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APPENDIX 5
PROGRAM STATEMENT AND JUSTIFICATION DATA FOR B1oLOGY AND MEDICINE PROGRAM

U, 8. ATOMIC ENERGY COMMISSION
PY 1971 Budget Estimates
Appropriation - Operating Expenses

BIOLOGY AND MEDICINE PROGRAM - OPERATING COSTS

PROGRAM STATEMENT

BEstimate FY 1971.......... ... $ 88,300,000
Estimate FY 1970............. 89,450,000
Decrease................. - 1,150,000

Research in biology and medicine is an integral part of the overall AEC program contributing to the national security and the

general welfare. Along with the continuing studies of the interaction of radiation with blological systems, a substantial

effort will be devoted to assess, evaluate and control radiation e
Xposure to man and his .
isotopes and radiation in medicine and biology are also being developed. eoviromnent. Applications of redio-

Major problems of prime importance to the AEC and the nation which need resolution will receive increased attention. Am th
are: (1) thermal alteration of environments as a result of nuclear power plant operations and the effects of this <;n 1022? ese
ecosystems:, (2) the hazard to man from pulmonary exposure to 2erosols of plutonium and other alpha emitters; and (3) maintai

the scientific and fiscal stability of the program of the Atomic Bomb Casualty Commission in Japan at a tim; e

when the 1
of these studies is increasingly apparent. With an operating budget of $88,300,000 substantial reductions in other imp:i;):::nce

research areas will be necessary in order to meet the commitments to immediately critical programs.

During the past year a number of significant advances in the biomedical research program have been reported which should b
exploited, and the underlying research which lead to these advances must be strengthened to assure future contributions :mo
these advances i{s the obsgmtion that gallium 67 has an unusual affinity for certain soft tissue tumors and thus is rc.xni i s
in tumor detection by radiolsotope scanning. Significant adivances have been made in studying the effects of rudiatioﬁ on e
by showing that persons with a measurable body burden of radium have characteristic defects and destructive changes in sk Tm
structure. New techniques are now avajlable for measuring DNA, which is the critical component of living cells ¢ skeletal

g,cgﬂ‘fﬁiﬁsizz;::ﬁ?gﬁ :;seucl: prolgru 'ch: AEC must go to the scientists and laboratories having the qualifications and
e work. many instances, the combination of unique interdisciplinary teams and s

equipment is available only in the AEC national laboratories. In addition, many of the nation'g bestyscientists af':ci:ii::g

in the universities. For these reasons, every effort will be made to assure that the most productive research programs are

supported. Nevertheless, some reduction in mission-oriented research at universities and at AEC laboratories will be necessary

868

BIOLOGY AND MEDICINE PROGRAM - continued

The total biomedical research program has been realigned to identify problem areas. A number of the most significant research
sreas for which increases or decreases are proposed are highlighted below:

Increase
Estimate Estimate or

FY 1970 FY 1971 Decrease

1. Interaction of Radiation with Biological Systems

a. Evaluation of the relative biological effectiveness of gamma rays and fast
neutrons for low doses administered daily for the lifespan of the experimental
animals, at Argoane National Laboratory...... Ceneeesaees e Ceriieiesiecenan $ 463 $ 535 $+ 72

b. Research on the late effects on mammals 'of single low exposures to gamma radi-
ation, at Oak Ridge National LaDOT&LOTY.....ciuereinersieiererieaneotrarananannenins 1,083 1,123

c. Investigation of metabolic alterations in irradiated farm animals, studies of
trace elements of interest in nutrition, soil chemistry research and studies of
ion exchange in soil systems, at the University of Tennessee...... et ieera e Lo 280 - 130

d. Research on the responses of plants to light duration and unidirectional force
of gravity, at Argonne Rational Laboratory..... Y 260 190

e. Development of techniques for the analysis of human tissues and body fluids in
the molecular anatomy program, &t Oak Ridge National Laboratory....... eesoncenanas 247 277

f. Studies on the genetics of root development, physiological and cytochemical
effects of radiation in plant cells, at the University of Tennessee................ 17 98 - 73

2. Assessment, Evaluation end Control of Radiation Exposure to Men end His
Environment

a. Continuation of the program of the Atomic Bomb Casualty Commission to collect
uniquely valuable data on late radiation effects in the survivors of the
bombings of Hiroshima and Nagasaki................. hesieteiriereae it e aeaaaya . 4,000 4,200 + 200
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BIOLOGY AND MEDICINE PROGRAM - continued

Increase
Estimate Estimate or

FY 1970 FY 1971 Decrease

b. Studies of the pulmonary toxicology of plutonium and other alpha emitters at

the Pacific Northwest Laboratory, Lovelace Poundation and Los Alamos Scientific
h 0% 1T 2 e o

ettt n. $ 2,113 $ 2,269 $. 15
¢. Human radium toxicity studies, at Argonne National Laboratory and other
locBtlonsS. . ivieiiiiiiinrinaann ettt tesaea e . Su3 58
PRI ervar e o] + 37
d. Evaluation of the effects of the discharge of heated effluents from nuclear
power plants on the fresh-water and marine environments and in the atmosphere
at selected representative locations...................... 688 1,21
....... Crabesee e anrns 3 1 + 523
e. Documentation of radionuclide distribution following Plowshare cratering
events, at Lawrence Radiation Laboratory, Livermore.................0evuurn 3,450 3,070 380
[P s s -
f. Terrestrial ecology studies at the University of California, Los Angeles.......... 923 835 88 §
g. Extension of the Airstream monitoring project to continue the invent
ory of
debr]i; from French tests, and continuation of the overall upper utituge
sampling program to measure the world inventory of atr
238 and other radionuclides......... RIS ceeenn ????\T.??f.pluwmm 1,200 1,300
T T T T s e s e Iy > + lw
3. Beneficial Applications of Radiation
a. Clinical research using the newly available short-lived isotopes at
the Argonn
Cancer Research Hospital, University of California at lLos m:z;:; and othgr ¢
medical centers..... Cereenanaen Ceveneas e ceees . 356
eseeeeinans N 393 + 37
b. Studies of the effectiveness of total-body irradiation in can
Ok Ridge Assoclated Universities............. Ceieecentriaaa. ?" cherspy, ot Ls7 500
..................... + )43
- Mo,
BIOLOGY AND MEDICINE PROGRAM - continued
Increase
Estimate Estimate or

¥ 1970 FY 1971 Decrease

¢. Studies of experimental hypertension and the effects of hormones on the
metabolism of carbohydrates and lipids, at Brookhaven National Laboratory.......... $ 600 $ 513 $- 87

d. Research on human physioclogy and experimental medicine, at Lawrence Radiation
Laboratory, Berkeley.....cccovoenacaenns aeseuen teeseisarnoracannane Cedeaeeaeann 295 231 - 6L

e. Studies of lipids in cells and organelles of normal neoplastic and irradiated
tissue, at Oak Ridge Associated Universities.............. [ Ceereseenanns . 243 153 - 9

#. Continuation of microbiological aspects of radistion preservation of foods
PrOGram. ...cocesvnes [N O ERTTTRTRE Y N 170 130 - b

The increases identified relste to approximately twelve percent of the program. In all other important scientific areas there
will be a reduction.

Coordination of this progras with related programs of other Federal agencies is being achieved through (1) liaison at the
working level with program administrators in other agencies, such as the study sections of the National Institutes of Health
and panels of the National Science Foundation and other formal and informal relationships; (2) representation on interagency
committees established by the Federal Council for Sclence and Technology, the National Academy of Sciences, and other govern-
mental and non-governmental organizations; (3) jointly sponsored research programs in areas of mutual interest; and (4) exchange
of scientific information through publication in journals, attendance at scientific meetings, and the use of information pools

such as the Science Information Exchange.

There are & number of programs changes, both expansions and reductions, end these progren aress are described in more detail in
the Justification which follows:
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BIOLOGY AND MEDICINE PROGRAM - continued

Page
No.

SUMMARY OF ESTIMATES BY CATEGORY

Actual Estimate Estimate
FY 1969 FY 1970 FY 197

B&M 6 1. Interaction of Radiation with Biological Systems
a. Effects of Radlation on TIving Organisms............... e $11,983,L87  $12,150,000 $11,945,000

b. Molecular and Cellular Radiobiology................... Cereeeena, 16,476 i
c. Radiation Genetica i RRT 15,835,000

.............................................. 7,658,624 7,487,000 7,280,000
SUD-LOBAL . e vttt ey e rerareeean, mﬂﬂ $35,875,000 735,080,000

B&M 12 2. Assessment, Evaluation and Control of Radiation Exposure

to Man and His Environment

a. Exposure to External and Internal Radiation........... [N 13,297,486 13,517,000 1

b. Combating Detrimental Effects of Radiation................ R 1:861:013 l:gh2:000 i:g;:%
c. Chemical Toxicity........eccvuunun.. e eedenereennnas 596, 398 615,000 610,000
d. Land and Fresh Water Environmental Sciences..................... 9,613,774 9,653,000 9,570,000
e. Marine Sciences............ N erereraetaereana ettt teriaatsenaann 3,899,199 3,950,000 3,895,000
f. Atmospheric Sciences................ Chereerneeaees erensanan 4,473,197 4,967,000 4,900,000
8. Nuclear Energy Civil Effects............. censrsnanna teresssnaana 1,153,209 1,180,000 1:190’000
h. ,

Radiological and Health Physics and Instrumentation............. 7,373,157 7,32%,000 7,210,000
Subetotal....tiiiiiiiiiiniiiieeininan rsetesrareraseancana ;52,37,5?3 ,023,000 ¥42,955,000

B&M 24 3. Beneficial Applications of Rediation

a. Cancer and Other Clinical Research....... N eeas cevee.. $7,273,980 7 000
b. Biological and AGricultural ReSearch...................o.e....... 2:789:257 ¢ 2’338 7000 ¢ Z’?ﬁ’%
¢. Radiation Preservation of Foods ’ : '1 o'ooo

0
............ 329,55 170,000 3
Sub-total.............. cerraienes Cererrueieranaaaas v $10, 5Kooo E:o 5,000

c06

BIOLOGY AND MEDICINE PROGRAM - continued

ery of radiation damage seems to be a general phenomenon, it 1is important to understand how dose-rate
i:\?‘;:eﬁ:::iﬁer::;:ezion of radiation damage. It is cbvious now that there are species differences among experimental
animals in regard to capability for recovery from radiation damage. Preliminary studies at Los Alamos Scientific Laboratory
suggest that the monkey shows much slower recovery kinetics than rodents or dogs. Recent radiotherapy results suggest that
man's recovery rate may be similar to that of the monkey. An expansion of this program at Los Alamos is important and some
meaningful data should be available in FY 1971. The overall cost will be significantly reduced by eliminating some rodent

studies.

f gestation the developing embryo or fetus is quite susceptible to teratogenic effects resulting from
g:;i?urzh:of:::;a;ﬁ?og cgemical agents. A ;Eogrun at the University of Tennessee Agricultural Research Laborsatory will
study the early physioclogical development of the fetus in farm animals and determine the mechaniams responsible for the
sbnormalities. The decrease in the metabolic program at the University of Tennessee primarily reflects an internal re-
orientation with a reduction in studies of metabolism of calcium and strontium in poultry. Sufficient practical information
has been realized and the basic studies of transport mechanisms and cellular interactions, although of interest, are not of

sufficient priority for continuation st the present level.

