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~ I I  large as the control groups. Developlng Tribolium eggs a r e  
&out 10 tlmes as sensitive to heavy ions a s  pupae. (b) Phyco- 
myces has been found sultable for clinostat m d  radiatlon studies, 
pgd development of basic technlques f o r  culturing and handling 
L in progress. (c) Uslng density-gradient centrifugation. labellng, 
m d  s w l v a l  studies of naked DNA In phage, we find that radlatlon 
dpmage can be clmsff led into three dlstlnct groups; double-strand 
scisson, single-strand sclssion, and molecular alteration. 
(d) Study of the biological effects of ultrasound was contlnued In 
mammalian cells, yeast, and Trlbolium pupae, (e) ESR measure- 
ments of free radicals Induced In L-valine and bacterial spores  
by accelerated heavy Ions Indicate that at stopping powers greater  
than 2.5 X 10' MeV cm*/g and at low doses. the maximum signal 
intensltles obtainable at the peak of the power saturation curves 
Increase depending rn the Irradiation and observation tempera- 
truss. . 
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/' 01:448 B1OUX;ICAL EFFECTS OF HEAVY IONS ON THE 
NERVOUS SYSTEM WITH SPECIAL REFERENCE TO VISION. 
T o b l ~ .  C. A. (Calffomia Unlv., Berkeley. Donner Lab.; 
Cnlifornla Univ., Berkeley. Lawrence Berkeley Lab.) Contract 
W-7405- ENG-4 8. 

The alm of this program Is to elucldate the blologlcal processes 
whereby astronauts observe visual llght-streak effects while ex- 
posed to cosmlc-ray partlcles In space flight, and to assess  patho- 
logical effects that may be the consequence of exposure to heavy 
lons. The experimentd approaches Include: exploratton of vlsual 
sensations induced in humans by lndlvidual accelerated ions; co- 
operation wlth the medical research team and astronaut teams at 
the Houston Manned Space Flight Center In preparing and execut- 
Ing Apollo space fllghts; primates and other mammals will be 
studied wlth varying doses of radlation in order to elucidate haz- 
ards, if any, of heavy-Ion exposures of retina and brain and to 
obtaIn data on performance decrement due to heavy Ion i r radla-  
tlon. 

In a se r ies  of experiments at the Berkeley and Seattle accelera- 
tors, human subjects have observed light flashes In neutron beams 
of 640-MeV peak energy (2 subjects); light flashes and dim but 

Jects); light flashes and s t reaks due to indlvldual accelerated 
hellum lons Impinging on human retina (2 subjects). M'e have also 
eooperated r l t h  the astronauts on Apollo 1 4  and helped to obtaln 
additional information on the light flashes ln spaceflights. 

It appears that the light flashes observed In space a r e  due to 
heavy prlmary cosmic ray partlcles of 2 - 6 and higher [and, 
occlslonally slow protons (hlgh LET) and He ions]. 

02:609 
SPACE BIOLOGY. 
Donner Lab.; California Unlv.. Berkeley. Iawrence Berkeley 
hb.) Contract W-7405-EX-48. 

"his program Is concerned with the quantltative assessment 
of the blologlcal effects of space radlation. The approach Is f i rs t  
to dlssect space radiation into its components, then to slmulate 
these components uslng the cyclotrons, Bevatron, and the HILAC 
pad study thelr specific effects. The lnvestlgations a r e  producing 
an accumulating body of data whlch can be used to understand the 
JUic  interactlon of radiations as a function of thelr h e a r  energy 
transfer at the cellular and tissue levels; obtain spec ld  effects of 
radlation on locallred system in multicellular organlsms, par- 
ticularly mammals; relate (where appllcable) cellular control 
mechanisms to radiation carclnogenesls; and to ald In assessment 
of space radlatlon hazards to astronauts in space fllghts of short  
and long duratlon. 
Some of the experiments are on a cooperative basis with other 

b r a t o r l e s ,  e.&, Brookhaven Natlonal Laboratory and the Ames 
W r a t o r y  of NASA. 

