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Summary 

P A R T  I .  RADIOACTIVE WASTE DISPOSAL 

1. Liquid Injection into Deep 
P ermca bl e Formations 

Movement of radionucl ides  through porous m e d i a  
1s due  to movement ot  the transporting water. but 
is also affected by t h e  ion exchange  propert ies  of 
the medium. Calcu la t ions  were made for the  move- 
ment of the  solut ion and radiostrontium through a 
s l a b  of Betea sands tone  and were confirmed by ex- 
perimental data. 

T h e  behavior of chlor ide a s  a water  t racer  i s  
complicated by i t s  repulsion by negatively charged 
s o i l  col loids .  T h e  relat ive exc lus ion  of chlor ide 
is espec ia l ly  complicated when c lay  minerals a r e  
present  and restr ic ted in  their degree of la t t ice  ex- 
pansion. However, t h e s e  e f fec ts  would b e  de- 
c reased  a s  the  concentrat ion of e lec t ro ly te  is 
increased and would probably be rather insignifi- 
c a n t  in “clean” s a n d s t o n e s  having low spec i f ic  
s u r f a c e  and high porosi tv ,  espec ia l lv  i f  most of 
the  sur faces  were suff ic ient ly  separa ted  t o  permit 
ful l  development of an e lec t r ic  double layer. 

Anion exc lus ion  g ives  a good measure of la t t ice  
expansion and co l lapse  of hydrobiotite sys tems,  
thereby providing a rather  a c c u r a t e  method for 
measuring the distribution of sur face  charge 
densi ty  of these interstratified materials. 

2. Dirposol by Hydraulic Fracturing 

Four water inject ions were made in the injection 
well a t  986 and 966 ft. T h e s e  t e s t s  confirmed 
other  ev idence  tha t  a fluid l o s s  addi t ive is not a 
necessary  component of the mix to  be used in t h e  
w a s t e  inject ions.  Also, s i n c e  in a l l  cases the  
fractur ing pressure  w a s  well above t h e  overburden 
P-ssure, t h e s e  t e s t s  furnished presumptive 
ev idence  that horizontal f ractures  were formed. 

On the last water inject ion,  the sand-erosion 
technique for s lo t t ing  fa i led  to cu t  the c a s i n g  after 
20 rnin at a j e t  pressure of 2600 psi. To deter- 
mine the reason for th i s  fa i lure ,  t e s t s  were  run 
by the  Halliburton Companv in their t e s t  well. 
During the t e s t s ,  it w a s  observed tha t  consider-  
ab le  osci l la t ion of the jet t ing tool w a s  cu t t ing  a 
much wider s l o t  than previous experience had sug 
gested.  T h i s  w a s  probably respons ib le  for failure 
of the s lo t t ing  operation a t  Oak Ridge,  since more 
time would b e  required to erode  a wider s l o t  and 
no al lowance had been made for s u c h  a factor. In 
any  case, t h e s e  t e s t s  showed tha t  t h e  5f / - in .  
c a s i n g  of the inject ion wel l  could be c u t  desp i te  
the  osci l la t ion of t h e  j e t  if a j e t  p ressure  of 
4000 p s i  and a cu t t ing  time of 30 min were used. 

An es t imate  of the probable operat ing cost of the 
s h a l e  fracturing plant s h o w s  that  the  c o s t  of the 
mix and the  well l i fe  a r e  the signif icant  var iables .  
T h e  well l i fe  c a n  b e  s ignif icant ly  extended by 
making the  batch s i z e  large. For t h i s  reason i t  
s e e m s  probable that t h e  direct ion of future work 
will  be toward larger batch s i z e s  than are being  
injected at  t h e  present  time. 

A hazards  a n a l y s i s  of the  s h a l e  fracturing ex- 
periment h a s  been completed. It w a s  concluded 
that  the  w a s t e  solut ion to  be used  in t h e  f i rs t  
s e r i e s  of inject ions would be so  low in spec i f ic  
act ivi ty  that no s ignif icant  hazard would resul t  
from i t s  use.  T h e  other  principal hazard involved 
in the s h a l e  fracturing experiment - that  of work- 
ing  with high-pressure equipment - h a s  been 
minimized where possible  by ins ta l l ing  t h i s  e q u i p  
ment in  ce l l s .  

To verify that the Densometer sys tem could b e  
used  t o  control the  solids-to-.solution rat io  at very 
low proportions of cement ,  a mix t e s t  w a s  run by 
the  Halliburton Company. The Densometer con- 
trolled the dens i ty  of the slurry to  within 0.1 
lb /ga l  of the des i red  dens i ty ,  which i s  ent i re ly  
acceptable .  It was  found, however, tha t  the 
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dens i ty  indicated by the Densometer w a s  uni- 
fonnly 0.8 lb/gal  lower than the true dens i tv .  
This error in cal ibrat ion c a n  b e  compensated for 
by a Chpnp in the Densometer set t ing.  

Following constnrction of t h e  s u r f a c e  Plant, a 
sariem of five inject ions w a s  made t o  determine the 
pcrfmance of the  plant and the  underground be- 
haviot  of w a s t e  slurries of different composi t lons.  

In the f i rs t  injection (February 131. 37.000 gal 
of synthe t ic  concentrated was te  solution w a s  
mixed with 23,400 lb  of attapulgite dr i l l ing c lav  
and injected at a depth of 935 ft. T h i s  inject ion 
w a s  made to check the operation of t h e  sur face  
plant and to  eva lua te  a nonset t ing mix. 

In the  second injection (February 21). 27,300 
gal of synthe t ic  concentrated was te  solution with 
30 c u r i e s  of 1 9 8 A ~  tracer w a s  mixed with about 
170,000 lb of a cement-base mix and injected a t  a 
depth of 924 ft. T h i s  injection w a s  made to 
eva lua te  a mix with a low cement  concentrat ion 
and t o  determine whether the act ivi ty  in the  grout 
s h e e t  could be  detected at  the observation well. 

In the third injection (April 3), 33,500 gal of a 
mixture  of synthet ic  concentrated w a s t e  solut ion 
and ac tua l  intermediate-level w a s t e  was  mixed 
with about  518,000 !b of a cement-base mix and 
injected a t  a depth of 912 ft. T h i s  inject ion w a s  
made t o  demonstrate that concentrated radio- 
ac t ive  w a s t e  so lu t ions  s imilar  to those  to  be 
produced by the ORNL w a s t e  evaporator c a n  b e  
f ixed permanently underground. 

In the fourth inject ion (April 17), 36,000 gal  of 
intermediate-level was te  solution was  mixed with 
about 381,000 Ib of a cement-base mix and in- 
jec ted  a t  a depth of 900 ft. T h i s  injection w a s  
made to eva lua te  a mix for d i lu te  w a s t e  solut ions.  

In t h e  fifth injection (May 28). 148,000 ga l  of a 
mixture of synthet ic  w a s t e  solut ion and ac tua l  
intermediate-level w a s t e  was mixed with about 
1,040,000 l b  of a cement-base mix and injected a t  
a depth of 890 f t .  T h i s  inject ion w a s  made to  t e s t  
the sur face  plant during an extended (11-hr) 
d i s p o s a l  operation and to determine the under- 
ground behavior of la rge  inject ions.  

Minor diff icul t ies  were encountered with var ious 

t ions.  T h e s e  diff icul t ies  were corrected as  they 
appeared.  In general ,  t h e  operation of t h e  sur face  
plant  h a s  been smooth and sa t i s fac tory ;  the dis-  
posa l  operation h a s  become almost  routine as  e x -  
per ience h a s  been accumulated. 

I 

I 

I 
I 
I components  of the surface plant during t h e  injec-  
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Evaluation of the mixes used  in the five injec- 
t ions and determination of the  underground be- 
havior of the grout s h e e t s  cannot  be accomplished 
until c o r e s  of the formation have  been recovered. 
Coring IS expected t o  begin in Ju ly .  

3. Disposal in Natural Salt Formations 

Renovation of the topside fac i l i t i es  a t  the Carey 
Salt mine, Lyons ,  K a n s a s ,  i s  essent ia l ly  com- 
plete. A new 7-ton capac i tv  headframe h a s  been 
erec ted ;  the ex is t ing  hois t  h a s  been reworked, a l l  
e lec t r ica l  c i rcu i t s  and switchgear  have been re- 
p laced ,  and the hois t  house  h a s  been renovated. 
Drilling h a s  s ta r ted  on the 19. 1-in.-ID waste- 
charging shaf t .  

Mining equipment for t h e  underground work h a s  
been purchased and instal led in t h e  mine. Cleanup 
of t h e  main access tunnels  in  the  mine i s  in 
progress .  Layout  of the experimental area h a s  . 
been completed,  and mining should s ta r t  early in  
Ju ly  1964. 

Concurrent with the  mine cleanup,  p las t ic  flow 
g a g e s  a r e  being ins ta l led  along the access tunnels  
and near  the experimental area. T h e  information 
f rom t h e s e  gages  will be used  to determine the 
e f f e c t  of increased temperature on s tab i l i ty  of the 
mine. 

Design of equipment for handling and s tor ing 
the  radioact ive fuel  assembl ies  is e s s e n t i a l l y  
complete. Fabricat ion of all handl ing and s torage  
equipment is in progress ,  with t h e  except ion of 
the fuel e lement  canis te rs .  A draft of the hazards  
report on the  shipment  of fuel assembl ies  be- 
tween Idaho and Lyons,  K a n s a s ,  h a s  been com- 
pleted.  

Laboratory t e s t s  of 1000-hr duration on pillar 
models  made from Lyons  s a l t  have  been run by the  
U.S. Bureau of Mines. T e s t s  were run a t  pillar 
s t r e s s e s  ranging f rom 4000 to 10,000 psi. From 
the r e s u l t s  of these t e s t s ,  an empirical equation 
w a s  derived which cor re la tes  well with measured 
ver t ical  c losure  ra tes  in  the Lyons  and Hutchinson 
mines in openings up  to  70 years  old. 

T h e  isolated 2 x 8 x 10 ft heated model room 
(wal l  temperature approximately 14OoC), after more 
than a year  of heat ing,  h a s  a c losure  rate ten times 
higher than i t  had a t  ambient temperature. 
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4. Clinch River Study 

Xnalyses  of s t a b l e  chemical  cons t i tuents  i n  
discharge-weighted water  s a m p l e s  from the Clinch 
and T e n n e s s e e  Rivers  show tha t  var ia t ions in 
const i tuent  concentrat ions a r e  not great; bicar- 
bonate  is the  predominant anion and calcium the 
predominant cat ion.  Seasonal  var ia t ions In con- 
centration of severa l  of the  c o n s t i t u e n t s  were de- 
tected. Calculat ion of correlat ion coef f ic ien ts  for 
const i tuent  pairs  indicated that  turbidi ty ,  apparent 
color ,  centr i fuged color ,  suspended  s o l i d s ,  iron, 
and manganese concentrat ions varied in a s imilar  
manner. 

Measurement of gross  gamma radioact ivi ty  in  
146 cores  of Clinch River  bottom sediment  h a s  
shown that  radioact ive sediment  up to 8.7 f t  thick 
is present  in t h e  river. Variat ions in radioactivity 
with depth were observed in severa l  of the  cores. 
T h e  general  pattern of var ia t ion is str ikingly 
similar to. the pattern of annual  1 3 7 ~ s  r e l e a s e s  a t  
White Oak Dam, and is assumed to  be  the  resul t  of 
continuous sedimentation of cesium-bearing clay 
par t ic les  suspended in  t h e  water. 

Regulation of flow in the  Cl inch  River due t o  
power generation a t  Melton Hill Dam will produce 
greater dai ly  c h a n g e s  in flow condi t ions  than did 
similar operat ions a t  Noms Dam. Tracer  s t u d i e s  
were conducted to s tudy t h e  e f fec t  of r e l e a s e s  
from Melton Hil l  Reservoir  on dispers ion  of radio- 
ac t ive  releases from White Oak Dam. P u l s e s  of 
t racers  re leased twice  da i ly  from the c reek ,  
s imulat ing summer condi t ions,  were  observed to  
occur  at about 10 AM and noon e a c h  weekday a t  
the ORGDP water  treatment plant intake. During 
the normal weekend shutdown of operat ions a t  
Melton Hill Dam, the  m a s s  of t racer  re leased  from 
the  c reek  built up  in  the river. Power releases on 
Monday moved t h i s  maximum concentrat ion of 
tracer downstream. T h e  minimum dilution for the 
momentary peak on Monday a t  ORGDP water  in- 
take w a s  computed to be  50. T h i s  minimum dilu- 
tion is only about  ten t imes l e s s  than t h e  median 
dilution observed prior t o  construct ion of Melton 
Hill Dam. 

Change in flow condi t ions due  t o  Melton Hi l l  
Dam h a s  necess i ta ted  a c h a n g e  t o  automatic  
Proportional sampling of the river water. 

Analyses  of f i s h  taken from the  Clinch River  
show that  about  2.5% of the  maximum permissible  
intake (MPI) would b e  received from e a t i n g  37 l b  

of f i sh  per year. Radiation l e v e l s  near  f i l t e r  beds  
i n  water  p lan ts  upstream and downstream from 
White Oak Creek  are  a t  background. 

Bottom sediments  from the Clinch River  were S* 
iect ively leached.  Sa l t s  between a pH of 6 t o  8 
removed l e s s  than 10% of the  6oCo, lo6Ru,  and 

Cs, though up to 80% of the "Sr. At lower 
pH's  up  to  80% of the "Sr and 6oCo were leached.  

u and up to  At  higher pH's  up t o  50% of the loaR  

20% of the  6oCo are released.  

1 3 7  

5. Movement of Radionuclides i n  
Terrestrial Environment 

Core  samples  taken in and around w a s t e  p i t s  2 
and 3 show that  most of t h e  13'Cs and "Sr i s  
concentrated in s ludge  and precipi ta tes  in t h e  
p i t s  and on t h e  first f ew inches of shale com- 
pris ing the s i d e  wal l s  and bottoms of the pits. 
By t h e  u s e  of t r i t ia ted water as  a t racer ,  i t  h a s  
been  observed that  the  normal rate of ground-water 
movement in the w a s t e  pit a rea  is about 0.5 
f t /day  . 

Most of the  700 c u r i e s  of 1 3 7 C s  in  t h e  bed of 
White Oak L a k e  occupies  highly s e l e c t i v e  ex- 
change  s i t e s  on the i l l i t i c  c l a y  fraction of the  
lacus t r ine  sediment  and can be  desorbed only by 
disrupt ion of the c lay  la t t ice  structure. 

Analyses  of s e l e c t e d  s a m p l e s  obtained from the  
upper 0.2 ft of White Oak Creek bottom sediment  
ind ica te  tha t  l e s s  than 5 x lo5 ppc of 13'Cs and 
subs tan t ia l ly  smaller  quant i t ies  of 6 o C o  and 
lo6Ru are s tored  in t h i s  zone. The inference is 
drawn that  the residence time for the less- than-  
63-p sediment  in t h i s  zone  is relatively shor t  and 
tha t  t h e  mater ia l  is scoured during higher-than- 
normal s t a g e s  and transported into White Oak 
Lake .  

A s  an extension of information ga ined  from 
laboratory s t u d i e s  on radionuclide sorpt ion,  
field s t u d i e s  on del iberately contaminated plots ,  
us ing  1 3 7 C s ,  have been s ta r ted  in order t o  cor- 
re la te  a rea l  and ver t ical  redistribution of the  nu- 
c l i d e  with natural factors ,  including biologic ,  
meteorologic, and pedologic factors .  

6. Mineral Exchange Studies 

In sorbing t race  concentrat ions of strontium, 
idea l  ion exchange behavior, based on m a s s  action 



e x p r e s s i o n s ,  w a s  exhibi ted bv severa l  of the 
c lay  minerals under spec ia l  condi t ions.  Hydrous 
s e s q u i o x i d e s  sorbed strontium preferent ia l ly ,  and 
the  strontium sorpt ion curve did not vield the pre- 
dicted s l o p e  for ideal  behavior. Several s o i l  
n a t e r i a i s  were t e s t e d ,  the lOCdl Conasauga  s h a l e ,  
whose sorption indicated strong influence of s e s -  
quioxides  at a lkal ine pH. w a s  shown to behave 
according to the mass action law when t h e  free 
iron oxide w a s  removed. 
Ethylenediaminetetracetate (EDTA) forms a 

, m o r e  s t a b l e  complex with calcium than with 
strontium. In a was te  solution containing calcium 
a s  a m a j o r  ionic component, the  major break- 
through of strontium through an ion exchange  
column c a n  be  delaved by complexing part of the 
calcium with EDTA. However, t h e  delayed break- 
through of strontium is gained a t  t h e  e x p e n s e  of 
increased  "leakage" of strontium through t h e  ion 
exchange  column. 

7. Engineering, Economics, and 
Safety Eva I uat i on s 

C o s t s  of permanent s torage of ca lc ined  radio- 
ac t ive  w a s t e s  i n  concre te  vaul t s  were five to  
seven  t imes  greater than those  for s torage  in s a l t ,  
and c o s t s  for s torage  in  rooms mined out  of 
grani te  formations were twice those  for s torage  in 
s a l t  mines.  T h i s  economic advantage,  plus  greater  
s a f e t y ,  makes  s a l t  the preferred choice.  

Study of t h e  comparative c o s t s  for d i s p o s a l  in 
concre te  vaul t s ,  hard-rock mines,  and s a l t  mines 
w a s  based  on the c o s t s  for d i sposa l  in salt devel-  
oped in a previous study. In t h e  preliminary 
s tudy ,  costs for excavat ion of salt were assumed 
t o  be  $2/ ton .  During the year ,  work h a s  con-  
tinued on a final report of c o s t s  for d i s p o s a l  i n  
s a l t .  Excavat ion c o s t s  have  been ca lcu la ted  a s  
a function of the amount of s a l t  mined year ly ,  and 
$2/ ton w a s  found t o  be a reasonable  figure for a 
re la t ively large operation. C o s t s  per ton for small  
operat ions u'ould be higher. 

E s t i m a t e s  were made of the movement of "Sr, 
l o 6 R u ,  and 1 3 7 C s  in Conasauga  s h a l e  following a 
hypothet ical  re lease  of reactor fuel-reprocessing 
w a s t e  from a tank. Computations were based  on 
hydrologic and exchange charac te r i s t ics  of the  
loca l  formation. 

In Conasauga  s h a l e ,  "Sr would apparent ly  move 
qui te  rapidly in  a n  acid w a s t e  sys tem, .even  if the 

ac id  would be neutral ized bv ca lc i te  ( C a C 0 3 )  
in  the formation. Movement of "Sr in a n  a lka l ine  
w a s t e  solution would be  much s lower due t o  the  
formation of insoluble  compounds, in addition to  
the greater holdup bv ion exchange.  Ruthenium-106 
would b e  expected t o  move rapidly in e i ther  acid 
or neutral ized was te  s v s t e m s ,  but i t  p resents  
l i t t le  long-term hazard due  to i t s  re la t ively short  
half-life. The  movement of I3'Cs would be ex- 
pected t o  be  s low b e c a u s e  of i t s  s t rong fixation 
bv the ion exchange s i t e s  of the i l l i t ic  fraction 
of the Conasauga s h a l e .  

8. Related Cooperative Projects 

T h e  U.S. Geological Survey h a s  cont inued t o  
obtain partial-record base-flow and c r e s t - s t a g e  
records for the area.  In addition, a geologic map 
of White Oak Creek Bas in ,  with a n  explanatory 
text ,  h a s  been issued.  X generalized s o i l s  map 
of t h e  bas in  is being prepared. 

T h e  work of the multiagency s teer ing  committee 
for the Clinch River Study h a s  cont inued.  

Three al ien g u e s t s  have been on assignment  
during the past  year. 

Several members of the Sect ion have  continued 
to  par t ic ipate  in the following ac t iv i t ies :  the 
ASA Committee N5, the  AEC Advisory Committee 
on Deep-Well Disposa l ,  the  ASCE Committee on 
Sanitary Engineering Aspec ts  of Nuclear Energy,  
and various ORNL s p e c i a l  committees. M e m b e r s  
have  a l s o  contributed t o  t h e  journal Nuclear  
Safety and have served with the  Nuclear Safety 
Information Center. 

In addition, c o u r s e s  and iec tures  have been 
given for ORSORT, Vanderbilt University, Univer- 
s i ty  of T e n n e s s e e ,  and the U.S. Publ ic  Health 
Service. 

PART II. RADIATION ECOLOGY 

9. Radioactive Waste Area and Radiation 
Effects S t u d i e s  

Sta t i s t ica l  ana lyses  of s e d g e s  growing on White 
Oak L a k e  bed indicated that  length of inflores- 
c e n c e  w a s  mostly correlated with the  a i r  d o s e  rate 
of gamma radiation at  1 m above  ground surface. 
Some of the  natural vegetation around t h e  un- 
shielded Heal th  P h y s i c s  Research  Reactor  e x -  
hibited the first vis ible  e f f e c t s  of radiation 
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damage. Zifter a period of winter dormancv, new 
growth produced in severa l  s p e c i e s  ot forest  t rees  
contained many morphological abnormalities. T h e  
ciamaged vegetation occurred ac d i s t a n c e s  o i  i o  
LO 20 m from t h e  reactor, and  to ta l  cumulated d o s e  
w a s  approximatelv 600 to 140 rads ( t i s s u e  d o s e  in 
air) respect ivelv.  Radiation effects s t u d i e s  com- 
pleted th i s  year  included fast-neutron e x p o s u r e s  
ttom t h e  H P R R ,  and gamma-radiation exposures  
f rom both a 13'Cs field source  and t h e  White Oak 
L a k e  bed. Among the  findings were t h a t  a l l  acu te  
fast-neutron d o s e s  ranging from 100 to 300 rads re- 
su l ted  in 100% mortality of pine s e e d l i n g s  although 
the time required to  reach complete  needle  mor- 
tality varied widely within and between d o s e  
groups. P i n e  seedl ings  subjec ted  to chronic  
gamma irradiation from White Oak L a k e  bed for 
178 d a y s  exhibi ted 100% needle  mortality, while 
controls  averaged only about  10%. Curing t h e  
pas t  f i s c a l  year .  a study w a s  ini t ia ted t o  deter-  
mine the s e a s o n a l  changes  in nuclear  volumes of 
local  t ree  s p e c i e s .  Shoot a p e x e s  were measured 
monthly from 14 local  s p e c i e s .  An a n a l v s i s  of 
var iance showed that most species increased  
s ignif icant ly  (P %: 0.01) in s i z e  before shoot  
elongation. Ini t ia l  spr ing  act ivi ty  of nuc le ic  
a c i d s  in shoot  a p e x e s  i s  thus  ear l ier  in  eas te rn  
T e n n e s s e e  than would be ant ic ipated f rom any 
external  evidence.  Continuing work on t h e  u s e  of 
metaphosphate g l a s s  dos imeters  demonstrated that  
low-2 g l a s s  rods a re  s u b j e c t  t o  fading in sunl ight .  
Predosed r o d s  l o s t  37 t o  46% of t h e  d o s e  during 
the f i r s t  6 hr of exposure to sunlight. F a d i n g  w a s  
a l s o  related to total predose s i n c e  high predose 
rods had a s ignif icant ly  greater  (P <: 0.01) per- 
cen tage  l o s s  than low predose rods. 

