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The Committee on C l i n i c a l  I n v e s t i g a t i o n s  and Uses of Radioisotopes 

hereby approves t h e  program wi th  t h e  fol lowing t i t l e :  

Bio logica l  Turnover o f  C S ' ~ ~ ,  Zn 65 and Sr85 i n  Man 

C I R C  11 9 has been assigned t o  t h i s  program. 

2 7 6 6  c/r&- 
Walton W. Shreeve, M.D., Ph.D., Chairman 

Eugene P. Cronki te ,  M.D. 

Eckart  Schackow, M.D. 

2, /? [x. /J-f- 
Melvin H. Van Woert, M . D .  

S .  Robertson, M . D . ,  Ph.D. (ex o f f i c i o )  

Place Medical Research Center 
Brookhaven Nat ional  Laboratory 
Upton, New York 



FORM FOR INITIATION OR REVIEW OF CLINICAL 

INVESTIGATIVE PROGRAMS 

(Submit o r i g i n a l  only t o  Department Chairman) 

85 
A. T i t l e  of t h e  proposal:  Bio logica l  turnover  of  Cs137, Zn65 and Sr . i n  man. 

B. Sponsoring phys ic ian(s )  : D r .  J.E. Jesseph  
D r .  J.S. Robertson 

C. Responsible  i n v e s t i g a t o r ( s ) :  D r s .  S.H. Cohn, J . S .  Robertson 

D. Br ie f  d e s c r i p t i o n  of t h e  s tudy,  i nc lud ing  i t s  genera l  goa ls  and purpose, and 

p e r t i n e n t  information on p a s t  s tud ie s :  (Attach a d d i t i o n a l  s h e e t s  i f  necessary;)  

The measurement of t h e  long-term b i o l o g i c a l  turnover  of’ va r ious  elements i n  
man have been g r e a t l y  extended b y  t h e  u s e  of t h e  whole-body counter.  
r a t e s  af Sr90, Cs137 and ~ n 6 5 ,  a l l  important c o n s t i t u e n t s  of r a d i o a c t i v e  f a l l o u t  
can be  measured f o r  pe r iods  of one year or longer ,  u t i l i z i n g  t r a c e r  doses  of t h e  
i so topes .  

fol lowing both  acu te  and chronic adminis t ra t ion .  
poss ib l e  t o  develop mathematical models t o  represent  t h e s e  da ta .  
mation i t  w i l l  be p o s s i b l e  t o  eva lua te  t h e  e f f e c t s  of var ious  experimental  pro- 
cedures  t o  a l t e r  t h e  b i o l o g i c a l  turnover  r a t e .  

The turnover  

Fur the r ,  i t  is  of i n t e r e s t  t o  compare t h e  turnover  r a t e  af t h e s e  nuc l ides  , 

With t h e  computer, i t  i s  
With t h i s  infor-  

E. Reasons why t h e  i n v e s t i g a t i o n ( s )  are t o  be performed on human subjec ts .  

The b i o l o g i c a l  turnover  r a t e s  a r e  des i r ed  f o r  man. Further ,  animal d a t a  
a r e  gene ra l ly  d i f f e r e n t  and t h e r e f o r e  cannot be ex t rapola ted  t o  man. 

F. Type of p a t i e n t  i n  which t h e  study i s  t o  be done ( inc luding  approximate number 

of s u b j e c t s ,  i f  known; s p e c i a l  r e s t r i c t i o n s  o r  requirements;  method of ob ta in-  

i n g  consent ;  e tc . ) :  

There a r e  no r e s t r i c t i o n s  an t h e  type of pa t i en t  t h a t  can Dar t i c ipa t e  i n  

Elder ly  p a t i e n t s  have been se l ec t ed  f o r  t hese  s t u d i e s  i n  t h e  pas t .  
t h i s  s tudy.  
d i s e a s e s .  
The  9alic‘:t.s xi11 b e  i r fc rmed of the  na ture  of t h e  coqteniplated s t u d i e s  and 
t!ieif involver!eil t  : . r i l l  b e  cx?li.,ir,ad t o  t h e n .  Each p a t i e n t  w i l l  p a r t i c i p a t e  i n  
one s t u d y  and w i l l  r e c e i v e  o n l y  o n e  i so tope ,  S r e 5 ,  c~~~~ or Zn65. No ch i ld ren  
-:;ill par t i c iDa te  i n  t h e s e  s t u d i e s  w i t h o u t  s9 , r c i f i c  permission being reques ted .  

