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March 18, 1964 

To: S. R. Bernard 

From: K. Z. Morgan 

Thank you for your memorandum of March 18, 1964. Having approved 
the inhalation experiment with Agl11, 1 certainly could not be consistent 
and refuse support for these injection experiments. It appears to me that 
the dose rates and integrated doses are reasonable though, again, of course, 
we would try to keep the doses as low as possible wlthin the useful range 
of measurement. Also, in this case I would caution you that someone 
must be responsible to see that the injections are carried out properly 
and that the material injected i s  free from bacteria and viruses. i t  
would be a minor calamity i f  some of these persons received hepatitis 
as the result of our supporting the use of unclean procedures. 

Good luck! 

KZM: ic 

cc: W. 5.  Snyder 



I N T R A - L A B O R A T O R Y  C O R R E S P O N D E N C E  
OAK RIDGE N A T I O N A L  L A B O R A T O R Y  

I 6* , March 18, 1964 

To : K. Z. Morgan 

cc : W. S. Snyder 

From : S. R. Bernard 

Thank you for your memo of March 13, 1964, and for giving permission 
on the inhalation experiment with Ag111. 

I also sent you a memo sometime last year and a proposal for an injection 
experiment employing Agl11 (which i s  attached hereto). May we have 
your permission to carry out the injection experiment too? We feel that 
this experiment should be done before (or maybe concurrently with) the 
inhalation experiment. 

I am asking Jeanne to give this to you to read on your trip. 
us have your comments, suggestions, and approval by next Monday 
@arch 23) so that we may take this proposal to Dr. Jordan for him to 
route on up the line of management and to AEC for their approval. 

Please let 

5. l < ,  ?3 
S. R. Bernard 

Enclosure 

SRB:ss 

‘ J C N - 3 3 0  
3 5 - 6 1 ]  
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March 18, 1964 

To : K. Z. Morgan 

cc : W. S. Snyder 

From : S. R. Bernard 

Thank you for your memo of March 13, 1964, and for giving permission 
on the inhalation experiment with Ag111. 

I also sent you a memo sometime last year and a proposal for an injection 
experiment employing Agl11 (which is attached hereto). May we have 
your permission to carry out the injection experiment too? We feel that 
this experiment should be done before (or maybe concurrently with) the 
in ha1 at ion experiment. 

I am asking Jeanne to give this to you to read on your trip. 
us have your comments, suggestions, and approval by next Monday 
@itarch 23) so that we may take this proposal to Dr. Jordan for him to 
route on up the line of management and to AEC for their approval. 

Please let 

.5. I ? ,  I3 
S. R. Bernard 

Enclosure 
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A Proposal for  a Human Volunteer and/or HospitaJ. Patient Study 

of the Metabolism of Injected and Ingested A g l U  

9/17/63 

by S. R.  Bernard 

INTRODUCTION 

The purpose of t h i s  report is  t o  outline a program fo r  obtaining 

human data on the metabolism of very low t racer  doses of Aglll administered 

t o  human subjects. Data of this type are  needed i n  the estimation and 

ver i f ica t ion  of maximum permissible concentration (MPC) values for  in- 

gestion by workers. ( A t  present the ICRP and NCRP recammend an (Mpc), 

value of 4 x pc/cc (168-hour week) based on the lower large intest ine 

as the c r i t i c a l  organ.) Also, the data are  needed i n  bioassay work 

and f o r  use i n  estimation of maximum permissible concentrations i n  

urinary and fecal  excretions during or  following exposure t o  radiosilver 

cmpounds. 

values for  excretion, chiefly because of a lack of adequate data.) 

( A t  present the l a t e s t  ICRP and NCRP reports do not l i s t  

The most recent report of ICRP c i t e s  the data obtained by Scott 

and Barrison(*) i n  experiments on rats. 

IW and NCRF t o  obtain the values of the biological parameters. 

appear i n  Table I. 

These data were employed by 

These 

It has been noted that the whole body W f - l i f e  of 5 days ci ted 

i n  the ICRP report i s  out of l i n e  with the biological M f - l i v e s  of 

chemically similar elements. 

of 80 days, while Au has a whole body of 1x1 d a p .  Also, it is  

noted that when the data of Tipton -- e t  al.(3) on stable Ag metabolism 

by man axe employed i n  the estimation of !I!), 

For example, C u  has a whole body % 
Tb 

for  l iver,  an 81-day value 
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Table I. ICRP-NCRP Biological Pdrameter Vdues 

Currently Employed for  dU Radionuclides 

Tb( days) T*( days)e d Organ fla fbC fw = f,f; 

Whole body 0.01 1 1 0.01 5 3 

Liver 0.05 0.03 3 10-4 15 5 

Kidney 0.03 0.02 2 10-4 10 4 

Skeleton 0.1 0.05 5 30 6 

- ~ 

?Fraction going from G I  t r a c t  t o  blood 

bFraction of that i n  whole body present i n  the c r i t i c a l  organ 

s a c t i o n  going from GI t r a c t  t o  c r i t i c a l  organ 
e 

F'raction going f r m  blood t o  c r i t i c a l  organ C 

T* = T T /Tr+Tb, the effect ive ha l f - l i fe  where Tr i s  the 
radiological L h - l i f e  of (= 7.5 days). 

i s  indicated. In human 

experimental research on a patient with m a l i g n a n t  carcinoid, Polachek - e t  

The handbook c i tes  a 15-day Tb v d u e  fo r  l i ve r .  

- aL.(4) found a Tb fo r  l i v e r  of 48 days. This w a s  estimated f r m  measare- 

merits obtained by direct  external counting of the pat ient ' s  l i v e r  for  a 

period of x) days. It thus appears t ha t  the handbook value of 15 days 

i s  low by a factor  of 3 or 5. This needs t o  ,be resolved. 

In  the study t o  be proposed, the data obtained would be used for 

the purpose of estimating or verifying the biological pmameters shown 

i n  Table I. In the calculations which follow, the parameter values 

employed by ICRP and NCRP w i l l  be used i n  the estimation of organ and 

body burdens and dose ra tes  and doses received by the subjects admin- 

istered dU. Also, since they were estimated froan studies on rats 

the uncertainty i n  the  doses w i l l  be discussed. 



Also, in this study the urinary 

be used to estimate the retention in 

and fecal excretion data will 

the whole body. This w i l l  be 

compared with the whole-body-counter-measured retention. 

data would indicate methods of interpreting data from employees 

accidentally exposed. 

The excretion 

Studies of disappearance of AglU fraan the 

blood would a l s o  be made, and these data are 

of findings in cases of accidental exposure. 

In the proposed study, hman volunteers 

me would receive administrations of Agul. 

useful for interpretation 

or hospital patients 

subsequent procedure is 

outlined below and would produce some human data to help resolve the 

above-mentioned problems, at least within the limits imposed by human 

biological variations. 

PROCEDURF: 

There are four phases--single injection, multiple injection, 

single ingestion, and multiple ingestion--to be carried out in this 

experiment. The data obtained at the cmpletion of the first phase 

would be used to determine the amount of AgU1 to be administered in 

the second phase, and that data obtained in the third phase would be 

used to decide upon the dose to be administered in the fourth phase. 

Phases 2 and 3 possibly could be interchanged, because the data from 

the single injection study should give sufficient guidance for the 

single ingestion study. The data obtained in phases 1 and 3 would 

be sufficient to provide estimates of all of the biological parameters 

used in the ICRP-NCRP model. The data obtained in phases 2 and 4 
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would be used t o  ver i fy  the estimates of the parameter v d u e s  

obtained from the data i n  phases 1 and 3 .  

is discussed i n  de ta i l .  