Mud-dauber w a s p s  that used  radioact ive mud 
from the  liquid was te  p i t s  were found to  be 
a f fec ted  by t h e  ionizing radiation. In the  case 
of the  s p e c i e s  Scef iphmn cementarium, the e f fec t  
of the  radiation i s  t o  reduce the  s u c c e s s f u l  
emergence by a s ignif icant  40% ( P  -: 0.001), and 
radioactive n e s t  c e l l s  showed a higher mortality 
from parasi tes .  T h e  maximum integrated d o s e  re- 
ceived by a developing w a s p  in th i s  s tudy  w a s  
determined to  b e  10,630 rads. Continuing s t u d i e s  
on radiocesium accumulation and elimination by 
Vfuious species of i n s e c t s  demonstrated t h e  use-  
fulness of t h e s e  techniques for measuring food 
consumption and insec t  production under field 
conditions. Also, energy f low through t h e  herbi- 
vorous i n s e c t  population may now be es t imated ,  

by us ing  food consumption r a t e s  for herbivores  
ca lcu la ted  with s teady-s ta te  equi l ibr ia  for radio- 
cesium. Preliminary s t u d i e s  of radiation response  
of s e v e r a l  i n s e c t  s p e c i e s  including c r i c k e t s  and 
grain b e e t l e s  were reported. 

Hematological s t u d i e s  of nat ive mammals initi- 
a ted  in 1962 were completed th i s  year. T h e  ob- 
j e c t i v e  of t h e s e  s t u d i e s  w a s  to  determine t h e  
effects of endogenous and environmental fac tors  
on t h e  blood of indigenous s p e c i e s .  Over 10,000 
hematological measurements were made for over 
2000 mammals of 4 1  species belonging to  11 
fami l ies  represent ing 7 orders. T h e s e  s t u d i e s  
have  shown tha t  factors such  as age,  s e x ,  certain 
d i s e a s e s ,  cer ta in  paras i tes ,  injur ies ,  confinement, 
and s e a s o n  govern hematopoiet ic  changes .  The  
l a r g e s t  and most c o n s i s t e n t  change  i n  normal 
serum pat terns  is charac te r i s t ica l ly  demonstrated 
by albumin. Significant a l te ra t ions  i n  this compo- 
nent  have  been observed a s  a seasonal variation 
and a s  a resul t  of numerous s t r e s s  factors. . One 
s e a s o n a l  variation h a s  been a higher  albumin 
va lue  for t h e  s e r a  of animals  sampled i n  t h e  water 
than from t h e  s a m e  animals  sampled  i n  other  
s e a s o n s .  Laboratory-bred cot ton rats had higher 
albumin percentages  than field-trapped members of 
t h e  same spec ies .  A coeff ic ient  of correlat ion of 
-0.360 between total  white  cell count  and albumin- 
globulin ra t io  w a s  ca lcu la ted  for the white-footed 
mouse (0.05 > P > 0.02). If subsequent  calcula-  
t ions  show th is  re la t ionship to  b e  a general  one,  
it would imply that  a low albumin in  combination 
with a high total  globulin va lue  might wel l  serve 
a s  readily a s  a high white  blood cell count  as a n  
indicat ion of general  infection or trauma in an 
individual or a wild population. 

10. Processes and Components of Terrestrial 
Ecosystems 

An inventory of total  i 3 7 C s  dist r ibut ion among 
the  tree-soil compartments of the tagged tul ip  
poplar ecosys tem constructed from d a t a  co l lec ted  
during and at  the end of the first growing s e a s o n  
s u g g e s t s  that  about 50% of the  in i t ia l  t a g  i s  found 
in the  litter, s o i l ,  and smaller  root components  a t  
the  end of the first growing season .  T h e  maximum 
burden found in the canopy 4 t o  6 w e e k s  af ter  
inoculation w a s  reduced by 60% in l a t e  September. 
T h i s  reduction is due  to three processes :  (1) ex- 
port of cesium from foilage to woody t i s s u e  during 
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mature and s e n e s c e n t  s t a g e s  01 leaf development ,  
which accounts  for the  greatest  amount of reduc- 
t ion;  ( 2 )  removal of radiocesium from foi lage by 
rain and dew leaching prior to  mid-September, 
which accounts  for about 3 7  of the total  reduct ion;  
and ( 3 )  reduction in concentration jpc per gram of 
dry weight) by the  tormation of new t i ssue .  Ac-  
cumulation of surface income of 13'Cs within the  
organic l i t ter  laver and sur tace  3 c m  of s o i l  was  
measured in sample  uni ts  which prevented root 
entry. R e s u l t s  from t h e s e  sample uni ts  ind ica te  

r that ha l f  of the sur face  income w a s  contained 
within the organic laver and more than 80% w a s  
contained within the organic layer p lus  the  sur face  
2 c m  of mineral soil .  Dispersion of 13 'Cs out- 
s i d e  the  tagged forest  (20 ' 25 m) area by fal l ing 
l e a v e s  was  measured at  the end ot the  second 
growing season .  Sampling measurements  indicated 
that  2.67 m c  (represent ing 5.34 pc per m 2  of s tudy 
s i t e )  of 1 3 7 C s  was  transported outs ide  t h e  study 
a r e a  bv fal l ing leaves .  Based  on th i s  figure and 
on canopy concentrat ions i n  both y e a r s ,  it  is 
es t imated  that  20% of the l e a v e s  from the tagged 
t rees  fell outs ide  t h e  study area.  Of th i s  207 
m o r e  than three-fourths of this  act ivi ty  is located 
within a 10-m zone  around the  perimeter of t h e  
s tudv  area. A new p h a s e  of  work in  the 1 3 7 c ~ -  
tagged forest w a s  ini t ia ted th i s  year t o  broaden 
the understanding of the behavior of th i s  radio- 
nucl ide i n  the var ious l i f e  s t a g e s  of tul ip  poplar 
t rees .  S e e d s  co l lec ted  from tagged t r e e s  were 
germinated, and pat terns  of t ranslocat ion were 
followed through the ear ly  growth phases .  T h e s e  
s t u d i e s  seem to ind ica te  tha t  ces ium fol lows 
s imilar  pathways t o  sugars  and other  foods which 
m a y  be s tored in  t i s s u e  s u c h  a s  co ty ledons  used  
to s u s t a i n  the  early growth of seedl ings.  Trans-  
fers  of t h i s  radionucl ide i n  voung s e e d l i n g s  are 
a l s o  rapid,  as  h a s  been demonstrated for mature 
t rees  of t h i s  spec ies .  

Microbial uptake of s tab le  cesium and c o b a l t  
w a s  proportional t o  their concentrat ions in t h e  
environment over a concentration range of 2 t o  3 
orders  of magnitude. There  w a s  no marked 
i so topic  se lec t ion  for e i ther  of t h e s e  elements .  
Uptake of 1 3 4 C s  w a s  proportional to  the  concen-  
tration of 1 3 4 C s  in the  subs t ra te .  When microbes 
were separa ted  from a tagged s u b s t r a t e  by water ,  
agar ,  o r  semipermeable film, microbial uptake w a s  
proportional to the concentrat ion of 134cs in t h e s e  
intermediates .  Microbial concentrat ion fac tors  for 
different  s u b s t r a t e s  varied with the  avai labi l i ty  

of the  tag. On fresh-leaf litter with readily 
ava i lab le  c e s i u m ,  microbial concentrat ion relat ive 
to the s u b s t r a t e  was  twice a s  high a s  on weath- 
e r e d ,  old litter with l e s s  readily avai labie  cesium. 

11. Clinch River and Related Aquatic Studies 

T h e  s e r i e s  of a n a l y s e s  of s t a b l e  strontium i n  
white crappie  (Pornoxis annulan's) flesh and bone 
w a s  completed,  and it w a s  poss ib le  t o  t e s t  the 
relation of the distribution of s t a b l e  strontium 
and 90Sr between the  environment and the  fish. 
The calcium and strontium concentrat ions in f ish 
flesh and bone were relat ivelv cons tan t  throughout 
the vear  with no seasonal  variation and probably 
ref lects  the  relat ive cor,stancy of t h e s e  e lements  in  
Clinch River water. Data on calcium and strontium 
concentrat ions i n  Clinch River water  were pub- 
l ished previously. There  is a relativelv good 
agreement between the spec i f ic  ac t iv i t ies  in  
fish bone and water. T h e s e  da ta  sugges t  tha t  for 
anv cons tan t  re lease  of 90Sr to the river. i t  is 
poss ib le  to predict the consequent  90Sr content  of 
fish bone. T h e  short biological half-life of 
strontium in fish f lesh shows that measurements  
of 90Sr in  flesh will reflect the environmental 
concentrat ions a t  t h e  t ime the  f ish were col lected.  
The  long biological half-life of strontium i n  f ish 
bone s u g g e s t s  that  90Sr concentrat ions i n  bone 
will reflect t h e  average environmental concen-  
t ra t ions during the lifetime of t h e  f ish.  Studies 
on uptake and accumulation of strontium and cal- 
cium by a lgae  and s n a i l s  represent ing cont ras t ing  
types  of biogeochemical s v s t e m s  a r e  reported. 
Uptake of calcium by the  a lgae  w a s  found t o  b e  
primarily a function of the  media concentrat ions 
of calcium with a s l igh t  inverse  influence by 
strontium in the  media. A s l igh t  re la t ive increase  
i n  calcium uptake a t  very low calcium concentra- 
t ions  ind ica tes  an increase  i n  uptake eff ic iency 
a t  limiting l e v e l s  of calcium and a l s o  s u g g e s t s  
that calcium is required by the  alga.  Experiments 
a l s o  sugges ted  that uptake i s  direct ly  proportional 
t o  strontium in the media ,  with an enhancement in 
uptake a t  v e r y  low media concentrat ions of c a l -  
cium, sugges t ing  tha t  strontium w a s  used  by the 
a lgae  in p lace  of calcium when calcium was  in 
short  supply. In s n a i l s  the deposi t ion of both c a l -  
cium and strontium depends  primarilv on t h e  
respec t ive  concentrat ions of t h e s e  e lements  i n  the 
immediate environment. T h e  d a t a  a l s o  s u g g e s t  
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that  there is a s imple subst i tut ion ot strontium 
uptake  for tha t  of  calcium by s n a l  she l l  when 
environmental calcium is deficient .  S t ront ium 
uptake increased  with increasmg environmental 
strontium concentrat ions and decreased  with 
Increasing environmental calcium concentrat ions.  
Increased environmental strontium d e p r e s s e s  
strontium uptake and increased environmental 
calcium e n h a n c e s  strontium uptake. 

Previouslv,  it  w a s  reported that  there is an in- 
crease ot newly occurring chromosomal aberra- 
t ions in t h e  natural  population ot Chironomus 
:entans from White Oak Creek. T h i s  population 
of Ciptera ,  which is receiving a ca lcu la ted  d o s e  
ot 230 rads year  ot chronic  environmental radia- 
tion, h a s  been sampled annual lv  s i n c e  1960. Two 
new inversions,  e a c h  involving severa l  bands ,  
were observed once  in the  additional col lect ion 
from the irradiated area. No new inversions were 
observed in t h e  additional co l lec t ions  from the 
control populations. T h e  finding of t h e s e  two new 
inversions supports  the  previous conclusion that  
there is an increase  ot newlv occurring aberra- 
t ions in the White Oak Creek population. T h e s e  
newly occurr ing aberrations are eliminated by se- 
lection or gene t ic  drift and are not maintained In 
the  gene pool of the population. The  increased  
mutation r a t e  produced by t h e  chronic irradiation 
in the  White Oak Creek population h a s  not re- 
duced the amount of chromosomal polvmorphism in 
th i s  natural  population. 

12. Theoretical Systems 

To provide a conceptual  b a s i s  for understanding 
radiation e f f e c t s  and the  fate of nuc l ides  i n  
ecosys tems,  analog computer so lu t ions  of compe- 
tition equat ions ,  both with and without radiation 
stress, were generated. T h e  equat ions invest i -  
gated were the Lotka-Volterra system which h a s  
received major attention in c l a s s i c a l  population 
ecology. There  a r e  four poss ib le  cases of out- 
come between two competing Lotka-Volterra 
spec ies :  (1) s i  or s 2 ,  but not both, surv ives  de- 
pending upon ini t ia l  condi t ions;  (2) s i  survives  to 
t h e  6- -elusion of s ,  regardless  of ini t ia l  condi- 
t ions,  . ~ 3 )  s 2  only gurvives independent of initial 
condi t ions;  and  (4) both s i  and s 2  coexis t  a t  
equilibrium. For a l l  four of t h e s e  cases it w a s  
found that  introducing radiation. s t r e s s  in  the form 
of a rarefying term in the equat ions altered both 
t ransient  and s teady-s ta te  responses  of t h e  svs- 

tern. Where the final resul t  w a s  determined in the 
u n s t r e s s e d  cases only by t h e  d e g r e e  o t  competition 
Setween the two s p e c i e s ,  under radiation s t r e s s  
:heii respec t ive  reproductive potent ia ls  became an 
:mportant factor. In addi t ion,  i t  w a s  found that  
e f f e c t s  oi  radiation tend t o  be  minimized when 
interact ions between the  competing s p e c i e s  a re  
greater ;  the  s t ronger  the  coupl ing between two 
competing s y s t e m s ,  the less the  etfect  o t  a n  out- 
s i d e  perturbing influence. 

Previous  compartment models ior t ransfer  of 
s u b s t a n c e s  in ecological  s y s t e m s  a r e  general ized 
in the form of a .system of diffe-rential equat ions.  
The  sys tem is v = VF. where V is ins tan taneous  
change  in t h e  s t a t e  vector v, and F is a matrix of 
f ract ional  transfer coef f ic ien ts  express ing  he ex- 
change  of mater ia l  between compartments. Es t i -  
mat ions of F for a variety of real e c o s y s t e m s  a r e  
being made u t i l i z ing  d a t a  from ecologica l  and 
physiological  s o u r c e s  t o  provide more rea l i s t ic  
computer s imulat ions.  

PART Ill. RADIATION PHYSICS 

13. Theoretical Radiation P h y s i c s  

Distr ibut ions of d o s e  and d o s e  equiva len t  in 
anthropomorphic phantoms were computed for 
protons up t o  400 M e V .  A theory h a s  been de- 
veloped and a code  written to give d o s e  distribu- 
t ions  in a proposed high-energy s i l icon  dosimeter  
from isotropical ly  incident  protons of energ ies  up 
to  400 M e V .  

Dose dis t r ibut ion with l inear  energy t ransfer  
( L E T )  h a s  been computed for a cyl indrical  
anthropomorphic phantom irradiated with a beam 
of neutrons. A Monte Carlo code  w a s  used ,  and 
wide var ia t ions  were found for the  d o s e  per  unit 
LET a t  various points  in t h e  phantom for var ious 
neutron energ ies  from thermal to  2.5 M e V .  

A new fast-neutron spectrometer .  the “Vectrom- 
e t e r , ”  h a s  been proposed. T h i s  d e v i c e  c o n s i s t s  
of two separa ted  planar a r rays  of Geiger counters  
which measure the  track lengths  of recoi l  protons 
resu l t ing  from neutron irradiation of t h e  hydrogen 
g a s  in t h e  device.  A s imple  express ion  y i e l d s  
the  neutron energy from t h e s e  track lengths. A 
prototype i s  under construct ion.  

T h e  s imul taneous  emiss ion  of bremsstrahlung 
and t ransi t ion radiation from an electron-irradiated 
d ie lec t r ic  s l a b  h a s  been analyzed theoret ical ly .  
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It h a s  been shown that  proper measurements  of 
t h e s e  radiat ions may be analyzed t o  yield the 
m e a n  square  sca t te r ing  angle  of e lec t rons  in the 
material. T h e  mean f r e e  path of hot e lec t rons  i n  
a free-electron g a s  h a s  been determined f r o m  
many-body perturbation theory. Previous workers 
have  neglected exchange sca t te r ing  p r o c e s s e s  
a l together .  It is iound that  such  p r o c e s s e s  mav 
make an important difference in the ca lcu la ted  
energy and angular distribution of the hot e lec-  
t rons af ter  col l is ion.  T h e  effect  of surface l o s s e s  
upon t h e  s topping power of charged par t ic les  h a s  
been analyzed us ing  a s e m i c l a s s i c a l  approach. 
T h e  d ispers ion  and damping of sur face  plasmons 
have  been computed from a s e m i c l a s s i c a l  theory. 
T h e  resu l t s  are presented a s  a function of the  
wave  vector  ot the sur face  plasmon. In connec-  
tion with work done  by the  Experimental Radiation 
P h y s i c s  Group, computer c o d e s  have  been written 
to  e v a l u a t e  t h e  opt ica l  cons tan ts  of mater ia ls  
from measured ref lect ivi t ies  and t ransmit t ivi t ies  
of p lane  paral le l  foi ls  made of t h e s e  mater ia ls .  

T h e  a n a l y s i s  of the  dispers ion for a medium i n  
which a l inear  proton beam in te rac ts  with a s ta t ion-  
ary ionized medium indicates  that there i s  a 
multiple instabi l i ty .  Phys ica l  condi t ions under 
which a multiple instabi l i ty  m a y  occur  were 
s tud ied ,  and var ious types  of plasma beam s y s -  
tems were invest igated with ;articular reference 
t o  the  frequency, ranges ,  and ra tes  of growth of 
t h e  exc i ted  waves .  

An a n a l y s i s  w a s  made of a dispers ion equat ion 
for a medium in which a he l ica l  e lectron beam 
in te rac ts  with a s ta t ionary plasma. T h e  inter- 
act ion w a s  invest igated with par t icular  reference 
to  superiuminous,  subluminous, and counter- 
s t reaming instabi l i t ies .  

T h e  interact ion of a n  ion beam of small  intensi ty  
moving with veloci ty  cp (where c i s  the veloci ty  of 
light) through a s ta t ionary plasma was  invest igated 
under the  assumption t h a t . t h e  beam and the  waves 
resu l t ing  f rom the interaction a re  aligned along 
the direct ion of an impressed s t a t i c  magnetic field 
and tha t  the  frequencies  of the  exci ted w a v e s  are  
suff ic ient ly  high so that  the  motion of t h e  ions  
perturbed by t h e s e  waves  can be  neglected.  

A plasma-beam sys tem i s  invest igated i n  which 
a n  electron beam of small  intensi ty  moving with 
veloci ty  Pc in te rac ts  with a cold plasma immersed 
in  a magnetic field. It is assumed that the beam 
and the exc i ted  wave resul t ing from t h e  interaction 
a r e  a l igned along the direction of t h e  magnetic 

field and that (1 - p 2 )  .. 1 T I ,  where 7 is the  ion- 
to-electron mass ratio. T h e  frequencies  and growth 
r a t e s  of the exci ted waves are ca lcu la ted .  

14. Experimental Radiation P h y s i c s  

T h e  interaction of low-energy e lec t rons  with a 
number of benzene der ivat ives  h a s  been s tudied ,  
u s i n g  the swarm method. Control of the energy 
dis t r ibut ion in t h e  electron swarm h a s  been 
achieved ,  which al lows discrimination between the  
different e lectron capture  processes .  The  de- 
ta i led  s tudy of the  benzene der ivat ives  a i d s  in 
t h e  understanding of the interaction of free elec- 
t rons with m o r e  complicated organic molecules  of 
great  biological interest .  

Improvements in the  electron time-of-flight 
technique for e lectron diffusion measurements 
us ing  a Geiger counter de tec tor  have  been carr ied 
out by ut i l iz ing an empirical instrumental response  
charac te r i s t ic  t o  unscramble the  drift time h s t r i -  
but ions observed in water vapor and ethylene.  A 
new apparatus  for drift measurements h a s  been 
constructed and h a s  undergone preliminary tes t -  
ing. T h i s  apparauts  avoids  problems a s s o c i a t e d  
with Geiger  counter  de tec tors  by us ing  an electron 
multiplier and differential pumping. A new method 
h a s  been worked out and equipment h a s  been con- 
s t ruc ted  for determining osc i l la tor  s t rengths  for 
e lectronic  t ransi t ions in the  vacuum ul t raviolet  
region. T h i s  method u s e s  pressure  p u l s e s  of 
millisecond duration i n  the  absorption c e l l  and 
the pulsed light from a spark discharge s o u r c e  in  
order to  avoid uncertaint ies  in pressure and 
opt ica l  absorption assoc ia ted  with differential 
pumping. F i r s t  application of the new method 
will be t o  determine osci l la tor  s t rengths  in argon. 

An experiment i s  being developed which will 
determine the  lifetime of temporary negat ive ions 
produced by unimolecular electron capture. The  
technique i s  designed t o  measure l i fe t imes from 

sec and will be applied to the study 
of e lectron capture  in water and other polar 
molecules .  Monochromatic light f rom electron 
plasmon decay  h a s  been observed for the  first 
time f r o m  aluminum foi ls  a few hundred angstroms 
in t h i c k n e s s  bombarded by 80-kev electrons.  
T h e  sharp  peak a t  815 A determines the plasma 
energy precisely a t  15.3 ev. The  opt ical  con-  
s t a n t s  of evaporated s i lver  films were determined 
between 2500 and 3700 A ,  the  region of the Wood’s 
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transparencv. Optical t ransmission cur:’es de- 
rived from t h e s e  c o n s t a n t s  showed a minimum 
1.vhose depth w a s  proportional to t h e  proiection ot 
:he E vector ot the incident lieht on the foil 
normal, :hus indicat ing a resonant  coupl ing ot 

the radiation with electronic  motion a c r o s s  the 
foil. ?io opt ica l  c o n s t a n t s  i n  the  vacuum ultra- 
.:iolet spec t ra l  region are ava i lab le  tor indium. so 
these  were measured a l so  for u s e  in evaluat ion of 
piasmon decav  experiments. 

The  Keplertron was used t o  s tudy  Auger elec- 
tron production i n  infinite isotropic  radioact ive 
copper media. The cont inuous slowing-down 
model n e g l e c t s  Auger production, which theretore 
m u s t  b e  s tudied experimentallv. Further  calibra- 
:ion d a t a  for the  instrument were taken,  and an 
electron slowing-down spectrum in gold w a s  meas-  
ured for the first time. 

15. Physics of Tissue Damage 

T h e  opt ical  reflectivity of hot -pressed  pyrolytlc 
graphite w a s  measured from 1100 to 3000 A, where 
no d a t a  were avai lable .  T h e  opt ical  c o n s t a n t s  
showed that an electron resonance  o c c u r s  at 6.9 
e v ,  a s  predicted from energy l o s s  experiments  and 
a s  explained by Ichikawa as  due to plasma exci ta-  
tion. 

A new technique w a s  developed for measuring 
charged-r  .:ricle interact ions in  l a v e r s  a few 
hundred thick. T h e s e  layers  are vacuum 
evaporated on a thin s i l i con  monoxide insulator  
and t h u s  need  not b e  self-supporting. Range  
measurements on protons from 2 t o  10 kev were 
made with this method. 

