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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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I THE· 1mTABOLIC PROPERTIES OF PLUTONIUM 

AND ALLIED MATERIALS 

J. G. Hamil ton 

Project 48A=I 

Radioautographic Studies 
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Radioautographic studies using yttrium 9 curium, strontium9 and protoactinium. 
were undertaJ.<::eno The results with yttrium indicate that at 16 days after adm.inistra~ 
tion.~ deposition occurs on the periosteal and endosteal surfaces of the shaft 9 on 
tho endosteal surface of trabecular bonev and there is some yttrium scattered through=· 
oui; t;lw cortical bone. This latter occurred to a much lesser eJ>:tent than was found 
with element 61 9 curiu.m9 americiurn 9 or cerhiffio 

Curium deposition after a period of 64 days 9 was found to be prac:tica.E.y 
icl.entical to that found at 8 dayso 

Protoactinium studi.es are underway 9 but have not been cmnplctea. 

Radiostrontium was injected into two groups of rats in order to study the 
st;rontilun uptake at various time intervals after ad.ministrati.ono One grmrp was 
phosphorus deficient and the other was a control group. Animals were sacrifj_e:ed at 
0.5s 1 9 4 9 12 9 24 9 and 48 hours. The results are as yet incompleteo 

A great deal of difficulty has been encountered with the .microtome knife sharp·~· 

ener which has resulted in a considerable loss of time. 

Tracer Studies 

Actinium. Studies have been completed with actinium 22'7 thirty-two and sixty-four 
days after intramuscular administration and sixteen days after administration of the 
actinium orallyo Less than 0.3% of the actinium administered orally was found to ha:vo 
befm absorbed from the digestive tracto Thirty-two and sixty-four days after intra~-' 
muscular administration 31% and 18% respectively remained at the injection sits. 
The actinium that was absorbed was primarily excreted via the intestinal tract or 
deposited in the liver and skeleton. Other organs in which appreciable concentra~ 
tion occurred were skin 7 kidney D and lymph nodes. Although measurable e .. JllOLlllts of 
actinium are fotmd in the other tissues of the body~ their concentrations are com"~ 

paratively lowo As is typical of the actinide series of elementsv bone storage and 
retention of this element is extensive. The corrected data of the thirty=t\vo and 
sixty-four day intramuscular studies are presented in Table L 

Bervlliumo As reported in the last quarterly report~ intramuscular studies with 
c-arrier~free beryll:i.\un w~re startedo These studies have been completedo Data not 
previously reported include studies made upon the distribution of Be'7 in ratG 16 
and 64 days after intramuscular inject ion o .At these time peri.ods ~ 42 and 20 per~ 
cent of the Be7 administered remained at the injection siteo After absorption of 
the beryllitu:n. the major organ of deposition was the skeletono This strncture re= 
ceived 28.8% and 26o 9% of the absorbed dose at 16 and 64 days after injections 
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TABLE I 

DISTRIBUTION OF ACTINIUM AS PERCENT OF DCSE IN THE RAT FOLLOWING 
INTRAMUSCULAR ADMINISTRATION. VALUES CORRECTED FOR UNABSORBED PORTION 

IN lEFT LEG AND RECOVERY 

·16 days 64 days 
% per %per % per % per 
~!-'~ gram o;-gan grarn. . 

Heart .,03 .04 o02 .03 
Lungs .21 .12 .12 0'" 0 ' 

Spleen .16 .25 .14 .20 
Blood .,44 .04 .01 .01 
Liver 16.6 2.19 6.67 .92 
Kidney .27 .19 .33 o.l9 
Adrenals .01 .01 .10 
Thyroid 0 0 0 
Lymph Gland .01 .01 .1"1 
Pancreas .03 .. 04 .,02 o03 
Brain ,.01 .01 .01 .01 
Fat .. 04 .04 .01 .01 
Stomach .15 .03 .12 .os 
Sm Int .40 .04 .18 .05 
Lg Int .39 .03 .3'7 .05 
Bone 29.2 lo32' 20.8 .99 
Muscle 2.47 .03 4.08 .05 
Skin .66 .03 .38 .02 
Gonads .01 .05 
Urine .39 .79 
Feces 48.5 66.0 

100.0 100.0 
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Beryllium is primarily excreted via the urine although fecal excretion takes place 
to a lesser extento Beryllium is not deposited in the soft tissues of the rat to 
any great degree with the exception of liver 9 kidney 9 spleen 9 and blood at the 16 
day periodo The results obtained upon these and other tissues ·are summarized in 
Table IIo Although a considerable fraction of the Be 7 was absorbed from the injec
ti.on site between the 16 and 64 day time intervals» it is apparent that the retention. 
of beryllium in the bone is high under the conditions of these e:x:perimentso 

Lanthan:umo Comparative studies in the rat of carrier versus carrier=free lanthanum~ 
as TtJell as the effect of a complexing agent upon this member of the lanthanide series 
of rare earths 9 have been completed. :!!~our groups of three animals in each group 
were injected intramuscularly and sacri.ficed two days latero They were given the 
following~ Group 1 ~ c:arrier-,free La140 ~ Group 2 = Lal40 + 1 mg La(N03 ) 3 per rr-rt" 
Group 3 ~ Carrier-free Lal40 + 4o5 m.g sodium citrate per rat~ Group 4 ·· La140 + 
1. mg La(N03) 3 + 4o5 mg Na citrate per rat. The absorp·tion from the injection site~ 
was respectively 32~ 2~ 85, and 11 percent of the injected Lal40 as described al'!ove. 
These data show that carrier~free Lal40 is fairly well absorbed from the injection 
site~ and that this is reduced to a very low value when carrier i.s added.o Co.nrpl.ex5.ng 
tht~ lanthanum r-;reatly enhances the absorption in the carrier,.,f'ree state and the 
absorption is increased when citrate is added to lanthanum which contains carrier • 

.A:fter absorptionv the four groups of animals handled lanthanum somewhat 1llff'erent·= 
ly when administered as described aboveo For example 9 carrier=free lrJJ:.rth ... ,.n,;un vras 
deposited in the skeleton to the extent of 13% of the absorbed doseo ;J:tt;h C3.:rrier 
adl'ledi this was found to be 24%o The addition of citrate to the carrie.r=-:free 
lanthanum gave a skeletal deposition of 16%; this 1Nas increased to 30% w:i,th the 
addition of carrier plus citrate. Similarly SO% of the absorbed dose wfis fou.nd in 
the liver with carrier-free Lal40~ 20% with carrierv 74% with citrate but without 
carrier" and 44~ with carrier and ci'trateo It can be seen that the additien of 
carrier to Lal40 decreases the percent of total lanthanum present :J.n the 11:\:'ero The 
addition of carrier lantJ;ummn increases the fecal excretion of La14C\ Tf:.iG jec :not 
appreciably influenced by citrate. The addition of La carrier :lncreasf;S 111e Lu 
concentration in the blood about 25 t:iJnes when no citrate was addedo Tt.e ;is:J:h:< 1'or 
the other tissues are presented in Table IIIo 

Praseodyniumo The distr:i.bution of Pr143 in rats after intramuscular adm:i.nistrs.tion 
has been completed for 1~ 4~ and 16 days after the administration of this member of 
·the lanthanide series" This element is handled by the body in a manner vrhi.ch i.s 
similar to the other rare earths as well as actinium~ amer:i.cium9 and curilu;.>.o At; 
lp 4p and 16 days 3 74%~ 61%, and 41% of ·the Prl43 administered remained at "!:;he 
injection siteo 

Of the P~43 absorbed 9 at 1 day after administration 9 a major portion is deposit·= 
ed in the skeletal system and J.n the liver. Four and sixteen days after_ awninistration 9 

similar skeletal deposttion was shown with a gradual reducti.on of the PrHo :in the 
liver~ thi.s being primarily eliminated via the feces. The data for the other tissues 
are included in Table IV. 

Uran1~230 • Studies of the metabolism of u230 at lt 4~ 16 9 and 32 clays attar 
intramuscular ad.rninistration have been completed a These ag:r"ee with the resu1 t:s 
obt;ai.ued upon u233 wi.th tho exception of lmner skeletal upta.keso 'rh:is n;.ay ind:ier:.:.i/(~ 
that the skeletal retention is in part influenced by the total number of atoms g:l.ven 
as would be the case when u230 ~ vJhich has a half=life of 30 days J is co.mpEH'(~d to 
u233 9 which has a half'-·life of about :150~000 yearso The data are 311lnma.rized in Table Vo 
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TABLE II 

DISTRIBUTION OF C.ARRIER=FREE Be7 IN RAT AS PERCET.I.TT OF DOSE FOLLOWTI\fG 
INTRAMIJSCULAR ADMINISTRATIONo VALUES CORRECTED FOR UNABSORBED PORTION 

IN U::FT LEG AND RECOVERY 

16 days 64 days 
% per % per % per % per 
organ gram ~~ ~!:~ .. -

Heart o07 o09 oOl oOl 
Lungs o43 ol4 ol2 .. 04 
Spleen o20 o28 ol9 .,22 
Blood lo44 all o23 oOl 
Liver 5o25 o48 o48 .. 05 
Kidney o84 o45 ol5 .. 06 
Adrena.ls o02 oOl o14 
Thyroid o02 oOl ,. 
Lymph Glands o02 oOl 
Pancreas o09 o07 oOl .. 01 

,• Brai.n o02 oOl o02 .,01 
Fat o02 o05 o02 .02 
Stomach ol2 o04 o06 oOl 
Sm Intestine o27 o04 oll oOl 
Lg Intestine o34 o02 o07 .. 01 
Bone 28o8 lo55 26o9 1 .. 43 
Muscle lo60 oOl lo97 .. 01 
Skin o41 oOl .. 21 o01 
Eyes oOl o02 oOJ.. oOLJ, 
Pituitary oOl 
Gonads o09 o04 o05 .. 01 
Urine 43o4 54..4 
Feces l6o5 15o0 .. 100.,0 l00=:-0 
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TABLE III 

COMPARISON OF DEPOSITION OF RADIO-LANTHANUM AS CARRIER-FR.t!.~ 
r.a140, CARRIER La (1 rng (Na3)3~ COivlPI.EXED CARRIER FREE AND 
CARRIER La + CITRATE COMPLEX. VALUES EXPRESSED AS PERCENT OJ!" 

.ABSORBED DOSE 

Carrier-free 1 mg Carrier C.F. 4.5 .rng 
NaCit 

Carrier + Citra·te 

%"per % per % per % per % per %per % per % per 
~gan gram organ gram .£:!'gan g:~ organ gram . 