Each phase of the study 

Phase 1, Single Injection 

The subject would be injected (by competent members of the 

ORNL Health Division i f  a volunteer i s  used) with a single dose 

of 1.0 pc of A g l U  ( the  compound t o  be injected w i l l  be discussed 

l a t e r  i n  this report) .  

would be collected and analyzed fo r  &I1. 

collection would continue for  e i ther  as long as feasible or as long 

as signif icant  data were obtained. Whole body counts and counts of 

l i v e r  and kidneys would be made on the average of several times per 

week and as long as significant data are  obtained. 

(taken by a medically competent member of the  ORNL Health Division 

i f  a volunteer i s  used) would be collected on the  average of once 

per week and f o r  as long as significant data a re  obtained. 

A l l  urine and feces voided a f t e r  administration 

The period of excreta 

Blood samples 

An estimate of the peak organ and body burden, peak dose rates  
1 1  ! . 

and t o t a l  doses has been made, and these appear i n  Table-11. 

de ta i l s  on the method of estimating these quantit ies appear i n  

Appendix I.) 

than 1/30 the permissible occupational burden. The estimated peak dose 

r a t e s  are l e s s  than 1/30 the occupational dose rates,  and the estimated 

t o t a l  doses are l e s s  than 1 / 3 9  the quarterly occupational exposure 

dose of 3.9 ran. 

(The 

As can be seen, the estimated peak burdens are l e s s  

It i s  necessary t o  consider the uncertainty i n  these 
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Organ Burdens, Dose Rates, and Total Doses 

of a Subject Injected with 10 pc of Aglll 

Peak Organ Permissible Organ Peak Dose Total Dose 
Organ Burden (pc) Burden (pc) Rate (rem/wk) (rem) 

Whole Body 1.0 50 0.002 0.001 

Skeleton 0.05 6 0.005 o ,006 

Liver o .03 4 0.002 0.002 

Kidney 0.02 0.6 0.010 0.010 

estimates since the values of the biological parameters are  estimated 

frm studies on rats. The uncertainty is i n  fh and Tb for  organs 

and t issues .  

case, i.e., all f;’s = 1 and a l l  Tb*s  4 a, i.e., one of the organs, 

but not all simultaneously, concentrates the Agl= and the biological 

ha l f - l i f e  i s  in f in i t e .  Since the rad io logicd  ha l f - l i fe  i s  7.5 days, 

the effective ha l f - l i f e  would be 7.5 days. This is only, a t  most, 2.3 

These might be different i n  humans. We take the extreme 

times the lowest T value appearing i n  Table I. This w i l l  only double 

the t o t a l  dose. 

peak dose ra te  t o  kidneys would be 0.5 rem/wk and the t o t a l  dose would 

be - 1 rem. This  i s  s t i l l  lower than the permissible quarterly occupa- 

t iona l  dose of 3.9 rem by a factor of 3.9. More than l i ke ly  not all of 

the  injection dose w i l l  deposit i n  kidneys, and if this is borne out 

i n  the experiment, a higher injection dose of 5 o r  10 pc would hq’xwe 

the s t a t i s t i c s .  

If  the kidneys deposit the en t i re  dose of 1 pc, the 

The dose of 10 pc i f  injected and if the  biological 
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parameters are  correct,will  correspond t o  dose ra tes  and doses well 

below the permissible occupational doses. 

Phase 2, Multiple Injection 
111 

The subjects w i l l  receive weekly injections of a dose of Ag , 
the quantity t o  be decided upon froan the data obtained i n  phase 1, 

for  a period of time such that equilibrium of the body burden can be 

established. 

for  a period of 3 weeks, the equilibrium body burden of N 0.2 pc would 

be reached. 

and a f t e r  the intake has stopped. 

If, f o r  example, a subject w a s  injected with 0.16 pc/wk 

Counts of the whole body and organs will be made during 

Urine, feces, and blood samples w i l l  

, & b e  collected. The doses received by organs and t issues  w i l l  be kept 

below the permissible occupational levels.  

Phase 3, Single Ingestion 

A single ingestion of a dose of ~ g l u  i n  an amount l e s s  than 80 pc, 

the permissible quarterly intake f o r  occupational workers, w i l l  be given 

t o  the subject. A dose of 16 pc i s  suggested tentatively.  The same 

s a p l i n g  and counting frequency used i n  phase 1 would be employed. 

dose of 16 pc would give a peak body burden of - 0.16 pc if 

A 

fl is  

as indicated i n  the r a t  studies. 

Phase 4, Multiple Ingestion 

The amount ingested per week and the number of weeks w i l l  be 

decided frm the data obtsined i n  phase 3 *  

ingest 16 pc/wk f o r  three weeks and i f  the rat data apply, then the 

If the subject were t o  
, 
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body burden would equilibrate at - 0.2 pc. 

of the calculations.) 

would be 2.3 rem lower than the 3.9 rem permitted i n  occupational 

exposure. 

(See appendix fo r  de ta i l s  

The t o t a l  dose t o  the lower large intest ine (UI) 

Injection and Ingestion Solutions 

The chemical cmpound of radiosilver t o  be injected and ingested 

probably will be the same as tha t  employed by Scott and Hamilton. 

carr ier-free radiosilver w a s  administered t o  rats as an isotonic solution 

of e i the r  sodium chloride or  sodium sulfate .  

Polachek e t  al. administered t o  a carcinoid patient radiosilver 

camplexed with blood. 

named) and transferred it t o  a silicone-coated bo t t l e  containing 10 m l  

acid c i t r a t e  dextrose t o  which 45 m l  of the pat ient ' s  blood w a s  added. 

He incubated this at roam temperature for  30 minutes, during which time 

the solution was shaken gently. 

i n to  the patient.  

o r  other methods he might suggest i n  our study.) 

Here, 

(We mention here tha t  

-- 
He obtained radiosilver f r m  a supplier (not 

Then he intravenously injected 50 m l  

We shall correspond with Polachek and ask about t h i s  

* 
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In  this section we estimate organ and body burdens fo r  the 

specific phases of the  study. 

estimates a re  based on the small animal data and if  different 

PaJXUrEter values a re  observed i n  farman studies, these calculations 

w i l l  be revised accordingly. 

calculations, which follow, i l l u s t r a t e  i n  detail how the human data 

are t o  be interpreted w i t h  the ICRP-NCRP model. 

It is  t o  be kept i n  mind tha t  these 

It i s  also pointed out that the  

Organ and Body Burden Estimates 

We employ the single exponential model of the I C F P  and NCRP 

t o  estimate organ and body burdens f o r  the case of a single intake 

and fo r  repeated intakes. Let  q denote the pc i n  the body, f 2  

the fraction of that i n  the body which i s  i n  a c r i t i c a l  organ, and 

f h  the fract ion of an injected dose I pc which goes from blood 

t o  the  c r i t i c a l  organ. The effective decay constant X i s  the sum 

of the radiological decay constant h, and biological elimination 

constant Xb. The body or organ burden a t ' a  time t a f t e r  an inject ion 

is given by the equation 

-xt qf2 = f; I e e 

(The values of the parameters f; and X, appear i n  Table I.) 

