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~'X'RIFUGE "E 03 ULTWIL'IRATIOX APPARAWS 

T, Y. Toribara 
by 

ABSTRACT 

A one-piece all-glass centrifuge-type u l t r a f i l t r a t ion  apparatus bas 

been designed, This equipment has been i n  continuous use f o r  over three 

years and has proven t o  be especially 

of various ions i n  biological work, 

+ 
- .  . .. . 

veluable fo r  the s t u d y  of the clearance 

* * * +  

.. .I In the study of t h e  clearance of varipus ions i n  biological work, 

u l t r a f i l t r a t i o n  i s  a very valuable technique. Geldman e t  al., (1) have 

described an all-glass centrif'uge type of u l t r a f i l t r a t i o n  apparatus &ich 

eliminated a number of undesirable features of other types (2,3,4.5).  The 

apparatus described here maintains a l l  the desirable features of the all-glass 

apparatus, and in addition i t s  one-piece constmction makes it simpler t o  use. 

Apparatus: One end of a borosil icate glass straiat sealing tube with 

. coaree f r i t t e d  diec (Corning Bo, 39570 - 25 mm, diameter with 20 mm. d isc)  i s  

. 5 ' 

. .  . _. 

sealed off and a 6 mm. glass tube i s  aealod on at a n  angle near the disk 

(Figure 1 A). 'phis tube Berves as the out le t  f o r  the removal of the f i l t r a t e  

and as a means of maintaining the same atmosphere above and below the f r i t t e d  

diak when connected t o  the glass  tube at the top with tygon tubing during 

centrifugation, !Che rubber stopper t o  f i t  on top should be cut out with a 

. .  

shoulder as shown, 

373) for an International centrifuge, size 2 by use o f  the ring shown in 

;Figure 1 B. 

proper s ize  wooden blocks attached t o  keep the ring i n  place, 

'phe apparatus i s  centered i n  the largesr; cup (Cat. Bo, 

'phis consists of a brass ring made from sheet brass with the 
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!Be  so lu t ion  t o  be f i l t e r e d  is placed i n  e. piece of Visklng seamless 

cellophane d idyz ing  tubing as has been previously described (1). 

found most convenient t o  place i n  the apparatus the previously soaked tubing 

It was 

doubled so that both open ends are on top. 

ends are t i ed  or doubled and closed by means of mbber bands. 

After f i l l i n g  the tube, the open 
I .  

The filtered 

solution is  withdrawn through the sidearm by means of a pipet with the t i p  

drawn out t o  f i t .  
-, y; .  . __- 

. .  

!Phis apparatus is  i n  regular use for f i l t e r i n g  dog blood plasma at 

speeds up t o  2000 r.p.rn. In actual operation, the material collected during 

the first 15 minutes i s  discarded - this eliminates any dilution which miat 

be caneed by surface moisture on the cellophane. The size shown w i l l  handle 

conveniently up t o  20 m l .  input, and f o r  larger v a n t i t i e s  a larger size 

sealing tube may be constructed i n  the same manner. If an apparatue very 

' ' w&-la rge r  than the one ahown I s  desired, i t  would be preferable t o  start 

with a f r i t t e d  d isc  funnel (Corning No. 36060) which is =de of  much heavier 

glass. In the l a t t e r  case, a bulb i s  sealed onto the stem which i s  thickened 

..an&.enlarged f o r  strength. !!!his apparatus is a l s o  used f o r  drying precipitates 

by centrifugation. 
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L 
A 

f- 

B 

Figure 1.  (A) Fi l t ra t ion  apparatus made from straight seal ing tube, 25 mm. 
diameter with. 20 mm. f r i t t e d  d i s c .  

(Bj Top and s ide  views of ceneering device.  
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6 .  

A PARTIAL EVALUATION OF THE: HAZARD FROM 

RAD03 AKD ITS DEGRADATION PRODUCTS * 
by 

Jacob Shapiro and W i l l i a m  Fa B a l e  

Radon iu the air  i s  accompanied by radioactive daughter substances of a 

.few minutes half life, usually a t tachedto  dust particles.  Fkperiments 

have been performed In which rats were exposed t o  radon and these accompasly- 

ing daughter p rduc t s .  

the lungs is produced by these dsughter products, removed by the lungs as 

particulates from the air, rather than by gaseous radon and the degradation 

products of the radon molecules decaying in the lungs. 

resu l t s  in deciding upon maximum permissible levels tram radon in the air 

of mines and industrial plants are discussed. 

Results indicate that most of the radiation dose t o  

Implications o f  these 

. 

* * * * *  

The existence of radon has been Bnown f o r  more than f i f t y  years. We 

have realized only recently, hawever, that the major exposure of human 

beings t o  radioactivity today may be from exposure t o  radon and its degrada- 

t fon products, 

urmm mines or mines that penetrate uranium and radium beairing rocks. 

Investigations of exposure levels have been conducted joint ly  by the United 

States Pnblic Health Service and the Colorado State Department of Public Health. 

This exposure is predaminantly to miners i n  unventilated 

-* !This paper was given D e C f d m ? r  30, 1952 at  the St. Louia meeking of 

t h E  A.R.A,S as 8 p a t  of a symposium on radiation hazards. 
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7. 

It should not necesswily be assumed that radon levels  i n  the 

mines are high enough t o  be injurious t o  the health of exposed miners. 

We do not know of any evidence that injury t o  American miners has occurred. 

The levels  are high enough, however, if measured i n  terms of acceptable 

levels i n  other parts of the atoslic energy industry, t o  warrant further 

investigation. 

Data on which present lkdmuxn Permissible Concentration Levels are based. 

- - *  - . . .,... T .  .>  There is undeniable evidence that among miners of the Scbneeberg 

and Joachimsthal regions of c e n t r a  m o p e  there existed in the  early 20th 

century a very high incidence of caPCer of the lung. It was probably one 

of the major causes of death t o  miners of th i s  area. These mines ware a lso,  

_: ip general, regions of high radon concentration. Toby this high rate of 

cancar is  generally a t t r i b u t e d t o  radm i n  excessive amounts. 

data is  probably not good enough, however, t o  exclude completely the 

impartance of other carcinogenic agents or t o  demonstrate conclusively 

that radon i s  the primary cause. 

The available 

According t o  Robley D. Evans a 8- of published data indicated 

a d u e  of 2.9 x 10-9 curies radon per l i t e r  as an average f o r  meamrements 

made on these mines (1). The measurements are  given in Fig. 1. The median 

value of published measurements w a ~  1.8 x curies per liter. It seems 

t o  be largely on the  recamendation of Dr. Evans that a value of loou 
curies radon per l i t e r  has been widely accepted in the radium dial pairrting 

igdnstry as the maximum permissible concentration leve l  f o r  radon. 

i s  about 1/1W the concentration Dr. Evans ;onsidered cammon in the mines. 

