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BIOLOGICAL STUDIES OF RADIATION EF FEC TS 

John H. Lawrence,  M. D. . in < harge

ULTRACENTRIFUGAL STUDIES O F  THE MACROMOIJDCI’LAR 
CONSTITUENTS OF DIVIDING AND NONDtVIDING YEAST

Raymond G. Wolfe

Recent cytochcmical t tu d iea  have a s s o c i a t e d  the cytologteal  p*rtuM«* of 

the c e l l  with  cer ta in  of the b iochem ica l  function*. The re la t ive ly  U r g e  m i t o 

chondr ia  have been *hown to  be c a r r i e r *  of the r n ty r n e  sy»tem* involved in 
t e r m in a l  oxidation of both (at  and carbohydrate .  The en tym ee  that ap p  *r  'o  

be f r e e ly  aoluble in the cy top la sm  a r e  responsib le  (or glycolys is.  On.y recently  
ha* ev idence  been presented**® that the m i c r o t o m e * ,  relative ly m uch  s m a l U r  

than the  mitochondr ia ,  have a possib le  role in p ro te in  synthcsi*.
The p rocess  of cel l  d iv is ion  has been studied la rge ly  in r e U t i e n  to  in. tar  

div is ion,  the p rocess  of r ep l ica t ion  of the cy top lasm ic  pa r t i c le s  s e e m s  to  have 
re c e iv e d  lm le  attention. Th ia  rep o r t  is conce rned  with p re l im in a ry  I h d i l l  of 

the influence of cell  d iv is ion  on the appearance  of m a c r o m o lc c u U r  spec ie*  in the 
sed im enta t ion  patterns  of the  Spinco analyt ical  u l t r ac en t r i fu g r .  It is  fel t  that 

such s tud ies  a r e  valuable fo r  what they may con tr ibu te  to knowledge o! the b a n c  

p r o c e s s  of ce l l  divis ion aa  a fundamental  part  of bio logical  p ro c e ss  r e l a t e d  to 

growth . G re a t e r  unders tanding  of the ab n o rm a l  growth and dediffe t en t ia t ion  

a s s o c i a t e d  with neoplast ic  development may depend on the knowledge of the basic 
n o r m a l  p ro c e ss  of cel l  d iv is ion .  The feasib il i ty  of such  s  study on m i c r o 

o rg a n i s m s  w a s  indicated by the recent publication of Schachman et a l ,  * in which 

it was shown that  c«U<free e x t r a c t s  of various  m ic r o o r g a n i s m s  could  be p re p a red  

and s tudied  in the u l t r acen t r i fuge .  F u r t h e r m o r e ,  it was e s t i b l i sh e d  that  the 
m a c r o m o le c u la r  components  obse rved  in these  e x t r a c t s  were o bse rved  af te r
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breaking the ceils up by a variety of method*. Thi* i f t m i  to taduate that the 
mac romolecuUr component* present in the cell extracts ore not i rU l lc t t  of 
the extraction method to  for a t  the method of coll breakage to concerned 

In the internet <4 clarity thl* report te broken up into section*.
Section l i* on account of the study of the stability of eeUdres extracts,
Section U cover* the ctudy of the development of certain new macromoiecular 
•penes  in yeast cell# a* they a r t  induced to divide. Section tit cover* o 
•tudy of commercial  baker's yeast to ascertain whether it else produce# the 
dividing-cell mac romolecular pattern, Thl* ctudy a l io  revealed the change 
in cedimentation pattern accompanying tranefor mation f tom exponentially 
growing to *en«ectnt cell*. Section IV cover* a brief itudy of the influence 
of extraction condition*, pH, and ionic strength on the presence of dividing- 
cell components in ceil dree ex trac t* , Section V preterit* an * count of the 
influence of x-eay irradiation on the pretence of microtome* in cell extract*. 
Section VI present* a study of the influence of x-ray irradiation on the ability 
of cella to produce the divUing<sll  component* after cell  division it induced.

General Method*
Haploid yea*t (8. c t r e v i s u *  s train  S.C. 7) *a* u*ed in the txpr? neat* 

reported here except (or the commercial  y*a*t (Flsisc hman't  i*kr baker1* 
yeast) u*ed in section tit. Cell* were grown in two w a y s ,  In some of the 
earl ier experiment* cell* were grown in YEDft/2% y«*s*t extract, IV dextrose) 
agar and harvested by suspending them in dextrose buffer. In later experiment* 
cell* were grown in liquid YED though which •ten!# a n  was passed for the 
purpose of aeration. Celt* were nitrogen-starved by harvesting 48-hour culture* 
of cells, washing twice with glucose buffer (4% glucose M /1 S KH^IK)^, and 
aarating them in the same medium. During the nitrogen starvation the glucose 
buffer medium w i i  changed every 12 hour*, Aprroximately 4 gram* of damp 
yeast i t  suspended in ISO ml of the me d-urn placed in a 2S0 ml c s n m i u g r  

bottle equipped with a glass tube for asratton. Division of starved cells was 
induced by adding yeast extract in the amount to make ti e concentration 1% with 
rsspset to this ingredient.
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Surv»4 cells w*rr irradiated after drying down a suspension on
4% agar p*tn pUit* which h*d been poured two days previously. Cell* w*t* 
irradiated wiih SO hv nuraye at 41 milt iamperea at * doae | l t «  o« 4*0 rep pnr 
•etond Th« actual doe® given u  ru led  in the di*< uasion of e t c h  individual 
experiment.

Harvested c*tie wore enlr t i led  by t  modification of the method ol Chao 
tnd Schathman * The modification of thtt  technique waa necessary  to increase 
the content rettofl of the out NIC t i  for the purpose d  ultracentr tfugation of the 
extract without preliminary concent ration m the preparative ultra* entrtfugc 
The ctl la  were e s t r t e te d  in a cold room at 4aC. and the extracts  wet* hept 
under refrigeration until the analytical ultracentnfugation could bt made One 
part by weight of the damp cetla wat ground in a mortar with a p«»ti*, ua.ng 
• i t  part# of 100-meah carborundum by a atandard technique The tame weight 
of cetla waa alwaya extracted in the tame tt»e mortar with the tame amount 
of grinding. The ground preparation wee then attracted with two pa r t i  of 
water or other appropriate solvent, depending on the individual experiment,
After being mined with (titer aid (Hyflow Supercelll the preparation wa» 
filtered through a thin filter aid pad with vacuum. The ground, once a t t r a c t ' d  
preparation waa a t t rac ted  again with one part of the aoi ent and filtered again 
The combined opalescent filtrates were stored in the refrigerator until 
centrifuged.

Several of the ear l ie r  analytical ult recent nega t ions  were made at 44,b$0 
vpm for the purpose of studying the fore peek All later experiments were made 
at 14,640 rpm and the sedimentation pattern waa photographed at twovmnute 
intervals In the photographs presented the boundaries are  moving under the 
centrifugal field from left to right, Photograph* presented in  this report 
were chotoft gg the t ime believed to show beet the various boundaries pteaent 
in the preparation. This time la usually 6 to g minutea a lter  the machine 
reaches speed. All photographs comparing preparations made under different 
conditions are taken at the egual times after the mac hine is up to tpesd.
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Section 1

Study of the Storage PecompotUlon ot the Vet t t  E n t ra n t  j

During the ttudy of (Iw ultra centrifuge w*i not olwoye immediately 
ovttUble. When the tedimentotion patteme of stored lomplet  were examined, 
appearance of * new peek w*i obeerved.

Method
In order to obtain w or t  mlornuiton on thit phenomenon, a n e w  to l l -  

free extract  wot prepared and aliquot* wtro centrifuged ^  *• *0, 14, and II  
dtye after preparation. The u t r i d  woo otortd at approximately 4 °  C during 
iK« ttudy period. Figure* t through 4 ohow photograph* of their • rd im m u n o n *  
after 16 m i n u i r *  of centrifugation ot 24,440 rpm.

Nr  t u l l e

It con ho observed thot under the condition* of ttorage the microtome 
pooh docrooooo in eiar.  gradually disappearing with t im i .  Concomiuntly o 
•eeond peak. todimttiling moro alowly, appears, but it dot?eaee« in oiae ogoin 
with timo of ttorogo. It woo o t to  ohoorvtd thot the oxtrocto of thv tUrved  
coUt hove a heterogeneous forepeak ttdimtntlng moro ropidly thon the micro* 
tome fraction, Tbit i t  believed to repretent t  polymer!**d decomposition 
product of the ml c ro t  owe e (too Fig. 4). Furthermore,  thit forepeak particle 
group disappears from the tedimenUtton pattern very strikingly o» cell divi*ion 
it  induced by the Addition of utitiotble nitrogen. Thit forepeak fraction tedimentt 
end t p r to d t  to  ropidly thot o peak it  vioible only during the time the ultra- 
centrifuge ie accelerating up to tp e td  (42,440 rpm), or only ohortty ofter t t  
the lower-opted centrifugotiont. The time relotionehip for Ihe tppeoronce of 
the new peek end the ditoppeoronct  of th« microtome peok ouggett* thot the 
former may be derived from the Utter  o* o reeult of dtcompoeition.
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Alltr  1 day • storage at 
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r ig .  4

Af te r  14 day* ' s torage at

M

ZN-948

F if.  J

Altr r 10 day*’ storage at 

4 ° C

Centrifuge sedimentation p a tte rn* of c e l l ' l r s o  yeast prepara tion* after  
16 minuti a centnfuginy at M , hlO rj.m. F ig u re*  l •* rtpreaent various 
t im e *  of storage in thr r H r ^ r r ^  or at -2° C.
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Fig.  *

After l \  days’ at
•1°  c

J6 minutes  centrifuging

V ' “• ■■ ‘i b

Fig.  6

Photograph of heterogeneous appeaTin* 
forepeak which sediments before S78 
fractions in prepara t ions  from starved  
Cells only. The sharp peak about 
1/8 m. below the meniscus is the S78 
fraction. The peak below the a rrow 
spreads rapidly with further centnfuga* 
tion.

4 minutes centrifuging

ZN-947
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Section 11

Studies of the M ac ro m o lecu ls r  Compoa.i ton of Dividing Yeast  Cultures  

Method

Nit rogen-s ta rved yeas t  suspensions  p r e p a r e d  a i  p rev ious ly  desc r ibed  

w ere  induced to divide by the addition of y e a t t  ex t rac t .  Cel ls  so  t r e a ted  

w ere  harvested  and ce l l - f r e e  ex trac t*  p r e p a r e d  1.75, 3 .5 ,  and 5 .0  hours 
a f te r  the addition of the  yeas t  ex t rac t .  A c o n t ro l  harvest  was m ad e  of the 

s t a r v e d  cel ls .  P a r a l l e l  observations  of the ce l l  division (budding) was 

c a r r i e d  out.

Resul ts

The sedimenta t ion  pa t te rns  of the  above  p repara t ions  a re  p re sen ted  in 

P ig s .  7-10. It was o b s e r v e d  that two or  poss ib ly  th ree  new components  

a p p ea re d  in the dividing -cell ex t rac t s .  At 1 .75  hours  a f te r  the addit ion of the 

yeas t  ex t rac t ,  when l e e s  than 1% of the c e l l s  have fo rmed vis ible buds,  very 

l it tle dividing-cell components  a r e  p r e s e n t  in the u lt racentri fuge  sedimentation 

p a t te rn .  After 3 .5  h o u r s ,  however,  when approx im ate ly  30& of the  cells 
a r e  budding, the new component!  a r e  p r e s e n t  in the e x t ra c t s .  The extraction 

technique is  s t a n d a rd i s e d  and roughly quanti ta t ive ,  excluding such  possib.  ities 

a s  changing e x t ra c ta b i l i ty  with stage of ce l l  divis ion.  Examination of the a rea  

of th e  m ic rosom e peaks  in the above f igu res  indica tes  that the  a r e a  of the 
m ic ro so m c  peak i n c r e a s e s  as  the cel ls  co m m e n ce  dividing. F u r t h e r m o r e ,  

th i s  increment in the a r e a  of the peak does  not occur before the  appearance  
of the dividing -cell components .  The a p p a r e n t  increase  in the quanti ty  of 

the m ic ro so m es  p r e s e n t  in dividing c e l l  p r e p a ra t io n s  is in a g r e e m e n t  with the 
observat ions  of J e e n e r ,  5 who has d e m o n s t r a t e d  that the RNA concen tra t ion  of 

the cell s  is p ropo r t iona l  to  the ra te  of ce l l  division.  The yeas t  m ie r s o m e  

f rac t io n  has been r e p o r t e d  to have 80£  of the  ce l l  RNA and to be 4 4 ^  RNA by 

composi t ion.  *
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F»g. 7

Control »u rv f« i«cc l l
pr<>p4 r a t i o n

ri«. «

P r e p a r a t i o n  of s t a r v e d  
C f l i l  1. 73 hours  a l t o r  
i r r d i n g  u t t l i i i b l e  n i t r o g e n

ZN-946
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F ig . 9

P re p a ra tio n  o f s ta rved  c e ll*
3. 5 hours a fte r  the add ition  of 
u ti l ic a b le  n itro g e n

F ig . 10

P re pa ra tio n  of s ta rve d  c e ll*  5 .0
hours a fte r  the a d d itio n  of 
u tiliz a b le  n itro g e n

ZN-945

A l l  p a tte rn * on th is  page were photographed a f te r  8 m in u tes ' ce n trifu g a tio n ,*  
t im e d  fro m  "u p  to  speed". The p re p a ra tio n *  were a l l  ce n trifu g e d  at 
52, 640 rp m .

i
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The microsome partic les appear to d ecrease  quantitatively (as judged 
by the decrease in area under the peak in the sedimentation pattern) with 
time of starvation in the glucose buffer solution. Compare Fig. 10, which 
is of dividing cells, with Fig. 7, which has been starved 48 hours, and also 
with Fig. 14, which was of a yeast preparation starved  205 hours.