Systems and Tissues
%’ﬁ::ﬁ:n%%;% eif‘ects observed in the whole animal, a knowledge of the interaction of radiation at the tissue or cellular

important organs and tissues as well as
d. Detalled supporting investigations of the effects of radiation on

iixieizeﬁ:uci::!prising them are required. In addition, investigations at the cell level using model in vitro cell systems
contribute to the knowledge of radiation damage at this level of organization. —

involve the largest single group of mammalian
am has been initiated at Brookhsven National Laboratory, which will

: ﬁubl;:;so;ists in the AEC program devoted exclusively to the investigation of repair of ionizing radiation damege in
:mmalun cells in vitro. This research will involve investigation of the mechanisms involved in the production of radiation
: at the cellular and molecular level as well as the macromolecular aspects of repair of the damageshich leads to in-
c:'::g:d survival. An important aspect of this work will be an attempt to correlate the increased relative biological
effectiveness (RBE) of meutrons with sbility of the cells to repair the damage produced.

ter will be specifically oriented to
Laborstory of Radiobiclogy st the University of California Medical Cen

::“:i§2h::ni?;§ undogenegc aspects of mammalian cell and tissue differentiation. Although it is known that all cell renewal
sy:tems in mammals are under homeostatic comtrol we have 1ittle or no knowledge about the mechanisms of the control or regu-

latory processes of these systems.

investigate the biochemical aspects of regulation
Ridge National Laboratory a complementary program is undervay to

A;' g;fﬁ:tntiigion in & model tissue tumor system in rat liver. The transformation from normal to tumor cells seems to involve
oh es in the amount of certain enzymes present in the cell. These studies are important from the point of view of under-
:t:nnging normal differentiation and asbnormal differentiation involved in carcinogenesis.
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BIOLOGY AND MEDICINE PROGRAM - continued

JUSTIFICATION OF CATEGORIES

1. Interaction of Radiation with Blological Systems.............occiiiinniieninennernennncss
a. Effects of Radiation on Living Organisms

T PC1369: $11,983,087 R 19707 §12,150,000 R 19745 1,00 oy 0%

The objective of this research is to understand the immediate and delayed effects of expo adi

sure to radiation var
and intensities. Only by studies of the whole organism and at the organ and cellular level with experiment:; ani;:.lu: :2”
other organisms, e.g., plants, bacteria, ete., can the effects of radiation injury be adequately assessed. The anima) Xpe
ments provide data on which to nredict hazards to domestic animals and, integrated with the limited inforr;at. e

actual human exposures, such as radiation accident d ion obtained from
to men as well. ’ 8 and radiotherapy provide a more reliable basis for predicting the hazard

Program Highlights

Changes are proposed for the following program areas:

Increase
Estimate Estimate or
FY lqo FY 1971 Decrease
(1) Evaluation of the relative bioclogical effectiveness of gamma rays and fast Gosts 1in thousands)
neutrons, at Argonne National Laboratory........cecevceeeneesa. L e $ u63
{(2) Research on the late effects on mammals of single low exposures to gamma radiation $ 535 $+ T2
at Oak Ridge National Laboratory........... RSP SRa IR 1,083
(3) Investigation of metsbolic alterations in irradiated farm animals and of trace : 1,123« ko
elements of interest in nutrition, soil chemistry research and atudies of ion
exchange in soil systems, at the University of Tennessee......... teessaraannan canena k1o
(k) Study of the repair of ionizing radiation damage in mammalian cells, at Brookhaven 280 - 130
NationAl LADOT Bt O Y vt eenrrouesesonseonursasesoasssosnonnansenosonnnenonnsoannnnass 191 212 21
L]

Effects on Whole Organisms

The emphasis in whole organism studies has shifted from assessment of <

effects of low doses or a low dose-rate continucus exposure of large pi:‘:;:t:z;ueitf,e::;mzisl::gem:nm.;;on doses Lo the
exposures can produce injury that will be expressed only after a long delay in time, and at a relnivel e;e s::lethd
occurrence. Two such large, long-term experiments are in progress. One at Oak Ridge National Laborutoy o: iy ot
long-term effects in mice of a single low exposure to gamma radiation while the other at Ar oy yill evaluste the

gonne National Laboratory will

evaluate the relative bilological effectiveness of gamma d g

span of the animals. 8 "675 and fast neutrons for low doses administered dally for the life-
BIOLOGY AND MEDICINE PROGRAM - continued .

The extent to which thyroid-pituitary radiocsensitivity serves as an index of residual radiation injury in the dog and the
pathologic mechanisms of permanent and delayed radiation effects in rodents will remain a major radiobiological effort in this
activity at the University of Rochester. Program emphesiz will be directed to elucidating the mechanisms of the regulatory
membrane of bone, bone structure and its metabolism. In addition, significant research interest will continue on
characterizing the physiological factors controlling pulmonary function and the biophysical properties of aerosols as they
influence lung clearance and retention of inhaled dust particles.

At the Brookhaven National Laboratory some interesting results have been obtained with "partial-body" irradiation of growing
plants which indicates that irradiation of a small stem section in some plants is almost as effective per unit dose as
irradiation of the entire plant. This phenomenon seems to correspond to that observed in mammals.

To parallel the current advances in moamalian radiobiology using cell cultures, investigations uaing plant cell cultures will
be conducted. The plant cell tissue cultures offer the advantage over animal derived cultures of demonstrating coatrolled
differentiation through the use of chemical treatments. Thus it should be possible to study not only damage and repair of
cell division but also the potential for normal differentistion into an integrated organism.

In the off-site program, investigations to characterize the radiobiology of fast neutrons, as from californium 252, will be
undertaken to determine the normal tissue tolerance with respect to both early and late effects upon such organ systeas as
skin and hair follicles, corneal epithelum and lens of the eye, intestine, and its vasculature, bladder, and, of course,
tumor tissues. Emphasis will be on defining injury, repair, recovery and residual damage at the cellular and cytogenetic
level in these and other appropriste test systems under in vivo and in vitro conditions. Of particular importance will be
deta quantifying the effects of such modifying factors as dose, dose-rate, exposure schedules, dose distribution and oxygen
tension in order to determine Relative Biological Effectiveness (RBE) and Oxygen Enhancement Ratlos (OER) values for the
eventual application of californium 252 to human radiotherapy.

Greater emphasis will be placed on elucidating the cellular basis for radiosensitivity between and within mammalian species.

Data from studies on the dynamics of cell renewal systems will be correlated with the organism's mortality rate from acute
o—onae or fractionated radiation exposures. Of interest are the basic mechanisms of the immune response in order to control the
severity of the response of the acutely irrsdiated memmalian organism. Interest will center on characterizing the properties,
responses and potentialities of the hemopoletic stem cells.

= b. Molecular and Cellular Radiobiology «.:... . FY 1969: $16,476,733 FY 1970: 16,242,000 FY 1971: $15,855,000

[ The objective of studies in this activity is to understand the physical and chemical bases of the effects of radiatiomn on
~ cells. The investigatiome carried out under this activity employ the tools and concepts of biophysics and biochemiatry. They
- range from studies on the absorption of energy, to its transfer among various molecules and to the succeeding chemical and
- biological consequences.
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BIOLOGY AND MEDICINE PROGRAM - cortinued

Progran Highlights

Changes are proposed for the following program areas:

Increase
Estimate Estimate or
FY 1970 FY 1971 Decrease
- {Costs™In thousandsy
(1) Research on the responses of plants to light duration and unidirectional force
of gravity, at Argonne National Laboratory......... Cevereracnan PN [ $ 260 $ 190 $. 10
(2) Development of techniques for the clinical analysis of body fluids in the
molecular anatomy program, at Oak Ridge National Laboratory............covvunenn.n.. 2u7 277 + 30
(3) 3tudies of the mechanism and control of sulfate reduction in pPlants, at Michigan
State University...... A S teretaaaa. Ceenenas Ctatattserenan 25 o] - 25
Biophysics and Photobiology

The biophysics and photobiology portions of this Program seek to understand how radiation energy is absorbed and transferred
in living matter. Initial excited states and subsequent chemically reactive states of molecules are studied, both fn bjo-
logical systems and in chemical model systems. Studies on prot

ir derivatives are especially
useful for explaining radiation damage and {ts consequences., Better understanding of the str

uctures, energy states, and
interaction of such molecules is an added benefit from these studies.
and for unpaired electrons,

Magnetic resonance methods, both for atomic nuclel §
are especially useful in working out the detailed relationships of various structural components
of molecules.

Structural studies of macromolecules both by sequence analysis of chemical groups and by X-

snalysis of three-dimensional structure are increasing in extent and in refinement through various technical advances.
Automated preparation of pure materials in bulk quantity is one such advance. Important and detailed relatioaships are being
recognized between physical structure, chemical compogition, and biological functicn of macromolecules.

ray and neutron crystallographic

age brought about by ultraviolet
There will be further effort at Lawrence Radiation Laboratory, Berkeley, using new
sophisticated techniques and equipment such as photoelectron spectroscopy and high resolution nuclear magnetic resonance
spectroscopy for studying the structure and activity of important biological macromolecules.
Decreases in the plant radiodbiology program at Argonne National Laboratory, on the responses of plants to light duration and
unidirectional force of gravity, are expected because of deferral of projects which are considered to be of lesser urgency
from a programmatic standpoint.

. —— ;‘l-—-l-—n—._...‘

BIOLOGY AND MEDICINE PROGRAM - continued

studies of the early physical and
£ pulse radiolysis and flash photalysis now permit mgxi-e ::::nedStu:ies e e Ty te
Mvances 4o e b e oadx:i biological damage and more work is planned in this 1; e o e ecnioie acids are
chealcal evenss 1“din81t:irnships and of the nature of radiation induced alterations
id relstio
protein-nucleic ac
also planned.

' processes of
describing the biochemic
ortions of thia program e emphasis is on de b
d mole ar biology p! Lo} a ica
In the biochemistry an 1ecul 1 Tt th hasi 4

lating to the
t heavily emphsized are those re
n them. The cellular processes mos e e o hests
it ;hehj-zzz;:: mizgiigeomems Ay 1:3‘062aBe:i::n;eig;::d;mi;uﬁe:l:ic for understanding the
T OTit ibonucleic acid is a major con e or exemte.

Lo Aol A riate macromolecules are syn
processes above.  bany £ 8 Cedl oo Ol e e cooratng three macromolecules. Changes in
Processes oo clar) ﬁn:g:zz::sci’tive process, requires the coordinated ayntheii:t::na.‘ﬂcroucpy e esaineny celushle
o . puticul&ﬁy :ccompanied by structural changes in a cell for which ele
function are frequently
tool.

llular processes can be controlled is becoming an incr:u:xiyotmptg:t:zilukzugr;ize:;igzo:.‘u:::lt?is
The mﬁ‘t:ebit:ﬁ:z gi trensfer ribonucleic ui:id ‘2\::12% gxs:;;:ozn:nl.iou:zs s o e e o e ;Cid iy“}]t:“:;: 8
Ty s Sl ey b St e el iy, el 8
e:trrnengte sensi;i\ri;s;ﬂc:fo:mptagt:n;: ::izoiiﬁgt; is‘restricted to studies of their basic meisbolism, especielly the
::r:;fxtjs.oi:‘;r;wth and development.

f proteins with their bio-
ies to correlate the structure o °
sis will be placed on stud T T e eteiloerenhy 1o
logicnd 2 gﬁionu&:ﬁiﬁo:{uzgznor e e e the p :etcm;igiﬁd:in;ho;h;oﬁ:ﬁe: :o prot)elins. Theoretical
logica, actl . structure of proteins and the points o e O i1l be undertaken.
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caleulations of niciel = id include work relating nucleic acid structure to b g o% T e osasble by savarces in
Other St e ont?:ztsigf‘:ynthetic polynucleotides in coding fgr p:oteinshd?:ion:l e et o1l be given to the My
RRA'S o e mucl i i n at Oak Ridge Netional Laboratory. L e e s body flutds
sequencirg of micte s uldst;u;liglgpment of new instrusents and new techniques ws:?;{i;nummorgtory e e aced
sore compiately to;uiﬁzr:apizly e e e P ing during & Mii;“he Loieut;;m::e cell. At Michigan State University studies
T more comple e ralyze mical events occurring during the. e cyc d'\m g e on s
on studles Ho et tiehzi';f)}rll:s in cells, their effect on protein s;\m('.hes;’sL an(]}‘azzegl;mown;s nd e Lo o ™ studtes of
on the 1ocat1?n offp%;n DNA synthesized in response to the presence of c:rt dn P
Chuacz}?ri;:r?zzdocontiol of sulfate reduction in plants will be discontinued.
the mechan

y of nucleocyto-
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BIOLOGY AND MEDICINE PROGRAM - continued

chromosomes; particularly needed are studies to determine how the proteins and 11

and regulate the activity of the DNA. Correlated with this will ge studies on hg:d:hgfdzgfw:?;:zi::cczggdrme sxucture
chromosomes is replicated. Other astudies designed to isolate and characterize the protein components of rib. omes ar :;n
of considerable iuterest as are studies of the structure and activity of ribosomes. Also, investigations on":a:es ;reul 80
synthesized at one site in the cell are subsequently transported, localized and activated elsewhere in the celz uﬁleg es
pursued; this type of work is needed to improve understanding of how ions and molecules move within and bet 111 e
Finally, the origin, development and duplications of all cell organelles remain pressing problems. ween cells.