Further work on t h e  time-of-flight e lectron beam 
monochromator resul ted in a gun which produced a 
2-nsec burst  of e lec t rons ,  an improved t ransis tor  
amplifier, posi t ive proof that t h e  e l e c t r o n  drift 
time i s  charac te r i s t ic  of i t s  energy,  and some pre- 
liminary observat ions of nitrogen vibrational ex-  
c i ta t ion by 2-v electrons.  

Vacuum diffusion pump o i l  w a s  irradiated in the 
LITR and  then used  in the pump. A t r a c e  amount 
of t h e  radioact ive oi l  e s c a p e d  into t h e  vacuum 
sys tem,  where i t  deposi ted on the wal l s  t o  a maxi- 
mum depth of 6 A ( l e s s  than a monomolecular 
layer). This technique should b e  usefu l  in vacuum 
ultraviolet spectroscopy,  where minute layers  of 
Oil change  the  opt ical  propert ies  of grat ings,  thin 
f i lms,  e tc .  

T h e  so-ca l led  “ g a s  e f fec t”  noted previouslv in 
:hermoluminescence experiments  w a s  found t ze 
a temperature e f fec t  with t h e  g a s  playing the le 
of a h e a t  t ranster  agent. Thus  the doubt  c a s t  on 
previouslv obtained d a t a  is removed. Sample 
hoiders  were fabricated from boron carb ide  s i n c e  
i t  is t h e  onlv material we have tound which is 
t i s s u e  equivaient ,  nontluorescing, nonthermo- 
1 urn i n e s c  ing , e lec t r ic  a1 lv and thermally conduct  in g , 
Ttructurallv s t rong over a wide range of tempera- 
’ure. and c a p a b l e  01 holding a high vacuum. 

16. Professional Health Physics Training 

A first-year graduate course .  Applied Radiation 
P h y s i c s ,  w a s  given a t  Vanderbilt University and 
the University of T e n n e s s e e  for a total  enrol l -  
ment of 30 students .  A c o u r s e  in Heal th  P h y s i c s  
ot  30 contac t  hr w a s  given a t  ORSORT. Ci t izens  
of P a k i s t a n ,  Austria, India, and Is rae l  received 
t ra ining and experience with various s e c t i o n s  of 
the Health P h y s i c s  Division. L e c t u r e s  were 
given a t  ORINS by a Health P h y s i c s  Division 
s taff  member ass igned  t o  ORINS temporarily. 
L e c t u r e s  and tours  of the Laboratory were pro- 
vided for personnel  of the U.S. Publ ic  Health 
Service,  the University of North Carol ina,  and the  
ORNL Orientation Program. Twenty holders  of  
AEC Health P h y s i c s  Fe l lowships  completed a 
year  of graduate training a t  Vanderbilt University 
and t h e  University of Tennessee .  Several  fellow- 
s h i p  holders  e lec ted  to d o  their t h e s i s  work for 
the  master’s  degree in t h e  Health P h y s i c s  Divi- 
sion a t  ORNL. A 1-year advanced graduate  leve l  
course  in radiation phys ics  h a s  been planned to 
be  given a t  the University of T e n n e s s e e  during the  
1964-1965 academic year. 

PART IV.  RADIATION DOSIMETRY 

17. Dosimetry Applications 

T h e  emphas is  of the  radiation : ,ximetry ‘ d i e s  
h a s  been on the accumulation 01 human-e s u r e  
d a t a ,  espec ia l ly  the dosimetry for the survivors  of 
the nuclear  bombings of Hiroshima and Nagasaki .  
Refinements  were made in  the “free-field” d a t a  
and dose-distribution funct ions developed for 
tvpical  J a p a n e s e  houses .  T h e  equat ions were  
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Much useful  d a t a  have  been accumulated from 
the  s t u d i e s  of t race  e lements  in human t i s s u e s ,  
d i e t s ,  and excre ta ,  although t h e  newer s t u d i e s  
involving d i e t s  and excre ta  are only par t ia l ly  
complete  a t  th i s  time. Among other appl icabons  
of t h e s e  d a t a ,  a distribution of s t a b l e  strontium 
in the body h a s  been s tudied and i s  found t o  differ 
ra ther  s ignif icant ly  from t h e  distribution of 2 2 6 R a  
under chronic  condi t ions of exposure. It is found 
that  approximately 99% of t h e  s t a b l e  strontium i s  
in the skeleton,  whereas  the skeleton burden of 
2 2 6 R a  due  to the  natural  background has  been 
est imated t o  be only about 80% of t h e  body 
burden. 

developed by a “mulbple  regression and cor- 
relat ion” f i t  t o  the extens ive  data  from Operation 
BREN. Computed va lues  for the “sh ie ld ing  
fac tor”  a t  a point in a J a p a n e s e  Juse, us ing  
t h e s e  equat ions ,  were within 6? of the  experi- 
mental  va lues  f rom weapons tests in 50% of the  
c a s e s .  

S ince  es t imates  of d o s e  depend upon a metabolic 
model, the  Internal D o s e  Estimation Section must 
construct  models for the metabolism of many sub- 
s t a n c e s  and understand various fac tors  that 
inf luence the  retention of radionucl ides  in the 
body, particularly with a view to extrapolation 
from animals  to  man. T w o  such  exploratory 
s t u d i e s  are  reported here. A system of compart- 
ments  h a s  been constructed which a re  connected 
during per iods of time dis t r ibuted randomly, thus  
s imulat ing bone s i t e s  that may be remodeling 
during various per iods of time. Only the  s imples t  
of s u c h  sys tems,  a two-compartment model, h a s  
been s tudied,  and it i s  found that  cer ta in  dis t r ibu-  
t i o n s  of the time per iods during which exchanges  
between compartments are permitted produce a 
power-function type of retention. 

18. Dosimetry Research 

23 

A 
pos: 
i n t e  
rad1 
ln te  

PO= 

1- 
ce r 
u r  i 
ar 1 

ur; 

fa. 
ar 
wi 
h; 

r e c  

C( 

ai 
a1 
a 
P 

Other a r e a s  of invest igat ion included smal l  
de tec tor  research ,  spectrometry, instrumentation, 
and dosimetry for radiobiological research.  Fading  
charac te r i s t ics  of metaphosphate de tec tors  were 
measured,  advancements  were made in severa l  
t y p e s  of spec t rometers ,  energy response  functions 
were determined for dosimetry s y s t e m s ,  and 
accura te  dose-converslon fac tors  were determined 
for P u B e  and P o B e  sources .  

19. HPRR Operations and Special Projects 

T h e  Health P h y s i c s  Research  Reac tor  was  
u s e d  in a wide assortment  of radiobiological ,  
dosimetr ic ,  phys ica l ,  and e c o l o g c a l  s t u d i e s  with 
par t ic ipat ing researchers  from numerous labora- 
to r ies  and severa l  countr ies .  A feasibi l i ty  s tudy 
w a s  completed for the constmction of an i n t e n s e  
14-Mev neutron source  for the  BREN tower; con- 
s t ruc t ion  began in June  1964. 

and t h e  other  about  37 days.  Although rnultiex- 
ponent ia l  retention functions have  been observed 
in animals ,  t h i s  is t h e  f i rs t  direct  observat ion of 
such  a retention in  man that  h a s  been reported; 
however, indirect ev idence  h a s  been reported. T h i s  
s tudy involved members of the Health P h y s i c s  
Technology Section and Applied Health P h y s i c s  
Sect ion,  a s  well a s  members of the  Internal Dose 
Est imat ion Section. 

21. Stoble Element Metabolism 

22. A Two-Compartment Model with Random 
Variable Flows 

PART V.  INTERNAL DOSIMETRY 

20. internal Dose Estimation 

The program of t h e  Internal Dose Est imat ion 
Sect ion cont inues  in the study and improvement of 
methods for a s s e s s m e n t  of exposure d u e  to radio- 
a c t i v e  mater ia ls  that  may enter  the body. As in 
the  p a s t ,  d a t a  have  been gathered and inter- 
preted t o  serve  as a b a s i s  for est imat ion of dose  
from a source  within the body. Although animal 
d a t a  are not disregarded,  the principal e m p h a s i s  
i s  on direct  data  on man. 

T h e  work reported t h i s  year includes a s tudy  of 
t h e  retention of HTO by a n  employee exposed  in 
t h e  c o u r s e  of h i s  work. T h e  retention i s  c lose ly  
approximated by t h e  sum of two exponent ia l s ,  one  
showing a n  elimination half-time of about  9 d a y s  
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23. Studies on the Internal Exposure/ External 
Exposure Equivalence Relation 

A second s tudy  is reported which s u g g e s t s  a 
poss ib le  method of relat ing effects due  to an 
lnternai source  with e t f e c t s  due  to  external  
radiation. In e t fec t ,  t h i s  amounts to a method for 
in te rspec ies  extrapolat ion at low l e v e l s  of ex-  
posure. 

24. Comments on Intake Guides for Various 
Isotopes and Isotopic Mixtures of Uranium 

In the appl icat ion o t  maximum permissible  con-  
centration (MPC) values .  or intake guides .  for 
uranium a s  provided by NCRP and I C R P ,  q u e s t i o n s  
a r i se  frequently concerning a i ' cur ie ' '  of natural 
uranium, which h a s  a special definition in t h e s e  
recommendations. Other ques t ions  re la te  to t h e  
fact  that  limiting v a l u e s  for some of the i s o t o p e s  
are based on cons idera t ions  of chemical  toxicity, 
while for other  i so topes  it i s  the radiological 
hazard that  is limiting; thus  uncertaint ies  i n  the 
computation of va lues  for mixtures of the i s o t o p e s  
are encountered. In t h i s  s tudy s imple formulas, 
additional MPC values ,  and explana t ions  a re  given 
as a n  aid in resolving t h e s e  and other  s imilar  
problems. 

25. On the Estimation of a Systemic Body 
Burden of Plutonium 

Two s t u d i e s  are reported which t e s t ,  to  a very 
rough degree, the validity of a computer program 
reported previously which purports t o  e s t i m a t e  the 
intake and body burden of 239Pu on t h e  b a s i s  of 
urinary excretion. T h e  one  s tudy  u s e s  d a t a  on an 
employee who had a long  record of exposure to 
239Pu.  From the urinary excret ion d a t a ,  an intake 
pattern and  retention a r e  es t imated  and compared 
with autopsy e s t i m a t e s  of t h e  t i s s u e  burdens. T h e  
study s u g g e s t s  that  the metabolic model is not 
inconsis tent  with the  da ta ,  but  cer ta in  parameters 
of the model may be rather different for t h i s  
individual and this  mater ia l  from the v a l u e s  given 
in ICRP Publicat ion 2 .  T h e  second s tudy uses 
da ta  on dogs given Pu-ni t ra te  by intravenous 
injection and by inhalation. T h e  program seems 
to predict a qual i ta t ively plausible  pattern of 
intake to blood, and the ' e s t i m a t e s  of  lung 
deposition obtained by the  code a r e  within a 
f m t o r  of 2 of t h e  estimates by the experimenters .  

PART VI. HEALTH PHYSICS TECHNOLOGY 

26. Aerosol Physics 

Surface contamination measurement techniques,  
descr ibed in previous annual  reports, have  been 
used in a s tudy of par t ic le  resuspens ion  i n  a 
room. A tracer d u s t  is d ispersed  and al lowed t o  
s e t t l e  in  a n  a r e a  s imulat ing a s m a l l  work room of 
average c leanl iness .  Contamination samples  are  
col lected by a person wearing covera l l s  and a 
respirator. The number of t racer  par t ic les  found 
on the  respirator filter is related to  the number 
that would have  been inhaled without a respirator. 
Three t e s t s  u s i n g  3 .1-pdiam ZnS (f luorescence)  
and one  t e s t  u s i n g  2 - p  CuO (neutron act ivat ion 
ana lys i s )  ind ica te  that  a person working in the  
room is likely t o  inhale 1 part ic le /hr  for every  
2900 (CuO) to 5600 (ZnS) par t ic les  per square  
meter of surface.  

Agglomerates of submicroscopic  thorium dioxide 
par t ic les ,  produced by exploding thorium metal 
wires, were allowed to s e t t l e  on a s t a i n l e s s  s t e e l  
surface. T h e  s e t t l e d  aggrega tes  were  approxi- 
mately 1 to 10 1.1 in  diameter. Laboratory-scale  
s t u d i e s  show t h a t  t h e s e  agglomerates  c a n  be 
redispersed by air  j e t s ,  by mechanical  abrasion,  
and by adhesion to  contact ing sur faces ;  however, 
the redispers ion e f f ic ienc ies  a re  lower than t h o s e  
observed for 1.5- and 5 - p - d i m  s o l i d  Thoz 
part ic les .  

The ques t ion  of what happens  phys ica l ly  j u s t  
prior to ,  during, and af ter  a par t ic le  is reentrained 
in a n  airs t ream i s  being s tudied  with the u s e  of a 
smal l  wind tunnel. P a r t i c l e s  adhering t o  t e s t  
s u r f a c e s  are exposed to a known flow s t ruc ture  of 
a i r  in the wind tunnel. T h e  dynamics  of the 
par t ic les  moving on the sur face  a r e  observed by 
microphotography using a pulsed light beam.  
Boros i l ica te  g l a s s  b e a d s  (28.9 p CMD; IT= 13%) on 
a g l a s s  sur face  display a variety of e f f e c t s  in 
an airs t ream of 5300 c m i s e c  average  veloci ty  
(Re = 24,400). About half of the beads did not 
move during 2.5 sec of exposure,  approximately 
one-third of the beads  lef t  the  sur face  without 
having rolled, and the  remainder moved along the 
sur face  in s t ra ight  l i n e s  paral le l  t o  the direction 
of flow. Some of the  b e a d s  that moved along the 
sur face  s topped ,  and some left the surface.  There 
is an indication that t h e  mechanisms involved in 
moving par t ic les  along the sur face  cont r ibu tes  a 
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e lec t r ica l  discharge.  Par t icu la te  matter col lected 
f rom the aerosol  produced by such explosions 
consis t ' s  of a l loys  of Au-Pt ,  giving some indica- 
tion that metal l ic  vapors  were produced which 
mixed homogeneously. 

27. Applied Internal Dosimetry 

Emphas is  of the ORNL whole-body counting 
program is on count ing probable and potential 
exposure cases and on obtaining base l ine  counts  
on unexposed employees. During the pas t  year ,  
1370 persons were counted for a total  of 1568 
human counts .  Approximately 74% of the counts  
showed an essent ia l ly  normal human spectrum. 
Several  employees were counted for indicat ions 
of 90Sr-90Y intake following three separa te  inci- 
d e n t s  of suspec ted  exposure. One employee w a s  
es t imated  t o  have  approximately 90% of the  maxi- 
mum permissible  lung burden. Initial es t imates  in 
the other two inc idents  amounted to only 25 and- 
30% of the  permissible  total body burden; in both 
cases t h e  es t imates  represent t ransient  GI tract 
d e p o s i t s  which were eliminated rapidly. T h e  
computer program for processing wholebody count 
da ta  h a s  been made more f lex ib le  and c a n  ana lyze  
d a t a  from about 75% of the  routine counts .  Com- 
puter plot t ing of in vivo s p e c t r a  h a s  been d i s -  
continued as  not economical. Several different 
source-phantom configurat ions for cal ibrat ing the  
whole-body counter a r e  being s tudied.  

time-dependent factor  t o  the redispers ion of 
par t ic les  in a n  airstream. 

B a s i c  interact ions between par t ic les  and sur- 
faces, which determine the s c a l e  of forces  re- 
quired for resuspens ion ,  a re  being s tudied by 
applying known forces t o  remove par t ic les  f i o m  
var ious sur faces .  Borosi l icate  g l a s s  beads  
(28.9 p ,  CMD), dispersed  by se t t l ing  on quartz  
s u r f a c e s ,  are subjec ted  to known removal forces 
by vibrat ing the t e s t  surface.  Attempts to re- 
move the g l a s s  beads  by applying 2.8 '. 

, dyne of force normal t o  the surface were unsuc-  
c e s s f u l .  T h i s  level  of force w a s  repeated for 
nonradioactive b e a d s  on friction-charged and on 
uncharged quartz. In a third experiment, g l a s s  
beads  were act ivated by thermal neutrons (-0.4 
curie  g) and were dispersed on an uncharged 
quartz  plate. After aging for 2.5  d a y s ,  the t e s t  
p la te  and radioact ive par t ic les  were found to  have  
a ne t  posi t ive charge  of 7 x lo-' ' coulomb/cm2.  
Despi te  the presence  or a b s e n c e  of e lec t ros ta t ic  
charge ,  there were no g l a s s  b e a d s  removed by 
t h e  appl icat ion of forces  up to  90 t imes gravity. 

T e s t s  have continued in exploration of the capa-  
b i l i t i es  of the  exploding-wire aerosol  generator to 
produce and d i s p e r s e  a wide variety of submicron 
aerosols .  Well-dispersed gold aerosols  with re- 
producible  m a s s  densi ty  can be produced by the 
e lec t r ica l  explosion of gold wires. T h e  aerosol  
vield is observed t o  depend on the  wire length,  
wire diameter ,  and vol tage used  for explosion.  In 
other  t e s t s .  gold and platinum wires  were twisted 
together and exploded s imultaneously by the  
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20. Internal Dose Estimation 

INARY EXCRETION OF TRITIUM FOLLOWING 
EXPOSURE OF MAN TO HTO - A 

TWO-EX PON ENTl AL MODEL 

W. S. Snyder 8. R. F i s h  

S. R. Bernard Mary R. Ford J .  R. Muir 

metabolic c o u r s e  of HTO in  t h e  body may be  
ered t o  be re lat ively well understood. Nu- 
s animal  experiments  supplemented by ex- 

ments  on humans sugges t  that  HTO introduced 
the body becomes a part of t h e  general  pool of 

f luids ,  and is eliminated from t h e  body via  
urine, perspiration, breath, and other  avenues  
l i m n a t i o n  of water from t h e  body, T h e  experi- 
t a l  d a t a  prior t o  1957 a r e  summarized i n  the  
prehensive review of the  problem by P i n s o n  
Langham.' In addition, there  is a weal th  of 
r ience gamed i n  working with tritium which 
revealed other  factors  which inf luence the  
o l i sm of HTO, in  particular, age and seasonal 

ever the less ,  there  a r e  some d a t a  t o  s u g g e s t  tha t  
the metabolic model which a s s u m e s  HTO to en ter  s. 

?'and be nonpreferentially e l iminated from t h e  gen- 
eral pool of body water is not ent i re ly  accurate .  

<Thompson2 exposed  mice and r a t s  to HTO and 
observed that  retention in a variety of t i s s u e s  

f,could be  represented by a sum of two exponent ia l s  
which were d is t inc t  from the s i n g l e  exponent ia l  
*presenting the  retention in body water. In addi- 

" 1  ? E. A. Pinson and W. H. Langham. J .  Appl. Physrol .  

R. C. Thompson. J. E l o l .  Chem. 197, 81-87 (1952); 
10. 108-26 (1957). 

2 

OP. C I C .  200, 731-43 (1953). 

tion t o  experimental work on mice which gave  a 
multiexponential retention, Pinson and Langham 
report an experiment in which one  human s u b j e c t  
w a s  exposed  to tritium over a period of 8 months, 
and dr ied biopsy spec imens  of sk in  and fat taken 
51 d a y s  af ter  the  end  of t h e  exposure showed a 
higher concentrat ion of tritium than did urine a t  
t h e  t i m e  of t h e  biopsy. T h u s ,  there  is t h e  implica- 
tion tha t  in man, as  i n  experimental animals ,  some 
fraction of the HTO enter ing the body is not elimi- 
nated a t  t h e  rate charac te r i s t ic  of the  elimination 
of water  from the  body, and that  th i s  fraction may 
b e  more c lose ly  incorporated in cer ta in  t i s s u e s  of 
t h e  body. Subsequent to the inhalat ion of HTO by 
a human subjec t ,  we  have been ab le  to measure  
t h e  concentrat ion of tritium in various body f luids  
and ,  in  particular, have found that  concentrat ion in 
ur ine d o e s  follow a pattern descr ibed a s  a sum of 
two exponent ia ls  during 255 d a y s  fol lowing a n  
intake. 

T h e  exposure occurred when an individual, work- 
ing  with a source  of HTO in a hood, inhaled s o m e  
of t h e  material. T h e  subjec t  i s  a senior  s c i e n t i s t ,  
a male  of age 41 years ,  weight 66.5 kg, height  161 
cm, and apparent ly  enjoying good health. H e  w a s  
aware  of t h e  general nature of t h e  problem posed 
by HTO in t h e  body, and we a r e  indebted t o  him 
for h i s  cooperation which made th i s  extended s tudy 
possible .  After t h e  f i r s t  samples  were eva lua ted ,  
it w a s  agreed that  h e  would not attempt any d r a s t i c  
i n c r e a s e  in h i s  normal fluid intake,  although he 
w a s  encouraged t o  drink liberally. 

During the  f i rs t  11 days ,  samples  of ur ine,  blood 
serum, and sputum were obtained and analyzed for 
tritium. No significant difference in the l e v e l s  
found in t h e s e  various body f luids  was  noted, and 
th i s  is in l ine with measurements reported by 
Pinson  and Langham. Also, the  da ta  appeared to 
follow a s ingle  exponential a s  expected but indi- 
c a t e d  a half-time for elimination of something under 

173 
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9 days .  T h e  da ta  for the  f i rs t  13  d a y s  a re  shown 
In Fig. 20.1. An ear ly  evaluat lon of t h e  d o s e  to  be 
expected w a s  made and indicated no apparent  
need for measures  to hasten elimination. A f t e r  
d i s c u s s i o n  with the  s u b l e c t ,  i t  was  agreed tha t  he  
would not attempt t o  deliberately a l te r  h i s  normal 
habi t s  for the  purpose of has ten ing  the  elimination 
of the  tritium. 

At the  t i m e  of writing, urine spec imens  have 
been col lec ted  periodically and analyzed during 
755 d a v s  postexposure and have been analvzed bv 
liquid scint i l la t ion counting. All count ing t imes 
were for 30 min. All t h e  urine da ta  a r e  shown i n  
Fig.  20.2, and a l l  t h e  postexposure da ta  are  given 
in T a b l e  20.1. During t h e s e  255 d a y s ,  the  subjec t  
h a s  not been working directly with tritium. How- 
ever ,  prior to th i s  incident ,  he  had shown urine 
concentrat ions in e x c e s s  of t h e  la ter  va lues  re- 
ported here. For  example,  t h e  l a s t  sample  taken 
before the  incident w a s  on October 25, jus t  3 d a y s  
before t h e  incident ,  and a concentrat ion of 6.1 x 
lo4 d i s  m i n - '  ml-'  w a s  measured. It is poss ib le  
that  t h i s  ear l ier  exposure mav have some inf luence 
on t h e  data .  