In the interest of c la rity  throughout the following discussion the various 
peaks observed in the sedimentation pattern have been designated alpha, beta, 
and gamma in the pattern from  a preparation showing decomposition during 
storage of the cell free ex trac t. The peaks appearing in the sedim entation 
pattern  from  divlding<ell preparations have been designated 1, 2, and 3 
(see F ig . 11).

After it was observed that the preparations were unstable on storage 
in the refrigera to r, care was taken to centrifuge a ll  preparations within 18 
hours. Stored preparations had no apparent decomposition in this tim e period.
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F ig .  11

Sedim enta t ion  pa t te rn  showing 
des ignat ion  of m acrom olecu la r  
components p r e s e n t  in decom pos
ing e x t r a c t s  of s ta rved  yeast 
(see text ,  page 13).

Sedimentat ion  pa t te rn  showing 
designation of components 
present  in f r e s h ly  prepared  
ex t rac ts  of dividing yeasi 
cel ls  (see text ,  page 13).

ZN-950
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Section 111

Study of F le isc h m a n 's  C o m m e ric a l B aker1! Y east

It seem ed  d e s ira b le  to  d e te rm in e  w hether the d iv id ing-cell com ponents 
o b se rv e d  in section  II w e re  s tra in  sp ec ific . C onsequently , the study w as 
ex tended  to include F le is c h m a n 's  y east.

M ethod

S tra in  S .C . 7 y e a s t, s ta rv e d  and d iv id ing , w ere  com pared  w ith  c o m m e rc ia l 
y e a s t cake, a s  p u rc h a se d  and  in the dividing condition . The F le is c h m a n 's  cake 
w as induced to divide by suspending it in \% YED through  w hich s te r i l e  a ir  
w as bubbled. The d iv id ing  y e as t was h a rv e s te d  a f te r  S h o u rs . A p a ra l le l  
p re p a ra t io n  of S .C . 7 w as m ade. C ell-free  e x tra c ts  w ere p re p a re d  a s  d e sc rib ed  
u n d e r g en era l m ethods.

R e su lts
The dividing c o m m e rc ia l y east w as o b se rv e d  to  have the sam e  com ponents 

1, 2, and 3 that a re  o b se rv ed  in the dividing S .C . 7 c e lls  (F ig . 12). E x tra c ts  
of the sam e c o m m e rc ia l y eas t pu rch ased , how ev er, d e m o n stra ted  a  d ifferen t 
sed im en ta tio n  p a tte rn . C om ponent 1 w as a b se n t and e ith e r com ponent 2 or 3 
w as o b serv ed  to be p re s e n t  (F ig . 13). It w as o b serv ed  that S .C . 7 dem on
s t r a te d  the sam e sed im en ta tio n  p a tte rn  as  u n tre a te d  c o m m erc ia l y e a s t  a s  they 
changed  from  the log p h ase  to  the sen escen t p h ase  of the grow th c y c le .
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Fig.  12

Sedimentation pattern of cell 
extract  of dividing commercial  
yeast.

s

Fig.  15

Sedimentation pattern of cell 
extracts prepared from 
commercia l  yeast as purchased. 
The sedimentation pattern of 
the extracts  from haploid (SC7) 
cells harvested in the early 
senescent stage of the growth 
cycle a r e  the same.

I

r
mm

f e - :
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Section IV

Studies of Various Conditions of Extraction of the 
______ Yeast M acromolecular Components______

Method
Dividing S.C . 7 ceils were extracted, a fte r  being ground in the way 

previously described, with glycine or phosphate buffers of 0. 1 M concentration 
and of pH values ranging from  pH 4.2 to  9 .7 . In addition, the influence of 
ionic strength on the solvent was investigated at pH 7. 0 by making extractions 
with th is buffer at 0. 1, 0 .05 , and 0.01 M salt concentration. Chao and Schachman2 
report an improved solvent for the extraction of the microsome (component alpha) 
fraction . The stability of the dividing-ceil components, as well a s  of the com 
ponents present in starving cells, was investigated by extraction in Chao and 
Schachman's solvent and in a 10 times concentrated solution of this salt m ixture.

Results
The dividing-cell components appear to be stable at the pH 6-7 range and 

from  0.1 to 0.01 M concentration at pH 7 .0 . The m icrosom es (component 
alpha) of the dividing-cell preparations appear to be more stable than the m icro
som es of starved cells, as there is apparent polym erisation in ex trac ts  of 
starved  cells at pH 7 .0 , 0.01 M, or even at 0. 1 M solvent concentration. The 
degree of polymerisation of the starved-cell m icrosom es is much g rea te r at 0.1 
than it is with 0.01 M solvent. The C-and-5 solvent is therefore able to improve 
the stability of the m icrosom es. Dividing ce lls  likewise showed no polym erisation 
when extracted with e ither concentration of the C-and-5 solvent. E x tracts of 
starved  cells, however, showed considerable polym erisation with e ither con
centration of the C-and-5 solvent. Dividing-cell components 2 and 3 a re  more 
easily  destroyed than is component 1; the la tte r  is  present in ex trac ts  ranging 
in pH from  4. 2 to 9. 7. Components 2 and 3 of the dividing cells a re  present 
only in the pH 6-7 range.

The preparations in this study were examined only once, within 18 hours 
a fte r preparing the ex trac ts , and the Influence of tim e of storage on the patterns 
observed is unknown.
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Section V

Study of the Influence of x-ray Irradiation 
on the P resence of Yeaat M lcrosom es

Billen and Volkin* reported that x-radiation of m icroorganism s (E. coh), 
followed by bubbling a ir through a glucose buffer suspension of the cells, resu lted  
in the loss of roicrosom ea from the sedimentation pattern  of cell extracts. The 
study reported here  was initiated to make a sim ilar study in yeast cell p rep a ra 
tions.

Method
The haploid S.C. 7 yeast w ere grown in a thin layer on YED medium in 

petri plates fo r 48 hours at 30°C. On half the plates the yeast was irradiated  
with 40, 000 rep  under the conditions described in general methods. This dose 
is 99. 99% lethal, if colony form ation is used as a c rite rio n  of survival. After 
irradiation, the cells were harvested  from both the control and the irradiated 
plates by suspending them in 4% glucose M/15 KH^PO^. Air was bubbled 
through the suspension as previously described for the purpose of aeration.
The cell-free ex trac ts  were p repared  in the usual m anner. Since the above 
authors had published i3hly an ab strac t at the time this was written the conditions 
of their experim ent were not p rec ise ly  known. T herefore, the experiment was 
repeated three tim es. The cells w ere bubbled 48 hours in the first, 80 hours 
in the second, and 205 hours in the th ird  experiment.

Results
Irrad iated  cells were observed to have no change in their sedimentation 

pattern under any of the conditions listed above. F igure 14 gives a comparative 
example of the norm al starved and irrad iated  cell ex trac ts .
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1

F ig . 14

Sedim iatation pattern photo
graphs of norm al (at left) as 
compared to X 4rradiated 
cells (right). All cells were 
given the sam e treatment 
except that the irrad ia ted  cells  
were given 40 kr of 50 kv 
x-rays at 25 tna. After 
irrad ia tion  the cells  were sub
jected to nitrogen starvation 
for a considerable period of 
time before the cell-free 
preparations  were made and 
studied in the u ltracentrifu^e. 
The above photographs were 
msde six  minutes after the 
u ltracentrifuge (Spinco) was 
up to speed a t 52, 640 rpm.
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Section VI

T he Study of the Influence of X -ray I r ra d ia tio n  on the A bility 

of I r ra d ia te d  C ells  to  P ro d u ce  Dividing C e ll C om ponents 

O bserved  in N o rm a i Dividing Y east C ell E x trac ts

Since e x trem e ly  h igh  d o ses  of ir ra d ia tio n  a re  n e c e ssa ry  to  in fluence  
m e ta b o lism , w hereas re la t iv e ly  low doses p roduce  le th a l effects in the  sam e 

o rg a n ism , it was b e lieved  of in te re s t  to  study the  influence of rad ia tio n  on a 
p o ss ib le  syn thetic  ab ility  of c e l ls  a fte r they a re  induced  to  divide.

M ethod
S. C . 7 c e lls  w ere  p re s ta rv e d  in the u su a l g lucose buffer so lu tion  for 

48 h o u rs . A co n cen tra ted  su sp en sio n  of the c e lls  w as Spread out on a  2% a g a r  

p la te  a n d , a f te r  the w a ter had  soaked into the a g a r  o r  evaporated , the  su rfa ce s  
of the p la te s  w ere i r r a d ia te d  w ith  40 k rep  of x -ray s  under the usual conditions 

p re v io u s ly  d e sc rib e d . T h is  d ose  was 99.99% le th a l under the conditions used.

A c o n tro l suspension  was t r e a te d  iden tically  ex cep t fo r the ir ra d ia tio n . A fter 

i r r a d ia t io n  the ce lls  w ere  a e ra te d  in  glucose buff r  fo r  24 hours. C e ll 

d iv is io n  w as then induced by adding fre sh  1% YED m edium  and the c e l ls  w ere 
h a rv e s te d  5 hours la te r  and e x tra c te d  in the u su a l way.

R esu lts

The u su a l d iv id ing-cell com ponents w ere o b se rv ed  in the co n tro l and  in 

the i r r a d ia te d  c e lls . The y e a s t  c e ll  is  ap p a ren tly  not influenced by a 99. 99% 

le th a l d ose  of x -rays in i ts  a b il i ty  to  produce the d iv id ing-cell com ponents.

D iscu ssio n

The p o ss ib ility  th a t the new m acro m o lecu la r com ponents o b serv ed  in the 

dividing y e as t c e lls  m ay be a r t i f a c ts  of the m ethod m u s t be co n sid e red . T here  

a re  re p e a te d  studies showing an absolu te c o rre la tio n  betw een the condition  of
’B

the d iv is io n  in  the^culture and  th e  ab ility  to d e m o n s tra te  new com ponents 

(1, 2, and  3) in ce ll e x t r a c ts .  In no case  has it  b e e n  p o ssib le  to  d e m o n stra te  

any of th e se  com ponents in  s ta rv e d  yeast c e lls , ex cep t possib ly  one (com ponent 1) 

as  a r e s u l t  of decom position  of the  e x tra c t upon s to ra g e . The ap p ea ran ce  of
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these  new co m p o n en ts ,  as cells  a r e  t r a n s fo rm e d  from  the r e s t in g  to the 

dividing condition , has been d e m o n s t ra te d  in section II of th is  rep o r t .  The loss  
of two of the d iv id ing-cell com ponents (1 and e ither  2 or 3) has  been d em o n s tra ted  
in section  HI of th i s  r e p o r t .  The v a r ia t io n  in m a c ro m o le cu la r  composition with 
the change in physio log ica l  conditions, using the sam e e x tra c t io n  technique, 
would lend support  to  the argum ent th a t  the new com ponents a r e  not a r t i fa c ts  of the  
ex trac tion  techn ique . A study has been m ade in which the e x trac t io n  solvent w as 
varied  in its pH and ionic s treng th  (sec t io n  IV). It was o b se rv e d  that the d iv id in g 
cell  com ponents (1, 2, and 3) w ere  mere s tab le  under a v a r ie ty  of conditions then 
a re  the m ic ro so m c s  (component a lpha) .  R igorous proof th a t  b io log ica l com ponen ts  
a r e  not a r t i f a c ts  is  difficult to e s ta b l ish .  The p re fe r r e d  m ethod  is the d e m o n s tra t io n  
of the un im pa ired  biological function of the  pa r t ic le .  T h is  c o u r s e  is not open in 
the p re sen t  study because  the b io log ica l  functions of the p a r t i c l e s  in question a r e  
unknown, and th e y  have yet to be iso la ted .  Components quite  s im ila r  to the 
dividing-yeast com ponents  have been  o b se rv ed  in e x tra c ts  of o th e r  m ic ro o rg a n is m s  
by Schachman e t a l  (4), although no c o r re la t io n  with the condition  of cell d iv is ion  
was noted. The physiological condition of the o rgan ism s s tud ied  was re p o r te d  b y  
the  above au th o rs  to be late log phase  o r  e a r ly  sen escen ce ,  b u t ' i t  is  probable th a t  
the s tab ility  of the  d ividing-cell com ponents  is quite dependent on the physio logical 
conditon of the c e l l .  Also s tab ility  of th e se  ce llu la r  com ponen ts  may vary  with 
the species  c o n s id e re d .  E ither of the  la s t  two p o ss ib i l i t ie s  could explain d i f f e r e n c e s  
between yeast and  o th e r  species so f a r  a s  the sed im entation  p a t te rn s  re p o r te d  by 
the above au th o rs  a r e  concerned. It a p p e a r s  c e r ta in  that the  appea rance  of the 
dividing-cell com ponen ts  is quite dependent on the physio log ica l condition of the 
yeast studied. T h a t  the  ex trac tion  p ro c e d u re  may produce an a r t ifa c t  dependent, 
in some way, on the  dividing condition of the cells  cannot be conclusively  excluded  
a s  a possib il ity , a t  the  p resen t t im e .