In the single inject ion phase of the program, a dose of 1 pc 

would be administered t o  the volunteer. The equation f o r  the body 

burden i s  
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while that f o r  the skeleton i s  

-yt 
qf2 = 0.05 e vc 

and that f o r  l i v e r  is  

0.7 t 
qf2 = 0.03 e 7- pc 

and that f o r  kidney i s  

qf2 = 0.02 e CLC 

According t o  these equations, the peak burdens occur at  time zero, 

but there probably w i l l  be sane time lag, and the peak will occur at  a 

l a t e r  time. 

an ingestion of 100 pc of Aglll since then only - 1$ of the ingested 

dose i s  absorbed in to  the blood stream. However, an ingestion of 100 pc 

of A B u  a t  a single time is  greater than the maximum permissible single 

intake per quarter. 

pc/cc x 2 x 10' cc/qtr = 80 pc per quarter be ingested by an 

occupational worker. 

ingestion dose t o  s tay  within the limits imposed by ICRP-NCRP. 

We a l s o  mention here tha t  the same equations apply fo r  

The ICRP-NCRP rec-ends not more than 4 x 

Thus, we would have t o  take a lower single 

To estimate the organ and body burdens f o r  the case of multiple 

injections or  ingestions, we l e t  t be an in tegra l  number of weeks 

and t' a fract ion of a week (0  S t' 5 1). In  the general case l e t  

a 
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T 

lapsed time is  t + t' + 7 .  

times before the end of the inject ion or f o r  the times following 

t h a t  period. 

consideration, t' = 0 and T need not be an integer. Then 

be the number of weeks after the last inject ion so tha t  the t o t a l  

A c m o n  formula can be used for  the 

In  case a time following the last inject ion is  under 

which estimates the organ and body burden fo r  the case of 

ingestion of I pc/wk. Setting I = 16 pc/wk and considering a three- 

week period of intake such tha t  the t o t a l  intake is only 48 pc and 

inser t ing in to  (3) the values of the parameters i n  Table I, we obtain 

the  equation f o r  the burden i n  the  t o t a l  body, 

t + 1 

O o 7  (t'4-7) 
..(1 - e -0.43 q = 0.2 e 

while t ha t  fo r  bone is  

and tha t  fo r  l i v e r  i s  

- -  - -  
) PC 

0.71 0*7 (t'4-7) 
qf, = 0.0077 e 0.n (1 - e 

and tha t  fo r  kidney is 
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These equations have been plotted and the graph appears i n  Fig. 1. 

From t h i s  figure the peak body and organ burdens can be estimated. 

These appear i n  Table I . A .  

Table I.A. Peak Body and Organ Burdens of AglU for  Ingestion 

of 16 pc/wk for  3 Weeks o r  Injection of 0.16 pc/wk f o r  3 Weeks 

Organ Peak Burden (pc) Permissible Organ Burden (pc) 

Whole Body 0.2 50 

Bone 0 993 6 

Liver 0.007 4 

Kidney 0.0044 0.6 

Also shown i n  t h i s  tab le  are the permissible organ burdens fo r  

occupational workers. 

&re Oerymuch l e s s  than the permissible organ burdens. 

t o t a l  body burden i s  o n l y  1/250 the permissible body burden. 

It can be noted tha t  the peak organ burdens 

The peak 

Next we  estimate the  peak dose ra tes  and t o t a l  radiation doses . 
received by the subjects. 

Estimated Dose Rate and Total Doses 

The dose r a t e  R 

uniformly distributed i n  m 

i n  rem/wk f r m  (qfz) pc of a radionuclide 

grams of t issue and whose effective energy 

per disintegration is 42 MeV i s  given 

R =  357 (qf& 
m 

by the  equation 

rem/wk e (3) 
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The values of and m a re  obtained frm the  IC€@ report. The 

peak organ burdemfor single and multiple injections and ingestions 

a r e  obtained frm the above-mentioned considerations. 

To obtain an estimate of peak dose rates t o  the various portions 

of the G I  t r a c t ,  we employ the I m m o d e l .  We l e t  I denote the pc 

ingested. This ingested amount is assumed t o  reside i n  a portion of 

mass m grams. Also, we assume only 1/2 of the effective energy i s  

dissipated i n  t issue.  The equation f o r  estimating the dose r a t e  t o  

the G I  t r a c t  i s  

I e  = 26- m rem/iiay. 

In the ICRP model, four regions of the G I  t r a c t  

( 4) 

a re  considered-- 

s tmach (S),  small intest ine (SI),  upper large intest ine (ULI), and 

lower large in tes t ine  (LLI). The residence times denoted by T i n  

these regions a re  1/24, 4/24, 8/24, and 18/24 days, respectively. 

Since I i s  a l so  the pc ingested per week, 

i s  

r e  T = 26 - m T rem/wk. 

.then the weekly dose r a t e  

( 5 )  

1ll Table 1I.A. presents the estimated dose rates  for  intakes of Ag 

together with the values of e and m used i n  equations ( 3 ) ,  (4), and 

( 5 ) .  The highest dose r a t e  i n  the  single injection study is received 

by the kidneys (D mrem/wk) . The kidney Will. receive the highest dose 

r a t e  (19 mrem/wk) i n  the multiple inject ion studies. In the multiple 
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Table 1I.A. Peak Dose Rates t o  Organs and Tissues 

frm Intake of ~.&11 
L 

Peak Dose Rates (rem/wk) , 

Multiple 
Single Injection of Ingestion of 

Injection 0.16 pc/wk 16 pc/wk 
Organ M ( p s )  E (Mev) of 1 pc fo r  3 weeks fo r  3 weeks 

Total Body 70JOO0 0.4 0.002 0.004 0.004 

Bone 7,000 1.8 0.003 0.012 0.012 

Liver 1,700 0.38 0.002 o .006 0.006 

Kidneys 300 0.37 0.010 0.019 0.019 

e632 ) 
- 0  - 0  0 *026( rem/da 

SI  1,100 0.40 - 0  - 0  O*O25(  rem/da 

ULI 135 0.37 - 0  - 0  0.380( rem '''7 da ) 

LLI 1% 0.37 - 0  - 0  0 *770(,em/da 

S 2y3 0.38 

-151 

1.026 

ingestion studies the ULI will receive a dai ly  average dose ra te  of 

1.140 rem/day (but only for  8 hours), while the highest weekly dose 

r a t e  is  received by the U I  (0.770 ran/wk). Even though these dose 

ra tes  t o  the G I  t r a c t  are i n  excess of the permissible weekly dose 

rates ,  they are nevertheless a, factor of-5 below the permissible single 

intake dose ra tes  and thus should not consti tute a serious hazard. 

In order to estimate t o t a l  rem doses D t o  organs and t issues  

frm a single intake injection, we divide equation ( 3 )  by 7 dayslwk, 

insert equation (1) for  qf2, and integrate over-all time t o  obtain 
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TO estimate the t o t a l  dose 

we multiply (6) by 3 and obtain 

D i n  the case of multiple injection, 

f h  I E D = 3JOm. dt = 153 L a  . rems 

To estimate t o t a l  dose t o  the G I  t rac t ,  we multiply (5) by 3 and 

obtain 

After inserting appropriate values f o r  the  parameters in to  ( 6 ) ,  (7), 

and (8) and cdlculating, we find the t o t a l  doses,and these appem in 

Table 1 I I . A .  

Table 1 I I . A .  Total. Rem Doses t o  Organs and Tissues 

f r m  Injection and Ingestion of A&"- 

Total Dose (ran) 
Single Multiple Injection Multiple Ingestion Inject ion of 0.16 pc/wk of 16 pc/wk 

Organ of 1 pc fo r  3 weeks f o r  3 weeks 

Total. Body 

Bone 

Liver 

Kidney 

S 

S I  

ULI 

UI 

0.001 

0.006 

0.002 

0.010 

- 0  

- 0  

- 0  

- 0  

0.0005 ' 

0.003 

0.001 . .  

