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Project M A  

Tracer Studies  

b n n e t h  3, Scott  and Josephine Crowley 

A considerable volume of work w a s  accomplished during the ast th ree  

of a fa i r  
months in our t r a c e r  2rogram emeriments be i  f conducted with Atglls ca r r i e r -  

degree of speeiiic a c t i v i t y ,  ca r r i e r - f r ee  3 ~ 4 6 ~  and high specif f c  a c t i v i t y  
Tm1700 LI 

free Biz060 carr ier-free r;n5bP car r ie r - f ree  Eo % 3 9 9 9 y  Xpa9, 

Astat -e. 
J, G, Hamilton, E. S, Scot t ,  C,  iio &ling, F o  C, :iiallace, and Go Thilo, 

The r a t h e r  formidable d i f f i c u l t i e s  associated with the assay of a s t a t i n e  
i n  b io logica l  material  has been f i n a l l y  solved by t h e  use of a s c i n t i l l a t i o n  
counter which de tec ts  t h 3  E x-rays of the  short-lived Fo21to The d i s h t o g r a -  
t i o n  pa t te rn  of At211 has been studied i n  the past by 3 g r e  and h i s  co-workers, 
and 60 percent of  t h e  d i s W e g r a t i o n s  are by o r b i t a l  e lec t ron  capture t o  form 
Po211 which has a ha l f - l i f e  of 5 x lom3 seconds, Concomitanily, t h i s  r e s u l t s  
in the  release of 90 I T  x-rays, 
counting of these x - E ~ :  : . i th  a raasonable siznal t o  noise r a t i o ,  The system 
anployed was quite  e A * f i . i -  

d i s in tegra t ions  of A t 2 1 1  could be counted, 
avoided the laborious an:! r a the r  inaccurate chemical procedures necessary for 
th3 i so l a t ion  of a s t a t i n e  so . that  the 919% >ar t i c l e  z c t f v i t y  could be counted. 
TO insuro t h a t  no irn2urities :“ere presentdl carefu l  decay curves were taken 
extefiding over s i x  half- l ives  and were ob erved t o  coincide w i t h  the reported 
7 5 hour ha l f - l i f e  

A spec ia l  c i r c u i t  was devised t o  enable the  

n t  i n  t h a t  ayn’oximately 10 parcent of all t he  
Ths employmnt of t h i s  procedure 

1 , 
Tabbs I sumrilarizes the  average values obtzined following the  intravenous 

a&: in is t ra t ion  of ;?t211 i n  r a t s ,  The ti4 in te rva l s  of s a c r i f i c e  x a r e  1, 4, 
9, 13, and 24 hours, Tor ecck time in tz rva l ,  t he  vzlucs given represent the 
avorage f o r  th ree  rats, 
150 Grams, Ths f igu res  givsn f o r  blooJt, skeleton and muscle were calculated 
on 2 basis of 7, 8, and 45 percent respecti$ely,  
the case of  the 1y~;Ai glands, l acr imal  Sland, and sa l ivary  gland, no f igu res  
a r e  available on percent psr organ accumulation, 
t h a t  f o r  these three  t i s u e s  complete dissect ion was-not achieved, riather wide 
va r i a t ions  In stomach, small i n t e s t i n e  and l a rge  intestine contents were noted 
and t h e  percant per gram v6lues varied ovcr a large range from animal t o  
animal, 

‘i’he r a t s  :;le= youhg females Whose wei$t averaged 

It t i i l l  be noted tha t  in 

This arose from the  f a c t  

I1 

It 

In grederal, 5% can be s a f d  that B h a  metabolic pathways of as t a t ine ,  
including its se lec t ive  accumulation by the  thyroid,  resembles tha t  of iodine 
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TABLE I 

D D O S I T I O N  G.F AT211 I N  T€B RAT 1, 4, 9, 13, and 24 HOURS AFTZR INTFtLWmOUS 

CURIES OF AT211,, T€E 9 and 13 BOUR -UDi.ALS EACH RECEIVED 35 NICROCWES CF 

INJECTION.  VAIUKS i'iRX CORRECTE3l FOR RZCOTBY AND EXPRESSED IN PERCENT OF AB- 
SOIBZD DOS3, ldCLMALS S A C R I F I C 3 D  AT 1, 4, m'd 24 HOURS 3ACH EU3CEIVBD 50 HCRO- 

m211 

1 h o w  
Qrgan $ per  per 

organ gram 

Adrenal .Q88 1,83 
Lymph Gland -- 0 60 
r"itui%ary .089 1,13 
Lac, G1, - 4,89 
CQav .156 1,31 
Sal,Gl, - 77 
Eyes .i2 .43 
rancreas .,72 .94 
3ra in  .24 .16 
Thyroid 1,24 66,7 

Lungs 3,?4 2,55 
Spleen 3,61 30'18 
Ce LIS 2,40 0 415 
Plasma 1,71 .296 
Liver 6012 0 87 
Kidney le?6 1,27 

Sm, In t  . 4,82 1,12 
Cecum 1,38 .89 
Lg 0 In t  0 1-60 1,19 
Stom,Cont, 6,14 8,86 
Sm,Int.Cont. 2-74 1,09 
Cecum Cont, .84 , 71 
Lg.Int,,,Cont. .27 1,13 
Skele t o~? 9.389 0 748 
Lussle 19-7 ,265. 
Skin 22,2 91 
Urine .94 - 

-. 

Eeart 977 . 97 

St mac h 5,87 4,38 

Feces ,03 - 

4 hours 
k Per % Per 
organ gram 

.080 1,57 - 1,23 
-020 2077 

0 76 

.85 
.093 .33 

.148 .09 

- 
-142 1-55 - 
-51 .64 

2.09 129.0 
.41 .60 
3.16 2,71 
3-00 3,lO 
1.88 . 368 
1*24 0 238 
4 * 1 1  0 90 
1,53 1,06 
11.0 9,25 
2,95 .88 
.47 .61 
087 0 71 

1066 le13 
1,32 ,95 

.29 2,20 
7,lQ 0 59 1 
16.6. 246 
19,o , 83 

10.9 35.2 

8-55 - 
,,46 - 

9 hours 13 hours 24 hours 
% per $ per $ per $ per 5 pep 8 p e r  
organ gram organ gram o r g m  gram 

.057 1,oo -058 ,80 -048 ,96 - 1.18 P e 84 l , O 5  

.bo9 i,48 ,010 1,25 .011 1,24 
0 84 - -58 0 36 3 

.084 lil6 

-063 024 
D30 .47 
129 .08 

1188 107, 0 
.40 a 51 
2,61 2,153 
2.14 1,95 
2,31 0 240 
1,55 .162 
7,21 -84 

e 78 
8,79 7,15 
3,51 .88 
44 . 51 

1129 .83 
9,11 9,25 
1-61 ,97 
1-00 0 83. 

.08 -* 
4,42 .403 
11.5 186 

0 63 s 

18,4 0 80 
l ' io9 - 
1,84 - 

.075 -93 - .42 
$048 .19 
,218 .40 
.lo5 .07 
2,75 171,O 
.36 .51 
2*72 2,19 
1,31 1.45 
2*58  .265 
1-43 .145 
6.93 .82 
1,09 ,72 
9,08 7,43 

~ -49 .48 
1,06 ,72 
5*75 12,4 
1,85 1,13 
1.01 1.60 
09 -* 

4174 .424 
11,6 185 

3,39 .94 

19,6 0 88 
19,6 - 
2,34 - 

i 

*Large intestine empty, a c t i v i t y  i n  organ due t o  washings only, 

.094 1,45 
0 69 - 

.087 .32 

.512 ,6l 
,131 e 08 
3,28 188,O 

2,84 2,66 
047 0 '17 

1,73 2-54 
1051 0 301 
LO6 0 213 
5,67 .56 

7,25 yOO4 
2,65 1.05 
,97 1,15 

4.52 1117 
2,95 1,38 
3,83 4,65 

1.318 0 97 

1,12 93 

1,71 11,8 
5045 0 476 
13,4 207 
18,2 , 8 70 
17,3 - 
s o w  - 
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i n  many respects.  
notad a large concentration of t h i s  radioelement i n  the  stomach and small 
i n t e s t i n a l  f l u i d s  which has a l s o  been observed w i t h  iodine, 
it w a s  not convenient t o  secure sa l iva  which would have been of i n t e re s t  since 
it has been noted by other  invest igators  t h a t  f o l l m i n g  the administration 
of radio-iodine i n  manp there  is a high concentration i n  the  sa l iva ,  The data 
presented here a re  by far the  most accurate t r a c e r - s t u d i e s  tha t  have been done 
with a s t a t ine ,  
due t o  t h e  f a c t  that  i so la t ion  of a s t a t ine  f rom b io logica l  material is  associated 
with considerable loss of t h i s  highly v o l a t i l e  element i n  the process of its 
chemical recovery, 

I n  addition t o  t h e  high uptake by the thyroid, there is 

Unfortunately, 

Experiments done i n  the  past  have shown very poor recovery 

A noteworthy point i s  t h a t  the ur inary excretion of a s t a t i n e  is  some- 
what l e s s  than tha t  of iodine since 17 percent w a s  found t o  be excreted a t  the  
24 hour in t e rva l  whereas with iodipe from 40 t o  60 percent is  excreted a t  t he  
corresponding t i m e  in te rva l ,  

Radioautogra h i c  s tudies  of ra t  thyroid t i s s u e  markedly damaged by 
varying doses  of A t  2 s  -: have been completed and representat ive photomicrographs 
are presented i n  Figs,  1, 2, ahd 3; These were the  animals which had received 
150, 100, and 50 microcuries of a s t a t ine ,  respect ively,  Forty days la ter  they  
were given 5 microcuries of carr ier-f  ree  radio-iodine by in t raper i tonea l  in- 
jec t ion  end sacr i f iced  24 hours l a t e r ,  The photomicrographs of the sec t ions  a t  
t h e  three  dose l eve l s  presented here revealed undamaged parathyroid t i s s u e  w i t h  
marked destruct ive e f f e c t s  upon the thyroid.  
damage was determined in a p a r a l l e l  series of experiments i n  which the thyroid 
uptake of radio-iodine under iden t i ca l  conditions was determined f o r  a wide 
range of 'dosages of a s t a t ine ,  Normal control  f i gu res  average 20 percent i n  
groups of f i v e  rats maintained on s tvldard dog chow d ie t ,  
take value at t he  50 microcurie dose l e v e l  of a s t a t ine  was found t o  be 5 percent; 
a t  100 microcuries, 1 percent; and 150 microcuries, 0,5 percent, 
ing t o  note such a considerable degree of rddio-iodine uptake in t i s s u e s  which 
evidence such marked injury, The radioautographs show concentration i n  occasion- 
a l  f o l l i c l e s  which have been spared destruc$ion, This is  evident i n  a l l  three 
of t he  dose levels presented here, However!j considerable concentration occurs 
i n  regions i n  which the re  is  no t i s sue  iden j i f i ab le  as a r i s i n g  from the  thyroid,  
Under high power magnification these c e l l s  are small, possess pyknotic nuclei  
and scanty cytoplasm, Occasionally they are arranged i n  rose t tes ,  but without 
presence of co l lo id ,  
recognizable attempt t o  form pat terns  suggestive of thyro ida l  ac in i ,  Final ly ,  
they  have been seen t o  occur i n  s t rands,  
ce l l s  of t h i s  pecul iar  morphology w i l l  accuqfulate iodine, 
t ha t  t h e  radioautographs d i f f e r  i n  the  amount of blackening, The 150 micro- 
cur ie  specimen presented i n  Fig, 1 shows thd  
graphic emulsion, Th i s  arose from t h e  f a c t  / tha t  -a  much longer exposure was 
empxoyed in an attempt t o  ind ica te  t h a t  region t o t a l l y  devoid t i s sue  resembling 
tha t  of t he  thyroid could accumulate radio-{odine. Quite de l ibera te ly  no 
quant i ta t ive  comments concerning dosimetry are presented i n  t h i s  account, 
Recently we have succeeded in successful ly  preparing a s t a t i n e  radioautographs 
and f ind  tha t  the accumulation is extremely i r r egu la r  within t h e  gland, Some 
a c i n i  would appear t o  contain from 10 t o  20 times more a s t a t ine  than other of 
comparable s i ze  and morphology, 

Another measure of t he  thyroid 

The radio-iodine u p  

It is surpr is-  

In many instances they appear i n  groups without any 

Aqother observation is  t h a t  not a l l  

ea t e s t  darkening of t he  photo- 

It w i l l  be noted 

Thus t o  state the amount of ionizing r ad ia t ion  
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Figure 1: 
radioautograph. The animal received 150 pg of  At211, 40 day6 later given 
5 tLc of c a r r i e r - f r e e  radio- iodine,  s a c r i f i c e d  34 home later, thyroid removed, 
p a r a f f i n  eec t ion  prepared and contact  radioaxtograph made us ing  no- screen 
x-ray film. !Che sec t ion  W ~ R  s t a l n e d  w i t h  hematoxylin and eosin.  It will be 
not,& t h R t  the r e c o p t z r b l e  e r c h i t e c  time of t h e  thyroid i p  pone. One P o l l t r r y  
fd1'LclP IF w e n  i @ w ? ' , r ( ? ~  the lPft <.r?d -pr ;nh+ry 0" the t l ~ ~ v r o i r l  t!seue. 
r o d  ;cl- .utc)prni? t ' ' -  

Photomicrograph of rat thyroid an2 correeponding radio- iodine 

Frm thp 
ur.9 i n  rep ionp  w h ~ r e  the 

hyroir! - p F m m 3  

. OZ 1218 
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The h ie topa tho log ica l  appeamnqe is  q u i t e  similar. 
may be noted, D number of which contain c o l l o i d - l i k e  .material and t h e i r  
p o s i t i o n  i s  demonRtrated by the  corresponding radioautograph. 
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Several  r o e e t b a  of c e l l e  
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del ivered t o  t h e  thyroid as a whole is both]meaningless and misleading. 
i n t e re s t ing  cha rac t e r i s t i c  which is commonly encountered i n  these radioauto- 
graphic and histopathological s tud ies  is  t h a t  the  l a rge r  a c i n i  and those about 
t he  periphery of the  g l b d  general ly  accumulate less as t a t ine  and radio-iodine, 
This probably explains the  r a the r  marked per ipheral  deposit ion of radio-iodine 
i n  Fig,  3, 

An 

Currently, w i t h  t h e  cooperation of the Division of Pathology of the 
Bdedical School, we are going over in d e t a i l j n o t  only the  thyroid but other  
t a rge t  tissues; notably stomach, digestive t r a c t ,  lymph gland, spleen and 
lymph node, for a more prec ise  evaluation of t he  degree of rad ia t ion  in jury  
a t  the various dosage l e v e l s  which ranged from 0,5 t o  150 microcuries t o  the  
150 gram rats employed i n  our studies,  

Very recent ly  an in t e re s t ing  developrflent i n  our radioautographic tech- 
niques has occurred in t h a t  we now have found it possible t o  prepare simltan- 
eous iodine and a s t a t i n e  radioautographs upon the  same t h y r o i d  sections,  
Carrier-free radio-iodine and a s t a t i n e  a re  administered 18 hours before the  
animals are sac r i f i ced  and the  thyroids  removed, The period for f ixa t ion ,  
dehydration, and embedding of t h e  t i s s u e  has been cut t o  4 hours t o  avoid 
excessive loss of t h e  a s t a t ine  by radioactive decay, 
with 10 micron NTA'stripping fi lm, developed 24 hours later,  and s ta ined by 
t h e  rout ine hematoxylin and eosin procedure:, 
of these taro radioelements, the  accumulatedl iodine demonstrates its presence 

The sect ions are mounted 

By carefu l  adjustment of dosages 

7 -- 
eyes of 
was placed i n  
of su f f i c i en t  
s imi la r  volume of 
cur ies  and t h e  accompariying e f f ec t s  -... i n  Table 11, 

t he  an ter ior  chamber of t h e  eye 
disappearance of At211 from t h e  
over t h e  eye t o  detect t h e  K 
element, Astatine does not for r e l a t i v e l y  
long periods of time, The t o  be 1,3 
hours i n  the monkey for 
decay of the At211 the  
t o  be 1.1 hours, Thus 

It can be seen tha t  alpha can e f f ec t ive ly  damage 
1000 rep, The rate of 
a Geiger counter placed 
decay of t h i s  radio- 

Owing t o  the 

t i o n  is calculated t o  de l iver  24 rep per  microcurie per gram of t i s s u e ,  The 
volume of t h e  an te r io r  chamber of the monkeys used i n  these s tud ies  was very 



I I Monkey No.1 Monkey No02 Monkey Doe3 

IR t .  eye [Lt . ' eye 

7/27/50 vere ,iritis Same as rt. &ye Conjunctivit is  I n f i l t r a t e d  
k&.chan&er t o  lesser  degree edema, same as posterior cornee 
v i t  .humor monkqf n o e l  rt. conjunct ivi t is  

eye, only worse iritis 

i 

Rt. ep. 

