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PART I .  RADIOACTIVE WASTE DISPOSAL 

1. Fate  of Trace Elements and Radionuclides 
in  Terrestrial Environment 

Fer t i l i zed  and unfertilized s o i l s ,  eroded mater ia l  
from unfertilized s o i l s ,  river sediment ,  and sed i -  
ment from a man-made pond were a n a l y z e d  for their 
content  a n d  f o r m s  of phosphorus. Of the  sought-for 
forms - free aluminum. free iron, ca lc ium,  organic .  
and occluded - t h e  fer t i l ized s o i l s  were  charac te r -  
ized by t h e  p r e s e n c e  of a l l  five forms. Sediment 
from the  pond which had received commercial fer- 
t i l izer  differed from the  fe r t i l i zed  soils by the  very 
low cbntent  of both free aluminum and iron phos- 
phates. T h e  river sed iments  were  charac te r ized  by 
low content  of f ree  aluminum phosphate. Unferti- 
l ized s o i l  and material eroded from t h e  unfertilized 
soil were character ized by t h e  low content  of ca l -  
cium phosphate. Resul t s  s u g g e s t  t h a t  ca lc ium 
phosphate  i s  a s s o c i a t e d  with soils and s e d i m e n t s  
receiving commercial fer t i l izers  and further s u g g e s t  
that  eroding material c a n  t ransport  s ign i f icant  quan- 
t i t i e s  of phosphate  from s o i l s  which have  not re- 
ce ived  commercial fertilizer. 

An abundant  growth of a l g a e  and wild c e l e r y ,  a 
rooted aquat ic  plant ,  occurred in  a man-made pond 
af te r  a generous appl icat ion of commercial fer- 
tilizer. Subsequent  reduction of t h e  concentrat ion 
of phosphateresu l ted  in  a d e c r e a s e  in  the growth 
of both wild ce le ry  and algae.  R e s u l t s  s u g g e s t  
that t h e  form and  concentrat ion of phosphate  i n  
sed iments  play a key  role in inf luencing t h e  growth 
of rooted aquat ic  plants. 

2. Disposal by Hydruulic Fracturing 

A cons iderable  amount of information on t h e  un- 
derground behavior of hydraulically induced frac- 
tures is conta ined  in t h e  pressure  h i s t o n e s  of  the  

injection and shut- in  p h a s e s  of the  operation. par- 
ticularlv i f  a f luid l i k e  water  is injected rather 
than a slurry. The a n a l y s e s  presented in  this  sec- 
tion represent an effort t o  develop a b a s i s  for in- 
rerpreting s u c h  information in terms of t h e  fracture 
orientation. 

evaluat ion of t h e  pressure  variations measured in 
the inject ion w e l l  during pumping. T h i s  ana lys i s  
includes components  due  t o  turbulence at  t h e  en- 
trance t o  t h e  fracture ,  t h e  v iscous  losses durirtg 
laminar flow for  c i rcu lar  a n d  noncircular f ractures .  
and t h e  effects of ver t ica l  gradients, both in  the 
confining rock s t r e s s e s  d u e  t o  tectonism and in  
the fracture resul t ing from changes  i n  e levat ion.  
T h e s e  components were synthes ized  i n  various 
combinations t o  provide a predicted pressure his-  
tory for almost any poss ib le  ( ideal ized)  fracture 
configuration. 

T h e  s e c o n d  par t  is a n  empirical graphic a n a l y s i s  
of the pressure  decay  a f t e r  the  water inject ion w a s  
finished a n d  t h e  w e l l  s h u t  in. This drop in  pres- 
sure  w a s  very rapid a t  f i r s t  but then went more and 
more s lowly ,  s o  that  af ter  s o m e  70 d a y s  the pres- 
s u r e  w a s  s t i l l  over 200 psi. T h e  drop i n  pressure 
is presumably principally due to two factors: (1) 
the cont inued la te ra l  ex tens ion  of t h e  fracture due  
to recoi l  of t h e  deformed rock cover  near the  in- 
ject ion wel l  and (2) the  w a t e r  leaking out of the 
fracture. T h e  first of t k s e  mechanisms wil l  s t o p  
when t h e  wal l s  of the fracture make contac t ,  which. 
if the  fracture i s  horizontal ,  wi l l  happen when the  
pressure reaches  that  d u e  t o  the  weight of  the  
overlying rock. A discont inui ty  in the  time-pres- 
sure  c u r v e  coming a t  th i s  pressure would, there- 
fore, b e  a n  indicat ion tha t  the  fracture  was  
horizontal. A log-log plot  of the rate  of change  
of pressure  as a function of time did indeed show 
a change  i n  s l o p e  a t  t h i s  c r i t i ca l  pressure.  sug-  
gest ing that  s u c h  a n  a n a l y s i s  of t h e  pressure decay  

The  f i r s t  par t  is a theoret ical  and empirical 
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data  may b e  of value i n  determining t h e  orientation 
of a water-filled fracture. 

T h e  s e c a l l e d  rock cover  monitoring wel ls  were 
constructed by cementing in  a s t e e l  c a s i n g  t o  a 
depth of 550 it and than dr i l l ing a n  open noie t o  
650 ft. It w a s  noted tha t ,  dur ing a w a s t e  injec- 
tion, t h e  water  leve l  in  t h e s e  wel l s  (which had 
been lef t  full of water) in  some cases r o s e ,  while ,  
a t  t h e  same t ime,  i t  fe l l  in  others. An obvious ex- 
planation i s  t h a t ,  where t h e  grout-filled fracture 

‘ p a s s e d  underneath one of t h e  w e l l s ,  t h e  s h a l e  
ad jacent  t o  the open-hole, s e c t i o n  of the well w a s  
compressed and water  w a s  s q u e e z e d  into the  well. 
In t h e  case of w e l l s  located in a direct ion other 
than t h a t  taken by t h e  grout s h e e t ,  a shear ing  force 
would b e  developed i n  t h e  s h a l e  ad jacent  to  the 
open-hole s e c t i o n  of t h e  w e l l ,  and t h e  ver t ical  load 
would b e  reduced,  s u c k i n g  a smal l  amount of water  
into t h e  sha le .  By equipping t h e  rock  cover moni- 
toring wel l s  with pressure  gages a n d  taking read- 
ings  a t  intervals  during a n  inject ion,  it w a s  pos- 
s i b l e  t o  get ind ica t ions  of t h e  direction taken  by 
the  fracture;  however, t h e s e  indicat ions have not 
ye t  been correlated wi th  the d a t a  from t h e  gamma- 
ray logging of t h e  observat ion wel l s .  

3. Disposal in Natural Salt  Formations 

As reported previously (ORNL-4168), the radio- 
a c t i v e  p h a s e  of t h e  demonstration d i s p o s a l  of high- 
leve l  radioact ive w a s t e s  w a s  completed by the end 
of June  1967. By t h e  end  of December 1967,  t h e  
remainder of t h e  mine experiments  had been ter- 
minated, and  preparat ions were  made t o  p lace  the 
Carey S a l t  Company’s Lyons ,  K a n s a s ,  mine on a 
s tandby b a s i s ,  beginning February 1968. Arrange- 
ments have  been made for per iodic  s e r v i c e  of the  
equipment  left on s tandby and for periodic col- 
lect ion of s e l e c t e d  items of da ta .  

demonstration, t h e  average dose  t o  t h e  s a l t  over 
the  length  of t h e  main array holes  w a s  about 8 
10’ rads ,  and t h e  p e a k  d o s e  w a s  about  lo9 rads. 
T h e  d o s e  i n  t h e  array i n  t h e  old mine floor was  
about  lo* rads. 

Additional t e s t s  were  run t o  determine the  ef- 
f e c t s  of water on container  corrosion. T h e  simu- 
la ted-waste  container  c a n s  have been removed for 
evaluat ion of t h e  corroded condi t ions observed. 

pleted,  and  t h e  effects of various var iables  have 

During t h e  19-month operation of t h e  radioactive 

The laboratory pillar-model t e s t s  have  been com- 

x 

been ana lvzed .  A completion report (ORNL-TM- 
2102) h a s  been published. 

The  s tudv  of t h e  economics of d i s p o s a l  in  s a l t  
has  been completed and w a s  publ ished a s  ORNL- 
3358. Using present  worth considerat ions and a 
4% interest  r a t e ,  t h e  money to  be  s e t  a s i d e  an- 
nuallv a t  the  time of w a s t e  generation ranged from 
about S2.4 million t o  $2.6 million for one-year-old 
w a s t e  t o  about  $0.3 million t o  $0.4 million for 
was te  30 years  old a t  the time of d i sposa l .  I n  
terms of c o s t  per  kilowatt-hour of electr ic i ty  gen- 
erated,  th i s  corresponds t o  about 18 to 20 x 

and 2 t o  3 x mill respect ively.  
T o  summarize,  it  may be s a i d  tha t  most of t h e  

major technica l  problems regarding d i s p o s a l  i n  
s a l t  have been resolved. T h e  resu l t s  have been 
m o s t  encouraging.  T h e  feasibi l i ty  and safety of 
handling highly radioact ive materials in  a n  under- 
ground environment have  been demonstrated. T h e  
s tabi l i ty  of t h e  s a l t  under the  effects of heat  and 
radiation w a s  s h o w n ,  as  well a s  t h e  capabi l i ty  of 
so lv ing  minor s t ruc tura l  problems by s tandard 
mining techniques. T h e  d a t a  obtained on t h e  
creep and p las t ic  flow charac te r i s t ics  of t h e  s a l t  
should make i t  poss ib le  t o  arrive a t  a s u i t a b l e  
mine d e s i g n  for a d isposa l  facility. A study of 
the economics of d i s p o s a l  in s a l t  mines ind ica tes  
that t h i s  method will be  compatible with competi- 
t ive nuclear power. All  t h e s e  i tems combined 
lead one t o  the  conclus ion  that  burial  in s a l t  
mines i s  one  of the  better methods, if not the  
bes t ,  for t h e  ultimate d i s p o s a l  of high-level so l id-  
ified w a s t e s .  

Based  on t h i s  conclusion,  a n  examination is now 
being made of t h e  desirabi l i ty  of es tab l i sh ing  a n  
ac tua l  prototype d i s p o s a l  faci l i ty  in the immediate 
future . 

. 

4. Engineering, Economic, and Safety Evaluations 

A hypothetical 6-ton/day nuclear f u e l  reprocess-  
ing plant  w a s  s i t e d  a t  ORNL, and e s t i m a t e s  were 
made of d o s e  equiva len ts  t o  a “s tandard man” 
working a t  t h e  Oak Ridge Gaseous Diffusion P l a n t  
and res id ing  in Oak Ridge for assumed r e l e a s e  
conditions of 85Kr and 3H. Modes of exposure 
considered were ingest ion,  inhalat ion,  submersion 
in contaminated a i r  and water ,  and irradiation from 
a contaminated sur face .  

Tritium re leased  to t h e  environment wil l  be ex- 
pected to  be  predominantly in the  hydrosphere and  
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 ill behave much t h e  same a s  ordinarv water. X1- 
though t h e  o c e a n s  and seas represent  the largest  
reservoirs  for di lut ion of tritium. their long turn- 
over t imes ,  e v e n  for the  s u r f a c e  7 5  m which mixes 
;a:hcr rapidly, w:ll prevent a t ta inment  nf umfcrrr! 
concentrat ion throughout t h e  circulat ing portion of 
the hydrosphere. 

Laboratory s t u d i e s  have been made on the dis-  
solut ion and movement of strontium that has  been 
coprecipi ta ted with caicium carbonate  in mineral 
exchange sys tems.  Mineral exchangers  have sub- 
s tan t ia l  c a p a c i t i e s  for hydrogen ion buffering. In 
order to dis lodge strontium from s u c h  a sys tem.  
it was found necessary  to  add suf f ic ien t  a c i d  t o  
overcome th is  buffering capac i ty .  Hence,  a sud-  
den change  i n  groundwater pH with a coincident  
re lease  of 90Sr i n  the  w a s t e  s e e p a g e  pi t  a rea  is 
highly unlikely. 

A s  a par t  of t h e  long-range w a s t e  management 
s tudy,  project ions were made of t h e  nuclear  power 
requirements and  t h e  reactor  mix that  may accom- 
modate t h e s e  requirements. Es t imates  were made 
of the  volumes of w a s t e  a n d  f i ss ion  products accu-  
mulated t o  year  2000. 

Factors that  need t o  be considered for  the  long- 
term, on-site s t o r a g e  of solid high-level w a s t e s  
are enumerated and d i s c u s s e d  in a qual i ta t ive 
manner. On the  b a s i s  of present  information, s a l t  
offers the optimum combination of propert ies  for 
a disposa l  formation. However, i t  s e e m s  poss ib le  
that  other formations may a l s o  be su i tab le .  

A study h a s  been  completed of the potent ia l  
d i sposa l  of br ine eff luents  from inland desa l t ing  
plants  by deep-well injection. P r e s e n t  pract ice ,  
c o s t s ,  and requirements for a d isposa l  operation 
were reviewed. 

5. Earthquakes and Reactor Safety 

A new technique,  ut i l iz ing microscopic measure- 
ments of rock spec imens ,  is b e i n g  developed for 
ut i l izat ion i n  reactor  site evaluat ions.  This tech-  
nique is based  on t h e  premise that cer ta in  e l a s t i c  
properties of rocks  t h a t  a r e  indicat ive of present  
s t r e s s  condi t ions c a n  be  determined and measured 
in the  laboratory. 

6 .  Dose-Estimation Studies Related to Peaceful 
Uses of Nuclear Explosives 

The information requirements for es t imat ing a 
population’s radiat ion d o s e  resul t ing from en- 
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vironmental releases ot’ radioactive material have 
been categorized.  Models have been developed 
and programmed to e s t i m a t e  expected radiation 
d o s e s  t o  populations in various hypothetical ex- 
p o s ~ r e  s ituitic\r?s re!atd to pcac~f j t l  uses of nu- 
clear  explos ives .  Radiation d o s e s  received from 
external  and internai s o u r c e s  of exposure a r e  
es t imated with computer c o d e s  en t i t l ed  EXREM 
and INREM respect ively.  T h e  modes of exposure 
considered for ex terna l  s o u r c e s  are:  submersion 
i n  contaminated air, submersion in contaminated 
water ,  and exposure  to a contaminated sur face .  
Ingestion and inhalat ion are t h e  modes of expo- 
sure  considered for internal  sources .  S teps  a r e  
outlined for u t i l i z ing  d o s e  estimates obtained with 
these  c o d e s  t o  identify the cr i t ical  radionucl ides  
in a given exposure  s i tuat ion.  A study to deter-  
mine t h e  radiological-safety feas ib i l i ty  of us ing  
nuclear explos ives  to excavate  a sea- leve l  c a n a l  
a c r o s s  t h e  i s thmus  of Central  America is under 
way, and t h o s e  e lements  whose radioact ive iso- 
topes a r e  of grea tes t  radiological importance to  
that s t u d y  have  been tentatively identified on . 

the b a s i s  of r e s u l t s  obtained by completing the 
second s t e p  of t h e  four-step c r i t i ca l  radionuclide 
identification procedure. Use ai the INREM code  
i s  demonstrated in d e t a i l  with a n  example e s t i -  
mating t h e  d o s e  received by a population exposed  
to  a n  atmosphere containing tritiated water  vapor. 
T h e  example  i l lus t ra tes  evaluat ion of t h e  age- 
dependent parameters and t h e  inf luence of the  a g e  
of t h o s e  e x p o s e d  upon t h e  resul t ing d o s e  es t imate .  
T h e  maximum variat ion among a g e  groups, i n  th i s  
case. i s  a fac tor  of 1.5. 

7. Related Cooperative Projects 

Representa t ives  of o ther  agencies  cont inued t o  
par t ic ipate  i n  t h e  Radioact ive Waste Disposa l  
Section’s s t u d i e s .  Two al ien guests  were in  
res idence during t h e  year. One member served  a s  
a s s i s t a n t  news edi tor  fcq t h e  United S t a t e s  for 
Health Phys ic s  and as a n  a s s i s t a n t  edi tor  of Nu- 
c l e a r  Safety. One member of t h e  s e c t i o n  partici- 
pated i n  cooperat ive programs w i t h  t h e  University 
of T e n n e s s e e  a n d  Vanderbilt University. T w o  
members of t h e  sec t ion  participated part t ime a t  
the Nuclear Safety Information Center. 
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PART It. RADIATION ECOLOGY 

8. Responses of Animal Populations to 
Ionizing Radiation 

Data from hematological and  radiat ion e f fec ts  
s t u d i e s  on m a m m a l s  were ut i l ized for comparisons 
of radiat ion mortality in  t h e  hemopoietic death 
range as typif ied by LD50(30-60  days) observa- 
tions. An index w a s  obtained by multiplying av- 
e rage  interphase chromosome volume (ICV) of t h e  
lymphocyte by t h e  e l i m h a t i o n  cons tan t  of 59Fe 
(Ad for  e a c h  s p e c i e s .  T h i s  index  g i v e s  c l o s e  
predict ions of LD,, (rads) for t h e  s p e c i e s  for 
which d a t a  a r e  ava i lab le .  Present ly  the relation- 
s h i p  ICV ( F e  A b )  is l inear ,  but i t  is ant ic ipated 
that  i t  wi l l  b e  sigmoid when d a t a  a r e  obtained 
for t h e  extremely radiosensi t ive and  radioresis- 
tant  species. An in te res t ing  observat ion during 
hematological s t u d i e s  of co t ton  ra t s  w a s  t h e  rapid 
recovery of WBC counts  after irradiation of indi- 
viduals  infected with a blood paras i te ,  Hepatozoon 
SP. 

It h a s  b e e n  hypothesized t h a t  t h e  increased  l i fe  
expectancy of animals  exposed t o  low radiation 
d o s e s  w a s  d u e  to a reduction i n  t h e  respirat ion 
rate. T h i s  hypothesis  w a s  t e s t e d  by measuring 
t h e  cont inuous oxygen consumption of c r icke ts  
(Acheta domesticus) exposed  t o  d o s e s  of gamma 
radiation from 0 t o  32 kilorads.  A variety of 
s t a t i s t i c a l  tests h i l e d  to demonstrate  differences 
in  oxygen consumption among t h e  irradiated 
cr ickets .  Thus  the increased  life expec tancy  of 
c r icke ts  exposed  to  low d o s e  l e v e l s  cannot  be  
explained by a reduction in respirat ion rate. 

Responses  of honeybees t o  irradiation could b e  
a n  important a s p e c t  of postat tack.recovery of agri- 
cul tural  l andscapes .  Irradiation experiments  of 
samples  of about  150 b e e s  showed a reduction of 
22% i n  l i fe-span of bees exposed  t o  5000 rads of 
6oCo gamma irradiation. On t h i s  b a s i s  f i v e  en t i re  
co lonies  of bees were exposed to 5000 rads of 
6oCo irradiation in a large animal  irradiator t o  
determine e f f e c t s  of irradiation on pol len collec- 
tion. Surprisingly, t h e  irradiated c o l o n i e s  c e a s e d  
to function as social uni t s  within t w o  weeks. 
P o l l e n  co l lec t ions  in t h e  irradiated co lonies  were 
61% of t h e  controls  t h e  week before  inadia t ion ,  
but i n  t h e  week following exposure  t h i s  dropped 
to  28%; two weeks  pos t  irradiation, pollen col- 
l ec t ions  were 7% of controls ,  and i n  t h e  third 
week no pollen w a s  co l lec ted .  At t h e  e n d  of 

three w e e k s  about  200 of t h e  87,000 irradiated 
adul t  b e e s  survived. 

tween two c lose ly  reiated s p e c i e s ,  Drosophila 
rnelanogaster and D .  simulans, w a s  tested in 
controlled laboratory populat ions.  Althougn adul t s  
of Drosophila c a n  surv ive  s e v e r a l  kilorads of gamma 
radiation and populations are e a s i l y  maintained 
while receiving a n  a c u t e  or chronic  d o s e  of 2000 r 
every generation, a d o s e  of 1000 rads  given every 
three weeks  t o  adult male D .  melanogaster w a s  
suff ic ient  t o  e l iminate  t h i s  s p e c i e s  when it w a s  
in competition with D. simulans. In the control 
population D. melanogaster quickly became t h e  
most abundant s p e c i e s .  T h e s e  resul ts  i l lustrate  
the effects of competition interact ing with a n  
addi t ional  radiation s t r e s s .  

T h e  Gambusia population in White Oak Lake i s  
exposed t o  a chronic radiation d o s e  oi about 11 
rads iday .  To determine whether  White Oak L a k e  
fish had acquired radioresis tance,  the  LD50,30  
for t h e s e  f i sh  w a s  compared with Gambusia f rom 
a nonirradiated population. T h e  LD, o ,  
populations w a s  s l ight ly  greater than  3000 rads 
and not significantly different  from e a c h  other. 
Gambusia as a s p e c i e s  appears  t o  be  relatively 
radioresis tant .  

T h e  interact ion of radiation and competition be- 

of both 

9. Responses of Plants to Ionizing Radiation 

Studies  of t h e  effects of e x t e r n a l  be ta  radiation 
on higher plants  were ini t ia ted t o  determine ra- 
diosensi t ivi t ies  of nat ive plant s p e c i e s  and t o  
provide es t imates  of t h e  ecologica l  e f fec ts  of 
postat tack fallout on plants .  Fa l lou t  s imulant ,  
cons is t ing  of s a n d  (44 to 88 in diameter) con- 
taining approximately nc of "Sr per  particle, 
w a s  applied t o  various organs of white  pine, 
cottonwood, cocklebur, and bean plants .  In a l l  
cases plant par ts  which received c o n t a c t  expo- 
s u r e s  were killed, while other  plant  organs s u r -  
vived with varying degrees  of biological  damage 
depending upon d i s t a n c e  from the  contaminated 
area of t h e  plant. Contaminated white  pine ter- 
minal buds receiving contac t  d o s e s  of 54 to 310 
rads/hr s ta r ted  turning brown within f ive  days 
and by ten days were  dehydrated and brittle. 
Shoot growth from buds below contaminated buds 
received d o s e s  varying be tween 70 and 200 
millirads/hr and showed a n  average growth re- 
duction of 47% a t  30 days .  Browning of the 
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fol iage occurred rnucn ear l ier  from t h e  be ta  ra- 
diation than expec ted  on the  basis  of previous 
experience with plant exposures  t o  gamma radia- 
tion, Furthermore, t ranslocat ion of ""Sr to other 
parts OL t h e  plant occurred,  and  in t h e  case oi 
beans the fruit contained 0.4 to 5.0 n c  of "Sr 
per gram. 

Aquatic microcosms containing various combi- 
nations of phvs ica l  components ( so i l ,  water ,  and 
container sur face)  and biological  components 
(Phvsa  heterostropha. Najas f lexi l is .  and Elodea 
canadens is )  were used  t o  determine the  effect of 
increased biot ic  complexity on 'Co a n d  l 3  'Cs  
cycl ing  parameters and t o  t e s t  t h e  s tab i l i ty  of the 
cyc l ing  parameters  under exposure  t o  suble tha l  
and le tha l  d o s e s  of fast-neutron irradiation. Gen- 
eral ly ,  cyc l ing  parameters of 
diss imilar  in l e s s  complex microcosms and con-  
verged toward s imilar i tv  a s  complexity increased.  
System s tab i l i ty  w a s  related more t o  t h e  sensi t ivi ty  

' of biological interact ions than  t o  the sens i t iv i ty  of 
individual organisms.  On the  bas i s  of mineral 
cyc l ing  parameters  t h e  s impler  microcosms were 
l e s s  s t a b l e  t h a n  t h e  complex ones  t o  a moderate 
s t r e s s  (100 rads)  but more s t a b l e  than  complex 
sys tems when s u b j e c t e d  t o  a n  extreme s t r e s s  
(1000 rads). 