0.005 

- 0  

- 0  

- 0  

- 0  

0.0005 

0.003 

0.001 

0.005 

o .07a 

0 .O75 

1.140 

2.310 
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The dose of 10 m r e m  to kidneys is the largest dose received in 

the single injection study. The dose of 5 mrem to kidneys is the 

largest dose received in the multiple injection studies. 

of 2.31 rem to the U I  in the multiple ingestion studies is the 

largest dose. 

The dose 

This is lower by a factor of - 2 than the permissible 
qUarterly dose to any section of the GI tract of an.occupational 

worker 

There is no need to estimate quarterly doses to the total body 

and organs because the estimated doses received by these tissues are 

well below the permissible occupational levels. 
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i’trhrch 13, 1964 

To: t. 3. hrnard 

/ -  'rem: t\. L. .itorgan 

r,en i wcs ,laving tun& today with Dr. Snyder, he happened to mention you 
were still awaiting my reply on your proposal for a human study of the deposition 
in ana clearance from the lunss of inhaled Agl” compounds by human volunteers 
and/or hospital patients. I was very much irritated with myself to hear that you 
were waiting for my reply to your proposal because I thought I had already indi- 
cated verbally that I approved this proposal and would like to see you go ahead 
with it. 
to indicate that this program h a  my full approvul. 

I am sorry for the delay and by copy of this memorandum I would l ike 

On page 5 of your proposal of January 8, 1964, you indicate that the total dose 
would  only be approximately 0.2 rem and that the peak dose rate would be 
approximately 0. 2 rem/wk on the first day in the first phase of the program and 
in the second Pilase the lung dose w i l l  be approximately 2 rem, corresponding 
to a dose rate of 1.5 rem/wk during the f i rst  day. These dose rates seem to be 
quite low but 1 hope i t  w i l l  be possible to use a maximum sensitivity in your 
measuring techniques in order to maintain these low doses or go even lower I f  
possible. 
I an suggesting that you and Dr. 5nydctr t&d wnotever action ou think is 
indicated in order to satisfy similar complaints regarding Agll! Since tile 
health physicist believes that al l  ionizing radiation ir potentially harmful, he 
agrees to radiation exposure only when i t  can be counterbalanced by benefits 
of an equal or greater magnitude. 
case far exceed the potential hazards and you have chosen a radionuclide with 
a nard gamma that i s  easy to measwe and with an effective half l i fe  sufficiently 
short that the doses can be kept quite low. ~evettheks,  I hap the doses and 
the dose rates you nave indicated ace a maximum and i t  might still be possible 
to get satisfactory data at even lower values. 

Recalling some criticism of the l.aboratory human studies with iodine, 

I am convinced that the benefits in  this 

Finally, by copy of tnis inemorandum, I would like to assure you that I think this 
i s  a good experiment in that by the use of this relatively harmless radionuclide 
we can prove that our tecnniques are sound and that such experiments can be 
ver j  rewcirding. 



5 .  R. Bernard - n L' March i3, 1964 

I f  I can be or fvriiier :>elp in tnis matter, please let me know. 

Karl __. Morgan 

G.34: ic 

cc: *Vi. 5. Snyder 



January 21, 1964 

I f  ... 
10: v i .  5. Cnyder 

from: I(. L. Morgan 

Subject: Human Inhalation Zxperiment 

You are referred to 3ernard's memorandum dated January 13, 1964, 
above subject. This experiment has my approval if it has yours. 

Korl Z. Morgan 

1 0 2 6 0 2 1  



JAN 7 ..: - W Y ,  1 
I N T R A - L A B O R A T O  RY CORRESPONDENCE 

OAK RIDGE NATIONAL LABORATORY 

/ 

January 13, 1964 

t To : K. Z. Morgan . ,,,F 

W. S. Snyder 

cc : H. D .  Landahl 

From : S. R. Bernard 

Subject : Human Inhalation Experiment 

Attached hereto i s  a copy of "A Proposal. for a Hman 
Study of the Deposition i n  and Clearance from Lungs of 
Inhaled Aglll Compounds by H m a n  Volunteers and/or 
Hospital Patients . I '  

May we have permission t o  carry out t h i s  experiment? 
_ -  

snn, 
S. R. Bernard 

A t  t acben t  

m: s s  
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A Proposal f o r  a Human Study of the  Deposition I n  

and Cle.arance from Lungs of Cmpounds 

by Human Volunteers and/or Hospital Patients 

By S. R .  Bernard 
Health physics Division 

Oak Ridge National Laboratorp 
Oak Ridge, Tennessee 

Introduction 

The purpose i n  th i s  report i s  t o  outline a program f o r  a 

human inhalation experiment. 

f o r  human data by the committees on internal dose of the ICRP 

and NCRP. 

1 f o r  estimations of maximum permissible concentrations i n  air, 

( M E ) , .  

p rac t ica l  inhalation hazard control. 

sane revision of this model should be made t o  account f o r  the  

effect  of par t ic le  s ize  on deposition i n  the various regions of 

the respiratory t r a c t .  

There i s  almost an urgent need 

Currently they employ the  lung model shown i n  Table 

This model has been sa id  t o  serve w e l l  as a guide f o r  

It also has been said tha t  

(1-1 

(2) Some excellent studies on humans were carried out by LandaN. 

and h i s  associates on t h i s  problem of deposition as a function of 

s i z e  and density of the inhaled par t ic les  using both soluble and 

insoluble campounds but with nonradioactive elements. 

developed and tes ted a model for  deposition i n  eleven regions of 

Landahl also 

* 
Operated by Union Carbide Corporation f o r  the U. S. Atanic 

Energy CQmnission. 



the  respiratory t r ac t .  (3) 

available, but human data 

nonexistent. 

- 2 -  
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Thus, human data on deposition are 
*. 

on clearance from lungs m e  almost 

Numerous studies on animals t o  estimate lung clearance of 

various par t ic les  have been carried out. (4) ~ l s o ,  clearance studies 

of inhaled aerosols 

pa r t i c l e  s izes  have 

on workers who have 

of not-too-well-known compounds and unknown 

been made w i t h  y-ray s c i n t i l l a t i o n  counters 

been exposed accidentally. ( 5 )  These data 

cannot be s a i d  t o  be adequate. 

clearance frm lungs of known canpounds and known par t ic le  sizes.  

It would seem very worthwhile t o  repeat Landahl's experiments on 

humans inhaling various par t ic le  s izes  of known canpounds and 

employing 7-ray sc in t i l l a t i on  counting techniques t o  check on the 

estimated deposition and t o  follow clearance of the various-sized 

par t ic les  frm lungs. Also, canplete excretion studies should be 

made on the subjects and ef for t s  made t o  obtain a material balance. 

Needed are  human studies of 

In t h i s  proposal we review Landahl's experimental procedure 

that he used i n  studies of stable element cmpound inhalation 

and modify it f o r  studies of radioactive element inhalation 

employing y-ray sc in t i l l a t i on  counting of lungs and complete 

excretion studies. 

cmpound Agl% i n  low doses and of known part ic le-s ize  dis t r ibut ion.  

The radiation dose t o  lungs frm deposlti.on of 

with the  lung model of ICRP and NCRP. 