From Fig.  20.2 i t  appears  that  two exponentla1 
terms a r e  required to fit t h e  urinary concentrat ions 
observed in th i s  case. By t h e  courtesy of Ches te r  
Richmond of LASL, we have obtained a leas t -  
s q u a r e s  fit of the  d a t a  to a sum of two exponent ia l s  
us ing  t h e  LASL c o d e  descr ibed in  ref. 3 which 
d o e s  not require a logarithmic transformation of 
the concentrat ions.  T h i s  f i t t ing  procedure vielded 
a formula for concentrat ion in  urine of 

, 

R(t )  = 5.3 x lo6 e-"' 2.3 x lo4 e-3r  , 

with 

0.693 0.693 
L = -  and p = - . 

8.7 34 

C a s e s  of internal exposure a t  ORNL which war- 
rant considerat ion of d o s e  and intake on t h e  b a s i s  
of t h e  charac te r i s t ics  of the  individual are evalu-  
a ted  by an internal  d o s e  evaluat ion committee. 
T h i s  s u b j e c t ' s  total  body water  w a s  est imated on 
the  following b a s e s :  

1. On weight b a s i s :  for 66.5 kg  of body weight 
t h e  human conta ins  0.44 to 0.70 l i ter  of water  

3C. R. Rlchmond er d l . ,  Health Phys .  10(1), 3-13 
(1964). 

I 1 4 1 b 5 3  

JNCLASSIFIED 
ORNL-DWG 64-79m 

f K  r C 9 \  ~ 
- 

- .- 3 ' 3  12 (4 
1 5  

2 
T l M E  SINCE EXPOSURE ( d a y s )  

Fig. 20.1. Tri t ium Concentration in Body Fluid 

+t 

4? 

per kilogram ( the mean, 0.52 x 66.5 = 34.6 -s 
liters).' : 

2. On a g e  bas is :  humans 41 years  of a g e  C O ~  

mean, 0.525 x 66.5 = 34.9 = 35 liters).' 
from 0.44 to 0.65 l i ter  of water  per 

' 

3. On t h e  b a s i s  of weight to  height ratio: we 
height = 0.41 kg/cm, the male human 
weight is 18 to 37% fat  (mean 28%). 
body weight (LBW:) = (1 - 0.28) x 66 
kg.' T h e  same reference sugges ts :  t 
water  = 0.72 LBW = 34.5 = 35 l i ters .  

Ir 

4. On the  b a s i s  of total  potassium con 
subjec t  w a s  counted in t h e  ORNL 
Counting Fac i l i tv  on November 8, 1963, 1 
t h e  following resu l t s :  a g e  - 41, weight - 1 
kg, height - 161 c m ,  es t imate  121 g Of 

Tota l  potasslum content = 0.28% of LBW; 

ind ica tes  that  72% of the  lean weight and 
of t h e  fat  weight is made up of watef; 

?i slum based  upon 'OK measurement. 1 

121 g 0.0028 = 13.2 kg.6 T h i s  refer( 

5 'Biological  Handbook - Blood a n d  Other BOdlpf  
Federat lon of Amerlcan Socle t les  for Experimental 
ogy, Washmgton, D.C., 1961. 

G. B. Forbes ,  J.  Gal lup,  and  J. E. H w s h ~  4 5 

133, 101-2 (Jan. 13, 1961). 

6E. C. Anderson, Brit.  /. Radtol. SUPPI. 7, *' ('I 
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since no a l l o w a n c e  h a s  b e e n  m a d e  for t h e  p r e s -  c o n c e n t r a t i o n  t h a n  body w a t e r ,  p a r t i c u l a r l v  a t  tunes 
e n c e  of o r g a n i c  m a t e r i a l .  H o w e v e r ,  t h e r e  a r e  s o m e  q u c h  l a t e r  t h a n  t h e  e x p o s u r e .  H o w e v e r ,  t h e  con. 
t i s s u e s  i n  w h i c h  w a t e r  c o n s t i t u t e s  a p r e p o n d e r a n t  t r i b u t i o n  of t h e  s e c o n d  e x p o n e n t i a l  t e r m  to the 
p a r t  of t h e  m a s s ,  a n d  s o  t h e  e s t i m a t e  I S  s u b s t a n t i -  t o t a l  d o s e  is Lerv s m a l l ,  a n d  u n l e s s  s o m e  tissue 
a l l v ,  a l t h o u g h  n o t  p r e c i s e l v .  c o r r e c t  f o r  s u c h  t i s -  c o n c e n t r a t e s  t h e  m a t e r i a l  t o  a r a t h e r  h i g h  d e g r e ,  
s u e s .  On t h e  o t h e r  h a n d .  t h e r e  r e m a i n s  t h e  prob-  i t  s e e m s  u n l i h e l v  t h a t  t h e  d o s e  w o u l d  b e  sign& 
a b i l i t v  t h a t  s o m e  t i s s u e  a a v  a c c u m u l a t e  a h l g h e r  c a n t l v  i n  e x c e s s  of t h e  d o s e  t o  bodv w a t e r .  

T a b l e  20.1. C o n c e n t r a t i o n  o f  T r i t i u m  i n  Body Flu ids  

Concentration (dls mm-' 
Exposure  ~- 

Time Alter  
- ? 

Urine Blood Serum Sputum 
( d a v s  

1 

> 

1 

tib 

S b  

a b  

1 o5 

- b  

9 

1 0  

11 

13 

i8  

2 1  
' ( 1  

30 
42 

'3 
64 

7 I? 

- 3  , ., 
- _  
I ,  

80 

1.9 1 I O 0  - 5 . 1  10; 

4.5 100 I 5 . 1  x 103 

4.2 < l o 6  53.5 x IO? 
3.; Y lo6  ~ 4 . 6  x lo3  
3.8 l o 6  - 3 . 4  x 10' 

3.6 x l o 6  z 3.3 x l o 3  

3.1 I O 6  I 3 . 0  ' l o 3  

-.. 1 I i o 6  T 7.0 . l o 3  

2.0 . 100 1 2 . 8  - l o 3  

2.4 I l o 6  ~ 2 . 7  10' 
2.6 . 1 0 6  Z 2 . 8  ' l o 3  

2.4 I l o 6  ~ 3 . 9 .  l o 3  

1.9 l o 6  ~ 3 . 4  l o 3  

1.9 I 100 I 2.0 103 
7.0 . 105 s 1.8 x l o 3  

5.1 ' 10' 1 1 . 0  - 10; 

2.1 I O 6  T 3 . 6  )I I O 3  

3.1 10' 1 7 . 8  x 10-  

1.9 'I 10' 1 6 . 2  x 10' 

9.4 Y 10' r 3 . 8  r 10' 
2 4.6 x 10' Z 2.8 x 10 

3.0 < 10' 1 2 . 2  . 102 

2 . 3  . IO.' I 2.0. In '  
1.8 . 10' z :.d . : n 2  
1.5 10'' 11.7 . 10: 

3.3 x IO6 k4.4 x loJ 3 4.0 x l o 6  t 3.1 y 10 
3.7 _r 106 z3 .3  x I O 3  

h 

- 
aMe 

24 b 

I 

i 



Table  20.1 (continued) 

Concenrra t lon  rdis m m - '  711-'!= 

S r t n e  Blood Serum 3piitum 

F 

3.2 Y 10- '33 

3.2 i 10- : 24 

3.4 Y 10' 1 2 5  

231 
235 
240 2.1 \ 10: ? 1 7  
7.15 1.; % 10- I 1 7  

1.9 x 10' E 16 

7.4 K 10- Z 16 

1.9 x 10- f 17 

1 748 

752 
2 5 5  

I 

1 *24-hr samples;  a l l  others are spot  Samples. 

'Mean dismtegratlon rate 1 one standard deviation. 



21. Stable Element Metabolism 

K. S. Snyder 
Cyrus Feldman 
Isabel  H .  Tipton '  

Peggy L .  

Because  a radionuclide follows the metabolic 
pathway of  a s t a b l e  e lement ,  o n e  may predict the 
distribution pattern of a radionuclide under chronic 
condi t ions from the a n a l y s i s  of grossly normal 
human t i s s u e s  for s t a b l e  e lements .  Allowing for 
radioact ive decay,  t h e  concentration of s t a b l e  
e lements  ind ica tes  the  t i s s u e s  where t h e  corre- 
sponding radionuclide would depos i t  under chronic 
exposure and thus  ind ica tes  t h e  d o s e  that t i s s u e s  
might receive under chronic  exposure. Due to the  
hetemgenei tv  of t h e  human population. a suffi- 
c ient ly  large sample is needed in order  to permit 
a n  es t imate  of the  variability of d o s e  that might 
be  received, and to correlate  t h i s  variability with 
age ,  s e x ,  occupat ion,  geographical location, e tc .  
Such d o s e  es t imates  a r e  e s s e n t i a l  because  effi- 
c i e n t  u s e  of atomic energy requires  a c c u r a t e  e s t i -  
mates  of maximum permissible  concentrat ions 
(MPC) of radionucl ides  in  a i r ,  in water, and in  
food, not only for atomic energy workers but also 
for t h e  general population which inc ludes  babies ,  
children, teen-agers ,  e t c .  

Under chronic condi t ions inorganic e lements  
a r e  taken into t h e  body through food, water, and 
air ,  but l i t t l e  a t tent ion h a s  been  devoted to the  
amount of daily in take  of the majority of t race  
elements .  Also, very l i t t l e  i s  known about  t h e  
quant i t ies  excreted in  t h e  ur ine or in  the  feces. 
In appl ied heal th  p h y s i c s  programs, samples  of 
urine of radiation workers a r e  col lected and ana- 
lyzed routinely to determine t h e  presence  of various 
radionucl ides  to which the  worker m a y  have  been 
exposed.  T h e  interpretation of such  da ta  requires  
a metabolic model for t h e  handl ing of such  sub- 
s t a n c e s  by t h e  body, and t race  element a n a l y s i s  of 
t i s s u e s  suppl ies  ev idence  bear ing directly on 
major s i t e s  for deposi t ion of the  material and 
indirectly on var ious parameters  of the  metabolic 
model. Such metabolic models a r e  the  b a s i s  for 

'Analytical Chemistry Divls ion.  

'Department of P h y s i c s  and Astronomy, University 
of Tennessee .  

I l 4 7 b b l  

Mary J a n e  Cook 
F. S. J o n e s :  
J a n e  J .  Shafer' 

Stewart '  

es t imat ion of dai ly  i n t a k e s  that  might be expected 
to produce a specif ied body burden of a radio- 
nuclide. Thus,  s t u d i e s  of t h i s  klnd a r e  one of the 
major s o u r c e s  of da ta  ut i l ized for control of ex- 
posure to environmental contamination by radio- 
ac t ive  material. 

f 

I 
TISSUE ANALYSIS LABORATORY 1 

PROGRESS REPORT 

Cyrus Feldman F. S. Jones  

Spectrographic a n a l y s i s  of samples  of 
t i s s u e  col lected in  ear l ie r  y e a r s  w a s  contin* 
us ing  the  previously descr ibed procedures. &t 

proximately 430 sof t  t i s s u e s  were analyz 
23 s t a b l e  e lements .  T h e s e  t i s s u e  s a m p l a  
predominantly t h e  smaller  organs  s u c h  a s  th 
gall bladder, and ovary, and s m a l l  tissue 
from t h e  larger  organs  such  as  kidney, 

To t e s t  t h e  possibi l i ty  of analyzin 
for thorium, three t i s s u e s  were analyzed 
act ivat ion ana lys i s .  Equal  portions of 
severa l  kidney samples  from Atlanta 
and dupl icate  a n a l y s e s  were made. 
procedure w a s  followed for other  ki 
and lung samples .  T h e  analyt ical  
the mean v a l u e s  a r e  presented in  

For  t h e  p a s t  severa l  months, Consu 
h a s  been analyzing for 90Sr, 89Sr, Ca, 

the  United States. '  B e c a u s e  the element 
position of the die t  i s  of importance in c 
MPC values  and very l i t t l e  such  data  are  a 
samples  of t h e s e  d i e t s  were obtained fm 
sumers  Union in order to  ana lyze  them for 

%. R. Koirtyohann and C. Feldman, ''fi 
graphic Determination of Trace Element 
Tissue." Analytical Chemistry In NuC 
Technology, Fourth Conference, GatlinbWl 
O C t .  12-14, 1960, TID-7606. QP. 51-63. 

'Irving Michelson, Health Phys .  9,  994-50 ( 
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Table 21.1. R e s u l t s  of Rodiooctivotion A n a l y s e s  for Thorlum in Human Tissues” 

lficrograms of Th per gram of A s h  
Samples 

Mean r 1st Analysts  2d Analvsis  

t 
, l d n e v .  Atlanta 
c 

0.073 1 0.10 0.096 
Kdnev ,  San Francisco 1.06 0.07 

I Kidney, New York iO.06 0.05 I 

Bone, Atlanta (0.07 0.07 t 

Bone, San Francisco 1.05 0.06 ] 1.067 

Bone, New Yotk 0.08 0.07 

0 .114  
Lung, Atlanta 0. 12 0 .12  
Lung, San Francisco !I. 12 
Lung, Y e w  York 10.10 0.11 

balvses  performed by E. I. Wyatt. 

e elements. To d a t e ,  7‘5 of these die t  s a m p l e s  T h i s  group of bone 
t been analyzed. Some preliminary resu l t s  a r e  samples  included rib, vertebra, sternum (only 
;ented in Table  21.2. T h e s e  d a t a  a r e  being from Dallas), and unidentified bone. For t h i s  
pared with s imilar  d a t a  on d i e t s  of adul t s  as report, only t h e  d a t a  for rib and vertebra a r e  in- 
rrted by o ther  inves t iga tors  and are  being cluded. A summary of t h e  total  number of bone 
lied in relation to ques t ions  of population samples  which were analyzed and t h e  geographical 
osure to  a variety of radionuclides. dis t r ibut ion of t h e s e  samples  is given i n  T a b l e  
I order to s p e e d  t h e  ana ly t ica l  procedure and 21.3. 

1 el iminate  t h e  human errors  of handl ing da ta ,  The bone samples  were analyzed in the spectro- 
s automatic data-acquis i t ion computer s y s t e m  graphic laboratory of  t h e  Analytical chemis t ry  
08 instal led.  T h e  d a t a  output  from the  Quantom- Division of ORNL by methods which have  been 

r c o n s i s t s  of recorder def lec t ions  which, when described.’ Data from t h e s e  a n a l y s e s  were proc- 
ipared with s t a n d a r d s  of known composition, a r e  essed a t  the University of T e n n e s s e e  Computing 
verted and  pr inted out  i n  par t s  per million Center  us ing  nonparametric methods previously 

1 ash.  T h i s  w a s  d o n e  previously by plot t ing descr ibed.6 The Kruskd-Wall is  t e s t  for two-way 
urves on t ransparent  over lays  and interpretinR c lass i f ica t ion  w a s  u s e d  to t e s t  the  hypothes is  

he ld  for a n a l y s i s  a s  a group. 

chart  def lec t ions .  

ClUUILJ L l ” , , ,  L L h G  “ l l l l .  ! TRACE ELEMENTS IN HUMAN TISSUE: -_ . * ,.I c 
~ 

RIB AND VERTEBRA 

that  two groups were from t h e  s a m e  population.’ 
Descr ipt ive s t a t i s t i c s  for rib and vertebra of 

-AI+-  LA- +L *ln;+rjd S t a t e s  a r e  given in T a b l e s  
21.4 a n a  ~ 1 . 3  respect ively.  For the  a s h  percent  
of wet ,  dry percent of wet, and a s h  percent  of dry, 
the  column “Fract ion Observed” means the number 
of s a m p l e s  for  which t h e  parameter w a s  ca lcu la ted ,  
divided bv the  total  number of samples .  For an 

I sabe l  H. Tipton J a n e  J .  Shafer 

since the gross composi~on of bone Is  

different from that  of soft t i s s u e ,  a different s e t  
of s tandards  and a somewhat different method 

bone. For t h i s  reason,  in t h e  program for spectro-  
graphic a n a l y s i s  of human t i ssue ,  a l l  t h e  samples  
of bone which were col lected from individuals  both 
from within and  o u t s i d e  t h e  United S ta tes  were /. 47(260). 584 (1952). 

W. S. Snyder et a l . ,  Health Phys. D I V .  Ann. Progr. 

61. H. Tipton and J. J. Shafer, Arch .  Envrron. Health 
58 (1964). 

- W. H. Kruskal and W. A. Wallis, Am. Statzst. A s s n .  

a r e  required In t h e  spectrographic a n a l y = s  of Rept .  June 30, 1963, ORNL-3492, p. 178. 

I I b l b b 2  

I 
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r-ent, the  column “Frac t ion  Obserced” means t h e  concentrat ion of s u c h  an element  lav some- 
number of samples  i n  which the  element oc- where between zero and t h e  lower limit of detec-  > in a concentrat ion above the lower limit tion. Therefore ,  t h e  two limiting 7;alues of the 

6 detect ion (and w a s  thus ,ctuallv observed) ,  mean were ca lcu la ted  for t h e s e  e!e-entr, m e  
Hwded by the total  number o t  samples .  For those  ass igning  to those  s a m p l e s  in  which the element  
bements which were not observed in  concentrat ions w a s  not  observed a va lue  for the concentration 
b v e  the lower limit of detect ion i n  everv sample,  equal  to zero. and the other  ass igning  a value 
t was impossible  to ca lcu la te  a mean balue for equal  to  t h e  lower limit ot detection. T h e s e  
nncentration. s i n c e  it couid onlv b e  assumed that  limitine va lues  for t h e  mean a r e  eiven i n  t h e  l a s t  

Table  21.3. Number o f  Samples  of Rib and Vertebra 
- 

All Adult S u b j e c t s  = ’ 0  Years  Total  Xumber of Subjec ts  Rib Vertebra 

United S t a t e s  
Colorado, Denver  

I l lmois ,  Chicago  

F l o n d a .  Miami 

Maryland. Bal t imore 

New York. New York 

T e x a s ,  Dallas 

Virgmia. Richmond 

Washington. Sea t t le  

African Cont inent  

Near  E a s t  

India, Bombay 

India, Delhi  

India. Lucknow 

India. Vel lore  

Lebanon,  Beirut  

F a r  E a s t  

Formosa,  T a i p e i  

Hong Kong 
Japan,  Chiba 

Japan ,  Kyoto 

Japan ,  Tokyo 
Phil ippine I s lands ,  Manila 

m a i l a n d .  Bangkok 

Switzerland. Bern 

Alaska ,  Anchorage 

Hawaii ,  Honolulu 

Males 20-59 Years  

United S t a t e s  

African Contment  

Near  E a s t  

F a r  E a s t  

F e m a l e s  20-59 Years  
United S t a t e s  

1 so 

54 

37 

7 0  

88 
1 

24 
39 

3 0  

Q 1  

9 
1 

1 9  

23  

7.7 -- 
1 7  

1 

19 
8 

7 
4 

52 
4 

1 0  

6 

8 

9 .  

10 

1 

9 

56 
1 

14 

27 

16 

53  
a 

1 
22 

20 

2 

10 

9 
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Table 21.3. (continued) 

- 

Children 0--< 2 0  Y e a r s  

Unlted S t a t e s  73  11 - 
Colorado,  Denver  4 

Florida,  Miami 3 

I l lmois ,  Chicago  

Maryland, Baltimore 7 

New York, New York 
T e x a s .  D a l l a s  

Virginia, Richmond 

Washington, Sea t t le  

African Continent  

N e a r  E a s t  

India ,  Bombay 
India, Delhi  

India ,  Lucknow 
India, Vel lore  

Lebanon,  Beirut  

F a r  E a s t  

Formosa,  T a i p e i  

Hong Kong 
Japan ,  Chiba 

Japan ,  Kyoto 
Japan,  Tokyo 

Phi l ipp ine  I s l a n d s ,  Manila 

Thai land ,  Bangkok 

Switzer land,  Bern 

Alaska ,  Anchorage 

Hawaii .  Honolulu 

9 

3 3 

2 
1 

a 

column of the tab le  a s  “Limi ts  of Sample Mean.” 
In some i n s t a n c e s ,  when the  element w a s  ob- 
served in  a l l  but a few samples ,  (e.g., aluminum 
in vertebra), t h e  difference between t h e s e  two 
va lues  for the mean l i e s  in the  second or third 
digit.  T h e  precis ion of the  analyt ical  method a t  
th i s  leve l  is in general only good t o  one  digi t ,  and 
thus only o n e  digi t  is reported; however, in such  
cases the two e s t i m a t e s  of the  mean d o  not differ 
s ignif icant ly .  T h e  lower limit of concentration of 
those  e lements  which were not observed in  every 
sample  is given a s  l e s s  than t h e  lower limit of 
detect ion (< limit of detect ion) .  When a n  element  
w a s  not  observed  in a t  l e a s t  half the s a m p l e s ,  
the  median value for concentrat ion of that  element 

is given in  t h e  t a b l e s  as  less than the lower 1 
of detect ion.  Cadmium and molybdenum 1 

observed in only o n e  s a m p l e  of rib, and d 
e lements  and gold were not observed in rql 
the  vertebrae. 

On the  b a s i s  of the  Kruskal-Wallis test,  
median va lues  for t h e  concentrat ion in a 
iron, sodium, and potassium in v e r t e b - . (  
significantly (p 2 0.01) higher  than the  a 
values  for t h e  concentrat ion in a s h  of the a 
e lements  in rib. On the  o ther  hand, the a 
value for t h e  concentrat ion of calcium in I 

significantly higher in  rib than in vertek.4 
21.1). T h e  median va lue  for  concentmd 
strontium w a s  higher ( p  = 0.02) and of 1- 

lower 
p e r c e n ’  
i n  r ib 
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tr (p = 0.05) in rib than in  vertebra. The  ash  w a s  r o l l e c t e d  from the foreign group, and so 
:mt of wet weight a l s o  w a s  s ignif icant lv  higher geographical comparisons have  been made onlv 

[fib than i n  vertebra ( F i g .  21.1). This  re f lec ts  i n  rib. (There  were not enough samples  of bone 
L difference in texture ot the  two types  of wet from African and S w i s s  s u b j e c t s  to consider  them 

e, rib being compact and vertebra porous with as  subgroups in performing t h e s e  tes t s . )  
k in te rs t ices  filled with blood and "soft-type" Geographic differences in the concentration i n  

,ue which a s h e s  with a low residue and which a s h  of calcium. strontium. and lead a r e  shown in 
high i n  iron, sodium, and potassium. Fig. 21.3. T h e  poor nutritional s t a t u s  of the  Near 

.rice the concentrat ion of cer ta in  e lements  in Eastern subgroup is ref lected in  the significantly 
5 and vertebra showed a correlation with a g e ,  lower median va lue  for t h e  concentration of calcium 
r- s ince  the  concentrat ions of several  of t h e s e  in rib. T h e  median va lue  for strontium i n  rib in 
pments  in rib were a l s o  s ignif icant ly  different the Far  Eastern subgroup w a s  significantly higher 
i adult male a n d  female s u b j e c t s  (F ig .  21.2), than for ei ther  of the  o ther  two groups. L e a d  w a s  
uy those  v a l u e s  for males between the  a g e s  in s ignif icant ly  higher concentrat ion in t h e  sub- 
! 20 and 59 were used i n  t h e  two-sample t e s t s  group f rom the  United S t a t e s  than in e i ther  of the 
K geographic differences. In general ,  only rib other subgroups. In the  F a r  Eas te rn  subgroup th is  

r Table 21.4. Concentrations of Elements in Bone - Rib for Adult Subiectr from the United Stater 

95% Confidence Limits of 
Std Sample 

C) b s e r ve dd Median Meana 
Total Range Median Interval for Mean Fraction 

Ash yo of Wet 91 191 7.6 50. 24. 22. 2 5. 24. 8.5 

, Dry 7, of Wet 52 /'9 1 48. 79. 65. 62. 67. 63. 7.9 

52 91 16. 56. 37. 34. 39. 36. 8,6 

[ 
Ash 9 of Dry 

Grams per 100 Grams of T i s s u e  Ash 

Calcium 51 '91 29. 39. 36. 36. 36. 36. 3.8 

Iron 91 191 0.01 0.16 0.04 0.03 0.05 0.04 0.03 

\ Magnesium 91 '91 0.25 0.59 0.46 0.45 0.48 0.46 0.10 

Potassium 91 191 0.29 2.6 0.62 0.56 0.72 0.70 0.29 

Sodium 81 /91 3.9 4.4 1.3 1.3 1.5 1.5 0.57 e 
Micrograms per Gram of T i s s u e  A s h  

/. 