'Cs and 6oCo were 

10. Radionuclide Cycl ing in Terrestrial  
E c os y s terns 

Sampling of t h e  tul ip  poplar forest tagged with 
137Cs continued t o  further define r a t e  c o n s t a n t s  
for t h e  redistribution of 'Cs through t h e  eco- 
system. T h e  leaching  of 'Cs from l e a v e s  by 
rainfall h a s  been decreas ing  gradually s i n c e  
1962, but during July 1967 abnormally heavy rain- 
fall c a u s e d  more leaching  t h a n  in 1966. There  
was no detec tab le  increase  in d ispersa l  of radio- 
cesium beyond 20 m outs ide  the  experimental plot. 
Radioactivity i n  10 t o  20 m from t h e  plot i s  inter- 
mittent and  a p p e a r s  t o  be  related t o  the  d ispersa l  
of tagged l e a v e s ,  but within 10 m of t h e  plot a 
severalfold increase  in ' 7Cs may b e  related to  
other botanical  or zoological  processes .  
The weight l o s s  from dogwood leaves  during 

their first four w e e k s  in litter is c a u s e d  primarily 
by t h e  leaching of water-soluble  material. Weight 
loss w a s  37.5 F 1.7% and energy l o s s  w a s  27.7 2 

2.0% af te r  2 6  weeks ,  showing t h a t  t h e  material 
removed from t h e  l e a v e s  had a re la t ively low 

caloric value. Fungi  a re  important i n  the mobili- 
zat ion ot mineral e lements  in the litter. However. 
fungi c a n  obtain mineral e lements  e i ther  from the  
sol id  subs t ra te  or the  s o i l  solution. With l 3  'Cs 

a s  a tracer, experirrisnts showed t h t  
by fungi isolated from s o l i d  s u b s t r a t e s  was  pro- 
portional t o  the  l 3  ' C s  concentration in t h e  s o i l  
solution. For fungi  in d i rec t  contac t  with so l id  
substrate  the  concentration appears  to b e  propor- 
tional to  l 7Cs avai labi l i ty  in  t h e  subs t ra te .  
Availability i s  a function of decomposability and 
leachability of i 3  'Cs in  t h e  subs t ra te .  

Studies  of fores t  floor arthropods included chem- 
ical  ana lyses  of 37 s p e c i e s  for  C a ,  K ,  and Na. 
The calcium content  w a s  most var iab le  s i n c e  some 
s p e c i e s  have well-developed exoske le tons  rich in 
calcium. Because  of t h e  variability of a s h  con- 
tent, resul ts  were  expressed  as e lement  content 
per gram of ash-free weight. Excluding Diplopoda. 
a l l  o ther  arthropods averaged 1.89 mg of calcium 
per gram. The  dis t r ibut ion of sodium among s p e c i e s  
was  symmetrical, with a n  average  of 4.6 mg per 
gram of ash-free dry weight. T h e  potassium fre- 
quency curve w a s  positively skewed,  due to  the  
occurrence of high v a l u e s  in  a few diplopod 
spec ies .  Generally potassium and sodium con- 
centrat ions were  cons is ten t  within and among 
major taxonomic ca tegor ies .  Whole-body concen- 
trations of potassium and ces ium d e c r e a s e  with a n  
increase in trophic leve l ,  while  sodium increases  
a t  t h e  higher trophic level .  In addition to  trophic 
level  differences,  some s p e c i e s  exhibited s e a s o n a l  
differences in their chemical  composition. T h e s e  
differences were  at t r ibuted t o  changing  s e a s o n a l  
composition of t h e  food b a s e  for the  organisms. 
Food chain t ransfers  of nutr ients  between trophic 
levels  involve charac te r i s t ic  d e l a y s  or t ime l a g  
phenomena. Equat ions were developed t o  al low 
prediction of 
trophic leve ls  in the ces ium forest. A 30-day bio- 
logical half-life was  obtained for  the  saprovore 
trophic level ,  which apRroximated t h e  biological  
half-life determined prev'lously for s e v e r a l  of t h e  
spec ies .  This predictive equat ion may be appli- 
cab le  t o  t h e  study of environmental pol lutants  in 
food cha ins .  

redistribution on a f e s c u e  meadow were  made t o  
evaluate  potential l 3  7Cs l o s s e s  from t h i s  field t o  
be tagged with 7Cs-contaminated s a n d  grains. 
T h e  four experimental plots  wil l  contain 8 cur ies  
of contaminant, and est imated l o s s e s  through 

'CS u p t ~ k e  

7Cs concentrat ions i n  s u c c e s s i v e  

Preliminary es t imates  of eros ion  and  radiocesium 
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eroded s o i l  and  runoff water were 1.7 mcivear .  
Agreement between t h e s e  resul ts  and those  pre- 
dicted by the  Wischmeir and  Smith so i l - loss  equa-  
tion were relatively good, consider ing tha t  the 
predictive model w a s  derived for cul t ivated svs- 
terns and t h a t  t h e  topographic features  of the  ex-  
perimental plots approach t h e  lower limits for 
which t h e  model i s  appl icable .  

11. Rodionuclids Cycling in Aquatic Ecosystems 

F i s h  from White Oak L a k e  a r e  being a s s a y e d  t o  
determine t h e  body burden of 13’Cs, lo6Ru,  and 
6oCo. Most emphas is  i s  being placed on 13’Cs in 
bluegi l ls  and  the comparat ive metabolism of cesium 
and potassium. T h e  biological half-life of 7 C s  
in White Oak L a k e  bluegi l ls  weighing 60 to 70 g 
(12OC) w a s  115 d a y s  and of 10-g f i sh  80 days.  
T h e  excret ion curves  obtained a r e  e s s e n t i a l l y  
linear a n d  d o  not show the  rapid in i t ia l  elimination 
of ’Cs ordinarily found i n  acutely tagged f ish.  
T h e s e  resu l t s  s u g g e s t  that  most of t h e  7 C s  in 
bluegi l ls  is a s s o c i a t e d  with t h e  long component 
in  biological  half-life curves .  Similar excretion 
experiments with snails and newts chronically 
contaminated w i t h  85Sr,  13’Cs, 54Mn, 6 5 Z n ,  and 
6oCo showed s imi la r  resu l t s  in that 80% or more 
of t h e  radionuclide burden w a s  assoc ia ted  with 
the  long  component i n  t h e  excret ion curve. T h e  
turnover of potassium by bluegi l ls  s tud ied  with 
42K-tagged f i s h  indicated a biological  half-life 
of about  16 d a y s .  T h i s  half-life i s  somewhat 
shorter  than  t h a t  indicated from potassium bal- 
a n c e  s tudies .  T h e  feeding habi t s  of White Oak 
L a k e  bluegi l ls  a r e  being s tudied  t o  measure feed- 
ing ra tes  of f i sh .  About 71% of t h e  d i e t  cons is ted  
of chironomid la rvae  and  pupae, 13% other insec ts  
and f i s h ,  and 16% detr i tus  and algae.  

R a t e s  of uptake,  s i t e s  of depos i t ion ,  and t h e  
biological half-life of 6oCo in  t h e  black bullhead 
were determined. Uptake of 6oCo w a s  rapid, and 
near-maximum leve ls  of ac t iv i ty  were obtained 
within one day,  but uptake experiments continued 
for s e v e n  d a y s .  T h e  most rapid uptake from water  
w a s  b y  g i l l s ,  gut, and  s tomach.  T h e  f l e s h  had a 
lower concentration, but s i n c e  i t  comprises  60% 
of t h e  body weight ,  it  w a s  a major source of whole- 
body act ivi ty .  Excret ion of 6 o C o  by f ish tagged 
in  water  a n d  by  those  f e d  tagged food w a s  com- 
Pared. F i s h  tagged in water  l o s t  28% of their 
ini t ia l  d o s e  in  t h e  f i rs t  day  of excret ion,  while 
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those  fed*tagged food los t  95.5% of their ini t ia l  
act ivi ty .  Otherwise t h e  excre t ion  c u r v e s  were 
s imilar ,  with the  f i r s t  component having a bio- 
logical half-life of 1.5 t o  4 d a y s .  a second com- 
ponent of 35 to 48 d a y s ,  and a third component 
having a long but  undetermined biological half-life. 
Dissec t ions  of White Oak L a k e  bul lheads  showed 
that s k i n  and bone contained proportions of 6oCo 
similar  to  those  i n  t h e  experimentally tagged f i sh ,  
while blood, l iver ,  and kidney were higher  than i n  
laboratory f ish.  T h e  kidney of these  f i s h  contained 
a major pool of 6oCo;  th i s  w a s  confirmed by s t a b l e  
cobal t  ana lyses ,  which showed that  t h e  kidney had 
more c o b a l t  per gram than  any  other t i s s u e .  Similar 
experiments a r e  under  way to d e f i n e  radiotungsten 
metabolism by t h e  bullhead. 

F e e d i n g  ra tes  of s n a i l s  were determined with a 
new a n d  s imple  radioisotopic method. Rocks with 
their a t tached aufwuchs were tagged by placing 
them i n  a 6 o C o  solut ion containing 2 t o  7 x lo4  
dis/min of 6 o C o  per milliliter. T h e  rocks  were 
rinsed and placed in c l e a n  water ,  and s n a i l s  were 
allowed t o  feed on the  rocks for 1 hr. After feed- 
ing, t h e  s n a i l s  were counted for  6 o C o  act ivi ty ,  
samples  of t h e  aufwuchs were  s c r a p e d  from the  
rock and OCo act ivi ty  per milligram w a s  de- 
termined. Dividing t h e  6oCo act ivi ty  i n  the 
s n a i l s  by 6 o C o  per milligram of rock yielded t h e  
milligrams of aufwuchs consumed per hour. Move- 
ment of food through the  gut of s n a i l s  w a s  s l igh t  
within t h e  1-hr period and reached a maximum a t  
2 hr a f te r  t h e  s t a r t  of feeding. F e e d i n g  rates  of 
s n a i l s  determined by t h i s  method varied f rom 0.01 
to 0.08 mg of aufwuchs per hour. 

12. Watershed Aquatic Habitat Interactions 

T h e  paired Walker Branch watersheds  were es- 
sent ia l ly  completed as a research  fac i l i ty  during 
the year ,  and experimental programs were planned 
and ini t ia ted.  Two 120° V-notch weirs  were con- 
s t ruc ted ,  and stage-height recorders and  propor- 
tional water  samplers  were instal led.  Wong pre- 
cipitation col lectors  were modified t o  s e r v e  a s  
differential col lectors  of dry fal lout  and  rain- 
scavenged materials and were ins ta l led  a t  e a c h  
of t h e  five gage s i t e s .  T h e  computer program for 
data  reduction and  processing i s  about  50% com- 
plete. An innovation in  ident i f icat ion of storm 
events  i s  through the u s e  of rainfall intensity- 
duration records rather than t h e  s t ream hydrograph. 
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Preliminary chemica l  a n a l y s e s  s h o w  t h e  ionic 
content  of the  water  IS essent ia l ly  normal for a 
s t ream in a l imestone formation. T h e  w e s t  fork of 
Walker Branch generally fol lows expected pat terns  
oi caicium and magnesium content  a s  different  
spr ings  flow into the  s t ream. The  east fork  h a s  
some anomalies  i n  d isso lved  ca lc ium and magne- 
sium content  which may b e  t h e  consequence  of 
soil formations i n  a rea  ad jacent  to  the  s t ream.  
A sof t  water  s p r i n g  is located in a n  area of 
Tarkl in  soil. T h i s  s o i l  h a s  a fragipan. and it 
was  hypothesized t h a t  incoming precipitation 
percolates  t o  the  fragipan and then  flows laterally 
to emerge a t  t h e  s p r i n g  without contact ing the  
limestone bedrock. A more t y p i c a l  s p r i n g  nearby 
is located in a n  a rea  of highly permeable Bodine 
s o i l s ,  and  hard water  occurs  through contac t  with 
limes tone. 

Aquatic fauna of both forks w a s  sampled t o  de- 
termine t h e  biot ic  resources  ava i lab le  for  s tudy .  
Approximately 60 different s p e c i e s  were co l lec ted  
and preliminary ident i f icat ions made. T h e  s n a i l  
Goniobasis c lavaeformis  is one of t h e  most obvious 
components of t h e  community. However, a large 
number of c a d d i s  f l i e s ,  mayflies, and s tonef l ies  
are  also present. 

13. Systems Ecology 

The developing s y s t e m s  approach t o  ecology re- 
ceived added support  from a Ford Foundat ion 
Grant which permitted a number of v is i t ing  in- 
vest igators  to u t i l i ze  fac i l i t i es  a t  the  Laboratory. 
In addition t o  the  ongoing programs t h e s e  investi- 
gators were a b l e  t o  summarize d a t a  ava i lab le  from 
a number of e c o s y s t e m s  and i n  some cases de- 
velop models from t h e  empir ical  data .  These 
models ate instruct ive in s e v e r a l  w a y s ,  but per- 
haps most important i s  the  potent ia l  for interact ion 
of t h e  model resu l t s  with experimental  programs. 

14. Forest Management 

The fores t  management program achieved  i t s  
mean annual  cu t t ing  rate of 1,500,000 bd ft of 
sawtimber for t h e  f i r s t  time. Thinning of the  
20-year-old loblolly and  short leaf  pine planta- 
tions yielded 3300 cords of pulpwood and  fence  
posts .  Fores t  management is conducted in co- 
operation with ecologica l  research  on  t h e  AEC 
feservat ion. 

PART I l l .  RADIATION PHYSICS 

15. Theoretical Radiation Physics 

A new ev-aluaiiofi has been made of mcati CXC: 

tation energies  for some 36 compounds and mix- 
tures of importance in radiation dosimetry. Dose 
buildup due  to  d e l t a  rays  in a sof t - t i s sue  s l a b  
bombarded by normally incident  high-energy pro- 
tons h a s  been s tudied.  A simplified model for 
nuclear interact ions h a s  been  u s e d  t o  obtain 
es t imates  of d o s e  for neutrons and protons in 
the range from 0.4 to  2 Gev incident  upon a sot t -  
t i s s u e  s lab .  Numerical ca lcu la t ions  have  been 
made of ground-state energ ies  and e igenvalues  
for a n  e lec t ron  i n  the  f ie ld  of a s ta t ionary e lec-  
tric dipole. The quantum theory of a process  in  
which a photon exc i tes  a normal s u r f a c e  plasmon 
which then undergoes radiat ive decay by colli- 
s ion  with density f luctuat ions in  the  plasma h a s  
been formulated. T h e  Coulomb exc i ta t ion  and  
radiative decay of spher ica l  plasmons has  been 
investigated theoretically. A fundamental 
quantum-theoretic s tudy of t h e  probability of 
multiple real  t ransi t ions in a n  interact ing fermion- 
boson sys tem h a s  been  carr ied out. The mean 
free path of low-energy e lec t rons  in a free- 
e lectron gas  h a s  been ca lcu la ted  using a Bethe- 
Goldstone formulation. An explanat ion of Wood 
grating anomalies in terms of intermediate reso- 
nant sur face  plasmon s t a t e s  h a s  been given. A 
Monte Carlo code  for ca lcu la t ing  t h e  penetration 
of low- and intermediate-energy e lec t rons  in  metal- 
insulator-metal d iodes  is descr ibed.  The  effect  of 
sur face  plasmon decay in  the  spectrum of e lectrons 
e jec ted  from a metal by energe t ic  charged par t ic les  
h a s  been investigated theoret ical ly .  Progress  in 
the calculat ion of internuclear potential energy as 
a function of nuclear separa t ion  in  a diatomic mole- 
c u l e  using Klein's s e m i c l a s s i c a l  method is de- 
scr ibed.  A theory of exchange and nonadiabatic 
polarization e f f e c t s  in low-energy e lec t ron  s c a t -  
tering on a n  atomic syste'rn has  been developed 
and i s  being applied to  s c a t t e r i n g  on a lka l i  a toms 
and noble-gas atoms. 

16. Interaction of Radiation with Liquids 
and Solids 

Reflectance and/or t ransmit tance measurements 
have been analyzed to yield opt ical  cons tan ts  in 
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the  vacuum ultraviolet for anodized and s ingle-  
c rys ta l  A1,0, and for  evaporated films of Te, Pd. 
Ni, a n d  Au. In addi t ion,  a n  el l ipsometer  has  been 
constructed and used  t o  determine t h e  optical con- 
s t a n t s  of P d  a t  long wavelengths .  Photoemission 
measurements have b e e n  made on Cu,  P d .  and N i  
over t h e  same energy range as  the  opt ical  measure- 
ments. 

T h e  opt ica l  cons tan ts  for A 1 , 0 ,  show character- 
i s t i c s  s imilar t o  the insulators  s tud ied  previously. 
Interpretation i s  in  te rms  of (1) single-electron 
exciton and interband t rans i t ions  and ( 2 )  col lect ive 
plasma osc i l la t ions .  T h e  opt ical  properties of 
polycrystalline tellurium are  very s imilar  to  those  
of se len ium reported previously. In both materials 
two different volume plasma osc i l la t ions  c a n  occur  
involving ei ther  two or s i x  valence e lec t rons  per 
atom. Correlation of opt ical  and photoemission 
da ta  h a s  resu l ted  in t h e  identification of d i scre te  
l o s s e s  suffered by photoexcited e lec t rons  prior to 
emission.  T h e s e  d i s c r e t e  l o s s e s  a r e  due to the  
exci ta t ion of interband t rans i t ions  or volume 
plasma osc i l la t ions .  In f a c t ,  it appears  that  t h e  
ine las t ic  s c a t t e r i n g  of photoelectrons generated 
by relat ively low-energy photons c a n  b e  interpreted 
in terms of t h e  s a m e  theory derived for t h e  ine las t ic  
sca t te r ing  of e lec t rons  of much higher energies .  

T h e  opt ical  da ta  for gold were used  t o  eva lua te  
gold triple-reflection p o l a r i z e s  of different geom- 
e t r ies .  It is sugges ted ,  b e c a u s e  of differences 
observed between different  gold f i lms,  tha t  meas- 
urements should  be  made of t h e  opt ica l  constants  
of t h e  gold each  time tha t  s u c h  a reflection-type 
polarizer i s  constructed.  It w a s  found t h a t  in 
cer ta in  wavelength regions i t  IS poss ib le  to  ob 
ta in  99% polarization with approximately 20% 
transmission of t h e  polar ized beam. A triple- 
reflection polarizer w a s  used  t o  s tudy the po- 
larization, introduced by t h e  grating, of t h e  ra- 
diat ion emerging from a Seya-Namioka monochro- 
mator. I t  w a s  found t h a t  t h e  polarization properties 
of concave  diffract ion gra t ings  vary with time and 
are  different for different grat ings.  Generally, 
there a r e  s e v e r a l  s h a r p  p e a k s  in t h e  rat io  of the 
polarized components, some of which may be 
attributed t o  t h e  c rea t ion  and  deexci ta t ion of  
volume Or s u r f a c e  plasmons. Studies  on gratings 
a re  very important, as they cons t i tu te  t h e  principal 
opt ical  component in a l l  ultraviolet spectrometers .  
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17. Atomic and Molecular Radiation Physics 

Electron transport in g a s e s  yielded t h e  first ex-  
perimental ev idence  for t h e  minimum dipole moment 
necessary  t o  bind a n  e lec t ron  t o  a polar molecule. 
Studies  on the sca t te r ing  of thermal  e lec t rons  from 
41 pure polar molecules indicated for t h e  first t i m e  
the poss ib le  e f fec t  of a potent ia l  resonance on t h e  
sca t te r ing  of low-energy e lec t rons  from polar mole- 
cu les .  Electron attachment c r o s s  s e c t i o n s  have 
been obtained for 21 toxic hydrocarbons, the toxic  
action of which h a s  been  related to the i r  abi l i ty  
to  a t tach  e lec t rons  t o  form rad ica l  and negative-ion 
fragments. An increase  in  c r o s s  s e c t i o n  h a s  been 
observed with increasing toxici ty .  A comprehensive 
ana lys i s  of a l l  t h e  ava i lab le  d a t a  on d issoc ia t ive  
electron attachment to molecules h a s  been  made 
which demonstrated the e f f e c t  of leve l  c r o s s i n g  
and autoionizat ion on the magnitude of t h e  c r o s s  
sect ion.  Absolute  cross s e c t i o n s  for parent nega- 
tive-ion formation t o  a number of aromatic mole- 
c u l e s  (including anthracene and 1,2-benzanthra- 
cene)  have  been obtained,  and t h e  relat ion of the  
attachment c r o s s  s e c t i o n  t o  the  energy of the f i rs t  
exci ted n-singlet s t a t e  a s  wel l  a s  t o  the electron 
affinity of t h e  molecules s t u d i e d  h a s  been  invest i -  
gated. A comprehensive s tudy of t h e  excited 
electronic  states of benzene a n d  naphthalene ex- 
c i ted b y  photons and e lec t rons  has  been made, and 
new e lec t ronic  t ransi t ions have  been identified. 
New techniques have  been proposed for t h e  s tudy 
of ' X g  s t a t e s  of aromatic  molecules. T h e  emission 
and decay from organic  l iquids  under intense e lec-  
tron bombardment have been found t o  be  character- 
i s t ic  of s ingle t - s ta te  excimers .  Emission from 
tr iplet-s ta te  exc imers  h a s  been  clear ly  observed 
for t h e  f i r s t  time. Lifet imes of exc i ted  s t a t e s  of 
organic molecules exci ted by e lec t ron  impact have  
been measured. Calculat ions have been  made also 
for t ransi t ion y ie lds  in irradiated pses. Final ly ,  
the role of t h e  resonance  s t a t e s  of noble  g a s e s  in 
the so-called J e s s e  e f fec t  h a s  been  demonstrated. 

18. Electron and Ion Col l is ion Physics 

A number of new techniques have been developed 
and appl ied to  the s tudy  of the interaction of  low- 
energy electrons and negative ions with molecules. 



xvii 

T h e s e  techniques have provided new information 
about  many important fundamental co l l i s ion  proc- 
esses a n d  about  t h e  s t ructure  of t h e  common g a s e s  
(e .g . ,  water, ammonia, hydrogen chlor ide,  e tc . ) ,  
compiex moiecules (e.g., benzene.  naphthalene,  
azu lene .  e tc . ) ,  and molecules of biological  interest  
(e .g . ,  pyridinej. 

trons, t h e  threshold exci ta t ion spec t ra  of benzene.  
naphthalene. chloronaphthalene. nitrobenzene. azu-  
lene.  pyridine. and xenon hexafluoride have been 
s tudied for the f i r s t  time. T h e  resul ts  exhibi ted 
considecable new information about  t h e  exc i ted  
s t a t e s  of t h e s e  molecules (espec ia l ly  t h e  position 
of triplet s t a t e s )  and t h e  e x i s t e n c e  of temporary 
negative ion s t a t e s .  T h e  degenerate  temporary 
negative ion resonance i n  benzene w a s  found t o  
be s p l i t  into two resonances  for pyridine - one a t  
the energy of t h e  benzene  resonance and another 
approximately '2 v lower in energy. T h e  temporary 
negative ion resonance in naphthalene w a s  ob- 
served to  shif t  t o  lower energy with the addition 
of chlor ine or bromine onto one of t h e  r i n g  s t ruc-  
tures. Transient  negat ive ion s t a t e s  were a l s o  
s tudied in  e thylene,  carbon d ioxide ,  ,and f ive 
fluorobenzene derivatives. T h e  f luorobenzene data  
provided evidence for a l inear  increase  in  t h e  e lec-  
tron affinity with increas ing  number of fluorines 
added t o  the benzene  ring. 

