
To: Those Listed Below 

Subject: In te rna l  Dose Estimation Seminar, Thursday a t  3:OO p.m. 

The enclosed are examples of reviews prepared recently by the  In te rna l  
Dose Group. The meeting this Thursday is concerned with the format, 
key words, and other problems concerning t h e i r  preparation and use. 

I hope these examples may help you t o  formulate your thoughts on the  
subject and your opinions w i l l  be very much appreciated. 

wss :mgw 

K. Z. Morgan 
B. R. Fish 
S. R. Bernard 
M. J. Cook 
M. R. Ford 
W. S. Snyder 
M. G. W r i g h t  
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Pr144; Ce144C1 ; Rat;  Intratracheal  inject ion;  Lung retention; Lung cancer; 
7 

Ireatmea 

J 

Solubili ty;  MPC Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cember, Herman: "Lung cancer i n  rats from in t ra t rachea l ly  injected radioactive cerium 

as Ce144F3 and Ce144U3", NYOO-10096, March 31, 1962 o r  Health Physics, 1963 

' 144 R a t s  given CeCl o r  Ce C1 in solut ion by in t ra t rachea l  inject ion 
3 3 

1 ! 
Cay# Until  Absorbed os*( , Number  of 

Nurnbwr r a t s  Primary Lung Obscrwatbon of kad.  for f i r s t  
obmerwed r u m o r s  Seen First Tumor - Tumnr ! 

21 0 

b1 9 306 ' 74.400 
, 
I 
! 

52 31 197 1F.650 
37 26 70 25.000 

1 A 

Mean w t .  of rats 28-33 grams, sacr i f iced only when near death 

Dose Schedule 

.- I 
I 



I n  computing the  da i ly  dose ra te  due t o  the radioactive lung burden at  the  time of 
injection, it was assumed t h a t  a l l  the energy from the  Ce-144 13 par t ic les  i s  
absorbed i n  the lung, but due t o  the high energy of the Pr-144 f3 par t ic les  , 
only 4% of the Pr-144 

According t o  these calculations, a concentration of 1 pc Ce-144-Pr-144 per gram 
t i ssue  results i n  beta  ray dose ra te  of 27.85 rad per day t o  the lung. 
contribution .of the-? rays t o  the t o t a l  dose 

" c, 'A energy i s  dissipated i n  the lungs. 

The 
(very much l e s s )  was neglected. 

The absorbed doses t o  the lungs of rats exposed t o  Ce-144 C 1  were computed i n  
the same m e r  as fo r  C e  F3, except that th+nihoaary reten2ion function f o r  C e C l  

was used. 

3 
The t o t a l  abeorbed dose i n  t h i s  case i s  computed from 

Do x 0.88 x q i  D =  
1.5 

where the constant 0.88 represents that fract ion of the  indected dose that 
remained i n  the  deep lung. 

Found a single exponential, e -o*ollt, f o r  lung clearance; 

C e C l  considered soluble, but behaves i n  rat lung as an "insoluble" compound. 3 
Considers MPC for "soluble" C e  as too high for  CeC1, 

I I 4 8 2 3  I 



F3 ; Rat; Intratracheal  injection; Lung retention; Lung cancer; 144 144 144 Ce - Pr  ; Ce 

I N u n b c r  rats  flurnbrr of I l<ays Uratrl 
-- Treatment o b s c r b t d  ? r I t r z . r y  1ur .g  OD#ervAtion of 

I 

j y$'pM" T u m o r s  Seen F irs t  Tumor 

C o n ~ r o l  2v 0 

0 . 5  uc 4 1  8 52 a 
1 44 6 367  

I 
i 

2 34 4 62 0 

4 42 14 381 

Metastatic cancers; Mean par t ic le  diameter, 1 micron; MF'C Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i ... Absotbcd  j ) ~ a e .  
R r d .  for F I ~ B I  I 

I 

i 

Turnor 

I 
I 
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4400 

I 
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Cember, Herman: "Lung cancer i n  rats from intratracheal ly  injected radioactive cerium 
144 

as Ce F3 and Ce144Cl I' WOO-10096, March 31, 1962 o r  Health Physics, 9, 539-544, 1963. 3 '  

- L  144 
Rats given Ce F or  Ce F par t ic les  by intratracheal  injection. 

Mean par t ic le  diameter 1 miwon , standard deviation 1.4 microns. 
3 3 

I 
1 

Mean wt. of rats 283,*3 grams, sacrificed only when near death. I 

144,  Decay scheme of Ce e 

Dose schedule : 

r --- , , , - -. . 
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Summary el C C ' ~ ' Y ~  I n d u c e d  Lung Cancer 



Found 7'7% deposited i n  deep lung and retention of deep-lung deposition given by - 
-0. oo36t .75 e-'* 29t + 0.25 e 

The corresponding biological half- l ives  are % = 26 days; Tb = 778 days c d 

144 Ranges of from cela  and ~r are: 

The dose calculation neglects dose from 7 ray (very small)  and assumes O W  4% 
of energy of Pr-144 p i s  absorbed, but all of e n e r a  of ce-144 8. 