Heart 0 0 lo44 1.44 .12 .18 .03 .,04 
Lungs .10 .07 1.44 .72 .18 .11 J. 1 c. .58 
Spleen .13 .13 1.44 2.16 .13 .16 1.75 2.33 
Blood .23 .02 5.04 .72 lo02 .08 .19 .02 
Liver 80.2 10.9 20.1 3.60 ?3.9 10.8 44.6 6.69 
Kidney 1.17 .60 2.88 1.44 .82 .50 .48 .29 
Stomach .18 .07 .2? .12 .58 .19 
Sm Int .63 .07 .47 .15 .39 .05 

c" Lg Int .50 .07 2.16 .72 .83 .12 .58 .,08 
Bone 13.1 .57 24.0 .72 16.6 .76 31.1 1.55 
Muscle .,80 .01 15.8 .04 2.15 .02 1..94 .02 
Skin .37 .01 4.,32 .01 1..12 .03 .68 .03 
Pi tui.tary 0 1.44 .08 .01. 
Urine e3'7. 0 .50 6"20 
Feces 2.24 13.7 . 1.44 10.2 
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T.ABLE IV 

DISTRIBUTION OF Pr143 IN RAT AFTER INTRAMUSCULAR ADMINISTRATION. 
VALUES CORRECTED FOR ABSORPTION AND RECOVERY, GIVEN AS PERCENT OF 

DOSE 

1 day 4 days 16 days 
% per % per % per % per % per % per 
organ gram organ gram organ gram 

Heart .18 .23 o05 .11 .05 .07 
Lungs .36 .18 .27 .14 .19 .07 

. Spleen .. 27 .41 o21 .27 .19 .19 
Blood .54 .05 oll .,01 .02 .01 
Liver 50.4 10o5 5lo3 6.61 33 .. 3 4.15 
Kidney 3.09 2.13 .84 .. 41 1.11 .58 
Adrenals .03 .. 02 1.04 .02 
Thyroid .04 .01 .. 01 
Lymph Gland .03 .36 .,30 .. 09 
Pancreas .14 .18 .05 .09 .,03 
Brain .01 .. 01 .. 01 .. 01 .01 .01 
Fat .. 04 .03 .. 02 
Stomach .. 54 .32 .. 49 .. 19 .24 .09 
Srn Int 2.86 .41 .81 .09 .53 .05 
Lg Int 2.72 .. 50 1.59 .21 .81 .10 
Bone 26.0 1.91 27.5 1.78 29.5 L97 
Muscle 3.04 .04 2.38 .. 03 1.53 .. 02 
Skin 2.45 .09 1.31 .,05 .82 .03 
Pituitary .01 .01 
Gonads .02 .23 .. 02 .11 .01 .05 
Eyes .02 .05 .01 .03 .01 .01 
Urine 3.,54 7.{)7 '7.32 
Feces 3.6'7 5.98 24.4 
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TABlE V 

DEPOSITION OF u230 IN THE RAT FOIJ.01Jii'ING INTRAMUSCULAR ADMINISTRATION. 
VALUES CORRECTED FOR RECOVERY AND ABSORPTION FROM INJECTION SITE GIVEN 

AS PERCENT OF DOSE 

1 day 4 days I 4 days II 16 days 32 days 
% per %per %per % per % per %per % per %per % per % per 
organ gram organ gram organ gram organ gram organ gram 

Heart 0 0 0 0 .02 * .. 01 * .01 .,01 
Lungs .. 03 .02 .. 01 .01 .02 .02 
Spleen .02 .03 .01 .. 01 .. 04 .04 .. 01 c.02 
Blood .05 .01 .. 01 .. 01 .01 .01 
Liver ol5 .. 02 .21 .,02 .45 .04 .09 .02 .19 .. 01 
Kidney 1L7 '7 .. 18 11.8 '7o50 13.0 '7.30 1.48 .90 .42 .19 
Adrenals .. 01 .01 .01 

- Thyroid 0 0 - .01 .01 
Lymph Gl .09 .01 .01 

. P?ncreas 0 0 .01 .01 .02 .03 . 
~rain 0 0 .01 .01 .01 .. 01 
Fat; .01 .01 .01 
Stomach .18 .10 .01 .01 .09 .02 .03 .02 .02 .01 
$mall Int .53 .08 o0'7 .01 .15 .01 .03 .01 nl3 .01 
Large Int 4.94 .. 57 .23 .,04 .22 .03 .10 .02 0 0 
Bone 9A6 .60 10.9 .68 3o66 .21 1L4 .46 
:Muscle 6.15 .07 • 5'7 .01 ol6 .01 .37 .01 • 9? .01 
Sk;in .. 40 .01 .21 .01 .44 .02 .16 .01 .03 .01 
Eyes .01 .01 .01 .01 .02 .09 
Pituitary 0 0 .01 .01 
Gonads .01 .01 .01 .01 .Q1 .,05 
Urine 60.0 70.0 60.9 83.7 75.9 
Feces 6.33 5.99 10.8 10.3 10.9 
Tibia .11 .63 
Tibia Head .31 1.05 
Femur .48 .. 55 ... 
Skel + 1 bone 12.9 .71 

*. + Lungs 
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The u230 used for the 1 day, 4 day Group I, 16 day, and 32 day studies was 
obtained from the Chemistry Division of -the Argonne National Laboratories from 
deuteron bombarded thorium. The u230 used on the-4 day Group-!! studies was pre= 
pared in this laboratory from bombardment of thorium to produce Pa230 by the d-4n 
reaction on Th232. The target was allowed to cool so that the short-lived Pa232 
had deca~ed to for.m u232. The pa230 and pa233 were isolated from the fission pro
ducts~ U 32, and small traces of ~233. This preparation was allowed to decay for 25 
days at which time the u230 and U 33 were isolated. The activity, contributed to 
the preparation by the u233 by decay of pa233, was observed to be less than 2% of the 
total uranium activity. 

Vanadium. A complete study upon the distribution of carrier-free v48 has been 
completed in rats. This element is rather readily obsorbed after intramuscular 
injection. At 1, 4, 15, and 64 days after administration, 28%, 23%, 9%, and 5% of 
the v4B remained at the injection site. Vanadium is excreted in both urine and feces, 
the former playing a predominate part in the early time period. A wide distribution 
of v48 occurs in the tissues of the rat at early time periods following intramuscular 
administration. Clearance from the body is almost complete 64 days after intra
muscular administration. When administered orally, v48 is not absorbed to any great 
extent from the gastro-intestinal tract. A summary of the intramuscular studies is 
presented in Table VI.· 

Zirconium. Metabolic tracer studies on Zr95 have been completed to 128 days after 
intramuscular administration •. The results agree with those obtained at earlier time 
periods. At 64 days, 15% of the injected Zr95 remained at the injection site. The 
value obtained at 128 days was higher than this, being 21%. It appears that Zr95 
residue in muscle is poorly mobilized by the body. At these time periods, the 
skeleton remains the primary depository of the retained Zr95. Measurable amounts 

·' were found in the soft tissues. These data are presented in Table VIL 
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TABLE VI 

" DISTRIBUTION OF v-48 IN TISSUES aF THE . RAT FOLLOWING INTRAMUSCULAR ADMINISTRATION 
IN CARRIER-FREE S~ATE. VALUES CORRECTED FOR ABSORPriON JUi!D RECOVERY, EXPRESSED 

.AS PERCENT OF DOSE 

1 Day 4 Days 15 Days 64 Days 
% per % per % per % per % per % per % per % per 
organ gram organ gram organ gram organ gram 

Heart e21 .16 elO elO .05 .07 o03 .. 03 
Lungs e46 o26 o29 ol8 .. 15 .08 .04 .02 
Spleen .. 68' e53 .63 .. 65 o45 .. 38 .15 .17 
Blood 4.60 .30 1 .. 52 .,11 o20 .01 .. 01 .01 
Liver 8.69 .78 6.23 .64 2 .. 37 .22 .89 o08 
Kidney 6o41 2.65 4o35 1.82 1.57 e'76 .26 o09 
Adrena1s .02 oOl .. 02 .01 .04 
Thyroid .,02 oOl .01 .. 01 
Lymph Gl o43 .. 47 .. 35 0 0 
Pancreas .,21 .20 .19 .15 .. 10 .10 .01 o02 
Brain o05 .03 .03 .01 .02 .,01 oOl .01 
Fat .38 .28 .06 .08 .01. 
Stomach .99 .33 o24 .13 .10 .01 .02 .01 
Sm Int 3.66 ·.43 .. 96 .. 13 .54 .04 .. 22 ~02 

Lg Int 6.12 .66 1..40 .. 21 .41 .04 e13 .01 
Bone 14.1 .68 9.94 .53 8.98 .47 4.58 .23 

.' Muscle 7.65 .07 4.96 .04 4el5 .,04 2.,19 .02 
Skin 5.14 .18 4.46 .18 2.73 .11 o98 .. 03 
Pituitary .02 .01 .,01 0 0 
Eyes e02 .07 .. 01 .03 .. 01 .02 .01 .01 
Gonads .36 .12 .. 57 .,17 o38 .13 .29 o09 
Urine 32.3 39.,6 44e0 54.7 
Feces 7.82 24e3 33.'7 35.4 
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TABLE VII 

DEPOSITION OF CARRIER FREE Zr95 IN TISSUES OF RAT FOLLOWING 
INTRAMUSCULAR ADMINISTRATION. VAlDES CORRECTED FOR .ABSORPTION 

FROM LEFT LEG .AND RECOvERY 

64 Days 128 Days 
% per % per % per % per 
organ gram organ gram 

Heart .. 11 .. 11 .,12 .13 
Lungs .. 36 .22 .31 .16 
Spleen .. 3? .. 49 .29 .38 
Blood .. 26 .,01 .16 e01 
Liver 2.22 .. 29 2.12 .20 
Kidney lo49 .?5 .98 .. 37 
Adrenals .. 04 .. 04 
Thyroid .01 .02 
Lymph Gla.mtd .. 04 .. 46 .74 
Pancreas .11 .. 15 .. 10 .. 13 
Brain .. 02 .. 01 .. 01 .. 01 
Fat o09 .06 .. 02 
G. I .. 1 .. 59 .. 06 1.34 .06 
Bone 23.0 l.33 21.1 1 .. 04 
Muscle 4 .. 10 .03 5.,31 .04 
Skin 2.99 .,10 4 .. 88 .. 10 
Gonads 1.29 .. 43 1.47 e46 
Urine 5.,04 12 .. 2 
Feces 56 .. 9 49 .. 4 
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Decontamination and Bone Metabolism Studies 

Effect of Sodium Citrate and Zirconium Citrate Treatment on Radioactive Strontium 
Retention. and Excretion. Immediate and massive injections of zirconium citrate have 
proven to-be one of the most effective means of removing injected plutonium or radio= 
active yttrium from the body. There is a tremendous increase in urinary excretion of 
these elements, and bone retention is decreased. 

