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11. INTHODUCTION 

Since submitting our last quarterly report  arch 19581, construction 

a c t i v i t y  of t h i s  project has gained momentum. The current s ta tus  of construction 

ia a s  follows: 1 )  a perimeter security fence (1900 lin. ft.) has been instal led;  

2) 68 outside pens have been completed with the exception of dog houses and 

surfacing with 1/4" crushed rock; 3)  a well, pump, and pressure system i s  ready 

f o r  f i n a l  t e s t ing  (bacteriological); 4) plans for  the  animal-holding quarters 

are  out-to-bid, the closing date f o r  bids being June 12; 5) one cage uni t  has 

been delivered t o  the X-ray Project and i s  now under trial. Details concerning 

the  outside runs w i l l  be described i n  the  September 1958 report h e n  these uni t s  

w i l l  have been completed and occupied. 

Water Supplg. A well was established a t  a depth of 270 feet ,  and the logs 

read as  follows: 

0 - 5' Sandy s o i l  71 - 84' Clay 241 - 252' Clay 
5 - 58' Sandy clay 84 - 128' Gravel 252 - 265' Gravel 

58 - 62' Fine gravel 128 - 223' Clay 265 - 270 ' Clay 
62 - 71' Sandy clay 223 - 2l+l Sand 

Since an adequate water supply was attained i n  the lower s t r a t a  of gravel, 

perf orated 8'1 casing was sunk into the lower clay s t r a t a  (265 ) . An 18'' gravel 

f i l l e d  bore encased the upper 165 fee t  of the well t o  prevent any possible 

snrEaoo. aon%amination. Only a minimum amount of sand was removed f ram the well 

on test ing,  and the well withstood a pumping capacity of 150 gallons per minute. 

The water tab le  rose t o  within 25 fee t  of the surface. Thus, we are assured t h a t  

t h i s  well will accommodate any future water demands by this project. A 5 HP, 

3 phase motor drives a turbine se t  a t  a depth of 100 fee t .  From t h i s  pump, a 

1,000 gallon storage tank and pressure system supply a 2" main pipe t o  the 

buildings and outside runs. 



Animal-holding Quarters. We are  most pleased with the f i n a l  plans for  the  

animal quarters.  These plans represent the combined e f fo r t s  of a rchi tec ts  f r o m  

t he  University, a private archi tectural  concern, Department of Sanitation, Divi- 

sion of Radiation Safety, our own group, and also, an array of consultants 

regarding spec i f ic  issues. This building i s  considered as  an i n i t i a l  uni t  f o r  

future expansion. To i l l u s t r a t e  the posit ion of t h i s  building in relat ion t o  

the  overal l  program, a general p lo t  plan (Fig. 1 )  i s  shown on t h e  following page, 

The plot plan a l so  depicts the capacity of t h i s  area fo r  future expansion. The 

project s i t e  i s  now designed f o r  a maximum capacity of 700 dogs in outside runs 

and cage space f o r  250 dogs. Under the present schedule, occupancy of these 

quarters i s  expected by October 15, 1958. 

Disposal, We have been cooperating with Radiation Safety (university of -- -- - -- -- - 

CalFfornia, Berkeley) t o  establish a controlled campus-wide disposal area. The 
/-- - - 

south 50-60' of the project s i t e  w i l l  be designated fo r  t h i s  purpose. Radiation 
.--- . ._ _ - . . . . - - ~ ~  - 

Safety has provided appropriations f o r  building a 10 '  roadway along the west 
_ - ___---___- . - .. p" LL: -- -.. _- 

perimeter fence f o r  access t o  the disposal s i t e .  They will~&ai&%iiCt.hb burial 
- --- --- .- - - -. - - ~ - ~ -  - - .  . - 

P" 1 
'abU,, S 

ditches and provide any special f a c i l i t i e s  needed f o r  disposal of "hotIt mater ia l s  ,p 
_2__ --- - - - 

Any person nequiring aeeess: kc, t h e  disposal area w i l l  report t o  the project 
bP ' 

- . - _  _- 
secretary t o  gain ~ e m i s s i o n  f o r  entry. 

Personnel. The ar r iva l  of laboratory equipment has great ly  stimulated the  

enthusiasm of t h e  group. Various isotope analyses have been underway and w i l l  

be described i n  more de ta i l  in t h i s  report. The caretakers a re  showing in- 

creased in t e res t  regarding the care of the sr90 t reated dogs, and sane caretakers 

from the  X-ray Project have voluntarily expressed t h e i r  desire t o  be trained fo r  

t h i s  type of work; thus, no d i f f i cu l ty  is  anticipated in obtaining lay  help f o r  

the  proper conduct of t h i s  experiment. 



L E V E E  

Fig.  1. Plot plan of Strontium-90 Projec t  s i te  



111. SELECTION OF BREEDING STOCK 

Many casual observers remark about the  uniform size of our beagles main- 

tained on the X-ray Project. Such observations a re  somewhat ambiguous, because 

actual  measurements of the dogs reveal considerable var iat ion in both s i ze  and 

body weight. Size and body weight may exceed a 50% variat ion between individuals. 