Thus this maxbnm permissible concentration leve l  is  based primarily upon 

human exposure data and depends f o r  i t s  validity upon the  accuracy of the 

This 
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radon levels as reported for these European mines and on the assumption 

that these lung cancers were in fact radon produced. It may be posted 

out that mine radon values were accnnnltted at the t ime  a ugh Incidence 

of lung cancer was recognized and msy not, even If accurate in themselves, 

be representative of the effective concentrations encountered by the 

miners over the mqny years of expoeure presumably necessary to produce 

the disease. 

Figure 1 

Radon Content of A i r  Satuples From Mines in Saxony and Bohemla 

Mine 
No. of 
Samples 

Radon Concentrations per Liter 
&Air 

Range' Average 

. loo9 curies curies 
~~ 

1 9 

2 5 
3 8 

4 6 

5 7 

6 6 

7 6 

0.6 to 3.2 

0.4 to 18 

1.2 to 2.2 

2.0 to 8.7 

0.7 to 1.8 

0.3 to 1.8 

2.3 to 8.8 

Average 

1.9 

s a 5  

1.6 

5.6 

1.1 

0.8 

5.0 

2.9 

Data taken from Evans (1). 

Calculations of r8di8tiOn exposure from rsdon and I C s  degradation products. 

Several investigators have in the past made calculations of the 

dosage delivered to the lung by the alpha particles from radon itself and 

from the degradation products of the radon molecules &casing in the lung. 
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9 .  

.i)n'thc basis of' one type of edeu la t ioc  (1) published 'try E v w ,  f o r  

example, a concentration of lQ-9 m i e s / l i k r  cf rarlou breathed 40 hours 

per week would lead t o  a &Osage, averaged 'mer the lixcg, of 5.03 

mrep/&ek or, 'on the  basts of 8 1 t o  2@ r a t i o  cf per; tc.  em^ 100.6 m a ,  

TMS is 9% of a widely used tolerance figure for 

300 mrun/week. 

t issues  cri? 

Other calculatiom assume t h a t  the ;mpomaZt rapdrtioz dose is 

t o  cel ls  lin(ne the bronchial passageways. On the 'basis cf. 8 calculation 

of t h i G  type-' (2) the average . . .  dosage far .... e for ty  hcxz wetit a t  a lev51 of 

10-9 cur ies / l i t e r  is 17'2 mpem or 5 f i  of tolerance. 

Radia$'ion dosage from the radiosct.fve d.aw,ht;e_r PPO~LC%S of raCc.~. 

- .. -. . .  

. I  1 ' :  , . : , ' . .  

, . - .  ~. 
It was recognized'rtcently, perhaps first tg one of Yae authors 

-, " ....... -.... ̂ ... . ..._ . . .  ._-_. _. _._.-. . . . . .  . - . - -  . . . . . _ . . . . . . . .  . 

of this paper, that the radiaticn dosage to the  1m.g pr~d?zceb by the 

short l ived degradation products of radm may be zmqv t h e s  more important 

than .the dosage from radon i t s e l f .  

remain in the air i n  considerabLc c o m e ~ r a t i o n s ,  u ~ u i l J . y  atssehed to 

f loat ing microscopic dust .particlea mf arc drpatir I E Z ~  x m  Pmga along 

These degradation p~oductti camonly 

but the dus-i; partielea on the cantrary can bs apgrec:fakL.y rewined in ' tht .  

of radioactivity far exceeding that cf ration itsel*;". 
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19.7 

ray almost instantaneously; its half life is  about 1.5 x l oo4  seconds. 

which i n  turn finally decays to R a  c'b R a  C 1  emits  an alpha 

Figure 2 

Decay Scheme of Radon 

lb5 x10-4s l a  
These daughter substances, no longer chemically inert gases l i k e  

t h e i r  mother sds tance ,  radon, seem normally t o  be deposited very largely 

upon dusts and other matter present i n  the atmosphere where they a re  

produced. 

John Harley of the  New York Operations Office of the  A t d c  Energy 
I 

Canrmissio~, reports i n  a yet unpublished thesis  (3) that jk an exposure 

chamber, essent ia l ly  a small airtight roam, "the concentration of these 

de-adation products in the  a i r  varies in the range of 10 t o  75 percent of 
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Exper3nient.s he reporti; inaieat-e t o  him that the 
. .  

ahout 'gC$ of sxch 8Sr-b3rne degradation 

conce;;.tration the radiation exposure of the 

pat lungs was d e p d s t  upon how thami@il.y the a i r  h& been cleaned of dust. 

Figme 3 is a photc~~aph of oltl" e2qosure chamber- In  one set of 

exper3ments radon was ixxroduced with na precactiom t o  r a v e  dust nornklly 

present 3x1 the aip in the c m e r .  Rats WE. exposed f o r  2-1/2 hour periods 

at intervals f m  a fey k m s  up t3 several &ya after the  radon was put in. 

-. 

The chamber atmasphere m5 not azziPieiaUy agitated. A t  the a d  of the 

was measured with a vibrating seed e l ee t rne t e r ,  d l s fn tepa t ion  products 

by an a l -ph  a c h t i l b t i o n  counter and. a well type gamma sc in t i l l a t ion  

cuunter following the design ci' Anger (4). 

. .  

. 
- -- 

On renioml. frm the expecauzz chaznber tne rats were anesthetized 

. uiCh ether and the lusgs rapidly remvsd. Gamma counts were made using -. ~ 

the .weU_ type colazter e t a r t b g  about 20 minutes &ter the animl was L re- 

moved -. f rm the cha&er. 
e- , 

.. 

. . ,.- 

Earl ier  calibration experimen%a wing radium, Fe5' and Il?' indicated 

. a counter efficiency of' about LO$ far the geometry of these experiments for -- 
a p m a  ray spectrum similar t o  fbzat  frm Radium B and C in  equilibrium with . . '  . __. 

radon. Decay curves indicated an zffeztive half lire of about 35 minutes 

f o r  th i s  gamma ac t iv i ty  in reasomble agrtemezz vith theoretical  ealcula- 
I .  
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active decay rate, the experimental data i n  gamma qUanta per minute is 

given in the  second column of Figure 4, corrected t o  the time of removal 

of the rat frcm the chaniber. 

Figure 4 

Results of R a t  Radon Inhalation Experiment9 

Atmospheric Dust Not Removed 

Activity 
of lungs, 
g- Radon Conc. R a  C t  

R a t  W t ,  quanta/min. cur ies / l i ter  conc o 
cur ies / l i t  er P. 