I t  i s  des i r ed  t h a t  t h e  3 a t i e n t s  will have minimal o r  compensatory 



G. 1. 

2. 

3 .  

4. 

5. 

6. 

- 2 -  

Are drugs not in the U. S. Pharmacopoeia (USP) or the NNR being used or con- 
templated for use? Yes No x 
Is an unusual use of a drug(s) accepted by the USP or NNR contemplated? 
example would be the use of an accepted drug in dosages far exceeding the 

recommended limits or for purposes distinctly different from the usual indi- 
cations cited. ) Yes No X 

Are any biological products to be administered that do not bear OR their con- 
tainers or labels notation of approval by the Biological Control Division of 
the National Institutes of Health? Yes No x 
Is external or internal radiation other than accepted diagnostic or thera- 
peutic procedures to be administered? Yes No x 
Are any (other) unusual procedures being performed or proposed which in your 

judgment may entail a special hazard - particularly a hazard above and beyond 
any imposed by accepted diagnostic and therapeutic measures for that patient? 

(An 

V A Yes No 

Yes X No Are any radioisotopes to be administered to human beings? 

a. If yes, are the radioisotopes to be used solely within the limits of pro- 
cedures, specifically described in the USP? Yes No x 
Describe the radioisotopic preparation(s): 

b. Or are the radioisotopes to be.used only in accordance with a project 

previously approved by the former Radioisotope Committee of this 
Department? Yes X NO 

Note the project number: H-61 However, amounts of i s o t o p e  increased 

IF ANY OF QUESTIONS 1 THROUGH 5 ARE ANSWERED AFFIRMATIVELY, a detailed analysis 
of the potential hazards must be appended, including pertinent bibliographic cita- 

tions and other relevant information. 

IF QUESTION 6 IS ANSWERED AFFIRMATIVELY, a completed supplementary form for 
Radioisotope Administration to Human Beings must be appended. However, this form 
need not be filed provided that question 6a or 6b is also answered affirmatively. A 
separate form must be submitted for each radioisotopic species o be a iniste 

PO soring Physician 
Committee on Clinical Investigations and 
Uses of Radioisotopes 
Approval recommended /' Date / J  I {,)/., 2 
Disapproval Date 

/r, p iq?yYL4 *"%J ;; > 1964 
V. P. Bond, M. D. \ 1 1 9 5 2 4  

. Chairman, Mec!ical Department 
6 / 2 5 / 6 3 .  .. 



SUPPLEMENTARY FORM FOR RADIOISOTOPE 
ADMINISTRATION TO HUMAN BEINGS 

Page 1 of  2 

A, Radioisotope 
24 14 

1. Species: (Radioisotope or labeled compound, eg. Na C1 or 1-C - glucose) 
6s137c12 

2. Physical characteristics: (Physical half-life; decay scheme (or type, 

energy and relative frequency I of major emissions): 
137 137 

27 yea r s  EY 

Ep = 0.23 mev (Hine and Brownell, p. 899) 
= 0.66 mev C s  Ba 

3, Sourc:: "tB& reactor, cyclotron, hot lab.), commercial supplier, etc.) 
Nuclear-Chicago 

4,  Preparation: (Target material, quantity, special problems) 
U-n - separated fron f i s s i o n  product mixture  

5. Specific activity and isotopic purity of administered material: 
High s p e c i f i c  a c t i v i t y  

6, Radioassay and calibration procedures: (Include validation to be 

performed at BNL prior to use) 
1. Gamma spec t romet r ic  a n a l y s i s  
2. Assayed by corn a r i s o n  with c a l i b r a t e d  sources 

Vehicle and route O F  administration: 7. 
CsC12 s t e r i l e  so lu t ion .  I . V .  - 15 VC 

O r a l  - 0.1 pc/day for 30 d a y s  
8, Procedures for control of sterility and pyrogenicity: (Or note that 

commercially supplied isotopes are certified as ready for administration 

to human beings.) 
1. I n j e c t i o n  s o l u t i o n  s t e r i l i z e d  
2.  I n j e c t e d  i n t o  r a b b i t  t o  t e s t  pyrogenici ty  