We propose t o  have humans inhale the insoluble 

i s  estimated 



- 3 -  

Methods 

Inhalation Apparatus 

Fig. 1 shows the experimental apparatus used by Landahl i n  

For dispersal  of Agl% part ic les ,  air  his inhalation studies. 

would be passed through the f lask  containing the dry powder. 

dust-laden air would be freed of the large par t ic les  by passing 

upwards through a ver t ica l  tube 5 fee t  long and 2 inches i n  diameter. 

Further removal of large par t ic les  would occur i n  passage through 

an impinger--the impinging surface being coated with a mixture of 

Vaseline and lubricating o i l  t o  ensure retention of the impacted 

material .  

i n  series,  and or i f ice  s ize  would be varied t o  obtain different  

impinger efficiencies, thereby removing more or l e s s  of the  large- 

sized par t ic les  fran the cloud as desired. 

t o  employ the spinning-disk system described by Whitby t o  go t o  

submicronic-size par t ic les .  ) 

The 

I n  some experiments several impingers would be connected 

(Later on we would want 

After removal of large par t ic les ,  the cloud i s  passed into a 

From there the cloud i s  chamber of at  l ea s t  15 l i t e r s  in  volume. 

drawn in to  a Y-tube and through the r e s t  of the apparatus by a 

vacuum pump. 

s t i r r e d  vigorously by two small stationary propellers of opposite 

pitch. 

through which air i s  drawn by a vacuum pump. 

Y-tube i s  the  exposure part .  

On entering the central  section of the Y-tube, it i s  

The r ight  arm of the Y-tube leads through a cascade impactor 

The l e f t  a m  of the 

The subject places his mouth over the 



end of the l e f t  arm (No. 4) and inhales. 

his mouth in to  the tube No. 5 which leads throUgh a cascade impactor 

He then exhales though 
.. 

and on in to  a vacuum pump. 

Procedure 

The subject i s  seated so tha t  he can close his mouth over 

the l e f t  side ann of the Y-tube (No. 4 i n  Fig. 1) o r  the exhalation 

tube (No. 5 i n  Fig. 1). 

(11C and 1lL i n  Fig. 1). 

the  var iab i l i ty  and f a c i l i t a t e  the interpretat ion of the data. 

H i s  hands a re ' f ree  t o  operate the valves 

The respiratory cycle i s  fixed t o  reduce 

On 

inspirat ion (which lasts 3/8 of the time f o r  one cmplete  cycle) 

the mouth i s  closed about the out le t  of the Y-tube (No. 4 i n  Fig. 1) 

with the tongue depressed and the stopcock ( C )  f o r  the control sampler 

opened. Thus, while a sample is  being drawn in to  lungs, a sample 

a lso i s  being drawn in to  the control sampling instrument. 

the next 1/8 of a cycle time, the' control stopcock i s  closed and 

During 

the mouth is  moved over t o  and closed about the tube t o  the sampler 

fo r  exhaled air, care being taken t o  avoid inhaling or  exhaling a t  

that time. Stopcock (L)  fo r  the exhaled air sampler i s  opened and 

air i s  exhaled f o r  the next 318 of a cycle at a r a t e  determined by 

a c r i t i c a l  pressure or i f ice .  The manometer (No. 6 i n  Fig. 1) is  

kept near zero by the subject. 

cock L is  closed. 

A t  the  end of this interval,  stop- 

Then during the last 1/6 of the  cylce time, the 

mouth is moved back t o  the s ta r t ing  posit ion ready t o  repeat the 

cycle. 
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The timing of the respiration cycle i s  controlled by a .. 

metronome. 

respond t o  a reduced pressure i n  the l i ne  between the c r i t i c a l  

Also, timers operated by a Hg control switch (which 

pressure o r i f i ce  and the valve) are used t o  determine how long 

the valves are open, 

reading on timer) i s  checked against a calibrated flow meter. 

Furthermore, the t o t a l  flow (flow ra t e  times 

Inhalation Doses and Estimated'Radiation Doses 

Currently the  ICRP and NCRP reconmend an (MFC)a of 8 ~ l O - ~  IJ.C/CC 

(168-hour week) f o r  insoluble compounds of A g l U  based on the G I  

t r a c t  as the c r i t i c a l  organ. 

gx10'8 pc/cc, only s l i gh t ly  different . )  

i n  a quarter, 146 pc can be inhaled. 

(On the basis of lung, ( M E ) ,  i s  

For a single intake 

We propose a two-phase study; 

The first phase i s  a single inhalation study. 

a repeated inhalation study. 

the subject inhale - 8 pc of Agl l l  as the oxide. 

model, this meam tha t  only - 1 pc w i l l  be retained i n  the lower 

The second phase is  

In  the f i r s t  phase we propose t o  have 

Using the ICRP-NCRP 

respiratory passages with a ha l f - l i fe  of 120 days. 

t o  lungs w i l l  only  be N 0.2 rem f r m  tNs deposit. 

r a t e  will be - 0.2 rem/wk on the f i r s t  day. 

The t o t a l  dose 

The peak dose 

I n  the second phase of the program, the inhaJ-ed dose w i l l  be 

decided upon from the data obtained i n  the f i r s t  phase of the study. 

Tentatively, we propose one dose per week of 4 pc f o r  a period of 

t en  weeks. 

equilibrate a t - 1  pc. 

From the ICRP model the lung burden can be expected t o  

The t o t a l  dose t o  lungs w i l l  be N 2 rem-- 
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less than the permissible dose of 3.9 rem i n  a quarter by a factor 

of 2. 

fran intake of 4 pc/wk fo r  ten weeks. 

- 
Also, the peak dose ra te  t o  lungs w i l l  not exceed - 0.2 rem/wk 

The dose t o  the G I  t r a c t  will be a l i t t l e  greater than the dose 

t o  lungs. 

i s  1.6 pc t o  give 0.3 rem/wk t o  the lower large intest ine.  

8 pc  w i l l  be taken in,the G I  t r a c t  dose will correspond t o  an average 

dose of 8/1.6 x 0.3 = 1.5 rem/wk but only fo r  a period of 1 day. 

I n  the multiple intake case the dose of 4 pc once each week w i l l  

correspond t o  an average dose of N 0.U. rem/wk but only for  1 day 

of each week f o r  a period of ten weeks. 

by the  G I  t r a c t  w i l l  be 1.1 rem. 

than the 3.9 rem permitted i n  1 quarter for  occupational workers. 

In  the single intake case, the permissible dai ly  intake 

Since 

The t o t a l  dose received 

This i s  lower by a factor of 3.5 
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Cecember 20, 1963 

- 
io: 5. R. ihmard 

From: K. Z. Mogan 

Re: Comments on the information Meeting with Dr. John Hunh 

1 think you did a very good job in  describing your program to Or. Hunh. There 
are a few questions I would l ike to ask, some of which refrr to your program 

j & O b a p i ” g . .  -. .u?d 9gc ry 4A They ate follows: 
,- f 

(1) Li hat were the values of (MPC) for Rnm for adults and for childien? 
W 

(2) \’,hat value of f should we use fd3’ In the revised ICRP handbook 
of Committee zW? 

(3) Is tnfomration being accumulated for the forthcoming handbook revisions 
f a  several specific compounds of uranium, sane of which are soluble 
and others are insoluth? 

(4) I understand y w  plan to get rtudius undm way with Ag ’ I. Part of the 
argument for these studies i s  the uncertainty of the value of Tb for man. 
Since the value of Tr i s  7.5 days, what change in the p a n t  value of 
T i s  expected as the result of these expatimenft? 