¢. Radiation Genetics ...........c00un

ceeso. FY 1969: $7,658,624  FY 1970: $7,487,000 FY 1971: $7,280,000

Major objectives of this research are to determine the different types of genetic d e
chromosome, the gene, and nucleic acids, and to define the sequence of evezts that :::g pg:::“';:dp:zd slgzii:vzlf. g:m the .
emch of the sbove levels of genetic organization. From such investigations it i{s ultimately hoped that one can r:g; : 1
reasonable accuracy the consequences of specific types of genetic damage in the individual so affected and in ingividcn" th
succeeding generations. Of equal importance is the long range objective to understand and predict the impact of s :q' of
types of genetic damsge on populations and the mode and rate of elimination of the damage from the p°p“1llzion,° RPec :
this activity is primarily designed to obtain an understanding of the genetic effects of radiation on man: ho“;veres:;rp:din
3 » -

mentation with humans has definite limitations; consequently, experiments with animals
provide much of the basic data. ’ > OXP als, plants, and microorganisms must

Program Highlights

Changes are proposed for the following program areas:

Increase
Estimate Estimate or
FY 1970 FY 1971 Decrease
(1) Studies of the effects of radiation and other mutagenic agents in the production (Costa In thousends)
of mutant organisms, at Oak Ridge National LaDOT&LOYY.........ceeeeereeccnsoerenccoses $ 562 $ 58
{(2) Research in memmalian genetics and cytogenetics, and in mutation rate analysis, T o835
at university laboratories......... s et ettt ar e e e st senasaseas et a0 rtaenenans . 970
(3) Studies on the genetics of root development, and the effects of radiation in 1,009 ¥
plant cells, at the University of Tennessee................... PN 171 98 73

Bilochemical and Devel ntal Genetics
iﬂor eupEasis will be placed on genetic mechanisms underlying cell division, growth, differentiation, and repair of radi-

ation damage. Biochemical and molecular genetics provide the basis for a full understandi

ng of normal di
processes, how these processes are selectively disrupted by radiation, and how the cell repairs othervigerx;:::::;t:g
radiation damage. Increased efforts in molecular genetics will be made for studies in identification of genes that coatrol

BIOLOGY AND MEDICINE PROGRAM - continued

synthesis of the different FNAs and determine the structure and function of ribosomes, and the effects of radiation on genes
when observed directly under the electron microscope. Also of interest are the molecular aspects of genetic repair of
radiation damage and recombination mechanisms, ineluding naturally occurring and radlation-induced breaks in DRNA. Increased
emphasis will be given to comperative mutagenesis in several different organisms by radiation, chemicals, and radioisotopes
to better understand the mechanism of radiation damage at the chemical and molecular level. From these studies the sequential
biochemical steps involved in production of normsl cells, tissues, organs and individuals can be understood and the precise
effects of radiation and other mutagenic agents in the production of mutant organisms can be ascertained. Major on-site
programs will continue at Argonne National Leboratory, Lawrence Radiation Laboratory, Berkeley, and Oek Ridge National
Laboratory.

A decrease in effort in plant studies at the University of Tennessee reflects a curteilment of that part of the program, in-
volving studies on the genetics of root development, ptysiological and cytochemical effects of radiation in plant cells.

Human and Mammslian Genetics and %tgeneticn
esesrch 18 orlented to biochemical and gemetic studies on the intact animal and on sexmalian, human, and plant cells

cultivated in vitro. Attention will be directed to programs oh human somatic cell genetics, procurement of biochemical
mutants of mammalian cells cultivated in vitro for radiation-induced mutation rate studies, and repair of radiation damege
to mammalian and human cells. Efforts will be made, primarily in off-site programs, for genetic studies on haploid animals
(smphibian) and plants and in organ transplants in embryonic development. Isolation of individual human chromosomesinto
separate test tubes will be sought to study the chemical properties of chromosomes, their gene products, and to detect
alterations that may signal radiation-induced changes related to radiation-induced perturbations in chromosome replication
in vivo. Studies to ascertain genetic polymorphism in humen populations and to develop models as to how these variations
arise and are maintained in the populations will be continued. The on-site programs are conducted primarily at Oak Ridge
National Laboratory and the Laboratory of Radiobiology, University of Californis Medical Center at San Francisco.

Mulntion Genetics and Mutation Rate Analysis

Emphasis will continue on research that provides more accurate estimates of the relationship between radiation dose and
mutation rate at low doses and dose rates in mammals. This information is needed for relisble predictions of the rates of
mutation induced by ionizing radiations and the mechanisms whereby the mutations become established or eliminated from a
population. The effects of chronic doses of radiation and environmental factors on the production of mutations will be
continued principally in on-site programs. Effort will also be made to develop critical theoretical and experimental esti-
mates of the rate and maintenance of induced mutations in a population in successive generations. The major on-site programs
are at Argonne National Laboratory and at Oak Ridge National Laboratory. :

Assessment, Evaluation and Control of Radiation Exposure to Man and His Environment.......cccevees eareeseaes $ 12,955,000
a. Exposure to External and Internal Radiation ....... WY 1969: $13,297,486 FY 1970: $13,517,000 FY 1971: $13,765,000

The objective of this research is to assess the biological consequences of accidental exposure to external radiation sources,
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BIOLOGY AND MEDICINE PROGRAM - continued

as well as occupational exposures to various radionuclides. This research along with that in somatic, genetic and =

radiobiology provides the basis for establishing operating procedures and exposure limits.
human exposure cases, studies are

conducted utilizing experimental animals with the expectation that a reasonable =x*rapo-
lation to man may be ~ade,

Program Highlights

Changes are proposel for the following program areas:

clecular
Because of the limited nimber of

Increase

Estimate Estimate or

FY 197C FY 1971 Decrease

(Costs in thousands)
1) Continuation of the program of the Atomic Bomb Casualty Commission, Japan

the program of the Atomic Bomb Casualty Commission, Japan............ $ 4,000 $ Lk,200 $ + 200
2) Humen radium toxicity studies at Argohne National Laboratory and other locations.... s5L3 580 + 37
3) Studies of the pulmonary toxicology of plutonium and other alpha emitters,

at several AEC laboratories........ tereaen reseaaan S aeeeesreterasartravestenassaarenn 2,113 2,269 + 156

{(4) Studles of thyroid exposures due to skin absorption of iodine, at Idaho Nuclear

Corporation......... erenense eresenens teseseran e easenanerencenctaetetaaanna PN 27 0 - 27

Human Exposure to Radiation
The Atomic Bomb Casualty Commission continues to collect uni

the bombings of Hiroshima and Nagasaki. The total sample under study is approximately 120,000 pecple.
of largely negative results (except for leukemia induction), positive findings are beginning to emerge. These include the
strong suggestion of an elevated death rate among the more heavily exposed and an indication that the incidence of tumors of
the breast, lung, thyroid, and stomach may be increased. The U. S. State Department, on behalf of the AEC, has approached
the Government of Japan to ascertain whether Japan would be willing to discuss future operations at ABCC. Only preliminary
discussions have been held. A strong effort should be made to ensure that mo valuable data are being overlooked and to
accelerate the evaluation of data at hand.

The staff of ABCC is declining; the increase in budget reflects the increased
cost of conducting research in Japan.

The research initiated as a feasibility study to determine the effecta, if any, of low-level occupational radiation exposure
from AEC and AEC contractor emplovees by the development and formulation of an automati

¢ data processing system is
progressing. With this system, retrieval of the complete work history, employment dates, job title, work locations, work
changes, and radiation exposures at any point in time or for the cumulative trend for any employee o

T group of employees can
be obtalned in a matter of seconds. Once the employee populations and controls have been established, the mechaniss of
processing consists of matching tapes of the study group and controls against the Social Security master tapes to obtain
identification of those deceased. Mortality and cause of death can then be determined for the study and control group. For
the "pilot-test” studies the facilities at Richland and Oak Ridge were selected. Data from these facilities are now largely
available and analysis of & portion of this information has begun.

e ———— .
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quely valuable data on late radiation effects in the survivors of
After nearly 20 years

016

ns exposed to radioactive fallout as a result of a thermonuclear test in the Bikini atoll in
E;bs:‘;g zzn:::t:eiﬁop&l;;‘%. nﬁu medical surveys have been made to two populations of natives living in the Marshall
Islands near Bikini at the time of the 1954 test. With the return of the Bikini inhabitants to their home island, whole body
monitoring of each individual is planned, and it will be necessary to follow their body burdens of radionuclides on a
regular basis. Brookhaven National Laboratory has been assigned this responsibility.

s ) able segment of the human radicbiology
the toxicity of radium and mesothorium in human beings represent a valu

'n;e s:die;t\?gieseof humanybeings exposed to internal radionuclides should be continued as long as useful scientific data can

Eeog:veioped and the specific proposal to consolidate the Massachusetts Institute of Technology end Argonne National

Laboratory s\".udies on human radium toxicity at ANL is being implemented. There is widespread agreement that these studies

have been invalusble in providing a "check-point” for animsl studies and in establishing maximum acceptable doses of certain

radionuclides.

A fairly constant death rate of 15-20 subjects per year is anticipated. Deaths can be expected until the turn of the century.

haps 4O or so will survive
more than 100 of the present study group will probably still be alive and per

Sxynﬁeti:&;et?géoo. The names and locations of more than 1000 radium-contaminated people are known. Of these, 70 percent
are alive. About 85 percent of the living and 20 percent of the deceased individuals have been studied at least once by
physicists and physicians at MIT, ANL-ACRD, or the New Jersey State Department of Health.

d radon progeny. It is possible that studies
emphasis has been given to the exposure of humans to plutonium an

:gﬁ;i::ﬁ ar\il.zempt to develop & lung tumor registry and an atlas of sputum cytology and to establish temporal changes in
sputum samples obtained from uranium miners will require expansion or complewmentary emphasis. Because attempts are Yeing
B.de to relate the human studies to animal experiments now in progress, additional work may be required at this important
Tnterf&ce Also, the recently established plutonium registry will continue to meet the needs for record gathering, data
reduction and data analysis increase.