220 pc 

Cornea h a w  
rough epithelium 
conjunct ivi t is  
edema 

Hazy- cornea 
rough surface 
grey patch i n  
poster ior  cornee 

Completely grey 
cornea9 sheaf of 
blood vessels 
temporal superi.cn 

' 5300 

/ 

? O r m a l  

iJ ormal 

Es senti-  

normal 
a Y  

1320 

http://superi.cn
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close t o  0,1 cc, 
I 

The histo-pathological data i s  not yet avai lable ,  but w i l l .  be des- 
cribed i n  t he  next report ,  

microcuries of as t  a s given- 100 'lmicrocuries of car r ie r - f ree  
radio-iodine 24 hours before it w a s  sacrif{ced, 
reTealed-%o t i ssue  grossly iden t i f i ab le  as It hyroid gland, 

able amount of radio-iodine indicat ing an uptake of t he  order of a f e w  t en ths  
of a percent, This radioactive t i s s u e  was sectioned and radioautographs pre- 

A ca re fu l  examina- 
t i o n  of the sect ions revealed no recognizable thyroid t i s sue ,  as such, 
of c e l l s  were noted t o  take up su f f i c i en t  radio-iodine t o  produce s igni f icant  
darkening of t he  photographic enulsion, However, these c e l l s  were qui te  unlike 
the  normal f o l l i c u l a r  c e l l s  of the  thyroid,acinus,  Unfortunately, it was not 
feas ib le  t o  determine the  amount of uptake,of a s t a t i n e  by the  thyroid i n  these 
animals a t  the same time t h e  disappearancellrate from t h e  eyes w a s  being studied, 
Since t h i s  r a the r  small amount of astatinelproduced such a remarkable degree of 
Clestruction t o  t h e  thyroid, addi t ional  monkeys have been procured f o r  a more 
quant i ta t ive  determination of the uptake of a s t a t i n e  by the thyroid and i ts  
destruct ive act ion,  A l l  of t h i s  work is  allprelude t o  human s tudies  with t h i s  
most i n t e re s t ing  radioelement with a view i n  mind of its possible therapeut ic  
appl icat ion t o  hyperthyroidism,, It w i l l  be reca l led  from e a r l i e r  repor t s  tha t  
a% dosage values well  below t h e  l e t h a l  level , ,  marked changes were noted in t he  
lacr imal  glands and the  hemopoietic system, 
that much caution must be exercised be fo re  t h i s  mater ia l  c a n b e  used i n  humans. 

I 
I 

A s  a c o r m 1  Pa t h e  experiment, th6 monkey which received 275 

A search f o r  the thyroid ~ 

The t rachea was 
mved, and by means of a counter an area'was- found which contained a detect-  

,..--- pared 7-4 a typ ica l  example of which is  presented in  Fig, 4, 
Clusters 

For t h i s  reason, it is understandable 

Carrier-Free Radio-bismuth. 

cyclotron by the  (d,2n) react ion 
on lead, "he isolation have been previously 
reported. It was administered t o  by intravenous in jec t ion  and 
each animal received 7 were divided into groups of 
three ajld s a c r i f i c e d ' a t  2 hours, 4 hours, $ day, 4 days, and 7 days, ,One group 
of animals had lymphosarcomatous tumors,. The reason for doing these s tudies  
on a tumor bearing group of animals w a s  t h h l  i n  t h e  l i t e r a t u r e  the re  has been 
reported se l ec t ive  accumulation of bismthll in neoplasms, 
l i t e r a t u r e  dealing with t h e  metabolic behavibr of bismuth i n  man and animals 

but t h a t  t h e  remainder is most 
being t h e  pr inc ipa l  organs of re tent ion,  
administered usua l ly  by intrarmxscular I inje'bt on, 
but regardless of t h e  bismuth compound used,/ the metabolic behavior seemed t o  
be qui te  s imilar ,  
man, were the  kidney. and l i ve r ,  
t i on ,  d i d  not apparently indicate  a high l e v e l  of concentration on a per  gram 
basis, 

The classical 

indioates  t h a t  approximately 50 percent is excreted within a period of 3 weeks 
retained, the kidney and liver 

1U"such s tudies  the bismuth was 
II 

Various compounds were employed 

The pr inc ip le  organs ofi/accumulaticzn, both i n  animals and 
Bone, whi;lei re ta in ing  an appreciable f r ae -  

It w i l l  be seen i n  Table I11 tha t  t he  car r ie r - f ree  s tud ies  bear out 
ce r t a in  of the reported information concerning the  metabolism 

. 3 0  

of t his element 

s--& I! d 
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DEPOSITION OF CARRIER-FREE Bi206 IN NORMAL RATS 2 HOURS, 4 HOURS, 1, 4, and 7 
DAYS AFT323 INTRAVENOUS INJECTION AND IN 3 RATS BEARING LY"0SARCOMAs 1 DAY , 
AFTEEt INTRAVENOUS INJECTIONe VALUES kRE CORRECTED FOR RFXOVERY AND EXF'RESSED 
IN PEBCENT OF AB RECEIVED 7 MICROCURIES OF Bi2Oe0 

2 hour 4 hour 1 day 1 day tumor 4 day 7 day 

% per $ per $ per % per 5 per 
organ gram organ &am organ gram organ gram organ gram organ gram 

per $J per $J per $ per % per % per % per 

H&Pt. 
Llmg 
Spleen 

{;:::a 
Liver 
Kidney 
Stomach 
Sm, In t  
%, Int 0 

Stom,Cont 
&no Int e C ont 
Lg,IntoConto 
Paarc r e  8s 
Skeleton 
Muscle 
Skin 
Fa% 
Brain 
Sge 9 
P i t u i t a r y  
Gnnads 
Thyroid 
Adrenal 
Lymph G1, 
Urine 
Feces 
Tumor 

-11 -14 ,08 -09 ,04 ,04 .02 
2-44 1.12 1-86 -99 .32 .15 ,26 

.46 -54 ,52 .45 .88 .47 72 
eo9 *" {,15 ,,01 610 

1-63  .27 -74 .12 
19.9 2-17 24-1 2-67 11,3 1,16 13,6 
34,4 22-7 353.4 19,8 29,6 13,8 34,3 

-25 -17 ~ .18 .12 .07 .05 ,07 
2,04 ,51 1.11 -27 .40 ,11 .57 
1.65 .53 3-54 .81 1-46 ,,47 1,24 
.13 -09 -10 .I2 -08 -21 .02 

5-22 1-13 2,70 ,94 .80 ,,32 .68 
1,39 .50 4.21 ,95 3,20 1,58 7,38 

,22 -14 -28 -15 -14 .08 ,07 
2.84 -18 2.16 ,12 2,97 -15 2-32 

6,53 .19 6.43 -18 9-76 .11 2,29 
3-89 .04 3.37 9.03 1-37 ,01 1,52 

,01 - - - - -02 - 
.02 -02 ,01 cool <,01 <,01 <,01 
.03 .11 . -' - <,01 <,01 (-01 

- c o o l  - 1 <,01 
.02 - -02 - <,01 - j <,01 - 

- cool - c o o l  - - - 
.08 -04 -06 *04 ,02 <,Od -03 - - - 

,40 - 32 - 
16-5 - 14.7 - 35,3 

,02 - ,,06 : 8-15 ?1:6 - - - 12.4 - - 
'1 I 

.02 001 

-59 .22 
.,17 -25 

.01 
1-31 6,56 

-05 ,01 
,11 -04 
,52 .58 
,11 .01 
,47 .06 

5,25 -18 
-07 -06 
-15 1,50 

,09 .28 

19-8 14,4 

,01 .59 

<,01 .01 
<,01 cool - <,01 
.01 -02 - 001 

0 01 

i - - 

- 
,26 - 
- 56,3 - 18,9 
-29 - 

0 0 1  

0 04 
<,01 
5,80 
3,76 

0 02 
06 

0 49 
<,01 

0 05 
0 19 

loll 
,41 
0 56 

01 
<, 01 
<,01 

0 02 
eoO1 
c o o l  

57,3 

, 36 
27 

, 05 

- 

- 
29,5 - 
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when it was administered a t  leve ls  of t h e  order  of one milligram o r  more 
per  kilogram of body weight, 
t i o n  per gram, and a s  has been previously reported, t he  kidneys a re  t h e  
p r inc ip le  channel of excretion, However, the r a t e  of elimination is  far 
more rapid than is indicated in  s tudies  in which t h e  metabolism of s t a b l e  

d ?Y i c a l  chemical procedures, A t  the end of 
f t he  ni-st ered-carr ier-free radio-bismuth had 

The l i v e r  and kidney show the  highest concentra- 

been eliminated, t he  ur inary excretion being approximately twice that  of 
t he  f e c a l  elimination, 

I 
Carrier-Free Radio-Manganese, I 

I 
1 A continuation of the  preliminary s tudies  of t h e  metabolic pathways 

of carr ier-free manganese has been done,, 
preliminary da t a  were presented f o r  the  metabolism of t h i s  radioelement i n  
rats following its intravenous administration, The animals were sacr i f iced  
i n  groups of 3, at 2 and 24 hours, 'Subsequently, 5 and 48 hour s tudies  have 
been conducted, 
the  conditions of t he  experiment shows a high concentration i n  the  l i v e r ,  
kidney and PWCmag. The l a t t e r  is of interest in that t he re  is the  p o s s i b i l i t y  
that it might be accumulated i n  the  i s le t  t i s s u e ,  It is planned t o  undertake 
radioautographic s tud ies  t o  see if t h i s  should be the case, Excretion is 
almost exclusively by way of t h e  digest ive t r a c t  and it is surpr is ing t o  f i n d  
such a high concentration i n  the  kidney which is  not a major route of excretion, 
It w i l l  also be noted tha t  there  is considerable concentration in t he  stomach 
which suggests t ha t  t h i s  organ may be responsible i n  par t  f o r  t h e  el iminat ion 
of t he  carr ier-free-  radio-manganese, It would appear t h a t  the  deposition in 
t he  l i v e r  is not primarily due t o  col loid- l ike behavior o f  $hi$ ra8ioelement 
as t h e  values f o r  the  spleen on a per  gram basis are  much less than the  
corresponding f igures  f o r  the l i v e r ,  

I n  the preceding Quarterly Report ,  

The outstanding observations a r e  tha t  th i s  radioelement under 

The r e s u l t s  are summarized i n  Table I V ,  

Carrier-Free Radio-Molybdenum; 
I .  

, t ' >  J 
. .  . 

I1 
A preliminary 4-hour study of the  metabolism of car r ie r - f ree  radio- 

molybdenum in  the .rat following intravenous administration has been done, 
A group of t h ree  animals received t h i s  mater ia l  as MoCl5 by intravenous 
in jec t ion  and .were sacr i f iced  at the- t ime fn t e rva l  indicated above, 
a c t i v i t y  measured was'primarily Mo99 thou+ there  were t r aces  of t he  shorter-  
l ived  M093 i n  preparation, I n  t h i s  very preliminary study it w i l l  be noted 
t h a t  excretion would appear t o  be f a i r l y  rapid,  there being over 30 percent; 
eliminated in t h e  ur ine YJithin the  4 hour t i n6  in te rva l ,  
have retarded more extensive studies at t h i s ' t i n e ,  
i n t e rva l s  t he  67 hour,Mogg is  t h e  only radioisotope of t h i s  element ava i lab le ,  
For  t h e  preparation of' carrier-free Mo99 t he  only means as yet f o r  producing 
it is  t h e  alpha p a r t i c l e  bombardment o f  Zrg6;' The yields  obtained are quite: 

w i l l  be made t o  enhance t h i s  yield by using enriched material  though a t  present 
t h e  amount avai lable  is  only of t h e  order  of a f e w  mil l igrams,  
chemical procedures used have been reported elsewhere, 
summarized i n  Table V, 

The 

Technical d i f f i c u l t i e s  
For the longer time 

- low due t o  t h e  f a c t  that t h e  abundance of 7 9 6  is ,2 ,8  percent, An attempt 

The radio- 
The r e s u l t s  a r e  

' 1  
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TABLE IV I 

DEPOSITION OF CARRIER-= Mn52 IN THE RAT 5 and 48 HOURS AFTER INTRAvEN(xTS 
INJECTION, VALUES ARE C0RBECTE;D FOR R E C O v E a p  AND MPBESSED IN PERCENT OF 

SORBID D BAT 2,5 MICROCURIES OF Ban52. 

.'., 
1 

P 

c 

5 hour 48 hour 
% Per P Per P Per 

organ gram organ gram 
% P e r  

Organ 

Heart 
Lung 
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph Gland 
Pane reas 
Brain 
Stomach 
Stomach Content 
Small In t ,  
Small In t ,  Cont, 
Large Ut, 
Large Int .  Cont. 
Skeleton 
D;Iuscle 
Skin 
Eyes 
P i t u i t a r y  
Gonads 
Urine 
Feces 

rn 78 
e 98 
55 
08 

26-2 
7,OO 
, 06 
.02 

1.90 
07 

1.74 
16 

4,41 
5.04 
2,70 

- 

-19 ,.7 
& q e l o  
9.79 

e 04 
<,01 
.91 
02 

D 14 

9,83 

74 
.42 
0 47 

c o o l  
3,33 
2.36 

- - 
.45 
1,16 
05 
99 

. lo  
0 91 

1,03 
e 74 

4,08 
0 38 
e 08 
21 

:,35 
,- 
P 

~ 25 
082 
.55 
0 06 

0 14 

/ 18,3 
4,70 

01 

2,34 
16 

1,28 
07 

1,825 
1 .81 
1,96 
2,73 
3,84 

9 -49 
0 04 

c o o l  
088 
.14 

1008 

J38.4 

.31 
042 
0 55 

a. 01 
1,76 
2,56 

54 
0 91 
10 

02 
0 90 

.37 

.47 
51 

0 58 
21 

0 10 
21 - - 
039 
P 
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L TABU V 

E :  AFTER INTRAVENOUS INJECTION. VALUES CORRECTEP FOR RECOVERY AND 
D ~ P O ~ I T I O N  OF CARRIER-FFEE MIXTURE OF ~ 9 0 ~ 3  a d  IN THE RAT 4 HOURS 

EXPRESSED I N  PERCENT OF ABSORBED DOSE, EACH RAT RECEIVED 2,6 MICRO- 
CURIE OF Ma939 99. 

c -  

Organ 

Heart 
LUG3 
Blood 
Liver 
Kidney 
St  o d c h  
Stomach Content 
Small I n t o  
Small Int, Cont, 
Lg. In*. 
Lg, I n t i  Cont. 
Pancreas 
Skeleton 
Muscle 
Skin 
Fat 
Brain' 
Gonads 
Urine 
Feces 

P Per B Per 
organ 

\ 

19 
1,18 
2,51 

2.47 
v 30,3 

~ 57 
19 

2.62 
4.87 

71 
0 99 

3,58 
7.20 
7,51 - 
.OB 
27 

m o 7  
d32: 9 
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. .  
Nept.unium 