.I . 
(5) ‘A hy me we interested in obtaining data on Ag”’. Is this isotope 

commonly used in the freatmsnt of patients3 I belfeve you ind’rcuted 
a relatively small a m n t  is shipped by the Imot6p.l Dlvision. Are 
there other sources of A0 
in any reactor waste? 

; for example, i s  i t  at important constituent 

These are the sort of questions we may have to answer when outsiders hear of 
this program. 

(6) ’1 e are in the process of obtaining data far blood. \h hat conection, 
i f  any, w i l l  we have to mdce to our q and MPC values when we 
assume the b i d  i s  contained in the organs‘: 



S. R. Bernard - 2- December 20, 1963 

(7) Mary Rose Ford was talking about some paper; I did not understand 
what paper she kept referring to. Perhaps, by copy of this memo, 
she w i l l  inform me. 

l i  

Karl L, Morgan 

cc: Mary Rose Fonl 
W. S. Snyder 
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I NTRA-LABOR AT RY CORRESPONDENCE 
OAK RIDGE NATIONAL LABORATORY 

September 17, 1963 

9 To : K. 2. Morgan w'cw 

W. S. Snyder 
E. G. Struxness 

cc : M. J. Cook 
B. R. Fish 

Subject: A Proposal f o r  a Human Volunteer and/or Hospital Patient 
Study of the  Metabolism of Injected and Ingested 

Attached hereto i s  an outline of a procedure fo r  obtaining human 
data on the metabolism of Aglu .  
and i f  we have your permission t o  carry out this study, please 
take the necessary steps t o  obtain AEC approval. Also, i f  there 
are any comments or suggestions for improving this  proposal so  
t h a t  we can be more sure of AEC approval, l e t ' s  include it too. 

If  this meets with your approvd- 

5.12, 

S. R. Bernard 

Attachment 

m: ss 
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A Proposal for  a Human Volunteer and/or Hospitd. Patient Study 

of the Metabolism of Injected and Ingested A g l U  

by S. R.  Bernard 

.INTRODUCTION 

The purpose of th is  report i s  t o  outline a program f o r  obtaining 

human data on the metabolism of very low t racer  doses of &I1 administered 

t o  human subjects. Data of this type are needed i n  the estimation and 

ver i f icat ion of maximum permissible concentration (MFC) values for  in- 

gestion by workers. (At present the ICRP and NCRP recammend an ( M E ) w  

value of 4 x pc/cc (168-hour week) based on the lower large intest ine 

as the  c r i t i c a l  organ.) 

and for  use i n  est-hnation of maximum permissible concentrations i n  

urinary and fecal  excretions during o r  following exposure t o  radiosilver 

Also, the data are needed i n  bioassay work 

compounds. 

values for  excretion, chiefly because of a lack of adequate data.) 

( A t  present the l a t e s t  ICRP and NCRP reports do not l i s t  

The most recent report of ICRP c i t e s  t he  data obtained by Scott 

and Harrison(*) i n  experiments on rats. 

ICRP and NCRP t o  obtain the values of the biological parameters. 

These data were employed by 

These 

appear i n  Table I. 

It has been noted tha t  the whole body U f - l i f e  of 5 days ci ted 

i n  the ICRP report is  out of l i n e  with the biological haLf-lives of 

chemically similar elements. 

of 80 days, while Au has a whole body Also, it is  

noted that when the data of Tipton -- e t  al.(3) on stable Ag metabolism 

by man are employed in  the estimatipn of Tt, 

0 

For example, Cu has a whole body !$, 

Tb of 120 days. 

f o r  liver, an 81-day value 

. ... __ . . ... - 
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Table I. ICRP-NCRP Biological Parameter Values 
Currently Rnployed for  dU Radionuclides 

Organ f18 f2b f;C fw = f1f$ \(days) T*(dayG)e 

Whole body 0.01 1 1 0.01 5 3 

Skeleton 0.1 0.03 5 30 6 

Liver 0.05 0.03 3 10-4 15 . 5  

Kidney 0.03 0.02 2 10-4 10 4 

%action going frm G I  t r a c t  t o  blood 

bl?raction of t h a t  i n  whole body present i n  the c r i t i c a l  organ 

%action going frm GI t r a c t  t o  c r i t i c a l  organ 
e 

C Fraction going frm blood t o  c r i t i c d  o r g v  

T* = TrT Pr+Tbr the effective ha l f - l i fe  where Tr i s  the 
rad io logicd  hegf-life of (= 7.5 days). 

is indicated. In  human 

experimental reseazch on a patient with m a l i g n a n t  carcinoid, Polachek - e t  

- ,1.(4) found a Tb fo r  l i v e r  of 48 days.  his was estimated Tram measure- 

merits obtained by direct  external counting of the pa t ien t ' s  l i v e r  for a 

The handbook c i t e s  a 15-day Tb value fo r  l i ve r .  

period of  X) days. It thus appears that the  handbook value of 15 days 

i s  low by a factor of 3 or  5. This needs to .be  resolved. 

In  the study t o  be proposed, the d a t a  obtained would be used for 

the purpose of estimating or  verifying the biological parameters shown 

i n  Table I. In  the calculations which follow, the  parameter values 

employed by ICRP and NCRP w i l l  be used i n  the estimation of organ and 

body burdens and dose rates  and doses received by the subjects admin- 

is tered dU. Also, since they we,re estimated 

the uncertainty i n  the  doses w i n  be discussed. 

from studies on rats 
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Also, in this study the urinwy and fecal excretion data will 

This w i l l  be be used to estimate the retention in the whole body. 

canpared with the whole-body-counter-measured retention. 

data would indicate methods of interpreting data from employees 

accidentally exposed. 

blood would a lso  be made, and these data are usef'ul for interpretation 

of findings in cases of accidental exposure. 

The excretion 

Studies of disappearance of A g l U  frm the 

In the proposed study, human volunteers or hospital patients 

would receive administrations of A&"-. The eubsequent procedure is 

outlined below and would producecsome human data to help resolve the 

above-mentioned problems, at least wlthin the limits imposed by human 

biological variations. 

PROCEDURF: 

There are four phases--single injection, multiple injection, 

single ingestion, and multiple ingestion--to be carried out in this 

experiment. 

would be used to determine the amount of dU to be administered in 

The data obtained at the canpletion of the first phase 

the second phase, and that data obtained in the third phase would be 

used to decide upon the dose to be administered in the fourth phase. 

Phases 2 and 3 possibly could be interchanged, because the data frm 

the single injection study should give sufficient guidance for the 

o single ingestion study. The data obtained in phases 1 and 3 would 

be sufficient to provide estimates of all of the biological parameters 

used in the ICRP-NCRP model. The data obtained in phases 2 and 4 

. 
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would be used t o  ver i fy  the estimates of the parameter values 

obtained from the data i n  phases 1 and 3 .  Each phase of the study 

is discussed i n  de ta i l .  

Phase 1, Single Injection 

The subject would be injected (by cmpetent members of the 

ORNL Health Division if  a volunteer is used) with a single dose 

of 1.0 pc of Agl= ( the  compound t o  be injected w i l l  be discussed 

later i n  this report) .  

would be collected and analyzed f o r  dU. 
A ~ I  urine and feces voided a f t e r  administration 

The period of excreta 

collection would continue fo r  e i ther  as long as feasible or as long 

as significant data were obtained. Whole body counts and counts of 

l i v e r  and kidneys would be made on the average of several times per 

week and as long as significant data are  obtained. 

(taken by a medically competent member of t he  ORNL Health Division 

i f  a volunteer is used) would be collected on the average of once 

Blood samples 

per week and.for as long as significant data are  obtained. 