-1 188.6 20,650 

2 233.2 66,500 

3 196.9 20,600 

4 209.6 15,150 

23.3 

18.7 

18.3 

10.6 

8.7 

7.9 
5 189.7 13,020 15.6 4.4 

6 1n.o U,OW 14.7 4.4 

Note: Ex_Derjments performed over a period of three days. 

The th i rd  columqgives the radon concentration in the chamber air 

as  measured with a vibrating reed electrometer. The fourth column gives 

the concentrations of Ra C* in the chamber Just before the  rat was removed 

as  obtained by an alpha count on the dust removed by a millipore paper 

as a known volume of chamber a i r  was pulled through it. 

From calibration experiments we h o w  with reasonable accuracy the 

relat ion between lung gamma act ivi ty  and the t o t a l  dose in ergs t o  the 

lung from R a  C' alpha particles derived from retained degradation products. 

We can also estimate the alpha exposure produced by radon i t s e l f  plus the  

products of the radon actually decaying i n  the lungs on the assumption - 
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of complete retention of thess degradation products, 

shown in Figure 5 .  

from 'b~th-these sources af mS-L%tioa p r o v i A a  we know the weight and 

volume of our rats* lungs. 

These results are 

We e a  also emputz the average dose t o  the lung t issue 

- 

Atznosphezic Dust Not Removed 

10~48 

28.10 

12.85 

9.06 

0.514 5.18 10.10 

0,452 $,38 9.72 
h i s .  5.nclurIess the dosage f rm daughters of radon at- decaying 
in the lucg on the asalrmptim t$at tbay are retained and undergo 
mdfoaetfve decay there. 

O,OQ43 times the body weight. TLs rat 1% volume was cosrputed assuming 

it t o  be sfx times t he  tiw vclmz ea.lculated i=1 ec as 0,0074 times the 

rat weight in gtoam~ by t h e  f'o.&a of' Guyton ( 6 )  Figure 6 shows the 

results of such eaqxtat3ions fcz m..hzCLe af t h s  first series.  

frteresting to note that if E exi;rapak% these results t o  a r a t  exposed 

It is 
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40 hocrs per week t o  a concentration of loe9 curies radon per liter 

the disintegration procluct dose is 4657 ma. A t  a level  of for 

168 hours, it i s  196 mpem per week, 

Dosage t o  R a t  Lzmgs For Radon Concentration of 10-9 C/L 

Atmospheric Dust Not Removed 
(1) Dosage frm Daughters (2) D o w e  frm Radori 

R a t  mm/hr x 20 MREP/hr X 20 - 
1 8; 68 90.8 

2 8.75 245.0 

8.65 lll. 2 3 
4 84% 79.1 

5 8.71 88.0 

6 8.68 ,. a.5 

(1) 
(2) 

See note 1, Fig. 5 
See note 2, Fig. 5 

We have a h a  coaducted experhai ts  is which we endeavoredto 

make -m exposure chaznbes as dust f ~ e e  a B  possible before -6 were 

exposed, 

glossy paper tm3 blowing in air  tbv@ a millipore filter. 

This was cmie . j ,  out by l ining th5 chamber with glycerine coated 

Figure 7 

shows the resu l t s  of this experhest .  

of rat lungs was dramatically reduced. 

mrem per week i;l a normal atmsphera now receives at the most, 86 =em/ 

Yozp dll note that the radioactivity 

The rat which was receiving 4657 

week from the  ab-borne daughters. 
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Figure 7 

Dmag? t o  R a t  ~ u n g s  Far R ~ Q ~  Concentration Gf 10-9 'C/L 

Cleaned A 3  Used 

(a) A i r  S t i l l  

R a t  - 
7 a. 65 

. 8  8.60 

8.62 
.. 
9 -- . 

(b) A i r  Stirred with 3- 

10 8-72 

ll 8.74 

I 2  8.70 

Dosage from Daughters (2) 
MREP/hr x 20 

16.1 

15.1 

15.4 

2.38 

1.73 

2.45 

See note 1, Figure 5. 

may in fac t  be du2 
ti]* See note 2, Figure 5. The measured act ivi ty  in  rats 10, 11, and 1% 

U o s t  ent i re ly  t o  %he daughters of radon " 

decaying in the rat 1-s. 

The result.s Gf theee rat eqperiments dc tend t o  canfirm the 

general idea that it my wli 3 s  air-bune degradation products of radon, 

ra ther  tm ra ibc ttself', that; rqrrasnt the main hazard t o  humans associa- 

ted  with radox ix t 3 e  air. 

It is bterest iDg t l z  see wkat., if anything at all, we can deduce 

fram the results OZ these r& expr-Arr.En+9 as t o  the mBximum permissible 

ievel of radm and i ts  bug?atera h air breathed by human subjects. 

mte .that figures &taimd o r  rats i~ t h  first g ~ ~ ~ ~ p . b r e a t h i n g  atmos- 

We 

pheric ah' which h a  nc.5 been clean& s h ~ v  tht a t  8 level of 1.53 x 

cur ies / l i t e r  of radoc., th? avsrag? ciosi t o  the  lunge would be 300 mrem 
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There are several important qualifications that must be made i n  

considering this value as a tolerance figure, even f o r  ra ts .  

these are: 

Tvo of 

1. The actual pattern of deposition of radioactive material may be 

such that the dosage delivered is very non-uniform. 

means that some areas or t iasues of the  lungs may receive far higher doses 

than the average calculated above, 

In particular t h i s  

2. In OUT m e r i m e n t ~ ,  about 10% of the suspended daughter pro- 

h t s  were deposited in the lungs. This may be characteristic of our 

experimental setup rather than typical of all conditions that might commonly 

exist. One can easi ly  suppose that retention might run as high as 50$ under 

sane conditionsb 

When we endeavor t o  extrapolate t o  human subjects additional uncer- 

t a in t i e s  become evident. 

tmy system may be higher than in the r a t  lung. 

Harley found a value of about 5C$ on human subjects. 

conceivably exist between rats and men for small part ic les  deposited 

largely by Brownian movement caused by the higher respiratory r a t e  i n  the 

rat all- a shorter time f o r  lung deposition. 

t o  ventilation r a t e  may a lso  be W e r e n t  i n  rat and man. 

pairkt6 are the subject of fnrther investigation in our laboratory. 

The percentage retention in the human respira- 

As noted ear l ier ,  Dr. 

A difference may 

The r a t i o  of lung weight 

Some of these 

It Will probably be possible by mean8 of radioautography and other 

techniques t o  map out the distribution of deposited radioactivity in rats 

and larger  a n i n a l s .  

of the l e t h a l  dose of radon in  -8 with a proper evaluation of the 

contribution of airborne degradation products t o  t h i s  effect. 

evaluations of actual human exposures i n  mines and manufacturing plants 

Work is also star t ing at  Rochester on the determination 

Surveys and 
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a re  being Carrie3 forward by the 'hi ted States Public Health Service and 

the  New York Operatioas Office of the A t d c  Energy Ccamnis s ion .  

