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U.BORATOR'i' OF NUCLEAR 'MEDIC!.NlE AND RADIATION BIOLOGY 
UNIVERSU"'l' OF CALU'OIU'\l£..4 p LOS- ANGELES 

CONTRACT AT(04-l)-GEN-12 

U. S. Atomic Energy Commhs ion 
$AN FRANCISCO OPERATIONS OFFICE 

· Biology and Medicine 
. PROGRAM 

RlESU!Ri~H AND lQEVELOP:MENT PROGRAM 

IN'!'RODUIC'l'ORY STA ~T 

The"b!O"medica.l program of the Laboratory of Nuclear Medicine and Radiatlori.Biology 
rs· conducted ·wft:hin the t:icope of the· following categod.es:· . Somat'ic Effects- of ..... 
Ra:dl.ai:ion; ·--coinbadiiri Det·r~m~rit:al Effects ·.of" Badiiition; Molecular· ·and-Cellular Level. 
Studies·;· Erivironmental .. Radiiitio1lll Stud1es~; Radiological" and Health Physlcs· arid· 
Insti:Uinent:ado·n; Chemical Toxicity; C~ncer Research; and Selected Beneficial 
APPlications • 

Tli.e overall- ob]iectlves of the L!boratory within these are~s of the Biology and 
Medicine Program may ~e summarized as follows~ 

.) 

1. "Investigation of the effects of i.oinizing radiation on living organisms 
and syst.ems of b;i.ological significance. 

2. Inirestigstion of the dynamlc aspects of physiologlcal and biochemical 
proc.esses in man·~ auimials and· plan."t"s and how- tlte~e ·processes are 
modifi(;d by radi~ti.on and related pathological .state~. 

. ' ' . 

3. The assessment and study 9£ the immedia-te and lon$ term cons~iquences 
of the op12ration or dtiltona tion of ~uwlear devices on the fauna, and 
flora in man's environment and on msn. 

. . 
4. The developme·nt of me.thods of minimizing or preventing the detrimental 

effects of iouizing radiation. 

5. , Research in, and development of, beneficial.uses of ionizing radiation 
a11d radioactive subBtances in medicbte and biolo$Y• 

6. Research in the developm~nt of new and more efficient radiation 
detection devices. 

7. Research, includ1.xtg field studies, as mutually-agreed upon by the 
Connniesion 1.md the University~ in connection with the conduct of 
weapon tests and biomedical a"d civil effects experiment~ at such 
testa conducted at conti.it~mtal and overseas t_eat sites. 

8. The conduct of training and educ<l'.Atiorml activit:ie·s in the biological 
arid me_dic.al asp·e~ts_ o'f radiation and related fields. 

1 

\. 



Pro~ram Assumptions for FY 1965 and FX 1966 
, I 

In ·general, the overall d'irecdoti· and level of' the Labc;>ratory' s programs remain 
unclUlnged-, but with moderate expansion's in som~ projects and slight shifts· of 
emphasiS among others during FY. 1965 and FY 1966.· lri'Molecular and Cellular. Level 
Studies, the current moderate expansion 'is expected to continue with increasing 
emphasis on the effects.of ionizing radiation on the function, structure, and 
ultrastructure of membranes ~n~ cells and· the· initiAl ev~nts wsio~iated with the 
interaction of ionizing radiation and molecules, as we11 as nucleic' add coding 
sys.tems lind related enzyme studie·s. In the ter.restrial and· Fresh Water Ecology 
category, studies in the ecological characterizations· of the Nevada Test Site, 
balance studies of radionuclides in an active dairy far'Jll in Utah,. and various· 
studies of controlled, continuous low~level radiation of natural popula.tions and 
vegetation in the Rock Valley area are expected to reach their maximum activity 
during fY'l966 and the three years·immediately following. In the Atmospheric 
&9dioa.c.t:hr:i.ty· and Fal·lout ~atc_gpry, the tfhlft in emphasis· from collection and 
physical characterization of fa ilout has resulted in an expansion of 'programs · 
aealing with the development of mathematical models for isotopes in the food chain 
and the design of experiments to conflrm the accuracy of these mode Is; as we 11 as 
field studies to determine rates and pattern's of •transfer o'f fallout radionuc1ioes 
hom the atmosphere to soil plants, and animals. The evaluation· of fallout data 
previously .collected during large scale field tes'ts will continue but at 'a 
decreasing level of effort. In Selected Beneficial Applications the current 
increased level of effort in studies. for the development of techniques for· the use 
of radioisotppes in clinical diagno.sis and elucidatiqn of ineta~olic £unction will 
be· con.tinued and expanded. The Total Body Counter wil~ play an· increasingly · 
iinportan~ role in· these studies. It 'is· anticipated that other programs in 'the· 
categories· of ltadiation Effects-General, Combating Detrimental Effects of· Radiation, 
Radiological and Health Physics, Radiation Instruments, Chemical Toxicity, and · 
Cancer Research wiil be continued at approximately their current level of effort. 

General Conments on P~ogram Costs: 

The comppsi.tion of costs and staffing for FY 1964, FY 1965, and FY 1966 are 
Sll1ll~Il.Bri.zed below for the entire Biology and Medicine Program by major categories 
of expense. 

I. Costs: {Shown as Thousands) 

Salaries and Burden (Direct) 
Supplies and General Expense 
Indirect Costs 

Total Operating Costs 

~·y 1964 

$1,258.8 
235.7 

1,055.5 

$2,550.0 

II. Manpower: (Shown as Full Time Equivalence) 

Direct Man Years 

Direct Scientific Man Years 

2 

147.\; 

129~ 

FY 1965 

$1,492.7 
215.6 

1' 110.4 

$2,818.7 

152~ 

134t 

FY 1966 

$1' 617'.0 
250.4 

1,134.1 

$3·,001. 5 

160 

14lt 



III. Cost/Manpower Data: 

cost/Direct Man·· Years 
Cost/Direct Scientific Man Years 

$ 17:3 
$ 19.7 

$ 18~5 
$ 20.9 

$ 18:8 
$ 21.2 

Tota 1· Cos·t an~ ma~power data for . individua 1 resear'cll pi'oj~d:~ are su;nilnar~zed by 
Biology ar1if. Medicine ActivitY' cat'egciries· in. the· chart on ·Page ·4 •.. More· ·deta_ilf!!d 
cost"and-~npower data is ~iven in the individual P+Oj~qt stat~meqt~ on 
succ~e~ing pages,· 

- . - . - ... 

As will. be noted in .the individual project. statein,ents- the· methO,d,. used af this 
Lahoilato;r;y for' allocatlng indirect costs" to. research" projed:$" c9nslSts. of" ... 
pro:.rating' total "indirect cosb3 on the" basiS' of .the percentage" o'f' to~al :ciirect". 
salary exp~n~e th~t. each rf:!~earch group- incurs~, .. Thls" 'P,teth()d' of. a"s'slgn~iig 'lnciirect 
costs iS" belleved' to 'be· sufficfently"accu;rate' an.a· appropr~$~¢ for· ~n "org~nizafion 
of our sl~e- and relai:::l.ve. uniformity ·of· composltiQn~ .. iiowe,ver,. undef· .thi~ tite~h"od 
of"pro.;,ration· iri.direct costs are ·n.ot"specifically ~d~ntifial>i~ under" ~ndividuar 
research projec"ts, an~ ~or this ·r~ason,. the ·composition of in~Urec~ eXpense fo~ 
the total Program is given below in some detail. · · 

FY 1964 
Composition of Indirect Expense: 

-I-.· Manpower (Shown as Full 'J;ime Eq~ivalence): 

Adm;i.nis.trative l)ervices 

Technical Services 

B~ilding Mainte~nce· 

Tot;al Indirect 

II. ·Costs: (Shown in Thousands) 

Administrative. Services 
Technical Services 
B~i~ding ~intenance 
Occupancy Cha~ge 
tJtilities 
U.C. Management Al~owance 

Personnel 

$ 

42 % 
. 18 % 

8 ~ 

69 ~-

405.5 
175.6 
72.5. 

200.0' 
67.5 
75.0 
36.1 
23.3 

u.c. Accounting & Purchasing Service~ 
Miscellaneous (Security, Laundry, · ...__ __ _ 

Postage, Gene~al : 
Supplie!!J, etc.) 

Total Indirect Costs $1,055-.5 

3 

FY 1965 Ft: 1966 

41 ~ 41 \ 
20. ~0 

8 ~ 9 

69 % 70 ~ 

$ 419.8 ~ 425.1 
213.6. 221.5 
1a.o 85.5 

200.0 200,0 
67.5 67.5 
75.0 75.0 
36.1 36.1 
23,4 23.4 

$1,110.4: $1,134.1 



. 4 
LABORATORY' OF NUCLEAR MEDICINE AND RADIATION BIOLOGY -

UNIVERSITY OF CALIFORNIA, LOS ANGELES-CONTRACT AT(04-1)GEN;.12 
. PROGRAM ·060000-·COST SUMMARY 

(In .Thousands) 
AEC ACTIVITY 

'PROJECT TITLE- INVESTIGATOR 
06-01-01 Radiation Effects-General ·· 

~dlcal Phy-sics Problems '(B.· cassen) · 
Effect- of ~diadon on the Nervous System· (T. J: HB ley) 
Poit-Irradi8tiot) GastroiiitesHnal Furie.t:lon (L.E. ''Detrick) 
Late Effects: Radiobio~_ogy _ (L. Bennett .and B. Lamson) 

' "'~TIVITY TOTAL 

06-03-00 COmbAting De.tr'imEmtal Effects of Radiation 
~diation Therapeutics (J. Leitch) 

. ; 

06-04-00 Molecular & Cellular Level-Studies 
Enzyme· chemfstry {I. Harary) · ·­
M8d:oinolecular Chemistry· (N. Simmons) 
General Metabolism (J. F. Mead) 
Organic Chemistry (D. a. HC>wton) 

ACTIVITY TOTAL 

tracer SYnthesiS (J •. c~ Nevenzel) 
Pathology ·(T. G. Hennessy .:. Acting) 
Chemical Radiobiology I (L. · s. Myers) 
Chemical Badiobiology_-u (J. ·F. Ward) 
Metabol'ic Radiobiology (0. A. Schjeide)' 
Cellular Badiobiology (N~ de T.- Whittaker) 
Physical Radioblology (E. H. Strickland) 

06-05·01 · terres-trial & Fresh Water Ecology 
Soil Factors (H.· NiShi tar -
Plant FeU: tors (E.' M. Romn·ey) 
Environmental Decay· (H: Haw.thorne) 
Plan't Physiology· (W •. A. Rhoads)' 

ACTIVITY TOTAL 

Radiation ECology-Mammalian Irradiatfon.(N~ French) 
Ecolo_gy of the Nevada Test Site (iT. Beatley) · 
Radia.ti(>n Ecology-Lizard Irradiation (F. Turner) 
Radiation Ecology-Plant Irradiation (W. Martin) 
Chemical Problema-Ecology (R. Wood - Acting) 

ACliVITY TOTAL 

.. 
J· 

'·. 

•. 

·-·· 

FY 1964 
COSTS MAN YR3 

$ 61:3 3i; 
79:3 5 

·51:0 ~ .. 

.30.7 3~ 
$ .222 .3 .. . 15 

., 
~ 

$ 69~0 3\ 

$ 69.;0 3lz: 

$ 95:o 5\ 
52:5 .. 3\ 
'76: 1 5 
49:7 2\ 
45:9 2\ 
5Ll 4 

1'46: 7 9 
32:5 2:. 
78:9 4\ 
23:5 1 
23~6 1-

$ 675.5 40\ 
- .. 

$ 65:3 3f 
n:·a 4\ 

-113:5 6' 
42:2 2\ 

. 9L5. 5 
73.9 4t 
35.7 2\ 
34.5 2 
87.1 5 

$ 616~5 36 

FY 1965 
COSTS MAN YRS 

$ 59.0 3.\;: 
102:~9· 5\ 
56~4 3 

. 34.7 3 

$ 253.0 1~ .. 

$ 64~9 3\ 

$ 64.9" 3li 
. 

$ 86:0 5' 
52.6 2\ 
86~1 5 
54~6 2\-
49:3 2~ . 
52:1 3\ 
145~3 9 
33:8 2' 

107.3 5\ 
53.2 3 .. 
57;4 3-

$ 777.7 43\ 

$ 75.9 4 
79:8 4\-

116:2 6 
55,:1 3 

., 

110:3 6 
'86. 0 5 
50.5 2~ 
51.6- 2\ 
92.7 5 

$ 718.1 38\ 

FY 1966 
COSTS MAN YRS 

$ 60~6 3~ 
106:1 5%. 

·. 
59:1 3 
34.9 3. 

$ 260.7 14t ... 

$ 67;6 3\ 
" $ 67.6 3\ .. 
-· 

.. 

$ 90:9 5 
89:5 . 4\ 
88:o . 5. 
55:1 2~ 
50:9 2~ 
53:7 3\ 

15o:8 9' 
35.1 2' 

101:5 5\ 
66:2 4' 
63;8 3\ 

$ 845.5- 47 

$ n: 7 4' 
.-: n:o 4\ 
119:3 6 
58:5 3 

.118:7 6i;_ 
88:9 5. 
53:8 2~ 
53.7 2\ 
98.4 5 

$ 740.0 38't 



06-05-03. Atinospheric · Raa:toac.tivity arid Fallo.ut - · 
Chemica 1 Problems-Fallout. Studies· (R. Wood:..Ac ting) 
Nuclear Eve.nts-Biolog'ical Studies· (F. Turner): 
Envhonmenta1 Assessments-Plant' Studies (W. Martin) 
Physical & Radiological Characteristics of Fallout (K·.Larson) 

- ACTIVITY TOTAL 

06-06-01 RSdiolojdcal 6c Health Physics-
Radiation Dosimetry (G. V~ Taplin) 

ACTIVJTY TQTAL 

06-06-02 Radiation Instruments · · 

06-07-00 

06-09-00 

06-10-00 

Medical Physics Instrumentation (B'~ Cassen) 

ACTIVITY ToTAL 

Chetnic81 Toxicity · · 
Chemical Toxicity of Rare Earths (T.· Haley} 

· ACTIVITY TOTAl. 

Cancer· Research · ·· ·· · 
Biorogical Studies of Leukemia (E. F. Hays)· 

ACTIVITY TOTAL 

.Selected· Benerlcial AppH:cations.: - ·· · · · 
clinical 'Ni£cleai: Medlcine · (G: V. -·Taplin) 
B8sic'Niiclear Medicine· (tr. v. Taplin)· 
Hemodynatl\"ic·s (G. v. TapHn) ... . 
Nuclide ·Metaboliem (N. MacDonald) 
Heina:tology '(J~ F·. Ross - Act,it1g) .. ·· ·· 
Mamma Han Radiobiology (T. ·G. Hennessy) 

ACTIVITY TOTAL 

Total 06-00-00 Program 

5 

$ 8o:r 
n:2. 
93:6 
48~5 

$ 299.4 

$ 45~1 

$· 45·.1 

$ 75.8 

$, 48~3 

$' 48.3 

$ 7L8 
$ 71.8 

$ 127:4 
47:7 
28:9 

103:3 
68:4 

·50;6 
$ 426 .. 3 

5'-- "$ 83:9 5: 
3\ 82:7 3~ 
5 83~5 5 
2. ··52;2 2· 

15\ $ 302.3 15\ 

2\ $ 30;0 1\ 
2\ $ 30.0 1\ 

3\ $ 62.5 3\ 

2\ 
2\ 

4\ 
4\ 

$ 53;5 

$ 53.5 2\ 
.; .. 

$ 61;6 4\ 
$ 61.6 4-\ 

.·. 

$ 147:3' 7~ 
62:0 ;4~ 
36:6 1?,; 

10.8:5 .,, 5~ 
82:4 :3~ 

·58;3 ·3.· 

$ 495.1 is% 
' t. 

$2,550.0 • 147\ $2,818.7 152\· 

$ 88:2 
100:6 
86:8 

·6LO 

$ 336.6 

$. 30~2 

~ 30.2 

$ 63;0 

$-· ·63.0 

. :-$ .. 55; 8 

$ 62;1 
'$ :. 62.1 

$'139:0 
· ·, 8L9 

,~: . :38:9 
.... ~117: 1 

": 86:4 
. ·76; 7 

$ 540.0 

5" 
4~ 
5 
3 .. 

1\ 
1~. 

3\ 

4\ 

7\ 
5' 
1\ 
6:t 
3~ 

·3\ 
27 

?3,001.5 160 
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frogram 

1. Contractor:. 1.4boratpry of NiJclea-r Med!.cine and Radiatt,.on Biology c. 
University of California, Los Angele!i , ,· .. 

. ~ont~'!-ft No.: A'{(04.-l)GEN-12 
.:-: 

. t.' • 

2. · Project Title; 
Med:lca.l .. Phys.ics Problems· 

... :. L 

3. AEC Budg~.t Activt~y No.:. 
06-01~01 . . 

. : >t• 

·5. '··-~tnod~_of Repo-r~fng: 
Publication,s, UCLA' ~pott§ 
~eml-annu•l and Ff~a~ Reports 

7. Pers.on-~_.i.ti Charge: 

Benedict .Cassen 

9~ . Man· Years 
• -· •.. -· .... ~ : 1' '"'f~";.. .•. ~ .~ 

(a) · Sci,nti,.fic. .,::t .• 
. .... 

·(b) ___ Otl,)er Tech• 
, I ~ .~ .. ~ ; •• ', 1, ' 

. ·: !. Totai 

·1o. Costs··. 
• • • ·~ • : t. -~ .• :-···.·· 

. (a)'.:_:_ Pt~~ct Sala~ie~ <_ . ' . 
• :. "!':f.':..:). ·'s .· 

(b) Material~ &_ Seiyic;:es . 
. ' . 1 

(c) Indirect Expens~s* (3%) 
1." ... •• 

-~ 

4. · i>ate Prepared: · 

.\ ·iti" ·; t964 -· -p_ -- .. 
6 • · Wofk ing Location : 

UCLA. 

8 •. Project Term: 

'" ; . 

From: 1955 To: Continuing 

· FY 1964 

FY 1964 ' 

30,000 $ 

11 000 

30.300 (2%) 

Ft 1965 

2, ~ 
3 . 

.• :.~ij-

' 
FY 1965 

34 100 . ·~·J. -~ 

2.a 700 

22~200 

-·· .$ 

(2%) 

rl 1966 

2 ~ 

FY 1966 

35·,200 

22700 

22 2700 

·--$· 61 300 ' : 
$ 5.9~(;}'00 - . "60 600 . $ .. ,_ .. 

'·~: 

': ' 

* Total indirect· expense o( _the Contract pro ... rated among indiyidual ·pr:oje_cts 
on the basis of the: percen~age of.- total direct salary expe~1se represepted 
by the'particul~r pr6Ject •. -· ·- •.. . . . . .. . . . . .. . ... ~"· ~. 

·.·.: 

6 

·'. ~ . ' 
: ~: .~· ~- . c- .. r· .. 1 •• : .~ 

· .. ,, 

; ;~ 

"' .... : .. .:. 

'!.; 

... ~·· 



11. PUBLICATIONS DURING. FY 1964 

TW?-f$p~rs were .i'~ad. ~t· the _M~~wauk~e Me~t!ng 'of -~he RacUatioii Rese_~rch Soc~ety. 
They are (1) The ,Effect .of Tota1 Body Irradiation on the Siz~ Distribution of 
C{rculitlri.g :Lymphocytes·- by R~D. Neff ·and· B. _Cassen, and (2) Stimulation of 
Extracorporeal lHo_od lrradia tiori by the Localized Tail Irradiation of Mice-
by B. Cassen, M. MQody and R. Neff. 

12. SCOPE OF PROJECT 

_In this project, much of our effort devoted to the use of new techniques and. 
me'fhods'iri the study of the effects of acute radiation on'clrculating lympocytes. 
The'physioloiJ-and·kinetics of lymphocyteS are Of great COmplexity •. There iS 
strong evidence· that lymphocytes recirculate bY way of- the l}'mpha~ic. system- - .. 
through the-thoracic duct and back intQ the blood. They also leave the 'blood and 
pSSS into mOSt body tiSSUeS whe're ,. 88 iH well. known, they e;ld.st in hrgA numbers o 

Their .. ultimate.history and fate ar~ still unkno~. There is incr~asing 
evidimce. that under ·antigenic stimulation. even ..!!! vitro they can tra11sform into 
other. imimologically functioning cell t'ypes. ln an initial a~tem~t ·to help 

.unravel this. complex situation we have been studying some of the factors 
involved in the rapid disappearance of circulating lymphocytes ~fter total body 
irradiation and in the rebound phase which occurs after the minimum cell count. 
one of the ,methods .we hav:.e developed for this study consists in employing a 
multichannel a~~lyzer in conjunction with a. Coulter counter. This makes 
possible the det~rminatio~ of.a.c011,1plete size distribution sp~ctrum witll high 
resolution~ . The foll.owi_ng indicates some of .the po~entialities of this develop­
ment.-. A det~rmination of size distribution of lymphocytes, separated from a one 
ml blood sampl_e, can be made in about 2 minutes. Accordingly, ~he lymppocy~e 
size spectrum of a single animal can be followed sequentially in ti~ after 
irradiation, thereby greatly reducing the statistical uncerta~nties of using a 
~ew·animal, ~()r- ea_ch time after irradiation. It has been found poss.ibl~, by __ the 
use _of .the logarithmic cl:.isplay feature of the multicltannel analyzer, to resolve 
the statistical. occurrence' .of extra large lymphocytes which might be present 
only in. one or -two per 10,000 cells. By this ~ans we expect to be able to 
_determine. the relative occurrence. of binucleate lymphocytes before and after· 
.irradiation. 

Also, these methods have confirmed results obtained previously that radiation 
causes ~mall, lymph~cytes to decrease in number more rapidly than large 
lymphocytes, although the latter are also reduced in absolute nwnber. There are 
several hypotheses thatwould explain this effect. Fu~ther exper~nts are being 
undertaken in an attempt to exclude or prove certain possible explanations. One 
theory proposes that large lymphocytes, which are known to be capable of 
m~.totic. division comprise. ,a,.stem cell system for the generation of medium and 
small lymphocyt_es., To help in elucidation of the effecJ: ·of radiation on large 

· lymphQcyl:es we are growing. _separate4 lymphocyte cell cul~ures from an· .animal 
just prior to and immediat.~ly after an acute dose of racUa.tion. The comparative 
yield of mitotic figures observe~ after 72 hours in cultures stimulated by 
phytohemagglutinin and finally treated with colchicine indicates the direct 
effect of the total body irradiation on the large lymphocytes. 

7 



In order to gain further information on experimentally detectable classes of 
lymphocytes, we have developed and are using an electrophoretic cell separator 
which, amongst other uses, can be used to fractionate lymphocyte groups into 
fractions of different zeta potential. The cells remain viable and can be 
studied in cell cultures. Iu preliminary tests the electrophoretic fractions 
have been found to have different size distributions. It is very likely that 
the zeta potential of a cell is related to its metabolic activity and this in 
turn is correlated with its size. The data is being analyzed. to explore its 
significance. 

13. RELATIONSHTP TO OTHER PROJECTS 

Dr. 
Dr: 
Dr. 
Dr. 

M. 
o: 
c. 
E. 

Ingram, University of Rochester, Atomic Energy Project 
Trowell, Medical Research Council, Harwell, Didcot, England 
Craddock~ UCLA School of Medicine 
Cronkite, Brookhaven National Laboratory 

14. TECHNICAL PROGRESS IN FY 1964 

Dy the use of techniques and methods indicated in Section 12 above, the following 
results were obtained or indicated, 

(a) It was confirmed that after acute irradiation of rabbits at various dose 
levels in the neighborhood of 100 to 300 rads, small lymphocytes decrease in 
number considerably faster than large lymphocytes, although the latter also 
decrease in absolute number. The high resolution quality of the size spectra 
now being obtained enables much better resolution of detail in the size distri­
bution. Definite maxima and minima are observable and change after irradiation. 
Their s~gnificance is being studied. 

(b) By means of the logarithmic display feature of the multichannel analyzer 
it appears that the occurrence of large lymphocytes, although only present in 
one or two out of two thousand cells, can be detected with good statistical 
significance. The number of such cells increases after irradiation. We are 
trying to determine whether or not they can be identified as binucleate lympho­
cytes or as extra large lymphocytes arising from antigenic or other stimulation. 

(c) By the procedure of growing cell cultures from separated lymphocytes from 
a rabbit before and after ~ vivo irradiation, it has been shown that the ab­
solute number of mitotic figures is reduced in the cultures prepared from the 
animal after irradiation. However, the total number of lymphocytes (small and 
medium) is reduced even more in proportion. 

(d) Preliminary results obtained with the electrophoretic cell separator in­
dicated in Section 12 above show that the viability of fractionated lymphocytes 
can be maintained through the fractionation procedure. The size distribution 
of fractionated lymphocytes is changed in the various fractions. The signifi­
cance of these observations is being analyzed. It is probably related to a 
correlation of zeta potential and size mediated via metabolic activity. 
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15, EXPECTED RESULTS IN FY 1965 
.... ·, " . ···-~- -·· ~ .. .,; ... 

it i~ 'expected "tha,t' t~or'ough arid sy~te~ti6 ·~asui-e•nts .. c.aii' be uijde "()f chailges 
in:'lyqrpli.ocyte"size'distri6utions after "iri."vivo total·~·ody"irrad~i:ation"through'.' 
tlie· complete- diQe-·sequence_-of. injury, "rebound ~nd r·ecov~ry ... It . is. e~pected that. 
li.!i,Uar -~easureiDents·-can 6e ·obtained on electrophoretic fra~d.ons o£ these cells. 
The-d~ t~ win be carefully ~ria lyzed for the light it ·-w~n . throW on tqe 
pny~lology-andkinetics of lymphocytes, and th~ir response to·exposur~ to 
i0[).i,.z~ng.radiation. . . ·• ·-"' . . - .. . 

. It ·~~-expected that a relatively simple and inexpensive tec}lnique can be evolved 
.. ~o .. dete~m~ne the incidence of large lymphocy~es (possib~y binucleates) after. 
low dose~ of radiation. 

16 ~ -~:qE;Cl.lD ·RESULTS IN FY 1966 
• ·' : ~ r 

Jt ~~(expected in FY 1966 that fu;ther d~velop~nt Q~ techniques and methods 
~of'~asuring prop~rties of lymphocytes will help fu~ther in ~nravelling their 
complex p~ysiology and radiat~on biology. · ~~ is expect~d that a prog~am will 
pe · it;l~tbt~d ·of Q.etermining th~ ef·fec~s ~ vitro an,d in ~ of vario\,ls agents 
~ucli 's ~ertf!i,n pha:rl1Ulcologically active·agents~ polypeptlcl~s, etc., on c:ell 
s~~e:·d~strihutlon-arid electrophoretic mobility. It i~ expec;:ted that cell size 
dJst;i;:ilbudoii and· electrophoretic mobility chat;\g~s can be ob~erved in ~nii!J81S 
~rid: in, h,uman blood in various qi~ease, states. 
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SC:HBPULJ l89 
AoontoNAL J!l~fLANATlON fOR ·oPERATING QOS'fS· 

RESl£ARC~.AND OEVELOPMENT·ACTlVITUS 

SAN FRANCISCO OPERATIONS .OFFICE 
Field ·Office 

·BIOLOGY AND MEDICINE,· 
Progr~m . 

' . . 
1. Contr~ctor: T~houtpry of Nuc:lt~4~ ~d~cine and a.diatt.on BiQlogy 

University of California, Los Angeles 
!': 

Contract No.: A1(04-1)GEN·12 
,!; 

"2. Project l'itle: 

3. AEC .Budget Activity· No.: 

06-01-01 
( . . . 

'. 5. Method of Reporti~g}·:""· · 
Publications, UC~. ~eports . 
Semi-annual and Final Reports 

7. Perso~ in Charge: 

Thomas J. Haley 

9. Man Years 

(a) Scientific. 

(b) Other Tech~ 

· 10. Costs 

Total 

(a) Direct Salaries 

(b) Materials & Services 

(c) Indirect Expenses* (3%) 

$ 

·, · .. 

4. . Da·te Prepared: 

April ~ 1964 
6. Working Location: 

UCLA. 

8. Project Term: 

From: 1955 · To: Continuing 

FY·1964 FY 1965 

4. . 4 i 
1 1 

s! 

FY. 1964 FY 1965 

4:l.~QQ $ 55 1 0QO 

3 1 500 .. 3,500 

302300 (4%) 44.400' 

$ 

(4%) 

FY 1966 

4j-.. 
1 

5. 1. 
? 

FY 1966 

~~.QQQ 

5 1 700 

45 1400 

Total·· ···$ 7.9, 300 . $102.900 . $ '106,100 

··' .· 

i,: 

* Total indirect expense of. the Contract prp-ratec;!. among iC1dividual .. proje.c.ts 
on the basis of the percen~age of total direct salary expeL1se represeJ;lted 
by the particular pr6ject. ·~ 
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11. PUBLlCATIONS DURING FY 1964 

1. Chemical Prote.ctiori Against Thre~ Typ¢8 of ·Radiation Death· (Hematopoie-tic, 
G.!istroiiite~tinal and the'Central Nervous Sy~tem), Haley, T.J., Nuclear 
Hematology.~' 3-~ (196~). 

2. Protection Chiini.que Contra TroiS Types de Radiations. ~thales - A Sovoir 
teslpris ·Hematopoietiq~_es; ... G&stro-IntesHriaTes ... ef .. Nervesues'es, Haley, T :J~, 
Journees d 'Etude Sur· Les Effets Physiologiques des Radiations Ionisantes_, 
Oct~ 1, 196l; pp. 1-14. 

3. Aspects ·Nouveaux Dans Le D~veloppeme·nt des ·su}:)stances Radio~Prc;>tectrices ~ 
,Jourriees- ·d ~'Etude Sur Les ·_Effets Physiologiques des Radiations Ioni.santes, 
'Haley, T •J. ,Oct. l, 1962, pp. 31~37. 

4. faUure .of Quinpxaline-1,_4.;.di.;;N-Oxide to Increase the Su~vival Time· in 
Irri;ldiated Autologous Marrow Infu~ed Dogs, Trumbull, W.E., l{aeakami, J.A., 
Cannon, ·J. and Haley, T.J., J. Surg. Res.!_, ~0~ (1964). 

5 ~ ~f~ect;s o·f Ionizing Radiation on t·he Bioelectrical. Activity of the Ce.ntral 
Nervous' System, Gangloff,· H. ·and Haley, T .J., Jour. Neurology, in press • 

6. ·Re~;~ponse of ~he Adr~nal Cortex to Radiation, Hameed, J.L. and Haley, T.J., 
F~d~ P~~c. 23, 571 (1964). 

7. E~fect of X-Radiation on Miner~l Content of Selected Brain Areas of ~t 
B~ain; Haley, T.J., Swimmer, D. and Komesu, N.~ VI IntL Cong. of Brain 
Biochemistry, in press. 

lZ. SCOPE OF THE PROJECT 

Al~hougq information is available on certain aspects of the physiology of t.he 
irradiated animal, further studies are n.~cessat;'y if we are :to understand. and 
counter~ct the.ppysiological changes produced l>y exposure to ionizing radia­
tion. ·such studies should include an esti~tion of particular physiological 
responses and their correlation w:f.,th observed cytological effects. +his is 
particularly true for the pr.esumed radioresist~nt tissues,_ e~g. nerv0us system 
which do not p]:'esent'gross evidence of-cytological d~mage, but may be incapab~e 
Qf.performing_ th.eir required physiological function in the ·normal manner. Of 
equal i~portance is. the study of, the return of normal functional capacity fol-

. loWing both acute and chronic exposure to ionizing radiations. Quantitative 
estimation of tissue or,organ secretions, e.g. acetylcl)oline, epinephrine,· 
-qorepinephrine, etc. will also be of ·assiStance in determining the functional 
capacity of such systems, and any significant alteration in precursor-hormone 
content will be indicative of physioiogical changes resulting from radiation 
expos'l,lre. 

13. RELATIONSHIP TO OTHER PROJECTS 
.. 

u.s; Air Force'Aviadon Medical tab.;·.u.s •. Dept. pf.Defense; Armed.Forces Insti­
t\Jte of Pathology; 'Baltimore City Hospital;· Columbia University;· University ·of 
California, Berkeley, Los Angeles; University of Chicago; Cornell University; 
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Florida State University; University of ·Georgia; Institute for Cancer-Research; 
In~titute of Living; Johns Hopkins .University; Massachusetts Eye and Ear Infir­
mBiry;· Massachusetts General Hospital; Methodist Hospital; ·university of Michigan; 
University of Minnesota;.Univers::i.ty of Nebra·ska;· New England Deaconess Hospital; 
Northwestern Unive~sity Medical School; State University of New.York; University 
of Notre Dame; Univelfsity of Oregon; C.W. Shilling Auditory Research Center,lnc.; 
Texas Technological College; Texas Medical Center; Texas State College; · · 
Vanderbilt University; Medical,.College of Virginia; Washington Hospital ·center; 
Wayne State University; 'Woll;'cf!at~r. Fot•ndation for Experimental Biology; Ycrkco 
Laboratories. · 

14. TECHNICAL PROGRESS IN 1964 

Studies of the brain miner~l element ·composition using the X-ray fluorescence 
method indicated that phosphor~s levels were consistently low in the cerebral 
cortex 2, 4 and 1 hours after radiation dosages ranging from 600 to 1200 r. Such 
results indicate an increased utilization of high energy phosphate by the brain. 
following irradiation. Tne·se results correlate with. our previous observ~tion. ' 
of increased bra·in excitability early in .. the radiation ~yndrome. · Det~rminat:Lons 
of blood and adrenal gland cortico~steroids show two peaks in activity, one ·at · 
2. 5 ·hours and the other '48 to 72 hours after irradiation:. Hypophysectomy 
prevents· these changes in the corticoid levels in the blood and in the gland. 
Moreover the use of the beta=hydroxyl~se inhibitor indicates that this enzyme 
is not damaged by irrsdiation. An int~ct pituitary adrenal axis is essential 
for ~he release of these materials in r.eiiponse to ionizing radiation;. Contin­
uing studies of bar preseing activity in trained rats have ·indicated that the 
results obtained do not differ s~gnificantly in overah effect when a short 
acting drug is given or when a long acting one is given. The major difference 
is related to the recovery _period, which can be prolonged for a period of 3 
weeks with s. single dose of reserpine or 3 days with tetrabenazine. Inasmuch 
as these drugs release biogenic amines and the electrode is implanted in the 
area of their greatest concentration, we Qelieve that these materials must 
have some correlation with the delayed functional recovery in radiation injury. 

15. EXPECTED RESULTS IN F"'l 1965 

Upon the b21sis of previous worlt, perfusion of the cat brain via the ventricular 
system coupled with analysis of the effluent will enable an estimate to be 
made of tissue releas'e of neurohormones under the influence of both ··drugs and 
irradiation. ·Concomitant analysis of selected brain areas should give informa­
tion on the rate and type of release of neurohormones by irradiation< Correla~ 
tiqn of these results of measurements of electrical activity may· give an insight 
into the inhibitory or stimulatory effects of irradiation on selected brain areas. 

16. EXPECTED RESULTS IN FY i966 . 

Upon the b~sis of results obtained in the acute whole-body irradiation studies iri 
the unanesthetized cat, chronic low radiation dose studies will be continued. The 
functional capacity of s_elected structures in the autonomic nervous system will 
be studied in an effort to correlate the conduction of the nervous impulsewith 
neurohormone secretion during acute irradiation injury and recovery. Both 
biological and chemical analysis will be made of neurohormone content of the 
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irradiated brain to ascertain what cha~ges, 'if any~ oc~ur under the influence 
of. ionizing radiation and what their relationship to brairi. ele'ctricai 'activity. 
may be. Studies will also be initiated applying EEG analysis plus psychological 
'~?proach techniques to the study of radiation induced nervous syst,em changes.' 
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FY1964 
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3 ,. 

·tY 1264 

$ 28.600 

21300 

201100 
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FY 1965 FY 1966 

3 3 
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f· 

·~ 
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1.1. • PUBLI9~TI~NS DURING FY. -~ ~~~ 

1,. Inci~eased intestlqa~ E~i~ination of N'-~thylnicotinamide in Irradiated Rats, 
. Detrick~ L. E., Upha~: H.C~, Spring~t~eri," .l. and Haley~ T.J. 
Int. Jour. Rad. Biol. 1, 161-166 (1963) · 

2. Pyridoxine Absorption from isolated-Irradiated Rat Intestine in Situ. 
Detrick, L.E., Upham, H.c., Spri~gsteen, R.W., ~Candless, R.G. and 
Haley, T.J., RadiatiQn Research.) it;t press, 

' . '" . 
3. l'ostirradiadon lntestiri~l Abso~ption',C?f L-Methionine in Rats, Detrick, L.E. 

and Upham, H. C.~ Fed~ ~roc.~- in ·press. · 

12. SCOPE OF THE PROJECT 
,·· • 1' :J,:' 

, .... 

At.present, information on gastrointestinal function of the irradiated ani~l is 
restricted to the early phase of injury and little is known concerning the 
nutrit~onal status of the_.organis~ and the contribution made by this factor to 
the irradiation syndrome: . It is. 'ess'ential that more information be obtained on 
the total sequerice.ot ~~ent~ occ~rring i~ irradiation injury and recovery of 
physiological funct~ol').s .. of 'the 'gastrointestinal tract. Post-irradiation studie~ 
on gastrointestinal'absorption of essential metabolites (vitamins, amino acids, 
etc.) may give ari insight into"the manrie~ in which tissue repair and 
regeneration may be· accelera·ted and indicate those substances which must be 
given parenterally in order to ·increase the'rapidity of such processes. Such 
st\Jdies· should also indicate the degree of impairment of absorption, the days 
during which it occurs and the time ~equired for a return to nQrmal physiological 
function as contrasted with cytological evidence of repair. In addition it will 
be necess~ry to investigate_ possible de;fecte_-·p~duce.din the metabolic conversion 
pathways ··in" the liver, because ·~omeostasis. c·annot be maintained even with adequate 
1\Utrition, if the organism 'is unable 'to transform and utilize metabolites in the 
repair process. · · ; · · · · ·,: ' . · ·. · · · ~' : · 

• I • '. 1 .j. )', ' 

13. RELATIONSHIP.TO OTHER PROJECTS 

Argonne National Laboratory; Department of'Defense, Armed Forces Institute of 
Patho~ogy; Brookhaven National Laboratory; University of California, Los Angeles; 
The University of Cincinnati; Cornell University Medical College; Harvard 
Universitty; Massachusetts General Hospital; National Res~arch Council Committee 
on Shock; University of Texas; Vanderbilt University. 

14. TECHNICAL PROGRESS IN FY 1964 

Electron Microscopy demonstrated that control rats abso'rbed fed lipids ,across 
the external microvillar membrane, but absorption by pinocytosis was lacking. 

·Droplets appeared, grew and were transported within agranular endoplasmic re­
ticulum, but the controversial extent of this lipid transport pathway was not 
resolved. An occasional large cytoplasmic lipid droplet was observed within 
cqntrol rat intestinal epithelium. Irradiation increased microvillar lipid 
JJranules, l~pids within the reticulum a.nd Golgi apparatus, absorbed cytoplasmic 
lipid material and large cytoplasmic droplets. Large cytoplasmic droplets 
appeared on day 3, persisted on day 17 and were normal on day 28. They developed 
w:t.thin otherwise normal appearing epithelial ce~ls and grew bY,.~analization with 
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and subsequent absorption of smaller cytoplasmic droplets. Their b~d;.l.-lk. and 
ruffed bor.der appeared. to indic~te .that. growth and lytic processes pro$ress. 
sinniltemeously. Stade~ lipid ~orpholc;:,gy·'·faUed to dhtinguish tbtf c:lyn~~ics of 
lipid absorption. Posdrr~diadop 'intestinal L·•methionine absorpti()n trends 
were similar to but not identical with those reported for thiamint! ana"··· 
pyridoxine. All were recovered on "«Jay 28. Histological and ultrastruc.~ural 
study in thiamine and pytido"xine absorption rat intestine abo" show~~ <recovery 
at that time. However, L'methionlne absorption was depressed to an ~v~n lower 
level by a second 52.S r. expos1.1re on· d~y 2'8 and pre-treatment with AET prior to 
the second irradiation decreased the double irradiat~d deaths from.60% to 1.1%. 
Neither recovery of the animal nor recovery of intestinal·function had_ returned 
to its original condition by day 28, and there was a residual increasE!d sensi­
tivity to irradiation. However, intestinal .~ltrastructure that appe~red.}1ormal 
o.n day 28 may have conta:l.ned changes too subtle to have been previously re·cognized 

15. EXPECTED RESULTS IN FY 1965 ': . 

" ' ·, . • • . .. , '• • •. t 

Lipid absorption ultra~t;-uctute .. wUl.receive further consideration in.an attempt 
t;:o' resolve the controversial problem of microv-Ular vers\,ls pinocytic"'apsorption 
or hnth. ·Intestinal L'~thionine'~b~orption curves will be ~orrelated·w~th 
ultrastructural lllOrphology from ·non-perfused intestinal segmeqts of the same 
animals. The investiga"t~on will he. repeated using tryptophan, doub"l~ . ., .• 
irradiation and AET treatment,_· bu~ ui~rastructural studies will. be olliit~ed; 
The period required for intestinal"·.recovery following a single 525 ~r ·~aCiiati,on 
~xposure remains to be determ~ne,d~' . · .·· · · ' · · 

16. EXPECTED RESULTS IN FY"l966 
!·I I 

Plans have been made t'o '"e-~pand the ·posUrradiation study of intestiria~ 'l_i.plc:l 
absorption morphology. through the use of_J;adiotagging and/or radioau~ogfaphs. 
The N'methylnicotinamide study already reported _implicated radiation. degra(la'tion 
products released from the body organs as a possible source of injury th~t led 
to.focal epithelial degeneration on days 10-17. Such products were increased 
in tho urin& and al&o elim:fnatPc'l i11. the lumen. The problem would not be 
complete without employing body shielding and local intesett'\al 1rr~_d1~~1uu .. 

: ~ :. ~. : 

... 
'I! 
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Total 
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April .. 1964 
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11. PUBLICATIONS DURING FY 1964 

(1) Effect of Sing1e arid Divided Doses of X..;IrradiaB.on Upon Longevity <>f 
Rats. B. G. Lams·on, M. S." ·Billings, J. J. Gambino, anci L. R. Bennett·. 
Radiation Research 18: 255-264, 1963. 

12. SCOPE OF·THE PROJECT 

The purJ)o~es -ot. the' re~e·arch. of"' this~·secdon· ar·e·· t:o·.st:uoy. the. dlSeases and 
longe'v1t}robserved' i.n'prevlously irraaiate<ranimals', and'to compare this 
irlformation'·w:lth''the ,SpQnta~eous oisease· pattern ·ana··natiiral longevity of the 
species· •. Many' variables such as' age~ sex,- total"irradiad.on" dose·, fractiona­
tion and spacing·- of ~:-irradiation· dose, ·ana portion· of ·the 6·oa·y· irradiat.~d may· 
possibly l.nfluerice· longev!ty~ii'na··the' type o~-·patnology' observed •. Studies· are 
required 'to' systematically asse:ss i:ne' iriflueiice' or these 'various' factors' in 
oraer' to more· property''defin(f the conolt:ons- of exposure' to' ionizing radiation 
that present. 8: long. ·t:eJ::,n· hazara~··. In adqidoii,. knowiedge' from· such studies w111 
help define the-pattern of a!tere(fphysiology'i.n-tfie'~otalty irradiated animal 
which must' be explained' by''anf cOinprehcmsive theory or 'moael' of delayed . 
radiadon-lnjury: Basic :i,nforma.tion related to the natural aging process can 
also be expected. 

13. RELATIONSHIP TO OTHER PROJECTS 

No other pro]ect 'ln'·.t{lis'lab~ratory-ls primarily concerned- with longevity 
and the delayed somai:lc. effect· o£· ·~~al and parHa:l' boay radiation.- A targe 
nUiilber'of' invesdg~tors nave been', or' are now,· concefnea with the' delayed 
effects of irracfiation·, "among 'them the following: . Storer (Bar Harbor); Mole . 
(Harwell);· Howland:, llursh,·(Casarett (Rochesterr; ~ohii ':(uCSF); ·Anderson (uc-D); · 
Kaplan (Stanfora); vogel (.Argonne); £ancma.,-:sond (Brookhaven).;- Cole· ·(uS'NRDL); 
Upton (Oak Ridge); Gowian·(Univ. of Iowa); Boone (Los .Alamos); and Bustad 
(Hanford). 

14. TECHNICAL PROGRESS IN 'FY. 1964 

Statistical· analyds -·an~:-preparation for publication of completed experiments 
continued during the year. 

. ~"' .... -

A stuoy"of the· iii£luence-o£-anoxia-at the tl.me· of irradiation· on the· incldence 
and'persl.stence'of'chromosome'aberrations in rat bone marrow arid liver was 
begun, and is partially complc;!ted. 

' • -- •·' • • .. - .......... 4 ; .... ... • •• 

Because o£'the-extensive'use-in'cHnica1-inedidrie of t'he'radioisotope.lig203, 
which· concei}trates In the.kione}>,. the- possibllit}7 of"lateni:' injury· must be .. 
conSiderea· Eierioiisly :J "StiiCiles prevlous ly reportecr !rom~ this· lab.ora tory have 
demonstrated. that· tat.enF renal· "injury· oc-curs- aC doses o£' a few· hundl;ed rads, 
indicating tha.E' the" kidney is tar· more radiosensitive 'than: iS coimnonly· -
believe(L . Slnce··a. decline· in-·rerial"furicHon"-in the ·fiuman correlates· closely 
wnh· age,. aricf.renal-fai1ure· or··n.ypertension .. are--'freqtient:· causes· of death, it is 
reasonahte t:h·at:· agents. wh:Lch-·may reouce k1dne)7'reserve·· should be- criHcally 
evaluated' b~£9re' being"exteiiSively used' iii' cl'inical'medicirie". ~xperiinents 
have- theref.ore beeii' set up . to 'evaluate' posslble injury to- the ·:rat' kidney from' 
doses of Hg203 in the diagnostic range,.using the NaCl toxicity test. This test 
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. which-was developed in this ta:boratory·, fs probably the most sen~;Jitive ·test 
for latent radiation ;ln~jury in the irradi1:1ted rat. 

15. EXPECTED RESULTS IN FY 1965 

16. 

Re~ult~ of previous experiments o~· partial body irradia.don will be reported. 
the flrst. studies' on' chromosome 'ab~rratioiu:i ano aging, as' influenced by -
an~xia at the- time of irradiation, will be completed. The toxicity study on 
Hg203 should also be completed. 

EXPECTED RESULTS IN FY 1966 

Work will cqiidriue to·r~volw'around· the.pasicprob~em.of-the ~ture of 
the--H.fe shortening· effect .. of irradiation·; ··th1s-will be- approachecr by 
.life- span' atuaie~- or tfie''{n('.j,cience-nf-'d'iseas~· and. age. specific. or~ai;l.' - .. 
functi,on ·.in· the 1ocally ana to.i:all)T itraC,ia-~ed animal:·- The late· effects 
qf ·selective: irr~dia don. of· the ·aver," kianey,- and· extr.einides-·wul· be ... -
~tirth(;ir ';i.iivesttg~ ted:-·. Longevity- 'is tl,le~·var~able· of pr1me· !nteres·t- l.ri- this .. 
program ana ·will- be used as·· die- eiid- point· meas~re ·of raaiation. effecf."-- This. 
approach requires- 3- to- 4 y~·ars- for·· ea~h exp~ritilent;·· -A· searc~· wUl .. condnue 
for· i>h:YS:Lologi~ m~asures- ·tha't".correla'tE~ ~wen· wH:li.liltii:nBt:~--longevH:y· and, · · 
h9pefully, "wllLprovlde· an-·earlier· measure' of ·ae!Syed ·radiation· ef'fed:s ~ -t~e·· 
oeinoristraf:Lori ln···~h~s -labora~ory· 'that' at '1east ~-one .. _jnetabo'uc· abei:raHoll; L e., 
erihanc~-d- salt •t:o:ic'~city";--~lm" oe"'measur~d- iri:" post.::hradiat:ea· rats during- the .... 
dlsease:.. £r~e latent' perlod- fs a ·-stimulus- to· C:o~Hiiue· ~he· effort: t:o define the 
la ~e · effecfii synaroine· and~ lqrigevj.'ty- iil'l>iochein'ical· and--physiologic terms·~· 
Carbon· h~trachlo;ide .. and ·ather· forms~ o~ "biochemica~ st;r~ss will be studied 

a~ ~-~~~':1~ c:>~-~:r~~g~~g-~~~: ~~~e!l~--~~J-~:r~.· __ .. 

