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APPENDIX 5 
PROCRAM STATEMENT AND JUSTIFICATION DATA FOR BIOLOGY AND MEDICINE PROGRAM 

U. S. ATOHIC EKEMY OXMISSION 
PI 1971 Budget Estimates 

Appropriation - Operating Expenses 

BIOXCGY NiD WEDICINE PROCRAM - OPEIUTmG COSTS 

PROCRAM STATEMENT 

&timate FY 1971 ............. $ 
Ertimate k"Y 190 ............. 

Decrease ................. 
88,300,000 

Research i n  biology and medicine i s  an integral  p a r t  of the overa l l  AEC program contributing t o  the nat ional  securi ty  and the 
general  welfare. 
e f f o r t  will be devoted to  assess ,  evaluate and control radiat ion exposure t o  man and h i s  environment. Applications of radio- 
i rotopes and rad ia t ion  i n  medicine and biology ICC a lso  being developed. 

Major problems of prime importance t o  the AEC and t h e  nation which need resolution will receive increased at tent ion.  
u e :  
ecorysters ;  (2)  t h e  hazard t o  man from pulmonary exposure t o  aerosols  of plutonium and other  alpha emitters; and (3)  maintaining 
t h e  s c i e n t i f i c  and f i s c a l  s t a b i l i t y  of the p r w m  of the Atomic Bomb Casualty CtxmiaSiOn i n  Japan a t  a time when the importance 
of these s t u d i e s  is increasingly apparent. 
rcrcarch areas will be necessary i n  order to  w e t  the commitments t o  immediately c r i t i c a l  programs. 

During the  p a s t  year  a number of s ignif icant  advances in the  biomedical research program have been reported which should be 

exploi ted,  Md  t h e  underlying research which l e d  to  these advances must be strengthened t o  assure future contributions. Among 
these advances is t h e  observation tha t  gallium 67 ha8 an unusual a f f i n i t y  for  cer ta in  sof t  t i s sue  tumors and thus i s  promising 
i n  tumor de tec t ion  by radioirotope Scanning. 
by showing t h a t  persons with a measurable body burden of radium have charac te r i s t ic  defects and destructive changes i n  skeletal  
s t ruc ture .  

I n  conducting i t s  biomedical research progrm the MY2 must go t o  the  s c i e n t i s t s  and laborator ies  having the qual i f icat ions m d  
the  f a c i l i t i e s  necessary for  the w r k .  
equipment i s  ava i lab le  only i n  the  AEC national laboratories. 
i n  t h e  u n i v e r s i t i e s .  
supported. 

Along with the  continuing s tudies  of the in te rac t ion  of radiat ion w i t h  biological systems, a substant ia l  

Among these 
(1) thermal a l t e r a t i o n  of environments as a r e a d t  of nuclear power plant operations and the e f f e c t s  of t h i s  on local  

With an operating budget of $88,3OO,O0O substant ia l  reductions i n  other important 

Signif icant  sdvances have been made in studying the e f fec ts  of radiat ion on m u  

N e w  techniques Are now available for  Manuring LINA, which is the c r i t i c a l  component of  l iv ing  c e l l s .  

In many inrtances, t h e  combination of unique interdiscipl inary teams and specialized 
I n  addi t ion,  many of the nation's best s c i e n t i s t s  a r e  located 

For these reasons, every e f f o r t  w i l l  be made t o  assure tha t  the most productive research programs are 
Nevertheless, some reduction i n  mirsion-oriented research a t  univers i t ies  and a t  AEC laborator ies  w i l l  be necessary. 

BIOLOGY m M E D I C ~  HIocRAn - continued 

me to ta l  biomedical research program had been realigned t o  ident i fy  problem areas. 
areas  f o r  which increases  o r  decreases are proposed are  highlighted belou: 

A number of the  most s ignif icant  research 

Increase 
Estimate Estimate or  
PY 1970 PY 1971 Decrease 

1. In terac t ion  of Radiation with Biological Syrtems 

a. Evaluation of the r e l a t i v e  biological  effectiveners of gmma rays and f a a t  
neutrons for low dorcr administered daily for  the l i fe6pan of t h e  experimental 
m i m a l a ,  a t  Arpoanc National laboratory 463 $ 535 $ + 72 

Research on t h e  late e f f e c t s  on mmmals'of single low exposures to gamms radi- 
ation, a t  Oak Ridge Hational Laboratory ............................................ 1,083 1,123 + 40 

Inves t iga t ion  of metabolic a l terat ions i n  i r radiated farm animals, studies  of 
trace elements of i n t e r e a t  i n  nutr i t ion,  s o i l  chemistry research and s tudies  of 

............................................ 
b.  

c .  

280 - 130 ion exchange i n  soil systems, a t  the University of TcMessee... .................... 

of g r a v i t y ,  at  A r g m e  nat ional  laboratory 

t h e  molecular anatomy progrm,  a t  osh Ridge national Laboratory .................... 247 777 + 30 

sa - 73 

410 

d. Research on t h e  responses of plants t o  l i g h t  duration and unidirect ional  force ......................................... 19 - 70 260 

e. Development of techniques f o r  the analysis of human t i ssues  and body f l u i d s  i n  

S tudies  on t h e  genet ics  of root development, physiological and cytochemical 
e f f e c t s  of rad ia t ion  i n  p lan t  ceUs, a t  the  h i v e r s i t y  of TeMesree.... 

f .  ............ 171 

2.  Assessment, Evaluation and Control of Radiation Exposure t o  Uful and His 
Environment 

a. Continuation of t h e  program of the Atadc  Bomb Casualty Cotmission t o  co l lec t  
uniquely valuable  data on l a t e  radiation e f fec ts  i n  the rurvivors of the ................................................. bombings of Hiroshima and Nagasaki 4,000 4.200 + Mo 
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-> BIOLOGY AND MEDICME PROCW - continued 

Increase 
or Estimate Estimate 

Fy 1970 W 191 Ikcrease 

b. 

C .  

d .  

e. 

f .  

g. 

Stridies of the p u h a r y  toxicology of plutonium and other alpha emitters a t  
the Pac i f i c  Northwest Laboratory, Lovelace h m d a t i o n  and Los Alamoa Scient i f ic  
Laboratory ......................................................................... 
 man radium toxici ty  s tudies ,  at Argonne Rational Laboratory Md other 
locat ions .......................................................................... 
Evaluation of the effects  of the discharge of heated eff luents  from nuclear 
power p l a n t s  on the fresh-water and marine environments and i n  the atmosphere 

Documentation of radionuclide d i s t r ibu t ion  following Plowshare cratcring 

T e r r e s t r i a l  ecology Studies a t  the University of California,  Loa Angeles ........... 
Extension of t he  Airstream monitoring p ro jec t  t o  continue the inventory of 
deb r i s  from French tests, Md continuation of the overal l  upper a l t i t ude  
sampling program t o  ~ M U Z T  the world inventory of strontium 9, plutonium 

a t  s e l ec t ed  representative locations ............................................... 

events,  a t  Lawrence Radiation Laboratory, Livermore ................................ 

238 and other  radionuclides ........................................................ 

688 1,211 + 523 

3,450 3,070 - j80 

923 835 - 88 

3. Beneficial  Applications of Radiation 

8. (ninical research using the newly avai lable  short-l ived isotopes a t  the &gOMC 
Cancer Research Hospital, University of California  a t  Lo8 Angeles, Md other 
medical centers  

Studies  of the  effectivenesl  of total-body i r r ad ia t ion  I n  CMCer therapy, a t  
-Ridge Aasociated Universit ies 

.................................................................... 356 393 + n 

4 57 500 + 43 
b. ................................................... 

BIOIMJT m MEDICINE PROGRAW - continued 
Increule 

Estimate Estillute 
fl 190 R 1971 IkCrea8e 

or 

c .  Studies of e rper imenM hyperten8ion Md the effect8 of hormones on the 

Research on human physiology and experimental medicine, at  Lamncc R.biatim 

Studies of l i p i d s  i n  ce l l8  and org.aclle8 of n o d  neoplastic and irradiated 
t i s s u e ,  a t  Oak Ridge Associated Miversit ies. . . . . . . .  

Continuation of dcrobiologlcal wets of radiation preservatioo of f d  

metabolism of cubohydrates Md l ip ids ,  8t Brodhaven l a t i o n a l  Labor8tory.. ........ $ 600 $ 513 $ . 87 

Laboratory, Bcrkeley 295 d .  211 - 64 ............................................................... 
e. 153 - 90 ............................... 243 

f. 130 - 40 

I n  a l l  other Important s c i en t i f i c  area8 a r c  

170 program. ........................................................................... 
The IncresJcs i d e n t i f i e d  r e l a t e  t o  approximately twelve percent of the program. 
vill be 8 reduction. 

Coordination of this progrm with related progr- of other Fcdcral agencies is being achieved through (1) l i a i son  at the 
-king l eve l  with program administrators in other agencies. mch M the study sections of the l a t i o o a l  In s t i t u t e s  of Health 
.ad panels of t he  Rational Science Foundation and other formal and informal relationships;  (2) representation on interagency 
c&t teer  es tabl ished by the Federal Council for  Science and Technolcgy, the Aational Academy of Sciences, and other gorun- 
mental and non-governmental organizations; (3) j o in t ly  rponsored research programs i n  area8 of mutual interest ;  and (b) exchange 
of s c i e n t i f i c  information through publication i n  Journals, attendance at sc i en t i f i c  meetings, and the use of informatim pools 
such M the  Science Information Exchange. 

men u e  a number of progrm changes, both expMsiooa and reductions, Md these program area8 are described in oore detai l  i n  
the j u s t i f i c a t i o n  which follows: 
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B I O m Y  AM) p(EDICINE PROCRAM - Continued 

S W Y  OF ESTIMATES BY CATEGORY 

P.ge Actual Estimate Estimate 
lo. IT 1969 FY 1970 FY 1971 - 
B&I 6 1. Interact ion of Radiation with Biol i ca l  S atema 

a. Effects  of Radiation on Living%ganis~a ........................ $11,983,487 $12,1W,000 $ l l , 9 5 , 0 3 3  
b. Molecular and Cel lular  R.diobiology ............................. 16,476,733 16,242,000 15,855,000 
C .  Radiation Ccnetica .............................................. 7 658 624 7 487 OOO 7 280 000 Sub-total..  ................................................ 3- 535,879,000~ 

12 2. Assessment, Evaluation and Control of Radiation Expoaure 
t o  Wn urd Ma Environment 
a. 
b .  

d. 
e. 
f. 
g .  
h.  

Exposure t o  External and Internal  Radiation ..................... 
Combating Detrimental Effects of Radiation ...................... 

C .  Chesdcal Toxicity ............................... 
Marine Sciences ................................. 
Atmospheric Sciences ............................ 

Sub-tot al .................................. 

Land and Fresh Water Environmental Sciencer... .  . 

Nuclear Energy Civi l  Effects .................... 
Radiological and Health Physics and Instrumentat 

.... .... .... .... .... 
ion. .... 

...... ...... ...... ...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... ...... ...... ...... 

13,291,486 
1,861,013 

596,398 
9,613,774 
3,899,199 
4,473,197 
1,153,209 
7 373 157 

)42,267,433 

13,517,033 
1,842 ,000 
615,000 

9,653,000 
3,950,000 
4,967,000 

13,765, 000 
1,815,000 

610,000 
9,570,000 
3,895,000 
4,900,m 
1,190,000 
7 210 000 

)42,955,ooo 
B&#I 24 3. Beneficial  Applications of W i n t i o n  

a. Cancer and Other Cl inical  Research .............................. $ 7273,960 $ 7,548,000 $ 7,390,000 
b. Biological and Agricultural Research ............................ 2,789,257 2,830,000 2,745,000 

................................. E. Radiation Preservation of Pooda P 5% Sub-total. ................................................. 
Total . Biology and Medicine Rogr am ....................... p S n 9 , m 0  p9,450,000 p,300.000 

B I O ~  rn MEDICIRE PROGRAM - continued 

Since p a r t i a l  recovery of radiat ion durrge aema t o  be a general phenomenon, it l a  important t o  understsnd h o w  Qae-rate  
inf luences the  expression of radiat ion w e .  
. n i m s l s  i n  regard t o  capability for  recovery from radlation d q e .  
suggest t h a t  the  monkey shows much alover recovery kinet ics  than rodents or  dogs. 
mm's recovery r a t e  may be B i m i l a r  t o  tha t  of the moohey. 
meaningful data  should be available i n  FY 1971. 
atudies .  

During the  first t h i r d  of gestat ion the developing embryo or fe tus  i s  qui te  ausceptible to teratogenic effecta  resul t ing 
expcsure to radiation o r  chemical agents. 
study the ear ly  physiological developent  of the  fe tus  i n  farm M i m a l a  and determine the mechmlam responaible for  the 
b - m d i t i e s .  m e  d e c r e u e  in the r t a b o l l c  p r o g r a  a t  the  Univcraity of Tenneaaee primarily re f lec ts  M in te rna l  re- 
or ien ta t ion  with a reduction i n  studies of mctabollm of calcium and strantlrrm i n  poultry. 
has been rea l ized  and the b u i c  atudiea of transport r c h . n i S m a  and Cellular interact ions,  althorn of in te res t ,  u e  not of 
s u f f i c i e n t  p r i o r i t y  for  continuation a t  the preaent level. 

It is obvious n o w  t h a t  there  a r e  spcciea differences mmollg experimental 
P re lLminw studies  a t  Los Alamos Scient i f ic  Laboratory 

Recent radlotherapy reaul ts  suggest t h a t  
& cxpamion of t h i s  program a t  LoS U m o s  is important .nd 8- 

The overal l  c o a t  w l l l  be s igni f icant ly  reduced by eliminating a- rodent 

A program a t  the  University of Tennessee Agricultural Rerearch Laboratory w i l l  

Sufficient prac t ica l  infomation 

Response of  Organ Systema and Tisauea 
To underatand the  e f fec ts  observed i n  the whole a n i m a l ,  a knowledge of the  in te rac t ion  of radiation a t  the t i r s u e  or  cellular 
l e v e l  i s  required. Detailed supporting investigations of the ef fec ta  of rad ia t ion  on important organs and tisauea as w e l l  u 
single cella comprising them are required. 
contr ibute  t o  the knowledge of radiation 

In addition, invest igat ions at t h e  c e l l  l eve l  using d e l  i n  v i t r o  c e l l  systems 
w e  a t  this l eve l  of organization. 