Radiological Defense Laboratory- ic Sar,  Francisco is also conducting in te res t -  

ing work in t h i s  general f ie ld .  

The N w a l  

.. 

F i n a l l y  we may note t ha t  radon eventually decays t 0 . a  22 yeax half 

l l f e  radio-lead, which ia turn decays to 120 day half l i f e  polonium. 

Since lead can be stored in bones f o r  long periods while polonium is excre- 

ted, it may turn mt that paloEitin excretion in an individual's urine may 

be a useful mame of his m r a - i t  integrated radon exposure. Preliminary 

measuremerrts carried out by Miss May Su2b?r ana Dr. J. .B.  Hursh-in our 

laboratory on urine specfmens of uraxim miners furnished by Dr. Duncan 

Holaday of W t e d  States Public Health Service indicate tha t  in f a c t  such 

polonium excretion is measnrable and fm higher 'than froin =e;rpoeed 

individnals. * I  . 

.. ' . . _ . _ . * . , .  . . .. 

. -  . 
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ELPARATION OF CHROMIUM(V1) S O W T I O N  HAVII?G LoGI IODINE BLAPJK FOR 

PBI D-ION 
by 

W. B. Mason and S. Coco 

ABSTRACT 

Ci-momiwn(VI) solutions vix ic i~ are essentiuy *e of iodine ( less  

than 1 x 

The crude chromyl chloride cazl be mixed with W e r  and used direct ly  with 

g. I per g. C r )  c m  be prepared by converting CrOJ t o  Cr02C$. 

concentrated sulfuric acid f o r  wet combustion of serum i'n the protein-bound 

iodine determination. 

) C Y * * *  

One of the annoying problems encountered i n  determination of serum 

protein-bound iodine (PBI) lies i n  obtaining reagents which are themselves 

snff ic ient ly  f ree  of iodine. 

150 x 1.0'~ grams of protein-bound iodine. 

Three ml.  of serum normally contain roughly 

Reagents necessary to  determine 

the PBI in t h i s  amount of serum, using a procedure employing dialysis,  

wet combustion wLth %SO4 and C r ( V I ) ,  l iberation of I with H3P03, and 

estimation of I by i ts  catalytic effect  on the reaction between Ce(Iv) 

and &(=I), usually contain 30-50 x 10-9 grams of iodine. Most of t h i s  

occurs i n  the chromium, of which 3-4 grams are required. 

Both C r 0 3  and Na$r207 can be obtained having as l i t t l e  as 5 x low9 
g. I per g. C r ,  but the value i s  often much higher. O f  various procedures 

t r i ed  fo r  preparing C r ( V 1 )  solutions which are essentially f ree  of iodine, 

conversion t o  chromyl chloride has proved most satisfactory. Using the 

method recommended by Fernelius' for preparing crude chrorqyl chloride, 

1. Inorganic synthesis, Vol. 11, p 205. W. C .  Fernelius, editor. McGraw 

H i l l  Wok Co., Inc. ,  1946. 
. "  

I - 1  i* * I _  ~ . I .A 1 1.' . " ."d 
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heavily contaminated C r O  

w a s  converted t o  C r O 2 C 1 2  containing 1 x 10-9 g. I per g.  C r ,  with a yield 

of 66$. Studies u t i l i z ing  1-131 (as Naq added t o  the initial CrO3 solution 

c o n f i m d  the efficiency of the separation by indicating at  least a 50 fold 

purification. 

containing 88 x 10-9 g.  I per g. Cr. for example, 3 

The crude chromyl chloride can be mixed w i t h  water and used directly 

with concentrated sulfur ic  acid f o r  wet combustion of serum i n  the protein- 

bound iodine determination. 
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VARIABLES 'AFFECTING DEGREE OF 1 ~ 3 ~  BIIDING 

IN IN VITRO IODINATION OF RABBIT SERUM PROT%D?S 

by 

Irving Spar and W f l l i a m  F. Bale 

ABSTRACT 

An experimental study wa6 carried out in which the degree of 

iodination with 

measured 88 a function of v-arious experimental variables. 

procedure was t o  add the I?' as received from Oak R i d g e  t o  M solution, 

oxidize t o  free 1 with ma02 and HC1, and add t h i s  m i x t u r e  t o  the protein 

in  borate or phosphate but??er. 

the NaHsOg addetl. a t  Oak Ridge t o  keep I'31 as iodide during shipment. 

Too great an e x c e s ~  of MaNO, greatly reduces 1131 bin- t o  proteins. 

Other variables studie'd were the amounts of other reactants and the  

of rabbit s e m  proteins and gamma globulin was 

The general 

Additional N&02 is  necessary t o  oxidize 

L 

effects  of temperature, pH, and duration of reaction. 

A procedure was developed f o r  iod4bation at roan temperature of 

2 cc rabbit gamma globdin prdsezzt, iri bccate b m e r ,  pH8, at  a concentra- 

t i on  of 10 mg protein pep cc. Tc, 036 cc of a 1 t o  5 dilzbion of O a k  

Ridge i s  added 

0.178 N H C l ,  After 

color develops, the  

1 drop O . O ~ M K X , ~  drops 0.071 I? NaN02, and 3 drops 

a two m u t e  waitiw period i n  which a slight iodine 

protein solution i s  added. In  1 5  mimtes, dialysis  

a t  4" C against 0.85 percent saline is  etmted,  

about 25% ipcorporation of 

This procedure gives 
I 

in protoln a t  a leve l  of 20 mil l icur ies  

1~3; per gram protein. 
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Iodination of proteins with is now a widely used technique for  

labelling proteins far biological experiments. 

proteim ha6 been studied ex te s ive ly  ( 1,2)# 

described nsthods they used t o  secure the  degree of iodination with I 

Chemical iodination of 

bmervus investigators have 
131 

necessary for their experiments. They have however reported l i t t l e  i n  the 

way of experimental studies as t o  conditions under which iodination does, 

or  does not, take place, or as t o  m i a t i o n s  i n  the degree of u t i l i za t ion  

of 11” with variatiops in experimental conditions. This i s  particularly 

t rue  f o r  the case fn which a Sigh comezitration of 1131 per unit weight of . 

protein is a desirabie objective. We are therefore reporting here experi- 

mental studies on t h f s  subject, not because they are  exhaustive or complete, 

but simply because we hope other investigators may find our data a useful 

guide i n  set t ing  up t h e i r  own iodination procedures. 