I£ ~urrenf stiidl~s- on ~firoinosoine .. aberr~H~ns. app-~ar· tp be significant, . th~y 
will be continued and correlated with the bioch~mical studies. 
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SCHEDUl.E 189 
ADDITIONAL EXPLANATION FOR OPERATING COSTS 

RESEARCH AND DEVELOPMENT ACTlVlfi~S 

SAN FRANCISCO OPERATIONS OFFICE­
Field Office 

BIOLOGY AND MEDICINE 
Program· 

---------~--------~~--------~~~--~~~~--~~~~--~~~~----'1. Contractor: Laboratory of Nuclear Medicine and ~diation Biology 
University of California, Los Angeles 

Contract No. : AT(04-l)GEN-12 
. :. 

2. Pro;ect Title: 
. .. 

Radiation Therapeutics .. 

AEC Budget Activity No:: 

.. o6-03-oo 
.5. Method of Reporting: 

7. 

9. 

Publications, ·uc~ Re.ports 
Semi-annual and. Fina.l Reports 
Person in Charge: 

James L.- Leitch·· 

~n Years 

(a) Scientific 

(b) Other Tech. 

.:. : 

Total: 

10. Costs 

(a) 

(b) 

_(e) 

Direct Salaries 

Materials & Services 
. ; 

-:lnd..ir~ ·<Expelises* · (3%) 

Totd 

April -. :1964 
6 • Working Location ; · 

.UCLA 

·a. Project Term: 
__ From: 19.58 '·' ·'Toi Continuing · 

FY 1964 

FY 1964. 

$ 32,600 
5,900 

30,500 

$. 69,000 

$ 

(2%) 

FY 1965 

'3 1. 
.2' 

·py 1965' 
. . -~· .. .. 

36 1'300 
6).oo 

22,200 

$ 64,900 

FY" 1966' 

·,·. 

·.py 1966_'. 

$ 38~500 
6,400 

(2%)' ·. 22~ 700 

$ 67,600 

* Total indirect expense of the· Contract pro-rated among individu·al ·projects 
on the basis of the percentage of total direct s$lary expense represented 
by the particular proje~t. 
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11. · PUBLICATIONS.DURING FY 1964 

None 

12 ... SCOPE OF THE PROJECT 

ObJectives are to study the effects of whole body irradiation and to devise 
therapeutic means of combating -the detrimental effects of ionizing radiation. 
This.work includes the investigation of the dose-rate-therapy relationships . 
for various drugs, the development of new therapeutic agents, modification of 
old compounds or combinations of both old and new, the ~evelopment of special 
agents for localization in specific .tissues or groups. of tissues, and also to 
evaluate .the "differences' if any, bet~een x-iiradiation and ganmia-irradiation 
as -refated to· treatment:. In addition, effects of ionizing radiation will be 
evalu~ted' in terms 'of v·ossible radiation mechanisms as elucidated by 
pharmacological means. 

13. RELATED PROJECTS 

Oak Ridge .Institute of Nuclear Studies, Brookhaven National Laboratory, Argonne 
National Laboratory, Los Alamos -Scientific Laboratory, Naval Radiological 
Defense Laboratory, Western Reserve University and various research centers ~n 
numerous foreign countries including Sweden, Japan, Germany, England, Italy.and 
Belgium. 

14. TECHNICAL PROGRESS IN FY 1964 

To extend the information availabl.e on the relationship qetween total c:Jose, dose 
rate, type of ionizing radiation used and efficiency of AET an~ 5-HT as so-called 
protective agents, mice have been irradiated with the 10,000 cu~ie Co-60 source. 
It· has been found that -the i:itandard pretreatmen~ dose of lO,u M AET + ltJ-M 5-HT 
.showed protection wqen given 5~10 minutes prior to onset of- irradiation at total 
doses of 900r and 1050 r delivered at 400 or 1600 r/min. However, little or. no 
protection was. seen when the total dose was increased to 1200 or 1350 r. 
Increasing the time between drug injection and onset of irradiation had an 
effect comparable to that of increasing the total dose of irradiation. Using the 
Co~60 gamma rays it has been shown that at dose rates of 80~1600 r/min, 
protection from AET and 5-HT can be demonstrated in mice only if the total time 
between· injection o·f drug and completion of the radiation exposure. does not 
exceed 40 to 60 minutes. · 

Since no data are available on what may be called instantaneous exposures ~his 
was approximated in several pr~liminary experiments involving mice exposed in 
the center of the Co~60 source (rate = 100,000 r/min.) For total doses of 
5000, 9000, and 17,000 r (exposures of 2,4, and 8 seconds respectively), all 
mice died showing general ataxia within .tfhree to five days whether pretreated with 
AET + 5-HT or untreated. Little or no difference in survival times were observed 
in the above dose range. Mice receiving only a one second exposure (3000 r) 
died in 4-6 days if untreated but in _4-9 days if pretreated. So far as is known 
the experiments are the first car~ied out at this high rate of gamma-ir~adiation. 
The results did not include convulsions as a sequelae · of high intensity 
irradiation to the central nervous system as was initially postulated. 
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A correction for the 10,00~ curie ·co.:.6o source was determined to account for the 
irradiafion received'. during the per.iod 'that the source is 'rising and" falling 
(this 'period-i~ not inCluded' iti the control clock timiqgL As of Sept. 23, 1963, 
values' were obtained as. follows:. (a) a:t 'center, "102,1 -r; "'(b) 2$ ~m 'from cerite~, . 
60 r'; 'and . (c) 142 em~ from center' 6-7' r. On this same date the center dose rate 
in r is calculated as follows: 

Total dose (r) = 1000 r + 2000 r (time in seconds) 

this correction must be included in all future calculations of radiation dosage 
using the Cobalt-60 source. 

The computer program being developed for the analysis of post-irradiation 
survival'times has been delayed by a transfer to another computing facility 
on the U.C.L.A. Campus. 

15. EXPECTED RESULTS IN FY 1965 

Evaluation of the relationships between dose rate, total:dose, time of pretreat• 
ment~-·and. catabolic rate of the compound or compounds used in pretreatment will 
oe continued. The basic evaluation will be made using AET and 5-HT in aqueous 
solution and then will be extended to these two drugs encapsulated in Dow­
Corning silastic silicones. It is expected that this latter phase of the 
investigations will result in a more prolonged action of these drugs, thus 
enhancing their "protective action". 

When completed, this phase of the investigations will permit initial evaluation 
of proposed "protective" agents on the basis of (1) their catabolic rates 
(2) their toxicity,. and (3) their rate of release in experimental animals. More 
data will be obta-ined ·on mice irradiated at the center of the Co-60 source 
where the rate·is approximet~ly 100,000 r/min. This rate is the c:losest approxi­
mation to an "instantaneous" exposure that can be obtained'with the L8boratory 
radiation facility. Preliminary experiments have already sqown that the reactions 
of"niice exposed to this 'high intensity radiation differ considerably from those 
observed at rates of only 80 r/min •. These investigations will fill in the gap 
in the rate ·parameter. between 1600 r/min and 100,000 r/min. 

The computer program will be 'adapted to the new UCLA computer facility so that 
all calculation relative to source calibrations, to determination or mean 
survival times of experimental animals and statistical evaluation of so-called 
"protective" action of various procedures may be handled by the computer at a 
·tremendous saving in time. In addition it is hoped that the basic program can 
be expanded as more data become available. 

16. EXPECTED RESULTS IN FY 1966 

WUli ·no major chsnge in the scope of the pr'ogram anticipated during FY 1966 it is · 
expected that a quantitative evaluation of the factors that may modify'the radiati 
syndrome will be possible. Furthermore :l.t is hoped that it will be possible· to 
presen_t data on the late effects that may be found in experimental animals as 
the result of the protective action of AET and 5-HT. 
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SCHEDULE 189 
. ,ADDITl'J)~AL. E}{PLANATION ~OB;. o.PERATlNG ~OSTS . . 

RESEMCH' AND DE~LOJ,JMENT: ~nV~~.J;B~~ 

SAN FRANCISCO OPERATIONS OFFICE : BIOLOGY AND MEDICIN§. 
1 Field Office' ' · ··· · · Program · · ' · 

l: Ccintractor: Laboratory of Nuclear Medicine and R,adiation J!~ology' · . 
University.of California, Los Angeles 

Contract No.: · AT(04-l)GE!f-U 
' . I 

2. · Proje~t Title: 

3. 

~· 

. 7~ 

. 9. 

J;:q.zyme Ch'm~stry 
.. . . .· 

· ~EC Budget Activity No.: ..... . . . . . . ~ . 

06-04-00 

Method of J\'POf,d~g: -,, 
Publications, ~c~ Reports 
~emi-annual and Final ~eports 