It is in te re s t in g  the Lindquist m a k e s  no mention of any  component s im i la r  
to  component a lp h a  (m icrosom es)  in h i s  re c e n t  study of h igh-m olecular-w eight 
compounds from  bo ttom  and top b r e w e r 's  yeas t.

The s im i la r i ty  of component 1 in dividing cells  to com ponent beta  in 
decom posing-ce ll  e x t r a c t s  is a p p aren t  f r o m  the photographs. Beta seem s to  be 
derived  by the slow decom position of com ponent alpha. D i r e c t  proof of the iden ti ty  
of beta and 1 is ,  how ever, lacking. Speculation regard ing  a re v e r s ib le  p r e c u r s o r -  
product re la t io n sh ip  between beta and a lp h a  and 1 and a lpha  i s ,  the re fo re ,  
unsupported by e x p e r im en ta l  evidence.
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The p resence  of the  d iv id ing< e ll  com ponents  in F lc is c h m s n 's  cake yeast 

d u r in g  div is ion  is ev idence  tha t these com ponents  a r e  not confined to  one par* 
t i c u la r  s t ra in  of yeas t. S tudies of o ther sp e c ie s  of o rgan ism s  to d e te rm in e  

the  g e n e ra l  o ccu r ren c e  of m acro m o lecu la r  s p e c ie s  in dividing c e l l s  would be 

of cons ide rab le  in te r e s t  f ro m  the genera l  b io lo g ica l  viewpoint.

It is a d is tinc t p o s s ib i l i ty  that the new m a c ro m o lecu la r  p a r t i c le s  observed 
and  re p o r te d  here a r e  of som e fundamental im p o r tan ce  in the p ro c e s s  of re* 

p roduction  of the c y to p la sm ic  p a r t ic le s  du rin g  c e l l  division. F u r th e r  study, 
p o ss ib ly  by isola tion and  ch em ica l  c h a ra c te r i s a t io n ,  may give som e insight 

in to  the  poorly unders tood  p ro cess  of c e l l  d iv is io n ,  and yield som e information 

re g a rd in g  the ch em ica l  an d  physical p ro p e r t ie s  of these p a r t ic le s .  A ttem pts  to 

deve lop  a  method of iso la t io n  of the new div id ing-ce ll  components a r e  now being 

m ad e .

Under the conditions of the ab o v e-d esc r ib ed  experim ents  no influence of 

x - i r ra d ia t io n  could be o b se rv e d ,  e i th e r  on the s tab il i ty  of m ic ro s o m e s  in yeast 

c e l l s  o r  on the ab ility  of y e as t  cells  to p roduce  the dividing-cell com ponents.

S u m m a r y ;
C ell-free  e x t r a c t s  of dividing yeast c e l l s  w ere  observed to exhibit severa l  

new m ac ro m o le cu la r  com ponents  not p re se n t  in re s t in g  yeast c e l l s .  The 

a p p e a ra n c e  of the new m a c ro m o le c u la r  com ponents  was shown to  be re la ted  to 

the  condition of ce l l  d iv is io n  by following the appearance  of the new components 
a s  c e l l s  in a s ta rv ed  c u l tu r e  w ere  induced to  d ivide by the addition of a n .  

in g red ien t  containing u ti l izab le  nitrogen. P r e l im in a r y  studies of the  stability  

of the  m a c ro m o lecu la r  com ponents  under v a r io u s  conditions of ex trac t io n  were 

m a d e .  I rrad ia tion  w ith x - ra y s  was found to have no influence on the stability  

of th e  m ic ro so m es  o r on th e  ab ility  of cells  to  produce  the new com ponents when 
induced to  divide.
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THE M ETABOLIC PR O PE R T IES OF VARIOUS M ATERIALS 
Joseph  G. H am ilton , M, D.

TRA CER STUDIES
LANTHANIDE AND HEAVY ELEM ENTS

Joseph G. H am ilton , P a tr ic ia  D urb in , M arsh a ll P a r r o t t ,  M arilyn Hemenway,
M arg a re t G ee, and  Ruth Newm an

This w ork  is  be ing  continued a c tiv e ly , using the p ro c e d u re s  desc rib ed  in 

p rev ious q u a r te r ly  r e p o r ts .  R are  e a r th s  of v e ry  high sp ec ific  a c tiv ity  a re  being 

used , and a re  in je c ted  via the in tra m u s c u la r  route using  adu lt Sprague -Dawley 

fem ale  ra ts  a s  th e  la b o ra to ry  an im a l. E ach  ra re  e a r th  is  com plexed with sodium 

c itra te , and in je c ted  as  an iso ton ic  so lu tio n  a t about pH 8.

C erium -144

The 64 -and 256-day ce riu m  s tu d ie s , w hich had p rev io u s ly  been set up, 

are continuing, and  w ill be re p o rte d  on when the 256-day study is com plete.

Thulium

In a s im ila r  m an n er th ese  t r a c e r  s tu d ies  a r e  being c a r r ie d  through 256 

days. A com ple te  re p o r t  on the  m e ta b o lism  of th is  e lem en t w ill be m ade when 

the 256-day study  is  com pleted .

Europium -152, 154

Data fro m  th e  1-and 4-day t r a c e r  ex p erim en t a re  now availab le  and appear 
in Table 1. R esu lts  fo r the mare ex ten d ed  in te rv a ls , nam ely  the 64-day and 

256-day s tu d ie s , w ill ap p ea r in a sub seq u en t rep o rt.

A m ix tu re  of eu ro p iu m -152, 154 w as obtained from  O ak Ridge a s  solid 
E u ^ C ^ O ^ jj. The eu rop ium  oxalate  w as d isso lv ed  in 4N H^SO^, and a  fraction  

of th is  w as fu r th e r  d ilu ted  in a sodium  c i t r a te  so lu tion  (30 p g /m l)  a t a  pH of 8 

fo r an im al in jec tio n  by the in tra m u sc u la r  ro u te . The g e n e ra l a sp e c ts  of the 

techniques used  w e re  the sam e a s  th o se  d e sc rib e d  in the p rev io u s  rep o rt given
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on c e r i u m - 144, and five r a t s  w ere  used  fo r  e ac h  t im e  in te rv a l .  In o r d e r  to 

m in im ise  the amount of s tab le  europ ium  given, the  an im a ls  r e c e iv e d  only about 2 

m ic r o c u r i i s  of europium -152, 154. To fa c i l i ta te  the  counting of such  a sm a l l  

am oun t of activ ity , the  a sh e d  an im a l sam p les  w e re  d isso lved  in a su itab le  amount 

of 4N HNOj and aliquots of the  ac id  solutions w e re  t r a n s f e r r e d  to gold p la te s  for
counting on a thin-window G e ig e r  counter a t the  b e s t  possib le  g eo m e try .

■
A p p ro p r ia te  co rre c t io n s  w e re  made for se lf -abso rp tion .

It m a y b e  noted tha t the  liver  uptake is  ap p ro x im a te ly  one-half tha t of the 

ce r iu m -1 4 4  at the 1 -an d  4-day tim e  in te rv a ls ,  and  th e re  ap p ea rs  to  be a 

s ign if ican t in c rease  of deposit ion  and re ten tio n  by the skeleton. T h e re  may be 

seen  here a trans it ion  point between ra d io c e r iu m  and the heav ier g roup  of which
1

the thulium-170 studies  g iven in the last rep o r t  s e r v e  as an excellen t exam ple .

The sam e effect in the c a se  of th u liu m -170 m ay  a l s o  be seen w ith the  6 -day 

lu te tium -177, which is the la s t  of the r a r e  e a r th  group and — owing to  the  

lan thanide  con trac tion  — p o s s e s s e s  the m ost ac id ic  p ro p e r t ie s  of the  group. The 

lu te tium -177 data a r e  shown in Table II. H ere  the liver  uptake is  about one- 

tw en tie th  that of c e r iu m -144 and the deposition in the  skeleton n e a r ly  th re e  tim es  

g re a te r .

T e r b iu m -160
D eta iled  studies em ploying  the 76-day t e r b i u m s h o u l d  be highly 

in te re s t in g ,  and will cover the usual tim e in te rv a ls  up to at leas t  64 days a n d  

poss ib ly  256 days, depending upon whether su ff ic ien t specific a c t iv i ty  fo r  

s a t i s f a c to ry  completion of the  256-day tim e in te rv a l  is possib le .

Attention should be d ra w n  to the fact that th e se  r a r e  e a r th s  have been  

made availab le  to us th ro u g h  the cooperation and  continuing in te re s t  of P ro fe s s o r  

Seaborg  and his co lleagues . N eedless  to say , we a t  C rocker L a b o ra to ry  a re  
m ost g ra te fu l  for the opportun ities  made ava ilab le  to us by bis group.

Rad iu m -22 3

An a ttem pt wai m ade  to  secu re  s a t i s fa c to ry  64-day data, but owing to  

the high degree  of rad io to x ic i ty  of the a lpha-active  isotope of rad iu m  and  the 

en erg y  re le a s e d  su cc e ss iv e ly  f ro m  its  a lpha-ac tive  daughter  p ro d u c ts ,  it was 

not fe a s ib le  to adequately  do  a 64-day e x p e r im en t .  The rad io tox ic ity  of th is  

rad io e lem en t has been d e m o n s tra ted  and is p re s e n te d  la te r  in th is  q u a r te r ly  re p o r t .
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Table I

EUROPIUM»152, -154

The Deposition of Europium-152, -154 Complexed with Sodium Citrate in the 
Rat 1 and 4 Days after Intram uscular Injection. Values a re  Corrected for 
100 Percent Recovery and E xpressed  in Per Cent of Absorbed Dose. Each 
Rat Received 1.75 M icrocuries of Europium -152, -154, 5. 2 Micrograms of 
Europium, and 5.7 M illigrams of Sodium Citrate

Tissue

% per 
organ

1 day

% per 
gram

4 days

% per % per
organ gram

Spleen 0.15 0.20 0. 13 0.21
Blood 0.10 0.01 0.06 <0.01

♦ Liver 33.3 4.94 25.0 2.69
Kidney 3.36 1.86 2.39 1.23
G astro-
intestinal
tract 1.17 0.14 0.92 0. 12

G astro-
intestinal
content 4.11 - 2.02 -

Muscle 3.09 0.03 3. 17 0.03
♦♦Skeleton 35.3 1.40 35.6 1.40

Balance 4.71 - 2.65 -

Skin 3.03 0.08 2.43 0.06
Urine 11.0 - 16.6 -

Feces 0.68 - 9.08 -

Left leg 15.9 14.1
Actual Recovery 106.5 109.4

♦Mean Std. E rro r ±1.6 ±0. 35 ±1.3 ±0. 10
**Mean Std. E rro r ±1.9 ±0. 09 ±1.8 ±0. 11
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Table 11

The Deposition of Lutetium-177 Complexed with Sodium C itra te  in the Rat 1, 4, 
end 16 Days Following Intram uscular Injection. Values a re  C orrected  for 100 
Percent Recovery and Expressed in P e rcen t of Absorbed D ose. Each Rat of the 
1-, 4-,and 16-Days Groups Received 7. 3, 5. 7, and 29.2 M icrocuries Lutetium-177 
Respectively; 0. 47, 1.4, 1. 9 M icrogram s Lutetium Respectively; 4 .8 , 5 .4 , and 
7.2 M illigrams Sodium C itrate. The Standard E rro r of the Mean for the Liver 
and Skeleton is Shown at the Bottom of the Table.
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T h o r iu m -227

D ata  a r e  now av a ilab le  fo r  thorium -227, w hich w as com plexed w ith  sodium  

c itra te  and  given by the in tra m u s c u la r  route to  a d u lt Sprague -Dawley fem ale  

r a ts .  T he  an im a ls  w ere  s a c r if ic e d  a t in te rv a ls  of 1, 8, IS and 32 days a f te r  ■ 

in jec tio n . Since the decay  of th o riu m  by alpha e m is s io n  (h a l life 18 .6  days) 

to ra d iu m -223 (half life 11 .2  days) r e s u lts  in  only a tra n s ie n t eq u ilib riu m , it 

was found n e c e ssa ry  to s e p a ra te  the th o riu m -227 f ro m  its  ra d iu m -223 daugh ter 

and f ro m  the tis su e  a sh  by c h e m ic a l m eans. The sep a ra tio n  was c a r r ie d  out by 

em ploying a  m odification  of th e  TTA e x trac tio n  m ethod  developed by  S co tt and 

H am ilton  fo r the se p a ra tio n  of plutonium  fro m  a n im a l a sh . The m ethod is as 

fo llow s: The sam ples w e re  d isso lv e d  in -4N HNO^ and a  su itab le  a liquo t was 

p laced  in  a  cen trifuge  cone. To the sam ple w e re  added  6 mg of La(NO^)3 and 
10 m l of 12N H F, w ith s t i r r in g .  A fter cen trifu g in g , the  su p ernatan t w as d i s 

c a rd e d , 10 m l of 1 .5N  H F w as added, and the  p re c ip ita te  was re su sp en d ed . 