Inhalation Studies . )

thwest Laboratory is associated with the recently established plutonium pulmonary radiotoxi-
tglézgr::igi:: };::ig:hugiuconium 238 and plutonium 239 in beagles. This work will be directed towards establishing the
dose-response curve for tumor formation and reduction in life span at low exposure levels. The lowest exposure level will be
o able with the human maximum permissible lung burden level. Exposures will begin on 120 animals which were produced by
:::p;‘:eeding colony during FY 1970. A second breeding cycle during FY 1971 will produce the second group of experimental
animals.

i i bioclogical studies of uranium miners will also be continued. 1In the latter, radon
oo b:Sici:;:glai::;gnsimr;g?::mu:‘;:gut::mster:gand dogs and including one additional mine contaminant such as uranium ore-dust,
3:‘:5:1e:xhaust fumes or tobacco smoke are of interest. This work is extremely important for several reasons: (1) t%e
relative importance of mine-air contaminants as related to lung tumor development in man ha.s not been resolved, (2) these
studies will be integrated with the exfoliative cytology study being conducted on uranium miners.

116
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BIOLOGY AND MEDICINE PROGRAM - continued

At the Lovelace Foundation an increase is required to develop a capability for inhalation toxicology of alpha emitters.
Experiments on plutonium and other transuranics will be added to Lovelace's continuing experiment. Most of the increase will
be in the departments of aerosol physics, radiobiology, and veterinary medicine,

A program has been initiated at Los Alamos Scientific Laboratory to assess the tumorogenicity of highly radioactive particles
in the lungs of rodents. The experiments are planned in such a way that the most important variables such as effects of
dose, dose-rate and number of cells at risk can be evaluated. The results of this work fiould generate a general model for
estimating potential hazard for locally deposited radiocactive materials.

Additional information is required on the potential hazards related to inhalation of radon and its progeny by urani.m miners.
The important parameters include: (1) the nature of the aerosol, (2) the relative importance of the short and long-lived
progeny in their free, attached or particulate state, (3) physiclogical parameters such as deposition, retention, excretiom,
translocation and biologic effects, and (4) the development and evaluation of various protective measures and devices.

The importance of both size and numbers of radioactive particulates as compared with only a considerationd total activity
has been established as regards exposure of humans to radiocactive debris arising from reactor accidents, space nuclear
systems, plutonium from processing, production or weapons, and nuclear propulsion systems. It may be necessary to sugment

programs relating to metabolism and toxicity of specific physiochemical forms of radionuclides as problem areas are identified.

It is expected that both experimental and theoretical approaches will be employed.

QOther Routes of Exposure

t the University of Utah studies on the chronic toxicity of internally deposited radionuclides will continue with nc major
change. At the University of California, Davis, the treatment phase of the research has been completed with subsequent
transfer of animals to outside kennels. A corollary study using x-reys from a cobalt 60 source to determine the relative
effect of whole-body irradiation as compared with bone seeking radionuclides has been initiated.

At Argonne National Laboratory important information has been obtained for assessing recovery kinetics in dogs. This is the
first experiment in which external, whole-body exposures have been made on & long-lived species, with medium and low dose
rediation given daily over the animal's life span. There iz a dramatic decrease in effectiveness of gamma radiation at dose
below 17 rads per day. Many of the animals have survived more than & year of this exposure regimen, and show good recovery
of hematopoletic function. Similar results have been obtained on rats by the British.

Research at Brookhaven National Laboratory includes work on the toxicity of new radiopharmaceutical agents for diagnostic
and investigative purposes. An example iz the development of new carbon 11 containing radiopharmaceuticals. Thls combi-
nation of expertise in chemistry and medical science uniquely qualifies BNL to exploit the obviously great potential of
carbon 11 in diagnostic nuclear medicine.

Studies at the Lawrence Radiation Laboratory, Berkeley, to characterize the physiologicel mechanisms of accumulatiom,

BIOLOGY AND MEDICINE PROGRAM - continued

translocation, retention and elimination of transuranic elements like americium, californium, plutonium, and some other bone-
seeking radioisotopes will continue with the hope of initiating complimentary human studies.

Because of the increased use of radionuclides in nuclear medicine, especially the short-lived varieties, research projects
will be initiated to establish specific organ and body kinetics for radionuclides to be used in both diagnostic and thera-
peutic purposes. Studles of the exposure of the thyroid to iodine following skin absorption will be brought to completion.
b. Combating Detrimental Effects of Radiation ...... . FY 1969: $1,861,013 FY 1970: $1,B42,000 FY 1971: $1,815,000

The objectives of this research are to combat or alleviate radiation damage to the whole organism or the cells that make up
their organs or tissues, either by (1) treatment with nontoxic chemical agents before exposure (protection), or (2)
replenishment of radiation depleted stem-cell pools (recovery). Such replenishment is accomplished by stimulating normal
cell proliferation or by cell transplantation. A small, continuing part of this program is a search for methods that reduce

long-term deposition of hazardous radionuclides either by reducing the smount deposited, or by mobilization and excretion of
alreedy deposited elements.

Progrem Highlights

The level of scientific effort for this research is being decreased. Important studies in radiation immunology and in
pulmonary lavage techniques will be emphasized.

The program at Oak Ridge National Laboratory to assess loss of immunocompetent cells as a factor in aging and diseases of
old age is a major project of the radiation immunology group. This important program has as its ultimate aim the development

of a therapy against a number of human diseases of old age, by transfusion of highly immunocompetent cells from genetically
matched Jjuvenile donors.

In another important area involving protection againat radiation damage there are suggestions that some protective chemicals
already available may protect one type of tissue more than another. This finding indicates that it might be possible to
improve radiotherapy by protecting normal tissues that would ordinarily be in the radiation field, but which the therapist
does not want to damage. A small effort is planned, probably at the Oak Ridge National lLaboratory, to test this possibility.

It has been known for several years that mice irradiated with lethal and supralethal doses of x-rays can be rescued by
transplantation of exogenous bone marrow cells. The number of cells required for maximal survival can be assayed quanti-

tatively. It is also known that radiation of bone marrow in vitro will destroy the recovery promoting activity and that

chemical agents will protect the cells from such inactivation. This principle is now in use at the Oak Ridge Kational
Laboratory as part of a rapld and inexpensive assay for chemical protectants.
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BIOLOGY AND MEDICINE PROGRAM - continued

A project initiated in FY 1970 at the Lovelace Foundation to develop procedures for reducing the lung and body burden of

inhaled radionuclides will be continued. Preliminary studies in this area indicate success in achi
eving a
in the lung burden of inhaled radionuclides through the use of a pulmonary lavage technique. "8 & marked reduction

It 13 antizipated that off-site research will produce usable antilymphocyte sera and methods to induce immune-

adult animals. An effort is anticipated also in isolating and characterizing lymphocyte cell types in bon‘em;a:-si:"mn:e i
circulating blood. During the past year, several successful bone marrow transplants in humans have indicated the potential
of this clinical technique for treatment of immunologically deficient diseases and of life threatening hematological
depression in persons exposed to high doses of irradiation, either accidentally or therapeutically. Increased emphasis will
be directed toward those studies which will complement the Planned on-site program in cancer therapy using bone marrow

transplantation. Contlinuing emphasis will be directed toward studying methods for preservat £ b
white blood cells. preservation of human blood platelets and

Bephasis will be given to developing methods for the mobilization, complexing and accelerated excretion of undesired
radionuclides.

c¢. Chemical Toxicity .............. «o. FY 1969: $596,398  pY 1970: $615,000 FY 1971: $610,000
In this activity studies &re carried ocut on the chemical toxicity of a number of non-radicactive elements

- and compounds as
well as some radionuclides for which the chemical toxicity constitutes their greatest hazard. Results of these sgud:lea
permit anticipation of the toxic effects of suspect materials introduced into the atomic energy industry and provides the
basias for therapy of workers accidentally exposed to chemical agents.

Program ts
Although this is an important area of research, the level of scientific effort must be decreased.

At the University of Rochester efforts will be continued with emphasis on defini how the &
ell membran
the biochemistry of heavy metal poisoning and the basis for behavioral changes L:Gmi.u.ls due to toxici:yrg?c:iroggﬁs agents.

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

d. Lland and Fresh Water Environmental Sciences ... FY 1969: $9,613,774

FY 1970: $9,653,000 FY 1971: $9,570,000

Objective of this research iz to develop understanding of the influences and importance of radistion snd oth from
er st

the auclear energy industry upon interrelsted land and fresh-water environments. The investigations involve uu:;::;

assemblages such as forests, grasalands, deserts, and the tundra; biological processes such as behavior, food production,

BIOLOGY AND MEDICINE PROGRAM - continued

¢

food webs, succession, migration and reproduction; the phencamena of population structure, fluctuations and pericdicities; and
the persistence of community organization. Studies include the development and spplication of procedures for sampling and
measuring radioactivity in soil, foods and man for the purpose of improving methods of predicting the fate of radloactive
contaminants introduced into the atmosphere and biosphere.

Program Highlights
Changes are proposed in the following program areas: Increase
Estimate Estimate or

FY 1970 Y 1971 Decrease
(Costs in thousands)

(1) Evaluation of the effects of thermal alterations of the fresh-water

ENVATONDENL . o . ceertacrnnasesassscaneascssnssansesasssessstonsrosatsasssasssnnassssees § 488 $ Bl1s $+ 1327
2) Terrestrial ecology studies at University of California, Los Angeles.......cc00veeans 923 835 -
3} Reduction of the biomedical documentation program, at Lawrence Radiation

Laboratory, Livermore....... fereereiananaan feteerieieisaasaens e stennann 2,910 2,634 - 276

Terrestrial and Fresh-Water Ecol
®onaiderable development of both continuing programs and those inaugurated in FY 1970 is anticipated, especially in the area

of thermal effects on biological systems at the community level of organization. At Argonne National Laboratory new
ecological studies are projected at the Dresden and Waukegan plants. An increase is also planned for the studies on the
radiological status of Lake Michigan. Increases at Savannah River are associated with new laboratory thermal studies
initiated in 1970. At Oak Ridge National Laboratory increases are for radionuclide cycling and biogeochemical research, a
strongly programmatic activity. A new thermal study will be continued at Qak Ridge in FY 1971. Increases at the Pacific
Northwest Laboratory are associated with studies of Columbia River ecosystems.

A reduction of radiation ecology studies atthe University of California, Los Angeles, reflects changes in staff. Ecological
research at the Nevada Test Site is being coordinated with related projects of other laboratories.
Proposals for new off-site research are being reviewed at present for projects on Lake Champlain (University of Vermont),
Lake Cayuga (Cornell University), Gull Lake (Michigan State), and others.

Radionuclide Transport ,
The biomedical program of the Lawrence Radiation Laboratory, Livermore, will continue at a level of effort appropriate for
documentation of previous Plowshare cratering events. The program has & direct influence on nuclear device development and
test planning in both the Weapons and Plowshare programs and has many applications in other areas of nuclear technology.

Tt deals with the prediction of fission product and induced radionuclide production in device and environmental materials,

the documentation of the chemical and physical fcrms of the radionuclides, the effects produced by their uptake, and possible
means of reducing human exposure by countermeasures at any step in the above sequence.

e T
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lides in the diet and in bone will be performed
is and study of stable alkaline earths and naturally occurring redionuc
::&3;: Health and Sefety Laboratory. Studies to develop new techniques for the analysis of samples will be pursued.

Studies of tritium in the soil, food, and man pathway will be initiated, and an effort will also be conducted to assess the
biological problems that may exist in the future from krypton 8s.

e. Marine Sciences ........ reeean. .. FY 1969: $3,899,199 FY 1970: $3,950,000 FY 1971: $3,895,000

i ible effects of radioactivity introduced
s of this activity &re to provide a basis to predict the fate and poss
I::oozg:c;g:ne environment a3 a result of nuclear energy operations. Research is conducted in blological, chemical,
eological and physical oceanography and is directed toward leerning the effects of biological activity, sedimentation and
ghyaical-chemical processes on the dispersion and accumulation of radionuclides.