Considers (MPC)a f o r  insoluble' Ce144 par t ic les  as too  large 

Y 

\ 



Seven cases of inhalation of t r i t i a t e d  vapor reported, and biological ha l f - l i fe ,  
urinary excretion,. and t o t a l  body water a re  estimated. 

Assumes urine represents 60% of t o t a l  water output by standard man. 
12.1 days, average 8.5 days. 
fo r  effect ive weight - aati average body-water turnover period found t o  be 12.2 days 
consistant with % = 8.5 days. 
methods. 

Gives T of 6.4 - 
Finds single exponential retention.' Data corrgcted 

Recognized uncertaaity of some of the analytical 

a 



Sr ;  Ca (s tab le) ;  P; Exchangable pool; metabolism; excretion; human; I V  

, Mazzuoli, Gianfranco, Ezio Biagi and Giorgio Goen: "Comparison of Intravenous InfIISiOn 
of Stable Strontium with the Calcium Tolerance Test", Acta Medica Scandinavica, V.170, 
fasc. 1, 1961. 

.n .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\ i  
W 

The calcium tolerance t e s t s  i s  bases on comparison of urinary C a  on three sucessive 
days with an I V  inject ion of 6a being given on the second day. 

Equivalent amounts of Sr  were injected i n  9 non-normal patients.  
produce the  same modifications of phosphorus metabolism. 
metabolism controlled by same hemeostatic m e c h a n i s m .  
appeared t o  be independent of  the  magnitude of the exchangable pool. 

Found that C a  and Sr, 
Suggests Sr  and C a  

Percentage of C a  retained 
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Uranium; surface contamination; air concentration; urinary excretion; Umt; 

Schultz, N. B., A. F. &cher:"Correlation of Uranium Alpha Surface Contamination, 
Air-Borne concentrations, and Urinaiy Excretion Rates" 
HEALTH PHYSICS 

\ 

Correlates surface contamination, a i r  ac t iv i ty  measurements, and urinary excretion for. 
some 70 employees over 2-3 years of operation of a uranium hexafluoride f a c i l i t y  
at  OFGDP . 
S t a t i s t i c a l l y  significant correlation of urinary excretion and "removable" surface 
Activity. 

Suggests 40,000 d/min/lOO cm2 as surface l eve l  corresponding t o  240 pg/1 i n  urine 
and t o  NCRP (MFC) for soluble uranium. a 

I 



Rn2**; Aerosol; Measurement 

"Occurrence of Nonequilikrium Atomopheric Mixtures of Radon and Its Daughters" \ 

Describes a method of determining the degree of quilibrium of Rn222 and daughters 

0 
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Human Lung; Phagocytosis; Diameter; Retention; Deposition; Chemical fora;  Physical form; 

TBE HANDLING OF PARTICLES BY THE HUMAN LUNGS 

Bri t i sh  Medical Bulletin, volume 19, No. 1, January 1963 (p. 49-52) 

Summarized., often quali tatively,  the  deposition, re tent ion and ef fec ts  of aerosols. 

Cites some deposition data on s i l i c a :  
dia., very f e w  above 8.5 p, and 70% below 1 p. 
as 14 p. 
Drinker as finding phagocytes yield a similar dis t r ibut ion,  but some se lec t iv i ty  
on chemical or  physical basis.  
of 2 p. 
lung accumulates a t  a faster rate thereaf ter .  

'in ashed lung only one par t ic le  of 10.5 p.av..  
Only one par t ic le  i n  lo5 as large 

For every pa r t i c l e  above 8 p, 3,000 smaller seen, about 80% below 2 p. Cites 

Par t ic le  of 6 p dim. cleared 6 times f a s t e r  than those 
Considers that a damaged Cites data relat ing exposure period and lung burden. 