A fter a  second  cen trifu g a tio n  the  sup ern atan t w as again  d isca rd ed . The p r e 

c ip ita te  w as d isso lved  by  th e  add ition  of 25 m l of sa tu ra te d  Al(NO^)^, th e  pH 

of w hich  had been  a d ju s ted  to  1 .5  w ith the ad d ition  of NH^OH. A fter the 

p re c ip ita te  w as d isso lved  the  liqu id  w as t r a n s f e r r e d  to  a sep a ra to ry  funnel 

and e x tra c te d  w ith 10 m l of 0 . 25 M TTA in b e n se n e . The aqueous lay er w as 

d isc a rd e d  and tjie organic la y e r  w ashed tw ice w ith d is tille d  w ater and then  

b a ck -ex trac te d  w ith 2N HNO'j. An aliquot of the  u i tr ic  acid  layer was then  

p ipetted  onto a gold p la te  fo r  a lp h a  counting. S am p les  thus p re p a red  w e re  

counted im m ed ia te ly  |o  th a t th e  grow th of the rad ium -223  daughter would not 

in te r f e r e  w ith the th o rium  coun t. E ach  tim e sam p le s  w ere counted an  a liquo t 

of the  d o se  w as a lso  c h em ica lly  e x tra c te d , so  th a t a d ire c t m easu rem en t of the 
th o r iu m -227  was p o ss ib le . The decay  of the th o r iu m -227 -rad iu m -223 m ix tu re  

was m e a s u re d , as  w ell as  th e  d ecay  of the tho riu m -2 2 7  sam ples e x tra c te d  

from  th is  m ix tu re , both a s  a  ch eck  on the pu rity  of th e  p rep a ra tio n  and a s  a 

check on the  a c c u ra cy  of the ch em ica l sep a ra tio n .

K. G . Scott and J . G . H am ilto n , P ro c . Soc. E x p tl. B iol, and M ed. 83, 
301-305, (1953). ~
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The r e s u l ts  of the thorium -227 d a ta  together with the s tan d ard  dev iation  
appear in T ab le  III. The low le v e l, on both  a per-gram and a per-o rg an  b a s is ,  

in the liv e r  and  sp leen  indicate th a t l i t t le  if any of th e  th o riu m  227 ex isted  in 

the body in a  c o llo id a l s ta te . The fa c t tha t ab so rp tio n  w as a lm o s t com ph te 

from  the s ite  of in jec tion  ind ica ted  the value of using sod ium  c itra te  as a c o m - 

plexing agen t. Note should be ta k en  of the high sk e le ta l v a lu e s , which re m a in  

e ssen tia lly  unchanged throughout th e  tim e  in te rv a ls  f ro m  1 to  32 days. T h e re  

appeared  to  be a  l i t t le  in c rease  of e x c re tio n , but its e ffe c t w as sm all, and up to  
the 32-day in te rv a l ,  although som e lo s s  of th o riu m -227 f ro m  the  a sso c ia te d  

tis su e s  w as to  be expected, the e ffec t w as not la rg e  ex cep t in the blood, k idney  
and g a s t r o in te s t in a l  tra c t .

Iro n -5 9
---------- 59The F e  s tud ies have been co m p le ted . The p u rp o se  of th is  ex p erim en t 

is to  s e t up the p ro ced u res  for study ing  the dam age to  the  blood-form ing t is s u e s  

in the acu te  and  long-term  changes of iro n  m etabo lism  a s  a  function  of dose 
of in te rn a l i r r a d ia t io n . The ir r a d ia t io n  m ay be from  su ch  so u rc e s  as  the b e ta -  

active  lan than ide s e r ie s ,  rad ium -223, and  m em bers of the actin ide  group, 

including actin ium -227  and possib ly  a s ta t in e -211. Iron-59 w as given in trav en o u sly  

to  adult Sprague-D aw ley fem ale r a ts  a s  the  a sc o rb ic  a c id  com plex  p re p a red  

acco rd ing  to  th e  m ethod d esc rib ed  by W introbe et a l. * B ecau se  the iro n -59 uptake 
in the re d  c e l ls  is  to  be used as an  index  of the dam age to  th e  blood-form ing 

tis su e s  in the  ch ro n ic  rad ia tion  s tu d ie s , in which o ther ra d io e lem en ts  w ill be 

p re sen t in the  s a m p le s , the .7-day sa m p le s  w ere su b jec ted  to  a ch em ica l s e p a ra tio n  
as  follow s: The sam ples w ere d is so lv e d  in 8N HC1 to  w hich w as added 5 .4  m g of 

F e C lj .  The sam p le s  w ere then e x tra c te d  tw ice with an  eq u a l volum e of d i 

isopropy l e th e r .  The e ther was e v ap o ra ted  to  d ry n ess  in  p o rc e la in  counting 

d ishes to  w hich had been added 4 m l of 2N HC1. This tech n iq u e  ap p ea rs  to  be 
sa tis fa c to ry . The re c o v e ry  values a r e  occasionally  e r r a t i c ,  bu t fa ir ly  re lia b le  

in view of the type of chem ical s e p a ra tio n  em ployed.

2 W introbe, M .M .,  G reen b erg , G. R . , H um phreys, S. R . , A sh en b ru ck e r, H. , 
W orth, W. and  K ram er, R. J . , C lin , Invedigation  2£, 103 (1947).



Table  ID

The Deposi t ion  of C a r r i e r - F r e e  Thorium-227 Complexed with Sodium C i t r a t e  in the Rat 1, 8, 15 and 
32 Days A f te r  In t r am u scu la r  Injection. Values a r e  C or rec ted  for 100 P e r c e n t  Recovery  and  E xpres sed  
in P e r c e n t  of Absorbed D ose .  Each  Rat of the 1 - a n d  4-Day Groups Rece ived  0. 77 M i c r o c u r i e s  of 
T h o r iu m -2 2 7  and 1.5 M i l l ig r a m s  of Sodium C i t r a t e ;  Each Rat of the 15- and 32 -Day Groups  Received 
1. 54 M ic r o c u r i e s  of Thor ium-227 and 3 .0  M i l l i g r a m s  of Sodium C i t r a t e .

c
9
r*

ff
9
a

Tissue 1 da 8 days 15 days 32 days «D

% per % pe r % per % per %  pe r % per % p e r % per ir»
n

organ g r a m organ g ram organ gram organ gram *

Spleen 0.36 0 .5 3 0.30 0.52 0. 40 0. 70 0. 32 0.48
Blood 0.27 0 .0 3 0.06 <0.01 0 .0 2 <0.01 < 0 .0 1 -

♦  Liver 4.70 0. 72 4.09 0.45 5. 20 0. 56 4 .6 6 0.53
Kidney 4.44 2 .66 3.26 2.01 2. 25 1. 32 1. 73 1.03

G a s t r o 
in te s t in a l
t r a c t 2.13 0. 30 1.74 0.24 1.68 0. 22 1. 36 0.19

G as t ro - u>
in te s t in a l
content 1.17 _ 0.38 - 0 .2 3 - 0. 14 - ?

♦♦Skeleton 64 .9 4 .00 66. 3 3.69 6 5 .7 3.46 68. 3 3.50
Muscle 5.16 0 .06 3.41 0.03 3.91 0.04 3.96 0 .04
Balance 4.48 3.86 - 3.61 - 2 .5 6 -
Skin 3.73 0..14 2.84 0 .  10 2 .90

o
s

©

2 .5 0 0.09
Urine 7.00 . 8 .67 - 10 .9 - 11. 1 -

F e c e s 1.51 . 5. 11 - 3.23 - 3. 32
Left  leg 6.26 8. 12 6 .0 9 5.71

Actual
R eco v e ry 100.0 98.6 95 .6 91 .5 C

O

♦Mean Std.
±0.48 ±0.06

50
r

E r r o r ± 0. 15 ±0.04 ±0. 35 ±0.03 ±0.57 ±0. 08 &

♦ *Mean Std. 
E r r o r ± 0 .8  ±0.10 ± 1 .2 ±0.04 ±1.1 ±0. 12 ±0.6  ±0.07
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The ra p id  accum ulation in the  e ry th ro cy te s  a t th e  3-day in terval a g re e s  
quite c lo se ly  w ith the data given by  F u rch n e r  and S t o r e r . ^  The high l iv e r -  

uptake va lu es  observed  a re  thought to have been due in p a r t  to the blood p re s e n t  
in this o rgan ; s im ila r ly ,  a r a th e r  high value, in t e r m s  of concentration p e r  g ra m  
of the a d m in is te r e d  dose, m ay  be noted in the sp leen . It is  difficult to d e te rm in e  
which f r a c t io n  re p re se n ts  ra d io i ro n  accum ulation  held up in these organa and 
how m uch m a y  be  rad io iron  b ro k e n  down from  p re v io u s ly  tagged e ry th ro c y te s .  
The data  fo r  the  3-, 7-, 14-, and  2 8 -day tim e in te rv a ls  a p p ea r  in Table IV.

D uring  the  past  q u a r te r ly  in te rv a l  a s e r ie s  of ad u lt  Sprague -Dawley 
fem ales weighing approx im ate ly  250 g ra m s  each  have been  given actin ium  

chloride com plexed  with sodium  c i t r a t e  at a pH of ap p ro x im a te ly  8 by i n t r a 
m u scu la r  in jec tion . The a c t in iu m -227 had been p re v io u s ly  freed  from  i ts  r a d io 
active d e sc e n d en ts .  The a n im a ls  a r e  to be s ac r i f ic e d  in groups of five a t 
1 , 4 ,  16 and  256 days. The use  of sodium  c i t ra te  in th is  experim ent is to 
secure  rap id  absorp tion  from  the  s i te  of injection and  thus obtain a  c l e a r e r  p ic 
tu re  of the  b ehav io r  of th is  p a r t i c u la r  rad ioe lem en t a s  f a r  as  its  m etabolic  
c h a r a c te r i s t i c s  a re  concerned .