A new program h a  been i n i t i a t e d  a t  BrooLhmn Rational Leboratory, which w i l l  involve the largest  airrgle group of 
c e l l  bio logis t s  in the  AEC program devoted exclusively t o  the invest igat ion of repair  of ionizing radiation damage i n  
m d i a n  cells i n  v i t ro .  
4m-e at  t h e  c e i i u l i d  molecular leve l  M well M the macmmolecuhr Mpecta of repair  of the damage!hich leads t o  in- 

a m i d .  An important aspect of t h i s  work will be an attempt t o  cor re la te  the increued  relat ive biological  
e f fec t ivene is  (RBE) of neutrons with ab i l i ty  of the  cells t o  repa i r  t h e  damcrge produced. 

Research at the  Laboratory of Radiobiology a t  the University of Cal i forn ia  Plcdical Center w i l l  be specifically oriented t o  
t h e  biochemical and genetic aspects of ~MUlmdiM Cell and t i a S U e  d i f f e r e n t i a t i o n .  
systems in m a m m a l s  are under homeostatic control we have l i t t l e  or LKI knowledge about the wchmiama of the control or regu- 
latory proceases of these aystema. 

A t  
of di f fe ren t ia t ion  i n  a model t i s sue  tumor ayatem i n  rat l i v e r .  
,.hurges i n  the  rmount of cer tain enzymes preaent i n  the ce l l .  
s t m a n g  normal d i f fe ren t ia t ion  end abnormal different ia t ion involved i n  carcLnogeneaia. 

lhis rerearch Uill involve invest igat ion of the  mechaulams involved i n  the productim of radiat ion 
- 

-- 
h.> 
e.- 
-. ~ 

?.J 
CJ 

A l t h o u  it is  knoun that  all c e l l  renewal - -  

oak Ridge Rational Laboratory a Canp1eMentU-y progrm is un&rUay t o  hVeStigate  the biochemical aspects of regulation 

These atudies  u e  iEIpOrtMt f rom the point of view of under- 
The transfoorration iran normal t o  tumor cells seems t o  involve 
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BIOIMIY M E D I C W  PROGRAM - continued 

JVSTIFICATION OF CATEGORIES 

............................................................. $ j ~ , 0 8 0 , ~  1. Interac t ion  of Radiation with Biological Systems 
Effects of Radiation on Living Organism a. ....... PY 1969: $11,9B3,@7 PI 1970: $12,15O,Mx) FY 191: $~,9+5,m 

me object ive of t h i s  research is t o  underitand the imwdiate and delayed ef fec ts  of exposure t o  radiat ion of vvious  types 

o ther  Organisms, e .g . ,  p lants ,  bacter ia ,  C t C . ,  can the e f fec ts  of radiation injury be adequately MSCSSCd. 
writs provide data  on which t o  predict  hazards t o  domestic a n i m a l s  and, integrated with the l imited infomation o b t u &  from 
a c t u a l  human exposures, such a8 radlation accidents and radiotherapy provide a more r e l i a b l e  bas i s  for  predicting the 

i n t e n s i t i e s .  only by studies of the whole organlam and a t  the organ and ce l lu la r  leve l  with experimtntal . n i m a l s  a 
The &a e-ri- 

to  m a n  W e l l .  

Program Highlights 

Changes are proposed for  the following program areas: &creme 
Estimate Estlmate or  

(1)  

(2) 

(3) 

(4) 

Evaluation of the r e l a t i v e  biological  effect iveness  of gaauna rays and fmt  
neutrons, at Argonne National L.boratory 
Research m the  l a t e  e f fec ts  Ca m.mmals of single low exposures t o  gamna radiat ion,  
at oak Ridge National Laboratory 
Invest igat ion of metabolic a l te ra t ions  i n  i r rad ia ted  f u m  animals and of t race  
elements of In te res t  i n  nutr i t ion,  so i l  chemistry research and studies of ion 
exchange i n  s o i l  systems, a t  the University of Tcnnessee 
Study of the  repa i r  of i o n i z i n g  radiat ion damage i n  m a m a l l a n  cells, at Brookhaven 
Rational Laboratory 

............................................ $ 463 $ 535 $ + 72 

1,083 1,123 + 40 

c10 280 - 130 

.................................................... 
............................ 

................................................................. 191 212 21 

Effects  on 'LlhOlC Organims 
%e emphasis in whole organism studies ha8 sh i f ted  fran Uisesswnt of imaediat; e f fec ts  of la rge  radiat ion dose8 to th 
effec ts  of low doses o r  a low dose-rate continuous exposure of large populations of ~ i m a l s  and m a n .  
exposures can produce 1nJury t h a t  will be expressed only a f t e r  a long delay in time, and at a re la t ive ly  h q u e n q  of 
occurrence. 
long-term e f f e c t s  i n  mice of a single low exposure t o  gamma radiat ion while the  other at  Argonne Rational m o r a t o r y  d~ 
e-uate the r e l a t i v e  biological effectiveness of gama  r& and f M t  neutrons for  low dose8 administered d.ily for  th life- 
span of the  animals. 

mere aub-lethd 

"uo such large, long-term experiments a r e  i n  progress. h e  a t  Oak Ridge Aational Laboratory w i l l  evaluab the 

BIOLOGY m m~cm RLocRAn - continued 

extent t o  w h i c h  thyroid-pituitary r .diosenri t ivi ty  server M an index of residual  radiat ion injury in the dog and the 
pathologic wchan ims  of permanent and delayed radiat ion e f fec ts  in rodents Will remain a M j O r  radiobiological effor t  in t h i s  
a c t i v i t y  at the  Mivers i ty  of Rochester. 
-rane of bone, bone s t ructure  and i t s  actabolism. 
character iz ing the  physiological factors  control l ing pulmonary function and the  biophysical properties of aerosols M t b c y  
influence lung clearance and retent ion of inhaled dust par t ic les .  

A t  the  Brookhaven L t i o n a l  Laboratory acme Interest ing resul ta  have been obtained with "partial-body" Irradiat ion of groulng 
p l a n t s  which indicates  tha t  i r rad ia t ion  of a R.L1 stem section i n  some plants  is almost .I) ef fec t ive  per unit dose u 
i r r d l a t i o n  of the  en t i re  plant. 

Program empheais will be directed t o  e l u c i d a t i w  the mchanfsms of the regulatory 
In addition, s ignif icant  research i n t e r e s t  will Continue on 

This phenomenon seem t o  correspond t o  that observed In w a l e .  

p u . l l e l  the  current adVMCC8 i n  nmmallan radiobiology using cel l  cul tures ,  invert igat ions uaing plant  cell cultures will 
be conducted. 
&fferent ia t ion through the use of c h d c a l  treatments. 
ell dirlslon but also the potent ia l  for  normal b i f fe ren t ia t ion  i n t o  an integrated organism. 

In the  off-s i te  program, investigations to characterize the radiobiology of f M t  neutrons, as f rcm californium 252, rill be 
undertaken t o  determine the normal t i s sue  tolerance with respect t o  both e a r l y  Md late ef fec ts  upon such organ system M 
akin and hai r  f o l l i c l e s ,  corneal epithebm and lens  of the eye, in tes t ine ,  and Its v u c u l a t u e ,  bladder, and, of COCVDC, 

tmur t issues .  
l e v e l  in these and other appropriate test systems under i n  vivo and i n  v i t r o  CWditiOnS. 
data quantifying the e f fec ts  of such d t y i n g  fac tors  M dose, dose-rate, exposure schedules, dose dis t r ibut ion and orygen 
tension i n  order t o  determine Relative Biological Effectiveness (BE) and Oxygen Enhancemnt Ratios (OER) values for the 
eventual appl icat ion of californium 252 t o  human radiotherapy. 

Greater emphasis w i l l  be placed on elucidating the ce l lu la r  basis for  radiosensi t ivi ty  between and within mammalian species. 
D a t a  from studies  on the  dynamics of c e l l  renewal systems will be correlated with the  organism's mortality r a t e  frm acute 
or fractionated radiat ion exposures. 
severity of the  response of the acutely i r radiated m d i a n  organism. 
responses and poten t ia l i t i es  of the hemopoietic stem cel ls .  

The plant  cell t i s sue  cultures of fe r  the advantage over animdl derived cultures of demonatrating controlled 
Thus it should be possible to Study not oply d-e and repalr of 

Emphasis will be on defining injury, repair ,  recovery and residual  dmage a t  the ce l lu la r  and cytogemtic 
O f  par t icular  impartance be 

... Of in te res t  are  the basic mechaaillms of the imune response in order to control tbe 
In te res t  will center on characterizing the prcpzrties, 

-I_ 

7 --$ L-. 
K' 

The object ive of s tudies  i n  t h i s  activity is  t o  understand the  phys icd  and chemical bases of the  effect. of radiation on 
cells. 
range from studies  on the absorption of energy, t o  its t ransfer  w w  V U i O U S  molecules and t o  the aucceedh@ chedcal  and 

The invest igat iomcarr ied out under t h i s  ac t iv i ty  employ the tools  and concepts of biophysics and blochemlatry. They 

-..- '-' bio logica l  consequences. 
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BIOIDGY ARD MEDICINE PROGRAM - colltinued 

?rOgrm Highlights 

Changes are  proposed fo r  the  following pmgram areas: 
Increase 

or  Estimate Estimate 
1970 FY 191 Decrease 

( C o s t s  i n  t h o u s M d r -  (1)  Research on the responses of p lan ts  to l i g h t  duration and unidirect ional  force 

(2) Development of techniques for  the Clinical Malysis  of body f lu ids  i n  the 
molecular anatomy progrm, a t  Oak Ridge Rational Laboratory 

( 3 )  St.ldies of the mechanism and Control of. su l fa te  reduction in  plants ,  a t  Michigan 
State  University 

Biophysics and Photobiology 
zhe biophysics and photobiology port ions of this program seek t o  understand how rad ia t ion  energy is absorbed Md trllllsferred 
Fn living matter. Initial exci ted s t a t e s  and subsequent chemically reac t ive  states of  molecules a re  studied, both in bio- 
log ica l  systems and i n  chemical model sys tem.  Studies on proteins and nucleic  acids  and t h e i r  derivatives me e w c i a l l y  
useful for explaining radiat ion damage and its consequences. Better understanding of the s t ructures ,  energy s ta tes ,  and 
interact ion of such molecules is an added benefi t  frcm these studies. m e t i c  resmance wthods,  both for  atomic nuclei 
and for  mpaired electrons,  a re  especial ly  useful i n  working out the  de ta i led  re la t ionships  of various s t r u c t u a l  corponents 
of molesules. 

cf gravi ty ,  a t  Argonne National Laboratory ......................................... $ 260 .$ 1% $ -  70 

........................ 277 + 30 2L7 

25 
................................................................... 0 - 25 

Structural  s tudies  of macrcmolecules both by sequence analysis of chemical groups and by X-ray and neutron c r y s t u o g r q h i c  
analysis of three-dimensional s t ruc ture  are increasing i n  extent and i n  r e h e m e n t  through various technical advances. 
Automated preparation of pure mater ia ls  i n  bulk quantity is one such advance. Important and detai led relat iaaships  .rc being 
recognized between physical Structure, chemical compositim, and biological  function of macromolecules. 

A t  Oak Ridge National Laboratory s tudies  of the physical properties of synthet ic  and b io logica l  polymers will be add& t o  
the  present chemical ones t o  advance t h e  understanding of the changes i n  nucleic  acids  brought about by ul t raviolet  M a t i o n .  
A t  the  Laboratory of Radiobiology the  means by which mumalian and hman cells can repa i r  denage b r o w t  about by ul t raviolet  
and ionizing radiat ion Uill be studied. Thcre Vill be M h e r  effor t  at Lawrence Radiation Laboratory, Berkeley, us- new 
mphist icated techniques and equipment such as photoelectron spectroscopy and high reso lu t ion  nuclear magnetic res-e 
mpectroscopy f o r  studying the StNCtWe and h c t i v l t y  of important biological  macramolecules. 

Decreues i n  the p lan t  radiobiology pr-m at  Argonne Rational Laboratory, on the  reqmases of plants  t o  l i g h t  dura t im and 
unidirect ional  force of gravi ty ,  a re  expected because of deferral  of pro jec ts  which are considered t o  be of lesser  q e n c y  
fro a prograwinatic atandpoint. 

BIOLOGY AND mxcm PROGRAM - continued 

Mv.nces i n  the techniques of pulse rad io lys i s  and flash *talysis n o w  permit more ref lned s tudies  of the early physical and 
& d c a J  events leading to  radiobiological  damage and more work is planned i n  t h i s  area. Studies of the wchan iw of the 
m t e i n - n u c l e i c  acid relat ionships  and of the nature of radiation induced a l t e r a t i o n s  i n  the  s t ructure  of nucleic acids are 
d S 0  planned. 