9. Extraneous effects, if pertinent: (Such as pharmacological or toxic 

actions of the parent compound or vehicle, etc,) None 

B. Radiation Dosage 

1, Biological half-life or half-lives, including slow components: 
Biological h a l f - l i f e  = 100 days 

2. Organ, cellular, or subcellular localization: (Should account for the 

effects of special drugs or agents on altering the natural distribution 

of the rad io i sot op e) 

a. Critical or  "target" organ(s): Tota l  body 

b. Gonadal exposure: Same a s  whole body dose ca lcu la ted  below 



- 2 -  

3, Sample ca l cu la t ions :  (Dosage should be c a l c u l a t e d  f o r  t h e  whole body 

and f o r  " t a rge t "  o r  o t h e r  separate organs,  where ind ica t ed )  

Summary equat ions  a r e  des i r ed ;  no t  ex tens ive  ca l cu la t ions .  Standard 

dosage equat ions  from re fe rences  such as Hine and Brownell 's  

Radia t ion  Dosimetry, Nat ional  Bureau of Standard& Handbook 69, and 

BNL Hospi ta l  Form 1167-A should be used w h e r e  p o s s i b l e  and the  

r e fe rence  c i t e d .  

15 pc Cs137C12 - I.V. = 380 mr i n t e g r a t e d  dose 

0.1 pc/day for 30 days = 76 m r  11  I t  

Body burden for l i f e t i m e  of Cs137 = 30 pc (ICRP) 

C. Radio logica l  Heal th  Aspects 

1.. Hazards t o  o t h e r  p a t i e n t s  and t o  personnel from e x t e r n a l  o r  

i n t e r n a l  r ad ia t ion :  None 

2. Monitoring procedures,  i f  necessary: None 

ak 

!...:. 

3, Spec ia l  procedures  f o r  handl ing waste products ,  exc re t a ,  b io log ica l  

samples, etc., where ind ica ted :  None 

4. Plan f o r  i so tope  accoun tab i l i t y ,  i f  required:  None - experimental  plan 
c a l l s  for i n i t i a l  excreta  t o  be co l l ec t ed  and disposed of through 
Heal th  Physics .  

June 25, 1963 
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I .  . .  

SUPPLEMENTARY FORM FOR RADIOISOTOPE 
ADMINISTRATION TO HUMAN BEINGS 

A, Radioisotope 
24 14 

1. Species: (Radioisotope or labeled compound, eg, Na C1 or 1-C - glucose) 
65 Zn C12 

2. Physical characteristics: (Physical half-life; (or type, 
= .01 mev energy and relative frequency of major 

65 245 days Zn +cu65 

3, Source: (BNL reactor, cyclotron, hot 

Nuclear Sc. and Engineering 

65 ~n~~ (n,y) Zn 
4 .  Preparation: (Target material, quantity, special problems) 

5. Specific activity and isotopic purity of administered material: 
Oral  dose - 0.33 pc/day f o r  30 days  
I.V. dose = 15 pc 

6 ,  Radioassay and calibration procedures: (Include validation to be 

performed at BNL prior to use) 
1. Gamma ray  spectroscopy 
2. Assayed by c a l i b r a t i o n  aga ins t  s tandard source.  

7. Vehicle and route of administration: 

Zn C12 in s t e r i l e  s a l i n e  

8. Procedures for control of sterility and pyrogenicity: (Or note that 

commercially supplied isotopes are certified as ready for administration 

to .human beings.) 
1, I n j e c t i o n  s o l u t i o n  s t e r i l i z e d  
2. In j ec t ed  i n t o  r a b b i t  t o  test  pyrogenic i ty  

9. Extraneous effects, if pertinent: (Such as pharmacological o r  toxic 

actions of the parent compound or vehicle, etc.) None 

B. Radiation Dosage 

1, Biological half-life or half-lives, including slow components: 
300 day b io log ica l  h a l f - l i f e  

2, Organ, cellular, or subcellular localization: (Should account f o r  the 

effects of special drugs or agents on altering the natural distribution 

of the radioisotope) 

a. Critical or "target" organ(s): T o t a l  body 

b. Gonadal exposure: Same a s  t o t a l  body ( s e e  below) 



- 2 -  

3 .  Sample c a l c u l a t i o n s :  (Dosage should be c a l c u l a t e d  f o r  t h e  whole body 

and f o r  " t a rge t "  o r  o the r  s epa ra t e  organs,  where ind ica t ed )  

Summary equat ions  a r e  d e s i r e d ;  no t  ex tens ive  ca l cu la t ions .  Standard 

dosage equat ions  from re fe rences  such as  Hine and Brownel l ' s  

Radia t ion  Dosimetry, Nat ional  Bureau of Standards Handbook 69, and 

BNL Hosp i t a l  Form 1167-A should be used where p o s s i b l e  and t h e  
__r___ 

r e fe rence  c i t e d .  