Lead 91 /91 10. 140. 43. 41. 32. 47. 11. 

Strontium 91 191 38. 360. !lo. 110. 120. 120. 19. 
Zinc 91/91 100. 450. 200. 190. 210. 210. 46. 

Aluminum 85 191 ': 5. 110. 10. 3. 10. 12. 13. 
0. 5. Cadmium , 1 91 ,: 5. .. ' 3. '. 5. 3. 

Chromium 3 191 .: 2. 2 0. ,: 2 .  < ~ .  2 .  .: 2. 0. 2. 

Cobalt 4/91  '. 2.  71 .  j- 2 .  ': 2. I- 2. 0. 2. 

Cold 0191 < 2. ,. 2. c.' 2. ', 2. < 2. 0. 2 .  
1 ) 2. 2. 

Molybdenum 1 , 9 1  c: 2.  2. ,: 2. ,: 2. ' \  2. 0. 2. 

Nickel  21/91 2. n9. 2. c: 2. i 2. 2. 4. 

7 91 <. 5. 2 0. - ,- 3. i 5. ,< 5. 0. 5. 

, _  

I! Copper 82 ,'91 'x 2. 35. 3. 2. 3. 3. 4. 

1 Manganese 87 :'9 1 ,, 2. 10. _. 2. -. 

B E. Tin 

I l l r l b b b  

'See text for explanation. 
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Table 21.5. Concentrations o f  Elements in Bone - Vertebra for Adult Sublects from the United States 

9 5 9  Confidence LLrmts of 
Fracuon Total Ranpe Medtan Interval for Mean Std Sample 

Meana Dev Observeda Median 

A s h  r: of Wet 53 53 , . 3  15. 14. 10. 15. 3.4 

D y  of Wet 34 ' 53 40. 6 2 .  51. 49. z3. 51. 6 . 4  

.- ..,. .. 

A s h  5 of D n  34 53 1;. 41. - 9 .  2b.  31. _ _  >a. 5.7 I r  

Grams  per 100 Grams of T i s sue  A s h  

Calcium 53/53 31. 3,. 35. 35. 35. 35. 2 . 9  

iron 53 53 0.02 3.40 0.09 0.07 0.1 i 0.10 0.07 

0.50 0.07 Magnesiu!? 53 '53 0.30 0 .62  0.51 d.19 0.54 

Potassium 53 153 U.50 _ .  7 -  . 0.99 0.91 1.1 1.0 0.29 

Sodium 53 (53 1.2 3 .9  2.0 1.7 2 . 3  2.0 0.44 

i Micrograms per Gram of T i s sue  A s h  

Lead 53 /53 130. 51. 45.  56. 54. 2 1 .  : Fig.  2 
Strontium 53:53 58. 200. 100. 90. 110. 110. 34. 

ZlnC 53/53 94. 340. 2 2 0 .  210. 250.  220. 45. 

A lununum 
Cadmium 0 / 5 3  j'  5. 

Chromium 1 . 5 3  ' ' 

Cobalt 1 ' 53  _. 7 15. c 2. < 2.  < 2. 0. 2.  

Cold  0 ' 5 2  ' 0. 2. 
Manganese -. 6. 

Molybdenum 
Nickel 11 /53  ' 2 .  13. < 2. -: 2 .  <?. 2 .  3. 

TUl 7 '53 '. 5. 2 0. i 5. ', 5. < j. 1. 5. 

aSee text for explanation. 

Copper 

1 ,  
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Fig. 21.1. Differences  B e t w e e n  R ib  a n d  V e r t e b r a ,  

59 yr. > 
A d u l t s  = 20 yr. 
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total intake w a s  arrived a t  bv adding the  weight of 
food to  t h e  weight of drink (assuming a spec i f ic  
gravity o t  1.0). The amount o f  water in  t h e  food 
samples  x a s  determined bv dis t i l la t ion with tolu- 
ene.  Thus.  i t  was  p o s s l b l e  to ca lcu la te  t h e  total 
intake of water. 

The average dailv Intake and output of t race  

.. .l :.VI. 6.i- "!C 
? .~ 

t 
.:;==.: . . - ,-- . , . :- :-  : -. _ _ -  - -~~ . ~ 1 . ~ . ,-. 

. ... 
- .  . ~. . . . . -  .~ 

, ~ . .  - 

1 

;- F i  : i s -  

e lements  a s  shown in  t h e  table  seem to ind ica te  
-- a posi t ive ba lance  for most e lements .  In some 

- I - -  
. - ~  " - =  - ! I  : ins tances  th i s  is due  to a limitation of t h e  spectro-  ? 

graphic method which w a s  set up for t h e  a n a l y s i s  I 
I ? - ~  :,;: i 

. -  ~- - 
~ - I  of carefullv controlled d i e t s  in a program where 

:he range of v a n a t l o n  tor nost e lements  w a s  not 
-L-_ 
_._ _- _ -  _._ - - _ . -  

re rv  great. In t h e  3d Irbrtum d i e t s  the range was _ _ -  

Fig. 21.3. R i b  - Geographic Differences, Moles  20-  

P 

i 

m e n t  w a s  s ignif icant lv  higher than i n  the Near 
s te rn .  T h i s  m a v  reflect t h e  differences i n  
posure to automobile exhaus t  fumes of t h e s e  
ree subgroups,  s i n c e  a t  :he t i m e  of col lect ion 
these samples ,  l ead  w a s  a common addi t ive in 

1st gasol ines .  

very great ,  and i n  many cases t h e  measurements  
were made a t  and extrapolated beyond t h e  upper 
l imits  of the  method where exac t  va lues  were 
difficult to obtain. T h i s  w a s  espec ia l ly  true for 
the feces which had extremely high concentrat ions 
of t race  elements .  In ur ine t h e  reverse  w a s  true - 
concentrat ions were SO low that  many v a l u e s - w e r e  
uncertain. There i s  also t h e  possibi l i ty  that 
some of the excret ion might be  via perspiration, 
exhalation, e tc .  

For  some e lements  (e.g., z inc,  s i lver ,  and 
nickel) the  concentrat ion in food w a s  too low to 
be detected by t h e  spectrographic  method employed 

B in  the  study. More s e n s i t i v e  methods a r e  being 
developed. T h e  concentrat ions of t h e s e  e lements  
i n  feces (and of nickel  i n  urine). however, were 
in good measurable  range. For  th i s  preliminary E X C R E T A  - PRELIMINARY STUDY 

i 

I sabe l  H. Tipton Peggy L. Stewart report, the  average daily in take  of t h e s e  e lements  
h a s  been assumed to b e  equal  to the output. 

To obtain some i d e a  of t h e  average  amounts and The figures show the  dai ly  m ~ o u n t s  of calcium 
y-to-day variation of t r a c e  e lements  in ordinary (Fig.  21.4) and  strontium (Fig. 21.5) ingested 

diets, two s u b j e c t s  for  a month s a v e d  dupl icate  and excreted in  the  feces and urine by e a c h  of 
samples  of a l l  food ingested and a l l  excreta .  T h e  the subjects .  Although the  vana t ion  in  intake 
s u b j e c t s  were husband and wife ,  a g e s  35 and 34,  1s wide, the  amounts around a mean which 
respect ively,  who for severa l  y e a r s  have  maintained remains fairly constant  with time- 

The  daily intake of s t a b l e  strontium in these  weights of 
All f luids  e x c e p t  water ,  r e a ,  and coffee were s u b j e c t s  w a s  about twice that  generally reported, 

which agrees  with the generally accepted value 
of 1 glday.  T h u s ,  the  ratio of strontium t o  cal-  
cium in their d i e t s  w a s  somewhat higher than the  
average va lues  by other  investigators. As indi- 

ca ted ,  this  report is preliminary, and the  data  
and ana lys i s  are not complete  a t  th i s  time. 

i 
165 and 136 lb respect ivelv.  

.- :.'=~-- included in t h e  daily samples  of food. A record but the  mean intake of calcium was 1.1 &'day, 
was  kept  of t h e  dailv in take  oi water. t ea ,  and 
coffee, and s a m p l e s  of e a c h  a l s o  were supplied 
for ana lvs i s .  

Complete 24-hr s a m p l e s  of urine were collected, 
and a n a l y s e s  were made o n  t h e s e  daily samples .  
Feces were composited for a 3-day period s i n c e  

! the  c h a n c e s  of no fecal  outout during a 24-hr period 

l d u l t r  20- dai ly  intake of 

., 

food and output of 
-~ ~ 

'W. S. Snyder, 11. J. Cook, and M. R. Ford. Health 
I# urine and  feces a r e  shown in T a b l e  21.6. T h e  P h y s .  10. 171-82 (1964) (especially Table 2). 
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Table 21.6. Balance Studies June 12-July 1 1 ,  1963 f a r  T w o  Subiects, ad l ibi tum Die ts  

Female, Age 31, Weieht 136 lb Male, Age 35, Weight 165 lb  

Urine/Fecal 1 Urine /Feca l  

Ratio 
Intake Output 1, Intake output 

Raho  

Total 7372 e. dava  I570  g daya  2487 g /daya  1200 g/daya 15.0 

Food (includmg 1278 giday 

milk, beer, etc.)  

I) 1769 g/day 

Drink (water,  1094 cc  dav i i  718 cc rday  

1939 cc ldag  

T?* a$ 
1131 c c  /day 

tea,  coffee) 

Total  water 1952 cc /day  

(food and drmk) 

Dry s o h d s  461 g /day  

Urme 1511 cc /dav  

F e c e s  34 g/day 7 4  g ’day 

Ca 1.1 g/day 0.78 g /day  0.32 1.7 g/day 1.4 g/dav  

I 

0.23 0.23 0.55 0.40 0.13 0.11 Mg 
c u  2.9 mg/day 2.4 mg/day 0.31 1 ::; mg/day 2.0 mg/day 0.11 4 
Un 6.4 4 .8  0.0004 2.1 

‘2.0 Zn 6.7 6.2 0.00 11 22.0 

Ae. 0.082 mg/day 0.082 mg/day 0.03 1 1  0.11 mg/day 0.11 mg/day - 
1.4 1.2 0.62 0.11 & Ba 

Cr 0.03 3 0.006 0.50 1 1  :\:Q7 0.005 3.0 

Ni * 
Pb  

Sn 

1.7 1.7 

1.0 0.81 

1.5, 2.1 

1.4 / /  0.81 0.81 0 . d  

0.20 1 )  4.0 0.53 0.26 q 2.7 1.4 

1.1 1.0 0.50 0.25 0.92 Ti 0.79 

aAssummg the specific gravity of water, tea,  coffee, and urine to be 1. 
b. . I . ._  . 
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ISTRIBUTION OF STABLE STRONTIUM IN 
BONE AND SOFT TISSUES AND ITS ’ APPLICATION TO METABOLISM 

OF STRONTIUM-90 

‘W. S. Snyder 11. J .  Cook 

m n t i u m  h a s  been shown to be  a bone seeker 
both human and animal s tud ies .  L i t t l e  a t tent ion 
8 been focused upon the  distribution o t  strontium 

soft t i s s u e s ;  however, every t i s s u e  examined 
our program on t h e  a n a l y s i s  of human t i s s u e s  
s been found to contain a measurable  amount 
s tab le  strontium. For t h i s  study the a g e  ot the 

jividuals w a s  restr ic ted trom 20  through 59 years ,  
lich would include the  maloritv ot working people. 
ret 2200 sof t  t i s s u e  samples  and 160 bone samples  

examined spec t roscopica l lv ,  and t h e  d a t a  
g analyzed here  t o  es t imate  the  distribution of 

ntium under near  equilibrium condi t ions.  It 
found that  bone  conta ins  -99% of the  strontium 

esent  In the  body, thus  differing s ignif icant ly  
from ’*%a for which e s t i m a t e s  of a s  low a s  80% 

the  body burden have  been given for bone.’ 
In Fig. 21.6 a r e  presented  t h e  means  of t h e  
mcentration for 27 different sof t  t i s s u e s  and  
we, with the  number of samples  of e a c h  t i s s u e  
ialyzed given in parentheses .  T h e  length of the  

, !rtical l ine i s  equal  to two s tandard deviat ions 
on the  vertical scale. I f  the  vertical l ine  repre- 
senting the mean concentrat ion of any t i s s u e  i s  
turned 90’ to e i ther  t h e  right or left,  p l u s  or  minus 

10 standard devia t ions  may be  ascer ta ined.  B a s e d  
I the  concentration of strontium. t h e  t i s s u e s  
5cm to fall in to  three c l a s s e s :  (1) bone, which 

7s in a c l a s s  to  i t se l f ;  ( 2 )  t rachea,  larynx, and 
aorta, which a r e  higher in  calcium than the  majority 
of soft t i s s u e s ;  and (3) the remaining soft t i s s u e s .  

At t h e  meet ing of t h e  International Commission 
on Radiological Protcct ion (ICRP),  December 2 - 5 ,  
1963, Committee 2 proposed to ca lcu la te  maximum 
permissible  concentration (MPC) va lues  for nu- 
c l ides  that are incorporated into gonadal t i s s u e  
on t h e  b a s i s  of mean d o s e  equivalent  del ivered 
to t h e  whole gonadal t i s sue .  On th i s  b a s i s  of 
averaging over the  en t i re  organ,  i t  is found that 
a t  the  95% confidence limlt the concentrat ion of 
s tab le  strontium i n  the  ovary d i f fe rs  from that  in 

the  t e s t e s .  The  mean concentration in  the  ovary 
is about  212 t imes that  in  the tes tes .  

Since no whole bodies  a r e  avai lable  for a n a l y s i s ,  
the es t imate  of strontium for [he whole body iiad 
to be based on  samples  avai lable ,  and severa l  
compromises were necessary .  Firs t .  many samples  
only contained a fraction of the ent i re  organ or 
t i s s u e  being sampled,  and t h e  weight of the  ent i re  
organ or t i s s u e  w a s  not known. T h e  amount of 
strontium i n  var ious organs  w a s  est imated by 
multiplying the  weight o t  t h e  organ as given for 
s tandard man I o  by t h e  mean concentration observed 
in  the wet t i s s u e s .  Second, i t  was  not feas ib le  to 
s e p a r a t e  bone and marrow in the course  of analy- 
sis; therefore, the ana ly t ica l  values  reported for 
bone a l s o  include strontium present  in the  marrow. 
S ince  no samples  of marrow were avai lable ,  we  
h a v e  assumed tha t  the concentrat ions of strontium 
in r e d  and yel low marrow a r e  comparable to the  con- 
cent ra t ions  of strontium in sp leen  and fat respec- 
tivelv. The  ca lcu la ted  es t imate  of strontium con- 
ten t  of marrow w a s  subtracted from the  analyt ical  
va lues  reported for bone p l u s  marrow. Final ly ,  
some t i s s u e s  were not sampled,  and assigned 
weights  could not b e  found in l i terature  for some 
other  t i s sues .  However, t h e s e  t i s s u e s  only account  
for about  1200 of t h e  70,000 g of standard man. 
T h e  average concentrat ion of the  sof t  t i s s u e s  
which were sampled and analyzed but for which 
n o  body weights  could b e  ass igned  w a s  used a s  
the  mean concentrat ion value for the remaining 
t i s s u e s  for which n o  weights  were found and for 
t i s s u e s  not sampled. By th is  method the  total  
body burden of s t a b l e  strontium was  est imated to 
b e  ”0.33 g. 

In ca lcu la t ing  MPC and body-burden va lues  for 
radioisotopes,  the  fraction of the body burden in  
an organ is needed.  T h i s  factor is designated by 
f ,  in the ICRP l o  and N C R P ’  internal d o s e  re- 
ports. In Fig. 21.7 t h e s e  values  a r e  presented. 
Of the  s t a b l e  strontium in the  body, 98.5% is found 
i n  t h e  bone. Although musc le  h a s  a very low con- 
centrat ion on a microgram per  gram wet b a s i s ,  It 
may be  noted that  due  to i t s  mass ,  which comprises  

“Recommendations of the Intematlonal Commlssion 
on Radlologlcal  Protection. ICRP Publication 2, Report 
of Committee II on Permiss ib le  D o s e  for Internal 
Radrafion (1959) ,  p. 151, Pergamon. London. 

““Maximum Permissible Body Burden and Maximum 
Permiss ib le  Concentrations of Radionucl ldes  in  Air 
and in Water for  Occupational  Exposure.” .Vat/.  Bur. 
Std. (U.S.), Handbook 6 9 ,  GPO, Washmgton, 1959. 
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Fig. 21.6. Concentration of Stable Strontium i n  Wet Tissue. 

almost  half of t h e  total  weight of t h e  body. muscle  
h a s  t h e  l a r g e s t  fraction of strontium of any of the 
sof t  t i s s u e s .  

T h e  d o s e  which a n  organ rece ives  from a radio- 
ac t ive  element  may be  ca lcu la ted  f rom t h e  concen-  
tration of t h i s  radionucl ide in  the  t i s s u e s .  A s t a b l e  
i so tope  of t h e  same e lement  should  indicate ,  on 
the  average,  t h e  pat tern of distribution to  b e  ex- 
pected a t  near-equilibrium condi t ions for the radio- 
ac t ive  element ,  provided w i t a b l e  a l lowance is 
made for radioact ive decay.  S ta t i s t ica l  methods 
given by Brunk" and by Dixon and M a s s e y i 3  
have  been  descr ibed and appl ied to t h e  d a t a  for 
some e l e m e n t s L 4  and h a v e  now been applied to  
s t a b l e  strontium i n  t h e  bone. T h e s e  da ta  are 

presented in Fig. 21.8. 
l ine I S  the cumulauve  sample  distribution 
strontium in wet bone for people  i n  the 
Sta tes  between a g e s  of 20-59. ' T h e  two 
l i n e s  determine a band such  that  a t  each co 
tration value o n e  may a s s e r t  with 95% confi 
that t h e  t rue dis t r ibubon function for the pOPU 
being sampled lies below (above) t h e  upper ( 

T h e  small ,  dotted, C e :  

. 

H. D. Brunk, An Introduction to Metfwm i i  

S t a t i s t i c s ,  Ginn and Co., New York. 1960. 

I3W.  J .  Dixon and F. J. Massey .  Jr. 
to Stafrs t ica l  Analvsrs .  McGraw-Hill, New 

I 4 W .  S. Snyder and M. J. Cook. H . 5 8 l h  
417-23 (1963)- 
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ary of t h e  band. F o r  example, a t  the  sample 
27 pg of strontium per gram of wet bone, 

a n  b e  a s s e r t e d  with 95% confidence that  a t  
t 32% of t h e  individuals  a r e  above t h i s  value 
56% a r e  below. For some e s t i m a t e s  it is 
ble  to  u s e  t h e  en t i re  distribution function. 
c a n  be  bracketed bv u s e  of a s ta t i s t ica l  

of Massey which def ines  a region bounded 
t h e  two outer  curves  in  Fig.  21.8. It can  b e  

s e r t e d  with 95% confidence that  the  en t i re  dis-  
nbut ion  curve of t h e  population being sampled 

lies within t h i s  band. 
B e c a u s e  t h e  mean value e x c e e d s  the median 

value, the  va lues  a r e  not normally distributed but 
a r e  skewed to t h e  right. Also. f rom this s t a t i s t i c a l  
ana lys i s ,  95% confidence intervals  for different 
percent i les  may b e  determined from the  Brunk 
curves.  As an example,  t h e  10th percent i le  I S  

between 10 and 13 &g a n d  t h e  90th percent i le  is 

between 45 and S 5  p u g .  Thus, with 95% confi- 
dence  one  may s a y  that  the  807 range is above 
10 p g / g  and,  with the same confidence,  that it 

Y z 
3 
n 

,n-6 40 -5  '0-4 4 0 - 3  40-2 10-' 0 9  
f,, FRACTION OF STABLE S r  IN 'rE QRGAN CF -HAT N THE TOTAL BODY 

Fig. 21.7. f 2  - Fraction of Stable Strontium in the Organ of That in the Total  Body. 

-ccftcai 
d o e s  not extend beyond 55 p y g .  
Both strontlum and calcium have  been determined 

i n  e a c h  sample  of t i s sue .  However, many invest i -  
ga tors  have  sugges ted  and prefer  s tudving strontium 
on the  b a s i s  of t h e  ratio of the  concentrat ions of 
t h e s e  elements. T h e s e  ra t ios  have  been deter- 

I I b l b I 4  

mined for 27 soft  t i s s u e s  and bone. T h e  ratio of 
strontium to calcium in bone samples  appears  to 
be  remarkably cons is ten t ,  showing l i t t l e  depend- 
e n c e  on a g e  or bone type in  t h e  spec imens  ana- 
lyzed for th i s  s tudv ,  and the  study of t h e s e  is 

continuing. 
Although i t  is n o t  p o s s i b l e  to give an e x a c t  

a s s e s s m e n t  of the  dis t r ibut ion of d o s e  in the 
bodv d u e  to  chronic exposure to 'OS[, one c a n  u s e  
t h e s e  d a t a  to obtain rather good es t imates  of such  
exposure. For  example,  s i n c e  man's exposure 
to  90Sr in weapons tallout o c c u r s  largely v ia  the 
diet .  the  "Sr would b e  expected to metabol ize  
much a s  d o e s  t h e  s rab le  strontium of concern in 
th i s  study. B e c a u s e  of radioact ive decay ,  the 
l e v e l s  of  "Sr i n  L'arious t i s s u e s  that  would occur  
af ter  many y e a r s  of exposure a t  a cons tan t  level  
might b e  expected ta be  somewhat  .ess than the 
l e v e l s  observed for comparable exposure to  s t a b l e  
strontium. T h i s  reduchon would b e  grea tes t  i n  
the  t i s s u e  where the  biological  turnover is longest ;  
thus  the  bone burden of 90Sr would b e  relatively 
lower and sof t  t i s s u e s  relatively higher than for 
s t a b l e  strontium. However, the  reduction in  the 
bone burden cannot  exceed  30% u n l e s s  we postu- 
l a t e  average turnover t imes in e x c e s s  of 10 years .  
T h e  d e c r e a s e  in  t h e  burden ot  the sof t  t i s s u e s  
would be  expected to b e  much l e s s .  
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As o n e  illustration of t h e  usefu lness  of this 
more detai led es t imate  of distributlon in t h e  body, 
we note  that  the concentrat ion of strontium in 
bone is about 190 t i m e s  greater  than the  concen-  
tration in the  ovary. Even i f  we allow for a reduc- 
tion in bone of 30% d u e  to  radioact ive decay ,  t h i s  
would ind ica te  that  t h e  o v a w  g e t s  no more than 
I 1 3 0  of the bone dose .  T h u s ,  i f  the  average d o s e  
to bone d o e s  not exceed  0.5 remlvear .  the radlation 
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protection guide recommended by the Federal 
Radiation Councll, then the dose  to the ovary 
should not exceed  about 4 mremtyear and the dose 
to t e s t e s  should be  even l e s s .  T h i s  is much 
lower than es t imates  based  on the  va lues  listed 
for the  whole body which have  sometimes been 
used ,  in the  a b s e n c e  of anything better, as a 
b a s i s  for a s s e s s i n g  genet ic  dose.  