Biochemistry Md Molecdsr Biology 
In the  biochemistry and molecular biology portions of t h i s  program the  emphasis is on describing the biochemical processes of 
the cell and the e f f e c t  of radiat ion on them. "he cel lular  processes most heavily emphsized are  those relat ing t o  the 
repl icat ion of chromosames and t o  the means by which cel lular  processes are regulated. Studies  of t h e  wchaniam of r]mthesis 
0: proteins, ribonucleic acid and deoxyribonucleic acid is a maor continuing e f f o r t  which is basic  for understandiw the 
processes above. Many functions of a c e l l  occur oaly when the appropriate macromolecules a re  synthesized. For exawple, 
d t o s i s ,  a par t icu lar ly  radiosensi t ive process, requires the coordinated synthesis  of all th ree  macromolecules. Chaages in 
-&ion frequently accompanied by s t ruc tura l  changes i n  a c e l l  f o r  which e lec t ron  microscopy is an increasingly valuable 
tool. 

n e  means by which ce l lu la r  processes can be controlled is becoming an incremiagly  important area of investigation. For t h i s  
reason the s tudies  on t ransfer  ribonucleic acid are  being pursued not only because of the well known role  of this material i n  

during growth and developPcnt. The nature and consequences of t h i s  regulat ion should be f a r  reaching. For example, the 
extreme sens i t iv i ty  of some plants  t o  ionizing radiation mdres it necessary t o  consider how t h i s  damage occurs and hov it m a y  
be meliorated.  Work on p lan ts  i n  t h i s  ac t iv i ty  is rest r ic ted t o  s tudies  of t h e i r  basic  metabolism, especially the role of 
hormones i n  growth and development. 

protein synthesis but a lso because a regulation occurs of the types and mounts  of t ransfer  ribonucleic acid Synthesized 8 
-3 

A t  Ufgome National Laboratory emphasis will be placed m studies t o  cor re la te  the  s t ruc ture  of proteins with the i r  bio- 
logical  a c t i v i t y .  chemical s tudies  of amino acid sequence wiU be ccrnbined with the  r e s u l t s  of X-ray crystallography t o  
determine the  three-dimensional s t ruc ture  of proteins and the points of binding of  molecules t o  proteins. Theoretical 
calculations of nucleic acid conformation and research on energy t ransfer  mechanims i n  biomolecules w i l l  be undertaken. 
Other studies on nucleic acid include work re la t ing  nucleic acid s t ructure  to  b io logica l  function focussing mainly on t ransfer  
mls and the activity of synthet ic  polynucleotides i n  coding for  proteins .  Much of t h i s  is now d e  possible by advances i n  
s-uencirg of nucleic acids car r ied  on a t  oak Ridge Natimal Caboratory. M d i t i o n a l  support will be given t o  the molecular 
m a t o w  program to  support the development of new instrments  and new techniques to analyze human t issues  and bcdy fluids 
more crmpletely and more rapidly than has been possible before. A t  the  Los U m o s  S c i e n t i f i c  Laboratory e f for t  w i l l  be placed 

on the locat ion of plant hormones i n  c e l l s ,  t h e i r  effect  on protein synthesis and breakdown, and the isolat ion and 
characterization of the DNA synthesized i n  response t o  the presence of c e r t a i n  p lan t  hormones w i l l  be continued. Studies of 
the meckanism and control of s- l fa te  reduction i n  plants will be discontinued. 

studies t o  analyze the biochemical events occurring during the l i f e  Cycle of  the c e l l .  A t  Michigan State  University s tudies  

developmental biochemistry it i s  planned t o  look further into the e f f e c t  of rad ia t ion  on the biochmiatry of nucleocyto- c-* ' 

CIT: dasrr, i-  i n t e r a p t i o n s .  Additional s tudies  w i l l  provide an .Understanding of t h e  prcper t ies  of DNA as it ex is t s  as a carqlex i n  



u Ill1 I u 1 

Rogram Highlights 

manges are proposed for  the following pr-m UYM: I n c r e u e  
Estimate Estimate or  
FY lq70 ?Y 1971 Decrease 

Costs i n  thousand;T--- 
(I) 

(2) 

(3)  

Studies  of the  effects  of radiation and other mutagenic agents i n  the production 

Research in m . m m d l i a n  genetics and cytogenetics, and in mutation ra te  analysis, 
at  univers i ty  laboratories.. 
s t u d i e s  on the  genetics of root development, and the  e f f e c t s  of radiation i n  
p l a n t  c e l l s ,  at  the University of Tennessee 

................................ of mutant OrgMiSms, at Oak Ridge Rational Laboratory. $ 562 $ 587 $ +  25 

.......................................................... 970 l,W 39 

171 98 - 73 ........................................... 

B I O m  AND KEDICIHE PRoGRAn - continued 

synthesis  of the  different  RNA6 and determFnc the s t ructure  and h c t i o n  Of ribosomes, and the e f fec ts  of radiation on genes 
when observed d i rec t ly  under the electron microscope. 
r d i a t i o n  damage and recombination mechanisms, including natural& occUniag and rdiat ion-induced breaks in DNA. Increased 
amphaais will be glven to cormparative mutagenesis in several  d i f fe ren t  O r g d m d  by radiation, chemicals, and radioisotopes 
t o  better understand the mechanism of r d i a t i o n  d w e  a t  the  chemical and lrolecular level. 
biochemical s teps  involved in production of normal ceUs ,  t i s sues ,  organs and individuals can be understood and the precise 
effect8 of r sd ia t ion  and other mutagenic agents i n  the production of mutant organism c m  be Mcertained. 
program will continue a t  Argonne National Laboratory, Laurence Radiation Laboraton, Berkeley, and Oak Ridge National 
Lmboratory . 
A d e c r e u e  in e f f o r t  in  plant  studies at the  University of Tennessee reflects a curtailment of t h a t  p u t  of the prcgrm, in- 
volving studies on the genetics of root development, ptysiological  and cytochedcal  e f fec ts  of radiat ion in plant cel ls .  

Also of in tc rea t  are the InOlCCUlU Mpects of genetic repr i r  of 

Rom these s tudies  the sequential 

Major on-site 

I 

Slumaa and M ~ M  Genetics and Cytcgcnetics 
Reaeuch is oriented t o  biochemical and genetic s tudies  on the  i n t a c t  animal and on -alian, humro, and plant  c e l l s  
cultivated in v l t r o .  
mutants of 
to Mprmalian and human cells. 
( m h i b i a n )  and plants  end i n  organ transplants i n  embryoaic development. 
a t p u a t e  test tubes will be sought t o  st- the  chemical propert ies  of chromosomes, t h e i r  gene products, end t o  detect 
a l t e r a t i o n s  t h a t  may signal radiation-induced changes re la ted  t o  radiation-induced perturbations i n  chrawosome replication 
in vivo. 
v i a e  and are maintained i n  the populations will be continued. 
I a t i o n a l  Laboratory and the Laboratory of Radiobiology, Uliverr i ty  of California Medlcal Center at SM Francisco. 

Attention Vill be directed t o  pr-.ms m human surtAtic c e l l  genetics, procurement of biochemical 
cells cul t ivated i n  v l t r o  for  radiation-induced mutation r a t e  studies, and repair  of radiation damage 

E f f o r t s ? i ~  made ,  p r k u i l y  i n  of f - r i te  pragramr, for  genetic s tudies  on haploid animals 
Isolat ion of individual human chrcmoscmesfnto 

Studies t o  ascertain genetic polymorphiw i n  human populations and t o  develop models as t o  how these variations 
The on-site programs W c d u c t e d  primarily a t  Oak Ridge -- 

Rapulation Genetics and Mutation Rate Anilysis 
Emphasis will continue on research that provides m r e  accurate estimates of the relationship between radiat ion dose and 
mutation r a t e  a t  low doses and dose rates  in mammals .  
mutation induced by ionizing radiations and the  mcchMIsms whereby the mutations become established o r  eliminated frca a 
m ~ h r t i a n .  The effects  of chronic doses of radiat ion and environmental factors  on the production of mutations Vill be 

This information is needed for  re l iab le  predictions of the ra tes  of 

. .  

continued pr incipal ly  in  on-site progrmr. 
mates of the  r a t e  and maintenance of induced mutations in a population i n  successive generations. 
u e  at Argonne National Laboratory and a t  oalr Ridge National Laboratory. 

Effor t  will a lso  be made t o  develop c r i t i c a l  theoret ical  and experimental es t i -  
l a e  major on-site programs 

2. Ansessment, Evaluation and Control of Radiation Exposure t o  H M  and His Environment.......................... 
a. 

$ 42,955,000 
Exposure t o  External and Internal  Radiation ....... FY 1969: $13,297,486 BY 190: $13,517,000 FY 1971: $13,765,@30 

The object ive of this research is t o  M s e s s  the  biological  consequences of accidental e x p o s w  t o  external  radiation sources, 
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BIOLOGY M D  MEDICINE PAWRAM - continued - 
a s  w e l l  as occipational exposures t o  various radionuclides. 
radiobiologj  provides 'he basts for establ ishing operating procedures and exposure limits. 
human exposure cases, s tudies  are condicted u t i l i z i n g  experimental animals w i t h  the expectation that. n reasonLo1e **rap,,- 
l a t i o n  t o  man may be - .de .  

This research along w i t h  that  in  somatic, genetic and :clecular 
Because of the limited r.aber of 

Program Highlights 

Changes are  proposei for  the following program areas: 

131 Continuation of the program of the Atcinic Bomb C a s u a l t y  Commission, Japan ............ 
Human radium toxici ty  s tudies  a t  kgofme National Laboratory and other locat ions .... 
Studies  of the FuLnonarY toxicology of plutonium and other alpha emit ters ,  
at  several  AEC laborator ies  .......................................................... 
Studies  of thyroid exposures due t o  skin absorption of iodine, a t  Idabo h c l e a r  
Corporation .......................................................................... 

Increase 
Estimate Estimate ar 

543 580 + 37 

s 
0 

H U ~ M  Exposure t o  Radiation 
The Atomic Bomb Casualty C d s s i o n  continues t o  co l lec t  uniquely valuable da ta  on l a t e  radiat ion effects  i n  the s w i v o r s  of 
t h e  bmbings of  Hiroshima and Nagasaki. After nearly x) years of l a rge ly  negative resu l t s  (except for leukemia induction), posi t ive findings are beginning t o  emerge. 
r t rong  auggestion of M elevated death r a t e  among the  more heavlly exposed and an indicat ion tha t  the incidence of a o r s  of 
t h e  breas t ,  lung, thyroid, and stomach mcUr be increaaed. 
t h e  Government of Japan to  ascer ta in  whether Japan would be willing t o  discuss future  operations a t  ABCC. 
d iscussions have been held. 
acce le ra te  the evaluation of data  a t  hand. 
cos t  of conducting research i n  Japan. 

The t o t a l  sample under study is approximately 120,oOO people. 
There i n c l d e  the 

The U. S. State  Department, on behalf of the AEC, hm approached 
Qnly  p r c w n a r y  A strong ef for t  should be made to ensure that  M valuable data  are  being overlooked a t o  

The s t a f f  of ABCC is declining; the increase i n  budget re f lec ts  the incnased 

me research i n i t i a t e d  as a feas ib i l i ty  study t o  deternine the effects ,  if any, of low-level occupational radiati- exposure 
from AM: and AEC contractor employees by the development and formulation of an automatic data  processing system is 
progressing. 
changes, and radiat ion exposures at any point in time or for  the cumulative t rend f o r  aay employee or group of cmplqces can 
be  obtained i n  a matter of seconds. 
processing consis ts  of matching tapes of the  study group and controls against the Social  Security m a t e r  t rpes  t o  ob-n 
i d e n t i f i c a t i o n  of those deceased. 
t h e  "p i lo t - tes t"  s tudies  the  f a c i l i t i e s  at Richland and Oak Ri*e were selected. 
ava i lab le  and analysis of a portion of t h i s  information haa begun. 

With this system, re t r ieva l  of the  complete work history, employment dates ,  Job t i t l e ,  work locations, mrk 

Once the employee populations and controls have been established, the mechanill. of 

Hortality and cause of death can then be determined f o r  the study and control group. For 
Data fram these f a c i l i t i e s  are rn largely 

BIOLOGY NTD MEDICME PROCRAH - continued 

me study of native populations exposed t o  radioactive fa l lou t  as a result of a thermonuclear t e s t  in the Bikini a~~ i n  
19% will continue in FY 1971. 
Is lands  near Bikini a t  the  time of the 1954 tea t .  
monitoring of each individual is planned, and i t  will be necessary t o  follow t h e i r  body burdens of radionuclides on 
regular bas is .  

n e  studies on the toxici ty  of radium and mesothorium i n  human beings represent a valuable segment of the  human radiobiology 
pregrm.  
be developed, and the specif ic  proposal t o  consolidate the Massachusetts I n s t i t u t e  Of Technology and ArgOMe lati0n.l 
L.boratory studies  on human r a d i u m  toxici ty  at AHL is  being implemented. 
have been invaluable in  providing a "check-point'' fo r  animal studies Md in establ ishing maximum acceptable doses of cer tain 
radionuclides. 

A f s f r l y  constant death r a t e  of 15-20 subjects per year is anticipated. 
BY t h e  year 1990, more than 100 of the present study poup w i l l  p robbly  8 t I U  be d i v e  and perhaps 40 or so will &ve 
u n t i l  t h e  year 2000. 
w e  d i v e .  
phys ic i s t s  and physicians a t  MIT, ANtAcRD, or the New Jersey State  Department of Health. 

Additional emphasis has been given t o  the exposure of humans t o  plutonium and radon progeny. It is possible that  stl;dies 
which w i l l  attempt t o  develop 0 lung tumor regis t ry  end an atlas of sputum Cytology and t o  es tab l i rh  temporal changes i n  
spputum samples obtained from uranium miners will require expansion or  ccmplcacntary emphasis. Because attempts are being 
m d e  t o  r e l a t e  the human studies t o  animal experiments now in  progress, addi t ional  work may be required a t  th i s  important 
in te r face .  U S O ,  the  recently established plutonium regis t ry  will continue t o  meet the  needs for  record gatbering, data 
reduction and data  analysis increase. 

Inha la t ion  Studies 

c ~ l ~ w  studies  for  both plutonium 238 and plutonium 239 i n  besgles. 
dose-response curve for tumor formation and reduction in  l i f e  SpM a t  l o w  exposure leve ls .  
ccmpu&le w i t h  the h?lman m a x i m u m  permissible lung burden level .  
t h e  breeding colony dir ing PI 190. 

Annual medical aurveys have been made to two populations of natives l iv lng  in the )(ushall 
Ulth the return of the  Bikini inhabi tants  t o  t h e i r  home island, w e  body 

Brookhavcn nat ional  Laboratory has been assigned t h i s  responsibi l i ty .  

Studies of human beings exposed t o  in te rna l  radionuclides should be continued as long as useiul scient i f ic  data can 

There is widespread agreement that  these rt.&cs 

Deaths CM be expected uti1 the turn of the century. 

The names and locations of more than loo0 r.diW-CCfIt.linatcd people are  known. 
About 85 percent of the l iv ing  and 20 percent of the deceased individuals  have been studied a t  l eas t  

Of these, 70 percent 
by 

increase a t  pacific Northwest Laboratory i s  associated with the recently es tabl ished plutonium pulmonary radiotoxi- 
This work w i l l  be directed towards establishing the 

Exposures Vi11 begin on 120 animals which were produced by 

-I 

__ 
I=-%> 

The lowest exposure level w i l l  be 

A second breeding cycle during F*I 1971 w l l l  produce the  second group of exper-tal 
c-> M b d S .  

ne b a s i c  inhalat ion program and the biological  studies of uranium miners W i l l  also be continued. 
daughter inhalat ion studies using hamsters and dogs and including one additional mine contaminant such as uranium om-dust, 
diesel exhaust fumes sr tobacco smoke are of in te res t .  
r e l a t i v e  importance of mine-air contaminants as re lated to  lung tumor devel-nt in man has not been resolved, (2) -&ese 
s tudies  w i l l  be integrated with the exfol ia t ive cytology study being conducted on uranium miners. 