A 64-day t r a c e r  study using Np237 has been done wi th  a group of t h ree  
Enah animal received 1-3 milligrams of t h i s  long-lived isotope of r-ats, 

neptunium i n  solut ion as NpOZ+' w i t h  85 milligrams of ammonium c i t r a t e  and 
20 m i l 1 I g r m  of  ammonium chloride,  
in jec t ion ,  This is a group which i s  par t  of a s e r i e s  of s tudies  extending 
ts 256 flays, 
s i t e  a t  the 64 day time in te rva l ,  Its metabolic behavior may be  noted t o  
differ s ign i f i can t ly  from that of plutonium, 
half of what was observed with plutonium at t h i s  time in te rva l  and i n  t h i s  
mspeet  it resembles a l i t t l e  more the behavior of car r ie r - f ree  uranium, 
again, the  f a c t  t h a t  t h i s  mater ia l  contained a weighable amount of neptunium 
may ham influenced its behavior as compared t o  being i n  the  car r ie r - f ree  state,  
Holnbever3 shorter-term s tudies  with the- car r ie r - f ree  Np237 suggests but do not 
concl~usively provep tha t  i t s  deposition i n  t h e  skeleton i s  appreciably less 
than t h a t  of plutonium, 
khdiaey i s m t h e r h i g h  and i n  t h i s  respect m r e  near ly  resembles uranium than 
plu%onim, To summarizei, at the  longer time in te rva ls ,  t he  skeleton is  
de f in i t e ly  the  t a rge t  organ i n - tha t  it shows the higher per gram re tent ion of 
any of the t i s sues  taken, 
is much grea te r  than the f eca l  elimination which shows a cha rac t e r i s t i c  more 
like uranium than plutonium. The r e s u l t s  are summarized in  Table V I ,  

The-neptunium was given by intramuscular 

Only 5 percent of the neptunium was retained a t  the  in j ec t ion  

The skeletal  re tant ion is about 

Here 

. 
A.n in te res t ing  point is that  t h e  content i n  the  

It is  in te res t ing  t o  note that  the ur inary excretion 

Rad i o  -t ant alurr?, 

The f a t e  of has been studied i n  the rat, The information given 
here has been obtained from animals which received 10 microcuries of radio- 
tantalum i n  200 micrograms of tantalum a s  Ta2O3 i n  solut ion,  
animals t o  each group and the  'ha te r ia l  was administered uncomplexed and eom- 
plexed by the intramuscular and intravenous routes,  The animals were sacr i -  
f i ced  at. 256 days and t h e  da t a  a re  presented i n  Tables VI1 and V I I I .  
intramuscular data  have been corrected foy the  f r ac t ion  remaining unabsorbed 
at t h e  in jec t ion  s i te ,  
sti! l. remaining at the in jec t ion  s i t e  at the end of the 256 day in te rva l .  
Com7lexiag with c i t r a t e  reduced the  degrey of re ten t ion  a t  t he  in jec t ion  
s i t e  t o  35 -percent of  the  administered doqe, 
s t r i k i n g  difference i n  the  d i s t r ibu t ion  i$ the  body following intramuscular 
in jec t ion ,  whether o r  not t h e  tantalum wa? complexed. 
a t  64 days showed the  l i v e r  and skeleton retent ion a t  that  t i m e  i n t e rva l  t o  
be doubled, 
exeretion noted when-the material was adminlstered i n  the  uncomplexed s t a t e  
Some other  var ia t ions  i n  concentration inlithe t i s s u e s  were observed, notably 
skin and spleen, 
Following intravenous administration, i t  may be seen tha t  there  is a very high 
concentration i n  the l i v e r  and spleen, 
it was grea ter  when the tantalum solutionlihad c i t r a t e  added t o  it, This  would 
suggest; t ha t  the tantalum was behaving as a col lo id  i n  both instances and t h a t  
i ts  t h e  metabolic eharacter is t ics 'were a l t e r ed  under the  conditions of the  
experiment, The degree of r e l i a b i l i t y  f o r  t h e  intramuscular data is probably 
somewhat b e t t e r ,  though the  ra ther  low spec i f i c  a c t i v i t y  of t h e  mater ia l  
probably a l te red  what would be t h e  ac tua l  nr-etabolic propert ies  of radioact ive 

There were three 

The 

When given uncomplexed, I 81 percent was found t o  be 

Jl 

There does not appear t o  b e  any 

Corresponding data  

The most s t r i k i n g  var ia t ion  i s  the  r e l a t i v e l y  higher f e c a l  

S igni f icant ly  high concentration may be noted i n  t h e  skeleton. 

In te res t ing ly ,  it m y  be noted that 
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TABU VI 

DEPOSITIQN OF Np237 I N  
VALUES ABE CORRECTED’FOR RECOVEElY AND EXPRESSED IN PERCENT OF ABSORBED 
DOSE, EAEI RAT R E O  l,3 MIUIGRABL[S OF Np237 AND A MIXTWZ OF 85 
JiULLI(2IUl5 OF .A&IMONIU&I CITRATE AND 20 MILLIGRA&Is OF W O N I U M  CHLORIDE. 

RAT 64 DAYS AFTER lNl3UMJSCULAR INJECTION,, 

Organ 

Heart 
L w  
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph GI. 
Pancreas 
Brain 
Fat 
Stomach 
Sm, In t ,  
UL In%, 
Skele5on 
Muscle 
Skin 
Eyes 
P i t u i t a r y  
Gonads , 

Urine 
Feces 

33 
e 22 
-50 

<,01 
2,78 
2.01 

0 03 
<,01 

<, 01 

- 
37 

- 

37,; 
20 , l  

I 
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TABU VI1 

DEPOSITION OF TANTAU7B6 IN TEE3 RAT USING AS A TRACER 256 DAYS AFTER 
INTRABdnSCULAR INJECTIONo VALlJlB ARE CORRECTED FOR RECOVERY AND EXPFUSSm 
I N  PERCENT OF ABSOBBSD DOSE. EACH RAT RECEIVED 0-20 AUILIGRP416s OF TANTALUM 
AS Ta2O5 AND 10 MICROCURIES OF Ta182e TBREE BATS EACH RECEIVED 4,8 BHILLI- 
GRAMS OF SODIUM C-, 

Organ 

Heart 
L W  
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph G L  
Pancreas 
Brah 
Fat 
S t  amach 
Sm, In to  
Lgo Into 
Ske l e t  on 
Muscle 
Skin 

Pi tu i t a ry  
Gonads 
Urine 
Feces 

- 

Eyes 

256 day 256 day + c i t r a t e  
P Per 5 Per 5 Pep 

organ gram organ gr* 
$ per 

0 04 
0 13 
034 
e 10 

<,01 
Co 01 

Cool 

05 
0 18 
.11 

4,52 
3,56 
2-56 

001 
<,01 

0 52 

3,50 
24 

- 
30 

- 

41,7 
42,2 1 

! 

0 12 
30 

0 58 
eo01 
4.53 

0 02 
<,01 

.40 
01 

11 
a 48 
19 

6177 
5,87 
6-40 

44 

- 

.- 

0 03 
<,01 
77 

45,6 
27,4 

12 
12 



DEPOSITION OF TANTALUM IN RATS USING 

PRESSED I N  PERCENT OF ABSORBED DOSE, EACH RAT RECEIVED 0017 MILLIGEUbfS 
OF TANTALUM A S  TazO5 AND 17 AECROCURIES OF 
RECEIVED 2,4 MILLIG3AMS OF SODIUM CITRATE, 

A S  A TRACER 256 DAYS AFTER 
INTRfiS7Xl!iOUS INJECTION- VALUES AFfE CORRECTED FOR RECOVXRY AND ARE EX- 1 

f 

i 
I 

TJBEE RATS EACH 

256 day 256 day + c i t r a t e  I 5 Per % Per $ per , % per 
organ gram organ gram Organ 

0 06 
0 1 5  

<,01 
2,37 

2,79 
27 - 
s 

46 
24 
01 

*02 
0 04 
0 18 
005 

.02 
<o 01 

0 02 

23 
008 

- 

- 

e 08 
32 

2 189 
cool 

* 82 
0 07 

<,01 

<,01 

45-4 

- 
27 

22 
2,43 

0 64 
6,05 
1,21 
1-85 
<,01 
<,01 

0 08 
12,o 
26,2 

0 13 

0 52 
.02 

001 
(-01 

0 59 

o 05 

-27 

29 

20,4 
.27 

- 
K O  01 

39 

8,07 
6-37 

002 
<,01 

a 67 

11-6 

32-8 
17-5 

Heart 
L u g  
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph G10 
Pancreas 
Brain 
Fat 
Stomach 
Sm, Int, 

Skeleton 
Muscle 
Skin 
Eyes 
P i t u i t a r y  
Gonads 
Urine 
Feqes 

Lg, I n t o  

.* 

I . .  
I -  

, 

c 
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tantalum in the  carrier-free state, o r  a t  a l e v e l  of very high specif ic  
a c t i v i t y ,  One thing which arouses suspicion is t h a t  i t s  behavior i s  somewhat 
d i f fe ren t  from both protoactinium and columbium whose chemical propert ies  are 
qu i t e  similar t o  those of tantalum, It is desirable tha t  adequate studies 
be done using carr ier-free mater ia l  pre ared by cyclotron bombardment, Pre- 

r e l i a b i l i t y  is under question for reasons c i t e d  below, A s  w i l l  be recal led,  
we have been besieged with considerable d i f f i c u l t i e s  t o  prepare car r ie r - f ree  
tantalum from e i t h e r  t h e  deuteron o r  alpha p a r t i c l e  bombardment of hafnium, 

liminary s tudies  using car r ie r - f ree  T a  188 were reported e a r l i e r  but t h e i r  

Two obstacles  have retarded ser iously our work i n  t h i s  d i rec t ion ,  In  
t h e  first place, 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 repor t s ,  The second d i f f i c u l t y  
arises f rm the f ac t  that  a l l  hafnium which has as yet been avai lable  t o  us  
has contained of the order of 0,5 percent of zirconium, The y i e lds  of long- 
l i ved  radioisotopes of columbium from zirconium a r e  very high w i t h  the r e s u l t s  
t h a t  there  have been present a suf f ic ien t  amount of radio-columbium concomitantly 
produced w i t h  bombardment of the' hafnium t a r g e t s  t o  make a l l  experimental data 
we have secured unreliable.  An attempt is being made now t o  secure hafnium 
metal i n  a pur i ty  of the order of 99,9 percent t o  avoid formation of trouble- 
some amounts of radio-columbium, and t h i s  is t o  be attached t o  an io t e rna l  
cyclotron target which should enable us t o  increase our yield by a f a c t o r  of 
nearly 1.00, 

However, these data  do suggest t h a t  the skeleton is  a major organ of 
concentration of tantalum, but not t o  a degree tha t  has been noted with 
prot oact i n i u ,  

Carrier-Free Radi o-scandium, 
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DEPOSITION OF CARRIER-FREE Sc46 IN TfFE RAT 1 and 15 DAYS AFTER IElTRAVENOUS 
INJECTION, VALUES ABE COFiREC'I!ED FOR RECOVERY AND EXEESSED IN PEFiCENT OF 
ABSORBED DOSE, EACH RAT RECEIVED 2 MICROCURIES 03' Sc46 AND 9,6 MILLIGRAMS 
OF SODIUM CITBATE, 

Organ 

Heart 
L u g  
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph GI, 
Pancreas 
Brain 
Stomach 
Sm, Into , 

Lg, Into 
Skeleton 
Muscle 
Skin 
Eyes 
Pituitary 
Gonads 
Urine 
Feme 

- 
22 26 

1,82 1,58 

15,O 1,49 

92 e45 

- 3,33 0 24 

1 , 6 1  0 97 

0 68 
81 , 36 

0 05 04 
7 1  34 

8,06 086 
4.02 045 
17,l loo? 
14,6 0 15 
13,4 0 4 4  

22 0 66 
cool - 

.34 0 70 
4094 

12,6 * 

- - 0 01 
* 01 - 

- - 

, 22 
.51 

0 15 

1,oo 
04 

002 

2,39 

9,32 

- 
27 
07 

0 50 
1,80 
1,08 

13,4 
11,5 
14,9 I 

D 02 
<,01 
1,OO 
1005 
31,2 

20 
0 %  

2-02 
0 0 1  
73 

I 

30 6-- a&/ 
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DEPOSITION OF CARRIER--E Sc46 ' IN THE RAT 1 and 15 DAPS AFTER INTRA- 
BduScuLAB INJECTIOK. VAL- ARE CORRECTED FOR RECOUERP AND EXE'RESSED I N  
PERCENT OF ABSORBED DOSB, EACH RAT RECEIVED 2 MICROCUR~S OF SC46 AND 
9,6 MILLIGIIAIVIS OF SODIUM CITRATE. 

s= F 

- 

Organ 

Heart 
Lung 
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph GI. 
Pancreas 
Brain 
Fat 
Stomach 
sm, Into 
Lg, 1% 
Skeleton 
Muscle 
Skin 
Eyes 
Pituitary 
Gonads 
Urine 
Feces 

- 
31 

1-15 
3,25 
5-81 

2,53 
15,O 

0 07 
03 

0 80 
0 09 

0 86 

- 

- 
8,13 
2,90 _ .  

18*7  
16,7 
11-9 

001 
67 

4,36 
6,62 

35 

2,27 

'1.46 
1.34 

0 64 

.39 

- - 
094 
.48 
~ 05 
0 11 
31 

0 80 
33 

1-14 
0 16 
35 
.I5 - 

'1 0 32 

I -  

1 -  

It 
I 
I 

11 
I 

/I 

1 

I 
It 
I 

1; 

, , .  

'I 

.,L - 
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As would be predicted from the behavior of yttrium and the rare earths, 
scandium, who'se chemical propert ies  resemble those of yttriuq shows a 
predi lect ion of se lec t ive  deposit ion i n  the skeleton, 
evidence an in te res t ing  deviation f rom the  metabolic behavior of yttrium i n  
t h a t  there is a qui te  high and rather prolonged re ten t ion  by both the  spleen 
and t h e  l i v e r ,  
the f a c t  t h a t  t he  car r ie r - f ree  radio-scandium behaved in  a co l lo id  fashion, 
being adsorbed onto impurit ies in  the so lu t ion  and) thus  metabolieally evidencing 
metabolic cha rac t e r i s t i c s  associated wi th  colloids1 and independent of t h e  
chemical propert ies  of t he  element i t s e l f ,  For example, for a given p a r t i c l e  
s i ze  the  metabolic behavior of co l lo ids  of gold, manganese, chromic phosphate 
and yttrium are es sen t i a l ly  indistinguishable when given by vein, I n  view of 
the f a c t  t h a t  t he  behavior of carr ier-free scandium, which was complexed wi th  
sodium citrate,  was the same whether given intramuscularly or by vein, It I s  
f e l t  that  these r e s u l t s  are  cha rac t e r i s t i c  of scandium ion i tself  ra ther  than 
a collofd-like material,. Another point of i n t e re s t  is the fact tha t  ca r r i e r -  
f r e e  scandium is shown t o  disappear from the  skeleton more rapidly than has 
been noted with e i t h e r  yttrium o r  the rare earths, 
were noted i n  both the  kidney and lymph glands, 
is not too surpr i s ing  as a considerable f r ac t ion  w a s  eliminated i n  the  urine.  
In the case of lymph gland, t h i s  f inding is rather surpr is ing and one for which 
no ready explanation is avai lable ,  
a f f i n i t y  f o r  t he  reticulo-endothelial  system as the spleen values are l ike-  
wise high, A t  any event, it would appear tha t  t h i s  radioelement, should it 
gain en t ry  in to  the body, would have a r e l a t i v e l y  high degree of rad io toxic i ty  
i n  that it is se lec t ive ly  loca l ized  i n  organs sensi t ive t o  ionizing rad ia t ion  
and is  apparently retained with a considerable degree of t enac i ty ,  

However it does 

A t  f irst  thought, it m i g h t  be considered that t h i s  was due t o  

Rather large concentrations 
In the  case of kidney, t h i s  

It may be tha t  scandium has a pecul iar  

I .  