Nondissociative electron at tachment  t o  poly- 
atomic molecules h a s  been  the focus of much 
fruitful s tudy.  An e lec t ron  swarm procedure h a s  
been developed to  measure e lec t ron  diffusion and 
electron attachment r a t e s  under z e r o  field condi- 
tions where t h e  e lec t ron  swarm energy distribution 
is most cer ta inly thermal. Negat ive ion lifetimes 
have been determined very accura te ly  for azulene  
and some e i g h t  aromatic  a n d  a l i c y c l i c  fluorocar- 
bon molecules. T h e  la t ter  r e s u l t s  exhibi ted a 
very s t r ik ing  i n c r e a s e  in lifetime with increas ing  
number of atoms in the molecule. Furthermore, 
the experimental resu l t s  q uai i ta t ively agreed with 
Previous theoret ical  predictions. 

Dissociat ive e lec t ron  at tachment  p r o c e s s e s  have 
been s tudied in  ammonia, deuterated ammonia, car- 
bon dioxide, carbon monoxide, nitrogen dioxide,  
nitrous oxide, naphthalene, chloronaphthalene,  
bromonaphthalene, a series of fluorocarbons, and 
xenon hexafluoride. A ra ther  complete  study of 

Employing SF0 a s  a scavenger  of low-energy e iec-  

ammonia and deuterated ammonia yielded the mag- 
nitude and energy dependence of the uoss sec- 
t ions,  t h e  ions formed, kinet ic  energies  of  the 
negative hydrogen ions, and t h e  e lec t ron  impact 
exci ta t ion spectrum. Measurements of the ap- 
pearance potent ia ls  of 02- and NO- f rom nitrogen 
dioxide have provided interest ing lower limits to  
the e lec t ron  aff ini t ies  of t h e s e  molecules. 

A new technique has  been  developed t o  s tudv  
negative-ion-molecule react ions in t h e  energy 
region from 0 t o  2 ev.  Reac t ions  of H- (and D-) 
ions with H,O (and D,O) a r e  shown to lead t o  OH- 
(and OD-) with a qui te  large c r o s s  s e c t i o n  which 
increases  with decreas ing  energy. A s ignif icant  
isotope effect favoring the  D- + D 2 0  + OD- - 
D, reaction w a s  observed. Simple charge-exchange 
react ions of 0- with NO, leading t o  NO,- have 
a l s o  been s tudied  as a funct ion of the  0- ion 
energy. 

19. Gwduate Education and Vocational Training 

In the  Graduate Educat ion and Vocational Train- 
ing Program, f ive  AEC Heal th  P h y s i c s  Fe l lows  
came to ORNL for summer t ra ining in appl ied 
heal th  phys ics  and research.  Two came from t h e  
University of Rochester  and  one  e a c h  from the 
Universities of California, I l l inois ,  and Vander- 
bilt. T h e  book Pr inc ip les  of Radiat ion Protection: 
A Textbook in Heal th  P h y s i c s  w a s  published i n  
December 1967. T h i s  book should b e  widely used  
in health phys ics  educat ion.  Thirty-five co l leges  
and univers i t ies  were vis i ted,  and heal th  physics  
research and c a r e e r  opportunities were d i s c u s s e d .  
Nineteen graduate  s t u d e n t s  conducted t h e s i s  re- 
search  i n  t h e  Heal th  P h y s i c s  Division for t h e  M.S. 
or Ph.D. degree during t h e  year. A t o t a l  of 38 
university personnel  ranging from undergraduates 
to professors s p e n t  l a s t  summer in t h e  Health 
P h y s i c s  Division. Several  of our s taff  a s s i s t e d  
the University of T e n n e s s e e  P h y s i c s  Department 
in writing research proposals  t o  government 
agencies .  T h e  Division cooperated with Oak 
Ridge Assoc ia ted  Universi t ies  in screening  of 
appl icants  for USAEC Fel lowships;  participation 
in a n  eight-week course  in  Heal th  P h y s i c s  for  
col lege teachers;  and a s s i s t a n c e  in present ing 
a ten-week course  and a three-week course  for 
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s t a t e  personnel. Lec tures  were  given a t  several  
courses  for  M.D.’s en t i t l ed  “Medical Radioisc- 
topes .”  One member of the  Division spent  s i x  
weeks  in Bombay, India ,  giving a s e r i e s  of lec-  
tures  on  radiation phys ics  a t  t h e  Bhabha Research 
Center. 

20. Physics of Tissue Damage 

In the  P h y s i c s  of T i s k u e  Damage program the 
opt ical  properties of liquid water  in  the  vacuum 
ultraviolet s p e c t r a l  region were measured for t h e  
f i r s t  t ime.  Two methods were employed. In one 
the re f lec tance  of water  in  equilibrium with i t s  
vapor w a s  measured over t h e  s p e c t r a l  region from 
1050 to 3000 A for  three a n g l e s  of incidence. In 
the  s e c o n d  method quartz  or C a F 2  semicyl inders  
were used  with the  liquid in contac t  with the f la t  
portion of t h e  semicyl inder  in a s e a l e d  cell. 
Light  w a s  incident  and exi ted from t h e  semicyl-  
inder on the  curved sur face  a t  various angles .  
T h e s e  two methods together  yielded v a l u e s  of n 
and k, t h e  r e a l  and imaginary par ts  of t h e  index 
of refraction; and E ~ ,  t h e  real and  imaginary 
par ts  of t h e  d ie lec t r ic  cons tan t ;  and -1m ( l / ~ ) ,  
t h e  imaginary part of t h e  reciprocal complexing 
dielectr ic  constant .  One p o s s i b l e  interpretation 
of t h e  o p t i c a l  d a t a  is tha t  there is a n  exci ton 
t ransi t ion a t  8.3 e v ,  a n  interband t ransi t ion a t  
9.6 e v ,  and a band gap of 9 ev .  T h u s  liquid water  
h a s  opt ica l  and electronic  propert ies  very much 
l ike t h o s e  of insulators ,  s u c h  as AI,O,. Other 
ac t iv i t ies  in t h i s  program included a xecalibration 
of t h e  e lec t ron  spectrometer  used  to measure elec- 
tron slowing-down s p e c t r a  with t h e  thought that  
the anomalously large e lec t ron  fluxes found in  low 
energy might b e  at t r ibuted t o  a spur ious  response  
of t h e  instrument. However, t h e  instrument w a s  
found t o  respond as expec ted ,  and t h e  discrepancy 
between t h e  Spencer-Fano theory and our resu l t s  
remains. Further measurements were taken on the  
t ransmission of very low-energy e lec t rons  (2 ev- 
3000 e v )  through thin layers  of aluminum and 
sodium. Approximately 28% transmission w a s  
found out t o  20 e v ,  whereupon the t ransmission de- 
c reased  t o  essent ia l ly  zero  a t  about  50 e v ,  became 
unity aga in  between 400 and  1100 e v  depending on 
film th ickness ,  and went  negat ive beyond th is  en- 
ergy (more e lec t rons  were  e jec ted  from t h e  f i lms 
than were absorbed by t h e  f ilms). 

PART I V .  RADIATION DOSIMETRY RESEARCH 

21.  Dosimetry for Human Exposures 
and Rodiebialot~y 

T h e  most s ignif icant  accomplishment in the do- 
simetrv s tudy for survivors  of t h e  nuclear bombings 
of Hiroshima and Nagasaki  w a s  t h e  determination 
of the  energy yield of t h e  Hiroshima bomb, the  
yield w a s  12.5 i 1.25 kilotons. Progress  in the  
evaluat ion of t h e  sh ie ld ing  afforded by heavy con- 
crete  s t ructures  w a s  made,  and t h e  development 
of techniques for calculat ion of d o s e s  for the in 
utero c a s e s  w a s  commenced. Analys is  of da ta  
from Operation HENRE w a s  largely completed, 
an e s p e c i a l l y  significant f ind ing  w a s  a prominent 
but unexpected gamma-ray peak which w a s  attrib- 
uted t o  the  react ions b O ( n , a ) l  3C* + n + 12C* + 

” C  - 4 43-Mev gamma ray 

22. Applied Research 

A highly noteworthy development in t h e s e  s tud ies  
w a s  the  development of “thermally s t imulated exo- 
electron emiss ion”  (TSEE) a s  a dosimetry system. 
The  sys tem incorporates F e a t  s e n s i t i v i t y  (can be 
much l e s s  than 1 m r  of gamma radiation), low 2 
(e.g., BeO), wide d o s e  range (over ten orders of 
magnitude), and ,  by us ing  different  de tec tors ,  t h e  
capabi l i ty  t o  d is t inguish  between radiat ions of 
different L E T .  

Another development h a s  been  t h e  extension of 
the etch-pit method of identifying charged-particle 
t racks in insulat ing s o l i d s  to permit a lpha dosim- 
etry (i.e.,  airborne ac t iv i ty  s u c h  as  in uranium 
mines). 

Special “low-2’’ g l a s s e s  of s ilver-activated 
lithium borate  were developed for  gamma-ray do- 
simetry by t h e  radiophotoluminescence technique; 
the g l a s s e s  were found t o  have promise in neutron 
dosimetry as well. 

23. Spectrometry Research and Development 

Except  for t h e  reduction and a n a l y s i s  of data  from 
Operation HENRE ( s e e  above) ,  the emphas is  of the  
study was on accurate  and  a b s o l u t e  calibration of 
both neutron and  gamma-ray spectrometers .  T h e  
3-Mv Van d e  Graaff accelerator  in  t h e  High Voltage 
Laboratory w a s  used ex tens ive ly  in t h e s e  s t u d i e s .  
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Another important area ot invest igat ion w a s  that  
ot deveioping a good organic sc in t i l l a tor  bv u s e  
of zone-refined quaterpnenvl. Thus  tar. the  re- 
tining h a s  produced crvs ta l s  having l ight  output 
tor . - - C s  gamma ravs a s  greac as tnat  ot anthra- 
c e n e  to within z5%. 

Calculat ions ot recoi l  par t ic le  spec t ra  in neu- 
tron-irradiated t i s s u e  have been comuleted for the  
cases of 3- ana l4-Mev neutrons incident  on 30- 
cm-aiam cv Iinaers. 

24. HPRR and DLEA Operations 

T h e  HPRR w a s  used  extensively i n  dosimetry. 
radiobiology, and radiobotanical  s tud ies .  There 
were no malor modifications and no signif icant  
changes in  operat ing procedures. 

for precise  energy  s e l e c t i o n  of charged par t ic les  
to be used i n  stopping-power s t u d i e s .  

The  DLEA w a s  modified e x t e n s i v e l v  to provide 

i PART V. INTERNAL DOSIMETRY 

25. Internal Dose Estimation 

T h e  f luctuat ions of da i ly  excret ion leve ls  of 
plutonium in hospi ta l  pat ients  receiving a s i n g l e  
intravenous inject ion of plutonium were s tudied  
and reported in  1967 (ORNL-4168, p. 273). Fol-  
lowing a s ingle  intake to blood, subsequent  s ig-  
nificant increments of intake w ould b e  expec ted  
ei ther  to c h a n g e  the general  trend of t h e  excret ion 
curve or t o  produce a n  e x c e s s  of high values .  
During t h e  p a s t  year  a plutonium worker (not a n  
ORNL employee) suffered a minor c u t  which w a s  
contaminated with 23gPu. T h e  excre t ion  d a t a  
were made ava i lab le  with a reques t  for assess- 
ment of t h e  body burden. T h e  interpretation re- 
quired s o m e  c h a n g e s  in  the computer code  because  
of t h e  ear ly  e x c i s i o n  of t i s s u e  and treatment with 
DTPA. Study of t h e  trend of the  d a t a  a n d  of t h e  
distribution of t h e  amounts excre ted  per d a y  sup-  
ports the conclus ions  t h a t  t h e  t reatment  did en-  
hance  excretion and  t h a t  t ranslocat ion of plu- 
tonium from t h e  wound t o  bone af ter  the f i r s t  dav  
was minimal. 

A Monte-Carlo-type computer program for es t i -  
mating t h e  absorbed fraction of g a m m a  energy in 
a “target”  organ f rom a uniform source  in a 

source”  organ w a s  reported in  1967 (ORNL- I1 

1168, p. 245). The program is based  on a 
“ p h ~ n t o m ”  and 23 “organs” x n i c h  a r e  def ined  
by s imple mathematical inequal i t ies  s u i t a b l e  lor 
fast calculat ion by the  computer. T h e  en t i re  
phantom ana  e a c h  of t h e  “organs“  have a voiume 
and s h a p e  approximating tha t  of t h e  whole body 
or o t  t h e  corresponding organ. During t h e  pas t  
!;ear the  computer program h a s  been modified to  
allow e a c h  “organ” to have approximateiy the 
composition and  density of t h e  corresponding 
human organ. T h i s  permits one t o  es t imate  with 
more conf idence  t h e  absorbed fraction for  the  
ske le ton  and lungs. T h e  r e s u l t s  differ from t h o s e  
obtained us ing  t h e  homogeneous model principally 
in t h e  low-energy region,  s a y  when t h e  photon en-  
ergy i s  below 0.2 M e V .  R e s u l t s  a re  now ava i lab le  
for t h e  source  in  ten  different organs and for 15 
photon energ ies  from 0.01 t o  4 M e V .  

The  total  d o s e  received by a n  individual from 
13’Cs present  in  a particular food (e.g., meat) 
will b e  proportional to the  product of four  factors: 
C x f x T, x D, where C is t h e  concentrat ion ot 

7 C s  in t h e  particular food,  I i s  the da i ly  intake 
of that  food,  T, is t h e  b i o l o g x a l  e l iminat ion half- 
time of 1 3 7 C s  for t h e  individual ,  and D i s  the  d o s e  
received per dis integrat ion of l 3  ‘Cs, which i s  as- 
sumed t o  be  uniformly dis t r ibuted in the  body. T h e  
variation with a g e  of e a c h  of t h e  four fac tors  is 
summarized, and  the  var ia t ion of to ta l  d o s e  or 
dose  commitment per d a y  of exposure i s  considered 
for two c a s e s :  (1) where a s i n g l e  foodstuff i s  con- 
taminated (e.g., milk, meat, f resh  frui ts ,  fresh vege- 
tab les )  and (2) for fa l lout  
Chicago d i e t  a s  of January 1967 and January 1968. 

When a radionuclide is present  i n  a n  organ and 
produces daughter nucl ides ,  s o m e  fraction of t h e s e  
daughter e lements  remains in the  organ and wil l  be  
eliminated a t  ra tes  which m a y  differ from the elim- 
ination rates  of t h e  parent. A mathematical model 
h a s  been  designed to provide est imates  of the  
act ivi ty  leve is  of t h e  parent radionuclide and of  the 
daughter nucl ides  present  i n  t h e  organ a t  a n  arbi- 
trary t ime post  intake of ;he parent. T h e  model 
has  been  programmed for  a digi ta l  computer for the 
c a s e  i n  which there  is no s igni f icant  t ranslocat ion 
of daughter nuc l ides  from other  t i s s u e s  and when 
the retention of e a c h  nucl ide in the organ c a n  be 
descr ibed a s  a sum of exponent ia ls .  Es t imates  of  
the to ta l  microcurie-days of res idence  for e a c h  
radionuclide a r e  provided also. 

A model for estimation of t h e  mean ac t iv i ty  
present in  various segments  of t h e  gastrointes- 

’CS present  in t h e  
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t inal  t rac t  fol lowing a s ingle  oral  intake has  been 
developed. T h e  model a s s u m e s  uniform m x i n g  of 
the c o n t e n t s  in  t h e  various segments  of the t ract  
or, equivalent ly ,  a n  e x p o n e n t i d  distribution of 
res idence times for t h e  c o n t e n t s  in e a c h  segment .  
a s  h a s  been  s u g g e s t e d  by some experimenters .  
T h e  model is mathematically equivalent  to  a 
catenary compartment s y s t e m ,  and t h u s  t h e  so lu-  
tion i s  a s u m  of exponent ia ls .  The  model a l s o  
provides es t imates  for t h e  mean act ivi ty  of 
daughters if t h e y  a r e  present .  

Studies  related t o  gventual  es t imat ion  of t h e  
hazard posed by 2 3 8 P u  dioxide par t ic les  with 
diameters  i n  the range of SO to 250 p have  been 
conducted t o  e s t i m a t e  t h e  probability of inhalation 
of s u c h  par t ic les .  T h e  theoret ical  formula takes  
t h e  s e t t l i n g  veloci ty  of t h e  par t ic le  into account 
as  w e l l  as  the breathing rate. S tudies  of t h e  d o s e  
distribution in t i s s u e  near s u c h  a par t ic le  have 
been carr ied out. 

Sorption of SO, g a s  on aerosol  par t ic les  of lead  
oxides ,  aluminum oxides ,  platinum, and  iron oxide 
h a s  been s tudied.  Sorption ranges  from essent ia l ly  
100% to 10% or l e s s ,  depending on t h e  type of  aero- 

sol and  t h e  condi t ions of t h e  experiment. Evidence 
of subsequent  re lease  of sorbed  SO, h a s  a l s o  been 
found i n  the c a s e  of platinum. 

26. S t a b l e  E l e m e n t  Metabo l i sm 

Dietary and excretion d a t a  on 25 elements  have 
been obtained for two individuals  eat ing ad libitum 
during a period of 250 days .  T h e  d a t a  have been 
analyzed t o  s tudy  the d ie ta ry  t rends  and fluctua- 
t ions and  t h e  resulting pa t te rns  of excret ion.  Re- 
gression coeff ic ients  re la t ing t h e  in take  on a given 
day  t o  excret ion during t h e  next  24 d a y s  have been 
obtained, with multiple correlat ion coeff ic ients  
greater than 0.32 ( p  < 0.05) for 10 of t h e  25 e le-  
ments. 

A pract ical  procedure h a s  been developed for 
removal of phosphate from so lu t ions  of bone a s h .  

the t race  e lements  a t  pH 6.5 rather t h a n  at pH 5 . 2 ,  
subs tan t ia l ly  increases  t h e  number of t race ele- 
ments that  c a n  b e  co l lec ted ,  and e l imina tes  the  

t 

T h i s  makes it poss ib le  t o  chemical ly  concentrate  . f 

b 
undesirable  coprecipi ta t ion of ca lc ium phosphate. i 
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AN ESTIMATE OF THE SYSTEMIC BODY 
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Knowledge of t h e  retention and toxicology of plu- 
tonium i n  the human body i s  very limited, and tech-  
niques of total-body count ing a re  not ava i lab le  for 
detect ing a permiss ib le  body burden. T h u s  when 
exposure from a n  internal  source  of plutonium oc- 
curs  a t  l e v e l s  near  or below the limiting organ 
burdens, it  must  be  eva lua ted  on the  b a s i s  of  a n  
interpretation of excret ion data. Excretion d a t a ,  
however, from i n t a k e s  of known amounts of plu- 
tonium on  which s u c h  a n  interpretation c a n  be  
based are  s c a r c e  and ,  i n  fac t ,  a r e  confined almost  
exclusively to  d a t a  reported by Langham3 on hos- 

J .  P. Hickey 
C. F. Holoway 
K. 2. Morgan 
Isabel  H. Tipton '  
J .  L. Thompson 

pita1 pat ients  who received intravenous inject ions 
of plutonium ci t ra te .  A method of ana lys i s  based  
on these d a t a  i s  used  here  t o  evaluate  the  body 
burden for a case of contamination via  a wound. 

The  excretion d a t a  of t h e  subjec t  as  made avail- 
able  for th i s  s tudy  a r e  shown in Fig. 25.1. T h e  
data  a re  incomplete in  that  no fecal da ta  a re  avail- 
able, the  exac t  time and amount of the f i r s t  urinary 
sample are not known, and the  urinary da ta  extend 
only to  150 d a y s  a f te r  t h e  injury. A l s o  the  inter- 
pretation is  complicated by the  use of DTPA (di- 
ethylenetriaminepentaacetic acid) treatment, for 
which neither t h e  t imes nor amounts of the DTPA 
administered a re  known precisely. 

A computer code  reported in  ref. 4 i s  used  to  es- 
timate intake to  blood. It is based on a power func- 
tion model of excret ion fitted to the  urinary excre- 
tion da ta  of t h e  hospi ta l  patient.3 T h e  effect  of 

' P h y s i c s  Department. University of Tennessee .  
'Mathematics Divis ion.  
3W. H. Langham et a l . ,  Distribution and Excretion oi 

Plutonium Administered Intravenouslv to Man, LA-1151 
(1950). 

'W. S. Snyder, M.  R. Ford, and G. Warner. " A  Study.of 
Individual Variation of Excretion of Plutomum by Man 
and i t s  Significance in Esttmating the Systemic Burden." 
Proceedings of Thirteenth Annual Bioassay  and Analvt- 
.cat Chemistry Meeting, Oct. 12-13, 1967. Berkeley, 
Calif. ( in press) .  

271 



ORNL-DWG 68-9713 
?000. 

I I ) /  

I 1 , '  

'000 0 SAMPLES PRECEDED BY DTP4 TREATMENT 

500 - 

2 

i 

0 5  

0 2  

0i 
1 2  5 3 20 50 (00 200 500 !OQC 

TIME AFTER INJURY (days1 

Fig. 25.1. Urinary Excret ion Data of Subiect. 

DTPA treatment 5 1 1  ra.e of excretion is not allowed 
for in the  computer program. There  a r e  conflicting 
accounts  of t h e  enhancement  to  be  expected from 
treatment with DTPA,  pract ical ly  no enhancement j 
to enhancement  by a la rge  factor, perhaps 100- 

!72 

fold.6 In  the a b s e n c e  of information on the leve l  
of treatment, i t  d o e s  not seem possible  to  pos i t  anv 
quant i ta t ive correct ion ior the  effect of treatment 
in  t h i s  case. Consequent ly ,  judgment concerning 
the effect  of treatment h a s  been based on the in- 
ternal ev idence  of the data  on th is  case. 

T h e  trend of t h e  s u b j e c t  d a t a  is different i n  t h e  
early period, s a y  days 1 to 10, than a t  l a te r  t imes,  
s a y  d a y s  20 to 150. T h i s  difference i s  confirmed 
by fitting power funct ions to the  two portions sepa-  
rately by two methods ( s e e  Table  25.1): (1) the  
Point  F i t  method, minimizing the  sum of absolu te  
deviat ions,  and ( 2 )  t h e  Area F i t  method, also mini- 
mizing t h e  sum of absolu te  deviat ions,  but which 
considers  excret ion as  a continuous process. T h e  
curves fitted to t h e  excret ion data  beginning a t  day 
1 or  day 17 produce s t e e p e r  s l o p e s  and larger co- 
eff ic ients  than d o  t h o s e  fitted a t  la ter  times. I t  is 
of some in te res t  to e s t a b l i s h  the  c a u s e  of s teeper  
s lope,  for example,  whether i t  indicates  leaching 
of plutonium from the wound s i t e  or changing en- 
hancement of t h e  excret ion due to  the treatment. 
Leaching  of plutonium from t h e  wound s i t e  would 
be expected t o  i n c r e a s e  the excretion rate, but it 
does  not seem l ikely t h a t  th i s  could account  for a 
s teeper  s l o p e  of the excret ion i-rve. If the power 
function correct ly  ind ica tes  the s lope  of the excre- 
tion curve of a s i n g l e  intake,  th i s  would plot a s  a 

st raight  l i n e  on log-log paper. No superposition of 
such  l i n e s  a t  different  times c a n  produce a s t e e p e r  
s lope  for the  curve  which represents  the  sum of the  

'J, R. Mann and R. A. Kirchner. Health Phys.  13(8), 
877-82 (1967). 