In the following experiment, the effects of sodium citrate and zirconium 
citrate treatment on the .retention and excretion of radioactive strontium were 
investigated. Adult female rats, weighing 300-350 grams were injected intraperitoneally 
with 8 microcuries of carrier-free sr89,9d. They were divided into three groups of 5 
rats each. 

a) Control Group - no treatment 

b) Sodium Citrate- received 1.6 ml of a 10% sodium citrate solution by injection 
intraperitoneally immediately after the dose of radi.ostrontium. 

c) Zirconium Citrate - received 1.6 ml. of zirconium citrate solution (pH 6) 
containing 40 mg Zr, and citrate ion e~uivalent to "b" above. This was 
administered by intraperitoneal injection immediately after the dose of 
radiostrontium. 

The animals were placed in individual metabolism cages and urine and f'eces were 
collected separately for three days. At this time the animals were sacrificed and 
tissues and excreta were analyzed for radiostrontium. The results are shown in Table 
VIII. 

There appears to be no significant effect of sodium citrate. Urinary excretion 
of radiostrontium by the zirconium citrate treated animals was higher than that in 
the controls, but the difference was not statistically significant. The•re was no 
difference in retention in the carcass. 

This decontamination procedure, ~o effective with radio=yttrium and plut;onium, 
appears to be of no value in the-case [of radiostrontium. This difference in behavior 
ism .line wit'h the fundamental chemical and biological differences of these elements. 

Cor.1parison of the Metabolism of Carrier-free Radiocalcium, Radiostrontium, and Radio
barium in the Young Rat. Because of the significance of calcium in bone metabolism, 
and the importance of radiostrontium and radiobarium as fission products~ a comparison 
was made of the metabolism of carrier-free radioactive isotopes of all three of these 
alkaline earth metals. Although the general similarity of these elements is recognized, 
it was felt that such a study might reveal significant differences in their biological 
behavior. 

The animals used were 48-52 day old young female rats~ in which active growth and 
new bone formation vms taking place. They were reared on a normal dietD and maintained 
on this diet for the duration of thee xperiment. They were injected parenterally with 
the radioactive isotopes, and were placed in individual metabolism cages so that urine 
and feces could be collected separately. After 4 days~ they were sacrificed~ and the 
tissues and excreta were analyzed for radioactive isotopes present. The res11lts are 
shown in Table IX. For direct comparison, the values are expressed as the percent of 
the administered dose, corrected to 100 percent, and plus or minus the standard devia
tion. All three elements were concentrated in bone, with very little J,.n the soft 
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TABLE VIII 

EFFECT OF SOD:ru:M CITRATE AND zmCONIUM CITRATE TREATMENT ON THE 
RETENTION AND EXCRETION OF BADIOSTRONTIUM* 

Group 

Urine Feces I!'emur Liver 

Control 45 .. 1 33.6 Oo8 0.05 
+5.6 +2e2 +0.1 +0.04 

Sodium 45.2 33.2 OQ9 0.05 
Citrate +4G8 +4.4 +0Q1 +0 .. 02 

Zirconium 54.4 26.4 0.,6 0.04 
Citrate +4 .. 6 +2.8 +0.3 +0 .. 01 

Carcass 

20.5 
+3.4 

20.6 
+1.2 

18.5 
+5.1 

* Values given are expressed as percent of the administered dose, 
corrected to 100 percent, plus-minus the standard deviationQ 
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TABLE IX 

DISTRIBUTION OF CARRIER-FREE RADIOACTIVE B.ARIOM, STRONTIUM, AND 
CALCIUM FOUR DAYS _.AFTER INJECTION INTO TEE YOUNG, NORMAL RAT* 

Barium Strontium Strontium Calcium 

Injection 
Route Intraperitoneal Intraperitoneal Intramuscular Intramuscular, 

No. of 
Animals 5 8 6 

Carcass 57.8 70.3 69.6 
+6.7 +5.1 +2.9 

Femur 2.9 3.3 3.2 
+0.7 +0.6 +0~5 -

Urine 13.1 13.5 13.5 
+4.4 +6.6 +3.1 

Feces 23.3 11..3 13.7 
+3.4 +3.4 +1.5 

*Values given are expressed as percent of the administered dose 9 

corrected to 100 percent, plus or minus the standard deviation. 

6 

80.8 
+2.6 

4.1 
+0.9 

3.9 
+1.7 

11.2 
+2.0 
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tissues" 

Comparative distribution studies of ca45 and sr89 in soft tissues as well 
as bone are as followsa Three groups of animals were given either or both radio
isotopes intramuscularly and sacrificed four days later. Although the body 
handles these two related elements in a similar manner~ the comparative deposi
tion does not appear to be identical. Absorption from the injection site was 
almost complete for both elements 9 baing 2o6% and 4~3% in the two calcium studies 
and 5.09% in the strontium study. Relatively more calcium than strontium was 
stored in the bone. The values obtained for the soft tissues were comparable with 
the exception of skin~ in which case relatively more calcium was stored in the 
skin again than was strontium. Furthermore 9 it appears that less calcium was 
excreted in the urine than strontium~ although the fecal excretion appears to be 
comparable. The distribution of ca4° and sr89 in the soft tissues of the rat as 
wall as various calciferous samples are presented on Tables X and XI. 

Effect of Fasting on the Absorption and Retention of Radioactive Strontium. Sinee 
radiostrontium is one of the few important fission products absorbed from gut, 
it presents a serious hazard from contamination of food, or water supply. Fasting 
reduceG calcium excretion and effects new bona formationo The effect of fasting 
on radiostrontium absorption, retention and excretion was studied in the following 
experiment • 

Young adult female rats ware fasted for two days. Twenty mi0rocuries of 
carrier-,free radiostrontium was adininistared by stomach tube or by intraperitoneal 
injection0 They were placed in individual metabolism cages~ w.:l.'thout food, and 
urine and feces were collected separately. After three days~ the animals were 
sacrificed a.nd analyzed for radiostrontiu. The controls were fed ad 1lb::'.tu.m. both 
before and during the experiment. The results are shown in Table XIL . 

It will be noted that the fasted animals absorbed from i;he gut; and. stored 
in the body twice as much radiostrontium as di.d the controls. This may 1n part 
have been due to the prolonged retention of radiostrontium in the gut {almost 1/5 
of the dose still remained in the intestinal tract after three days.) 

Following intraperitoneal injectionp mora radiostrontium was retained by the 
fasted animals and only 1/4 as much was excreted in urine and feces as in the 
controls. This is no doubt associated with the diminished calcium excretion during 
fasting. 

The results indicate an increased hazard of radiostrontium conta>nination in 
fasted individuals. They also indicate the desirability of controlling the 
dietary condition of the animal in studies on radiostrontium metabolism. 

Study of Bone Resorption Produced by Massive Doses of Parathormone~ Effect on 
Bone Histology~ and on the Distribution and Excretion of Radi,ophosphorus and 
Radiostrontium. Massive doses of parathyroid hormone provide one of the most 
effective means of producing acute bone resorption. Although the rat is rather 
resistant to the action of parathormone~ dramatic effects are produced if the 
dose is large enough. This· study was undertaken as a preliminary to combining 
acute bone resorption with such decontamination procedures as zirconium citrate 
treatment. 

Young growing rats of. 6 - ? weeks of age and weighing 125 to 150 grams were 
injected with parathor.mone ( E. Lilly preparation) at the level of 1 tmit per gram 
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TABLE X 

DEPOSITION OF Ca 45 IN RAT 4 DAYS AFTER INTRAMUSCULAR ADMINISTRATION 
VALUES COBRECTED FOR ABSORPI'ION m LEFr LEG AND RECOVERY 

% of Dose 
% per %per 
organ gram 

Heart •01 .. 02 
Lungs .. 02 .. 01 
Spleen .,01 o02 
Blood 

Cells .20 .. 0'7 
Plasma .,09 .02 

Liver o0'7 &02 
Kidney &04 .02 
Adrenals oOl 
Thyroid .01 
Lymph Gl oOl 
Pancreas .01 
Brain .,01 oOl 
Fat -- .02 
Teeth 

I.T& .4'7 
I.R • 1.21 . 
Mo .36 

Stomach .08 .,05 
Sm Int .19 .03 
Lg Int .32 .08 
Int Wash .'78 
Bone 

Fibula .• 29 .92 
Tibia Head 1.36 

4.,2'7 Tibia 1.39 
Scull Cap 1.43 2.73 
Femur 3.66 5.26 
Total Skeleton 76.3 6.50' 

Muscle 4.1'7 .08 
Skin .93 .0? 
Ovary .01 

., Eyes .01 
Pituitary .01 
Urine 2.61 
Feces 12.1 

~.. .. "' 
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TABLE XI 

COMPARATIVE DEPOSITION OF RADIO-C.AI.CIUM AND STRONTIUM IN THE SAME 
ANIMALS 4 DAYS AFTER INTRAMUSCULAR ADMINISTRATION. VALUES CORRECTED 

FOR UNABSORBED PORTION IN LEFT LEG AND RECOVERY 

% of dose 

Calcium Strontium 
% :Per % per % per % per 
organ gram organ gram 

Soft Tissues .63 .06 .59 .05 
Kidney .01 .01 .01 .01 
Teeth 

Mo. o47 .56 
I.R. c82 

__ , 
1.29 

LT. 1.09 .78 
G. I. 1.01 .10 1.13 .12 
Int. Wash 1.23 1.15 
Bema 

Tibia 1.39 4.?2 .95 3.?1 Tibia Head 1.12 1..04 
Femur 4.55 5.72 3.06 3.83 
Fibula .20 .50 .15 .39 
Scull Cap 2.04 5.52 1.24 3.22 
'Ibtal Skeleton ?5 .2 6.?0 . 65.0 5.80 

Muscle 3.99 .08 3.31 .07 
Skin .34 .02 .15 .01 
Urine 5.10 15.4 
Feces 10.1 10.5 
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TABLE XII 

TEE EFFECT OF FASTING O:N THE ABSORPTION, DEPOSITION, 
AND EXCRETION OF CARRIER-FREE RADIOSTRONTIUM* 

Administered by Administered by 
Intrape:i'i toneal Stomach Tube 

Injection 

Fasted Control Fasted Control 

81.4 59.1 34.5 18.4 
+5.2 +5e3 +11.1 +6.4 

3.'7 2.8 1.3 0.8 
+0.3 +0.5 +0.6 +0.4 

3el 18 .. 4 1.6 1.0 
+3.3 +6.6 +1.6 +1.4 

4.5 1'7.8 42.4 77.0 
';t-3.3 +4.9 +18.6 +8.0 

'7.2 2 .. 0 20.3 0.9 
+8.0 +1.0 +16.0 +1.4 

The rats had been fasted 48 hours when the radiostrontium was 
administered. They were sacrificed three days later. 