For t racer  purposes a m.I.n.tmum denaturation or other a l te ra t ion  of 

the protein t h a t  would cause the iodinated protein t o  d i f f e r  in its 

chemical and biological behavior from the uniodinated native protein I s  

usually deEirablf3. Various authors have reported that alterations of 

this type ~JX?  m i n i m a l  when the  iodFuation does not exceed four atams 

iodine per molecule prsteic ,  bnt tha t  such alterations become significant 

as the amout  of attached iodlm approaches 8 t o  10 atom per molecule 

protein (3,435). 

It is genzrally assuxn&that.us&ul sild iodination of protein 

involves coupllng of iodine t o  tyrosine resldues of the protein t o  form 

di-iodo-tyrosine. The reac%ion equation is  usually written (1): 
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131 
Th2 ntcst comaonly reported method f o r  using I as received from 

O& Ridge for icdimtion involves as a f irst  step the addition of the 

I received as iodide t r ,  a solution of iodine md potassium iodide i n  
3-31 

water. Exchiage reactions convert a portion of the radioactive iodide to 

free iodine. 'Ibis solutioa is  then ia turn added t o  the protein, present 

u u a l l y  iri a buffered, slightly alkal i ,  water solution (6, 7, 8, 9 ,  10). 

Under proper conditions t h i s  metho& i s  widely reported as satis- 

factory. 

that the 

A l imitation t o  i ts  general applicability depenb upon the  f a c t  

as received from Oak Ridge i s  present as iodide maintained 

in the reduced state by exce68 sodium bisulphite In basic solution. In 

the r e a e t i m  mentioned. above the  excess sodium bisulphite will reduce an 

equivalent amount of the iodine of the I -KC solution t o  iodide. 2 
of 20 -ea+, coasaquence if the  12-M is present in such large amounts 

that the percentage of f r ee  iodine in  solution i s  not greatly reduced 

by this reaction. If, however, it is desirable t o  keep the amount of 

chemical i o d h e  small, as i n  making a small  amount of protein highly 

radioactive, then this reducing substance may destroy al l ,  or  nearly a l l ,  

the f ree  i;d& as6 reduce the  result ing percentage af iodinatioa t o  a 

very low value. Press- has described and used a different method i n  

which the Oak Ridge 1l3' solution, a f te r  the addition of some nori- 

radioaAivt3 E=x as carrier,  i s  largely oxidized t o  f r ee  iodine by the  adai- 

T h i s  is  

. 

t f m  of soCiuz n i t r i t e  followed by acidification (U) -, 

t k f s  s a l u t i m  t= yH8 it is added t o  the protein solution in  borate buf"er,. 

After adjusting 

Fire a& Seligman (4) havp described a method i n  which the radio- 

active iodine was d i s t i l l ed  as f r ee  iodine into CQ.4 and this solution 

mixed v i th  the protein solution that was t o  be iodinated, T h i s  method 

was partfcularly u s d i a l  whea the  s tar t ing material w a s  a cyclotron ta rge t ,  
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but would a l s o  be useful as a m e a n s  of getting r i d  of excess reducing sub- 

stances i n  an iodide solution. 

IodJnel31 from O a k  RIdge i s  currently shipped (1952), according t o  

the shipping memo that accompany these shipments, as i n  chemical form 

carr ier  free iodide in Na3EsO3 solution. 

4.5 mg/cc. 

Total  so l ids  are  reported as about 

Radioactivity a t  time of The pH varies between l l  and 12. 

shipment i s  about 10 mill icuries per cc. 

Assuming that IiaHSO3 accounts for the major portion of t o t a l  so l ids ,  

the amount of this material a t  time of shipment wou ld  approach 0.45 mg per 
131 

millicurie. As the I decays the r a t i o  wi l l  of course increase. A t  our 

laboratories typical  values when iodinations axe c m i e d  out are up t o  

twice these valnes. In order t o  get reasonable iodimtion values probably 

the sodium s a p h i t e  ought not t o  reduce more than half th,e f r ee  iodine of 

an 5-KI  solution. 

BaHSO, can reduce one molecule h, the I,-= solution used ought t o  con- 

, 
Therefore, on the assumrption t h a t  one molecule of 

L 
13i 

J 

t a i n  2.2 mg I per mill icurie I at  time of shipment, of which 5 6  might 

be expected t o  remain fYee iodine and take part in iodination. 

that one-half of this iodine i s  reduced 

sine residues take place, the iodine incorporated In protein w o u l d  be 

0.55 mg- 

iodine Kill be attached t o  one protein molecule of molecular weight 

Assuming 

GO iodide as iodination of tyro- 

The amount of protein necessary so that only four atoms of 

160,OOO is 0.176 grams. 

There &e many potential  experiments in which th i s  maxhum degree 

of labelling, 0.95 mc I per gram protein, is  aa undesirably low activity.  

Experiments carried out in which we reduced the amount of I2-KI about 

ten f o l d  from those given above confirmed that under these conditions the 

UR 02070 



25.  

amount 03 iodination a s  small; a.romd one t o  two percent of the iodine was 

firmly ' b a d  t o  the protein. 

In principle, 8 mre at t ract ive method fo r  achieving a high degree 

of specific radioactivitl.y seemed t o  be that  of Pressman and Eisen (ll), 

mentioned ear l ie r .  

at ion achieved using various variations of t h e i r  basic method. 

The experimental w x k  reported here i s  a study of iodin- 

Experimental: 

'The test system util ized. In  order t o  do numerous experiments a pro- 

cedure was sought that could be performed in t e s t  tubes and without the 

necessity f o r  dialysis. 

iodination, proteins were precipitated by bringing the  solution t o  a 6$ tri- 

chloroacetic acid ( E A )  concentration by adding 100 grams percent 'Yj'CA. 

The general procedure finally developed was as follows: 

13 x 1W,m were used. 

As a substi tute f o r  dialysis, on completion of the 

pyrex culture tubes 

An iodine 13' preparation was used, made by a ser ies  

of dilutions of the  stock solution from O a k  Ridge t o  a final concentration 

of about 0.1microcurie per cc, using as a d i lu ten t  dis t i l led water t o  

which had been added NaHSO in an appropriate amount. 

One cc of the above solution was pipetted IE%O each tes t  tube of an 
3 

experimental serieer. Solutions of other reagents, i.e. KI, N3S102 and HC1, 

were made up ix dropping bot t les  i n  concentrations so that the desired 

amount of a reagent would be contained in  a few drops. Immediately a f t e r  

addjag the HC1, a rubber stopper was put i n  the tube and the contents mixed 

by inversion. After a wai t ing  period, usually two minutes, the protein 

solution in buffer was added. 

suff ic ient  100 grams percent TCA was added t o  give a 6$ TCA concentratior: 

Af'ter another period, usually 30 minutes, 

i n  the solution; this  precipitated the protein. In  most'experiments the 

addition of' TCA was preceded by the addition of excess NaHS03 t o  convert 
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the fpcz iodine to iodide. 