15 pc Zn65 (I .V.)  = 500 m i n t eg ra t ed  dose 
0.33 &day for 30 days  = 33 m r  i n t eg ra t ed  dose 

(See a t t ached  shee t  for ca lcu la t ions )  

Zn 65 max, perm. body burden f o r  l i f e  = 60 pc.(ICRP) 
- .  

C. Radio logica l  Heal th  Aspects . 
! 

1.. Hazards t o  o t h e r  p a t i e n t s  and t o  personnel from e x t e r n a l  o r  

i n t e r n a l  r ad ia t ion :  None 

2. Monitoring procedures,  i f  necessary: None 

3 .  Specia l  procedures  f o r  handling waste products ,  exc re t a ,  b io log ica l  

samples ,  e t c . ,  where ind ica ted :  None 

4. Plan f o r  i so tope  accoun tab i l i t y ,  i f  required:  None - i n i t i a l  excreta  
W i l l  be co l l ec t ed  and disposed of through Health Physics.  

t I19528 
a k '  

:. 

June 25, 1963 
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SUPPLEMENTARY FORM FOR RADIOISOTOPE 

ADMINISTRATION TO HUMAN BEINGS 

Page 1 of 2 

A. Radioisotope 

1. Species:  
24 (Radioisotope o r  l abe led  compound, eg. N a  C 1  o r  l - C I 4 -  glucose) 

85 
Sr C12 

2. Phys ica l  c h a r a c t e r i s t i c s :  (Physical  h a l f - l i f e ;  decay scheme (or type,  

energy and r e l a t i v e  frequency of major emissions)  
65 days;  Sr  -3 Rb85 y = (~.100%'0) 0.51 mev 85 

p = o  
3.  Source: (BNL r e a c t o r ,  cyc lo t ron ,  ho t  l ab . ) ,  commercial supp l i e r ,  e tc . )  

Nuclear Sc. and Engineering 

4, Prepara t ion :  (Target m a t e r i a l ,  quan t i ty ,  s p e c i a l  problems) 

O r a l  - 1 pc/day fo r  30 days 
84 85 I . V .  - 15 pc Sr (n ,y)  S r  

5. S p e c i f i c  a c t i v i t y  and i s o t o p i c  p u r i t y  o f  adminis tered ma te r i a l :  

Ca r r i e r - f r ee  

6, Radioassay and c a l i b r a t i o n  procedures:  ( Include v a l i d a t i o n  t o  be  

performed a t  BNL p r i o r  t o  use)  
1. Gamma spectrographic  a n a l y s i s  
2, Assay aga ins t  c a l i b r a t e d  source 

7. Vehicle  and rou te  of adminis t ra t ion :  

1 .V.  and Oral :  S t e r i l e  s a l i n e  

8, Procedures f o r  con t ro l  of s t e r i l i t y  and pyrogenici ty:  ( O r  no te  t h a t  

commercially supplied i so topes  are  c e r t i f i e d  a s  ready f o r  adminis t ra t ion  

t o  human beings.  ) 
1. I n j e c t i o n  t o  be s t e r i l i z e d  
2. I n j e c t i o n  i n t o  r a b b i t  f o r  t e s t i n g  pyrogenici ty  

9. Extraneous e f f e c t s ,  i f  pe r t inen t :  (Such a s  pharmacological o r  t ox ic  

a c t i o n s  of t h e  parent  compound o r  v e h i c l e ,  etc.)  None 

B. Radia t ion  Dosage 

1. B io log ica l  h a l f - l i f e  o r  h a l f - l i v e s ,  inc luding  s l o w  components: 

Limit ing t 1/2 i s  r ad ioac t ive  ( 6 5  days) 

2. Organ, c e l l u l a r ,  o r  subce l lu l a r  l o c a l i z a t i o n :  (Should account f o r  t he  

e f f e c t s  of s p e c i a l  drugs o r  agents  on a l t e r i n g  the  n a t u r a l  d i s t r i b u t i o n  

of t he  rad io iso tope)  
a. C r i t i c a l  o r  " t a rge t "  organ(s) : Bone 

be Gonadal exposure: O n l y  gama  from bone deposi ted Sr8' w i l l  
i r r a d i a t e  t he  gonads. 
d o s e  ca l cg la t ed  below. 