3 Los A lam os  Report, L A -1544, M arch , 1953.



TABLE IV
The  Deposition of I r o n -59 Complexed with A sc o rb i c  Acid in the R at  3, 7, 14, and 28 Days  Following
In travenous  Injection. Values a rc  C o r r e c t e d  fo r  100 Percen t  R e c o v e ry  and E x p r e s s e d  in  P e rcen t  J
of A dm in is te red  Dose .  Each  Rat Received 3 .0  M icrocur ies  Iron  59, 14. 5 M ic ro g ra m s  I ron  and t
0.  5 M il l ig ram s  of A s c o rb i c  Acid at pH® . as

- T i s s u e 3 days
& g t S

. 7 days

2>r jjSn

14 days 28 days

Spleen 0 .95 1.44 0 .9 9 1.87 0.95 1.34 1.28 2. 18

•“Red  Blood
Count 52 .5 10.9 45 .7 8.18 38 .2 7.26 47.1 8.72

♦ ♦ L iv e r 20 .0 2.45 19.0 2. 12 2 2 .9 2 .68 25 .7 2.69
Kidney 2. 10 1.19 2.71 1.37 1.90 1.03 2. 32 1.19
G a s t r o 
in tes t ina l
t r a c t 3 .47 - 2 .63 - 1.62 - 1.81 -
Skeleton 8 .36 0.41 9 .64 0. 36 8.54 0.45 9. 13 0.37
M usc le  • 7 .6 7 0.07 11.7 0 .09 8.09 0 .07 12. 1 0.10
Skin 4. 22 0.11 5 .69 0. 12 4.62 0.12 4.47 0.11
Urine 1.45 - 2. 15 - 2.80 . 2.43 -
F e c e s 4 .9 4 - 10.0 - 15.0 - 11 .2 -

Actua l
R ecovery 115.9 87 .6 89. 1 89. 7

♦M ean  Std.
E r r o r ±1 .0 ±0. 3 ±3 .4 ±0.50 ±3.0 ±0.56 ±2.0 ±0. 37

♦♦Mean Std.
E r r o r ± 0 .9 ±0. 19 ± 0 .7 ±0.09 ±1.4 ±0. 16 ±1.4 ±0. 14

(t
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ASTATINE STUDIES: DISTRIBUTION

An experim ent w m  net op to  d e te rm in e  the  o ra l  abso rp tion  of u u t m t  

in the r a t  following in t r a g a s t r tc  ad m in is tra t io n .  The purpose of doing thia 

ex p e r im en t  w u  to  d e te rm in e  an approx im ation  of the feasib il ity  of giving 

a a ta tm e  by mouth in t r a c e r  am ounts  to hum an sub jec ts  auffering f r o m  

d if fe ren t  type# of thy ro id  d is e a s e s .  F ive  p la teaued  Sprague -Dawley fem ale  

r a ta  w e re  uaed. Each r a t  rece ived  62 .5  * l i c r o c u r i e t  of a a ta tm e , and  the 

d a ta  a r e  sum m arised  in Table  V. The point of im portance e a i  to a s c e r ta in  
w he ther th e re  was a  m a rk e d  d e c re a se  in the accum ula tion  of a s ta t in e  by the 
th y ro id  gland. F ro m  the tab le  it may be noted tha t the accum ula tion  by the 

th y ro id  gland averaged  1.06 percen t a f te r  su i ta b le  c o rrec t io n  had b een  made 
fo r  re co v ery  which in i t s e l f  was quite good. * T h is  value it s ligh tly  le s s  than 

the  uptake following in travenous  a d m in is tra t io n .  An in te re s t in g  ob se rv a tio n  
was the high level of a s ta t in e  in the g a s tro in te s t in a l  t r a c t  and its con ten ts .  

When asta tine  was given in travenously  the am ount p resen t at 19 h o u rs  was 

ap p ro x im a te ly  22 p e rc en t ,  w hereas  in th is  ex p er im en t the am ount p r s s t a t  was 
found to be $6.6 percen t a t 24 hours. How m uch  of th is  r e p re s e n ts  unabsorbed 

m a te r ia l ,  and how m uch recycling , is  not c l e a r .  Inasmuch as  the  an im als  
w e re  fas ted  24 hours  p r io r  to  the ad m in is tra t io n  of a s ta t in e ,  the q ues tion  of 
a b so rp t io n  in the food does  not appear to  be a s ignificant fa c to r .  F inally , 

it m u s t  be rem e m b ered  th a t  th is  was a pilot ex p er im en t to d e te rm in e  the 

fea s ib i l i ty  of o ra l  a d m in is t ra t io n  of a sta tine  in sm a l l  am ounts in hum an beings.
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TABLE V

The D is tr ibu tion  of A statine  in  the Rot 24 Hours a f te r  In irag a s tr i f  A dm in is tra tion . 
Values P r e s e n te d  Are E s p r e r s e d  to  P ercen t of A d m in is te red  Dote and A re  
C o r re c te d  fo r  Deviation of R e c o v e ry  to  100 P e rc e n t .  E t c h  Am rm i R ece ived  42. S 
M ic ro cu r ie s  of A tu tm e  in Iso ton ic  Saline,

p £
T i s s u e % p e r %  p e r

t r i i n
I

$ S p le e n 0 .  J ? 1 . 0 ?

U v t r

G a s t r o -

1 .4 5 0 .  17

i n t e s t i n a l
t r a c t 5 4 . 4 •

C i r c s n 1 1 .4

S k m 1 4 .2 0 . M

T h y r o i d 1 .0 4 •

U r in e 4 . 5 9
* 1

F e c e s 0 .  95 -

A c t u a l j

R e c o v e r y 9 S . I %
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ASTATINE: MBTOPATHOUXJr
P a tr ic ia  D urbm , M u rie l J ik - t iM . M i t ih tU  P iflflW  |

Nyian Jeung and Jo sep h  C . H am ilton

H ietopatho log icet pr»p«r«tio& i m o c i i u d  with d if fe re n t ex p erim en ts  

cu rre n tly  under way have been m ade m r c r e a s in g  num ber a . A good 4**1 

of addition*! in fo rm atio n  her been accu m u la ted  la  the a s ta tin e  stud ies. The 

e x p e rim en ts . d e sc r ib e d  in t b u  re p o r t  and p resen ted  w ith a i« n « «  of photo* 

m ic ro g rap h s , w a r t  done with a s ta tin e  p rep a ra tio n *  of w hich  an estim ated  
20 p ercen t of th e  a s ta tin e  w et in  th e  co llo id a l s ta te , h h a s  been  shown tha t 

accum ulation  of a s ta tin e  by the th y ro id  gland is  not s ig n ifican tly  influenced 

when tom e of the  Astatine u  in a c o llo id a l s ta te . Thus, the pho to m icro g rap h s 

•bow changes of th e  thy ro id  gland u n d e r th ese  conditions th a t m ay bs con* 
s id e red  e s s e n tia l ly  the tam e as fro m  ad m in is tra tio n  of th e  m o re  recen t c lean  

p re p a ra tio n s  in  w hich no colloid w as p re s e n t. In the lym ph nodes and sp ie s  a 
the g re a te r  accu m u la tio n  of a s ta tin e  th a t ie p a rtia lly  c o llo id a l m ey be 

an tic ipated  to  p ro d u ce  a  g re a te r  e ffe c t , since the te te t ta e  uptake under th e se  
conditions is  som ew hat g re t te r  in  th e s e  o rgans,

F ig u rs  I show s s pho to m icro g rap h  of thyro id  t is s u e  a ra t  that re ce iv ed  
by in travenous in jec tio n  a to ta l of 110 m ic ro c u r ie s  of a s ta tin e  (which was  

squivalent to  0 . 7* m ic ro c u rie s  p e r g ram ) wae e sc r if ic e d  at the end of two 
dsye. The th y ro id  gland thow ed no ev idence of change f ro m  the  norm s! ra t 

thyroid  gland. F ig u re  2 p re sen ts  a  pho tom icrog raph  of t is s u e  thy ro id  gland 
of s  ra t that re c s iv e d  the sam e am ount of a sta tin e  and w as s a c r if ic e d  at the 

sam e tim e . H ere  m ay he s e ta  som e apparen t changes in  th e  colloid which 

would suggest e a r ly  dam age.
An e x tre m e  deg ree  of in ju ry  to  the thy ro id  gland of th e  r a t  can be 

seen  in F ig . 1. In th is in s tan ce , the  an im al rece iv ed  17* m ic ro c u rie s  of 

a s ta tin e  by in trav en o u s  in jection , or 1 .8  m ic ro c u n e e  p e r  g ra m , and was 
sac rif iced  at th e  end  of five days. A few fo llic le s  m ay be seen , which 

appear to be devoid  of collo id , and the  fo llicu la r c e lls  have lost th e ir  n o rm al 

s tru c tu re . T h e re  was evidence (not shown in the p h o tom icrog raph ) of som e 
hem m orrhage and in filtra tio n  by po lym orphonuclear c e l ls .  T his type of 

in jury  was seen  to  th e  sam e degree  in  o ther an im als f s c s iv in g  th is  dose of 
asta tine and a lso  sa c r if ic e d  at the end  of five days.
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%

th m #  Mg* b*> i t t i  *a F ig . 4 the M« *4t*ct a l daily
*1 * h *  «» | |  >Aj*(ttioa «d ^ K M tiv m  ad-d* *1 the 4<M« Wh I

at 14 p* » |« * | to t Oft* waefc p t r ( « 4 f t |  th* «4m im «trftU M

«t !* •  4 i « i  4  * m t  ** m  1 .4  n u t t « n t t ; « i  p*r g u n  by * t»gw , t h t

**tt«ftv«4 At th* '**4 mt 14 4a v i. TM  t b i t t c i  ot
•ppate*** » i* t } ( « % t d 4  gU »4# . i  M U l t t .  T M  |»M t«cn«« effer* upon 

the U | r « 4  |4 « 4 ,  4 4  M t app y to  the iftifA dl * i * v i t l t ,  li t i
b*«o*ft-.ftg **et*ft* «m » ftpp*;«*t th a t p r« tr* a tm en t with s tab le  p o l tM tu n  iod ide 

a» th*»* #*.gh 4mi k w l#  c u h tiu  t *  th* r M it to m a ty  not on;r ot M t i t t a t .  but 

Sift* H  « rap*  , TN» up**ft «M thyro id  gland *«» M t wnespccted, m o t m uch

*• it h i«  W ** button p re tv ea tm * * ! o4 r a t i  with »t*b » pM*»»t4tn iodide 
4» t ««*•< * t |«  4ft* onm o»;«ft ot i iU t t f tc  n  i h  th y ro id  | 4 a4.

An U ‘*mp» U i  b**ft mod* to  c N iv i tU  the b i t t ^ U o l o g i d l  c l t n g c i  in 

the i iv e ra , lym ph ftfttUftt I«4 ftpl®*** ot ra ts  that have received  u t i t m r  at 

ttwr W that rang* »itfc p d  w ithout p re t  realm * *1 with i t* I U  g e t t m u n  iodide at 
th# do** ***• .•  iM <«itr4 above. F g*r« $ i lo w i  f t*  r l i n |« «  observed  ia  th* 

Ituet <4 ft u t  that tod  M»tiv«*4 1 ,1  m itro i* n « »  oi i i i i t  nr per g ram  and 

U4 i . h i f 4  at 14 4av#( having had »o p « t r u t m » n t  o . ? t  p o ta ts io m  .o d d * , 
f ig u r e  g p iM c n i i  a ptotorm* ro g r  aph ol a liver Iran i an o th er an im al, w hich had 

received  tb* a*m a amount *4 a tta in t*  and * * •  s a c r i l lc e d  at 10 day*, but bad 
r n * » w 4  p r* t t e a t  m eat with i u b l *  .od dr tor »,a day*. T h ere  ap p ea r! to  be ft 

d ifference  ift th*  r  stopathoiogK a* changes. O bvioualy , much effo rt m ust be 

4* voted to  4 . l t * n a «  oh*tht t the#* d iffe ren ces . w hich  a re  guile obvioua h e r* . 
Art <>t g i iU t i t  a; « gn I a ar.ee „ T h a t*  would te a m  to  be a g re a te r  d eg ree  of 

hr path .« in ju ry  to th o te  an im al*  which were not p re tre a te d  with r u b le  iodide 

than pf#*f« a ted  im n u i i ,
f i g u r e !  y and I  a re  r* p r* te n ta tiv e  pho tom icrograph*  ot m e re n te r ic  

lym ph node* at th* 9 0  * .th  and without p ro tv a a tfM t with potassium  iodide, 
re sp e c tiv e ly , Th* doa« level ol a s  ta rn *  war tb# ta m e ,  nam ely 1 ,1  m ic ro -  

Cur i f !  p«» g ra m  tor ra« h am m ftl. The p h o to m icrog raph  shown in Ft*. 1 was 

obtain* d tr  urn an an.m a: »a< r f u * d  at 11 days, and tha t im F ig , I  fro m  one 
M e r it tc rd  »n 7 d*y*. The v a n a t .o n s  ui the date ol s a t f i l l e t  a n t e  from  the 

l a d  that w* at** a*i* mpMng to  ob tain  at the fam e  tim e  reasonab ly  adequate
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rig, 4
T i »  affect of p re t r e a tm en t  with p o t a s s iu m  iodide upon the thyroid gland 
of a rat  subsequently  given 170 r o t c ro c u r t e s  of as ta t ine ( 1 .8  rmcrocur ies  
par  grant} by intravenous  injec t ion and sacr if iced  ten  days  l a te r ,  x 100.
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rt*. i
A s e c t io n  f rom  the l i v e r  oi  a r a t  which had r e c e i v e d  no p r e t r e s t m e n t  with 
s t a b l e  iodine but hsd b e e n  given 1. 8 m i c r o c u r i e s  of a s ta t ine  p e r  g r a m  by 
i n t r a v e n o u s  in jec t ion a n d  sac r i f i ce d  at 14 d a y s .  The d i s to r t i o n  of the  
n o r m a l  a r c h i t e c t u r e  and the h e m o r r h a g e  a r e  noteworthy ,  x 100.