Increase
Program Highlights Estimate  Estimate or
FY 1970 FY 1971 Decrease
(Coats in thousands)

An increase is proposed for studies of the effects of thermal alterstion of s . R , .-
the marine environment........ceoevescccscrenncionarracaase reereeas sesnananes tisessensanes 9 50 7

{ -site research in this activity but a program initiated in FY 1970 at Pacific Northwest lLaboratory on
'mer: ;;citzi:azac;ilzngevin be continued. The Marine Biology Program at the Puertoc Rico Nuclear Center, having inmput
%:ogh: problems of Flowshare experiments and reactor siting, will place greater emphasis on measuring the distribution
patterns and movements of trace elemente in tropical waters.

teration of the marine enviromment.
ases in the off-site program are related to the effects of thermal al

m.in:iro;hzfi:fz:esiscayne Bay studies by the University of Miami will be minimal but new projects related to reactor siting
mcoastlines are projected. Negotiations are now going on with the University of Marylend, University of the State of
:nu York (Stoneybrook), and Scripps Institute of Oceanography. Other proposals are anticipated. It is possible that bene-
ficial uses may be fou;zd for thermal wastes. For example, upwelling may be induced in the ocean to bring nutrients into
surface waters and thus increase productivity.

£. Atmospheric Sciences ........... ... FY 1969: $4,u473,197  FY 1970: $4,967,000 FY 1971: $4,900,000

X in the atmosphere, research on
th activity are to obtain information on transport and deposition proceases R

zje:itz:: iﬁd b:;av‘lor of natural and artificial aerosols in the atmosphere, development and application of procedures for

u:pnng and measuring radiosctivity in air, dust and precipitation, and development and improvement of methods of
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predicting the radiation dose to man resulting fram the release of radiocactive contaminants into the atmosphere from past
and possible future nuclear explosion or nuclear reactors for pover or propulsion.

Program Highlights

Changes are proposed in the following program areas:

Increase
Estimate Estimate or

FY 1970 FY 1971 Decrease

{Costs in thousands)
(1) Evsluation of the effects of waste heat disposal oa the atmosphere.....

R 21 $ W6 $+ 105
(2) Studies related to atmospheric distribution of nuclear debris from
specific nuclear events, at Lawrence Radiation Laboratory, Livermore........... PR sho 436 - 104
(3) Extensicn of the atmospheric monitoring program to continue inventory of

strontium 90, plutonium 238 and other radfonuclides...................... 1,200 1,300 + 100
Research at Argonne National Laboratory includes the precipitation scavenging fleld work, wherein tracers are introduced
into thunderstorms and recovered in the rain. The data will be used to predict the cleansing of the air of fallout,
including that radioactivity from cratering events. This experiment, now conducted in Illinois, in cooperation with the
I1linois State Water Survey and the University of Michigan, will be moved to Colorado to take advantage of the measurements
on clouds made there as a part of the Northeastern Colorado Hail Experiment, and at the same time contribute to understanding
the cloud dynamics and nucleil budgets of hailstorms.

The ANL program also includes a joint HEW-AEC air pollution project, plume rise studies, micrometeorclogical and turbulence
modeling in wind tunnels.

A research program will be initiated in the Mortheaston the effects of water added to the atmosphere by waste heat disposal.
A slight increase is requested for the Atmospheric Turbulence Diffusion Laboratory at Oak Ridge to continue application of
the Light Detection and Ranging (LIDAR) to studies of plumes from stacks, cooling towers, and possible verticle line sources.
The Controlled Envirommental Release Test (CERT) facility at the National Resc
be used for the study of radionuclide entry from the atmosphere to the food ch
emphasis on radioiodine. The new recirculating tunnel will ellow lsboratory
surfaces. Improved atmospheric tracers will be sought.

tor Testing Station {in Idaho will continue to
ain,’ but with attention to tritium and less
studies of deposition on a variety of plants and

The major activities supported in the Health and Safety Laboratory will be continued.
mental samples of fisaion and activation radioactivity,
The fallout sampling networks are also used in the study

These are the collection of environ-
sample analysis, reporting and interpretation of analytical data.
of naturelly occurring radiocactivity. The Laboratory's high
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BIOLOGY AND MEDICINE PROGRAM - continued

altitude test chamber is utilized in evaluating sampling equipment for the upper atmosphere sampling program and fcr studies
of stratospheric aerosols. The development and maintenance of equipment for laboratory measurement and sample collection
related to these activities is also supported.

Ongoing work in precipitation scavenging, fallout phencmenoclogy, radiochemistry and sercsol studies at Pacific Northwest
Laboratory will remain near the same level of effort. The real time capability of diffusion experiments in the field using
krypton 85 as a tracer will be exploited. This tracer will provide instantaneous measurements of air concentrations for
correlation with rapid reaponse meteorclogical equipment, permitting verification of theories on diffusion and new inaight
into diffusive and deposition processes. This inert gas will be compared to depositing particulate tracers.

The atmospheric sciences program at Lawrence Radiation Laboratory, Livermore, will continue to support the Plowshare events
as necessary.

Off-site precipitation studies will be directed to: (1) application of unique AEC-developed sensitive tracer techniques to
the national problem of hail suppression. New knowledge of washout processes will be gained at the same time; (2) measure-
ment of the scavenging of the pollution serosol over cities in anticipation of a need for these deta in reactor hazards
analysis; and (3) the creation and deposition of extra ice, rain, smow, and fog in the vicinity of waste heat disposal sites,
such as cooling towers.

Research in atmospheric transport and diffusion will be supported to: (1) allow the development of global fallout prediction
models, used for debris from atmospheric weapons testing and SRAP reentry, which will utilize more recent knowledge of the
atmosphere's circulation - only AEC supports such model development; (2) develop airborne turbulence equipment which cen
provide real time readout of the parameters needed in rapid prediction of cloud concentrations over inaccessible areas in
advance of Plowshare events - this will provide inputs to prediction models under current development; (3) conduct theo-
retical and commence field studies of the diffusion of vertical line cloud scurces, such as originste from SRAP accidenta
and nuclear rockets; (i) commence field studies in cities and dullding complexes to provide data essential to analysis of
hazards of reactor siting in cities - these studies would include diffusion, deposition, reentrainment, and translocation of
particles and gases, and would coatribute to solution of the national air pollution problem as well; and (5) allow for
participation in the planned inter-agency mesometeorological experiment (MESOMEX) by utilizing AEC-developed measurement and
tracer techniques in diffusion experiments over the MESOMEX network, while simultanecusly using the extensive and costly
meagurements provided by other agencies. It has not been possible to launch diffusion experiments to such heights in the
planetary boundary layer before, but the data on these larger scales are required because potential radiocactivity sources eare
now achieving greater heights in the boundary layer.

An increase in the upper air sampling program 1s required to purchase balloons as current stock 1s exhausted. The number of
high altitude balloon flights was reduced in FY 1970 to the ainimum needed to maintain flight proficiency and to keep launch
teams intect - a commitment to the Pederal Council for Science and Technology. The budget alsoc provides for semianmual

BIOLOGY AND MEDICINE PROGRAM - continued

Alrstream flight extensions to 67° South latitude to continue the invent

consumes much of the savings effected when the high altitude balloon tli.ory Preqioncy weo oo # southvard. This extension

ght frequency was reduced,
€. RNuclear Energy Civil Effects ...... FY 1969: $1,153,209 FY 1970: $1,180,000 FY 1971: $1,190,000

Objectives for this activity are to develop nuclear effects data through lab
oratory and
studies. Results contribute to the meeting of needs for weapons effects and comgmeas:;:idiemnmnts o heoretical

applications to non-military defense nformation for practical
o ivitien, ary » emergency preparedness planning, and for use within the complex of nuclear energy

Program Highlights

BEmphasis will be on completion of a revision of the handbook Effects of Nuclear Wespons.

:eﬁ:i:::ag; ::::18:;;, :upzor: wil.;. b: p;ovided by REECO and Holmes and Narver consistent with the level of research
ects test projects by EG&G, Inc., ORNL, and investigato Progr
support. Edgerton, Germeshausen and Grier will c;nduct’field’experiments “itn the nestro souineoma ciences il

with t
environmental sciences field studies, and conduct other nuclear energy reseuch.he neutron source, provide support for

Osk Ridge National Laboratory will continue its research and development on rad

correlation with the ABCC biomedical program and for other heavy rzgintion e:p;:;io:;z:im;ry g:{ Y;\lmn:hsuomrvivorl ity
Defense Research Project will reflect the implications resulting from progression of the ;nti‘:giui t?r . b
and the consequence of decisions arising from a study of civil defense for the United States stic missile progran,
The Lovelace Foundation will conduct nuclear effects studies essential to the ¢

Effects of Nuclear Weapons and the campletion of work on a revised Nuclear Bombc?;tl‘:zignc;:p:t::ti::!:::ger:x?? e
revised ENW. This latter effort is being performed by the editor of the previous editions of ENW p b
the Stanford Research Institute. e » in collsboration vith

h. Radiological and Health Physics and Instrumentation ... FY 1969: $7,373,157

FY 1970: $7,299,000 FY 1971: $7,210,000

The objectives of this program are to achieve a comprehensive descri
) ption of fundamental radiati
and of the spatial and temporal distribution of radiation produced products in order that a more°2£;222c3:2r2:mmsu’es
radiation effects may be accomplished; to develop dosimetry techniques and to assess radiation exposure situations in o
to develop information requisite to the formulation and establishment of improved radiation protection practices; and :zder
»

conduct instrumentation research leading to improved radiation detection
and me
instrumentation systeas required in other biomedical research programs. Reurement technigues, and develop specialized
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BIOLOGY AND MEDICINE PROGRAM - continued

Program Hi ights

d for the followi rogram Areas: Increase
Changes are proposec 7o ¢ ne prog Estimate Estimate or

FY 1970 FY 1971 Decrease
{Costs in thousands)

(1) Research and development for the biomedical synchrotron ring, at Lawrence

Radiation laboratory, Berkeley..... e seeneacesnert st et onansneanoasen e beeenearenea $ 25 $ 50 $+ 25
(2) Instrumentation for im vivo determination of insoluble plutonium, at . . .
Idaho Operations Office............ reseeersransanes cetanaas fenereraraes R RPN .. S - 25

Rs‘di]gnoil?gc:::l progxs':cs: has been made at Oak Ridge National Labaratory in developing techniques to study fundamental radiation
interaction mechanisms in liquids. It is ndw important that this study proceed beyond the feasibility level. An increase

at ORNL will enable return of a scientist from the University of KXentucky to continue investigations of heavy ion inter-
actions in gases with a specific orientation toward dosimetry, which will be achieved in most part by transfer of funds from
the off-site contract. Exceptional progress has been made in the establishment of a strong radiological physics and dosimetry
program at Pacific Northwest Laboratory and studies of low energy heavy ion interaction processes will be continued. At
Lawrence Radiation Laboratory, Berkeley, there will be an orderly development of the program investigating high energy, heavy
ion stopping.

Exph -gite am will be directed toward theoretical studies of low energy electron interactions. This area
is n::i:eﬂ :?\Se:go:étthzzzgzicauy, yet low energy electrons have a predominant role in the energy deposition procesa. In
sddition, some effort is anticipated in experimental studies of the spatial distribution of energy radislly away from heavy
t{on tracks. These new program directions will be achieved by project reductions in the area of radiation interaction in
gases, and completion of a study of electron energy loss distributions in semiconductor detectors. Remaining programs
invol\’ring theoreticsl and experimental investigations of radiation interactions in solids, energy degradation and migration
in condensed systems, and energy deposition distributions on the microscopic scale will continue at the current level of
effort.