The 
proble: 
radioni 

*SAMPLE MEAN d 

mt,# A M - #  

- BFiUNK 95% CONFIDENCE BOUNDS AT EACH CONCENTRATION (C) 

Fig .  21.8. Ninety-five Percent Confidence Bands for the Distribution of Stable Strontium i n  Humon Bow'U 
2 0 - 5 9 )  ORNL Trace  Element Data. 
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22. A Two-Compartment Model with 
Random Variable Flows 

5. R. Bernard L‘. R. R. Uppulu r i ’  

urpose of th i s  sect ion is to consider  the ::ears since by then the whole bone lwould be re- 
of nonuniform distribution of bone-seeking modeled and turned over. How may we more 
l ides ,  such  a s  the  alkaline-earth e lements ,  adequatelv represent t h e s e  phenomena in terms 
ef fec t  of a g e  on retention o f  strontium bv 

gain more insight into th i s  problem 
the bone-blood s y s t e m  a s  a s e t  of 

t s  a r e  random variables .  In most cornpart- ; randomlv connected compartments; l e t  the first 
s t u d i e s  it is generallv assumed that  the  compartment represent  blood, in which t h e  element  

xed, and the other  j - 1 compartments 
ne. T a k e  a s u b s e t  of r compartments, 

cal l  t h e s e  trabecular. bone. L e t  t h e  
i t  h a s  been well demonstrated that  hot s p o t s  other j - r T 1 compartments be cor t ica l  bone. 

the  f lows between the  blood and 
andom, that is, of t h e  j-1 compartments 

snly I of them a r e  connected to the  blood in the 
interval 0 to f l ,  whi le  in the interval t i  to r 2 ,  ! 

t h e  radium was  acquired and that  in t h i s  of them a r e  a l s o  connected but not necessar i iy  
a1 the  original concentration of Ra ,  expressed  the  s a m e  o n e s  that  were connec ted  in the  f i rs t  

me, and so on for other  in te rva ls  of 
ome of t h e  j - 1 compartments trap 

sma a t  the  time the new mineral was  formed. the  concentration that  ex is ted  in the interval 0 to  

t i .  (This  represents  the laving down of new bone.) 
They m a y  re lease  it a t  a la ter  time ( th i s  represents  
the remodeling of bone), or they may never  reopen 
and connect  with the  bloodstream ( t h i s  represents  
a hot spot ) ,  thereby maintaining the  s a m e  concen- 
tration that ex is ted  a t  time t i .  

T h e  above cons t i tu tes  the  general compartmental 
system we want to  s tudy.  We need to determine 

of a compartmental approach? 

concentrat ions in the  hot s p o t s  e x i s t  in regions 
bone where new mineral was  laid down a t  the 

is a l s o  a second type of distribution which 
c h  lower in concentration and rather uniform. 
is bel ieved to be  the resul t  of an exchange  

which continually t ransfers  C a  and/or  Ra 
from blood to  bone and back again and which 
ac te r ized  by a n  unusually long time constant .  

there is a growing trend to consider  turn- 
er ra tes  in bone in terms of a t  l e a s t  two “ s ~ ~ b -  

ompartments,” t rabecular  bone and compact bone. 
The turnover ra tes  in t h e s e  two types of bone a r e  

erved to be different - faster  i n  trabecular 
e and much s lower  in the  compact bone. L u c a s ’  

has sugges ted  tha t  the  biological half-life for Ra 
in trabecular bone IS 2 7  to 14 vears  and twice a s  
long in compact bone. Also, the  hot spots of Ra 
would disappear  from the bone after perhaps 200 

‘Mathematics Divis ion.  
’R. E. Rowland. “Late Observations of the Distribu- 

tion o f  Ra&um in the Human Skeleton,” p. 339 in  
A Symposium on Radioisotopes in the Biosphere, ed. 
by R. S. Caldecott and L. A. Snyder, Univ. of Minnesota, 
Minneapolis, 1960. 

3H. E. Lucas.  personal communication, 1964. 

1 / 4 1 6 1 b  

the  behavior of the sys tem - what a r e  the con- 
centrat ions in a given compartment as  a function 
of time - how long must one wai t  until a compart- 
ment re leases  the trapped material - how many 
randomly connected compartments a r e  required 
to represent t h e  ava i lab le  d a t a  on retention in 
bone? We find that  t h e s e  a r e  difficult ques t ions  
and that  before we can get some answers  t o  the 
general case we have  to ini t ia te  our s t u d i e s  on 
a simpler system, namely, that of only two com- 
partments with random flows. Here we gain some 
insight  into the behavior of the  general sys tem 
and we find that the  two-compattment sys tem gives  
some information on the a g e  effect  on retention 
of 85Sr by beagles. Thus  we present t h e  resu l t s  
of the  s tudy of th i s  simpler model in th i s  sec t ion .  



104 

d 

’.! 
, .  

TWO-COMPARTMEN T MODEL 

L e t  u s  s u p p o s e  that  we have two compartments 
of the  same volume, with a gate  between them 
which can be opened or c losed  at  wiil ( F i g .  21.1). 
Ini t ia l ly ,  sav  we have unit concentration in com- 
partment 1 and zero concentration in  compartment 
2 .  Also. suppose  that there is provision for an 
inlet and outlet through compartment 1 which will 
enable  the  concentration ( i n  1 onlc if the ga te  is 
c losed  or in both i f  the  gate  is o p e n ,  to reduce b\ 
a factor  of in  a t i m e  interval 11. (Here ,\ 

is a constant . )  

’ 

T a k e  a fair coin. that is. with P(N) = I ,  = P ( T ) ,  
and t o s s  i t  once. If a head appears ,  open the ga te  
and assume that  instantly the material in both the  
compartments becomes homogeneous, that  is. of 
concentration ’; in each .  Wait for a time interval 
I t  and s u p p o s e  that durmg the A ?  the mle t  and 
out le t  through compartment 1 a r e  functioning. 
After t i m e  I t ,  the concentration in  1 and 2 will 
become l 2  e-,‘ If each. 

if a t a i l  appears ,  keep the  g a t e  between com- 
partments 1 and 2 c losed ,  and after time 3f (during 
which the  inlet  and out le t  through compartment 1 
are functioning) the concentration in 1 wi l l  become 

and of course the  concentration in com- 
partment 2 is s t i l l  zero. 

.-,\ At 
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m 
Fig. 22.1. A Two-Comportment Model. 

I M b l l  

T h e  equat ions for t h i s  svstem are  set up as  

L e t  C o , i  denote  the mi t ia l  concentration in 
1 and C 0 , >  denote  the ini t ia l  con- 

follows: ’ 

compartment 
centration in  compartment 1, that  is. 

T h i s  corresponds to an experiment where initially 
the g a t e  is a lways  closed.  More generally, let 
C,.l denote  the concentration a t  t i m e  t,, R = 1, 
2 ,  3,  . . . , i n  compartment I = 1, 7. 

L e t  .Y denote  the binomial random variable, 
corresponding to t h e  fair coin,  that  is, 

1 i f  H appears  (with probability 12) 

0 if T appears  (with probability ‘h) J. 

Then,  i t  is eas i ly  s e e n  that 

where X i  denotes  t h e  binomial random varii 
a t  m e  first s t a g e  of the  experiment, that i s ,  ma 
simply,  

A bt 0 

which is a compact  way of representing dl 
four poss ib le  outcomes,  namely, .i -;. 

- h h t , c  p .  
i f  heads ,  that  i s ,  X i  = 1. C i , i  = e la 

i f  t a i l s ,  that  is, X I  = 0 ,  Cl , i  = ’ 13 
.-A A t .  c 
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n - r ,  A t  - 0. Now, a s  n - z ,  we have: 

Therefore  

In Eqs.  (l), (2), and (3) we see that  t h e  expec ted  
concentrat ions are functions of two parameters, 
,\ and A t ,  and the initial conditions. We invest i -  
gate  the effect  of A t  on the concentrat ions by 
graphical techniques.  F igure  22.2 presents  a plot 
of  the sum of t h e  concentrat ions in  both compart- 
ments  for At = 07, 1, 2, 4. and A = 0.693. As c a n  
be s e e n ,  when the interval  width i n c r e a s e s ,  the 
total  concentrat ions d e c r e a s e  more rapidly, ini- 
t ia l ly ,  but then it d e c r e a s e s  m o r e  slowly a long  a 
second exponent ia l  component. Note also the  
intercept  of th i s  second exponential d e c r e a s e s  
with increas ing  At. It may be that the  most ap- 
propriate va lue  of . I t  varies  with the a g e  of the 
animal, and thus  the  model might sugges t  an effect  
of age on t h e  b i o l o u c a l  turnover time. It h a s  
been noted that  the  biological half-life for retention 
of C s  i s  larger for young than for old dogs.4 Now, 
if a second exponential component would occur .  
d o e s  it have a longer half-life and a smaller  inter- 
cep t  in older  dogs? In the  c a s e  of "Sr retention 
in d o g s  of different  a g e s ,  as observed by Glad, 
Mays, and Fisher , '  i t  appears  that  th i s  model 
g v e s  approximately the  same quant i ta t ive picture  
a s  far as  the intercept  of the  long-term component 
is concerned,  but not the biological half-life, 
T,. Figure  22.3 s h o w s  a plot of the da ta  of Glad 
er al .  Note  the half-life of t h e  second exponent ia l  
component indicated in these  figures is generally 
larger for young d o g s  that  a r e  injected than is t h e  
T, for the  second component fitting retention i n  
old dogs. Note also that  the  intercept of that  
second component d e c r e a s e s  with age.  We find 

~ 

'W. P. Norris ,  Late  E f f e c t s  of Radiation Exposure,  
presented at Radiation Research Society meeting, 
Miami Beach,  Fla . .  Mav 18-20. 1964. 

'B. w. Glad, C. W .  Mays, and W. Fisher, Radiation 
Res .  12. 6 7 2 4 1  (1960). 
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Fig. 22 2. Plot of the Sum of Concentrations In C 
partrnents 1 and 2 vs T i m e  for Core of Equally Spa 

Subintervals o f  Time. 

that  we can  get a better interpretation 
data  in terms of increas ing  subinterval  

Also, Glad and Mays have  shown 
da ta  can  a l s o  be  represented with a power f u n d  
It is possible  to obtain something akin to a PO 

function from this  two-compartment model 
random flows simply bv taking a partitioni 
t i m e  intervals  which increase  monotonlal ly-  
th i s  c a s e  we have  to  have  a m o r e  general nota 
Let  

I t  = t ,  - I , - l  

which are not necessar i ly  equal  intervals. 
instead of Eq. (l), we have  

w h e r e  
f ined  
cover 
that i: 
h = O  
the e: 
a plot 

c t  2 L  
I 

slope 
I t  can 
that a .  
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Fig .  22.3. Strontiurn-85 Retention In Dogs. 

= 0, and I = 0, 1, 2, 

. T h i s  corresponds 
h e  gate  opens and 

time, while in a 3-year-old animal the  gate  first 

ca lcu la te  the sum of the  expected concentrat ions 
in compartments 1 and 2 for th i s  c a s e ,  and the 
resu l t s  a re  presented graphically in Fig.  22.5. 
As c a n  be s e e n ,  the curves  a r e  of the  same quali- 
t a t ive  s h a p e  as Glad and Mays observed in their 
experiments  on "Sr retention in dogs ot different 
ages .  

It is to be pointed out here  that the trend with 
a g e  observed in Fig. 22.5 could be reversed by 
simply changing the  initial condi t ions on t h e  col- 
umn vector. Recal l  that  we dea l t  with the  spec i f ic  
case where the ga te  between compartments 1 and 2 
1s initially c losed.  I f  we  were to decide whether 

s l o p e  of t h i s  function 1s monotonically decreasing.  opens (or closes) after three of we 
It can be Seen from inspection Of Eqs* ( 2 )  and (4) 
that a s  \t, gets  larger 

and h e n c e  the  concentration in the second compact- 
ment d e c r e a s e s  by 1 2 ,  but the time interval for t h i s  
reduction to occur  is larger t h e  farther out  we  go. 
T h i s  behavior is similar  to a power function. 

To gain some further insight into t h e  effect  of 
a g e  on retention from th is  model, consider  t h e  case 

197 
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Fig. 22.4. Expected Sum of Concentrations in Com- 

partments for Case of lncreosing Subinterval Width. 

t h i s  g a t e  w a s  initially opened or c losed  by a ran- 
dom t o s s  of t h e  coin,  then the  expected va lue  of 
the  ini t ia l  concentrat ions would be  

If we used  this  vector of ini t ia l  concentrat ions,  
then t h e  sum of the expected concentrat ions in 

compartments 1 and 2 would behave differently 
for different interval widths of time. One would 
e x p e c t  that  as t h e  interval w a s  increased,  then, 
s i n c e  compartment 2 initially s t a r t s  out with ma- 
te r ia l  in i t ,  it  would k e e p  it longer the  longer the  

3 30! I 
8 12 16 18 24 a. 3 4 

TIME idoysi 

Fig. 22.5. Expected Sum of Concentrations for 

of Increasing Subinterval Width and for Different Ag 

intervals. T h e  c h a n c e s  for r e l e a s e  would 
greater t h e  shorter  the intervals. 

Before closing,  we l i s t  the  equation for th 
compartment model, that is, t h e  case where 
between compartments 1 and 2 a r e  rand 
flow out of compartment 1 a l s o  is random. L e  
denote  one rate  of flow and A ,  the  other ra 
flow o u t  of compartment 1. 
equally probable occurrences.  Then it can 
shown that 

Assume these 

I (e- A l l r  
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jected ( 0  

IS propor' 
by D, tha 

would bt 

1 Firs t .  

For an : 

eliminate 

w h e r e  /3 
Eqs. (1) i 

where  : 

bone h a s  
ported d .  

that this 
it was no 
read 

s o  - s, 

\ 
1 w. s. s 

RePr. June 



. flips 
: s  a s -  
ad) i n  
,rding 

199 

23. Studies on the Internal Exposure/External 
Exposure Equivalence Relation 

S. Bernard 

m e  d a t a  on t h e  life-shortening ef fec ts  of in- 
Ra in ra t s ,  rabbits. and dogs 

e e n  interr e ted  with the equivalence relation 
internal exposure and external exposure.  
is really t h e  s a m e  a s  the  linear theory of 

rtening by internal d o s e  d i s c u s s e d  i n  the  
evious progress report.‘ Also. by using this  
uivalence relation, an ?MPC is derived which 

.would be  related only to life shortening a s  an 
oint .  Th i s  is offered a s  an i l lustrat ion of 
hod which might b e  appl ied to other end 
a s  well i f  appropriate d a t a  are avai lable .  

r s t ,  some familiarity with the  approach out- 
in the  previous report is assumed.  The  

e n t  i n  that report could b e  modified to show 
a t  i f  shortening oi life is denoted bv S o  - S,  

e so  is the l i fe  span  of uninjected (or non- 
ia ted)  animals  and S is t h e  life span of in- 

c t e d  (or radiated) animals ,  then life shortening 
proportional to the total absorbed d o s e ,  denoted 

s 0 - s =  :’D. i 1) 

For an internal emitter, which is exponentialIy 
eliminated from the  bodv, 

where /3 is t h e  remiuni t  t imelpc  injected. 
Eqs. (1) and { 2) we find 

From 

( 3 )  

where L = Q’P with uni ts  of p c - l .  T h e  d o s e  t o  
bone h a s  been es t imated  on the  b a s i s  of  the  re- 

t ported d a t a  and t h e  observed l i fe  shortening, 
,. S o  - S, plotted a g a i n s t  d o s e ,  and i t  was found 

that th i s  l inear  theory w a s  not obeyed. However, 
‘’ it w a s  noted that  when Eq. (3) w a s  rearranged to 

read 
s - s  

; 

‘W. S. Snyder  e t  al.. Heal th  Phvs. Div. Ann. Progr. 
5. Rept .  June  30, 1963. ORNL-3492, pp. 163-65. 

i n d  when an i s .  q,) plot 01 t h e  d a t a  w a s  made. then 
th i s  function would fit the  da ta  tairly adequately 
if a su i tab le  value of A w a s  used.  We have  e s t i -  
mated the parameters :. and h from t h e  ( S ,  qo)  data  
2nd have  c:x*Jared th i s  \ with that es t imated i n  
metabolism s tudies .  T h e  two va lues  of A general ly  
differed. L e t  u s  i l lus t ra te  t h i s  point with t h e  rat 
data  of 4Ioskalev. ’ Figure 23.1 s h o w s  a graph 
of h i s  d a t a  - a plot of qo,  m. the  microcuries of 
‘ 3 9 P u : k g  injected into the ra t s  v s  S ,  the median 
l i f e  s p a n  in days .  T h e  equation and curve fitting 
the  d a t a  are a l s o  shown. Note that  the  e f fec t ive  
half-life is 36 d a y s .  Moskalev did not have  any 
metabolic d a t a  from which to  es t imate  a metabolic 
e f f e c t i v e  half-life ( T ) .  f4owever. when we com- 
pared it with t h e  T es t imated  f rom Fink’s  (s, 4,) 
data  on r a t s , 3  we found T = 7 2  days ,  differing by 
a factor iif only 2 .  

When we at tempt  to  interpret the  da ta  of Bukh- 
toyarova4 on rabbi ts  or t h e  Utah d a t a  on beagle  
dogs’  with th i s  model. we find they a r e  not really 
adequate  a s  y e t ,  b e c a u s e  the s t u d i e s  a r e  not 
complete. However. we can  make some tentat ive 
calculat ions with t h e s e  da ta .  F igure  23.2 shows 
the ‘ 3 9 P u  inject ion d a t a  on rabbi ts .  and the  Utah 
d a t a  on dogs injected with ‘ j g P u  and 2 2 6 R a  
are  shown in F i g s .  23.3 and 23.3 respect ively.  
[In t h e s e  latter two t igures ,  t h e  mean life s p a n s  
a re  es t imated for dogs dying trom osteosarcoma 
only and not the  mean life span  for a l l  c a u s e s  
ot death.) Yote. however. that a l inear  fit of t h e  
long time data  h a s  been es t imated  and plotted 
together with the d a t a  i n  F i g s .  73.2 to 23.4. From 
the est imated intercept .  ASo, : m ,  we can  see that 
dogs a re  more s e n s i t i v e  to 2 3 9 P u  than rabbi ts  
which, in turn, a r e  more s e n s i t i v e  than ra t s ,  that 

-Yu. I. Moskalev, Joint  Publ ica t ions  Research  
Serv ice  t ranslat ion 16.’100, p. 12. 1062 ( R u s s i a n  t rans-  
la t ion ). 

3R. 51. Fink ,  Biological  Studies  :vith Polonium, 
Radium, and  Plutonium. !vlcGraw-HilI. New York, 1950. 

‘2. M. Bukhtovarova. Joint  Publ ica t ions  R e s e a r c h  
Service t ranslat ion 16,5100. p. 05. 1062 ( R u s s i a n  t rans-  
la t ion) .  

T. F. Doughertv et al., Some A s p e c t s  of Internal  
Emit ters ,  Pergamon,  New York, 1962. 
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Fig.  23.2. Life Shortening by Iniected Plutonium - 
Robb its. 

I I L i b 8 3  

UNCLASSIF IED 
04NL- DWG 64-7940 

l i  -~ - - - _ . _ _ _ ~ -  
--t 

_ _  

2 3 6 8 ‘C 42 44 

5. MEAN L IFE SPAN ( y r l  

Fig.  23.3. L i f e  Shortening by lniected Plutonium - 
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the equat ions ior the linear (or assumed-to-be- 1 ar) regions a r e  

I / m  - 30 (1 - S, 525 d a v s )  rats 
(Fig.  23.1) , 

( F i g .  23.2) , 

(F ig .  23.3). 

- 7.5 (1 - S 6 v e a r s ~  rabbi ts  
( 3 )  - 0.25 (1 - SI10 years )  d o g s  

bat d o e s  this  mean in terms of MPC values  for 
ban? L e t  u s  review the  method we proposed for 
stimating MPC values .  
Recal l  that  in  the previous report we noted that 
plot of R.  the  dai ly  whole-bodv d o s e  rate in 

sds /dav ,  to mice i n  :he ( S , R )  plane  became a 
b e a r  function too for va lues  of S i S ,  = 0.5; it was  

R - 40 (1 - S / S J  ! 6 )  

n r/day (mice). Now, from Braestrup 's  d a t a  on 
Lmerican radiologis ts ,  we es t imate  5 

t R 5 ( 1  - S , S , )  (7 1 

n r/day. Next we s e t  up an equiva lence  between 
he whole-body external  exposure da ta  and the 
njection data  by noting trom Eq. (4) that  

t 

, and from Eqs. ( 7 )  and 18) 

(> ) R . 
9, = - 

Inser t ing t h i s  into Eq. (9) and letting R = 0.02 
rad day ,  then 

and 

qo  ', 39 1 10-5 /'C . 

Recal l  that the  interpretation of this  is that a 
s ingie  injection of 39 < IO-' ktc o i  ' 3 9 ~ u  into 
man would produce the s a m e  l i fe  shortening as 
the  permissible whole-bodv external  d o s e  rate 
o t  5 rads 'year .  What (?ilPI),,v d o e s  this  correspond 
io? I t  turns out to b e  --0.07 )ic quarter. T h e  
ICRP report' :ecommends -2 10 pc. quarter. T h i s  
would imply rhat the  ICRP report vaiue is not a 
conservat ive value. 