I*

»
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F i g .  *

A sec t ion  f r o m  the l iv e r  of a  r a t  w h ich  h4d r ece ived  d a y s ’ pret  r r4 tm en t  
with s t a b l e  p o t a s s i u m  iodide a n d  th e n  was  given 1.8 m i c r o r u r i e i  ef  a s ta t ine  
by i n t r a v e n o u s  in jec t ion and s a c r i f i c e d  at  10 days.  D i l a t a t ion  of the s inusoids  
and lo ss  of nuc l e a r  s t r u c t u r e  a r «• the p r im  ip^l o b i e r \  at ion* to  be m ade  in 
this  p a r t i c u l a r  s ec t ion .  * 100.

ZA-H4
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le thaitt) data. vh»n the *pp<4*» to b*. the po*r*. of #*al.h *t *S «*4 n lieed ,
B*c4ue« it U no* <*4# b it to  m»<nU.ik « l4-k--.r obittvitiCR os the 
and the groups a r t  am*U, tfc* se variation* in the i i c i l i u i  date# nr * n tv ttd rit. 
The im prrseton to  4*t«, tot which theee two photem. .rag*eph* or*

rv  d fn c r , ti  that p v i t tn tm iX  resu lts  .ft | f  t« tT  to
the cervical and m esen teric  lymph node*. In the tp.een, it*. p icture i t  u  yet 
ill dcfin-d and m utt await the ic ;am ;U u » n  of mo*e data. It should b* ponded 
out that these ira m iii  received im tm e  preparations tbot o-sr* ( i t *  of 
colloidal particle* such a t  « « r t  observed and described i* thie and a pr«vioet 
quarterly  report.

Figur* 9 prve* m t a photograph of * r* t which had r*c»iv«d 1.1 micro* 
curio* of astat.ne*2il 40 days previously and « u  ?b day* of age at the time 
he photograph waa taken. On l i t  right u  shown a control atum al 49 daya of 
age. The difference m length of the two anim als is apparent. T gure 10 
preaente a sim ilar picture* but &n thia caaa radioiodide waa given ra ther 
than aatatine. The control rat on the right waa 19 days of age when the photo* 
graph w it taken and the experimental animal on the left was 0? day* of age* 
T his rat received 70 m icrocuries of radioiodide per gram and the photograph 
was taken lb days later

The presence of colloidal particles in the aatatine preparations may he 
significant, both in the m ortality  aspects of high doe* levels of th is radio* 
elem ent and in the hist opal hological changes, la the preceding quarte rly  
re p o r t , photomicrographs of colloidal partic les containing astatine in the liver 
were shown. When thia effect waa recognised, subsequent experiment* were 
perform ed with m ate r.a l known to contadn colloidal particle* upon which 
presum ably some of the aatatine was adsorbed. The presence of these p re 
sumed colloidal partic les containing astatine was demonstrated by the us* of 
NTB stripping film em u.iion , The liver experim ents were rspeated  in more 
detail; also, the spleen and boot marrow were examined by thia ra d io 
autographic technique 19 hour a after the intravenous adm inistration of b0 
m icrocuries of astatine to each rat. Further cor.tr o..ed experim ents were 
also  done, In which the astatine was filte red  thro-gr. a fritted g lass disk 
and centrifugation waa done at 100,000 G fo r 30 minutes. Whenever 
preparations were used that had not been filte red  and aubjeeted to u ltra- 
csntrlfugation, a ta rs w ere teen  in the stripping  film  emulsion, indicating the
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ZN-915

Fig.  7

A ic c i io n  f rom a m e s e n t e r i c  lymph node of a ra t  which had had no p re t rea t*  
ment with pota ss ium iodide and received  I . b m i c r o c u r i e s  per  g ram  of 
a s ta t ine  by in t ravenoui injection,  and was sac r i f iced  at II days. T he re  may 
be seen  evidence of m a rk e d  hem orrhage ,  at rophy and loss of the no rm al  
s t r u c tu re .
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2N-9I6

Tig. 8

A section f r o m  * lymph node of .» r a t  which had been p r e t r e a t e d  with 
potassium iodide for six days and then received 1.8 m ic ro c u r ie *  of a. itatine 
by int ravenous  injection and wa* sac r i f iced  at 7 days .  The degree  of atrophy 
and h em orrhage  appears  more  extensive than in Fig.  7. x 100,
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ZN-917

Fig .  9

Left: a rat that had rece ived  l.H m ic rocu r ie *  per {ram of a s ta t ine  and 
was  55 day* of a^e at the  t ime of injection.  Thr picture was taken 40 days 
l a t e r .  The control  an im a l ,  on the right , was  day* of a.;*-.
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Fig.  10

Left: a ra t  that had received  70 rm c r o c u n e *  per  g r a m  of radioiodine at an 
age of 52 days .  The photograph wa» taken 55 day# l a te r .  The cont rol  on 
the r ight  w a i  89 da/« of a^e.
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pretence  of aggregates of astatine Atom* in liver, spleen. *nd bone marrow,
The trea ted  astatine preparation* showed no a ta r i  in any of t l i l l  three t»i*u*i. 
Thu evidence u  corroborated by tracer studies employing «iUtin« that had 
not been filtered and centriiuged a* deicrtbed e a r l ie r .  The untreated preparation* 
of aatatine gave much higher net at me content ut the liver and ipleen than the 
treated  preparation* of aatatine. It ia of tat eve at that when an untreated prep 
aratlon of aatatine waa administered mt r ape r it one ally , there were fewer atare 
lo b e  **ea in the spleen, liver, and bone m arrow  than when the aatatine waa 
administered intravenously. This would euggeat that the peritoneal membrane 
served  to act a i a filter.

As a corollary to thia work, a careful search  of the literature was made for 
lethality data on io d in e 4 l l ,  We were interested in comparing whatever relative 
biological effect* might must between aatatine 4 1 1 and iodine 1)1 in the rat.
The search  proved fru itie r* . Accordingly, it wag decided to set up a group 
of experiments to ascertain  approximately the lethality of iodine 4 It in 
Sprague 4>awley female rat* approximately DO gram* in weight and §§ 
day* of age. These param eter*  were selected to  that the brat poesiblr com* 
parison could be made to the aatatine lethality studies. Initially, four groupa 
of ten rata each were used; they received the radioiodide by intrsperiUmral 
injection. The initial doea level* employed were 10, $0, $0 and 70 micro* 
curies  per gram respectively. The percent lethality at JO daya wa* 10, SI,
SI, and SS, respectively, for these four doae level#. The animals that 
died the firet three daya after the administration of radioiodide showed grossly 
very little except for hemorrhage in the thyroid gland; the largest number of 
ea r ly  deaths wae within this time interval. About the 15th day, the animal 
receiving the two higher dose level* developed a rather curious resp ira tory  
symptom, which could be heard when listening to the animals breathe in a 
quiet a rea . The sound might be beet described a t  having a quacking quality, 
and presumably arose from  radiation damage to the larynx and trachea as a 
re su l t  of accumulation of radiolodide by the thyroid gland. Crossly, the 
lymphatic structures (which Included lymph nodes, spleen, and thymus) appeared 
to be slightly hyperemic; surprisingly these were not markedly reduced in 
sixe. The thyroid gland appeared very sm all, was white, and was firmly 
attached to the trachea by fibrous tissue. Hiatopathologicsl preparations
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•  Would be m ad# available lor the n ea t  q u a r te r ly  r e p o r t .  The  *Him ino«i of 

•mount U  to ta l  body Irrad ia tion  re c e iv e d  U  somewhat d iff icu lt ,  (o r  severa l  
r i l i o m ,  Spue r and ( i c U i t l t l  did not p e rm it  the m ain tenance  of 30 anim aU 

at on# tint* in .separa te  m e tabo lism  cage#  to  that the f rac t io n  of iodin# excreted  

could bo a c c u ra te ly  es tab lished . m o re o v e r ,  tb o r t  was no available  facility  

for de te rm in ing  th# to ta l amount of activ ity  in oach an im a l fo r  tho f ira t  24 hou r* .

It m u lt  b# kept in mind that iodine U  rap id ly  ex cre ted ,  excep t for that a c c u m u 

lated and re ta in e d  by the thyroid  g land . Another fac to r  waa that the an im ate  had 

to  be m ain ta ined  In groups In the c a g e s ,  and th e re  waa aotne c ro s s - i r ra d ia t io n .
•tnce th e re  an im a la  tend to s leep  In a group ra th e r  than a p re ad  about the cag e .  

C ircu m etan cea  w ere  euch that som e th ree  to five anim al*  w ere  m aintained in 
each cage , but the individual cage* w ere  aepara ted  f r o m  one another by adeq tu ie  

lead ahlelding. However, from  m aking the beat app ro x im a tio n  poeelbta, U 

would appear re a so n a b le  that groups r e e l i n g  the value* for the 10, 30, 90 and 

70 m ic ro c u r ie a  p e r  g ram  w ere  152, 11b, 660 and 121 r e p  resp ec tiv e ly ,  T h ese  
values would a p p ea r  t o b s  aomewhat out of line in light of the  f a d  that only 

\s percen t of the  high»4ose-level g roup  died in th# f i rst  10 days. This work is 

being continue**; a  m ors de tailed  r e p o r t  will be p re se n te d  and attempt* will he  

made to m o re  a c c u ra te ly  evaluate  the amount of to ta l body ir rad ia tion  re c e iv e d  

by each an im a l.
In the p rev ious  q u a r te r ly  r e p o r t  It waa mentioned tha t p re trea tm en t w ith  

■table p o ta ss iu m  iodide apparently  enhanced the le tha lity  for r a ts  of both 

a s ta t in e -2 I t  and x*ays»  This work is  now bslng ve ry  a c t iv e ly  pursued , and in the 
next q u a r te r ly  rep o r t  a complete account should be p o s s ib le ,  estab lish ing  the 

significance of th is  effect in young and plateaued Sprague -Dawley fem ale  r a ta  

t re a te d  with 230 KVP a -rays . By th is  t im e ,  ws will have accum ulated  s tud ies  

on near ly  200 a n im a ls ,  which should substan tia te  how r e a l  th is  affect may be.

The rad io tox ic ity  studies with r a d iu m 4 2 3  a re  b ring  continued and a m ore  co m p le te  

re p o r t  will be p resen ted .
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ACETIC ACID

Winifred Bennrtt ,  Sibyl C o l t ,  H'. H . Raymond, and Boyd M, Weeks

h  previously reported studies of chemical change induced in aquo> 
organic eycietne by cyclotron irradiation* it e«» neceeeary to uee beam 
intensities >0.100 ga to ineure quantitative measurement wth the then 
I *i «t mg beam-monitoring equipment. It hae been apparent for tome time, ae 
discussed in earlier reports, that it would be deeirabie to obtain data at lower 
beam intensities, eothat result* from cyclotron irradiation studies could be 
more adequately correlated with other current research, much of which U done 
with radioactive sources and at considerably lower dose levels. Recently, the 
Crocker Laboratory cyclotron group installed a beam monitoring circuit which 
permit* radiation chemical studies to be maoe with existing target assemblies 
at beam intenaiUee as low a t 0.010 pa. Data have been obtained on the acetic 
acid system at this dose rate level.

Irradiation of dilute aqueous solutions of acetic acid reeults in the 
formation of hydrogen, hydrogen peroxide, and succinic acid ae principal 
products at radiation do te• below l x 10*® rv/m l. The product yield, C , 
Increases with acetic acid concentration and approaches a limiting value in the 
range 0.25 • 1.0 M acetic acid. With 3S44ev helium ions at a beam intensity

• t.Oiof 0, 2 pa for a total does of 0. 030 g ahr the limiting values are C u
R 3 *Q|g • 0, d6; C * 0. 16 , On the basil of recent work on the mechanism

of water decomposition by ioniiing radiation, it would appear that the total 
number of water molecules dissociated by the primary procesa

H20  — *  H ♦ OH

iH zO ------- A W — *  Hj ,  Hj!0 2

( I )

O')

is a constant equal to **3.2 independent of the type of radiation; i . e . , ionisation 
density is important only in determining the relative number of water molecules 
decomposing via Eq. (1) or (!')• Therefore, in the irradiation of dilute acetic

1. Radiation yield (C) represente the number of molecules formed or decom
posed per 100 «v absorbed energy,

2. Quarterly report, July, August, September, 1953.
3. E. J. Hart. ANL-4633.
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acid with 15-Alev helium ions, the hydrogen yield should Approach a value of at 
least 1.5 * 1.6 unless a net reduction of acetic acid is involved. No such reduction 
has been detected in amounts that would account (or the low hydrogen yield 
(Ou « 1.0) at 0.200 pa. Apparently, as discussed in previous reports2, the 

1 4radlcal<atalysed recombination of hydrogen and hydrogen peroxide is Involved;

»2 4 OH — — ► H20 ♦ H, w
H * H2°2 “ —  H,0 ♦ OH . <»

The H and OH radicals are regenerated, and in pure water the chain is term inted 
by reactions of the type

OH * »2°2 — +  H02 ♦ H20, (4)

ho2 ♦ H -----?  H2°2 • (5)

In acetic acid, competing reactions for OH and H are involved: 
OH + A ■■■■■» A* ♦ H20,

H ♦ A ---------► A* ♦ H2.