After cc~t13hgatiors the s;;prsaatant war; rmoved. by a w k a t i o n  
131 

and the I 

type seb~ti i l la t ion cormter s5.nsLU.r t.3 that; deecribed by Anger (12). 

precipitat;. was washed again iLr: 5 cd: 6$ TCA, ccrxtrifnged, and the precipi- 

t a t e  again coeplzted. 

until the loss of ac t ivf ty  was mpall .  

cent of th5 original. 113' added rbaafnlag ID t k  final precipitate. 

GROW I E-. 

in the pr?zipi.ta%P detemined by p.am ray corntirag i n  a w e l l -  

The 

This washirig cycle w a E  repeated tm or tzee tines 

Iobmi t ion  was computed as the per- 

Effects 04 I ~ Y -  aowurrt ~f' K I ,  NaW09 - and HC1 on 

percent of iodination. 
122 

To each tube 3. cc of c a r r i e ~  f'rea 9 in 0.715 g/l BaHSO was added 3 
first.  KI was added from a 

0.01 molar solutioz, NaNO, frm a 0;071 h' solution, and HC1 from a 0.l7aI-l 

solution. 

This i s  6 . 8 7 ~  equivalents ~f sodim sulfite. 
' 

L 

lhm mimtes l a t e r  tm ce of a 8 c m  protein soltntiopl was added. 

This solution was prepared by dialyzing rabbit strum againet 8 borate 

O.lQ7 micrmols of protein, A~%EP rapid mixing each solution sa t  t M y  

minutes at, rom temperature t o  a l l o w  iodinatim t o  take place. 

was added from a solution c o n t a i w  5.CZ )re per dmp, isL mounts equiva- 

Then lVaHS03 

lent to 1.5 t .hes  the I?aNCl originally added.. 

radioactive measirreznent of the proteFn vas then carried out aecordbg to 

I'recfFitatioc, washing, and 2 

UR 02072 



27. 

a f t e r  cen$r i fqa t fm removal nf tche first srrpematmt; cclwIln 6 after 

second wash w$th TCA, & probably rspresen-cs the percentage fdirrat ior ,  

achieved. 

Tbe-Wta 02 Tal~le 1 shows that  too great an e x c e s  ~f MATO e m  2 
greatly reduce the ?excentage So,diPation wfth 1131 as campa~ed with more 

o p t h a l  amounts. Other experiments (See Eao 3 ,  Table 371) &ow that 

l % t t l e  o r  no €&nation occurs if Ik1302 i s  completely mi t t ed .  Increas- 

ing t h e  amouppt of' chemfcal iodine seems tc giye a higher pereerlt bbding 

OS Too l i t t - l e  H C l  c a  reduce the i o d b a t i o s  achieved. 

remaining in the precipi ta te  after 131 In order to check that the 1 

the second washfuj '678s s true measurz ~f isdination as m a s u e d  by other 

methods, Experbents 8 arid 16 were repeated except that b u b l e  portions 

of all reagents were *sed  for the reaction anithat after +,he h 3 . f  hour 

wait f o r  iodination no N S O  

was emptied into a cellophaae dialyzLHg sack aad dilQted with an equal 

was added, but b s t ead  tfie p r o t e b  solution 3 

volum of' borate buffer used a8 a t e s t  tube vash mELhfz!g a t o t a l  vc~lume of 

12 cc, h the repeat sf Experiment 8 the dialysis a9a-t t m  . l i t e r s  of 

0.85 0-2 saline 

of the protefu solu%ion was precipitated by bring- t.ha solution eo a 6$ 

TCA concentration md the 113' content detemiced.. 

camfed out for 19 hours a t  4" C. A?1 aliquot portion 

"he' iodination 

achieved by t M s  neasure Zj'.%, In the repeat of Experwent 16, the 

d i d y s i s  was carpied on f o r  15 hours, a portion removed f a r  a6sayJ and 

the remainder dialyzed against a new portion of saline for  an additional 

8 hours, No measupmmta o r  correct.ions f o r  possible ckaagee .h volume 

of didyzed protein solution were nade, The 15 how diaxyzed sample had 

131 
89 I content indicating 16J$  iodination, the  23 hour sample 18,2$. 
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dis lyaia .  Addition of' NaESO 3 just 'Defcre protein pre- ipi t .a t imturned 

GROVP 111 EPERDBIPS. Relation ?;e+xeen perserrtage i.ssi-mrtstiorz 1131 

i n  prstein, and var iet ies  in temperstwe, rqLme of r eac t im ,  buff2r eoarpo- 

s i t ion  and pH. 

t i t ions of Fmerimest 37 r~1 T&ble I, exseptirg That the  reaction t i m e  f o r  

Experiments la through 15 is fWtee r  rather xhm thirty z i m t e s .  

These expclments, except where no%d cthsrvise, were r&e- 

Double 

values f o r  i0dimtl.m irdiaate Cql ica te  experimntn. 
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Tzble II 

1 2 3 4 5 

5 added 113' in precipi ta te  

p equiv. 
Exp. added Supernat e 1st 2nd 
NO. l?&So3 removed wash wash 

1 

2 

7' 
,/ 

4 

5 

6 

7 

8 

9 

10 

u. 
12 

13 

14 

15 

16 

17 

18 

13 

0.0 

2.3 

6.8 

11.4. 

13.7 

16.0 

18.2 

20.5 

16.0 

18.2 

20.5 

15 .o 

20.1 

25.1 

30.1 

35.1 

40.2 

45.2 

7 5 - G  

83.2 

79.1 

74.0 

66.4 

67-3 

6 k 8  

62.8 

35 -2 

67.6 

68.8 

33.2 

66.1 

63.8 

28.0 

29.0 

29.4 

29.4 

26.6 

33.2 

73.4 

69-7 

61.9. 