*Values given are expressed as percent of the administered dose, 
corrected to 100 percent, plus or minus the. standard deviation. 
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body weight and 5 units per gram body weight by intraperitoneal :i.njecti.on. SL"'C 
hours later they received carrier~free radioactive phosphorus or strontium by 
intraperitoneal :i.njection. They were placed in indi~ridual metabolism cages and 
urine and feces were collected separately. Twenty-four hours after injection 
of parathormone, or 18 hours after injection of the radioactive i.sotopes, the 
animals were sacrificed. Femur and tibia were taken for bone histology and radio~ 
autographs. The tissues and excreta were analyzed for radiostrontium or radio
phosphoruso 

a) Effects on bone histology. 

At the dose level of 1 unit per gram~ only slight differences in bone histology 
were evident. There was some increase in the nl.imber of osteoclasts (associated with 
bone resorption) and preparations by the Gomorri technique, suggested a moderate 
demineralization of the secondary spongiosa. 

At the higher· dose level (5 units per gram body weight) dramatic changes were 
apparent& Great numbers of osteoclasts were seen on the trabeculae and along the 
endosteal surface. Trabeculae were thin and reduced i.n number. osteoblasts on the 
surface of the remaining trabeculae were flattened and resembled fibroblasts. Loss 
of bone substru1ce in the zone of provisional calcification and the primar~ spongiosa 
next to the epiphyseal cartilage was such, that there was great fragility and a ten
dency to break in this area during di.ssection. Gomorri preparations of this area 
suggested severe demineralization. The general picture was one of J.ntensive bone 
resorptiono 

b) Distribution and excretion of radiophosphorus. 

Tl1e data for radiophosphorus, expressed as percent of the administered dosJ 
and corrected to 100 percents is shown in Table XIIL No sign.if'icant dif'f'erence was 
apparent with the dose of 1 unit per gram. However 9 the larger ('lose did increase 
(about two ·times) the urinary excretion of' radiophosphorus; fl,nd rec11.wed the uptake 
by bone. This is "in conformity wHh th~ known action of parathormone in effecting 
bone resorption and increasing urinary phosphate excretion. 

c} Distribution and excretion of radiostrontium. 

The data for radiostrontium are giwen in Table XIV" The most remarkable 
feature of this data is the almost complete lack of effec.t of even massive doses 
of parathormone~ despite M.stological evidence of intensive bone resorption.- Aside 
from an increased urinary excretion of radiostronti~~ in the rats receiving 5 tUlits 
of parathormone per gram, there is no significant difference in soft tissue or 
skeletal retention. The high retention of :ronrl.iostrontium by these animals~ 
corresponding to that of actively growin[.. young controls» suggests that active 
deposition of radiostrontium is taking place along with the process of bo.ne resorp
tion .. 

The calcium being deposited, will of course carry with it the high specific 
activity of the radiostrontium of plasma 9 accounting for the high apparent uptake 
of the latter. The calcium liberated by bone resorpt:lon, on the other hand~ will contain 
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Group Urine 

Control 17.8 
+1.,0 

1 unit 13.,8 
PTIVgm +1.2 

5 uni·ts 32.1 
PT.B/gm +1.3 
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TABLE :llii 

EFFECT OF P.ARATHORMONE ApMINISTRATION ON THE 
DISTRIBUTION AND EXCRETION OF RADIOPHOSPHORUS 

UCRL 157 

Feces Femur Liver Kidney Muscle* Carcass 

0.0'7 2.50 6.0 1.02 18.2 49.8 
+0.02 +0ol3 +0.,2 +0.03 +L5 +0.8 

0.08 2.66 6.2 Ll2 19.,2 50.,9 
+0.03' +0.06 +0.1 +0.04 +L7 +L8 

0.08 1.,64 6.5 1.20 21.5 33.2 
+0o03 +0 .. 03 +0.,5 +0.04 +1.1 - +l.5 

*Values are averages for five animals, expressed as percent of' the 
ao~inistered dose plus or minus standard deviation • 
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TABLE XIV 

E:FFECT OF PARATHORMONE ON THE DISTRIBUTION 
AND EXCRETION OF RADIOSTRONTIUM* 

Feces Femur Liver Kidney Carcass 

0~81 4~16 0~06 0.03 82.,5 

0.81 3o52 Oo0'7 OG02 83o6 

Oe8? 3e75 Oe0'7 Oo04 77ol 

*Values are the averages for five animals in each group 9 expresse~d. as 
percent of administered dose • 
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·very little radioactive isotope. The higher urinary excretion corresponds to the 
increased calcium excretion with parathormone. 

d) Conclusionso 

Massive doses of parathonnone in the young rat resulted in histological signs 
of intensive bone resorption. At the higher dose levels, there was increased urinary 
excretion of radiophosphorus and radiostrontium, but very little significant differences 
in s'.celeta:l re-tetltion. This suggests that active bone deposition is taking place along 
with bone resorption. Although parathormone appears to have little effect on radio
stronti~~ decontamination, it may be of value, ·in conjunction with zironiQm citrate. 
in contamination of other metals such as plutonium and radioyttrium. 
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Radio-Chemical Isolation 

Protoactinium was separated from a thorium target which· had been bombarded 
with deuterons. A solvent extraction method which has been reported elsewhere 
was usedg About twenty-five millicuries of protoactinium was obtained. This activity 
was set aside for the growth of uranium for twenty=five days, at which time the 
uranium was separated. Alphas of the u230 series were detectedo The protoactinium 
was removed from a benzene TTA ·solution in order to prepare it for physiological use 
by diluting the TTA solution to 0~02 M and extracting with concentrated nitric acido 

Carrier-free radioactive cadmium was obtained from a deuteron bombarded silver 
target by a method previously reported. from this laboratoryg ApproxL~ately lo4 
millicuries of radio-cadmium was separated from this target. 

Work is in progress at this time to separate carrier-free radioactive arsenic 
from a germanium target which has been bombarded with deuterons. The method, 
previously reported, involves distillation of the germaniunl as a tetrachloride while 
the arsenic is oxidized to its pentavalent state, followed by reduction of the arsenic 
and distillation of arsenic trichlorideo 

There is in the laborator<J at this time an alpha bombarded. cadmium target, from 
which we expect to separate carrier-free radioactive tin and indium. A previous 
method, involving distillation of the tin, has proved unsatisfactory· because of the 
·low final yields of t:i.n obtained., Part of the loss has been due to the far~t that a 
fraction of the radio-active tin tenaciously adheres to any container in which it is 
placed. Attempts have been made to remedy this situation by complexing the radio
tin in. a solution which is physiologically useful. Glucosi and citric acid solutions 
seem hopeful for this purpose. It is believed that higher yields could be obtained 
also if the distillation method-could be avoided~ Work is progressing on a method 
of extraction with TTA~ and, although incompletep results indicate that the aetivities 
can be separated by this method. 

Other activities during this period included preparation of physiological solutions 
of columbium, lanthanum, and barium. A solution of praseodynium was received from 
Oak Ridge, ·which was assayed, identified, and prepared tor physiological. use o A 
magnesium target was milled and prepared. for shipment from this laboratory to the 
project at Columbia University • 
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Biological Use of the 184-inch Cyclotx•on 
- by 

C. Ac Tobias, J. H. Lawrence, Paul D. Rosahn, Hal Anger and William Linlor 

· The 190 Mev deuteron and the 380 Mev alpha particle beams were used in a number 
of exposures on various biological specimens. A detailed report (Q;uarterl.y Progress 
B.e;port i'or January=March, 1948) des-cribed the physical arrangement for such bombard~ 
me.ntso More recently progress was made in the following directions~ 

(a) A new bombardment table was designed to allow alignment with the beam and 
1\1mote control selection of various ionizing port'ions of the beam. A good part of 
the design''worlc is completed and the main part of the apparatus will go into use during 
the mon:th of *July. 

(b) The problem of dosage measurement was investigated and a set of inter= 
· compa..'l;"isons 111r.1.de with Gg Failla and his associates. They detem.ined the dose wi.th 
special tissue wall, tissue gas ionization chambers. 

(c) A number of measurements were made to obtain the Bragg cu:rve and the 
corrections for scattering of the deuteron beam in various materialse With the aid 
of the data gained .-it is now possible to administer known doses of deuterons and 
alpha particles into a given depth of an animal tissue. 