H ♦ A' --------■+■ A .

( b )

( 7 >

(8 )

Although evidence for Cq. (7) has been obtained2, reaction (6) is considered the ‘ 
principal source of A' (CH^COOH), which dimeriaes to form succinic acid by 
the reaction

2 A* ------- §» S . (9)

As the H2 and H20 2 concentrations increase, reactions (2) and (3) become more 
important. This results in a decrease In the experimentally observed radiation 
yields for H2 and H20 2* Therefore, to insure that initial yields are being 
measured, both a low dose rate and low total dose are necessary. We have 
accordingly utilised the recently available facilities for monitoring low beam 
currents on the Crocker Laboratory cyclotron to study the effect of beam intensity

4. A. O. Allen, et a l . , J. Phys. Chern. 56, 575 (1952).
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on radiation yield* in a c e t ic  acid  solutions. Some of these  re su l t*  a r e  su m m arised  

in Table 1. It 1* a p p a re n t  by inspection of th e se  data that p re v io u s  s tudies  of 

0. 2 pa do not r e p r e s e n t  in it ia l  yields. At 0 .0 1 0  pa , however, th e  observed G 

va lues  for and Indicate that b eam  in ten s ity  effects a r e  becom ing

neglig ib le . F u r th e r  s tu d ie s  of dilute a c e t ic  a c id  solutions at low beam  intensity 
a r e  in p ro g re s s .

At higher a ce t ic  a c id  concen tra tions  the G values for hydrogen , hydrogen 

perox ide , and succ in ic  a c id  d e c re a se  l in e a r ly  above 1 M with in c re a s in g  acetic  

a c id  concen tra tion ; th e  G values for c a rb o n  diokide and m ethane , however, 

in c re a s e  linearly  w ith  a ce t ic  acid  co n cen tra t io n  from  0.0625 M^to 16 M acetic  

a c id .  It has been s u g g e s te d ^  that th is  l in e a r  dependency of c a rb o n  dioxide and 

m ethane  re p re se n ts  a d ire c t  in te rac tion  of the  effective rad ia t io n  with acetic  

a c id .  That th is  p r o c e s s  cannot be fo rm a l ly  re p re sen ted  only by

C H 3CO OH  ----- a  C H 4 ♦ CO^ (10)

is  indicated by the fa c t  th a t  carbon dioxide and  methane a re  not produced  in equal

am oun ts .  The r a t io  G ^ q  *• — 3 over the en tire  co ncen tra tion  range.
2 A

A reaction in addition to  tha t in Eq. (10) i s  p re sum ab ly  involved in the "direct 

e f fe c t" .  Some tim e  ago* it was found tha t ace tone  is produced  in the rad io lysis  

of 16 M_acetlc acid . M ore  recen tly , we have obtained cvicfence that to ta l carbonyl, 
ca lcu la ted  as ace tone , in c re a s e s  l in e a r ly  w ith  concen trs tion , and  a t 16 M 

re p r e s e n ts  a G value of r  1.50. M ass s p e c t r a l  analysis^  of th e  volatile  fraction 

se p a ra te d  from  an i r r a d ia te d  16 a ce t ic  a c id  solution by f r a c t io n a l  distilla tion 

showed only acetone and acetaldehyde in ap p rec iab le  am ounts . Acetone accounted 
fo r  approxim ately  80 p e rc e n t  of the o b se rv ed  volatile p ro d u c ts .  These  re su lts  

sugges t  that a second d i re c t  p ro cess  r e p r e s e n te d  by

2 CHjCOOH ........■»' CH3 CCX:H3 ♦ C 02 ♦ HzO (11)

is  involved. W hether o r  not reac tio n s  (10) and (11) involve r a d ic a l  in te rm ed ia tes  

is  yet to be d e te rm in e d .  If rad ica l  re a c t io n s  a re  involved in (10) and (11) it

5 We a re  indeb ted  to  D r .  Amos Newton fo r  th is  ana lys is  and  fo r  all gas 
analytical d a ta  p re sen ted .
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TABLE I

E ffec t  of Be4m Intensity  and  Exposure  T im e on Radiation Yields (G) 
in E v acu a ted  0.25 M A cetic  Acid Solutions — T a rg e t  Vol: 100 ml; 

R adiation: 35-Mev Helium Ions

In te n s i ty  (pa) E xp o su re  (pahr) C H 2° 2 G .

0 .010 0.005 0. 86 1.40 aa

0.010 0.005 0. 85 1.44 as

0.010 0.030 0.51 1.19 0 .4 0

0.200 0.005 0 .6 7 1.05 as

0.005 0 .6 6 1 . 10 aa

0 .030 0 .4 6 1.08 0 .3 6
0.060 0. 40 1.1 0 .3 2
0.100 0 .3 3 0.98 0 .3 2

1.00 0.050 0. 48 1.09 0 .3 4

* Radiation yield (G) r e p r e s e n ts  num ber of m o lecu les  fo rm ed  p e r  100 ev 
a b so rb ed  energy .

+* T o  be de te rm ined .
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would seem  log ica l  to a ieu m e  that th r e e  could compete with reaction* involving 

H and OH o r CH^COOH. The o b se rv e d  shape of the p roduc t yield cu rves  would 
indicate tha t su ch  p ro c e sse s  a re  not occurring. B ecause  of the im portance  of 
these phenom ena in both rad ia tion  c h e m is t ry  and rad ia t io n  biology, rad ia tion  
chem ica l s tu d ie s  of concen tra ted  so lu tions  a re  being conMnued.
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THE E F F E C T S  OF DISSOLVED OXYGEN IN IRRADIATION 
OF AQUEOUS SOLUTIONS OF ACETIC ACID

H. R. Haymond

Recent work on the p rob lem ha t  been re l a t e d  to (1) s tudies  of the effect# 

of d o t e  ra te ,  total d o t e ,  and acetic  ac id  concen tra t ion  on the yield* of the 

p ro d u c ts  of i r r ad ia t io n ,  and (2) definite identif icat ion of to m e  product*  indicated 

by c a lo r im e t r ic  t e s t s .  The data a r e  incomple te  and a de ta i led  d i scuss ion  will 
a p p e a r  in a future r e p o r t .

In the p re te n c e  of oxygen, the yield of succinic acid d e c r e a se *  and the 

y ie lds  of hydrogen perox ide  and carbon dioxide inc rease  a* c o m p a r e d  to amounts 
in solution* i r r a d ia t e d  in vacuo. However,  the  s to ich iometry  d o e s  not account 

f o r  complete oxidation of acetic acid to c a r b o n  dioxide nor for com ple te  co n 
v e r s i o n 2 of oxygen to  hydrogen peroxide .  One possibil i ty,  d i s c u s s e d  in a previous  

r e p o r t ,  is that oxygen re a c t s  with the r a d ic a l  CH^COOH to  f o r m  o ther  products 

a s  yet  unidentified. The investigations indica ted  above should help to clar ify  

how oxygen en te r s  into the react ions o c c u r r in g  during i r r ad ia t io n  and what the 

re su l t an t  products a r e .

GLYCINE 
B. M. Weeks

Various a sp ec t s  of the c u r ren t  study of the radiation c h e m i s t r y  of aqueous 

glycine solutions have been  d iscussed  in prev ious  quar te r ly  r e p o r t s  beginning 

with  O c tober -Decem ber  1952. Work in the past  quar te r  has been  d i rec ted  

p r i m a r i l y  toward the p rob lem s  involved in the separa t ion  and de te rm ina t ion  of 

the  severa l  n it rogen produc ts  as well as the purification of glycine for bom* 

ba rd m en t .

Chromatograph ic  technique

In addition to the v e r y  convenient and sensit ive  method of C** labeling for 

the dete rmination of product concentra t ion  in the column effluent in the c h r o m a 

tographic  frac t iona t ion  of the nitrogen p ro d u c t s ,  another method had to be 

developed that could be used  s im ul taneous ly  and independently so  that  c o 

chrom atographs  could be obtained and a l s o  s o  that l a rg e r  quan t i t ie s  of m a te r ia l  

could be analysed.  Severa l  different m ethods  were  tr ied ,  but it was  found most
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p rac t ic a l  to t i t r a te  d irec tly  with NaOH the hydrochloride s a l t !  of the minute 

amounts of the am ino  acid  and n i tro g en  baae products  th a t  come off the ion ex* 

change colum n. Since the e luen ts  used  a re  1 . 5 N t o 6 N H C l ,  every  t r a c e  of 

f ree  ac id  has  to  be rem oved f ro m  e ac h  sam ple (or aliquot thereof) before 

t i t r a t io n .  T h is  has been done so  f a r  in a large vacuum  d e s ic c a to r  at room  

te m p e ra tu re s .  Very s a t i s fa c to ry  e lu tion  curves have been obtained for s e v e ra l  

ta rg e ts  and for glycine contro l.

To fac il i ta te  collection of u n ifo rm  sam ples  of the co lum n effluent, an 

autom atic  sam ple  changer has b een  constructed . T h is  em ploys a 25-inch* 
d ia m e te r  h o rizo n ta l  tu rn tab le  with 60 equally spaced  r a d ia l  partit ions  into 

which b e a k e rs  or various  o ther c o lle c t in g  v esse ls  of f r o m  5 to 20 m l capacity  
can be a c c u ra te ly  positioned. If so m e  parti t ions  a r e  rem o v ed , b eak e rs  of l a rg e r  

capac ity  as well as G e iger coun te r  sam p le  d ishes , e tc .  can  be conveniently 

positioned; the capacity  of the  tu rn tab le  is thereby  re d u ced , however, f ro m  60 

collecting v e s s e ls  to 30, 20, 15, e tc .  , depending on th e i r  s ize . The tu rn tab le  

is au tom atica lly  advanced 6 d e g re e s ,  o r  one p a rti t ion , each  tim e a p re d e te rm in ed  

num ber of d ro p s  f ro m  the co lum n have fallen through an e le c t r ic a l  counting 

device into a collecting v e sse l  on the tu rn tab le . The d rop  fa lls  between two 

platinum  e le c t ro d e s  in an open tube between the d e liv e ry  tip  of the column and 
the co llec ting  v e s s e l .  The m o m e n ta ry  contact with the e lec tro d es  f i r e s  a 

th y ra tro n  tube which in tu rn  a c t iv a te s  the count re lay  of a  signal impulse co u n te r ,  

which upon com pletion of a counting cycle s ta r t s  the  tu rn tab le  motor. A cam  

on the m o to r  shaft ac tua tes  a  m ic ro sw itc h  for every  6 deg ree  rotation of the t u r n 

tab le ,  which au tom atica lly  shu ts  off the  m otor and r e s e t s  the im pulse co u n te r .

A heating and ventilating s y s te m  is  planned that will d ry  the sam ples  down 

more conveniently  than is  now p o ss ib le  with a conventional vacuum d e s ic c a to r .

Purification  of glycine for bom bardm en t

R epeated  re c ry s ta l l iz a t io n  f r o m  w ater of glycine a s  supplied by the
Nutritional B iochem ica ls  Co. see m s  so  fa r  to be f a i r ly  sa t is fac to ry .  However,

much glycine is  lost in the p r o c e s s ,  and some o ther p ro c e d u re  for the purif ica tion
14

of glycine labeled  with C is  n e c e s s a ry .  As d iscu ssed  in previous q u a r te r ly  
re p o r ts ,  th e re  a r e  objections to ch rom atograph ic  purif ica tion  methods. An 

attem pt has  th e re fo re  been m ade  to  develop a method of vacuum sublim ation  of 

glycine at te m p e ra tu re s  betw een 150° and 200°C. (Glycine m e l ts  with d eco m p o 

sition at about 230°C). F i r s t  ind ica tions a re  encourag ing , and perhaps the  method

can be used for the p rep a ra t io n  of l a rg e r  quantities of in e r t  glycine a s  well a s  
14the C -labeled m a te r ia l .
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SEPARATION OF FORM IC. G LY C O U C . G LYOXYUC AND 
OXALIC ACIDS BY METHODS OF PARTITION CHROMA

TOGRAPHY ON SILICIC ACID COLUMNS

W inifred B ennett and Sybil Cole

Evidence h a t b een  obtained^ which in d ica tea  tha t g lycolic , g lyoxylic^,

and  oxalic acida m ay be fo rm ed  in the rad io ly a ia  of aqueoua fo rm ic  acid

aolu tiona and in the ra d io ly a ia  of oxygen -aa tu ra ted  acetic  a c id  so lu tio n s .