::1 ;:u::o:itci:simetry effort at Oak Ridge National Laboratory involving dosimeter development, evaluation and intercomparison
has established this group as one of the leading neutron dosimetry research centers in the world. This group is now providing
a valuable service as an important information source in this area. There will be a decresse in the overall progrem in-
vestigating the neutron component of cosmic radiation. Other programs dealing with accelerator dosimetry and shielding
calculational techniques, aerosol research, neutron and gamma dosimetry, and in vivo dose estimation for medical and health
physics radionuclides is expected to continue at the current level of effort.

BIOLOGY AND MEDICINE PROGRAM - continued

"
{a

Instrumentation

Tn anticipation of continued development of the biomedical synchrotron ring facility at Lawrence Radiation Laboratory,
Berkeley, & minimum research and development effort is planned. Design studies will be directed toward beam handling and
extraction systems, and beam monitoring equipment of improved sensitivities. Continued effort in biomedical engineering

is anticipated at Qak Ridge National ‘Laboratory. The prototype neutron diffraction instrument has been successfully com-
Pleted and has reduced measurement times by three orders of megnitude. The Laboratory hopes to construct a system suitable
for initial trials with biological molecules. In addition, plans are under development for the consolidation and intensifi-
cation of research activities in overall biomedical engineering areas. This will be accompanied by redirection of the
current program in nuclear medicine instrumentation. Efforts are also planned for the development and application of de-
tection systems capable of in vivo localization of internal emitters primarily in the off-site program,

Several programs, in addition to the neutron diffraction effort mentioned above,
during the past year. A phosphor of significantly increased detection efficiency has been developed, and future work will be
directed toward the development of an improved phosphor screen and its incorporation into & clinically usable image
intensifier tube. A germanium research program investigating methods of making ultrapure material has yielded very promising
results. Detectors have been fabricated which no longer require shipping and storage at 1iquid nitrogen temperatures,

have produced noteworthy accomplishments

Instrumentation to measure radon daughter concentretions in mine air has been devel
evaluations are presently underway.
laboratory evaluation,

oped and evaluated in the laboratory. Field
Uranium mine personnel dosimeters have been developed and are presently undergoing

Much of the new program effort will be accomplished by redirection and completion of work underway, The development of an
in vivo plutonium detection system at Idaho is expected to be completed during FY 1971. A dosimeter research effort at the
University of Rochester has proceeded through the development phase and will now become

associated with specific radio-
biological investigations. In addition, the program in scintillator reseerch will underge some reduction, and the effort

directed toward development of improved methods for complex gamma ray spectra analysis will be successfully completed.
Remaining programs in semiconductor detector research, nuclear medicine instrumentation, electron microscopy,
low level detection technology,

level of effort.

dosimetry,
photomultiplier and image intensifier tube research are expected to continue at the present

Beneficial Applications of Redistiofh ............. ettt eeteeieerieaaas Cheeaieanaa, $10,265,000
2. Cancer and Other Clinical Research ...... FY 1969: $7,273,980  FY 1970: $7,548,000 FY 1971: $7,390,00

Research objectives are to discover, develop, and perfect new and unique epplications of radiation and radioisotopes for the
diagnosis and treatment of cancer and other dlsease states.
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BIOLOGY AND MEDICINE FROGRAM - continued

Program Highlights

.anges are proposed for the following program areas: Increase
Crang P Estimate Estimate or
FY 1970 FY 1971 Decrease
(Costs in thousands)

1) Clinical research using the newly available short-1lived istotopes ....... Beereseeenas $ 356 $ 393 ¢+ 37
52) Total-body irradiation in cancer therapy, at Oak Ridge Associated
Universities........... e e eanenesaeaaaeeaceeiaaet ettt et aranenensanans feieeanaran 457 500 + L3
(3) Studies of genetic and environmental factors in clinical and experimental
hypertension, at Brookhaven National Laboratory............cciivieiiiuiarteeanraneenes 330 265 . 65
(4) Research on human physialogy and experimental wmedicine at Lawrence
Radiation Laboratory, Berkeley........... R R T seraeanas 295 231 - 64

The nuclear medicine program at the Argonne Cancer Research Hospital will primarily involve development of the cyclotron
project plus increased effort in related activities {e.g., organ scanning with cyclotron-produced radionuclides). In addition,
a slight increase in effort is planned for work related to the use of high intensity radiation in cancer therapy. Offsetting
decreases in other research efforts at ACRH are planned. A continuing problem in the clinical program is the escalsting cost
of hospital operation.

(&4i)

At Brookhaven National Laboratory, the study of trace elements in biclogical systems will continue, including the exploitation
of recent findings relative to the usefulness of L-dopa in the clinical management of Parkinsonism and other neurological
disorders. Included in the projected program are plans for the use of carbon 11 labeling to study the distribution of L-dopa
and dopamine in the humean brain. Clinical and laboratory studies with californium 252 are also planned. BNL is one of
several laboratories currently evaluating the usefulness of this neutron-emitting isotope in cancer brachytherapy. Small
decreases in levels of activity are expected for two projects, namely, those concerned with the study of (1) clinical and
experimental hypertension, and {2) elinical aspects of vitamin By, iron, and pancreatic insufficiency.

Research at the University of California, Los Angeles, is being expanded with the completion of the installation of & bio-
medicel cyclotron. This accelerator will become operational by the beginning of FY 1971 and is expected to produce a
number of short-lived radiocisotopes which may have medical clinical applications.

Investigations on the direct and indirect effects of heavy particle irradistion for tumor therapy, pituitary gland ablation
in endocrine and metabolic diseases and induction of discrete brain and thalamic lesions for control of kinetic disease will
be conducted at the Lawrence Radiation Laboratory, Berkeley, using & new human exposure system. The level of effort will
remain the same as at present, Patient care costs account for some increase in budget. Research efforts will revolve around
studies on human physiology and experimental medicine, but at a reduced level. Investiga'f.ions concerning the hematologic and
cytologic response to radiation from interally administered radioisotopes, control mechanisms of hematopoiesis and iron
metabolism will continue.

BIQLOGY AND MEDICINE PROGRAM - continued

The small project at the Pacific Northwest Laboratory for the development of beta sources for potential application in
clinical organ transplantation will be continued.

At the University of Rochester, studies on exploiting tissue specific antigens for cancer therapy may reach the point of
application for treating human cancers and possibly be extended for use in diagnosing myocardial infercts. Until major
successes are evident, the level of activity will plateau.

Planning is underway for the development of radioisotopically powered artificial circulatory support systems.
will result in a low-level radiation exposure and thermal heat lead to the patient.
Cornell University to assess the local tissue response and systemic effects in animals that might occur from such a radi-
ation exposure. Further support is anticipated es the program advances to the stage of implantation into large subhuman
primates of devices having the heat and radiat;l.on characteristics of the proposed engine.

Such devices
Experiments have been initiated at

Off-site studies in developing suitable gamma emitting analogs of biologically active compounds for new diagnostic procedures
will be encouraged. The characteristics of these radiopharmaceuticals will be responsive to the majority of scanning
procedures performed in medical institutions where the use of the short-lived isotopes are not economicelly feasible., This
work would complement the on-site studies dealing with cyclotron and generator produced isotopes.

€26

Qther novel diagnostic and forensic procedures will continue to be explored such as fluorescent excitation of in vivo stable
isotopes and in vitro activation analysis,

both of which procedures markedly reduce or eliminate the radiation absorbed dose.
Investigations using radionuclides to increase both the understanding of and accessibilit
ventilation and perfusion, and brain tissue blood flow are expected to continue. The lung studies in addition to their broad
clinical contributions are also pertinent to the AEC nuclide inhalation studies. In this same general area the use of in vivo
activation analyses of skeletal tissues in normal, aging, and disease states including cancer in its early developmental

stages, shows promise and indicates foreseesble additions to the current studies which are closely rdated to on-site
investigations.

Yy to the physiology of lung

b. Biological and Agricultural Research ...... FY 1969: $2,789,257

FY 1970: $2,830,000 FY 1971: $2,745,000

The objective of this research is to develop and exploit new ideas and technioves involving radiation and radioisotopes to
be applied in solving biological and agricultural problems. Examples of such applications are basic studies of organs and
systems in health and disease and the use of radiation in the advancement of agriculture to control and eliminate insects
and plant diseases and to improve crop and animal productivity.
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BIOLGGY AND MEDICINE PROGRAM - continued

Program Highlights

Changes are proposed in the following program areas: Increase

Estimate Estimate or

FY 12%0 FY 1971 Decrease
Costs in thousands)
(1) Toxicity of carbon 13 for diagnostic applications, and its use for studies

with nuclear resonance spectrometers, at Los Alamos Scientific Laboratory............ $ 135 $ 163 $ e 28
(2) Reduction of research in lipid metabolism, at Oak Ridge Associated Universities...... 23 153 - 0

Interest in the special biological and medical advantages of carbon 13 is now well demonstrated by support of a significant
feacility for production of the isotope in highly enriched forms. Carbon 13 will be available in sufficient quantity for study
of any possible toxicity in higher organisms, for synthesis into organic compounds important and useful for biology and
medicine, and for nuclear magnetic resonance study of carbon-lsbeled compounds.

Studies of protein synthesis will be emphasized at the Argonne Cancer Research Hospital. This important research underlies
much of the clinical work at ACRH. Research in carbohydrate metabolism at Brookhaven National Laboratory and of lipid
metabolism st Oak Ridge Associated Universities will also be continued, although the latter work will be substantially
reduced.

Radiation and radioisotopes have provided a new dimension in the disgnosis and treatment of human diseass. Such an appli.
cation to agriculture and veterinary medicine has not received a similar emphasis. With the reduced cost of radioisotopes
and lebeled-comnounds, an advencement in veterinary nuclear medicine would now appear feasible. Support is planned for the
development of techniques and their application in the treatment of economically-important animal diseases.

Conventional methods for the development of Vaccines for use mgainst parasitic infections have been uniformly unsuccessful.
A new technique, that of radiation-attenuation of parasites, has proven successful in the development of veccines against
the lungworm of cattle and sheep. Radiation of the parasite induces a loss in virulence without destroying its vitality and

ability of elicit an immunological response. Basic studies of host-parasite relationships and the radiobiology of parasites
are proposed to make full exploit of this technique possible.

The increased contamination of the environment with insecticides and pesticides i{s of justifiable concern, It is anticipated

that basic studies of the metabolism and degradation of these materials and the mechanisms of insecticide resistance by use
of radioisotope techniques will be continued.

The possibilities of using plant tiasue cultures derived from irradisted meristems for producing new improved stocks of crop
plants will be investigated. Another potential source of new combinations of germ plasm involves the growth of two different
plant types in cell culture followed by somatic fusion of the different cell types. The new hybrid species may then be

¥cé

BIOLOGY AND MEDICINE PROGRAM - continued

induced to form new plants by treatment with appropriate chemicals. These possibilities will be investigated further.

A small program to investigate the reported effects of low radiation doses on seeds and tubers in increasing crop ylelds is
planned.

The further use of radiation for the control of insect pests will be studied with emphasis on development of new techniques
and concepts.

c. Radiation Preservation of Foods ....... FY 1969: $329,556 FY 1970: $170,000 FY 1971: $130,000

The objectives of this program are to determine the basic chemical changes, nutritional adequacy, wholesomeness, and micro-
biological safety of selected perishable foods which have been subjected to low-dose (below 1 Mrad) irradiation for the
purpose(s) of storage-life expansion, disinfestation and/or control of pathogenic microorganisms (e.g., Salmonellae). Studies
in this activity are required, directly or indirectly, to fulfill Food and Drug Administration requirements pertaining to
approval of such low-dose irradiated foods for public consumption.