53.6 

50. e 
43.0 

44.4 

25.1 

52.6 

44.7 

25 -0 

50.6 

47.7 

17.1 

17.1 

18.5 

18.0 

16; 1 

26.2 

68.1 

64.9 

56.1 

48.3 

44.1 

35.3 

37.6 

22.4 

43.0 

35 -4 

21.7 

40.6 

39.2 

15.5 

15 0 5  

17.4 

17.4 

14.5 

22.8 
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Tsble I11 

- 0  

No e - 
1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

l2 

13 

14 

15 

16 

17 

16 

Deviation frm Exp, 17, Table 1 

Reaction time 5 minutes 5" C 

Reaezion time 30 mimrtes 5°C 

Reaction time 2 hours 5" C 

Reaction time 5 m f n u t t s  

Reaction time 10 minutes 

Reaction t i m e  15 minutes 

Reaetion time 20 miautes 

. lmoLar phosphate b m e r  pH 7.5 

.1 molar phosphate buffer pH 6.55 

.1 molar phosphate buffer pH 7.0 

.1 m o l a r  phosphate buffer pH 7.75 

. lmoLaP phosphate buffer pH 7.95 

.1 molar phosphate b W e r  pH 8.15 

. l m o l a r  phosphate b e e r  diluted vith 6 
parts e 1  m0la.P E;B2p04 

.3 ce serum added a t  7 times usual protein 
concentrakion, aad 1.7 cs borate buffer 
added 1/2 hour later 

' 

1 CC borate buffer added before adding 1 ec 
serum a t  twice usual protein cmsentration 

$3 x131 in 
final washed 
prec lpi ta te  

. a * o  

25.3 

29.0 

22.2 

22.2 

23.8 

23.1 

26.2 

26.9 

E. a, 22.8 

21.8, 22.8 

31.5, 27.4 

29.5, 28.6 

28.6, 26.6 

32.5, 28.6 

15.0, 18.9 

509 

23.5 
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The genwal C ~ ~ C ~ W I . = B  from exprimms r q ? o c e d  in Table 111 

is that the percentage iotiimtim schieved is n m  very depe&ent upon 

the nature of %he b e e r ,  k9rat.e or  phasphaze; the tauperatme, roam t o  

5°C; o r  reactimtime, from 5 d.nu%es upm5.z t o  2 hours. Iodination is  

probably somewat iacreased w%'th- increasing pH %E the rmge 6.55 t o  8.15 

and sig89fficantEgr reduced at  lower pH values as shorn by Experiments 16 

and 170 

first be brought to a pH: of 8 before the addition of protein vithont 

great ly  f l e c t i i i  the extent of icdhatitro. achieved. 

Experiment 18 mzms t o  inacate  that  the iodina-~fng solution can 

GROW IV ExpwIMEsaTS. 1fodbatios.i of Rsbbit. G m m a  G 1 ~ 3 u l i n .  Rabbit 

gamma globulin was prepared fram nmxal rabbit sezrmn using on a larger  

scale the method off Jag- and Hickerson (13). 

by adding saturated ammonium sulphate h an anwunt equal to half the 

It involved precipitation 

voPume of serumS and later washing the precipitate Kith one-third satu- 

rated ammonium sulphate: solution. 

borate buf"fer and diaJyzed against borate bfler. 

with borate buffer t o  3he same conceotsstion. as t h e  s e m  pratein used 

previously. 

This precipitate w&s dissolved in  

F i w  it &as diluted 

The iodfulation experbents.reported in Table 3 were colldueted 

under the same condition8 as E x p e r b n t  17 of Table I, except for the 

w e  of gamma globulin and variatiorss noted Fa column 2 cZ Table IV. 

A dialysis experwent using the procedure described for the  dlaly- 

sis experiments with serum p r o t t h  vas carried crut on. a gmunEL globulin 

prcpapatioa iodinated by t k  prme&me of Experher i t  I, Tabls N. The 

bindin@; of 113' achieved vas 

against 0,8$ saline, 

&er a single dialysis f o r  16.5 hours 

This result, when compared with Experiment 2, 
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Table XI7 

E x p o  No. 

Iodiaation of Rabbit Gamma Globulin 

M a t i o n  .from Exp. 17, Table I 

1 No deviation 

2 #d X'?aHS03 added before protein 
precipitation 

3 Bo ndo2 added 

4 .  3 drops 0.07I n m  2 
5 i.- 

6 

2 drops 0.01 M K I  

2 cc of protein at 1/4 u~nal 
concentration 

4 1 ~ 3 ~  in 
final washed 
prec lp i t  at  e 

32-23 33.9, 35 

78. 

1.3 

35 

39 

4.0. 
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r 
c 

f .  

%!@A precipitation is 

experfmen% finto conformity 

'Procedure for IcdinstiOm cf Rabbit Gamma Globulin Baeed Upon These 

.diluted .-. with . ~ about 4 parts w i l l e d  water, bringing the 1131 t o  a comen- ^. . 

tration of' about 1.7 IIE per ee. In a typical shipnrt the eolide w=~e 

pPe9iwly the rabbit  geapma globulia solution b be lodfrnated ha6 

been dialyzed again& borate b e e p  and brought t o  a eoncentration of 10 mg 

per ce. At the end 02 the two mLnute wait- period 2 ee sf this protein 
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soI.~.&%~~**'~(0.126 moles on the assumption of a molecular weight of 

160,000) was pipetted ix to  the culture tube, stoppeycd, acd rapidly I- 

+ mixed by inversion. After 15 minutes the protein solutim was poured 

I n t o  a eellopbane tubing dialysfs bag, and 3 cc of 'bamte buffer, flrst 

used as a reaction t&te r-e, was also peurred bt:, %he bag. Dialysis, . L_- 

-, 3 

d -  Vith gentlk S t i r r F n g ,  pa6 carried out f o r  18 hours at 4" C agaiast two 

' - r  liters af Oe@$ BsCl and then for an additional 8 hours against a f resh 

portion of saline. 

I 

ch&cdl . ihse  was borrskd t o  0.126 Wles 02' protein, or on ah avert& 

0,s at- i d =  per mlecale protein. 

pi.&iis is the equivalent 0f'1~.1 e 1l3l per gram protein. 8 

Analysis of the  figal product indicated 20.1$ of the 

131 
was bound t o  pso teh .  On the basie of' these results 0.108 pe of 

The mdtoactivity of the  

* 

--+ - ...-+a prepasation gave 33.~-igcorpmtiolm P m i e r  sirnilas eo&- 

I 

A s e e a d  iodination of rabbit  gamma globulin with a different C .  L 

%%"&' to those de-scribed above. 

In another iodinatim attempt, conditions were the same except < ; J  d .+ 

that two drops, rather than three of H C l  were added, and no perceptible 

iodins eo lw  appeased. - _  
"he percent of 1131 biBdfIlg t o  pratein w a ~  6$, 

* . - -  
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mx.Lf?c : Admuwee 6 Bote in  Chemistry, Vol. VIe Acadcmic Press Uc., 
Hew York, 1951. 

3 .  Masouredis, S. Po L. B, Melcher acd D. C e  Kobliek. SpecWfcity of 
A .  Radioiodlnatcd (Ii31) Inawuae Globulin as Deterslined by Qtmititative 

Preefpitive Reaction. J. Imm. 66: 297 (1951) 
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37. 

Symposium on Radiobiology. 
Systems by James J. Nickson (Editor). 
Wfley and Sons, In@. , 440 Fourth Ayenue, New York 16, New Y o ~ k .  

