING Ta182 AS A TRACER 256 DAYS AFTER ; , 
IN'IRAVENOUS INJECTION. VALUES ARE CORRECTED FOR RECOVERY AND ARE EX- i l, 
PRESSED IN PERCENT OF .ABSORBED DOSE. EA0H RAT RECEIVED 0.17 MILLIGRAMS 'i. 
OF TANTALUM AS Ta205 .AND 1'7 MICROCURIES OF Ta182. THREE RATS EACH f 
RECEIVED 2.4 MILLIGRAMS OF SODIUM CITRATE. , 

256 day 256 day + citrate 
% per % per % per %'per 

Organ organ gram organ gram 

Heart .13 .12 .os .06 
Lung .29 .15 .32 .15 
Spleen .52 .53 2.89 2.37 
Blood .02 <.01 <.01 <.01 
Liver 20.4 1.3'7 45.4 2.'79 
Kidney .2'7 .os .82 .2? 
Adrenal .o1 .0'7 
Thyroid <.;01 <.,01 
Lymph Gl. .so .46 
Pancreas .59 .27 .2'7 .24 
Brain <.01 <.01 <.01 <eQl 
Fat .04 .02 
Stomach .05 .o1 .22 .04 
Sm • Int. .39 .02 2.43 .18 
Lg. Int. .2'7 .02 .64 .05 
Skeleton 8.0'7 .31 6.05 .23 
Muscle 6.3'7 .05 1.21 .oos 
Skin 11.6 .1'7 1.85 .02 
Eyes .02 .05 <.,01 < 01 0 . 

Pituitary <.01 <.01 
Gonads .6'7 .27 .os .02 
Urine 32.8 12.0 
Feces 17.5 26.2 
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tantalum in the carrier-free state
9 

or at a level of very high specific 
activity. One thing which arouses suspicion is that its behavior is somewhat 
different from both protoactinium and columbium whose chemical properties are 
quite similar to those of tantalum. It is desirable that adequate studies 
be dona using carrier=free material pre~ared by cyclotron bombardment. Pre~ 
liminary studies using carrier-free Tal 8 were reported earlier but their 
reliability is under question for reasons cited below. As will be recalled 9 

we have been besieged with considerable difficulties to prepare carrier~free 
tantalum from either the deuteron or alpha particle bombardment of hafnium. 

Two obstacles have retarded seriously our work in this direction. In 
the first place

9 
the yields of long-lived isotopes of tantalum by the trans­

mutation of hafnium have been discouragingly small.- The. radiochemical proce= 
dures employed have been described in earlier reports. The second difficulty 
arises from the fact that all hafnium which has as yet been available to us 
has contained of the orde1• of 0.5 percent of zirconium. The yields of long­
lived. radioisotopes of columbium from zirconium are very high with the results 
that there have been present a sufficient amount of radio-columbium concomitantly 
produced with bombardment of the hafnium targets to make all experimental data 
we have secured unreliable. An attempt is being made now to secure hafnium 
metal in a purity of the order of 99.9 percent to avoid formation of trouble­
some amounts of radio-columbium 9 and this is to be attached to an internal 
cyclotron target which should enable us to increase our yield by a factor of 
nearly 100. 

However 9 these data do suggest that the skeleton is a major organ of 
concentration of tantalum9 but not to a degree that has been noted with 
protoactinium. 

Carrier-Free Radio-scandium. 

This radioisotope was prepared in carrier-free state by the ·(d, a) 
reaction on titaiiium. The radiochemical procedures employed have been 
previously reported as have the 1 day tracer experiments. Three rats 
wore employed for each time interval and the radio-scandium was complexed 
with sodium citrate. It was administered to rats in groups of 3 both by 
muscular J.nject ion and by the intravenous route and the animals sacrificed 
at 1 and 15 days. In the case of the intramuscular datap the values given 
are corrected for the portion remaining unabsorbed at the intramuscular site 
of administration and the data are given in Tables IX and x. Over 70 percent 
was absorbed from the injection site by 24 hours and thereafter little of the 
remaining 30 percent apparently was absorbed. The intramuscular and intra­
venous data show very little differences both at the 1 day and 1.5 day 
intervals. 

In the 1~-day s~46 studies recently reported in which citrate complexing 
was not employed differences are to be noted. The uncomplexed sc46 following 
intramuscular injection showed more accumulation in the liver~ but not the 
spleen. Excretion was more rapid and less in skin and muscle" The studies 
with the citrate complexed-sc46 are probably more reliable. The uncomplexed 
Sc46 intravenous experiments showed a striking degree of uptake 'by the liver 
and spleen which suggests colloidal behavior of the injected material. 
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TABLE IX 

DEPOSITION OF CABRIER-FREE sc46 IN 'I'HE RAT 1 and 15 DAYB AFTER INTRAVENOUS 
INJECTION. VALUES ARE CORRECTED FOR RECOVERY AND EXPRESSED· IN PERCENT OF 
ABSORBED DOSE. EACH RAT RECEIVED 2 MICROCURIES OF Sc46 AND 9. 6 MILLIGRAMS 
OF SODIUM CITRATE. 

1 day 15 day 
% per % peir %per %per 

Organ organ gram organ gram 

Heart .22 .26 .22 .20 
Lung .92 .45 .51 .28 
Spleen 1.82 1.58 2.39 2.02 
Blood . 3.33 .24 .15 .01 
Liver 15.0 1.49 9.32 0 73 
Kidney 1.61 .97 1.00 .39 
Adrenal .01 .04 
Thyroid .o1 .02 
Lymph Gl. .68 .66 
Pancreas .81 .36 .27 .30 
Brain .05 .04 .07 .04 
Stomach .,71 .34 .50 .15 
Sm. Int. 8.06 .86 .1.80 .12 
Lg. Int. 4.02 .45 1.08 .10 

ll..- Skeleton 17.1 . f.07 13.4 .65 
Muscle 14.6 .15 11.5 .10 
Ski.n. 13.4 .44 14.9 .30 
Eyes .22 .66 ;02 .,06 
Pituitary <.01 <.01 
Gonads ,70 .34 1.00 .33 
Urine 4.94 10.5 
Feces 12.6. 31.2 
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TABLE X 

DEPOSITION OF CARRIER-FREE sc46 IN THE RAT 1 and 15 DAIS AFTER INTRA-
MUSCULAR INJECTION. VALUES .ARE CO:;mECTED FOR RECOVERY AND EXPRESSED m 
PERCENT OF ABSORBED DOSE. EACH RAT RECEIVED 2 MICRO.CURIES OF sc46 AND 
9.6 MILLIGRAMS OF SODIUM CITRATE. 

1 day 15 days 
% per %per % per % p&r 

Organ organ gram organ gram 

Heart 031 .35 .16 .14 
Lung 1.15 .64 0 78 .29 
Spleen 3.25 2.27 1.58 1.18 
Blood 5~81 .39 .17 .01 
Liver 15.0 1.46 9.47 .84 
Kidney 2.53 1.34 .97 .48 
Adrenal .07 .05 
Thyroid .03 .03 
Lymph Gl. 0 94 "76 
Pancreas .so .48 .49 .29 
Brain .09 .05 .05 .03 
Fat .11 .oa 
Stomach .86 .31 .32 .07 
Sm. Int. 8.13 .so 1.41 .12 

"• Lg. Int. 2.90 .33 1.18 .14 
Skeleton lf}.7 1.14 12.1 .so 
Muscle H>. 7 .16 15.1 .17 
Skin 11.9 .35 12.7 .44 
Eyes .05 .15 .04 .12 
Pituitary .o1 <.01 
Gonads .67 .32 .89 .48 
Urine 4.36 10.0 
Feces 6.62 32.4 



·• 

UCRL-114~~ 

-25= 

As would be predicted ·rrom the beha:vior ot' yttrium and the rare earths~ 
scandilunv whose chemical properties· resemble those ot' yttrium, shows a 
predilection of selective deposition in the skeleton. However it does 
evidence an interesting deviation from the metabolic behavior of yttrium in 
that there is a quite high and rather prolonged retention by both the spleen 
and the liver. At first thought 9 it might be considered that this was due to 
the fact that the carrier-free radio-scandium behaved in a colloid fashion, 
being adsorbed onto impurities in the solution and)thus metabolically evidencing 
metabolic characteristics associated with eolloidsland independent of the 
chemical properties of the element itself. For example 9 for a given particle 
size the metabolic behavior of colloids of gold, manganese, chromic phosphate 
and yttrium are essentially indistinguishable when given by vein. In view of 
the tact that the behavior of carrier-free scandium, which was complexed with 
sodium citratep was the same whether given intramuscularly or by vein. It is 
felt that these results are characteristic of scandium ion itself rather than 
a colloid=like materialo Another point of interest is the tact that carrier­
free scandium is shown to disappear from the skeleton more rapidly than has 
been noted with either yttrium or the rare earths. Rather large concentrations 
were noted in both the kidney and lymph glands. In the case of kidney9 this 
is not too surprising as a considerable traction was eliminated in,the urine. 
In the case of lymph gland, this finding is rather, surprising and one for which 
no ready explanation is available. It may be that scandium has a peculiar 
affinity for the reticulo-endothelfal system as the spleen values are like-
wise high. At any event, it would appear that this radioelement, should it 
gain entry into the body, would have a relatively high degree of radiotoxicity 
in that it is selectively ioealized in organs sensitive to ionizing radiation 
and is apparently retained with a considerable degree of tenacity. 

Radio-Thulium. 

A series of tracer studies in rats with Tml 70 have been completed. There 
were 3 animals in each group and 4 sets of parallel experiments sat up for time 
intervais 1; 4 15, and 32 days respectively. Each-animal received 10 micro= 
curies of Tml70 which contained 2.5 micrograms of stable thulium, this being 
the highest specific activity available. I.ti the first series, the radio-thulium 
was ·administered without any eomplexing agent by the intramuscular route. The 
next group was given the radio~thulium in the presence of sodium citrate as a 
complexing agent. The third and fourth groups received the Tml?O with and with­
out citrate, by intravenous injection. 

Briefly9 there are no very impressive differences in either the distribu= 
ti()n or .excretion rates at the four indicated time levels as is seen in Tables 
XI~ XII~ XIII and XIV. The content in the 11 ver and spleen with the uncomplexed 
material given by intramuscular injection is somewhat higher than in the other 
groups and this might be due to some minor degree of colloid-like behavior 
following its absorption. It will be recalled that thulitim, element 69p is 
almost at the end of the lari.thanide earths whose last member is lutecium. 
The chemical properties of the last members of the lanthanide group resemple 
in many respects those of yttrium. Notably~ they can oe made to form stable 
solutions in the presence of high concentration of carbonate and there are 
other indications of their relatively acidic properties which is shared by 
yttrium. On the other hand 9 lanthanum hydroxidep though quite insolublep is 

I 
i 
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TABLE XI 

DEPOSITION OF THULitJM IN THE RAT USING Tm170 AS A TRACER 1, 4, 15 AND 32 
DAYS AFTER INTRAMUSCULAR INJECTION. VALUES ARE CORRECTED FOR RECOVERY AND 
ARE EXPRESSED IN .PERCENT OF .ABSORBED DOSE:. EACH RAT RECEIVED 2. 5 MICRO-
GRAMS OF THULIUM AND 10 MICROCURIES OF Tml70. 