.Person in Chargei 

~~~a~ HaraJ:y 

Ma~ 1 Ye~u;s ' 

(a). Scientific 

(b) ·Other Tee~. 

I . 

·Total· .. 

(a) Direct Salarie~ 

.(b). ·MI!lteriah & Sel'vides 

(c) Ind~rect &cpena,s* .<4%). 
~ ... 

~otal 

th · J)ate · Prepar~d·: 

· ·April··- 1964 
~·~ · Wo~~ing LQc•tion:· 

UCJ..A 

' 8 •. · Project Term: 

I. 

::-From: 1960 To: · ·Cpntinu~n$ 

FY 1964 
' ' 

5 

l. 
·. 2-

.'. 11 11,265 I ' 

4i 
.!. ' .. 

~5 . 

., 
; . ' 

. py 1966 

4·1. 
I. 

$ $ 46.000 43' 900 $ .46.100 
I • . • .. '. . .. ·-

. 81400 8 1 800 
... I' 

. 10.800 

·4o~6oo (3%) 33}300 (3%)• . 34 1 oOo 
I 

$ 95.000 $ 86i000 $ 20,900 

' " 

., . 

* Tot4l indirect. e~pense of· the Contract pro•rated. among ind.ividual·projects 
on tht;! basis of the percentage of· t.otal direct salary expense repreaente,d 
by ~he particular project. 



11. PUBLICATIONS DURING FY 1964 

FuJimoto, A., and Harary 11 I. In Vitro Studies on Single-Beating Rat Heart.Cell,IV. 
The Shift· frotn ~·at to Carbohydrate Metabolism in Culture. Biochem. Biophys. 
Acta, Vol. 82, 1964. 

·Kuramf.tsu, H., and Harary, I. In Vitro Studies qn Single Beating Heari: Cells .III. 
Enzyme Changes and Loss of Specific Function in ~lture. Biochem. Biophys. 
Acta, Vol. 82, 1964. 

Harary, I., and Sato, E. Studies In Vitro on Single Beating Heart Cells V. 
Changes in Adenosine-triphosphate-induced Contractions of Extracted Models. 
Biochem. Biophys. Acta, Vol. 82, 1964. 

Harary, ·x., Fujimoto, A., McCarl, R., and Farley, ·B •. Role of Lipids in Heart 
Cell Function. Federation Proceedings, Vol. 23, 1964. 

Lewis, H., ·and Harary, I. Calcium-Activated Adenosine-Triphosphatase 
Localization in Cultured Beating Heart Cells. .Science, July 1963, Vol. 141, 
pa,e_s 47-48. 

HSrary, I., Fujimoto, A., and Kuramitsu, H. Enzyme Changes in Cultured Heart 
Cells. Journal of the National Cancer Institute, 1964. 

12. SCOPE OF THE PROJECT 

We are continuing our study of the relation of specific metabolism to specific 
function using the cultured heart cells as a model. We are measuring the level 
of certain key enzymes such as those of glycolysis, the tricarboxylic acid cycle, 
fatty acid oxidation etc. to relate the activity of these enzymes to the specific 
function of the cell. As markers of specific function we use the ability to 
beat, the synthesis of muscle proteins such as myosin, and the visible subcellula~ 
structures, such as mitochondria and myofibrils. This is a project designed to 
investigate the control of metabolism tailored to bring about specific function 
and the synthesis of specific proteins. To this end we seek to determine the 
nvPrRll rnP.t:-Rbol.it:> <economy with regards to oarbohydrateo or lipids as fuels and 
to determine how this controls the rates and types of synthetic reactions in 
the cell. 

Information of this sort will help us understand how the basic information of 
the gene is utilized to determine the selection of nucleic acids and proteins 
for the specific mammalian cell. Thus radiation effect on mammalian cells will 
be more adequately pinpointed and explained. 

13. RELATIONSHIP TO OTHER PROJECTS 

The following are workers in other laboratories investigating similar problems. 
Wollenberger and Halle - Action of Cardiac glycosides on contractile activities 
in single cardiac cells. 

Rhodin - Correlation of Ultrastructure and Organization. 
Waddington and Perry - Polysomes in developing muscle cells. 
Evans et al ·- Relation of Lipids to Heart Function. 
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14. TECHNICAL PROGRESS IN FY 1964 

Tlie-purpose or-our study of single heart cells in culture is to determine ~he 
re1ad.c::m"'o!"specific ·metabolisin'to ·specific fiuiction. --we ·are ·atudy{ng""erizyme 
levels; nutritional requirements and cell structure for pertinent information 
in this regard. -- . ·~...... .. - .... 

we· have . iiiiti4lted a study of the serum requirements for both the growth and 
functioning- of these cells. By extracting the serum with chloroform and 
methanol tWo-serum fractions may be obtained, a lipid-free protein fraction arid 
lipid ·extract~ -Cells grown in complete media grew and beat normally.- They·were 
malnt:alrted without grawth.or beating in a ~nedium without serum. lf however,the 
lipid extract was added to the medium without serum, the cells beat but did not 
grow.· In another experiment cells incubated in a media with lipid-free serum 
grew partially but they did not beat. If the lipid extract was added the cells 
grew and beat as well as the control. 

The most significant observation, relating substrate specificity to beating, ~s 
that lipid extract reinitiated beating whf:m added to non-beating cells 
incubated in a lipid free medium. 

Tfie observations reported here link serum lipids directly with the beating .of the 
neart cell: The metabolism of glucose in the presence of all the amino acids and 
vitamins normally found in the culture medium and the water soluble components 
of-serum· is not sufficient to support beating. Lipids may serve as a specific 
energy source and in this capacity may be involved in the determination of the 
specific function of the heart cell. 

We have also developed a specific stain for calci~ activated adenosine 
triphosphatase which is associated with contractile activity and a fluorescent 
antibody to myosin which specifically localized myosin in the single cell. 

We ·have electronmicroscopic studies of the heart cells which show that these· 
cells are synthesizing myofibrils perhaps through the action of the helically 
arranged polysomes which parallel the myofil~ments. 

15. EXPECTED RESULTS IN FY 1965 

We will continue to study the relation of lipid metabolism to heart function~ 
We expect to study lipid metabolism in the whole cell and in the mitochondria 
by following the ability to oxidize ·fatty acids and relating this ability to the 
functioning of the cell as measured by beating and level of myosin synthesis. 
We also intend to determine what lipid factors of the serum are required for 
function and to determine whether the lipid is utilized as a metabolite or as a 
synthetic intermediate. We will do this by:following the pathway of added radio­
active lipids to the cell medium 

16. EXPECTED RESULTS IN FY 1966 

We want to look more closely at the synthesis of actin and myosin in-these· 
systems. We are planning to isolate ribosomes from heart cells and to study the 
biosynthesis of myosin. We want to know more about the mechanism of SYnthesis 
of heart proteins so that we can see how lipid metabolism may control their . 
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syitt::hesis. , It. is our feel~rig- that lipid .uietaboUsm may ~:~-lso ·control the·.· 
expression of the genetic material necessary.for the function Qf the heart cell. 

' ' 
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.. . , · .§CJiJi;p~~ ~-~9 . . . 
ADDITIO~AL I!;XPI.AtiATlPN ·FoR OPERATING COS~S 

. RESE~CH AND DEVEl,.OPMEN't .AC'fiVITlES .. 

SAN FRANCISCO OPERATIONS OFFICE 
Field 'Office 

BIOLOGY AND MEDICINE 
Program 

1. · Contractor: Laboratory ·of Nuclear Medicine a,nd Radiation Biology 
Unive~sity of·Califo~nia~ Los Ang~les 

Contract No.: :AT(04-l)GEN-12 

~. Project; Title: 

Macromalecular Chemistry 

3. AEC B'!Jdget Activity No.:, 

06 .. 04-00 

5. }tfethod of R~port~ng:.:' 
Publications, uc~. Reports · 
Semi-annual and Final Reports 

7. Person i~'' Charge:· 

Norman s. Simmons . I . 

9. Man Years 
. . 

(a) Scientific · 

(b) Other. Tech. 

H). Costs 

T.qtal 

(a) Direct Salaries 

· 4. . Date . Prepared : . 
::: :·~ , .. 

· ·April.- 1964 
6 ~ · -Working Locat ~on: 

uc~ 

.8. P~oJect Term: • 

~- .. 

,..From: 1950 · To: ·Continuing. 

FY 1964 

3 

FY 1964 

$ 26,100 $ 

6.100 

FY. 1965 .. . . FY 1966 

2 

'FY 1965 

25,600 

4,800 

. :; 
•. 

4, 

4 * 
FY 1966 

$. 47,400 

8,100 (~) Materials & Services 

(c) . Indirect Expenses* (2%) 20.300 (2%) 22.200 (3%). 34.000 

Total· $ ' 52.500 $ 52,600 $ 89.5,0Q 

* Total ind1-·rect expense of the Contract pro-rated among individual ·projects 
o·n the bash of th!! percenq1ge of total direct salary expe!1Se repres~nted 
by the p~rticplar pr~ject. 
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lf. PUBLICATIONS DURING FY 1964 

None 

12. SCOPE OF THE PROJECT 

Investigations into the relationship between structure and function in 
biological high polymers, such as the nucleic acids and proteins (structuralp 
enzymic and hormona 1) as well as small cytoplasmic particles and viruses, · 
are rapidly asstnning a most important role in biologi.cal research. The 
biological function of'most macromolecules .is largely depe~dent upon the 

__ specific steric relations-hip of active sites w:l.thin or upon their surface. 
Minor changes in the gross configuration of such molecules frequently.lead 
to the diminution or destruction of their biological activity.· Further, the 
biological properties ofsmall cytoplasmic particles and viruses are not only 
dependent upon the stru.ctura 1 integrity of the individual molecular species. 
of which they are const:;ructed, but also to a large degree upon the steric 
relationship of the different molecular species within their grosser 
structure (nucleoproteins, liproproteins and gly.coproteins). 

It is the purpose of this Section to study and characterize ~he-macromolecular 
configuration of the nucleic acids, proteins~ viruses,'etc~, by all the 
physical means at our disposal. These include s~dimentation, diffusion, 
viscosity, flow birefringence, light scattering, x~ray diffraction, ultra­
violet and infra-red spectrophotometry., rotatory dispersion, etc. It is 
hoped that these investigations will contribute furtper to the understanding 
of the relationships existing between structure and biological activity. 

This is a necessary prerequisite to the investigation and understanding of 
the denatura-.tion, degradation or other mani-festations of damage by 
environmental changes or agents such as ionizing radiation. 

13. RELATIONSHIP TO OTHER PROJECTS 

Related-projects supported by AEC funds· are too" numerous to mention here. 
However, major programs in Th'is· area are also being conducted at Harvara 
(i>oty; Blout), Cornell (Scheraga), Duke '(Tanford) and Univ. of Calif. at 
Berkeley (Tinoco, etc.). 

14. TECHNICAL PROGRESS IN FY 1964 

The serum protein--basi£ polypeptide interact::ion stuaies have been extended 
so that the" stoichiometry of the. poly-lyslne" seruin a lbuinin interact: ion" h~s 
been elu~id~ted.and es~ib1lshed unde~· a·~ariety· of· sol~ent.condltions and. 
solute· concentrations as· well· as. other· envli:·oiunei).tal para:ine.ters ~ An 
hypothesis on" the j~thogenesis of certain ~spicts of~a~ute'and chronic' 
disease has developed as a consequence of these discoveries and will be' 
reported. In order ·to pursue· the~pcisslbility of' albumin· olnding' being· a· 
real'ity, 'our" laboratory has "be"en" set up to ruri immunoelectrophoretic' analy·ses 
of ~arious sera. in agar~ gel.. This will permit us", by" the use of. pure an·t"i:. 
human ·serUm alburilln as antibody· to look· for· aberrant albumin in the Alpha-2 
or Beta· ·regions' of· the· pat.terris: 'In tne event that this is 'found· this will 
be prima-facie evidence that such a mechanism is indeed operative. 
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The problem· of instruinenta"don for the conforioational ·~n~_lysis'.:of protein's by 
optical rotatory" oiSpersion in the"U.ltra"violet "region;of"i:ne" ~pectriim.has"been 
r~solved by" the development of' a superio~ spectropol~rii:rieter~dh"tributed-'by" · .. 
the Bendix corporation· .. We are· in<the ·pr9cess· of.obtaitd.ng's·ucn an"'instrument, 
and hope that·, if successfu1' we"' will be' in"a 'position. to. p'u,rsue' mcn~e 
\rigorously th"e conformational' analysiS''()£' proteins. in order to relate 
structure to activity in these important molecules. 

15. EXPECTED RESULTS IN FY 1965 
"''••o•• • 0-,. •+,!"•-•, '• ••• 

In the·event.that electrophoret:i:cally aberrant serum ·albuinlri.can·be.detected 
. by inimurioelectrophoretic .. techniques·· aJi extensive· cH.riical prograin·,an be·· 
begun {n oroer i:o' explore' the' nature of this coinponent"as'a parameter of a' 
Varlet:{ of. acute ·and. chronic -ciiseases: ... ThiS will" periiil£ us .. to: ·relate this, 
quantitatively~ to disease st:a·tes· iri. orCier· tc):derive· an.hypothei3ls· on· tfie· 
iiature .. of its origin: -.tf titicro:.electrophoreHc teclinlqiie -·lias· been. developed .. · 
wfiich 'will'peimif the electrophoretic' analysis"of"'the-serum" prote"ins"'in mice, 
by obtaining blooa from-riicked t:ail veins·. ···Thus t:he.ser~m-prbt:elns· in 
individual mice· can "be' studied· as. a· parameter of· d·eveloplrig Leukemla ~- .. 
Following· tne-development ·or massive Iymphoii!S ·the· mice· wtu· 6e · irradiSt:ed 
sufficiently' to cause' destruction- of thiS radio:sen'Sitive" tissu,e- arid.'tne- ... 
effect.of~such-ma$sive tissue· dissolution-on· the'seruiri. protein· di.st:ributioris· 
win oe-1Ileasureo .. lt ·:t.s noped that-some··evlaerice of~aioumi.n-·interacHons will 
permit us to explore the possibility of nuclear histones being involved. · 

16. EXPECTED RESULTS IN FY 1966 

The· 'following· year we-·will. explore this furt;her,- as· necessary·;· so. as. to .. 
atteinp't'to' formulate's inooel-system'for-the i:iathogenesis ·orthe-acui:e posi:­
irradi.atiori synCirome' "based' upon this early modet' c)~' "protein' iritetacd:ons .. 
ln the· even"t: that thiS- concept"" should prove irrelevan·t-oi:" inconsequential 'it 
will' be 'abandoned. in' favor' of' ptirsuing' such'·evloence"- as. might" itluminate- .. 
the-proolem"f~om-other' directions: Whatever the out~ome it will be pursued 
vigorously and with real interest. 
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SCHEDULE ~89 
ADDITIONAL EXPLANATION FOR,OPERATING COSTS 

RE.SEARCH AND DEVELOPMENT ACTIVITIES 

SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

BIOLOGY AND MEOICINE 
·Program 

1. Contractor: Laboratory of l'{uc::lear !1edicine and. Radiation Biol9gy 
University of California,. Los ~g~).es · 

Contract. No.: AT(04-i)GEN.; 12 

2·. Projec::~ Title: 

General.Metabolism 

3. AF.r. Budget Act:l.vit:y No.: . 

06-04-00 

5. · . Method of Reporting: 
Pub 1 ic::a t ions, UC~,. Reports 
Semi-annual and Final Reports 

7. Person in Charge : 

APril . • 1964 
6 ~ Working Location·: . 

UCLA 

a. PJ:oJec::t Term: . 

. ..... 

J:ames F. Mead . From: 1.959 · · To:': Continuing 
:r' . 

9. Man .Years 

(a) Sc::ientffic · 

·(b) Other. Tech. 

1(). Costs 

Total 

FY 1964 

4 

1 
.. 
~ 

. FY 1964 

(a) Direct Salaries $ 40,700 

(b) Materials & Services 4,900 

(c) Indirect Expenses* (3%) · 30,500 

Total $ 76,100 

FY. 1965 

4 

1 

5 

FY 1965 

$ 47! too· · 
5 1700 

(3%) 33 2300 

$ 86,100 

FY 1966 . . , 
4 

1. 

.5 

FY 1966 

$ 47 2300 

6 1 700 

(3%) 34 1000 

$ 88,000 

* Total indlrec::t expense of t.he Contract :pro-rated among individual ·projects 
on the basis of the percentage of total d.ir~ct salary expense ·represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1964 

12. 

Read·; J.F.~ and-G.'M. t.ev~s~ A.;,l-Carbori Degradation of'the Long Chain Fatty ~~ids 
of Braip. Sphingolipids. J. Biol~ Chem. 238, 1634 (1963~· 

Mead~ J :F.-, ·arid .G.M~ ·Levis. 
Acids by Brain Microsomes. 

Enzymatic Decarboxylation of the Alpha-Hydroxy 
Biochem. :S~ophys. Res. Comm. l!., 319, (1963). 

J.{ayama·; ·-M., Y~ Tsuchiya, and J.F. Mead. A Model Experiment of Aquatic Fo·9d Chain 
witfi ·special Significance in Fatty 'Acid Conversion. Bull~ Japan Soc.· 
S~i~~~~fic_Fisheries 29,452 (1963). 

M818mos, ·B., C. Miras, and J.F. Mead. Effect ·of Ionizing Radiation on Lipid 
Metabolism of Blood Cells In Vitro. Nature, 198, 401 (1963). 

Kayama~ M., Y. T~y~hiya; J.C. Nevenzel, A.J. Fulco, and J.F. Mead. Incorpora;tion 
of ~inolenic-1-C . Acid into Eicosapentaenoic and Docosahexaenoic Acids in 
Fish. J. Am. Oil Chem. Soc. 40,499 (1963) 

J:F: Mead. Lipid Metabolism,· ,pp. 341-268 of ,Annual Reviews of Biochemis~ry 
Vol. 32 (1963) E~E. Snell, Editor • 

. E~·c. Horning, E.H. Ahrens, Jr~, J.R~ Lipsky, F.H. Mattson, J.F. Mead, D.A. Turner 
anCi .. W.H. Goldwat;:er. Qualltitative Analysis of FattyAcids by Gas-Liquid 
Chromatography. J. Lipid Res. 1,20:-28 (1964). 

J.S. O'B~ien, D.L. Fillerup and J.F. Mead, Brain Lipids: I. Quantificat~on and 
Fatty Acid Composition of Cerebroside. Sulfate in ijuman Cerebral .Grey and Whi.te 
Matter. J. Lipid Res. 5,109-17 (1964).· 

C.S. Davidson, E.H. Ahrens, Jr., D.$. Fredrick~9n, R.T. Holman, C.S. Lieber, 
J.F. Mead, B.N. ~iller, and T.B. van Itallie. TPe Role of Dietary Fat in 
Human Health, A report of the Food and Nutrition Board, National Academy of 
Sciences, National'Research Council. 

G. Levis and J.F. Mead. An Alpha-Hydroxy Acid Dec~rboxylase in Brain 
Microsomes •. J. Biol. Chem,, 239, 77 (1964). 

SCOPE OF THE PROJECT 

Although there is no information on the substances· initially aff4;!cted during 
irradiatiop. of tissues and living organisms, the lipids are among the prime -, 
suspects. 'nley are readily altered. by small doses of ionizing radiation and, 
in many cases~ the products of their alteration are toxic to living organisms 
and may be produced by a ·chain mechanism which amplified -the effect of the 
radiation. Moreover, their importance in cel~ular membranes and the possibility 
that in .their ord~red arrangement in such membranes, the lipids would be most 
readily attacked and that the results of such attack might be fatal to the cell, 
necessitate studies of their radiation chemistry. Ther~ is thus a need ·to 
study the primary effect of ionizing radiation on the }~pids and related 
substances both from the point of view of the fundament~l nature of the changes 
involved and from that of their occurrence in living organisms. The proposed 
studies are to investigate the alterat;:i~~s in unsaturated fatty acids and oth~r 
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lipids with irradiation both in vitro and in vivo to assess the contribution of 
these reactions in the overall effect of irradiation on living organisms. 

Not only are the lipids suspects for a primary'action of ionizing radiation on 
living tissues' bu't 'their importance. as sources of energy and 'as essential 
metabolites makes 'necessary a study. of alterations of their metabolism as a 
result of_whole body irradiation. In particular, the essential fatty aicds are 
necessary for repair of tissues following radiation or other injury and their . 
ready' susceptibility to radiation damage makes them of especial interest for this 
type of injury. The proposed study, inCludes a study of the function and 
~tabolism of the es~eri.dal fatty acids in their relationship to radiation 
in]ufy, Also ·under consideration are the alterations iri the-brain lipids ·and 
t);leir 'component. fatty acids· during aging ari.d chronic .low-level irrad~ation. 
The last studies are of particular'importance since it is likely that only in 
s~ch 'r'el8t:f.vely metabolically inert tissues as the brain will'it be possible 
~0 a~sess the initial changes occurring with aging and low-level irradiation. 

13. RELATIONSHIP TO OTHER PROJECTS 

See· l'bting of Genera('Metabolism and Chemical Radiobiology Sections; studies 
at 'the Hormel Inst-itute, University of ·Minnesota, Austin, (W.O. Lundberg); Los 
Alamos Scientific Laboratory (H. W. Langham); "Behavior· of Cell Membrane 
Mecha~isms ~uring and Following Gamma Radiation", G.H. Bourne, Emory University. 

14. TECHNICAL PROGRESS IN FY 1964 

By ~he use of the chromatographic techniques continuously i~proving during the 
year, several aging human brains have been completely analyzed. The following 
lipid~ have· b~en analyzed., including fatty acids, where applicable: cholesterol, 
c,ereb~oside, ceramide, cerebroside sulfate, phosphatidyl ethanolamine, 
phosphatidyl choline, phosphatidyl serine, severa~ inosital phosphalipids, 
ga~glioside and. sphingomyelin. Several unidentified lipids are being charac­
terized;~nd may be of importance in aging. Although it is still too early to 
re'cogniie trends occurring with, age with any certainty, this information should 
be available soon. It is to be expected that in nervous tissue, especially the 
white matter of the central nervous system in which turnover is very slow, 
ch«mges with aging should .. be easily r~cognizable. 

If this supposition proves to be the ·case, a much better criterion of aging than 
longevity will .be es~ablished. Factors that in certain respec~s m~ic-aging, 
such as chro.nic irradiation, will then be assessed in their true light. 

I 

Meanwhile, .certain interesting. relationships between the brain lipids and their 
component~ have been e'stablished and the function of these lipids in brain 
activity can be considered. ·- - . . ~ 

The c.( -hydroxy acid decarboxylase, which appears to act as a scavenger for. the 
very long-chain fatty acids possibly released during aging and demyelinating 
disease, has been located in the brain microsomes and partially characterized. 
The require~nts of the system have been investigated and an unknown cofactor 
h~s been located _in the lOO,OOOxg supernate. 
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15~ EX~~CTED RE~UL~S IN FY 1965 
. '. 

Ourl,ng'fhis"year .. i,t.is 'expected t.liat ~~e ~an~ly$:i.~·of control braii~s will be. 
completed .aiii:ftha·t·-those··n:J)id$. E~at'na'(Te.beeri-~liQWil to b~ .. :Lmportarit.(n ,g~ng -· 
w:!1Chave been 'cfia~acterizeci: .... Mohiover;:·the: effec~ ·of. irradiation on the human 
brain and of chronic irradiation on the rat brain will co~sidered. 

'rbe··a. ;;.1\ydroxy·-acid. decarboxylase 'will be further 'c;:harticterized -arid the ~chanisms 
of tnls interesting 'rea~tioii 'cl8;£U:ied .. Mareovel.', 'the"1n1~181 reaction; ... 
hy(troxytat;iori o'Cthe very long:::chaln fatty acids, in the' brain 'will l:)e investigated 
the$e-stucHes shcl\ild ·revea~. the. impol;tance ·a:C thiS ·rea~ don iri the- again process 
of th~ ·''brili:q~·-·· Further studi~s ori the fornUitd.on and depositic)n 'of" the .. 
pol~ii~~turated" fatty -acids 'iri · ~nimal tissues will be considered with emphasis 
on th~:f,r function in membranes. · 

tQ. EXP~CTEP. RES~TS IN FY 1966 
-1. • 'r' ...... ' •• 

It--i~--ailt:tcipatE!d that future research will continue atong lines l;>egun during 
the current period and depend:f,ng on ~esu~ts obtait;led d~ring th:f,.s time. Thus, 
the·me~$u~eme~t of the ·effects of aging apd irradiation Qn ~he brain lipids 
snquld'liavc;! giVE!fl definite in£or~t.ion and wil~ have pointed the way ~0 
·con-tinued S~\.ldy. · Tt:acer studies of' the enzymat;:f,.c re,ctions of l:f,.pid 
met~po~iSm" should-continue with emphasi_s on the. reaction of' hydro~ylation and 
cJesaturaHori. ·The study o~ the "aging pipent'' ·anc;l its relat'ionsh:J.p to 
chron:f,c irradiation wi,ll be continued. · · 
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SCHEDULI 189 
ADDITIONAL EXPLANATION FOR .. 10PERATING COSTS 

RESEARCH AND. DEVELOPMENT ACTIVITIES 

SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

·' 
BIOLOGY. AND MEpiCINE 

. Program· 

l. Contractor: Laboratory of Nuclear Medicine and Radiation Biology 
University of California, Lps Angeles 

Contract No.: AT(04-l)GEN-12 

2. Project Title: 
Organic Chemistry 

3. AEC Budget Activity N<?•: .. 

06a04~00 

5 . · Method of Reporting: · 
Publications, UC~, Reports 
Semi-annual and Fl~e~ ~ports . 

7~ Person in Charge: 

David R. Howton· .. 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

10. Costs 

Total 

(a) Direct Salaries 

(b) Materials & Services 

(c) Indirect Expenses* (2%) 

To.tal 

4. Date Prepared: . :.·· 

April - 1?64 
·, :'. 

6. Working Location: 

UCLA 

8. Project Term: 

rPr~: 1959 To: Continuing 

FY·l964 

.2 

.!. 

FY 1964 

FY 1965. 

2 
l. 

2 ! 

FY 1965 

$ 26,700 . . $ 28,600 

2,700 3.800 

20.300 (2%) 22.200 

$ 49, zoo ,$ 54,600. 

.. · 

"1966 

2 

i 
2 1 

.~ .. 

FY 1966 

$ 28,600 

3,800 

(2%) . 22. zoo 
~ !:·: 

$ 55,100. 

* Tot;al indirect expense·of the Contract pro-rated amo~g individual ·projects 
on the basis of the percentage of total direct salary expe~1se represented 
by the particular project. 
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1 ~. PUBL.ICATIONS DURINQ FY 19~4 

"Nature· o~ (he. i'roducts F9r~d by t':-Irradiat:ion of Deaerated Aq~eous Potassium 
Oleate", David R. H~.ton, .Ra~iiat_ion ~search, 20,161 (19.63) •.. 

12. SCOPE OF THE PROJECT 

The·- resources of the Oirgaidc .Chemistry Section are directed. toward improving 
understanding of changes produced in. lipids by ionizing radiation •. Since lipids 
ei:ist'in-tissue in condtmsed.phases.and in intimate· content with aqueous,phases, 
botli direct arid-- indirect effects are of ·primary interest. ·Inasmuch as. the . 
tisiially-uribran~bed saturated or-cis-unsatilrated hydrocarbon chaiits they contain 
are responsible for the -chara~teriSti_c physical. and chemical properJ:ies of the 
lipids- (ari.d "must also be intimately involved in the physiological 'function of 
tfie.se substances),. related .substances co~tab:ling such groups serve as models 
f~r the envisaged studies. · 

rn.:sight into the course and ~cha~ism of changes in.Upids initiated by 
ionizing radiation (with and without the-mediation of active fragments resulting 
from ionization of·water) is expected to be provided by isolation of products 
and.deteruiination of their structures. Silicic acid column adsorption 
cnromatography will be employed extensively as a key technique in the otherwide 
technically formidable task of ·isolating products from starting materials of 
tl'\is kind· arid ·from one ano.ther. Once isolated·p the structures of these products 
are to be determined by study of· their:··infrared and ultraviolet ... light~absorption 
arid by un-equavocal degradative techniques. Fundament~! studies of adsorption 

.and'l:Lght·absorption phenomena and of chemical degradation procedures will, 
of coursep be directly pertinent. 

It'!s anticipated that investigation of simplif~ed·model systems will.serve to 
reveal the types of change produced by the impingement of ionizing radiation 
arid' thus make· possible more facile interpretation of analogous alterations' 
wrought in more complex systemsj including particularly the phospholipid=rich­
membranous structures of tissue. 

13. RELATIONSHIP TO OTHER PROJECTS 

Los Alamos Scientific Laboratory (H.W. Langham); "Behavior of Cell Membrane 
Mechanisms Du~ing and Following Gamma Radiation"» G.H. Bourne, Emory University~ 
11 Effect of·"=hdia~tiori on Lipid= Protein Complexes", E.J. Hawrylewiczp Armour Res. 
Foundation» Ill. Tech.; and "Effect of X=Ray Radiation on Lipids of Skin", 
H.P. Schwarz» Phila. Gen. Hospital. 

14. TECHNICAL PROGRESS IN FY 1964 

Major experimental ~ffort has been directed toward improving uriderstanding·of the 
direct' effects of ionizing radiation on the hydrocarbon moieties of lipids, 
using free fatty acide (oleic and stearic) as model substances. It has been 
re~ognized for some time that such agents bring about ostensibly straight forwa~d 
decarboxylation (in addition to other reactions), giving carbon dioxide and 
~ydrocarbon. In 1952., Burton and Breger (Sci~nce,- 116, 477).reported that 
deuteron irradiation of oleic acid yields trans-8=heptadecane - a surprising 
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result with respect to the implication that isomerization of the originally cis 
double bond accompanie~·decarboxylation. CompariSon of the infrared absorption 
spectrum ·publbhed by Burton and 'Breger with· those of authentic samples ·of both 
the Cis and~trans"isomer's''of this'hydrocarbon 'suggests strongly that the 'p~odiict 
is'iri 'fact-principally the ds iSomer,"'·together'with small amounts of the trans 
isomer·. (presence of some ~rm:Lnal·unsaturation iS also indicated). Y- Irradiatio 
of oleic-acid yields hydrocarbon displaying infrared absorption very similar to 
that reported for the product of deuteron irradiation. Gas chromatographic 
studies revealed that hydrocarbons of considerably ~reater chain length 
(probably c34) are also produced, and that the "unchanged methyl oleate" fraction 
obtained by silicic acid chromatography of the total (diazomethane-treated) 
products contains some stearate-, together with some material containing trans 
unsaturation. Most of the altered oleate, however, exhibits increased adsorption 
aff~nity for silicic acid, suggestive of polymeric nature. Experiments 

·involving doses of 0.5-7.0 X 108r disclose G 1 t 9.6 (in accord with suspected · o ea e 
extensive polymerization by chain reactions; all yields are those obtained by 
extrapolation to zero dose), Gh d b 0.67, and G t t 0.42; the yield of y rocar on s eara e. . 
tr~ns unsaturation in recovered. monostearic ester closely parallels that of 
stearate. On the basis of known consequences of hydrocarbon irradiation, it was 
suspected that this trans olefinic material might owe its infrared absorbing 
properties to new unsaturation ratqer than to isomerized cis double bonds, in 
which case products of stearic acid irradiation should also contain trans un­
saturation. . Both hydrocarbon and "recovered stearate" from stearic acid 
samples irradiated under identical conditions (i.e., identical to those 
e~ployed with oleic)·were found to be quite free: of unsaturation (implying that 
oleic is indeed isomerized to elaidic and to some extent:). QUite unexpectedly, 

.however, the yield of hydrocarbon from stearic.acid was· found to be about seven 
times that from oieic (at 4.5 X l08r). These observations have been interpret~d 
as indicating that both double bond and carboxyl groups function very 
effectively as "electron-hole" traps, in essence "protecting" the saturated 
hydrocarbon portions of such molecules from chemical changes which would other­
wise be typical under such·conditions; absence of trans unsaturation in the 
hydr·ocarb0n product from stearic acid irradiation indi,cat:ed that intermolecular 
electron-hole migration :is- also an etticient process. Obvious :l,mplications of 
these observations. are being explored. 

15. EXPECTED'RESULTS IN 1965 
., 

Studies of the consequences of '(-irradiation of fatty acids are to be continued, 
with the intention of establishing more definitively the chemistry of ion 
radicals of the sort left by ejection of an electron from substances of this 
kind,.' Investigation is expected to proceed along any or all of the following 
lines: 1) determination of the e~tent of intermolecular electron-deficiency 
transfer by analysis of hydrocarbons obtained by irradiation of stearic acid in 
the presence of different amounts of n-hexadecane; 2) determination of the . 
relative effectiveness of double-bond and carboxyl groups as electron-deficiency 
traps in· terms of hydrocarbon yield versus posit ion of double bond in the 
unsaturated fatty acid molecule; 3) definition of the mechanism of the decarbo­
xylation reaction by establishing the nature of concomitantly formed products 
and examination of suitable model systems. 
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' 
16. EXPECTED RESULTS IN FY 1966 

AHhougli it- is "difficult :a:E .. best ·-to att~inpt ··predicting ·two years "ln advan·ce··-· 
what-progress will have be~n mad~ or what "new directions will have been taken· 
6y-rese"i1rch ··of ·the sort which occupies ·the ti~ and etfort of· This Section,, it 
seems "fairly certain th~t effects of ioni~ing"radiation"on lipids and related 
substances _will. still be imperfectly unders t9od J tliat. some intriguing 
mysteries··wul ·yet- remairi, and· that the Organic "Chemistry· Section will .. therefore 
still be' purs\ling'" studies lying within ~is bl:'oadly categorized field of . 
"!rivestigatiori." ·Providi~g knowledge of the radiation chemistry of free fa_tty 
ad.ds.· has been advanced: to ~ satisfactory position, it is anticipated· that 
atten~ion .. will' be. turned first· to simple esters· of fatty acid~,·· since it is 
"iri. this· form that the fatty _acid moieties mos't co~only ·occur in natural lipids;. 
and"next to more complex esters, such as the phospholipids, the importance of 
wn{ch Sfll membrane compopents makes the a~tera·tioq of SUch SU1HJtance$ by 
ionizing radiation a s~bject of vel:'y considerable interest. \ 
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SCHED~~ 189 
.ADDITIONAL EXPLANATION FOR OPERATI~G COSTS 

· · RESEAACH AND DEVELOPMENT. ACTIVITIE.S 

SAN FRANCISCO OPERATIONS OFFICE ·· · · 
Field Office 

BIOLOGY .::AND MEDICINE 
·Program 

1. Contractor: Laboratory of N~'¢lear Medicine and Radiation ··Biology 
University of Ca1ifornia, Los Angeles 

Con~ract· No.: ~T(04-l)GEN;..l2 

2. Project Title: 

Tracer Synthesis 

3. AEC Budget Activity No.:· 

. 06-04-00 

5. Method of Reporting: 
Publications~ UC~. Reports 
Semi-annual and Final Reports 

7. Person in Charge: 

J. D. Nevenzel 

9. · Man· Years 

(a) Scientific · 

(b) . Other Tech. 

10. Costs 

Total 

(a) Direct Salaries 

(b) Materials & Ser.v_ices 

,(c) --::Indirect· ~penses* 

Totd 

(2%) 

$ 

4. Da·te PJ;epared : 

April ·- 1964 
6. W9rking Location:· 

UCLA 

8. Project Term! 

__ From: 1962 To: Continuing 

FY 1964 

2 
1 
2 

,• :.~.J 
:.•. 

FY 1964 

22' 9_00 

2,700 

20 .• 3.00 

$ 

(2%) 

FY 1965 

2 
1 

'2 

2 ~ 

FY 1965. 

24,200 

2,900 

22 ~200 . 

$ 

(2%) 

FY 1966' 

2 .. 

2 ~ 

.FY 1966 .· .. 

25,300 

2,900 

22.700 

$ 45,900 $ 49,300 $ 50,900 

'"'. 
* Total indirect expense of the Contract pro-rated among ind.ividual projects 

on the basis of the percentage of total direct salary. expe~1se represented 
by the particular project. 
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11. PUBLICATIONS DURlNG.FY 1963 

"Incorporatic;m· of.Linolenic~l .. c14 Acid into Eicosapentaenoic ·And Doeosahexaenoic 
Acids in Fish", M. ·Kayama; .Y.·Tsuchiya, J.D. Nevenzel, and' A. Fulco, and J.F. Mead 
J.AmOil C~e~ists' Society, 40,499 (1963). · 

11 The Fat-ty Acid Composition of Three Marine Invertebrates", W. Rodegker and 
J. D. Nevenzel, Comp. Biochem. Physiol. 1!,53 (1964). 

12. S<:;OPE OF THE PROJECT 

The +racer Synthesis Section was established to prepare isotqpically labelled 
molecules of biological or chemical interest when required for use in the . 
investigations of the Biochemistry Division. To date various naturally-· 
occurring fatty acids have been labelled _with carbon-14 by t~c;:bniq\les developed 
in thi~ Division; in fact, the ca~bon-14 labelled unsaturated fatty acids now 
available commercially are prepared by modifications_of our methods. 

A' second field of interest is the metaboli,sm of lipids in higher plants,. with 
particul'ar emphasis on the biogen(!sis of the long-chain constituents of plant 
cut~cle wa:xjes. By using adsorption column, thin layer, and g8,s liquid · · 
chromatographi<: methods for the separation at1d analysis of such consituents' . 
and carbon-14 or tritium labelling to trace the pathways involved in their 
biosynthesis ·c~mprehensive investigations can be carried out with the wax obtain­
able .. from only a few plants. The results of the leaf wax investigation: . 
(1) will p:rovide insight into the basic biochemistry of several new types of 
lipids in higher plants; (2) may be significant for the study o{bx:ain ·lipids 
during aging··, now under way in the Get1eral Metabolism. Sectio.n Qf this Division, 
since in 'both fields compounds of chain le1;1gths longer .than the usual c16 . to c20 . 

are involved, and one;-carbon rather .than th!! usual two-carbon intermediates seem 
to be important; and (3) witl clarify the role of the cuticle wax 'in the uptake 
through the leaves of inorganic elements (including those derived from fallout), 
in the resistance of the plants to attack by insects and micro-organisms·, and in 
the regulation of water balance by the plant. 

In support of these programs the Tracer Synthesis Section is developing new 
methods for the analysis, separation, and controlled degradationof lipid 
constituents, and in applying these methods to new areas of research. An example 
is a new gas chromatographic method for the analysis of the d_-alkyl glyceryl 
ethers(which are now being investigated as potential radiation protection agents). 
Application of this analytical method dan give detailed information about the 
individual homologues constituting the total· glyceryl ethers from a given source, 
making possible more precise biochemical studies of this class of lipids, their 
distribut:(.op at1d me~abolism. Extension of the method will allow the preparation 
of individual glyceryl ethers of high purity and free from homologues. It can 
also be readily adapted to the analysis of the monoglycerides and the vicinal 
diols, two additional lipid classes of biochemical significance. 

13. RELATIONSHIP TO OTHER PROJECTS 

In the general areas of syntheses of labelled molecules, lipid biochemistry,' and 
new methods in lipid analysis, separation, and degradation· the Tracer Synthesis 
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Section works closely with the General Metabolism and Organic Chemistry Se'ctions 
of the Biochemistry Division. 

Studies on plant cuticle waxe~ are in progress in the Department of Botany, 
University of 'AriZori'a (E.B. Kurtz, Jr.), the University of Glasgow (G. Eglintori), 
~boratoire de Biologie Vetetale, ·Bellvue, France (P. Maxliak), and Agriculture 
R~~~arch Service, USDA, Beltsville, Md. ~. A.· Gent~er). · 

Invcatigatione Oil the glyeeryl ethers are being conducted in many laboratories, 
but specific interest in their effect~ in irradiation lebcopenia is most active 
at ORINS (F. Snyder; AT(04-l)GEN-13). 

14. TECHNICA~ PROGRESS IN FY 1964 

The characterization of a major fraction of the cutical wax of the ornamental 
rubber plant, Ficus elastica,· as long-chain aldehyde has been firmly established· 
by(l) oxidation to the corresponding normal fatty acids; (2) reduction to both 
the alcohols and, further, to the normal alkanes, and GLG analysis of each of 
these three derived products; and (3) formation of a derivative, the 2-alkyl 
1;3-diphenyl-imidazolidine, by a reaction specific for aldehydes. ·By the use of 
rooted individual leaves it has been possible to observe the incorporation of 
carbon•l4 from radioactive acetate into the leaf wax of !· elastica, although 
it was necessary to trim the roots to 1=2 mm. in length in order to get passage 
of activity throug~ the roots. Even so only about 0.1% of the total activity 
metabolized WflS found in the wax and about 3.2% in the remaining lipid from the 
leaf. (In a preliminary experiment in which the roots were 2-4 em. in length, no 
activity.wa~ 4etected in the •leaf wax, but the root lipid has a specific' activity 
of 1.] x 10 d/a/mg). Improvements in experimental conditions, and a 10-fold 
incire$se in the total activity used are expected to produce sufficiently ~igh 
specific activities i:n the:wax compqnents to permit degradadve studies to 
establis.h labelling patterns •. Two addt:tional plants surveyed are promising 
for'fqture ~esearch, Hebe andersonii, an or~amental shrub common in Southern 
Califo~ia, and Larrea divaric~ta; the creosote bush, from the Nevada Test Site. 

The work on the lipids of marine animals was extended to include the mussel, 
Mytilus californianus, a spong~ (probably Verongia thiona), and· the 
Gemphylidae fish,, Lepidocybium flavobruneum. The lipids. of the latter are 
unusual in their abundance in the muscle (19-20% of the wet weight, or over 50% 
on a dry weight basis) al\d in the predominance of wax esters in the lipids f.rom 
red and white muscie (88% of the total lipid) and the spleen. A paper on the 
fatty acid composition of the marine invertebrates Pisaster ochraceus, Mitella 
polYmerus, and MytUus califorianus was published early in 1964. 

The gas chromatographic method for the analysis of glyceryl ethers has been 
submitted for publication, including an analysis of the glyceryl ethers of 
dogfish liver oil (Squalus acanthias). 

15. EXPECTED RESULTS IN FY 1965 

In FY 1965 it is expected that the investigation of the biOSYnthesis of leaf wax­
constituents in !:· elastica will reach the stage where labelling patterns. for the 
hydrocarbons and aldehydes from administered acetate-c14 will be established. 
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the'u~~ 'of a yeci,st, TorulopSis magnoliae, to -degrade the long-chain wax constit­
uents_~?~ q17 _an,d Cia. fatty,_aci~s. wi~l ~e _ inv~E! tigl'.t~d. _ 

1 
. ~ 

If. a .. $uita9le small fish c~n be obtained,. the metabolism of the wax esters will 
be .. s·tudies· in vivo ·:(work .. to be done. with. the General Metabolism Sectio~).- ·The 
white qrus'clein fish is poorly supplied with blood, and it is not Clear how 
aerobic reactions can provide ·sufficient energy for sustained activity. In 
Lepidocybiuin the additional question arises whether the concomitant high content 
of wax .esters is direcqy related to the source of energy l,ltilized by the muscle. 
We ~ope to elucidate these basic points. The plant leaf wax research and the 
wo~~ ·on the lipids of marine. organisms will converge in this area, allowing 1i 
co~parison tq.be ma4e of .the biosyntheses of.long~chain alcohols in leaf waxes 
and. in the fish wax esters (see Item 16). 

E~ECTED RESULTS IN FY 1966 

Iri.FY 1969 the origin of the alcohols of leaf wax~s of!· elastica and wheat will 
be under investigationf For this purpose wheat offers· the advantages that the 
a~cohols cQnstitute 47% of the total wax and that radiation-produced mutants with 
altere4 leaf wax metabolism are ~nown. st-~dies with some .of these mutants are 
expected to.illl,lminate the pathway ofbiosynthesis of the alcoho~s, and thus to 
str~ngthen our und~rstanding o.f the specific genetic effects produced by 
ion~2;i,ng radi,atiort. ·It is hoped that a collaboration with a. group working on the 
genettcs o.f t~e radiation=produced wqeat mutants can be arr.anced, since the. 
facilities for growing the plants ·on the .scale necessary for the isolation 
of the few mutants with the desired cha-racteristt'cs ·are not ·available at this 
~boratory. 

Also; wor}_( on t·he metabolism of th~ wax esters in fish are expected to .have 
reached the point where a compa.rison between t~e biOSYnthesis of the alcohol 
moieties of· the fisn wax esters and of the alcohols of leaf waxes will be 
p0ssi,ble. 
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SCHRD\JL~·~ lH 9 
ADDITIONAL EXPLANAtlO~ FOR OPERATING COSTS 

RESEARCH AND PEVEt.OPMENT ACTlVITIES 

SAN ~RANtt§CO OPERATIONS OFFICE 
Field Office 

BIOLOGY AND MEDICINE 
Program 

1. Contractor: Laboratory of Nuclear Medicine and Radiation Biology 
University of California, Los Angeles 

Contract No.: AT(04·l)GEN-12 

2. Pro.1ect Title: 
Pathology 

3. AEC 6udget Activity ~o.: 

06-·04-00 

5. Method of Reporting: 
Publications, UC~ Reports 
Semi-annual and Final Reports 

7. Person in Charge: 

T.G. Hennessy, M.D. (Acting) 

9. · Man Years 

(a) . Scientific 

(b) Other Tech. 

10. Costs 

Total 

(a) Direct Salaries 

(b) Materials & Services 

(c) Indirect Expenses* (2%) 

Total 

'·. 

4. Da·t'e Prepared: 

April .. 1964 

UCLA 

8. Project Term: 

~FJ;'om: 1947 · To:· Continuing 

·py 1964 

4 

1 
5 

FY 1964 

$ 25,300 

5.500 

2P,300 

$. 51,100 

$ 

(2%) 

$ 

FY 1965 .· FY 1966 

3 ·3 

.!. 1 
·Z 

3 ! 3 .!. a 

FY 1965 FY 1966 

268400 '(- $ 27.500 . 

3 1 500 3.soo 

222200 (2%). 22,700 
I 

52; 100 -"$ .53, 700 

* Total indirect exp~nse of the Contract pro-rated among tndividual ·projects 
on the basis of the percentage of total direct salary expense represented 
by the particular project. 
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11. -PUBLICATIONS DURING FISCAL YEAR 1964 

None 

12. SCOPE OF THE PROJECT 

11\e gener~~·fi~l<l of the Pathology Division research program at present is 
col~al:iora'tive re~earch·with the other Divisiqns ·of the Laboratory, prilll"trily 
iri. die- field~· of ·la~e effects of irrad~ation and toxicologic!11 studf,es. The 
p~·tholpgy· D~viS:lon· furniShes thE;! histolog;l.cal ·prep~rations far all re~tearch 
programs th~·t may reqllire thelll. 

13. RELATIONSHIP TO OTHER PROJECTS 

All proj~ct~ of the Laboratory reql:li"J;"ing Patholt)gy s~t·v~ct!~:~. 

14. 1EC~ICAL PRO~SS IN FY 1964 

Roufirie- Pathology preparation and ~eryices have been furnished to the · 
4bor.ato"J;"y dur~ng · thts· fiscal year. 

15. EXpECTED RESULTS IN FY .1965 

The ~athology services will cqntinue ess·entially unc}¥lnged. 

16. EXPECTED RESULTS IN ~y 1966. 

No major change in level of activity is ant:i9ipated. 
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$CHEDULE 189 _ 
ADPITIONAL ~XPLANATION FOR 9P~RATJNG CO~TS 

. RES¢MCH 4NJ) D,~\ll!:~f~~ 4C'fl.VJTtti;S 
' •' . :·. ·. 

SAN.FRANCT.SCO OPERATIONS OFFICE 
Field Office· 

!IOLOGX AND tfEDICINE 
. . . : .P~ogra~~t. 

1. Contractor: Laborator-y· of Nuclea~ MecU.cine and ~4i.atton Biolc;»gy 
U~iversity of California, Los Angel'es 

2. 

3. 

5. 

7. 

Contract No.: AT(04-l)GEN~l2 

Pro·jec·t ·Title: 

Chemical Radiobiology I . 

AEC Budget Activity No.: 

06-04~00 

Method of Reporting: 
Publications, UCLA-; ~ports . 
Semi-annual and F'fn-1!1. Reports· 
Person in Charge : 

Lawrence S. ·Mye~s l) Jlf. 

.• ::·· 

4. Date Prep~r.ed :<' · . . . ~ . 

April - 1?64 
6.· ·Working Location:. 

UCLA 

8. .Project Term: .. · 

;,.Fl;'om: 1947. · .. To: Continuing 
. . 

9. Man Years FY·l964 FY 1965 FY 1966 ... 

(a) Scientific 

(b) Other Tech. 

10. Costs 

Total 

(a) Direct Salaries 

(b) Materials &.Services 

(c) Indirect Expenses* (6%) 

Total 

6 l 
~ 

9 

FY 1964 · 

$ 6.8» 700 

17.000 

$ 

61 D 000 (5%) 

6! 
2 .!. 

? 

9. 

. FY 1965 

792200. 

101600 

551500 

$ 1459300 

6 i 
. 2 '1 

~ 

9 

FY 1966 

$ 82 1 500 

.11 a 600 

(5%) 561700 

$ 150,800 

* Total indirect expense of the Contract pro.;.rated among individual ·project!f 
on the basis of the percentage of total d.irect salary expe.ru~e repJ;"esented 
by the particular project. , · · . 
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11. PUBLIC~~IpNS .DURING FY 1964 

(a) Radiatj.on Chemistry· of Thymine in.Aq~~o~s Al~aline Solut.iqJ;l. L.S. Myers;Jr. 
W.T. Tsukamqto, J.F. Ward, J.~. Julc~, ~nd D·.~. Ho~mes, Ap~ts. of P.apers, 
14Sth A.C.~~ Me~tin~, September 8-13, 1963, p. 9 T. 

(b) F;~fec1= of Inorgan1c Anions on some Radiation Chemical Yields in Aqueous 
Solution. ;J.F. Ward and ~.s.·Myers, Jr., Ab~ts. of Papers, 145th A.C.S. 
Meetin~, ~eptember 8·13, 1963,_ p. 14 ':J:. 

(!=!) Structura 1 Effects in the RBdia tion l;nduced Reac'tions of Phyrimid:ine Com­
pounqs. L.S. Myers,·Jr., W.T. Tsukamoto~ J.F. Ward, and D.E .. Ho~m¢~. 
Abst;s. ~th Ann. ~eeting 9f ~he Biophysical Society, Fep. 26-8, 1964. 
P. w·. n. 12. 

(9) The ~diation Chemistry of Papain in Dilute Aqueous SolutiQns, ~d~at;:i9n 
Re;?earcq 21. (1964) (VCLA,..,517), 

12. SCOPE Of f~OJECT 

l;nfo1;mat;i.on .about· the action qf radiation on simple inole.cules and nuicromolecu~es 
is li!Ss~ntial fpr an l,lnderst;an~ing of the ~ffects of radiation on living 
organisms and for radopa1 developmept of· ~eans of modHying these effec~·s. 
Accordingly, the 111.ec):u~n~sm~ py which radi!ition prci~uc~s ~hemical ch~pges are 
being "invest;ig£tted wit):l emphasis on ~;~y.stems likely to g;i.ve· information · 
perti~ent· to b"iology. Subs.ta~c;.es suitable ·for th,es~ studies inclu~ie" marty 
ino+g~nic·, simple o;r;ganic, £tnd ~crom0 lecular compo1J1'\~s·r They may be :i,n'the 
solid or p4re liqu:id:stat;e, dissolved ip solut~on~ dispersed as collo~ds, 
spread as mono layers, or organhed in~o membranes·~ depend';iilg on the t;ype. of 
mec;:haniSlll. or +eaction, un9er 'investigation. Att;empts tq apply ~nf9,rmat;(pn 
g1'!ined "f-rom these ·anp relat;ed Sl;4dies to biological· systems are cont;i.n1,1ally 
unde;r way. Th,:is s~Gtion is ~lso responsible for t;he ~aboratory Radi!itiPil; ~,ac:ilit . 

13. RELATIO~S~IP TQ OTHER PROJECTS 

~his work is generally related to invest;igations in 
J.F. Ward, ~-F~ Mead, D.R. Howton, at;1d G.V. Taplin. 
thro1.1ghout the world &re cpndyct;:ing ielate4-st~d1es 
and biochemistry, Those most closely related are: 

this Labor~t;ory 4nder 
Many 9th~r laboratories 

in radiation ch~mi~~ry 

E. Ekert, Institut· du Radium, Fondation· Curie, Par~s, France; ~0seph W~iss, 
Un~versity of N~wca~tle-upon-Tyne, Engli3nd; Bert Tolb~rt, Un~ver~ity of Co~orado, 
:Sou~der, Coloraqo; William H. Prt.lsoff aJ1d Paul How~rd .. Fland~r.!3, Yale Univ~rs~1:y, 
Ne,w Haven,· Conne~t;i.c~t; and F;. Pollard, S.R. P~r!39n, and W. Gino~a, 
Penn~ylv&nia State U~iversi~y. 

Oth~rs include: National Institutes of Health; Univ~rsity of California, Davis, 
Berkeley~ and Los Angele!3; Uniyers:J.ty of Notre Dame; Ofll< Ridge National 
Labor~to~y; Argonne National Labo~atory; B~ookhaven National ~boratory;.and 
sev~ral labora~ories in Englapd, France, A4stralia, Sweden, and Russia. 
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14. TECHNICAL PROGRESS IN FY 1964 

Effects of Io~izing Radiation on ·Thymine 
! 

Because of its pertinence to studies· of radiation damage· of DNA an extensive 
investigation of the effects of ra~iation on thym1ne, the pyrimidine .base 
peculiar to DNA; is in progress· •. Previous work has shown· -~hat: in. s1ightly 
acid or neutral aqueous solutions the prin~iple site of radiolydc".attack on 
thymine ~.a the 5,6 double bond, with ultinw.te formation o·f iat:urated ·ring 
compounds·. As the pH is increased through and beym.1d the physiological pH 
regiqn the yeild of this reaction decreases and the site· of· attack· shifts to 
the 5-methyl_group. In strongly alkaline solutions the attack is aimost 
exclusively on this group. Further investigations of· this· reaction' have 
involved development" of new analytical techxiiques which are· reliable in 
alkaline solutions, and use of t~ese techniques to study reaction products. 
Previous p~eliminary ·evidence that the principle product' of attack on 'the .. 
methyl group is hydroxymethyl uracil has been confirmed and evidence-has been 
obtained which indicates that'the hydroxymethyl uracil is an immediate, not·a 
sec9ndary, product" of the reaction. In addition, several other as ye't un'ident­
ifi:ed products have" been' found in small yield, and preliminary attempts have 
been made to·develop a reaction mechanism. 

The Relative se'nsitivity of Pyrimidine Compounds to Radiation 

The discovery that the nature of the indirect action of radiation on thymine 
changes as the pH is increased through and beyond the physiological region"makes 
lt almost certain 'that other' phyrimd'ine compounds will show similar 'chl,mges,. 
and that· their re'lative sensitivfty· ·as determined by any single· criterion will 
Qepend critically on the experimental conditions. A set of compounds was 
therefore· selected (uracil,· thymine, cytosine, · ~md 5- · methylcytosine,. their 
nucleosides, and'"their ·nucleofides) and their sensitivity to' the indirect 
acti~n of' coba~t -60 1-r~ys was' i~v_estiga'ted spectrophotoinetr_icallf in 
neutral solutions and at the pH extremes to determine the maximum extent of 
variation in Se"Q.Sitivity and the. relation of this' variation·: to amino, methyl, 
pentose, and pentose-phosphate substitu'ents. In acid and neutral ·solutions, in 
which the pyrimidines are positively charged or neutral, the initial disappear­
ance yield-of the chromophore (or the .5,6 double bond) was' fuuml to be about 
the same fot · 'th}rmine, · uracil, cytosine, 5-methyl cytosine, and the corresponding 
nucleosi.des, approximately 3 molecules/100 e.v. absorbed.· It is also the same 
for cytidylic acid in acid, but somewhat lower in neutral solution; In 
alkaline solution, in which the pyrimidines are negatively charged,. the I;"esults 
are complex and dep~nd markedly on the side chains·. Thus with urac.il and 
cytosine the_yield~ are initially about the ~am~ as in acid, but rapidly 
decrease with fncreasing.dose. They are essentially zero with compounds which 
have a methyl group in the 5 position. In compounds which have a·sugar·attached 
to the ring, the di~appearance yield is again zero if a 5-methyl group is 
present. If it is not, the intensity of the chromophote increases when the 
nucleosides are irradiated. A similar increase was obtained with cytidyli~ acid. 
These results are consistent with the view that in the positively charged or 
neutral molecules the 5,6 double bond is the most sensitive group to 
irradiation but that in the ionized forms the methyl and sugar groups are also 
attacked if present. The relative order of reactivity appears to be methyl and 
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ribose 7 5, 6 Double Bond::;:::>" Deoxyribose. 
- - -

Preliminary Investigations of Radiation Efhcts on Biologically Important 
Compounds :·, · · · · ·1 

· .• ··- ··::·; 

Considerable- evidence- suggests that dl.re.ct as· well as inoirect effect;s- of- -
ioniZing" radfatl.on play ah'l.mportant' "part"· in raaiation' damage to nticl~lc. ~cids. 
Preliminary expe~irnents· have" therefor~ "been; done· in· whicl\· solid· Carbo~~l4 .... 
_1~peled pyrimiairies and nucleosides have been. exposea. to cob~lt-60 :r·-rays'· aJl,d 
ano!!lyzed by paper chromatography .... It is apparent that~ a"'nl:lmber· of products 
result.· Further- experiments" are needed· to identify these products and to 
dete~mine the condit~ons affecting their formation. 

.. ~ • - • • 4 ' - • • • 

Preli.minary experiments are also under way ·with moael compounds to determine 
th~ pqssible role of 11bound11 water in radiation effects, . 

Devel9pment of the ~diation F~cility 

Contin~ed progress has been made in developing the new 10,000· curie cobalt:6o 
sour~e as· a versatile tool· for use· in· the· Radiobi01og;i.caf Scien~es.-. Seve~al·· 
devi~es· requirea to meet specialiZed experimEmtcil needs have been designed ·and 
built;",. and equipment for' routine exposures under highly reproducible' cond~tions 
has been installed. In· aadition operation of 250 kvp. aria.-50 kvp x:raf.mach1nes 
fias been- continued fo.r- experiments- requiring· less. penetrating radia tio~····tll.an .... 
that of cobalt-60. Also, a 150 curlecobalt-60 source, which· formerly was our 
only source of highly penetrating" rad;i.a tion", is still used for test tube 
experiments which do not require a high intensity radiation field. 

-. . 

Experiments with Nucleoproteins and Protein Constitu~nts 

This work is reported by Dr. J.F. Ward under the Project Title 11Chemical 
Radiol;>iology 1111

• 

15. EXPECTED RESULTS IN F~ 1965 

Investigations of the mechanisms of the radiolysi.s of biologically important 
compounds wi.ll continue with emphasis. on the- coniponen'ts of nudeoprofeins •.. 
Further- investigations· of radiation effects on thym1ne-wi11 be undertaken to 
obtairi'aaditional' information relative to" identificationof""products and the 
influenc~ of oxyg.en· on the· formation of products,· but decreasing emphasis on 
thfs ~ompound· 'is anticipated. · As a· logical development from the work on 
th)rmine, increasing emphasis will be placed on studiesof other pyrimidines, 
the purines, nucleosides, nucleotides, nucleic acids, and possibly nucleo­
proteins, The highly successful preliminary experiments on the direct effects 
of radiation on nucleic acid constituents will be ~ontinued and extended to 
other compounds and considerable progress is anticipated towards elucidation of 
the reaction mechanisms involved. Further studies will .also· be pursued on the 
importance of 11bound11 water on radiation effects in model compounds, and, if 
progress permits, will be extended to biologics lly important molecules themselves 
Efforts to develop further the new 10,000 curie cobalt-60 source as a versatile 
tool for radiobiological research will be continued. 
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16. ~PECfE~ RESULTS IN FY 1966 
... 

A continuing effort ·will. be made to obtain· in-formation aboue··radi&tion· effects 
~t the molecu1ar level--which w'ill provloe a· uHsis· for. understanding the .. 
biological effects· of radiation ... studies· of· nucleoprotein!J, .their constit_uents, 
and related compounds' will undoubtedly" cont1nue~ to· be 'of"pd.mary· importance'.- ... 
The' particular problems'. to' b·e investigated"and possible consideration. of other 
'types of bi~)~ogica lly: important· compounds will depend on the results of the 
precli!ding year's work. . 
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SCHEDULE 189 
. ~pplTIONAL EXPLANATION ¥0R'9PERATJNG COSTS 

·. RE:StMPH AND Q~VELQfMENT· ~CTJVlT:t~S 

SAN FRANCISCO OPERATIONS OFFICE 
· Field· Offi~e · 

BIOLOGY AMP pDtCINE . . . 
u. ·n·:· ·.Pt:o~r~uf •·· · ·~ 

.. 

1. · Contractor: .· Labqrafofy of' Nuciear ~dtc~ne · and 1'.44iat~~n Biolos:y· · · 
Un~versitY of :.cauforp.ia, J.Qs AP-s.el·~ ... · .· .... , . 

Contract No.: AT(04-l)GEN~l2 

Project. 'l!itle: f::: 

Chemical Radiobiology II 

4. l)a-te Prep-r.ed .:t ;J. AEC Budget Activity No.: 

06-04~00 

·-=--~~~~-=------=--~---........ --.""""':'~-f.A~p-.:ri~l::--·:-:1~9 ... 6;..;,4"""':""_ ...... .,....,.._~- .... 
5. · Meth9d of Reporting:·· .. 6. · Working,L~cation: 

P\lblicat.ions, UCLA· ~pprts. .· ucr.A ~ · · 
Semi-annual and F'f'ri4ii Report~. 

7. · Person in Charge: · 8. · PI·oj4!ct Term: .. · · 

John F 0 Wanrd ,:.F'roin: 1947 To: Continuin~ 

9. Man ·Years 

(a) ·Scientific 

(b) Other Tech. 

·Total 

FY·l964-

·2 

-::-1":::"0-. -C~o-s_t_s--~---~---------,FYl964 ·· 

(a) · Direct Salaries $__!.~300_ 

(b) Materials & Servicel;l • ...,.....:..6 u 000 

(c.) Indirect Expenses* . (i%) 10~200 

Total $ 32,500 

FY 1965 

2 

.·· FY 1965 . 

$_ 18 2700 

- 4 1 000 

(1%) 11 1 100 (1%) 

$ 33,800 

· .. · FY 1966 -·-. 

.. 2 

2 

FY 1966 

$ 19,800 

4 2ooo 
11,300 

$ 35' 100 

* Total indirect expense of the Contract Pr~.;.rated among indiv~dual ·project$ ··, 
on the b~sis of the percentage of total direct salary .e-~pep~e rep~esented 
by the particular proJect o · ; 
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11. PUBLICATIONS DURING FY 1964 

(1) Radiation Chemistry o~·Thymine.in.Aqueous Alkaline Solution. L.S. Myers,Jr. 
W.T. Tsukamoto, J.F.·ward, J.R. Julca, and D.~. Holmes. Abst~. of Papers, 
145th A.c.s. Meeting, Septembe·r 8 ... 13, 1963, p. 9 T. 