After whole-body irradlation with helium lons, mice showed the 
following physiological changes: Flrst. a p r o g r e s w d e s s l c a t l o n ,  
rapidly decreasing skln temperature, decreased blood flow to the 
skin and kldney, decreases  ln plasma bicarbonate and sodlum 
levels, and an increased organlc-acid production. Second. an acute 
m u n m a t o r y  phase shown by a rapld r l se  In skln temperature and 
blood flow, and observable skin damage as epllatlon and rnolst 
bequamatlon; also a large increase ln fluld consumptlon and a 
major change ln the content of plasma proteins. After 30 days, a 
recovery pbase where physlological parameters  return toward 
Pre-lrradlation values. Radlation damage to skin suffldent to 
Produce epllatlon and desquamation wlll also shorten Me. Sur- 
V l V d  Of skln cells at a penetratlon depth of 120 mlcrons is rig- 
nulcmtly greater  than survival a t  greater  penetratlm depths. 

=:450 BOVINE LYMPHOCYTIC LEUKEMIA: STUDIES OF 
:TlOMGY, PATHOGEXESIS. rLVD MODE OF TRANSNISSION. 

brensen,  D. K. (Minnesota Unlv., St. Paul. Coll. of Veterinary 
Meache.) Contract AT( 11 -1) 91 0. 

definite s t reaks In neutron beams of 25-JIeV peak energy (6 sub- 

STUDIES OF HEAVILY IONIZWG PARTICLES AND 
Leith, J. T. (California L'niv.. Berkeley. 

n e  primary objectlves will be the elucldatlon of the e t l o l w  
and factors Involved In the transmlssion of bovine leukemla. The 
studies wlll include further work cu the C-type vlrus Isolated 
f r o m  cattle durlng the prevlous year's study and Its relationship 
to bovine leukemia. Transmlssion studies involving the inocula- 
tlm of newborn calves and fetuses wlth C-type vlrus wlll be 
hltlated. Studies will contlnue to adapt serologic procedures 
m c h  as complement fkatlon. immunodiffusion, and immuno- 
fluorescence to this C-type virus to determine lnfectlon ra tes  
in cattle. Studles wtll also be continued on hlgh incldence herds  
to obtain epldemlologlc data In defhed populations of cattle. 

The most exciting result Is the isolatlm and demonstratloa of 
C-type vlrus f rom both leukemic and lymphocytotlc cows. C-type 
v h s  was not demonstrated in apparently normal. nmlympho- 
cytotlc control cows. Hlgh incidence herd studies coothue to show 
that 90% of all tumor cases of leukemla have a perslrtent lymph- 
cy tosh  prlor to the development d tumor. 

02:451 BIOLOGICAL EFFECTS OF IONIZING RADIATION A T  
THE MOLECULAR. CELLULAR, AND HUMAN LEVEL. Hempel- 
maM. h l r  H. (Rochester Unlv., N. Y. (USA). Dept. of Radlol- 
ogy.) Contract AT(11-113501. 
A cell cycle analysis of the incldence and repair  of radlatioa- 

bduced slngle and double strand DNA breaks wlll be d m e  with 
L5178Y and HeLa cells. The repalr  of single and particularly of 
double strand breaks wlll be compared with the ability of the ctll. 
at the game age, to repair sublethal damage. Lvlge (Int. J. Radiat. 
Blol., 17, 61 (1970)) has already shown that in synchronous HeLa 
cells, repair  of sublethal damage occurs to a much greater extent, 
if not excluslvely. during C, and late S than during other s tages  of 
the repllcation cycle. Slnce the progresslon component of Eklnd-  
Suttoa type recovery had been taken Into account, any molecular 
repalr  responsible for the repalr of sublethal damage should also 
occur to a much greater  extent a t  these stages. 

The planarian wlll be used as a model system for the study of 
stem cell populatlon kinetics, particularly with regard to the loss  
of dlfferentiatlve integrity and the animal's mechanlsm(s) for the 
control of dlfferentlation. Lang (Int. J. Radlat. BIOI., 13, 511 
(1968); Ibld., 14, 119 (1968); Ibld., 373 (1969); Ibld., 539; ibid., 
15, 51)) has already shown the usefulness of the planarlan for 
such studles and work will contlnue along the same lines. 

A study of former plutoalum workers wlth plutonium body 
burdens wlll be conthued and thorough medical examination, 
Lncludlng urine analysis and lung counts, of as many of these men 
aa porsihle will be performed. 

A system for  automated gradlent analysis h a s  been developed 
and constructed. such that experimental p o h t s  may be taken every 
two hours about the 24 hour HeLa cell cycle. Experiments wlth 
I5178Y and HeLa cells a r e  now in progress. A planarlan Iabora- 
tory has been outfitted and a re la thely local source of h g e s l a  
lugubrls has been found. 