(d) A set of experiments was carried out to confirm the previously reported 
e:x:periments concerning lethal effects on mice. The results indicate t;hat tb.e -s.ame' 
dose delivered in a short time interval (15 seconds) is somewhat .more effec·ti'lre than 
when delivered in a long time interV-al (2 hours). A number of blood counts and some 
histological studies were obtained. So far these do not show any significant differ= 
ences from the findings obtaine9- after exposures of similar animals to x=ray or fast 
neutron beams~ 

(e) A nuraber of exploratory tests were carried out regarding the effeet of the 
deuteron beam on tumors, using type A mice, and the Strong transplantable .mammary 
carcinoma.. This strain of animals was carried in our laboratory for about 10 years .. 
100% of the transplants usually become takes and close to 100% of the animals having 
ttJ.mors d.ie due to the presence of the carcinomase In a series of i;ests attempts . 
were made to determine the minimum dose .necessary to achiewe complete; regression and 
b.(~al:ing of the tumors.. A fold of skin containing the tumors was _pulled away from t;he 
body of the anesthetized mice and the low energy end of the deuteron beam was directed 
against the tumor after passing through proper layers of absorbers and d.iaphragmso The 
dose levels tried were 500p 1000~ 1500,2000, 2500 9 3000~ 4000, and 5000 d unitso (The 
d ·u.ni't is a conventional unit temporarily introduced by us to i.nd.icate relath·e doses 
of' den.lt,_,ron.:l. 1 d j_s about equal to 1 rep, but the exp:r'essio.n "rep" will not be 
used until more extensive dosage determinations are made.) Belov1r 3000 d only partial 
tem.porary regression of the tumors took place; at and abowe 3000 d the tumors appeared 
to regress completely. The regression vJas in each instance accompanied by severe 
skin burns and local loss of hair~ It is too early to say whether or not the skin 
lesions will heal.. In this instance the skin received about the same dose as the 
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tumors since the tumors were implanted r1ght under the skine ~<i'jc, :r ~ .. ''''F'r·o 
'

1 iv;y · · ; • ~I'f'y 
. co,>ff 

It seemed to be worthwhile to test the action of the deuteron beam on tlliio~ 
after the beam had passed through a considerable layer of tissue e The shape of the 
Bragg curve i.s such that it allows considerable more dose to be given to the tissue 
near the end of the range of the particles compared to the beginning of their rangeo 
(See our previous report.) One could not foretell whether or not the animals them~ 
selves would die in such an experiment as therethal doses were about 10 times smaller 
than the doses necessary to kill tumors. The animals were placed so that the beam 
had to go first through their body and then reached the tumors. The peak of the 
Bragg curve was adjusted to hit the tumor. In addition to this the animals were 
rotated around an axis perpendicular to the beam and going through the tumors. The 
rotation was through an angle of about 180°. The dose given to the tumors was 4000 do 
In these experiments using 19 animals it wa:s demonstrated that it is entirely feasible 
to give a large dose of irradiation to the tumor after the beam has. crossed the animal v s 
body without causing acute lethal effects in mice. The tumors thus irrad:tated show 
rapid regression, but it is too early to tell whether such regression will be complete 
or temporary and how severe the skin effects may be. Nevertheless, the results are 
greatly encouraging since they may mean a definite step towards well controlled and 
effective depth therapy by means of particle beams. The work is being continued .• 
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Radiobiology: Bacterial Cell Radiosensitivity 

R. s. Weatherwax and R. L. Dobson 

During the past few years a series of papers particu~arly by c. F. Robinow 
have shown the existence of discrete chromatinic structures in the bacterial cello 
These structures undergo regular divisions closely correlated with the division of 
the celL It seems highly probable that these chromatinic bodies represent the 
bacterial equivalent of the nucleus or chromosome, and are thus carriers of the 
bacterial genese 

The hit theory of the killing of bacteria by irradiation postulates the 
existence of a radiosensitive "targetff, in which one or in some cases more than one 
hit is sufficient to kill the cell. Lea has calculated the size of such a .sensitive 
area in E. coli, and finds it to be in close agreement with the measured size of the 
chromatinic body. 

A search is now indicated for a correlation between the resistance_of a 
bacterial cell to irradiation at a particular stage of growth and the number of 
chromatinic bodies that it :[X)ssresses at that time. 

An example of what might be expected follows. .An old cell of E. coli. usually 
contains a single dumbbell-shaped chromatinic body. When this cell-is transferred 
to fresh medium it begins to grow in size, and the nuclear structure undergoes 
division. Just before the first visible cell division this cell may then 0ontain 
2, 4, or even 8 chromatinic bodies. Ifs as Robinow believes~ such·a cell has al~ 
ready undergone internal septation by the formation of plasma membranes, and is 
actually 2 or 4 cells not yet separatedv then such a structure (which would still 
be enumerated as a single· cell· by colony count) should show a marked inorea,s:e in 
resistance to irradiation. If, on the other hand, a hit in any one of the 
chromatinic bodies would kill the entire unit, then the resistance of the u:r:.dt should 
be less than that of a cell containing only one chromatinic body. 

The discovery of such a correlation would lend support to both the idea that 
these bodies do carry gene-like entities and to the "one-hit" theory. 

Experiments have been carried out to test these ideas. At intervals during 
the fi.rst few hours after inoculation a growing broth culture of E. coli is sampled 
for a viable cell count and the resistance to a fixed dose of ultraviolet light is 
determined. It has been found that the percent of the organisms surviving this 
dose undergoes regular wave-like fluctuations during the growth of the culture. 

The period of this fluctuation compares favorably with the generation time 
calculated from the growth curve run simultaneously. The growth curve frequently 
shows indications of so-called "fission waves» or jump-like increases in the number 
of cells at regular intervals which approximate the generation time. If all of the 
cells of the inoculu.'ll could be obtained in the same stage of division at the start 
of growth, so that they would proceed to divide "in phase"P these "jumps" in the 
growth curve and the waves in the corresponding curve showing the change of resistance 
would be accentuated and less equivocal interpretations would be possible. So far it 
has not been possible to obtain such a uniform lnoculumo 

The organism used has been a radiation~resistant mutant (B/r) of E. coli. 
suppli.ed by Miss Eo Witkino 

I 



: 

, .. 

UCRL 157 

-29-

Similar experiments with the parent strain B indicate that the variation in 
radioresistance with age of culture does not parallel that found with B/r. This 
suggests another avenue of approach to an understanding of the fundamental difference 
between these two related organisms which is reflected in a difference in radio
sensitivityo 

Less securely established data suggests that while strain B/r shows an overall 
change of resistance during the grovnh cycle it does not lose the essentially sigmoid 
shape of its survival curve {percent survival against changing dose) when such a 
curve is run at various intervals during growtho 
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Bone Marrow Transplantation 

R. L. Dobson, J. Talbot, and E. Pinson 

The marrow transplantation experiments which have been described in previous 
reports are being continued. These experiments were designed to develop techniques 
and secure basic information about the behavior of marrow implants, particularly in 
regard to their survival times. The experimental procedure has consisted of im
planting healthy rat bone marrow into various sites such as liver, spleen, muscle and 
subcutaneous tissue, of rats of the same and of other strains in both the normal 
state and after having had previous treatment with either radiation or chemical 
hemopoietic depressant drugs. 

Rats of the Curtis-Dunning and Slonaker strains have been used, the pretreated 
recipients having received daily injections of benzene and olive oil or sublethal 
doses (500 r total body) of 200 kv x-rays. Control rats have been subjected.to 
mock surgical procedures after previous therapy with either benzene or x-ray. 

In the earlier experiments aseptic technique was not used, and the marrow 
transplants consisted of semi•solid chunks of marrow handled with forceps and trochars. 
In the later experiments carried out by Drs. Talbot and Pinson strict aseptic pre
cautions have been observed, and the implanted material was a suspension of marrow 
in normal saline handled in a syringe. 

Definite active growth of femoral and tibial marrow in various implant sites has 
been observed as long as thirty days after operation. These specimens show young 
forms and mitotic figures. In two 'animals who received marrow from a different strain 
and who were autopsied more than a year after implantation no active marrow growth 
was found. A number of animals have been carried seventy and more days after opera
tion, but all the biopsy and autopsy material has not yet been examined. Peripheral 
blood count data is being accumulated. 

Plans for future experiments include such manipulations as preparation of the 
donor animals by bleeding or phenylhydrazine etc. to achieve hyperactivity in the 
marrmv, repeated doses of x-ray to the recipients with shielding over the implant 
sites, alterations in the adrenal and other hormone systems, etc. 

Although these experiments have shown definite marrow growth in implant sites 
several weeks after operation, the data regarding maximum survival time and the 
various factors which influence it have no.t been worked out .. 
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DeterminSltion of the Ra-te rYf Biochemicq.l Reucticins · 

Co ·A.· Tobias 

The path of an element A in a series of biochemical .J;eac.t.h.;ns inny bt: traced by 
means of one of its radioactive isotoues A*,· The di.stribut1o11 0f A:}. gives sorr.e 
information .on the distributioh of A but the ro.te of exchan•.;e of A* alone i!\. · 
biochemical reactions d·oe.s no't .. directly te:n the. rate of ezchange. of A: It has been 
rcip~at~dly pointe·d out tl;lat in :o~cler to determine the ra_te.:r of ~ioc!i,,::mical reac;tions, 
a knonledge of the amount· of A present in each ·of the ·frcir.:tions ·iihid:i.ed is ulso ·· ·· · 
necess[iry in addition to the informatioi:l furnished by the, lll:le of ,A.*· {l). Often the 
determination of the amount of each substance ii1 the v.ari·JtiS btochemical fractions 
.has encountered difficulty because of the very small. g,umitities present •. This 
difficulty has· been removed for a number of elements by the use 6f the technique'· '· 
of traee an13.lysis by means of induced radioactivity (2) e· Con,Jide:r'at.ion~ to be· pre"· 

· sented here are i[ltended t'o ·simplify the calci.lht~iohs inv:oivcd i.n. the detennination 
of the .ro.te of piochemical reactions where use is r~ade of both techniques» thnt is, . 
radioactive tracers and the determination of the arnotmt. of nticro-c<;mst:i.tuents present. 

' . ~ ' ' ' . 

In the literature p some paper-s are available vJhich refer to· the genel,"al problem 
of th-e rate of biochemical react ions. Zilversmit et al (3, 4} have discussed the 
crit·:3ria :for establishing on~ compound as precursor of another~ by the use o:r radio
active tracers; Bronson (5,6) introduced the term "metabolism fw1eti,on" ro'r cc.n-. 
venient mathematical depcription of the metabolism .of compouhdao· ' .. These ~nd ~<?ther 
spectal methods have recently been reviewed by Radin (?.)...,.: ·The ·above rn.ethods; how-: 
everp do not consider the general problem of biochemical .react i6n rates; they refer 
to somewhat special cases. A· very general treat'ment of t:race:r methodology ha.s been . -. . ·. . ~ . . ~. . ' . 
given by Sheppard (8) •. In the following the e~l?~ of steady state systems'wHl be 
treated in a general way so that the treatment will represent cel"taJn special cas.es 
of Sheppard's theorio . . 