Limit ing dose taken 2 s  same a s  whole-body 



- 2 -  

3, Sample c a l c u l a t i o n s :  (Dosage should be ca l cu la t ed  f o r  t h e  whole body 

and f o r  " t a rge t "  o r  o the r  s epa ra t e  organs,  where ind ica t ed )  

Summary equat ions  a r e  d e s i r e d ;  no t  ex tens ive  ca l cu la t ions .  Standard 

dosage equat ions  from re fe rences  such a s  Hine and Brownel l ' s  

Radiat ion Dosimetry, Nat ional  Bureau of Standards Handbook 69, and 

BNI, Hospi ta l  Form 1167-A should be used where p o s s i b l e  and t h e  

r e fe rence  c i t e d .  

See a t t ached  sheet  for dose c a l c u l a t i o n s .  

a)  
b) 1 pc/day for  30 days ( o r a l )  = 80 n u  

15 pc Sr85 ( I . V . )  = 160 m r  i n t e g r a t e d  dose 

85 Sr max. permiss ib le  body burden = 60 pc (ICRP) 

C. Radio logica l  Heal th  Aspects ' 

1.. Hazards t o  o the r  p a t i e n t s  and t o  personnel  from e x t e r n a l  o r  

i n t e r n a l  r ad ia t ion :  None 

2. Monitoring procedures,  i f  necessary: None 

3 ,  Specia l  procedures f o r  handl ing waste products ,  exc re t a ,  b io log ica l  

samples, e tc . ,  where ind ica ted :  None 

4. Plan f o r  i so tope  accoun tab i l i t y ,  i f  requi red :  None. I n i t i a l  excre ta  

will be  co l l ec t ed  f o r  experimental  purposes and disposed of through 

Heal th  Physics. 

ak J u n e  25, 1963 I 
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To : 

From: 

Sub j e  c t : 

Date: October 13, 1959 

Committee on the Use of  'Radioisotopes 

S . ! I .  C o b ,  Ph.D. and R.A. Conard, N.D. 
5 y  

Request f o r  permission t o  adminis ter  
tracer l e v e l s  of Cs-137, Zn-65 and 
Sr-85 i n  a c l i n i c a l  experiment.. 
H - 6 1  

The B i o l o g i c a l  Turnover of Cs-137, Zn-65 - and Sr-85 

A s  a r e s u l t  o f  the  world-wide inc rease  i n  environmental  r a d i o a c t i v i t y  

from nuclear  weapons t e s t i n g ,  the  l e v e l s  of i n t e rna l ly -depos i t ed  rad io iso topes  

have been r i s i n g  i n  human beings.  I t  is of g rea t  importance t h a t  d a t a  be obtained 

on (1) t h e  absolu te  l e v e l s  of the  important f i s s i o n  products  present  i n  the popu- 

l a t i o n ,  ( 2 )  t he  b i o l o g i c a l  turnover  f o r  t hese  radioelements,  and ( 3 )  t h e  r a t e  of 

equi l ibr ium between the  l e v e l  i n  an ind iv idua l  and the  amocnt i n  t h e  environment. 

A s p e c i f i c  populat ion t h a t  has shown a g r e a t  i nc rease  i n  i n t e r n a l  

l e v e l s  i s  t h a t  o f  t he  blarshallcse people on Rongelap. I n  t h i s  population the  

body burdens of Cs-137 are one hundredfold grea te r ,  and the Sr-90 l e v e l s  tenfo ld  

g r e a t e r  t han  present  North American l e v e l s .  

The whole-body ganma counter a t  BNL o f f e r s  a unique t o o l  f o r  i n v e s t i -  

ga t ing  some of these  problems. I t  is proposed as an i n i t i a l  study t h a t  t h e  

metabolic tu rnover  of t h r e e  i so topes  (Cs-137, Zn-65 and Sr-55) be s tud ied  i n  

p a t i e n t s  a t  Brookhaven. I t  is planned t o  extend t h i s  study i n  f u r t h e r  work, 

p a r t i c u l a r l y  t o  very sho r t - l i ved  i so topes  t o  be obta ined  from the LiNL medical 

r e a c t o r .  