In the l a t t e r ,  d a o  c. 3 
I _ , " J  

P.2 This work i s  extremely important f o r  several reasons: (1) the 

s 
c 



BIOfr00Y AM) WICIIIE PROCRAM - continued 

A t  the  Lovelace Foundation an increase is required t o  develop a capability for inhalation toxicoloay of rlpha emitters. 
Experiments on plutonium and other t ransuranics  w i l l  be added t o  Lovelace's continuing experiment. 
be i n  the  departments of WrOSol physics, radiobiology, and veterinary medicine. 

A program has been i n i t i a t e d  a t  Loa Alamos S c i e n t i f i c  Laboratory t o  assess the tumorogenicity of highly radioactive -,articles 
in  t h e  lungs of rodents. 
dose, dose-rate  and number of cells a t  r i s k  can be evaluated. 
es t imst ing  poten t ia l  hazard for  local ly  deposited radioactive materials. 

M d i t i o n a l  information is required on the  poten t ia l  hazards related t o  inhalation of radon and its progeny by Urania miners. 
me important parameters include: 
progeny i n  t h e i r  f ree ,  attached or par t icu la te  s t a t e ,  ( 3 )  physiological parameters such as deposition, re tent ion,  ex t re t im,  
t rans loca t ion  and biologic e f fec ts ,  urd (4) the  develDpaent and evaluation of various protect ive measures and devices. 

me biportance of both s ize  and numbers of  radioactive par t iculates  M compared w i t h  only a cons idera t iond  t o t a l  a c t i v i t y  
h a  been establ ished as regards exposure of humans to radioactive debris arising from reactor  accidents ,  space nuclear 
systems, plutonium from processing, production o r  w m s ,  and nuclear propulsion systems. It may be necessary t o  -nt 
p rwawis  r e l a t i n g  t o  metabolism and t o x i c i t y  of SpeCiflC physiochedcal forms of radionuclides as problem areas are ident i f ied.  
It is expected t h a t  both experimental and theore t ica l  approaches w i l l  be employed. 

Other Routes of Exposure xt t h e  M v e r a i t y  of Utah studies on t h e  chronic tox ic i ty  of intern- deposited radionuclides will continue with no major 
change. 
transfer of animals t o  outside kennels. 
effect of  whole-body i r rad ia t ion  M colnpared with bcae seeking radionuclides hM been i n i t i a t e d .  

A t  ~ g o n n e  National Laboratory important information hM been obtained for  u s e a s i n g  recovery k i n e t i c s  i n  M a .  ~ b i s  is the 
f lrr t  experiment i n  which external, whole-body exposures have been made on a long-lived species, with medium and low dose 
r d i a t i o n  given daily over the animal's l i f e  span. %-%re is a drmat ic  decrease i n  effect iveness  of gamma rad ia t ia r  a t  dose 
below 17 rads per  day. 
of hanatopoiet ic  iunction. 

Research at Brookhaven lational Laboratory includes vork on the toxicity of new radiopharmaceutical agents f o r  diagnostic 
This coabi- 

n a t i o n  of exper t i se  i n  chemistry and medical science uniquely qual i f ies  BBl t o  exploi t  t h e  obviously grea t  potent ia l  of 

Most of the increase w i l l  

The experiments are planned i n  such a w a y  that  the most important var iables  such M effects  of 
The resu l t s  of th i s  workhould generate a general model for 

(1) the  nature  of the aerosol, (2) the re la t ive  importance of the short  and long-lived 

A t  t h e  University of California, Davis, the  trea-nt phMe of the  research hsa been completed with subsequent 
A corollary study us- x-rays fram a cobalt 60 source to  determine the r e h t i v e  

Many of the  animals have survived more than a year of t h i s  exposure regimen, and show good recovery 
Similar result8 have been obtained on rats by the Bri t ish.  

investigative purposes. An excrmple 1s t h e  d e v e l o w n t  of new carbm 11 containing radiopharmweuticals. 

3.l  i n  diagnostic nuclear medicine. 

at t h e  Laurence Radiation Laboratory, Berkeley, to c h u w t e r i z e  the physiological mechsnirrms of a c c d a t i m ,  

BI0ZM;Y AUD MEDICIXE PROGRAM - continued 

t r m s l o c a t i o n ,  re tent ion and elimination of transuranic elements l ike  americim, californium, plutonium, and 8- o t h r  bone- 
seeking radioisotopes w i l l  continue with the hope of  i n i t i a t i n g  complimentary human studies. 

&cause of the  increased use of radionuclides in nuclear medicine, especially the short-lived v a r i e t i e s ,  research projects 
will be i n i t i a t e d  to establ ish specif ic  organ and body kinet ics  for  radionuclides t o  be used i n  both diagnostic and W r a -  
p e u t i c  purposes. Studies of the exposure of the  thyroid to  iodine following skin absorption will be brought t o  c m l e t i m .  

b. combating Detrimental Effects of Radiation . ..... 
The object ives  of t h i s  research are  t o  combat or  a l lev ia te  r d i a t i o n  damage t o  the whole Organism or  the  cells tha t  &e up 
t h e i r  organs o r  t issues ,  e i ther  by (1) treatment with nontoxic chemical agents before exposure (protect ion) ,  or (2) 
replenishment of radiat ion depleted stem-cell pools (recovery). 
cell  pro l i fe ra t ion  or  by c e l l  transplantation. A small, continuing p u t  of t h i s  program is a search f o r  methods that  reduce 
--term deposition of  hazardous radionuclides e i ther  by reducing the amount deposited, or  by mobilization ma excr r t im of 
r l reedy deposited elements. 

Program Highlights 

The l e v e l  of s c i e n t i f i c  e f f o r t  for this research is being decreased. 
pulmonary lavage techniques will be uuphMized. 

me program at oah Ridge National Laboratory t o  assess loss  of hunocompetent c e l l s  as a fac tor  i n  aging and diseMes of 
old age is a major pro.jeCt of the radiat ion +.munology group. 
of a therapy against a number of human diseases of old age, by transiusion of highly immunocompetent cells from genetically 
matched juveni le  donors. 

In another important area involving protection Wainat radiation damage there are suggestions t h a t  sane protective c h a i c d s  
already avai lable  may protect one type of t issue more than another. 
improve rsdfotherapy by protecting normal t i s sues  tha t  would ordinarily be i n  the radiation f i e l d ,  but which the t h e r q i s t  
-8 not  want t o  damage. 

It h a  been known for  several years t h a t  mice i r radiated with l e t h a l  and supralethal doses of x-rays can be rescued by 
t r u m p l a a t a t i o n  of exogenous bone mruro= ce l l s .  
t a t i v e l y .  
& d e a l  .gents  will protect  the c e l l s  from such inactivation. 
L.boratory M par t  of a rapid md inexpensive M s W  for  chemical protectants. 

Such replenirhment is wcanplished by stimulating 

Important studies i n  rad ia t ion  immunology and ia 

'his important program hM as i t s  ultimate aim the devclopwnt 

This finding indicates t h a t  it might be possible tc 

A s m a l l  e f for t  is planned, probably a t  the Oak Ridge Mational Laboratory, to t e s t  this possibility. 

The number of c e l l s  required for  maximal surv ivr l  can be Msayed qumti- 
It is also known tha t  radiat ian of bone marrow in v i t r o  will destroy the recovery promoting ac t iv i ty  md tb.t 

This principle is now i n  use at the  Oak Ridge R a t i d  



BIOLDCY Am mICDC2 PROGRAM - continued 

A projec t  in i t ia ted  i n  FY 1970 a t  the Lovelace Fooundation to  develop procedures for  reducing the lung Md body burden of 
inhaled radionuclides w i l l  be continlied. 
i n  t h e  1,- Surden of inhaled radionuclides through the use of a pulmonary lavage technique. 

It i s  anticipated that  O f f - S i t e  research will produce usable Mtilymphocyte sera  .nd methods t o  induce immune-tolerance in 
adult animals. 
c i rcu la t ing  blood. 
of t h i s  c l in ica l  technique for treatment of i m u n o l o g i c ~  def ic ient  diseases and of l i f e  threatening hematological 
depression in  persons exposed t o  high doses of i r radiat ion,  e i ther  accidentally or  therapeutically. 
be directed toward those s tudies  which will complement the planned on-site program in cancer therapy using bone marrow 
transplantat ion.  
uhit.e blood ce l l s .  

Preliminary studies in  t h i s  area indicate  success i n  achieving a marked reduction 

An ef for t  1s ant ic ipated a l s o  i n  isolat ing and characterizing lymphocyte cell types i n  bone marrow md 
Dur- the past  Year, several  auccesslul bone marrow t rMSplMts  i n  humom have indicated the potent ia l  

Increased mphaais w i l l  

Continuing emphasis w i l l  be directed toward studying methods for  preservation of human blood p la te le t s  and 

anphasis will be given to developing methoda for  the mobilization, camplexing and accelerated excretion of undesired 
radionuclides . 
e. chemical Toxicity ................. rY 1969: $596,398 F'X 190: $615,000 FX 1971: $61O,OOO 

In t h i s  act ivi ty  studies are  c m i e d  out on t h e  chemical toxici ty  of a n h e r  of non-rulioactive elements and compounds as 
u e n  as some radlonuclides for  which the  chemical toxicity ccaat i tutes  t h e i r  g rea tes t  hazard. 
permit ant ic ipat ion of the toxic  ef'fects of suspect materials introduced i n t o  the atomic energy industry and pmvides the 
bmia for therapy of Worker8 accidental ly  exposed to C h a i c d  agents. 

Results of these studies 

Although this is an importent area of research, the  1evel of s c i e n t i f i c  e f for t  mat be decreased. 

A t  the University of Rochester e f for t s  w i l l  be continued v i t h  emphaais m deflining bor the c e l l  membrane hurctions 
the biochemistry of h e a q  metal poisoning end the baais for  behavioral ch.llges i n  .airals due t o  toxici ty  of var iols  agents. 

me increased usage of toxic materials such as beryllium in the AEC program will require continuation of chemical toxicity 
research. 

d. Land and Fresh Uater Zhvironmental Sciencer ... FY 1969: $9,613,774 FY 190: $9,653,000 FY 1971: $9,57O,W 
Objective of t h i s  research Is t o  develop understmding of the influences and importance of r.biation and other s t resses  tram 
t h e  nuclear energy industry upon i n t e r r e l a t e d  land and fmsh-water environments. 
uiemblages such as forests, gramlands,  deserts, and the tundra; biological  processes such M behavior, food production, 

The investigations involve b io lcg icd  

BIDLOGY AAD mIcME PROGRAM - continued 

food v b a ,  succession, m a t i o n  and reproduction; the phtnawna of populat im structure ,  f luctuat ions Md periodici t ies ;  Md 
t h e  persistence of cmnnualty orgMiZatiOn. 
~ ~ s ~ i n g  r d o a c t i v i t y  i n  s o i l ,  foods and m M  for the purpose of improving methods of predicting the f a t e  of radioactive 
contcrminanta introduced into the atmosphere and biosphere. 

Program Highlights 

changes arc proposed i n  the following p r w a m  areas: 

Studies include the d e v c l o p n t  and Qpl ica t ion  of procedures for  sampling and 

Increase 
Estimate Estimate or 
Cy 1 0 lP 1971 Decrease -+ Costs in thousan&) 

(1) 

3)  

Evaluation of the effects of thermal a l terat iona of the fresh-water 
end-nt .......................................................................... $ 488 $ 815 $ + 3 3  

2) %mestrial ecology s tudies  at  Vniversity of California, Loo h@es 923 835 - 0a 

Laboratory, Livermorc.. . . . . . . . . .  ..................................................... 2 y 910 2,634 - 8 6  

................. 
Reduction of the bicrmcdical documentation program, at Laurence R.biation I 

T e r r e s t r i a l  end Fresh-Water E c o l w  
S n a i d e r a b l e  development of both continuing programs and those inaugurated i n  Cy 1970 is  anticipated, especially i n  the area 
of thermal effects  m biological systems a t  the comnunity leve l  of organization. 
ecological  studies are projected at the Dresden and WaulregM plMtS. 
r a o l o g i c a l  s ta tus  of Lake Michigan. 
i n i t i a t e d  in 190. 
st rongly programmatic act ivi ty .  
Northwest Laboratory a r e  associated with s tudies  of Columbia River ecosystems. 

A reduction of radiation ecology studies  a t the  Vnivusi ty  of Cal i fonla ,  Loa Angeles, r e f l e c t s  changes i n  staff. 
research a t  the Nevada Test S i t e  is being cmrdinated with related projects of other laborator ies .  

proposals for  new off-site research are  being reviewed a t  present for  projects  on Lake Champlain (University o r  Vermont), 
W e  Cayuga (Cornell University), C u l l  Lske (MchigM State) ,  Md others. 

Radionuclide TrMsport 
me biomedical program of the  Lawrence Radiation Laboratory, LiWmJre, w i l l  Continue at a level  of effort appropriate for  
d o c e n t a t i o n  of previous Ploushare crater ing events. 
test planning i n  both the Weapons and Plowshare programs and has mw applications in other  areas of nuclear technology. 
It dea ls  with 
t h e  documentation of the c h d c a l  and PhySiCal f C m S  O f  the r.dionuclidea, the effects  produced by t h e i r  upt&e, and possible 
mems of reducing humM exposure by countermeasures a t  My step in  the above Sequence. 

A t  Argonne National Laboratory new 
An increase Is also planned for  the studies on t,& 

Increases at SaVaMah River are  associated with new laboratory thermal studies 
A t  0.k Ridge National Laboratory increases are  for rd ionucl ide  cycling and biogeochemical research, a 

A new thermal study will be continued at Oak Ridge i n  FY 191. Increases a t  the pacific 

~ c o l o g i c d  

The prom- has a d i rec t  influence on nuclear device developwnt a d  

the prediction of f i ss ion  product and induced radionuclide production in device and environmental materials, 
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h a l y s i s  and study of s tab le  a lkal ine ear ths  and naturally occurring radionuclides in the d i e t  M d  i n  bone w i l l  be performed 
at  the  Health and Safety Laboratory. 