M:452 
TALITY EXPERIESCE OF EMPLOYEES OF AEC CONTRAC- 
TORS. Mancuso, Thomas F. (Plttsburgh Unlv., Pa. Dept. of 
Occupatlonal Health.) Contract AT(11-1)3428. 
A 1-year (1965) feaslbility study determlned avallabillty of 

amounts and kinds of data for a radloepldemlologlc study of 
atomic energy workers in selected AEC facilltles with a total of 
176.000 employees. A 5-year pllot study was then Initiated to 
begin a llmlted study of these facllltles. The study is directed at 
the presence or absence of effects on human populatlons of low- 
level occupatlonal radlatlon exposures received by atomlc energy 
workers. Previous reports discussed In d e t d l  project objectlves, 
design, and data abstractlng procedures. All personnel and radl- 
ation exposure data avallable at Hanford and three plants at Osk 
Rldge a r e  now on magnetic tape. JIost of the other environmental 
and job identlflcatlon data have also been taped. Those who dled 
among the 35,000 employee populatlon and 20,000 slbllng control 
populations for Hanford have been identifled together with dates and 
places of deaths. Prellmlnary comparisons have been run of 
Lnortality ra tes  of employees versus various controls, for cohorts 
f rom 1413 to 1969. Death certlflcates a r e  belng requested from 
states  and wlll enable analyses by c a m e  of death; subsequent 
~ n d y r l s  wlll be by dlsablllty. 

(#:a3 
GANISMS USING RADIOISOTOPES. 
Blologlcal Lab., Woods Hole, Mass.) 

facllity maintained to provlde a wlde variety of requlrements- 
Lsotopes. chemicals, equipment. research space-for the radio- 
b i o b g i c d  research of about sixty-flve senior scientists each 
summer.  
02:454 EXPERIMENTAL STUDIES OS REGENERATION N 
THE CILIATE PROTOZOAN, BLEPHARIShIA MTERhIEDIU>l: 

STUDY OF THE LIFETIME HEALTH AND MOR- 

STUDIES OF THE PHYSIOLOGY OF MARINE OR- 
Ebert. James D. (BIarlne 

Contract AT(ll-1)3325. 
Thls contract 1s ln partlal support of a contlnulng servlce 
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’ =:no BIOLOGICAL EFFECTS OF H U V Y  IONS ON THE 
NERVOUS SYSTEM WITH SPECIAL REFERENCE TO VISION. 
Tobias. C. A. (California Univ.. Berkeley. Dormer Lab.; . 
Californla Univ.. Berkeley. Lawrence Berkeley tpb.) Ccmtract 

Tbe dm of thin program La to eluctdate the biological processes 
whereby alrtraaauts observe visual light-streak effects while ex- 
posed to coimic-ray particles in apace flight, and to assess patho- 
kgicnl effects that may be the consequence of exposure to heavy 
Ions. The experimental approaches Include: exploraticm of visual 
masatlorn tnduced in humans by individual accelerated lms; co- 
operattm with the medical research team uld astronaut teams at 
the Hou6tm Manned Space Flight Center in preparing a a d  execut- 
hg A p o b  wace fltghta; primates and other mammals will  be 
studied Wttb vuy lng  dwca of r d i a t i m  In order to eluctdate hu- 
ude.. if any. of heavy-ton exposures of retina and brain and to 
obtah data 011 pexformance decrement due to heavy ion trradin- 
tloa. 

tors, human subjeas have observed light flashes In neutrm be- 
of 640-MeV penk energy (2  mbjects); light flashes and dim but 
definlte streaks In neutrm beams of 25-MeV peak energy (6 sub- 
jects); llght flashes and utreaks due to indlvidual accelerated 
helium ions impinging on human retina (2 subjects). We have J a o  
cooperated wtth the a shmau t s  on Apollo 14 and helped to obtaln 
Iddltional Information on the ltght flashes In spaceflights. - 

It appaara that tht llgbt flashes obaerved in space are &e to 
heavy p r i m v y  coimtc ray particles of Z = 6 and higher [and, 
occp.kaaUy rlow protmr (high LET) and He imil. 

’ W-7405-ENG48. II 

In s scrtea d experiments at the Berkeley and Saattle accelers- . 
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