(2) Eff~ct.of Inorganic Anions on ~ome Radiation Chemical Yields i~ Aqueous 
Solution. J.F. Ward and L.S.·MyE!rs, Jr., Absts. of Papers, 145th A.c.s. 
Meeting, September 8-13, 1963, p. 14 T. 

(3) Structural Effects in the Radiation Induced Reactions of Pyrimidine 
Compounds. L.S. Myers, Jr., W.T. Tsukamoto, J.F. W~rd, and D.E. Holmes. 
Aosts. ·ath Ann. Meeting o~ the Biophysics~ Society, Feb. 26-8, ~964, 

p. W.D. 12 •• 

12. SCOPE OF THE PROJECT 

ThiS project involves investigation of the site withi~ the cell of the primary 
significant effect of ionizingradiation and requires a knowledge of the sen­
sitivities .and mechanisms of radiation destruction of biolog~cal1y important 
macromolecules such as nucleoprotetns, transforming pri~ciple DNA and enzymes. 
Correlation of the d~crease in ability of th~se macromolec~les to function 
biologically with chemical changes produced by irradiation is necessary in order 
that the biological effects can be understood on a qu~ntitative radiation 
chemical basis. Studies of simple model compounds are ofte~ require~ to make 
such correlations possible. 

13. RELATIONSHIP TO OTHER PROJECTS 

This work is related to the investigations carried out under tQe direction of 
L.S. Myers, Jr., J.F. Mead, D.R. Howton, and J. Leitch in this ~aboratory. 
Studies in a similar vein are being carried out thraught the ~orld. Most 
closely related: 

J.J. Weiss, University of Newcastle-upon-Tyne, Englan~; P, Howard-FlanderR, 
Daparlwent of Radi.O'logy, Yale University, New Haven, Connecticut; A. ;Pihl, 
Norsk Hydro Institute' for Cancer ~esearch, Montebello, Oslo, Norway; 
F. Hutchinson, Department of Molecular Biology and Biophysics, Yale University, 
New ~ven, Connecticut. 

Others include: National Institutes of Health, University of Ca"tifornia, 
Berkeley and Los Angeles, University of Notre Dame, Brookhaven National Laboratory 
and several laboratories in England, Russia, ~ranee, A~stralia, Sweden and_Japan. 

14. TECHNICAL PROGRESS IN FY 1964 

Effect of Ions on Radiation Yields in Simple Biochemical Systems 

Living cells contain appreci~ble concentrations of ions, irr~diation of the cell 
produces free radicals. from the water which may rea.ct with these ions. It is 
known for instance that under certain conditions chloride ions will react with 
OH free radicals: 

--)~ c1· + OH (1) 
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The~ cli.lorine .atoms thus pr.odl.iced "ar.e .less reactive. than _·OH. free. radlcals .-.and :herice 
more_-~ speCific inyt:heir.mode of reaction~· Le., ·chlorine atoms ·will add to d9uble 

. ooiids~but-wilCriot al:istract.hydrogen atoms, whereas OH free radicals will carry 
0\~t both ·9f these reac~iqns ... 

In· a system which contains bo.th a double bond and a saturated· compound, OH free 
radicals will react with both components, .. if chlorid~ ions present in the ~ystem 
react with the OH "free radicals, a.specif:f.city for attack. on the double bond 
component will -b~ observed.· Using such a system and varying pij and sodium· 
chloriae concentrations it was seen that the above reaction· (1) occurs only 
be~ow pH 3.0. The 'kinetics of the system: seem .. to fit .a mechanism: · · · 

+ 
OH' + Cl- + H --7f'H 0 + Cl' (2) ,. ' 2 

Relative rate constants of the reaction of the OH free radical with the 
coniporients. of the system were calculated and using these it was possible to fit 
theoretical data closely to the e~perimental results. 

Herice"this reaction of cl)loride ioris ·is._not important at physiologicai pHs, this 
was ·borne out when solutions: of DNA and transforming DNA were used~ ··There was, 
w~ry little effect of chloride (as compared to sulphate) on 'the· radlation ' 
induced destruction of DNA bases,_ hyperchromici'ty and transforming activity. 

In the ··case of bromide ions , however., bromine a tom8 are produced by react ion with 
OR free radicals in'neutral as well as acid solution. These bromine atoms are 
mU.cn l~ss reactive .than tl)e OH free radicals and will not.add to double bonds. 
Consequently bromide ions prote.ct compounds from the effect of OH free radicals. 
In the case of DNA - assayed chemically for base destruction and hyperchromicity 
and l>iologically for transforming activity a marked protection occurs - in the 
case of transforming DNA a 100· fold decrease in the effect of the radiation occurs 

Compounds Containing Sulfhydryl Groups 

Sulfhydryl compounds are known to be sensitive to ionizing radiation in aqueous 
solution and are used as protective agents. We have established that this 

·sensitivity is due. (for cysteine) to reaction of the sulfhydryl group with 0-
2 ion radicals followed by a short chain reaction in which more sulfhydryl gr,oups 

are destroyed. Work has commenced on papain to see if this situation exists 
when the sulfhydryl group is present in a macromolecule. It appears however, 
that- the major.ity of the "deactivation of papain caused by ionizing radiation is 
produced by reaction with the OH free radical. This has been shown by simple 
chemical competion experiments and by the use of bromide ion (vide supra) which 
does protect papilin. · 

15. EXPECTED RESULTS IN 1965 

Inves~igations will continue in trying to find the important sites of the primary 
attack of ionizing radiation in the _cell. The relative sensitivities of compounds 
irra4iated in quasi-physiological conditions will be one line of approach, 
another ill be attempts to discover the importance of various chemical changes 
in producing" aamage visible on a cellular level. 

For instance work with transforming principle DNA in solution will be pursued 
thx:ough to irradiation of nucleoprotein,. cell nuclei and cell suspensio~s, using 
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the act~v~~~ .o~ the D~~ ~~ ~ .me.as.ure ~f the biologi~41 damage observed. 

Modei. compounds su~h as 'polyadenylic acid 'will·be ·requi~ed,. since at ··~lie' ~oment 
tnc:j' iltQich!ometry of cl~struct:ion.of purine ·moieties ·within tlte DNA in .aqueo~s 
so~u~i~~-by ioniz~n~_radiati~n is p~orly understood. 

Analogous expe:dments w~ll be carried out in ·proteins, nl,lcleoprot;eins and 
enzYm-es~ E~phasis will:be. placed on prot;eins (enzymeS) .having a well def~ned 
prpsthetic group, i.e.·, P4P4in', Hence t;h~se ~adiation-b~ochemical st;udies of. 
l~dbect damage to en~yme molecules will lead to an asses~ment of possible 
protecting chemicals ~nd·to the estilll8tion pf the importance of direct damage 

. by radi,ation. 

16, ~~ECTED RESULTS IN 1966. 

The· use of biological assays of cellular component~ e.xt~acted after irradiation 
in vivo. and investigation of the .chemical damage re~ponsible wU~ le'ad ~o an 
~~· . . 
u~clerstanding of ways, in which cell ·damage can be modified. Much o.f the work 
~~11 be ··involved it\ constructing mode~ syste:ms which simulate physiologies~ 
conc!i~ions, ·and devising _jus.tifiabie extrapolat~ons to ~ ~ systems. 
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11. PUBLICATIONS DURING FY 1964 

(a) Effects of Various Factors on Oc.currence o.f Intra-~itochondrial. Inclusions. 
0 .A. Schjel.de, Ruth- G~ McCandless·, Myrna· W.Ukens, Marion Peterson and 

(p) 

G.V. Alexander~. ~xp •. Cell Researc~32,.'37.~-3~~ ~1963). 

Further Observations on the Developing Avian Oocyte. Origins and Roles of 
MH:ochondria-Like'Organelles. O.A. Schjeide, Rutl'!: G~ McCandless arid R;J.Munn 
Growth 11, 111-1~~ (1963) · 

(c) Possible Participation of RNA in Formation o~ Mitochond.ri8-L~ke Organelles. 
O.A. S:hJeide, Ruth G. McCandless and R.J.Munn.· Growth 27, 125-128 (1963). 

(d) Effects of AcidMucopolysaccharides on Growth Rates and Constitue~t Lipids 
of Tlssu·e Cultures. L .M. Morrlson, O.A. Schjeide, J .J. Qullligan, Jr., 
L. Freeman and R. Holeman. Proc. Soc. Exp. Biol. Med. 113, 362-366 (1963) 

. . --
(e) Parameters of OEstrogen-Stimulated Protein Synthesis. O.A. Schjeide and 

Myrna Wilkens. Nature 201, 42-44 (1964). 

(f) Synthesis of Cytoplasmic Hematin by Nuclei of Erythrocytes from Embryos. 
O.A. Schjeide, G.V. Alexander,, J.P. OKunewick, C~R. Carmack, M. Wilkens, 
E.N. Carlsen and T.G. Hennessy. Growth, March (1964). 

·(g) Relationships Between Hematin Synthesis and Morphological Structures in 
Adult and Fe tat' Red Cells. O.A. Schjeide, Ruth G~ McCandless and 
R.J ~ Munn. Growth, March (1964). 

(h) Phospholipid Synthesis in the Erythrocyte Nucleus. O.A. Schjeide, R. Marshal 
and Myrna Wilkens·. Nature (April 4, 1964}. 

(i) Transfer Ribonucleic Acid. E;.N. Carlsen, G.J. Trelle and O.A. Schjeide. 
Accepted by Nature (April, 1964). 

12. SCOPE OF THE PROJECT 

The purpose of the Metabolic Radiobiology Section is to study the modifications 
of intracellular metabolic mechanisms by ion~zing radiations, to determine how 
these changes are brought about and to relate the effects to the total organism. 
The Developmental Physiology Unit is primarily concerned with radiation effects 
on metabolic systems at different levels of differentiation. 

Aside from studying problems that deal strictly with applica~ions of radiation 
this section has been, and will be concerned with phenomena that jire basic to 
the knowledge of biological systems in general, since it is re~soned that such 
information may ultimately prove to be of considerable assistance in the 
elucidation of radiation-induced effects and to the amelioration of such 
disturbances. 

Specifically, the section concerns itself with such problems as the metabolism 
and syntheses of the ~ucleus in relation to other subcellular structures·; the 
origins and modes of propaga'tion of various subcellular structures, the nucleic 
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acid systems involved in the production of proteins, the. control of protein and 
lipid syntheses' by various hormones, the intracellular sites of hormone action 
and the _passage of"macromolecules ~.cross cell membrani=!S. Whenev~r possible, the 
effects of radiations-on such proce·sses are assessed and, in ~st cases• the 
studies are carried out on tissues at different levels· of differentiation. 

Var;i.ou~;~ :·~heories are being developed with respect to the roles of oxidizing 
radicals in aging and disease. 

As these problems are ·being attacked, occasions arise that call for the 
development or elu~idation of technical aspects of the research. Some deviations 
~n these directions have been made and will continue to b~ made.· 

13. ~LATIONSHIP TO OTHER PROJECTS 

This wprk is-related to studies of radiation induced derangeme~ts of intra~ 
cellular components, serum prote'ins, lipids, and .lipoproteins which are being 
ca~ried out on adult organisms in the Biochemistry Division of.tliis Laboratory, 
and ~imilar. ir:westigations being carried out at Rochester, Argonne and Oak Ridge. 

The mqst ~nique feature of these investigations is that they are being performed 
ondeveloping cell systems. 

14. TECHNICAL PROGRESS IN FY 1964 

Puring 1964 the Section has accomplished the following: 

Effects of Estrogens on Proteins and Lipids 

(A) TWo separate effects of estrogen on the liver of the.chick~n have been noted. 

1. The liver is stimul~ted to produce two new pla~ma protein~, phosvitin and 
lipovitellin. These are first detectible in the ~erum 24 hours after 
estrogen injection; they are ejected from the liver as rapidly as they 
are. formed; and their. appearance is correfated with a rise in the total 
liver RNA. 

· 2. The ~iver is induced m synthesize and eject additional quantities of tri­
glyceride into the plasma, where it is present in the forni of light 
lipoprotein. The increased triglyceride is detectible in the s~rum as 
early as 12 hours post-estrogen injection and is placed immediately 
into the serum~ 

Both the unique proteins and the light lipoprotein enter the.egg yolk- the 
unique proteins into the yolk granules and the light lipoproteins ;i.nto the 
~luid in which the granu~s are suspended. At some.as yet undetermined point 
in passage, the granule proteins are reduced in molecul.ar weight and are . 
r~ndered insoluble. 

The lipid moiety of the light lipoprotein also undergoes some changes in 
co~position (Ref. Nature 201, 42-44 (19Q4). 

' . ----
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~ffects of Estrogens on Carrier RNAs 

Estrogen treatment results in the produc.tion by thf;! avia~ .liv~r of larg~ 
qua11tities of 2 plaoma proteins· containing· extraordinary propo~;Uqns of serine 
and ~hosphoserine. A system is thus available ·for the study of carrier - or 
transpprt .;·~As· specific for these two ~ll)ino acids (which, have bee~ largely 
neglecte~ ·by workers ~n the field of mechanisms of protein synthesis). 

By the e!llplo}rment of an _albumi~ column, a partial r~solution of transfer RNAs 
.fro~ estrogenized and c0ntrol livers has been accomplished. Al~hough the total 
quantities of carrier RNA per unit dry weight of liver are the same, proportion~ 
~-t~ly -hi~her concentrations of carrier 1pAs specific §2r serine arid phosphoserine 
h~ve been detec~ed (by labeling with C serine and P and observing· the .· 
pos idoris .of 'the labels· in the column fractions) in the livers· of estrogen'fied 
chicken~. Turnover of t~ese RN~s is much more rapid in estrogenized chickens 
than is the turnover of carrier RNAs for other amino ·ac:a.ds. · 
A basic principle that can be derived from these experime"Qts is that the 
synthesis of a protein is ·not s 0 lely governed by the m~ss~nger RNA made available 

·for sucq synthesis but that the carrier RNA system.is also ~mmediately subject 
to genetic regulation and may play a critical role in a~ least the rate of 
synthesis of a give'Q protein. 

The demonstration of carrier RNAs specific·for phosphoserine indic4tEl~ t~hat 
phosphorylation of serine in the proteins under study ta~es place prior to the 
formation of the proteins rather than after (Ref. Nature, May or June, 1964), 

Nuclear Synthesis 

'fhe nucleated avian erythrocyte is repres.entative of a cell type in which nuclear 
events appear to comprise the bulk of the celt's total metabo).ism. Electron-. · 
micrographs reveal that very little ribosomal material, no golgi apparatus, no 
endqthe~ial reticulum and only a· few mitochondria are present in the cytoplasm. 
ln red cells from younger embryos tijere is more RNA and PNA per nucleus; there 
are more mitochondria .and many of tg§se are inserted into the :r;1uClear pores. 
In vitro incubation studies with Fe show that hematin is synthesized in- the 
nucleus and th;is 30 times more rapidly i!l celia £:rom 7 day elllbryos ·as compared 
in cells .from chicks. · '!Vrnover of _nuclear phospho~ipid (p32 \lSed) is as p1uch · 
a~ 6 times fas~er in cells from 11 day embryos as cc;>mpare4 to t:tlose from chicks. 
Preliminary studies with cl4 lysine indicate that the globin moiety of hemo~ 
globin is also synthesized in the nuclei of erythrocytes. Most of the he~tin, 
synthesized in the nucleu~, is quickly passed to the cytoplasm. Ad~ition of 
ser~m or glycine to the incubation medium speeds synthesis of hem~tin but slows 
~urnover·of RNA and phospholipid. The fact that an inverse relationship ~~ists 
between hematin synthesis and turnover of total RN4 s~g~ests tQat hemoglo~in is 
being synthesized on long lasting messenger RNA or tha~ hemat~~ _synth~~is may 
proceed .· indep~ndenU:Y of globin synthesi~. 

The respiration rates of red cells from 11 day embryos ~ppear to be only twice 
as rapid as in cells from chicks. · ~t has·not fet been determined WQether 
respiration takes place solely in the mitochondria or wh~ther' the nuclei of these 
cells might also be involved. (Ref. -Growth, Marc~, 1964). 
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~ffects of Radiations on Myelin Formation 

The brain. s.terits of rats that have· received 750 r o.f X- irradiation t~ the head 
only. (at .two days ·after. birt~) show a decrease in total weight as compared to 
controlsp·. a coilditi~n which is apparent at about 2 weeks and persists through­
out the life span of the animal. Sin·ce approximately 80 per cent of the deficit 
in weight can be accounted for in terms of iipid alone, it was suspected that a 
profound radiation~induced. inhibition of myelin formation has taken place in 
theoc young rats • 

. ' . 

Histological_examinati~n of the 5th nerve tract by means of both electron 
microscopy and the light micr.oscope reveals that there is an initial' retardation 
of division in the glial cells of this tract. However, . the cell division even­
tually not only equals . the rate occurJring in normal brain stem but exceeds it, . 
so that at 60 days of age the fifth nerve tract of the irradiated animal contains 
as many total glial cells as that o.f the control, although the volume of the 
tract is consid~rably sWiller .. (20=30 per cent} • 

. 
Each glial celi in the· f.ifth nerve tract of the irradiated 30-day-old rat is 
much smaller (both .cytoplasm and nucleus). Many of them are wrapped about nerve 
fibers and the newly forming = or incompletely developed ~ myelin shc;!ath is seen 
to be well within the boundaries of the cytoplasms of the glial cells, a condition 
that rarely obtains in the normal animal. Many of the nerve fibers have no 
myelin about them and those that do, have thinner layers. The myelin itself 
appears to be amorphous in many cases in the irradiated rats whereas in the 
control animal a precise resolution into membrane laye'rs is seen around all 
nerve fiber.s •. 

_Biochemically~ the total .brain stems of head=irradiated.animals contain 
relativ~ly more cholesterol and less total phospholipid after two weeks of age 
than do those of control litter'mates. A noJrmally occurring increase in oleic 
acid fails to. t~ke pl8ce and may reflect an effect on lipid dehyd~ogenase systems. 
Aldehydes 9 . which indicate the presence of certain plasmoiogens of myelin fail to. 
mate~ialize. There appear to be some differences in proportions of constituent 
phospholipids but this data is tentative. 

Nucleo=cytoplasmic Exchanges 

Electron microscopy of developing avian oocytes'has indicated that the so ·called 
"annular pores" of tqe nuclear membrane are not open holes although the roller­
like rods making up the annuli may be so. A common mode of transfer of nuclear 
materials to the. cytoplasm through them is by disassociation of vesicles 
arriving at the pore sit~ on the nuclear side into very much smaller vesicles 
and the re-emergence of small vesicles on the cytoplasmic side which re-assemble 
into larger vesicles (resembling "kinetosomes" as seen in Paramecium). The 
"kin~tosomes" appear to move freely from cell to cell,.· traversing the two cell 
membranes by a dissassembly=reassembly process similar to that described for 
passage across the nuclear.membrane. 

At least some of the vesicles traversing the nuclear membrane are observed to be 
present as such in the nucleolus where they are some~imes arranged in helical. 
stacks that can be seen to be unraveling into two strands of vesicles. ·some of 
the vesicles appear to arrive at the nuclear membrane still arranged in strands. 
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Nuclear Regulation of Organelle Format.ion 

The morphogenesis of mitochondria~ like organelles' conventional mi.tochondria, 
yolk"granuhs, golgi· apparatus, endoplasmic"redc~lumand,p1asma membr$ne ·in 
cells of avian species have all been found to be intimately related to vesicles 
iri 'the cytoplasm which initially bear strong resemblance to the (vesicles) ' 

. "kinetosomes" arising ·from the nuclear-cytoplasmic interface •. · 
' ' . . 

~n e$ch case the formation of the new organelle appears to be accompanied by 
disassociation of the original kinetosome into sub~vesicles· which furt~er d_is­
assosiate. into microvesicles. The microvesicles either fuse into membrane pairs 
(s.uch as cristae) or elaborate (in an unknown ·maimer) to produce ·membrane sheets. 

A ~(Incept enierg:l.ng from these studies h that informati~n for the formation of a 
complex organelle in the cytoplasm is transmitted in a vesicular package from 
the nucleus and that expression of this information is d~pendent on sub~trate 
available and stimulators and repressers in the cytoplasm. The information-in 
the large package would appear to be arranged in repeating ·modules s~ that 
expression is realized through sub-divisions within ea~h module. · It is ~oted 
that all of the organf.!lJP.~ found to be related to ve~;~j,cles consist of repeating 
units of structure and activity. . ' .. 

1~. EXPECTED RESULTS IN FY 1965 

Du'r"ing 1965, studies will be carried out on·- the following: .. ,. 

. . ! 

(1) Nucleocytoplasmic exchanges in various cells following various treatments; 
isolation and characterization of nucleus derived vesicles; (2) Further 
c~aracterizati6n of nucleic acids in estrogen treated animals; (3) Isolation 
and characterization of mitochondria-like ·organelles; isolation," and 
characterization of intra~mitochondrial inclusions; (4) Nucleic acid, enzyme, 
and lipid changes in irradiated brain stems of neo-natal rats. 

16. EXPECTED RESULTS IN FY 1966 

C~ntinuation of 1965 studies with emphasis on,(l) biochemical aspects of nuclear 
s}rntheses in normal and irrad:fa ted cells (2) isolation and characterization of 
subcellular organelles (3) enzyme and nucleic acid changes in irradiated brain 
stems of neo-nata'1 rats. 
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11. PUBLICATIONS DURING FISCAL YEAR 1964 

(a) Age DiStribution of Cells in Logarithmically Growing Cell Populations. · 
J~R. Cook._and T.W •. Janies, chapter in Synchrony in Cell Division and Growth, 
ed. E. Zeuthen, ~nter~cience Publ., N.Y~ (t963). 

(b) Techniques for Synchroni~ing Flagellates. G.M. Padil~a and J.R. C.ook, ibid. 

(c) Ultraviolet-induced Apochlorosis and Photoreactivation in two strains of 
· Eugle1~a gri!!cilis. J .R. Cook. Photoohe•.ili&try and Photobiology 2: 407 (1963), 

(d) Photosynthetic Activity during the Division Cycle in Synchronized Euglena 
g~acilis. J.R. Cook •. Journal of Physiology _(in press) • 

.. 

(e) Sulfur-containing Nucleotides associated with Cell Division in Synchronized 
Euglena gracilis. J.R, ·Cook. Biochimica et Biophysics Acta (in press). 

12. SCOPE OF THE PROJECT 

A-study of the physiological and biochemical mechanisms by which specific cell 
activities are regulated in unicellular organisms, with special emphasis on the 
interactions of nucleus and cytoplasm.··. Although a great deal has been learned 
in recent years about the biochemical regulatory mechanisms of bacteria, relative! 
little is known about the regulatory mechanisms of protozoa or of metazoan cells. 
It is· felt that studies of this kind will lead to a more complete understanding 
of important cell activities such as cytodifferentiation and will .also provide 
valuable background information for studies of ab~ormal cell growth and function. 

The regulatory mechanisms of unicellular organisms are currently being investi­
gated by experimental studies on cytoplasmic control of nuclear morphology and 
function in the ciliate Stentor, regulatory mechanisms governing regeneration of 
oral structures in Stentor ·and synthesis and transport of digestive enzymes 
in Amoeba. proteus. Techniq·ues in current use include cell micrurgy 
(enucleation of cells, transplantation of nuclei), radioautography and 
histochemistry. · 

~. 

13. RELATIONSHIP TO OTHER PROJECTS 

Cell regulatory mechanisms are now the subject ·of intensive study in mariy 
labora.tories a.round the world. The following workers are currently investigating 
the regulatory mechanisms of unicellular Qroganisms: T.M. Sonneborn, University 
of Indiana 9 Bloomington; ·Jwan Brachet, Universite Libre de Bruxelles, Belgium; 
9.H. Scherbaum, Univ. of California, Los Angeles; Lester Goldstein, Univ. of 
Pennsylvania, Phila.; Vance Tartar, Univ. of Washington, Seattle; Konrad Keck, 
Johns Hopkins Univ., Baltimore; George Brawerman, College of Physicians and 
Surgeons, N.Y. 

14. TECHNICAL PROGRESS IN FY 1964 

1. Nucleo-cytoplasmic interactions during the differentiation of oral structures 
in.Stentor coeruleus 

Regeneration of the oral apparatus in the ciliate Stentor coeruleus is 
accompanied by three striking changes in macronuclear morphology. The 
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macronucleus normally exists as a cha1n of nodes,· but dtidrig. regenerati.on it 
coalesces into a rounded, irregular mass in the "center" of ~he cell theri "elongates 
into a· rod and finally renoaulates· .. The technique of. nuClear transplSntatiori 
has been used to" analyze the· regulatory inechanisins involvea. in bri.nging" about 
th-ese macronucfear changes .. Coalesced, macronuclei and· macronuclei ·1n various 
stages of elongation were tran'sferred 'to non-dii"feren"tiai:ing" cells ana "to cells 
in' the· early· phas~s of reg"Emerai:iori, where nuclear changes have· riot· yet o·ccurred. 
'rhe experimental results have led i:o the conclusion that·. th.ese nuc1ear changes 
are r·egulated entirely by a corresponding series of· cytoplasmic changes ·and not 
by changes within· the nucleus itself .. Various properdes of the· regulatory . 
m'echanisins involved· in control" of nuclear morphology have" also been· analyzed: 
Among the "findings" are evidence" that thE( nucleus" cannot" respond immediately to" 
"the cyi:oplasm1c change initiating its coalescence" or complete. elongation in· the 
absence of the cytoplasmic conditions which initiate this process. 

2. Determination· of the Direc-tion of MBcronuclear Elongation by a Submicroscopic 
Organization of the Cytoplasm in Stentor coeruleus. 

Experiments· in· which compacted nuclei were transferred into host cells alread ~ 
possessing· compacted nuclei of their owri have shown· tha·t- the direction of · · 
inacronuclear elongation.is determined by"a"cytoplasm1c"factor· and ·noi:"by" some" 
element of nuClear structure. Stirring the-cytoplasm· wfth a inicro-needle-just 
before the onset of e'longation results in extreme abnorinalities of nuCleai: . 
e1ongation; highly branched-orcurved nuclei are produced unless the nucleus is 
carefully transferred before elongation" to a "cell in which the cytoplasni has not 
been stirred·. These· observations indicate that· a submicroscopic· organization 
of the ground cytoplasm· exists in s·tentor and determines the di.rectio'n or 
nuclear elongation. · this is· espeCially interesting- because electron ·microscopy 
of Stentor has not revealed any evidence· of subinicrosccipic orientation in the 
ground cytoplasm; these result's therefore indicate that some cell types 
possess" forms of ultrastructural orientation' which may" influence morphogenetic 
events although they are too subtle or too labile to be detectable by electron 
microscopy. 

3. A radioau-tographic ·study· of RNA and Protein Synthesis in Stentor coeruleus 
dur~ng Oral Regenerat~~n. 

Regenera tl.on of· the ora 1 apparatus in ·the cilia t~ St12ntor co12ruleUs 
involves the elaboration of the-many thousand cilia comprising the oral 
membranelles and thUs provide-s an opportunity for studying factors involved in 
the replacement of a cell organelle composed mainly of protein. One would 
especially like to know whether regeneration of these cilia is regulated by 
synthesis of messenger RNA coding for ciliary protein and/or by synthesis of 
ciliary proteins. Alternatively, regeneration might involve the assembly of 
pre~existing protein. The extent of incorporation of tritiated uracil and 
uridine into the nuclear RNA of regenerating and non-regenerating cells was 
determined by grain counting of the nuclear label in radio-autographs and found 
to be identica 1 in bot.h groups. Incorporation of tritiated leucine and 
tyrosine into the newly forming oral apparatus of regenerating cells was' also 
determined by grain counting and found to be negligible. Thes~ results strongly 
suggest that the cilia of the oral membranelles are regenerated by assembly of 
previously synthesized precursors rather than by de novo synthe-sis of· ciliary 
proteins. 
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15. EXPE~~~D _RESULtS IN FY·l965 

lriv~s~iga~iori of. regulatorY. mechanisms in unicellular Cj)rg~ni~~ 8\lCh as Stentor 
and Amoeba will coullLi.~e. Empha~is will be placed on tlt~ follow~ng problems: 
'ro what exten~ ~Fe the- funcd.ons of- the cell nucleus controlled by feedback of 
iq.formadon frpm the cytoplasm? Why is the cell nucleus immediately ~equired 
for qccurreace' of certain cell activities such as rege·neration of oral structure~ 
in St,!ntor ~nd intracellul~r. digest~on in Amoeba? Is th~ regeneration of formed 
cell structures regulated pri~rily by ·synthesis of the molecular species composin 
these struc;:tJJres or by assembly of pre-formed molecules? These problems will be 
approached by using the techniques of cell micrurgy, radioautography, 
hi~toc~e~~stry and enz~ology as well as by biochemical studies involving the use 
of radio~so(Qpe~. . 

. 16. EXPECTED RESULTS IN FY 1966 

It is expected that study of the problems discussed in the previous paragraph 
w:J.ll ·continue into 1966. Electron microscopy will be used to determine the 
early effe~ts of enucleation at tpe ultrastructural level in Amoeba and Stentor. 
-'fechnique~ will be developed for culturing Stentor in quantitiessufficient for 

, bloch~mical work and fluorescein-labelled antibodies will be prepared against 
Stentor ~iliary pr9tein in order to determine the intracellular location of the 
prepur~or pool from which ciliary protein is withdrawn fqr assembly into 
~em~ranelles'during regeneration of oral structures. RadiQautography will be 
us~d to ascertain whether protein withdrawn from this pool during regeneration 
~:J.ght be replaced during the first hours after completion of regeneration by a 

· compensatory syntltes~s inyolving increased production of nuclear RNA. 
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SCHEDULE .189 . 
ADDITIONAL EXPLANATION FOR OPERATING COSTS 

RES~ARCH ANO Q~VELQf~NT ~C.TJVITIE~ 

. ·a=·. 

SAN FRANCISCO OPERATIONS OFFICE 
Held Office 

BIOLOGY AND MEPlCINE 
· -Program· · 

1. Contractor: · Laboratory of Nuclear Medicine and llScU~tion · BioJogy 
University of California, Los Angeles 

Contract No.: AT(04 ... UGEN-12 

2. Project Title: 

Physical Radiobiology 

3. AEC Budget Activity No!: 

06-04-00 

5. Method of Reporting: 
Publications, UCLI,\,, Reports 
Semi-annual and Final Reports 

7. Person in Charge: 

E~ H. Strick~and 

9. Man Years 

(a) Scientific 

(b) Other Tech.· 

10. Costs 

Total 

4. · Date Prepared: 

April .. i964 
6. Worltirig Loc~ tion: 

·UCLA. 

.8~. ·Project Terni; 

: t 1)•:•. I 

.. ; .. · ... 
·., ,., :··· 

:· 
, .. From: 1947 .· To: ··continuing 

FY·l964 

1 

FY 1964 

FY 1965 

3 

3 

FY 1965 

(a) 

(b) 

(c) 

Direct Salaries $ 10.400 · $ 2 9 • 700 $..._...;J;;,.w.~--
Materials & Services 3,000 5,500 . 
Indirect Expenses* . (1%) 10,200 (2%) 22.200 . (2%)__..;;,........,...........,_ 

Total $ 23,600 $ 57,400 $ 63,800 

* Total indirect expense of the Contract pro-rated among individual ·projects 
on the basis of the percentage of total' direct salary expe~se represented. 
by the particular proje~t.· · · 
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11. PUBLICATIONS DURING FY 1964 

None 

12. SCOPE OF THE PROJECT 

Adenosine triphosphate (ATP) plays a 'primary role in many metabolic reactions 
that must 'be driven by eriergy~yielding reactions.· In most cells the mito· . 
chondria. are the prinr.i.pal site of ATP formation. The factors which influence 
the mitochondrial synthesis of ATP are being investigated in order to gain a 
fuller understanding of the'mechanisms of the reactions and eventually to 
measure the rates of these reactions within intact cells. Other studies are 
designed to determine the reactions controlling.the rate of ATP turnover in !.!!2.· 

13. RELATIONSHIP TO OTHER PROJECTS 

Since studies of phosphorylation reactions are one of the leading lines of 
current biochemical and biophysical endeavor, related work is being pursued in 
numerous '18boratod.M, P..g., under Professor Britton Chanp.e at the University 
nf PP.rinsylvariia, under Professor David Green at the University of Wisconsin, 
and under Professor T~Rter Packer at the. Untve~sity of California. 

14. TECHNICAL PROGRESS IN FY 1964 

Mitochondria contain significant quantities of non-heme iron. Green and co­
workers have presented evidence that non-heme iron functions in mitochondrial 
electron transport. Whether or not non-heme iron functions in the phosphory­
lative reactions remains uncertain. 

Investigations of the interaction between mitochondria and exogen0us iron have 
been hindered by the low solubility of ferric hydroxide, about io~l5 Mat pH 7, 
arid by the.rapid oxidation of ferrous iron in the presence of oxygen. The 
existence of a variety of ferric nucleotides, which are soluble at physiological 
hydrogen ion concentrations, suggested a new approach for the study of non-
heme iron in oxidative phosphorylation. 

Effects of Ferric Nucleotides on Oxidative Phosphorylation 

Ferric adenosine diphosphate (Fe(III)ADP) was found to have a number of actions 
not produced by magne•sium~ADP (Mg(II)ADP). Fe (III)ADP appears to be phosphory~ 
lated more efficiently than ADP. Fe(III)ADP enhances succinate oxidation to a 
higher level than does Mg(II)ADP. With pyridine nucleotide-linked substrate, 
e.g., beta-hydroxybutyrate, malat_e and glutamate, Fe (III)ADP stimulates mito .. 
chondrial respiration only to the same extent as does Mg(II)ADP. ~~ stimulatory 
ac~~on of ferric ADP on succiJ;tate oxidation is not specific, as Al · · + ADP, . 
Ba + ADP, Fe(III) oxalacetate + ADP, and EDTA + ADP are also effective. These 
results provide further evidence that metals other than Mg(II) may have great 
influence on oxidative phosphorylation. Further studies are needed to determine 
the manner in which Fe(III) and other metals affect mitochondrial function. 

Interaction of Iron with Mitochondria 

Recently evidence has been put forward that mitochondria can accumulate many 
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divalent cations, e.g., Ca(II),-Mg(II)', Ba(II); and Mn'(II)", in.an energy­
dependent process. Mitochondr"ia may be an "intracellular reservo1r· for a num..:·. 
ber of cations. In view of the physiological importance· of intrac-ellular iron 
reservoirs, the inte-raction of iron with mitochonarla was· investigated .. During 
oxidative phosphorylation using :Fe(II.I)ADP, an appreciable fraction of the iron 
was found to oe bound to· the mitochondria. 'The nature of this iron b.iriding and 
its energy requirements are being examined with a view to determining the 
possible physiological importance of mitochondrial iron accumulation. . - ~ . 

Digital Computer Representation of Metabolic Pathways 

The over-all reaction· rate· of a metabolic pathway is aifficul.t to evalua'te 
with~ut solving th·e pertinent kinetic equations. Computations ba-sed on a model 
of the mitochondrial respiratory chain have fatilitated in~erpre~ation of · 
experimental findings involving effects of 'ferric chela tes .. A' spedfi..'c qJJestion 
investigated was whethe'r or' not ferric chelates could stimulate succinate 
oxidafion by acting on a reaction in th.e phosphoryladve process w1thout 
stimulating pyridine nucleotide-ll.nked oxidations·; Calculations based on a 
in'odel system showed that the present data do not permit identifying the 
particular segment stimulated by iron. 

15. EXPECTED RESULTS IN FY 1965 

Investigations· of the in vitro effects of ferric micleotides on· mitochona·rial' 
oxidative phosphorylation will continue. Studies will be initiated 'to measure 
phosphorylative reactions in whole cells and perfused organs; D{g.ital computer 
representations of model metabolic pathways will be carried out when such 
calculations will aid in interpreting the experimental results. 

16. EXPECTED RESULTS IN FY 1966 

Attempts to measure oxidative phosphorylation in whole cells and perfused 
organs will continue. Work will be initiated to de-termine the possible 
involvement_of the reversal of oxidative phosphorylation in carrying out energy­
dependent reactions in vivo. Related investigations will' be made to ascertain 
the mechanism of action---ofeerta in ATP-dependen·t enzymes. ·Attention w'i 11 be · 
focused on ·the importance of the enzyme conformation in the catalytic process. 

( 
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. SCHEDULE 189 . . .· . . .. 
~DDI'q.()NAL. EXPLANATION. FO~ ~ERATl~~ COSTS 

<·. ':· RESEAaCH:AND DEWLOPMENT::ACTIY.J~JE:~; . ·· 

.,. 
-~ 

SAN F~CISCO OPERATIONS OFFICE 
l<'ie ld' Of fi.ee 

BIOLOGY AND MEDICINE 
. Prostam 

1. Contractor: Laborato.J:Y ·of Nuclear Medici[le arid Rad,iation Biology 
University of California,·Los Angeles 

Con~ract No.: AT(04-l)G!N-l2 · 

2. Project ·.Title: 

·soil Factors 

3. AEC Budget Activity No.: . _.· 

06-05-01 . 

· •• ~ ........ r. 4. 1 'Date Prepared: .. ass_ . . t t 

· · ·April· - · i964 
5. Method of Reporting: 6. Working Loca t ic>n: 

Publica~ions·, UCLA Rt!!ports ·_· . 
Semi-annual_and Ftnal Reports 

· 7. . Person in- Charge: 

UCLA 

· 8 •. P~oject Term: 

H. N·ishita Fr®l! 1959 ·· To: Coritinud!ng. 

9. · Man Years 

(a) Scientific 

(b) Other Tech. 

10. Costs · 

. ·Total· 

FY-1964 

3t 
. I I 

.FY 1964 

(a) Direct Salaries . $ 32,000 

(b) Materials & Services 2 ~ 800 

(c) Indirect Expense!~* (3%) 30, soo 

' . 

. 'J,'otal· . $ .65.:300 ·_.· 

• FY t965
1 

.4 

4 

$ . 39 J 600 

' . 3. 000 
I 

(~%) 33.300 
.J. I 

"1966 

.4 . 

. . . . 
. $ 40,700 

.3,000 
• j 

(3%) 34,000. 

. .: 

$ 751900 $ .. 77 •. 700 

* Total indirec~ expense of the Contract pro.;.rate·d. aml)ng indivi!fual·projects 
on the basis of the percentage of· t.otal direct salary ·expe~1se J;epresented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1964 

1. 

2. 

Root transfer of fission· products.fr.om contaminated soil. 
Soc. Amer. Proc. 27: 383-385, 1963. 

Reh,!ase· and movemen.'t of radionucHdes· in. sol.ls containina ted 
~>Ut' inaterl.al' from' an'' underground th·erinonu~lea:t. detonation. 
Atomic Energy-Commission Report PNE-239F, 1964. 

. •. . .. . . . .... . .. . .. . . .. .. " -

Soil Sci. 

with. fall­
'Q •. s .. 

3. Influence.of stable Sr and.Ca on Sr9o··imd Ca45.l.n soils and clay. 
materials. Soil Sci.: A,~cepted for publicatio!l.'. 1964. 

4. Effects.of chela'tE~s on the movement of.fission.products through soil 
columns. Plant and Soil: Submitted for p~blication, 1964. 

12. SCOPE OF THE PROJECT 

The· objectives· of the Soil ·Factors Sec~ion· are· geared· "to one· "of· the·' 
Dl.vfsionaf objectives. o{ .. si:udy'ing· the· biological cycling o·f radionucU,des 
released into--the· environment· as ~·result o£ ·application· a£· nuClear··· 
energy. for . va r lous . purposes.· sucn as power-producHon~· .. excava tioii ~ ·and· 
weapons i'Jevelopmi:mt~-- As- such,. :this ·sectiori iS concerned· w·ith- soU-plant 
interrelaHonsh!p problems: Thus,'"th~·work·o~-thls Section covers areas 
of soil and· plant· "scierice·s·.. The general'· obje-ctiv'es ·of· thls. Sec.tion are 
to" determine- the factors- and" the" fundaments 1' m~chanisms involved'"l.ri" (a) .. 
the reactions of raaionucl'ides· in "soils" and'plants~ ""(b) "the absorpfion of 
radl.onucUdes· by~ pl~u1ts,. a no ·(c) tfte eftects· o!"neutron· a:p.d .. gamma. ray 
irradiation o.ri soils~·- These s hid ies. are. conouc ted' ln the ta bora ~ory, 
g las shotise.;~ and controlled ~-P ~aile growth .. rooms·. Unoer .. the .. genera 1 
objec·tive~ ~.the· specl.'fic-·p~ojects·~-that· will-be "pursued during the FY 1965 
are discussed below in the. "Expected Results" section. 

Plant Factors, Nuclear Medicine & Radiati?~-~iology, E. M. Romn~y 

Environmental Decay, Nuclear Medicine & Radiation Biology, H. A. Hawthorne 
~ 0 0 ~ o o, 0 •• ~ '' o » 0 ' ' ' o - o, o • < ''' .. ' 'R ' ~ o o' .. o o, •• • • ,' ,._ 0 o ' ' o 0 o o, '' ' 0 

Hanford A~om~c ~ro?':lc_t~- Oper~ t~()~, Ri~h~~~~-'. ~ashi~gt~n 

University of Cali:j:ornia, Berkeley, California AT(ll-1)-34 /123. 
• • ,o,,,.,, .• ,,~ •• ·• .,,.,.,. _..,.,.~ •' -v>. ·-·~,. •····-·•""'""' ''-

U. S. Department of Agriculture, Beltsville, Maryland AT(49-7}1 . .. -. •.. . - - . ... . ..... --~ .... , .. .. ... ,_ . - . . - . ~- ~ - .. . .. - .. - '"' .:. ...... . . 

U?iV~~!it!. ~f .. ?=enn_e~.see_, !<nox~i~.l~ '· T~t1":'~~~~~ _ .. AT(40- ~~2~?7 

Ecology Section, Oak Ridge National Laboratory, Oak Ridge,. Tennessee 

14. TECHNICAL PROGRESS. IN FY 1964 
....... :. ··- •. -- t. ... - •• - •• J -

Experiments were c·oiiCiiicted to si:iidy· the influence of stable Sr ai,.d Ca on 
the· behavior of tracer quanti'des ·of Sr90 and Ca45 in soils and clay 
minerals, using an equilibrium batch method. The sorption of tracer 
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quantities of Sr90 and Ca45 depended on the concentration of the stable 
Sr and Ca and ·the kind of soil or clay minera 1. Under conditio.ns of low 
ionic concentration in the equilibrium suspensions, more Sr90 was sorbed 
in Ca systems thaP. in sr· systems·. Under condition of ·relatively high 
ionic concentrations, there was no appreciable d"ifference in Sr90 sorption 
between Ca and Sr ·systems.· Since the initia 1 trace quantities of Sr90 
were· sorbed firmly the sequenc·e o·f addition of the tracer. to the soil 
in relation to stable Sr and Ca was important. 

Fallout material from an underground thermonuclear "detonation was analyzed 
to determine the presence OI several longer lived radionuclides. Fission 
products that were· identi,fied were: Zr95-Nb95, Rul03, Rul06-Rhl06, 1131~ 
Csl37-Bal37, Bal40-La.l40, Cel41, and Cel44-Prl44. Other idenfified radio­
n~tclides whic.h probably were produced by peutron activation, ·were·: Sc46, 
Mn54, Y88, Rhl02, Wl81, Wl85, and Wl88-Rel88 •. Radiotungsten was· estimated 
to co"ntribute about 90 per" cent of the. to"tal gamma· activity ,present in 
the fallout material 167 days after detonation time. 

". . 

Studies l~Tere made of .the influence of dis.tilled water, mock irrigation 
water, and chelating agents (DTPA, CDTA, and EDDHA) on the movement of 
Zn6·s, Sr85 (or Sr90), Y91, :Rul06, Csl37, Cel44·, and Pml47 in columns of 
a calcareous soil. Of the· radionuclides studied only the.movement of 
Rul06 and radiostrontium was affected·· by. leaching with distilled or mock 
irrigation water. A.ll t·reatments moved considerable amounts of Ru106. 
The chelatlng.agents were .only slightly more effective than distilled or 
mock irrigation water on the movement of Rul06. A 400:..inch leaching of 
·the soil columns with distilled water caused about 32 per cent of the 
appli~d Si:'85 to move.· ··Leaching with the same volume of mock irrigation 
water caused 99 per cent of the applied Sr90 to move below the zone of 
cont~minadon. ··The movement of' radiostrontium was related· to the presence 
of Ca ions. Leaching with chelating agents caused· no perceptible move­
ment· of radiostrontium or Csl37: DTPA and· EDDHA" causea the movement 
(58 and 32. per cent~ respectively) of the· appl;led Zn65~ but CPTA had no 
effect. Yttrium 91, Cel44, and Pml47 were not ·moved by" distilled or 
mock irrigation water~ CDTA or EDDHA virtually had no effect on· the 
movement of Y91, Cel44, and Pml47; but up to 40 per cent of these ions 
were moved by DTPA. 

~5. EXPECTED RESULTS lN li'Y 1965 

(1) Influence of chelating agents 011 the r~acti.9ns of fissiQ.!L£!.Q .. c:lucts·. 
in plants and soils 

The objectives of this project are to study the influence of chelating 
agents (DTPA, CDTA", EDDHA;. and EDTA) on the reactions. and movements of 
Y91, Sr90, Zn65, Csi37", Rul06,· Cel44, and Pml47 in ·soil columns •. Work 
up to now was done .wit:h a ·calcareous soil. .. This study will be. contin~ed 
to compare ·the effects of-different soil types - acid, neutral, alkaline­
calcareous, an4 organic soils. . . . 

(2) Effects of moisture.·leyela on dissolved quantities of ions in soil 
solution 
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The objectives of thiS project are to. stud"y the behavior or tracer amounts 
of Sr85 and Csl37 in- soils <as the ·conceiftradons arid. composition-s of 
the soil .. soludon changes~ .Work with. tracer. Sr85 was ·e:omple.ted and a 
report is under preparation.- Work is· continuing to study the reactions 
o"f ·csl37"~ · This projeC"t is c'onducted in cooperation with Dr. H. ·A. 
Hawthorne» Environmental Decay Section .. 

{3) Effect of neutron i~radiation of soils 

The" obJectives of this project are to·- study" the effect" ot neutron 
irradiation of: several clay niirierals arid- soils of different physical and 
chemical properties.- These materials wlll be irradiated in UCLA· 
Enginleer1ng Reactor· and exam~ned for. the·-fol1owing: .. (1) the gross beta 
and. gaimna 'decay rate of the neutron induced activity, (2) the··-wa ter 
soluble, exchangeable, and acid soluble fractions of induced activity in· 
the soils'. (3} availability" of induced- ac"tivity to plants", and· (4) change 
in physicar and'· chemical characteristics as a result of -irra.diat"ion: It 

·is hoped· that:" rapi(fprogress.will. be made··on this.pro]ect· this· year:--· Up 
to now·, progress has been· slow, ·because the reactor has been shut down 
most of the time for modification. 

16. EXPECTED RESULTS. IN FY 1966. 

Certait1 phases o£-:the· projects 'iii progress· dud.ng.FY-1965-will-be ·con­
fintieCi. ·n:·is ariticipatied. that t:he influence· of-cert:alri ·e:helating agents· 
on· thie'translocation" of'fission"product:s'within" the plant:s"will be" sttid{e(i. 
The p~o}ec·t· ori th·e .. effect' of nieutron· irraaiation· of- sells w'ill' be. continued 
to" study the' th'erinolumiriescenc.e of' nieutron and' gamma irradiated. sciils of 
dffferen't" clay mineral types' as" a "function" of'"dose: - tt' iS' anddpated 
that- a pro]ec·t will. bie lnid~a ted- to .. sb.id},.. cert:a in clay· minerals· arid. · · · · · 
oxides of inetals to determine their-adsorptive" selectivity' for'strondum . 

. Thie ob)ecdve· of this project will' be i:o -·find ineans'"to- selectively adsorb 
radio~ctive Sr in soils to reduce its uptake b.y plants. 
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SCHEDULE · 18.9 
· AD~ITIONAL·EXPLANATiON FOR OPERATING COSTS 

RESEARC~·ANQ D~V!~p~~NT ACTIVITIES 

SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

BIOLOGY AND MEDICINE 
Program . 

1. Contractor: · · La'boratory of Nuclear Hedicine. and Radiation· Bio~ogy. 
University of California, .Los Angeles. · 

. ·'· 
. Con~ract 'No·~:·. 'AT(04-l)GEN-l2. · 

2 •. Proje~t "Title; ·.: ·.·. .. : .\• 

. 3'. 

5. 

. 7. 

9~ 

. 10. 

. Pl~nt fac.tor$· . 
. . ' . . . 

AEC Bt_Jd~et Activity :No,: . 

. 06-05-01 
! . 

~thod ofR.eport,ing: 
·Publications, UC~. Reports . 
Semi-annual and F{nal Reports · 
Person in Charge: 

·E. M. Romney 

Man Years · 

. (a). Scient i.f ic .. 
(b) Other Tec_h. 

Total . 

Costs 

(~)- Direct Salaries 

(b) Materials & Services· 

(c) Indirect Expenses* 

I 

$ 

(3%) 

4. Date ··Prepared:· 

~prii - 1964 
· 6. Working -LO~ation: · 

, __ , UCLA. 

8~ Project Term: 

__ From: 1953 To: Continuing 

I 

FY1964 FY 1965 ·FY 1966 

4 4:. 4. 

; ·la \ 

!t~ !t~ 4\ 

· FY 1964 FY 1965 FY 1966 

32.500 $ 43~zgo 
I 

$ 44,800 

21800. 21800 . 31500 

30 15.00 . (3%) 33,300 (3%) 22,700 

·· Totd $ 72.800 $ 791800 $7li000 

* Total indirect. expense· of the Contract. pro-rated among ~ndividual ·projec_ts · 
on the basis of the percentage of .total .direct salary expe~1se repre~;~ented 

. •' . . ~ . 
by the particular project. 

. . 
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. ~1, PUBLICATIONS DURING FY 1964 

1. Roc)t. transfer of fi~rslori.products from co~.taminated spil. Soil Sci. Soc. 
Amer. Proc. 27: 383-385. 1963. 

- ~·~ ~.- ............... ,, ·•· -· ... . ... . . ....... . 

2. .Ati''iri~xpensive''inethod o'f. reducing the ~v~lume. of" low level radioactive 
solutions for waste disposal. Soil Sci. Soc. Amer. Proc. 28: {in 
press) .. 

12. SCOPE OF THE PROJECT 

' 
Resources· of'" the P~ant Factors Section are directed towarcf improving 
uit<IE!rstanding· of the· £ur£tions of· plants ·in:·· tranSferring radioactive 
contaminants a~d 'toxic' inineral elements' through the' soil" to'' the plant" . 
n.nk of food cha'ina' leading' i:(j- an'imals 'and .·wm"; "The" ob)ecd.ves' of this 
research alm~ to .. a better' understanding" of' the- fundamen'tal mechanlsni.s 
involved- in· plant 'coittaininatiori wH:fi Hss~on·· products and· neiltron,;. induced 
radionuclioe·s· •.. lncltided~ are 'si:udl~s of· {1) plani:"contanilnadon with 
ra<Hoactive materialS deposited- on foll.age· o:r·absorbed .. through root:··· 
systems~ ·"(2) the enviro~ent:al.and' phydolbgical· 'factors "that' infltierice 
plant ·uptake arid~ di'si::Hb.uHon of .. radionucl'tdes~- and· .{3) 'Hie .. deleterious 
effects on plants caused by absorbed radionuclides and toxic mineral 
elements. 

investigations 'are conducted. in corih·olled laborah)ry' envir.onnients and 
iii the ·field- at ·s-ites ·of p·eacefuf applicaH9n -of nuclear energy 1n 
order .. to·help bridge"t:he gap be.riWeeri· the.pra.cdcal.and ·tlieore.dcal·-· ··· 
problems- associated with. environme'itta'f"contam1riadon'. •· It '1$ anticipa'tea . 

. ·that' ·result"s hom tfiis i-esearcli- program -w1ll assfst: ·· tri- establish1ng· ·para­
meters for. a'ss'e"ssing the consequences to man of radioactive contaminants 
in the environment. 

13. RELATIONSHIP TO OTHER PROJECTS 

Research is correlated with other section~ of the Environmen~~l Radiation 
Division: 

Soil Factors, Nuclear Medicine & Radiation Biology, H. Nishita 

Plant Physiology, Nuclear Medicine & Radiation Biology, W. A. Rhoads 

Environmental Decay, Nuclear Medicine & Radiation Biology, H.A. Hawthorne· 

·Radiation Ecology, Nuclear Medicine & Radiation Biology, W .. E. Martin 

Related studies are conducted at other on-site laboratories: 

Hanford Atomic Products Operation; Richland, Washington 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 

Los Alamos Scientific Laboratory, Los Alamos, New Mexico 
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14. TECHNICAL PROGRESS IN' FY 1964 

Cori'tinued studfes of the effects of. root. feniperature on Hssion prodi!C"t 
uptake-by bean· arid barley plants ·showed that:· Sr9o;-CS137 and· R.ul06 .. uptake 
froin' soil and nutrient solution wa's increased. as· root temperature was 
raised· from 120 to 3'2° C.·· The· uptake ·of· Cel44. was· 'decreased by this· 
treatment' •. Stable.·ca, Mg,· K and· P uptake· was lncreaseo at the higher 
root temperatures •. Growth of bean· and'barley.plants was 'inhibited at 
root temperatures· below 12°' C and· aoove 42° C. 'Preliminary 'resulbi' from: 
exper'iniEmts on the influence o~· oxygen supply· ·to· roots on plant uptake of 
Sr90 and Csl37 "indicated the need to ino(Hfy· c£!'r.ta1ri' procedure·s· in order 
to give more precise'control of ()2 concentration andreduce variability 
ln plant:· growth. · Experi.mEmts involving the necessary modifications in 
procedure are in progress. 

. - . 

Barley;· bean and alfalfa plants grown on 'throwout materia 1 collected '3500 
ft. 'from the lip of the· Sedan' crater contained highlevels"o~ neutron­
induced Vll81'and· Wl8'5·, and some Mit54 and Sc46." The rfssiori-products Sr90,· 
Csl37·, Rtil06,· Rhl02: and Cel44. also ·were absorbed by' plant roots and· trans­
located ·to· the ·rol'iage •. 'Experiments to .. further iiwestigste· plant uptake 
and.dl.Str'ibution.of 'Wl85~ Tal82, Sc46 and Sbl24 from soil.-and nutrient 
solution are in progress. . . . .. ~ . . . . .. 

Results of' chemical analysis i:o determirie.the influence of Be.on plant 
uptake of essential' elements showed 'tha't the p· content' increased wh'ile 
the .. Ca"coni:ent.decreased 'in.tops of~alfalf'a·, bar1e}i, lettuce and.pea plants 

·grown· on nutri-ent uied'ia in which -the Be· level· was raised ·from o· to· 16 
ppm· Be·. The Na, K ·and Mg content of plant· tiSsue was not s'ignificant1y 
altered· by· the· Be .treatinents ... S'imilar effects-·on the content ·o·f these. 
ess€mtia r elements'· occurred in ladino clover grown'·on soils' treated' with 
Be a't:' levels· equivalent to 0, 2, 4, 8 and 16 per cent of the soil cation 
exchange capacity. 

15. EXPECTED RESULTS IN FY 1965 

(1) ~eryllium effects on plants 

The capability ot' performing roudne'biochemical analyses of'plant .. 
tissues wa·s developed-during FY 1964·. Attention.w'ill be.directed toward 
hiStological· studies of Be effects on .. root development and· toward oio.; 
chemical studies ·of. Be inhibition. in plan·t metabolism .... Preliinfnary studies 
will include tests on Be inhibition of reactions involved in plant 
respirati-on. 

(2) Influence of oxyien supply to roots on plant uptake of radionuclides 

Studies will continue in the investigation of the influence of changes 
in concentration of _o2. and co

2 
in the root environment on the absorption 

and distribution of radionucl1des by higher plants, and to investigate 
the changes in plant metabolism caused by altering the co2 and o

2 
con­

centration of the root environment. Some phases of this project will 
involve collaborative work with the Plant Physiology Section. 

·72 



, • • ·• • • •¥• '••r • ~ R • "··~ • -·•• •• ~,<,... •,• .~..-

(3) Accumulation of fission products and neutron-induced radionuclides by 
cr~PJ,~~~~~ _ _ . .. . _ ... ___ __ 

trivestigatlon"will "continue. ori"plaiit" uptake -·of neutron: induced' rad'ionuclides 
ana' ffss1on products- from· containiiuitecl"'soils~ .... EuiphaSis. w'ilLbe. placed on 
experiinenE9 to 1nvesHg.ate the reactions o£··neutr6n:.lnduced ra(Ho.nuclides 
in soilS and ~lay systems, includ{ng· the· Hxa Hori·,:· exchange ·and ·mobility 
of W185, .. ta182~-- Sbl24· and Sc46· .. Some pnases-of- thiS- project- may- involve 
co1l.aboratlve· work 'with the 'R8diaH.oii- Ecology Sections in areas of . 
peaceful application of nuclear energy. 

- ' 

16. EXPECTED RESULTS IN FY 1966 

We a·nticipa-te· that research· in- progress 'l.ri- FY 1965 will be con .. tiriued· during 
FY. 1966~ Eihphash ·will be placea ori- sttidies ·tnv"1v:i.ntfnei.1tron-inducea · ·· 
radionucliaes ... During FY- 1966. we. expect ·to have· developed "the· capability 
to" lriitlate' studies "on the ef£ecfi:i"'of irradiation:· on ·:soine' o'f' the' 'native 
plant· species from .. the NtS sb.idy.areas· 'iri oiu~·controlled"plant· growth .... 
facili.ties. this "work' will' be corroborative to plant irradiation studies 
at the NTS E~ology study area. 
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·. SC.HEP.~E 1&9 
ADDITIONAL "EXPLANATION.FOR OP~RATING COSTS 

RESEARCH . ~~NO DEVELOPMENT ACTIVITIES .. 
• • :··:: ••• 4 •• 

SAN FRANCISCO OPERATIONS. OFFiCE ' 
Field Office 

BIOLOGY AND MEDICINE 
.Program 

l. Contractor:. · · LabQrato.ry of Nuclear Medicine ·and Radiation Biology 
University of California,- Los· Angeles 

Contrac;:t No.: AT(04-l)GEN:-12 

2. · Proj~ct. Title: ... 

_Environme~ta 1 Decay , 

3. AEC Bud&et Activi.ty No.:;. 4; Pa·te· Pr.epaud: 

~--~0~6_-_o5_-_o_l~~--~----~------~~--~A~p-r~i~t_-~l-9-64_._._. ______________ ·~ 
5. .Method of Reporting: ... ., . 6. Work1ng Location: 

Publications, UC4,~ Rep9,,:.ts UCLA, .. Southern ·utah, 
Semi-annual and Final Reports ·., Nevada Test Site 

7. _Person ~n Charge: 8. Project': Term: 

H. ·A·, Hawthorne · _From·. 1957· To·. Continuing 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

10. Costs 

Total;·· 

(a) Direct Salar·ies 

(b) · Materials & Services 

FY 1964 

6 

- : 

6 

FY .1964 

$ 5L 700 

11,000 

(c) Indirect Expenses*~: (5%) 50.800 

:_··Total $ 113,500 

FY 1965 

5~ 

' ~ 

FY 1965 

$ ~2.~0Q 

121300 

(4%> 44.400 

$ 1161200 
,. 

FY 1966 

5~ 

~ 

6 
.. .,1 • 

FY 1966 

$ gl.ZQQ 
· 12 1300 

. (4%) 45.300 

., $ 1191300 

* Total indirect· expense of the Contract pro-rated among individual ·projects 
on the basis of the percentage of total direct salary expense represented · 
by the particular project. 
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11. PUBLICATIONS DURING FY l964 

1. A visual nuq:.poiiit' indicat~r for a soil moisture bridge. Agron. Jour. 
56 {2) _: _ .. <~~. pr~-~~?: __ .. :. 

2. ·An· inexpensive resistance· welder for thermoc01,1ple fabrication. Ecology 
45, '(submitted f~r publication). 

12. SCOPE OF THE PROJECT 

The purpose of· the'farm study is ·to'ootal.n data for the· construcdon of 
stochastic· models which quantitatively· describe· 'the Sr90, Csl37 ~ arid 
Ce144. cycles within-·die ... farir1 .. · The· quantity of each flssion·product· 
present, the 'propor.ttori·~'.o£ ~each 'that -is. biologically active, and the 
s'tatistical' variation 'in'-con<limtration of isotopes is determined for 
ea~h c~mpo~ent of~~~~ ~~~--~~s~.~l_ll·· 

Small num6ers of· sampiis ~-from· each. farm component are analyzed radio­
chemically." Data· about. the· variatfon· in radioriuclide composition of 
these samples i.s used tci" compute 'tfie 'numbers' of add'itional samples 
required. to establisli statUdcally valid. sampling and· radiochemical 
programs •. Laboratory'stuciies" are coriducted"utilizing plants and soil 
from' the farm under stan.dardlzed' growing conditions to obtain bases 
for assessing plant uptake of fissio_n products. 

The results'from' the'com6:i.ned'£ield aiid laboratory studies of th'is 
project provide a means'.'()£ "interpreting and' of' utiH.zing. the' great 
mass'of data which'has accuinulated about the occurrence of'fallout in 
human 'food' chains over.· the"earth .. The fission product models developed 
here wi11' enable the"extreme concen'tration's of' fission produc'ts, as well 
as· the averages, 'to be-predicted· realistically: -Th'is is· of major 'import 
when predicting the proportion of exposed populations 'that may acq\.d:re 
hazardous levels'o£ radioniiclides from foods produced after different 
kinds of contaminating. events. 

13. RELATIONSHIP TO OTHER PROJECTS 

Similar studies of fission'product cycling in dairy farms are in progress 
at Colorado State University and at University of Michigan; Ann Arbor, 
Michigan. Collaborat~ve studies are conducted within ·the Laboratory of 
Nuclear Medicine and Ra~iation Bi9logy with the Soil Factors Section 

· and the Desert Ecology·'Section. 
\ 

14. TECHNICAL PROGRESS IN FY 1964 

During FY 1964 collection:o£ samples in the field required 200 man-days, 