Radio-Thulium, 

A series of t r a c e r  s tud ie s  in  rats with Dn170 have been completed, There 
were 3 animals i n  each group and 4 sets of paral le l  experiments set up f o r  t h e  
in t e rva l s  1; 4 
cur ies  of Tm170 which contained 2,,5 micrograms of stable thulium, t h i s  being 
t h e  highest  spec i f i c  a c t i v i t y  available,, 11 Id the first series, the radio-thulium 
w a s  administered without any camplexing agent by t h e  intramuscular route,  
next grozp was given the radio-thulium i n  the presence of sodium c i t r a t e  as a 
Camplexing agent, 'The t h i r d  ahd fou r th  groups received the Tm170 w i t h  and with- 
out c i t r a t e ,  by intravenous i n j ec t  ion, 

15, and 32 days respect ively,  Each-animal received 10 micro- 

The 

/ 
Brief ly ,  there are no very impressive differences i n  e i t h e r  the  d is t r ibu-  

The content i n  the l i v e r  and spleen w i t h  the uncomplexed 
t i o n  o r  excretion m t e s  a t  the  four indicated time l eve l s  as is seen i n  Tables 
XI, X I I ,  AI1 and Mv, 
material given by intramuscuhr  in j ec t ion  is somewhat higher than i n  the other  
groups and t h i s  might be due t o  some minor,,degree of col loid- l ike behavior 
following i ts  absorption, 
almost at the  end of the lanthanide ear ths  whose last member is lutecium, 
The chemical propert ies  of t h e  last members of the  lanthanide group resemble 
i n  many respects  those-of yttrium, Notably, they can be made t o  form stable 
solut ions i n  the  presence of  high concentration of carbonate and there  are 
o ther  indicat ions of t he i r  r e l a t i v e l y  ac id ic  propert ies  which is shared by 

It w i l l  be reca l led  that thulium, element 69, is 

yttrium, On the  other hand, lanthanum hydroxide, though qui te  insoluble, is 
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TABU XI 

DEPOSITION OF TEXULIUM I N  THE RAT USING Trnl?O A S  A TRACER 1, 4, 15 AND 32 
DAYS AFTER INTRAMUS(2UIAR INJECTIONo VALUES ARF: CORRECTED FOR RECOVERY AND 
ARE EXPRESSED IN PERCENT OF ABSORBED DOSE. W H  RAT RECEIVED 2,5 MICRO- 
GRAA!IS OF THULIUM AND 10 MICROCURIES OF Tml70, 

A .  

-. 

1 day 
99 Per B Per 

Organ organ gram 

Heart 
L w  
Spleen 
Blood 

f Liver 
Kidney 
Adrenal 

-. Thyroid 
Lymph0 GI .  
Pancreas 
Brain 
Fat 
Stomach 
Sm, In t ,  
L g o  I n t ,  
Skeleton 
Muscle 
Skin 
Eyes 
P i t u i t a r y  
Gonads 
Urine 
Feces 

0 13 
-85 
0 50 

1,89 
8,92 
2,21 
<,03 
C0 03 - 

0 19 
e003 

0 69 
2,33 
1,80 

49 , l  
7,91 
5,23 
<o 03 
eo 03 

0 16 

6,30 
11,7 

L 

.- - * 

0 06 
.25 
0 60 
e 4 0  

<,02 
<o 02 

e 10 
0 08 

0 75 
' .79 
56,6 
2,66 
3,41 
X o  02 
<,02 

. ,17 
19.0 

4,OO 
2,04 

- 
- 
25 

8,66 

4 day 

organ gram 
sa Per % Per 

15 aay 
sa Per % Per 
organ gram 

0 05 
0 20 
36 

0 11 
2,33 

0 78 
<,02 
<,02 

eo2 

0 16 
, 36 
0 29 

1 1,99 
3,60 

02 
c.02 

0 13 

- 
05 

55,8 

20,8 
12,9 

32 day. I 

k Per P Per 
organ g~am 
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TABLE H I  

=FEET OF A COMPLEXING A G W  dr TB1E D m I T I O f i  OF T"LIUAII IN "€E RAT USING 
Wlro AS A "RAG@ 1, 4# 15 a d  38 D A Y 8 . V  raTRAarrnScvLAR INJECTIONo VAUJES 

PmCENT OF ABSORBED DOSE, EACH 
@kT RECEIVED 2,5 MICROGXUE OF THULIUM, 10 MICROCURIES OF Tml70, and 4,8 
M I L L I G W  OF SODIUM CITRATE. 

C O B R E c m  .@R RBCOVSRY IwD mmSl!D 

1 day 4 dags 15 day8 32 days 
% per % per 4g p e r  % p e r  P per % p e r  P per % per 

Organ organ gram organ gram organ gram organ grm 

Heart 
Lurig 
Spleen 
Blood 
Liver 
Kidney 
&renal 
Thyroid 
Lymph G1, 
Pancreas 
Brain 
Fat 
Stomach 
Sm, Into 

frit, 
Skeleton 
Mus ole  
akin 
Byes 
P i t  u l  t ary 
dsnads 
Urine 
Feces 

009 

0 02 
0 45 

1,03 

19 
~ 36 

- - 
20 

.08 

.01 . 

28 
a 20 
22 

4:20 
,O4 
11 

<,01 

.05 

- 

- 
- - 

* 02 <,01 

.04 a 13 
- 01 

- 21,6 - 8,81 
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TABLE XI11 

DEPOSITION OF THULXUM I N  THE RAT USING Tml'O AS A TRACER 1, 4, 15 and 32 
DAYS AFTER INTRAVESTOUS INJECTION,, VALWSS ARE CORRECTED FOR RECOVXRY -4ND 
EXPlUSS3D I N  PERCENT OF ABSORBED DOSE, XACH RZT RECEIVED 1.5 MICROCZ'AMS 
OF THULIUM AND 5 bUCROCURIES OF Trnl7OD 

Organ 

€ h a r t  
Lung 
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lynph G1, 
Pancreas 
Brain 
Fat 
St ornach 
Sru, I n t ,  
u. I n t .  
Skeleton 
liiiuscle 
Skin 
Eyes 
Pituitary 
Gonads 
Urine 
Feces 

1 day 
P Per P Per 
organ gram 

e 08 
.49 
a 57 
44 

4,07 
3,38 

0 01 
<,01 

007 
0 02 

1,03 
2,07 
1.12 

3.77 
4.53 
<,01 
<,01 

20 

1,30 

- 

- 

63,O 

13: 9 

e 06 
37 
28 
e12 

1,98 
1,65 
cool 
<,01 

.05 
0 01 

e 26 
D 50 
.40 

- 
- 

67.1 
2.33 
3.56 
<,01 
01 

0 15 
13,7 
7.41 

4 day 
$ per $6 per 
organ gram 

e 04 
26 
e86 
e06 

1.49 
78 
01 

<. 01 

03 
03 

e 12 

- 

- 
39 
32 

4,21 
1,77 

6013 

<*01 
<* 01 
20 

130 9 
15,3 

I 

I '  

15 day 
$ Per % Per 
organ gram -- 

32 day 
% per per 
organ gram 

02 

0 28 
06 
70 
e49 
01 

Co 01 

e 02 
e 02 

e 08 
0 17 
0 13 

1.92 
1,49 
<,01 
-=ool 
16 

9,78 

36 

- 
- 

68.9 

15,5 

0 Pb 
3 a s'- 

I --- 
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TABLE .XIV 

UCRL-1143 

EFFECT OF COBBPLEXING h E X T  ON THE DEPOSITIOR OF THULIUM IN TRF: BAT USING T d 7 0  
AS A TBAolka 1, 4, 15 and 32 DAYS AFTER IIJTBAVENOUS II'?JECTION, VALUES A€?E COR- 
RECTED FOR RECOVEBP AmD IlZU'RESm IN P E R C m  OF ABSORBED DOSB, EACH RAT RECEIV- 
ED b06 MICROGRAM3 OF !FHULRM, 5 MICROCURIES OF Td70 and 4,8 MILLIGRAMS OF 
SODIUM c m m ,  

organ 

Heart 
Lung 
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph G I .  
Pancreas 
Brain 
sat 
Stomach 
Sm, Into 
Ue Into 
Skeleton 
Muscle 
Skin 
Eyes 
P ftuit ary 
Gonads 
U r i n e  
Feces 

0 10 
21 
13 

-58,2 
1,29 0 01 
2,12 0 05 
cool Cool 

ia,4 
17,9 - 

01 - 
13 06 
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22 Radioactive sodium ( N a  ) w i t h  a half- l i fe  of 2,6 yeara, @repared on 

Two microcuries of the  radioisotope, 
the 60-inch cyclotron of t h e  Crocker Laboratory was kindly supplied f o r  these 
experiments by D r ,  Joseph Go Hamilton. 
a "tracer" dose, was injected subcutaneously in t  0' the experimental animals 
at least twenty-four hours before the start  of each experiment, The radio- 
potassium used i n  these s tud ies  was prepared by bombarding argon with alpha 
p a r t i c l e s  from t h e  cyclotron kesulting i n  f12 and K430 
radio-potassium as a t r ace r ,  it was necessary t o  give from 50 t o  175 rep t o  the 
cont ro l  group as w e l l  as t o  the  X-irradiated animals, 
feces  were separated in  a modification of a rat holder suggested t o  us by 
Professor W e  0, Reinhardt. 
feces  i n  the face of diarrhea, A complete separation and co l l ec t ion  of feces 
i n  a d ia r rhea l  rat is d i f f i c u l t ,  but we believe that  the  figures that we have 
accumulated are, i n  general, r e l i ab le ,  The animal holders used gave precise 
separation of excreta  and the only losses  were from the drying of the l i q u i d  
s too l s  on the  holder. Followin@; col lect ion and measurement of volume, t he  
excretions were dr fed  a t  100°C f o r  24 hours and'then ashed i n  t h e  muffle a t  
500-600°C f o r  a similar period: A t  t h e  time of sac r i f i ce ,  t he  aqimals were 
anesthetized w i t h  e the r  and-heartO S blood withdrawn into a s y r i e e  containing 
heparin, The animals were then sac r i f i ced  with addi t iona l  e t h e r  and the various 
tissues cleanly removed. 
separated and the t i s s u e s  washed carefu l ly  i n  Tyrode*s solut ion a f te r  which they 
were b lo t ted  dry  on f i l t e r  paper, 
d r i e d  at 1 0 4 O C ,  re-weighed, and ashed i n  the  muffle, 
assayed f o r  rad ioac t iv i ty  by conventional G,M, counting procedures and calcu- 
l a t e d  as percent of' the administered dose per cc of urine,  per gram of feces, 
or per  gram of t i s sue ,  The speciohens were then re-dissolved i n  N/IO HC1 and 
determinations f o r  potassium were carr ied out on t h e  flame photometer (Beckman) 
using external  standards of potassium, We a r e  indebted t o  Miss Helen Johnson 
f o r  t he  determinations on the  f l e e  photometer, 

In order  t o  use 

When desired, urine and 

This device permits accurate separat ion of ur ine and 

The contents of t he  gas t ro- in tes t ina l  t r a c t  were 

A l l  t i s sues  and organs were weighed wet, 
Ashed specimens were 

I r r ad ia t ion  dosage was v e r i f i e d  with a Victoreen r meter placed in 
a paraff in  phantom. 
t i m e  period- similar to '  that  f o r  the experimental animals and i n  the sane holder,  
The dose rate and amount of f i l t r a t i o n  varied with the  experiments, 

Experiments 

Control animals w e r e  placed under the  x-ray machine for a 

. j / a  

I and 2 w e r e  designed toldetermine the e f f e c t s  of t o t a l  
body i r r ad la t ion  at approximately an L.DaW Iibd axi L.D.100 level on t h e  excre- 
t i on  of sodium and potassium in urine and feces.  Dose was 710 rs 215 kv, 15 m , a ,  
1 mom, Cu f i l t e r  and 0,s momo Al f i l t e r ,  and rate 77,4 r per minute i n  Experiment 
1, In  Experiment 2 the  dose was 1370 rD 210 kp, 15 m e a , ,  1 m,m, Al and 0,5 mom, 

Experiment 3 was designed t o  determine the  effects of t o t a l  body irradia- 

Cu f i l t e r ,  w i t h  a rate of 100 r per minutej 1 

.. 

tion at approximatelg an L.D.50 l e v e l  on the sodium space and the sodium and 
potassium content of various organs and tis The animals received 880 r9 
818 kp, 15 m e a , ,  w i t h  1.2 memo Al and 0,5 a Cu f i l t e r  and w e ~ e  then s e r i a l l y  
sracrificed at 0 time (9 rats), 24 hours (8 rats), 48 hours ( 9  ra ts) ,  72 hours 
(8 S?%$6), 96 hours (5 rats) ,  120 hours (5 rats), and 9 days (6 rats), 
ra$a wag6 re tained as control animals and sac r i f i ced  on the f i f t e e n t h  dag, 
Sodium 8pWe was determined f o r  the various organs and tissues by a modification 
sf eqpat9wi proposed by Manery and Bale, and Painter ,  

0s; 

Three 

o s ?  
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x 100 = sodium space f o r  organ or t i s sue  $ of dose/gram t i s s u e  
$- 0,95 

0 
In experiment 4, 15 control, and 15 i r rad ia ted  rats were used t o  study 

The animals were divided in to  3 
the  f a t e  of potassium following x-ray, 
same r a t e  and f i l t r a t i o n  a s  i n  Experiment 3, 
groups and sacr i f ieed 'a t  24, 48, and 72 hours a f t e r  i r rad ia t ion ,  
potassium was administed 24 hours before the  animals were sacr i f iced ,  

Results, 
food and water intake-within 24 hours, 
t he  t h i r d  day and pers is ted u n t i l  the  seventh day, 
t h e  fourth and f i f t h  days.- After the seventh day, the stools became quite 
bulky and were sefniformed c o n t a h h g  large amounts of mucus. 
animals i n  t h i s  experiment died on the ninth day a f t e r  i r rad ia t ion ,  Fig, 5 
shows the  ,urinary and f e c a l  excretion of sodium plot ted a s  the percent of the 
dose of t h e  radio-sodium administered per gram of feces or per ml of ur ine,  
It can be seen tha t  beginnin$ with t he  t h i r d  day a f t e r  i r radiat ion,  the excre- 
t i o n  of sodium from the rats v ia  the feces  per  graui was many times grea te r  
than the  contkol group,' 
n in th  day following i r rad ia t ion ,  
below t h e  normal l eve l  duriIig the  period of high f e c a l  output. 
i r r ad ia t ion  damage t o  t h e  i n t e s t i n a l  t r a c t  subsided, the urinary excretion 
increased t o  Balues grea te r  than normal unttl the 15th day-af te r  i r r ad ia t ion  
at which time they returne'd . t o  normal values, 
'of sodium appears t o  be re la ted  more t o  a reduction i n  s t o o l  weight ra ther  than 
t o  an excessive loss of sodium, 

Fig,  6 shows the t o t a l  f e c a l  and urinary excretion of sodium and 

The animals were given 880 r at the 

The radio- 
- 

I n  Experiment 1 , a f te r  rece-iving 710 rs  the  r a t s  showed a fall of 
(See Table XV,) Diarrhea occurred on 

The s too l s  were tarry on 

One of the  six 

This ef fec t  was observed t o  continue u n t i l  the  
The loss of s o d i d  i n  the urine was depressed 

As t h e  apparent 

The apparen% high f e c a l  output 

I 

potassium as determined w i t h  the  flame photometer, A reduction of urinary 
sodium and potassium output was observed which reached a m a x i m  a t  4 days 
af ter  i r r ad ia t ion  a then gradually returned o the  leve ls  i n i t i a l l y  observed 
pr ior  t o  i r r a d i a t  i o  It pnrst be pointed o b  however, that  the reduction of 
sodium and potassium output is i n  par t  , r e l a t e  t o  the reduced intake of these 
e lec t ro ly tes  since during t h i s  time period the animals ate l e s s  food than they 

sodium and patassium remaiped- r e l a t ive ly  constant 
sodium and potassium output from normal aft r i r r ad ia t ion  was accomplished by 
the kidneys 

The s too l s  were t a r r y , -  Food and water intake:were promptly reduced, 
volume f e l l  s l igh t ly ,  
from flame photometdr;&alyses of sodium and potassium, 
obsemed i n  the ur ine wheh the  r a t i o  droppedlfron 0,94 at 0 dags t o  0,28, 0,18, 
0,37 at 1, 8, aa8 3 days a f t e r  i r rad ia t ion ,  11 rbgpectiv6ly0 
reversed on ZM 4th day after i r r ad ia t ion  ahdywas 2,50, 
that the animals were moribund a t  t h i s  time 
were observed for similar time periods ahd experimental conditions, 
observed t o  be 0,98, 0,67, 0,50, 0,65, and 0,81 on 0 t o  4 days, respectively.  
Similar measurements carr ied out on feces  were l e s s  str iking, 

.normalby would, Even,with the diarrhea obse&ed, the t o t a l  fecal output of 
~ n g  large var ia t ion in 

- -  
i 

In Experirhent 2; t h e  diarrhea appeadd,withiP 48 hours a f t e r  i r rad ia t ion ,  
Urine 

The r a t i o  of Na/X iniithe-urine and feces was estimated 
The major change was 

It must be pointed out 
The r a t i o  was 

Na/K ratios on normal animals 
They were 



>.. 