In many of the· problems of mBtabolism one deals with, steady statE! system8" · To · 
U.luBtrate this» let us take as an example the simpli':tied pictm~e of the :metabolis...11 
of iron in mamma.ls. Iron is taken up into the blood plasma at a rate which mo::/ be 
considered constant. At a .fixed rate the plasma transfers' the iron. into the bono 
marrov1, v1here in turn it is premun.ed to be· synthesized ;into h0!ncglohino Thu.s the 
nen iron arlpeu.rs at a steady rate in the blood (!ells. From these cells tluou,zh 
homolyi:'is~ iron appears again iri the plasma. Part of the plasma irc.n disappnu.rc nt a 
presrunably steady rate into cytochrom'e and .catalase iron~ Finally a ·~:ertain constu1t 
ratt3 nay go into so-called storage iron whic~ may be excreted from the plar:;mc:. ·In 
normal individuals one may recard the instrmtaneous o.mount of iron i.n tho plasma, 
bono nH.1rrow ~ and cell fr.actibn as consto.nt o.nd also each of th•3 instantaneous turn
over rate-s are constant independ0ntly of timeo If a raclior.::ctivc sani.pie of lron, 
let us say Fe 59, is added into the metabolic .Sj'St.em, one usw1lly assumes that tl;lis 
small amount will not distur-b the total ro.'t.e r.'f: metabolism at all. Let us. assU!lie . 
that ro.Jioact iye iron was added to the plasma. It i:J then possible to observG ·the 
rate .of G.llpeo.rn.nce of radioac.tive iron in th·:; bon~ m:1rro-:1 ::,rrd in the hlood Gells; 
fu1·t:ter. in the cytochrome o.nd catalase fractions D.trl in the runonnt excretcdo The 
rate of o.yp.::arimce of rcid.ioactive iron in: 1:hc ::'.Jov..; ;:.OJ•1f'O'J.nd~~ doe$' n:-.t in itself tell 
us the G.bso1 ute rat'3 pf turnover of' lhe ianct i ve iron that i'J~B nlready present in the. 
hod;[o li01'KV'·3T, U31nG the do.ta collcCtt?.d th·3 e.b.ool··Jto t~Jri10'.:~~r rates r:lO.j be :::alculated 
by a method presented bela~~ 

OnP mi::;ht re:--,resent c:. st'K'dy- ste:t:c S,';i.::rtp.r o.s IJicturcd in Dio.::;.r"m L Ass\L'110 n 
di.stil:ct ::-c~, .. :::- -· th8.:e :·;;::.· r:.e C..iff:~:::'•'/· cc,~~uUl2l> vf :-;l:::::~s:-,•. A in differGnt, (or 
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i.d-entic<ll) l·Y~~'tions .of the bioloc;.ical s:rstem. };'he· ·conc,:mtrotipn, as well as the 
~- toti1l amow1t of elen:cnt -~, is ussur::ed to s~b.y g,onst2nt 1n .. :me!;.. state throuch61,.l,t 

the OXJ)Griment Gnd 11 ill be denoted as follous: 

,. Concc.rrb:<J.tions: c
1

. c .... , .. . . . 
. ,. G' . 

, en for ststes·l, 2, • 0 •• h 

· The total mass · 
of ea~h element:'• 'J4:i ')(, cl =· Al, 'M2:><.G2 = A2 ~ -n 0 ' Mn X en = An·' 
v1here M1 , 1\12 ; ••• ~ lilu are the masses of the -tissue in each, s~ate. 

'r.hore is a constcm.t rate of exchange of atoms A between. stateD i and k. The 
' . . t . 

exch::..n.ge, c;enerally speaking, may go on in both direction.'> 'si.rnU~taneously. Def-ine 
the rate c·f flow Of atoms A from state i to state k b.y a. ik Ai p..rid the rate from 
k to :i by o. ki Ak, the11 the net rate of exchanee of A / · 

and the not change of concentration in states i and k 

a -v~ =- ik Ci +'kick 

Uik Ai - Uki Ak 

Mk 
v.:here. bv definl t i.on Y' 

• "' P ki = a k~. Mk 
. J. . 

Some states may take up some of A ~t a constant rate from an external reser-
voir, containing A at concent'ration C0 • The total uptake in state k is: 

a ok. Co 

v1hile the chanse in concentration result inc; in state .k is 

with th0 definition aok -
1VIi( - t ok 

a ok Co == ..,... - C . 
~ 0 ok· o 
!Vll:;: . 

(l) 

It is here assumed that some of element A v1ill also be. ei:iminated from some of 

~·, > • • 

. ·~· 

the states into the reservoir for excreti011" The total aniount excreted will be: a ko ~ 

and the chance of concentration in state k 

a ko Ak 
Mk 

To avoid ambiGuity v1e shall ullow c nly 

a ilc ? 0 ;r''i k :<::. ::J 
' 

a - '7f' ko - fl to 

Nov.r the tot;<.:l mass and the concentr·; t .i.or. of J:\. jn each state is preserved; tll!ls 
a s31; of linear c:quations may be urii,ten d.c :r: to rsi.r~for(;(;>. thL: conditi.'On" 

.(, ,, l 
= ~ =0 

d·t ' 

) dJ\ 
aonCo ... o.lJ.A.L+" . +:.:. , A l- r a +C:. l ... •, .,.c , . J\.- =._G.:O . 

·· J. :-L.!l :1· '~c ., n"'' l· .!J. J.J. .1. ... J. '· l.J...... ...... - d. "t; 

(2) 
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Fror.t tl!e point of Vie~·J of 
of concentration; thus v1rite 

neo.surements it is more direct to ':ork 1n terms n . 
z: a,_,r ::: ~- (' ake 

.u.. i:k 
define 

Divide each equation 1, 2, •.. k, "., 
substitute A£ -= c1 M£ to obtain: 

n by r.;
1

, r.:2 ~ 

.-..I' c o ol 0 
o llcl + 

rl2i\ 
r r;1 c.., +·o • o + 

'-' '-' 

if .-j2c" + ••• + 
"' <:, 

lHk I 0. S I,~ and 

r' nlc:1 
;}P, ·. -t - 0 

C:.C- 0 
II n2cn == ""Crt 

dCn '= 0 
dt 

' ( 3) 

Wa only have a total of n independent rel::ltionship.s" Th·)SG •wo naturc.tlly· 
not sufficient to determine the n(n+l) unknown rate coefficients ~k or "J" ik• 

Another set of rel::1tionships results, if .o radioactive or isotopic tracer 
cx:periinont. is curried out with one of the radioactive isotop•JS of A,. to be deriotod 
A*. ThiG isotope ha.s to be administered VJi thout · di.sturbine;; t~1o steady &:tete 
condHion:3 in the system in any apprecia.ble vw.yo We shall assume that this ia the 
case if the following conditions hold. 

{a) 'l'lle chemic;:J-1 form of A* is the samn ns thnt ef A in the state AJ:. to which 
the tracer is added. 'l'lt<":l o.dministereil compound Ghmi:ll'l. not apprcci:.11-; ly dj_sturb the 
SO•J'iDneo of chemical ev-ents. 

l t;) 'l'l.1o Hl:.;'J of A* in ncclicibly HHc:..ll com]xJ.rt.::cl tv t~u? ;,_;v.;<> of A in .-.rt,t~;(, l~ 

Li* < < I.lk 

{ ~) 'l'lle length of time 'l of o.Cl.ministrc.t ion of· A* i.s small compared to the 
"turnover tiine" of A in state k. 

A* .( <. a A.. 
't"" ik '"·1c k::: 1,2 8 oo•_,n 

If A* is :.1dded to the reservoir (K = 0), the radiouctivity sl:tould distributc1 thore 
instantaneously. 

(d) AftGr a.dininistration, tho moleeul,:3::> corrt<JJnjr:~ ·P:* mL:.: complc:;tely \"i.th 

noleculos of Ak in a ::;hort time comp::1ror1 to tlH:J tul'novcr tinto. of !l.k. Ist:>tt)'J'.:') excho.nce 
is yc~r;:litted ;•rovided the position of lal:: ~liJ:':;: thu nolectllo r·~m:=ii.n3 thr:. som~;:. MixinG 
timo rn1~:;t be 0f tho S8.111.e order as 't" of con·litio!l (<:•.). 

(c) 'i'll'J r;l'i.i:.:t~ion::\ a;nittorl frc:ci i~* 1:~ tl::' ·;'·,:·r>> ( ;' ':;;-,.: ;j:,;r'rlunt ~~r-:·. not 
int81lSEc .-_;r,c.~\·;·}1 tO app1'0Cio.bl~r <.lltc:::' tll·: <_:;1~;::. '.::; ::t'i-~:) r},_,_.:; t~J L',<:i;; bl{ll0(3j.so.J p.ction. 

A:.:::.-;1.unin[_( tho aboq:: four condi tion3 val iJ ~ o1n r.v:::..; <:Tn:·c,.-::':e(l tr ::; t.Hdy "':he infClrma-· 
tit;r. \•H,z:in..lblc fron .C\\h:h a tl'&cor --::xp.)rin::cr"L .:c c,;,<ul ch(·<'Wl ci.thor syst,om of 
e.jl.l<:t.i•Jr.E'~ tlu:·;.-=' ·.:rittc:t for..;·!·~ e::: C}::~ llGi•J--' 0 1": ,_,$:ls.ll~' •;;~--··":~·~;:; ·1:t::.:lL:' i.t j:J (;a:~i·3r 
to 1).: t. ::J.'c.:i•: L:: :m ·t C;:, tll:.\t is to detc-::·; Lu ·":~~- L-~·.::;:--,· u{ t 1 .~::1.1.: :~·~:·,d tlJ·,: c:e;;,C•:·.'1trGtion 
of 1. ::.:1 1 ••• ;.- :~ ... -,' ·.~c;1t ;·";::;.· cf -t;i:_:f.ll.:. LJt l<'> ::,·~:t•:.:-: t:n t '.:'.·.:: r:n; :~it; f,f L'-:~ccn· I:ia1lerial 

-- ( ' ) -- ( .. ' A 1 ·c ~ :.:3 . j , • • , " • { t) 
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of tiJ:lc 'lD:J 1~·,' X ::: eonatont in the ext ernul r•3servoi. r y 3) T::e k;. ·':!i::.l br:J CQrriGd along . "' 
v;:ith th0 at()ms or A in each ez.chanr;e o.t the snr,t; r0lativ': r.:r•,...., c.~: A, ono l'l.::t}' ~·.'rite: 

l'ol (ll :·:1(t) l:n I':;(t) ·r " ·: .· + '/I' 1 X, ( t ) X) - } 
... .l.. .. ..I.• 

Oo2 xo + f 12 x1 (t) ,1 
~t;~Ct). X ( t; r - ) 22 .... ) "t +{ t ••. r·s: ..... .:;_ 

. ' . 
+ /'ln Xl(t). +. ·+vn 1·-- nx .l(t)~ --:>'"·.· X,.,(t.}. 

fJ '(}: - , . n- . d I:n " . 

d:X> - 'dt L 

<1:{2 

dt 

"' clXr;_ 
dt 

1:; n.:~~·:>ur:ing ,('. .o.nC'. ~; at frequont time' interval.s~ t.!i.E' ik~ 1.t.1d 'b,: .. able to 
g. .. i.: f".nnr;r:l-:. dat<1 far~settlng up and r·.maining n 2 ] iwh·J.r e(:.uat.ic·n~ m·edt'd tc dctor·
Lht .. ':< ·t1

,,.. One may no~J proceed to solve the above :>yst~r.. of lin.-:~ar d it'for.ential 
.h ' ' 

·:.1:·;:~t i0n.:; Gince the r;enerol solution vd1l· give. more insi c;Jd .. into the. rtcrVur$ of th0 
r,r·.::irlem. On<f m:1y remark here that usually in experimontn · or,o <:'rf tvw boundary 
(.(Ud.itiOJl!J HTt;J en·C0lli'1te.red. First: 

At t; = 0 X f 0 but ·Xi{O) -· 0 for i = 1 2, 3~ . 0 ':n 0 ' 
il.t T > 0 X 

0 
constant 

~!.'his iG the case. when tho experimental objects are plae0c1 tn an 6mrirc::u:tcnt 
u;f eonsti:tnt radioactivity or are fed-with food cont::J.ining con-';tc:mt d:;;.ns'ity r:·f 
rc/i:loa~;:tive material.. ~ .. 