C. R. Lagerquist, I. B. Allen, and K. L. Holman, 6 

Health Phys.  13(1), 1-4 (1967).  

Table 25.1. Power Functions Fitted to Excretion Doto of  the Sublect over Certain Periods of Time 

B v  Point Fit-Least Devlatlons By Area Fit-Least  Deviations 
Days post Exposure 

Included Coefficient a Coefficient a 
(&s rnin-' day-') Exponent CL (dis min-l day-') Exponent 0. 

1-10 1909 3 .47  95.5 0.95 

17-150 16.7 1.06 15.8 1.05 

24-150 5.32 0.80 5.08 0.79 

38-150 5.32 0.80 5.08 0.79 

45-150 0.707 0.37 1.12 0.37 

i 1 4 1 8 1 2  
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intakes. Thus .  we ascr ibe  the  increased s lope  a s  
an effect  of treatment. There is no s ignif icant  
change de tec ted  whether  one begins the  f i t t ing a t  
day 24 or  day  38, and the  value of 0.8 obtained 
here for the exponent i s  weil within the range o f  
values  reported for the  hospi ta l  pat ients  ana  is 
qui te  c l o s e  to  t h e  value of 0.77 obtained by 
Langham. T h e  much lower exponent  and coeffi- 
c ient  when the f i t t ing begins a t  day 45 is attribut- 
able  to  the  f a c t  tha t  most of the measured va lues  

amount excreted per day by the  subject  after d a y  
45) be taken as  t h i s  leve l ,  the  counting s t a t i s t i c s  
a s  well a s  reported l e v e l s  in  “blanks” both making 
this plausible. 

Analysis by methods descr ibed i n  ref. 4 of t h e  
day-tc-day f luctuat ions ot the excretion d a t a  pro- 
vides another indicat ion that  leaching from the 
wound s i t e  during the  period from 17 to 150 days  IS 
not suff ic ient  t o  a l te r  the excretion pattern signifi- 
cantlv and probably is small compared with t h e  

are c l o s e  to t h e  limit of detection. A s  t h e  excre- 
tion l e v e l s  approach background values ,  that  i s ,  
the leve ls  found to  occur  in “blanks” from “unex- 
posed” individuals ,  t h e  curve would be expected 
to become flatter. I t  seems reasonable  that  a value 
of about 0.1 d i s  min-’ day-‘ (which is about t h e  

amount enter ing blood in the early period. T h e  
distribution of “high” dai ly  urine outputs i s  not in  
e x c e s s  of tha t  predicted by the  methods of ref. 4 ,  
as i s  indicated by t h e  d a t a  in  Table  25.2. While 
the procedure used  here  d o e s  not const i tute  a 
“proof” that  no addi t ional  intake occurs  a f te r  the 

Table  25.2. Number of  In takes and Total Intake Estimated by Various Power Function Formulas 

Sample Days k, Number of Fluctuation Allowance Total Intake 

w N’ n Used S amp le s ( 7 0 )  
Model 

Subject’s own formula“ = 

2.3 x 1 0 - ~ t - ~ - * ~ ,  

P F - A L D ~  

“Typical” formula = 
3.2 x 10-3t-0.93, 
P F - A L D ~  

Subject’s own formula‘ = 
4.8 x 
AF-ALD’ 

“Typical” formula = 
1.5 1 0 - ~ t - ~ . ~ ~ ,  
AF-ALD’ 

24-150 

38-150 
24-150 
38-150 
24-150 
38-1 50 

24-150 
38-150 
24-150 
38-150 
24-150 

38-150 

24-150 
38-150 
24-150 
38-150 
24-150 
38-150 

24-150 
38-150 
24-150 
38-150 
24-150 
38-150 

16 
14 
16 

14 
16 
14 

16 
14 
16 
14 
16 
11 

16 
14 
16 
14 
16 
14 

16 
14 
16 
14 
16 
14 

0 
0 

10 
10 
20 
20 

0 
0 

10 
10 
20 
20 

0 

0 

10 
10 
20 
20 

0 
0 

10 
10 
20 
20 

1 2  
10 

1.5 2 
1.3 I 
3.0 4 
2.6 3 

13  
11 

1.5 3 
1.3 1 

3.0 4 
2.6 3 

13 
11 

1.5 3 
1.3 2 
3.0 5 
2.6 3 

13 
11 

‘1.5 3 
1.3 2 
3.0 4 

2.6 3 

6.8 x 

6.6 x 
3.8 1 0 - ~  
4.2 x  IO-^ 
5.1 x 1 0 - ~  
5 .1  1 0 - ~  

7.7 x 
7.6 1 0 - ~  
4.7 x 
4.6 x 1 0 - ~  
5.5 x 
5.3 x 1 0 - ~  

3.0 x 
2.9 x 
1.9 x 
1.9 x 
2.0 x 
2.1 x 

5.8 x 1 0 - ~  
5.5 x 
4.1 
3.3 x 
4.0 x 1 0 - ~  
4.4 x 1 0 - ~  

‘Expected number of intakes due to fluctuatlons = ( k  - 1) tunes fluctuation allowance. 
%umber of intakes found after first intake. 
‘The constant is normalized to Langham’s power function fit to the data of the hospital Pauents. 
dPoint fit-absolute leas t  deviatlons. 
eArea fit-absolute least  deviations. 

I 1 4 1 8 1 3  



f i r s t  week o r  two, i t  d o e s  ind ica te  that the  excre- 
tion d a t a  a r e  dis t r ibuted in  value a s  one  might ex- 
pect following a s i n g l e  or short-term intake to 
blood. T h u s ,  w e  consider  that  the  high va lues  of 
the exponent  s e e n  when t h e  ear ly  portion of t h e  
data  i s  used  for f i t t ing a r e  due to treatment, arIu 
the lowes t  v a l u e s  s e e n  when only the l a t e  portion 
of the d a t a  i s  ana lyzed  a r e  due to an approach to 
background. We cons ider  t h e  value of 0.8 for the 

the excret ion curve for t h i s  individual. 

all t h e  hospi ta l  pa t ien ts  by the above methods, as  
reported i n  ref. 4,  a r e  3.2 x 10-3t -0 .93  and 1.5 x 
10-3t-0-65 respect ively.  T h e s e  formulas repre- 
s e n t  a fraction of the  injected d o s e  excreted per 
day. T h e s e  formulas c a n  b e  used,  therefore, to 
make a f i r s t  e s t i m a t e  of t h e  intake of the subjec t  
under study. T h e  excret ion da ta  of t h e  subjec t  a r e  
in  unit- of dis integrat ions per minute per 24-hr 
sample. By comparing the  formulas of the  hP- ,,ita1 
pa t ien ts  mentioned above  and those of the  subjec t ,  
one e s t i m a t e s  t h e  subjec t ’ s  intake t o  be 5.32/3.2 x 

p c  using the  “point fit” 
formulas and 5.08/1.5 x = 1.5 x lo-3 p c  if the  
“area fit” formulas a re  compared. Since elimina- 
tion of a s y s t e m i c  body burden is negligibly small  
when uninfluenced by treatment, the .atal intake to  
blood may be  taken as the  es t imate  of the sys temic  
burden on day  160 exclus ive  of any insoluble  ma- 
terial which may remain a t  the  wound s i t e  or which 
may be present  in  the lungs. 

+exponent  as  being the  b e s t  es t imate  of the  s lope  of 

T h e  urinary excret ion curves  fitted to  the  d a t a  of 

dis /min = 7.6 x 

EFFECT OF SIZE, SHAPE, COMPOSITION, 
AND DENSITY OF BODY ORGANS ON THE 

ABSORPTION OF GAMMA RAYS FROM 
A UNIFORM SOURCE IN AN ORGAN 

W. S. Snyder Mary R. i‘-.d 
G. G. Warner7 

A code  h a s  been reported previousiy by F i s h e r  
and Snyder’ for  es t imat ion of d o s e  due to  a source  
of  photons within the human body. T h e  phantom 
used in th i s  code  h a s  approximately the form of the  

7Mathematics Division. 

‘H. L. Fisher, Jr., and W. S. Snyder, “Distribution of 
Dose  in the Body from a Source of Gamma Rays  Distnb- 
uted Uniformly in an Organ,’’ to  be published in  Pro- 
ceedings of International “ongress on Radiation Protec- 
tion, Rome, I t a l y ,  September 5-10, 1966. 

human body with a head  and a leg  region, and a 
trunk which is a n  e l l ip t ica l  cylinder. Twenty-two 
internal organs a r e  mathematicallv defined a s  re-  
g:om within the phantcin, and the:; have approxi- 
mately the right s h a p e  and size. In previous re- 
su l t s  reported from the  u s e  of this  phantom. the 
phantom w a s  taken a s  homogeneous. The  present  
paper reports resu l t s  obtained by modifying the 
code and the  phantom i n  s u c h  a way that differ- 
e n c e s  in dens i ty  and composition of human t i s s u e s  
can be  taken into account .  T h e  skeletal  region is 
taken with a densi ty  of 1.5 g i c m 3  and with approxi- 
mately the following composition by weight: 40% 0 .  
23% C,  10% C a ,  7% H ,  7% P ,  and 4% N. The  lung 
region i s  given a dens i ty  of 0.3 g/cm3,  with a com- 
position a s  follows: 76% 0, 10% H, 10% C, and 
3% N. T h e  remaining portion of the phantom i s  
given a densi ty  of near  1 g / c m 3  and a composition 
of 63% 0, 23% C, 11% H, and 2% N. 

T h e  code u s e s  a modified sampling technique 
which permits o n e  to  e s t i m a t e  the  path of a photon 
originating a t  a n  arbitrary point in  the phantom but 
without determining en t rance  and exi t  points  from 
the various regions. This avoids  time-consuming 
checks for c ross ing  of boundaries and therefore 
permits one  t o  u s e  subs tan t ia l ly  the sample size 
avai lable  pre\IousIy. Sources  distributed uniformly 
in  the ske le ta l  region and in  the lungs have  been 
;I.dgrammed for in i t ia l  photon energ ies  of 0.01, 
0.015, 0.02, 0.03, 0.05, 0.1, 0.2, 0.5, 1, 1.5, 2 ,  and 
4 MeV, and a sample  size of 30,000 photons w a s  
used in e a c h  case. 

using the nonhomogeneous phantom, a re  compared 
in Figs .  25.2 and 25.3 with va lues  reported by 
Fisher  and Snyder8 and  with va lues  obtained by the  
first-collision e f fec t ive  radius  method of ICRP 
Publicat ion L9 It wil l  b e  noted that  the absorbed 
fractions es t imated  by t h e  Monte Carlo codes  a re  
significantly lower than those  obtained by the  
methods used  by the  ICRP except  for the skeleton 
and a t  photon energ ies  below 0.1 MeV, where the 
increased importance of t h e  photoelectric effect  for 
bone a s  opposed to  sof t  t i s s u e  generally produces 
higher es t imates  in  t h e  present  calculation. 

Comparing t h e  two Monte Carlo calculations: a t  
energies  above  0.2 Mev the absorbed fractions 
change approximately i n  proportion to  mass ,  and 

Resul t s  obtained with the  modified code,  that  i s ,  

9Recomrnendations of the International Commission on 
Radiological Protection, ICRP Publication 2,  Pergamon 
1959. 
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thus  the  d o s e s  a r e  e s sen t i a l ly  the same; a t  photon 
energies below 0.2 Mev no de ta i led  comparison 
with the ear l ier  ca lcu la t ion  for the  source  in the 
lungs is poss ib l e ,  because  oniy a few cases were  
run with the  homogeneous phantom. Resu l t s  with 
the source  in the  ske le ton  are generally higher for 
the nonhomogeneous phantom than for the homo- 
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Fig. 25.5. Absorbed Fract ions of Photon Energy in 

Various Organs. Source i n  the skeleton. 

geneous. This i s  as would be expected, s i n c e  not 
only i s  there greater mass in  the nonhomogeneous 
c a s e ,  but a l s o  the  absorption coefficients a r e  
greater for bone than for t issue.  

in  some organs other than those  in  which the 
source w a s  located. T h e  computed points have 

F igures  25.4 and 25.5 show the absorbed fraction 

I 1 4 1 8 1 5  
i 
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k e n  connec ted  by s t ra ight  l ines ,  and the bars  on 
the points  represent  o n e  s tandard deviation on 
either s i d e  of t h e  mean. Where no bars  appear  the 
deviat ions a r e  less than 2% of the mean. T h e s e  
resul ts  i l lus t ra te  what  i s ,  perhaps,  the  most novel 
feature  of this c o d e  and  mode of calculat ion in that  
i t  provides e s t i m a t e s  of t h e  absorbed fraction for 
a l l  t h e  22 organ s y s t e m s  as  well as  for the whole 
body. Only t h e  absorbed  fractions considered to 
be s t a t i s t i c a l l y  s ign i f icant  a r e  shown in Fig. 25.4. 
In some cases, where the  organ region is very 
small or loca ted  a t  a g r e h  d is tance  from the  sourc? 
or both, the absorbed fraction is so  small and the 
number of photon in te rac t ions  occurring in  the re- 
gion is so small tha t  the es t imates  a r e  unreliable. 
Such a case is i l lus t ra ted  in  Fig. 25.5, where for 
the  absorbed fract ion with the source located in the  
skeleton,  o n e  s tandard  deviation is 30 to 95% of 
the mean. T h i s  could be remedied by running a 
larger sample  of photons,  but machine time becomes 
the limiting factor. 

lently, of d o s e  obtained by the  method 0; :lis paper 
a re  suff ic ient ly  accura te  to obtain the average d o s e  
in  the organs  represented here  in  all those  cases 
where the statistics a r e  sufficiently accurate ,  and  
we are  trying, a t  p resent ,  various means of obtain- 
ing more re l iab le  r e s u l t s  for small  organs located 
rather far  from t h e  source.  

T h e  e s t i m a t e s  of absorbed fraction or ,  equiva- 

THE RELATIVE IMPORTANCE OF l3'Cs 
CONTAMINATION IN VARIOUS FOODSTUFFS 

IN TERMS OF TOTAL DOSE FOR VARIOUS 
AGE GROUPS OF A POPULATION 

Mary J a n e  Cook W. S. Snyder 

If a par t icular  foodstuff, symbolized by the index 
i, i.. contaminated with 13 ' ICs,  the total d o s e  re- 
ceived by a n  organ of a n  individual consuming food- 
stuff i is the product of four factors  - namely, C i  x 

l i  x D x Td0.693, where Ci is the concentration of 

I3 ' ICs i n  the  foodstuff, I i  is the daily intake of the 
foodstuff, T, is the  half-time for biological elimina- 
tion from t h e  body, and D i s  t h e  d o s e  rate  to the  
organ in  rems per  d a y  d u e  t o  the presence of unit 
activity in  t h e  body. T h i s  is equivalent to assum- 
ing 100% absorpt ion of 
using a single-exponential model for elimination of 
1 3 7 C s  %om t h e  body. Taking  D a s  a colr.;tant 

'ICs into the  blood and 

amounts to assuming the  distribution of 3 7 C s  in 
the body d o e s  not change much with time, and t h i s  
seems t o  be the c a s e  for the forms of 137Cs com- 
monly  encountered in the die!. E ich  of these  fnnr 
factors  var ies  somewhat with a g e  and other charac- 
te r i s t ics  of t h e  individual, and thus  in determining 
the cr i t ical  group of  a n  exposed population, one  
m u s t  consider  the  variation of each  factor. I t  i s  
the product of the  four factors  which i s  proportional 
to  the d o s e  commitment per  day of exposure and 
which will be indicat ive of the cr i t ical  group so  far 
a s  dose  commitment i s  concerned. The  variation of 
each of t h e s e  fac tors  with a g e  will be d i s c u s s e d  
here briefly a s  a n  example of how th is  criterion c a n  
be applied in  a s s e s s i n g  the s ignif icance of expL 
sure of a population to  environmental 

T h e  d o s e  rate  D due  t o  unit act ivi ty  in the body 
h a s  been s tudied by F i s h e r  and Snyder,'O who give 
vaiues  of D appropriate  for individuals of different 
sizes and for organs located a t  different posi t ions 
in the  body. A Monte-Carlo-type code wa? . s e d  to 
es t imate  t h e  d o s e  rate  within the body due to  a uni- 
form distribution of 1 3 7 C s  within the body. Six 
phantoms corresponding to  the  newborn, to 1, 5 ,  10, 
and 15 year  o l d s ,  and t o  a n  adul t  have been de- 
signed, and d o s e  rate  es t imates  a r e  avai lable  for 
each of them. F i s h e r  and  Snyder assumed that 1 p c  
of I3?Cs  w a s  dis t r ibuted uniformly within the  phan- 
tom, and the  absorbed fraction of energy for the 
whole body is presented i n  Fig. 25.6. A difference 
of about a factor of 2 i s  found i n  the fraction of 
energy absorbed when t h e  same concentration of  
1 3 7 C s  i s  present  in t h e  infant and in  the  adult. 
T h i s  appl ies  only to  t h e  gamma dose  rate ,  as  the 
dose  rate  due t o  the  beta  radiation present  d o e s  not 
vary s ignif icant ly  with body size i f  the  concentra- 
tion remains constant .  I t  happens that the d o s e s  
due to gammas and b e t a s  are approximately equal; 
so the  total d o s e  rate  would only b e  about half  a s  
sens i t ive  to changes  in  boti5 size as  i s  th i s  gamma 
dose  rate. T h e  variation of the gamma dose  rate  
within the  phantom is shown in Fig. 25.7. Ther.- 
i s  approximately a difference of a factor of 2 in the 
gamma d o s e  rate  distribution a s  one proceeds from 
the central  a x i s  t o  the  la teral  surface of the phan- 
tom. T h e  difference i s  m o r e  l ike a factor of 4 a s  
one goes from the  central  ax is  to  the  head or feet. 

We consider  next  the  second factor, the biological 
turnover time, and i t s  poss ib le  variation with a g e  

7Cs. 

'OH. L. Fisher, Jr., and W.  S. Snyder, Health Phys .  
Div. Ann. Progr. Rept .  J u l y  3 1 ,  1966,  ORNL-4007, P- 
221. 
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which i s  shown in Fig. 25.8. Several investigators cesium in the d i e t  and the  human body; the  so l id  
have d i scussed  the  biological half-life of curve i s  obtained by F i she r  and Snyder, l 2  who ob- 
for different a g e  groups,  and various models have served that the experimental values of T, were 
been proposed. Snyder and Cook1 have offered roughly proportional to body mass and thus related 
one model ( t h e  dashed  curve) based on s t ab le  to age. For i l lustrat ing the u s e  of agedependen t  

37Cs 

- 
'%. L. Fisher,  Jr..  and W. S. Snyder, H e a i ~  Phys .  

Div .  Ann. Pro&. Rept .  J u l y  31, 1967, ORNL-4168. P. 
761. 

"M. J. Cook and W. S. Snyder, Health P h y s .  D j v .  Ann. 
Pragr. Rept .  J u l y  31, 1965. ORNL-3849, p. 190. 
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Fig. 25.8. Variat ion of the Biological  Ha l f -L i fe  of Cer ium with Age. 

data ,  we  have  s e l e c t e d  t h e  model of F isher  and 
Snyder. 

The third factor, Z i ,  of the original expression is 
the daily intake of foodstuff i, which is also a func- 
tion of age. As a n  i l lustrat ion,  t h e  intake of milk, 
meat, fresh vegetab les ,  a n d  fresh fruits h a s  been 
considered. The d a t a  of Fig. 25.9 corresponding 
to d i e t s  consumed af te r  the  f i rs t  year  of life were 
obtained from ref. 13 and represent  a moderate- 
cost family food plan of 1964. It will b e  noted that 
intake is signif icant ly  different for different a g e s  
as well as for males and females. T h e  d ie t  for the  
infant during the  f i rs t  year  w a s  taken from Klein. 
T h e  infant of one  year  or less presumably e a t s  
mainly cooked, s t ra ined ,  and canned meats ,  fruits, 

i3Agncultural Research Servlce. Unrted States De- 
partment of Agriculture F a m t l y  Economrcs Review,  Con- 
sumer and Food Economics Research Divis ion,  October 
1964, 

and vegetables .  B e c a u s e  s u c h  a n  infant probably 
consumes qui te  small quant i t ies  of fresh fruits and 
vegetables ,  we  have  subs t i tu ted  intake of the 
cooked, s t ra ined ,  and canned fruits and vegetables  
for the fresh during the  f i rs t  year  of life in calcu- 
la t ing dose  commitment for our i l lustrat ive c a s e s .  
The est imated d i e t s  for t h e  f i rs t  year  of life are  
from a different source  than those for older individ- 
ua ls ,  and we have  not attempted to  reconcile the 
difference of the es t imates  a t  one year of age. 

We have  s tudied  the product of t h e s e  four fac- 
tors - Ci, concentrat ion of I3’Cs i n  t h e  foodstuff; [,, 
daily intake of foodstuff a s  a function of age; T,, 
the  biological half-life as a function of age; and D ,  
the d o s e  rate  in  rems per day  due to  the  presence 
of unit act ivi ty  in  the  body. In Fig. 25.10 we have 

4S. Klein, Health and Safety Laboratorv Fallout Pro- 
gram Quart. Summary Rept. J u l y  1 ,  1960, HASL-88. p.  
231. 
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Fig. 25.1 1. Dose Commitment of Exposure from Fol l -  
out 137Cs via Various Foods ( 1  Year Through 20 Years). 

Fig. 25.10. Dose Commitment per Day of Exposure 

from Unit  Concentration of 13’Cs in  Various Foods 

(Newborn Through 20 Years). 

taken C i  as 1; that  i s ,  a uni t  concentration of 

foodstuffs - milk, meat, f resh vegetables ,  and fresh 
fruits (canned vegetab les  and  frui ts  during the  f i rs t  
year  of life) - which seem t o  be pathways for in- 
take of ’ Cs. T h e s e  b a s i c  d a t a  a re  appl icable  to  
any s i tuat ion where d a t a  on concentrat ions of  137Cs 
in the l i s ted  foods a r e  ava i lab le  and for which the 
intakes a r e  typical. 

To i l lustrate  its u s e  for a n  actual  s i tuat ion and 
also to give a bet ter  idea  of the  relat ive importance 
of various foodstuffs  i n  the  case of contamination 
by fallout, va lues  of C i  have  been taken from the  

s t u d i e s  of Brar et al. 
January 1967 and January 1968, and d o s e  commit- 

j7Cs is assumed i n  some o n e  of the principal 

of Chicago foods in 

ments per day of in take  have  been estimated for 
these  l e v e l s  of contaminat ion i n  t h e  four foods con- 
s idered here. T h e s e  es t imates ,  plotted in  Figs .  
25.11 and 25.12, ind ica te  that  the re lat ive impor- 
tance of contamination i n  cer ta in  foods differs for 
different a g e  groups, as  might be  expected. They 
also indicate  how t h i s  variation may be  taken into 
account in a s s e s s i n g  the  importance of such  con- 
tamination in  var ious foods and for the  various seg-  
ments of t h e  population. F o r  example, it  appears  
that variation with a g e  in  the  dose  commitment per 
day of exposure due to a spec i f ied  leve l  of con- 
tamination of whole milk by 1 3 7 C s  varies by a 
factor of 2 or  less if in fan ts  drank whole milk. I f  
the  infants consume formula milk or evaporated 
milk, which may be a t  qu i te  a different level  of 
137Cs  concentration than whole milk, they may 

~~ 

“S. S. Brar et a l . ,  Health and Safe t y  Laboratory Fall-  
out Program Quart. Summary Rept.  Apri l  1 ,  1967,  HASL- 
181, p. 111-134. 