However, before  tk whole-body counter can be used t o  determine absolu te  

mounts  of a c t i v i t y ,  the system m u s t  be c a r e f u l l y  c a l i b r a t e d  w i t h  known mounts  of  

a c t i v i t y  f i x e d  i n  a c h a r a c t e r i s t i c  wny i n  the  hiinan body.  T!ie u s e  or' rzdi-oact ive 

s1:;znciards i n  pressctlwood p1imtor.i.s has not :)roved reJ.iat:le as a s u b s t i t u t e  f o r  

nc.tiial h.?-;.n cen:?ctry a x !  absorp t ion .  (3. T?CY phantom o f  ca re fu l ly  cans t ruc ted  
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l i k e n e s s  t o  a human being with compartments f i l l e d  with t i s sue-equiva len t  f l u i d  

a,nd appropr ia te  r e p l i c a s  o f  the major organs i n t o  w.hich i so topes  can be introduced 

&e--beiw acquired,  and may prove t o  be he lpfu l  i n  this study.) 
1 7 4 ~  Suan 

The s p e c t r a  of ind iv idua l  f i s s i o n  products  taken ind iv idua l ly  and i n  

combination a re  requi red  fo r  ana lys i s  of the complex s p e c t r a  obtcrined f r o n  popula- 

t i o n  s t u d i e s .  A t  p re sen t  these  d a t a  a re  needed for  a n a l y s i s  of the measurements 

inade on the  Marshal l  I s l ande r s ,  b u t  they w i l l  a l so  form the  bas i s  on which var ious 

populat ion s t u d i e s  under cons idera t ion  will have t o  be i n t e r p r e t e d .  

The second s t e p  fol lowing absolu te  determinat ion of the l e v e l s  of  these  

rad io iso topes  i s  t h e  assessment of the b i o l o g i c a l  turnover .  I n  the  past ,  b io logi -  

caJ. turnover  d a t a  have been ex t r apo la t ed  from animal s t u d i e s ,  but it is apparent 

t h a t  animal data a r e  not always app l i cab le  t o  human beings.  For example, t he  NBS 

Handbook i n d i c a t e s  a b i o l o g i c a l  h a l f - l i f e  f o r  Cs-137 o f  17 days, based on animal 

s t u d i e s .  S tudies  with human beings, a l though l imi t ed ,  have already ind ica t ed  t h a t  

t h e  b i o l o g i c a l  turnover  i s  probably over  100 days. Further,  turnover  rates are 

based on data obta ined  from s i n g l e  app l i ca t ions  of the  isotope,  based on the  assump- 

t i o n  t h a t  a s i n g l e  app l i ca t ion  of an i so tope  is equiva len t ,  i n  terms of human meta- 

b o l i c  and turnover  r a t e s ,  t o  the  a p p l i c a t i o n  of t he  same t o t a l  amount adminis tered 

i n  f r a c t i o n a t e d  doses over  a per iod of t ime.  I n  o t h e r  words, the problem o f  

chronic inges t ion  is represented as being i d e n t i c a l  w i t h  t h a t  of the ai lminis t ra t ion 

of  2 s i n g l e  l a r g e  dose.  Pie propose t o  adminis ter  the i so tope  i n  both s i n g l e  doses 

and f r a c t i o n a t e d  doses, to determine t h e  e f f e c t  of the mul t ip l e  mode o f  app l i ca t ion  

on t h e  metabolic tu rnover  r a t e .  This approach should provide u s  with some informa- 

t i o n  on the  complex problem of chronic  inges t ion .  

I n  o rde r  t o  s t u d y  the r a t e  o f  e q u i l i b r a t i o n  of the Lwdy burden with the 

d i e t a r y  environment, t h e  ailniinistration of small o r a l  da i ly  doses of these  i so topes  

vi11 be necessary.  

a r e  not well-known. Uetcrriination of  this r a t e  of upta!re is of cons iderable  prac- 

t i c a l  i n t e r e s t  a t  this t i n e .  From these  s t u d i e s  i t  w i l l  a l s o  be poss ib le  t o  d e t e r -  

mine t h e  r a t e  of g a s t r o - i n t e s t i n a l  absorpt ion ( c i r c u l a t o r y  uptake) of t hese  i so -  

topes.  