We interpret the  ''%a rat data  in the  same 
manner and find from Fink ' s  rat da ta  ,tS0, Jrn = 350 
pc , 'kg ,  and from Fig. 23.4, on dogs ,  s \ S o , ' z m  = 2.5  
pc,  kg. Assuming the power function relation 

'"Report of Committee I1 on Psrrnisstble  Dose for 
Internal Radtatlon (1959)," Health P h v s .  3 (1960). 
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1 Now, the  quest ion is which va lue  in Eq. ( 5 )  
should b e  employed for the intercept  (ASo,' 1) in 
Eq. (9). We attempt to answer t h i s  quest ion by 
plotting the (hS,/a) in Eq. (.5) v s  t h e  mean life 
span  of t h e  species. Figure 23.5 s h o w s  a log x 

log graph of the  intercept  plotted v s  t h e  l i fe  span  
of the  s p e c i e s .  T h e  power function 440 S - 3  f i t s  
the da ta  fairly wel l .  T h u s ,  if t h i s  function is used 
t o  extrapolate  to  the  70-year l i fe  s p a n  of man, 
we  find 

> AS 

7 >xrn 
z 4 ' 2  

-- - 0.00129 p / k g  . 
, -  

Fig. 23.5. Intercept of the Formulo for Life Shorten- 

ing ( h S O , ' ~ )  v s  Life Span. 



between th is  intercept and mean life span  of t h e  
s p e c i e s ,  we find :m *- 7210 S - ’ . ’  . E x t r a p  
olat ing to man ( S  = 70 \ , ea rs ) .  ( , \So  : m I m a n  : 0.006 
:ic kg for “”a.  Calculat ing Eq. (9) with R = 
0.02 rad cia\. * e  vbtairi qo n; 2 .3 IO-’ pc k g  
and g o  -~ 110 , lo-’  ;IC. This  is lower than the 
current permissible  - - 6 R a  burden of 0.1 dc b!, 
a factor of “.500, and i t  v ie lds  a correspondinglv 
lower CMPI)w too. T h i s  implies that i f  :he 0 . l - p ~  
value is a valid body burden. then th i s  method 
df es t imat ing MPC ;.aiues is ei ther  too conserva-  
tive, or inval id ,  or perhaps the  dog is equally 
a s  s e n s i t i v e  to  internal exposure from 239Pu and 
- - 6 R a  a s  man is. If we adopt the la t ter  assump- 
tion and recalculate  t h e  (MPIIK, we find for ‘”Pu,  

r̂ 14 pc quarter (compared with I C R P  

. .  

7 ,  

-, 

value ot 10 uc quarter ;  and tor 2 2 5 R a ,  ~ ~ J I P I ) ~  2 
0.01 pc quarter (compared with ICRP value of 
0.02 pc quarter i. 

The da ta  on dogs  a r e  not adequate  a s  vet ,  and 
hence i t  would b e  premature to  draw anv firm 
conclusions trom t h e s e  ca lcu la t ions .  Also, we 
mention here  that th i s  es t imat ion method should 
not b e  used  without checking with da ta  on more 
s p e c i e s  of animals  which were administered lower 
injection leve ls  or which experience continuous 
teedings and inhalation of the radionuclides. In 
addition to  the need for d a t a  to  permit interspecies  
extrapolation. other biological e f f e c t s  should be  
considered a l so .  When such  da ta  become avail- 
ab le ,  a better b a s i s  for es t imat ing  body burdens 
and IfPC’s ma\ evolve. 

24. Comments on Intake Guides for Various Isotopes 
and Isotopic Mixtures of Uranium 

Uary R. Ford 

In t h e  appl icat ion of maxlmum permissible  con- 
cent rahon (MPC) values ,  or  intake guides ,  for 
uranium as provided bv NCRP’ and ICRP,2,3 
ques t ions  a r i s e  frequently concerning a “curie” 
of natural uranium which h a s  a spec ia l  definition 
i n  t h e s e  recommendations Other quest ions re la te  
to t h e  tact  that  limiting values  for some of the 
i so topes  are based  on considerat ions of chemical  
tox ic i t ) ,  while for other  i so topes  i t  is the radio- 
logical  hazard that  is limitmg, thus ,  uncertaint ies  
i n  t h e  computation of va lues  for mixtures of the 
i so topes  a re  encountered. In th i s  study simple 
tormulas. additional MPC values ,  and explanat ions 
are  given a s  an aid i n  resolving these  and other 
s imilar  problems. 

spond to  3.7 1 1 0 ”  d i s l s e c  from 238U, 3.7 x 10” 
d i s i s e c  from 234U, and 1.7 y lo9 d i s / s e c  f-*;-r 

U.  Even before 1962, when t h e  cur ie  w a s  
fined as a uni t  of act ivi ty  rather than a quea 
a radionucl ide,  
m a n y  b e c a u s e  a curie by the  usual definition C O P  

responded to onlv 3.7 - 10 d i s / s e c .  Evidence of 
th i s  confilsion is present  in t h e  Recornrnendationa 
themselves ,  where the  number of disintegrations P* 

23 5  

t h i s  definition w a s  confusing 

‘“Maximum Permiss ib le  Body Burdens and Ma** 
Permiss ib le  Concent ra t ions  of Radionuclides Ab 
and Water for Occupauonal  Exposure,’’ Natl. 
IUS.), Handbook 69 ,  GPO, Washington. 1959. 

Inrema1 Radiafron,  ICRP Publ ica t ion  2, Per-. 
London, 1959 

ad, 

‘Report of Commrttee on Permiss ib le  D-0 fa. 

A CURIE OF NATURAL URANIUM 

In  the  NCRP and ICRP Recommendations, 3 

curie  of natural  uranium is considered to corre- 

’Recommendaclons of the  [ntematronel  C o ~ J . . ~ ~  &’** 
Radiologics1 Protectron (as amended 1959  and r d  4 4  
1 9 6 2 ) ,  I C R P  P u b l i c a t m n  6,  pergamon,  London, 1- 

'"Radiation Quantities and Uni t s ,”  ICRU re  
Naff.  Bur. Std. fU.S.), Handbook 84, GPO. we 
1962. 

.’ 
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kidnPy is t h e  organ most s e v e r e l y  in ju red . " , '  
The re fo re .  it  is not  s u r p r i s i n g  to kind k idney  as an 
Jrgan of r e f e r e n c e  for e a c h  of t h e  uranium i s o t o p e s .  
.As s t a t e d  in  t h e  19ecommcr id~ t ions .  h=::.eve:. chem- 

ant i n  computa t ions  invo lv ing  the na tu ra l  i c a l  t ox lc i tv  is t h e  l imi t ing  c r i t e r ion  only t c -  t h e  
Isnger- l ived i s o t o p e s ,  t h u s  s o m e  Qf t h e  ' ney  

f i r s t  a p p e a r a n c e  ol' t h e  s p e c i a l  c u r i e  In ;..slues are b a s e d  on c h e m i c a l  toxici ty  and o r h e r s  
on  r ad ioac t iv i tv ,  and no d e s i g n a t i o n s  appea r  with 

a s  to which c r i t e r ion  w a s  u s e d  in t h e  
T h u s ,  confusion a r i s e s  when i n t a k e  

had  u s e d  s u c h  a de t in i t i on  in indus t r i a l  work. g u i d e s  for mix tu res  of t h e  i s o t o p e s  a r e  needed ,  
na tu ra i  uranium LS more than  99 wt 7 2  s i n c e  v a l u e s  on both b a s e s  a r e  needed  in t h e  com- 

es computed  by both c r i t e r i a  are g iven  
.I. T h e  pe r t inen t  b io log ica l  and  phys i -  
ers a s  wel l  as t h e  computa t iona l  meth- 

a d s  ot  t h e  XCRP and  I C R P  Recommenda t ions  w e r e  
u s e d  i n  arr iving at t h e  v a l u e s .  Under sco res  indi-  
cate t h a t  t h e s e  v a l u e s ,  rounded to o n e  s i g n i f i c a n t  

the o n e s  a p p e a r i n g  in t h e  reports .  As 
h i s  t a b l e ,  r ad ia t ion  damage  r e s u l t s  be- 

fore t h e  p e r m i s s i b l e  c h e m i c a l  d o s e  is reached  in 

i n  both t h e  N C R P  a d  [ C R P  t e x t s .  T h i s  
c o r r e c t e d  bv errata, and to r tuna te iy  i t  i s  o t  

"'U 

of 2 3 8 U  t h a t  would co r re spond  to 1 c u r i e  of 

ral uranium. S i n c e  a coun te r ,  in m e a s u r i n g  

MlCAL TOXICITY VS RADIATION DAMAGE 
A BASIS FOR ESTIMATING P E R l  

It is q u i t e  g e n e r a l l y  known t h a t  na tu ra l  uranium 

'Rec ommenda ti on s of the 
Radiological Prot ec t i  on, 

Intern 
Brit. 

a t  
.I. 

iona l  Commission 
Radiol. Suppl. 

on 
6 ,  

, ._ _ _ _ _ _ _  . _ _  . _ _  .-. . _ _  _ . -..r(lSSIBLE Pergarnon, London, 1955. 

k a r l  Voegtlin and H. C. Hodge, Pharmacology and 
Toxicology of f j r an lum Compounds, McGraw-H111. New 
York, 1949. 

INTAKE VALUES 

' A .  T. Luessenhop et a1 '.. A m .  i I. Roentgenol. 79( 
LIS very p o i s o n o u s  t o  t h e  bodv c h e m i c a l l v  and t h a t  Y3--100(Januarv 1958). 

Table 24.1. Uranium MPC Values (in pc/cc) with Kidney a s  the Organ of Reference 

(appropriate for an  exposure of 168 hr/wk) 

Based on Chemical Toxicity Based on Radioactivity 
Isotope 

w c ) w  I M P q a  (MPC)w IwPc>a 

230" 

23ZU 

:33u 

1 2 3 4 u  

? 3 j U  

236" 

23aU 

240L, 
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4.4 Y 1 0 - 5  

(1.8 Y IO-- 5 

- 10-4 

1.1 lo-' 

9.6 A. 16-5 

0.12  - 

10-'O 8.1 10' 3 .5  

3.6 IO2 1 .5  x 

0.16 i o Y IO-' 10 1 . 2  .- lo-- 

4& 0.11 4.5 x lo - '  
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eve rv  ca se  e x c e p t  lor t h e  very long-l ived i s o t o p e s ,  
: 3 5 "  and - j . )u ,  

MAXIMUM PERMISSIBLE EXPOSURE VALUES 
FOR MIXTURES OF THE URANIUM ISOTOPES 

I n  the i s o t o p i c  s e p a r a t i o n  p l a n t s .  va r ious  en- 
Tichment p r o c e s s e s  r e su l t  i n  t he  production and 
hand l ing  of many d i f f e ren t  mix tu res  of t h e  uranium 
i s o t o p e s ,  both d e p l e t e d  and  e n r i c h e d ,  and r e a c t o r s  
ope ra t ing  a t  a given en r i chmen t  ot uranium resu l t  
in a c o n s t a n t  c h a n g e  in t h e  i s o t o p i c  mixture.  T h u s ,  
a s i m p l e  method of e s t i m a t i n g  maximum p e r m i s s i b l e  
e x p o s u r e  v a l u e s  for  t h e s e  v a r i o u s  mix tu res  is 
needed .  S i n c e  a n a i v s e s  of t h e  i s o t o p i c  compos i -  
t ion of uranium r e s u i t i n g  from t h e s e  p r o c e s s e s  
are rout inely made  and r eco rded  as t h e  t ract ion bv 
weight  ( 1 )  of e a c h  i s o t o p e  in  t h e  mixture ,  i t  is 
c o n v e n i e n t  t o  begin t h e  computat ion with t h e s e  
f r ac t ions .  C o n s i d e r i n g  t h a t  1 g o! a mixture con-  
t a i n s  f l  grams  of i s o t o p e  1, t h e  mic rocur i e s  of 
i s o t o p e  I per  gram of mixture  is 

i il 6.02 % 1 0 2 3  . ,\, 
P I  = 

AI  1 3.7 l o 4  1 3600 24 
' 

where  

A - a tomic  we lgh t .  
\ = d e c a y  c o n s t a n t  (days ) ,  

3600 x 23 x 3.7 \ 10' = d i s  d a y - '  p c - ' .  

and t h e  r e l a t ive  a c t i v i t i e s  of t h e  mixture ,  - ,, = 

S i n c e  a concen t r a t ion  (MPC)I p c ' c c  of i s o t o p e  
I p r o d u c e s  t h e  l imi t ing  concen t r a t ion ,  C, in t h e  
c r i t i c a l  o rgan ,  i t  fo l lows  tha t  1 pc/cc of i s o t o p e  1 

produces  t h e  concen t r a t ion  C '(MPC), i n  t h e  critical 
organ.  H e n c e .  

PC 

cc  cc 
(MPC),,, - = zi (MPCj,,, :, - produces  

and 

1 1 4 J b 8 1  

Figure  2 4 . 1  s h o w s  CVIPC;)~ :.slues computed by t h i s  

equa t ion  for . rnixtures  of '"U. ' 3 . ' C ,  and 
where  t h e  we igh t  p e r c e n t a g e s  ot ' 3 3 U  and 2 3 5 u  
were e n r i c n e d  or d e p l e t e d  by t h e  same f a c t o r ,  with 
' i x L i  c o n s t l t u t i n g  t h e  r e r n a n i n g  pe rcen t  by weight 
11.e. ~ ~ ~ x t u r e s  which are somewha t  ana iogous  to  
t h o s e  r e s u l t i n g  iron t h e  g a s e o u s  d i f fus ion  proc- 
ess). T h e s e  v a l u e s .  which a r e  a p p l i c a b l e  for 
the 40-hr work w e e k ,  a r e  plot ted in u n i t s  of &s 
m i n - '  rn-". a n d  t h e  po in t  s h o w s  t h e  pos i t i on  of 
na tu ra l  uranium i n  t h e  scheme .  T h e  c u r v e s  are 

L 

au, 

3 

1 
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w l e d  according to t h e  organ ot reterence used  
I the  computation. The  curve labeled “!ung” 
pplies to insoluble  uranium. and al l  the o thers  
pply to  t h e  so luble  form. As ;nd:cated bv p:::ons 
f curves overlaid with a dashed l ine.  cnemical 
xicity is limiting tor soluble  v ix tures  ‘up to an t mnchment  ot about  ST -“U. For higher enrich- 

dents, radioactivitv is limiting, m t h  bone a s  the  
kentical organ. I t  should be noted, too, that un-  

Ike enriched uranium. the (MPC), for  natural 
m i u m  is not acceptab le  for so luble  depleted 

N A T j R A L  J R A N I U M  

T h i s  is more c lear ly  d iscern ib le  in Fig. 24.2. 
where t h e  s c a l e  for mixtures  up to 1% enrichment 
IS enlarged.  As shown in t h i s  f igure,  the  limiting 
t MPC), va lues  fer so luble  Tater ia l  decrease  w i t h  

deplet ion to about  one-half t h e  natural uranium 
balues .  In Fig. 24.3 the same va lues  are  plotted 
in  n a s s  uni t s  (pg ,  rn ’). In t h e s e  uni ts  the W C  
values  based  on radioactivitv d e c r e a s e  appreci- 
ably with enrichment. For  example,  va lues  for a 
90% enrichment a re  less than those  for natural 
uranium by about two orders  of magnitude. Thus ,  
i t  becomes apparent that  controlling the  dus t  

‘04 

.( iDNEY ‘ R A D I A T  O N 1  
0 

BONE 

- ---- 

_ _  1 , j 2 - - _  -~ 
‘3 2 5 4  3 6  “ 6  1 c )  

2 3 5 1  =% 9 )  * t i  E 

Fig. 24.2. MPC, for Mixtures of 234U, 235U, and 
238U Approprlote for 40 hr wk. h 

,oo,-___-p--- - - --- 
0 2 0  40  60 8 0  ‘00 

23% (-., by  * t )  

Fig. 24.3. MPC, for Mixtures o f  234U,  235U, and 
238U Appropriate for 40 h r / w k .  



hazard is a much greater problem tor enr iched 
uranium than for natural  or depleted mixtures e v e n  
though t h e  l imit ing (MPC), va lues  tar enr ichments  
greater than about  jTo are  all equa l  i n  unl ts  of d i s  
T i n -  ' 3- ' 

would not be limiting for cont inuous exposure  in 
everv case. In l ike  manner, it  can  be  shown that  
one must be  watchful that  t h e  radioactivltv limlt is 
not exceeded  when applylng t h e  new slngle- intake 
value for ingestion. 

SINGLE INTAKE GUIDES FOR URANIUM 

T h u s  fa r ,  t h e s e  comments have  dea l t  with un-  
cer ta in t ies  of long s tanding  concernmg uranium 
values .  Reference  is made now to the recommenda- 
tion re leased  a short  time ago i n  ICRP Publ icat ion 
6 (ref. 3) regarding s ingle- intake va lues  of uranium. 
In  th i s  recommendation i t  i s  s t a t e d  that  b e c a u s e  
of t h e  chemical  toxicity of natural  uranium, 'jgU, 

U, or 235U, t h e  inhalat ion of so luble  uranium 
of any i so topic  composition should not exceed  2 .5  
m g  i n  1 day,  or the ingest ion averaged over 2 d a y s  
should not e x c e e d  150 mg. Since t h e s e  single- 
in take  v a l u e s  a r e  s t a t e d  in uni t s  of mg/day,  the  
quest ion will arise a s  t o  whether or not they m a y  
b e  u s e d  every day ,  that  is, for cont inuous ex- 
posure,  without e x c e e d i n g  t h e  permissible  va lues  
based  on radioact ivi ty .  Figure 24.4 shows the 
limiting (MPC)a in mg/day for cont inuous exposure 
based  on radioact ivi ty  for t h e s e  i so topes  and for 
the  same mixtures  u s e d  in t h e  previous examples .  
T h e  l e v e l s  for t h e  indtvidual i so topes  are  shown 
along t h e  right-hand ordinate ,  and l e v e l s  for the  
mixtures a r e  shown by t h e  curve on which natural 
uranium appears ,  A comparison of t h e s e  MPC 
v a l u e s  with 2.5 mg/day r e v e a l s  tha t  many of them 
l i e  considerably below t h i s  value. Thus ,  2.5 mgiday 

2 3 6  

235U (70 by ut ) 

Fig.  24.4. MPC, Based on Radioact ivi ty  c 
w i t h  2.5 rng/doy. 
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25. On the Estimation of a Systemic 
Body Burden of Plutonium 

Y. S. Snvder 

Employees exposed  to  plutonium generallv excre te  exposure i n  th i s  c a s e  5 ) ,  and assuming a cons tan t  
e c t a b l e  amounts of t h e  i so tope  in urine and half-time for elimination f rom the lung, the pattern 
es. In  fac t ,  a n a l y s i s  of urine spec imens  i s  the of intake to blood indicated bv Lawrence 's  code  

usual  means of monitoring for possible  ex- can  b e  realized. Also,  by se lec t ion  of appropriate  
e to 2 3 9 P u .  As the  number of years  of ex- cons tan ts  to represent  the  fraction of an intake to  

e n c e  with process ing  of plutonium h a s  in- t h e  blood that  depos i t s  in liver and in  bone, the 
creased,  more and more c a s e s  have been found of distribution found a t  autopsy can  be obtained. It 
employees who regularly show measurable  amounts IS  noteworthy that t h i s  distribution c a n  be obtained 
of 2 3 9 P u  in their urine. Often there  i s  no known only by changing some of the  currently accepted  

nt to  which t h e  exposure c a n  be  plausibly cons tan ts  of the  metabolic model a s  given by ICRP 
uted, and the  problem of es t imat ing  the  em- Publ icat ion 2 (ref. 6). In particular, a half-time in 
e's body burden is a very difficult one  for the  l u n g  of about 30 d a y s  must be  used ,  and approxi- 

mately equal  f ract ions of the  intake to  blood must 
omputer c o d e s  have  been designed ' . '  which depos i t  i n  liver and in bone to  obtain agreement 

with the  autopsy data .  T h e s e  va lues  a re  rather a t  
variance with those  currently given i n  ICRP Publ i -  
cat ion 2 ,  although i t  must be recognized that  i t  h a s  
been known that t h e  half-time in lung might vary 
considerably depending on t h e  s i z e  of the  aerosol  
a s  well a s  on i t s  physical  and chemical  form. I t  is 
concluded that ,  in view of the  many unknown fac- 
tors  involved i n  t h e  exposure (par t ic le  s i t e ,  chemi- 

provide an es t imate  of the intake and/'or retention 
on t h e  b a s i s  of t h e  ur inalysis  da ta  of the  employee. 
T h e s e  c o d c s  assume that the  2 3 g P u  reaching blood 
is re tained and excreted from t h e  body according 
to a metabolic model devised  by Langham3 to fit 
the  d a t a  on hospi ta l  pat ients  given 239Pu-ci t ra te  
by int ravenous injection. It is c l e a r  that  a l l  indi- 
viduals  do not follow the s a m e  metabolic model.' 

' Only one human case h a s  come to autopsy, '  and,  
. while t h e  computer c o d e s  gave a rather accura te  
' es t imate  in  th i s  c a s e ,  the accuracy of t h e s e  c o d e s  

for es t imat ion of bodv burden i s  not known i n  gen- 
eral. 

During the pas t  year t h e  e s t i m a t e s  of intake to  
blood a s  given by the  code  reported by Lawrence '  
have  been used  in a n  attempt to  t e s t  t h e  internal 
cons is tency  of the  model for metabolism of 239Pu 
in t h e  lung and also af ter  reaching t h e  blood. It i s  
found that  by postulat ing intakes via inhalation 
(which is considered to be the most likely mode of 

! 

'J. N. P. Lawrence, Health Phys .  8(1), 61-6b (1962). 
W .  S. Snyder, Proceedings of 7th Annual Meeting on 2 

B io-Assay  and Analytical Chemistry, Held Oct. 1 2  end 
1 3 ,  1961, at  Argonne National Laboratorv, ANL-6637, 
p. 13. 

3W. H. Langham et a l . .  Distribution Eind Excretion of 

c a l  form, t i m e  of exposure,  etc.), the observed 
distribution in the  bodv is not known to be grossly 
a t  var iance with the  metabolic model used  a s  the 
b a s i s  for es t imat ion of MPC values  by I C R P  and 
NCRP. For the same reason,  it cannot b e  con- 
cluded that  the  model is validated by t h e s e  data. 
T h e  s tudy d o e s  s u g g e s t  that  certain parameters 
involved in the  model probably should have some- 
what different va lues ,  namely, that depos i t s  in 
liver and i n  bone should be  approximately equal  
and that  in some cases t h e  half-time for elimination 
from the  lung may be substant ia l ly  less than 1 
year. The detai led a n a l y s i s  which is t h e  b a s i s  
for t h e s e  sugges t ions  is being published in  HeaIfh 
Phys ics  as  part of the proceedings of t h e  Sympo- 
sium on Inhaled Radioact ive Par t ic les  and G a s e s ,  
held at Hanford Laborator ies  on May 4-6, 1964. 

A second attempt to check  on the  accuracy of 
currently avai lable  computer c o d e s  for est imat ion - 

Plutonium Administered Intravenously to  ,Man, LA-i lS l  
(Sept. 20, 1950). 