Program Highlights
The program will be directed to the microbiology of irradiated haddock or cod.

The Division of Biology and Medicine's portion of the food irradiation program consists of three general areas, viz., food
chemistry, microbiology and wholesomeness.

Food Chemistry includes those studies concerned with the effects of radiation on naturally occurring tissue substrates and
with the characterization of the changes (quantitative and qualitative) in terms of chemical, biochemical, and physio-
logical parameters. No new studies are planned in this area for FY 1971.

Microbiology includes those studies concerned with the effect of radiation on the naturally occurring microbiological flora
of foods of interest to the program. Microorganisms of interest include both those of public health significance
(Clostridia, Salmonellae, Staphylococei, Streptocacei, certain viruses, etc.) as well as those which are entirely of
economic {spoilage) significance. Studies are also conducted to explore the ecological relationships existing between the
two groups and to determine the effect of irradiation on these relationships.

¥Wholesomeness includes those studies conducted relative to nutritive value, possible carcinogenicity, and possible toxicity of
low dose irradiated foods. These studies consist primarily of long-term toxicity studies conducted in accordance with FDA-
approved protocols and involving two-year feeding studies on three species of laboratory snimals. If the microbiological
studies in progress conclude that Clostridium botulinum will not be & hazard during the storsge of irradiated fish, long-term
animal feeding studies of irradiated haddock may be initiated in FY 1971. Complementary investigations to evaluate muta-
genicity may also be started. Data from these studies are necessary to support a petition for FDA clearance of irradiated
finfish for humen consumption. A companion program to determine radiation processing parameters, storage-life extension, and

, organoleptic acreptability and to develop suitable radiation source facilities for irradiation of foods is budgeted in the
Isotopes Development Program.
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U. 8. ATOMIC ENERGY COMMISSION
FY 1971 Budget Estimates
Appropriation - Plant and Capital Bquipment

BIOLOGY AND MEDICIME PROGRAM - PLANT AND CAPITAL EQUIPMENT OBLIGATIONS
FROGRAM STATEMENT

Actual Estimate Estimate
M 1969 FY 1970 FY 1971

A- Gbligations for Construction Projects R T $ 5,7& 735 $ 990, 000 $;-a%—-7m»
s ' ’

B - Obligations for Capital Equipment Not Related to Construction cresseiiesienes 6,390,738 4,795,000 5, 500,000
b3 ]
Total bligations for Flant and CApital EQUIDMEDEL «oeueenseesceosneenonnons.s im!”li“?i §2‘785‘000 ﬁ‘soolooo
Gbligations for the Biology and Medicine Prog-u-for F{ 1971 are estimated at $6,500,000 of which:

a. $1,200,000 1s for the construction pro
iufhorization 2 mrojects listed in Section A below, requested for authorization in the proposed FY 1971

b. $5,500,000 is for Capital Equipment Not Releated to Comstruction justified in Bectiop B delow, requested
the proposed FY 1971 Authorization Act. S TEaues for authorizstion in

Section A -~ Obligations for Construction Projects:

The project comprising Section A, which is requested for authorization in FY 1971 is:
Funding Required

b‘hta.l Bstimated After FY 1971
timated Punded Mligations to Complete
Project No. Title Cost Thru FY 1970 Y 1971 Project
11-5 General plant Projects seececesesesccccrsscsarasesecnass  $1,000,000 $ O $1, 000,000 $ O

Total .....

NNtseresatesetesnacntetesestcnennonrenos m m
EXPLANATION OF FROJECTS IR SRCTION A
1. Project 71-5 General plant PO OB teeueeeninitentetinetereoitaaaiensnesrestosoniarenserssanesnsncsonnnneses $1,

The purpose of this project 1g to provide for miscellaneous alterations, laprovemente and minor additioms to research facili-
ties of the Diomedical research program necessary to improve efficiency of operation, correct actual or potential cperating

hazards and facilitate advances in research. The estimate, based on past experience, will cover the pecessary improvements at
Atomic Energy Commission operated laboratories in the life eciences, as well as minor construction or alterations required by

biology and medicine research contracts at universities and other research institutions. A tentative breakdown of the
estimate by office is as follows:

000, 000

BIOLOGY AND MEDICINE PROGRAM - continued

Albuguerque Operations Office.. $ 152,000
Chicego Operations Qffice ..... 100,000
New York Operations Office .... 140,000
Qak Ridge Operations Qffice ... 270,000
San Francisco Operations Office 175,000

Weshington Hesdquarters ....... 163,000
TOtRL sovsueresarocnsssass 31,000,000

Section B - Obligations for Capital Equipment Not Related to Construction:

Actual Estimate Estimate
FY 1969 1970 FY 1971
Total Biology and Medicine Capital Equipment Not Related to Comstruction v....e........ $6,390,738 $4,795,000  $5,500,000

JUSTIFICATION

This budget of $5,500,000 for capital equipment not related to construction is considered the minimum amount to support the
viomedical research program. Capital equipment continues to be an integral part of a dynamic biomedical research program and must
be provided on a current bagis to assure that the best possible information will result from scientific investigations.

With the evolution of the program into areas which are more sophisticated and complex, the utilization of advanced automated and
unfortunately more expensive equipment is essential. Furthermore, the replacement of equipment itemes now in use in the labora-
tories which have reached the obsolescent stage is becaming increasingly expensive.

Examples of costly analytical equipment which are becoming more common to modern bicmedical leboratories are spectrometers,
electron microscopes of increasing resolution, high speed centrifuges and computer linked equipment. The increasing shortage of
manpower is increasing the demand for additional unique equipment.

The FY 1971 capital equipment budget does not contain any single item exceeding a cost of $500,000, but a representative listing
of equipment requirements folliows.

Equipment Acquisitions

1. Argonne BAtional LADOFBEOIY «««rescsesacsssssescranoseaasosssssesssetasasastassosesassosasssnornsensenes $550,000
Equipment requirements at this laboratory are in support of research on the somatic and genetic effects of external radiation
including X-ray, gamma rays and neutrons; studies in molecular biophysice and biochemistry; toxicity studies of internal emitters
in humans; scapning electron microscope for biological research.

Zlectron microscope for biological research requiring improvements in photographic and

specimen handling cAPEbILlitiBE +eeevessenascoserotossnasssstossssssssnarcosocnancnsarens $ 60,000
Computer irterface scientific eqUIPENL cicsvsocesceronrsncsicroncrecsasaensncassosvenss 50,000 |
Equipment for studies of radioelement toxicity, including humen radium toxicity studies

and studies >f calicium transport in bofie metabOliBm ..cciincisvnirecscrvarannerersvneres 103,000
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BIGLOGY AND MEDICINE FROGRAM - continued

1. Argonne National Laborstory - continued

2. Brookhaven NationAl LADOTBYLOYY .cccoercrsrssncrnacrasserassasnsnance

Plasma arc, irradiation source and other equipment for genetic and molecular biology

FEBEAICH vt ieiaiaenenerroastenacacetstacasornorssscnstsestotssnensssssansesorcrssssrae $105,000
Electron gpectrometer for chemical analysis to obtain etructural information about

complex organic and b10l0glcAl MOLECULES .ucusciesecrsnsrioseessasrenaneorensansnaeansses 10,000
Specialized equipment for radiocecology and micrometeorology 6tUdies .e..svsesenssanscess 67,000
Genersl equipment for biological, envirommental and radiological physics research ...... 95,000

Pedeeisttetensesssatsatssasnnsreness $725,000

Equipment requirements at this lahoratory are in support of research on the understanding of biological processes in man and
effects of ionizing radiation on these proceases st molecular, cellular, tissue, organ system and whole body levels; plant radia-
tion biology, including genetics, blochemisgtry, bi_ophysics, and radiation ecology.

3. lawrence Radiation Laboratory, BerKeley «.ecceececcsrocannasceronsasecctsosasresasonsosnsrssossanas
Equipment requirements at this laboratory are for research on a wide range of radiobiological investigatiops
biomedicine, radiobiology, and chemical biodynamics.

Accessory equipment for the Van de Graaff 8ccelerslor ci.e.eviessoceccasnonvasanasassnns 55,000
Rapid imaging equipment for studies on applications of radionuclides for diagnosis mnd

LHETBDY st asesronarasareassosenosooasossssentsonisrtosonsesnssonosnncannnssscessasaassnss 55000
Spectrophotometer, analytical centrifuge and fluorometric equipment for biochemical

research including RRA StUB1€8 ccvcutvrenesesncsreccncssnsersnnncnsosonsasasneranasnesss 105,000
Electron-nuclear double resonance apparatus, optical rotary dispersion apparatus and mass
spectrometer-median resolution apparatus for molecular biology studies cceieieieess.oe.s. 108,000
Coincidence counter and other equipment for metabolic studies and other medical research
PrOJECES cocersorenessasscananasossstasensatosntsssnsassssnrtosonsossaacasnnsnsrnrosscasee SU,000
Optico-electronic scanning eystem for research on the distribution of labeled molecules

at the cytological level .sevesccececceocenrssvacansasancasercsacessoscosrsnrscasnssasssss 100,000
On-line diffrectometer system and computer interface for biclogical research s.....ceeee 85,000
Growth chamber for research in plant radiobiOlOEY cccsevrecevsvicorosnsncasoscsnnosvoons 40,000
General equipment for research in biology, meteorology, dosimetry and health physice ... 93,000

Irradiation stereotaxic apparatus for computer control of alignment for the treatment

Of PALIGOLE sevvrrentrsasonoesssrtaorosssesacaacttosssssasoscescscsacntoasanssssnssessesss 150,000
Computer and accessories for on-lipe experimental use and interface between research

instruments and central computer fBCIliLI®B c.erervecressoncacsstsscncnonsaranesssranssnss 100,000
High resolution electron microscope. (!n electron microscope, estimated to cost $400,000,

will be designed and built at the laboratory. It will take about two years and will

begin with the purchase of an electron microscope for $150,000 in FY 1971. The basic
microscope, which has a long lead time for procurement, will be improved in FY 1972 and

¥Y 1973 by incorporating superconducting correcting elements cooled by cryogenic maer‘!z) .. 150,000

BICLOGY AND MEDICINE PROGRAM - continued

530,000

including biophysics,

3.

L,

Lawrence Radiation Laboratory, Berkeley - continued

Digital computer image dissection equipment to extract information from electron micro-
graphs £Or further DrOCEEBING «escssseesesirstseisotostssscsscannesnstossactassssssesere $100,000
General equipment for medical and bi0OlOZicAl IeBEArCh tiieteeresseresnsansssnssarceseess 30,000

Lawrence Radiation LAbOratory, LIVEIMOre (iciiiscacisistoretessersssonacarsnretsnsssatasssassnnsse

$275,000

Equipment requirements at thie laboratory relate to the assessment of possible impact of radionuclides released into the blosphere.

5.

Remote controlled particle and gross gamma recording system to study the transport,

deposition and redistribution of radionUClides cecvicieeercssorsressncrassansscvessearsss 50,000
Analog to digital conmverter to provide quantitative spectroscoptic information on

individual gamme-emitting radionuclides pregent in a complex mixture of radionuclides .. 50,000
Spectropolarimeter with circular dichroiem sttachment for studies on the binding of
radionuclides to emall molecules Bnd MACTOMOLECULES «ioevcesossccsnsvsaccasnassassrcnsss 40,000
Direct microscope chromosome ecanning eystem, including equipment for computer interface 55,000
Counting, scanning and general electronic equipment including 2048 channel pulse height

BDALYZET tsetsecesarereteasseasntetersanattarstsrsrssrsstesrivrevcatecsencncvaaascncssenvns 50,000

Los Alamos Scientific LADOIBLOTY sevveveeresscrvonscetantocssosssrassrnonssssonssane

equivalent residual dose concept from laboratory animals to man; studies in molecular and cellular biology.