2.2 

0.0 

1.e 

I.€ 

s a 1.4 
a 
Q 
Qt 1.t 
f 
t IX 

z .a 
ttl 

L w 

.i 

* 1  

-33- 

COMPARISON OF URINARY AND FECAL 
E%CRETION OF No IN IRRADIATED 
AND NONIRRADIATED RATS 

. o URINE IRRADIATED 
.FECES IRRADIATED 
oURlNE CONTROL 
BFECES CONTROL 

I 
I 

.,. 

I 

I 
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FIG. II 

URINARY AND FECAL SODIUM AND POTASSIUM 
EXCRETION IN MLD 50 IRRADIATED RATS 

\ 

r 

! 17 
1 4' 

Fig. 6 
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TABU XV 

AmRAGE DAILY FOOD AND WAIT@ INT- AND 
1 

OUTPUT IN W S  RECEIVING 710 r 
TOTAL BODY IRFUIDIATION .. 

Food In (gms) Urine ( m l )  
Irradiated Control Irradiated Control 

" 

_.- 

Control 
Control 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 , 
14 

22,8 
19.5 
1 8 , O  
10,5 

5084 
5,02 
4 , O  
7,s 

12,5 
11,65 
14.5 
16.4 
18 15 
12,6 
17,l 
11,l 

16,6 
23,O 
22,2 
23.5 
27,8 
16,5 
22.7 
19.2 
24,6 
19,6 
19,8 
20.7 
16,6 
13,8 
22.4 
14,4 

21,o 
17,2 
17.0 
1 8 , O  
20,7 
19,o 
17.0 
16,O 
17,G 
19,9 
18,7 
16,2 
15-5 
18,7 
18,4 
17.0 

808 
13,O 
16 .O 
12.3 
11,2 
10.1 

7.8 
7,1 
8,9 
8,6 

11,9 
10,9 
11,5 

9,75 
11,9 
10,65 

705 
loo? 
12,3 
14,8 
16,6 
14,1 
19,8 
12,5 
13,5 
15,0 
13.2 
12,1 
11 08 

7.8 
12,4 
13,7 
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82 When approximately the Le D,50 l e v e l  of x-ray was administered t o  rat 
and i n  the case of t h i s  880 r, a l t e r a t ion  of sodium space as studied with N a  
was observed in t i s sues  which were rad-io-sensitive In general, t he  change in 
sodium space was composed of two components following i r rad ia t ion ,  
was a reduction i n  sodium space which occurred i n  the first 48 hours following 
irradiation, This was followed by an expansion of sodium space beginning generably 
at the  t h i r d  day following i r rad ia t ion  and reaching a maximum between the  4th 
and 9th day, For example, the reduction of the sodium space i n  lymph gland Pyas 

22 percent of normal on t h e  second day following i r rad ia t ion ,  and on the f i f t h  
day post i r rad ia t ion  was observed t o  be three times grea ter  than normal, Simi- 
lar, but less  pronounced effeEts, were observed i n  the gas t ro- in tes t ina l  t r a c t  , 
spleen, and gonads following x-ray i r rad ia t ion ,  
Table XVI, 

The first 

These da ta  a re  summarized in  

Other organs of the  same rats showing r e l a t ive ly  l i t t l e  change of sodium 
apace a r e  l i s t e d  i n  Table XVII, which includes kidney, hear t ,  lung, l i v e r ,  
brain, skin, skeleton, muscle, and eyes, The plasma values for 0, 1, 2, 3, 4, 
5 ,  and 9 days a f t e r  i r rad ia t ion  were observed t o  be 1,2,  1,3, 1,2, 1,3, 1,3, 
1,2, and 1,5 percent of the dose of Na22 administered pr ior  t o  i r rad ia t ion  per 
gram of plasma, No s ignif icant  a l t e r a t ion  of plasma-sodium l eve l  was observed 
following i r rad ia t ion ,  This may be explained in par t  by the  a b i l i t y  of t he  
kidney t o  maintain equilibrium, and by the  f a c t  that  the radiat ion insensi t ive 
t i s sues  such as muscle contain the bulk of the t o t a l  sodium i n  the body and 
because of t h i s ,  sodium var ia t ions  were l imited t o  t i s sues  which represent l e s s  
than 20 percent of the t o t a l  body w e i g h t ,  In addition t o  the above, an expan- 
sion o r  r e t r ac t ion  of sodium space could be accomplished by a change in  the water 
content, or of the t o t a l  organ weight, 
several  organs and t i s sues  a re  given i n  Table XVIII. 
water content was observed, 
calculate  the  sodium space of the organs l i s t e d  i n  Tables XVI and XVII, For t h i s  
reason, any change i n  t o t a l  organ weight would not e n t e r - i n t o  the calculation, 
However, the e f f ec t  of i r r ad ia t ion  upon t o t a l  organ weight was determined and 
these data are presented i n  Table  XIX, Some reduction of organweight w a s  ob- 
sesoed and i n  general was consistent with the loss of weight of t he  animals 
following i r rad ia t ion ,  and is  undoubtedly mostly re la ted  t o  a reduction of food 
and wa-! ' :~  intake,  

Measurements of the water content of 

The Na22 per gram wet weight t i s sue  w a s  used t o  
Very l i t t l e  var ia t ion  i n  

'1 Similar s tudies  t o  the ones j u s t  de cribed were carr ied out f o r  1, 2, and 
3 days a f t e r  x-ray i r r ad ia t ion  using radio potassium instead of radio-sodium, 
Owing t o  the  r e l a t ive ly  short ha l f - l i f e  of Ijthe isotope available,  it was neces- 
sary t o  administer the  posassium t r a c e r  24Ilhours p r i o r  t o  the  time the animals 
were sacr i f iced ,  This time period was coFidered  t o  be the  point a t  which al- 
most complete equilibrium could be a t ta ined  between the  t r a c e r  and the  other  
potassium i n  the body. owing t o  the short  \ha l f - l i fe ,  'doses of radiopotassium 
had t o  be administered which delivered appreciable radiat ion t o  the  control 
animals. 
received a calculated dose of 50, 85, and 175"rep, respectively,  The animals 
composing t h e  i r radiated groups received a t o t a l  rad ia t ion  of 882, 901, and 
991 combined r and rep9s  for the same time periods, 

suf'fered a reduction i n  t h e i r  potassium content and/or uptake and/or exchange 

The animals sacr i f iced  at 1, 2, ihd 3 days i n  the  control  group 

Tissues which were shorn t o  be radiosensit ive.  using Na22 as an indicator  
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TABU XVI 

DEVIATION OF SODIUM CONTENT I N  PERCENT OB NORMAL IN TISSUES OF RATS OM A 
PER GRABn \VET Vi3IoHT BASIS USING Na22 AS A TBaCER -AND ADMINISTEBl!X) 1 DAY 

PRIOR TO IRRADIATION N I T "  880 r X-RAY 

Organs Showing Relatively Large Alterations i n  Sodium Space 

Organ - 
Days a f t e r  I r rad ia t ion  Controls 

0 day 1 day 2 day 3_day 4 day 5 day 9 day 15 day --- , 

Lymph nodes -42. 
Small In tes t ine  36, 
Large In t e s t ine  50, 
St mach 50 0 

Spleen -37, 
Gonads 51, 

TABU =I 
. 1 _. - -  

Organs Showing Relatively Small  Alterations - in Sodium Space 
11 

Organ 

I 

Controls -. Days after I r rad ia t ion  
0 day 1 day 2 day 3 day 4 day 5 day 9 day 15 day - - - - - - - 

Kidney 
Heart 
Lung 
Liver 
Brain 
Skin 
Skelst on 
Muscle 
Eyes 

60. 
37, 
52 0 

39 , 
64 e 

44 0 

120 0 

2 3 0  
75 0 

45. 
47 * 
6 4 0  
40 0 

63. 
' 47, 
112. 
a. 
91 0 
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TABLE XVIII 

PERCENTAOE WATER CONTEXT OF VARIOUS ORGANS AND TISSUES OF RATS FOLLOWING 
ACUTE WHOLE BODY IRRADIATION OF 880 r, 

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

Spleen 
Lymph nodes 
Sm, Intestine 
Lg, Intestine 
St amach 
Gonads 
Liver 
Kidney 
Brain 
Lungs 
Heart 

76.5 
59-1 
78,6 
71,7 
73,9 
83-1 
70,O 
77,5 
77,2 
71.5 
73.7 

70,5 73,7 
53,5 62,7 
76.7 83,l 
75,O 79,O 
75.4 79.5 
85.1 84 08 
72,9 73 *4 
75,O '77 ~ 3 

76,2 75,7 
77.1 78,4 

69,4 79.8 

71.7 
59,5 
77.4 
77,9 
80.6 
84.7 
71,O 
75.0 
77,3 
73-1 
76.9 

70.2 

79,6 
77,6 
80.4 
82.3 
69,9 
71,8 
77,7 
72.. 7 
73,8 

- 77,5 

8408 
81.6 
90,3 
76, l  
80,3 
80,8 

80,l 

e 

TABU XIX 

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

O r g a n  0 day 1 aag 2 day ,, 3 day 4 day 5 day 9 aay 

Aves,Init.Wt, 214'.1 ' 210,O 222,75 1 ,  216,7 204,l 209,5 213 , 6 
AverJ'inal W t ,  214,l 210,O 211,5 l88,2 172,O 172,O 150 ~ 1 

2805 32 , l  37,5 63,5 Aver,l"lt .Loss - - 11~25 

Spleen 
Sm, Intestine 
Lg, Intestine 
Stomach 
Gonad 
Liver 
Lungs 
Kidney 

.e 522 ,466 
4,74 4,53 

2.17 28% 

1,64 18% 

2,39 ' 2,69 
~le34 ' 1,475 

8.12 8,68 

2,Ol 1,875 

,422 ,331 
4.06 3.08 
2.46 1 2,05 
1,33 I 1,36 
2-25 2,Ol 
8,59 7,59 

1,475 
1,67 I 

1; 78 
1,95 

344 , 177 
3:42 3,49 
1,62 1,73 
1,45 1 0  24 
1,92 1,99 

1,282 
5,64 5,32 

1,58 1053 

304 
4118 
2,08 
1,09 
1,80 
7,33 
1,27 
1,58 
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when compared t o  r e l a t ive ly  non-irradiated normal t i s sues ,  
be r e l a t i v e l y  non-radiosensitive maintained potassium l eve l s  which were 
normal or  almost normal, 

Tissues shown t o  
" *  < 

c 
These data a re  summarized i n  Table XX, 

n' 

5 .  . .  

Discussion, Tissue Changes, 
ex is t ing  concepts as t o  t h e  s e n s i t i v i t y  of lymphatic t i s s u e ,  spleen, germinal 
epithelium, and gas t ro- in tes t ina l  mucosa t o  radiat ion in jury  as compared w i t h  
other t i s s u e s  and organs i n  the  body, The rapid and pronounced loss of 
potassium f r o m  the  organs containing these t i s sues ,  w i t h  t he  exception of 
t he  gonad and germinal epithelium, is obvious, However, quant i ta t ive  interpre-  
t a t i o n s  of t h i s  loss on the basis of t he  r e l a t i v e  s e n s i t i v i t y  of  these t i s s u e s  
a re  made d i f f i c u l t  by t h e  f a c t  t ha t  several  of these organs a re  composed of  
insens i t ive ,  as well as sens i t i ve  t i s sues ,  
these sens i t ive  t i s sues  i s  d i f f i c u l t  t o  explain,  except as an e f f o r t  t o  main- 
t a i n  osmotic equilibrium i n  the face  of extensive potassium loss and t h e  
f oxmat ion of osmotically ac t ive  chemical fragments within i n  jured c e l l s  as 
would accompany the  breakdown of la rge  protein moieties, 
of sodium from the  t i s s u e s  accounts f o r  the  swelling of c e l l s  which is a 
cha rac t e r i s t i c  manifestation of radiat ion in jury ,  The subsequent expansion 
of sodium space in these t i s sues  should represent t h e  penetrat ion of sodium 
i n t o  c e l l s  which have been severely damaged, Probably t h e  potassium l eve l s  
i n  lymph nodes and spleen would have f a l l e n  even lower had the re  not been 
extensive hemorrhage in these organs, 

It is  in t e re s t ing  t o  compare our r e s u l t s  with 

The ear ly  l o s s  of sodium from 

Probably t h i s  loss 

Further inspect ion of t h e  r e s u l t s  reveals that a l t e r a t i o n  i n  e lectro-  
lytes are not r e s t r i c t e d  t o  sens i t ive  t i s sues ,  but t h a t  l e s s  pronounced devia- 
t i o n s  appear i n  lungs, ki&ey, and hear t ,  
loss of potassium which is most pronounced 48 t o  72 hours a f t e r  t h e  rad ia t ion  
in ju ry  occurs, 
m i g h t  be assumed t h a t  t h i s  is  a manifestation of rad ia t ion  injury,  

In general, these organs show a 

Since these losses  were evident before diarrhea ensued, it 

Perhaps the in jur ious  e f f e c t s  of radiat ion are not local ized more o r  
l e s s  spec i f i ca l ly  t o  so-called sens i t i ve  tfssues, but while the  changes are 
more pronounced and a re ,  wirreversibl.ew i n  Fhese t i s sues ;  other  t i s s u e s  show 
a less pronounced and "reversible" rad ia t ion  injury, 

I 

In recent years, t he re  has been inqreased emphasis on t he  r o l e  of bone 

Our data suggest tha t  sodium can move i n t o  bone 

i n  sodium metabolism. since large stores a r e  present t he re  and it has been 
suggested t h a t  sodium i n  the  bone reservodr is  not e a s i l y  avai lable  i n  circum- 
stances of sodium depletion, 
f o r  ffstockpilingn, 

11 Urinary and Fecal Loss, Loss of d ia r rhea l  s t o o l s  on the  a n i m a l  
holders a f f e c t s  t he  accuracy of t he  figure,s on quant i ta t ive  loss  of e lec t ro-  
lyte, but severa l  f a c t s  a re  obvious and i eres t ing ,  
acute rad ia t ion  in jury  there  is a sharp r e .in the concentration of sodium 
and potassium i n  the  s too l ,  which is  gene I l y  i n  proportion t o  the  seve r i ty  
of t he  injury,  
destruct ion in  the  gas t ro- in tes t ina l  mucosa with l o s s  of i n t r a c e l l u l a r  potassium 
i n t o  the  lumen, as w e l l  as the  movement of potassium out of cells i n  more 
remote segments of t h e  body, In addition, large amounts of ex t r ace l lu l a r  f l u i d  

In the  diarrhea of 

This i s  not surpr is ing i n  view of the  extensive c e l l u l a r  

with a high sodium content appear i n  the  bowel. 

J 
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TABLE Z 

DEVUPION OF POTASSW CONTENT I N  PERCENT OF NORMAL I N  TISSUES OF RATS OPT A 
PER GBAM WET WEIGHT BASIS USING RADIO-POTASSIUM A S  A TRACER ~INISTERED 24 
HOURS PRIOR TO SACRIFICE OF ANIMALS AND FOLLOWING X-RAY IRBPSIATION EQUAL TO 
880 r. 

Relat ively Radiosensitive Tissues 

Days Following Radiation 
2 - T i s  sue 1 

Lymph nodes 38 0 66 0 62. 
Small In tes t ine  83, 59. 65. 
Large In t e s t ine  98. 77 0 82 e 

Stomach 94, 810 84.  
Spleen 91 e 84. 90. 
Gonads N* 93 0 93. 