1 day 4 day 15 day 32 day: 
% per % per % per %per % per %par· % per % per 

Organ organ gram organ gram organ gram organ gram 

Heart .13 .13 .06 0 06 .05 .05 .03 .03 
Lung .85 .lS .25 .12 .20 .10 .15 .as 
Spleen .50 .47 .so .31 .36 .34 .22 .19 
Blood 1.89 .,13 .40 .02 .11 <.02 .07 <.01 
Liver 8.92 0 79 4.,00 .,35 2.33 .21 1.07 .10 
Kidney 2.21 .91 2.04 .87 .78 .3S .4S .23 
Adrenal <.03 <.02 <.02 <.01 
Thyroid <.03 <.02 <.02 <.01 
Lymph. Gl. .35 .21 .23 
Pancreas .19 ~09 .10 .04 .05 .03 .06 .03 

·Brain <.03 < .. 03 .os .06 .,02 <.02 <.,01 <.01 
Fat <.02 .03 
Stomach .69 .25 .25 .06 .ls .o5 .10 .03 ,, 
Sm. Int. 2.33 .25 .75 .06 .36 . .03 .17 .01 
Lg. Irit. 1.80 .22 .79 .,08 .29 .03 .17 001 
Skeleton 49.1 2.43 56.6 3.14 55.8 3.19 57.7 2.62 
Muscle 7.91 .06 2.66 .02 1.99 .02 1.74 .o1 
Skin 5.23 .13 3.;41 ..• os 3.60 .as 1.58 .04 
Eyes <.03 <.03 <.02 <.02 <.02 <.02 <.01 <.01 
Pituitary <.03 <.02 <.02 <.01 
Gonads .16 .06 .17 .06 .13 .07 .13 .06 
Urine 11.7 19.0 20.8 19.3 
Faces 6.30 8.66 12.,9 17.0 
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TABLE XII 

IFFECT OF A COMI?LEXING AGENT ~ ~ :OEPOSI:J'ION OF THULIUM IN THE RAT USING 
'1'/Al?O AS A TIACJR l, 4P 15 and 32 DA}'S_~ lNTRAMIJSCULAR INJECTION. VAIUES 
AU CORBEOTim ,lOR REOOVJRY . .AN]) DPJIISSE]) Uf PlllCENT. OF ABSoRBED DOSE. EACH 
&AT REOElVED 2~ 5 MICROGRAMS OF THULIUM, 10 MICROCURIES OF Tml 70, and· 4. 8 

'!: M!LLIGRAl&S OF SODIUM CITRATE. 
'f. 

,~:. 
'lday 4 days 15 days 32 days 

% per %per % per %per % per ·%per % per % per 
Organ ·organ gram organ gram organ gram organ gi'am 

Heart .o? .09 .04 .os .04 .04 .03 .04 
Lung .35 .19 .25 .12 .13 .os .15 .06 
Spleen .30 .36 .35 .40 .. .46 .39 .40 .40 

. Blood .32 '.02 .09 <.01 .04 <.01 .03 <.01 
Liver 3.42 .45 .24:3 .28 1.23 .11 1.72 .lB. 
K~dney 1.56 1.03 1.12 0 72 .58 .27 .94 .46 
Adrenal <.01 <.01 <.0:).. <.01 
Thyroid <.01 <.01 <.01 <.01 
Lymph Gl. .·20 .20 .09 .12 
Pancreas .11 ,08 014 .0'1 .o3 004 .06 .03 
Brain ~02 .o1 . .• 01 . <.01 .02 .o1 .01 <.01 

.• Fat <,.01 <.01 
Stomach ~37 .28 .25 .oe .09 .02 .09 002 
Sm. Int. " 1.24 .20 .43 .05 .29 .• 03 .44 .04 

1"- Lg. Int. i 31' .22 .43 .06 .15 .02 .16 .02 • 
Skeleton 55/0 4.20 51.2 3.'15 61.2 :3.34 59.3 3.16 
Muscle 3.$8 .04 3.75 .04. 2.55 .o2 2.41 .02 
Skin 3~02 .11 2."11 .10 2.71 .05 2.95 .07 
!yes <.01 <.01 <.01 .02 <.01 <.01 <.01 .o2 
Pituitary <.01 <.01 . <.01 <.01 
Q.cmads .13 .05 .09 .04 .13 .o5 .13 .05 
Urine 14.9 19.0 21.6 21.3 
Feces 14.2 17.7 8.81 9.83~ 
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TABLE XIII 

DEPOSITION OF THULIUM IN THE RAT USING T.m.1 '70 AS A TRACER 1, 4, 15 and 32 
DAYS AFTER INTRAVENOUS INJECTION 0 YALUES ARE CORRECTED FOR RECOVERY AND 
EXPRESSED IN PERCENT OF ABSORBED DOSE. 
OF . THULIUM AND 5 MICROCURI.ES OF T.m.l '70 o 

EACH RAT RECEIVED l . 5 MICROGRAMS 

1 day 4 day 15 day 32 day 
% per %per % per %pe-r % per % per %per % per 

Organ organ gram organ gram _9rgan gram organ gram 

Heart .08 .09 .,06 .0'7 .04 .05 .02 .04 
Lung .• 49 .. 29 . .3'7 .18 .26 .13 .36 .09 
Spleen ~57 .64 .28 .31 .,86 • '73 .28 .24 

- . ~, ·•. Blood .44 .03 .,12 <.01 .06 <.01 .06 <.01 
•. 

' --,_Liver 4.0'7 .59 1.98 .22 1.49 .15 0 '70 .07 
Kidney 3.38 2.49 1.65 .93 • '78 .42 .,49 .26 
Adrenal .o1 <.01 <.01 <.01 
Thyroid <.01 <001 <.01 <.01 
Lymph Gl. .20 .15 .21 .07 
Pancreas .0'7 .10 .05 .05 003 .04 .02 .02 
Brain .02 .o1 .o1 <.01 .03 .02 .02 .02 .. Fat .o1 <.01 
Stomach 1,03 .49 .26 .04 .12 .04 .08 .04 
Sm. Int. 2.,0'7 .37 .50 .06 .39 .03 .17 .02 .• Lg. Int. 1.12 .32 .40 .09 .32 .04 .13 .02 
Skeleton 63.0 4.15 6'7.1 4.02 60.3 4.03 68.9 4.33 
.Muscle 3. 7? .05 2~33 .02 4.21 .04 1.92 .02 
Skin 4.53 .13 3.56 .0'7 1.77 .05 1.49 .04 
Eyes <.01 .01 <.01 <.01 <.01 .o1 <.01 .01 
Pituitary <.01 <.01 <.01 <.01 
Gonads .20 .09 .15 .07 .20 • 0'7 .16 .06 
Urine 13.9 13.7 13.9 15.5 
Feces 1.30 '7 .41 15.3 9.78 = 
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TABLE XIV 

EFFECT OF CO:MPLEXING AGENT ON ·.THE DEPOSITION OF . THULIUM IN THE RAT USING Tm170 
AS A TRACER 1, 4, 15 and 32 J:)AYS AFTER IN'& VENOUS INJECTION. VALUES .ARE COR-
RECTED FOR RECOVERY .AND EXPRESSEn IN PERCENT OF ABSORBED DOSE. EACH RAT RECEIV-
ED :t.6 MICROGRAMS OF THULIUll, 5 Ivl!CROCURIES OF Tml70 and 4.8 MILLIGRAMS OF 
SODIUM CITRATE. 

1 day 4 day 15 day 32 day 
%per % per %:Per %'pe.r % per % per % per % per 

Organ organ gram organ gram organ gram organ gram 

Heart .,0'7 .,08 .,06 .,07 .04 .,04 .03 .,03 
Lung .55 .,22 .30 .. 16 .25 .. 13 .16 .09 
Spleen .,23 ,;29 .,31 .34 .44 .26 .23 .,23 
Blood .23 .,02 .12 .01 .. 06 <.01 .,04 <.01 
Liver 2.,93 .,43 1.88 .23 1.12 .. 11 .,62 .. 05 
Kidney 1 .. 57 1.16 1.29 0 76 .72 .,38 .. 51 .21 
Adrenal < .. 01 <.,01 - < 0 01 <.01 
Thyroid <.01 < .. 01 <.01 < .. 01 
Lymph Gl. .. 16 ..16 .14 .,06 
Pancreas .o7 .,07 .. o8 .06 .03 .04 .03 .. 02 
Brain .02 .,01 .02 .01 < .. 01 <.,01 .. 01 <.01 

.. Fat .,01 .,01 .,01 - <.01 
Stomach .45 .25 .29 .10 015 .07 .,10 .. 01 
Sm. Int. 1.48 .27 .. 51 .,05 .32 .03 .. 21 .02 
Lg. Int. 3.35 .64 .. 49 .09 .27 .,_06 ' .13 · .o1 
Skeleton 61.2 3.93 59.9. 3.,87 62.3 3.,85 58.2 3.35 
Mu.se1a 2.11 .03 2.75 .,03 2~01 .02 1.29 .01 
Skin 3.56 .10 3.03 .as 1.64 .04 2.12 .05 
Eyes .01 .,03 .,01 .03 .<.01 .. .02 <.,01 <.01 
Pituitary <.,01 <.,01 <.,01 <.,01 
Gonads .13 .10 .21 .10 .17 .o8 .. 13 .. 06 
Urine 21.4 20.,3 20.6 18.4 
Feces .65 8.50 9.~8 17.9 
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a :i!~l"-'•·tiv'Ol:;J?' r;r~r"f.;mg bal.se. ':Chi) i'tt~.$tt>)IJ.. tor ·t;~.:l.:3 ®ft'~H.rt i~ ~ .. ta. :~F~r·t; r~al@';\;s~l t © t}~e 
a;l'f!i.lill.i~tl chetngl!) :Ln. ionic :t'at(UUk'1 /.J,."~ enu~' p:rooel/lld.t;; down ·b.lii.l.'l li:st ©;f th~ 1~nt,tw . .1ID.:Lie. 
~1"$U~ ©f ff:r$ (l&.rbhso 'rh~ !ll.p:P"'-l~@n:t; patad.f.:l~ of.~ tli~ eib$~rvati0.1.'1 ~tll,!lit th® i~lil.:l.c 
radiue of l~JJ'th&u:r,\QJti.v elem®l'J.'t 5?, is l!l:i.tp1i:t'ioently 't>~~t$l' ·th~~ ·that ot• :tut~ciu.m, 
ele.ttl.~~t '7l.t .m(;;.,;r 1:•\!1.1 ~'xpaln®d iJi tk.a followS.~~ tia®,!11.1ter. 1:h.:r.•4)'U!til.~ut th$. Elnt irtl 
laatha.ra:U~Ill ~T(I'\.1)1 ol~ el®lTJ~·ntts, ·tn® configuration @t tl':lO p el$GtX'@li\l. Sh.~ll 
r~~Jltiae.s th$ stl'&t\1 a~.c1 thGJ 0 Sh®ll Sh¢>1iv3J but ~~®7.' VQri$A'l;ioae. ~k$ 11 S~®ll is 
the one :t.m:\;1!) w:h.i<Hl a~.dd.i'b5.onal ~lt'!iotro~ta fill. ill ~s Qll@ l~tl$$4\lk'! i~l the e®rie;s 
ct!: this gt'~t.i:J? ~!' ®J~.!n®ll'lis b Ti1is, M: ~Olllt'Z!® ~ if~} ali (i!Xplan$.tio~ o'J~ tl1.* r~.tl1&rk®.1~»le 
ch~mical $in'i.:tla:r-iis"' ei• th.e en·liire a;rt~P. Tlllt d~Hit'ir!1il.$.lll! i~, i('}:tt5.C r~uliU!S is :£V:t'~­
iuced hy the ~'W'ex· t•er®asin.l$ nutll.$~ Gha:t.'1)~ in tk~ $Gt'i@s t-tll\.iOii4. ·te.llfis tt'& d!'.:ltW 
in the e).~Otl"®n. sl'l.&:lJ~s, thus :l:'educ 5Jltg the iolll.ie :raiius ef t~ e;r~up which t~.&:r.­
mina:bea 1rr:i.t~ lut~dttJlll. 