The Basic Aspects of Radiation Effects on Living 
Oberlin College - d'ue 14-16, 1950. J O ~  

1952. x i i  465 pp. 
15.5 x 23.5 cm, R i c e  - $7.50 

Reviewed dy H. A. Blair 

This symposium w a s  organized under the auspices of the National Fesearkn 
a Council t o  rev iew the more fWdEinentd aspects c;f radio-Eiolom, beginxkg with 

the processes of absorption of radiation by matter and procseedirig ti-irough the 
Q 

consequent chemical, biochemical and cytological changes to a consi5erzition of 

certaili physiological, genetic and lethal e f fec ts  i n  the mmal.  Tne ultimate 

objective of . re la t ing  all these phenomena sa t i s fac tor i ly  i s  pro*s&ly. F, distant. one, 

but a definite advance was made by c r i t i c a l  sumuimizatiorl Q? t.hose fset.ors whizh 

appear to be established and by designation of those gaps ir, present kcowlefige 

wh+ch m i g h t  be f i l l e d  i n  readily.  

. 

Of twenty-three papers the f irst  e ight  deal about equsl.ly with physical 

and chemfcal interactions of radiation, izcluding parfricles, wiYi  matt.er . This 

i s  followed by a long chaptey by. Platman on that; topic of especial perT;fnelice t o  

biological systems, the absorption of radiatiori by water .  Tne su?seeding f ive  

chapters review the findings i n  biochemical system irieluding studies of factors 

altering radiosensi t ivi ty  i n  organisms. 

contributors Dale, Hevesy and Latarjet  are i n  t h i s  group. 'YsYee cf the final nine 

chapters deal with hereditary problems, chromosome aberrst.icris, gene mJt,ations 

and mammalian-genetics. 

gene mutations. 

modifying the sens i t iv i ty  of c e l l s  t jo high energy aqd ul+xzvlolet raJia%ioci, 

discussions of the e f fec t  of the r a t e  of energy loss d o n g  the pat:: of ic.r;,izatiori, 

the aevelopment c l  a diffusion theory by Tobias which ax0uc t . s  fo r  rne different  

sens i t iv i t ies  of d i f f e re r t  plqidys i n  yeast, the i&luer,:-.e cf quanT:.iiy, 

quali ty of radiation on the biologic effect., some physiolcgical. e2I'ecrx.s m 

Tne papers of t'he three Eurepean 

One of these i s  a f u l l  expression of M Z l e r ' a  views oxi 

The remail;lrig papers are  on separate topics  in:ludlr& factors 
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m a m m a l s  and finally, a concluding chapter by Brues mid Sacher giving an analysis 

of mammalian radiation injury and l e tha l i t y  using, i n  par t ,  the  Gompertz 

equation and i n  part, a function developed previously by Sacher. 

Owing t o  the arrangement, the edit ing and the discmsions fo l lowix  each 

subject, the continuity of tne story i s  much bet ter  than i s  usual i n  an e f fo r t  of 

t h i s  kind. For this reason students w i l l  f ind it useflil f o r  orientation although 

it i s  not suff ic ient ly  detailed f o r  a tex t .  However, there a re  over TOO 

references leading t o  original sources. 

Teachers and researchers i n  t h i s  f i e l d  w i l l  f i n d  the volume very useful 

f o r  reference and review. 
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Abstract of Paper Presented at the 
of the Ins t i tu te  o f  Focd Technology - Gran2 

12th Annu21 Meeting 
Rapids, Miciigan - Jus  9, 2.952 

TOXICI!K !I?ESTIBG OF EEMICAL ADDITIVES 

E l l i o t t .  A. Maynard 
bY 

The steps involved i n  tes t ing the toxicity of  chemical additives are 

described and i l lustrated.  The need fcr more rapid testing nethods is re- 

ported and a possible solution fo r  some caaes is descri.Sed. 
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TECIINLCkL REPORTS ISSlJED FOR DISTRIBUTION 

Wtobel- 1, 1952 thru December 31, 1952 

Ti t l e  - 
A Bibliography of the Literature (1936- 
1952) on tihe Pharmacology and Toxicology 
of Fluorine a d  i t s  Coqounds, ineluding 
Effects on Bones m d  Teeth 
(UmCLASSIFIED) 
Issued: November 12, 1952 

The Relation of Protein Synthesis t o  
Nucleic Acid Phosphorus Turnover i n  the 
R a t  Liver 

Issued: Octote:" 31, 15452 

X-irradiation Injury and Repair %L the 
Germinal Epithelium of Male Rats. I. 
Injury and Repsir i n  Adult R a t s  
(IJNCLASSIFIED) 
Issued: Cktober 31, 1952 

X-irraciiation Injury and Repair i n  %he 
Germinal Epithelium of Male Rats. 11. 
InJury and Repair i n  Immature Rats 

Issued: Oztdlser 31, 1952 

(UNCLASSIFIED) 

(UNCLASSIFIED) 

A Radiochemical az3 Autorsdiographic: 
Study of" the  Distribction of Polonim 
i n  Rats &re7 1r;travenous Administras;ioIL 
(UNCLASSIF'DD) 
Issued.: November 12,  1952 

Tne TTeatmeDr of tne Acute Radiation 
Syndrome with Aureomyeir and Whole Blood 
(UNCLASSIFIED) 
Issued: DecemSer 17, 1952 

Quarterly Technical Report 
July 1, 1952 thru September 30, 1952 

Issued: De2ember +, 1952 

Tne Metabolism of Glutaric Acid-1, 5-C1': 
I. I n  Normal wid Phlorizinized Rats 

Issued% Novem3er 26, 1952 

(UNCLASSIFIED) 

(UIKLSLSSIPIED] 

Authors 
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COX 
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Shaver 

mth 
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B l a i r  

Rothstein 
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41. 

Report No. T i t l e  - 
UR-225 Selected Blood and Urine Changes i n  

Experimental Beryllium Poisoning 
(UNCWSIFTED) 
Issued: November 26, 1952 

UR-227 Variation of X-radiation-Induced Lipemia 
ir Rabbits with Dosage, Administration 
of Insulin or Ammonium Chloride, and the 
Incidence of Tetany 
(UNCLASSIFBD) 
Issued: December 17, 1952 

UR-228 An Improved Determination. of Exchangeable 
Ions i n  Bone Preparation 
(UNCLASSIFIED) 
Issued: December 31, 1952' 

Authors 

Spiegl 
m a n c e  
Ashworth 

Steadman 
G r  imaldi 

Weikel 
Neuman 

Subject 
Category 

Health 
and 

Biology 

Health 
and 

Biology 

Health 
and 

Biology 

UR-230 The Surface Chemistry of Bone. VII. The 
Hydration Layer 
(UNCLASSIFIED) 
Issued: December 31, 1952 

N e w  
Tor ibara 
Mulryan 

Health 
and 

Biology 
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