- 37 0 70. Thymus ._ 

Relat ively Radiosensitive Tissues o r  Fluids  

Kidney 
mart 
Lung 
Liver 
Brain 
Skin 
Skeleton 
Muscle 
Red C e l l s  
Plasma 

N 
N 
N 
N 
N 
N 
94, 
N 
115 

, 133, 
. I  

N 
94. 
85 
111. 
87, 
92. 
78 0 

EJ 
94, 
133 , 

' /  

Percent or  Potassium d c r t i t e d  
'r 

Normal I r r ad ,  Normal I r rad ,  Normal I r r ad ,  

Urine 1 9.7 i o , i  , 6 ,7  908 3,4 7*9 
Feces ' 0,5 0.5 008 008 005 108 

I + %OTE: A devi,ation of less than - 5 percent is given as normal, 



Data on the ur ine  indicate  t h e ' a b i l i t y  of t he  kidney t o  conserve sodium 
e . -  in t h e  face of impaired intake and excessive f e c a l  loss, 

potassium, however, renal defensive a b i l i t y  is  not s o  apparent, 
of t he  kidney t o  r e t a in  sodium so promptly and s ign i f i can t ly  suggests t ha t  
adrenal c o r t i c a l  function was not depressed a t  these dosage leve ls ,  

In t h e  case of 
The a b i l i t y  

3' . 

Summary. 
of potassium from sens i t ive  t i s sues  ( i r r eve r s ib l e  in jury) ,  and l e s s  pronounced 
but s ign i f icant  losses  from a number of other  t i s s u e s  ( revers ib le  in ju ry ) ,  
In sens i t i ve  t i s sues ,  there is an ear ly  loss of sodium, but subsequently a 
penetration of sodium i n t o  damaged-cells, as indicated by an expansion of 
sodium space, 
content of the  various organs demonstrated i n  these experiments, The data 
ind ica te  t ha t  potassium may move out of radiosensi t ive t i s s u e s  following 
i rradiat ion 

Acute \ r ad ia t ion  in jury  is characterized by heavy and e a r l y  losses 

. 

There a r e  no cha rac t s r i s t i c  o r  s ign i f icant  changes in  t h e  water 
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Chelating Experiments 

Harry Foreman 

r 1 -  .- 

g. I n  the  last  Quarter ly  Progress Report, UCRL-960, data was presented 
which showed t h a t  t he  administration of ce r t a in  chelat ing agents, namely 

a body burden of Pu239 resul ted i n  marked increases i n  t he  ur inary excretion 
of t he  radioelement over tha t  i n  s i m i l a r  animals which received no treatment. 

experiments are now being planned and set up, 
experiments i s  t o  determine how much of plutonium which has become w e l l  f i xed  
i n  bone can be removed from the body by the  use of these chelating agents,  

Pu238 instead of Pu239 is  t o  be  employed i n  t h i s  experiment because 

r calcium ethylene diamine t e t r a c e t i c  acid (Ca EDTA) and Fe-3, t o  rats carrying 

I .  As a follow-up t o  these observations, a new s e r i e s  of in vivo chelat ing 
The primary aim of these 

of t h e  200 fo ld  increase i n  spec i f i c  ac t iv i ty ,  This i s  deemed important as 
t h e  plutonium concentration i n  the t i s s u e s  and body f l u i d s  w i l l  approach 
l eve l s  t h a t  may be  encountered i n  m a n ,  

A series of preliminary experiments are now i n  progress i n  order t o  
determine t h e  optimum conditions f o r  running the  key experiment indicated 
above. 
since they are readi ly  absorbed through the  G.1, t r a c t ,  These preliminary 
experiments a r e  being run t o  learn the e f f e c t s  of prolonged day-to-day 
administration of these drugs and t o  determine the  m a x i m u m  amount of these 
chelat ing agents t h a t  can be incorporated in to  a s tock feed and s t i l l  have 
a d i e t  which is to le rab le  t o  rats, So far,  four  groups of animals have been 
set up, 
Ca ZDTA, A second group received 5 percent Ca EDTA i n  the  food, 
group w a s  fed 10 percent Fe-3 and the fou r th  group, 5 percent Fe-3, After 
ten  days the  animals receiving 10 percent Ca EDTA in t h e i r  food died,  It 
was noted t h a t  they a t e  an average of 5 grams each d a i l y  of t h i s  d i e t  a s  
compared t o  control  animals which took i n  an average of 11-12 grams da i ly .  
The animals developed diarrhea on the se,cond day of t h e  d i e t ,  Diarrhea w a s  
very narked and continued throughout t h e  experiment, On the fourth day the  
animls  were noticeably le tharg ic  and t h e  condition of t h e  fur  was very poor, 
By t h e  t i m e  of death, the  anhals had l o s t  approximately one-third of t h e i r  
body weight i n  the  time period of the  ten days, 
distended and thinned out cecum with evidence of hemorrhage i n  t h e  region 
of t he  rectum, 
were no other  v i s i b l e  changes grossly mdnifest in any of t he  o ther  organs 
except in t he  f u r  as indicated above, 
i n t e s t ine  and small in t e s t ine  were talcen for his to logica l  study, Reports on 
t h i s  w i l l  be forthcoming later,  

Previous work has shown t h a t  these agents are e f f ec t ive  by mouth 

The first group has been fed  a s tock d i e t  containing 10 percent 
The t h i r d  

Autopsy revealed markedly 

There The remainder of t h e  gut' was a l s o  somewhat d i la ted ,  

Sections of l i v e r ,  kidney, large 

On the 27th day of t h e  experiment' the  animals receiving t h e  other  
d i e t s  are st i l l  a l ive ,  All of t h e  animaks developed diarrhea on the second 
day o f - t h e  experiment, The animals receiving 5 percent Ca EDTA st i l l  have 
diarrhea,  The other animals, namely t h e  animals f ed  10 percent Fe-3 and 5 
percent Fe-3, began t o  have semi-formed so f t  s t o o l s  on the  14th day of t h e  
experiment, 
first 3 o r  4 days, a l l  of t he  animals are now taking the same amount of food 
as t h e  control  animals, namely 11-12 grams each da i ly ,  

It is in te res t ing  t o  note tha t  af ter  a diminished intake f o r  t h e  

It is  planned t o  
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continue t h i s  experiment f o r  at least a month more, o r  until the  animals 
die. 

of each of t h e  chelat ing agents i n  their  food, 
feeding tha t  t h e  key experiment w i l l  probably be set  up, 

Animals are being set up which w i l l  receive 3 percent and 1 percent 
It is i n  t h i s  l eve l  of 
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Radiochemistry 

No M, Garrison, H, R, Raymond, J, D, G i l e  snd D, Morrison 

Carrier-Free Pd103 f r a  m o d i w .  

The 17-day Pd103 w a s  prepared by (d,2n) react ion on rhodium, 
bombarded rhodium metal was fused wi th  KHSO4 and t h e  melt was leached wi th  
water, After centrifugation, the solution was adjusted t o  6g with H C 1  and 
t h e  solut ion was saturated w i t h  S02-af ter  the  addition of 20 mg of selenious 
acid,  Ninety-eight percent of the carr ier-free Pd103 eo-precipitated w i t h  
the Se metal, 
t i o n s  t o  remove t r a c e s ' o f  rhodium, the Se prec ip i ta te  containing the Pd 
was t ransferred t o  a d i s t i l l i h g  flask and Se w a s  separated b 
wi th  the  addi t ion of HBr, The His04 residue containg the Pdro3 was evaporated 
t o  dryness, 
on N a C l ,  

Carrier-Free Mo93, 99 from Zirconium. 

The 
c 

Rhodium;was retained i n  t h o  supernatant, After two reprec pi ta-  

d i s t i l l a t i o n  
108 

H C 1  w a s  added and- the resu l tan t  solut ion w a s  evaporated down 

The Mog3sg9 was prepared by (a,=) reaction on zirconium, The Zr02 
t a rge t  material  was dissolved i n  HF and the resul tant  
t o  incipient  dryness, 
by centrifugation. 
the supernatant, 
was adjusted t o  6N HC1, 
extracted with H2T0 

Gamier-Free W 1 8 1  from Tantalum, 

Ta t a rge t  waa dissolved i n  HE'LHNO3 and the 'solut ion was slowly added t o  %OH 
w i t h  stirring, 
ca r r i e r i f r ee  W181 was recovered i n  the supernatant Several reprecipi ta t ions 
were required t o  separate the W l 8 1  quant i ta t ively.  The supernatant solut ions 
were combined and t rea ted  wi th  excess HNO3 t o  remove HF and ammonium salts, 
Previous s tudies  indicate tha t  fur ther  pur i f ica t ion  of the 
tained by e thsr  extract ion from HC1 solution, 

solution was evaporated 
"03 was added'and the ZrF4 prec ip i ta te  was removed 

The carr ier-free Mo 93, 99 was quant i ta t ively retained i n  

The Mo a c t i v i t y  was extracted in to  e ther  and back- 
HCl was added in-excess t o  destroy HMO3 and t h e  so lu t ion  

The 180-day W m l  was prepared by (d,2n)  reaction on tantalum, The 

The tantalum hydroxide prec ip i ta te  was centrifwed off ;  the 

can be ob- 

The carr ier-free radio-tantalum was prepared by (d,xn) react ion on 

Ten normalHNO3 was added. 
.hafnium, 
ted t o  incipient dryness, HfF4 w a s  separated by 
centrifugation, The tantalum a c t i v i t y  remained i n  the "03. Ten milligrams 
of W O 4  were added and ac t iv i ty  was quant i ta t ively co-precipitated wi th  
the MnO2. Separation o$ the  &In02 and the  carr ier-free tantalum a c t i v i t y  w a s  
effected by use of a previously reported procedure, 

Other Act iv i t ies ,  

%e following carr ier-free radiaaat ivi t_ies  were se  arated f targets using previously reported procedures: C r  51 I g42,48 ,i204,$8t, BBn 
and AtZ1le 

The "02 was dissolved i n  HF and the resu l tan t  solut ion was evapora- 

cychstron 
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I1 BIOLOGICAL S'IWDIS OF RADIATION EFFXCTS 

J, H, LawlPence - i n  charge 
Project 48 A-l 

/ 
/The  Effect  of Specific Liver I r r ad ia t ion  on the 
1 Chromic Phosphate Disappearance Constant 

@ 

Introduction, 
Ernest Le Dobson ryy 

? .  The r a t e  constant f o r  the disappearance of intravenously injected co l -  
l o i d a l  chromic phosphate from t h e  blood stream has been used as an index of 
l i v e r  blood flow1, 

In  order t o  study the  e f f e c t s  of radiat ion on the l i v e r  c i r cu la t ion  
l a rge  doses of rad ia t ion  were given t o  both rabbi ts  and mice, 
experiments possible complications i n , t h e  measurement of the chronic phosphate 
disappearance rate shor t ly  a f t e r  the administration of an i r r ad ia t ing  dose 
due t o  thecpresence'of res idua l  t r aces  of chromic phosphate i n  the blood 
stream were avoided by using an isotope wi th  a much shor te r  half  l i f e  than 

of mass 90 w a s  incorporated i n t o  an yttrium-hydroxy-citrate col loid,  the  
preparation of which is  described elsewherel, 

In short  term 

$ 

- P32 f o r  administering t h e  irradiation.,  For t h i s  purpose the yttrium isotope 

The Calculation of I r r ad ia t ion  Dosages, 

To ca lcu la te  the i r r ad ia t ion  dose, t he  amount of energy delivered and 
the mass of the t i s sue  receiving t h i s  energy must be known. One microcurie 
represents  3,7 x lo4 disintegrat ions per second, The two isotopes used i n  
these i r r ad ia t ion  experiments are P32 and Y900 They are pure beta emitters 
and the i r -be ta  rays have a maximum energy of 1,71 and 2,35 mil l ion electron 
v o l t s  respectively.  The average energy of the P32 betas has been measured2 
and fouIid t o  be 0,695 Mev, The average energy of the Y90 betas may be  approxi- 
mated by the rule that the average energy is equal t o  one t h i r d  of the maxfmum. 

Using the above data and the  f a c t o r  1 Mev = 1,6 x 10-6 ergs, it can be 
shown-that one microcurie of P32 will del iver  energy a t  t he  r a t e  of 3560 
ergs per day, If it is  allowed t o  decay completely it w i l l  de l iver  a t o t a l  
of 7,4 x 104: ergs, One microcurie of Y90 w i l l  de l ive r  energy a t  t h e  rate of 
4000 ergs per day; and if  it i s  allowed t o  decay completely it w i l l  d e l ive r  
a t o t a l  of 1,56 x 104 ergs, 

- 

c 

L 
b 

P32 has a hal f - l i fe  of 14,3 days and near ly  two months are required for 
95 percent decay, while Ygo has a half-life of 65 hours and eleven days are 
required f o r  95 Dement decay, 
per gram of  t i s s u e  (l0,OOO r ,e,p*),  11-22 uc/@ of P32-and 53,2 uc/gm of Ygo 
must be given, 

I n  order t o  give a t o t a l  of 830,000 ergs 

I 

* r ,e,p,  stands f o r  roentgen equivalent physical  and corresponds t o  an energy 
d iss ipa t ion  of 83 ergs per gram of t i s sue ,  
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The Effect  of Specific Liver I r r ad ia t ion  on t h e  Chromic Phosphate Disap- 
pearance Constant i n  the  Rabbi t ,  

The rate of disappearance of  chromic phosphate f r o m  the blood stream 
of a rabbi t  has been studied before and af ter  doses of i r r ad ia t ion  amounting 
t o  2,300 and 16,000 r ,e,p,  
chromic phosphate containing the radioisotope, P32, 
of t h i s  material i n  the  l i v e r  and spleen makes it an ideal agent f o r  giving 
be ta  rad ia t ion  t o  these organs, 

The i r r ad ia t ion  was administered by in j ec t ing  
The spec i f i c  loca l iza t ion  

The r a b b i t  is  d i f f e ren t  from the  dog, rat, and mouse i n  that  about 
f i v e  percent of the injected dose loca l izes  i n  the  bone marrow, 
three  t o  f i v e  times as high an uptake as is exhibited by t h e  bone marrow of 
the  mouse, 

This is from 

The chromic phosphate disappearance constant was measured on a 2,4 
kilogram rabbi t  with a t r a c e r  dose of t he  suspension, 
constant was found t o  be 0,97 min,-l 
cur ies  of chromic phsophate were given f o r  t h e  purpose of i r r ad ia t ing  the  
l i v e r ,  
dose had been exhausted; the disappearance constant was measured again, 
employing another t r a c e r  dose of chromic phosphate. In t h i s  two mcnths 
period, t h e  rabbi t  had increased in weight t o  4 , l  kilograms, and t h e  d i s -  
appearance constant had f a l l e n  t o  0,57 min,-l 
i n  the  l i v e r  amounted t o  1,9 x lo5 ergs per gram of l i v e r  t i s sue  (2,300 
r .e .pe) ,  
of l i v e r  weight vs, body weight and it was estimated t h a t  about 80 percent 
of the  injected chromic phosphate was local ized i n  t h e  l i v e r ,  

The disappearance 
Following t h i s  measurement, 440 micro- 

After two months, when 95 percent of the avai lable  energy from t h i s  

The t o t a l  energy diss ipated 
. 

The probable l i v e r  weight was estimated from a s c a t t e r  diagram 

After t he  completion of t h i s  measurement of the diaappearance constant ,  
t he  r a b b i t  was given a second i r r ad ia t ion  dose of 2,35 mi l l i cu r i e s  of chromic 
phosphate. This, i n  addi t ion t o  t h e  previous dose, gave a t o t a l  of 1,3 x 106 
ergs per gram of l i v e r  t i s s u e  or 16,000 r , e , p ,  
weighed 4 - 9  kilograms,, a ga in  of 20 percent i n  body weight; but the constant 
for t h e  disappearance rate of chromic phosphate had f a l l e n  t o  0,092, a value 
equal t o  one t en th  of t h e  o r ig ina l  pre- i r radiat ion r a t e  constant, The 
above: dafia are summarized i n  Table I, 

The body 
weight at the  time of death was 5 kilograms, and the  animal was very fa t .  