rl.'la$ Qea~.sio~. tc:t: dJ.scussin.g tb.is ariSi.®. frtm tla~ obs~.U..''V*-tion tlu:t tb.(!l .m.®ta­
b@lie eelt&vior' of.' i{tt~:toium &ll~l lanthan:u.nl are st~iki~ly dift'®:t'®D.t i.!!t. tha:t c~r ... 
rier-f:r®e :J'ttl.":i.Utill tt~h$~ g;iven by il3:ttatllUSCUla.r iltj~Cti<!)Jlt. Sh.®WS. a reut:i.V'ely sm&ll 
concentratioN by the liver and ot th~ -order ot 60 wsrc~nt is taken up by th® 
skel$ton. a~;d retaUtd there with an extrem~ ~fr'tee of ·teXY.aeity, CO!tsh~'l'll":iil\!1l.y 
lon~er ·than is enc~u.ntGred with calcium whiCl'A S.es a :norm.~l coJtt);l0ltiJlmt of th~ ~~1~­
tcn. LeS\l;'t~a:t1!l.® has been dem.¢>nstxoat~d to aect.~®:i.H'!3 ~t thl!l ot'd.l$t' of '70 p~r.iill@~t 
in the liver undo~ comparable conditions and t~ $limi•~tei ~ it ~atktt w~~i~ly. 
Tlite skelertal upta#:e~ 5,s 111lllch lorNer tJtan with yttriur11 'but is f5.rlidy ;r<:t#.iW.e¢l, il'i 
tka.t 01·ga11~ Th.® ~t:t'ect is identical wherther the materiaJ. ~® a~ini$1le:t®~ witltl. <:>r 
without comple~Lng !$l~ents wb.ich is one of a ~um-ber o:t ¢o5t.~:;ii®r&tiohls that IE!® X"'!"® 
to ru.lG ~\rtl tnQ Ukelihf.lod that car:riel"'-:f'rse radio l~th~Hlitum is belaa~J.ng ~n ~:a. 
colloid.-like .m~.l:l.ti~t· in the body, W](le:t;>eas ytt~ium do~S ~~t. It was pr0¢1.icted tht!tt 
progressimg down tll.e series of rare earths one Shtmid tltar&tore .rwt~ a ltbW~r 
uptake by the li~$r ~nd a higher uptakt by t4e skel~t~Ao Tkesi &ata i~ ou~ 
estimatiol!l. derAe;ns·trerte this effect., It will b& se0~ that tk• rskeletal ul'lt~.ke 
averages close to $0 percent of the administe~d .m&teJ~:rial 3.~ft that ill the e@urs® 
of the 32 d.~Jt p!llriod 110 sta·~ia·t:J.cally sig~a1fS.e$.Xit Qmot.'l.l!!t.s Jaave laM!». rel~a~~ti 
from ·that ort!ln. 

!c:uaizing !'!!a.d:li21.tiol1l.s c~m.(ll~ eth(JID.i c:al C~VlJ!1ii;@S :t,a cell$ wlt!1Cla a . .rQ. ]>lfl'®rly 
und.erstoodo 'l1his i!.l.cluitfi dil~ec·~ ®fte!lcts up@.tq. ·tJfte .uuclt,~j' ~~ul c:yfJ®~lt~~.!li<) 
consti-tuents ()f' c~JJ.B, as w®ll a~ iJ2~1l!:'~et dlt,~o·•l!B 'tviiich :t!l.rl!'l: ccr,us~f,} '+9~ ;t~l\:7 
for.rtia:Uot1 of s.ct:i.'lt~ t"ndic~Js in v~·t\';r Pt>Mti?Jn·~ iti )j:r~LJ!J.~ ~titsS~l~. rr:~.a~ r.n;:tW'i. ®:t 
thes~ eff0cts .:c~sul·iJ$ in. ·titte J.~espm.u1~ <1i' ;)·ifllloq;ic~tl, s;;r~t~;y,tfJ t•iftl ;,;@i®ti&-ei®l!;l <an®. 
is most ~v:i.d®.rll.'b ill ·-t;:tssues '[i·rhicll are .'tens;t.';.;!i;ve t.liP i:'Mt~U!!.t.'ti~\lf:. b;.~tn:;~f." R~ .. cil:i.o~.ctive 
Yracetacs I:.taYrtJ be®~ VJS@a :tn tf.tfbm~ f5"tl:~fJ.:i(Dt:. i~~. tiif·:\:~1.tg;~~· i·.~(~" 4~t:r·tt.¥}.~~t~ ~t.J$JJ1) ~if.~~ls.t:t~~~ \~b.tt!lg;~ 
j.n. s:tcc-tx•ol:y-teK~J of' 1;h.l~ -\; izst'l>'IG CJ:i:' lh(r, :t•:'J·~ t~~JJ.IiJr,'d,'Ji;.£;~ :~~-~:W~<r j.:J:"X'Jf:~lill3;'i®n, 
• 

Met110di.s.. SJ..Oiii.ilii.kcx· l:'lst·~r:; 'W('ilj_l:&:}:r...ti~&~" aTY1H'02\:it£\(f;,t't;.~h' 25~J ~t'~;Ja<S VJI!i1:i:('\' teii\. :!'$. I;);VJt1:th0tic 
.._.,.,-:--"......,,.,.. ... *'\" • .....,.. --~· . ' ~ ..~.:- •• , . (t .. -~ . <l.r 

.:!{ •. ,_•!• \F}'·•t.rt''" l'"' fi•''"-''lfii'Le·'·r;; f·o··,o ·('···'·m r>A><"1'.<'<~>!'··~i·:~ .. 'l'ii' '•<if "El"'".~ .... •~'d<'\". '<1>''\~'"'l'·>"·j&,;; f>f'j~<>i)" (!.,ti, \."JJ....\Io\,'!1' IJ f' v ·.r!l.a..~J!il. I;J v~M.i.,.t:"~ _ V\oJ · · -1<- ... C't.Vo, \-"\:J"..u-1 v~·.lii~~j,4;.-tl.G> ~'"J.t ]::·"¥f J~ WV'.':~ v .c'~ .J~ >if.~to<~ IJ.t ~ -~~;.:;;.; _,. .. !!.. ~ "· .!.. 

perc~~t stuc:rolllf, $ ])O:\.~C(:.'lln:!; hid.rog®llHO.tl!ld 'iJ'I§lg\tft~~.lt ~i:J., 4 :tl!$~70~11:~ Sal-t; 1~.:;;:{;\;t'X'®; 
and ad&ed vj.t:tm:tn CQnG~lll.tra.tes. Potase:S.u1n {i)@'Jl!t0J..orc ww,f!> ~. ~ mgt!t5 ~per gr.~.m ~JiHil 
sodi'Ullt 3. 45 m-.w !\'fill:' g:ciu:nt as ~et$r.nn.iyaci tv:Lt1t the fl~m® plll.0t~t~m\!lter p a.aci '!&y 
estimatioa from. Ute dietary i:t1~6Hii$lilts. 
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Radioactive sodium (Na22 ) ·with a half-life. of 2·
0
6 years, prepared on 

the 60-inch cyclotron of the Crocker Laboratory was kindly supplied for these 
experiments by Dr. Joseph G. Hamilton. Two microc:uries of the radioisotopep 
a "tracer" dose & was injected subcutaneously into~ the experimental animals 
at least twenty-four hours before the start of each experiment. The radio= 
potassium used in these studies was prepared by bombarding argon with alpha 
particles from the cyclotron resulting in ~2 and K43• In order to use 
radio-potassium as a tracer. it was necessary to give from 50 to 1'75 rep to the 
control group as well as to'the x-irradiated animals. When desiredp urine and 
feces were separated in a modification of a rat holder suggested to us by 
Professor We o. Reinhardt. This device permits accurate separation of urine and 
feces in the face of diarrhea. A complete separation and collection of feces 
in a diarrheal rat is difficultp but we believe that the figures that we have 
accumulated arep in general 9 reliable. The animal holders used gave_precise 
separation of excreta and the only losses were from the drying of the _li~uid 
stools on the holder. Following collection and measurement of volumep the 
excretions were dried at l00°C for 24 hours and· th€m ashed in the muffle at 
500-600°C for a similar period. At the time of sacrifice~ the animals were 
anesthetiz..ed with ether and-heart 9 s blood withdrawn into a syringe containing 
heparin. The animals were then sacrificed with additional ether and the various 
tissues cleanly removed. The contents of the gastro-intestinal tract were 
separated and the tissues washed carefully in Tyrode's- solution after which they 
were blotted dry on filter paper. All tissues and organs were weighed wet 9 

dried at l040C 9 re~weighedp arid ashed iri the muffle. Ashed specimens were 
assayed for radioactivity by conventional G.M. counting procedures and calcu~ 
lated as percent of the administered dose per cc of urine~ per gram of feces, 
or per gram of tissue. The specimens were then re-dissolved in N/10 HCl and 
determinations for potassium were carried out on the flame photometer (Beckman) 
using external standards of potassium. We are indebted to Miss Helen Johnson 
for the determinations on the flame photometer. 

Irradiation dosage was verified with a Victoreen r meter placed in 
a paraffin phantom. Control animals were placed under the x-ray machine for a 
time period similar to that for the experimental animals and in the same holder. 
The dose rate and amount of filtration varied with the experiments. 

Experiments 1 and 2 were designed to deter.mine the effects of total 
cody irradiation at approximately. an L.D~ 50 and an L.D.100 level on the excre­
ti.on of sodium and potassium in urine and feces. Dose was '710 r, 215 kv » 15 m. a. 
1 m.m. Cu filter and 0.5 m.m. Al filter, and rate '77.4 r per minute in Experiment 
l. In Experiment 2 the .dose was 13?0 r, 210 kvr. 15 m.a., 1 m • .m. Al and 0.5 m.m. 

Cu t~lter, with a rate of 100 r per minute. 