excluding preparation of samples for storage. In the dairy study nine 
feeding trials of 10 days duration were undertaken to measure the bio­
logical availability o£ fission products associated with different species 
of cultivated plants. Mater~als were collected from each of 10 crops 
harvested as part of the fa~ operation. Fallout collectors were operated 
during the growing'period of e~ch crop, incoming irrigation water, pre-
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c1pltatl.on, runoff water from the irrigations arid' one·rainstorin"were" 
sampl~d: . Silt was· filtered- from the· irriga"tion·:wai:er·; .~ coltected· from 
the' conC;rete "irrigation· .canal and .. i:he drainage 'water" system" and from- the" 
lower portion of cultivated fields.-. To accomplisli the multiple· obJe-ctives 
o£ this study ·24 'distlnct· kinds of samples are. required: .. Alfalfa- plants 
were' brought" to the laboratory '"in. the' soi.l they were growing in for' 
cropping under· reprod_ucible cond-itions: .. Eight crops of alfalfa· were 
pr?duced_ b~tw~e~ ~~ly ~ ~?d_ ~~n~ry 4 comp~red to thr~e at the farm. 

1 ~ r ' • ' 

. PreHiritiiiiryvoata-·Iroin· five· feecU.ng f:rlals-.conducted· in the ·dairy 'suggest 
dffferent concentrations of· Sr90;. Csl37; and C:a exist in morning milk' .. 
compared' b) night"milk ... The- stafiSticar validity of' the" Ciif"ference" seems 
i:o resf upon ·,a few· values among· the· 99 samples. --Additioriar analyses are 
in" progress to determine .if "these sample's fall""outSiCie" normal sariip'le ... 
variation.-. Variances 'Wi tnin.;;feeding• trials were .. greater· than· 'between­
'feeCilng-b~ials·, were not· statfStically .. s.ignificant:· for sr90 and· Ga, 
apparently were·· Sigri'ificarit. for Csl37 with the feeding of silage in 
midmorning ver~us_m~daftern??n· 

Groups o·f s'ix samples· of· different· k'irids of· p.larii: materials were ana~yzed 
radiocheml.cally 'to" evaluate. the· variance present·~ ... Staridar'd errors were 
six per cent 'for Sr90 and 14' per-CE!Ut for Csl:l7 and "for" Ce-.Prl44. 'Ttie' .. 
average standard error iri plant. yield' frOm a ·square meter or field alfalfa 
was five per cerit in "four crops ... tt' appears" that~the "desired" standard 
error" o"f" s"ix per cent' can" be achieved" economically" for 'feeds produced 
on "the-farm .. Radionuclide coricentratlons o-f. l962"alfalfa were lowest 
in inidslu:Diner and· higher· in early ·summer· and-late- sunimer.. Sr9o· and 
CSf31' liwels. were· similar in all alfalfa .. crops but the Csl37 ·levels· ·of 
silage prochiced in )uly through- Oc"t"ober ·-wa·s twice· that of ·sr90· .. Pre- ... 
li.m:i.nary data from a. test for" contamination o'f plan'ts' by "radioactive soil 
'indica-ted· less than one per cent. of the Sr90 associated with 1962 
alfalfa samples was due to soil. 

. .. ~ . . ~ ... . 

A·data'reducdon program for computati'ori of sample.fission product· con­
centra-i:"ions-was· i.nit:i.atea·· for an .. IBM" 7090. compute!< The ·variance for 
different iso'topes.is· COmputed On-groups· of.sainples· in order''that·· 
Sequential'Analysia.techniques·may be used to forecast-the numbers of 
samples n~eded to achieve reliable statistical precision. . . 

Collaborative work with the Soil Factors Section was completed for-the 
evaluation of the effect of soil moisture tension on the solubility of 
Sr85 in soil solution and a manuscript is in preparatlon. A similar·· 
study is in progress using Csl37. Studies of the relationship between 
periods of soil moisture deficit and the development of desert annuals 
was begun at the Nevada Test Site in cooperation with the Desert Ecology 
Section. This study will be correlated with biochemical studies when 
data about plant development are obtained. 
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15. EXPECTED RESUL+S ·~N FY 1965 

16. 

$i:ochastic modelS-or hsSion product. cycles'' ancf"the -~nterchange' of' radio­
nuclides" will.contiriue to ··be· the ··major· enaeavour :· .. The' inlHal .mocit~1s··· 
~iill'.lie-aeve1opeo on a aet:ermin"istic basfs'wi.th 'the-assumption that: ·-the 
variation in fission' produC't cc)ncentratioi)s 'has· a"normally'"aistributed . 
curve~· .. When· su'ffic"ient- data are' ava'ilable' tfie'' actual cllstd6udon 'will 
be. ~itted to' Pearsori" TYpe- III 'frequency cl1s'tribudons "for" each fission' .. 
prodiict::··· The· nec~ssar·y sc~le and shape.parametErrs for· th·e--observed· di's­
tributlons .. wl11 be calculatea· from· a··-recenfly .. deve~oped: maximum H.keli­
hood.appr~ximation-ancf isotope··concerit:rat-ion·probabi.HHes wilt be--·· 
der'ived for· each component"· of the· farm-·sysi:e~xl, .... Sto'chasHc· models· can 
theri' be" developed ush1g' inpu't data' 'fi·om' soil' and:plarit 'stuciies whfch 
uti'U:zed soil' arid plan~s from" th~'farin concurren'tly with"those' from 
fourteexi' ·ather· ~ocatioris 'in Califorilia· and-Neva9a·. · · Integration of· ..... 
laboratory data with field data adds enormous powe~ to the predictions 
possible . 

. - -- •. -.... 

The present' computer -progi:-airi. for c:alcula.don- of varianc~s~. standard· errors 
and" standard·-devlations·~ for'" factorial anal}isiS "c)£ ba'tteries: ofo dahi" will 
be· extended to· handle calculations· for'· the ·various-modelS' as~ they· are .. 
aeveloped. -· Thi·s· will require· the- asEilstarice· pf' a"coinpetent progratmner 
and occasional acces11 to a professional statistician. 

- ~•·•••-•A•~- looo-' '•- ·-··~ ~.l•'-- -· .... ,._., ,.. __ ._,_,.,, .. -"''• 

. . .. 

taboratory· studies· of. the ·eHect o£' soil' moistiure"terision upon the're­
le~s-E! of cSl37- froni"so:U .. to sou· sol\ition·w-nr co!ltinue. ·· · Sxploratory· 
work' to aevelop' a. quantitative' 'test 'of' past 'exposure' of' plants 'to' periods 
of''high. ino~sture''stress 'w'ill" progress as· work "'for' the' farm· program" -
permi't:s." ":Data 'froin-·soH mof$ture'·and· so(l temperature-st\,ldies"a·t· the 
Nevaa-· Test .Site '·wlll-be· cqrrelated with phenological observations 
acquired ~t the same sites. 

Most of· the. facilities· will. be u'dlized- in· phase-out operations connected 
with. the close of· the farin prograD!-·_- ·Preparation of sainp'le~ for radio­
chemical· proce-ssing· ·will .. ex.tend" through- thiS FiScal ·year. and. into .the· . 
next one. llata. from work ir1· Fiscal Year l9o5- will be used ·to. i;'einforce 
models in development with. emphasis' upon" the"' probabillstic' aspects .which 
will require the addition of a tech_nician trained in 1,11athematics. 
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. . · SCj{EOULE 1S9 · . · · 
ADDITIONAL EXPLANATiON. FOR OPERATING. COSTS 

RESEARCH."AND ·bEVEI,;OPMEN':f ACTJVITI~S . ·· 

.. ~ . 

SAN FRANCISCO OPERATIONS.OFFlCE 
Field Office· .. BIOLOGY AND MEDICINE 

Program 

1. Contractor: Laboratory of Nuclear Medicine and Radiation·Biology 
University· of California, Los· Ang~les 

Con~ract No.: AT(04-l)GEN-l2 

2. Project; .:rule: .. 

.. Plant Physiology.· .. · 

3. AE~.B~d.get Activi~y No.: 

.06-05-01 

5. Method of Reporting: 
Publications, ·ucLA-. ~eports· · 
Semi;_annual and Ffrull Reports 

7. Person i1;1 .Charge: ' 

W. ·A. Rhoads 

9. Man Years . , ' 
'; 

(a) Scientific · 

(b)' Other. Tech. 

T.otal 

lQ. Costs·· 

(a) Direct Salaries 

(b) Materials & Services 

(c) Indirect; Expenses* (2%) 

$_, 

4. . Da·te P.repared: 

6/ Workit)g Location:. 

UCLA 

8 •.. PJ;'oj-ect Term: • 

~·c)ili: · 1960 .''".'To:·: Continuing . .: . . . . 

FY· 1964 

2' ' 

FY1964 

19.800 $ 

2 8 100 

20.300 (2%) 

· FY .. l965 

~·II 

3 

FY 1965 

30.800 

2.100 
I 

r'-

22.200 .. 

$· 

(2%) 

FY 1966 

3 .. 

-.. 

3 

FY 1966 

33,000 

. '2, 800 

22.700 

Total $ 42.200 $ 55,100 
• I 

$ 58,500 
. ,·' ; ..... 

. ... 
* Total ind~rect expense of the "'Contract pro-rated among "individual ·projects 

on the basis of thepercentage of total direct salary expense represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1964 

12. 

None 

SCOPE OF THE PROJECT 

This· projE!c_t_ purposes to investigate' the fundamental physiology of the 
roots of'plants.under conditions more nearly-like i:hose'found' in the 
en!ir~~ent of plarit_ roots," tha~· iS_ wh~re __ ~02 '~o~~eiii:~a~ions are vastly 
increased from that of the atmosphere and where·oxygen concentrations 
may be either that of· the a·tmosphere or· greatly-reduced·. Much or· the' 
knowledge' or root metabolism is kriown-by' analogy to'obher' plant' parts,· 
or to other metabolic· systems, both 'largely from· c)d:oplasmic partic·les, 
isolated· and· in· vitro. The objective· o'f this project· is thus to in- · 
vesdgate the respira'tory rates and' metabolic processes' of intact roots 
under conditions' of' varied environments. The" fir'st' ob)ective is to. . 
investigate the_ ~ffects· o_f- in~reasea: C02 co~c!!nt~ati~ns a~o-~t th~ roots, 
to find-whether the greatly increased concentrations encountered may 
not change the paths' of' carbon utilization' and synthesis fr~m that ' 
found in plant tissues in "norma~" atmospheric concentrations of either 
o~ _both co2 and o2 . 

Methods of studying. the. gaseous exchange abou·t roots have been developed 
Which utilize bo'th volume'tric analysis and infra-red' spectrometry. ''This 
permits investigation of. a wide range of' conditions which correspond 
much more' closely ·to' conditions in nature than to' conditions' under Which 
plarits· are ordinad.ly' investigated in the laborat-ory. ·This allows in­
vestiga-tion· of a· var'iety o'f" conditons of' the ·co2 - ·o -environments of 
roots~ and-alSo a'n. investigation of the inte·ractioii ~£ 'viiried' mineral' 
n~t~ient ~o~c~~tra~~~n~ with changes in C02 -·o2· concentrations •. This 
should'provide information regarding mineral uptake, or radionuclide 
uptake, by plant roots. 

' . . 

the method used by this' project is to grow a species or a variety of 
speCies of.plants-l.n.Hoaglands ·solution· and ·aerate-it with gases· or 
knoWn concentrations. By monitoring 'the coricentrai:ioris of the~ aerating 
gases before entering' the' root 'media and-af'ter leaving it~ respiration···' 
rates' can'be determiried;'arid'by'utilizing 'carbon-14 in the aerating'gases, 
the path of carbon utiHzation can be- followed .. By using radioactive 
isotopes of those minerals' utilized by-plants' much 'can' be learried'of 
the effects on absorption and translocation under the 'conditions of. 
the study.· Th·is will contdbute to understanding of the' .uptake of radio­
strontium and -cesium by plants. 

13. RELATIONSHIP TO OTHER PROJECTS 

Similar projects, or projects which are working on related problems are 
in progress at the following institutions: 

Soil-Plant Factors, Nuclear Medicine & Radiation Biology, H. Nishita 

Plant Factors, Nuclear Medicine & Radiation Biology, E. M. Romney 
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Plant Physiology Section, Hanford AEC Operations·, Richland, Washington 

Uta~ State University, Logan; Utah . .. 

U. S. Dept. of A$ricultur~, Beltsvi~le, Md. 

Department of·Plant Biochemistry, U. C. L. A. 

Department of Hort. Sci. U. of California, Davis, California 

14. TECHNICAL PROGRESS IN FY 1964 

. Bean· plants were grown· in growth ·e;hambers l.n-:coritalriers ··arranged- so that 
the' aerating"gases enter1nif and" leaving-die iuitrieiit"solut'ion could be 

:mon1toiea either· by· in-fra-red ··spectro~eti-y, by-·a ·Burrell" Gas··AnatySis 
apparatus· or by a -Beckman Oxygen· analyzer" ... Aerating" gases·· cons"i.Sdrig of 
idr .. with' from- 2% to 20% .. CO added were-·used·. W"ith' alCconceritrat'ioris ... _. ... 
tested,' beari plarits- grew''q~~te"'well';" aria the" changes hi the conc.entra'tloi:is-· 
of: CO£ arter· contact with the ·root~ medfa ·were small,' ancr of' the ·same magrii::.-­
tuoe-regardless-of the-initial concentration in the aerating gases. ·Further 
a~l~~~~ ~re under_~~}'· 

t:~:s!~~?~~i~k~s~;~~:~=~i~-~!!~i~~n~~:r~:;~t~~h~;~~~~i!:.:i~~!!!c~~~ 
having· a." Hght=·path-length of 1 em was designed and ·built. Further 
refinements are in progress. 

15. EXPECTED.RESULTS IN FY 1965 

considerabte .. kriowledge· concerning the· response's ·oLseveral ·species of 
plants·, known· to· be adapteo to· extremes· iri. aei:aHon to roots· will be 
ach'ieved". The reacdQris of plants known" to be' capable" of fixiJ;tg ·co· . 
in~"the"'dark"in"leaves will'be lirves.tigatEid' to' determine"whethei:-thl~ 
capacity~ may .. e1d.st .in 1:-ont.F.I· ~1 so: . Sti~h ·knowledge. 18 ... potentlally 'of . 
grea"t:. importance to understanding metabolic proces'ses of" plants' grow~ng . 
in 'calcareous' regions;. and 'in contrast·, of~ those. O.nly c~pable. of 'grqwing 
in acldic.soils~· ''this· should-yield-important.informaHori con~erriing.the 
utilization· of 'ii:on, parHcularly', and ·many· other· mlneral· elements-and 
.·fisslon products." ... The application ortfd .. s' knowledge to the ecology 
studies of the Nevada Test Site is proposed. 

16. EXPECTED RESULTS IN FY 1966 · 

By· thiS- year results shoula .. be· avallable- not 'orily on· the· me.tabolic-. 
processes of various "species·· of plant~ but· on .the' CQncominftant mijleral 
nutrid.on .. o'f-"these- pl8.nts. also·: .. These· expei:imerit:S .. wl.ll contribute. to. 
t:h:e· under-standing~ of. ·the uHliZatioii of·, a.'rid conce~trations o-f, cl4-- iri 
plan.ts--from'C14 in.the-atino.spfiere as .. i:he result of both natural causes 
and from nuclear events of any origin~ 
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, ·SCHEDULE i89 
ADDITIONAL EXPLANATION FOR OPERATING COSTS 

RE.SEARCH AND DEVELOPMENT ACTIVITIES 

SAN FRANCISCO OPERATiQNS OFFICE 
Field Office 

BIOLQ2Y AND M£DICIN! 
Program 

l. Contractor: Laboratory of Nuclear Medicine and Radiation Biology 
Univeriity of California. ~P• Anaelea. 

Con~ract No.: AT(04-l)GEN-12 

2. Project Title: 

Radiation Ecology Mammalian Irradiation 

3. AEC Budget Activity No.: 4. Da·te Prepared:· 
06-05~01 

April - 1964 
6 • Working Location : · 5. Method of Reporting; 

Publications·, UC~ .. Reports . · 
Semi-annual arid Final Reports 

UCLA. and Nevada Test .Site 

7. Person in Charge: 

· Notman R. French, ·· 
·.: . ': 

9 •.. Man· Years 

(a) SCientific 

(b) Other Tech. 

10. Costs 

'• 

Total 

(a) Direct Salaries 

(b) Materials & S~rvices · 

(c) Indirect Expenses* 

Total 

8 •. , ProJect Terin: · · · 
.. ·,. 
· . :-:.·F~om: · .. 19·?9 . To: . Continuing 

'FY '1965 FY 1966 

'6 6 

5 6 

FY 1964 FY 1965 ·FY 1966 

$ · 46, OQO $-"""'~~ 52.409- .· ... $ 2~eZQO 
. 4, 900 .. .6,500 10 16oo 

44·,400 (4%) 40 1600 (4%)'---:...~~ (4%) 45 1400 
'' 

$ 91.500 $110·.300 . $118.700 

... 
* Total indirect expense of the Contract pro-rated among.individual ·projects 

on the basis of the percentage of total.direct salary expense.represE!nted 
by the particular project. 

. . 
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11. PUBLICATIONS DURING FY 1964 

1. Fallou-t and· natural populations, pp. 152._156, Proc~edings First 
Internadonal Conference on Wildlih Pisease. Published July 1963. 

2. Analysis of reproduction in a black~tailed jack rabbit population. 
Proceedings,XVI International Congress of Zoology 1: 258. 

12. SCOPE OF THE PROJECT 

The objec-tive· i's to· investigate·· the'- effects of ionii'ing· radiation on 
populations of im1uia1S."'This approach"'treats the populadon'as the 
functional-unit, and- examines· "such' characteristics of the population 
as the intrinsic rate of increase and age structure. 

Laboratory- ~;tudies. u'dlize a wild. species o£ mouse Peromyscus maniculatus. 
Aillmals. are· ll:ving under chronic exposure to low· level· i"adiadon •.. Their 
reproductive-performance will be compared to reproductive performance of 
a cont·ro 1 group. 

A'rield experiment" is in progress at the Nevada Test Sfte.· -A natural 
population of rodents is'exposed"to chronic low level 'radiation:·. The 
popu1ation is ·e:ensusea at-ixion.thly"1nbiirva1S: k Hfe· table. for these· 
ariiritalS will be constructed and compared to a life table for the control 
popul~~ion. 

The· r'esults shoula indicate· the· level of ·chronic exposure that. can be 
tolerated-by a' popula'tion of rodents: .. It 1s assumed that a' certain 
fraction of the"popu1atioh can'b'e "lost," due 'to ef'fe~t's of raaiation' or 
other causes.- arid" tha't tlie'' popula don.' can still "maintain. itself .. n· 
1t'fails to mairitain'adequate numbers, eitner" by' excessive loss or reduced 
production, we will observe the mechanism of action. 

13. RELATIONSHIP TO OTHER PROJECTS 

Under simultaneous 'inv-estigation· in' the· irradiated field study plot are 
the plant population and the· reptUe popu~at'ion by-other 'invesdgatioius­
!roni the Labor a tory ... P~aris. are being foi:,inula ted to include 'invertebrates 
as welL . 'other ··popula"tion studies are being conducted at the Oak Ridge 
and Savan~h-Rivei installadon·s_- E'ffect~ of radiation ·on laboratory 
populations are being· investlgatea af Los '.Alamos ·scientific Laboratory; . 
Texas. Engineering Experimental ·station,. Uilivers"ity of· Wis.cons1n·;·· Department 
of Zoology at Oxford, and the Radiobiology Research Unit at Harwell. 

14. TECHNICAL PROGRESS IN FY 1964 

1. . Field Studies. 'in Rock· Va-lley. at die Nevada· Test Site nave contirmed~ 
A radioactive. source.' o·f ·cesium:..'l37 'has been installed in one study area, 
provid1ng· a oose·rate· at. ground level- of 3 to·s r/da)7in 60% of the 
study area, and 2 to 3 r/day in 30% of the study ··area. 

• • • ~- • , • • J • • - • 

2·. From a 'breeaing stock of- Peromvscus-mardculStus in· the laboratory, 30 
pairs of irradiated animals find 30'- pairs of controls have been established. 
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The offspring of the irradiated gn>Up are being combined to provide the 
study group which will actually" be composed of animalS- that have been 
irradiated since conception. Based upon:-observed" variability in this" species, 
with 30 irradiated pairs and 30 control-pairs there wHl be an 80% chance 
of showing a difference of 10% in the reproductive capacity of the two 
groups. 

3. Effort has continued on a new method for age estimation of .small mammals 
in the field. Measurement of the uptake of radioisotopes by the dentin 
in sections of teeth appears to provide a good correlation with age. 

15. EXPECTED RESuLTS IN FY 1965 

l.. The radioisotope ·method for age estimation of rodemts .. collected "iri the 
field will be p~rfe~~ed" for rou~iri~ u~e:· -,~"this ia"e ~ew"method that"has· 
riot been utilized before··, it- should ··be· reported·. The method will be ·a·pplied 
to specimens from RockValley" that were-collec-ted before radiation-studies 
began .. This will ind-icate" the age structure of the "population·, which- when 
coirib"ined with the data- on" "population. density" will provide" the ingrecli.eri"ts ... 
for a llfe- table." The lite table "tells-mortality· rates' and· Hfe expectancy 
for "intervals of age. This type· of inforlna.Hon· has never been .. produced for 
a population of aesert"rodents, and is available for only a few natural 
populations of mammals. . . . . 

2.· Examination of ovaries for recent corpora lutea and of 
scars ·from speCimens collected- iri Rock Valley prior to the 
will reveal the age-specific "fertility of the"population~ 
to th"e"life table, is" the data required" for evaluation" of 
"increase· of the ·population. This evaluation will be made 
available tor comparison with the enclosed population and 
population. 

uter"i for placental 
radiation· st.~~Y 
This·, .. when· added 

the capacity for 
and will be 
the irradiated 

3". Cen.sus of the fT!8ntm81 population in each of four study areas· in· Rock 
Valley at" the" Nevada Tes"t SH:e will be continued at monthly" intervals. One 
week ls devoted to each area.· Census is accomplished by operating four 
hundred mammal traps for three succe"ssive riights aria r"ecording "the presence, 
location, and condftion of -each anima 1. Animals are m.;irked by a numbering 
system for individual recognition. 

16. EXPECTED RESULTS IN FY 1966 

1. . A full years study· of the irradiated mammal population at the Nevada Test 
SUe will.be comple-ted, arid the results· o·f ·two-bre-eding-seasons will. be·· 
available. "The data"shoula be ready" for" analysis and perhaps a tentative 
s~atem~n~ ?~ ra?iation ef~e~ts o~ the popu~ati~n can be made. 

2. The experimental pairs of deer mice, Peromyscus mariiculatus·, maintained 
in" the lBboratory und"er" conditions of irradiation slmilar to" the "field 
study, wlll provide ·data· on .the "ferdHtY of this ·species for compariSon to 
control animals. in the. laboratory arid. to the popula-tions in" the field •. The 
animals are provided with shelters· Widch c"on"tain sman· sealed sources of 
cesium-1~37.- Each-animal recelves"approximat~ly l"r/aay throughout life." The 
life time fertility of these animals is· to be compared to a control group. 
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3. Evaluation of energy flow in the· ecosystem of' Rock Valley at the Nevada 
Test ·site will .begin by measuring· the ·metabolic -rate· and energy. utilization 
of sOm.e of· the animals-. Me-taboH.c ra.te· under 'different climatic· cond'itions 
will be measured by'use'of an oxygen' analyzer and a controlled temperature 
cabinet·. Energy. requirements. and utilization will be es't;:iiDated· from- . 
es'dma'tes. of. ca lod.c con'teni:. of 'the' food supply and the ·'anima 1' population. 
Eventually such .techniques should be applied to each trophic level of the 
ecosystem .. 
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RE.SEARCH AND PE~LOP~NT ~CT1V1TI~S . . . . . ; . 

SAN FRANCISCO.OP!l:RATlONS OFFICE 
.Held Office 

BJQLQil AND MEDICINE 
· · · P~ogr,m 

2 

· 

l. Contractor: Laboratory;of Nuclear Medicine and ~diation Biology 
University of ca.lifornia, Los Angele!il 

Con~ra,pt No.: AT(04-l)GEN-12 

2 •. Project Title:· 

Ecology of Nevada Test ·site 

3 •. AEC Budget Activity No.: 

06·-05~01 

5. Method of Report.ing: 
Publications; UCLA, Reports · 
Semi-annual and. Ffnal Repprts · 

7. Person in Charge : .. 

J~~ice C. Beat1~y 

9. Man Years 

10. 

(a) Scientific 

(b) Other Tech. 

Total 

Costs 

(a) Direct Salaries 

(b) Materials &.Services 

(c) Indirect Expenses*. 

$ 

(3%) 

4. -·oa·te · Prepared: ' 

April .. 1964. 
6. Working LocafiQn;· · .... · 

UCLA and Nevada Test Site 

8 ~ Project Term:. · · 

r-F~om: 1961 To: Continuing 

FY·l964 FY 1965. FY 1966 

3t !t .· !t ·. 
1. 1 

3 
44 5 5 

FY 1964 FY 1965 , · .. . FY .. l966 

Jg.{lQQ' $ !t~ .lOO · . $' !tZ.JQO 
·. 7 1000 7'.600 . 7'~600 

30,500 (3%) 33 i 300' 
2 

. (3%) 34,000 

.. ' 

Tot81 · $. 73.900 
. I . 

~: 86,000 ·. $ · 88,9QO 

* Total indirect exp¢nse of the Contract pro-~ated among· individual ··projec.ts 
on the basis of the· percentage ·Of total direct s.alary expeiu~e represented 
by the particular projec~. 
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11. PUBLICATIONS DURING FY 1964 

1. Annual·vegetatio~. of the northern Mojave Desert •. Bull. Ecol. Soc. 
Amer. 44: 122-123. 1~~3 (Abstract) 

2. Vegetation and· environments of the Nevada Test Site. Bull. Ecol. Soc. 
Amer. 44: 123. 1963 (Abstract) 

3. The. sunflower·s . (genus Hdianthus) in Tenneuee. Jour. Tenn. A cad. 
Sci~-18: 135-154. 1963 . 

4. Vegetational·analyses· of desert shrub communitles of the .. Nevada Test 
Si~ep Ny_e Cou~ty, .. N~y~da (with Willi~m H. Rickard). In pre~~. 

5. :Post.;,Seda·n orie and .. one-half'years: Effects on deserf.vegetafion of· 
a· nuClear detonation, Nevada Test Site. Submitted for publications,· 
February, ) 964. 

12. SCOPE OF THE PROJECT 

Objecdves· are (1') to"establish .. biological and 'erivirorimental-efhct:s 
oaseHnes exhibited lri the diverse t}rpe·s. of ·vegetation· 'in all par.ts. of· .. 
the Test· Site~· so· that the· effect:s ·of envii-oriinental·- change· on· biological 
sy.-steins· a's soda ted with .. Test Site. tesil.J:lg activities ·may be aet~cted and 
eva:tuatecr;· ana (2) to 'determine What may' be the effects", i.f any'," o£" .. 
ioniilng'radiation from nuclear testing at the Test·Site upon the native 
vegetation. 

13. RELATIONSHIP TO OTHER PROJECTS · 

Rad i.oecological "s'tudies .. conducted .. on other AEC;.D·BM contracts~· especially 
Brookhaven· Na'tional· La:bor·atory, ··oak· Ridge Natlonaf Labora.tory,. and· Emory 
Uni.verSity-,. and 'desert biological researd1 conducted· in 'var1ous· insti ... 
tutions~ 'have indirect or direct relationship to the Tes~ Site ecological 
problems. 

14. TECHNICAL PROGRESS IN FY 1964 

(1) Vegetation studies . 

On 'the~67-perin8nt:mt:· s·tud)7plo-ts· estabHshed· in the- spring of· 19ts.2, .... 
phytosociologicaf data' nave' heen coll~cted a't' the appropriate· seasons for 
'(a) shrubs~. (b) herb'aceous-pererinials·, '(c)' annual's;: and' '(d) seed1ings of 
an· species· ... -A .seedling collection,. enabling~-ldentificadon: of~ most'. 
vascular:. sped:es. at- tnl.s. :stage~ :was· .made·.·~:: A~compufet< program. has. been 
devised· for· analyses.-o£· the".snrub ·aa·ta·, .. ·aiia the data··z.ecorded ·on IBM 
puri.ch· cards ... BiOiiuiss "data .. fot. a segment of the veget~ t.ion will be 
o~tained in the .spring_.o£.1964·. · 

(2) ... Env.ironmenta ! .. measurements.. 

On the permanent study plots, weekly records of precipitation, maximum 
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and minirimm air temperatures,· and ionizing radiation have been obtained 
~ince November, 1962. 

Soil moisture blocks· and "thermocouples were installed in the autumn· of 
1963. in the root zorie of annuals on all plots-. The· choice of moisture 
sensors suitable for .NTS- so'ils and moisture reg'ime·s,. their calibration 
over' a· range of moisture tensi-ons, and the" in'stallation of moisture and 
tempera'ttire sensors have be~~ .a 3-year coopF!T.'ative resaaroh project with 
Dr. Howard A. Hawthorne. 

Me-chanical analyses· of soils from all plots, a:nd certain ot;:her soil 
characterizations, are in progress. 

(3) Radiation effects 

'(A) The Larrea· radiation. effect's study," in· progress for several· years, 
win· be completecf with (a) the··.data fot a second year· for germinaHon 
percentages ·o£ ·seeds ·from-·NT·s ·populations which have· been .. irradiated 
by· nu-clear testing· ana popul8dons which· have riot:'·oeEm· exposed· t:c;··· 
increased 'levels o"f' radiation" from" test' ac'tivl.ties", and. (b). comparable 
data for· seeds irradiated at 3 levels with the Cobalt source at the 
Laboratory . 

. (B) Quantitative and· qualitative· data have been obtained fo·r v·egetational 
phenomena of the permanent study plots located in the· Sedan area where 
(~')'above-ground" parts of- shrubs were aestroyed' by" the blast,- '(b)" 'shrubs 
were partially uproo"ted' by the. blast, ·and (c). 'there" was· no blast oama·ge 
but, ·like the other areas, there was deposition of a blanket of radio­
active dust. 

The--expression of 'these phenomena has been compared with that of these 
same species elsewhere on the Test Site. 

(C)' A"third Pinyon Pine population was·monitored.at.the time of detonation 
of an.underground-dev'ice· on Ranier Mesa~· in th~ event .. of· significant 
dosages of ionizing radiation from venting. Dosages were less than 100 
mr. 

(4) NTS Herbarium 

Processing of the backlog of. p lan·t specimens was. completed, and those of 
certain groups were sent to spe~ialists for review. 

·"· 
15. EXPECTED RESULTS IN FY 1965 

Vege-tation and environmental measurements will continue~ be recorded· on 
IBM ·purich· cards,. and· during· the year compu-ter· correlation· ana lyses made 
between' the biological' and environmental variables~ . These ·-wut be' the 
basis of a major treatise on the vegetation and environments of the Test 
Site. 

Radiation erfecfs.studies will. continue ·in· the· Sedan area. These will be 
both field and laboratory studies of vegetative_ and reproductive characters 
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of shrub ~nd herbaceous specie$ "in all areas of Yucca Flat, designed to 
detect possible· effec'ts' of the radlation' in. the environments of these 
species in the Sedan ar~a of northern Yu~ca Flat. 

Against the background· of. information'about.the- species of. the t'est· Site 
and ·their enviro~ents',' which' will ·~ave actUinulated by this- 'dine'~ several' 
kinds of field biologlcal-studles'will'be,conducted-~t'the appropriate -
seasons, and others. employing mated.als obt~ined- frgm. some or ~ll of the 
permanerttstudy sites wUl be conducted ~t t:he Labqratory. 

16. EXPECTED RESULTS IN FY 1966 

Sirice' most· fielc:l stuc;lies 7 under' wa·y are long.:·term in nature, these ·will 
continue. through. this' fiScal year· .. I..ilbora tory' '$b.ldie's will· conti.nue' 'to 
be' conducted'' :in, support' of' the' 'flela problems;· mariy of which" have. beeri . 
defineo but will' require "experimen.t:allaboratory work for their solution. 
No physical expansion in any project is antic;:ipated. . 
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SAN FRANCISCO.OP!RATIONS OFFICE 
Field Office 

BIOLOGY AND MEDICINE 
Program 

l. Contractor: Laboratory·of Nuclear Medicine and Radiation Biology 
University of California, Los Angeles 

Contra~t No.: AT(04-l)GEN-l2 · 

2. Project Title: 

Radiation Ecology Lizard Irradiation 

3. AE~ Budget Activity No.: _4. 'Date Prepared.:· 

06-05-01 ·April .. 1964 . 
5. · Method of Reporting: 

Publications; UC~. Reports . 
Semi-annual and. Final ~ports·. 

6. · Working Loca~iori: 

UCLA 

7. Person. in Charge : • . 8 ~ Project Term:. 

Frederick B. Turner · r."~om: 1962 To: Continuing 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

10. Costs 

Total 

FY·l964 

2: 

i 

2\ 

FY 1964 

(a) Direct; Salaries · $__.~=---19.300' 

(b) Materials & Services 6,200 

10,200 (c) Indirect Expenses* (1%)""--o;-.,.c..-......_ 

.Total· $. 35.700 
I. 

FY :1965 .· 

2i 

-
2\ 

FY 1965 , . 

$ 2:!11300 
.3 2000 

(2%) 22,200 
I 

$. 50 500 
~ . . 

py 1966 

. 2~· 

-· . 

2i 

FY 1966 

$ 27 1 500 

3,600 

(2%)22., 700 

l 53,800 

* Total indirect exp~nse of the Co~tract pro-rated among i,.ndividual ·projec.ts 
on the basis of the percentage of total direct salary expense represented 
by the particular project. 
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11. PUnLICATIONS DURING FY 1964 

1. Biotic communities of the Nevada Test Site {review). Ecology 44: 633-634. 

12. SCOPE OF THE PROJECT 

the effects of long-term low-level 'chronic radiation on naturar populations of 
animals are not known. Such· information i~ o"f value in understandj.ng· the 
":inflnP.nce of· environmental radiation on natural commtmities and estimating its 
possible effects on man. 

The objective of this study is· to· de-fine the effec-ts, if any, of continuous 
exposure to low levels of gannna radiation· on p-opulations· of, lizards· wi-thin two 
20-a'cre enclosure's. ":rhe premise is adopted that the. effects of irradiation will 
be manifested in ·a decline in numbers of indiv'iduals· . . : This decline,. H 'it. 
occurs, is to be documented and-the' possible causes' are to be invesdgated. 
The study will be carried· ou·t over a perl.od of at. least three ·years and will 
involve comparisons of popula doris ·of Hzards {Cnemidophon\s dgris and ... 
Cr.o'taphytus w:tsHzeni) existing within enclosures :i,n Rock Valley. ExperimEmta 1 
areas will be exposed- to continuous gaimna". irradiation' froni a. cs=-13'7 source. 
One fenced enclosure and· one unfenced· area will. not· be irradiated and w"ill 
serve as c-ontrols. The demographic data will be· drawn 'in a series· of ·samples 
taken by hand and with trap·s·. Traps within the· enclosure· wi11 b·e arranged· in a 
15-metet gr-id (about' 400 traps in each enClosure). Trapped. animafs will be 
weighed, measu-red, marked, a~d released -a·t point of capture. ·The age­
d-istributions and sex-ratios of the· populations will be estimated from- the 'trap 
samples.· Ferti1ity will be estimated from 'the numbers of breedlng females and 
young-of- the-year. Thes·e· da t_a will revea 1 any significant differences- in· 
surviva 1-ra tes in the experiment-al and control are·as. Any significant· changes 
in th'e tota 1 numbe~s. of individuals' or in th'e age-distributions of the 
poj>Ula.tions wil'l also· be apparent. The estimate's o'f fertil'ity will expose 
any changes in the reproductive potential of irradiated females. 

13. RELATIONSHIP TO OTHER PROJECTS 

This program is being developed in Rock Valley, using- facilities designed by 
Dr. Norman R. French. Whereas Dr·. French is investigating the.long:..te.rm 
effects of irradiation on small mammals, the study discussed henf, pertains to 
lizards~ Dr·. Donald Tinkle and his· students at Te~as Technological College in· 
Lubbock, Texas, are carrying out experimen-ts on the effects of X- irradiatfon on 
lizards {Uta stansburiana). Studies on the effects of X-irradiatlon of toad~ 
are being carried out by Or. Frank Blair at the University of Texas. 

14. TECHNICAL PROGRESS IN FY 1964 

Following the·fall of 1963, an evaluation of sampling data from the fenced 
control area in Rock Valley indicated that the leopard lizard {Crotaphytus 
wislizeni) was affording more useful information than the side-blotched 
lizard {Uta stansburiana). Accordingly, whiptailed lizards {Cnemidophorus 
tigris) and leopard lizards became the species of primary interest. Seasonal 
incidence of the two species during 1963 is indicated below: 
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March April May ~ut').e July ,Augus~ September October 

Cnemidophor~s 0 7 36: 4~. st· 62' 7 0 
tigris 

Crotaphytus 5 11 12 8 4 .6 .1. 1 
wislizeni 

These· ninnbers reflect all individuals reglsterea during each monthly. interval. 
'By the end of May, all of. th~ l~opard lizards had .. aP,parently· been 'recorded·, 
and by the middle of· Augu~t almost all of the.whiptalled· lizards within the .. 
eriClo'sure had" been c~ptured at least'qnce ~ 'l'he" size and composition of the two 
populations (as of April 1963) were estimated as fpllows: 

Adult -Adult: subadult Su'badult . Totals Density per 
males females males females acre 

Cnem.idophorus 33 24 25 Z9 lll 5.55+ 

Crotaphytus 2 3 8 8 21 1.05+ 

R,eproduc'tion during 1963. appeared' to l>e very' low. Only four young whip-tailed 
lizards' and'two'young leopard lfzards'were tak~n dt,tr;irig the'lat'ter part' of the 
1963 season. Reproduc~ion by Slll81_1 mannna_ls_ in ~ock Valley_ was als~ poor in 1963. 

. ·-- .. ·.. . . . . . - . . . . . - -. . ·. . 60 . 
~ October 14, 100 juvenile Uta statlspuriana were irradiated with a ~9 source. 
:Qo'ses were administered at .91 r/minl,lte to groups o:e 10 ind~vlch.talS •. The dose~ 
ranged £I:om 635 to 1450 r.· DUring tne· following 4 mon'ths the survival-and· . · 
growth of the 100 irradiated animals was as good as' that of. 60 controls' kept' 
under ~he -~a~e ·condidons .. It is con~luq~a that:·tlie" ~D50 JO for·_ thiS_ species .. 
is more than 1450 r, a.finding not in agreement with worR'at Texas Technological 
College wl-).ere the LD50 , 30 was estimate4 to l.;i.e between 900 and 1200 r. 

15. EXPl!:CTED RESULTS IN FY 1965 

Sampling will be· expanded to include· four· 20:.acre areas;, one of which i.'s 
cont'inuously.irradiated except for a· 4-day· period each.inorith. Each area will 
be sampled monthly, for· a per;i.od of fo'ur days. Adult female lizards will be 
collected in adjoining parts-of Rock Valley in order to determine t;he ovarian 
cycle and to estimate ~ize-s~ecific fertility by counts of ovarian and oviducal 
eggs. 

Exper;iment;s invol~ing acute irradiation will be contin~ed. The possible 
influence of age will be explored .. The survivors pf th~ first exp~riment will 
be irradiated again in order to see if their resistance has been impaired. 
Experiments with whiptailed lizards. are planned. 
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16. EXPECTED IU:SULTS IN FY 1966 

SainpHng· or the 'fqur s.~~dy areas w.itt ·be"coridnued.· . Attemp-ts will. be mad~ to 
aiUllyze. populations· of· Ut;a· stansburlaiui· a~ w~lt i;ls of· whiptailea· ano leopard 
lizards.. the gen~ral pattern of siz_e-spe~i~ic' fertilfty in these. sp~cies 
$hould ·be apparent by th'is tim~, ·as wel_l'as i:he survival curves'for adult ... 
indivl,.duals. the radiosEmsi dvi"ty· or. thl;ee. species· of. lizards ·_will have been 
defined, at least fo.i: acu~e· gamma exposures·. - S~udies- of .th,e nuclear· voliun.es 
of cel~s ·of these species wHl be und~rtaken and 'th~se findings' correlated 
with acute ·rodio~enoitivity. 
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SAN F.RANCISCO. OPERATIONS OFFICE 
Field Office 

BIOLOGY AND MEDICINE 
P~ogram 

1. Contractor: Laboratory of Nuclear Medicine and Radiation aiology 
Upiversity of C81if.ornia, Los Angeles . · 

CnnJ:ract No.: AT(04-l)GEN·l2 · 

2. Project Title: 

' Radiation Ecology : Plant Irradiation· Studies 

3. AE<_: B~dget Activity .. No.: 4. 'Da·te Prepared: 
\ .. 

06-05-01 ·April "" 1964. 
5. · Method of Reporting: 6. · Work:irig. Loca¥1on: . 

Publications,- UCLA Repo-rts 
Semi-arinual and· F-?nal Reports . ·· VCLA and Nevada Test Site 

1. Person in Charge: 

'William !o Martin 

8. ProJect Term: · · · -· · 
. . . 

F'l'om: · 1962 ,· To: Continuing ,... ... 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

10. Costs 

.2 

Total" 2 

FY 1964 

(a) Direct Salaries $ 18,700 · · 

(b) Materials & Services,- -5,600 

(c) Indirect Exp~nses* (1%) ·10.200 

Total · 

FY :1965 .· FY 1966 

.2\ · .. 2\, 

- .. 

2\ 2' 

FY 1965 ·, FY 1966 
' ,I.- •• 

$ 26~400 . $ 27 2500 

3a000 3 1 500 

(2%) 22;200 _(2%) 22 1 700 

.. , ~ 

. $ 51' 600. •'$ 53' 700 

* Total indirect exp~nse of the Contract pro-~ated among individual ·projec.ts 
on the basis of the percentage of total direct salary expertse represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1964 

None 

12. SCOPE OF THE PROJECT 

The purpose· of this project· is to investigate the· effects of nuclear 
radiation on natural: plant·,~opuladons~. Speci"fically, 'if concerns the 
effects of chronic exposure ·to low levels of gainma irradiation from a 
cesium-137 source' upon populations of' desert plants ir;: their natural' 
environinents. . The fi~ld fad. H. ties being utiliZed for. this stuay are 
the· same as .those establ"ished· for' Dr. N. ·R. French'·s ·study of· radiation 
effects on small matmnal popula'tions in Rock Valley at the Nevada Test 
-Site. 

The exposure· of· plants· in thE!ir natural env'i'i:onments· to high levels of 
chronic galliiilB· radiation' (generally'"> 30" r/day)" has beeri shown to' have 
marked in'fluences on' the growth, developmen't, 'reproduction', and physiologi­
cal .tolerances of plants to' erivii:-oninental· factors"other thari ionizing 
radiation." Chronic exposure to· relatively low levels .. (2:.4. r/day). of 
ganmia radiation may· or may no-t ·elicit measurable re-sponses.. Becau.se 
of 'this. unce'rta1nty; our primary objective' is to' compare·· 'the 'sea'soilal 
behavior of irradiated plant populadons with 'that. of· non-irradiated -
populations·. ·n significant difference.'s are. observed, we· 'sha11" a tteinpt:' 
to determine whether ·those d1"ffer~nces are related to gatmna radia fion or 
to some other environmental f~ctor. 

The· ROck- Valley s·tud}r area· consists of· 4- chcu1ar plots· each having -an 
area· of' about '20 ac'res. .Three of -these plots' are' enc1osed by·· rodent-' 
proof· fences·, and one o£ the· enclosures has been equ"ipped- ·(JanuarY ·1964)' 
with a partially--shielded gamina source '(Cs..: i3'7)' •. The' three non- irradiated 
plots ( 2 fenced and 1 unfenced) will serve a~ contro!s~. 

Comparison· between the plant .populatio'ns .. of the ~rradiated'plot ~ith _those 
of the non..: irradiated p1ots' will be based' on (1)' measureinemts: of environ­
mental factors such as air and' soil temperature, humicfity,- precipitation 
and soil moisture,· (2) est:ima.tes· of plant populadon parameters such as 
density I frequency 2 .. and dominance Of the Spec"ies • present·, and (3) meaSUre­
mentS of ·growth of photosypthei:ic·· tissue and estimates of reproductive 
success based on flower and seed production, seed germinability and 
seedling survival. 

- . 

Due to the non-uniformity of the gamma field,' it: is also des"irable to 
measur'e gainma. doses to' which plants in dif'ferent' parts of the irradiated 
plo.ts are exposed .. Th·e cytological-and· anatomical characteristics of 
irradiated' and non-irradiated plants are' also of interest and will be 
inves'tigated .. If feasible, studies of productivity and the turnover of 
mineral nutrients may also be conducted in or near the Rock Valley study 
plots. 
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~3. RELATIONSHIP TO OTHER PROJECTS .. 

These studies are closely related to studies"being conducted in the same 
area by Drs·. N. R. French and .F. B.· Turner of thiS -Laboratory. ··suDilar 
studies o"f plant coininunity "structure" ana composition in relatiol1.to . 
microclimatic and. edaphic. factors are being conducted. at the N·evada Test 
Site by Drs. J. C. Beatle)r arid if. A. B8wthorne," also o£ this .Laboratory. 
Similar studles of the eftecf:s of ioniZing raoiatlon on natural.plant 
popula-tions are. being made. by. Dr: G," M." Woodwell at the Brookhaven .. 
National Laboratory;· by Dr.·a. B. P.latt-at.Emory University, and by Dr. 
H. T. Odum at the Puerto Rico .Nuclear Institute. 

14. TECHNICAL PROGRESS IN FY 1964 

Preliminary ·studies were· made to eharaeted.ze. the soils and plant popu· 
latlons·.of the ROck Valley· stuay·area.' The soil survey indicated two 
principal" soil types •. Desert pavement,. which· iS vlrt:ually· devoid. of· .. 
vegetation, is charad:eri.Zed "by a smooth" surface layer of" s"tories embedded 
"in a veSicular ·layer of silt}7loam.. Young alluvium· iS characteriZeCi by 
an" irregular surface- of" stones· ariCi no" vesicular layer·. tn" both cases 
the subsoil. is stoney and characterized by caliche deposits. The 
species composition· of shrub- vegetat1on was. found to" vary" from plot to 
plo"t, but statistical analyses indicate· no sigilificant" differences" in" 
regara ·to- the· importance· values o'f the· four leading species· <Franseria 
dumosa·, Larrea divarica ta, "Enhedra. rievaaensis,. ana Lydum anderSonil) . 
which· accountea· for more than"6o% of the 1600"plants included in population 
sa1nples.· Nuclear volume ·data·, provided by Dr~·N. F. French,· inCiicai:e 
that Ephedra nevadensis may be the most radiosensitive species present 
in the gamma field. 

15. EXPECTED RESULTS IN FY 1965 

Instruments installed "during .the second half of FY 1964 should provide 
data concerning" seasonal variations of maximum ano minimUm" air temperature, 
soil i:einperature,. precipi"tation~ and" soil moisture at s1x points" in each 
o·f the· four plots.. If. fea.sible,. data will ·be· also collect"ed ·to· estimate 
gamma exposure doses to plants .in different parts of the gamma field. . . - ~ . . - . - . . 

Obs.ervations ana measurements begun during the second ·half. of· FY 1964. 
and· eontinueo periodically through· FY 1965 should proviae data for the­
comparison of" plant population· behavior 1n' the irradiated" plot wit;h that 
of similar populations iri the non:.irradiated p"lots:· Thesewill"lnclude 
estimates"of.photOBYnthetic tissue production and of reproductive success 
as outlined ~arlier. 

16. EXPECTED RESULTS IN FY 1966 

Procedures ·followeCi in· FY 1~·64 and· FY 1965. will be continued·. Plans. are 
being made for data r~duftiO~ br. means_ ~f- e~_ist_ing ~o~ute~- pr~~ra~s. 

By FY-1966 ii: would.be Clesirable.to supplement and expanCi radiation 
botany studies· at the· Nevada· ·Test ·sii:e· to· include "the· effects· of high 
level, chronic irradiation on plant populations. similar to those in the 
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present Rock Valley study al'ea. This would require a senil-portable 
unshielded ;radlation S01,1rce which could be" raiSed- apd' lowered' by remote 
controL. Ten· kiloeuries· of Cs-137", for- example-, raised 'to· a height of 
15 ft 0 wou19 ~xpose· a d~rcular area of-abou't" 6 acres,- containing 6000 - ... 
to 7500' shrubs~. to chroni~- radiat;ioi1 doses "rangirig'"fram"} 1000- to'( /'r/day. 
This would -provlde· sufffcient replication. of-most spe""cies· to-· provld,e.-good 

. estimates "of "the 'major" parameters" re1adng' to" the relai:lve"' radiosensl;. 
tiviHes- of vai-ioiis- speCies: ·-After· a. suHable- perlod .. o·f· exposure·;' the 
sourc<e could' be" moved 'to' another 'community. type~- iu\d s'imilai' ~ifdtna·tes 
would- be· obtahied· for a~ differEmt array of· species· ... - In:· i:hls- inaP,ner . -. 
ft' should'' be pqssible ""t:o obtain. a great dea 1 of comparative data in an . 
efficient and economical manner. 
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. . SCHEDULE 189 
ADDITIONAL EXPLANATioN-FOR OPERATING.COSTS 

RESEARCH AND DEVELOPMENT· ACTIVITIES· 

SAN FRANCISCO OPERATION~ OFFICE 
· Field Office 

BIOLOGY AND M£DICINE 
· ·Progr.-m 

1. 

2. 

3. 

Contractor: . Laboratory of Nuclear Medtcine and,ladiation Biology 
University of california, Los Angeles 

Con~ract No.:· AT(04~l)GEN~l2 

Project Title: 
Chemica 1 Problems 

AEC Budget Activity No.: 4. Date Prepared: 

06-05-o.t 
~--~~~--~~--~~~--~------~~~A~p~r~i~l--·~1~9~64~~-------------·· · 
5. Method of Reporting: 6. Working ~cation: 

Publications , UCL~\ lepor ts · UCLA 
Semi-annual and pinal. Reports 

. 7 ~ .· . Person in. Charge.: 8. Project Tetill: · 

a. J.. w~od (Ac;ti~s> .... : · /~om: 1956 .. 'J:o.: .·· Continuing 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

· ·Total 

10. Costs . 

(a) Direct Sa~aries 

(b) Materials &. Services 

~.c:) ·Indirect Expenses*. 

Total 

-5 

. 5 '·'' 

py 1964 . 

$ 43.700 
.. 

1~.200 . 

(3%) 30.500 

$'871100 ·' 

. . S 

5 

n-: 1965 · FY 1966. 

$ 471500 $ 50i800 

11.900. .. 13~ 600 

(3%) 33.300 
,.·.:. 

(3%) 34.000 

$ 92 1 700 $981400 

* Total indirect expense of .the Contract pro-~ated amc;mg lndividual·p~ojects 
on the basis of the percentage of total .direct salary exp~nse represented 
by the particular project •. 
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11. PUBLICATIONS DURING FY 1964 

Publications of the work of this Section app~ar under the various sections. 

12. ~COPE OF THE PROJECT 

The basic purpose of -the· Cheini'cal Problems Section is to maintaln· and . 
operate a rjid1ocnemlcal'aJ;ld ·analytical facility in' order to support the' 
vatoiotis. program object-~ve~ of· 'the· :fallout study· work ·a£· the· Env1roiunenta 1 
Radiation Pivislon. -~o thl~·ena an efficient laboratory capable-of' 
hanalirig rou'tine1y relativ~ly large_ m.imberii" of- low.::level" radloid:lv.e . 
sampl'es h inaintain·ed.- Duri.ng·FY .. -196'4 there··was-·continued interest in 
ra~iostr~nti~m-89; :-90, Cs-1~7 ,. ~s-Pr.;, ~~4_, an~ ~~-~~:-14~. 

Analyticar techniques lncluae the use or a. ·sr2~charinel pulse. he·ight 
analyzer particularl)7 for--·arialyses ot neutron::actlvated soils .. In this 
work~ Na:.24~ W-1'81, aria Mri-SL. are the. impor-tant .. radloiiiH:ilides· usually: . -
"encountered .. Plant· and- animal tissues havitlg incorporated th,ese nuclides 
a·re also· subject's of analysis. · . . . . - . . ~ ... 

'rh.is Section· also assis~s c)ther· ~ec.tions in· the· preparation and· sfaridard,.;­
ization "of" isotopic"' solu"tions" and"' in the ca lioratlon"'of' working" standards. 
The Section carriee(:on· r'esear·ch·1~to .. methods- of analysis·;· and w·ith- i:ne 
appointment of a- new·.sec.Hon Cfiie£, w111· e'xpana- thiS. research· endeavour· . 
int;o radioch~mical' research l:)eyond that"of support for the other sections 
of the Environmental Radiation'Di.J.ision. 

13. RELATIONSHIP TO OTHER PROJECTS 

Ana1yt"i'cal· work of' a "s'imilar· -nature i~ carr'ied on·- 'iri. tne following 
organizations·. Similar rese~rch. is~·under way in .. many. of- them: ... 
Analy.tical· Brapch Health .. &. Safety ·taboriltory,· New· York' Operations o££ice -
Appl'ied · Fisneries Laboratory; Univenfi,ty· of" Washi~gton, Seattle~ Washing-ton 
Lamone.Geologlt:al·taboratory, tolumbiil univer.s;i.ty-. -New.York c1t:y ·· · · 
Ecological Research Project, Oak Ridge Natio1;181 Laboratory, Oak Ridge, 
·Tennessee · · ... - · · · · · · ·' · · .... · · ·· · - · · · .. ·· · · · · - ·-
Al1' other Sections. of'. Env'ironmeJ;ltai- Radiation Division 
u·.s. ~Naval' &aaiologica_l"befeiise Laboratory 
Lawrence Radiation_ La bora tor~-· 

14. TECHNICAL PROGRESS IN FY 1964 

The ~o_l_l~lo7~~g p~~)~ct~ received support from this Sect~on. 

Environments 1 Decay Sec'tion 

Four· thousan(f'five· hundred a·na.lyse$· were· process·ed"-during FY 1964: 
·These were for' Sr8~f, ·:..9o·; ts~t3r,· ce.:144~ Ra-229, stable···sr·; K, P, and 

Ca ;·. These· d~t:e·rminations were J;Dade· on _.so.i'l','. 'irdgat~on water, milk, crop 
material, feeds, feces,· and G. I. tract ·material. 
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Soil-Plant Studies · 

TWo hundred ana -fifty- analyses were ~coinpleted for Pu, gross rare earths, 
' gross .alkali metals, and gross alka"!ine earths. 

Radiation Ecolog-y 

100 ana lyses of deer- ja:!'_s for radios~r~~-t~um were made. 

ThiS ··section lias ~ssiS-ted .in ·the developmen£ of" a. coinjmter analysiS' . 
program aeslgned·:t:o· Si~lify- _die- task- of" data- reduction·: - T\:lh appea·r·s · 
ro· be ·a piori4;!er" effort." in "the" use· of· cpmpiiters'ln""this particular" area, 
r.e. to' do tfie. multipHclty of" ealcul8tloiis -·necessary in die' field of -
raoiochemlstry·:·- This: work ls. an· ·impor-tai1t step- toward ··a mQre intensive. 
use of computers in radiochemical counting and analysis. 

• ... • ' ... .... • ~- • • ~ ~ • ~ ... • • • • • ·- .. -· ~ ... •• ,.\ • - -.- - <> ' - -. ... •• • .. • - .. - - ••• 

1 Orie""linproveintimt" in the· cl1emical p~ocedure ·.··for- analysiS o"f soi.l" for• both 
Cs,and Cewas dev~lop~d~ A manuscript covering th1-s is in preparation. 

15. EXPECTED RESULTS IN FY 1965 

It. is· ·anHcipated t:hat:~·support···t:o ·:t:he- Sol:CFaciors ·secHon-will ·necessitate 
the" processing" of_ a_ '18rge'number""()f""neutro·n:actlvated soils",""hotfi""by' ··: 
gamma· spectrometry ·ancf radiochemistry'.' -this -:-work ~wnl· depend, however, 
on_ co~~~n~e~ _ op~!~_tioi\ o~f t~~ -~~~- r~~~t~r a~ ~- ~Qurce. 

Wlth. the: appointment:· of a- Section' Chief- it -is- ~;Kp.ected th't original 
research" activities will"augment the he·retofore largely supporting 
activi-ti~s of this -Section. · · 

Support 't() tne· Envirc;»nmental Decay' Section-will continue on a large-··­
scale- since- Hie· ·faru1 program of that Section will be one year froin its 
scheduled ~ermination date. 

16. EXPECTED RESULTS IN FY 1966 

Continued support of -the othErr--·secdons in thie ·Environmental ~diation 
DiviSion- is- anticipated~ . -The· nature of· thiS. support will be governed 
by -~h~- ~~~pe alld ob_j~~t_ive~ _ Cl~ -~h~se _ Se~t~f;)!i_S. 

More research orlginaH:ng.-within thiS ·section .. is. antiCipated. "'i'he· appoint­
ment:" of .. a- Section Chief- during-FY l~f6:!)", "l£- coiisWiimated,. will broaden the 
scope" "of'" research" into pro6lems in" radiochemistry and. geochemistry in 
keeping with the needs of the Commission. 
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SCHEDULE 189 
ADDITIONAL EXPLANATION FOR OPERATING COSTS 

RESEARCH AND DBVELOPMENT ACTIVITIES 

•• 1. 

SAN FRANCISCO OPERATIONS OFFICE BIOLOGY AND M!DICINB 
Field Office ., · Prosr•m 

1. Contractor: Laboratory of Nuclear Med~cine and Radiation Bioloay 
University of California, .Los Angeles 

Contract No.: AT(04-l)GBN•l2 

2. Project. Title: . ;· ~·· 

Chemical Problems - Fallout Studies 

3. AEC. Budget Activity No.: 

06-05-03 

5. Method of Reporting: 
Publications, uc~ Repor_ts 

. Se~i-a'nnual __ and Fin_al. ~po~ts 
7. Person in. Charge:: 

·R. A.· W~od (Acting) · ... 

4. Date Prepared: 

April - 1964 
6. Working Location: 

UCLA 1 

8. P!='oject Tetm: 
· · .From: 1956 · To: .'Continuing r. . . . . . . . . 

·.A .. •. ··.,., ••• ..,. 

9. Man Years· 

(a) Scientific 

(b)' Other Tech. 

Total 

10. Costs 

(a) Direct Salaries·· 
. 

(b) Materials &Services 

·((:) ·Indirect Expenses*' 

Total 

· FY--1964 . 

J • 

5 

FY 1964 FY·l965 

$' 38.50.0 ·. . ' ', $ . 40 I 700, '· . , 
11= 100 -9.900 

(3%) '30~500 '(3%) 33.300 ... : 

$' 8~)'. 100. $ 83,900 

' 
.. 

' "' 1966·' - . 

$' 

(3%) 

5 

. -.. 

. s 

FY 1966. 

4'lt800 

12,400. 

34,·000 

$ 88.200 

. ., . 

* Total indirect exp_ense of _the Contract pro-rated anu;mg individual ·projects 
on the basis of the: percentage of total diirect salary expense represented 

·by the particular project.·: 
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11. PUBLICATIONS DURING FY 1964 

Ten publications of the work of 'this Sect-ion appear under the following 
Projects: 

Nuclear-Events-Biological Studies 

Environmental Assessment - Plant Study 

12. SCOPE OF THE PROJECT 

The basic purpose· of .the~ Chemical--Problems Section is ·to maintain and 
_.-op~ra f:e a rad"iocheinica 1- and- ana lytica 1· facility in· order -to support· the· 
various program objectives- 9f. the· fallout study·. work 'of- the· Envl.roiunenta 1 
RBdiatlon DiviSion .. To th.1s. end an effic:l.Emt· labcirab)ry ,capable of" 
hananng routinely relatively" large numbers" of" low-level radioactive 
samples is "maintained.· During· FY ·-1964, there was· continued interest in 
radiostrontium-89, ~90, Cs-137, Cs-Pr-144, and Ba-La-140. 

Analyd.cal" techniques include the use of a 512--channel pulSe-height 
analyzer patti"culatly .. for· 'ana lyses of neutron:..acHvated solls •.. ln this 
work; Na-24~ W-1"81, and Mn.:.54 are the important radlonucli.des· usually 
encountered .. Plant· and· animal tissues having incorporated these nucl;l.des 
are also subjects of analysis. . . ' . . - ..... - . 

Thls Section· also assists other 'sec'tions ·in tJte· preparation ~nd standard.:.·_ 
ization_ of 'isotoplc solutions" and" in the ~alibra"tion""of working standards. 
the Sec"tiori carries"on" research hltO "methods"· of aria lyslS";' and with' the' 
appointment of a- new· Section Chief, w111· expanci"thiS. research endeavour . 
into radiochem"icar research" beyond tha"t" of support for the other sections 
of. the Environmental Radiation Division. · 

13 . RELATIONSHIP TO OTHER PROJECTS 
. - . . . . 

Analy~ical B!an~h H~alth and Safety Laboratory, New York Operations Office 

Appli~d Fisheri~s Laboratory, Univers_ity o~. ~ashingt~m, Seattle, Washington 

Lamont ~olo~ic~l Laboratory, ~olumbi~·U?~versity_, N~~ Yo~k City . .. 
Ecological Research Project, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee 

All other sections of Environmental Radiation Division 

Lawrence Radiation Laboratory 
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14. TECHNICAL PROGRESS IN FY 1964 

The following ~r,oj~~~s re~eived support from this Section in FY 1964~ 
., 

Fallout and Environmental Studies 

(1)" Stront"~u~ 89 and =sr-90 analys·rs were completed· on approximately 250' 
bone ·samples;· In· adaition Sr-89 and S;r-90~ Cs-137; stable Ca," Mg,. Sf, and 
Fe. ana.lyse-s were coinplet;ed. on so·il·, muscle;· G. L tracts'"arid' plant ·samples. 
A total of 1,385 determ:inations were completed to support these research 
projects. 

(2)-'l'he' pot collection program init;iated in 1960 continued to be 
supp()rt_e~ by th:i,s Section. · 

Miscellaneous Studies 

This Section continue~ to. ass-is·t oth~r· AEc· agencies. and·· con~racts in cross­
checking radiochemical an~lytical procedures for various radionuclides. 

15 • EXFECTED RESULTS IN FY 1965 
~ • .r ... • 

-The· ~ecdon· anticipates -at· -~east· 5000 deterp1l.ruitl.ons, wHl pe ·completeq 
"during· the· n,ext' f'iscal .. year- ii1 support. of' other sections. .It. aritid.pates 
an. increase ln aiullyses' assc)datea: with' original research' within" the ... 
Sect;ion. The. 512:.;charinel' gaininB specttoineter· has been -in· full .. operation· .. 
during FY. T964·; and·,. as. o£ Marcn· .1'964·,- severs 1-. project'S. are being. supported" 
by work .fiom thfs-·i~strume·n·t:--wfth. aii·antfcipat:ed-lncrease· in- Hs· utflization 
in FY-1?6~ .. Sever~l- iinport~nt .. analyti.ciifl-radiocheinical" procedures·· were ... 
developed by ·this ·section· during ·:Fx 1963:.1.'964. ··--The$e- ne-ti.proceaures ·have 
eriabted ·other· se~Hon · tnvestigators· to .. expand· their- program· ob}ect:i\ies, 
thus" 'supstantl.ally inc-rea~ing" tne ·expected results of all the programs 
presently supported by this Section. 

16. EXPECTED RESULTS IN FY 1966 
... ·. ·--'~···~ ~- ....... ~·.. ... ~ ..... ' 

The· pi'~gram· oUt'li.D.e·d fOr ~1964 ~ill. CS~rY .. over, 1n the· m8lii, tO~ FY. 1966 
whe·p: re.sults .. simi1ar· ·to· those ou.H1ned· for· FY- 1965 -are- andCipated •..... 
Antidpat~a· result$ here will depend ·an the various sections which this 
Section supports. 
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SCHEDUI.! 189 
~DDITIONAL EXPLANATION FOR OPERATING COS~S 

. ilES~AaCM ·~D DB~LQ,ta!NT···ACTlVITII.S . 

SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

BIOLOGY ANP H!DICINE 

l. 

2. 

3. 

· Prosram 

Contractor: Laboratory· of: Nuclear Mechcine and Radiation Biology 
University of California, Los Ansel'es 

Contract No.: AT(04-l)GBN-12 

Project Title: ::·· ' 

Nuclear Events - B.iologi~a 1 Studies 

AEC Budget Activity No.: 4. Date Prepar.ed: .. · 

06-05-03 
~--~~~~~--~~--------------~~A~p-r~il~-~19~6-4~·~~~~--~--· . 
5. · Method of Reporting: . 6. ·Working Location:· 

Publications, UCLA. Reports . . UCLA and ·Nevada Test Site 
Semi-annual and rTnal Reports 

7. Person in Charge: 8. Project Term:. 

Frederick B.· Turner · From: 1962 ·To: Continuing r . 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

10. Costs 

Total 

FY·l964 

3 .. 

3; 

FY 1964 

(a) Direct Salaries $ . .38.100 

(b) Materials & Services 8,600 

(c) Indirect Expenses* (3%) . 30,500 

Total $ 77,200 

FY 1965 

3: 

·~ 

3~ 

. FY 1965 

$ !1.1.~00 

7 1600 

(3%) 33 1.300 

$ 82' 700 

FY1966 

4 
~ 

4 t 

FY 1966 

$ .2~ 810Q 

.10z500 

(3%) 34 1000 

$ 100,600 

' . 
.. , 

* Total indirect expens~ of the Contract pro-rated among ind{vi,.dual ·'p~ojec.ts 
on the basis of the percentage of total direct salary expen$e reptesented 
by the particular project. .::.- . ..,· · 

.'• .. 
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11. PUBLICATIONS DURING FY 1964 