6.

Low level gamma radiation apparatus for mammalian radiobilology program, and laboratory

equipment for gemetic, applied aerosol and carbon 13 studies ..c.ssvecveresesccssssesass 40,000
Bot laboratory equipment for the research on the tumorigenicity of high specific

activity particle work, and electronic equipment for the human and small animal counters 45,000
Preparative ultracentrifuge, density greadient fractionmator, fluorimeter, data acquisition

apd analysis equipment and other equipment for research on the molecular biclogy of

information transfer and biochemical evente in the cellular life cycle -vivesecessescess 95,000

Oak Ridge National LBDOIBLOIY sessaccsvcncoeestrieratnsnsrusosasnencrotenesssoasnasctatnsosssnctonass
Bquipment requirements at tnis laboratory cover research on the long term bioclogical effects of redistion including studies in
cocarcinogenesis; mammalian genetics; radiation immunology; biophysics and enzymology; terrestrial and fresh water ecology;

radiation physics and internel dose estimation; nuclesr enmergy civil effects.

Motor generator sets to supply emergency power for supply and exhaust ventilation, one _
chilled water pump, and a 15 HP emergency instrument air COMPreSsOr seecessssesseesssess 150,000
Containment units to house and provide complete facilities to meintain large animals ... 200,000
Self cleaning cage rack and isolator units to improve animal care in mouse facility .... 80,000
Ultracentrifuge with UV optics for measuring molecular weights, cinematographic system

for recording morphological changes in cells, and prototype centrifuge for molecular

ANALOMY DrORYAM suionvecvssss [ N et erecieeranan I 38,200

Equipment requirements at this laboratory cover research on studies of somatic effects of radistion

“re

180,000

930,000

including extrapolation of
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BIOLOGY AND MEDICINE PROGRAM - continued
6. Oak Ridge National laboratory - continued

2 MeV Tandem Van de Graaff machipe for radiological physics research cesceocsecaceencren, $165,000
Pield irradiatjon, gamma spectrometer with computer for remote control, and controlled

~limate facility for radioecological research ........ Cestsesecsannenenessnsrscasasenese 95,000
Miltidimensional analyzer, electrostatic analyzer, and mass spectrometer for research in
£BAI0LOZICAL PHYEICTE sessecerssaraerorsvasessscsantosscasarosssssssnosoreserosseccainss 84,000

Equipment for biomedical and health physics IEBEAICH sincecrcraescriosvonreresrrnsnseess 58,000

7. Argonne Cancer Research HOSPIAL «tucaessnssssasssssnvreanotcoasureannaanesrtvsraroctotranoresrnenecsens $225,000
Equipment requirements at this laboratory relata to research on the high energy radistion sources for treectment of cancer, radio-
isotopes for diagnosis and treatment of diseage states; research in oncology, hematology and biochemical structure.

Equipment for mucleic scid and protein synthesis studies (sequenator, ultracentrifuge

with rotors, automatic UV BCAODEr) e..e-eescescesesonnaoconiosssasrsscsasacasesnsacasane 107,000
Positron scintillation camera for the medical DAYSICE PrOGTAIM csscrscosncrsavanrrcvscnce 59,000
Medical electronics equipment for puclear BmediciBe seesceeirscnranansnsnanrncnercocncaes 33,000
General laboratory equipment such as sutomatic sample injector, low background beta

counter 8nd GIEHWASNET ccevercieecvenoestrsansesarsenssecsaserceveaarsscrsaccortvcsnsoccs 30,000

8. University of California, LOs ANEELES «ewsessestressetasststenunrosrusiosesciosasntrtasesronnneessonisss 135,000
The equipment requirements at this laboratory are in support of research on the effects of ionizing radiation or living organisms
and systems of biological significance; dynamic aspects of physiological and biochemical [rocesses in man, animals and plants;
assessment of immediamte and long term consequences of operation or detonation of nuclear devices on fauna and flora in man's
enviromment; research in beneficial uses of ionizing radiation and radioactive substances in medicine and biology.

Mase spectrometer, refrigerated centrifuge and other equipment for molecular and

cellular level STUGLEB +cousseeossessonrarssesesessiassantosecssssrsotantocaasstnncnance 53,000
4,000 channel analyzer, anti-coincidence detector system and related equipment for

radioecology studies being conducted at the Nevada Test Site ...oceicvcrcrercroceroncces 27,000
Milti-channel analyzrer for computer analysis of radioisotope scans, target transfer and
manipulator system, and other equipment required for studies in nuclear medicine sece.en 55,000

9. Health and Safety LADOTALOIY «ecteseressasasssntestssosaranannaniosssrcatetsaosriesansantnssssensssstss 160,000
This laboratory performs research on studies in radioclogical and health physics, including nuclear safety hazards; studies of
the distribution of radiopuclides in the atmosphere and biosphere; development and procedures for predicting, measuring and
alleviating radioamctive fallout; supporting instrumentation develomment and requires the following equipment.

pDetectors, multi-channel analyzer and other equipment for high resolution measurements

of complex radiation spectra and rediation tranepert in the atmosphere ..ccsvescaavesees 37,000
Beta spectroscopy system and electronic equipment for radiochemical ADALYELIB «iecaons 79,000
Small general purpose computer, aerosol analyzer and other laboratory equipment ........ 4k, 000

BIOLOGY ARD MEDICINE PROGRAM - continued

10. Lovelace FOUNAALION vevunuvernnavarsrnncceacnnnss

Toe equipment mesds st EhIE Laboratory are n oubmort o ronoeg oL LTt et e $150,000

h on the bi
singly and as mixtures so that various levels of exposure can be related ‘:ooi.;?i:l consequences of inhaling fission products

Remote high-epeed line printer, remote
3 card reader and input and @di
;omputer capabllity and graphical output at the field lahc}::story . l‘splay sten for on-line
ecording densitometer for sutoradiographic studies in the lung, snd ;‘lwsioio cesirecnens $ 56,000
recording system for detecting anomalies in cardiac output, pre;sures in the E{
;yst:mandmlmmryblood VOLUME «eovuvevasocncncnnnns clreulstory 48
pectrophotometer, fluorimeter, and othe iochemieny  Liiiiererietarerees 0o
aerosol physics r;sea.rch crees : cecsevns t‘!:'ql.xil.iﬂfnt for biochemical, radiochemical, and »
™ li.;b Hichthnte UNIVersity seevecescaacrcnossonasnnos 46,000
. . LI T
Siomtyeice, sevetioe ams Biomobiotony: ottt e st Miolow, draving on disciplioes 1ich ta biothenietsy,
requires the following equipment. ’ ng uence of radiations upon function and development of plants, r{;d

Amino acid

biocm:[iuwur; spet.:tropt.lotc:mters,ul?f;tcentrifuge and other equipment for

Bquipment for research in plant growth and development ...sseemnnnnn s o o 00700t 65,000

Argon laser and other equipment for anslysis of biological molecule; am.iprt;c':esses'. 13,000

12, Cak Ridge Associated INiversities .v.ecesesnvevoaess o 3000

Equipment requirements at this laboratory are in sup bser
with living systems, particulsrly in man;
human diseases.

port of observation and explanation of bi
omedical int
development and application of radioigotopes and radiation in dz:@‘cgzg:sud“ ii:tion;
Py ©:

Maes spectrometer and associated equipment for id
; entification of
oceurring compourds in clinicel and hematological Etudies ....... ?x':thetic or paturally
'II:::grnmic iam.imr scanner for bone, bone marrow and tumor studies RS RS 358,%
ruments for nuclear medicine includi i syetem and compiter ’
interface eqQuUipment «...caieriteroconns n?pnysio]..ogical monitoring system and computer
Gas chromatograph, autoclave and general laboratory equipn;n;:. ' . . . . . . ‘ TR 28’000
13 Pacific Northwest LAbOratory «eevevecececccvens e
At thie Lo o L L R 'YX
pport of research efforts affecting toxicit i adion 9,000
inhalation stud igs of plutgniun and uranium; terrestrial ecology; dynamic balﬁce‘)of x-agi,iand Mool ien of e oouclides;
meteorology, radiation dosimetry and physics. onuclides ip Columbie River; micro-

Inhalation exx_:osure equipment, whole body counting equipment and other
onicity studies of_ plutonium and other alpha emitters

equipment for
..... R T T T T R s s o
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BIGLOGY AND MEDICINE PROGRAM - continued
13. Pacific Northwest Laboratory - continued

ESR spectrometer and other equipment for molecular and cellular level studies, radiological

chemistry and radiation instrumente for research and development ......seeuvveioncnsoacs $ 56,000

Environmental chambers, counting equipment, irradiation facility, multidimeneional gaumma

ray spectrameter, equipment for krypton 85 detection and other equipment for studies in

the land, fresh water, marine and atmospheric environments ......cecesveveevaneneiansess 107,000
14, University Of ROCHEBLET eetvesnreeacceransecnsasaessonssscstonsosoonecnasnssnnes

teteesvertsnasananesenss $205,000
The agquipment identified at this laboratory is necessary to pursue the research on the biological effects of radiastion and radio-

active materials, physiochemical aspects of cellular function and structure, membrane biophysics, physical chemistry of bone and
body fluids, new approaches to cancer therapy, and basic problems in aerosol physics, toxicology and respiratory function.

Scanning electron microscope for molecular and cellular level studies ....c...ceveeeeee. 60,000
Equipment for toxicity studies of radon, plutoniwm and other alpha emitters «...ie.esses 75,000
Equipment for long-term studies of effects Of external irradiation using dogs and other

BEBLL ANIMALE «oceescoretococuceasanosntontossasintsassorocertoctscnnsnioncncsnsescssnaas 45,000
Geperal purpose eQUIPMENL «...cieviscneoortetiontsteiuittttiirettecisencnsnranrensrensane 25,000

15. Other ABC LabOIBLOII®E «eresesusueesnescsonecoseosrnseacseosioseostarnersssssnnsarssarsssrnacsosccssrens U80,000
RBev equipment and normal replacement items for laboratory and field inveetigations at other on-site locations, including:

Atomic Bomb Casualty COPMIBEION seceasncstsasnsnssssoscottosassesseorsessessncnancensaas 80,000
University of California, DAVIB .cueeeeeecnerecnsosassnorenasatescacssorsnscscnsonseses 40,000
University of Californis, laboratory of Rad10DIOLOEY ecesveesercicnconcncassnsonrancones 50,000
Idaho Operations OffICE «ieicuescrvcncsoncscaesscasensssssnanssranatastasscnsssnernsnase 10,000
Revada Operations Qffice t.cuccueeecvrocnccoetncersocscsrsesensesnsnnersasessnscannarsene 50,000
Onk Ridge Operations OffICe ..cacecnscerssersvarsesranrtosocscnsssaosnersocsesonasnereses 30,000
Puerto Rico MUCLleAr CoNter ....ecceseccesecsnecacntentororsassrasnacsacsnsnnsssnssssssese 55,000
Sevannah River Operations OFfiCe seseescvccscsscsscncssctsnnsensarsvscsncsnenssssansseas 60,000
University oOf TeDDEEBEE ...c.uvecaersocsecneassasenscsecseonccirensosasoncncsnsssssesess 50,000
University Of VAR cicsitvescnranesososcesasancacosctoctscaseessonoassenesontsvasccannsn 55,000

16. Washington - Qff-Site REBEAICh s..ccteeeiacussiernensionenrenstonsicessarsssecsnssonarsssescncsassasnaes 200,000
Bquipment for studies conducted for AEC by off-site contractors and other government agencies.

Total Capital EQUipment ..c..cievvssssesccoscacassncse 35,500,000
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