Experiment 3 was designed to determine the effects of total body irradia­
tion at approximately an L.n. 50 level on the sodium space and the sodium and 
potassium content of various organs and tissues. The animals received 880 r, 
215 kvP 15 m.a., with 1.2 m.m. Al and 0.5 m.m. Cu filter and were then serially 
sacrificed at 0 time (9 rats}g 24 hours (8 rats)~ 48 hours (9 rats), 72 hours 
(8 rats)~ 96 hours (5 rats)» 120 hours (5 rats)» and 9 days (G rats}. Three 
~Ida Wtte retained as control animals and sacrificed on the fifteenth day. 
Sodium SJlea was determined for the various organs and tissues by a modification 
ot e~atlo~s proposed by Manery and Bale, and Painter. 
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% of dose ram thisue 0 0 93 100 = 
%of dose ~l plasma x 0095 x sodium space for organ or tissue 

In experiment 4 9 15 control, and 15 irradiated rats were used to study 
the fate of potassium following X=rayo The animals were given 880 r at the 
same rate and filtration as in Experiment 3. · The- animals were divided into 3 
groups and sacrificed-at 24, 48v arid ?2 hours after irradiation. The radio~ 
potassium was administed 24 hours before the animals were sacrificedo 

Resultso In Experiment ·1 after receiving 710 r, the rats showed a fall of 
food and water inta.ke~vdthin 24 hours.·-·- (See Table XVO) Diarrhea occurred on 
the third day-and persisted until the seventh day. The stools were tarry on 
the fourth and fifth days. After the seventh day, the stools beqame quite 
bulky and were semiformed containing large amounts of mucus. One of the six 
animals in this experiment died on the ninth day after irradiation. Fig. 5 
shows the .urinary and fecal excretion of' sodium plotted as the percent of the 
dose of the radio=sodiu!Ji administered per gram of feces or per ml of urineo 
It can be seen that beginning with the third day after irradiation, the excre= 
tion of sodium, from the rats via the feces per gram was many times greater 
than the control groupo This effect was observed to continue until the 
ninth day following irradiationo The loss of .sodium in the urine was depressed 
below t-he normal level durin'g the period of high fecal output. As the apparent 
irradiation damage to the intestinal tract subsided~ the urinary excretion 
increased to values greater than normal until the 15th ciay after irradiation 
at Which time they retur.ned_~o nor.mal values. T~e apparent high fecal output 
of sodium appears to be related more to a reduction in stool weight rather than 
to an excessive loss of sodium. 

Fig. 6 shows the total fecal and urinary excretion of sodium and 
potassium as determined with the fla.ine photometer. A reduction of urinary 
sodium and potassium output was observed which reached a maximum at 4 days 
after irradiation and then gradually-returned to the levels initially observed 
prior to irradiation. It must be pointed O\lt 9 however, that the reduction of 
sodium and potassium output is in part related to the reduced intake of these 
electrc.lytes since during this time period the animals ate less food than they 
normalls· ~'JOUldo . Even- with the diarrhea observed, the total fecal output of 
sodium ~~d potassium remained relatively constanto Any large vari~tion in 
sodium and potassium output from normal after irradiation was accomplished by 
the kidneyso 

In Experiment 29 the diarrhea appeared within 48 hours after irradiation. 
The stools were tarry. Food and water intake were promptly reduced. Urine 
volume fell sl1ghtlyo The ratio of Na/K iri the-urine and feces was estimated 
from flame photometer analyses of sodium and potassium. The major change was 
obsetved in the urine where the ratio dropped from 00 ?4 at 0 days to 0 0 28, 0018, 
0 0 37 at 1, 2p- ani- 5 days after irradiation, respectively. The ratio was 
reversed on tbe 4th day after irradiation and was 2 0 50 0 'It must be pointed out 
that the animals were moribund at this time 0 Na/K ratios on normal animals 
were observed for similar time periods arid experimental conditionso They were 
observed to be o.78v 00679 00509 0065, and 0081 on·o to 4 days~ respectively. 
Similar measurements carried out on feces were less strikingo 
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COMPARISON OF URINARY AND FECAL 

EXCRETION OF Na IN IRRADIATED 
A,ND NONIRRADIATED RATS 

oURINE IRRADIATED 

•FECES IRRADIATED 
cURINE CONTROL 

•FECES CONTROL 

MU 1281 

Fig. 5 
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FIG. II 

URINARY AND FECAL SODIUM AND POTASSIUM 

EXCRETION IN MLD 50 IRRADIATED RATS 

... ~ URINE SODIUM 
• FECES 

0 URINE. 
• FECES 

POTASSIUM 

0 . I 2 3 4 5 6 7 8 9 10 II 12 13 14-

DAYS MU128D 

Fig. 6 
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TABLE XV 

AVERAGE DAILY FOOD AND WATER INTAKE AND URINE OUTPUT IN RATS RECEIVING 710 r 
TOTAL BODY IRRADIATION 

Water In (ml) Food In (gms) Urine (ml} 
Days Irradiated Control Irradiated Control Irradiated Control 

Control 22.,8 1606 22ol 2100 8.,8 705 
Control 1905 23.,0 1807 1702 1300 1007 
1 18.,0 22.,2 7.,8 17.0 16.,0 12.3 
2 10.,5 23.,5 301 18.,0 12.3 14.,8 
3 5.,84 27.8 1.6 20.,7 11.,2 1606 
4 5.,02. 16.,5 100 19.,0 1001 14.,.1 

.5 4.,0 22.7 5.,0 1700 7 .,8 19.,8 
6 7.,5 19.2 5.,6 16.0 7.,1 12.5 
7 12.5 24.6 11.,3 17.0 8.9 13.,5 
8 11065 19.,6 11.3 19.,9 8.,6 15.,0 
9 14.,5 19.,8 16.,0 18.,7 11.,9 13.2 
10 16.,4 20.7 17.0 16.,2 10.,9 12.,1 
11 18015 16.,6 17.4 15.5 1105 11.,08 
12 12.,6 13.8 13.,4 18.,7 9075 708 
13 17.,1 22.,4 16.,2 18.,4 11.,9 12.4 
14 11 1 . 0 1404 18.,0 17.0 10.,65 l307 
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When approximately the Lo D. 50 level of x.,;.ray was administered to rats 
and in the ease of this 880 i'

9 
alteration- of sodium space as studied with Na22 

was observed in tissues which-were radio...:sensitive·. Iii general, the change in 
sodium space was composed of two components followirig irradiation. The first 
was a reduction in sodium space which occurred in the first 48 hours following 
irradiation. This was followed by an expansion of sodium space beginning generally 
at the third day following irradiation and reaching a maximum between the 4th 
and 9th day. For example, the reduction of the sodium space .in lymph gland was 
22 percent of normal on the second-day following irradiation9 and on the fifth 
day post irradiation was observed to be three times greater than normal. Simi­
lar, but less pronounced effects, ·were observed in the gastro~intestinal tract, 
spleen 9 and gonads following x-ray irradiation. These data are summarized in 
Table XVI. 

Other organs of the same rats showing relativel;y little change of sodium 
space are listed in Table XVII, which includes kidney, heart, lung, liver, 
brain, skin, skeleton, muscle 9 and eyes. The plasma values for o, 1, 2, 3, 4, 
5, and 9 days after irradiation were observed· to be 1.2, 1.3, 1.2, 1.3, 1.3, · 
1"2, and 1.5 percent of the dose of Na22 administered prior to irradiation per 
gram of plasma. No significant alteration of plasma ··sodium level was observed 
following irradiation. This may be explained in part by the ability of the 
kidri.ey to maintain equilibrium, and bY the fact that the radiation insensitive 
tissues such as .muscle contain the bulk of the total sodium in the body and 
because of this, sodium variations were limited to tissues which represent iess 
than 20 percent of the total body weight. In addition to the above, an expan­
sion or retraction of sodium space could be accomplished by a change in the water · 
content, or of the total organ weight. Measurements of the water content of 
several organs and tissues are given in Table XVIII. Very little variation in 
water content was observed. The Na22 per gram wet weight tissue was used to 
calculate the sodium space of the organs li"sted in Tables XVI and XVII. For this 
reason, any change in total organ weight would notenter'into the calculation. 
However,· the effect of irradiation upon total organ weight was determined and 
these data are presented in Tabla XIX. Some reduction of organ weight was ob­
served and_ in general was consistent with the loss of weight of the animals 
following irradiation, and is undoubtedly mostly related to a reduction of food 
and water intake. 

Similar studies to the ones just described were carried out for 1, 2, and 
3 days after x-ray irradiation using radio~potassium instead of radio=sodiwn. 
Owing to the relatively short half-life of the isotope available, it was neces­
sary to administer the posassium .tracer 24 hours prior to the time the animals 
were sacrificed. This time period was considered to be the point at which al­
most eo~plete equilibrium could be attained between the tracer and the other 
potassium in the body. Owing to the short half-lite, doses of radiopotassium 
had to be administered which delivered appreciable radiation to the control 
animals. The animals saorificed.at 1 9 2, and 3 days in the control group 
received a calculated dose of 50 9 85, and 175 rep, respectively. The animals 
composing the irradiated groups received a total radiation of 882~ 901, and 
991 combined r and repv s for the· same time periods. 

Tissues which were shown to be radiosensitive using Na22 as an indicator 
suffered a reduction in their potassium content and/or uptake and/or exchange 
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TABLE XVI 

DEVIATION OF SODIUM CONTENT IN PERCENT OF NORMAL IN TISSUES OF RATS ON A 
PER GRAM ~VET WEIGHT BASIS USING Na22 AS A TRACER :AND ADMINISTERED 1 DAY 

PRIOR TO IRRADIATION WITH 880 r X-RAY 

Organs Showing Relatively Large Alterations in Sodium Space 

Days attar Irradiation 
Organ 0 day 1 day 2 day 3~day 4 day 5 day .9 day 

Lymph nodes -42. 58. 9.3 70. 100. 323. 176. 
. Small Intestine 36. 33 • 22. 62. 76. 67. 27. 

Large Intestine 50. 28. 24. 58. 76. 50. 24. 
Stomach 50. 28. 26. 33. 79. 77. 37. 
Spr-een -37. 35. 46. 37 0 61. 54. 18. 
Gonads 51. 48. 39. 21. 50. 36. 43. 

TABLE XVII 

Organs Showing Relatively Small Alterations in Sodium Space 
--

Days attar Irradiation 
Organ 0 day 1 day_ 2 day 3 day 4 day 5 day 9 day 

Kidney 52. 63. 62 • 56. 60. 45. 68. 
Heart 45. . 49._ 37. 35. 37 0 47. 49. 
Lung 53. 35. 55. 60. 52. 64. 68. 
Liver 40. 38. 44. 35. 39. 40. 3.6. 
Brain 42. 49. 42. 42. 64. 63. 54. 
Skin 55. 33. 42. 46 . . 44. 47 0 36. 
Skeleton 96. 120. 114. 96. 120. 112 • 95. 
Muscle 25. 24. . 27. 25. 23. 23 • 27. 
Eyes 20. 86. 86. 72. 75. 91. 90. 

Controls 
15 day 

41 
44. 

54. 
27. 
45. 

Controls 
15 day 

62. 
40. 
59. 
37. 
44. 
52. 