Such r a t e s  of equ i l ib ra t ion ,  w i t h  the exception of Strontium, 
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1. 

2 .  

3.  

4 .  

Each of t h r e e  p a t i e n t s  w i l l  r ece ive  one of the  fol lowing i so topes :  

Zn-65 and Sr-85, 1.5 pc, T . V .  A c a l i b r a t e d  spectrum will be obtained by t h e  

whole-body counting technique and Will then be conpared wi th  t h a t  ob ta ined  

from a phantom i n  which a l i k e  amount o f  r ad ioac t ive  a a t e r i a l  has been placed.  

The b i o l o g i c a l  tu rnover  of  radionucl ides  in t h e s e  th ree  p a t i e n t s  w i l l  be  

followed by measuring body r e t en t ion  over a six-month per iod  with f requent  

counting, and a l s o  by determinat ion of ur inary  exc re t ion  r a t e s .  

Cs-137 and Zn-65 w i l l  be  adminis tered sepa ra t e ly  t o  two p a t i e n t s  i n  d a i l y -  

oral doses of 0.1 p c  and 0.33 pc, respec t ive ly ,  for  a t  l eas t  30 days.  Sr-85 

w i l l  be adminis tered o r a l l y  t o  one p a t i e n t  a t  a l e v e l  of 0.5 p c  per day fo r  

30 days.  The c i r cu la to ry  uptake of the i so topes  w i l l  be measured by u s e  of a 

columnated sh ie lded  counter  placed over the  forearm. The whole-body counting 

procedures w i l l  be followed f o r  t h e  periccl o f  adminis t ra t ion ,  and for  six 

months fol lowing cessa t ion ,  t o  de te rn ine  the  t i m e  o f  a t ta inment  of equi l ibr ium 

and the  turnover  and exc re t ion  r a t e s .  These d a t a  will be compared wi th  those  

obta ined  fol lowing adminis t ra t ion  of t h e  s i n g l e  dose of the i so tope .  

Each p a t i e n t  W i l l  have prel iminary and follow-up blood work (V iSC,  d i f f e r e n t i a l ,  

and p l a t e l e t  counts) .  

s o l u t i o n  and s t e r i l i z e d  before adminis t ra t ion .  In addi t ion ,  a l i q u o t s  w i l l  be 

adminis tered t o  r a b b i t s  p r i o r  t o  human i n j e c t i o n  t o  make c e r t a i n  t h a t  t h e r e  

a r e  no pyrogenic or o the r  untoward e f f e c t s .  

Cs-137, 

The red io iso topes  w i l l  be prepared i n  noma1 s a l i n e  

P a t i e n t s  ' 

The use  o f  te rmina l  cases  w u 1 6  be less s a t i s f a c t o r y  f o r  this s tudy than 

the use  of the p a t i e n t s  proposed below, s i n c e  a number of  i n t e r f e r i n g  phys io logica l  

derangements can be expected i n  sw!i cases ,  2nd f u r t h e r  because of  t h e  imprac t ica l -  

ity of ca r ry ing  out  repea ted  whole-hdy counts i n  such p a t i e n t s .  D r .  I r v i n g  L. 

Schwartz is beginning 3. study of metabolic d i so rde r s  i n  p a t i e n t s ,  using a double 

tagging sys t en  : t i t h  C-14 and tr i t iu?,  and h a s  o f f e red  the  use of h i s  p a t i e n t s  i n  

t h i s  s.t~~:!y. I t  has been deternine:! t ha t  t k r e  i*;o!lItL bc no i n t e r f c r e n c e  i n  cirrrying 

out  the t m  s tudies  sixI.!lt?r;c?i!sly,. an< t h e  type of p p . t i c n t s  to be s tud ied  would be 

s a t i s f a c t o r y  f o r  our pur::o>es. 

*See  addend:im 4 4  a t t a c h e d .  