1. Quantitativ'e relationships between fallout radioiodine on. native 
vegetation ana in t:he.-thyroids of herbivores~-. Program· and Absh·acts· of 
Paper"s·; Symposium ·on the Biology of Ra-dioiodine, Hanford Laboratories, 
Richland, Washington: 19. 

2. Increased envirorunental radiation in South.eril-;·Nevada; October-December~ 
19'6L · University· of· California, Los· Angeles·,· u.S: Atomic Energy Commission 
Report. UCLA 518, 45 pp., (with William E. Martin). 

· 3. Food--chain._i:-eladonships of· iodine-131- following two nuclear tests in~ 
Nevada; ~Preliiidnary.Report, P«'oject ·sedan, ·u.s. Atomic Energy Commission 
PNE-236P. 70.pp., (with William E. Martin). 

4. Quantitative relationships between fallout radioiodine on'rmtive'vegetation 
and in the thyroids of herbivores. Health Physics 9: 1241-1246. 

5. Up'take of radioactive material from a J1Uclear reactor by' small marninals at .. 
the Nevada Test Site. Health Physics 10: 65-68, (wi,th Kermit H. Larson et al . 

12, SC.OPE OF THE PROJECT 

Work will condnue in· 'problems related to the- operation of nuclear· reactors and 
the' dfSposat of radioactive wastes and to local fallout from engineering 
experiments as they occur. 

Of major concern i_s the accumulation and cycling ·of. radioactive substances in 
consumer populations and the attendant' doses to which' indiviauals of' these 
popula tion·s are· exposed. Studies or cycling· will. be· augmented by the- use of 
mathematical inodels which define the time..:sped£1c rela'donships of' radio-- -
isotopes in various compartments of the envii:-orunent. .. In such studies. probaba lis­
.tic· tormulation·s are mor'e ·effective than' deterinin:Lsdc;. hence"the s'tochastic 
aspect~ 6~- food-chai~ transfel:'s of31adioisotopes will be g1ven pi-ima~y · ·· 
consideration. ·The transfer of I to milk from contaminated range forage will 
be given particular attention. 

Studies of the dose experiences--of· native mammals resulting· from internal 
emitters and expos'ure to external' emitters in contat~linated' environments were· 
begun with the Sedan test in 1962. These studies-will be· expanded to include 
data from the test series of 1955 arid 1957, with particular emphasis on I-131 
arid radiostrontium. 

A collaborative project with the Puerto Rico Nuclear Institute. was begun in the 
Luquillo Experimental Forest. near San Juan. In early 1963, the Institute 
initiated a study of the effects of gamma irradiation on a section of tropical 
forest. A number of subsidiary projects have been developed in which the 
unifying theme is a consideration of the influences of ionizing radiation on the 
energy metabolism of the forest. 

The most nu~erous vertebrates in the forest are lizards and frogs. Determining 
the densities and age-distributions of populations of these animals, and how 
such attributes maY be modified by exposure to gamma irradiation, is an 
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(2) Radioioaine on native vegetation and in the thyroids of jack rabbits after 
the Sedan test (Joint project 'with Dr. Will1ain· E. Mard.n). 

Following 'the Sedan test of July 6, 1962·, in Nevada, ·the applfcability of 
mathema'tical· models to food-chain transfers of· iod'ine-131 in natural environ­
ments was examined. The am:ounts of"radioiodirie"measured' in the thyroids of 
jack· rabbits collected at· 5-day intervals between July 5, and August 5 were 
compared to those pr'edicted by models on the bas1s of estimated levels of 
radioiodine· on· vegetation as or July-·6 •. Four areas·, froin 20 to 110 miles from 
ground zero·, were ·studied be'tween 5 and· 30 days after th'e test. The basic 
model"was deterministic but a probabilistic model predicated on the same 
assumptions was also developed· and tested. The-performance of the models was 
good enough to encourage further work of this· nature. We considered it.more 
likeiy that disparities between observations and predictions"were due to 
errors in estimating input variables than to a flaw· in· the· design of "the models. 
Accurate estimates of daily ingestion of radioiodine, and absorption and uptRke 
by the thyroid were the most difficult to obtain. . . 

Analyses of vegetation· samples· suggested- that the distribution of radioiodine 
on v-egetation· after· the test was lognorma 1, not normal.. WhEm ·distributions 
of radioiodine on vegetation" were defined as' lognormal and frequency distributio s 
of "thyroid radioiodine in large" s)rn'thetic populadons wei::e generated ·by the .. 
computer, these "distributfons were· also log-norinaL whether such distributions 
reflect the situation in nature depends on the validity of the assumptions 
built· into the model. We believe that the model assumptions were qualitatively 
sound, and that lognormal distributions of radioisotope concentradons in 
organs are probably characteristic of populations consuming vegetation'' 
contaminat'ed by local fallou.t. Thi's conclusion was supported. both by measure­
ments o·f radioiodine on vegetation at various times between July 11 and August 5, 
and by analyses of observed distributions of radioiodine in the thyroids of 
herbivores consuming this vegetation. 

·The assumption of the Federal Radiation Councif that the "major'ity of 
'individuals do· not·vary from the average by a factor greater than· three" 
appears reasonable, both on the basis of actual observations and analyses of 
synthetic distributions of 1000 individuals. 

If our measurements·of radioiodine on sagebrush (Artemisia 'tridentata) in the 
vicinity of· Currant, Nevada {110. miles from ground zero}:, were even close to 
levels of radioiodine on cattle forage (e.g., no more than 10 times higher), 
it is an u~voidable conclusion that had milk been produced in this area 
during July of 1962, it would have contained radioiodine (2000-3000 )J4c/1), 
far in excess of the limit of Range II recommended by the Federal Radiation 
Council {100~~/1). Levels would have been higher in areas closer to ground 
zero~ Fortunately, there is little dairying in these parts of Nevada. 

(3). Ch~onic irradiation of lizards and frogs in !!!... Puerto Rican rain forest. 
Following a 2-week preliminary study in July 1963, plans were made for a. one­
year background survey of populations of lizards and tree f~ogs. As a result 
the number of species m be studied intensively was restricted to three: the 
tree frog Eleutherodactylus portoricensis and the lizards Anolis gundlachi and 
A. evermanni. In November of 1963 a technician from UCLA moved to San Juan and 
he has been working in the forest since that time. Two adjacent circular 
areas 60 m in diameter are currently under investigation. The size and comp-
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13. 

"important feature .of the investigation of the metabolism of the connnunity as 
a whole. 

RELATIONSHIP TO OTHER PROJECTS· 
.-- . ·- .. ·-~~ 

Work related to- one or anotlier· portions of the above -"is. being car:ded out· in 
other- sections of· the Env1roiunental· Radiation ·niv'ision of the Laboratory of 
Nuclear Medicine and· ~d-iation B1ology,- and- at· the·: 
oak Ridge Na tiopa 1 Laboratory, · o;ik Ridge~ ·Tennessee· · -
Savannah 'River Project:, U~1versity' of ·Georgia,- Athens, Georgia 
University of Utah·~ Sa1t take City, Utah ... - .. · 
University of Minnesota, Minneapolis~· Minnesota 
University of Colorado," Boulder," Colorado 
University of Wasliirigtoii; Seattle, -washington 
Brigham Young university; Provo·;· Utah 
University of Nevada, Reno, Nevada 
Puerto Rico Nuclear-Institute, San Juan,- :Puerto-Rico 
H8nfor·d Atomic· Products Operation, iHchlana, ·washington 
National Reactor Testing Station, Arco, Idaho 

14. TECHNICAL PROGRESS IN FY 1964 . 

(1) The effects of! deeply buried nuclear device-on lizard populations 

Following the Sedan tes·t of July 6, 1962·, adult Cnemidophorus tigris,- . 
Crotaphytus wislizerii, ~nd-Uta· stansburiarui were exterm1riatea·t'?- a dl.Sbince· of· 
4000 feet from-ground zero:· Very few adult liza~ds of"atiy~ spec1es were observed 
during· .August and Octob·e:r· of 1962 within 6000- feet "of ground. zero;. but" the .. 
occurrence of adults between- 4500' and 5000- feet. dudng. June. of '19'63 iridic a ted- . . 
that the post.;:test observation's in 19'62 may have reflected seasonal inactivity, 
Sampling in June of· 1963 1ndicated that the!" apparent absence of- adults within 
4000 feet in 1962 was a fact. -The innnediate mortality in this area is·-· 

. attribub~d to the gross physicar effects .·of' the detonat1on-:airt f~tll ·and blast; 
which-destroyed all of the-vegetation out to 2000 feet and caused partial 

· damage to 5000 feet .from ground zero. 

In June-of-1963,- b~tween 4500 ·and 5000 feet from· ground zero, Uta was apparently 
more. a bundan·t than Cnemidophorus. It is·. suggested that Cnemidophorus was more 
sensitive than~ to the deleterious influences involved in this study. No 
changes attributable to the test were detected at 8500-9000 feet. 

Eggs of the three species hatched following the test in areas where adults did 
not survive. Young Uta stansburiana were numerous in .August in ar.eas 2600 to· 
9000 f~et from ground zero. By October., the young lizards at 2600 feet were all 
dead ahd mortality at 3800 feet was extremely heavy. At 9000 feet the apparent 
density of young Uta was only slightly reduced as compared to that in August. 
The delayed mortality is attributed to destruction of habitat. Neither the 
depletion of food resources nor the residual ganuna radiation is considered 
sufficient to· cause death. Absorbed. tissue doses, as registered by 3 micro­
dosimeters implanted in 'lizards before the test and recovered on July 28, were 
similar to doses registered 2" underground an9 were less than 15%-_of free-air 
doses registered in the same area. 
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osi:tion of populations of. the above three species are being determin;a~by 
·repeated sampling and marking. Anolis gundlachi is a large arboreal ... lizard 
found at intermediate_ heights· in the forest. The density of this species ~Y 
approach ~000 per acre! ~ evermanni occurs higher in the trees, and ~y move 
about in the canopy ,itself. During rains these liz~rds move lower in the forest, 
and· 'it is during these periods that our sampling is most successful.· All captured 
lizards are marked and measured, and their location in the study. a~ea recorded. 
Also recorded are the height at ~hich each animal is taken and the diameter of 
the tree on which it is captured. \ 

15. EXPECTED RE~ULTS IN FY 1965 

Research on-food.:.chain transfers of rac1ioisotopes will be continued. The 
a·pproadi may be theoretical, and predicated on mathematical mpdelling; or the 
efficacy of such models may be tested in real situations should such oppor~ 
tunitl.es arise •. The dose-rates· and lifetime doses in small mammals calculated 
from data acquired during ea~~ier test series witl become·available with . 
particular emphasis on th~ re.latioi\ship between dose due to internal emitters 
and.that.absorbed from external gamma emitters. Information will b~come 
available as to the potential environmental influences of power reactors of the 
types proposed for several localities in Southern California. 

Results of the background studiesin Puerto Rico will become available. Following 
a f~ll year of investigation, we shall know the seasonal cyc~es of breeding and 
other activity exhibited by the lizards and tree f~ogs, if such cycles do indeed 
_occur. In January 1964, irra~iiation of one of the 60 meter circles will begin. 
During December of 1964, glast~ microdosimeters will be implanted in as many 
individuals of the three species being studied as possible. These dosimeters 
will provide an index to the dose experience of the animals. Following about 
three months of irradiation the experimental and control areas will again be 
investigated. 

An analysis of nuclear volumes of two species of lizards and two species of tree 
frogs is planned as a collaborative study with Dr. Koo of the Puerto Rico Nuclear 
Institute. Another collaborative study with Dr. J. Szepsenwol of the San Juan 
Med'ica 1 School has been arranged. Dr. Szepsenwol will examine (:he. chromosomes 
of 6 species (using material from the testes) both before and after the 
irradiation. 

16. _EXPECTED RESULTS IN FY 1966 

Preliminary results of studies of the possible influences of wastes from power 
reactors located along the Southern California coast will be available. Resdlts 
from tests of Kiwi reactors at the Nevada Test Site will be developed» if such 
tests do occur. 

The metabolic rate of individuals of the important species of frogs and li.zards 
in.the Pu~rto·Rican forest will have been worked out and these data incorporated 
into. Odu~' s study of forest metabolism: Age differences in metabolism will have 
been evaluated, and these differences used in conjunction with information on 
the age-distribution of populations to estimate the metabolism of entire 
consumer populations. 
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The ·data developed by Szepsenwol. on ·chi'9uiosoriie morphology before and after the 
irriidiation will be correlate:d wi"th dosimetry data acquired from the lr"radiated 
~nimals •· 

Experiments on the response of several of the forest lizards to acute gamma 
irradia tio.n will have been completed, and prelimi~uiry data will be available. 
The response of forest-dwelling speCies, exposed tci little direct· insolation, 
wUl be co"!llpared with that of desert species which are exposed to high levels 
of solar radiation. 
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· · . SCHEDULE ·189 . 
ADDITIONAL t;XP_LANATION 'FoR OPEaAf~NG cbsr.rs 

RESEARCH AND DEVELOPMENT ACTIVITJ.!S 

''r! 

' . .,., 

SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

BIOL~GY ~~MEDJCIN§ 
. Program 

1. Contr~ctor: . Laboratory of ·Nuclear. Medicine and ·Radiation Biology 
University of California, Los Angeles. 

Con~ract No.,: AT(04 .. l)GEN•l2 

Project Title: ~.;.·· 

Environmental Assessments Plant Studies ··., 

3. 

·5. 

7. 

AEC Budget Activity No.: 

06-05-03 

Method of Reporting: 
Publications, UCL~\,' ~ports 
Semi-annual•and Final Reports 
Person in Charge: 

William E. Martin 

9. Man Years 

10. 

(a) Scientific 

(b) Other Tech. 

Total 

Costs 

(a) Direct Salaries 

(b) Materials.& Services 

(c) Indirect Expenses*· 

Total 

$ 

(4%) 

$ 

4. · Date Prepared : · 
. : 

April - 1964 
6. 'Working Location: 

UCLA and Nevada Test Site 
_; 

.8~ · Projec~t Term: 

·hom: 19.63 T~: Continuing 
r: . 

FY1964 FY 1965 FY .1966 · · 

4j. 4~ 4j 
j i ' 5 5 ·~ 

FY 1964 FY 1965 FY 1966 

!iJa2QQ $ !tS.lQQ $ !t~o ~QQ . . 
9-1 100 . .S 1100 · ..• 6 1600 . 

!tO A fiCO ... : (3%) JJ .Jcur (3%) J!I:,QO~. 
' 

2JDgQQ l aJ.sao $ 86,800 
'· 

,. 
* Total indirect expense q~ the. Contract pro-rated alllOng indi,vidual ·projects 

on the basis of the percentage of .tot~l direct .salary f;!xpe~tse represented 
by the p~rticu.l.ar. pr<?ject. 
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11. PUBLICATIONS DURING FY 1964 · 
. ' 

1. NQte~ on th~ d~poslt;l.on of 'fallout tn relation to topography and 
local ~eteorological ~ondit~on~. UCLA Rpt. 517. 1963 

2. L9!is of .I-131' frqm fallc;>ut;-COJ\tamiiUlted vegetation. Health Physics 
9: 1141-114a. 1963 

3. Incr~a~ed· environments! radiation in southern Nevada from October 
tQ De~ember ~9~1. UC~ R~t. 1518. 1963 

4. Fooa-·chain t;elation.hips of I-131 following two nuclear tests in 
Ne~a;a. _· PNE;-23~. 1963 

5. L~sses qf Sr-.90,-Sr-89,-and I.;.l31 fro~ fa~lo~t-contaminated p~antt;J. 
Rad~ ticin Bot;any. . (In pres~). 

12, SCOPE OF THE PROJECT 

The purpose of th;l.s.pro.}ect· iS "tci 'fnvestigate:. (1) .the· c1ose-'in effects 
of· nuclear detoruHiotrs orf vege~ation- ana environm~nt, '(2) the role of 
pbnts. in th~- trophic-dYniJDlics. (food-c;:fialn. r~la ti(>tishlps)" of. ia9io- -. 
nuclidefi! r~lea'sed te;,. the enyirQnment"l)y nuclear a~tonations' or' reactors; 
an.d '(3). the quant;l.tadve" relationsh;l.ps 'betWeen. r~dionJJclide: concentr·ations 
on fallo\lt:.coni:;ain;l.nat-~a plants· and' in· the. tissue~ of· herbivores· .. - Such 
studi~s in;e. needed 'to iJld in. esdmat.ing' the' biological consequ~nces ot . 
testing ~nd usi~g nuclear devices for peaceful c)r for mq;l.tar.y purposes. . . . . ~ . ... - . ' . . ~ . - ~ ' . .. . . ·-··· . . . ' 

. ' 
(1) · Close~in Effects of Nuclear Detonations on Vegetation 

• .. J,, . .· • • .. ... : .. -.. • •.- ,., ....... ; • -- - •• • • ' -. 

Nuclear· w~r or ~he· wldesp~~a~f use .. of nuclear explos'ives for excavation 
coulq 'destroy or' da~ge' <tl.i.e vegetat~on' and' alter' th~. productive pc{tentials 
of reltitively large' a~ea~· •. Wh~le' 'the' 1niineaiate ¢£fec~s- o( a nuClear . 
detohadQn· OtJ. V~f=getation ond environrnr.tit' ma}r l)e· qulte"spectacular,. 'the 
long-term ef'f.ecfs may .be· siuiilar to· those· 4ssocia.ted ~tth qonventi.onal· 
inethcids o( exc~vation and other mpdes.of Qisturbance such as fires, floods, 
and the li~e. · 

Previo\ls stuoies in' this research· area have been ·qui.te· lirilited·. Our 
stl.lQies to date'have .. aeait'only w~th' the' i.nimediate effects' or a single 
undergro~nd oefo'tiadon (Project Sedan)· on the soil-arid vegetatfon wlthin 
a rad'il!'S'()f'aboU,t 2'.5 mi~'tr9in ~z·. •these lqclude ~o·th preshot.an.d pos't­
$hot esfunat~s ·of basi.c-vegetation p~rametera· and' sofl properties· .. Long­
tertll· s·tuqi~s· are· anU.d.pated,'. ana' it' may· become· desirable. to expand this 
program" to" incluc;le ·silililar stqd~es in connec~ion with future events in 
~he Plowsnar~ Progr~m~ 

~ 4 ;.. 0 ' • A >o - ' 0 oo o 

(2) R~le_ ~~. P~~~t~. ~~. ~~e Trop~~c-py~~ics of Radfonuclides 

Radi,onuclides.'produced-hy nuClear detp~ations'or' by'nuclear· reacto;r's may 
~e. rele~~~c;1· ~~,. ~h~: a~mos~he~e a~~ ... ~ub~~que.ntly .~~spqs_i~~~: o~ ~~ps ·a~(l 
plants i~ ~errestrial ecosystems. The·~terials deposited dire~tly on 
plants may be ingested by herbivores and thus gain immediate e~try into 
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food-chains leading to man. ·The mater-ials deposited on soil· are potentially 
available for redistribution, but their entry into food-chains leading to 
man is general_ly d~l~yed~-- .... _. 

Previous stu.dies 
1
liave· shown. that' plant ·follage may int'ercept as much as 

10% of_ the· fallout depoSited ~n a unit area ·of crop plants. While· 50% 
or the:external activity-may ba removed by wirid" and'raln, contaminatlon 
tends to persist until· defona·tion· occurs.· Other. st~d1es have indicated 
tha·t most of the· Sr-90," for e:icaniple; ln the "bones of rabbits· iiv"ing in 
fallout coni:anilnated· areas may-·liave-been a-cquired during r~alatively· short 
pe~i?d~- o~ exter~~- ~~an~ ~o~t~m~~~~?n· 

These results· indicate thSt the· source-to-plani:-tio·~herbivore route o·f 
rad ionuc lide entry into terre stria t food- cha lns may be. more. significant 
than the sourc·e-to-soil-to-pla-nt..:.to:..herbivore route- of entry which" has 
received much more .attention •. To investigate this· pos"sibility studies 
are now being· maae "or "plSruu!d- to·:- (1) estimate the. fraction of fallout 
or reactor effluent intercepted by different kinds' of· vegetation under . 
different. conditions. of" contamination·,- {2) "to estiinSi:e the" concentration 
of radionucHdes· on-vegeta.tion· in relation-to· distance· from· the· source· 
and to· Hme· after contamin8t":l.qn;. (3) to estimate- th·e rates at which· radio­
nuclides. are lost from vegetat'ion. contamina"tt~(f by" fallout· or" reactor .. 
e·ffluents, and (4).to determine how-these ra-tes.inay.be.influenced by wind, 
rain, and other e~vironmental or physiological factors. 

13. RELATIONSHIP TO OTHER PROJECTS 

(1) Close-in Effe-cts of Nuclear Detonations on Vegetation 

This project concerns the immediate and.the long-term effects of PrQject 
Sedan· on vegetation·. ·Dr:· _J. C. Beatley, of this.I.Sboratory," is stud}7irig 
the· effects of Project' Sedan on vegetation in two permanent plots locatea 
approxima'te!y 5,000 ft. and· 10,000 f"t. from· ground· zero-~ -Dr·. F.- B. Turner 
of" this' taboratory, 'has made" a sirililar study of'lizara populations; ·and . 
Dr.' Dorala.Allred;·of Bringham ·Young University, is making a study of small 
manuna ~ p~pu~~t~o~~ ... 

Studies of vegetation in other· t'arget ·.areas at the Nevada ·Test· Sitie,. areas 
denuded or damaged by nuC;lear. tests. during 'the 1950 is, have been made by 
Drs. t: ~f. 'Shields· and l>. v· .. Wells of· Highlands Univers"ity. Similar 
studies have· becm.made-at Eniwetok Atoll by Dr. R. F. Palumbo of the 
U~iver~i~y ?f Washin~~o~·-

(2) Role of· Plants in th~. ~~ophic-Dynamics __ o~--~dionuclides 

Most o·£ the research· projects "in the-li:nvironmental· Raaiation Division of 
this Laboratory" are Ldirectly or· indii:'ectl}r concerned w1th some aspect 
of"i:he"biQlogical" cycling"of'radionuclides. ·studies" made in cooperation 
with i>r. ·r·. B: Turner have contribu'ted to the· development of· inathe~tical 
models. to' account for· the'·build--up" and' decline' of :t-131 in" the. thyroids 
of rabbits. living· iti areas contaminated ·by fallout·~· Siixiilar·· studies. 
should provide· fnformation wh1ch. will supplement. the findings of Drs. 
H. A. Hawthorne and E. M;. ROmney. 
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The Division of Biology and Medici~e·,· AEC·, supports a variety of o"ffsite 
and onsite research projects which deal partly or primarily with radio­
nuclide" cycHng. o·ffs"ite projects are described in TID-13358 •. The major 
onsite program in radiad~n· ecology is· dil:-"ected by- Dr. 5. I. Auerbach at 
the Oak Ridge National Laboratory. The Oak Ridg.e program is described in 
TID-16890. 

14. TECHNICAL PROGRESS IN FY 1964 

0) Close- in Effects of Nuclear Detonations 

S.t~dies previously initiated in· the vicinity of Sedan ground zero have 
b~en ·continue~." . The invasion· of· radioactive throwout deposits by Salsola 
kal"i and other annual~ and the recovery by crown sprouting of blast~ 
damaged. shr.ubs .-·(2000 "to sooo ft .. from ground zero)" have" been observed and 
docl:Unented by" pho-tography· and the· col-lection o·f popula don· d~rta ~ . Similar 
observa·tions and measurements have also been made in the base-surge .dust 
zone· "(ca~ 5000 to lO,OOO'f"t.: from· ground· zero), but i"t "is ·not yet clear 
whether.·· the damage observed in the dust zone should· be attributed to 
dust ~epos~tion or to ionh:tng radiAtion or to both, . . 

(2) Role of Plants in the Trophic-Dynamics of Radionuclides 

Plant" samples collectea o" the 5th·, 15th, 30th, and 60th .. days· a·fter the 
de tons tidp frojri 20 locations in. the Sedan fallout field were analyzed to 
dete:nnine their sr89 ~nd sr90 con'tent (~/"g) a't the time of collection. 
F_rom 5 t·o. 30 days. after t~e· detonat_ion :the aver~g~. "effective ha~lf-lives_ 
of sr89 and sr90 on fal1out~contaminated plants were 17.8 days and 27.8 
aays respec·t~vely.- From 30 to 60- days ·after. the· detonation, .the average 
effecd~ve half~H.fe of· si:-89 on p"la-nts was 37~6- days ana that of sr90 was 
152 days·. Losse·s il1. excess of tradioact~ve decay were attributed to the 
mechanical removal of f~llout part~cl~s, primar~ly by wind action. 

s·tudies· were alSo made· to determine "the size· and number of· radioac"tive 
partiCles p~r unit" ar"ea of "leaf surface bi. rela don to""titiie after" fallout 
and location" "in the fiilloui: field·. Res.ul"ts· to date· seem to indicate 'that 
wind· action· c.an result in· either ari increase ·ar· s decrea.se in· the total 
number of fallout p.ardcles-present.on· "foHage· at a given time· after 
f811out,. but' the riumber q£ pa~"ticles "per unit" a~ea of leaf surface is 
not correlated with gross gamma activi~y or radionuclide content. 

(3) F,ood~chain Relationships of sr89 and sr90 - . 

The~ bone ash o~ rabbits co11ectecf from· "the Sedan fallout field at· S~day 
intervals for ttt'e" ·first" 30 days" after fallout and again" 60 days after· the 
deton~tipn· were analyzed to· de"termine the" concentrations ·(;;_fic/g" bone ash) 
of ·sr89 and sr90 at the. ·time of collection. Preliminary analyses of these 
data indicated that· m8-xiinum· or· near maximum levels of sr89· and Sr90 in 
rabbit bone ash were attained during the" first 30 days after the 
detQnatiori. From-30 to 60 days after the detonation, there were no 
significant incre.ases. 
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It has be'en demonstrated that the average:,rat'e of' increa'se· of" sr-·89· and 
sr90 ·iri r~bbit bone· from 5 i:o 30. days after· fallout'. was approx1.rilat'ely 
exponent~al. . Fi.tr.ther ·studl·es are· beirig made .. to. develop: mathematics 1 moqels 
to express· the quan'titatlve-time' relationship' between radiostrontium levels 
on fallout-contaminated plants and in the bone ash of herbivore~. 

15. EXPECTED ~SULTS IN.FY 1965 

(1) Close-in Effects of Nuclear Detonation 

Stuciies wdl be· con.tinued to describe· or measure: (a)· the development· of 
veget{ition' on radioacdv.~ throwout. deposits'» (b) 'the. recovery' of'blast-­
damaged plani:s;· (c) the growth', developmental,' and rept·oducdve"b'ehavior 
of shrubs exposed to base-surge'dust deposits arid cumulative gaimn.a do~es 
in exc'ess of 4000' r',' and (d) the. radionudide content of soils and plants 
in· relation to distance from. ground zero. Publication of an interim 
report (P~E-228F) is anticipated.: 

(2) Role of Ptants in the Trophic-Dynamics ·Of Radionuclides 

lt. is anticipated .that. the sb.idies related to Project Sedan will be com­
pleted and that t~e. significant result~ will be reported during FY 1965. 

(3) Food-chain Relationships.of sr89 and sr90 
. . -. .... ... .. . .... -. ... .... '. 

lt. iS ant'icij)ated that the studies related i:o- Project. Sedan will be com-
' ' p·leted. and the significant results will be report~ad during FY 1965. 

16 ~ EXPECTED RESULTS IN FY 1966 

(1) Close-in Effects of Nuclear Detonations 

·studies initiated from 1962 to 1965 will be continued as long as feasible 
and fruitful. 

(2) Role of Plants in the Trophic-Dynamics of Radionuclides, and 
....... ·-

·(3) Food-chain Relationships of Rsdionuclides 

Undl. s6idies currently in progress ·have-been completed; it. will be 
dlffi~ult to. aeterixi~rie' the e:Kact"nature of further s'tudies 0 •• p:reliniinary 
~estilts. :i,ridica'te that inore- work 'should. b·e. done .on" tfie. role ox' plants .... 
in the' 'interception;. reterii:ion,- and· food;..chaln tranSfer of' radionuclides 
c·ontained in ·fallciui:-. Stu(Hes .are: also· needed·:·to det:ermlne rates· of. 
radioriu~H.de a'ss1inllatlon .ancr biological' ellrilination by herbivores 0 

Both laboratory and field studies ax·e needed. • 
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Field Office . 

BIOLOGY AND MEDICINE 
Program 

1. Contractor: Laboratory of Nuclear Medicine aq.d Radiation atology . 
Unive.rsity. of California, Los Angeles 

2. 

3. 

5. 

7. 

Con~ract No.:. AT(04~l)GBN-l2 

Project Title:-
.Phys"ical and Radiolo-gical 
Characteristics of Fallout 
AE~ B~dget Activity No .• : 

06-05~03 

Method of Reporting: 
Publications, UCLA-. ~ports · . 
Semi-annual and Ffnal Reports 
Person in Charge: 

K. l;i. Larson 

9 • Man Years · 

(a) Scientific 

(b) Other Tech. 

10. Costs 

Total, 

(a) Df.rect: Salaries $ 
(b) Materials & Services 

, "~.) . _ .lnd~re.c.t __ ~aes* ' ·· . ._/· .-;:... .:-:::· 
J2_%) 

Total $ 

.. ·. · ... 

4. Date Prepared: 

April - 1964· · . 
6. Work_ing Location :: 

UCLA and Nev~ida· Test Site 

8 ~. Project Term: 
. - . :' . 

. r."Fr'Olll: 1:957 ,. ''l'o.:. Continu~ng 

FY:l964• FY 1965. FY 1966 -~. ·-.-

2 2 3 

2 2 3 

FY 1964 . FY 1965 FY 1966 
.. 

2.§~8QO $. 28-fzo.o $ 36.300 

·-l.!iQQ 1 ~!iQ~ . ..z.ggg 
201300 (2%) 22 1 ZOO . (2'lo) 22'2 700 

•' 

" "'. · .. 

!i§.~QO $ :ZZ.~QQ $ 61 1 QQO 
.. 

* Total indirect expense o~ the Contract pro-rated among individual ·projects 
on the basis of the percentage of total direct s'alary expe!l$e represented 
by the particular project. __ · 
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11. PUBLICATIONS DURING FY 1964 ) 

Operation Sul)beam - Shot Small :Soy. "Fallout collection and gross sa~pl~ 
analysis".·· Project Office-rs Report - Project 2. 9..:·poR:..2215 ;· Part I by P. 
D. · LaRiv::J.ere, J. D. Sin~ tor, w. ··B. Lane; u.s. Naval Radiologies 1 Defense 
Labora.tory, San Francisco .• · Part II by K. H. Larson, taboratory ·of ·Nuclear 
Medicine and Radiation Biology, University of-California, Los Angeles. 
In Press. 

Reconnaissance Group - Site Selectlori - Pro jed; Rufus. "Project· Rufus·-· 
Site- Selection - Reconnaissance .Report·, Alaska" by· Rudolph A. Black, Garth 
B. Harlan, K. H: Larson, ·Robert E~· Lyle, Wm. S. Twenhofel, ·and Luke J. 
Vortman.· Published by USAEC ~Nevada Operations Office, june 1963, 150 pp. 
classified- secret. (This report is t:he· result of a combination of arrange­
ments and joint ag-reements· between thi.s· Laboratory~ Hazelton Nuclear Science 
Corp. P~lo Alto, California and the Nevada Ope~ations Office.) 

Damage to-Livestock from radioactive fallout" in the event of nt,1clear war. 
A report by the sub:. committee· on livestock damage of· the Advisory Conmdttee 
on Civil Defense, Na.tional Academy ofScien.ces -.:·Nation Research Council 
Dr. ''John H. Rust, Chairman~ NAS-NRC publica tiona 1078 (1963). 

The behavior of radioactive fallout in soils and plants. A review prepared 
for the· Committee on· Effects of Atomic Radlation on Agriculture· and Food · · 
Supplies, National Academy of Sciences - National Research Council by Frere, 
M. H., R. G. Memzel, K. H. Larson, Roy Overstreet and R. F .. Reitemeier. 
NAS-NRC_ publications 1092 (1963). 

Contamination of plant ·foliage with radioactive fallout-. Romney, E>. M., 
R. G. Lindberg, H." A. Hawthorne, B. G. Bystrom, K. H. Larson, Ecology 44:2 
343-349 (Spring 1963). Also as USAEC report TID 15870. 30 pp. 

. -

Root tran.sfer of fissi~n products from contaminated soil. Romney, E~. M., 
H. Nishita, J. H. Olafson, K. H. Larson. Soil Sci. Proc.~(4): 383-385 
(July-August, 1963). · 

Uptake of radioactive material from a nuclear reactor by small mammals at 
the Nevada Test Site. Turner, F. B., B. W. Kowalewsky, R~ H. Rowland, K. 
H .. Larson. Health Physics .1.Q(2) :. 65-68 (Feb. 1964). Also as USAEC report 
TID-18864. 

12. SCOPE OF THE PROJECT 

During the period FY64-FY66, th~s project is and will ·be concerned with 
comprehensive review, evaluation, ~ntegration and publication of the work 
of this Laboratory during the years from 1947-1964, which is related to the 
distribution, characterization and biological significance of radiation 
fj.ssion products releasf:!d from nuclear detcmations in continental United 
States~ This endeavour is of value s.ince the data to be evaluated comprises 
the earliest, most· comprehensive, and in most instances, the only information 
relat.ing to environmental contamination with radioactive fallout in. the areas 
10-250-miles from ground zero. This evaluation is particularly i~portant at 
this til!le, since considerable effort is being expended by several organi-
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zations (e.g. Stanford Research Institute, AEC, DBM,· TAB) in" an attempt 
to pred:i.ct.the· consequences of peacetime (e.g. "Plowsharen)· activity and 
military uses of nuclear devices. Because:the possibility of securing new 
~nformation on problems of close-in'fallout from atmospheric nuclear tests 
app~ars to be very remote because of tpe partial nuclear test ban, pre­
dictions must be based on' extrapalations from existing data, much of which 
has been published without interpretation and in fragmentary or summary 
form and frequently without anc:evaluation of the accuracy of the data, and 
without a clear statement of the adequacy and reliabili~y of the methods 
used and .the errors inherent in the studfes. Attempts to." develop 'new 
scaling factors which are based on such data will amplify' the original 
uncertainties. 

It is our intention to evaluate, interpret and report significant data which 
we have. accumulated and to realistically evah:~ate the ·.adequacy of the pro­
cedures employed and the validity of the conclusions. It is our belief that 
such an end~avour will be of considerable value in planning £or peaceful 
uses of nuclear energy and in preparing for the possibility of nuclear 
warfare. 

In view of these considerations and the interest in the distribution in the 
biosphere of specific radionuclides, such as radioiodine, at greater 
distances from ground zero than customarily considered before 1962, we propose 
the following program: 

1. Evaluate and report unpublished work of this Laboratory 
related to distribution of close-in radioactive fallout 
debris in the biosphere 'of the environs of NTS from 10 
to 250 miles from ground zero; 

2. Evaluate and report data available from representative 
fallout patterns on the characteristics of.fallout e.g. 
)!lolub.ili.ty of radioactivity, concentrations of radio­
nuclides and the ratios of Sr/Zr, Cs/Zr, Ru/Zr with 
respect to weapon yield, time of fallout, particle size, 
and type of weapon mounting; 

3. Review and evalutate the methodology of collection and 
analysis used to obtain these data; 

4. Establish an estimate of the combined effect of several 
environmental factors on the rate of immoblilization of 
fission products.and plutonium in fallout patterns, 
utilizing as a basis the observations made in the Trinity 
Area, New Mexico and certain areas in Nevada •. 

This Laboratory is one of the few institutions that has a reasonably com­
plete library of fallout samples from continental detonations. It will be 
possible, as the evaluation and reporting of previous work progresses, to 
analyze selected samples using the more refined and current available 
techniques for additional radionuclides such as I-129 (half life: 1.6 x 107 
yrs) or to recheck the reliability of previously used processing methods and 
procedures. It is felt this effort will make .a. s~gnificant and unique 
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coiq:ribution to specific problems of the. ov~l:'all task of fallout assessment 
which other organizations have recently set up to accomplish from a pri­
marily theoretical basis .• 

13. RE~~I~N~HIP TO OTHER PROJECTS 

Plows~uire Group~ Lawr.ence. Rad-~a t ion ~bora tory .. 
Of'f-sfte -Radiological Safety· Group--. USPHS/iJSAEC-NVOO 
Evalu41t:ions Division, U.S. Army Nuclear Defen~e Laboratory, Edgewood Ar~el\81, 
Maryland .. . . 
Atmospheric Radioactivity and Fallout and Improvements in A'tmospheric 
tracer Technology - Hanford Works Laboratory No. AT(45;.1)-l350-- · -~ 
RBdiologicaland Health Physics and Instrumentation; Aersol Studies ORNL-
No·. W-7405-Eng 2. 6 _ 
Th~ Formation, Distriqution and Chara,._:t~ristics of Radioac~ive Fallout 
USNRDL. (Freiling) 
Development and Evaluation of Methods and Procedures R~lating. To Env~ro~­
mental-Monitoring-.: NYO-HASL 
Study of Post~Attack Environment Resulting .froJil Thermo1;1uclear War, Rand 
Corp. (AT(04~3)' 414-3 
The Biological and Environmental Groups, NMRB/UCLA 

14. II:ECHNICAL PROGESS IN F): 1964 

(a) The fina 1 Project· Officer's repo.rt fqr th~ NMRB/UCI4\. port~on of the 
fallout study, from 18 to 200 miles fr0m.grounc;1 zero, was-completed and 
submitted· to US~RDL-, as ·Part II of the POR.-2215, "Fallout collection and 
gross sample analysis (u)"; Project 2.9,, USNRDL/UCLA, Operations Sunbeam -
Shot Small Boy (classi~i~d secret, RD):. It has been apprqved and sub­
mitted for· publication by DASA-DOD. Some·of the results obtained are as 
follows: · 

1. The gamma decay curve developed from data obtained from gamma-intensity­
time recorders (GITR) and decay measurements on collected fallout samples 
to H + 40 hrs. indicated that t~e de~ay factor t-1.2 (range of t-0.97 to 
t-l.4) was the best factor for this particular fallout debris. 

2. There were larger radioactiv~ particles found in fallout samples thaJ;l 
in the original soil particles found_at ground.zero .. 

3~ The rate of travel of_the "clo\ld"r.over the landscape was variable. 
Also, ·there was indication. that the portion.of the cloud above 16,000 
ft. MSL. sheared to the· east-southeast resulting in SDlB',ll amounts· of 
radiation being measured by the GITR's and timE;!-of-arrival detectors 
(>2 mr/hr) but no fallout material was deposited at these locations. 

4. No relation was apparent between,the radioa~tivity per.unit area and 
mass per unit area within the fallout pattern from 18 to 200 miles 
from ground zero. 

5. A maximum of seventy per cent of the activity was _associated with the 
greater than 44 micron size fraction at 18 miles from ground zero; at 
~00 miles from ground zero, 40 p_er c~nt of the activity was associated 
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with the same size fraction. 

6. These data suggest that activity per sq.· ft. varied inversely with 
the time of· fallout arrival, i.e. stations near the hot~line of the 
pattern from thiS deton~tion tended to have earlier fallout ard.val ' 
than .stations·~ toward the ·periphery of the pattern. This phenomenon 
was· o~serv_ed ~articular'ty on the -18 and 2_? _mile-distant_ a_!cs fro~ GZ. 

7. Adequate samples were fu.inished USNRD£ Project 2.10 for radionuelide 
determinationo; eo per agreement. 

(b) Work ·is progressing on the final reports on fallout studies done on 
Shot Sedan~ from 7 to 70 miles from ground ·zero "(CETO Project "62~86)--and 
the collection of fallout from 2~00 feet" to 2,5,000 feet" fr6m ground zero 
·on:"Shot Danny Boy (UCLA Project 2.-4). ·Special effort has been-made to 
determine the reliability-of these data obtained by the-particular Methods 
Procedures ~nd field equipment used in this study. This--evaluation should 
allow recommendations as to studies and their methods which may provide 
more reliable data on the phenomenology of fallout and ~ts characterization 
and distribution in any future cratering experiments. 

(c) A cooperative effort between this Laboratory and ·the· Hazelton-Nuclear 
Science Corp., Palo Alto, Californ;i.a wa~ continued oru'a special classified 
study of site selection. ~e pareicipation of the senior investigator was 
requested by NVOO through. DBM •.. Th'e study was co~pleted aft;er six weeks of 
a reconnaissance trip surveying and evaluating potentially acceptable sites 

· a·s a part ·of the classified· project "Rufus". The .classified report, cited 
above in Item ll,-- presented the findings of the Rufus reconna hsance team 
of-six people, representing several scientific disciplines from four 
organizations. 

15. EXPECTED RESULTS IN FY 1965 
) ' 

(a) Complete the final_ Project Officer·' s reports' on fallol.lt studies done by 
this Laboratory for the foltowing events: 

Shot Sedan ~1962) - Repo.rt No. PNE-225 
Shot Danny Boy· (l962)- R,eportNo. WT-1818 
Plumbob Test Series· (1957) - Report ~o. WT-1488 

(b) Review and report available data and apparent rel~tionships concerning 
re-distribution and immobilization of radioactive fallout debris from above­
surface NTS detonations in the environs of NTS. -·This review will be based 
on studies and observations mad~ by field groups before 1961 and will · 
include: 

(1) an evaluation of measurements· made during the 1952-1961· 
pers_istance studies of radioactive contamination in 

. selected areas in Nevada and Utah; 

(2') an analysis of monthly measurements-of debris collected 
by stainless -steel .pots during 1959, 1960, and 1961; 
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(3) an eval~tion of daily f~llout tray coll~ctions and 
air sampling at selected locations for two week 
periods in l957 and 1958; · ·::··;'. :-:: 

(4) an evaluation of· the. relation;\b:e.tween ·a:c·ttvi.ty p~r 
unit area to mass collected per unit area, particle 
size spectrum, solubil~ty of activity and bi9i.ogical 
availability. · .-.. ; : .. ;:_.':_:;_:;;"' .· .. , ... ' 

16. EXPECTED RESULTS IN FY 1966 

(a) Reyiew and simunarize· avaflable. info~-tiol1··an.d~ ~ata in~ 'l;e9Jin~~al 
Memoranda, Special .AEC.reports and unpuplished ·work on fallout from the 
Trinity Shot, New Mexico and its fate· in the biosphere·. The several 
memor.anda and reports f~om the Los Ala~os· S.cien~ific Labo;-a~ory ~ssued 
before 1949 wheri integrated with the info~tion obtained by this ~bora­
tory from 1947-1953 wou.ld present· a hi,sto~y ·of plutonium- ap.d fiSSion 
products in the biosphere~ This could be extended tQ cover a ~pan of 
20 years by making another collection and analysis ·of .soil, ·.vegetation 
and indigenous rats and rabbits. ·The ·five· study·areas--that were estab­
lished beyond the crater' fence along the fallo~t .. pattern are s'till 
relatively undistu~bed by man, (personal observation March 1964). ·. 

. . 

(b) Evaluate and pr~sent' a"i·eview of UCLA _studies on ·s:urface a1;1d a~rial 
radiation intens~ty measurements JDSde in. (aUout patterns from above­
surface nucleaf detonations· in ·the- Teapot 'Series .(1955), Plumbob- Series 
(1957), Hardtack. :n Series (1958), and the Sedan ancf'Smali Boy events · 
(1962). This would ;include·: · 

<'1) a compatison of 'radiation me~surements made with the survey 
meters available to the several research projects ~nd 
support group~; 

·(2) a comparison of radiation intensity and dose measurements 
made by_UCLA film packs, survey meters, gamma intensity 
recorders and Arms I and Arms II aerial radiation measure­
ments. 

{3) a compar~son of measurements with respect to time after 
fallout and location within the fallout pattern. 
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. SCHBD~B 189 . . . I . 

4DDITlON~ BXPLANA~lON POl OPBJA,TlHQ CQSTS 
llESBI\RCB Am) DIVa~~ ACTlVIfiBS 

SAN FRANCISCO OPERATIONS OPFICB 
· · · Fie lei' Off~ce · 

BIOLOGY AND MBDlCINB 
troara11 

J.aboratory of Nuclea~ Medicine and Radiation Biology 
Univert~ty of CAlifornia, Los Angeles 

Contr1ct Ho.: AT(04~1)GBN·12 

2. Project· Title: 
~di~tion Dosimetry 

3 •... A~ Budaet A~Uvf.ty Nq.: 

06:..06-0l . 
5. M!!l'thocl of Reporting: 

Publlcatlona, uc~ Reports 
Sem~·-nnual and Ftn~1 .. ports 

7. P~i'son·' in Charge : ·· · · · 

George V. Taplin 

9. ~~-Years 

(a) Scientific 

(b) Other Tech. · 

10. Costa· 

. I 

1otal 

(a) Qirect Salarie~ 
(b) ~terials ~ Services 

(c) lndire~t Expenses* 

Total 

'(2%) 

$ 

$ 

4. ~te PI"• ,a red a · 

April - 1964 
6. · Working.Locat.lo": 

UCLA. 

s. ·Projec.t Term: 

,.. From: 1949 ~o: Continuing 

n·l964 · "1965 I n .1966 ·-
I . , 

1 t 1 t 

1 t 1 t 

FY 1964 . FY '1965 FY 1966. 

Z2eQOO $ 16 1500 
I 

$ .16,500 

22800 21400 . 2_.400 

20,300 (1%) 11,100 (1%). 11,300 
.. 

45,100 $ 30,000 $ 30,200 

' . 
* Total ind~rect e~pense ot thfl! ~ntract pro-rated among individual projects 

on the basis of the percentage of total direct salary expense represented 
by the part~cular project. 
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11. PUBLICATIONS DURING FY 1964 . 

1. Nishihara, N., Tapli:p, G.V., Ca:rpenter, C.: Immunogenicity of gamma 
irradiated mycobacterium tuberculosis H37Rv(GIV) t:nice, Amer. Rev. 
Resp. Dis-. (in press). 

2. Taplin-~ G. V., Malin, K.M. :· Tetra~olium-blue gelatine dosimeter systems. 
US~EC progress report UCLA-520, 70-71, 1963. 

12. SCOPE OF THE PROGRAM 

Many pr6l>lems tn ·radiation dosimetry remain incompletely solved by physical 
me.thods,. ~uch as measuremen-t' 9£ m·ixed neutron.:.: gamma expo·siires · from nuclear 
reactor" excurs"i6ns," tissue penetrability. of low energy" x-·rays, beta. an~ alpha 
par"ticles and" accurate measurement :of high intensity radiation" sources in the 
mega ·rad ·range. The major objective of this ·proje~'t "is. to develop tissue . 
equival'ent chemical methods for so.lvl.ng" dosimetric problems not possible or 
practica 1 by o·ther ·means.- In this respect "i:he tetrazolium· blue dye. in· poly-. 
viriy~ alcohol· p·lastic ·(Ti3-PvAr s}7s.tein." has many unique properti'es and capab}lities. 
WHh !B:PVA _fi~m· do~~inet~rs_ one ·can perform h_igh leyel d?si~e~ry· of :K• y, and 
beta radia ti.ons and make actual measurements of depth dose distributiop in 
ti!isue equivalent density material. Additional objectives· are· to· use our 
radifidc;>q facilities and dosimetric techniques lri collaborative raifiobiological 
studies wit;h other projects in." this laboratory and whh ·va:dous departments· of 
the S~hool· of Medicl.ne ·to advance the undel::sbimdirig of biologics 1· effec-ts ·of 
radiation at the che~ical level and to develop new beneficial uses of radiation 
and dosimetry. 

13. ;RELATED PROJECTS 

Simil~r·investigations are being conducted-at the Oak· Ridge Institute of Nuclear 
Studies, Oak Ridge~ti:mnessee;· Los Alamos Scientific l.aboratory·," Los Alamos, 
New Mexi~o; Brookhaven National ~boratory, Upton,New York; Stanford University, 
Palo Alto, California. 

This program ls conducted ln collaboration with" other" divisiqns w~thin this 
labpratory·, i>r.- :Benedict Cas~en (biophysics)" Dr'. Lawrence Myers (radiobiology) 
and· as-.a service.fl.mction to the.Departmertt of Radiology,. Division of Radiation 
Therapeutics (Dr. Justin Stein). 

14. TECHNICAL PROGRESS. IN FY 1964 

4 tetrazolluin blue::.geladn dosimeter system was· developed" during the past year. 
it has sev"eral advim"tages over the" previouSly desc:dbed"" te"trazoliul!l blue dye.:.· .. 
polyvinyl"alcohof"p1asdc"dosimeters" in that" it may ~e prepared in"v~r:ious sizes, 
shapes and rorms. and· may" be·· loaded· into alum'irium tubes and read ·end:..on ... The 
long tubes provide. amp lif icat: ion. o.f the rad l.a don' response and thereby" permit 
measurement in lower dose· rangE!S. --The higher water content of the gelat'ing· 
system gives· it greater radiation sensi'tivit:V and "its density ls· more nearly 
tissue eq1,1ivalent.' Furthermore,. gelatine systems are· readlly prepared--from 
stock solutions in the. laboratory'· and may be uiu~d -"immediately fo~ a variety" of 
experimE!nta1 "purposes •.. The radiation sensitivity inay b"e adjusted over" wide 
ranges by varying the concentration of thE! dye. The G value for dye reduction 
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increased with dye con'centiat'ions in Similar fashion to the PVA-TB system. 
This. observ~tion indic~tes that- the re:verse. of the dilti~ion_ ~~f~ct. prg~~~ls. in. 
both of these ·systems. Cross calibration experiments with our two CO facilitie 
indicate that the ·tetr~zoli~m. blue-gelatin and PVA syste~s are equal!y r·eHable 
indicators of gannna radiation exposure in the dose range-of 1-6 x 10 rand 
accurately register exposure at dose rates between 1200 and 1500 r/m.in. . . 
The Tetrazolium Blue:..Pol}".iin.yl Alcohol Film Dosimeter - A comprehen~ive :paper 
on this· subject :i.s in pr.epRra tion. It covers the princfples of th·e system1 
describes the-methods· of pr-eparing the ... films, their radiation characteriStics, 
megns f?~18ltering" ~heir radiation" response, the' effects" of addi,tives· 'including 
Li and B for thermal neutron measurement and finally presents- severa-l 
useful applications. · 

Collaborative. work in the radl.a'tion· exposure· of lyophilized· bacterial· vaccines 
. has been continueo with the "Department" of Infectious 'D"iseases at- :UClA.. TB-PVA 
dosimeters are. used- to' monitor these" exposures with the" objective of" des·troying 
the reproductivity capacity of the or~anisms without reducing.their anti­
genic;ity. 

15. EXPECTED RESULTS IN FY 1965 

Work with the tetrazolium.blue dye-gelatine and tetrazolium blue-polyvinyl 
alcohol systeins"will be continued to devise more sensitive tissue equivalent 
dens·ity dosimeters "for application in the.biologicaliy interesting.dos·e range 
(100-5000 r) 0 • Einphasis' wlll ·be placed on learning more about 'the" mechanisms 
i,.nvolved "in· these" tissue. equivalent sysb~nis, particularly in" respect' to "reaction 
kinetics as influenced by'·temperature variat"ions ili.c1udtng the frozen state .. 
BOth ·systems will be 'investigated· for applicability- as high range- dos.iineters in 
"food and drug sterilization programs .. : Collaborative dosimetric sb.tdi.es will 
also- be. coritinueo with 'the' Department ··of Raolology in devlsing l.mproved 
radiation therapeutic "techniques for" the treatment of deep" seated tumors using 
the co60 teletherapy facility.and the 6'mev linear accelerator. 

16. EXPECTED RESULTS IN FY 196o 

~0 msjor change. in scope or m&gnib.;iile" nf thP.. ·r.P.search '"in' this ~ect;:ion is 
anticipated. Studies on soHd state and semi-solid state tetrazolium blue­
polyvinyl alcohol plastic and TB dye-gelatine dosimeter~ will be continued .. 
Emphasis will be placed on developing specific applications in radiobiology 
(thin film dosimeters)and in the therapy.of deep seated tumors with high 
energy x-ray beams (6 mev linear accelerator). A search for alternate 
oxidation reduction dyes will be continued to find ones having equal stability 
but greater radiation sensitivity than those in the tetrazolium series. 
Further work will be done to modify our current read out ~evices (photoelectric 
colorimeter) so that cylindrical plastic dosimeters may be read end-on to 
amplify the radiation induced changes in the solid state systems. 
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· ·· SCHEDULE 189 .. '. 
~DDI'IION~~ E.Xf~~t~QN .. FOR .. Ofl~tJ.NG qQSTS 

RESEARCH AND DEVELO,MENT ACTJVITJE~ 
'·· . r 

SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

BIOLogY AMP MEDICINE 
Program· · 

•• I ~ 

1. Contractor: Laboratory of Nuclear Medicine and ~cli-tion ~iol~gy 
Universit_y.of ·eaufor.riia, Los Angeles 1

. 

Cont:ract No.: 'AT(04-l)GBN-12 

~ Project Title: · i:• .. :·., 

5. 

7 •. 

~dical Physics Instrumentation 

AEC Budget Activity No.: 

·o6.:o6~02 

Method of Reporting: 
Publications, UC~, Reports 
Semi-annual and Final Reports 
Person in Charge: 

Benedict Cassen 

· 9. l-ian Years 

10. 

(a) Scientific 

(b) Other Tech. 

Total 

Costs 

(a) Direct Salaries 

(b) Materials & Services 

(c) Indirect Expenses* 

$ 

(3%) 

4. Date Prepared: 

April - 1964 
6. Working Location: 

UCLA 

8. Project Term: 

From: 1955 To: 
(' 

FY 1964 

3-k 
FY 1965 

3-k 

3 .!. 
I+ 

FY 1964 FY 1965 

35 1200 $ 36,300 

10 I, 100 4,000 

. ' 

Continuing 

$ 

FY .1966 ··· 
r • t , ~ '. ; "' : 

3 t ;·.· 

3 .!. 4 

FY 1966 

36 
1
'300 

4 1ooo 

302500 (2%) 22.200 (2%) 22 1 700 

Total $ 75,800 $ 62,500 $ 63,000 

* Total indirect·expense of the Contract pro•rated among individual ·projects 
on the basis of the percentage of total direct salary expe11se represented 
by the particular project. 
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11. PUal,.ICATIONS DURING FY 1964 ·. 

12. 

Th~o~y of the Perfor,manc~ Characteristics of Radio~sotope Distribution 
Imaging Syst~ms, R. ~.tiRI'Jen .. J. Nuclear ~dicine, .F~ab .. , 1964 

.•i ... 
SCOPE OF THE PROGRAM 

~e purpose of the Medical Physics Section activity is to develop new procedures 
and tnstrum&lnts that are ~etpe(".:fally applicable· to currently i!llportant problems 
ip radiobiol~gical research and in nuclear medicine. Currently there are two 
~jQF ~fforts in progress as well as other lesser developments: 

TJte ~irst, which is well under way·, is th~t of exploring new possibilities of 
apprecia.bly increasing gamma quantum utilization efficiency in radioi~;~otope 
sca~nipg. As pointed out in the above publication, this method which consists 
in greaHy ~ncreasing the solid ang~e of i·adiation detected per resolution 
e~~ment, provides a possibility of obtaining apprec~able performance improve~ent. 

The second major effort consists in developing new procedures for the separation 
of ceH suspensions into groups having diHerent physical characteristics. As 
a first phase o~ this development, methods were perfected for using ~ multi­
channel analyzer with a Coulter counter for very rapid determination on a small 
s~mple of a complete spectrum of size distribution of a cell suspension. The 
~jor phase of this devel0pment is the perfection of an electrophoretic separator 
f?r the actual gross separation of living cells into groups differing in zeta 
p,oten~ial. The determination of size spectra after electrophoretic fractionation 
·~bows that with both erythrocytes and separated lymphocytes ther~ is·so!lle 
correlation of size and zeta potential (see 14 below). 

~Qme pilot studies have been made to· determine the advantages and ~easibility of 
producting highly localized radiation lesions with a penum~raless pencil-li~e 
' I . 

x~ray beam being rotated ov~r a large solid angle of entry with the center of 
r9tation at the positio·n ·of the desired lesion. The experimental results app~ar 
to ·be very pro~ising~ (see 14 below). 

13. RELATIONSHIP TO OTHER PROJECTS 

a. Hig~:. Quantum Utilization Scanner 

This phase of development is in cooperation with the UCLA School of Medicine 
Neurosurgery Group and especially. with Dr. Paul Crandall of that group. 
So~e others working in the field of improving radio1sotope imaging are: 

Dr. Gordon Brownell, Massachusetts General Hospital, aoston, Mass. 
Drs. Bender and Blau, Roswell Memorial Institute, Buffalo, N. Y. 
~r. H. Anger, Donner Lab. University of California, Berkeley, California 
Dr. B~ck.., ~rgpnne Cancer !Jospital, Chicago, Ill. 
Dr. Harris, Oak Ridge National Laboratory. 

b. Physical Cell Measurements and Separation 

Th~re are many investigators in this field; most c1osely at present is 
Howard Mel, Donner Laboratory, Berkeley, California. 
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c. Scintillation Hemodynamics 

Dr. I. Mena, Catholic University of Chil~, Santiagq, Chile. . 
Dr. w. Oldendorf, ·p.s. Vetl:!r~f!: Hosp;i.t~l, J,~s ~geles, Cal~fornia 

14. TECHNICAL PROGRESS IN FY 1964 

:-. -·· 

a. The possibility of increasing radioisotope ganuna· scanning utility in clinical 
applications-was explored by building and completing a high quantum 
utilization scanner. The detecting unit is a spherics~ 2,200 hole colli~tor, 
about 14" in· diameter and a semiangle ·to the focus o~ about 60 degrees. · 
This ·collimator and shielding is driven hydrauli~ally under the patient. 
The system· as. finally tested functions as it was de~igned ~o. I~ has been 
~oved and installed "in the clinical diagnostic neurosurgery sp~ce at the 
~~LA School of Medici~e where a clinical patient te~t program will b~ initiate 

., ' ' 

b. on account of the recent tremendous resurgence of interest-in medical rad~o­
;i.sqtope scanning, the original scanner (Report UCLA 130, 1951) wh~~;~ wa~ 
di~~s~~mbled a few·years ago, pas been:r~~ss~mbled for its his~orical interest 

c. Physical Cell Measurements and Separation~· 

In studying the effect of radiation on the size di~tribut~on of separated 
lY'mphocytes a· procedure was pe~fected far rapidly deter~ining wi,.th hi,.gh 
resolution the complete ~ize distribut:f,.on spectr~m of the lymphocytes· 
separated from about l cc of blood from an irradi~ted rabbit. On ~ccount;: of 
the small volume of blood ·needed pe+ determination, a single irradi~ted 
rabbit can be followed sequentially in time by ta~iqg hourly or 4ai~y blpod 
sa~ples. Thereby, a tremendous improv~~ent in the sta~ist;:ic~l quality of 
the observational data i~ obtained relative to the use of d!fferent.an~mals 
for each time and·dose leve"t. Some of the ~~4iobiological results abtainec;l 
to date are ind'icat;:ed i~ the section Medic~l J?h.Ysicrs l'roQJem~ under A.E.C. 
Budget Activity 06-06-01. ·· 

An electrophoretic cell separator has been built. Maq.y featur~s have beeq. 
developed to make it a practical, workable device for fractionating blood 
cell suspensi~ns, and especially separated lymphocytes. It has been 
9emonstrated that with electrophoreti~; fractionation of erythrocytes or 
leukocytes or with separated lymphocytes it is possible to de.termine changes 
in the size distribution spectrum. This instrumeq.t deve~opment will enable 
many new types of measurements on cell suspensions. See Me~Hcal Physics 
Problems under AEC Budget Activity 06-06-01. · 

d. Theoretical calculations have been made to sho¥ tpat;: a ~ighly concentrated· 
dose of radiation can be obt;:ained in tissue· in ~ by do~b1e angie r~tation 
of a penumbraless pencil-like x-ray bea~ ~lways aimed at and rot;:ating around 
the region to be dosed. A preliminary test on the UCLA 6 mev. linear 
accelerator shows that experimental results can approximate t;:he theoretical 
conclusions~ Dose concentrations approximate those ~hat could be obtained 
from ultra higQ energy proton or ~lpha beams. Apparently it would be 
possible to produce loca+ized radiation lesions in the brain poth experimen­
tally with animals and in brain tumo+ radiation therapy. 
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~5. EXPECTED RESUL~S IN FY 1965 

It .. is ·expected that the clinical testirig program of the 2,200 hole colli~tor, 
~igh qu~l\~Um utilization ·sc.anl)er Will .b~. well Under Way and that possible 
~mprovements- indicated by· the.-· results of· the program can be incorporated into 
the equipment. It is expected -that improved devices for transferring stereotaxic 
scanning information to a 3-dimensional rotational radiation lesion production 
system can be designed and builL 

lt is expected that procedures of cell size spectra determinations. and 
electrophoretic .cell separatton procedures cap. be steadily improved and be made 
more useful in biological research and hematology. 

14. EXPECTED RESULTS IN FY 1966 

t~ Is expected that a program of·developing methods of transferring stereotaxic 
~~anning informa,tion to a 3-dimensional rotational .radi~tion lesion production 
system will continue. ·(See ·144 above).· It is e~p~cted that a rpethod can be 

~ developed for the prod~ction of highly localized radiation lesions in brains of 
an:f.tpals arid be available for-enabling studies of the functions of the central 
nervous system. It is expected that a ~ystem of localized irradiation o~ brain 
~u~rs of patients can become avaiiable for therapy. The information for aiming 
the center of rot~tion of the x-ray beam_at the tumor will be obtained from 
stereotaxic coqfdinates obtained from ~carin~ng (See 14a above). 
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SCHEDULE 189 
ADDITIONAL EXPLANATION FOR OPERATING COSTS 