104. 
25. 
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TABLE XVIII 

·PERCENTAGE WATER CONTENT OF V ARIOtJS ORGANS AND TISSUES OF RATS FOLLOWING 
ACUTE WHOlE BODY IRRADIATION OF 880 r. 

Organ o day 1 day 2 day 3 day 4 day 9 day 

Spleen 76.5 70.,5 73.7 71.7 70.2 77.5 
Lymph Nodes 59.1 53.5 62.7 59.5 
Sm. Intestine 78.6 76.7 83.1 77.4 79.6 84.1 
Lg. Intest_ine 71.7 75.0 79.0 77.9 77.6 84.8 
Stomach 73.9 75.4 79.5 80.6 80.4 81.6 
Gonads 83.1 85.1 84.8 84.7 82.3 90.3 
Liver 70.0 72.9. 73.4 71.0 69~9 76.1 
Kidney 77.5 75.0 '77.3 75.0 '71.8 80.3 

·Brain 77.2 77.1 .78.4 77.3 77.7 80.8 
Lungs 71.5 76.2 75.7 73.1 72 .• 7 84.6 
Heart 73.7 69.4 79.8 76.9 73.8 80.1 

TABLE XIX 
,. 

VARIATIONS IN THE WHOLE ORGAN WEIGHT OF THE RAT AT VARIOUS TIME PERIODS 
FOLLOWING WHOLE BODY X-RAY IRRADIATION OF 880 r. 

_Organ 0 day 1 day 2 day 3 day. 4 day 5 day 9 day 

Aver .Ini t. Wt. 214.1 210.0 222.75 216.7 204.1 209.5 213.6 
Aver .Final Wt. 214.1 210.0 211.5 188.2 172.0 172.0 150.1 
Aver.Wt.Loss 11.25 28.5 32.1 37.5 63.5 

Spleen .522 .466 .422 .331 .;344 .177 .304 
Sm. Intestine 4. 74 4.53 4.06 3.08 3.;42 3.49 4.18 
Ls. Intestine 2.39 2.69 2.46 2.05 1.62 1.73 2.08 
Stomach 1.34 1.475 1.33 1.36 1.45 1.24 1.09 
Gonad 2.17 2.28 2.25 2.01 1.92 1.99 1.80 
Liver 8.12 8.68 8.59 7.59 5.64 5.32 ·7 .33 
Lungs 1.64 1.84 1.78 1.475 1.282 1.27 

,. Kidney 2.01 1.875 1.95 1.67 1.58 1.53 1.58 
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when compared to relatively non-irradiated normal tissues. Tissues shown to 
be relatively non-radiosensitive maintained potassium levels which were 
normal or almost normal. These data are summarized in Table XX. 

Discussion. ·Tissue Changes. It is interesting to compare our results with 
existing concepts as to the sensitivity of lymphatic tissue, spleen, germinal 
epithelium~_ and gastro-intestinal mucosa to radiation injury as compared with 
other tissues and organs in tl:ie body. The rapid and pronounced loss of 
potassium. from the organs containing these tissues, with the exception of 
the gonad and germinal epithelium, is obvious. However, quantitative interpre­
tations of this loss on the basis of the relative sensitivity of these tissues 
are made difficult by the fact that.several of these organs are composed of 
insensitive~ as well as sensitive tissues; The early loss of sodium from 
these sensitive tissues is difficult to explain, except as an effort to main­
tain osmotic equilibrium in the face of' extensive potassium loss and the 
formation of osmotically active chemical fragments within injured cells as 
would accompany the breakdown of large protein moieties. Probably this loss 
of sodium from the tissues accounts for the swelling of cells which is a 
characteristic manifestation of radiation injury. The subsequent expansion 
of sodium space in these tissues should represent the penetration of sodium 
into cells which have been· severely daniaged. Probably the potassium levels 
in lymph nodes and spleen would have fallen even lower had there not been 
extensive hemorrhage in these organs. 

Further inspection of the results reveals that alteration in electro= 
lytes are not restricted to sensitive tissues, but that less pronounced devia­
tions appear iri lungs, kidney, and heart. In general, these organs show a 
loss of potassium which is most pronounced 48 to ?2 hours after the radiation 
~nJury ·occurs. Since these losses were evident before diarrhea ensued, it 
might be assumed that this is a manifestation of radiation injury • 

. , 
Perhaps the injurious effects of radiation are not localized more or 

less specifically to so-called sensitive tissues, but while the changes are 
more pronounced and are "irreversible" in these tissues; other tissues show 
a less pronounced and "reversible" radiation injury. 

In recent years, there has been increased emphasis on the role of bone 
in sodium metabolism since large stores are present there and it has been 
suggested that sodium in the bone reservoir is not easily available in circum­
stances of sodium depletion. Our data suggest that sodium can move into bone 
for "stockpiling". 

Urinary and Fecal Loss. Loss of diarrheal stools on the animal 
holders affects the accuracy of the figures on quantitative loss of electro­
lyte, but several facts are obvious and interesting. In the diarrhea of 
acute radiation injury there is a sharp rise in the concentration of sodium 
and potassium in the stool; which is generally in proportion to the severity 
of the injury. This is not surprising in view of the extensive cellular 
destruction in the gastro=intestinal mucosa with loss of intracellular potassium. 
into the lumen, as wellas the movement of potassium out of cells in more 
remote segments of the body. In addition, large amounts of extracellular fluid 
with a high sodium content appear in the bowel. 
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TABLE XX: 

DEVIATION. OF POTASSIUM CONTENT IN PERCENT OF NORMAL IN TISSUES OF RATS Ol'T A 
PER GRAM WEI' WEIGHT BASIS USING RADIO-POTASSIUM. AS A TRACER ADMINISTERED 24 
HOURS PRIOR TO SACRIFICE OF ANIMALS AND FOLLOWING X~RAY IRRADIATION EQ.UAL TO 
880 r. · · 

Relatively Radiosensitive Tissues 
··-. --

Days Following Radiation 
Tissue. 1 2 3 

Lymph nodes .. 380 66 •. 62. 
Small Intestine 83. 59. 65. 
Large. Intestine 98. 77. 82. 
Stomach 94 0 81. 84. 
Spleen 91. 84. 90. 
Gonads N* 93. 93. 
Thymus 37 0 70. 

Relatively Radiosensitive Tissues or Fluids 

Kidney N 91. N 
Heart N 90. 94. 
Lung 

.. 

N 82 • 85. 
Liver N N 111. 
Brain N N 87. 
Skin N 87. 92. 
Skeleton 940 66. 78. 
Muscle N N N 
Red Cells 115.; 92. 94. 
Plasma 133. N 133. 

Percent or Potassium Excreted 

Normal Irrad. Normal Irrad. Normal Irrad. 

Urine 9.? 10.1 6.7 9.8 3.4 7.9 
Feces 0.5 0.5 0.8 0.8 0.5 1.8 

*NOTE: + A deviation of less than 5 percent is given as normal. 
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Data on the urine indicate the ability of the kidney to conserve .sodium 
in the face of impaired intake arid excessive fecal loss. In the case of 
potassium, however, renal defensive ability is not so apparent. The ability 
of the kidney to retain sodium so promptly and significantly suggests that 
adrenal cortical function was not depressed at these dosage levels. 

Summary. Acute radiation injury is characterized by heavy and early losses 
of potassium from sensitive tissues {irreversible injury), and less pronounced 
but significant losses from a number of other tissues {reversible injury). 
In sensitive tissues, there is an early loss of sodium, but subsequently a 
penetration of sodium into damaged cells, a·s indicated by an expansion of 
sodium space. There are no characteristic or significant changes in the water 
content of the various organs demonstrated in these experiments. The data 
indicate that potassium may move out of radiosensitive tissues following 
irradiation. 
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Chelating Experiments 

Harry Foreman 

In the last ~uarterly Progress-Report, UCRL-960, data was presented 
which showed that the administration of certain chelating agents, namely 
calcium ethylene diamine tetracetic acid (Ca EDTA) and Fe-3, to rats carrying 
a body burden of Pu239 resulted in marked increases in the urinary excretion 
of the radioelement over that in similar animals which received no treatment. 
As a follow-up to these observations, a new series of in vivo chelating 
experiments are now baing planned and set up. The primary aim of these 
experiments is to determine how much of plutonium which has become well fixed 
in bone can be removed from the body by the use of these chelating agents. 

Pu238 instead of Pu239 is to be employed in this experiment because 
of the 200 fold increase in specific activity. This is deemed important as 
the plutonium concentration in the tissues and body fluids will approach 
levels that may be encountered in man. 

A series of preliminary experiments are now in progress in order to 
determine the optimum conditions for running the key experiment indicated 
above. Previous work has shown that these agents are effective by mouth 
since they are readily absorbed through the G.I. tract. These preliminary 
experiments are being ruri to learn the effects of prolonged day-to-day 

· administration of these drugs and to determine the maximum amount of these 
chalating agents that can be incorporated into a stock feed and still have 
a diet which is tolerable to rats. .So far. four groups of animals have been 
set up. The first group has been fed a stock diet containing 10 percent 
Ca EDTA. A second group received 5 percent Ca EDTA in the food. The third 
group was fed 10 percent Fe-3 and the fourth group; 5 percent Fe-3. After 
ten days the animals receiving 10 percent Ca EDTA in their food died. It 
was noted that they ate an average of 5 grams each daily of this diet as 
compared to control animals which took in an average of 11-12 grams daily. 
The animals developed diarrhea on the second day of the diet. Diarrhea was 
very marked and continued throughout the experiment. On t~e fourth day the 
animals were noticeably lethargic and the condition of the fur was very poor. 
By the time of death, the animals had lost approximately one.-third of their 
body weight in the time period of the ten days. Autopsy revealed markedly 
distended and thinned out cecum with evidence of hemorrhage in the region 
of the rectum. The remainder of the gut was also somewhat dilated. Thera 
were no other visible changes grossly manifest in any of the other organs 
except in the fur as indicated above. Sections of liver, kidney, large 
intestine and small intestine ware taken .for histological study. Reports on 
this will be forthcoming later. 

On the 2?th day of the experiment the animals receiving the other 
diets are still alive. All of the animals developed diarrhea on the second 
day of the experiment-. --The animals receiving 5 percent Ca ::il:DTA still have 
diarrhea. The other animals, namely the animals fed 10 percent Fe-3 and 5 
percent Fe=3, began to have s~mi=for.med soft stools on the 14th day of the 
experiment. It is interesting to note that after a diminished intake for the 
first 3 or 4 days, all 'of the animals are now taking the same amount of food 
as the control animals, namely 11=12 grams each daily. It is planned to 
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continue this experiment for at least a month more, or until the animals 
die. 

Animals are being set up which will receive 3 percent and 1 percent 
of each of the chelating agents in their food. It isin this level of 

. feeding that the key experiment will probably be set up. 
i 
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Radiochemistry 

Vi. M. Garrison, H. R. Haymond, J. D. Gil_e end D. Morrison 

. ' 1 3 
Carrier-Free Pd 0 from Rhodium. 