Relates elimination t o  air concentrations by the fo$lowing table:  

Air -b orne Concent rat ion Elimination 
i n  par t ic les  below 5 from Lungs 

(a) i 10 particle:/cm? Complete 



Sr (s table) ;  SrW; power function; Reterltion; Power function; Exp. model; Bone turnover ratt 

Annual mean 
d e  to bone 

(wm or 
effwtive 

rernjyt-ar) 

"Some Aspects of Radiostrontium Dosimetry" 

lblat ive 
RUE d e n i a y  . factor. n 

- 

Physics i n  Medicine and Biology, Vol. 8, No. 2, 205-214, June, 1963 

Calculations from the  exponential rnofiel f o r  long-term retention of S r  i n  bone; 
calculations from a power f'unction model of retention; and considerationsof the 
amount of radiostrontium re la t ive  t o  s table  calcium i n  the d i e t  are  discussed. 
Sources of information are: accumulation by the skeleton of Sr-90 from fal lout ;  
human experiments involving intakes of sr-83 by patients and volunteers; and 
retention by the skeleton of other alkaline earths,e.g.,radium 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ , , , _ _ _ , , , , , , , , , , , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - ~ - - - - ~ - ~ ~ - - - ~ - .  

Data from measurements of fa l lout ,  Sr-90, i n  bones show tha t  the turnover ra te  
varies from bone t o  bone. 
over a period of up t o  4.00 days. 
use of a power function 

Measurements of sr-83 retention i n  humans have been made 
These two s e t s  of measurements both support the 

-0.2 
R ( t )  = got f o r  t 2  1 

--.. 

i 

fo r  the percentage retention a f t e r  t days following an injection. 

1'ow.r f t i i r c * t i o n x  u l i i c u l i  ri'liriwn1 t l rv  r i - t c m t  itui 1 1 1  I i o r i e  of 

. 
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Element 

(hlc~ri~o 

Pt roritiiini 
Stnmt i i irn  

Radium 

I 
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Strontium 
BON3 TURNOVER DATA 
It i s  well established tha t  bone minerals tu rn  over very slowly. 
estimate from measurements of the  incorporation of S r - 9  from fa l lou t ,  t ha t  i n  an adult  
the  annual turnover r a t e  i n  bone mineral ranges from 13 i n  the  skull and t i b i a  t o  
8% i n  the vertebra. 
proportion of the  t o t a l  skeleton, i s  between 2 and 3%. 
States  by Kulp and Schulert (1962) give a similar value of about2-1/2$ s k e l e p l  (2.s) 
turnover per year. 
a single component exponential model i s  assumed. 

Bryant and Loutit (1961 

The mean of t h e i r  values f o r  11 subjects, weighted fo r  the 
Data collected i n  the United 

This rate of turnover i s  equivalent t~ a ha l f - l i fe  of 10 days if 

There seems t o  be an e r ror  i n  the  equation given on page 206. 
exponential representing 28% of the injected dose and a power-function term 
representing 51$. 
t he  exponential of 2.7 days as ha l f - l i f e ,  

,It consists of an 

A sentence below refers t o  4 s  as being retained with 

A discussion and comparison of the  power f'unction f o r  the elements Ca, Sr, and Ra 
i s  given and the d i f fe ren t  values of the exponent can be explained by the  
re -u t i l i za t ion  of the isotope when excreted from bone in to  the blood. 

Bryant and Loutit (1961) point out that the dai ly  Ca intake remains f a i r l y  
constant throughout l i f e  i n  sp i t e  of dietary variations. 

I n  the case of radium deposits i n  human one, hot spots have been measured which 
have a c t i v i t i e s  many times higher than the mean ac t iv i ty  (Lloyd 1961) so t h a t  some small 
volumes of bone may receive up t o  and higher than 100 rads per year although the mean 
value averaged over the ,&ole skeleton i s  only 3 rads/yr. The longer range of 
f3-particles from Sr-90 tends t h e  the dose throughout the bone more uniform. 
Dolphin and Eve (1961) reviewed the available evidence which suggests that the  dose 
received by Haversian canals i n  bones may be up t o  seven times the mean bone dose, 
ie., up t o  40 rads/yr i n  some hot spots compared with a mean value of 6 rads/=. 

P 

- 
- 
' 

__ _. _ _ _ _  -- ___- - - -  __ 



- ISOTOPE 

ELEDEllT 

C€IENICAL FORM 

Acetate 

Carbonate 

Ci t ra te  

Halide 

Nitrate ’ 

Oxide 

Phosphate 

Sulphate 

Thymidine 

Organic 

Other Chemical Forms 

PBYSICAL CHARACTERISTICS 

LEST OF KEY WORKS FOR THE IDEIC 

6oluble 
Acid 
Blood 
G.I .  t r a c t  
Lung 

1 Water 

Insoluble 
’ Acid 

‘Blood 
G . I .  t r a c t  
Lung 
Water 

85 90 
(Every isotope, e.g. Sr  , Sr , e tc . ,  is a key word) 

(Every s table  element is a key word, e.g. S r  (s table) ,  

u andm ) 
nat nat 



Page 2 

P ~ S I C . ~  CHARACTERISTICS (Cont ' a )  

Aerosol 

Gas 

Par t ic le  D a t a  (physical) 