16S. S. Brar and D. M. Nelson, Health and Safe t y  Lab- 
oratorv Fallout Program Quart. Summary Rept .  April I ,  
1968, HASL-193, p. 111-29. 
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Fig. 25.12. Dose Commitment of Exposure from Fall- 
out 13’Cs via Various Foods (Newborn to One Year). 

have a higher d o s e  commitment. T h e  corresponding 
dose  es t imates  d u e  to 
widely with the a g e  of the  exposed  individual. 
These  da ta  call at tent ion to the  rather great differ- 
e n c e s  in  d o s e  commitment per day of intake with 
respect  to a g e  for t h e s e  different foods. The trend 

‘CS present  i n  meat vary 

I 1 4 1 8 8 1  

is different when meat i s  the pathway for fallout 
C s  intake than when milk i s  the pathway. Since 

the infant eats a very smal l  amount of meat, h i s  
dose  is qui te  small  compared with the dose  which 
?-n a h ! t  w o d d  receive,  assuming that  the  meal w a b  

contaminated uniformly. If whole milk is contami- 
nated. the newborn infant  is low. Data a re  plotted 
in  Fig. 25.12 for the infant drinking formula milk, 
evaporated milk, or whole milk and i l lustrate  the 
wide differences to be  expected. 

These  data  are of fered  only as an example of the  
type of calculat ions that  may be used for a s s e s s i n g  
population exposures  from foods or fluids. T h e  nu- 
merical values  presented depend on es t imates  of in- 
take and of contamination leve ls  which may not be  
typical of other  populat ions or other times, but the 
method appl ies  for any population i f  the  relevant 
data  a re  avai lable .  

Before the a g e  dependence  problem i s  resolved 
completely, ques t ions  must be  answered concerning 
(1) variability of t h e  absorpt ion of cesium into the  
blood when incorporated in  various foodstuffs, (2) 
possible  a g e  dependence of this absorption factor, 
and (3) spec ia l  d i e t s  of cer ta in  population groups. 

1 3 7  

CALCULATION OF MICROCURIE-DAYS 
RESIDENCE IN AN ORGAN RESULTING 

FROM A SINGLE INTAKE 

S. R. Bernard 

A computer program h a s  been written to ca lcu la te  
microcurie-days, that  i s ,  the  a r e a  beneath the re- 
tention curve when 1 p c  of a radionuclide is ini- 
tially taken into a n  organ or into the whole body. 
The microcurie-days of res idence accumulated up 
to  time t ,  Q(t), a r i s e s  in  the equation for es t imat ing 
the d o s e  equivalent  in rems accumulated up to time 
t. The dai ly  d o s e  rate  at time t ,  D & t ) ,  in rems per 
day received by an organ of mass rn grams contain- 
ing s(t) microcuries of a radionuclide at time t hav- 
ing an effect ive energy pf E Mev per disintegration 
i s  given by the formula 

where 51 i s  t h e  (gram-rems/microcurie-day)/(effec- 
tive Mev/disintegration). T h e  integral of Eq. (1) 
from t i m e  0 to t ,  
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yie lds  the  d o s e  equivalent  accumulated up to t i m e  
t ,  D ( t ) ,  in  r e m s .  In Eq. ( 2 ) ,  E will usuallv be a 
constant ,  and q ( t ) / r n  i s  t h e  concentration of the ra- 
dionuclide in the  organ a t  time t .  
sons, m, the mass of the organ,  i s  taken a s  a con- 
s tan t ,  and when i t  and E a r e  factored out, the in- 
tegral (2) becomes 

For adult per- 

51 E 51 E 
D ( t )  =-J: q ( 7 )  d7  =-Q(t) . 

rn rn 
, 

Here, Q(t)  i s  t h e  a rea  beneath the  retention curve 
d t ) ,  tha t  i s ,  t h e  microcurie-days residence up to 
time t. 

When a parent of a d e c a y  chain of radionuclides 
is taken into t h e  body, the  daughter e lements  of the 
chain grow in with t i m e ,  and t h e  d o s e  equivalent for 
each member of t h e  chain must be  estimated in 
order to e s t i m a t e  the  accumulated dose  or dose  
equivalent to  a n  organ. F o r  the  i th  member of the 
chain the  microcurie-days of residence in an organ 
is given by 

Assuming ei and m cons tan t ,  as  before, the dose  
equivalent  D(t) i n  rems due  to  the  ent i re  chain i s  
given by 

51 n 

m i=o 
D ( t )  =- 2 EiQi(t) . (4) 

In order to c a l c u l a t e  QJ t )  we  require metabolic 
models, sometimes taken as  s u m s  of exponential 
terms, t o  approximate t h e  retention of the  radionu- 
c l ide  in  the organ for extended periods of time. We 
l i s t  here  t h e  equat ions  for t h e  functions Q i ( t )  for 
the case in which t h e  i t h  daughter element in the 
chain is only introduced into the organ by decay of  
i t s  parent present  in  that  organ. To th is  end le t  

denote t h e  fract ional  biological retention in  an 
organ (i.e., t h e  retention equat ion of the  organ con- 
s idered,  corrected for radiological decay and nor- 
malized to 1 a t  t = 0) of t h e  i th  radionuclide. That  
is, if a uni t  amount of the i t h  daughter enters  the 
organ a t  t ime t = 0, the amount present  t days  la ter  

is Rs( t ) .  In ( 5 ) ,  the  constant  

1, b 
1 1 ,  

represents the  rate of biological eiimination of the 
1,th component of the  retention. 

erally i s  es t imated  from experimental da ta  in which 
a s ingle  inject ion i s  made ini t ia l ly  into the blood- 
stream. For  t h e  parent  of the chain,  

At present  the retention function for a n  organ gen- 

where qo(0)  i s  the microcuries initially reaching the 
organ and A; i s  the radiological decay constant. 
For the  microcuries of t h e  f i rs t  daughter, q, ( t ) ,  
present in  t h e  organ, we a s s u m e  l inear  superposi- 
tion oi inputs. T h e  ra te  of production of daughter 
in d7  units  of time is hfq, (7)  d z  T h e  amount of 
daughter produced in the  time interval d7 which i s  
present a t  a la te r  time t i s  then 

where t 2 7 .  We linear ly  superpose  the  incremental 
inputs, that i s ,  in tegrate  over  0 5 T =< t ,  to obtain 

where 

For  the level  of the second daughter  in  the organ, 
q,(t), we write 

where A i  dr q1(7 )  i s  t h e  amount of the second 
daughter produced in  d7  uni t s  of time and 

, 

I 

1 1 4 1 8 8 2  
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i s  the  amount present  a t  a la ter  time t. In general 
for the ievel  of t h e  i th  daughter  of the  chain present  
in the organ w e  would find 

as  the expression for the microcuries of the irh ra- 
dionuclide in t h e  cha in  present  in the organ a t  time 
t. Here RLt)  = q i ( t ) /qo (0 ) .  

When the  Ry(t) 's  a r e  given by Eq. (S), q,jt) may 
be obtained in c l o s e d  form, that  i s ,  

(9) 

where 
b A . .  =A:+ h . .  'Ii I f  

i s  the  effect ive el iminat ion constant. Thus ,  the  
functions Q J t )  c a n  b e  obtained from (6) for i = 0 
and from (9) for a i l  o ther  i by straightforward inte- 
gration. 

puter program only the  s p e c i a l  case when 
In some cases i t  s u f f i c e s  to consider  in  the com- 

~ j ( t )  = a . .  e x p ( - x j j i t ) ,  
I'1 

that  i s ,  the longest-lived exponent ia l  ( le t  i t  be  the 
nith one). In th i s  case. the  sum of exponent ia ls  in 
(9) i s  the  solut ion of the Bateman differential equa- 
tions 

After integration and rearrangement, we  find 

In the above equat ions  q, ( t )  i s  to be est imated from 
Eq. (9) remembering that  we  only take the n j t h  term 
in t h e  ser ies .  T h u s ,  from (11) and (9) the micro- 
curie-days c a n  be  es t imated ,  sequentially. In the  
simplified single-exponential case jus t  d i scussed ,  
these fractions a r e  ana logous  to  the fZ's i n  the  
current iCRP Committee I1 handbook (Health Phys.  
3, 1960). 

that we  restr ic t  ourse lves  to  exponential sums for 
Rs(t). We c a n  u s e  a power function, ait-b'  (ai and 
b I  are  constants) ,  for the  Rs(t) .  However, when we 
do th i s  we do not obtain a c losed  form expression 
similar to  (9). If t h e  power function c a n  be ade- 
quately represented by a f in i te  sum of exponent ia ls  
as suggested i n  the  work of Bernard and Davis ,  ' 
then the c losed  form express ion ,  Eq. (9), will apply. 

The computer code  h a s  been written by Sharron P. 
King (ORNL Mathematics Division) t o  evaluate  the  
case of retention descr ibed  by a s ingle  exponential 
term, Eqs. (9) and (11). Also,  the extension of the 
code to handle Eq. (9) for multiexponential reten- 
tion is presently under way. 

We also mention that  formula (8a) does  not require 

A MODEL FOR ESTIMATION OF MEAN ACTIVITY 
PRESENT IN SEGMENTS OF THE 

GASTROINTESTINAL TRACT AT ANY TIME 
POST INGESTION 

S. R. Bernard 

In the papers  by E v e i 8  and Dolphin and Eve 'g  an 
extensive review of t h e  physiology of the gastro- 

"Health Phys .  D i v .  Ann. Progr. Rept. J u l y  31, 1966, 

"I. S .  Eve, Health Phys. 12. 131 (1966). 
"C. W. Dolphin and I .  S .  Eve, Health Phys .  12, 163 

ORNL-4007, p. 232. 

(1 966). 

I i 4 7 8 3 3  
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intest inal  t ract  i s  carr ied out ,  and a new model for 
the dosimetry of  the  GI t ract  i s  presented. In their 
model they es t imate  t h e  radiation d o s e  to a small 
element of the gut w a l l s  in  a segment  of the tract. 
They compute a time average  of th i s  dose  during 
the assumed res idence  time in the  segment of the 
tract and consider  t h i s  to be the mean dose  through- 
out that sec t ion  of t h e  GI tract. Another model for 
res idence of material in  t h e  GI t ract  i s  developed 
here and may s e r v e  a s  a b a s i s  for estimating the 
mean d o s e  to segments  6f the tract. T h i s  other 
model i s  based  on cons idera t ions  of the  random 
variable p a s s a g e  time through the tract. 

In order to  explain the  b a s i s  of th i s  other model, 
consider the case of p a s s a g e  of a s t a b l e  element 
through the tract. L e t  T1, T , ,  T , ,  and T ,  denote 
the random variable  res idence  t imes of th i s  s t a b l e  
element in  the  s tomach,  smal l  intest ine,  upper la rge  
intest ine,  and lower la rge  in tes t ine  respectively. 
The total time for the  p a s s a g e  of the s tab le  element 
i s  the  sum of t h e s e  random variable times, denoted 
by t ,  that  is, 

' 

If the residence t imes i n  the various segments  a r e  
assumed to be  independent  and exponentially dis- 
tributed, then the  probability densi ty  functions of 
t h e s e  residence t imes  and of the total time f sa t i s fy  
the same differential equat ions  that a r i s e  from con- 
sideration of a ca tenary  compartment model of the 
tract with t h e  f lows being unidirectional. We de- 
velop here the equat ions  a long  the  more usual l i n e s  
of compartment theory and  only point out  that  the 
same equat ions and e s t i m a t e s  c a n  b e  given a proba- 
bi l is t ic  interpretation. 
model; S . . ( t )  d e n o t e s  t h e  amount ( in  microcuries) of 
the i th  radionuclide ( i  = 0, 1, . . . , n) in  a chain of 

F i g u r e  25.13 shows the 

ZI 

ORNL-DWG a-nw3 

lTj-H-H+F si, It) s,, It1 si, (t) si, (t) 

Ari 

radionuclides present  in the ~ t h  region ( j  = 1, 2 .  3, 
4) of the GI t ract  a t  t i m e  t .  T h u s ,  when the sub-  
scr ipt  1 has values  1, 2 ,  3, or  4 the  designated 
quantity re la tes  to the s tomach,  small intest ine,  
upper large intest ine,  and lower large intest ine re- 
spectively. T h e  symbol Ad ( j  = 1, . . . , 4) denotes  
the fractional rate of l o s s  trom compartment j by 
absorption into the bloodstream, A! i s  the fractional 
rate of transfer from the  j th  compartment to the 
(1 - 1)th compartment, and A: i s  the radiologxal  de- 
cay constant  of the i th  radionuclide in a decay 
chain. 

Ith compartment i s  given by 

I !  

I 

T h e  rate of change of the i th  radionuclide in the  

i = O ,  1, . . .  , n ,  j = 1 ,  ... , 4 .  ( 2 )  

Here 

A , .  = A ' +  A b +  A;i 
11 1 I 

i s  the effect ive elimination cons tan t  of the  i th  ra- 
dionuclide from t h e  j th  compartment. In the differ- 
ential equat ion (2) when i = 0 the  term S- , j ( t )  = 0 
for all t and a l l  j ,  and for 1 = 1, S, ( t )  = 0 for a l l  
i and al l  t. T h e  reader should be &:ned too that 
this  equation (2) only appl ies  when the uni t s  on the 
Sijtt) a re  microcuries. T h e  va lues  of the coeffi- 
c ien ts  i n  t h e  right members might be different if the 
S,,(f) a re  expressed  in other  units. he have used 
the L a p l a c e  transform method to  obtain the general 
solution t o  t h e s e  equat ions.  T h e  solut ion,  assum- 
ing Sol(0) = 1, a l l  other  S i , j ( 0 )  = 0 ,  for the level  of 
the i th  radionuclide in  t h e  stomach is 

E 
? 

& 

Fig. 25.13. A Cotenary Compartment Model for G I  
Tract. 
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I 

For the  level  of the ith radionucl ide in  the  small  in tes t ine  

. n  . 

For the  level  of the ith radionuclide in  the  upper large in tes t ine  

I 1 , i = O , l ,  . . . ,  n .  
-A  t 

e P 3  

M I  J 
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For  the lower large in t e s t ine  the  level  

/ i  \ i h m  

of the i th raaionuciide i s  

- A  t 
e 

-A f rn P 2  

MP 

-A I 
e p 3  h 

We have tes ted  th i s  model with the da ta  of Hayes 
e t  aJ.,'O who fed s ing le  in t akes  of l4'La (in a cit-  
rate) to pa t ien ts  and co l lec ted  f eces ,  which were  
then analyzed for the  '*'La content. T h e  radiolog- 
ical half-life of 140La  is "40 hr, but Hayes  et al. 
corrected the  excretion da ta  by the decay factor 
e-0*693r'40 (where t i s  in  hours),  and thus their 
data correspond to a s t a b l e  element. T h e  mean 
residence t i m e s  a s s igned  by E v e  for the  different 
segments df the t ract  are '/24, 4 / 2 4 ,  24;4 days  
and consequently A: h a s  been taken here to be 24, 
6 ,  1.85, 1 day- ' ,  j = 1 ,  2 ,  3 ,  4, in tes t ing  the 
model. 

the stomach rece ives  an  ini t ia l  input of 1 pc ,  a l l  
other s ec t ions  have zero  conten ts  a t  time zero, 
taking A; = 0 for a l l  j ,  then 

Using these  va lues  and the further conditions that 

- ( 2 4+Al))  f 
Sol(') = l e  ( 3 

(6) 
-A; t 

S o 2 ( f )  = 1.33 (e-" - e--241)  e 

20R. L. Hayes  et al.,  Health Phys .  9 ,  915 (1963). 

So,( t )  = (+0 .36117e-24 '  - 1.92771e-6' 

I (7) 
-A; t 

+ 1 . 5 6 6 5 3 e - 1 . 8 5 f ) e  

So,([) = ( -0 .02905e-24t  + 0.71325e-6 '  

-A; C 
- 3 .40952e- ' . 85 '  2 .725831e-f )e  , (8) 

while the fecal excretion i s  given by 

Jot 1 .  S O 4 ( 7 )  d 7 .  

For A i  = 0 t h i s  integral  becomes 

[-O.O0121 (1 - e - 2 4 r  ) + 0.11887 (1 - 

- 1.84298 ( 1  - + 2.72531 ( 1  

Note that for t h i s  example,  w e  assume 

e - 6 ' )  

- e-')] . (9 )  

no a b s o r p  
tion from any regions of the  tract  into the  blood- 
stream. Therefore (9) is appl icable  to the c a s e  of a 
single intake of a long-lived nonabsorbed s u b  
stance,  such a s  used by Hayes et a1." With their 
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permission, Fig. 25.14 i s  reproduced from ref. 20 
and shows a plot of t h e  cumulat ive excretion ex- 
pressed in  percent  of t h a t  inges ted  at the  various 
t imes af ter  ingest ion.  Also  shown a r e  t h e  es t i -  
mates  made by t h e  authors  from Eq. (9) [i.e., a plot 
of Eq. (9) as a funct ion of time]. As c a n  be s e e n ,  
the agreement i s  fairly good. Some da ta  on t h e  
leve ls  in  e a c h  region of the  t ract  would be required 
to  t e s t  th i s  model adequate ly  and see how good the  
es t imate  is in comparison with ac tua l  amounts o b  
served a t  var ious t imes  a f te r  ingest ion of various 
soluble  and inso luble  subs tances .  

This model permits  one  to  es t imate  the  mean con- 
ten ts  of t h e  var ious s e g m e n t s  of the  t ract  a t  any  
time following ingest ion.  Since a n  es t imate  of the 
leve ls  of act ivi ty  in  the  regions of the GI t ract  sec- 
tion i s  ava i lab le ,  the  energy deposi t ion averaged 
over  the en t i re  s e c t i o n  c a n  be est imated rather than 
the peak d o s e  o r  t h e  t ime average  over the region. 
However, the  assumpt ion  of t h e  exponential distri- 
butions of res idence  t ime and their  independence in 
the various regions of t h e  t rac t  n e e d s  to  be ex- 
amined and t e s t e d  with more experimental data. 
This model i s  not  a d e q u a t e  for  es t imat ing the p r o b  
abi l i ty  densi ty  that  a given conten t  of a radionu- 
c l ide i s  present  in  a s e c t i o n  a t  a given time for a 
given person. It only purports to  give the average 
leve ls  or expec ted  l e v e l s  t o  b e  found in  the various 
sec t ions  a t  var ious t imes for  a person having the 
assumed charac te r i s t ics ,  that  is, for a “Standard 
Man.” 

! 

NUCLEAR SAFETY ENVIRONMENTAL STUDIES 
BIOHAZARDS OF AEROSPACE NUCLEAR 

SYSTEMS 

R. H. Boyett 
T. G. Clark 
B. R. F i s h  

G. W. Royster, Jr .  
R. L. Walker 
W. H. Wilkie, Jr. 

J. L. Thompson 

?Jicrospheres of 2 3 8 P u 0 2  having diameters of 
from 50 to 250 u are  used  i n  s p a c e  electr ic  power 
sources. One of the greater potential hazards  they 
might present in  t h e  e v e n t  of their accidental  re- 
l e a s e  to the biosphere is to t h e  respiratory system. 
The probability of entry into the  body through the  
nose i s  a function of the  difference between the  in- 
take velocity of t h e  airs t ream into the nose and t h e  
falling velocity of the  particle. T h e  ratio of the 
concentration of inhaled par t ic les  to  the  ambient 
concentration a s  a function of particle s i z e  may be  
calculated a s  follows: L e t  

U , = Q / A  , 

where Q = a i r  flow rate a t  a time t .  cm3/sec ,  A = 

cross-sectional a rea  of external  nares ,  cm2,  and 
U ,  = flow velocity a t  time t ,  cm/sec. 

and suspended in the  exposure  volume, the ra te  a t  
which they en ter  the  n a r e s  wil l  be  nV!A (par t ic les /  
sec) ,  where n i s  t h e  number concentration (parti- 
cles/cm3). However, if,  a s  in  the usual c a s e ,  t h e  
particles have  a downward velocity -Vs ,  then only 
4.9, - Vs)A p a r t i c l e s / s e c  would gain entry. An ef- 
ficiency factor e s  can  then be calculated: 

If the  par t ic les  a r e  assumed t o  b e  uniformly mixed 

nvJt - Vs)A  
e =  

nU, A 

which gives  t h e  fract ion of par t ic les  enter ing com- 
pared with the  number that  would have entered if 
they had zero  s e t t l i n g  velocity. T h i s  factor, es,  is 
then adjusted for the  fraction of time during inspira- 
tion that Ut occurs .  

Using the respiratory air flow curves of Silverman 
and Billings” for four types  of inspiratory c y c l e s  
and assuming a f ixed intake area of 2.5 cm2, the  

*‘L. Silverman and C. E. Bi l l ings.  “Pattern of Airflow 
in the Respiratory Tract,’’ Symposium on Inhaled P a r  
tides and Vapours, C. N.  Davies .  ed.. Pergamon. New 
York. 1961. 
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Fig. 25.1 5. Fract ion of Plutonium Microspheres Inspired. 

curves shown i n  Fig.  25.15 have  been computed. 
Two factors  which may b e  expected to give s l ight ly  
lower va lues  than t h o s e  shown have been ignored: 
(1) the shadowing effect of the  nose  and (2) dilat ion 
of the  nostr i ls  and/or  mouth breathing. However, 
t h e s e  a r e  a t  l e a s t  par t ia l ly  offset by the assumption 
of a zero horizontal component i n  the path of t h e  
particle. 

rate from 3 8 P u 0  microspheres  h a s  been measured 
as a function of depth in a tissue-simulating ab- 
sorber (Mylar). F igure  25.16 shows average va lues  
found, and  the intercept ion of the dashed l ine with 
the a b s c i s s a  is a n  estimate of the maximum range 
to be  expected from a thin source. T h e  average 
sur face  d o s e  rate  from f ive  microspheres ranging 
from 123 t o  225 p diameter  w a s  25,900 k 2600 rads/ 
sec. 

Using thin p l a s t i c  sc in t i l l a tors2  the  alpha d o s e  

INTERACTION OF AIRBORNE PARTICULATES 
WITH GASES 

B. M. Smithz3 6. R. F i s h  

Studies a r e  being conducted on the  interaction o f  
sulfur  dioxide g a s  with airborne particles. Aerosols  

a r e  generated by exploding wires  i n  air, resulting in  
par t ic les  with d iameters  from about  0.01 to 0.1 p 
(ref. 24). Aerosol i s  mixed with SOz tagged" with 
3 5 S  under controlled condi t ions in  a gas-particle 
interaction chamber. 2 6  Samples  for ana lys i s  a r e  
withdrawn from t h e  chamber through diffusion tubes  
followed by membrane filters. T h e  tubes are  l ined 
with lead foil coa ted  with lead  peroxide. 
sample flow rate  i s  s e l e c t e d  so that  SO2 gas  will 
diffuse to and b e  removed by the  lead peroxide on 
the inside wal l s  of t h e  t u b e s  while  allowing aerosol  
par t ic les  to  pass through the  tube and be col lected 
on the filters. F o r  a n a l y s i s ,  t h e  lead-foil inser ts  
are  segmented and  a s s a y e d  for sulfur by radiochem- 
ical  techniques. P a r t i c l e  s a m p l e s  a re  assayed  for 
sorbed SO2 in  a s imilar  manner. 

The 

"W. H. Wilkie and B. R. Fish,  "Scintlllatlon Extrapo- 
lahon Dosimetry," Symposium on Solid State and Chem- 
ical Dosrmetry in Medicine and Biology, IAEA, Vienna, 
1966. 