The 17-day Pdl03 was prepared-oy (d,2n) reaction on rhodium. The 
bombarded rhodium metal was .fused with KHSo4· and the melt was leached with 
water. After centrifugation, t-he solution was adjusted to, 6N with HCl and 
the solution was saturate-a with so2· after the addition of' 2o1ng of' selenious 
acid. Ninety-eight percent of the carrier-free Pdl03 eo-precipitated with 
the Se metal. Rhodium was retained in the supernatant. After two reprecipita­
tions. to remove traces of rhodium, the Sa precipitate containing the Pdl03 
was transferred to a distilling flask and Se was separated bl distillation 
with the addition of' HBr. The H2S04 residue eontaing the Pd 03 was evaporated 
to dryness. HCl was added and the resultant solution was evaporated down 
on NaCl. · 

Carrier-Free Mo93,99 from Zirconium. 

The Mo93,99 was prepared by (a,xn}--reactio.r:i. on zirconium. The zro2 
target material was dissolved in HF and the resultant solution was evaporated 
to incipient dryil.ess. HN03 was-added and the ZrF4 precipitate was removed 
by centrifu~ation. The carrier-free Mo93,99 was quantitativelyretdned in 
the supernatant. HCl was added iil excess to destroy HN03 and the solution 
was.adjusted to 6N HCl. The Mo activity was extracted into ether and back­
extracted with H20. . 

Carrier-Free wl81 from Tantalum. 

The 180-day·wlel was prepared by (d,2n) reaction on tantalum. The 
Ta target was dissolved in HF:.;HN03 and the· solution was slowly added to NH.40H 
with stirring. The tantalum hydroxide precipitate was centrifuged off; the 
carrier..;:free wl81'was recovered in the supernatant. Several reprecipitations 
were required to separate the wl81 quantitatively. The supernatant solutions 
were combined and treated wlth excess HN03 to remove HF and ammonium salts. 
Previous studies i.ndicate that further purification of' the wl81 can be ob= 
tained by ether extraction f'roin HCl solution.· 

Carrier,..,Free Ta177,178,182 from Hafnium. 
·- -· 

The carrier-free radio-tantalum was prepared by (d,xn) reaction on 
hafnium. The Hf'02 was dissolved in HF and the resultant solution was evapora­
ted to incipient dryness. Ten normal HN03 was added·. HfF4 was separated by 
centrifugation. The tantalum activity remained in the HN03. Ten milligrams 
of EMn04 were added and activity was quantitatively co-precipitated with 
the Mn02. Separation o"C the Mn02 and the carrier-free t~'talum activity was 
effected by use of a previously reported procedure. 

Other Activities. 

!he following carrier~free radioactivitJes were se~arated f'r8m cyc~~tron 
targets using previously reported procedures: cr51, ~2,4:5, Bi204,2 6, Mn , 
and At211. 



=45= 

II BIOLOGICAL STUDIES OF RADIATION EFFECTS 
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The Effect of Specific Liver Irradiation on the 
Chromic Phosphate Disappearance Constant 

Introduction. 
Ernest Lo Dobson 

UCRL=ll43 

The rate--constant for the disappearance of intravenously injected col= 
loida1 chromic phosphate from the blood stream has been used as an index of 
liver blood flowl. 

In order to study the effects of radiation on the liver circulation 
large doses of radiation were given to both rabbits and mice. In short term 
experiments possible complications in the measurement of the chronic phosphate 
disappearance rate shortly after the administration of an irradiating dose 
due to the· presence of residual· traces of chromic phosphate in the blood 
stream we.re avoided by using an isotope with a much shorter half life than 
p32 for administering the irradiation. For this purpose the yttrium isotope 
of mass 90 was incorporated into an yttrium=hydroxy-citrate colloid 9 the 
preparation of which is described elsewherel. 

The Calculation of Irradiation Dosages. 

To calculate-the irradiation dose 9 the amount of energy delivered and 
the mass of the tissue receiving this energy must be known. One microcurie 
represents-3 0 7 x 104 disintegrations per second. The two isotopes used in 
these irradiation experiments are p32 and y90. They are pure beta emitters 
and their beta --rays have a maximum energy of 1 0 71 and 2 0 35 million electron 
volts respectively. The average energy of' the p32 betas has been measured2 
and found to be 0.695 Mev. The average energy of the y90 betas may be approxi­
mated by the rule that the average energy is equal to one third of the maximum. 

-Using the above data and the factor 1 Mev = 1.6 x 10=6 ergs, it Cali be 
shown· that one microcurie of p32 will deliver energy at the rate of 3560 
ergs per day. If it is allowed to decay completely it will deliver a total 
of 7. 4 x lo4 ergs~ One microcurie of y90 will deliver energy at the rate of 
4000 ergs per day~ and if it is allowed to decay completely it will deliver 
a total of 1.56 x 1o4 ergs. 

p32 has a half-life of 14.3 days and nearly two months are required for 
95 percent decay, while y90 lias a half-life of 65 hours and eleven days are 
required for 95 :percent decay. In order to give a total of 830,000 ergs 
per gram of tissue {10,000 r.e.p*) 9 11.2 uc/gm of p32 and 53.2 uc/gm of y90 
must be given. 

* r.e.P. stands for roentgen equivalent physical and corresponds to an energy 
dissipation of 83 ergs per gram of tissue. 
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The Effect of Specific Liver Irradiati~n on the Chromic ~hosphate Disap= 
pearance Constant in the Rabbit. 

The rate of disappearance of chromic phosphate from the blood stream 
of a rabbit has been studied before and-after doses of irradiation amounting 
to 2P300 and 16,000 r.e.P. The irradiation was administered by injecting 
chromic phosphate containing the raaioisotope~ p32. The specific localization 
of this material in the liver and spleen makes it an ideal agent for giving 
beta radiation to these organs. · 

The rabbit is different from the dog~ rat, and mouse in that about 
five percent of the injected dose localizes in the bone marrow. This is from 
three to five times as high an uptake as is exhibited by the bone marrow of 
the mouse. 

The chromic phosphate disappearance constant was measured on a 2.4 
~ilogram rabbit with a tracer dose of the suspension. The disappearance' 
constant was found to be 0.97 min.~l Following this measurement, 440 micro­
curies of chromic phsophate were given for the purpose of irradiating the 
liver. After two months~ when 95 percent of the available energy from this 
dose had been exhausted, the disappearance const_ant was measured again, 
employing another tracer dose-of chromic phosphate. In this two mcnths 
period, the rabbit had increased in weight to 4.1 kilograms 9 and the dis­
appearance constant had fallen to 0.57 min~-1 The total energy dissipated 
in the liver amounted to 1.9 x 105 ergs per gram of liver tissue (2,300 
r.e.P.). The probable liver weight was estimated from a scatter diagram 
of liver weight vs. body weight and it was estimated that about 80 percent 
of the injected chromic phosphate was loc.alized in the liver. 

After the completion- of this measurement of the diaappearance constant, 
the rabbit was given a second irradiation dose of 2.35 millicuries of chromic 
phosphate. This, in addition to the previous dose, gave a total of 1.3 X 106 
ergs per gram of liver tissue or 16,000 r.e.P. Six months later the rabbit 
weighed 4.9 kilogramsp a gain of 20 percent in body weight; but the constant 
for the disappearance rate of chromic phosphate had fallen to 0.092, a value 
equal to-one tenth of the original pre=irradiation rate constant. The 
above data are summarized in Table I. 

The rabbit died four months after the final measurement. The body 
weight at the time of death was 5 kilograms, and the animal was very fat. 

The liver weighed 1. 25 grams which is well within normal limits. 
Grossly it had a somewhat mottled appearance suggesting either fatty or 
necrotic areas. Microscopically, the cells seemed abnormally vacuolated, 
and a large portion of the nuclei were pyknotic. · 

The central portions of the lobules were apparently harder hit than 
the more peripheral parts. The cells directly adjacent to the central veins 
showed considerable hyaline degeneration. This was not in evidence elsewhere 
in the liver parenchyme. There also seemed to be a subcapsular hyperemia. 
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TABLE I 

THE EFFECT OF IRRADIATION ON THE CHROMIC PHOSPHATE 

DISAPPEARANCE CONSTANT 

Time Rabbit crPo4 giveri Energy Dissipation CI:"P04 Disap-
Months Weight :for- Irradia- --~·· pearance Con-

Kgm. tion. Ergs per r.e.p. stant as Cal-
gram of culated from 
Liver Tis- the Fast Com-
sue. , ponent. 

0 2 4 440 ll.C None None 0.97 • 
2 4.1 2.35 me 1.9x1o5 2~300 0.57 
8 4.9 1 3x1o6 16~000 0.092 

0 ' 

12 5.0 Rabbit died 

. 



-~ 

UCRL-1143 

-48-

This rabbit died during the night and was not discovered until 
the following morning so that the tissues may have been considerably 
autolysed. This of course throws some doubt on any interpretation of the 
histological findings. 

Any general parenchymal damage may have been due to autolysis and 
the subcapsular hyperemia could be caused by the settling of the 
erythrocytes, haw ever, the hyaline degeneration which was found at the center 
ot the lobule and which was not found elsewhere may possibly be attributed 
to causes other than autolysis. 

Unfortun53-tely the phagocytic efficiency of the liver was not de­
termined~ so that the relative effect of the efficiency and the liver blood 
flow could not be ascertained. However, ft is quite clear that irradiation 
with a liver localizing colloid such as chromic phsophate produces a marked 
effect on one of the following: the efficiency of the liver phagocytes, 
the liver blood flow, or both of these entities simultaneously. 

ThBl D:il.sappe~e Cl!ir\res in the ~ted lia.bb:il.'t 
~- • I -~· ··• • -

The three chromic phosphate disappearance curves which were obtained 
on the rabbit of the previous section are shown together in Fig. 1. These 
curves have been normalized to made the zero time intercepts coincide. 

The change in the curve with irradiation is very pronounced. The 
second curve shows a relatively large fraction 9 approximately 50 percent, of 
a seco~d component with a half time of about five minutes. In the normal 
animal, there is usually a second component present, , but it amounts to 
only about 5 or 10 percent of the total. It has been suggested 
elsewherel that the second canponent may be due to the presence of small 
particles which are less efficiently, phagocytized, and it may b.e that owing 
to irradiation the individual Kupfer cells have become damaged so that they 
are able to handle efficiently only the very largest of the particles. This 
would i.n essence amount to raising the particle size threshold and increas­
ing the number of functionally _small particles in the suspension, thus in­
creasing the contribution of the slow component. Another possibility 
is that the individual Kupfer cells are affected by the i.rradiation so that 
they are saturated more quickly than usual, which would amount to lowering 
the particle numb.er threshold, with resulting lowered efficiency of the liver 
phagocytic system as a whole and a lowered rate of disappearance for the 
chromic phosphate. However it is the first or most rapidly disappearing 
component which is a measure of the liver circulation. 

The Effect of Specific Liver'Irradiation on the Chromic Phosphate 
Disappearance Constant in the Mouse. 

-Fifteen-SWiss mica (11 males and 4 females) were given approximately 
700 microcuries of a colloid containing yttrium 90. Three of these mice were 
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the graded slowing of th~ chromic phsophate removal rate following 
graded doses of irradiation is illustrated above. The fast com­
ponents obtained b.1 subtracting the slow components from the 
complex curves are: befo~e irradiation Tl/2 = 43 seconds; after 
1.9 x 105 ergs per gram of liver tissue Tl/2 73 seconds; and after 
1.3 x 1o6 ergs per gram of liver tissue Tl/2 = 7.5 minutes. 