Six-months la ter  the  rabbit 

The rabbi t  died four months a f t e r  t he  f i n a l  measurement, 

The l i v e r  weighed 1,25 grams which is wel l  within normal lFmits, 
Grossly it had a somewhat mottled appearance suggesting e i t h e r  f a t t y  o r  
necrot ic  areas,  Microscopically, t h e  c e l l s  seemed abnormally vacuolated, 
and a l a rge  portion of the nuclei  were pylmotic, 

The cen t r a l  portions of t he  lobules were apparently harder h i t  than 
the  more per ipheral  par t s ,  The c e l l s  d i r e c t l y  adjacent t o  the cen t r a l  veins  
showed considerable hyaline degeneration, T h i s  was 
i n  t h e  l i v e r  parenchyme, There a l s o  seemed t o  be a 

not i n  evidence elsewhere 
subcapsular hyperemia, 
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TABU I 

THE EFFECT OF IRRADIATION ON THE CHROMIC PHOSPHATE 

DISAPPEaRPSaCE CONSTANT 

Energy Dissipation CrP04 Disap- 
pearance Con- 

t ion .  Ergs per r*e.p. stant as Cal- 
culated f r o m  gram of 

Liver T i s -  the  Fast Com- 

--.-- Time Rabbi t  &PO4 given 
Months VieiIght for- I r radia-  

w. 
sue. ponent I 

440 pc' None None 0,97 I 

2,35 mc 1 9x105 
1 .3x106 

2,300 0,57 
16,000 0.092 

0 204 
2 4.1 

12 5.0 Rabbit died 8 4,9 
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This  r a b b i t  died during t h e  night and was not discovered u n t i l  
t he  following morning s o  tha t  the t i s s u e s  may have been considerably 
autolysed. This of course throws some doubt on any in te rpre ta t ion  of the 
h i s to log ica l  findings 

Any general parenchymal damage m y  have been due t o  au to lys i s  and 
the subcapsular hyperemia could be caused by the  s e t t l i n g  of - the  
orythrocy-tes, however, the hyaline degeneration which w a s  found at t h e  center  
of t he  lobule and which w a s  not found elsewhere may possibly be a t t r i bu ted  
t o  causes other  than au to lys i s ,  

Unfortunately the  phagocytic e f f ic iency  of t he  l i v e r  was not de- 
( termined, so  t ha t  the  r e l a t i v e  e f f ec t  of the e f f ic iency  and the l i v e r  blood 

flow could not be ascertained, However, i't is  qui.te c l e a r  that i r r ad ia t ion  
wi th  a l i v e r  loca l iz ing  col loid such as chromic phsophate produces a marked 
effect on one of the  following: 
t h e  l i v e r  blood flow, o r  both of these e n t i t i e s  simultaneously, 

the eff ic iency of t he  l i v e r  phagocytes, 

The three chromic phosphate disappearance curves which were obtained 
on the  rabbi t  of the previous sec t ion  a re  shown together i n  Fig,  1, These 
curves have been normalized t o  made the  zero time in te rcepts  coincide, 

The change i n  the curve w i t h  i r r ad ia t ion  is  very pronounced. The 
second curve shows a r e l a t i v e l y  large f rac t ion ,  approximately 50 percent, of 
a second component with a half time of about f i v e  minutes, In t h e  normal 
animal, there is usual ly  a second component present,, 
only about 5 o r  10 percent of the t o t a l ,  
elsewherel that  t he  second ccmponent may be due t o  the  presence of small 
p a r t i c l e s  which a re  less e f f i c i e n t l y  phogocytized, and it m y  be t h a t  owing 
t o  i r r ad ia t ion  the individual Kupfer cells have become damaged so t h a t  they 
are able t o  handle e f f i c i e n t l y  only thelvery largest of the  par t ic les .  
would i n  essence -mount t o  raising the  h t i c l e  size threshold and fncreas- 
ing the  number of funct ional ly  small pa r t i c l e s  in the  suspension, thus  in- 
creasing the  contr ibut ion of the slow component. 
is  that t h e  individual  Kupfer cells a re I , a f f ec t ed  by the i r r ad ia t ion  s o  t h a t  
they are saturated more quickly than usual,  which would amowlt t o  lowering 
the par t ic le  number threshold,  with resu l t ing  lowered ef f ic iency  of the  l i v e r  
phagocytic system as a whole and a lowered rate of disappearance f o r  the 
chromic phosphate, However it is the first o r  most rapidly disappearing 
component which is a measure of the l i v  r c i rcu la t ion ,  

The Effect  of Specif ic  Liver I r r ad ia t ion  on the Chromic Phosphate 
Disappearance Constant in the Mouse. 

but it amounts t o  
It has been suggested 

This 

Another poss ib i l i t y  

Ilm3a%@&dlcm w m a  Ykta%m-a%rate eopl0Bd 

Fif teen Swiss mice (XI. males and 4 females) were given approximately 
700 microcuries of a col loid containing yttrium 90, Three of these mice were 
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%e graded slowingrof t he  chromic phsopha:te removal r a t e  following 
graded doses of i r r a d i a t i o n  i s  i l l u s t r a t e d  above. 
ponents obtained lqr subt rac t ing  the slow components from the 
oomplex curves are: 
1.9 x 103 ergs per) gram of l i v e r  t i s sue  T1/2 73 seconds; and, a f t e r  
1.3 x 106 ergs per gram of l i v e r  t i s s u e  Ti12 = 7.5 minutes. 

The f a s t  com- 

before i r r a d i a t i o n  T1/2 = 43 seconds; a f t e r  

I 
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k i l l e d  after -two days, The t i s s u e  analysis  showed about two-thirds of t h e  
injected material i n  the l i v e r  (range 55-98 percent) ~ The uptake by the  
spleen was even mope var ied,  -One showed 4 percent, one 20 percent and one 
90 percent of t he  in jec ted  material local ized i n  the  spleen, The combined 
l i v e r  plus  spleen uptake was considerably-more constant,, 
t he  three mice were 82, 88, and 89 percent uptake by these two organs, 

. The values f o r  

Although the spleen uptake of chromic phosphate i s  somewhat var iable ,  
no such wide var ia t ion  has ever been observed as tha t  wi th  the yttrium- 
hydroxy-citrate co l lo id  described here, 

Jones, Wrobel and Lyons3 have calculated tha t  f o r  beta pa r t i c l e s  whose half  
thickness f o r  t i s s u e  absorption is  one millimeter, which is  jus t  the calcu- 
lated half  thickness f o r  yttrium 90, t h e  mouse l i v e r  r e t a i n s  75 percent of 
t h e  radiant energy a r i s i n g  from a source homogeneously d is t r ibu ted  within 
t h e  l i v e r ,  
d i s t r ibu ted  throughout the l i v e r  w i l l  de l iver  energy t o  the  l i v e r  t i s s u e  a t  
t h e  average rate of 125 ergs per hour, 
surface and the  t h i n  edges of t h e  l i v e r  w i l l  receive less radiat ion than 
the  c e n t r a l  portions due t o  geometrical fac tors ,  

One microcurie of yttrium 90 w i l l  emit about 166 ergs  per hour, 

Thus each microcurie of yttrium 90 which is homogeneously 

It i s  t o  be noted, however, t h a t  t h e  

, The l i v e r s  of these animals apparently took up only about two t h i r d s  
of t h e  700 microcuries injected s o  that  the  t o t a l  rate of energy absorption 
averaged about 5,8 x lo4 ergs per hour a t  the time of in jec t ion ,  

The mouse l i v e r  averages about 6 percent of t he  body weight so tha t  
t he  average l i v e r  weight f o r t h i s  group of mice is  1.7 grams, 
an i n i t i a l  t i s s u e  dose rate of 3,4 x 104 ergs per gram of t i s s u e  per 
hour (410 r,e,p,  per hour), 

This gives 

The t o t a l  dose .delivered i n  any t i m e  is  the' product of the dose 
rate and the t i m e  i n t e rva l ;  but since the dose rate is  cont inual ly  changing 
due t o  radioact ive decay of t h e  yttrium, t h i s  product must be obtained 
through integration,, 

J. 

D = I d t  = 1 Ioe- Atdt 

Here D i s  the  t o t a l  dose, I the  dose Fate a t  any time and I, t h e  dose rate 
at t h e  time of inject ion,  t the time, e' the base of the na tura l  logarithms 
and h the  decay constant f o r  Y900 

II 

After the in jec t ion  of t he  Y90 co l lo id ,  the  mice were weighed and 
t h e  chromic phosphate disappearance codstant was determined at frequent 
in te rva ls ,  The data obtained have been summarized i n  Table I1 and i n  

Table I1 represents a protocol of the  experiment, The estimated 
i n i t i a l  i r r ad ia t ion  rate f o r  each mouse is given, followed by t h e  body 
weight a t  approximately da i ly  intern-als, Also included is the  time of 
death for each mouse and ce r t a in  other information such as t i s s u e  d is t r ibu-  
t i o n ,  I 
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TABLE I1 

DAILY RECORD OF THE MOUSE LIVER IRRADIATION WEKLMENT 
(Ir rad ia t ion  w i t h  Y90 Colloid) 

Body Weight Days After In jec t  ion 
3 4 6 8 9 I 

5 
Mouse 
NO. ergs9gm 1 2 -. : 

1 

I 

per hour 
3,4x104 28,3 27,7 25,4 22,9 d i ed  

1. 
.:* 

z. ii 26,3 .25,4 22,4 died 

3 3 . 0 ~ 1 0 ~  32,3 29,8 28,6 27,6 25,3 
Killed for 
histology 

23,9 22,5 died 

5 Injected CrPO4 i n  po r t a l  system 

6 4 ~ h104 24, l  21,8 2002 Injected CrPO4 i n  por ta l  
system. 50$ went through 
l ive r .  

r 
7 2 , ?do4  23,7 21,8 died 26,5 

28.7 

28 , l  

30.5 8 3. -lo4 25,4 24,8 
Ki l l ed  for histology 

Ki l l ed  for d i s t r ibu t ion  study (Liver I 
68$, Spleen 20%) 

26,8 25,5 died 
I 

Killed " for  d i s t r ibu t ion  study (Liver 
785, Spleen 4%) 

9 4 . 5x104 21.5 

29-3 

33.8 

19.7 

. .  

10 3. 3x104 

11 2 , 8x104 

28,5 

!32,9 

29,l 

22,6 

-. 
12 3 h104 27.0 'died 

11 
30,7 

24-6 Ki l l ed  :Ifor d i s t r ibu t ion  study (Liver 
555, Spleen 31%) 

' 20,6 
died 

20,6 19,6 died 

24,8 23,3 

3 , 9x104 

14 3 , 2x104 27, l  29,7 
. 

1 5  3 , 8x104 A 

t 

8 4  

:: 
Average 

3 , 4x104 

23.3 25 ,O 

(3,4x104 erg%/gm/hr corresponds t o  
410 p,e,p,/hr) 

28,2 
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I/ The circles represent the chromic phosphate diyagpearance constant (obtained ' 
in mim) plot ted as a function of time a f t e r  the ; ; in jec t ion  of a l i v e r  local-  
i r i n g  colloid containing flo. The open c i r c l e  (iat ~ zero time represents the  
average disappearance constant a s  measured on normal non-anesthetized mice. 
Also included on the graph a re  the body rreight, mortali ty,  and accumulated 
i r r a d i a t i o n  dose t o  the l i ve r .  The ordinate a t  the  r i g h t  represents the 
rad ia t ion  dose i n  two s e t s  of units, ergs/gram of l i v e r  t i s sue  and roentgens 
equivalent physical. 
mortal i ty  curve a r e  given a t  the  beginning and end of the curves. 

The units f o r  the  body weight curve and f o r  the percent ' 

a Fa 
m-7 

1 

e 
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Big, 2 %s an attempt t o  comela te  the changes i n  the disappearance a 

consta% (sol%& circles) with changes in body weight, mortal i ty  and irradia- 
t i on  dosage, The open c i r c l e  at zero time represents the  average normal 
value for the adsappearance constan%, Although t h e r e ' i s  considerable varia- 
tion %n the disappearance conetaat, it is qui te  obvious that there is a very 
mrk& depression of t h i s  rate conrstant x i t h  i r rad ia t ion ,  

curve representing body weight was calculated by averaging t h e  
weight of the smirhg mice a f t e r  each-weight had been normalized t o  the  
i n i t i a l  averraQe weight of 28 g r v ,  
day aftm aacumulatink 2,s x 10 ergs per gram of l i v e r  t i s s u e  (30,000 roespa) ,  
and a n  mlee wer dead OR the  ninth day following the in j ec t ion  of the 700 

None of the.miee had died by the s ix th  

IUiCZXX%k%eE! oi y h  eoi ioia ,  

MacPiisoogiE examination at autopsy showed complete lack of body fat,, 
%he h g e  fat depots present around the  kidneys and i n  t h e  mesentery of normal 
animals were aampPetely absent, and the mice had a general emaciated appearance. 

E i a t o l ~ i c a l - e x a m i n a t i o n  of the l i v e r s  of two mice showed no pronounced 
changes which could be d i r e c t l y  a t t r ibu ted  t o  i r r ad ia t ion  damage, 
and bone marrow howeverp were very severly damaged, 
present l.n the spleen at a l l ,  only the  supporting r e t i c u l a r  cells and macro- 
p h a p e  resaafned, The bone marpow was completely wiped out;  only a very small 
amount of ce l lu l a r  debr i s  was l e f t  in the  cavi ty ,  Adjacent organs which may 

The spleen 
There were no lymphocytes 

have received i r r ad ia t ion  escaping from the sui-faco of t h e  liver and spleen 
were not examined histological ly ,  

- -  

me sm3& of? 

An attempt was made t o  evaluate the eff ic iency of the l i v e r  phagocytes 

into the por t a l  stseam three days after the-liadminiBtrat'ion of the  yttrium. By 
%hi8 %$ne the niice had received approrimately~1,b x 106 ergs per gram of l i v e r  

QXm of these YgO %madfated a c e  (mouse Mo,~), Chromic phosphate w a s  injected 

t i esue  Q % l , ~ 0  r,e,p,) ,  . 1 ij ; 
j/ 

The blood level follow* the  por ta l  injection of chromic phosphate 
indloated a clearance *of 58 gercent. 
evaluated elermhesd. was 99 ~ W C X B R ~ .  
value obtained o 
as 50 penen% el 
chanee, X% appe e&fom, that frrediatf aa probably lowered the off ic i -  
enog somewhat, 

also possible t o  de 
chromic phosphate, which wae not senoved i n  the  f imt ~ ~ 8 6 4 ~ .  
disappsaraee  constant for the transmitted chromic phospbte in 35 BOD- 
irraaiat.eti mice waa I,OT 2 0,087 (ea B,B~I , ) *~  

The ate- clearance i n '  n o m 1  nice 
The stablard deviation from t h i s  average 

h e  is 12 percent. $is indicates that such a 1- value 
e aoyld occur only once fifty times as a matter of 

In miking eificiex'$y measurements t h e  blood leve l ,  it i 8  
Ismine, the rete of ldisappearance of that portion of the 

The av6Em8e 

Ths, b m B m W 0 e  COM$Wt* &+? 
~ 
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the  f i f t y  percent of the chromic phosphate which passed through the l i v e r  of 
t he  irradiated mouse 0,42, Since t h e  disappearance constant includes the 
e f f ic iency  f a c t o r  i t  should be divided out s o  that  the l i v e r  blood flow con- 
s tan t*  may be compared, 

The average l i v e r  blood flow constant for the  t h i r t y  f i v e  non- 
irradiated mice i s  1.36 min-1 while the  constant f o r  the irradiated mouse is 
0083 min'l, 
tha t  there is a r e a l  lowering of the l i v e r  blood flow i n  addi t ion t o  the 
probable lowering of the phagocytic a b i l i t y  of the Kupfer c e l l s  mentioned 
above . 