Studies  of tritium i n  the soil, food, and m a n  pathwq will be i n i t i a t e d ,  and an e f f o r t  will also be conducted to asseDs the  
b io logica l  problems t h a t  m a y  e x i s t  i n  the future  frm krypton 85. 

Studies to develop new techniques f o r  the mrlysis of samples will be pursued. 

e .  Marine Sciences ................... FY 1969: $3,099,199 FY 1970: $ 3 , 9 5 O , W  FY 19712 $3,895,000 

The object ives  of t h i s  ac t iv i tb  are  to pr&& a bas is  tc predic t  the  Pate and possible e f fec ts  O f  radioact ivi ty  introduced 
i n t o  the  marine environment 8s a resu l t  of nuclear energy operations. 
geological and physical oceMcgrWhy aad is directed toward learning the e f f e c t s  of biological  ac t iv i ty ,  sedimentation and 
physical-chemical processes on the  dispersion and accmulat ion of radionuclides. 

Research 1s conducted in biological ,  chemical, 

Pragrmn Highlights I n c r e u e  
Estimate Estimate o r  ly Fi 1.971 Decrease 

Costs i n  thous&-> 
An increme is proposed for  s tudies  of the e f fec ts  of thermal a l te ra t ion  of 
t h e  marine environment ................................................................... $ 179 $ 250 $ + n 
mere is l i t t l e  on-si te  research i n  t h i s  m t i v i t y  but a program i n i t i a t e d  in FY 1970 a t  Pacific Northwest Laboratory on 
g-hedcal Ocean cycling will be continued. 
t o  t h e  problems of Plowahare expcriscnta and reactor s i t ing ,  will place grea te r  emphasis on memuring the d i s t r i b u t i a  
pa t te rns  and movements of t r a c e  elements in t rap ica l  waters. 

m't of the  increases  i n  the o f f - s i t e  program aut re lated to  the ef fec ts  of thermal a l te ra t ion  of the marine e n v i r o n n t .  
txpmsia of the  Biscayne B q  s tudies  by the  lh ivera i ty  of Mia will be minimal but  new projects  related t o  reactor siting 
on coas t l ines  are projected. 
mew York (Stoneybrook), and Scripps I n s t i t u t c  of O C C a a w . p h y .  It is possible that bene- 
f ic ia l  uses m a y  be found for  thermal W I u t C S .  
w f w e  waters and thus increase productivity. 

The b r i n e  Biology prosram a t  the Puerto Rico Nuclear Center, having input 

negotiations u e  now going on with the University of Maryland, University of the S ta te  of 
Other p r o p a d s  a re  anticipated. 

For eumple, upvelling m q  be induced in the Ocean t o  bring nutr ients  in to  

f ,  A w s p h e r i c  Sciences .............. 1969: $4 , m , l V  FY 190: $4,967,000 FY 1971: $ k , ~ , o o O  

(k jec t ives  of t h i s  ac t iv i ty  a re  to obtain information on t ransport  and deposition processes in the  atmosphere, research on 
the nature  and behavior of na tura l  and artificial aerosols in the  atmsphere,  developwnt m d  application of procedures for  . 
r . lpl ing Md WuUring radioact ivi ty  i n  air, dlMt a d  precipi ta t ion,  and dewlopent M d  b p m V w t  Of e t h o d s  of 

. . .  

BIOUXY MD hEDICIl4E HLOQUM - continued 

predict ing t h e  radiat ion QSe t0 man resul t ing frm the r e l e u e  of radioactive contaminants i n t o  the atmosphere fim paat 
and possible  future  nuclear explosion or  nuclear reactors f o r  pover or  propulsion. 

Program Highlights 

Changes are  proposed i n  t h e  following progrm areaa: Increase 
o r  q0 1971 Decrease 

Costs in t h o u s d r  

Estimate Estimate 

(1) hr i lua t lon  of the  e f f e c t s  of heat disposal on the  atmosphere ................... $ 21 $ 146 $ + 125 
(2) 

540 436 - 104 (3) 
1,300 + 100 

Studies r e l a t e d  to atmoephcric d i s t r ibu t ica  of nucleu debris t r a m  
spec i f ic  nuclear events, at Lumnce Radiation Lnboratory, Livermore 
Extension of  t h e  atmospheric monitoring p ~ g r s  to continue inventory of 
strontium 90, plutonium 238 .ad other rdionucl idea 

................. 
.................................. 1,m 

Research at  Argonne I a t i o n a l  Laboratory includes the precipi ta t ion scaven@ng f i e l d  work, wherein t racers  are  in t rduced  
i n t o  thunderstorms and recovered in the rain. 
including t h a t  radioact ivi ty  frm crater ing events. ' h i 8  experiment, lloy conducted in Illinois, in cooperation w i t h  the 
llllnois S t a t e  Water Survey and the  University of Michigan, vfll be movcd to Colorado t o  take advantwe of the mcadurements 
on clouds made there  BS a p a r t  of the  Northeastern Colorado H a i l  Experiment, and at the same t i m e  contribute t o  understanding 
the  cloud dynamics and nuclei  budgets of hailstorma. 

The data will bc used t o  predict  the cleansing of the air of fa l lout ,  
E 
-4 

The ANL program a l s o  includes a jo in t  H!i%m air pollution project ,  plume rise studies ,  micraneteorological and turbulence 
modeling i n  wind tunnels. 

A research program v i l l  be i n i t i a t e d  in the  Northeastcn the e f fec ts  of uater  added t o  the atmosphere by waste heat aqposa. 
A s l i g h t  increase is requested for  the Atmospheric Turbulence Mif ie ion  Laboratory at Oak Ridge t o  continue application of 
t h e  Light Detection Md Ranging (LIDAR) t o  studies of plumes fran stacks, cooling towers, urd possible ver t ic le  line aowces. 

'he Controlled Enviromnental Release Test (CWT) f a c i l i t y  at the National Reactor Testing S ta t ion  in Idaho w i l l  continue t o  
be used f o r  the study of radionuclide entry f rom the atmosphere to the food chain,' but with at tent ion to tritium and less 
emphaSiS on radioiodine. 
surfaces. 

The m a o r  activities supported in the Health and Safety Laboratory w i l l  be continued. 
e n t a l  samples of f i ss ion  Md act ivat ion ~adioac t iv l ty ,  sample analysis, report ing a d  interpretat ion of analyt icr l  data. 
The f a l l o u t  sempling netvorks are also used i n  the study of naturally occurring radioact ivi ty .  

The new recirculat ing tunnel w i l l  allow laboratory s tudies  of deposition on a variety of plant8 -4 
Improved atmospheric t racers  will  be sought. 

These are the coUection of e&-- 

I h e  Laboratory's h ~ @  

i i 
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a l t i t u d e  t e s t  chamber 1s ut i l ized  in evaluating s.mpling equipment for  the upper atmosphere sampling program and f c r  r tudies  
of s t ra tospher ic  aerosols. 
r e l a t e d  t o  these a c t i v i t i e s  is also supported. 

ongoing work i n  precipi ta t ion Scavenging, f a l l o u t  phenanenolcgy, radiochemistry and aerosol s tudies  a t  Pacif ic  Rorthuest 
Laboratory will remain near the S g p c  l eve l  of effort. 
krypton 85 as a t racer  will be exploited. This t racer  will provide instantaneous measurements of a i r  concentrations for  
cor re la t ion  with rapid response meteorological equiprent, pcrmltting ver i f lca t ion  of theories on diffusion and new lnaight 
i n t o  d i f fus ive  and deposition processes. 

Ihc ataiorpheric sciences program a t  Laurence Radiation Laboratory, Livermore, will continue t o  support the Plowshare events 
as necessary. 

Off - r i te  precipi ta t ion studies will be d l n c t e d  to: (1) application of unique AEC-developed sens i t ive  tracer technlquea to 
t h e  nat ional  problem of hall suppression. New knowledge of washout processes vil l  be gained a t  the  same t i m e ;  (2) .casure- 
m t  of the  Scavenging of the pol lut ion aerosol over c i t i e s  i n  ant ic ipat ion of a need for  these data i n  reactor hazuds  
.nalysis; and (3) the creation and dcporition of extra  ice, ra in,  snow, and fcg in the v ic in i ty  of  waste heat dispolal s i t e s ,  
ruch as cooling towers. 

Rerearch i n  atmospheric transport and diffusion w i l l  be supported to: (1) allw the development of global  fa l lou t  prediction 
models, used for  debris *om atmospheric weapons tent ing and SNAP reentry, which Vill u t i l l z e  more recent  knowledge of the 
atmorphere's c i rculat ion - O d Y  ABc supports such model devclopnent; (2) develop airborne turbulence equipmcnt *hi& can 
provide real t ime readout of the p v m t t e r s  needed in r8pid prediction of cloud concentrations over InAccessible u e ~  i n  
advcmce of Plowshare events - t h i s  dll provide input6 to prediction mdels under current development; (3) conduct theo- 
retical and ccrrmence f ie ld  rtudica of the d l f fur ioa  of v e r t i c a l  line cloud sowces, such as or ig ina te  f ran  glw acddent r  
m d  nuclear rockets; (4 )  c-nce f le ld  s tudies  i n  c i t i e a  ~d building complexen to provide data  e s s e n t i a l  to  Malgaln of 
hazards of reactor s i t ing  in c i t i e s  - these studlea would include diffusion, deposition, reentraltment, and t r a n a h a t i m  of 
particles and gmes, and would contribute t o  solution of the national alr p d u t l o n  problem M ueU; and ( 5 )  allw for 
p a r t i c i p a t i o n  i n  the plglned inter-agency mescmetcoralogical experiment (MESCUKX) by u t i l i z i n g  AEC-developed memurement and 
trmcer te...hniquea i n  dif iusion experbents  over the mow! network, while sbul taneously using the  extensive Md cest ly  
r a u u r w w n t s  provided by other Wgcncier. 
planetary boumdary lwer before, but  the dnta on there  la rger  scales are required because poten t ia l  radioact ivi ty  wurcer art 
now achieving greater  heights in the  boundary layer. 

h increase i n  the upper air scolpling program is required t o  purchaee balloons M current stock is exhausted. The number of 
hi& a l t i t u d e  balloon flights WM reduced i n  FY l f l0  to the minimum needed t o  m4intai.n flight proficiency and t o  keep 1.Uach 
teams i n t a c t  - a ccmnitment t o  the F'ederrl Council for  Science and Technolagy. 

The developent  and mrintenance of equi-nt for  laboratory measurement and sample col lect ion 

The real t h e  capabi l i ty  of diffusion experiments i n  the f i e l d  using 

Ihis i n e r t  gas will be canpared t o  depositing par t icu la te  t racers .  

It has M t  been possible t o  launch diffusion experbents  to ruch heights in the 

I b e  budget also provldes f o r  aed.armal  

B1OIM;y AND !aDI"E PROGRAM - continued 

firstream f l i g h t  extenafons t o  670 South la t i tude  to continue the inventory as French debrir mover r o u t h v d .  
canrues much of the raviniy effected when the high a l t i tude  balloon flight frequency WM reduccd. Thir extension 

0. nuclear  Energy C i v i l  Effects ..... . FY 1969: $1,153,209 FY 1970: $1,18o,ooO FY 1971: $ 1 , 1 ~ , o o O  

Objectives f o r  this a c t i v i t y  are to develop nUCleW effects  data  through laboratory and f i e l d  expcr iwnts  and theoret icr l  
rtudies. 
appl icat ions t o  non-mllltwy defense, emergency preparedness planning, and for  use within the camplex of nuclear w g y  
a c t i v i t i e s .  

Results contribute to  the meeting of need6 for weapons effects  rad countermeasures information f o r  p r a c t i c a  

Program Highlights 

-hula  w i l l  be on c a p l e t i o n  of a revision of the handbook Effects of Nuclear weapons. 

A t  the  Nevada Test Site, support V i l l  be provided by REECO and Holmes and Nvver  consirtent with the  l e v e l  of re8e-h 
operat ions of  civil effects  t e s t  projects by Ecdc, Inc., ORAL, and investigators receiviag Environmental Sciences 
support. JMgerton, Genneshauren and Grier will conduct f i e l d  expcriwnts  with the  neutron source, provide rupport for 
environmental sciencer f i e l d  studles, and conduct other nuclear energy research. 

oak Ridge National Laboratory will continue i t s  r e s e u c h  and development on radiat ion dor iwtry  f o r  h u m  survivors for  
cor re la t ion  with the ABCC biomedical program and for other heavy radiation exposure cases. civi l  Defense Research Project will re f lec t  the implications resul t ing *an progre8Sion of the a n t i - b a l l i s t i c  missi le  pm(pm, 
and the consequence of decisions ar is ing f r m  a study of civil defense for  the United States .  

Support for  the  

The Lovelace Foundatim will conduct nuclear e f fec ts  studies essent ia l  t o  the campletion of a s r t i s f a c t o r y  revision of the 
Effects  of  Nuclear Weapons and the ccmpletfon Of work on a revised Nuclear Bomb Effects Computer compatible with data i n  the 
revised FXU. 
the Stanford Research Ins t i tu te .  

This latter e f f o r t  is being performed by the ed i tor  of the previous edi t ions of m, in collaboration with 

h. Radiological and Bealth Physics and Instrumentation . . . FY 1969: $7,373,157 Fr 1970: $7,299,000 FY 1971: $7,210,000 
me object ives  of t h i s  prrogram are t o  achieve a comprehensive description of fundamental radiat ion in te rac t ion  p r e s s e s  
.nd of the s p a t i a l  m d  temporal dis t r ibut ion of radiation produced products in order tha t  a more complete underst- of 
rad ia t ion  e f fec ts  may be accomplished; t o  develop dosimetry techniques and t o  assess radiation exposure s i tuat ions ia order 
t o  develop information requis i te  to the f O m u h & h n  and establishment of improved radiation protect ion pract ices;  md t o  
conduct ins t rumenta t ia  research h a d i n g  t o  improved radiat ion detection and measurement techniques, and develop specialized 
inst-ntation systems required i n  other biomedical research programs. 