.. 

tf 

UCRL=ll43 

killed after two days,. - The tissue analysis showed about two-thirds of the 
injected material in the liver (range 55-78 percent)o The uptake by the 
spleen was even more varied. ,One showed 4 percent, one 20 percent and one 
30 percent of the injected material localized in the. spleen. The combined 
liver plus spleen uptake was considerably~more constanto The values for 
the three mice were 82, 88, and 87 percent uptake_ by these two organs. 

Although the spleen uptake of chromic phosphate is somewhat variable, 
no such wide variation has ever been observed as that with the yttrium­
hydroxy-citrate colloid described here. 

One microcurie of yttrium 90 will emit about 166 ergs per hour. 
Jones, Wrobel and Lyons 3 have calculated that for beta particles whose half 
thickne.ss for tissue absorption is one millimeter, which is just the calcu­
lated half thickness for yttrium 90, the mouse liver retains 75 percent of 
the radiant energy arising from a source homogeneously distributed within 
the liver. Thus each microcurie of yttrium 90 which is homogeneously 
distributed throughout the liver will deliver energy to the liver tissue at 
the average rate of 125 ergs per hour. It is to be noted, however, that the 
surface and the thin edges of the liver will receive less radiation than 
the central portions due to geometrical factors. 

The livers of these animals apparently took up only about two thirds 
of the 700 microcuries injected so that the total rat.e o:f energy absorption 
averaged about 5 0 8. x 104 ergs per hour at the time of injection. 

The mouse liver averages about 6 percent of the body weight so that 
the average. liver weight for this group of mice is 1 0 ,7 grams. This gives 
an initial tissue dose rate of 3 0 4 x 104 ergs per gram of tissue per 
hour (410 r.e.p. per hour). 

The total dose delivered in any time is the product of the dose 
rate and the time interval~ but since the dose rate is continually changing 
due to radioactive decay of the yttrium, this product:must ~e obtained 
through integration. 

t 
D = _Idt = j 

Here D is the total dose 9 I the dose rate at any time and I 0 the dose rate 
at the time of injection9 t the time, e the base of the natural logarithms 
and f... the decay constant for y90. 

After the injection of the y90 colloid, the mice were weighed and 
the chromic phosphate disappearance constant was determined at frequent 
intervals. The data obtained have been summarized in Table II and in . 
Fig. 2. 

Table II represents a protocol of the experiment. The estimated 
ini tia.l-irradiation rate for each mouse is g:tven

9 
:followed by the body 

weight at approximately dailY interials. ··Also included is the time of 
death for each mouse and certain other information such as tissue distribu­
tion. 
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TABLE II 

DAILY RECORD OF THE MOUSE liVER IRRADIATION E:XJ?ERI:MENT 

i~ 
. (Irradiation with y90 Colloid) , 

Mouse I Body Weight Days After Injection 
No. ergsJgm 1 2 3 4 5 6 8 9 

per hour 

1 3.4xlo4 28.3 27.7 25.4 22.9 died 

2 ·. 3.3xlo4 29.3 28.0 26.3 25.4 22.4 died 

3 3.0xlo4 32.3 29.8 28.6 27.6 25.3 
Killed for 
histology 

4 3.4xlo4 28.6 26.8 23.9 22.5 died 

5 3.7xlo4 26.9 25.6 Injected CrP04 in portal system 

6 4.lxlo4 24.1 21.8 20.2 Injected CrP04 in portal 
system. 50% went through 
liver. 

7 
.. ~ 

2.7xl04 28.1 26.5 23.7 21.8 died 

8 3.lx104 30.5 28.7 25.4 . 24.8 
Killed for histology 

9 4 5xlo4. 21.5 19.7 Killed:t'or distribution study (Liver 
• 

68%, Spleen 20%) 

10 3.3xl04 29.3 28.5 26.8 25.5 died 

11 2.8xl04 33.8 ',32.9 Killed for distribution study (Liver 
'78%, Spleen 4%) 

12 3.lxl04 30.7 29.1 27.0 died 

13 3.9xlo4 24.6. 22.6 Killed for distribution study (Liver 
55%, Spleen 31%) 

14 3.2xlo4 29.'7 27 1 24.8 23.3 20.6 
. 0 .. died 

15 3.8xlo4 25.0 23.3 20.6 19.6 died ... 
Average 

3.4:X:lo4 (3.4xl04 erg~/gm/hr corresponds 28.2 to 
410 r .e .P./hr) 
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THE EFFECT OF RADIATION ON THE- CHROMfC PHOSPHATE DISAPPEARANCE 
CONSTANT (SOLID CIRCLES) . CORRELATED WITH BODY WEIGHT AND MORTALITY 8 
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Fig. 2 
' 

The circles represent ~he chromic phosphate disappearance constant (obtained 
in mice) plotted as a function of time after the injection of a liver local­
izing colloid containing y90. The open circle at zero time represents the 
.average disappearance constant as measured on normal non-anesthetized mice. 
Also included on-the graph are the body weight, mortality, and accumulated 
irradiation dose to the liver. The ordinate at the right represents the 
radiation dose in two sets of units, ergs/gram of liver tissue and roentgens 
equivalent physical. The units for the body weight curve and for the percent 

. mortality curVe are given at the beginning and end of the curves. 
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l!'igo 2 is an attempt to correlate the changes in the disappearance ' 
constant (soli.d circles) with changes in body weigh< mortality and irradia­
tion dosage. The open circle at zero time represents the average normal 
value for the disappearance constant. Although there·· is considerable varia­
tion 1n the disappearanee constant 9 it is quite obvious that there is a very 
marked depression of this rate constant ~ith irradiation. 

The curve representing body weight was calculated by averaging the 
weight of the surviving mice attar eaeh weight had been normalized to the 
initial ave~age weight of 28 grgm: ~ None of the. mice had died by the sixth 
day afte~ accumulating 2 0 5 :x: 10 ergs per gram of liver tissue (30 9 000 r.e.p,. ), 
and all mi~e wars dead on the ninth day following the injection of the 700 
mierocuries of Y 0 ~olloido 

0 • 

Macros@opic examination at autopsy shawed complete lack of body fat • 
. 'l'.he l..arge tat depots present around the kidneys and in the mesentery of normal 

. , anim.als were ~omplately absent 9 and the mice had a general emaciated appearance. 
---"1_-

Histological examination of the livers of two mica showed no pronounced 
changes which could be dire©tly attributed to irradiation damage. The spleen 
and bona marrow however» were very severly d·amaged. There were no lymphocytes 
present in the spleen at all 9 only the supporting reticular cells and macro­
phages remained. The bone marrow was completely wiped- out; only a very small 

.. amount of cellular debris was lett in the cavity. Adjacent organs which may 
have received irradiation escaping from the surtace of the liver and spleen 
were not examined histologieallyo 

Ble Btte©"t of l:n'a41aticn ®.n the :&ttieienq of ta Liver Phecoeytu 

An. attempt was made to evaluate the efficiency of- the liver phagocytes 
in one of these y90 irradiated mice (mouse No.sro Chromic phosphate was injected 
into the portal stream three days after the adminiatration of the yttrium.. By 
this t~e the mice had received approximately 10 6 x 106 ergs per gram of liver 
tiSSUe! ~20 9 000 r.eopo}o 

The blood level following the portal injection of chromic phosph~te 
indic~ted a clearance of 50 :p9rcent. The average clearance in normal mice 
evaluated els~wherel was ?9 per©ent. The standard deviation from this average 
value obtained on 36 mice is 12 percent o This indicates thAt such a low value 
as 50 percent clearance would occur only once in fifty times as a matter ot 
chan~e. It appears thereforap that irradiation has probably lowered the ettici­
eney SC!.IIleWhat" 

... In .making etticiency measurements by following the blood level 0 it is 
also nossibla to determine the rate of disappearance of that portion of the 
chromi~ phosphate which was not removed in the first passa,e o The averac& 
d:!.sappearan©e constant for the tranSJil.i tted chromic ;Liloaphate in 35 no.n-

. irradiat.ed mice was 1 0 0'! ± 0 0 0'1 (cr • 0"4rl.)•c T.tle diappearuoe eo.11.1'h.Dt t• 
• 0 • 
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the fifty percent of the chromic phosphate which.passed through the liver of 
the irradiated mouse 0.42. Since the d~sappearance constant includes the 
efficiency factor it should be divided out so that the liver blood flow con­
stant* may be compared. 

The average liver blood flow constant for the thirty five non­
irradiated mice is 1.36 min=l while the constant for the irradiated mouse is 
0.83 min=l. Statistically this meansthat the chances are about two to one 
that there is a real lowering of the liver blood flow in addition to the 
probable lowering of the phagocytic ability of the Kupfer cells mentioned 
above. 

Conclusions • 

. The chromic phosphate disappearance constant in the mouse is definitely 
lowered by irradiation. An average of five mice whose livers received from 
1.9 x 106 ergs per gram of liver tissue tip to 2.6 x 106 ergs· per gram of liver 
tissue (23$000~31,000 r.e.p.) showed an average disappearance constant of 0.57 
which is lower than the average normal by a factor of ~Jo and a half. The 
lowest value obtained for the disappearance constant is only one fifth of the 
normal. 

The efficiency measurement which was carried out indicates that the 
depression of the disappearance constant is due to two approximately equal fac­
tors. The efficiency of the liver phagocytes is lower than normal while the 
blood flow to the liver is also reduced. The lack of histological evidence of 
liver damage accompanied by the general emaciation and debility of the animals 
indicates that the diminution of blood flow may be due to a general circulatory 
depression rather than to a local hepatic effect. It should be noted that 
considerable difficulty was encountered in getting blood samples from the tails 
of these sick animals. 

The fact that only two thirds of the irradiating colloid localized 
in the liver along with histological evidence of spleen and bone marrow 
destr~ction points toward the possibility of irradiation damage to other tissues 
especially the bone marrow as the cause of debility and death. 

The organs adjacent to the liver and spleen (parts of the gastro= 
intestinal tract) may have received doses amounting to as much as half the 
dose at the center of the liver. However tnis dose would be obtained only at 
the point of contact and would fall off quite rapidly with distance. 

) 

. The beta ray dose at a distance from a thick flat source is a logarithmic 
function of·.the distance from the surface bf the source. For p32 beta parti­
cles in tissue the half value distance is 0.65 millimeters4. While the y90 beta 
particles would have a somewhat greater penetrating power neither the y90 nor 
the p32 would irradiate an appreciable fraction of the gut. Furthermore no 
gross abnormalities of the gastro=intestinal tract such as ulceration were ob­
served at autopsy. 