Solid 

Solution 

Suspension o r  Colloid 

iulIMAL 

Man 

cow 

Dog 

Goat 

Guinea Pig 

Monkey 

Mouse 

Rabbit 

R a t  

Sheep 

Other 

Other vertebrates 

Cells and microorganisms 



BIOLOGICAL CHARACTERISTICS 

- 
Foetus 

IJlfant 

young 

Adult 

Aged 

Pathological (condition) 

Grossly n o m  (condition) 

Sex 

I 

MODELS - 
Exponential 

Power Function 

Intake (discussed) 

MPC ' s (discussed) 

Toxicity (discussed) 

I t 1 1 8 2 4 4  



S'ESDARD MAN DATA - 

Foetus 

Youth - 
M u l t  

Composition and Mass - 

Intake 

Air 

Food 

Water 

Elimination 

Air 

Food 

Water 

Variabi l i ty  

I 1 4 8 2 4 5  



BIBLIOGRAPHY 

RADIOSENSITIVITy 

REE and/or MF 

ADMINISTRATION 

Single 

Multiple 

Continuous 

Inhalation 

Oral 

IV 

IM 

IP 

sc 

IT 

Surface absorption 
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DATA AND RESULTS 

Deposition 

Organs of reference 
skeleton 
lw 
whole body 
s o r t  t i s sues  
e tc .  

Retention 

Organs of reference 
skeleton 
lung 
whole body 
s o r t  t i s sues  
e tc .  

Elimination 

Organs of reference 
skeleton 
lung 
whole body 
soft t i s sues  
e t c .  

Burden 

Organ of reference 
skeleton 
lung 
whole body 
so f t  t i s sues  
e tc .  

Urinary elimination 

Fecal elimination 

Breath elimination 

Prespiration 



DATA AND RESULTS (cont'd) 

Distribution 

Toxicity 



Variabil i ty 

? y p i c d  weekly d i e t s  of tcen-agers and 1 yr old -mh p m m  M t o  be 
paten, t o  represent typdcsl Intake of fpob by tbasa aga g~lups in each of 
:.cI c i t i e s  of tha U. 9. In 1962. Analyzed for Sr-90, sr-89, ca-13, 68. 
C;ntrlbutlons of these Laotopes fnrm what d irar rilk e8timLt-d &bo. 
ic particUer, g l m ~  the estimated Lrrt;ska of milk rpb lb8t product8 by 
t\he teen agcr aa wen as the tot& daily intake of food ln  kg. 
sf Ca by weight of t o t a l  die t  can be iciernd. 

bmntags 



Key Words: 

1 40. , Citrate; pH7; G I  t r a c t ;  Solution; Par t ic le ;  Man; Young; Adult; Aged; Grossly normal; La- 

Variabi l i ty;  Single administration; Oral administration; Fecal elimination 
- .\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R. L. Hayes, J. E. Carlton and W. R. Butler, Jr. 

. 
RADIATION DOSE TO TIlE HUMAN INTESTINAL TRACT FROM INTERNAL EMITTERS 

HZALTTI PEYSICS (in proof) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Abstracted by WSSnyder: 

Eszimtes dose t o  the  lower large i n t e s t a e  from tracer doses of citrate, 
ora l ly  administered t o  34 patients.  
considered normal so far as the  G I t r a c t  is  concerned. 
Assuming a c t i v i t y  uniform i n  s too l  samples and neglecting decay i n  the  
an estimate of dose. Defines a dose index: 

Ages varied from 7 - 76 years. A l l  pat ients  
Total  recovery 90% or bet te r .  

obtains 

D (individual) 
D (standard man) 

I =  

The dis t r ibu t ion  of the  dose index f o r  some o r  a l l  of these pat ients  i s  given (1) on 
repeated trials (2)  by magnitude (var ia t ion 0 - 7.5) (3) by plot t ing:  . 

- Max (I, 1/I) ( the d is t r ibu t ion  appears approximately normal) 

( k )  and var ia t ion of the  average dose index with ha l f - l i f e  of the radionuclide. 
s ignif icant  difference (PgO.10)  was found i n  I when the  dose i s  given with the 
noon meal and when taken 2 hours before breakfast. 
iaportance although there  w a s  some increase i n  mot i l i ty  with age. 
of the population may experience doses many times i n  excess of t h a t  assumed fo r  standard 
ma. 
a dose three times t h a t  of standard man. Average dose 1.70 times that of standard man 
f o r  long-lived materials, and f o r  a radioactive half-life of 12 hours was equal t o  the 
dose t o  standard man. 

A 

Age did not seem of great 
A sizable  proportion 

The measurements indicate that about 1% of  the  general population may experience 

Suggests entry time t o  LI;T t o  be 18 hours instead of 13  hours. 

I 1 4 8 2 5 0  