'Report ut Cornnuttee 11 on Permissible  Dose for In- 
ternal Radiation 11959) ,  :CRP Publ ica t ion  2 ,  Pergamon, 

+W. s. Snyder. Health Phys .  8(6). i 6 7 - i 2  (1962). 

.H. Foreman. W .  Moss. and W. Lanaham. Health Phvs .  - 
214). 326-33 (1960). London, 1959. 
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of a systemic bodv burden of 139Pu was under- 
taken. using data on dogs exposed intravenouslv 
and bv inhalation to 239Pu at Hanford Biology 
Laboratorv. Bair er al.' injected three dogs wi th  
plutonium nitrate (0.14 N HNO ,), and t h e  dogs were 
sacrificed -- 30 days postinlection. The urinarv 
excretion data are plotted i n  Fig. 3 . 1  together 
w i t h  a cu rve  representing an average of t h e  data. 
I t  is apparent that there are v e r t  wide fluctuations 
from day to day and that the  dogs differ rather 

, markedlv so  far a s  dav-to-dav excretion is con- 
cerned. Nevertheless, t h e  code mentioned above 
was used to estimate the intake. In Fig. 25.2 
t h e  daily intakes a s  estimated bv t h e  code are 
shown i n  the form of a bar histogram. It is clear 
that. despite the erratic character of the excretion 
data, the code did correctly find that the intake 

~ ~ 

W. J. Bau el a].. Health P h y s .  8(61, 639-49 (1962). 

JNCLASSIFIEO 
3RNL-DWG 64-372OA 
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Fig. 25.2. Computer Estimotes of Intake to Blood1 

Single Intravenous Injection Coles. 

was confined largely to the first day or two. The 
small intakes to blood on succeeding days are the 
result of unusually high fluctuations of the excre- 
tion data. T h u s ,  the code did give a qualitatively 
correct interpretation s o  far as time of intake &;z 
concerned. The estimated total intake is 
together with the injected amount, and i t  i s  e 
that the estimates are within a factor of 2. 
of the erratic character of the  data, this is COW 

sidered to be encouraging. 
Bair et a/.' a lso  exposed dogs to plutonium nitrate 

(0.14 N HNO,)  by inhalation. The urinary exc* 
tion data of those dogs exposed to the  nitrate wem 
analyzed by the code also, and the estimated b- 
takes to blood are shown i n  Fig. 25.3. A l t h d  
the time sequence is erratic, significant intakes to 
blood do seem to occur over a succession of d W . '  
and tend to decrease with time. Thus, the W*.. 
tative aspects are a s  w e  might expect. HowevWt 
the large number of days of no intake u n d o u b d b  . .  I 

is an artifact produced by sporadic high e x c t e t i y  

Fig. 25.1. Urinory Excretion Following Intravenous 

Inlection of Plutonium Nitrate. 

early i n  the period of observation. The e s t i ~ ~ ; t l ; ;  
total intake to blood 1s shown a lso  on Fig. 25.3,. 
together with the difference of lung deposltioa 
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minal lung burden a s  es t imated bv the ex- will come only wlth a better understanding of the  
ters. Again, the  r e s u l t s  generallv agree  metabolic model and of t h e  probable source of the 

wide individual differences and day-to-day fluctua- 
seems c lear  that  the  present  methods cannot t : o x  cf the  excretlnn data. It would seem that  

relied upon to  give more than a verv  rough in- carefully controlled experiments  might help i n  
tion of the intake to blood. There  a re  a num- understanding t h e s e  diff icul t ies  and that ,  even  i f  
of poss ib le  improvements that s u g g e s t  them- t h e  experiments did not enable  US to  overcome 
es. Some prelirninarv smoothing of da ta ,  t h e s e  diff icul t ies ,  we might in th i s  wav obtain a 
aps by t h e  computer, might reduce the errot. firmer es t imate  of t h e  uncertaincv of our method of 
ever ,  it seems l ikely that  marked improve-< n ts  est1 

Fig. 25.3. Computer E s t i m a t e s  of In 

lnho la t ion C o  ses. 

mation.  
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INTERNATIONAL SYMPOSIUM ON SURFACE 
CONTAMINAT I ON 

B R .  F i s h  (Chairman) 
G .  U.  Rovster .  j r  (Treasure:  
D D. Cowen ( L o c a l  .Arrangements Chairman) 
Blanche Reed ( L a d i e s  Act i r i t i es  1 

The first International Symposium on Surface 
* Contamination w a s  held in Gatlinburg. T e n n e s s e e .  

J u n e  8-12. 1964. The  meeting w a s  sponsored 
jointly by the  Oak Ridge National Laboratory.  the 
American Associat ion tor Contamination Control .  
and the  Health P h y s i c s  Society. 

There were 5-1 papers presented 11; 12 s e s s i o n s .  
Four s e s s i o n s  were devoted to  fundamental re- 

s e a r c h  and development in  the  f ie lds  of aerosol  
p h v s i c s .  s u r f a c e s ,  adhesion-redispers ion.  and 
tr&nsport-deposition. Other administrative and 
technica l  problems were d i s c u s s e d  in s e s s i o n s  
on radioact ive sur face  contamination control 
c r i te r ia .  measurement techniques ,  environmental 
control of sur face  contamination, radioact ive con- 
tamination control appl ica t ions .  disseminat ion of 
airborne microorganisms. biological and chemical  
sur face  contaminat ion,  insurance and economics,  
and decontaminat ion.  

The meet ing w a s  attended by 123 persons;  37 
were from outs ide the United S ta tes .  There were 
13 a t t e n d e e s  f rom France;  9 from the United 
Kingdom; 3 e a c h  f r o m  Canada .  Germany, and 
Japan ,  7 from Belgium; ana 1 e a c h  from Austral ia ,  
Austr ia .  and Venezuela .  

27. Applied Internal Dosimetry 

B. R. F i s h  

ORNL IN VIVO GAMMA-RAY 
SP ECTROM E TRY F ACI L I TY 

P. E. Brown L. B. Farabee  
G. R. Pa t te rson ,  J r .  

R. H. Wilkie, J r .  

L. S. Barden '  
J .  H. Dobkins' 

R o s e  J .  McBath 

D. L. Mason3 
J .  I<. Eddy4 

The  ORNL In t i v o  Gamma-Ha\ Spectrometer 
(IVCS) Fac i l i tv  cont inues to be used  primaril) 
a s  a monitoring device  to a id  in the detect ion 
and measurement of internal exposures .  Addi- 
tional improvements in instrumentation, schedul-  

'ORINS t ra inee .  Hendrix Col lege ,  C o n w a i ,  ArK. 

-Temporaw summer employee ,  North Caro i ina  S t a t e  

3Temporan.  summer empiover .  Aust in  P e a \  S t a t e  

4 T e m p o r a n  summer emplovee.  best Virginia  Univer-  

C o l l e g e ,  Rale igh .  

Col lege .  Clarksvi i le .  Tenn.  

s i t y ,  Morgantown. 

ing, and the  operat ing program have made it pos- 
s i b l e  to increase  the  rate of routine counting for 
monitoring purposes  beyond the increase  men- 
tioned in t h e  previous report. Emphas is  i s  placed 
on t h e  routine count ing of persons  suspected of 
having experienced an exposure or of having I 
potenual  for exposure and on obtaining base-line 
counts  for persons  prior to their  entering new 
w o r k  involving potential internal exposure. The 
further i n c r e a s e  in ra te  o f  count ing people has 
made i t  poss ib le  to  expand the base-line counting 
and obtain counts  on essent ia l ly  a l l  persons with 
even a remote c h a n c e  for exposure. During the 
past vear ,  1370 persons were counted for a total 
of 1568 human counts ;  1159 of t h e  counts Or aP- 
proximately 7'3% showed a normal human spectrum. 
By way of comparison. the to ta l s  for the period 
July 31, 1961. to Ju ly  31, 1962, were 142 human 

'B. R. F i s h  ef af.. H e a l f h  Phvs. DIV. Ann. 
R e p .  J u n e  30. 1963 .  ORNL-3492, p. 194. 
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Counts on 102 persons ,  [he total for the oeriod 
ending i lav 31, 1063. was  492 human counts. 
Table  27 1 Summarizes t h e  da ta  :or those  c a s e s  
UI uhich  TeasuraDie ,mounts or internai raaio- 
a c t i r e  contamination 'were observed.  

T h e  current ra te  ot count ins  is about 130 persons  
! per Tonth.  excluding Instrumentation downtime. 

Theoretica!lv. one could count about 170 persons  t per month. T h i s  represents  pract ical lv  the maxi- 

t Table  27.1. Meosuroble Rad ioact iv i ty  Found 

In Routine Whole-Body Monitor ing Program, 

June 1, 1963-June 30, 1964 

In&viduaIs  Maximum MPBB 
Counted  Amount ( g c )  ~ p c l  

Isotope 

24Na 1 a 

f s i c ,  10 0.042 300 

'8C0 

jgFe 

'OCU 

, '%e 17 

Ru - ' 06Rh 47 ' 1 0 6  

1 2SSb 43 

0.038 .j 0 

0.015 ' 0  

'1.220 10 

0.005 10 

0. G 16 9 0 

0.250 3 0  

4.500 

IO. 047 70  

0.047 3 

0.018 40 

I 79 0.073 0.7 

cs 160 0.310 30 

C e -  Pr 17 L 0.007 3 

1 3 1  

I 3 7  

1 4 4  1.14 

Eu 3 Trace 70 15s 

98Au I a 

? ? 6 R a  3 ~"0.005 0. 1 

U (enriched)  1 Trace 0.06 

=Skin contammation.  

mum rate  a t ta inable  with the present  equipment 
operat -.g 40 hr per week. T e  do not an t ic ipa te  
operat ing more than one shif t  p e r  dav,  except  
..vhen i t  is nectrssdrv to c u u i i i  p e r s u n s  regulariy 
$working only one of the night sh i f t s .  T h e  increase  
a i  i iscal-year  1964 count ing to more than three 
t i m e s  :he 1963 counts  represents  the realization 
o t  a number o t  improvements in  equipment and 
operat ing program. Lis ted  roughly in order of the 
favorable impact thev have  had. :hese  improve- 
ments  include instal la t ion o t  a second 5 1 2 c h a n n e l  
analyzer ,  a paper-tape-to-type:\riter da ta  con- 
v e r t e r ,  the rolling s c a n  bed. a new system for 
schedul ing persons  to be counted. and the com- 
puter program for data  ana lys i s .  T h e  rolling s c a n  
bed and the computer program were mentioned 
in some detai l  in the l a s t  report in this s e r i e s ; '  
the  other improvements were implemented during 
t h e  present  period. 

IN VIVO DETECTION AND MEASUREMENT 
OF 9 0 S r - 9 0 Y  INTERNAL CONTAMINATION 

During th i s  report period, the  ORNL IVGS Faci l -  
ity w a s  used  to es t imate  t h e  90Sr-90Y body burden 
of severa l  ORNL employees who had been in- 
volved in airborne par t iculate  contamination in- 
c idents .  In two of t h e  incidents  the contaminatlon 
was  "SrTiO,; i n  the other  incident the  contam- 
inant was  'OSrCO,. T h e  pract ical  limit of detec-  
tion of "Sr for the ORNL in vivo counter  i s  
approximately one-tenth ot the maximum permis- 
s i b l e  body burden (MPBB) or ,. 0.20 pc. In t h e  
observed c a s e s  t h e  bremsstrahlung continuum was  
readily .discernible  a t  l e v e l s  es t imated to be 
around 5% of the YPBB. Of course ,  a t  t h e s e  
relatively low l e v e l s ,  es t imat ion of 9 0 ~ r  internal 
contamination by in vivo count ing is subjec t  to 
large uncertaint ies ,  particularly when other con- 
t aminan t s  may b e  p r c s c n t .  I n  the  first incident 
involving ''SrTiO,, thrct. p e i s o n s  w e r e  found to 
have  obvious indicat ions of bremsstrahlung in 
their spec t ra .  Initial es t imates  of their whole- 
body strontium burden, based  on the application 
o f  a s t rontium-in-s ke le  ton Cali brat ion to whole- 
body s c a n  counts ,  sugges ted  0.8, 0.9, and 6.2 p c  
for c a s e s  A ,  B, and C, respect ively,  as of three 
d a y s  postexposure. Figure 27.1 i s  a profile s c a n  
showing the relat ive count lng rate a s  the body of 
emplovee C passed  under the  crystal .  Note  that 
even a t  t h i s  late d a t e  the la rges t  fraction of the  



d e p o s i t  I S  i n  t he  lower  abdomen.  In v i e w  ot  :he abdominal  d e p o s i t  w a s  e l imina ted .  t he  c n e s t  
t h i s  iact. t h e  e s t i m a t e s  were  r ev i sed  bv u s i n g  a coun t s  t aken  with l ead -co l i ima ted  d . 4 in.  
combined GI t r ac t - ske le ton  ca l ib ra t ion .  R e i - i s e a  c rvs t a l  were  felt to p rov ide  a m o r e  a c c u r a t e  e s t i -  
e s t i m a t e s  b a s e d  on t h i s  ca l ib ra t ion  were  0.46, mate of t h e  s t ront ium burden. F i g u r e  27.3 s h o w s  
0.55. and 1.3 uc fcr t h e  threp Ten .  F igu re  2 y . 2  the in  v:vo e s t i m a t e s  of c h e s t  burden tor case C 
s h o w s  t h e  n e t  spec t rum t r o m  D :o 2.04 5 1 ~ \  tor u p  through t h e  most r ecen t  c o u n t ,  169 d a y s  post- 
.he  : n i t l a 1  scan  COUF,~ <:)! case C .  .\!ter rrtucr, 01 ex?osure. 
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In both ot t h e  other  incidents  involving exposures  
to strontium compounds, the whole-body s c a n  
counts  detected measurable  amounts ot  "Sr, 
0.50 pc in the  "SrTiO, incident and 0.60 ILL' 

in t h e  "SrCO, incident .  However, in both c a s e s  
the c h e s t  counts  with the collimated c rys ta l  showed 
only small  indicat ions o t  bremstrahlun6, whereas  
profile s c a n s  show that the bulk ot the deposi t  
i s  in the  abdominal region. T h e s e  c a s e s  have 
adequately demonstrated that  in vivo count ing 
can give a rapid and posi t ive indication of a 
se r ious  intake of 90Sr. 

COMPUTER PROGRAM FOR IN VIVO 
COUNTING DATA 

G. R. Pa t te rson ,  J r .  
Barbara A. F l o r e s 6  

M. T. Harkrider' 
C. S. McNeillv 

Program WBC, ' designed to  ana lyze  routine 
whole-body count  d a t a  on the  CDC 1604 computer, 
h a s  been in limited u s e  s i n c e  March 1963. Some 
few changes  h a v e  been made to correct minor 
f laws  that  became apparent or to make the program 

. m o r e  flexible; for ins tance ,  it is no longer neces-  
sary to s e p a r a t e  whole-body s c a n  counts  and 
c h e s t  counts  and process  them a s  s e p a r a t e  groups 
of data .  By providing rapid a n a l y s i s  of routine 
body count da ta  with accura te  es t imates  of total- 
body potassium and 13'Cs. the computer c a n  
handle  approximately 75% of the  da ta  a n a l y s i s  

Computer plotting ot raw and smoothed spec t ra  
h a s  been discont inued as uneconomical and not 
s ignif icant ly  bet ter  than a Polaroid photograph 
of the  osc i l loscope  spectrum display.  The prac- 
t i ce  of c i rculat ing a written weekly report of in 
vivo count ing a c t i v i t i e s  and resu l t s  was  begun 
in March 1963. In the fall of 1963 i t  was  decided 
that ,  with a s l igh t  change  in format, the IBM cards  
that identify e a c h  punched paper tape for the  
computer program could be ut i l ized to produce a 
machine tabulated weekly report of in vivo counts .  
M. T. Harkrider wrote the necessary  computer pro- 
gram, and report N o .  1 for the first week of January 
1964 was  the  f i rs t  i n  i ivo counting weekly report 
that  w a s  machine tabulated. 

DEVELOPMENTS IN THE ORNL IN VIVO 
GAMMA-RAY SPECTROMETRY F ACl l lTY  

'3'. H .  'Kilkie, J r .  

During Julv and August 1963, a second 512- 
cnannel  analvzer  w a s  ins ta l led  a t  the IVGS Faci l -  
i t v .  In  addi t ion.  new preamplifier c a b l e s  were 
run f r o m  the iron room to the control room, and 
the divider network was rewired. Both ana lyzers  
and the a s s o c i a t e d  electronic  equipment were 
mounted i n  an integrated control complex of match- 
ing cabinets .  A tape-to-typewriter data  converter  
w a s  instal led.  permitting direct  coupl ing of the 
paper-tape reader to the typewriter. A master 
switching panel w a s  instal led which permits quick 
switching of any of the  data  readout equipment 
to ei ther  one ot t h e  two analyzers .  These equip- 
ment changes  have  made it poss ib le  to u s e  the 
facility more efficiently by reducing maintenance 
downtime and by providing off-line equipment for 
da ta  processing.  

The  Saran webbing of the rolling s c a n  bed was  
replaced by a s t a i n l e s s  s t e e l  top and a foam 
rn a t t ress .  

Various methods for cal ibrat ing whole-body 
counters  a re  being s tudied.  Differences between 
the  resu l t s  of cal ibrat ions us ing  severa l  phantom- 
s o u r c e  configurations and t h e  actual  s i tua t ions  
they approximate are  being examined. Preliminary 
da ta  indicate  that  a whole-body s c a n  calibration 
us ing  a s imple point source  o t  13'Cs posi t ioned 
in t h e  central  portion of the abdomen of a bottle 
mannikin is comparable with a calibration 
which a ' 3 7 C s  solution is uniformly distribu 
in t h e  same type ot phantom. Pos i t ion ing  of tnr 
point source  in the  s ingle-source method i s  c r i t i ca l ,  
and for th i s  purpose a bot t le  mannikin w a s  modi- 
fied to allow reproducible posi t ioning of t h e  source.  
Neither method of calibration is expected t o  repre- 
sen t  accurately a l l  in vivo s i tua t ions ;  in pract ice ,  
dis t r ibut ions of source  ac t iv i ty ,  and h e n c e  t h e  
overal l  detect  ion e f f i c i e n c i e s ,  vary considerably 
from case to c a s e .  It h a s  been found also that 
nearly ident ical  background s p e c t r a  a r e  obtained 
whether one uses a s ing le  container  of dis t i l led,  
demineralized water ( s i z e  of the container  deter- 
mined empirically) or a multibottle phantom laid 
out under the c rys ta l  l ike  a human subject .  Here 
again,  background for a human count is only an 
approxlmation ot the  actual  perturbation of the  
radiation field a s  a result of sca t te r  and absorption 
by t h e  human body. 

'\I a th em a tics D I v i  s i on. 

'E. R. Fish e t  a / . .  Health Phvs. Div. Ann. Progr. 
Rept. June 30, 1963, ORNL-3492. pp. 202-4. 
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IODINE-131 IN MILK AND IN CATTLE THYROIDS 

P. E. Brown L. B. Farabee  

In September 1963 the program for monitoring 
m i l k  and c a t t l e  thyroids a s  indicators  of the d is -  
tribution of I 3 ' I  in th i s  general geographical area 
w a s  turned over to the Environmental Monitoring 
Section of Applied Health P h v s i c s .  T h e  program 
had been developed by the  Health P h v s i c s  Tech-  
nology Section and tes ted  during 1961-1963. * - "  
A n  average of ten thyroid samples  per w e e k  were 
tes ted  during most of th i s  t i m e ,  and one or more 
milk samples  were tes ted  weekly tor over a year .  
Under the  Health P h v s i c s  Technology program. 
the prepared samples  had been counted bv using 
either a 4 ._ 2 or a 3 I 3 in.  NaI(T1) crystal  and 
a 200-channel analyzer ,  the or iginal  in vivo count- 
ing equipment. Transfer  of the program to Environ- 
mental Monitoring necess i ta ted  revision of t h e  
techniques to  m a k e  them compatible with present ly  
avai iable  equipment - a 4 i. 4 in. c rys ta l  and a 
single-channel analvzer. Detection eff ic iency for 
counting thyroid samples  with the  s ingle-channel  
system w a s  found to give a lower detect ion limit 
of 10 pc per 20 g of thyroid at  t h e  95$ confidence 
level. 

BIOASSAY AND ENVIRONMENTAL MONITORING 

L. B. Farabee  

During the p a s t  year, one member of the  Heal th  
P h v s i c s  Technology Section par t ic ipated in  an 
International Atomic Energy Agencv (IAEA) pro- 
gram aimed a t  improving the reliability and com- 
parabilitv of the  resu l t s  of low-level act ivi tv  
measurements in environmental samples .  A panel 

of  representat ives  from 20 countr ies  and world- 
wide organizat ions m e t  i n  Vienna, Austria, October 
28-31, 1963. for d i scuss ion  and planning of 
interlaboratory comparison program among nat ions 
assoc ia ted  with the M E A .  Representat ives  from 
the  United S t a t e s  were: A. S.  Goldin, U.S. Public 
Health Service.  Bethesda .  Maryland; M .  F. Mi l l iga ,  
Los Xlamos Scientific Laboratory; and L. B. Fara- 
bee.  Oak Ridge National Laboratory. A paper 
ent i t led "Review ot Exis t ing Intercomparlson and 
Interlaboratory Schemes in the  United States" was  
presented by L. B. Farabee.  

T h e  need for greater accuracy in analyt ical  data 
on the  measurement of harmful radionuclides in the 
food supply of man w a s  s t r e s s e d ,  and guidelines 
for s e t t i n g  up an interlaboratorv comparison pro- 
gram w e r e  d i s c u s s e d .  Comprehensive reviews 
of interlaboratory comparison programs used 

Sta t i s t ica l  considerat ions for col lect ion a d - .  . 

y s i s  of environmental samples  as a meen;?& 
improvement in quality control were of interest. 
Although many radionucl ides  and many foods were 
sugges ted  for u s e  in the M E A  intercomparison 
program, it w a s  expedient  to limit the original 

many countr ies  were d i s c u s s e d  by panel m 31 7 

program to on!y the more hazardous long-lived 
radionuclides. Therefore  "Sr, 37Cs, and '"Re 
were s e l e c t e d  a s  having the most universal in- 
te res t  a t  present .  A review of the  panel discus- 
sion may be  found in ORNL-CF-64-1-83, dated 
January 14, 1964. 

'E. R. Fish er al.. Health P h v s .  Div. Ann. Pro&. 

'B. R. F l s h  e t  al . ,  Health P h y s .  Div.  Ann. Pm&. 

'OB. R. Fish et a / . ,  Heal th P h v s .  Div.  A n n .  Progr. 

Rept. J u l v  31. 1961,  ORNL-3189, pp. 232-34. 

Repi. J u I V  3 1 ,  1962 .  ORNL-3347, pp. 148-52. 

Repf.  June  30, 1 9 6 3 ,  OWL-3492,  p .  706.  
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