An estimate of the peak organ and body burden, peak dose rates  

and t o t a l  doses has been made, and these appear i n  Table 11. (The 

de ta i l s  on the method of estimating these quantities appear i n  

Appendix I.) 

than 1/30 the permissible occupational burden. The estimated peak dose 

rates are  less than 1/30 the occupational dose rates,  and the estimated 

t o t a l  doses are l e s s  than 1 /39  the qyarterly occupational exposure 

As can be seen, the estimated peak burdens are l e s s  

dose of 3.9 rem. It i s  necesswy t o  consider the uncertainty i n  these 
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Table 11. Estimated Peak Organ BGdens, Dose Rates, and Total Doses 
,*.-2*- 

.L-- 
t o  Organs and Whole Body of a Subject Injected with.'lO p c  9f A&'' 

\ 9 /- 

Peak Dose Total Dose ,-\ Peak Organ Permissible Org 
Organ Burden (pc) Burden (pc) Rate (rem/wk) (rem) 

fI 
I 

Whole Body 1.0 N i  50 y - 0.002 0.001 
* _- ---- 

Skeleton 0.05 6 0.005 0.006 

Liver 0.03 4 0.002 0.002 

Kidney 0.02 0.6 ..-- 0.010 0.010 

estimates since the values of the biological parameters are  estimated 

from studies on rats. The uncertainty is  in  f$ and !E,, f o r  organs 

and t issues .  These might be different  i n  humans. W e  take the extreme 

case, i.e., all  f;*s = 1 and all Tb's  + a, i.e., one of the organs, 

but not all simultaneously, concentrates the  pl@;u1 and the biological 

ha l f - l i fe  i s  in f in i t e .  Since the radiological half-life is  7.5 days, 

the effect ive ha l f - l i f e  would be 7.5 days. This is only, a t  most, 2.3 

times the lowest T value appearing i n  Table I. This will only double 

the t o t d  dose. 

peak dose ra te  t o  kidneys would be 0.5 rem/wk and the t o t a l  dose would 

3 

If the kidneys deposit the en t i re  dose of 1 pc, the  

be - 1 rem. This i s  s t i l l  lower than the permissible quarterly occupa- 

t iona l  dose of 3.9 rem by a factor  of 3.9. More than l i ke ly  not all of 

~ 

the  injection dose w i U .  deposit i n  kidneys, and if  this is borne out 

i n  the experiment, a higher injection dose of 5 o r  10 pc would improve 

the s t a t i s t i c s .  The dose of 10 pc i f  injected and i f  the biological 
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parameters are correct,will correspond t o  dose rates and doses well 

below the  permissible occupational doses. 

Phase 2, Multiple Injection 
1ll 

The subjects w i l l  receive weekly injections of a dose of Ag , 
the quantity t o  be decided upon frm the data obtained i n  phase 1, 

for  a period of time such that equilibrium of the body burden can be 

established. 

for  a period of 3 weeks, the equilibrium body burden of - 0.2 pc would 

be reached. 

If, f o r  example, a subject w a s  injected with 0.16 pc/wk 

Counts of the whole body and organs will be made during 

and af ter  the intake has stopped. Urine, feces, and blood samples w i l l  

,&be collected. The doses received by organs and t i s sues  w i l l  be kept 

below - the  permissible occupational levels.  

Phase 3, Single Ingestion 

A single ingestion of a dose of A&U i n  an amount l e s s  than 80 pc, 

the permissible quarterly intake fo r  occupational workers, w i l l  be given 

t o  the subject. A dose of 16 pc is  suggested tentatively.  The same 

smpling and counting frequency used in  phase 1 would be employed. 

dose of 16 pc would give a peak body burden of - 0.16 pc i f  

lo'* as indicated i n  the rat studies. 

A 

fl i s  

Phase 4, Multiple Ingestion 

The Bmouzlt ingested per week and the number of weeks w i l l  be 
0 

decided frm the data obtained i n  phase 3. 

ingest 16 pc/wk f o r  three weeks and i f  the rat data  apply, then the 

If the subject were t o  
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body burden would equilibrate at - 0.2 pc, 

of the calculations.) 

would be 2.3 rem lower than the 3.9 r e m  permitted in OCCUpatiOnd 

(See appendix f o r  de ta i l s  

The t o t a l  dose to the lower large intest ine (UI) 

. exposure. 

Injection and Ingestion Solutions 

The chemical canpound of radiosilver t o  be injected and ingested 

probably w i l l  be the same as tha t  employed by Scott and Hamilton. 

carrier-free radiosilver w a s  administered t o  rats as an isotonic solution 

Here, 

of e i ther  sodium chloride or  sodium sulfate.  (We mention here that 

Polachek -- e t  al. administered t o  a carcinoid patient radiosilver 

complexed w i t h  blood. 

named) and transferred it t o  a silicone-coated bo t t l e  containing 10 m l  

H e  obtained radiosilver frm a supplier (not 

acid c i t r a t e  dextrose t o  which 45 m l  of the pat ient ' s  blood w a s  added. 

He incubated this at roan temperature fo r  30 minutes, during which time 

the  solution was  shaken gently. Then he intravenously injected 50 m l  

in to  the patient. 

o r  other methods he m i g h t  suggest in our study.) 

We shall correspond with Polachek and ask about t h i s  

a 
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APPENDIX I 

In  this section we estimate organ and body burdens for  the 

specific phases of the study. It i s  t o  be kept . inmind tha t  these 

estimates are based on the s m a l l  animal data and if  different 

parameter values are observed i n  human studies, these calculations 

will be revised accordingly. It is  also pointed aut that the  

calculations, which follow, i l l u s t r a t e  i n  detail how the human data 

are t o  be interpreted with the ICRP-NCRP model. 

Organ and Body Burden Estimates 

We employ the single exponential model of the I C R F  and NCRP 

t o  estimate organ and body burdens f o r  the case of a single intake 

and f o r  repeated intakes. Let q denote the  pc i n  the body, f2 

the  f ract ion of that i n  the body which is i n  a c r i t i c a l  organ, and 

fh the  f ract ion of an injected dose I pc which goes fram blood 

t o  the  c r i t i c a l  organ. The effect ive decay constant X is  the sum 

of the radiological decay constant X, and biological elimination 

constant xb. The body or organ burden at a time t a f t e r  an injection 

i s  given by the equation 

-xt qf2 = f; I e 

(The values of the parameters fh and X appear i n  Table I.) 

a I n  the single injection phase of the progran, a dose of 1 pc 

would be administered t o  the volunteer. 

burden is  

The equrttion for the  body 
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i 

0 7  -'t 
q = l e  3 pc, t i n  days, 

while that fo r  the skeleton is  

-yt 
qf2 = 0.05 e P C  

and that f o r  l iver  is 

0.7 t 
qf2 = 0.03 e -77 pc 

and that fo r  kidney i s  

qf2 = 0.02 e CLC 

According t o  these equations, the peak burdens occur at time zero, 

but there probably w i l l  be sane time lag,  and the peak will occur at a 

l a t e r  time. We also mention here that the same equations apply fo r  

an ingestion of 100 pc of Agnl since then only - 19 of the ingested 

dose i s  absorbed in to  the blood stream. 

of 

intake per quarter. The ICRP-NCRP recammends not more than 4 x 10 

pc/cc x 2 x 10' cc/qtr = 80 pc per quarter be ingested by an 

occupational worker. 

ingestion dose t o  stay within the l imits  imposed by ICRP-NCRP. 