23Employee of National Air Pol lut ion CorA>ol Admin- 
istration (NAPCA), CPEHS. on assignment to  ORNL. 

24K. D. Duerksen et a l . ,  Health Phvs .  Div .  A M .  Progr. 
Rept. J u l y  3 1 ,  1967,  ORNL-4168, pp. 296-98. 
"B. M. Smith et a l . ,  Health Phys .  DIV .  Ann. Progr. 

Rept .  J u l y  31, f 9 6 7 ,  ORNL-4168. pp. 299-301. 
26R. L. Walker, Health Phvs .  Div.  Ann.  Progr. Rept. 

June 30, 1963, ORNL-3492, pp. 187-89. 
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C. SO2 CONCENTRATION IN AIR (pl/l) 

0 5 io !5 20 25 30 
ABSORBER THICKNESS [ p )  Fig. 25.17. SO2 Sorption Isotherm. Particles d is-  

parsed in air. 

Fig. 25.16. Transmission of Alpha Rays from 238Pu02 
Microspheres Through Mylar. 

Sorption of SO, g a s  on aerosol  par t ic les  of lead  
oxides ,  aluminum oxides ,  platinum, and iron oxide 
h a s  been studied. L e a d  oxide  par t ic les  in concen- 
trations of approximately I O ' O  par t ic les  per l i ter  of 
a i r  sorb  e s s e n t i a l l y  100% of t h e  SO, g a s  a t  1 p1 of 
SO, per l i ter  of a i r  under ambient conditions, where- 

as  aluminum oxides  and platinum part ic les  s o r b  ap- 
proximately 50% and 10% respectively. Preliminary 
indications a re ,  however, that  platinum reversibly 
sorbs  SO, gas ,  which is subsequent ly  re leased 
during sampling. Iron oxide (Fe 3O 4) part ic les  sorb  
varying amounts of SO2 g a s  in  accordance with ini- 
tial SO2 concentration. A sorption isotherm for SO, 
gas on Fe304 par t ic les  in  the  d isperse  phase i s  
presented in Fig. 25.17. 
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PATTERNS OF ELEMENTAL EXCRETION IN 
LONG-TERM BALANCE STUDIES 

I sabe l  H. Tipton Peggy L. Stewart 
Judith Dickson 

In the program for a n a l y s i s  of to ta l  self-chosen 
d i e t s  and t o t a l  excre ta  for t race  elements ,  the  
material from two men for 50 w e e k s  h a s  been 
analyzed for 25 elements .  S ta t i s t ica l  treatment 
h a s  been made for t h e  250-day period September 6, 
1966-May 1 3 ,  1967. 

and weighed about  220 lb. Subject D w a s  25  years  
old, 5 ft 10 in. t a l l ,  weighing about 156  lb. 

Differences in t h e  dietary habi t s  of the  two in- 
dividuals  a r e  indicated by t h e  dai ly  gross amounts 
of food and drink they inges ted  and their  fecal and 
urinary output. T a b l e  26.1 s h o w s  the mean and 
s tandard deviat ion of t h e  to ta l  dai ly  dietary in- 
take,  the  water content  of t h i s  d ie t ,  and the daily 
fecal and urinary output. I t  is obvious that sub- 
j ec t  C drank more than s u b j e c t  D, and this i s  a l s o  
reflected in  h i s  greater urinary output. Subject D ,  
however, drank more milk than subjec t  C ,  and th i s  
is ref lected in  t h e  v a l u e s  for calcium intake. T h e  
iarge s tandard deviat ion for feca l  excretion comes 
about because  of the  number of d a y s  on which 
there w a s  n o  fecal excret ion a t  all. F o r  subject  C ,  
on more than half of t h e  d a y s  in t h e  period there  
was  no fecal excret ion,  and there  were a few 
periods of four d a y s  when none occurred. 

Subject C w a s  23 y e a r s  o ld ,  6 ft 13; in. t a l l ,  

‘ P h y s i c s  Department, Uruversity of Tennessee.  
’Analytxal  Chemistry Divis ion.  

Table  26.1. Gross D a i l y  Intake and Excretion 

September 6 ,  1966 - May 13, 1967 

Mean f standard devlation in grams 

Subject C Subject D 

Total daily intake by 3100 f: 530 2700 f: 610 

ingest ion 

Water content 2 6 0 0  * 6 9 0  2100 2 510 

Total daily fecal  excretion 1 1 0  f 130 120 * 110 

Total dai ly  urinary excretion 1300 f 500 1000 2 2 7 0  

Table  26.2 s h o w s  the to ta l  dietary intake and 
feca l  and urinary output of 25 e lements  for t h i s  
period minus three d a y s  a t  t h e  beginning. T h e  
t i rors  of t h e  method for most e lements  resul t  in  an 
uncertainty of about +20% in t h e  s t a t e  of balance. 
Therefore balance h a s  been expressed  as the  
ratio total  excre ta / to ta l  ingested rather than -s 
the more commonly used  differences between total 
ingested and total  excreted,  s o  t h a t  the  s t a t e  of 
ba lance  c a n  be more conveniently observed. If 
this value i s  between 0.8 and 1.2, t h e  subjec t  may 
be considered to  have  been in  ba lance  over t h e  
period under study. If the  ratio i s  below 0.8, the 
intake w a s  greater than the  output, and the sub- 
jec t  w a s  in “posi t ive” balance. If t h e  ratio i s  
above 1.2, the  output exceeded t h e  input ,  and the  
subject  was  in “negat ive” balance. T h e  ratio 
of the urinary output to  total excre ta  or t o  intake 
by ingestion i s  sometimes used  a s  the  lower limit 
of f l ,  the  fraction of an element  absorbed from the 

* 
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Table  26.2. T o t a l  Intake by lngestlon and Tota l  Feca l  and Urinary Excretion 

September 9, 1066-blav 13, 1967 1247 days) 

f ,  Lkine Total Total in Tgtal Total In E~~~~~~ L,rine 
Element Sublect Ingested Feces  Urme Excreta -- 

Total Ingested Excreta Ingested (ICRP-59) 
(g) (g) (g) (€9 

Aluminum 

Barium 

Beryllium 

Boron 

Calcium 

C adrnium a 

Chromium 

Cobalt 

Copper 

Iron 

Leadb 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Phosphorus 

Potassium 

Silver 

Sodium 

C 
D 

C 
D 

C 
D 

C 

D 

C 

D 

C 
D 

C 
D 

C 

D 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

CC 
D 

C 
D 

C C  

3.9 
3.8 

0.16 
0.2 1 

0.027 
0.056 

0.28 
0.60 

240 
530 

0.0069 
0.012 

0.059 
0.084 

0.083 

0.12 

0.25 
0.45 

3.7 
7.6 

0.072 
0.1 1 

47 
92 

0.79 

1.3 

0.068 
0.15 

0.10 
0.20 

4 10 
82 0 

410 
900 

0.046 
0.099 

840 

4.0 

2.8 

0.15 
0.15 

0.0018 
0.0012 

0.067 
0.096 

210 
290 

0.0020 
0.0026 

0.017 
0.02 1 

0.0086 
0.014 

0.3 1 

0.29 

3.4 
2.4 

0.019 
0.016 

40 

46 

0.67 

0.68 

0.02 7 
0.030 

0.057 
0.092 

110 
140 

63 
72 

0.0083 
0.031 

8.2 

0.23 
0.1 9 

0.0028 
0.0034 

0.00055 
0.00044 

0.30 
0.21 

26 
34 

0.005 5 
0.0057 

0.021 
0.024 

0.070 
0.064 

0.0055 
0.013 

0.23 
0.21 

0.0074 
0.0084 

29 
25 

0.0086 

0.0065 

0.035 
0.m2 

0.029 
0.031 

310 
290 

660 
740 

0.0018 
0.0019 

1200 

4 . 2  

3.0 

0.15 
0.15 

0.0023 
0.0016 

0.36 
0.30 

240 
320 

0.0075 
0.0083 

0.038 
0.045 

0.079 
0.078 

0.32 
0.30 

3.6 
2.6 

0.027 
0.024 

69 
71 

0.68 
0.69 

0.062 
0.072 

0.086 
0.12 

420 
130 

i20 
810 

0.010 
0.033 

1200 
D 1200 .9.6 1200 1200 

1.08 
0.79 

0.95 
0.73 

0.086 
0.03 

1.27 
0.51 

1 .o 
0.62 

1.1 
0.69 

0.65 
0.53 

0.95 
0.67 

1.28 
0.68 

0.98 
0.34 

0.37 
0.22 

1.47 
0.78 

0.85 
0.54 

0.92 
0.48 

0.82 
0.61 

1.02 
0.53 

1.75 
0.90 

0.22 
0.34 

1.45 
1.0 

0.056 
0.063 

0.018 
0.022 

0.24 
0.2 7 

0.81 
0.68 

0.11 
0.11 

0.74 
0.69 

0.55 
0.54 

0.89 
0.82 

0.018 
0.048 

0.064 
0.082 

0.28 
0.34 

0.42 
0.35 

0.013 

0.0095 

0.56 
0.58 

0.34 
0.25 

0.74 
0.67 

0.91 
0.91 

0.18 
0.059 

0.99 

0.060 
0.050 

0.01 8 
0.040 

0.020 
0.0079 

1.m 
0.35 

0.11 
0.067 

0.79 
0.4 7 

0.35 
0.2 8 

0.85 
0.56 

0.022 
0.028 

0.062 
0.028 

0.10 
0.075 

0.62 
0.28 

0.011 
0.005 

0.52 
0.28 

0.28 
0.15 

0.75 
0.35 

1.60 
0.82 

0.039 
0.020 

1.44 
0.99 1.0 

0.1 

0.05 

0.002 

0.9 

0.6 

0.0025 

10.005 

0.3 

0.28 

0.1 

0.08 

0.1 

C.i 

0.8 

0.3 

0.75 

1.0 

0.01 

1.0 

I 1 4 1 8 9 1  
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Toble 26.2 (continued) 

Urine f .  Total Total  in Total i n  Total In  Total Urine 
~ 

1 -- Element Subject Ingested Feces  Urtne Excreta 
(g ) ( g )  \g) (gj Total Ingested Excreta Ingested (ICRP-59) 

C 0.41 0.34 0.028 0.37 0.91 0.081 0.088 

0.020 0.32 0.60 0.062 0.037 D 0.53 0.30 

0.024 0.018 

0.3 
strontium 

, Tin C 1.5 1.1 0.026 1.1 0.72 
0.05 D 2.4 1 .o 0.016 1.0 0.43 0.016 0.0068 

0.20 1.01 0.47 0.47 
D 0.51 0.22 0.088 0.31 0.61 0.28 0.17 

2.48 0.13 0.32 
1.23 0.15 0.18 

Zinc C 2.7 3.6 0.38 4.0 1.48 0.094 0.14 

Ti  tan1 um C 0.20 0.1 1 0.096 
1 o - ~  

Van adium C 0.016 0.036 0.0052 0.041 
D 0.040 0.042 0.0073 0.049 0.02 

0.1 0.35 4.3 0.96 0.080 0.076 D 4.5 4.0 

Zirconium C 0.12 0.036 0.024 0.060 0.50 0.39 0.20 
D 1.60 0.048 0.034 0.082 0.52 0.41 0.21 

aCadrmum data for weeks 28-36 only. 
bL,ead data for weeks 19-36 only. 
'Subject C failed to add condiments to his dupllcate meal. After he corrected thls practice the apparent 

imbalance &sappeared. 

gastrointest inal  tract of t h e  total  ingested.  T h e s e  
ra t ios  a r e  given i n  Table  26.2. T h e  I C R P  Hand- 
book 59 values  f o r  f l  are included i n  the  l a s t  
column of the tab le  for comparison. The agree- 
ment is good for t h o s e  e l e m e n t s  which are ex-  
creted almost  ent i re ly  in  ur ine,  but  i t  is obvious 
that  for e lements  l ike  strontium and calcium, the 
amount excreted in ur ine d o e s  not  ind ica te  the 
total  amount absorbed,  s i n c e  some of t h e  absorbed 
element  is known to b e  reexcreted into the  gut. 

T h e  dai ly  variation makes  i t  p o s s i b l e  to  s tudy 
the correlation between e lementa l  i n t a k e  and 
excretion. Correlat ions between l e v e l s  of ex- 
cret ion of an element  and l e v e l s  of intake by in- 
gest ion on previous d a y s  may b e  determined and 
multiple regress ions  obtained. If y represents  the  
excret ion of an element  for any day  and x 1, x2, 
x3 ,  x 4 ,  . . . represent  the d ie ta ry  in take  on the  
same day ,  the  day bef--e, two days  before, three 
d a y s  before, e tc . ,  i t  i s  p o s s i b l e  to wri te  a n  
equation which will predict the excret ion in terms 
of the intake: 

Y = a. + a l x l  + a 2 x 2  + a3x3 + . . . , 
where a, i s  t h e  amount excre ted  which cannot  be  

I 1 4 1 8 9 2  

accounted for by t h e  intake on t h e s e  days. T h e  
a's are regression coef f ic ien ts  which indicate  the 
influence of t h e  variability in  a corresponding 
day 's  intake on t h e  variability of t h e  excretion. 
In u s i n g  the  equat ion t o  predict t h e  elemental 
output on any day ,  these  coef f ic ien ts  are j u s t  
fractions of t h e  intake on the corresponding day. 

T h i s  kind of treatment h a s  been useful  i n  es t i -  
mating reexcretion into the  gut of cer ta in  e lements ,  
and thus  h a s  made possible  a bet ter  es t imate  of  f , .  
Regress ions  were run on feca l  excretion over a 
four-day period and t h e  intake over  the same 
period, the previous four-day period, two periods 
previous, and s o  on through f i v e  periods previous, 
or covering a total  of 24 days.  

T h e  equat ion in  th i s  case is 

- 
J'4 day - a. + a l - 4 x 1 - 4  a j - g s g - 8  

The e lements  for which the multiple correlation 
coeff ic ient  R w a s  greater than 0.32 and for which 
the probability that  t h i s  value could have  occurred 

cr- 
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Table 26.3. Regression Equations for Estimating Four-Day Feca l  Output from Intake by  Ingestion 

September b .  lQ66-Mav 13. 1967 

Subiect C Subjecr D 

Cr 110 --I< br  Sn C r  MO Ag Sr Sn 

Regression coeff ic ient  

0.026 0.16 0.039 0.035 0.038 0.094 
”1-4 
a -  0.12 0.021 0.21 0.26 0.066 0.16 

a 0.041 0.039 
.-I3 

9 - 1 2  

” 1 3 - 1 6  

= ! 7 - 2 0  

” 2 1 - 2 4  

0.15 
0.24 0.14 0.08 0.071 

0.15 

220 310 100 980 4400 240 330 290 1700 3800 

R2 0.09 0.20 0.26 0.12 0.18 0.48 0.19 0.12 0.14 0.12 

Mean four-day output Wg) 280 450 140 5700 15,000 330 480 510 6300 15,000 

Standard deviation 220 490 110 4000 17,000 400 550 450 17,000 

Standard error of est imate 210 450 97 3800 15.000 300 500 430 16,000 

Four-daymtake leve l  Wg) 940 1100 790 6500 22,000 1400 2400 1600 8600 38,000 

a g  ( 4 4 )  

by chance w a s  l e s s  than 5% (p < 0.05) a r e  included 
in Table  26.3. It i s  probably safe t o  s a y  tha t  
correlation between fecal excret ion and dietary 
intake within t h e  previous week  re f lec ts  the  
p a s s a g e  of all of t h e  unabsorbed element  through 
the G.I. tract. Some reexcret ion into t h e  gut  may 
a l s o  take  p l a c e  during t h i s  t ime,  but i t  i s  impos- 
s i b l e  to  es t imate  t h e  fract ion from t h e s e  data .  
S ince  the regression coef f ic ien ts  a r e  considered 
to be f ract ions of t h e  amount inges ted ,  tin and  
chromium showed less than 10% of t h e  amount 
ingested to b e  reexcreted within 24 days.  T h e  
value 0.08 for al , - -20  for chromium for subjec t  D 
w a s  very highly s igni f icant  ( p  << 0.0001). 

The most in te res t ing  r e s u l t s  were those  for 
strontium. If i t  is assumed that  fecal excret ion 
within o n e  week involved only t h e  unabsorbed 
element ,  it a p p e a r s  that  24 to 30% of the amount 
inges ted  w a s  reexcreted in to  t h e  gut within 24 
days. When t h i s  is added t o  t h e  amount excreted 
i n  ur ine,  t h e  t o t a l  fraction absorbed of the amount 
ingested i s  about 0.34 for both s u b j e c t s ,  which 
agrees  very well with t h e  ICRP-59 value of 0.3. 
T h e  distribution of t h e  excret ion of absorbed 
quantity between urine and  feces appears  t o  be  
the reverse of that  reported by Fuj i ta3  from a n  
experiment on the ingest ion of a s ingle  d o s e  of 

a5Sr by o n e  m a n  and by Bishop e! aL4 af ter  in- 
travenous ingest ion of a s i n g l e  dose  of 8 5  Sr i n t o  
two subjects .  T h a t  is, t h e  reexcretion into the  
gut for s u b j e c t s  C and D w a s  over  twice as  great  
as t h e  urinary excret ion rather  than one-half as  
great. Actual ly ,  t h e  s i tua t ions  a r e  not comparable, 
since subjec ts  C and D ingested strontium con- 
tinually i n s t e a d  of in a s ingle  dose ,  and the  value 
of the fraction of strontium in t h e  urine of the  
total excreted w a s  a lways  c loser  t o  t h e  value for 
Fuj i ta’s  subjec t  during t h e  f i rs t  two or  three d a y s  
than t o  t h e  v a l u e  which t h i s  fraction became af ter  
90% of t h e  d o s e  h a d  been excreted. 

T h e  resu l t s  €or calcium were not  included in the 
table b e c a u s e  the multiple correlation coeff ic ient  
R for subjec t  C w a s  less than 0.32. Since t h e  
correlation for subjec t  D w a s  suff ic ient  to  be in- 
cluded ( R  = 0.48). i t  should b e  pointed out that  
for both s u b j e c t s  11% of t h e  amount ingested 
appeared to b e  reexcreted into the gut during the 
four-day period 17 to 20 d a y s  af ter  ingest ion,  
which i s  c l o s e  to t h e  va lue  proposed by Dolphin 

3M. Fujita et al . .  Health Phys. 9, 407 (1963). 
4M. Bishop et el . ,  “Excretron and Retention of Radio- 

act ive Strontium in Normal Men following a Single h- 
travenous Injection,” Intern. J .  Radiation Biol. 2, 125 
(1960). 
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and E v e s  a s  a representat ive value. T h i s  va lue  
added t o  the  -11% excreted in urme g v e s  a n  
f ,  of about 0.22, which is c loser  t o  t h e  value of 
0.38 proposed by Dolphin and E v e  than to the 
ICRP value of 0.6. T h e  discrepancy a r i s e s  from 
the difference in urinary output. Subjects  C and D 
excreted i n  t h e  ur ine about  11% of the amount 
inges ted ,  whereas  Dolphin and E v e  sugges t  a 
value nearer  t o  20%. T h e  la t te r  va lue  is a l s o  
c loser  to  t h e  average va lue  for three s u b j e c t s  re- 
ported by Harrison ef al,, although t h e  vaiue for 
one  of t h o s e  s u b j e c t s  w a s  13%. i t  i s  qui te  reason- 
ab le  to  suppose  that  calcium (and strontium as  
well) h a s  components of endogenous excretion 
with much longer t ime l a g s  than t h e  24 d a y s  in- 
c luded i n  t h i s  study. As more da ta  become avail- 
ab le  longer per iods of t ime will b e  included i n  
t h e  regression s tudies .  

, 

METHOD FOR REMOVAL OF PHOSPHATE 
FROM BONE ASH 

concentrate  t h e  trace e lements  a t  pH 6.5, rather 
than the  u s u a l  pH 5 . 2 .  T h i s  substant ia l lv  in- 
c r e a s e s  t h e  number of t r a c e  e lements  which c a n  
be co l lec ted  ana  e i imina tes  t h e  undesirable co- 
precipitation of calcium phosphate. 

A prac t ica l  procedure w a s  se t t led  on for the 
removal of phosphate  from so lu t ions  of bone ash.  
After ignition a t  450°C, the  a s h  i s  dissolved in 
nitric a c i d ,  followed by formic acid. T h i s  solut ion 
i s  placed in the  ca thode  compartment of a twcrpart 
e lec t rodia lys i s  ce l l ;  the compartments are sepa-  
rated by an  Ionac Ma 3475 x L anion-permeable 
membrane. Elec t rodia lys i s  a t  2 amp for a few 
hours t ransfers  t h e  bulk of t h e  phosphate  to  the 
anode compartment; c a t i o n s  a r e  retained i n  the 
cathode compartment and/or deposi ted on t h e  
carbon cathode.  The  la t te r  i s  wet-ashed and 
added t o  t h e  sample  solut ion.  

solution by  precipi ta t ion with 8-hydroxyquinoline 
thionalide + tannic  acid. T h e  precipi ta te  is ex- 
amined spectrographical ly .  

Trace e lements  a r e  then co l lec ted  from th is  

Cyrus Feldman F. S. J o n e s  
5G. W .  D o l p h n  and I. S. Eve.  Phys. Med. Brol. 8,  

6G. E. Harrison, W .  H. A. Raymond. and H. C. 
T h e  removal of phosphate  from bone  a s h  facili- 193 (1963). 

t a t e s  the spectrographic  determination of impuri t ies  =retheway, Conere Uses A t .  

in  this material by making i t  poss ib le  t o  chemically Energy 11. 156 (1956). 

f 
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Theses, Papers, Publications, and lectures 

Theses 

M-E. M .  Abu-Zeid, L. C. Christophorou, and J .  G. Carter 
Emission and Decay of Organic Liquids  Under Electron Impact. ORNL-TM-2219 ( in  preparation). 

C. E. Baker ,  P. B. Dunaway, and  S. I. Auerbach 
.Measurement of Metabolism in Cotton R a t s  by Retention of Cesium-134. ORNL-TM-2069 (February 1968). 

R. P. Blaunstein and L. G. Christophorou 
Electron Attachment to Organic iMolecules, ORNL-TM-2216 (in press).  

Scat ter ing of Thermal E lec t rons  by Polar  Molecules, 0RNLT;M-2257 (in press).  
A .  A .  Chris todoui ides  and L .  G. Christophorou 

B. R. F i s h  
Conduct ive Sphere on a Charged Conductive Plane.  ORNL-4193 (December 1967). 

R. N .  Hamm, R. H. Ri tchie ,  and J .  C. Ashley 
Electron Mean F r e e  P a t h s  in  a Free-Electron Gas, ORNLTM-2072 (in press) .  

J .  D. Haves  and E. T. Arakawa 
The  Optical  P rope r t i e s  of Vacuum-Evaporated Films of Tellurium and Amorphous Selenium, ORNL-TM- 
2023 (January 1968). 

An Apparatus for Measurement of Electron Attachment and Electron Swarm Drif t  Veloci t ies  a t  High Tem- 
peratures ,  ORNL-TM-1444 (February 1968). 

Threshold Electron fmpact Exci ta t ion of Organic Molecules, ORNL-TM-2156 (June 1968). 

W .  G. Hendrick,  L. G. Christophorou, and G. S. Hurst  

R. H. Huebner,  R. N. Compton, L. G. Christophorou, and P. W .  Reinhardt 

Larry Johnson and H. C. Schweinler 
Osc i l la tor  Strengths  in Magnesium Porphin.  ORNL-TM-1%1 (October 1967). 