S t a t i s t i c a l l y  t h i s  means t h a t  the  chances are about two t o  one 

Conclusions, 

The chromic phosphate disappearance constant i n  the mouse is d e f i n i t e l y  
An average of f i v e  mice whose l i v e r s  received from lavered by i r rad ia t ion ,  

1,9 x lo6 ergs per gram of l i v e r  t i s s u e  up t o  2,6 x 106 ergs per gram of l i v e r  
t i s s u e  (29,000-31,000 r ,e ,p , )  showed an average disappearance constant of 0,57 
which is  lower than the  average normal by a f a c t o r  of two and a half. 
lowest value obtained f o r  t he  disappearance constant is only one f i f t h  of the 
normal ~ 

The 

The ef f ic iency  measurement which was car r ied  out indicates  t h a t  the 
depression of the disappearance constant is  due t o  two approximately equal fac- 
t o r s ,  
blood flaw t o  t h e  l i v e r  is a l so  reduced, The lack of h i s to log ica l  evidence of 
l i v e r  damage accompanied by the  general  emaciation and d e b i l i t y  of t h e  animals 
ind ica tes  that  the  diminution of blood flow may b e  due t o  a general  c i rcu la tory  
depression r a t h e r  than t o  a l o c a l  hepatic effect .  
considerable d i f f i c u l t y  w a s  encountered i n  ge t t i ng  blood samples from the ta i ls  
of these s ick  animals, 

The e f f ic iency  of the l i v e r  phagocytes is lower than normal while the 

It should be noted that 

The fact  t ha t  only two t h i r d s  of t h e  i r r ad ia t ing  co l lo id  local ized 
i n  the l i v e r  along wi th  h is to logica l  evidence of spleen and bone marrow 
destruct ion points  toward the p o s s i b i l i t y  of'/ i r r ad ia t ion  damage t o  other  t i s s u e s  
espec ia l ly  the  bone marrow as the cause.of d p b i l i t y  and death,, 

The organs adjacent t o  the l i v e r  and! spleen (parts of the  gastro- 
i n t e s t i n a l  t r a c t )  may have received doses youn t ing  t o  as much as half the 
dose a t  t he  center of the  liver., However this dose would be obtained only at 
the  point of contact and would - f a l l  of f  qu i t e  rapidly with distance,  

function o f ,  t h e  distance from t h e  surface oZI the  source, For P32 beta par t i -  
c l e s  i n  t i s sue  the half  value distance is  0465 millimeters4, 
p a r t i c l e s  would have a somewhat greater pene,trating power ne i ther  t h e  Y90 nor 
the  $2 would irradiate an,appreciable f r ac t ion  of t h e  gut ,  
gross abnormalit ies of the  gastro-intestinal! t r a c t  such as ulcera t ion  were ob- 

I1 _I 

'I j 
The beta ray  dose a t  a dis tance f.4 a t h i c k  f l a t  source is a logarithmic 

n i l e  the  Y90 beta 

Furthermore no 

served at autopsy. .. 

* The disappearance constant (k)  i s  i n  r e a l i t y  the product of two constants 
the e f f ic iency  (.Z ) and the  f r ac t ion  of the blood volume passing through the 
l i v e r  per un i t  time (K)  

k = 7\K 
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From the above Considerations it-seems tha t  t h e  cause of death in 
these Pgo i r rad ia ted  animals was probably due t o r t h e  observed bone marrow 
damage resu l t ing  from the uptake of the col loid by t h i s  organ ra ther  than t o  
possible gastro-intest id damage resul t ing f ram radiat ion "leakage" from t h e  
l i v e r  and spleen, 

The next section describes an i r rad ia t ion  experiment i n  which the 
animals survived much longer w i t h  higher t o t a l  doses of i r rad ia t ion ,  This was 
probably due t o  more specif ic  l imitat ion of the  i r r ad ia t ion  t o  the l i v e r  and 
spleen by using chromic phosphate, which loca l izes  97 percent i n  these organs, 
but the  poss ib i l i t y  t h a t  it m i g h t  be due t o  slower i r r ad ia t ion  r a t e s  achieved 
by using lp32 r a the r  than the  shorter  half-l ived Y90 has not been refuted a t  
t h i s  point,  

IrraUa%%on rl$h chromic Phos@mte 
- 

Two groups of mice were injected wi th  chromlc phosphate t o  i r r d i a t e  
The first group received an inject ion Bquivalent t h e i r  l i v e r s  and spleens 

t o  106 microcuries of P32 per gram of l i v e r  based-on the average value of l f v e r  
weight equal t o  six percent of body weight, 
phosphate local izes  in t he  l i v e r ,  
ergs of which about 80 percent w i l l  be absorbed-within the l i v e r  t i s s u e  while 
20 percent w i l l  escape from the surface, ,Thus these mice received a t o t a l  of 
6,2 x lo6 er& per..graii of l i v e r  t i s s u e  or 75,000 r ,e ,p ,  
received ju s t  half of the above dose, 

About-95 percent of t he  chromic 
One microcurie of P32 w i l l  l i be ra t e  7,4 x lo4 

The second group 
'I 
' ,  

j /  
Approximately three and one half  nonFhs a f t e r  the inject ion of these 

i r rad ia t ion  doses, the chromic phosphate disappearance constant was measured 
employing a second inject ion of the  suspensiib. Two animals which had received 
t h e  higher dose had half times for d i s a p p e a r y  of one minute and s i x  minutes 
which correspond t o  values f o r  t h e  d i sappea r ,ph  constant of 0,66 min-1 and 0.12 
min-l respectively,  The animal showing the extremely low value, about t e n  per- 
cent of nonnal, died within twelve hours of phe time of measurement* Two mice 
which received the lower dose of approximate;ly three mill ion ergs  pep gram of 
l i v e r  t i s sue  eachahmed disappearance constants of 0 0 5  min-1,  This is jus t  a 
l i t t l e  more than one t h i r d  the normal valueoil 

I The disappearance constant was measure'd on one mouse, which bad received 
the lower i r rad ia t ion  dose, nine months a f t e r  %he start of the im&d&&tion, 
The value obtained for t h e  disappearance c o y t a n t  was 0,83 min-I which is  about 
s ix  ten ths  of t he  normal value. 
a large tumor had developed in  the abdomen, 

This mouse pvas apparently healthy ex8Bpt tha t  , 
I 

A t  autopsy the l i v e r  of t h i s  anima ikooked l i k e  a c o i h d  string of 
brown beads, 
cated regeneration at the  th in  edge of the  l i v e r  where the irrad54'tionwas 
at a minimum due t o  geometrical factors, 
completely gone, only a fibrosed pedicle remaining, 
f ind t h e  l i v e r  because it had more the appearance of a loop of i n t e s t ine  than of 
l i v e r ,  Histologic examination showed apparently healthy l i v e r  t i s s u e  in  the  
regenerated portions,  with large numbers of b i l e  ducts, which are thought by 

Th i s  peculiar s t ruc ture  was i41 an anatomical posit ion that indi- 

Thik original l i v e r  t i s s u e  was apparently 
Indeed it was d i f f i c u l t  t o  

a. 
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some inve&,igators t o ]  give rise t o  now hepatic cells, Mitotic f igu res  were 
not observede- This was probably due t o  the  lapse of about e ight  months be- 
tween the  administration of the rad ia t ion  and the s a c r i f i c e  of the  animal, 
The amount of' regenerated l i v e r  t i s s u e  could not be determined, but appeaseU 
t o  be considerably l e s s  than the amount of l i v e r  t i s s u e  present i n  the  noma1 
mouse. 

were similar t o  but less pronounced than those of t h e  l i v e r  described above, 
The irra'diatod l i v e r s  which had time t o  regenerate general ly  exhibited a knobby 
s t rue ture  wi th  a more pronounced knobbyness at t h e  edges, 
was s u f f i c i e n t l y  severe and the  time for regeneration s u f f i c i e n t l y  long, t h e  
l i v e r  looked l i k e  a s t r i n g  of beads as described above or  l i k e  a bunch of grapes 
with a f ibrosed pedicle, 

deal of a s c i t i c  f l u i d  present i n  the abdomen and an  almost complete lack of 
normal depot f a t ,  
t i on ,  weighed f i f t y  percent more than the normal mouse l i v e r ,  Although the 
genera lp ic ture  with the high i r r ad ia t ion  dose was slow loss of weight f o l l m e d  
by death within four months, t h i s  pa r t i cu la r  mouse gained about 10 percent in 
body weight i n  s p i t e  of t he  loss of body fat .  

The examinat ion of other l i v e r s  at autopsy showed abnormalit ies which 

If the  irradiation 

One of t he  mice receiving the higher i r r ad ia t ion  dose had a great  

The l i v e r  of t h i s  animal, including a l l  of the  f lbrosed por- 

While the mor ta l i ty  of the group receiving 6,2 x 106 ergs per gram of 
l i v e r  t i s s u e  (75,000 r ,e ,p , )  was 100 percent at the  end of four months, the 
mice which received half t h i s  dose were a l l  a l ive,  but had l o s t  an average of 
about 10 percent in wei'ght, 
nine months, although one l ived  f o r  a year following the  start of t he  Prradia- 

Most of t h i s  second group died between four and 

t ion ,  

Summary of  the Uork on I f iadiat ion,  

Changes In the chromic phosphate disappearance constant have been ob- 
served w i t h  r ad ia t ion  i n  the  r a b b i t  and in the  mouse, 
t he  disappearance constant is apparently due i n  par t  t o  a decrease i n  the 
e f f ic iency  of t h e  l i v e r  phagocytes and i n  part t o  a depression of t he  liver 

The observed lowering of 

blood f k ~ ~ ~ \  2 In regs1.d t o  survival ,  e i t he r  the  r a t e  at which the  i r r ad ia t ion  I s  
given or more probably, t h e  degree of loca l iza t ion  i n  the  l i v e r  aBd spleen 
seems t o  be important-, 
of l i v e r  t i s s u e  is given slowly by'means of chromic phosphate, t he  mice d i e  
between four  and nine'months following the start  of the  irradiation, 
if t h i s  same dose of l i v e r  i r r ad ia t ion  is given rap id ly  w i t h  8 co l lo ida l  yttrfwn 
90 -h$droxy-citrate complex, which shows less spec i f i c  liver4pleen local iza-  
t ion,  the mice d i e  within nine days, 

%hen an i r r ad ia t ion  dose of threr mil l ion ergs per gram 

However, 

. .  
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I11 HEALTB C r n S T B Y  AND PBPSICS 
.. . _ _  - 

Health Chemistry 

N, B, Garden 

Monitoring. 

A new instrument is  being used fa? taking samples i n  sewers giving 
broader information on t h e i r  condition, A revise3 program has been initiated 
fo r  servicing vacuum pumps, 
Chemistry Building, F a c i l i t i e s  i n  ORL f o r  general radioactive chemistry work 
have been extended. A glove-ported cupola has been added through which samples 
from the  plutonium column of the  dissolver  solut ion processing equipment w i l l  
be taken from the  outside of the  building, effect ing a sa fe r  method, 

Alpha foot counters have been ins ta l led  i n  the  

Transportation, Decontamination and Storage, 

ef 'ficient handling of the- f i f ty-ga l lon  drums f i l l e d  with radioactive waste in  
cement was neoessary, 
of the drums which creates  a loop f o r  drum pickup, 
f a c i l i t a t e d  drum loading, 
tory 's  waste, i n  cement-filled d d ,  is being stored on Bikini ship "Independ- 
ence" which i t s e l f  w i l l  ul t imately be disposed of, 

With the change i n  the ship employed-for waste disposal at sea, more 

Cable ends a r e  being inser ted i n  cement i n  the  bottom 
This process has g rea t ly  

L a s t  month and f o r t h e  next two months the Labora- 

The use of paint spray bombs inside contaminated gloved boxes a t  time 
of t he i r  removal for disposal o r  decontamination has been adapted, 

Ekperfments with agar, soap jells and standard powdered cement t o  
so l id i fy  l iqu id  waste continue t o  indicate tha t  the cement is  still  the best  
agent. 

Modifications a re  being made i n  the i n i t i a l  model of the decontamination 
chamber, The compound Versene appears t o  be the best decontaminating agent 
used here so far; the  new compound Radiowash has proved sa t i s fac tory  but is 
more cost ly  than other equally sa t i s fac tory  materials, 
found t o  be a good decontaminant for metals, The decontamination Group has 
taken over t he  s t r i p  coat t e s t ing  during t h i s  period, 

Oakite 33 has been 

Berkeley Boxes, 

To fu r the r  standardize the  Berkeley Boxes they a re  now being l ined with 
a polyethylene f i l m  over the  inside painted surface; t h i s  f i l m  is secured 
by s t r ipp ing  and by overlapping with the wal ls  of t he  box, 
now contains a l l  inlet-out le t  f ix tures ,  eliminating the need for holes on 
various sides of t he  box, A new wooden frame has been introduced, whioh holds 
the shelves and ringstands, secures the t r a y  on the floor of t h e  box and aidls 
in holding the polyethylene l ining,  The boxes a r e  being made now i n  section- 
l i k e  compartments, t h i s  will be of value i n  decontamination, 
w i l l  have s l id ing  doors ra ther  than h i w e d  ones, 

A single panel 

All new boxes 

6 S-A 
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Research and Development e 

was completed and,successfully used, 
the Hanford dissolver  solut ionwas completed, 
ment for transuranic metal production was put i n - t o  operation, The box i n  
the two-inch lead cave and a new lead box f o r  cu t t ing  and dissolving the  slug 
has been readied for processing a Chalk River pile-bombarded sample,, .This 
la t ter  box has a laminated lead g lass  window 18 by 12 by 4 inches thick,  
Various small pieces of equipment such as a new power supply for e l e c t r i c  
s t i r r e r s ,  a swivel-arm pipet tor  and an improved overhead fluorescent l i g h t  
for use i n  the two-inch lead cave have been completed or  designed. 

Equipment for processing highly act ive proton bombardments of uranium 
Redesign of the equipment for proeeeslng 

A furnace w i t h  auxi l ia ry  equip- 

. 

General. 

course i n  f'unctions of the  -Department. They spend t w o  or more weeks with the 
monitoring group and a month in t h e  decontamination area,  followed by a study 
of the  f i l t e r  program, 

New members of t he  Health Chemistry group are  being given a t ra in ing  

.. . 
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B e  J. Moyer 

Portable Fast  Neutron Counter , 

A fast neutron counter with a ba t te ry  supply has been put in to  operation, 
The basic elements are  a r eco i l  proportional counter and a t w o  stage amplif ier  
t r iggering a one-shot multivibrator,  
integrat ing c i r c u i t  each time t h e  ~ multivibrator trig$ers, 

96 percent argon and 4 percent C02. 
proportional region is  supplied by b a t t e r i e s  wi th  5 voltage taps  of 67-1/2 
v o l t s  each above 2100 vol t s ,  

A pulse of current is  put in to  a meter- 

The counter is l ined w i t h  polyethyhe and f i l l e d  t o  one atmosphere with 
The necessary voltage t o  operate i n  the  

The gama ray electron pulse is-discriminated out by choosing the  amount 

Three ranges a re  provided on the meter covering a neutron flux of 5 t o  
Earphones are provided for 

of output from the amplifier and by adjusting the co l lec tor  voltage. 

10,000 neutrons /cmZ/sec ( ,U ,1 t o  40 MeV energy) 
l e s s e r  neutron f luzes ,  

S t a t i s t i c a l  Summary of Monitoring Program 

Gamma i n t ens i t i e s  of one r/hr can be discriminated out, 

Survey instruments maintained: _ .  

1, B-Y ionization chamber 
2, Victoreen 263 meters 
3, I,D,L, portable Survey Meters 
4, Cutie p ies  
5, Recording Y-intensity meters 
6 .  Victoreen proteximeters 
7 ,  Fast neutron proportional counters1 
8 ,  Slow neutron proportional counters) I 

9, Balanced chamber (sl& neutron suqrey 

10, Balanced chamber (fast neutron surpy 

11, Special t i s sue  w a l l  survey instrument 

11 instrument 1 11 

instrument 1 
I 

30 
19 
20 
3 

. 15 
3 
5 

10 

2 

1 
1 

Personnel Meters i n  Use: 
I 

1, Total people covered wi th  f i lm ba&es 
2, Total man days coverage w i t h  pockek 

3, Total man days coverage wi-cn Nclret.1 

4, Total man  days coverage w i t h  pocket 

1800 

chambers 2177 

dosimetbrs . 4234 

chambers (SN) 3609 
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Cases of Weekly Exposures Above 0,3r: 

Weekly f i l m  
exposure Linear 
above 184" area 60" area Accelerator Synchrotron -- 

0,3r 18 bB 0 0 
0.5r 3 6 0 0 
1,Or 0 2 0 0 
1,5r 0 .2 0 0 

+5. Or 0 2* 0 0 

Chemistry - Total 

11 47 
4 ,  $3 
2 4 
1 3 
0 2 < ,  . 

* 
was received while undergoing chest fluoroscopy, 
undergoing a dental x-ray examination. 

In the past three months We-have had two exposures exceeding 5,r,  one of which 

These exposures were i n  no way project connected, 

. * 

The other we11 received while 
..ai 

. .  
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