BIOLOGY M D  MBIICINE PRoCRAn - continued - 
R o g r m  High l igh t s  

Changes a r e  proposed for  the following progrsm are-: I n c r e u e  
or  Estimate Estimate 

FY ly FY 1971 Decrease 
Costs i n  thousand-- 

(1) 

(2) 

Research and developnent for the bianedical Synchrotron ring, a t  Lawrence 
Radiation Laboratory, Berkeley ...................................................... $ 25 $ 50 $ + 25 
Instnunentation for i n  vivo determination of insoluble  p l u t o n i q a t  
Idaho Operations Office. ............................................................ 25 o - 25 

Radiolo i c a l  Physics 
S i g n i f i f a n t  progress has been made at oak Ridge National Laboratory in developing techniques t o  study fundamental radiat ion 
i n t e r a c t i o n  mechanisms i n  liquids. 
at o m  will enable return of a sc ien t i s t  from the  University of Fkntucky t o  continue invest igat ions of heavy ion in te r -  
. c t i o n s  i n  gases with a specif ic  or ientat ion toward d o s i w t m ,  which will be achieved i n  most par t  by t ransfer  of funds from 
the o f f - s i t e  contract. 
program at  Pacif ic  Northwest Laboratory and Studies Of loU energy heavy ion interact ion processes will be continued. 
Laurence Radiation Laboratory, Berkeley, there  will be M O*erb development of the program invest igat ing high energy, heavy 

It i s  nbw important that t h i s  study proceed beyond the f e a s i b i l i t y  l e v e l .  An increase 

Exceptional progress has been made i n  t h e  establishment of a strong radiological physics and doniwtry 
A t  

ion stopping. 

-.ais i n  the of f - s i te  program will be directed toward t h e o r e t i c a l  s tudies  of lou energy electron in te rac t ions .  
not w e l l  understood theoret ical ly ,  yet  low energy e l e c t r o n s  have a predacainMt role  i n  the energy deposi t ion process. 

a d i t i o n ,  some ef for t  is Mticipated i n  experimental s t u d i e s  of the s p a t i a l  dis t r ibut ion of energy radially away from heavy 
These new prwram direct ions W i l l  be achieved by pro3ect reductions i n  the area of rad ia t ion  in te rac t ion  i n  

gmes, and caapletion of a study of e lectron energy l o s s  d i s t r i b u t i o n s  i n  semiconductor detectors. 
involving theore t ica l  and experimental i n v e s t i g a t i m s  Of r a d i a t i o n  interact ions i n  sol ids ,  energy degradation and mipa t ion  
in condensed systems, and energy deposition d i s t r i b u t i o n s  on the  microscop~c scale will continue a t  t h e  current  leve l  of 
e f f o r t .  

Aerlth Physics 
me neutron dosimetry e f f o r t  a t  Oak Ridge  National Labor*tory involving dosimeter development, evaluat ion Md intercamparison 
h.9 establ ished t h i s  group as one of the leading neutron doaimetry research centers i n  the world. 
a valuable  service as an important information source in this area. 
ves t iga t ing  the neutron component of cosmic radiat ion.  
c d c u l a t i o n a l  techniques, aerosol research, neutron and g m a  dosimetry, and in vlvo dose estimation f o r  medical ~d heal th  
physics radionuclides is expected to continue a t  t h e  cur ren t  l e v e l  of  effort.-- 

This area 
la 

t racks.  Remaining programs 

This group is now providing 
There w i l l  be a decrease i n  the o v e r a l l  program in- 

Other programs dealing with accelerator dosimetry and shielding 

BIOLOGY AND MEDICINE PROCRAM - continued 

Instrumentation 
In  ant ic ipat ion of continued development of the biomedical synchrotron ring fac i l i ty  a t  Lawrence Radiation Laboratory, 
Berkeley, a minimum research and development e f f o r t  is planned. 
ex t rac t ion  systems, and beam monitoring equipment of improved s e n s i t i v i t i e s .  
is ant ic ipated a t  Oak Ridge National ,Laboratory. 
p le ted  and has reduced measurement times by three orders of magnitude. 
f o r  i n i t i a l  trials with biological molecules. 
cat ion of research a c t i v i t i e s  i n  overall biomedical engineering areas. 
current  program i n  nuclear medicine inst-ntation. 
t e c t i o n  sys tems capable of in  vivo local izat ion of  i n t e r n a l  emit ters  primarily in the off-site program. 

Design studies will be directed toward beam handling and 
Continued ef for t  i n  biomedical engineering 

The prototype neutron diffraction instrument has been successfully 
The Laboratory hopes t o  construct  a system sui table  

This will be accompanied by red i rec t ion  of me 
In addi t ion,  Plans are  under develapent  for  the consolidation Md in tens i f i -  

Efforts are a lso  planned for the developnent and appl icat ion of de- 

Several  programs, i n  addition t o  the neutron d i f f r rc t ion  e f f o r t  mentioned above, have produced noteworthy a c c o m p l i s b n t s  
d u r i q  the past year. 
d i rec ted  toward the development of an improved phosphor screen and its incorporation in to  a c l i n i c a l l y  usable image 
i n t e n s i f i e r  tube. 
results. 

Instrumentation t o  meaaure radon daughter cancentrations i n  mine air has been developed and evaluated i n  the  laboratory. 
evaluat ions a re  presently underway. 
laboratory evaluation. 

Much of the new program e f f o r t  will be accomplished by red i rec t ion  and completion of work underway. 
i n  VIVO plutonium detection system at Idaho is expected t o  be completed during IT 191. 
University of  Rochester h a s  proceeded through the  developnent phase and w i l l  now become associated with spec i f ic  radio- 
biological  investigations. 
d i rec ted  toward development of improved methods for  complex g-a ray spectra analysis will be successful ly  completed. 
Remaining programs i n  semiconductor detector research, nuclear  medicine instrumentation, electron microscopy, dosimtry,  
low l e v e l  detection technology, photamultiplier and image i n t e n s i f i e r  tube research are expected t o  continue at  the  present 
l e v e l  of e f f o r t .  

A phosphor of s ignif icant ly  increased detection efficiency has been developed, and fu ture  work w i l l  be 

A gcI%IMiUm research prcgram invest igat ing methods of making ultrapure material has yielded very pramising 

W 
E 

Detectors have been fabricated which no longer require  shipping and storage a t  l iquid ni t rogen temperatures. 

Field 
Uranium mine personnel dosimeters have been developed Md are present ly  undergoing 

The development of an 
A dosimeter research e f f o r t  at the -- 

In addition, the program i n  s c i n t i l l a t o r  research w i l l  undergo some reduction, and the  e f for t  

3 .  

1 1 2  

Deneficial  AD l i ca t ions  of Radiation ........................................................................ $10,265,000 
a. Cancer a;Pd Other Clinical Research ...... FY 1969: $7,273,980 FY 190: $7,548,000 M 191: $7,390,000 
Research objectives ere t o  discover, develw, and perfect  new and unique applications of radiat ion and radioisotopes f o r  the 
diagnosis and treatment of cancer and other disease states. 



Program Highlights 

msnges a re  proposed for the folloving program areas: 

1) 
2) 

Clin ica l  research using the newly avai lable  short- l ived is totopes 
Total-body i r radiat ion i n  cancer therapy, at  Oak Ridge Associated 
Universi t ies . . .  .................................................. 

Increase 
Estimate Estimate or  
Ty 1 9 0  FY 1971 Decrease 
y o s t s  i n  t h s L & M d T  ................... $ 356 .$ 393 $ + 37 

................... 457 5m + 43 
( 3 )  

( k )  

Studies  of genetic and environmental fac tors  i n  c l i n i c a l  and experimental 
hypertension, at Brookhaven National Laboratory ...................................... 3 30 2 6 5  - 65 
Research on human physialogy and experimental medicine at Lawrence 
Radiation Laboratory, Berkeley ....................................................... 295 231 - 64 

me nuclear  medicine program a t  the Argonne Cancer Research Hospital will primarily involve development of the  cyclotron 
p r o j e c t  plus  increased e f f o r t  i n  re la ted a c t i v i t i e s  (e.g., organ scanning with cyclotron-produced radionuclides). 
a s l i g h t  increase i n  e f for t  is planned f o r  work re la ted  t o  the use of high in tens i ty  radiation i n  cancer therapy. 
decreases i n  o ther  research e f for t s  a t  ACRH are planned. 
of h o s p i t a l  operntion. 

A t  Brookhavan Rational Laboratory, the  study of trace elements i n  biological  systems vi11 continue, including the exploi ta t ion 
of recent  pindings re la t ive  to the usefulness of L-dopa in the  c l i n i c a l  management of Parkinsonism and other neurological 
disorders .  
.nd dopamine i n  the  human brain. 
severa l  l abora tor ies  currently evaluating the  u s e m e s s  of t h i s  neutron-emitting isotope i n  cancer brachytherapy. Small 
decreases i n  l e v e l s  of act ivi ty  me expccted f o r  two projects ,  namely, those concerned vi th  the study of (1) c l i n i c a l  and 
experimental hypertension, and (2) c l i n i c a l  t I s p e C t S  of vltsmin 912, i ron,  and pancreatic insufficiency. 

Research at  the  University of California, Lo6 Angeles, is being expanded with the  completion of the i n s t a l l a t i o n  of a blo- 
medicel  cyclotron. 
number of short- l ived radioisotopes which may have medical c l i n i c a l  applications. 

Inves t iga t ions  on the  direct  md indi rec t  e f f e c t s  of heavy p a r t i c l e  i r rad ia t ion  for  tumor therapy, p i tu i ta ry  g lmd  ablat ion 
i n  endocrine and metabolic d i r e ~ e s  and induction of discre te  brain and thalamic les ions for  Control of kinet ic  disease will 
be conducted a t  the  Lsurence W a t i o n  Laboratory, Berkeley, using a nev human exposure System. 
remain the  same as  at  present. Patient care  cos ts  account f o r  some increase i n  budget. 
r tud ies  on humm physiology and experimental medicine, but  at a reduced leve l .  
cytologic  response t o  radiation frcm i n t e r a l l y  administered radioisotopes, control  mechanisms of hematopoiesis and i ron  
metabolism will continue. 

In addition, 
Offsetting 

A continuing problem in the c l in ica l  program 1s the escalating cost 

Included in  the projected program are plana for the  use of carbon 11 label ing t o  study the  d is t r ibu t ion  of L-dopa 
Clinical  and laboratory s tudies  with californium 252 are a lso planned. BNL is one of 

This accelerator w i l l  beccra operational by the begiMing of FY lgl and is expected t o  produce a 

The leve l  of effor t  will 
Research e f f o r t s  will revolve around 

Investigations concerning the hematologic and 

BIOLOGY AND MEDICDlE PROGRAM - continued 

m e  
c i i n i c a l  organ transplantation v i l l  be continued. 

pro jec t  a t  the Pacific northwest Laboratory for  the development of beta sources for  potent ia l  application in 

A t  t h e  University of Rochester, s tudies  On exploiting t i s sue  Specific antigens for  cancer therapy may reach the point of 
appl icat ion for t rea t ing  human cancers and possibly be extended for  use i n  diagnosing myocardial in farc t s .  
successes a re  evident, the leve l  of ac t iv i ty  v i l l  plateau. 

Planning is undervqy for  the development of r a d i O i S O t O p i C ~  powered a r t i f i c i a l  circulatory support systems. 
w i l l  result i n  a lov-level radiation exposure and thermal heat  lead to  the pa t ien t .  
Cornel1 University t o  assess the local t i s s u e  response and Systemic e f fec ts  i n  an1ma.l~ tha t  might occur from such a radi- 
a t ion  exposure. 
primates of devices having the heat and radiat ion charsc te r i s t ics  of the proposed engine. 

O f f - s i t e  s tud ies  i n  developing sui table  g- a t t i r i g  Malogs Of b ia logicsYy act ive ccarpounds f o r  new diaggnostic procedures 
will be encouraged. The character is t ics  of these radiopharmaceuticals w i l l  be responsive t o  the majority of sc-ing 
procedures performed i n  medical ins t i tu t ions  where the use of the short-lived isotopes are not economicelly feasible .  
work would canplement the on-site s tudies  dealing with cyclotron and generator produced isotopes. 

O t h e r  novel diagnost ic  and forensic procedures w i l l  continue t o  be explored such as fluorescent exci ta t ion of in vivo s tab le  
isotopes and i n  v i t r o  activation analysis, both of which procedures markedly reduce or  eliminate the r a d i a t i o n - & , a e d  dose. 

Invest igat ions using radionuclides t o  increase both the understanding of and access ib i l i ty  t o  the physiologl of lung 
v e n t i l a t i o n  and perfusion, and brain t i s s u e  blood flow =e expected t o  continue. The lung s tudies  i n  addi t ion t o  the i r  broad 
c l i n i c a l  contr ibut ions are also per t inent  t o  the  AEC nuclide inhalation studies. I n  t h i s  same general area the use of i n  avo 
act iva t ion  analyses of skeletal  t i s sues  i n  n o m d ,  aging, and disease s t a t e s  including cancer i n  i t s  ear ly  developmental-- 
s tages ,  shows promise Md indicates foreseeable additions to the  current Studies which are  closely rdated t o  on-site 
inves t  i g a t  1 ons . 
b. Biological  and Agricultural Research ...... FY 1969: $2,789,257 FY 1970: $2,830,000 I‘y 191: $2,745,000 

The object ive of t h i s  research is t o  develop a d  exploit new ideas and t e c h n i p e s  involving radiat ion and radioisotopes t o  
be  appl ied in solving biological and agr icu l tura l  problems. Examples of such applications are basic s tudies  of organs and 
systems i n  hea l th  and disease and the use of radiat ion i n  the sdvancement of agr icul ture  t o  control and eliminate insects 
a d  p l a n t  diseases  and t o  improve crop and M i d  productivity. 