Accelerated Deformation of Rock Salt at Elevated Temperature and P r e s s u r e  and I t s  Implications for 
High Leve l  Radioact ive Waste Disposal ,  ORNL-TM-2102 (March 1968). 

Transient  Negat ive Ion S t a t e s  in Alicyci ic  a n d  Aromatic Fluorocarbon Molecules, ORNL-TM-2260 (in 
prepar a t io n) . 

t ow-Energy  Electron Studies  in Aluminum. ORNL-TM-2030 (January 1968). 

T. F. Lomenick 

W. T. Naff, R. N. Compton. C. 0. Cooper,  and P. W. Reinhardt 

S. J. Nal ley,  M. Y .  Nakai ,  F .  W. Garber,  R. H. Ri tchie .  J .  A. Harter, and R. D. Birkhoff 
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D. R. Nelson and F. J. Davis  

ORNL-TM-2222 (in press) .  

Jacobi-Gauss  Quadra twe Calculat ions of Rvdberg-Klein Poten t ia l  Energy Curves for Diatomic Molecules 
a n d  Solut ions of the  Ensuing Wave Equations for Some of Their Bound Sta tes .  ORNL-TM-2167 (May 
1968). 

Optical  Proper t ies  of Liquid  Water in the  Vacuum C'ltrar.iolet. ORNL-TM-2261 (in press). 

T h e  E f f e c t s  of Biotic' Complexity a n d  Fast Neutron Radiation on Cesium-137 a n d  Cobalt-60 Kinet ics  
in  Aquat ic  Microcosms, ORNL-4318 (in press) .  

Margaret S. Riedinger and L. C. Emerson 
Determination of Optical  Cons tan ts  of Palladium by Ei'lipsometry. ORNL-TM-2114 (February 1968). 

L. H. Toburen, M. Y. Nakai, a n d R .  A. Langley 
Part I .  T h e  Measurement of High-Energy Charge Transfer  C r o s s  Sec t ions  for Incident  Pro tons  a n d  
Atomic Hydrogen in  Various Gases. P a r t  ! I .  
Conversion-Electron Spectra  of Platinum in t h e  Decay of 9 5 A ~ ,  ORNL-TM-1988 (November 1967). 

Determination of Diffusion Coeff ic ients  of Thermal Elec t rons  with a Time-of-Flight Swarm Experrrnenr. 

John McKeever and H. C. Schweinler 

Linda  R. Pa in te r ,  R. D. Birkhoff, and E. T. Arakawa 

H. L. Ragsdale ,  J.  P. Witherspoon, and  I). J. Nelson 

The.K-,  L- ,  and M-Auger, L-Coster-Kronig, and the 

R. C. Vehse  and E. T. Arakawa 
Optical  a n d  Photoemissive Propert ies  of Evaporated Fi lms  of Palladium. Nickel. a n d  Copper  in the  
Vacuum Ultraviolet Spec t ra l  Region, ORNL-TM-2240 (in press) .  

Nonlinear  Interact ions in Quantum Plasmas .  CRNL-TM-2101 (June 1968). 

Differentiability of Set Funct ions,  ORNL-TM-1952 (October 1967). 

R. E. Wilems and R. H. Ri tchie  

H. A. Wright and W. S. Snyder 

Papers 

M-E. M. Abu-Zeid, L. G. Christophorou, J. G. Carter. R .  D. nirkhoff, and J .  A .  Harter 
Emission a n d  Decay  of Exci ted  Organic Molecules Under Electron I n p c t ,  11th Scintillation and Semi- 
conductor Counter Symposium, February 28, 29-March 1, 1968, V'ashington, I: .C. 

Opt ica l  Emission from Electron-Bombarded Metal F i lms ,  International Conference on Solid State  P h y s i c s  
Research  with Accelerators ,  September 25-28, 1967, Brookhaven National Laboratory, [Spton, New York. 

Polar izat ion of Light  by Concave Diffraction Gratings. 2nd International Conference on  Vacuum Ultra- 
*v io le t  Radiation P h y s i c s  - Interactions with Sol ids ,  May 1-3, 1968, Catlinburg, Tennessee .  

Quantum Treatment of Multiple R e a l  Transitions. American Phvs ica l  SocieLy, Southeastern Section, 
November 2-4, 1967, Clemson, South Carolina. 

A s p e c t s  of Radiation Ecology Related to Pos ta t tack  Problems. OCD Staff Col lege  Seminar on Radio- 
biological Ef fec ts ,  University of Chicago, November 19-22, 1967, Chicago,  Illinois. 

Radiation Ecology, presented at Refresher Course. Pr inc ip les  of Ecology for Bio-Environmental 
Engineers ,  American Society of Zoologis ts ,  AAAS Meeting, December 27-28, 1967, New York, New 
York. 

E. T. Arakawa, L. C. Emerson, and R. D. Birkhoff 

E. T. Arakawa, R. N. Hamm, R. H. R i t c h e ,  and J. J .  Cowan 

J .  c. Ashley and  R. H. Ri tchie  

S. I. Auerbach 
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J .  A. Auxier 
Radiation Propagation a n d  Sheelding Experiments a t  the  BRFN Tower Fsc i l i tv .  American Nuclear 
Societv,  November 5-9, 1967, Chicago, Illinois. 

K. Becker  
Alpha Par t ic le  Registration In P l a s r i c s  a n d  Its Applications for Radon. Thermal. and Fast Neutron 
Personnel  Dosirnerry, Health P h y s i c s  Societv,  June 16-20, 1968, Denver, Colorado. 

The Effect of Oxvgen and Humidity on Charged Par t ic le  Registration in Organic Foi l s ,  Radiation 
Research Societv.  ApriI 21-25, 1968, Houston, Texas.  

Pe r sonne l  Dosirnerry in Large-Scale Nuc /ear  Emergencies.  Symposium on Radiological Protection of 
the Publ ic  in  Nuclear Mass Disas te rs ,  May 27-June 1 ,  1968, Interlaken. Switzerland. 

K.  Becker  and J .  S. Cheka 
Silver-Activated Lithium Borate G l a s s e s  as  Radiophotoluminescence Dosimeters with Low Energy 
Dependence, Radiation Research Society,  April 21-25, 1968, Houston, Texas.  

S. R. Bernard 
A Random Compartment Model for Radionucl ide Retenrlon, Health P h y s i c s  Society,  June 16-20, 1968. 
Denver, Colorado. 

R. D. Birkhoff 
Electron Slowmg-Down Spectra  in Inf ini te  Homogeneous Isotropic (Media. National Bureau of Standards,  
July 11, 1967, Washington. D.C. 

B. G. Blaylock 
T h e  Fecundi ty  of a Populat ion of Gambusia aff inis  affinis Inhabiting a L a k e  Contaminated with Radio- 
a c t i v e  Waste. Ecological Society of America, June 16-20, 1968, Madison, Wisconsin. 

W. J. Boegly,  J r . ,  F. L. Parker ,  and E. G. Struxness  
Di sposa l  of Radioact ive Wastes in Geologic Formations, Firs t  International Congress  of t h e  Inter- 
national Radiation Protect ion Associat ion,  September 3-10, 1966, Rome, Italy. 

W. J .  Boegly,  Jr.,  and E. G. Struxness 
Application of Hydraulic Fracturing to Waste Disposal.  National Convention of the  Water Pollution 
Control Federat ion,  October 8-13, 1967, New York. New York. 

Radiation Safety P r a c t i c e s  for Handl ing Accelerator Targets  Containing Kilo-Curie Amounts of 3H 
Health P h y s i c s  Society,  June  16-20, 1968, Denver, Colorado. 

Emission from Organic L iqu ids  Exc i t ed  by Flectrons and Photons.  Radiological P h y s i c s  Contractors 
Meeting, AEC,  October 24-25, 1967, Gaithersburg, Maryland. 

Scat ter ing of Thermal Electrons by P o l a r  Molecules. Radiation Resea rch  Society,  April 21-25, 1968, 
Houston, Texas .  

D i s soc ia t ive  Electron Attachment to Molecules.  20th Annual Gaseous Electronics  Conference, October 
18-20, 1967, S a  Franc i sco ,  California. 

Electron Impact Exci ta t ion a n d  Negat ive Ion Formarion. Health P h y s i c s  Society,  June 17-19, 1968, 
Denver, Colorado. 

Electron Capture b y  Hydrogen Hal ides .  5th International Conference on the P h y s i c s  of Electronic and 
Atomic Col l i s ions ,  July 17-23, 1967, Leningrad. U.S.S.R. 

H. M. Butler and F. F. Haywood 

L. G. Christophorou 

L. G. Christophorou and A. A.  Chris todoul ides  

L. G. Christophorou and J .  A. Stockdale 

R. N. Compton 

R. N. Compton, L. G. Christophorou. and H. W. Dickson 
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M. J. Cook and W. S. Snyder 
T h e  Rela t ive  Importance of Cesium-137 contaminat ion in Various Foods tuf fs  in Terms of Total Dose 
.for Various Age Groups of a Populat ion.  Health P h y s i c s  Society,  J u n e  16-20, 1966. Denver, Colorado 

K. E. Cowser ,  Jacob  Tadmor, D. G.  Jacobs .  and R'. J .  Boegiy, J r .  
. Evaluat ion of Krypton-85 a n d  Hydrogen-3 in a n  Expanding Nuclear F u e l  Reprocessing Industry. American 

Society of Civi l  Engineering National Meeting on Environmental Engineer ing,  May 13-17, 1966, Chat- 
tanooga,  T e n n e s s e e .  

Radiat ive Decay of Coulom b Stimulated P lasmons  in Spheres ,  American P h y s i c a l  Society,  Southeastern 
Sect ion,  November 2-4, 1967,  Clemson, South Carolina. 

Jul ian Crowell and R. H. Ri tch ie  

' 

Pat r ic ia  Dalton and J. I?. Turner 
New Evaluation of Mean Exci ta t ion Energies  for Use in Radiat ion Dosimetry. Health P h y s i c s  Society,  
June  16-20, 1968, Denver, Colorado. 

Wallace d e  Laguna 

F. 

M. 

F. 

W .  

V. 

D. 

S. 

S. 

T. 

I 

- 
Sta tus  of Waste D i s p o s a l  bv Hydraulic Fracturing. Health P h y s i c s  Societv Meeting, June 16-20. 1968, 
Denver, Colorado. 

M. Empson, R. L. Bradshaw. W .  C. McClain, and B. L. Houser 
Summary of R e s u l t s  of a Demonstration of the Disposal  of High-Level Sol idif ied Radioact ive k'astes in 
a S a l t  Mine. Health P h y s i c s  Society Meeting, June  16-20, 1968, Denver, Colorado. 

R. Ford and W. S. Snyder 
A Monte Carlo Est imat ion of Absorbed Frac t ions  in Body Organs of R e a l i s t i c  Size. Shape. Composition. 
a n d  Densi ty  from a Source of Photons  Distributed Uniformly in an Organ. Health P h y s i c s  Society, J u n e  
16-20, 1968, Denver, Colorado. 

Determination of Low-Enagy Electron Attenuation Lengths  in Aluminum, American Phvs ica l  Society, 
Southeastern Section, November 2-4, 1967. Clemson, South Carolina. 

R. Garrett 
Non-Adiabatic Target Distortion in Low-Energv Atomic Scattering, 5th International Conference on t h e  
P h y s i c s  of Electronic  and Atomic Col l i s ions ,  July 17-23, 1967, Leningrad, U.S.S.R. 

W. Garber, R. D. Birkhoff, and S. J. Nalley 

G. Horton, L .  R. Pa in te r ,  and E. T. Arakawa 
Evaluat ion of Reflect ion Type  Polar izers  in the Vacuum Ultraviolet, American P h y s i c a l  Society, South- 
e a s t e r n  Section, November 2-4, 1967, Clemson. South Carolina. 

G. Jacobs  and K. E. Cowser  
T h e  R e l e a s e  of Tritium from an Expanding Nuclear Power Economy a n d  I t s  Long Range  Behavior in 
the  Environment, Heal th  P h y s i c s  Society Meeting, June 16-20, 1968, Denver, Colorado. 

S ta tus  of the  ORNL Dose Est imat ion Program Rela ted  to Excavat ion of a Sea-Level  Canal  with Nuclear  
Explosives ,  Subcontractors Working Meeting, Bat te l le  Memorial Inst i tute ,  November 14, 1967, Columbus, 
Ohio. 

V. Kaye  

V. Kaye,  P. S. Rohwer, K. E. Cowser ,  and W. D. Turner 
Est imat ing Radiation Doses to Populat ions for Projects Involving Reac tor  Siting a n d  P e a c e f u l  Nuclear  
Explosives ,  Annual Meeting of the  Health P h y s i c s  Society, June  16-20, 1968. Denver, Colorado. 

F. Lomenick 
Geoseismological  F a c t o r s  in Power Reactor Siting, Health P h y s i c s  Society Meeting, June 16-20, 
1968, Denver, Colorado. 

Ear thquakes  and Reactor  Safety, Geological Society of America Annual Meeting, November 19-22, 
1967, New Orleans,  Louis iana.  
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D. R. Nelson a n d  F. J .  Davis  
Thermal Electron Diffusion Coeff ic ienr  Determinations from Time-of-Flight Swarm Studies. 20th Annual 
Gaseous  Electronics  Conference, October 18-20. 1967. San Franc isco .  California. 

J .  S. Olson 
Productir,ity, Bakmce a n d  Turnover in #Ma :or World Ecosystems,  American Associat ion for t h e  Advance- 
ment of Science,  December 27,  1967. New ,Lark, New York. 

J .  S. Olson, Giovanni Cristofolini, and Margaret Olson 
Computer Process ing  of Information on Ecological  Sysrems. publ ished in Proceedings of t h e  Symposium 
on Information Problems i n  Natural Sc iences ,  December 1967, Universidad Nacio, Mexico. 

L. R. Pa in te r  and R. D. Birkhoff 
Reflectivity of Liquid  H,O in the  Vacuum Ultraviolet. American Phys ica l  Society Southeastern Section. 
November 2-4, 1967. Clemson, South Carolina. 

L inda  R. Pa in te r ,  R. N. Hamm, E. T. Arakawa. and R. D. Birkhoff 
Electronic  Proper t ies  of Liquid Water in the Vacuum Ultraviolet. 2nd Intetnational Conference on 
Vacuum Ultraviolet Radiation P h y s i c s  - Interactions with Solids, May 1-3, 1968, Gatlinburg, T e n n e s s e e .  

J. W. Pos ton  
Radiation Dosimetry S tudies  at the Heal th  P h y s i c s  Research Reactor ,  American Nuclear Society, 7th 
Annual Student Conference, April 4-7, 1968. Gainesvi l le ,  Florida. 

Measurement of Elemental  Assimilat ion by  Arthropods from Radioisotope Retent ion Pat terns ,  AIBS 
Meeting, August 27-September 1, 1967,  Col lege Station, Texas .  

Secondary Productivity, American Associat ion for the  Advancement of Sc ience ,  December 27, 1967, 
New York, New York. 

Productivity of the Evergreen Bagworm Thyridopteryx ephemeraeformis (Haworth) on Different Host 
P lan ts ,  Ecological  Society of America, J u n e  18-20, 1968, Madison, Wisconsin. 

R. H. Ri tchie  
Nonlinear Interact ions in Quantum Plasmas .  National Bureau of Standards,  July 11, 1967, Washington, 
D.C. 

Nonlinear Interact ions i n  Quantum Plasmas .  2nd International Conference on Vacuum Ultraviolet Radia- 
tion P h y s i c s  - Interact ions with Sol ids ,  May 1-3, 1968, Gatlinburg, Tennessee .  

D. E. Reich le  

R. H. Ri tchie  and R. E. WiIems 
Nonlinear Interact ions Involving Energe t ic  Elec t rons  and  Photons  in  Quantum Plasmas ,  International 
Conference on Solid S ta te  P h y s i c s  Research  with Accelerators ,  September 25-28, 1967, Brookhaven 
National Laboratory, Upton, New York. 

An Approach for A s s e s s i n g  P o t e n t i a l  Populat ion Exposures ,  Health P h y s i c s  Society Midyear Topical  
Symposium, January 24-25, 1968, Augusta ,  Georgia. 

Determination of Symmetry Orbi ta ls  of a n  n-Atomic Molecule, American Phys ica l  Society, August 31- 
September 2, 1967, Seat t le ,  Washington, 

Determinafion of Normal Coordinates  of a n  n-Atomic ,Molecule, Symposium on Molecular Structure and 
Spectra, September 5-9, 1967, Columbus, Ohio. 

Food Crops and F’ostattack Recovery, National Academy of Sc iences ,  Office of Civil Defense  and 
Office of Emergency Planning,  November 6-9, 1967, Fort Monroe, Virginia. 

The  Effec ts  of Ionizing Radiat ion on Worker Honey B e e s ,  Apis mellifera L. (Hymenoptera, Apidaei. 
Entomological Society of America, November 27-30, 1967, New York, New York. 

P. S. Rohwer, K. E. Cowser ,  W. S. Snyder, and E. G. Struxness  

H. C. Schweinler 

A. F. Shinn 
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A Study of Individual Variation of Excret ion of Plutonium bv Man a n d  of Its Signif icance in Estimating 
the Systemic Burden, Bioassay  and Analytical Chemistry, October 12-13, 1967, Berkeley,  California. 

W. S. Snyder, H. A. Wright, J. E. Turner, and J .  Neufeld 
Calcu la t ions  of Depth Dose  from Neutrons and Protons of High Energy a n d  Their Interpretation ior 

Radiat ion Protect ion,  American Nuclear Society,  June  9-13, 1968, Toronto, Canada.  

W. A. Thomas 
Decomposition of Loblol ly  P i n e  N e e d l e s  With and Without Addition of Dogwood L e a v e s ,  Ecological 
Society of America, December 26-31, 1967, New York, New York. 

J. H. Thorngate  and J. A. Auxier 
F a s t  Neutron Spectrometry for Radioprotection. Symposium on Nuclear Electronics  and Radioprotection, 
March 4-8, 1968, Toulouse,  France .  

I sabe l  H. Tipton 
Trace  Elements  i n  Human T i s s u e  - Normal Values, International Atomic Energy P a n e l  Meeting on 

Activation Analys is  i n  the Study of Mineral Element  Metabolism in Man,” Tehran,  Iran, June  1968. 1 1  

I sabe l  H. Tipton, Peggy L. Stewart, a n d  Judith Dickson 
P a t t e r n s  of Elemental  Excret ion in Long-Term Balance  Studies .  Health P h y s i c s  Society,  June 16-20> 
1968,  Denver, Colorado. 

J. E. Turner, V. E. Anderson, and Kenneth Fox 
Ground-State Energy Eigenvalues  and Eigeniuncrions for Elec t rons  in  a Stationary Electr ic  Dipole 
Field, American Phys ica l  Society,  April 22-25, 1968, Washington, D.C. 
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Publications 

%I-E. M. Abu-Zeid, L. G. Christophorou, J. G. Carter,  R. D. Birkhoff, and J .  A. Harter 
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LET E f f e c t s  on t h e  Radiophotoluminescence in Silver-Activated Dosimeter G l a s s e s , ”  to  be  published 
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“EIectron Flux  Spectra in Aluminum; Analysis  for L E T  Spectra and Exci ta t ion and Ionization Yields .  ” 
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J. G. Carter ,  L. G. Christophorou, and M-E. M. Abu-Zeid 
Emission from Organic Liquids  Exci ted by Electron Impact,” J .  Chem. Phys .  47, 3879-84 (1967). ( 1  
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“ T h e  Elec t ros ta t ic  F o r c e s  of Adhesion Between Par t ic les ,  ” Proceedings  of Symposium on Electro- 
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in Nuclear S c i e n c e  A b s t r a c t s  (ORNL-tr-1804) September 28, 1967. 

“Bound S t a t e s  of a n  Electron in a P o i n t  Electr ic  Dipole Field:  Quant izat ion of a Class ica l  Solut ion,”  
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“Threshold Electron Impact Exci ta t ion of Azulene, ” submitted for publication in  P h y s i c s  Let ters .  
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“Distribution a n d  Retention of Orally Administered Radiotungsten i n  t h e  R a t , ”  Heal th  Phys. (in press) .  

Systems Analys is  of a Coupled Compartment Model for Radionuclide Transfer  in a Tropical  Environ- ( 6  
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A Neurron-Enagy Threshold Detector  System Employing Sol id-s ta te  Nuclear Track Detector and F i s s i l e  
Radiator  Units ,  ORNL-TM-2120 (March 1968). 

“Radiat ion Dosimetry. vol. 11, 2d ed .”  (book reviewj, Health Phys.  14, 384-85 (1968). 

G .  D. Kerr and  J. S. Cheka 
“ A  Lithium-; Phosphate  Glass  Detector for Exposure Measurements in Mixed Neutron Gamma-Ray 
Radiation F i e l d s , ”  to b e  published in  Heal th  Phys ics .  

Heal th  P h y s i c s  a n d  Safety Guidel ines  for t h e  POSAR Faci l i ty ,  OKNLTM-1981 (September 1967). 
G. D. Kerr, J .  W. P o s t o n ,  and E. M. Robinson 

Govind S. Khandelwal 
“Charac te r i s t ic  X-Ray Production in Atomic K Shel l ,”  Phys.  Rev. 167, 136-38 (1968). 

“ U s e  of Radioiron (59Fe) a s  a n  Index to  Hemopoietic Damage Caused  by Ionizing Radiat ion,”  J .  Tenn. 
Acad. Sci. (in press) .  

J.  T. Kitchings 111, P. B. Dunaway, J .  D. Story, and L. E. Tucker  

C. E. Klots  
“Transi t ion Yie lds  in  Irradiated G a s e s , ”  to  b e  published in  Proceedings  of International Conference 

on Radiation Chemistry, Argonne. Illinois. 

T. F. Lomenick and R. L. Bradshaw 
“Some Remarks on the  Role  of Small-Scale Model Studies  in  Evaluat ing the  Stability of Underground 
Act iv i t ies ,”  pp. 498-500 in Proceedings  of the F i r s t  Congress  of t h e  International Society of Rock 
thlechanics. Lisbon,  25th September-1 s t  October 1966. Laboratorio National d e  Engenharia Civi l  L i s b o a ,  
Portugal (1967). 

“The Behavior of Strontium-90 and Cesium-137 in Seepage P i t s  a t  ORNL,”  Health P h y s .  13(8), 897- 
905 (August 1967). 

T. F. Lomenick and Herbert Robertson 

April 1968). 

T. F. Lomenick,  D. G. Jacobs ,  and E. G. Struxness  

Seismological and Geophysical  Instrumentation in Reactor  Safety,”  Nucf. Safety 9 ( 2 ) ,  120-24 (March- ( I  

R. A. MacRae, E. T. Arakawa, and M. W. Williams 
“Optical Propert ies  of Vacuum-Evaporated White Tin,  ’ ’  Phys.  Rev. 162. 615-20 (1967). 
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W. C. McClain 
“ T h e  Effec t  of Nonelast ic  Behavior of R o c k s , ”  pp. 204-16 in Fa i lure  a n d  Breakage of Rocks. A m e r i c a n  
Inst i tute  of Mining, New York, 1967. 

“Hydraulic Fractur ing as a Waste Disposal  Method,” pp. 135-47 in Proceedings  of lAEA Symposium 
on Disposa l  of Radioac t ive  Wastes  into the Ground. rMav 29 Through June 2 ,  1967, Vienna. Inter- 
national Atomic Energy Agency, Vienna,  Austr ia ,  1967. 