M ethoda have been developed fo r the q u an tita tiv e  aep ara tio n  of th e se  acida in

ir r a d ia te d  fo rm ic  a c id  ao lu tiona. The a tan d a rd  p ro ced u re  of M arv e l and Rand^,

in w hich a w a te r-sa tu ra te d  bu tano l-ch lo ro fo rm  aolvent sequence ia  em ployed,
given a quantita tive  aep a ra tio n  of g lycolic  and  glyoxylic ac id a . O xalic  ac id ,

how ever, gives e r r a t i c  re su lts  and ia  not quan tita tive ly  e lu ted . A quantitative

m ethod fo r the se p a ra tio n  of fo rm ic , g ly co lic , glyoxylic and oxalic  ac id  has
8b een  developed using  a  m odification of the  m ethod  of Bulen , e t  a l .  The 

a tan d a rd  colum n d im en sio n s  and g en era l p ro c e d u re s  have b een  p rev io u s ly  
d e sc rib e d ^  in d e ta i l .  In the p re sen t m odifica tion  the colum n leng th  is 1. 5 

tim e s  tha t of the s ta n d a rd  colum n. The fo rm ic  and glyoxylic a c id s  a re  

s e p a ra te d  by e lu ting  w ith  10 p ercen t b u tan o l-ch lo ro fo rm  s a tu ra te d  w ith 0 .50  N 

hydroch lo ric  ac id . G lycolic and oxalic a c id s  a r e  then s e p a ra te d  by  25 p ercen t 
b u tan o l-ch lo ro fo rm . A ty p ica l ch ro m ato g rap h  fo r the a ep a ra tio n  of glyoxylic 

a c id  and oxalic a c id  ia shown in F ig . 1.

6 . P re p a re d  fro m  di-n-butyl d - ta r tra te  by lead  te tra a c e ta te  oxidation 
(N. E . T o lb e rt, unpublished p ro ced u re ).

7. C . S. M arvel and  R. D. R ands, J r . ,  J .  Am. C hem . Soc. 72, 2642 (1950)

8 . W. A. e t a l . , Anal. C hem . 24, 187 (1952).
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VOLUME OF ELUANT (ML)

Fig . 1
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N. B . G arden

PROGRESS REPORT

P rev ious p ro g r e s s  re p o r ts  have m en tioned  the la rg e -sc a le  o p era tio n  that 

took place in Bldg. 106, L iv e rm o re , in w hich equipment w as designed  and bu ilt 

by H ealth C h e m is try  fo r  p ro cess in g  m u ltic u rie  quan tities of f is s io n  p roducts 

com bined with m u ltic u rie  a lpha-em itting  su b s tan ces  w hich had been  ir ra d ia te d  

in  the M ate ria ls  T esting  R eacto r a t Idaho F a l l s .  As noted b e fo re , th is  opera tion  

consum ed the g re a te r  p a r t of the e ffo rt of the Equipm ent D evelopm ent and the 

A irborne  A ctivity C o n tro l g roups, w ith a s s is ta n c e  from  p e rso n n e l in  the o ther 

H ealth  C h em is try  g ro u p s . The m a te r ia l  w as p ro cessed  su c c e ss fu lly  and safely .

The over-a ll d esig n  of the setup  involved a com pletely  e n c lo se d  system  at 

sligh tly  negative p r e s s u r e ,  in which a ll  a i r  w ithin the sy s te m  (and th e re fo re  a ll  

a i r  in  contact w ith any  phase of the o p e ra tio n ) could be co m p le te ly  en trapped 

w ithin the sy stem , being  re c irc u la te d  a f te r  ch em ica l and p h y s ica l tre a tm e n t o r 

s to re d  as  in d ica ted  in expandable a c c u m u la to rs . The sy s te m  included  a c h e m is try  

p ro c e ss in g  box, a  m a te r ia ls  en cap su la tion  box, t ra n s fe r  b o x es, and expandable 

accu m u la to rs , sw itch ing  boxes, a i r  t r e a t in g  equipm ent, e tc . T he  c h em is try  and 

encapsu la tion  boxes w ere shielded by s tra ig h t-ty p e  lead cave w a lls , a c c e ss  and 

v is ib ility  being ach iev ed  through b a ll-so ck e t m an ipu la to rs  and  lead  g la ss  w indows.

The equipm ent fo r  chem ically  and  p h y s ica lly  tre a tin g  th e  o ff-gases and leaks 

in  the c losed  sy s te m  co n sis ted  of e le c tr ic  fu rn ac es  to rem ove hydrogen in a 

copper oxide bed , re c irc u la tin g  NaOH s c ru b b e rs  fo r ac id  v apo r and rem ova:. 

dew atering c o n d e n se rs , g raded  f i l te r  b e d s  (g la ss  f ib e r  and CWS No. 6) for 

p a r tic le  rem o v a l, and s ilic a  gel beds fo r  a i r  d ry ing . The c o n tro l m echanism  
and e le c tr ic a l  equ ipm ent em ployed invo lved  p re s su re -s e n s it iv e  re g u la to rs , 

r e c o rd e r s  and a la r m s ,  re f r ig e ra to r  s y s te m s , w a ter pum ps and  m oto rized  v a lv es , 

e le c tr ic a l  b lo w ers , continuous-flow  io n iza tio n  ch am b ers , s c r a p  sa m p le rs , f i l te r -  

p a p e r sa m p le rs , n u m ero u s m an o m ete rs  and  o ther p re s s u re  m e asu re m e n t d ev ices , 

th e rm o m e te rs , expandable  a cc u m u la to rs . A ll of the above w as connected to g e th e r 

and to  the p ro c e ss in g  en c lo su res  by 100 fe e t of n onco rrodab le  polyethylene 
piping via m ore  th an  a  hundred lucite v a lv e s .
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T his  operation a ffo rd ed  considerab le  e x p e r ien c e  in a sc e r ta in in g  equipment 

r e q u ire m e n ts  for p ro c e s s in g  quantities of m a te r i a l  of th is  o rd e r  of m agnitude. 
While the c losed sy s te m  d e sc r ib e d  above w as com ple te ly  su cc e ss fu l  in keeping 
the a i r  in the locality  f r e e  of rad ioactive  con tam ination , fu r th e r  im provem en ts  
o r  even different m ethods of a ttack  w ere  su g g es ted .  It was concluded  th a t  for 
la rg e r-v o lu m e  m u lt icu r ie  c h e m is try ,  m e ta l  b o x es  should rece ive  p r e f e r r e d  
co n s id e ra tio n .

The above •mentioned p r in c ip le s  w ere  t r i e d  w ith success  in the  p ro cess in g  
of c ru d  rem ain ing  f ro m  the L iv e rm o re  w ork; th is  c rud  p ro cess in g  took  place 
in a two-inch lead cave  in B ldg. 5, B erke ley . The operation defin ite ly  showed 

th a t  with the handling of la rg e  quantities of highly active alpha e m i t t e r s ,  the 
em ploym ent of swiftly flowing a i r ,  recy c led  th ro u g h  s c ru b b e rs  and condensers ,  
f in a l ly  to  be d isch a rg ed  th rough  f i l te r s ,  is  to  be looked upon with fav o r .

The encapsu lated  m a te r i a l  f rom  the L iv e rm o re  opera tion , being highly 
a c t iv e  on the outside s u r f a c e ,  was fu r th e r  e n c a se d ,  th is  job tak ing  place in 
H ea lth  C h em is try  equ ipm ent in Bldg. 4 . ,  w ith  health  chem is ts  and c h em is ts  
p e r fo rm in g  the ta sk ; thift w o rk  was p re l im in a ry  to  c a lo r im e try  op e ra tio n , in 
w hich  the absence  of con tam ination  was m an d a to ry .

On the te rm in a tio n  of the  p rog ram  d e sc r ib e d  above, an equipm ent d i s 
a s s e m b ly  and decon tam ina tion  period  was s t a r t e d .  The bulk of the active  
equ ipm ent has been re m o v e d  and p re p a red  fo r  s e a  d isposal. A few i tem s  of 
l e s s  contam inated  g e a r  aw ait  rem ova l and decontam ination  fo r  p o ss io le  re u se .  
The la rg e r  pieces of equ ipm ent,  such a s  the  c h e m is t r y  and encapsu la tion  boxes, 
the  switching boxes and  a i r  d r y e r y and ducting, w ere  placed in m e ta l  boxes 
in L iv e rm o re  and t r a n s p o r te d  to B erke ley , w h ere  cem ent was pou red  into the 
sp ace  between the ob ject and the m eta l  box. T h ese  units w ere  then  dumped 
a t  s e a .

The rem a in d er  of the  s tock  m a te r ia l  f r o m  w hich the above-mentioned 

sa tr  p les  p ro cessed  a t L iv e rm o re  w ere c re a te d  is  being p ro c e sse d  in B ldg. 5A 
annex, and slugs of t r a n s u r a n ic  m a te r ia ls  fo r  i r r a d ia t io n  in the  M a te r ia ls  
T es t in g  R eac tor at Idaho F a l l s  a r e  being m ad e .
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R e s e a r c h  continues on o ther  MTR i r r ad ia t ions  and various  handling and 

p ro cess in g  dev ices  have been fu rn ished  by the Heal th C h em is t r y  Equipment 

Development group. These  inc lude a slug cutte r  for opening i r r ad ia ted  s a m p l e s  

encapsula ted  in quar ts  capsu les  of le ss  than four m m  d ia m e te r .  This c u t t e r ,  

based or. one used  a t  the MTR, co n s i s t s  of pipes in a  te lescoping  pos it ion  fo r  

b reak ing  the quar tz .  One i r r a d i a t i o n  from Idaho F a l l s  was success fu l ly  

repackaged at  the  a i rpo r t  in equ ipment  set  up on a H ea l th  C hem is t ry  t ru c k ,  

and was im m ed ia te ly  re tu rned  for fu r ther  i r r ad ia t io n .

A s p e c i a l  inventory of m a t e r i a l s  in the Pit  Room in Bldg. 5 was m ad e ,  

and a new indexing ay s tem was c r e a t e d ,  with a goal of having the holder a of 

the m a t e r i a l s  th e re in  constantly  rev iew  their  holdings and make new dec i s io n s  

whether or  not the m a te r i a l  should  continue in s to ra g e .  It ia hoped that  th is  
sys tem  will  tend  to e liminate  the  accumula tion  of v a s t  num bers  of odds and 

ends of no value.
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STATISTICAL SUMMARY O F MONITORING PROGRAM

4

Survey  Instrum ents  M aintained

1. B-y Ionization C h a m b e r ..........................................................................  62
2. I. D. L. P o r tab le  Survey In s tru m e n ts .  ................................................ 20
3. Cutie P ie s .........................................................................................................  3
4. Recording y-ln tenaity  M e te rs ...................................................................  22

5. V ictoreen P r o t e x i m e t c r ..........................................................................  3
6 . F as t-N eu tron  P ro p o r t io n a l  C o u n te r s ...................................................  8
7. Slow-Neutron P ro portiona l C o u n te r s .................................................... 15
8. Fast-N eu tron  P ro portiona l Counter (P ortab le ) .  . . . . . . . .  11

9. Slow-Neutron P o r tab le  U n i t ....................................................................  4
10. Balanced C h am b er  -  F a s t  N eutron -  P o r t a b l e ............................. 3
11. Special T is su e  Wall Survey In s t ru m e n t .....................    1

P e rso n n e l  M eters  in Use
1. Total P e r s o n n e l  C overed  with F i lm  B a d g e s ......................  2,853
2. Total Man-Days C overage  with P o ck e t  C ham ber ........ 5, 236
3. Total Man-Days C overage  with Pocket D o s im e te rs ....  5, 236

4. Total Man-Days C overage  with P o ck e t C ham bers  ( S .N . ). . . . 4 ,593

C a se s  of Weekly E x p o su re  above 0. 3r

Weekly F ilm  
Expos.above

184 " 
A rea

60"
A rea

Lin.
Acc. C hem . Other Total

0 .3 4 12 8 100 9 133
0.5 1 2 2 61 3 69
1.0 0 0 0 9 1 10
1.5 0 0 0 2 0 2
2.0 0 0 0 1 0 1