Unti l  major 

Such devices 
Experiwnts have been i n i t i a t e d  a t  

Further support i s  ant ic ipated (W the  program advances t o  the stage of implantation in to  large subhman 

0, mis 
8 



BIoUX;Y M'D HEDICME PROCRAH - continued 

FTogran Highlights 

msnges  a re  proposed i n  the following progrnm areas: Increase 
Estimate Estimate o r  -. - -  
PI 170 FY lgl Decrease 

Costs i n  thousand j ) '  
( 1 )  Toxicity of carbon 1 3  for  diagnost ic  applications, Md its use for s tudies  

with nuclear resonance spectraneters ,  a t  Los Alamoa Scient i f ic  Laborato ry............ $ 135 $ 163 $ 28 
(2) Reduction of research i n  l i p i d  metabolism, a t  Oak Ridge Associated Universi t ies . . . . . .  24 3 153 - ')o 

I n t e r e s t  i n  the special  b io logica l  and medical advantages of carbon 13 is now well demonstrated by support of a Significant 
f n c i l i t y  for  production of the isotope in highly enriched forms. 
of any possible toxici ty  in  higher organisms, for  synthesis in to  Organic compounds important and u s e m  for  biology and 
medicine, and for  nuclear magnetic reSOnanCe-Study of carbon-labeled ccdnpounds. 

Carbon 13 will be available i n  suff ic ient  quantity for s t u a  

S tudies  of protein synthesis will be emphasized at the Argotme Cancer Research Hospital. 
much of the  c l i n i c a l  work a t  ACFIH. Research i n  carbohydrate metabolism a t  Bmokhwen National Laboratory and of l i p i d  
metabolism at  oak Ridge Associated Universi t ies  w i l l  also be continued, although the  l a t t e r  work w i l l  be substant ia l ly  
reduced. 

This important research underlies 

s 
R a n t i o n  and radioisotopes have provided a new dlwnsion i n  t h e  biagnosis and treatment of human disease. 
cn t ion  to  agricul ture  and veter inary medicine has not received a similar emphasis. 
md labeled-can?oundS, M advancement in veter inary nuclear medicine would now mar feasible .  
development of techniques and t h e i r  appl icat ion i n  the treatment of econdcnlly-important animal diseases. 

Such M appli- 
With the  reduced cost  of radioisotopes 

Support is planned for  the 

Conventional methods for  t h e  development of VsCcines for  use against p a r a s i t i c  infect ions have been uniformly unsuccesatul. 
A 
the lur,gworm of c a t t l e  and sheep. 
& i l i t y  of e l i c i t  an iwunological response. 
ue proposed t o  make W exploit of t h i s  technique possible. 

technique, t h a t  of rndia t ion-a t tenuat im of p-ites, has proven succeaaful i n  the development of vaccines .gainst 
Radiation Of the  parasi te  induces A loss in virulence without destroying i ts  vitality and 

Basic s tudies  of host-parasite re la t ionships  and the radiobiology of paras i tes  

The increased contnmination of t h e  environment with insect ic ides  and pes t ic ides  is of jus t i f iab le  concern. 
thnt  basic  s tudies  of the metabolism and degradation of these Wter ia lS  m d  t h e  mechanisms of insect ic ide resistance by use 
of rsdioisotope techniques w i l l  be continued. 

It is mtic ipa ted  

me p o s s i b i l i t i e s  of using p lan t  t i s s u e  cul tures  derived from i r rad ia ted  meristems f o r  producing new improved stocks of crop 
p l a n t s  will be investigated. 
plmt types i n  c e l l  cul ture  followed by somatic fusion of the  different c e l l  types. 

Another POtentinl source of new CoarbinatiOnS of genu plasm involves t h e  growth of two different  
The new hybrid species may then be 

BIOLOGY AWD m~cm pROCm - continued 
induced t o  form new plants  by treatment with appropriate chemicals. These p o s s i b i l i t i e s  will be investigated further. 
A small program t o  invest igate  t h e  reported e f fec ts  of low radiation doses on seeds and tubers in increasing crop yields is 
planned. 
The firther use of radiation f o r  t h e  control  of insect pests  w i l l  be studied with emphasis on development of new techniques 
and concepts. 

C.  Radiation Reservation of Foods . . . . . . . Iy 1969: $329,556 
The object ives  of t h i s  program are to  determine t h e  basic chemical changes, nu t r i t iona l  adequacy, wholesomeness, M d  micro- 
b io logica l  safety of selected per ishable  foods which have been subjected t o  low-dose (below 1 Wad) i r radiat ion for  the 
purpose(s) of s torage-l i fe  expansion, dis infestat ion and/or control of pathogenic microcrganisms (e.g. , SdLmoneUac). 
in this ac t iv i ty  are  required, d i r e c t l y  o r  indirect ly ,  to f u l f i l l  Food and Drug Administration requirements pertaining t o  
approval of such low-dose i r r a d i a t e d  foods for  public coosumption. 

Program Highlights 
The program will be directed t o  t h e  microbiology of i r radiated haddock or  cod, 
The Division of Biology and Medicine's portion of the food i r rad ia t ion  program consis ts  of three general areas, viz., food 
chemistry, microbiology and wholesctneness. 
Food Chemistry includes those s tudies  concerned with the effects  of radiat ion on natural ly  occurring t i s sue  substrates md 
with the  characterization of t h e  changes (quantitative and qual i ta t ive)  in  terms of chemical, biochemical, and physio- 
l o g i c a l  parameters. No new s tudies  a re  planned i n  t h i s  area for  FY 191. 
Microbiology includes those s tudies  concerned with the effect  of radiation on the naturally occurring microbiological f lo ra  
of foods of in te res t  t o  the  program. 
(Clos t r id ia ,  Salmonellae, Staphylococci, Streptococci, cer ta in  viruses, e t c . )  as well as those which are  ent i re ly  of 
economic (spoilage) significance. 
t w o  groups and t o  determine the e f fec t  of i r radiat ion on these relationships. 
hholesomeness includes those s tudies  conducted re la t ive  t o  nutr i t ive value, possible carcinogenicity, and possible toxicity of 
lau dose i r rad ia ted  foods. These s tudies  consist p r b a r i l y  of long-term toxic i ty  s tudies  conducted i n  accordance with FDA- 
approved protocols and involving two-year feeding studies on three species of laboratory mimals. 
s tud ies  i n  progress conclude t h a t  Clostridium botulinum will not be a hazard during the storage of i r radiated f i sh ,  long-term 
mbal feeding studies of i r rad ia ted  haddock m a y t i n t e d  i n  M 191. 
genic i ty  m a y  a lso be s tar ted.  Data from these studies are necessary t o  support a pet i t ion  for  FDA clearance of irradiated 
f i n f i s h  for human consumption. A COmpMion Program t o  determine radiation processing parameters, storage-life extension, end 
organolept ic  aCrleptabi1it.y and t o  develop sui table  radiation source f a c i l i t i e s  for  i r rad ia t ion  of foods is budgeted in  the 

Ff 1970: $170,000 FY lgl: $130,000 

Studies 

MiCrWrgMiSmS of in te res t  include both those of public health significance 

Studies are  a lso conducted t o  explore the ecological re la t ionships  exis t ing between the 

I f  the microbiological 

Complementary invest igat ions t o  evaluate mta-  

' Isotopes Development Program. 

, , ,  .,,,-... . -. 



b. $ S J ~ J ~  i s  for h P i M  &UPB%lt bt Related to CozwttmCtion Just i f ied in S e c t i w  B below, requested for authorization i n  

Sect ion A - B l i p a t i o n s  for Construction RaJects: 
¶he projec t  capprising Section A, which is requested for authorization in PY 1971 is: 

(0 
h3 ua 

tte proposed FX 1971 Authorization Ac t .  

Funding Required 
%tal Eatha ted  After F'f 1971 

bt-ted W e d  &ligations to Cclplete 
R o J e c t  m. Tltle & E t  zhru FY 1970 1971 Project 
71-5 General plant projects  $~,COO,CQO $ o $i,oo~,m ................................. 

............................................. $ 0  

3szEzz lzzzzz %tal 

-ai Q FR~UBXS m A 

1. R q e c t  71-5 General plant pro jec ts  ........................................................................... $ 1 , 0 0 0 , ~  
Ihc prrpose of t h i s  project is t o  a o v i d e  for ~ s c e u a n C o u s  al terat ions,  improvclpents an3 minor additions t o  reseuch fccili- 
ties of the bicinedical research program m x e 6 W  to iqfrove efficiency of o p n t i o n ,  correct actual  or p o t e n t i a  o p r a t i w  
hazards and f a c i l i t a t e  d v ~ c c s  in research. 
Atomic Energy commission operated Zaborataries i n  the l ife sciences, as nll M minor construction or  a l te ra t ions  rrquired by 
biology and d i c i r ~ ?  reaearch contracts  at univers i t ies  and o t k r  research inst i tut ions.  
e s t a t e  by off ice  is M follows: 

'Be e s t i a k ,  baaed on part experience, vlLl cover the necesrwy imp-orrwnts a t  

A t en ta t ive  bnalrdovn of 

B I O & ~ Y  AND . W I C I N E  PRGrRAM - continued 
Albuquerque Operations OPfice.. $ l52,oOO 
Chicago Operations Office ..... 100,oOO 
New York Operations Office .... 140,oOO 
oalr Ridge Oprat ions  olfice ... 270,oOO 
San R m c i s c o  o p r a t i o n s  Office 175,oaO 

%tal .................... e 1 OOO oOO 
Washington Beadquarters ....... 

Section B - @lipat ions  for Cnpital Equiprent Not Related to  Construction: 
Actual &timate Est*te 

1969 Iy 1970 Fy 1971 
%tal Bioloogy and kiic1ri.e Capital E q u i p a t  Rot Related t o  Qnstruction .............. $6,390~738 $ b J n 5 , ~  $ 5 , 5 0 0 , ~  

JIGTIFfcAl?apT 

This budget of $51500,000 for capi ta l  eqUiPOent not related t o  CoMtruction is considered tk minimum amount t o  support e 
biomedical research progr'am. 
be provided on a current  basis t o  assure that the  best possible idOnMtlOn will resu l t  f r om sc ien t i f ic  investigations. 

with tne  evolution of the progrsm i n t o  areas vhich a re  more IOF+JisticatCd and complegthe u t i l i za t ion  of advanced autoanted and 
unfortuna-xly more expensive equipment is essent ia l .  Furthermore, the replacement of e q u i a e n t  itans now in me in the labora- 
t o r i e s  which have reached the obsolescent 6tage 16 b e c d n g  incretasingly expnsive.  
Examples of cos t ly  analytical e q u i p n t  which are becoming mre c-n t o  modern biamedical laborator ies  a re  spectrcmctere, 
e lec t ron  micro~copes of increasing re60lUtiOn~ hi& s p e d  CentrlfUeS and C o m p l t e r  linked equipment. pl, increasing shortage of 
manpower 16 increasing the demand for addi t ional  a q m  equipnnt .  
m e  FX 1971 c a p i t a l  e q u i p n t  budget does not COntdn aqY single  item exceeding a cost of $5oo,ooO, but  a representative l i s t i n g  
of equipllent requirements f O h O W 6 .  

B u i p m n t  Acqus l t ions  

~ q u l w n t  requirements at  t h i s  labo5atory are i n  SuPPr t  Of resesrch on the .Omtic  and genetic e f f e c t s  of external radiation 

Capi ta l  eguEment continues t o  be an integral  put of a dyrwic  bianedical research program must 

8 
-l 

1. h g o M e  Ratione3 Laborator ............................................................................ $550,000 

X-ray, gama rays and neutrons; s tudies  i n  mOlCCulLlat  biophysics and biochemistry; W c i t y  s tudies  of internal  aitt,grs 
rims; scanning electron microscop for biological  research. 

Zlectron microscop for  biOl0giCd research requiring improvcmcnts in photographic am3 
specmen tiandling capabi l i t i es  ......................................................... $ 60,000 
C o m p l t g r  la terface s c i e n t i f i c  e q u i p n t  ................................................ 50,OOO 
am studies  ;f :aicium t ransport  in  bone metabolism .................................... 103,m 
Equpnent for studies of radioelement toxici ty ,  lnClLlding human radium toxici ty  s tudies  

. . .  ..-. . . .  



BIQOCY AM, MEDICINE - continued 

1. k-nne NationaL Laboratory - continued 

m a w  arc ,  i r rad ia t ion  source and other  equipnent for  genetic and molecular biology 
research ............................................................................... $ 1 0 5 , ~  
Electron s p c t r - t e r  for  chemical analysis to  obtain s t ruc tura l  i n f o m t i o n  about 
c-plex organic and biological  m l e c u l c s  ............................................... 70,030 
Specialized equipnent for radioecology and micrometeorology s tudies  .................... 67,000 
General e q u i p e n t  for  biological ,  envirormental and radiological physics research ...... 95,033 

2 .  Brookhaven National lsboratory ......................................................................... $725,m 
E q u i m n t  requirements a t  t h i s  laboratory are i n  S U P P r t  of research on the understanding of biological processes in  m and 
e f f e c t s  of ionizing rad ia t ion  on these pToceases at  molecular, c e i l u a r ,  t i s sue ,  organ system and *ole body levels: u h t  - -  - 
t i o n  biology, including genetics, biocbcllistry, biophysics, and radiation ecology. 

Accessory equiprent for  thc van de Graaff accelerator 
Rapid wing equipment for  s tud ies  on applications of radionuclides far di-0616 aod ................................................................................ therapy 
Spectrophotometer, M a l y t i c a l  centrifuge and fluorometric e q u i p e n t  for biochemical 
research including RBA s tudies  
Electron-nuclear double reso-cc apparatus, opt ical  rotary dispers ion appsratus aod P B B E  
spctromcter-median resolut ion apparatus f o r  molecular blologv s tudies  ................. 
Coincidence Counter and other  equilmrnt f o r  PrtabOliC studies and other  v d i c a l  rescarch 

Optico-electronic scanning system f o r  research on the dis t r ibut ion of labeled molecules 
at t h e  cytological  leve l  ............................................................... 
&+line d i i f r a c t ~ n e t e r  system and computer interface f o r  biological  research ........... 
Growth chamber f o r  research in plant radiobiology ...................................... 
General equipacnt for research in biology, meteorology, dosimetry and heal th  pbysicr ... 

.................................. 5 5 , m  

55 ,000  

105,OX, ......................................................... 
108,000 

prodects ............................................................................... 84,000 

i ~ , o o o  
85,000 
k0,000 
93,000 ................................................................ 3. t v r e n c e  Radiation Laboratory, Bcrkele~ 530,000 

a u i - n t  requirements at this laboratory are f o r  research on a wide range of radiobiological  i n v e s t i ~ t i o n s  including biop4ycics, 
bi-dicine, radiobiology, and chemical biodynamics. 