(4) 

Seen nd: At t = 0 xo = 0 but X1 (o) - constant X2 (o} = X,, (0) . " ' . Xn!O) 
. J . . <) ' .L 

t /0 Xo (t) 0 

'l'hi:; 113 the cu:::;e when u given amouiJ.t of ra<lio<,cti,rit.y is; adlninist~'r.:;~l :n.-~tu.n-
t .. ~meou.s.Ly to ono of the available stntes. . One may not.i :.::e th< ... t in th·3 latt<~r cc~;~o 
the first colwnn in (4) vwuld vanisL; one VJOulddaa1 w.ith ::1. sy::;tem of homo;.:;onou.s 
.ljr:.0m· c}if.ferential equations. .... •· 

. ' 

In either case one may shov.r tl'·.at tl1r· .:;oneru l 

X1(t) 

X<')( t) 

,\lt ·i< • ;,2t 
= Allo + A2le ~ + ••. + Anle 

&../ ' 

1\ 1 t \ 2t 
A12o + A22e +.".+ An 2 e 

:::;olut ion· of 

'A t . n 
\ 

of iJhe form: 

{5) 

= o. 
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Constant 
(6) 

whers. . P
0

, . P1 , • • • Pn are consfant coefficients; fun(!tions of fik only; 
the coefficients Ali ••• , An ore solutions of equation:.' 

··p A_n p A n-1 
n + rd. 

: p 1\2. p i\ p· 
+ ••• + 2 + 1' + 0 :::'0 ' (?) 

The n (n + 1) constants aik are determined by the hotmdo:rJr <::onditions of any 
given problem; in actual experiments aik and, /\ i are to be determined. fro1a 
the data taken. 

·By direct substitution of (5) into (4) one then finds verff',c···rrv0r~ient rela
tions between th~ experimentally determined·· exchtmge constants of the rod io::tct iv'e 

· trucer: A k and aik and the excha~ge., constants 1 ik• These are as follows 

il 

dolxo- /n Aol + -121 Ao2 + • • ; + 1 ill Aon 0 

J' o2Xo+ ?/12 Aol - 122 Ao2 + • ~ • + l'n2 Aon = 0 

+ · · + n-1 n.Ao n-1-YrnnA · = 0 • , , on 

.. &;_1 .All 

fll A::a 

+ l"2l 

-121 

. .. 

~12 + ••• + 

A22 + ••• + 

• 

• 

tn1 /1. ln 

l'nl A,) .. ,n 

+ -/ ,. 

=A A ll 

,;A21 A 

. . . 

{/ )~ 

Jtr. 1 n 

1 

2 

·~;. 

n(n +1) 
U•l n-:xt i(.lf' ~' · 

r 
n 

' I I 

I 

I 

'/ 
I 

( 8) 
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ThG above system of ec:1.uat ions thus give a complete ans~;er to the problem of 
determining the rate of turnover of elements in "steady-state". Thesignificance·of 
the above derivation lies ·in the fact that it gives the general form of the solution. 
In practice the functions x1 (t), x2 (t) •.• _. Xn (t) may be .obtainc'ld by direct . 
mea3urem ;nt; of the radioactivity _of t:t:: trs.cer as a function of t Lrne. One may then 
analyze the data in terms of exponential {unctions and. obtain t_he values aik and 1\ k~ 
Having obtained these, the coefficients of trant fer rik may be ¢alculated dtrectly 
from the linear system of equations (8). · 

If one also knows the conce:':!rations Ck ih each state, as well as the masses lv:b 
the net turitOVer rate bet>7f.:.~it each c.· the states as v1ell as th~ exchange turnover rates 
will beeome known, acco:r•3.:.ng to the -~~.ta.fldtion~ given in equations (1), (2), and (3). · 

The, abcve treo.tment becomes invalid _;f the biochemical. proce$ses involvlng A 
do not repre.~r;ut a sts:\dJ state. To ohtau1 the constants of such a proc·ess, it is.· 
neces~nry to ~Jeasur<J; in ~tates k the· con~entrati~ns Ck of the· stable eleme~t in. 
~met 111n of t:une, along w1th tpe informat1on obtmned by the ).lSe of the rad1oact1ve 
isotope A*. . ·· .... , · 

Theoretical relationships are given to calculate the rates of biochemical reac
tions· of an element in a biochemical system involvinG steady states and ttfiing d~ta 
obtained with radioactive tracers. The c;eneral form of solution i::; Given, for n differ.;.. 
ent sta.tesa 

~· 
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Other Experiments in Progress 

Activation analysis. Long life radioactive iron and zinc have been separated from 
a set or neutron irradiated tissue ash samples in an effort to study their distribu
ti.on in the animal body;. 

Metabolism or simple carbon compounds. The work is being continued as outlined in 
the previous quarterly progress report. 

The study of sodium ion exchange in the body. A series or tests have been completed 
on a set or rabbits, studying the distribution or sodium ions prior to and following 
irradiation by x-rayse Detailed reports covering the above subjects will be submitted 
at a later date. 

The rate of biochemical reaction. A theoretical analysis is being made on the 
determination of the rate of biochemical reactions using data obtainable in radio
active tracer experiments. The first part or the treatment is now completed and is 
given :i.n the preceding chapter. 
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III BIOLOGICAL EFFECTS OF RADIATION FROM EXTERNAL 
AND INTERNAL SOURCES 

R. S. Stone - in charge 

Project 48 C 

University of California Medical School 

Hematological Effects of Total Body Irradiation 

B.V.A. Low-Beer 

UCRL 157 

Hematological studies on patients who have been treated by doctors of the 
University of California Out-Patient Department have been continued during this 
periodo The findings during this period have not been sufficiently different from 
those previously reported to warrant further discussion. 
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Metabolism and Effects of Radio-Iodine (I131) 

Earl R. Miller and Nadine Foreman 

Uptake of Radioiodine Before and After Treatment. During the past three months, twelve 
patients have been studie~ with tracer doses of I 131 who previously had received larger 
doses of radioiodine for the treatment of Graves' disease. Before their treatment the 
uptake of radioiodine by their thyroid glands had been high (greater than 40%), but 
after treatment it was found to be within normal limits (less than 30%) in all but three 
patients. All of these patients had reached normal metabolic levels before the present 
tracer study was done. 

Table I lists the percentages of uptake of I 131 before and after treatment. 

Patient 

A.F. 
H.H. 
E.H. 
H.L. 
V.M. 
R.P. 
M.S. 
E.N., 
C.Me 

T..ABLE I 

% Uptake of I 131 by thyroid 
.before treatment ' 

90 
73 
45 
57 
80 
49 
80 
77 
79 
69 
85 
58 

l . 

%c.;1Wptake of Il3l by tb;y;;v!V.~K\;.~. 
after treatment ... 

10 
20 
28 
18 
10 
12 
18 

8 
12 
46 
?5 
49 

The last three patient:; listed in Table I are the three whose uptake was still 
high in spite of the fact that they had recovered from their hyperthyroidism as judged 
by clinical and laboratory evidence. In each, the thyroid gland was barely palpable 
and it was thoug~that the relatively high uptake of radioiodine might be explained 
by the fact that so small a gland would have to have a more rapid turnover of iodine 
in order to maintain the metabolism at normal levelso 

Relationship Between Size of Dose and Percent Uptake of Il31. Further observations 
have been made upon the relationship between the ability of the thyroid to concentrate 
radioiodine and the dose administered. In general 9 the percentage uptake of a tracer 
dose (250 ~c) and a therapeutic dose (2000 pc or more) are very nearly the same. 
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Patient 

1. E.c. 

2~ W.D. 

3. E.E. 

4. J .M. 

5. E.P. 

6. E.K. 

7. V.M. 

8. R.P. 

Date 

5-5-48 
5-10-48 

6-28-48 
6-29-48 

3.,-15-48 
3-16-48 

5-12=48 
5-13-48 

3-22-48 
3-24-48 

5-3-48 
5-5-48 

4-5-48 
4-19-48 

6-22~48 

6-24-48 

4-12-48 
4-14-48 

4-12-48 
4-14-48 
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TABLE II 

Dose }lc 

250 
2850 

246 
2900 

238 
1390 

171 
2015 

250 
2000 

250 
1070 

238 
1000 

250 
7940 

238 
2700 

246 
2977 

%Uptake 

90 
90 

80 
75-80 

30 
38 

38 
40 

45 
46 

72 
73 

60 
50 

40 
51 

60 
77 

67 
79 
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Comparison Between In Vivo and In Vitro Measurement of I 131 Uptake. Additional 
studies have been made upon the accuracy of the method of measuring in vivo the 
ability of the thyroid gland to concentrate rl31. Seven patients were given tracer 

- doses of radioiodine 24 to 48 hours prior to thyroidectomy and the amount in the 
thyroid was measured just before operation.m The entire surgical specimen was 
measured by the same method after its removal and the two values were compared. In 
only three of the seven cases were the data complete enough to warrant analysis. 

The dis9repancy between the "amount of rl31 calculated to be' in the gland from 
the preoperation measurement and that from measurement of the surgical specimen, 
(Table III #7) is partially due to the method of measurement~ and partially to the 
estimation by the surgeon of the amount of thyroid which has been left in the 
neck. Further~ the geometrical variations between the intact tl:yroid and the surgical 
specimen are difficult to estimate and control. 
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TABLE III 

I (L.M. ) II (O.A.) III (J.L.B.) 