~~~ARCH ~~~ Q~VELQf~~T ~T~VITIE§ 

SAN FRANCISCO OfERATlONS OFFICI 
Field Office 

BIOLOGY AND MEDICINE .. _ 
· Prost,~' 

1. Contractor: Laboratory of Nuclear Medicine and-Radiation Biology 
University of California, Los Angeles 

Contract No.: AT(04-l)GIN-..U 

2. Project Title: 
Chemical Toxicity of Rare Earths .· . 

3. A!C' Budget Activity No.: 

06-07-00 

5. Method of Reporting: 
Publications, UCLA-. ~P9~~'- · 
Semi-annual and r·{nal Reports 

7, Person in Charge: 
Thomas J. ~ley·. 

9. Man Years 

10. 

(a) Scientific 

·(b) Other Tech. 

Costs 

·. ~·~ 

Total 

(a) Direct Salaries 
-. 

(b) Materials & Services 

.(c) .Inclireet ~enses* 

·, 

.. $ 

(2%) 

4. · ·Date Prepared : 
.)Nf!.l 

April ... 1964 . 
6. · Worlting Location.: 

UCLA 

8. Project Term: 
From: 1958 To: Continuing 

r.' 

FY-1964 

FY 1964 

25,300 $ 

2e 700 · 
I 

20,300 (2%) 

· FY 1965. 

2 1. 
? 

. .. -. ~ . . 
- ... ' 

'· '--2 1. .. . 2 . . 

!11265 

28,600 $ 
.\ .. " : .. 
2·, 700 

22
1
200 i: (2%) 

I . • 

" 1966 ... 

2 1 
?" 

FY 1966 

29,700 

3,400 

22,700 

Total . $ 48,300, $ 53,500 $ 55,800. 

* Total indirect expense of the Contract pro-rated among individual ·project$ 
on the basis of the percentage of total direct salary expe~t~e represented 
by the particular project~- · 

-. 
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11, PVBLICATIONS DURING FY 1964 

1;2. 

1. Toxicity ·c;f-Europium·Cfiloride»'lhiley,. T.J., Komesu, N. and ·Colvin, G., 
~:_Ph~:X::~c~log~st 1.' 231 (1963) .. , 

2. Skiti-Reactiotl to.lntradetmiil Injection of Rare Earths~ Haley, T•J. and 
U~~~~~ _H._~·,' Nature 200~· 271 (1963). 

3. Exreiffriu:~rital URefulness of the Kangaroo Rat 0 Haley, T .J., ~b. Ar\imal Cat;e; 
in press. 

4. Brain:conc~ritration of Reserpine-H3 and it~ Metabolites in theMouse, 
~$giolo, c. and Haley, T.J., Proc. Soc. Exp. Biol. Med. 1!1, 149-151 (1964)~ 

SCOPE OF.THE ~ROJECT 
~ ~ .. G •• , - • '.· 

It-is essential that more information be. made available concerning ~hemical. and 
physical agents wltich cause changes in the animal organiSm relative to its 

. ability to maintain homeostasis. In this regard it is our objective to discover 

. w.,.~~ chan~~s can be brought a,bo~t by both types of noxious agents in respect to 
a~ut;f[! and chronic effects. It is also necessa·ry to understand. the basic 
m~chanisms involve:d in ort:Ier to properly understand the problems which may 
ari$~ through the application of ther~peutic measures designed to counteract and/ 
ar"cor.rect the detrimental changeswhich may be caused by exposure to chemical or 
physi~al injury. Analysis of the changes Qccurring in normal-physiological 
functions (blood pressure, respiration, growth,. etc.)· -a$ well as in products 
producet:l in metabolism and excretion may give an insight into the basic defects 
ciused.by exposure to chemical or physical agents. The application 'of sensit~ve 
~tliods to the measurement of" changes in known tissue .constituents can give 
information to the ~ites of action of nosious agents. 

13~ RELATIONSHIP TO OTHER PROJECTS 

A~sonne National Laboratory; Iowa S~ate College; Los Alamos.Scien~ific Laboratory; 
MJG; New York University; NRDL; University of Roche~ter Atomic.Energy Project; 
U$AF Radiation Laboratory; UT=AEC; Various Sec~ions of the University of 
California, Los Angeles, Department of Biophysics and Nuclear Medicine, 
~boratory of Nuclear Medicine and Radiation Biology. 

' 
~4. TECHNICAL PROGRESS IN FY 1964 

St~dies of the pharmacodynamics, covering both the intact animal and 1.-solated 
prgan systems, and local toxicological effects on the eye and skin should result 
in a co~pletion of the general toxicology of praseodymium, neodymiu~ and 
lutetium. This work is essential for establishment of the toxicological 
parameters necessary for the establishment of industrial hygienic standards. 

lS,, EXPECTED RESULTS IN FY 1965 

Studies on the local and system-ic toxicological effects of elements .'59 througlt 
71 have. indicated the greatest source of damage is 10cal destruction of·the skin. 
Similar s~udi~s _will be unde.rtaken with ·other·. rare e"lenients. to deter,mine 'the 
i~portance of such local toxicological manifestations in the overall toxicity of 
these elements. 
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16. 