I r r a d i a t i o n  s tereotaxic  apparatus for computer control of alignment f o r  tbe  treatment 
150,000 of p r t i e n t s  

Computer and accessories for  on-line experimental use ard interface betveen research 
instruments and central  computer f a c i l i t i e s  ............................................ 1a,m 
High reso lu t ion  electron m i c r O s c o ~ . ( & ~  electron microscope, estimated t o  cos t  &OO,mO, 
vi11 be designed ard b u i l t  a t  the Iaboratory. 
begin v i t h  the purchase of an e lec t ron  microscope for  $l%,000 in F'X 1971. 
microscop,  which ha6 a long lead tiate for  procurement, Vi11 be improved in FY 1972 and 
py 1973 by incorporating superconducting correcting elements cooled by cryogenic 4,. 1s,ooO 

............................................................................ 

It vlll take about tu0 y e a r s  and w i l l  
Ihe basic 

BICLCCI AND ISDICINE PRCGRhM - continued 

3. Iavrence Radiation M o r a t o r y ,  Berkeley - continued 

mgital camplttr image di rsec t ion  equipneat to  extract  information f r a a  electron micro- 
5 a p h s  f o r  fu-ther proceasing .......................................................... $io0,000 
General equipnent for  medical and biological  research .................................. 30,000 

............................................................... $275,000 Ir. Lavr+nce Radiation laboratory, Livermore 
Equiprent requirements at this laboratory relate to tbe a~sesamcnt Of possible impact of radionuclides released into the b i o s g e r e .  

m t e  control l& p a r t i c l e  and gross 
deposi t ion and red i r t r ibu t ion  of radionuclides ......................................... 
Analog t4 d i g i t a l  converter to provide quantitative #pectroscoptlc l n f o m t i o n  on 
individusl  -emitting radionuclides present in a cunplex mixture of radionuclides .. 
spectropolarimeter v i t h  c i rcu lar  dichroism a t t a c b t n t  for  s tudies  on thc binding of 
radionuclides to era l l  molecules and macromolecules 
Direct  microscope chrcmosome scanning system, including equiprent f o r  computer interface 
bunt ing,  scanning and general e lectronic  cquippcnt including 2048 chanaei p l l se  height 

recording system t o  study the transport, 
50,000 

50,oOO 

.................................... @,000 

analyzer ............................................................................... &,ooO 

55,000 

5 .  LOS ~tsmos Scient i f ic  I a b o r a b r y  ....................................................................... i&,ooo 
E q u i b n t  requirements a t  this laboratory cover research on studies of sauat ic  e f fec ts  of radiation including e x t r a p l a t i o n  o r  
equivalent res idua l  dose concept f r o m  laboratory animals to man; studies i n  moleculsr and cel lular  biology. 

~ J V  level ganuu3 radiat ion a p W a t u S  for  lparrmaLian radiobiology program, and laboratory 
equipment for genetic, applied aerosol and carbon 13 studies ........................... 
k t  laboratory equipment for  the research on the t w r i g e n i c i t y  of high specif ic  
a c t i v i t y  par t ic le  uork, and e lec t ronic  equiprrnt for the human and Smau animal counters 
Preparative ultracentrifuge, densi ty  gradient fractionator, fluorimeter, data  acquisition 
and analysis equipment and other e q u i p e n t  for research on the  molecular biology of 

40,000 

45,000 

i n f o r m t i o n  t ransfer  and biocbemlcal events in the cel lular  l i f e  cycle ................. 95,000 
.......................................................................... 930,000 6. Onk Ridge National Iaboratory 

EquipJent requiremelit6 at this laboratory cover research on tbe long term biological  e f fec ts  of radiation including studies in 
cocarcinogenesis; mamnalian genetics; radiat ion inmun~logy; bioFbysics and enzymology; t e r r e s t r i a l  and fresh water ecology; 
rad ia t ion  physics and interns1 dose estimation; nuclear enrgy  c i v i l  effects .  

%tor  generator s e t s  t o  supply emergency power for supply and exhaust ventilation, o m  
chi l led  water pmp, and a 1 5  HP emergency irstrument air compressor .................... yi),oco 
Containment unite t o  house and provide complete f a c i l i t i e s  t o  maintain large an-s ... 200,0@3 
Self cleaning cage rack and i so la tor  units t o  improve an- care i n  muse f a c i l i t y  .... 80,oOO 
Ultracentrifuge v i t h  W opt ics  for  ~ a S U r i n g  molecular weights, cinematographic system 
for recording morphological Changes i n  ce l l s ,  and prototype centrifuge lor  moiecular 
cmatorqy program ........................................................................ 3 e . x ~  



B I Q ~ Y  AND M B I C I N E  PROXUM - continucd 

6 .  bk Ridge NatioM?. Uboratory - continued 
2 MV Tandem Van de Graaff machine f o r  radiological physics research ................... $165,000 

radiological pbyslcs ................................................................... 84,W 

Field lrrad;ation, g- spc t rometer  with cmpr tcr  for  remote control, and controlled 
z l ima te  faciLi ty  for  radioecological research .......................................... 
! h l t i d i n r n s i o r d  analyzer, e l e c t r o s t a t i c  analyzer, and ma86 spectronrter for  research i n  

95,000 

Ecui-nt f3r biclmedical and heal th  physics research ................................... 58,000 . 
7 .  Argcnne Cancer Research & s p i t a l  ....................................................................... $225,ooO 

4uipmrnt  requirements a t  t h i s  laboratory relate t o  research on t h e  high energy radiat ion sources f o r  trectment of ,cancer, radio- 
isotopes for diagnosis and treatment of disease states; research i n  oncology, hematology and biochemical s t ructure .  

Equiprent f o r  nucleic acid and protein synthesis s tudies  (sequenator, ul t racentr i fuge 
with ro tors ,  autcmatic W sc-r) ..................................................... 
b s i t r o n  s c i n t i l l a t i o n  camera for  the medical pbysics program .......................... 

107,000 
55,000 

Hedical e lectronics  equipnnt  for  nuclear *dici= 33,000 
General laboratory equiprent such 8s automatic sample injector ,  lov backround beta 
counter and di-sher ................................................................. 9 , 0 0 0  

..................................... 
co 

.................................................................. 8 8. University of California, Los Angeles 135,000 
'&e equiptent requirements at  t h i s  laboratory are i n  s u p p r t  of research on the e f fec ts  of ionizing radiat ion on l iving organisms 

aews-nt of inrmediate a d  long term consequences of operation or detoaation of nuclesr devices on fauna and f l o r a  in m ' s  
environment; research i n  beneficial u8es of ionizing radiat ion and radioactive sub6tmCe6 i n  nrdicine and biology. 

and systems of biological  signiflC8DCe; dynsmic aspect6 Of F b y S i O l O & C d  Bnd biochmical  processes i n  
8 I l b d . S  aad plants; 

W s  spctromctcr ,  refrigerated centr i fuge n d  other equipcent for molecular and 
cel lular  leve l  studies ................................................................. 53,000 
4,oOO channel snalyzer, anti-coincidence detector system and related equipment for  

W t i - c h a n w l  analyzer for computer analysis of radioisotope IC-, t a rge t  t ransfer  and 
radioecology studies being conducted st the 5evada %st Si te  ........................... 
manipulator system, and other equipment required f o r  s tudies  in nuclear medicine ....... 

27,ooO 

55,000 ........................................................................... 9. a& w e t y  moratorqr  ~60,oOO 
This laboratory p e r f o m  research on s tudies  i n  radiological  and health Fbysics, including nuclear safety hazards; studies Of 
the d is t r ibu t ion  of radionuclides i n  the atmsFhere aod biosphere; developrent and procedures f o r  predicting, measuring snd 
a l l e v i a t i n g  radioactive fal lout ;  supporting instrumentation developnent and requires the fol loving e q u i m n t .  

Detectors, multi-channel analyzer and other  equi-nt f o r  high resolution m e a s u r e ~ n t s  
of complex radiation s p c t r a  a d  rad ia t ion  traaeport i n  the atms*ere ................. 
&ta spectroscopy system acd e lec t ronic  e q u i p n t  f o r  radiocbemical e s i s  ........... 

general prrpose computer, aerosol  e z e r  a d  other laboratory e q u i w x t  ........ 
37,000 
79,000 
44,000 

BIOLCCY AI4.D MEDICIN3 R(ocRAw - continued 

!Be e q u i p n n t  needs at this laboratory are i n  support of research on the biological consequences of inh42iIlg f iss ion products 
sinsly md as mixture6 so that Various leve ls  Of exposure can be re lated to ef fec t .  

.................................................................................... 
$lsO,ooO 

10. Lovelace lbundation 

Remote hi&h-sRed l i n e  pr intcr ,  remote card reader and input and display s t c m  f o r  on-line 
computer capabi l i ty  and graphical output at thc f i e l d  laboratory ....................... $ 56,000 
Recording dellclito.cter for autoradiographic s tudies  in th lung, and physiology 
recording 6yr.t- f o r  detecting anotmlie6 in cardiac Outmt, pressures in th circuLatory 

SpctrophotoPcter, fluorimater, aad other equiprent f o r  biachamical, radiochemical, and 
lrcr060l zlhysics research ............................................................... 46,000 

mi8 laboratory conducts a ccmprehensive research program I n  plant biology, draving on discipl incs  such (UI b i o c h c ~ r t ~ ,  
biophyeics, genetics Bnd microbiology, including the infhcnce of radiations upon iunction and d e v e l o p n t  of plants, & 
requires  the folloviw e q u i p n t .  

System aod b l o d  V O l w  ...................................................... l&,m 

11. Mchigan Sta te  University .............................................................................. 1 ~ , ~  

Amino acid analyzer, epcctro*otometers, ultracentrifuge and other equipnent for  ................................................................... biochemical MslyKs 

Argon laser and other equipment f o r  aaaLysis of biological molecules and processes ..... 65,000 
43,000 

Equipnnt  f o r  reserrch i n  plant gr'ovth and developrent ................................. 
32,000 ...................................................................... 12. cak Ridge Associated Universities 

175,000 QuipPcnt requirements at this laboratory are i n  s u p p r t  of observation aad explanation of b i o a d i c a l  interact ions of radiations 
with l iv ing  systems, par t icular ly  i n  man; developnent and application of rsdioisotops a n d  radiat ion in d i w o s i s  and t b r a W  of 
humn diseases. 

Mws spectrometer and associated e q u i p r n t  for  ident i f icat ion of synthetic or m t u u b  

Tomographic lamimr sc-r for bone, bone m o w  and tumor studies .................... 
Instrurments f o r  nuclear medicine including physiological monitoring eystcm and ccmplter 

k 6  chrmmtograph, autoclave and general laboratory equipnent 

occurring campouadr in c l i n i c a l  and heaatological studies .............................. 
in te r face  equiprent .................................................................... .......................... 

' 1 ,  --- ........................................................................... 
440,ooO 

lj. Pacif ic  Northvest Inboratozy 
A t  t h i s  laboratory equipDcnt is needed in support of research e f f o r t s  affecting tax ic i ty  and mctabolim of rsdionuclides; 
inha la t ion  s tudies  of PlUtOnim and Uranium; t e r r e s t r i a l  CCOlOgy; dynamic balance of radionuclides in Columbia River; micro- 
au-orology, rad ia t ion  dosinetry and &sics. 

h h d a t i o n  exposure equipxnt ,  whole body counting equi-nt and other e q u i m n t  for 
t o x i c i t y  s tudies  of p1,Jtcni'm and other alpna emitters ................................. :7',mc . . . . .  - . . . . . .  



BI-Y AND IEDICCINE R1OXiAM - continued 

13. Phcir ic  Northvest Laboratory - continued 

eW spectrameter and other equiprent for molecular and celluLar level  studies, radiological  
chemistry and radiation inetrumcnts for research and develomnt  
Environmental chsmbers, counting eqdplrent, i r r a d i a t i o n  fac i l i ty ,  mult idimcn8ioa g- 
ray spectrareter ,  equiprent for  krypton 85 detect ion and other e q u i p t a t  for  s tudies  in  
the land, f resh vater, marine and atmospheric environments ............................. 

....................... $ 56,000 

107,000 
................................................................................ $a5,000 lk. University of Rochester 

Iht equiprent  ident i f ied a t  t h i s  laboratory is necessary to YUrSW the research on the biological  e f fec ts  of radiat ion and radio- 
a c t i v e  materials, Fbysiochemical aspects Of c e l l u l a r  h C t i o n  and structure, membrane biophysics, physical chemistry of 
body f l u i d s ,  n e w  approaches t o  cancer therapy, snd bas ic  problems in aerosol physics, toxicology and respiratory function. 

@ 

Scanning electron microscope for  m l e c u l a r  and c e l l u l a r  level  studies .................. 60,000 
Equipnnt  f o r  toxici ty  s tudies  of radon, plutonium and other alpha emitters 75,000 
Equipnnt  f o r  long-term studies  of  e f fec ts  of external i r radiat ion using dogs and other 
s a l 1  animals .......................................................................... 45,000 
&nerd purpose e q u i m n t  .............................................................. 25,000 

Rev e q u i p n t  ard normal replacemcat item6 for laboratory and f i e l d  inveltigations at  other on-site locations, including: 

............ 

15. other krboratories ................................................................................. l&,m 

........................................................ ........................................................ A t a i c  Bomb Canualty CcmPirsion 80,000 
40,000 

W v e r s i t y  of Callfornls, laboratory of Radiobiology ................................... W , m  
Oprat ions  Mi ice  ................................................................ 10,000 

=Mda operations Office ............................................................... 50,000 
a& R i d e  operations Office ............................................................ 30,000 
&rto Rico &clear Center ............................................................. 55,ooO 
S~V- River Opratlona Office ....................................................... 60,000 

50, 000 m v e r s i t y  of Rnoessce 
m v e r s i t y  of Ut& 55,000 

Ih ivers i ty  of Califomis, Ihvir  

................................................................ ..................................................................... 
16. washington . Off-Site Rewearch ......................................................................... x x ) , ~  

4 u i p a c n t  f o r  s tudies  conducted for AEC by o f f - s i t e  contractors  and o tb t r  g o v e w n t  agencies. 

T o t a l  capital Equippent ............................. 