However, an ingestion of 100 pc 

at a single time is greater than the  maximum permissible single 

-4 

Thus, we would have t o  take a lower single 

To estimate the organ and body burdens f o r  the case of multiple 
e 

injections or ingestions, we l e t  t be an integral  ntrmber of weeks 

and t' a fract ion of a week (0 5 t' 5 1). In the general case l e t  
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! 

T be the number of weeks after the last injection so tha t  the t o t a l  

lapsed time is t + t' + T .  

times before the end of the injection or for  the times following 

that period. 

consideration, t' = 0 and T need not be an integer. men 

A caamnon fornula can be used for  the 

In  case a time following the last inject ion is under 

which estimates the  organ and body burden for  the case of 

ingestion of I pc/wk. Sett ing I = 16 pc/wk and considering a three- 

week period of intake such that the t o t a l  intake is only 48 pc and 

inserting in to  (3) the values of the parameters in Table I, we obtain 

the  equation f o r  the  burden i n  the t o t a l  body, 

t + 1 

O . 7  ( t + l )  O.7 (t'+T) '0143 
1 PC = 0.2 e -0-43 '.(I - e 

and that fo r  l i v e r  i s  

0 97 - -  Oo7 ( t + l )  

) P C  
0 -71 

- - (t'+T) 
qf2 = 0.007'7 e 0 *n (1 - e 
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These equations have been plotted and the graph appears i n  Fig. 1. 

fiam this figure the peak body and organ burdens can be estimated. 

These appear i n  Table I.A. 

Table I.A. Peak Body and Organ Burdens of Agl= for  Ingestion 

Of 16 pc/wk fo r  3 Weeks o r  Injection of 0.16 pc/wk for  3 Weeks 

Organ Peak Burden (pc) Permissible Organ Burden (p) 

Whole Body 0.2 

Bone 0 -93 

Liver 0.007 

Kidney 0.0044 

50 

6 

4 

0.6 

Also shown i n  this table are  the permissible organ burdens f o r  

occupational workers. It can be noted that the peak organ burdens 

axe Oery much l e s s  than the permissible organ burdens. 

t o t a l  body burden is  only 1/23 the permissible body burden. 

The peak 

Next we estimate the  peak dose ra tes  and t o t a l  radiation doses . 
received by the subjects. 

Estimated Dose Rate and Total Doses 

The dose rate R i n  rem/wk fran (qf2) pc of a radionuclide 

uniformly distributed i n  m grams of t i s sue  and whose effective energy 

per disintegration is G MeV ,, is  given by the  equation 
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The values of E and m are  obtained frm the  ICRP r e p o d ,  The 

peak organ burdersfor single and multiple injections and ingestions 

are obtained frm the above-mentioned considerations. 

TO obtain an estimate of peak dose rates  t o  the various podions 

of the G I  t rac t ,  we employ the I W m o d e l .  We l e t  I denote the pc 

ingested. This ingested amount is assumed t o  reside i n  a portion of 

mass m grams. Also, we assume only 1/2 of the effect ive energy is  

dissipated i n  t issue.  The equation f o r  estimating the  dose rate t o  

the G I  t r a c t  i s  

I E  %I = 26- m rem/&y. 

I n  the  IC" model, four regions of the G I  t r a c t  

( 4) 

are  considered-- 

stcxnach (S), small intest ine (SI), upper large in tes t ine  (ULI), and 

lower large intest ine (LLI). The residence times denoted by T i n  

these regions are 1/24, 4/24, 8/24, Ad 18/24 days, respectively. 

Since I i s  a l s o  the pc ingested per week, then the weekly dose r a t e  

i s  

r e  T = 26 - T rem/wk. m ( 5 )  

Table 1I .A.  presents the estimated dose rates f o r  intakes of  AglU 

together with the v d u e s  of Q and m used i n  equations (3) ,  (4), and 

( 5 ) .  The highest dose r a t e  i n  the  single injection study is  received 

by the kidneys (lOmrem/wk). The kidney w i l l  receive the highest dose 

rate (19 mrem/wk) i n  the multiple injection studies. In the  multiple 
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Table 1I.A. Peak Dose Rates t o  Organs and Tissues 

from of A & I ~  

Peak Dose Rates (rem/wk) \ 

Multiple 
Single Injection of Ingestion of 

Injection 0.16 pc/wk 16 pc/wk 
Organ M (gms) E (Mev) of 1 pc for  3 weeks for 3 weeks 

Total Body 

Bone 

Liver 

Kidneys 

S 

SI 

ULI 

U I  

70 000 

7,000 

1,700 

300 

250 

1,100 

13 5 

150 

0.4 0.002 0.004 0.004 

1.8 0.005 0.012 0.012 

0.38 0.002 0.006 0.006 

0.010 0.019 0.019 0 *37 

9632 ) o .38 - 0  - 0  0 *026( rem/da 

0.40 - 0  - 0  0 ~ 2 5 (  rem/da -151 

0 -37 - 0  - 0  0*380(;&3a) 

1.026 0 *37 - 0  - 0  0 *770( rem/da 

ingestion studies the  ULI will receive a daily average dose ra te  of 

1.140 rem/day (but only for  8 hours), while the highest weekly dose 

rate is received by the U I  (0.770 rem/wk) . Even though these dose 

ra tes  t o  the G I  t r a c t  are i n  excess of the permissible weekly dose 

rates, they are nevertheless a factor of-5 below the permissible single 

intake dose ra tes  and thus should not consti tute a serious hazard. 

In order t o  estimate t o t a l  rem doses D t o  organs -and t issues  
a 

from a single intake injection, we divide equation (3 )  by 7 days/wk, 

i n se r t  equation (1) for  qf2, and integrate over-all time t o  obtain 

h -m 
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To estimate the total dose D in the case of multiple injection, 

we multiply (6) by 3 and obtain 

( 7) 
f; I c D = 3Jom R dt = 153 h. . rems. 

To estimate total dose to the GI tract, we multiply (5) by 3 and 
obtain 

I E T  DGI = 78 - m rems. 

After inserting appropriate values for the parameters into ( 6 ) ,  (7), 

and ( 8 )  and calculating, we find the total doses,and these appear in 

Table 1II.A. 

Table 1II.A. Total Rem Doses to Organs and Tissues 
from Injection and Ingestion of A&"- 

Total Dose (rem) 
Single Multiple Injection Multiple Ingestion Injection of 0.16 pc/wk of 16 pc/wk 

Organ of 1 pc for 3 weeks ' for 3 weeks 

Total Body 

Bone 

Liver 

Kidney 

S 

SI 
0 

ULI 

0.001 

0.006 

0.002 

0.010 

- 0  

- 0  

- 0  

- 0  

0.0005 ' 

0.003 

0.001 

0.005 

- 0  

- 0  

- 0  

- 0  

0.0005 $ , d i e  

0.003 0.3 

0.001 o,! 
_n', 5- 
0.078 

0 .P75 

1.140 

2.310 
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The dose of 10 mrem to kidneys is the largest dose received in 

the single injection study. 

largest dose received in the multiple injection studies. 

of 2.31 rem to the LLI in the multiple ingestion studies is the 

largest dose. 

quarterly dose to any section of the GI tract of an occupational. 

worker. 

The dose of 5 mrem to kidneys is the 

The dose 

This is lower by a factor of - 2 than the permissible 

There is no need to estimate quarterly doses to the total body 

and organs because the estimated doses received by these tissues are 

well below the permissible occupational. levels. 

a 