* The disappearance constant {k) is in reality the product of two constants 
the efficiency (?t ) and the fraction of the blood volume passing through the 
liver per unit time (K) 

k = 7l.K 
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From the above considerations it-seems that the cause of death in 
these y90 irradiated animals was probably due to _the observed bone marrow 
damage resulting from the uptake of the colloid by this organ rather than to 
possible gastro-intestinal damage resulting from radiation "leakage" from the 
liver and spleen • 

. The next section describes an irradiation experiment in which the 
animals survived much lorigerwith liigb.er total doses of irradiation. This was 
probably due to more specific lim~tation of the irradiation to the liver and 
spleen by using chromic phosphate, which localizes 9? percent in these organs, 
but the possibility that it might be due to slower irradiation rates achieved 
by using p32 rather than the shorter half-lived y90 has not been refuted at 
this point. 

Irradiation with Ch.rt)mic Phospaate 
- -

Two groups of mice were injected with chromic phosphate to irrdiate 
their livers and spleens -The first group received an injection equivalent 
to 106 microcuries of p32 per gram--of liver based on the averag·e value of liver 
weight equal to six percent of body weight. - About- 95 percent. of the chromic 
phosphate localizes in the liver. One microcurie of p32 will liberate ?.4 X 104 
ergs of which about 80 percent will be absorbed-within the liver ttssue while 
20 percent will escape from the surface. ,Thus these mice received a total of 
6.2 :x: 106 ergs per gram of liver tissue or '75,000 r.e.P. The second group 
received just half of the above dose. 

-- ·' -

Approximately three and one half months after the injection ot these 
irradiation doses, the chromic phosphate disappearance constant was measured 
employing a second injection of the suspension. Two animals Which had received 
the higher dose had half times for disappearance of one minute and six minutes 
which correspond to values for the disappearance constant of 0.66 lllin-1 and 0.12 
min-1 respectively. The animal showing the extremely low value, about ten per­
cent of normal, died within twelve hours of the time of measurement. Two mice 
which received the lower dose of approximately three million ergs per gram of 
liver tissue each showed disappearance constants of 0.5 min-:1. This is just a 
little more than one third the normal value. 

The disappearance constant was measured on one mouse, which had received 
the lower irradiation dose, nine months after the start of the ir.radt,tion. 
The value obtained for the disappearance constant was 0.83 min-1 which is about 
six tenths of the normal value. This mouse was apparently healthy except that 
a large tumor had developed in the abdomen. 

At autopsy the liver of this animal looked like a coiled string of 
brown beads. This peculiar structure was in an anatomical position that indi­
cated regeneration at the thin edge of the liver where the irradiation was 
at a minimum due to geometrical factors. The original liver tissue was apparently 
completely gone~ only a f'ibrosed pedicle remaining. :Indeed it was difficult to 
'find the liver because it had more the appearance of a loop of intestine than of 
liver. Histologic examination showed apparently healthy liver tissue in the 
regenerated portions, with large numbers of bile ducts, which are thought by 
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some investigators to 1 give rise to· now hepatic cells. Mitotic figures were 
not observed·. This was probably due to the lapse of' about eight months be­
tween the administration of' the_.;radiation and the sacrifice of' the animal. 
The amount of regenerated liver tissue could not be determined~ but appeared 
to be considerably lass than the amount ot liver tissue present in the normal 
mouse. 

The examination of other livers at autopsy showed abnormalities which 
were siinilar to but less pronounced than those of the liver described above. 
The irra'diated livers Which had time to regenerate gen~rally exhibited a knobby 
structure with a more pronounced knobbyness at the-edges. If the irradiation 
was sufficiently severe and the_ time for regeneration sufficiently :Long; the 
liver looked like a string of beads as described above or like a bunch of grapes 
with a fibrosed pedicle. 

One of the mice receiving the higher irradiation dose had a great 
deal of ascitic fluid present in-the abdomen and an almost complete 1!3-Ck of 
normal depot fat. The liver of this ap.imal, in.cluding all of the fibrosed por­
tion, weighed-fifty percent more than the normalmouse liver. Although the 
general p.i'cture. with the high irradiation dose was slow loss of' weight · follo~ed 
by death within four months, this particular mouse gained about 10 percent in 
body weight in spite ot the loss of body fat. 

While the mortality of the group receiving 6.2 x loS ergs per gram of 
liver tissue_ (75,000 r.e.fl.) was 100 percent at the end of' four months, the 
mice which received-half this dose were all alive, but had lost an average of 
about-·lo percent in weight. Most of this second group diad between four and 
nine months~ although one lived tor a year following the start of the irradia-
tion. · 

Summary of the Work on Irradiation. 

Changes in the chromic phosphate disappearance ponstant have bean ob­
served with radiation in the rabbit arid in the mouseo !ne observe~ lowering of 
the disappearance constant is apparently due in part to a decrease in the 
efficiency of the li_ver phagocytes and in part to a depression of' the liver 
blood :f.'low. 

In regard to survival, either the rate at which the irradiation is 
given or more probably, the degree ot localization in the liver and spleen 
seems to be important. When an irradiation dose of three million ergs per gram 
ot liver tissue is given slowly by means of chromic phosphate, the mice die 
between four and nina months following the start of the irradiationo However, 
·if this same dose of liver irradiation is given' rapidly with a colloidal yttrium 
90 -hfdroxy-citrate complex, which shows less specific livercapleen localiza= 
t1on, the mice die within nine days. 
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III HEALTH CHEMISTRY AND PH'YSICS 

Health Chemistry 

N. B. Garden 

Monitoring. 

A new iristrwnent is being used tor taking samples in sewers giving 
broader information on-their condition. \A revised program has been initiated 
tor serv;i.cing vacuum. pwilps. Alpha foot counters have been installed in the 
Chemistry Building. Facilities in- ORL for general radioactive chemistry work 
have been extended. A glove-ported cupola has been added through which samples 
from the plutonium column of the dissolver solution processing equipment will 
be taken from the outside of the building, effecting a safer method. 

Transportation. Decontamination and Storage. 

With the change in the ship employed for waste disposal at sea, more 
efficient handling of the fifty-gallon drums filled with-radioactive waste in 
cement was necessary. Cable ends are being inserted in cement in the bottom 
of the drums which creates a loop to~ drum pickup. This process has greatly 
facilitated drum loading. Last month and for the next two months the Labora­
tory's waste 9 in cement-filled drums, is being stored on Bikini ship "Independ-
ence" which itself will ultimately be disposed of. ' 

The use of paint spray bombs inside contaminated gloved boxes at. tiine 
of their removal tor disposal or decontamination has been adopted. 

-Experiments with agar, soap jells and standard powdered cement to 
solidify liquid waste continue to indicate that the cement is still the best 
agent. 

Modifications are being made in the initial model of the decontamination 
chamber. The compound Versene appears to be the best decontaminating agent 
used here so far; the new compound Radiowash has proved satisfactory but is 
more c.ostly than other equally satisfactory materials. Oak:ite 33 has been 
found to be a good decontaniinant ··for metals. The decontamination Group has 
taken over the strip coat testing during this period. 

Berkeley Boxes. 

To further standardize the Berkeley Boxes they are now being lined with 
a polyethylene film over the inside painted surface; this film is secured 
by stripping and by overlapping with the walls of the box. A single panel 
now contains all inlet-outlet fixtures, eliminating the need tor holes on 
various sides of the box. A new wooden frame has been introduced, which holds 
the shelves and ringstands, secures the tray on the floor of the box and aids 
in holding the polyethylene liningo · · The boxes are being made now in section­
like compartments, this will be of value in decontamination. All new boxes 
will have sliding doors rather than hinged one·s. 
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Research and Development. 

Equipment for procesSing highly active proton bombardments of uranium 
was completed and ,successfully used. Redesign of the- equipment for processing 
the Hanford dissolver .solution was completed. A furnace with auxiliary equip­
ment tor tran~uranic metal production was put in-to oper~tion. The box in 
the t-wo-inch iead cave and a new ·lead box for ~utting and dissolving the slug 
has been readied for processing a Chalk River pile-bombarded sample •. This 
latter bo::x: has a laminated lead glass window 18 by 12 by 4 inches thick. 
Various small pieces of equipment such as a new power supply for electric 
stirrers, a swivel-arm pipettor and an improved overhead fluorescent light 
for use ·in the two~inch lead cave have been completed or designed. 

General. 

New member-s of the Health Chemistry group are being given a training 
course in f\lnctions of the Department.- They spend twq or more weeks with the 
monitoring group and a month in the decontamination area, followed by a study 
ot the filter program. 
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Health Physics 

B. J. Moyer 

Portable Fast Neutron Counter. 

A :f'ast neutron counter with a battery supply has been put into operati·on. 
The basic elements are ·a recoil proportional coUn.ter and ~ two stage amplifier 
triggering a one-·shot mu:lti'vibrator ~ A pulse of current is put into a meter-

. integrating circuit each time the multivibrator triggerso 
-- .. 

The counter is li;Iled with polyethylene- and tilled to one atmosphere with 
96 percent argon and 4 percent C02. The necessary voltage to operate in the 
proportional region is supplied by batteries with 5 voltage taps ot 67-1/2 
volts each above 2100 volts. 

The gamma ray electron pulse is- discriminated .out by choosing the amount 
of output from the amplifier and by adjusting the collector voltage. 

' ' . 

Three ranges are provided on the meter covering a ne~tron flux of 5 to 
10,000 neutrons / cm2/sec (--v .1 to· 40 Mev energy) • Earphones are provided tor 
lesser neutron fluxes. Gamin.a intensities of one r/hr can be discri.plinated out·. 

Statistical S~ary of Monitoring Program 

Surv.ey instruments mai.ntained: 

1. B-Y ionization chamber 
2. Victoreen 263 meters 
3. I.D.·L. portable Survey Meters 
4. Cutie pies·. 
5. Recording Y-interi.sity meters 
6. Victoreen proteximeters 
7. Fast neutron proportional counters 
8. Slow neutron proportional counters 
9. Balanced chamber {slaw neutron survey 

instrument) 
10. Balanced chamber (fast neutron survey 

instrument) 
11. Special tissue wall survey instrument 

Personnel Meters in Use: 

1. Total people covered with film badges 
2. Total man days coverage with pocket 

chambers 
3. Total man days 

4. Total man days 

coverage wi~ri po~ket. · 
"dosimeters 

coverage with pocket 
chambers · ( SN). 

30 
19 
20 

3 
15 

3 \, 

5 
1() 

2 

1 
1 

1800 

2177 

4234 

3609 
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Cases of Weekly Exposures Above 0.3r: 

Weekly film 
exposure Linear 

VCRL-1143 

\ 

above 184" area 60" area Accelerator Synchrotron Che.1111stry Total ----
o{3r 18 +a 0 
O~:Sr 3 9 0 
l,;Or 0 2 0 
l.:Sr 0 2 0 

+:S.Or 0 2* 0 

o· 
0 
0 
0 
0 

11 
4 
2 
1 
0 

47 
13 .,., 

3 
2 

* In the past three months we have had two·exposures exceeding 5or, one ot Which 
.was received while und~rgoirig. chest fluoroscopy., The other waa received while 
Undergo~ng a dental:)X\f.~~f'·i'~~~ination~ ·"'1 

· ··· ··· 

These exposures we~~::;;;i~>;;iip_·w~Y project connected • 

. . . ,,,, ··•· JY~:,, . ·1 ~~~r~~, 

lJilJI/3-5-51 
· Iilfor.mation Pivision 