\ 

EXPECTEP RES.Ul!TS IN FY 1965 

.I~vesHg~Hi;ri ~ill: be, ~c;le 9f ·local· alld. 'sy.,t!~i!lic · ~ox!cC?.l98:1.cral ·e~feet" of o~her 
rare elet1tents. such' as r~~heniuoi,. rhoCliqm···and ·any other 'rare elements 'which are 
~~~n~f.~dl,iied i~ :tfie. atomic' eqergy program· eit·he~ dtr~ct~i or' i~ulbe~tly: 
~~ch a~ evaluation of tpe chem~cal tox~ci~y of toe rare ele~nts wil~ be of 
assistance iJl estabU.shin~ ~ndl,lstria1 hyg~en~c INic;ie·s fo~ tl:te protectioq ot 
wor~ers in'tpe various illdl.lstries employing the aboye ele~nt~ in ~nd~~t~ial 
pro'cessing. ' · 

: ·~ ; 
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. , . . . ~CHEPVLE . ~$,!-• . . ~ 
AODlTlQNAL IXPW4l'ION, fOil OPERAtiNG CO~TS 

~S~ARC.H ~1) Q~'fELQfJt!~l. AF~·VITp!;~ 

SAN FRANCISCO OPERATIONS. OPFICB 
Field Office 

. BIOLOGY AND M§DICINE 
Prosra~ 

l. Contractor: · Labore tor)' of Nucleal'-' Medicine· and Jtacli~ti'"Ori"""sto~ogy 
U~iversity.of California, ~s 4nge~es 

Contract No.: AT(04-l)G.IN-U 

2. Project Title: 

5. 

7. 

Biological Studies of Lc~kemia 

A~C Budget Aftivi~y "o~~ 
- ) ! 

06~09-00 

Method of Reporting: 
Publication.s, UC~, ~ports 
Semi-annual and Final Reports 
Person in Charge: 

~!··nate Prepar~d: 

--6.: ~~f~l ... ~64 J -

• or ing cation.: 

UCLA 

a. · Project Term: 

Esther Fincher Hays, M. D. From: 1955. To:· ContinuiJig (," . 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

10. Costs 

(a) Direct Sa~aries 

(b) Materia~& & Services· 

-(e.) ~IndLr.ect ...Expenses* · 

Total 

FY·l964 

2 i 
2 

FY 1964 

$ 34.900 

...... 6 e400 

(3%} .. 30,500 

4t 

FY 1~65 

$ 33.000 
6.a400 

(27~.L ~3aZQO 

$ 61,600 

$ 

I . 

(2%) . 

3

FY 1966 .. 

2 t 

FY 1966 

33 1 000 

61400 

22aZOQ 

$ 62,100 

'. 

'. 

* Total indirect expense o~ the Contract pro-rate~ among individual ·projects 
on the basis of the percentase of total direct salary expeAse represented 
by the particular project. 
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11 1 PUULICA~IO~S IN FY 1964 ~'. 

1. ~ys, E.F·.: The function of ,·the· thyinus'~ ·: Observatic;ma· of ,-~ymphoid :~na: 
heinatopoi~tlc tissue in mice'after· neon~tal thyme~t6my. 'Rounds.of the 
T~~ching Staff, V.A ~ospital,: L?s ~n~eles, No.· 7-10, ·.June 1963 .. 

. ... ·.· 
z. Hays, E.F., White, E.: .Th~_deyelopment· of leukemia· in l~thally· irradiated 

mic~ protected with c~lls from mice of a h~gh· i~cidence·leukemia strain. 
alood (in press). 

~! Hays, E.F,: The effect of deoxyribonucleic· acid froin. normal and·. leukemic· 
l'Ymp4oid tissue on-the incidence of leukemia on AKR x C3H' F

1 
hybrid mice. 

Nature (in pre~s). 

12. ~COPE OF THE PROJECT 

~h~s pro'ject is concerned with a study' of etiologicd factors in mouse' leukemia. 
~t~di,es e~re· continuing to amplify .our initJai observadon·s· of h!Ukemog~nic and 
tiun0rgEri:lic properties of' deoxyr-ibonucleic acid (DNA) extr~cted from leukemic 
~~11$ of mice with spontaneous di$eas.e. 

A-~~ll.free passage of a leukemogenic virus (Gr9ss) is being maintained in our 
Cl~e:lf ~nd AKR- inbred mouse strains. Studi~s are in progress to '(1) demonsti'a't;e 
o\'l~~genic properties of nucleic' acid of this v1rus; (2) d~~ermine th~ histog~nsis 
pf ~he· viral induced leukemia and (3) perfect an in vitro system for it~ 
~41 t;;Lva tion~ 

ThEl 'th)'Ip.us is intimately associated wlth' the development of 'spontaneous and 
fadiation induced mous~ lYmphocytic· leukeinia as well as the establlshmen~ or" 
t~~ normal lymphoid sys'tein in the develop~ng animal. Morphologic ~tudies· have 
Qee~ undertaken in neonatally thymectomized m1ce· o~ high and low incidence 
leukemia strains to determ"ine if genetic differences in response to this' .. 
procedure exist. Also· we a:r:-e· studying the effect; ot t;hymec;:'tomy ·on the develqp­
m'Emt; of "inununity to small doses of leukemic cells in young adult micfi! of the 
se~m~ strain (AKR). 

13. ~LA~IONSHIP TO OTHER PROJECTS 

Sb.~dies of etiological factors in mouse leukemia have been· e~nd are being under­
taken by many 'investigators. The following Ust mentions a f~w who have made 
outsta,nding contributions to the field. Dr. R~ Latarjet, Radium Institut;e, 
f~~is, France; Dr. L. ~ross, VA Hospital Bronx, N~Y.; Dr. H. Kaplan, Stanford 
V~iversity Medical School, Stanford; California; Drs. Maloney, Law, Stew~rt, 
.a-qd Rauscher. at the Natione~l Cancer Institute, Bethesda, Maryland;· Dr. J. Furth 
~rancis Delafield. Hospit;:1l, New York c·ity; ·Dr. C. Friend, Sloan .. J.<ettering 
lpstitute, New York City; Dr. A. Graffi Berlin, Germany and Dr. J.F.A.P. 
~il~er, Chester Beatty Institute, London, England~ 

14. Tt;CHNlCAL PROGRESS IN FY 1964 

Studies have been .carried out which demonstrate that DNA extracted from 
~eu,kemic cells of AKR mice is associated with an increased incidence of 
l~~kemia in male offspeing of a hybrid cross of AKR males with C3H females~ 
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"16. EXPECTED RESULTS IN ~y 1966 - .. :.. 

The prQgrani concern·l,~g studies of etiologies 1. factors. in- leukemia .-tiill :be 
continued with~emphasis on the·int~rreladonships"of·v:lral and radiatl.:on 
leukemogel).esis •. After irrad"iation."·or leukemogenic .virus· injection ·th:ere· i"s a 
qisappearance or redlJCtion in number of the cortJ.cal ~ymphocytes "i:md a per_; 
sistance of the· epithelial reticular. cells of the- medulla. ··•. We plan to·.·initlate 
stud~~s to' elucidate the role' or the epithelial reticular cells. of "the. thymus 
in the de"'e.lopm,en~ of l~ukeJ.'11.ia. af~er. irradia tio~ or viru~ infection. · 

',J:hymectomy prevents lymphoid leukemia" inductic;m' by viruses and irradiation and 
. subcutaneous grafts of whole thYmUS restores the susceptibility to induction· . 
of leukemia b)7 these· agents. We propose to· utilize grafts ci>f th)rmic reticulam 
in thymec;:tomlzed. irl;'adiated" or' virus· inoculated' hos'i::s and to determine their 
effect on the development of leukemia in these animals. 

··. :' 

;. f 

132 



No. $ucn increase was rioted·: in anima 1"s 'given 'DNA from nc;>rma l AKR or C3H lymphoid 
tissue. The animals were all inoculated within 48 hours of birth. 

ln~1.1ba don of normal ~h}rmus,.;cells:_~ith:.· ieu~~m:ic:. cell. DNA in vitro resulted in 
ori.e- lymphoma in 59 animals. inocula"tE~d- with. the:se. cells when newijorn. No 
lymphomas were seen in· 56 animalS rece:i.vfng thymus cells incubated in DNA from 
normal lymphoid tissue. · · 

Intra cerebra i'inocula tion of" leukemia cell DNA 'ho~ever' 
occurring ·at 9-13 months of age in 29 mice' so treated. 
in ·29 saline inoculated littermate controls • 

resulted· in·s 'leukemias 
No leukemias were f9und .•· 

. . .. 
S~tidies· have· been completed which· have. demonstra.i:ed that the previously· ooserved 
tumor'.:..genic properties' 'o'f' DNA from parotid. gland 'tumors were' due' to. infe'cHous 
polyoma virus· DNA and that DNA extracted from ;tra .. nsj>lanted parofid tumor· cells 

·presumably free ot virus did not result in tumo.rs after· in]ecdon into n~wborn 
mic~. The· highly _pot~n.t.: ,qpcog~~ic. vi.ral DNA_ could be ·extracted fioin tumor·s .. 
:Ln'presence of'a high ti'ter of antiviral antibody, but only resulted in tumors 
when innocul~ ted in a!'lima·ls under 2 ~eeks_ of a~e_. 

The technic of neonatal thymectomy has been· perfectea and· histologi'cal observa­
dons of mice of both high and low inc'idence leukemia' s'trains'. show 'a similar . 
pati:ern of .lymphoid- atrophy 'beg'inning a.t. one .. week of age ... The animals of· both 
strains manifes.ted·'poor grow·th an:d development and died prematurely at 2-3 

. months of age. 
. . .. :· . . ' 

-~·group of neonatally. thymectomized .. high incidence leukemia strain rilice have 
b_een isografted_ with neonatal thymus incubated in norinal cell DNA at 10 days· of" 
agf:! while the1r littermates have received allografts of th)rmus. from low leukemia 
incidence strain mice." Thes·e animals are now under observation for the 
development of leukemia. 

15. EXPECTED RESULTS Il~ FY 1965 

The neonatally thymectomized and graft.ed high incidence leukem'ia strain mice 
will b:e observed for the development of leukemia in the graft and for the 
c;>ccurrence of generalized leukemia. These experiments were designed to show 
if a reduction of leukemia incidence can c;>ccur under these circumstances .. 
C3He;B mice (low incidence leukemia)' will be neonatally thymectomiZed grafter 
with isogeneic "leukemic" DNA incubated thymus and allogeneic thymus from the 
high incidence strain .to determine.if the leukemia incidence in this strain 
can be increased. 

Expe~iments will be undertaken to study the role of the thymus in tumor 
innnunity. 

Studies will continue to attempt to achieve a suitable in vitro method for 
cultivation of the Gross ·leukemia virus. 
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SCHEDULE 189 
ADDITiONAL EXPLANA1ION.FOR.OPBRATiNG COSTS 

RESEARCH AND DEVELOPMENT ACnVITIES· . 

SAN FRANCISCO OPERATIONS OFFICE 
Field Offiee 

BIOLOGY AND MEDICINE 
.Proaram 

1. Contractor: Laboratory of Nuclear. Medicine and Radiation·Biology 
University ot' ~Hfornia, Los Angeles 

Contract No.: AT(04·l)GEN.;l2. 

2. Project Title: 

Clit"l.ical Nuclear Medicine 
3-.-.:- AEC Budget ActivitY No:": .... 

06-10-00 

5. Method of' ReportiflS! 

4 •. D4'te Prep• red:. ... ·. ,• 

Aprti •:.:1964,... 
·~· .. ~~J:Jtin~ ~f,l~~~~~; 

., ·.: 

Publications, UC~. Report$ ·. · 
Semi-annual and Final Reports :Harbor G~neral.Ho~pital· and ·u'CLA 

7. Person in Charge: 

George ·:v.. Taplin·~. M.D. 

9. Man Years 

10. 

(a) Scientific 

(b) Other Tech. 

Total· 

Costa 

(a) Direct Salaries· 

(b) Materials & Services 

(c) Indirect Expenses* 
... 

'" 

Total 

(5%) 

. 8;. . Pr.oject Te~: 

· }'r·~: 195.& ·. To: Cont·inuing. 
• • I ' 

$ 

FY 1964 

·. 5 . 

1 

6 

FY 1964 

~91900 

151100 

521400 

$ 127,400 

FY.l965 
.. 

. . 

6~ 

1 

7\ 

FY 1~65 

·$ 81! 900 . 

9,500 

(5%) 55,9'00 

$ 147 ,300· 

'· . 

FY· 1966· 

... ·6.~ .. 

1 

7-k 

"1966 

$ 83,100 

10,500 

(4%) 45,400 

$ 139,000 

* Total indirect expense of the Contract pro-rated among indiVidual ·projects 
on the basis of the percentage of total direct sal~ry expense represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1964 

1. 

2. 

3. 

4, 

5. 

6. 

7. 

8. 

Dore? E.K., ··Taplin;· G. v. i Johnson,· D."E. ,: .. Current ··interpretation· of the 
sodium iodohippura.te Il3 r~noc-r_s~qg7a~: .· JAMA 185:.925 .. 932, 1963_.. 

Tai>Un,. G,"V.·, Dore," E·.r<·. ," John~on·, .. D.E;:. the quant;itati.ve rai:l:loteno~ .. 
gram for total and differe·ntial rerial blood flow. J.Nucl .. Med. 4;404.:.'409, 
1963 and USAEC Report UCLA .. 514, June 1963 •. 

i ~. ~. . 

Taplin, G. V.": The· he~odynaini_cs ·arid ·furic~ions of· internal ·o·rgans (me~sured 
externally with radioisotope techniques). Nucleonic~ 22:58-QO, 1964~ · 

. . 
Taplin, G.v.,· Johnson, p.E.," Dore~ E.K., l{Splan, ·il.s.:· Suspensions-·o£ 
r.adl.oa lbuinin · aggrega tea for' pho.toscann:i.ng the liver·,· spleen, lungs an,d 
other organs. J. Nucl. Med. (in press) and USAEC R.~port UCJ,A-519, 
November 1963. · 

Taplin, G.V., Johnson, D.E., Dore·, E.K., Kaplan·, H~S.:. Diagnostic value oC 
radiofsot:op.e procedures in liver and· kidney d~sease. . Amer •. Coll.. :Phys.icians 
P9stgtad. Cour.se. on Nucl. ~ed. and Rad. Bioi., Lab. of Nucl. Med .• and _Rad. 
Biol., UCLA, Jatl. 6-10, 1964 .. (abstract) 

Taplin·, G.V~, Dore·,·E.K,;·A.T~ Cockett, Johnson~ l>.E.i ·Raaioisotopes·in 
the diagnosis of renal hypertension, _exhibit 1, .J. ~ucl. Med. May 1964. 
(ab!)ltract) • 

. . . . 

Taplin, G. v., 
Akcay, M:M. : 
exhibit 2, J. 

Griswo~d, M.L.·, Johnson, b.E~, Dor~, ·E.K., :Kaplari, H.S. ,_ 
Radioalbu~dn· macro~aggrega tes for human lung scannit:tg·, 
Nucl.. Med. May 1964. (al;>stract). · .. - ~ ... 
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(abstract). 
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Akcay, M.M.: Radioalbumin macro-aggregates for human lung scanning. 
J. Nucl. Med. May 1964. (abstract). 
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12. SCOPE OF THE PROJECT 

In· modern mepicine diagno·sti,.c radioisotope· te.chniques are .. playing· an increasingly 
important role. Earl}r diagnosis.· is stressed as the first essential to success­
ftfl ineaical and surglcal treatment·. the. major· goal of thiS project- is to extend 
the application of radiol.so.tcipes in· medical' diagnosis·. New tracer procedures 
must meet certain requ~rement·s. They shoula reveal reliable information which 
is·· otherwise impossible, lmpract1cal or· hazardous to· obtain, or provl.de. 
~upplementary ~ata whi'ch aids evalua~ion of_ other _diagn~sti~ pr~ce~ures. 

SCintillation counting techniques are unique. in tna·t ~he·y may be performed·- .. 
externally to the body and permit measurement of tracer as it enters a·rid leaves 
int~rna r organs. ·Also the. dze, shape· and position· of various organs may: be- . 
determined· by photoscanning and abnormalities such as· tumors·, cysts or abscesses 
may be· detecte"d as areas of either increased· or decreased tracer ·concentration·. 
In addition tracer methods allow assessment of organ blood supply with relative 
simplicity. Such informatlor~: alone has diagnostic value· and also assists · 
interpretation of structural" abnormalities seen radiographically and of functions 
dist~rbances found biochemically. 

Presently ~he clinical work in nuclear medicine includes tracer studies of organ 
f\,lnction, structure and hemodynamics in conjunction with standard aiagnos.tic 
procedures. Patient;s with diseases of the RES, kidneys, liver, hear·t, lungs . 
ap.d britin are being investigated. Parallel studies are made 'in animals •. This 
dual approach has led to the development of several valuable radioisotope 
procedures in the past and to their continuing improvement. New applicaHons 
developed ·d\lring the pas·t year include preparation of ra.dioalbilmin aggregates .. of 
selected particle size ranges; Aggregates less than 1~ are useful as test · 
~gents· for visualizing the heart, liver, spleen and stomach by photoscanning. 
Aggregates· in the 5-2"5# range are removed during the first passage through the 
lun~s and permit visualization of this organ: ·Particles somewhat larger; 20-50~ 
appf;lar tO be suitable for ·scanning one hemisphere of· the brain or the kidneys 
following intra arterial injection in conjunction with routine angiography. 

13. RELATIONSHIP TO OTHER PROJECTS' 

Studies are being made at 1;1early all of the major universities and medical 
centers in the USA; at the Institute of Nuclear Studies, Oak Ridge; Brookhaven 
National T.aboratory; in various foreign medical centers such as the :University 
of Lund, Malmo, Sweden; Curie Institute, Paris; 2nd·Medical Clinic University of 
Vienna; Dept. of Radiology University of Heidelberg, Germany; University of 
~thens, Gre~ce; University of Pisa, Italy; Institute of Cancer Therapy, Lisbon, 
Portugal; Institute of Cardiology, Mel!;ico City; Catholic University, Santiago, 
Chile; Institute for Nuclear Studies, Sao Paulo, Brazil; University of Geneva, 
Switzerland; National Institute of Radiological Sciences, Chiba, Japan; 
Imperial Up.iversity of Tokyo, Japan; Atomic Energy Agency and Clinical Hospital, 
University of Buenos Aires; Argentina; Guys Hospital, London and the French 
Atomic Energy Agency establishment at Orsay. 

14. TECHNlCAL PROGRESS IN FY 1964 

Renal Hypertension Studies - This has been continued using the renogram as an 
inpicator of unilateral r~nal ischemia, and by corr~lating the renogram findings 
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15. 

f 
j 

w{ch. results of renal arter'iography ,.- I. \1 .. pyelography. and split fi.mcd.oil. 
measurements. Further correlation has.been obtained by dii.ect measurements 
of renal blood flow· and pressure at operation~ in patiimts with renaT artErry -­
constrictive disease. An iinportan·t finding· was 'the ·aemonstration 'that· severe ... 
nephroptosis. fs capable of producing~ arterial 'hypertension wh'ich can be relieved 
by nephropexy alone-~ . Furthermore nephroptosis· is· frequently· associate~>with . 
fibromuscular· hyperplBSia of- ihe 'i:t:mal· artery supplying the ptod.c kidney. ·rn­
such patients, prosthetic repair' and re'storadon' of' normal flow'pliis 'nephropexy 
has led· to relief of· hypertension." In a group-of· 32 hypertEmsive patients with 
radiographic evidence of- reQ.al artery corts'triqt'ive .. aisease' 30 hacr evidiirice' of 
definite' renal' ischemia as indicated· by quantitative· radiorenography~ whereas 41 
two' groups of'patients wfth chronic 'pyelonephritis' one with hypertension;· the 
other'without, th'e renograms indlcat~d severe'ischemia'of the more affected 
kidney in less than half of the patients in both of these groups. 

Radioalbumin Aggregates for Organ Scanning·- Aggregates smaller .than lj-(. are 
removea from the circulation· by- the liver· and spleen· •. They_ are phagocyfi.zea by 
the Kupffer ·cells of the liver and digested w·ith liberation of the 'iodine label 
'to the· general circulation •. The Il3l then concentrates iri the ga~tric mucosa 
and the salivary glands provided the thyrold·is previous1y'blocked'w1th excess 
iodide. These metabolic: features of radioal,bumi.n aggrega~es provlde:'"'the . 
physiological basis for photoscanniQ.g.the liver, spleen, st,omach and salivary 
glands. · 

Macro:.Aggregates-of RSdioalbum:in.- Radioalbt,linin.can be coilverted-to aggregates 
of small particles measuring' 5-25 fA •. The' large aggregates a~e· prepared by a 
modified heat treatmtimt and· pH adju'stment procedure an·d can· be producea in less 
'than one hour in any clinical laboratory from commercially available ·radio-· 
albumin. The' large particles, following r·. v: injection,· are trapped immediafely 
in' the lung capillaries durlng the' first passage and remain 'in the lungs -for a 
sufficient' time to perform photoscans for· visualization of· this organ·. 'rhe· 
procedure appears to be entii-et'y safe· because toxic doses exceed those needed 
for scanning purposes by a factor of at least 1000. 

Estimation of Liver Blood· Flow·· and Phagocytic· Function of the Kupffer· Cells ;,. 
Both of these functions may· be estimated by measur_i.ng the blood diSappearance 
rate of smaJl radioalb\.unin··aggregates following a single· rapid injection. ·This 
method provldes qualitative indices of flow and function. Currently the same · 
test material is being· used by constant I. V. infusion in an attempt to 
obtain the same information. in a more quantitative fashion by applying the 
standard clearance principle. 

EXPECTED RESULTS IN FY 1965 

The renal hypertension s'tudies will be continued with emphasis on obtaining 
further data relating d'irect measurements of flow with the renogram at the time 
of operation. 

The lung scanning program will be expanded to gather information on optimal 
techniques and test agents in an attempt to reduce the time·(60 minutes) now 
needed to complete tht2Brocedure •. By this time we hope to be using a photo-
scanner adapted for I detection so that counting efficiency is increased by 
a factor of 10 which should greatly reduce sc~nning time. Studies will include 
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large· numbers o"f patients without knc)wn lung· disease to. establish normal'.-­
pattern~ in relat'ion'to differen't·scanriing'techtiiques to serve as'basdines for 
evaluating the scari patterns found in patients with pulmonary ~i~~a~e __ . ·_ -· 

The· RES function and liver spleen photoscanning program·:wUl'-be accelerated 
_beC$U~e by" this· time test' material With Unl-forin particle size 'distribufion··. 
should be available .. · Finally stifficien:t· aata from toxl.cfty stuaies in ailinials 
should be made available to jusdfy inidadon of' kidney' ana brain scanning 
in man with large albumin aggregates as. an adjunct ·-to standard angiography. 

16. EXPECTED RESULTS IN FY 1966 

\ 
\ 

The projects on scanning the lungs, kidneys and brain' will. be continued·, to 
incorporate' techilical inodificadotll;l- oerived fr·om related ba'sic' stuoles and to 
increase the experience with th'ese applies tions' of" radioisotope scanning·. - . -
Correla~ive· investigations ln patients· will be' made to evaluate ·their diagnostic 
efficiency and their clinical significance. Specifically, -on the-lung· studies, 
'cQ~r~.lativ~ work will be done with' the chest surgeons·, and rad.iologists--ln the 
area· of early' detection o·f lung cancer by combined scanning and radiographic 
~urveys of heavy smokers. The brain' scaiming investigations in primates 
should be wefl along to begin clinical stud1es, provided the risk of micro­
embolization proves small enough to insur~ a· wide niargin· of' safety· ·ror· · · 
clinical application. Animal toxicity ·studies on the ·safety-of- rerial scanning 
should' be completed by this time, so that clinical' trials may'be initiated.­
Thetracer studies in liver and-RES disease will be continued, with emphasis 
placed on developing' improved, inethods 'for estiinating liver blood flow, and a 
new technique for measuring· the· intra and extra hepatic shunting of blood 
in cirrhosis., 

Renal hypertension studies will become more -sophisticated because of our 
basic studies in animals in FY 65 l{ith simultaneous measurements of 
individual' renal artery blood flow·and pres'sure together' with oirect measurements 
of renal extraction efficiency during oonstant.sodium hippurate I-131 infusion. 

·' 
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11. PUBLICATIONS DURING FY 1964 

1. Dore·~ E.-·K., Taplin, G:v.,'co·ckett, A. 'r-., Johnsi:nf, D·. E •. : Experi­
mcnbll basis of qu.~nt;lt;Rtive radior~nography for evaluating rena.l 
ischemia. J, Nucl. Med., May 1964 (Abstract). ·· 

2. taplin, G.· V. ·~ John-son, D. E., Dore, E·. K., KaplSn, H. ·s.: Lung scans 
and regional pulmonary blood flow in'man using·macro- radioalbumin 
aggregates '(...( 15~. IAEA Sjrmp. on Med. Rad.iohotope Scanni.ng, 
Athens, Greece, April '20-24, 1964. . ~ ~ . . ·- . ~ 

3. Taplin, G. ·v. ,· Kennady·, :J.· c.,' Gr'i~wold;. M.'l.., Ackay, M. !of.-,- Johnson, 
D. E.: . Alb'Umiri"Il25 macro-aggregates-for brain scanning (experimental 
basis and safety). J. Nucl. Med, ~ May 1964, (abstract). 

12. SCOPE OF THE PROJECT 

The a'ctiv.ities of this. project are related· directly' to 'those of' the clinical 
nucl'ear meaicine· section .. New tracer. procedures are stuaiea first in 
anima 1s under controlled condidons to establish their validfty' as' indi­
cators of aistu'rbed physiolog'ical functions .. Pathological· states· are inauced 
exper1mentally ana the ass.oc'iat:ed physiological dls'turbances" are' assessed by 
.standard· methods along- the tracer ·proceaures ~ The. anima 1 work· permits . 
investigation: or inany parameters wh'ich' are' not:'possible to' study' directly 
in inan: For example,. results. of "indirect· measurements· '(elecb·omagnetlc flow 
meters and/or- actual collecd.on of· b1ooa ·flowing from· an organ) ... Animal .. 
studies' also'provide ineans'for investigat'ing the' effects o'f' drugs, "hormones, 
toxi~ or 'sensitizing' agents· and surgical" manipulatioti' on specific' organ .. 
functions. Simultaneous direct measurements permit quantitative evaluation 
of in~irect tracer:tech~i~~es. ___ ..... 

Another function.o'f this section· is to-aevelop-new anC:l/or.improved tracer 
mater'ialS· .. For example, colloidal :suspenSions· of.hi.unan. serum'album1n Il31 
are preparea in· this. section. Part"ide. she measurenien'ts·, biological tests, 
radioassay for" free ana bound ·r131 and sterility tests are performed,- .. 
before. such 'preparations are us.ed"in· the· cl"iriica 1 secfion. -Stuoies. o'f: the 
reiative' antigen1c1-ty of' thiS m8ter1al 1n."man and in-various' species· are 
conducted· using agar dif'fusion· techniques,' Thus this section. provides· 
the proving ground- for new' ideas;- technique's and. test' rna teri81s ana' the. means 
for''further.development and quantitative evaluation of clinically applicable 
tracer methods. 

l3. RELATIONSHIP TO OTHER PROJECTS 

Siinilar·atudies are.beingmade at the-univerSity ·of Lund~ .Malmo·; SWeden; at 
the Karolinska. Institute- in- Stockholm·;· Sweaen·;~ at .. the Univers.fty' of·. 
Heide1berg·,- Germany;·:srookhaven Nationai Laboratory, Long Island, ;New York; 
Veterans Administration Center, Los Angel~s. 
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14. TECHNICAL PROGRESS IN .FY 1964 ,· 

~·. . 

Studies on renal artery consb:-ic-tion iri rabbi-ts and ·dogs-have. provided the 
experimenbll" basis" foi- interpretadng' the slope ·of" the -secorid~·segment of ~-the' 
renogram" as a reliable indicator of r(mal ischemia". "These." stuaies show "that­
no change ~occurs :in '"the re"nogram" contour or in direct" measuremertt'of "renal 
blood' flow until" a relatively severe aegree of renal artery constriction 
is imposied"by Goldblatt. Cl~mp. Further constriction cause's. a·,predpitous 
fan in pressure and fla:ti:eri,ing' ()f the renogram~ . ~elease of .-.'the. constriction 
·to a degree just less ·than the critical level is followed" by· normal: flow 
an~- r.~.n~gr~m contour. -~ · · · ·· ·. · 

~xperimenta 1 Basis for· Lung Scant\ing·: . Experii:ne~ts ·in large· numb.ers of 
rabbits and dogs with albumin aggregates of inean siz~ between 5' and 15~ 
showed that thii lungo ·con QC. read-ily .visuali·:t:.eu· iini:nediaiely after injec'ti.on. 
Toxicity studies indicate' that. both species- a·f animals tolerate 15 ..,.u. siZed 
-par tic lies in 'doses" of 20 mglkg. without 'pulmonary' s}rmptoms' or' hiStological 
evidence of capillary· damage.· Dogs withstand doses in the-range of 20-100 
mglkg of the' same' size' material, without' reactions or changes' in their 
radiocardiograin patterns •. 'With hlgh- specific activity. rad1oalbum1n, lung 
scan~ may be performed' il;l inan' using' as 'little "as r mg" of- carr.ier. a lbuui.in 
total dose. With ,commerCial preparations· cori~aining about 10,4( c/mg, the 
'total carrier dose ls only 10~15'mg or less than 2/10 mg/kg. Thus there is 
an extr~mely wide margin of safety. 

Brain· Scans wlth Large Radioalbumin Agg~eaai:es·: Studles in dogs showed that 
the op"il.mal parti"cle size range· for tein:porary entrapmi:mt ~n the b'rain 
·capillaries is 2Q-70).t ·. - Irijectlons ~ere made: into the in-ternal· car'otid­
arteri~s. 'Thte" hemiSphere "on' the side of' injection"was--reaaily v'isualized and 
could" be scanned 'several' times "during' 'the 'first:- few-hours' pos't 'bijection. 
SimHar· etudies were'made-ln monkeys-ana· baboons wnose.brain anai:oiny- is more 
Hke that-of man. Both sped.es .. of aidmals-liave'been able to--tolerate ·total 

., ca rriier. doses of' 10' ing· or less· without:. ovet;t" neurolog~ca 1" damage . oi. chapges 
........ in theii- electroencephalogram patterns~. Studies· of' rt:ila tive flow--to the. 

norma 1 VIS. the "'injec tied he~isphere are in. prQgress USing t,he hippuran I 131 
cerebros;ram procedure. ' 

15. EXPJ&CTJED MSUJLTS IN FY 1965 

The brain scann:irig program will'b~e coridnuiea to insure the coinplete safety 
of' injecting pSlrdcles "this 'size using'"a large number' o'f primates' prior to 
initiating clinical investigations in patients with metastatic brain tumora. 

.. ~ • .. .. • • .• • ... -. ' - - - ... - •• ' .. - - J ... ... • • - • ' • ... 

Similar scanning and· dyriamic external monltor1ng studies will--be· initia-ted 
to determ'ine the' feaSibili-ty and' safety of scann'irig" the' "kidneys following 
in~ra. a!terial_ injection of lar~e- al~~~i~- ~~~re¢at~s .. (20-7~~?. 

The renal~ blood "flow and blood pressure' exper'iments will"be "cont'inued and in 
a i:nore sophisticated' mariner 'by' using eleci:roi:nagnedc' flowri:teters- ana . 
transducers. ·Measuremen'ts obtained in 'this"fBshion· are "to· be compared with 
change's in "tne r~nogram arid"with airect- flow measurements- following i-eiia 1 
vein cannulation. Studies will be conducted in d9gs to more accurately 
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9eterinin~-- ~he effects of renal artery con~triction on ·now and· to dete~ine 
the opt~l degree of ~on~triction which pr~duces sustained hypertension. 

16~ I;:Xl?.~,CTE;D RES~Tl) IN FY 1966 

Nc;;· ~uli~fiiJ!.eqta~ change i.i1 scope- is· anti~_ipated. --Basic. studies wUl be 
coilttnue~ in"the s~ine.general"are~s of renal-hypert;ension,-kidney,"lung, 
br$in.and Hve.r·scann1ng: ·-~phasis w111 be placed on mechanism-sti:idies" 
.l,li~~~9~·ng r~~u.oaubography' with" r125' lobe hi~ tr~cers" :a t• the. celluliir revel·, 
~le~t'tQmagn~dc- ine~suremen~s of" b1oqd"' flow~ "el~ctroencephalography,_ radio.:.'' 
~~r9~togr~phy· o~- trac~r-degrad~tion products and development of new and/or 
i~~~ve.d· ~ra~er'te.st· materials. 

··, 
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J.·. · AEc· Budget Acti.v-.ty No.:, 

06-10-00 

5. Method of ~pQrting; 
PubU,catione • UCU·, ~porte . 
SelDi•annu~l and rfnal leporte . 

7 ~ · · Pers~n · :l.n Charge : 
. ·. 

George V. Taplin'· M.D~ 

9 ; · ~n Ye~rs 1 

(a) Sciend.fic 

(b) Other Tech. 

10. · Costs 

Total 

4. Date Prepared r 
·-April .;. l964 

6. · Working Locat.ion : 

... · 

· .. :·· 

. t",.~.:.} :_·. 

·: .. 

Harbor· Gene;ra i Hos·p·ga 1 

8. Project Terwa: 

PrOIIl: 
c 1963 · To: Continuipg 

PY·l964 FY 1965 I I" 196t 

1\ 1-\ H; 

. % t ·\ 

1 Vfi 1\ 

.. : 

P'Y 1964 I FY \!65 " 1966 
.I 

12' 100. (a) Direct Salaries $~::.::.a~~ • 16.500 $ 171500 

(b) .Materials & Services -~ ,00~ '9.000 101000 

11.800 (1%) 11_,_100 (1%) 11,400 (c) ~4irect_Bxpenees* ···--- .. 
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t'l. ! 

* To~al l.;1direct expenee of the Contract pro-rated alDOJ\g individual 'projec.ts 
on the basis of the perc~ntage of total direct salary expenee represented 
by the particular project. 

. 143 

·· .. : 

"~. •. 

' 



11 . PUBLICATIONS DURING FY 1964 

1. Johnson, D. W.," Liu," C. K., Akcay, ·M. M., Taplin;G. V.:- A lung.dilution 
curve and the radiocardiogram in the" study of the arterial and venous 
subdivisions of the pulmonary circulation.'-- Proc. ORINS Symp. in Med. 
IFB (in press). 

- - -

2. Akcay·, M. M., Johnson, n· •. E .. ,"Taplin·,-G.·v.: EstiinaHon of stroke. 
volume by steady st:ar.e r.<l'!diocardiography. Clin. ltea. 12:103, 1964 
(abstract). 

3~ Taplin, G. V. ," Dore, :E. K., Johnson, D. E-.: ·Hepatic blood .flow and 
redculoendothelial system studi~s with rad;locolloids. Proc. ORINS 
Symp. :i.n Med. #8 (in press)~ 

- -

4. Kennady, J-. :c., ·Johnson·, ·n. E., Taplin-, G-. v.: A study of three 
clinical techniques 'in evaluating 'the anterior intracerebral vascular 
pattern. The American Surgeon, 29: 672-682, 1963. . . ~ . . - - . . 

5. Johnson-, D: E.~ Kennad)7, J. c.-, Taplin,-G. V.:· Couq)arison_o_f cerebral 
inl.giograins' e fee troericepha lograins a ncr radioisotope- cerebrograms in 
evaluating intracerebral abnormalities. J. Nuc. Med. (in press) 

12. SCOPE OF THE PROGRAM 

This- section was established to broaden-the· scope of the-sections on basic 
clinical· nuclear medicine. I"ts objecdves are "to dev-elop" improved tracer 
"techn1ques for the detection and- evahiation of abnormal cardiocerebral 
and cardiopulmonary hemodynamics. Externally performed scint"illa tion 
counting methods have the- distinct advantage" of" simplicity; safe"ty and of 
"testing und-er physiolog1cal conditions·. te'rebral' and pulmonary angiography 
and other radiographic and: neurcsurgica 1" procedures used" to evaluate" - ' 
vascular lesions", ·are far more complicated and "involve def'init:e hazards. 
Morphological information, of 'great diagnostic- value .is obtained radio";_ 
graphically and· by photoscaiuting. -However the physiological signif"icance 
of. structural- defect"s is £requEmtly- difficult- to ascertaln-. "The tracer 
procedures give valilable" supplementary information in respect to underlying 
physiol?gical_.dis~urb~nces. 

The- research activities o"f this section include- controlle'd lnvestiga"tions 
in anlmals-wherein clinlcal diSorders-are· simulated.-- Relatea clin1cal· 
"s'tud"ies are inade and tracer techniques are moaified on" the ba.sis· of the 
animal-data plus results in patients.-·The goals"of the section-are to 
'develop reliable external monitor1ng· procedures for evaluation' of - -
abnormaHties or the cardiocerebral and cardiopulmonary circulation-•. A. 
non-traumatic method- for determl.nirig" relative- flow to the- two heinisphere·s 
of the" brain is-especially" needed· today because recent progress" in-neuro­
vascular. surgery" has· brought dramatic cures to many to"ta lly· aisable'd 
patients who were previously not cori.sidered" ·for' surgical treatment.-
Likewise "in-the area· of cardiopulmonary disease,· especially "in the problem· 
of pulmonary embolization· and infarcdon"," detection of· regional disturbances 
in pulmonary blood flow and their localization by photoscanning could 
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enhance the diagnof;Jtic ability of the physician because current radiographic 
procedutes frequen-tly fail· to detect sinall' lesions, esp.ecially during the 
first 24 hours.· Early detection of sm81' pulm~nary'emboli could save many 
lives· by directing the attention· of· the· physician· to this· cotiunon and serious 
J?Ulmonary complicatioth to institute appropriate medical and/or surgical 
treatment. 

13. RELATIONSHIP TO OTHER PROJECTS 

Similar.studies are being conducted at· the Veterans Administration Center 
in Los Angeles by Drs. ·oldendorf and Cassen and af the UCLA Center for 
Health Scfences by Drs~ Crandall and Cassen.';· in Sweden by'·Drs. Hedlung 
Ljunggren and Regenstrom·; dmilar studies· on' pulmonary scanning are under 
way at' Johns Hopkins Hospital" by Dr. Henry.Wagner:; ·at· the· University of 
Michigaq. by Dr. Beierwaltes~ arid at the Bowman-Gray Medical School, 
Winston-Salem, No. Caroline, by Dr. Quinn. 

14. TECHNICAL PROGRESS IN FY 1964 

Considerable progress lias" been· made . in this area a·s evioencea. by . the 
publications during the past- year". ·'Further clirii(:al experi-ence wlth the 
radioiso'tope cardiocerebrograin wa's 'accumulated' through 'correla'tive studies 
in 160 patients in· whom· the re-sults of 'the cerebrogram angiogram and· ~EG. 
were compared. 'The cerebrograni continues to show-promise as· a· Simple means 
fo~- de-tecting reduction in flow 'through ·-.the middle cerebral artery" and is ., 
especially useful in. directing the neurosurgeon to perform· angiography first 
~n the affected side. · 

Steaay'- s·tate Radiocardlography:· Ra(Jiocardiography w~s first developed by 
Pr'inzmetal. in> 1948 as. an external method to. obtain. information coricernlng 
transit ·d.mes within the cardiopulmonary circul8tlon·. In 'this methoa a 
s1ngl"e ra,pid l. v·. injecdpn of' radloalbumin is' made an'd changing levels 'of 
radioacti~ity ~re registered b~ a precordial detector as the bolus first 
passes in and out of the heart. 

The pt~oposed· method was developed thr9ugh studies in phantoms and animals. 
Precordial radioactivity levels are registered continuously· following an 
t.v. inJe'ction of the radioalbumin' but 'after the blood concentration has 
reached an equilibrium·. Such a tracing shows regularly· changing· levels 
With each ·Cardiac cycle Which· are inversely related' to a separate-and 
simultaneous trad.ng of the· carot'id pulse· .. The· onset and' erid of "each systole 
can be' identified~ The differ(mce 'in 'c~>Unt' rates at' these intervals' is an 
index of. str.cike· volume~'. The ma)or advantage of· the· new· ine·thod iS tha·t it 
permits qne to make repeated measurements 'for several hoittS following a· 
single· injection of tracer •. In thiS way various' agents which- alter ·cardia-· 
pulmonary hemoa}rnamic·s may be studies from· an· ·experimental viewpoint· and· the· 
ch~ng_es produced by :various diseases of th~ heart and lung ~an ~e classi~_ied. 

The~Raaiocardiogram and Lung· Dilution Curve: A double tracer technique was 
oeveloped for measuring' the' arterial' and venous subdiviSions of the 
pulmonaliy circula tiori separately by a rung dilution curve registered' 
s'imulbineously wfth t.he standara radiocaraiogram· ... The combined· pro-cedure 
indicates the relative magnitude of the two components of the central 
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circulation. In cardiopulmonary dis~ase the magnitude'of one or.the other 
·· div~sions is· altered and in· a way compatible with the· patient"' s disease 

~nd functional status·. In pul~ona.ry .congestion the· venous fraction is 
increased whereas ·in. pulmonary hyp_ertension it :ls red~ced. 

15. EXPECTED RESULTS IN FY 1.965 
•' 

Cerebral HeinoClynamics and Brain Scanning:· Experimental studies in primates 
are to be e~panded to gain better understandl.ng'_,of the' effects of inicroem­
bolizatiori on cerebra~ blood flow' and ori potei1tial upper neurone damage. 
The use of . larg~· {20- 70 ).£_) . aggregates of. radios lbqm'in- for bra in scanning -

. wifl be. investigated thoroughly' in monkeys·_ to' evaluab~- possible. dehin,terita 1 
effect"~. It- is 'Likely· that·a· reladve~y large'-safety .. rad:or· exists. tf 
t:his~c~n- be pr'oved, braii1 scanning 'with' tl25 labelea partiCle's' could be 
perrorined' iii man in .conjunction' with 'rout:Lne cerebral' angiography.· The 
advantages' wou1d: be in' the clear' delineation' of ava-scular 'lesions at' the' . 
brain 'surtace' and' a h~inen4ous' reduction in' radiation' 'exposure· to' the 'brain 
and--other organs'as"coinpared with current.metho~s us~ng Hg compounds which 
produce excesSive radiat'iori· exposure- to· .. the kidneys .. -To evaluate the sa'fety 
of the large particle scaimiiig'techid.que relative flow' to the two cerebral 
1:\emisph~i:es will be studied with electromagnet~c floWmeters· ana with tHe 
ra4iocerebrogram. Possible brain cell ·damage will be· evaluated by: 
electro~ncephalography by histological examination and by intelligence 
test;ing. 

The clini~al and primate cerebrogram studies using rl25 and multiple 
probes . will' be continued. to develop improv'ed techniques for measuring 
relative blood- flow through· the anterior, middle and-posterior cerebra 1 
ar~eries of ·eadh hemisphere·. The program on cardiopulmonary hemodynamics 
will be continued w'ith emphaSis on' mechanism studies in animals and 
clinical applies tio!l in. seil.ected patient_s. 

16. EXPECTED-RESULTS IN FY 1966 

The cerebral hemodynamics studies in monkeyswlll be· continued· in- conjunction 
with the' photoscannlng program to 'cor'relate functiona'l disturbances with 
s·tru€tural defects· as proouced surgical1)7; In this manner-we hope· to 
improve both the 'technfques for brain scanning and for measuring cardio­
pulmon~ry hemodynamics.-.. Likewise the animal and:· clinical· sbidies of ~ 
cardiopulmonary' hemodynamics ·and detection'ofd:i.Sturbed regional pulmonary 
flo-.;./ by. photoscaiuiing i:echn'iques will be continued,' Emphasis- will- be. . 
p1aceo on 'correlation or tracer findings with other diagnos-tic procedures 
s'uch a~ elec~rocardl.ograpliy,. radiocardiography, pulmonary angiography and 
with gross mi~roscopic histology whenever .pOSI:!ible. 
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SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

BIOLOGY AND MEDIOINE 
Program. 

2. 

j~ 

5. 

7. 

Contractor: Laboratory of· Nuclea.r Medicine and R,adiation· Biology 
Univ~rsity.of~lifornia, Los Angeles 

Contract No.: AT(04·l)GBN•l2 

Project Title: 

Nuclide Metabolism 

AEC Budget Activlty No.:. 

06-10-00 

Method of Reporting:·. 
Publica tiona~ UCLA·. Reports · 
Semi~annual and pfqal Reports 
Per.son · in ChaJige-: 

Norman s: MacDonald 

4 ~ Date Preparecl : 

April -. 1964 b . 

.6. Working 'Locati,on: · 

UCLA 

8. Project Term·: 

. ,~Prom: 1955 · · To: Continuing . 

~. Man Years py 1964 . FY 1965 .py '1966. 

(a) 

(b) 

10. Coe~s 

Sc ien·t if ic 

other T~ch. 

. Total 

(a) Direct Salaries 

. (b) Materials & Serv.icei 

-~ · ~~:ntir.e«i-E~ri:s·es* · 

Total 
I. 

5 

FY 1964. 

$ SQ.!QO 

lLOOO 

(4if,) 42 1200 . 

$ 103.300 

4j 5 : .. 

1i 1! 

sf. 6\ 

.· : py .1!65: > " ·.fi 19.66 . .'. 

$ ~!ta30Q $ 60i900 

.9~800 10 1800 

(4%) 44,400 (4%) 45,400 

' 

$108,500 $ 1171100 

·:.·· .. 

* Total indirec.t expen~e of the Contract pro-rated among individu·al·projects 
on the basis of the percentage of total direct· salary. expe~1se repr.sented 
by the partic~lar project. - · · 
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11. PUBLICATIONS DURING·FY 1964 

1. 

2. 

3. 

4. 

MacDonald~' N. s ~, Hutchinson, D-. l.,. Mqye.r, D.~-- Cnez, · P·. ·: · · GariimB emitting· 
radionuclides in newborns, infants ,<1-n<i'chi.ldren. Science 141:1033-1035,1963. 

. . . . . . ~·· .... . . ~. . •'. . . . .. 

Figueroa, W.G.; MacDori~ld, ·N.s' .. ,"· T~ttle~:.:S.G·.:: · 'calcium-47 absorption· 
studie$ in man. Clin. Res., 11:110, 1963. 

Uri.s·tt. M.R.; ·MacDonald·~ N.S. ~. Mo.ss, .. M.J;'.and· Skoog, W."A". :'.-- Rar·i:fying 
· d"is.ease p£ the skeleton: Observa-dons. dealing with' aged' ariel'" dead 'bone. ill · · 
patients with osteoporosis. ·Mechanisms o! Harci Tilfsue· i>estrucuon.;·pp. 385-
446 publication No·.· 75· ofthe'Amer. Assoc •. for Advancement of Science 
(1963), R~F. Sognnaes, editor. · 

MacDonald, N.s·., Uris·t", M.R.~ Ibsen, K.H:.:· Effect of tetracycline on. 
retention of calcium and strontium in rodents. Proc. Soc~ E~ptl. :Bio·l. 
and Med. (in press). 

12. SCOPE OF THE PROJECT 

The· accumuiat:ion o"f radioactive isotopes with"in the bod)r'· can: preserit· a seriou.s 
hazard" to" human health. On "the. other hand~ inany such nuclides can serve as 
very valuable t"rac.ers and ~]:agnostic a ids ~hen utilized properly. The ohjectives 
of the project are": . to ascertain" the mechanisms by which radionuclid"es are 
deposi"ted in bone" and other tissues ana clearea therefi:oin; to" seek means. or - ... 
reduCing "the" burden" of"pcitentially hazardous ra"dionuclides fixed" in the skeleton 
arid' elsewhere. in. the body· (radiostrontium and radiocesium rec(:dve especlal 
a ttEmtion) ~- to s_tudy by radioisotope· labeling· methods· the behavior Of various 
a tomi.c" species normally present in the body "(animals" and J:iilmans·); seeking .. 
cOrrelations o·f abnor.mal behavior with. disease state; and· t"o devise· ·tests· and 
t"echniques of a1d in the" diagnosis and" trea tmept o"f such metabolic derarig"ements. 
Particular emphasis iS laid on the metabolism of radionuclides by· bone tissue, 
since several· of· the products of' nuclear fission become fixed tenaciously in 
the skeleton after entry into the body. 

A facility to detect and identify extremely small quantities of radioactive 
materials l.n living human being·s is maintained·. This is used to monitor the 
radioact"ive body burdens in infants, children and adults resulting from 
contamination of the environment by-fisSion products. In addition,- the ·Total 
Body Coun,ter Facility is used in clinica 1 research investigations wh.erein 
tracer amounts of radioactive materials are intentionally administered. The 
doses required in such studies are very small because of the great sensitivity 
of the equipment. 

13. RELATIONSHIP TO OTHER PROJECTS 

Related research is being conducted at the Argonne National Laboratory; 
Brookhaven National Laboratory; University of Rochester AEP; Donner Laboratory; 
University of California; Los Alamos Scientific Laboratory; University of 
Utah, AEP; Cornell University. · ' ' 
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14. TECHNICAL PROGRESS IN FY 1964 

15. 

. 16. 

Demonstrated for the fii:-.st ·time the· rapid' transport of calc'iuin across the 
primate placenta from fetu~·· to mother;·. Thi~. normal· retrograde movement goes 
on continually and almost matches the .. amouri't of' calcium· which moves in .the 
forward di~ec_don _from. mother: t?. fet~~. A~alyse&: o'f. b~ood an~ d._ssue Sflmples 
(after simultaneous injection of' Ca into the fetal 4mbilical ves·sel and 
ca47- in'to a rita terna 1. vein of pregnant monkeys) clarified certain aspects' of.­
placental physiology. The· quantities ·of calcium which cross-the-placenta every 
24 hol!rS greatly exceed the amoun·t requirea for fe ta 1 growth.. Apparent 
anomalies in the very early' clearance of radiofracer from maternal blood 
compared' to' fetal.bloqd were· attributed to variable mixing of maternal blQod in 
the placental intervillous space. 

Dev-eloped a method for e·stima-ting. the efficiency of' absorption· of calcium ln 
humans by adminlstering an oral dose of calcium 1abeled with·ca47 and repeatedly 
measuring the-radioaativity in the· subject over a period of a week or more, · 
using the Total Body Counter. Data on absorption and- retendon of c4lcium by 
10 pat'ients were pre.sented. The method avoids the onerous t~sk of collecting 
and analyzing e~creta. 

EXPECTED RESULTS IN FY 1965 

Collaborative efforts with the university· depart~ents of Radiology, Medicine, 
Obstetr;i.cs and. the Veterans Administration Hospftal (Sawtelle) will be- continued. 
Some of 'this -work b·egun· in·. FY 1963- will. be ~ompleted •.. Studies of· the efficiency 
of oral abso~·pt~o~·~nd· re:t~9don of· calc_iuin ln.padents, ·using: the Tot~l-.Body· 
Counter and radioactive Ca will be continued. ~tudies of the early depo~ition 
and long time retEm-tion· o"f Strontium-as· and calcium.:.47· in 26 patients with 
disorders of skeletal metabolism~ such a~ osteoporosis~· will be rejortea. 
Investigations of the body retention of serum albumin (aQ.(i possibly other 
proteins labeled with radioiodine) in patients with va~~ou~ diseases will. be 
continued. · Experimental studies of the transfer of radioactive nuclides across 
t:he placental membrane wiil be pursue.d, using animals·.. The mopitoring· of 
infants, children and adults for body burdens of ganuna-emitt~ng fission 
products will continue. 

EXPECTED RESULTS I~ FY 1966 

Investigations of the metabolism of various radioactive nuclides will continue, 
using laboratory animals. For example, the kinetics of removal ·of electrolytes 
such as calcium, potassium, sodium, chlqride and pos~ibly phosphate from the 
blood soqn after injection will be studied using multiple radioactive tracers, 
circulating blood loops and fast recording on multi-channel magnetic tape. This 
information will be pertinent to certain clinical p.roble~s which may involve 
disorders in the homeostatic control of these electrolytes. Efforts to reduce 
the detrimental effects of. accumulation of radionuclides within the body 
(particularly radiostrontium and radiocesium) will continue •. Col~aborative 
programs of clinical research utilizing radioisotopes with other departments of 
the medic3§ center will be intensified. For example, tqe number of patients in 
whom Iron retention has been studied with the Total Body Counter Facility 
should reach about. 50 and will be reported. Our knowledge of the physiological 
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beh~vior of bone seeking radionudides· such as Ca 47 · and Sr85 during the ·'first 
hour after entry :tnto the blood' will have advancea "so that our iriterpret:aion of 
the radioisotope osteograms in patients-with skeletal -disoraers will'become 
less empiric. The Total. Body. Counter, Facility wql continue its service 
functions of monitoring people for. gannna eni:J.tting· fission products ·and· for 
emergency mf:!asurements .of· persons ln local. and ·nearby communities who are 
accidentally exposed to radioisotope ·contamination. 
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. SCH~D~E 189 
ADDITIONAL EXPLANATION FOR.,OPER.ATI~G COSTS 

RESEARCH AND DEVELOPMENT ACnVITJ;ES . 

SAN FRANCISCO OPERATIONS OFFICE 
Field Office 

BIOLOGY AND MEDICINE 
Program 

1~ Contractor: Laboratory of Nuclear Medicine and Radiation Biology 
University of Calif()rnia, Los Angeles 

Contract No.: AT(04·l)GIN·l2 

2~ ··· ·Project Title: 

Hematology 

3 •. AEC Budget Activity No.: 

06-10-00 
S. · · Method of Reporting: 

Publications, UC~ Reports . 
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7'. · · Person in Charge : 

Jos.ep_l:l F. Ross, M.D. 

~. Man Years 

(a) Scientific 

(b) Other Tech •. 

10. Costs 

Total 
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April·· 1964 
6. Working Location: 
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8. Project Terai: · 

. ' . 

From: 1.960 · To: Continuing 
:: 
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3~ 3~ 

,3l 3j 

FY 1964 FY 1965 . FY 1966 

(a) Direct Salaries $ 35,300 $ 45il00 $ 483400 
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..:,{c.)J" 'b~i~i ~BX~nses* . (3%) · · 32 ,100 {3%) 33.,300 (3%) 34,000 
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. .f, .. 
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11. PUBLICATIONS DURING FY 1964 

None 

12. SCOPE OF THE PROJECT 

Radiation exposure, neoplasia; inflammation and other pathological states 
produce profound modifications' in the dynamics of physiolog"ical and metabolic 
pr,ocesses of the host 'nrg#!nisrn.' These- change's are o£ .fundamentat importance 
to an understanding of the mechanisms by whicn· disease or other adverse 
i-nfluences prpduce their effects, and to a'n approach to prevention 'or control 
of these adverse effects. 'Radioisotope tracer methods are uniquely suited to 
the investigation of the dynamics of bodily processes and are being used in 'the 
study of the effects of abnormal states on these functions. 

The research endeavor of this -section is concerned wtth the study of the 
influences of ionizing radiation, neoplasia and other pathological states on 
the metabolic and physiologic functions of ~mmals, including man. These 
st1,1dies h~ve been concerned chiefly with ·,the· erythropoietic and reticu­
loendothelial :;ystePl~· ~r total body counter is used in these studies,. and 
in investigations of the metabolism of radionudides of clinic;al interest 
(e.g., rad~ozinc, radioiron). 

~3. RElATION TO OTHER PROJECTS 

Studies o~ effects ·of radiation, and _other pathologic ·states, on the erythro­
pod:etic and reticuloendothelial systems' .. ari.d on hemoglobin and iron metabol'ism: 
Dr.· Thomas G. Hennessy and Dr. George Taplin ·of this Laboratory; Dr: Clement 
Finch, University of Washi~gton School of Medicine; Dr. Myron Polly~oveq 
University of California;· Berkeley, Donner Laboratory; Dr. ·G. Cartwright; 
University of Utah School of Medicine; Dr. Ernest Beutler, City of Hope . 
Medical Center, Duarte, CalHornia·; Dr. W. Lohmann, University of Arkansas 
School of Medicine; Dr. L •. Wasserman,. Mount ·sinai Hospital, New York City; 
Dr. Eugene Cronkite, Brookhaven Nat~onal Laborato:y, Upton, L.I., N.Y. 

Studies of cl4 turnover in human-tissues-are being conoucted iri collaboration 
with Dr~ James Mead" ana Mr. Georg-ie Alexander 6-f this La bora tory and Dr. Willard 
F. Libby of the Department of Chemistry, UCLA. 

. ' 

14. TECHNICAl. PROGRESS IN FY 1964 

(1) Two manuscripts' reporting studies 'of ziri.c and iron metabolism have been 
prepared for· pubHcation: (a) The. Metabolism· of· Radioac-tive Zinc-65 'in 
Patients with Neoplastic Disease,· (b). The Effect of Inflannitation on the 
Utilization and Retention of Tra~sferrin Bound and Hemoglobin Radioactive 
Iron. 

(2), Because of the rapid and-marked increase in atmospheric cl4 during the 
pas-t two yea~s, the rate of accumulation of cl4 in human tissues is of interest. 
In.co'llaboration with Dr.-·J; Mead and -Mi:. G. Alexander of the Laborato'ry of 
Nuclear Medicine and Radiation Biology and Dr. W. F. Li~gy of the UCLA 
Department of Chemistry", we have· begun studies of the C content of human 
tissues obta~ned at different times during the past two and a half years. 
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15. 

The concentration of cl4 in various chemical fractions of these tissues are 
being compared with the atmospheric content of cl4 known to have existed at 
the time this tissue was removed from its donor. The complex relationships 
existing between tissue cl4 concentration and atmospheric concentration are 
under study. 

(3) Complexities in the administration ·of the Laboratory of Nuclear Medicine 
and Radiation Biplogy occupied the major portion of the efforts of the 
scientist in charge of this project who also serves as Director of the 
Laboratory • 

. - G. 
(4) Instruction in Nuclear Medieine, Radiation Biology, and Biop~ysics to 
medical students, residents~· graduate students, and postdoctoral fellows 
was advanced effectively-during this period. The teaching and training 
potentialities ·of ·the Laboratory of Nuclear Medicine and Radiation Bioloay 
have begun to be realized. During 1963-64, 21 graduate students, 10 medical 
students, and 20 postdoctoral trainees have been included in-the programs 
of the Department and Laboratory, and instructio~ in subject areas related 
to Contract GEN-12 is progressing very well. 

EXPECTED RESULTS IN FY 1965 

(1) Studies of the effects of lom.nng radiation on ferrokinetics, on erythro­
poiesis, and on the relationship of.the reticQloendothelial system to these 
functions will be undertaken, ·employing the techniques and procedures developed 
during recent years.· Additionally, we plan to reinst.itute::sthidies· of' .. the 
influence of radiation and inflammation on red blood cell and hemoglobin 
formation'in human subjects. Studies of zinc metabolism in human subjects, 
employing radiozinc, the total body counter, and the analytic "techniques of 
emission spectrography will be continued. 

(2) Predoctoral .and- Postdoctoral training of graduate students and physicians 
in research application of radioisotope tracer techniques will be emphasized. 

16. EXPECTED RESULTS IN FY 1966 

(1) Increasing emphasis will be placed on radioisotope tracer studies. of 
metabolic arid physiologic processes in human subjects subjected to radiation 
or suffering from various pathologic abnormalities. These studies will be 
oriented primarily toward determining the effects of radiation on the reticu­
loendothelial and er~thropoietic sy~tems. 

(2) Studies of metal containing tissue enzymes and the effects of ionizing 
radiation on their concentration and function will be initiated. 

(3) Use of the total body counter for studies of the metabolism of radiozinc 
and radioiron will be e~phasiz_ed. 

(4) Predoctoral and Postdoctoral training in research in Nuclear Medicine 
will be expanded • 
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SCHEDULE. 189 
ADDITIONAL EXPLANATION POR-OPBRATING· COSTS 

· RESEARCH AND DBVBLOPM!NT .AC~VITil$8 . 

SAN FRANCISCO OPERATIONS. OFFlC! 
Held ·OfUce · 

BIOLOCY.AND MlbiClNB 
Proar~aa : 

l. Contractor: La~oratory of Nuclear Medicine ancl Radiation Bioloay 
. University. of CaU~ornia, -Los An'elee · 

. ·, 

Contract No.: AT(04•1)GBN~12 

2. ·Project title:· 
.:, ... ;·: .. ·; .. · 

3. AEC Budget. Activity No.: 
. . .. , ~~ : . ·.. . . ·. '•. 

06.;.10-00. 

4. Date Prepared : · 

:April - · 1964 · · · 
· ·6. Workin$ Locat~on:' 

. . .. ··. 

5. · ~ thod-. b·f. Reporting: · 
Publications~ UCL4. Reports 
Semi-annual and Final Reports 

7. Person. in Charge:· 

Thonias G. Hennessy, M.D •. 

9. Man Years 

(a) Scientific 

(b) Other Tech. 

To~al 

10. Costs 

(a) Direct Salaries 

(b) Materials ·& Services 

J4 .. -.c·., 

. ,· 

UCLA 

8. ;rroJect :Term:.-

. ,Fr~: ;1._954 To,:·. c.~nt~~~ing 

· "FY 1964 

"3}; 

·FY 1964 

$· 'S~2QQ. 
.. 3 ..,500-

FY 1965 : py 1966 . . ·~. 

3 

·-
3 

FY 1965. · FY· 1966 

.l:~2.1QQ $ Ja·~ zgg 
·. !r ooo -.a ... ·4,0Q"O 

(c) Indirect Expens:es* (2%) 21 z 900 
·' 

. (2%} 22~20~ (3%) 34i000 

T()tal $ 58,300. 

... ' ~ . 
·. '4 

$ 7.6 ,. 700 : .. 

* Total indirect expense .. of the Contract pr()·rate.d among. individual ·projects ··· 
on the basis of the percentage of total direct ·salary expe.nse: r-epresented 
by the particular pr.oject. · ' · ·' · ·· · · · ·. · :·:i::.':·· 
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11. PUBLICATIONS DURING FY 1964 

1. Evaluation of Erythropoieti~ Damage and Recuperation Following 
X~Irradiation.· T. ·t. ·Hennessy; s. E. He~rick and J.P. OKunewick. 
Health Physics, Vol. 10, pp. 49-53 (1964). 

2. Effects of ... Plasma on the· Absorption of Zinc by Mammalian l!:rythrocytes.­
J. P. Okunewick, S~ ·E. Herrick and T. G. Hennessy. In Press J. Cellular 
and Comparative P~ysiol?gy (1964). 

3. S}rni:hesis' of· Cytoplasmic· Jiernatin by Nuclei· of· Erythrocyt"es 'from Embryos. 
O.A . .' Schjeide; G·.v~·Alexander,·J.·P·.·oKunewick, c.·R. Carmack~ M., 
WU~~ns, E. N. Car_ls~~- an~ ~·.G .. Hennessy. Submitted. to Growth (196~). 

4. Eff~ct of x..:trradiation on -·the In Vivo Uptake .. of zn65· by ~t Blood Cells. 
J·. p·; 'OK\inewlck, .. s. E. Herrick and T. G. Hennessy. Submitted to 
Radiation Research (1964). 

12. SCOPE OF THE PROJECT 

Recent· studies in iron metabolism'using radioactive iron as a tracer have 
provlded valuable- diagnostic ... tools .. for-evaluating the· extent of accidental 
rad'iation injury· and also· for the study of pathological condfHons.not 
usually associated with radiat1on· injury. Iri addition,· radioactive· iron 
has proven to" be of 'va1ue in' basic. investigations of the erythropoietic' ...... . 
mechanism,· especially as rela.ted to red· cell formation· following irradiation 
damage. The present studies are continuing along these lines. . . -~· . . - . . . 

Studies in zinc metabolism have heretofore not been concentrated on 
Irradiation effects, due:to certain problems-inherent to. the normal uptake 
and retention of tne zinc isotope. 'techniques recently developed in' this 
laboratory have. overcome' some of" ttiese' problems and are' currently' b~ing 
applied tc:> study the effects on the carbon. dioxide transport system. 

13. RELATIONSHIP TO OTHER PROJECTS 

14. 

Similar work on zn65 metabolism 18 being carried out at Hanford .Atomic 
Products operations, Richland, Washington, and at Los Alamos Scientific 
La~or~~ory. 

Studies on FeS9· are being carried out at: .:r.awr.ence Radiation. LSborai:ory, 
University o£ California·; Argonne Cancer Hospital,· Chicago, illinois; · · 
University of B~ffalo: "Buffalo,· New York; and Naval Radiologica'l Defense 
La bora tory, San Franc is co, California • 

TECHNICAL PROGRESS. IN FY 1964 

ODe of the major accomplishments during this year was the completion of and 
publication of a pa-per' on' the interrelationships of irradiatlon dosage and 
the time of radioactive iron adm'inis'tration on- radioiron uptake curves in 
animals. lt was demonstrated. that radioiron uptake curves could be used 
to demonstrate both the amourit' of irradiation received by the animal and to 
predict the ability of the animal to recover from the dosage received. 
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Another study was begun using radioiron assay of erythropoietin. The 
presence of erythropoietin was shoWn to be-present 'in a certafn class of 
human brain 'tumors. cerebellar hemangioblastomas,. which stimulate red cell 
production, and 'S'hown to· be· ahRP.nt:· i.n cerebellar· b~~ in tumors' of two other 
types. 

Work continued-on Zinc· metabolism using zn65 tracer. 1n yitro investigations 
show the· existence of a competftive system involving-the plasma and red cells 
with regard to the binding of radiozinc·. In vivo inveetigadons of zn65 
binding by the.cellular· componeJ;ttS of rat blood· follow"ing total body· 
irradiation have shown a depression in zinc uptake of approximately 20 
per cent. 

15. EXPECTED RESULTS IN FY 1965 

Study of the-depression of erythropoiesis by irradiation will continue 
dur.ing the· year-. · Ther·e w111· be increasing· einphasls on the· study of · 
erythrqpoil.etin' and '"irradiation injury to dfd:e'rmlne' n· there is .any'tiumner 
in-which this substance can· be used to alleviate' lrrad'iadori injury.· It is 
expected that' during this year mice will be raised' in an altitude chamber' 
to produce pletho~lc'inice'which.will- be-used for Fe-59 erytfi]:opoietin assay 
rather' thari the. present system' o'f emp laying hypertranstu'sed animals~ . a 
development which should. acceU;!rate these studies. The addlHonal studies 
'of erythropoie'tin' !ri' humari cerebellar tumors. will' continue' as cases become 
available and an attempt wili be made .to determine which cells or areas of 
the tumor are producing the hormone . . -- ... 

Zinc metabolism· studies' using zn65 will continue with particulSr emphasis 
on t:he· producti.ori of 'the zinc contaiiiing respira Hori enzyme·,. carbon-ic· 
anhydrase, in· normal· and irradlated animalS. Present S·tudles inpicate that 
irradiation may probably influence the·production of this enzyme. 

16. EXPECTED RESULTS IN FY 1966 

No major change in· size or scope of. the program is· anticipated during this 
year. ·However,· there will be shifts of emphasis depending upon the. 
previOIJS 'year's wor.l<'. A~ the present bme' it is.' andcipated that 'the zinc 
studies will' be concluded' or at least de-emphasized and greater emphasis 
will. be placed--on· the expanding erythropoietin studies. . One of 'the· major 
studies anticipated during this year is whether' erythropoietin has any 
relationship.- to myelopoiesis •. Two' of the studies planned 'for this year 
are an attemp't to stimulate myelopoiesis in the ple'thoric mouse' with 
erythropoietin following irradiation injury and an attempt to prevent 
leukemogenesis in mice by suppressing· erythropoiesis.·· It is alSo· andci­
pa ted tha·t' the. cerebellar tumor studies which were started two years ago 
should be nearing conclusion. 
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