' I I  1 9 5 3 1  
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Appendix 

Dose Ca lcu la t ion  

1 . V .  Adminis t ra t ion of 1.5 pc t o  a 70-kg man 

137 cs 

65 Zll 

85 S r  

D = .03467CT E rads** 
Y 

( r e  Dose ra te  r/mc-hr a t  1 cm -(Hine and 
B r ovMell') 

= 3.2 mr 

= 50 m r  

- 
D = ,0346fCT g 

Y 

= ( ,0346) ( 3 )  (- ) (65) (125) Assump: Sr d i s t r i b u t e d  i n  whole bd. 
If S r  assumed t o  be s k e l e t o  
y dose is approximately the 
same. 

70000 

= 18.1-M 
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O r a l  Adminis t ra t ion of f o l l o r c h g  i so topes  f o r  30 days - Assumption: 100% re t en t ion  
of absorbed 
‘ ac t iv i ty  . cs Body burden = d a i l y  dose x time x f w  

fvr = f r a c t i o n  of isotope 
absorbed i n t o  blood 
from G.I .  t r a c t .  

= pc  x days x per cent  

= (0.1)(30)(1.0) = 3.0 p~ . 

Therefore,  dose i s  twice t h a t  ca l cu la t ed  f o r  1 . V .  a d n i n i s t r a t i o n  of 

1.5 p c  ( see  above c a l c u l a t i o n ) .  

D 

D Y = 4 1 3  3 3 -u-883;2 mr 

= 50.9 x 2 = 101.8 mr 9 

Zn 65 Body burden = p c  x days x fw 

= (0.33)(30)(0.10) = 1 pC 

1.0 2 
1.5 Dose is - or  - 3 of above dose o r  c a l c u l a t e d  f o r  1.5 p c  I .V. 

Sr 85 Rody burden = b c  x days x f W  

= ( 0 . 5 )  ( 3 0 )  ( 0  - 2 5 )  

= 3.75 

1 1  1 9 5 3 9  
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SUBJECT:  Fur ther  in format ion '  on experimental  
pro osa l  on "Biolo i c a l  Turnover o f  
C s l  5 7, Zn65 and S r  $5 . I t  

1. I so topes  C.slV C12 and 2 x 1 ~ ~  C12 were obta ined  from Mary Kinsley 

(Hot Lab). She also s tandard ized  t h e  s o l u t i o n s  a 47T 
us i n  

b e t a  counter .  Sr85 C1 is obta ined  from Nuclear Science and 

Engineering Corp, 
2 

A l l  o f  t hese  i so topes  a r e  re-assayed by us  using a previous ly  

c a l i b r a t e d  deep-well s c i n t i l l a t i o n  counter .  The i so topes  are 

checked f o r  i so tope  pu r i ty  i n  a gamma s c i n t i l l a t i o n  spectrometer .  

2. The c r i t i ca l  organ f o r  Zn65 is t h e  whole body (see NBS Handbook 

No. 69, p .  331, The LIPC as t o t a l  body burden is l i s t e d  a s  60 pc.  

The d i s t r i b u t i o n  and MPC f o r  o the r  organs a re  all l i s t e d  as having 

a body burden o f  g r e a t e r  than 60 pc ,  

3, The ca l cu la t ed  dose f o r  Zn65 is a reasonable  es t imate ,  I be l i eve .  

.49% o f  t h e  y e n e r g  is 1.14 mev and 39% i s  ,008 mev 5 ( see  Slack 

and Way, "Radiations from Radioactive Atom," p .  2 7 ) .  Only 3.4% 

of  the  electromagnet ic  r a d i a t i o n  is from t h e  a n n i h i l a t i o n  y 

(0.511 mev) , 

4. The p r imary  m e d i c a l  r e s p o n s i b i l i t y  f o r  t h e  p a t i e n t s  t o  be . . .  used w i l l  be t h a t  of D r .  Schwartz- a l low-  
i n g  a d d i t i o n a l  u s e  of ;his'  . p a t i e n t s  f o r  t h i s  p r o j e c t .  How- 
e v e r ,  D r .  Conard w i l l  have  t h e  r e s p o n s i b i l i t y  connec ted  w i t h  
t h e  p rocedures  used i n  t h i s  p r o j e c t  as  well a s  e v a l u a t i o n  of 
t h e  accumula t ive  r a d i a t i o n  d o s a g e  t o  t h e  p a t i e n t s  from t h i s  
and o t h e r  r a d i a t i o n  procedures used o r  hav ing  been used. 

I t 1 9 5 4 3  