1) Wt. of removed 
specimen - gm. 2'70 40.4 9.6 

2) Estimated wt. of 
tissue left in situ 2 3 0.5 

3) Estimated total wt& 
q:f thyroid 272 43.4 10.1 

4) Total p.c measured in 
neck pre-operatively 5'7 12 46 

5) Total p.c measured in 
surgical specimen 60' 1L'7 41 

6) Calculated~c in total 
gland base upon 1, 3, 
and5 63 12.6 48 

7) % difference between 
observed and calculated 
totals, 4 and 6 9o5% 5.0 15.2 

Radioiodine in Carcinoma of the Thyroid. Three patients with advanced carcinoma of the 
thyroid have been given large doses of radio-iodine; the :first received 100 9 the 
second 89el 9 and the third 53.9 millicuries. 

CASE I: A 19 year old male in whom the diagnosis of carcinoma of the thyroid 
was made by biopsy June 194'7. In October .194'7 a left neck dissection was carried 
out 9 but the adherent thyroid left in situo The patient was given 2 millicuries of Il31 
prior to this procedure and the tumor was found to truce up 0.2% per gram of the 
administered dose. Study of the thyroid revealed an uptake of 20% of a tracer dose of 
radioiodine. 

In December 194'7, the patient was given 25 millicuries of Il31 .which altered his 
thyroid metabolism in no demonstrable way. On April 16 9 1948 the patient received 
100 millicuries of rl31. When the patient was seen two months later~ sj.gns of early 
myxedema were evident. 

CASE II~ A 31 year old :female with carcinoma of the thyroid which had been treated 
both with surgery and with x-ray in 1945. Because of tracheal obstruction 9 a tracheotomy 
had been performed in January 1948. · She was normal with respect to thyroid metabolism 
at the time she was :first seen. Her thyroid concentrated 1?% of a tracer dose of Il31 
while there was apparently no selective uptruce by the tumor. On May 14~ ·1948 9 the 
patient received 53.9 millicuries of radioiodine. At the end of two months definite 
clinical evidence of myxedema has appeared. 
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CASE III: . A 59 ~rear old female with advancoocarcinoma of the thyroid, with 
both local and pulmonary metastases, who also has required a tracheotomy for relief of 
progre~sivQ respiratory obstruction. Preliminary tracer studies revealed that her thyroid 
concentrated 8% of the administered dose ~··Jhile the tumor had no significant content of 
radioiodine. On April 19, 1948, the patient received 89.1 millicuries of radioiodine 
and developed sirns of myxedema 2 1/2 months latere 

Each of the above patients complained of local tenderness over the thyroid, and 
of pain on swallowing, 24 to 48 hours after administration of the radioiodine. These 
symptoms lasted only for 2 days and were not accompanied by systemic symptoms. In the 
first case there was pooling of secretions within the pyriform fossae at the time of 
the local soreness, but there was no redness or swelling of the laryngeal structures. 
In the third patient it was impossible to view the larynx directly because of the in
filtrating tumor tissue. 

Dental films were placed in contact with the neck in two patients (1 and 3) in 
an effort to see whether or not the thyroid could be localized. The films were left 
in place for from 30 to 60 minutes, at hourly intervals after the patients had re
ceived the large amounts of radioiodine. There was very definite blackening of the 
films in this length of time. however, it was so diffuse that only a general idea of 
localization of the thyroid could be qbtaineqd 

. fltftil~r:-studj.~s':~.:r~.b_eiJt~·;c'l.lJ;t~e,d,:out }l·slnS ·~ Geige.r. cou:p.;J:ier.clqse to the skin 
in an attempt to localize the thyroid gland and functional metastases from thyroid 
carcinomas, and to determine, if possible, the frontal area of the thyroido In the 
first experiments the counter tube was surrounded by a thin lead shield with a one 
inch aperture. By decreasing the aperture to a half inch diameter it was possible 
to determine the frontal area of the thyroid gland somevvhat more accurately. In order 
to improve the technique still further, a heavily-shielded counter is being constructed 
in which there will be a one-eighth inch window through a one inch thickness of lead. 
The counter is to be mounted in such a vmy that its movement over the anterior surface 
of the neck cru1 be easily and carefully controlled. 

~. ; 
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IV HEALTH CHEMISTRY AND PHYSICS 

Health Chemistry 

N. B. Garden 

During this quarter laboratory facilities of Bldg. 5 were completed to provide 
working space for twelve chemists; most of these chemists have moved in and started 
work. There has been concentrated in this building all the restricted chemistry 
from Bldg. 4, so that the latter is now unrestricted. Considerable time and work 
was devoted to special planning, designing and materials testing so that laboratories 
and their services and equipment could be somewhat standardized. The immediate 
reaction of chemists moving into the new quarters indicates that very favorable 
progress has been made. 

The actual moving of the active work in progress was accomplished without 
difficulty, since all material was confined in closed systems in the gloved boxes 
and the latter could be moved with ease. 

Special protective processes and devices were designed and a number completed 
during the last three months: 

L The special lead-shielded box for beta-gamma protection, as well as alpha, 
was completed. 

2. The preliminary steps of setups and test runs for the spinner colurruL extraction 
of americium from plutonium were completed. 

3. A simple 60-inch cyclotron target for the bombarfunent of alpha-active samples 
was designed, built and used successfully. 

4. Special p~rabolic mlldature heat lamps for microchemical work were built. 

5. An electric stirring unit for remote use in gloved boxes was developed. 

6. The canvas containers for alpha meters were replaced with more satisfactory 
compact aluminum boxes. 

? • The more elaborate Webb target assembly for bombardment of alpha-active 
samples in the 60-inch cyclotron was developed to the point where dummy runs 
could be made. 

8. Development of a special box to enable Dr. Gofman to process and bottle yttrium 
without exposure or contamination took place. 

9. A shielded box to permit milling targets on the milling machine was developed. 

The usual activities of monitoring, disposal of radioactive materials, the 
transportation and supervision of incoming and outgoing isotopes, cyclotron target 
handling, decontamination and storage have continued in increasing amounts, especially 
with regard to target transportation and monitoring. The quantity of material dumped 
at sea was 1Ulusually large, not only from routine laboratory pickups but also from 
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various cleanup operations, such as at the Army 2001 Warehouse. 

Unusual and increasing interest has been shown in the Berkeley=type gloved 
box by personnel at other atomic installations, and complete box assemblies

9 
plus 

accessories 9 have already been shipped to Los Alamos. Hanford has also ordered 
one, and drawings of the boxes and their accessories have been sent to Brookhaven. 
Drawings of the major portion of the Health Chemistry equipment~ such as gloved 
boxes~ caves» manipul~tors, tongs, shields, containers, capsules» etc. 9 have been 
requested by other installations. Conducting visitors has consumed no small part 
of the time during the last quarter. 
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Health Physics 

B. J. Moyer 

General Remarks on Persofi4el Monitoring. There are now approximately 600 film 
badges regularly in use, covering all who have even incidental entry into proximity 
radiation fields. 

Crew members of both 184-inch and 60-inch cyclotrons are e~uipped with the 
following items: gamma pocket chamber, gamma pocket electroscope, slow neutron pocket 
chamber and.film badgee Members of the following groups are e~uipped with gamma 

. pocket chambers and gamma pocket electroscopes, as well as film badges: linear 
accelerator operators, electrical maintenance, inspection technicians, accelerator 
technicians and electronics installation. Other persons are issued pocket chambers 
and electroscopes as occasion demands. This includes experimenters, plumbers, 
carpenters, riggers, welders, etc. 

Beginning with April 1, a graphical record of dosages as recorded on all these 
devices has been maintained, allowing a ~uick estimate of accUillU.lated dosage by 
individuals whose work dictates the use of e~uipment other than a film badge. 

Tissue-Wall Chamber SUrveys. During a portion of April and May, Drs. G. Failla and H • 
Rossi from Columbia University made measurements with their ionization chambers 
constructed with "tissue-e~uivalent" walls and filled with gas having chemical elements 
in the same proportions as those found in tissue. Comparative measurements were made 
on e~uipment used locally. Final results have not yet been obtained from them as 
to their interpretation of data, but on-the-spot observations yielded the following 
results: 

{l) Radiation field in typical region outside shielding (10 ft. walls, 2 ft. 
roof, at this time) for deuteron beam of about 1 microampere on a Be target at 81" 
was: 

Their tissue-e~uivalent chamber 

• 698 m rep/hr • 
• '702 m rep/hr. 
• '722 m rep/hr. 

OUr polyst~Tene chamber 

• '7'7 mr /hr • 
.77 mr/hr • 
. 78 mrjhr • 

{2) Comparison of dosage measured by a tissue-e~uivalent th~mble chamber, with 
our 25r thimble chamber for a region within 3" of paraffin in the high-energy neutron 
beam. 

Their tissue-e~uivalent chamber 

14.8 m rep/hr. 
12.9 
13.2 
1L4 
11.'7 
12.2 

etc. 

our 25r thimble chamber 

16.8 mr/hr. 
14.9 
15.1 
13.9 
14.1 
14 .. 5 
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As a result of these measurements it appears that we are not underestimating the 
ionization produced by the cyclotron radiation fields in so far as health protection 
is concerned. 

Slow Neutron Flux Densities in the Shielding WamL of the 184-inch Cyclotron. Figure 1 
shows the result of indium foil measurements of slow-neutron flux in the concrete, and 
in the region just outside the concrete shielding. The foils were calibrated by means 
of a lmovm Ra=Be source with a water tank. 

The data were taken thru a 6" diameter access hole 9 filled with wooden cylinders 
interspersed by foils. The cyclotron was operating on deuterons at about 0.? 
microamperes with a 1/2" Be target. The access hole employed vras on the east side 
near the southeast corner. 

The increase in intensity upon emerging .ifrom the concrete is interpreted as 
due to the neutrons which E.scape thru the 2 ft. roof, and are subsequently scattered 
downward. Other data support this interpretation. 

Radiation from the Cyclotron Dee. Figure 2 shows the beta~gamma intensity pattern of the 
dee and deflector channe1'when the tank was opened on 6=11-48 for internal work. 

The -last operation was 11 hours preceding the measurement. A beta-gamm.a. survey 
meter was employed, with a .002" Al window, and the figures given are mr/hr at about 
5n from the surface of the object .. 

J, i """/ • Uw. 8-4.-48 
Information Division 
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Figure 1 

Slow Neutron Flux Distribution in Concrete 
shielding in 184" Cyclotron 
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Figure 1 2 

Pattern of Intensity on Cyclotron Dee and 
Deflection Chanhelc 

(Numbers indicate mr/hro) 
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"Dee" 
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