W. C. McClain, R. L. Bradshaw, and F. M. Empson 
“Disposal  of High-Level Solidified Wastes in Salt Mines,” pp. 549-62 in Proceedings  of I A F A  Svm- 
posium on  Disposa l  of Radioact ive Wastes into the  Ground. May 29 Through June 2 ,  1967, Vienna, 
International Atomic Energy Agency, Vienna, Austria, 1967. 

W. J .  McConnell, R. N. Hamm, R. H. Ri tchie ,  and R. D. Birkhoff 
“Electron Flux Spectra  in Aluminum: Analys is  for L E T  Spectra and  Ionization Yields ,”  Radiatiori 

Res .  33, 216-28 (1968). 

K. Z. Morgan 
“Heal th  P h y s i c s , ”  pp. 306-9 in  The  Fncyclopedia  of P h y s i c s  (ed. by R. M. Besancon) ,  keinhold,  
New York, 1966. 

“Ionizing Radiat ion,”  pp. 1-82 in Ionizing Radiation, American Publ ic  Health Associat ion,  New York, 
1966. 

“History of Damage and Protect ion from Ionizing Radiat ion,”  pp. 1-75 in Pr inc ip les  of Radiation 
Pro tec t ion  (ed. by K. Z. Morgan and J. E. Turner), New York, 1967. 

“Maximum Permiss ib le  Exposure Levels  - External and Internal ,”  ibid., pp. 497-537. 

1968, pp. 38-42. 

“Protect ion Against Ionizing Radiation,’’ Sal t  4 ,  8 (1967). 

“Population Exposure t o  X-Rays, ” pp. 363-81 in Elec t ronics  Products  Radiat ion Control. hearings 
before t h e  Subcommittee on P u b l i c  Heal th  and Welfare of t h e  Committee on Inters ta te  and Foreign Com- 
merce, House of Representa t ives ,  90th Congress ,  F i r s t  Sess ion ,  on HR-10790, USGPO, Washington, 
1967. 

“Maximum Permiss ib le  Exposure of Miners in the  United S ta tes  to Radon and I t s  Daughters ,”  pp. 
1216-22 in  Radiat ion Exposure of Uranium Miners, hearings before t h e  Subcommittee on Research.  
Development, and Radiation of t h e  Joint  Committee on Atomic Energy, Congress  of t h e  United S ta tes ,  
90th Congress ,  F i r s t  Session,  part 11, USGPO, Washington. 1967. 

“Reduct ion of Unnecessary Medical Exposure, ’’ pp. 46-64 in Radiat ion Control for Heafth a n d  Safety 
A c t  of 1967, hear ings  before the  Committee on Commerce, United S ta tes  Senate ,  90th Congress .  F i r s t  
Session,  on S. 2067, USGPO, Waslungton, 1968. 

“The Role of Nuclear Energy in t h e  Control of Air Pol lut ion,”  Nucl. Safety (in p r e s s  a s  of 6/25/68). 

“Dose  from External  Sources of Radiat ion,”  chap. 9 ,  pp. 263-300 in  Pr inc ip les  of Radiation Protection 
(ed. by K. 2. Morgan and J .  E. Turner), Wiley, New York, 1967. 

Pr inc ip les  of Radiat ion Protect ion,  Uiley, New York, 1967. 

Common Sources  of Human Exposure to  Ionizing Radiation in t h e  United S t a t e s , ”  Am. Engr., July 1 L  

K. 2. Morgan and L. C. Emerson 

K. z. Morgan and J. E. Turner (Eds.)  

w. T. Naff, C. D. Cooper, and R. N. Compton 
1 1  Trans ien t  Negat ive Ion S ta tes  in Alicycl ic  and Aromatic Fluorocarbon Molecules,” submitted for 
publication i n  t h e  Journal of C h e m i c a l  Phys ics .  
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E. C.  Neal. B. C. Pa t ten ,  and C. E. DePoe  
“Periphyton Growth on Artificial Subs t ra tes  in a Radioactively Contaminated L a k e , ”  Ecology 48(6). 
918-24 (1967). 

D. J .  Nelson 
‘‘?!icrochemicd Ccns t i tuents  in C0ntempo:ary and Pre-Columbian Clam Shel l ,”  pp- 185-203 in 
Quaternary Paleoecology (ed. by E. J .  Cushing and H. E. Wright, Jr .) ,  yale University P r e s s ,  1967. 

“Ecological  Behavior of Radionucl ides  i n  the  Clinch and T e n n e s s e e  Rivers ,  ’ ’  in Reservoir Fishery 
Resources  Symposium (in p r e s s ) .  

“Environmental Biology” (book review), Emiron .  Sci. Technof. 1 ,  444-45 (1967). 

“Cesium, Cesium-137, and Potass ium Concentrations in  White Crappie and Other Clinch River F i s h . ”  
Proc.  Second Nat ional  Symposium on Radioecology (in press). 

D. R. Nelson,  J .  G. Carter, R. D. Birkhoff, R. N. Hamm. and L. G. Augenstein 

J .  Neufeld, L. C. Emerson, F. J. Davis ,  and J. E. Turner 

“Yie lds  of Luminescence from X-Irradiated Biochemicals .”  Radiation Res. 32, 723-43 (1967). 

“ T h e  P a s s a g e  o f  Heavy Charged P a r t i c l e s .  Gamma Rays,  and X-Rays Through Matter,” chap. 2. pp. 
76-113 in P r i n c i p l e s  of Radiation Protect ion (ed. by K.  Z. Morgan and J.  E. Turner), Wiley, New York. 
1967. 

Jacob  Neufeld and Harvel Wright 
“Exci ta t ion of Hydromagnetic Waves by a Hel ical  Proton Stream,” pp. 121-24 in Proceedings  of 
Symposium on Electromagnetic Wave Theory, Delft. September 6-11, 1965. Pergamon, London, 1967, 

“Effects of Irradiation on l 3  ‘IUDR Incorporation by Cotton R a t s , ”  to b e  publ ished in  Radiation Research.  

“Incorporation and T i s s u e  Distribution of a Thymidine Analog in t h e  Cotton Rat ,  Sigmodon hispidus.”  
Comp. Biochem. Physiol .  22, 435-50 (1967). 

T. P. O’Farrel l  and P. B. Dunaway 

J. S. Olson 
Distribution and Radiocesium Transfers  of Roots  in a Tagged Mesophytic Appalachian Fores t  in 

T e n n e s s e e ,  ” submitted t o  Internat ional  Biological  Program Symposium on Methods of Productivity 
S tudies  i n  R o o t S y s t e m s  a n d  Rhizosphere Organisms. Moscow, USSR, August  1968. 

“ U s e  of Tracer  Techniques for  the  Study of Biogeochemical C y c l e s , ”  pp. 271-88 i n  Functioning of 
Terrestr ia l  Ecosys tems at the Primary Production Level .  Proc. of t h e  Copenhagen Symposium, UNESCO, 

r i  

1968. 

J .  S. Olson  and V. R. R. Uppuluri 
“Ecosys tem Maintenance and Transformation Models as  Markov P r o c e s s e s  with Absorbing Barriers, ” 
pp. 3.1-3.5 in Some Mathematical Models in Biology, University of Michigan, December 1967. 

L. Robinson Painter ,  R. N. Hamm, E. T. Arakawa, a n d  R. D. Birkhoff 
“Eiectronic  Propert ies  of Liquid Water i n  t h e  Vacuum Ultraviolet,” submitted for publication in 
P h y s i c a i  Review Let te rs .  

“Disposa l  of Low Level  Radioact ive Wastes into the Oceans ,”  Nucl. Safety 8(4), 376-82 (Summer 
1967). 

“Radioac t ive  Wastes from Fus ion  Reac tors ,”  Sc ience  159(3810), 83-84 (Jan. 5 ,  1968). 

Report of Trip Abroad by J. W. Pos ton  During Period December 9, 1967-December 17,  1967. Jan. 29, 
1968 (internal memorandum ). 

Frank L. Parker  

J. W. Pos ton  
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J. W. Pos ton ,  K. W. Crase .  and E. M. Robinson 
Thermal Neutron F l u e n c e  Measurements in rh e DOSAR F aci l i??  Thermal P i l e .  ORNL-TM-2009 (Novem- 
ber 1967). 

J. R. Reed  and D. J .  Nelson 
“Radiostrontium Uptake in  F l e s h  and Blood of Bluegi l ls  (Lepomis macrochirus), ” Proc. Second 
Nat ional  Symposium on Radioecology (in press) .  

D. E. Reich le  
“Relat ion of Body S i z e  t o  Food Intake,  Oxygen Consumption, and Trace Element Metabolism in Fores t  
Floor Arthropods,” Ecology ( in  press) .  

“Invest igat ions on Heterotrophic Productivity i n  Fores t  Insect  Communities,” Warsaw, Poland,  Sym- 
posium on Pr inc ip les  and  Methods of Secondary Productivity in Terrestr ia l  Ecosys tems.  Pol i sh  
Academy of Sc iences ,  Warsaw. 

“Trophic Level  Concentrations of Cesium-137, Sodium, and Potass ium in Fores t  Arthropods,” Proc. 
Second National Symposium on Radioecology, Ann Arbor, Michigan (in press) .  

“Calcium, Potass ium and Sodium Content of Fores t  Floor Arthropods,” submitted to Annals  of the 
Entomological Society of A m a i c a .  

D. E. Reich le  with El iot  C. Williams 

D. E. Reichle  and D. A. Crossley,  Jr. 

D. E. Reichle ,  M. H. Shanks,  and D. A. Cross ley ,  J r .  

Radioact ive T r a c e r s  in  the  Study of Energy Turnover by a Grazing Insec t ,  Chrysochus auratus Fab.  ,” ‘ 6  

Oikos 19, 10-18 (1968). 

R. H. Ri tch ie  
‘ ‘A Note on Optical  Bremsstrahlung in a Dielectr ic  Medium,” submit ted for publication in the  Journal 
of Experimental and Theoret ical  P h y s i c s  (Russ ian  journal). 

“ T h e  Phys ica l  B a s i s  of Radiat ion Dosimetry,” chap. 4, pp. 137-56 in Pr inc ip les  of Radiation Pro tec-  
tion (ed. by K. Z. Morgan and J. E. Turner), Wiley, New York, 1967. 

“Radiat ive Decay of Tangent ia l  Surface P lasmons ,  ” submitted for publ icat ion in P h y s i c s  Let ters .  

“Low-Energy Electron Mean Free P a t h s  i n  Sol ids ,”  in Advances  in Radiobiology, vol. 3 (in press) .  
R. H. Ri tchie ,  M. Y. Nakai ,  a n d  R. D. Birkhoff 

R. H. Ri tchie  and R. E .  Wilems 
Nonlinear Interact ion in Quantum P l a s m a s ,  ” pp. 155-65 in  Proceedings  of International Conference < <  

OR Sol id  S ta te  P h y s i c s  Research  with Accelerators ,  September 25-28, 1967. Brookhaven Nat ional  
Laboratory (ed. by A. N. Goland), BNL-50083 (1968). 

“Optical Reflect ivi t ies  of Liquid Water in t h e  Vacuum UV,” J. Chem. P h y s .  46, 4548-49 (1967). 

Age-Dependent Models for Est imat ing Internal D o s e  in Feas ib i l i ty  Evaluat ions.  of Plowshare Events ,  

L. L. Robinson, L. C. Emerson, J. G. Carter, and  R. D. Birkhoff 

P. S. Rohwer and S. V. Kaye 

ORNL-TM-2229 (July 1968). 
I ‘  Predict ing Radiat ion Dose Equivalents  for Populat ions:  11. R e s u l t s  Obtained with the  Dose  Models, ” 
Biosc ience  ( in  press ) .  

Evaluat ion of the Biological  E f f e c t s  of Radiation, ORNL-CF-67-9-60 (September 1967). 
p. S. Rohwer and E. G. Struxness 

w- Schaffer, Jr., w. J. Boegly, Jr., R. L. Bradshaw, and F. L. P a r k e r  

k b f f e r ,  Jr.,  1. Spiewak, R. E. Blanco,  and W. J.  Boegly, J r .  

i d  Projec t  Salt Vault: Design of Equprnent ,”  Nuclear Engineering a n d  Design (in press) .  
w. 

Survey of Potent ia l  U s e  of Nuclear  Energy in Waste Water Treatment, ORNL-TM-2160 (June 1968). 
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H. A. Schroeder. A lezs  P. Nason.  and Isabe l  H. Tipton 
E s s e n t i a l  Trace .’,!etais i n  bran: Cobal t , ”  /. Chronic D i s e a s e s  20, 869-90 (1967). l i  

C. Schweinler 
“Theory of Grouo.. In C l a s s i c a l  a n d  Quanrum P h y s i c s  - vol. I: .Mathematical Structures a n d  the 
Foundarions of Cju;,ntum Theory (by Thto I<ahan. American Elsevier  Publ i sh ing  Co., Inc.. New Y o r k .  
1965. 5 6 6  pp.)” ‘%ok review), N u c l .  Sci. Eng. 2 9 ,  155 (1967). 

F. Shinn 
“Freshwater  Fisn i n  a Nuclear D i s a s t e r , ”  pp. 51-54 in Proc. Commercial F i s h  Farming Conference. 
T e x a s  A & (A! C’nl:,.-rsity. February 1-2. 1967. College Station, Texas.  

Grain Stocks a n i  Protein Suppl ies ,  chap. I of ORNL-4184, part I ,  Annual Progress  Report, CDRP. l i  

.Mach 1 9 6 6 - M ~ c h  1967. pp. 23-40. 

S. Snvder 
“The B a s e s  of Standards for Radiat ion Protection: A Comparison of the Threshold Hypothesis  and 
t h e  Linear  Hypothesis for  t h e  Dose-Effect  Relat ion,”  part 2, p. 1256 in Radiation Exposure of 
Uranium Miners. hearings before  t h e  Subcommittee on  Research,  Development, and Radiation of the 
Joint Committee On Atomic Energy, Congress  of the United S ta tes ,  90th Congress ,  Firs t  Sess ion ,  
USGPO, washington, 1967. 

D o s e  Estimation in  the Context of Health P h y s i c s  Regulations and Respons ib i l i t i es .”  p. 269 in 
Proceedings  of  t h e  1 s t  International Symposium on the Biological Interpretation of Dose from A c -  
celerator-Produced Radiation, March 13-16. 1967, Berkeley, California. CONF-670305 (1967). 

Test imony a t  hearings before t h e  Subcommittee on Research,  Development, and Radiation of the 
Joint  Committee on Atomic Energy, Congress  of t h e  United States ,  90th Congress ,  F i r s t  Sesst ion,  
Radiat ion Exposure of Uranium Miners, Par t  1, p. 641, LTSGPO, Washington, 1967. 

I ‘  

T h e  Variation of Dose in  Man from Exposure to a Point  Source of Gamma R a y s , ”  p. 7 in Congres 
International sur la Radioprotection d a n s  l ’ut i l isat ion Industr ie l le  des Radioelements. Par i s .  13-15 
Decembre 1965, Service Central  d e  Protect ion Centre l e s  Rayonnements Ionisants ,  L e  Vesinet ,  1967. 

S. Snyder, Mary R. Ford, a n d  Gordon Warner 

i l  

A Study of Indvidual  Variat ion of Excretion of Plutonium by Man and of I t s  Significance in  Estimating 
t h e  Systemic Burden,”  Proceedings  of 13th Annual Bioassay a n d  Analyt ical  Chemistry Meeting, October  
12-13, 1967, Berkeley, California ( in  press) .  

The U s e  of Excretion Data to  Predict  t h e  Systemic Body Burden of Plutonium,” Proceedings of 
Symposium on Diagnosis  and Treatment  of Deposited Radionuclides. May 15-1 7 ,  1967. Richland. 
Washington (in press) .  

‘ I  

l i  

H. 

w I 

I 

1 

I 
W. 

. t  

Peggy L.  Stewart and Isabel  H. Tipton 

J. A. Stockdale ,  L. G. Christophorou, and G. S. Hurst 

J. A. Stockdale, L. G. Christophorou, J .  E. Turner, and V. E. Anderson 

Shearing and Crushing Device  for Mixing Powders ,”  Appl. Spectry. 22(1), 58 (1968). 

Capture  of Thermal Electrons by Oxygen,”  J .  Chem. Phys.  47, 3267-70 (1967). 

Experimental Evidence  for t h e  Minimum Molecular Dipole Moment Necessarf  to Bind an Electron,”  

I 1  

l l  

< I  

Phys .  L e t t e r s  25A, 510-11 (1967). 

“Coll is ions of Monoenergetic Electrons with NOz: Lower Limits t o  t h e  Electron Affinities of 0, and 
NO,” submit ted for publication i n  t h e  Jolnnal of Chemical Phys ics .  

J. A. Stockdale ,  R. N .  Compton, and P. W. Reinhardt 

J .  A. D. Stockdale ,  R. N.  Compton, and P. W. Reinhardt 
Measurement of t h e  C r o s s  Sec t ions  for t h e  React ions H- + H,O -, OH- + H, and D- + D,O -, OD- + 

‘ l  

D, a t  Incident Ion Energies  near  2 Electron Volts .”  submitted for publication in  P h y s i c a l  Review 
Let te rs .  
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G. F. Stone and J. H. Thorngate 
Experimentally Determined Proton-Recoil  Spectra in  Tissue-Equivalent  iMateria1 from 3 and  15 M e r .  
Neutrons. ORNL-TM-1927 (October 1967). 

J .  C. Sutherland and E. T. Arakawa 
“Optical  Propert ies  of Potassium for Protons of Energy 3.96 to 9.69 e V , ”  J .  Opt. SOC. Am. (in press) .  

“Underground Disposal  of Krypton-85 from Nuclear Fuel Reprocessing P l a n t s , ”  Nucl. Eng. Design 6 ,  
J a c o b  Tadmor and K .  E. Cowser 

243-50 (1967). 

. Tsuneo  Tamura 
“Disposal  of Radioactive Wastes by Hydraulic Fracturing: Par t  IV. Chemical Development of Waste- 
Cement Mixes,”  NucL Eng. Design 5, 477-85 (1967). 

“Reac t ions  of Cesium-137 and Strontium-90 with Soil Minerals and Sesqu iox ides , ”  pp. 465-78 in 
Proceedings 8th International Congress  of Soil  Science.  Bucharest .  Romania. 1964, Vol. 111, Publish- 
ing House of the Academy of the  Socialist  Republic of Romania, 1967. 

“Ef fec t s  of Acute Gamma Radiation on Bud Production and Stem Elongation of Giant Sequoia Seed- 
l ings,’ ’  Radiation Botany 8 ,  67-70 (1968). 

“Accumulation and Cycling of Calcium by Dogwood T r e e s ,  ” Ecol. Monographs (submitted). 

Am. 61, 234-35 (1968). 

Radiat ion I so topes  19, 544-55 (1968). 

“Cycl ing of 4 5 C a  by Dogwood Trees,” Proc.  Second National Symposium on Radioecology (in press).  

F. G. Taylor ,  Jr .  

W. A. Thomas 

Calcium Content of Mycodiplosis a l ternata  (Diptera: Cecidomyiidae) Gal l s ,  ” Ann. Entomol. SOC. I (  

Calcium Distribution in Leaves :  Autoradiography Versus Chemical Analysis ,  ” Intern. J. Appl. I I  

“Decomposition of Loblolly F i n e  Needles  With and Without Addition of Dogwood L e a v e s , ”  Ecology 
49 (in press).  

“Dye and Calcium Ascent in Dogwood T r e e s , ”  P l a n t  Physiol .  42, 1800-1802 (1967). 

W. A. Thomas,  S. I. Auerbach, and J .  S. Olson 

J. H. Thorngate 

Accumulation a n d  Cycling of Calcium by Flowering Dogwood Trees ,  ORNL-TM-1910 (August 1967). 

“Dosimetry,  Shielding, and Scat ter ing 11,’’ in Proceedings for the  Conference on Pr inc ip les  of Radia-  
tion Protection, August 23-26, 1966, Oak Ridge, Tennessee,  CONF-660815 (June 28, 1968). 

Report  of Trip to Toulouse. F rance ,  by J. H. Thorngate During Pe r iod  March 2-9, 1968. Apr. 17,  1968 
(internal memorandum). 

J. H. Thorngate and J. A. Auxier 
F a s t  Neutron Spectrometry for Radioprotection,” to b e  published in P roceed ings  of Symposium on < I  

Nuclear Electronics  a n d  Radioprotection, Toulouse. France. March 4 Through 8, 1968. 

“Biophysikal ische Probleme der Strahlenwirkung (by H. Muth, Georg Thieme Verlag, 1966)” (Book 
review) Health Phys.  1 4 ,  180 (1968). 

J. E. Turner 

Calculat ion of Stopping Power of a Heavy Charged Par t ic le  in  Matter,” Heal th  Phys.  13 ,  1255-63, I 1  

(1967). 

E f f e c t s  of Shell Corrections to Stopping Power in Theoretical  Dose S tud ie s , ”  pp. 53-59 in Proceed-  
i n g s  International Symposium on Dosimetry of Irradiations from External  Sources ,  Par i s ,  France,  
November 23-27, 1964, Service Central  d e  Protection Contre l e s  Rayonnements Ionisants ,  L e  Vesinet,  
1967. 
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“Health Phys ic s :  Pr incrples  of Radiatron Protection (by D. J. R e e s ,  MIT Press, Cambridge, 1967)” 
(Book review), submitted for publication in Nuclear Safety,  

“Radiation Dosimetrv. vol. I: Fundamentals  (ed. by F. H. Attix and W. C. Roesch)” (Book review), 
submitted for publication in Nuclear Science and Engineering. 

J .  E. Turner,  V. E.  Anderson, and Kenneth Fox 
Ground Sta te  Energy Eigeniunct ions for a n  Electron in a Stationary Elec t r ic  Dipole F ie ld ,  O m L - 4 2 9 7  
(in press ) ;  submitted for publication i n  Phys ica l  Review. 

J .  E. Turner,  V.  E. Anderson, H. A. Wright, W. S. Snvder, and J.  Neufeld 
“Dose  from High-Energy Radiations at an Interface Between Two Media,” pp. 306-17 in Proceedings 
of 1 st International Symposium on the  Biological Interpretation of Dose from Accelerator-Produced 
Radiation. !March 13-16. 1967. Berkeley. Californra (ed. by Roger Wallace), USAEC/DTI CONF 670305 
(1967). 

“Radiation Dose  from High Energy Nucleons i n  Ta rge t s  Containing Soft T i s s u e  and Bone,”  Radiation 
Res.  (in press) .  

J .  E. Turner and Kenneth Fox 
“Clas s i ca l  Motion of an Electron i n  an Electric-Dipole Field - I. F in i te  Dipole C a s e , ”  J. Phys.  A 
iProc. Phvs. Soc.) 1,  118-23 (1968). 

J .  E. Turner and Hal Holl is ter  
On the Relat ionship of Collision Theorv to the Interpretation of Relat ive Biological Effect iveness ,  
ORNL-4215 (January 1968). 

W. D. Turner,  S. V. Kaye, and P. S. Rohwer 
EXTREM and I N R F M  Computer C o d e s  for Estimating Radiation Doses  to Populat ions from Construc- 
tion of a Sea-Level  Canal  with Nuclear Explosives .  K-25 Report K-1752 (in press) .  

V. R. Rao  Uppuluri and S. R. Bernard 

“A Two-Compartment Model with a Random Connection,” pp. 175-88 i n  Compartments, Pools, a n d  
S p a c e s  in Medical Physiology (ed. by Per-Erik E. Bergner and C. C. Lushbaugh),  USAEC/DTI, Oak 
Ridge, 1967. 

“Disc re t e  Energy Losses by Photoexcited Electrons in Silver and Pal ladium,” Phys.  Rev. Le t te rs  
19, 1041-44 (1967). 
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