These fac tors  have recently been brought t o  our at tent ion since much of the  

equipwent t o  be used in t h i s  project w i l l  be designed f o r  a par t icular  s ize of 

dog. Past experience has suggested tha t  the following s i ze  f o r  experimental 

dogs is  optimum: females weighing between 300 and 360 ounces (8.5 - 10.2 ~ g )  

and measuring 13" i n  height and 16" in length; males weighing between 320 and 

380 ounces (9.1 - 10.8 Kg) and measuring 14" i n  hei&t and 1711 in length. Nine 

dogs with the above qual i f icat ions have been selected f m  the  breeding colony 

(x-ray Project) .  These dogs, varying i n  color markings fmm tha t  of l ight  yellow 

t o  dark t r i co lo r ,  will supply progeny f o r  t h i s  experiment. From a genetic stand- 

point, l i n e  breeding has been followed exclusively; this feature i s  important 

since spontaneous mutation ra tes  have not been established f o r  the dog. 

IV. D3G CAGES 

Maintaining a large colony of dogs indoors from b i r t h  t o  2 years of age 

presents many problems. The animals must be permitted companionship but cannot 

be so crowded as t o  dras t ica l ly  l imi t  space f o r  exercise. Adequate l igh t ing  

must be provided f o r  the dogs; yet, the cages must be sealed well enough t o  pre- 

vent a radiation hazard. With these prerequisites i n  mind, we now f e e l  that  an 

appropriate cage design has been perfected. 

After one year of study and experimentation, we have developed a cage un i t  

which i s  ve r sa t i l e  and appears t o  solve the problems mentioned above. The unit ,  



as ah- in Figure 2, i s  divided in to  4 cagzs mounted on tubular legs  with four, 

5" rubber-tired wheels - the front two being equipped w i t h  brakes. The wire- 

reinforced glass doors in front swing up and in, a feature s imilar  t o  garage door 

ins ta l la t ions .  We f e e l  tha t  t h i s  type of door opening presents l e s s  hazards to 

radiation exposure than that  which swings t o  the out side subjecting the animal 

caretakers t o  possible accidental contamination. When the door i s  up, the inner 

surface can be easi ly washed and all wash water i s  confined within the cage. It 

w i l l  be noted, also, tha t  a i r  passage into the  cage is provided f o r  with a 3'' 

space above the door and a space between the  f loor  and collecting tray. The 

un i t s  have rear  windows t o  avert a darkened cage in ter ior .  

Fig. 2. Front view of cage unit showing f loor  and door construction, andxafi : 
space provision. 



A s  shown i n  Figure 3, the 2 cages a t  e i ther  level  czn double as one, merely 

by opening the  sliding glass door divider, and thus a l low the dogs an area of 

two cages (24.5 sq. f t . )  f o r  exercise and companionship. The dividing glass 

door will be l e f t  open except a t  feeding or cleaning time. By pairing the dogs 

t o  one cage, the unoccupied cage czn be cleaned easily with minimum handling of 

the  dogs. The -cA&e f3oor (figs.  ,2 and-3) is  made of expanded metal welded t o  

angle iron frames which is hot-dip galvanized af te r  fabrication. The f loor  is in 

2 interchangeable sections below which the collecting t r ay  extends 4" in front of 

the cage and slopes toward the rear. 

Fig. 3 ,  Close-up view of sage. ~ i n t w r i o r ~ a h ~ g ,  inper sl iding glass doorr: d i @ f i r .  
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The drain a t  the rear  of each collecting t r a y  anpties into a 3" f lex ib le  

p la s t i c  hose connecting each cage t o  the sewer, Since each cage has a separate 

drainage system, individual excreta can be collected by placing the  p las t i c  hose 

in to  a separate container whenever desired. Preliminary trials have shown tha t  

the  cage can be sa t i s fac tor i ly  cleaned with as l i t t l e  a s  1 gallon of water per 

dog. Periodic flushing of the collecting t rays  during the day great ly reduces 

urine odors, 

Air entering the front of the cage i s  exhausted through a 6" vent in the 

rear  of the  cage, as seen in Figure 4,  This vent will connect t o  a central  

exhaust system which will f i l t e r  any air-borne radioactivity and discharge the  

Fig. 4. Rear view showing air  exhaust out lets  and excreta drainage out lets .  



f i l t e r e d  a i r  through a duct located on t h e  roof of the  building. This feature 

wi l l  be of special  concern in dealing with radium treated dogs since radon can 

be properly controlled, 

The 4 un i t s  constructed t o  &te have been bu i l t  on a contract basis  a t  a 

cost of $960.00 per unit .  The un i t s  are constructed of 18 gage galvanized s t e e l  

and painted with white baked enamel. The cages a r e  painted white t o  f a c i l i t a t e  

t h e  detection of soiled surface. Our objection t o  a painted surface concerns 

chipping during cleaning, etc. This objection may require resort ing t o  s ta in less  

s t e e l  construction i n  part or  all of the cage un i t ,  Since s t a in l e s s  s t e e l  con- 

s t ruc t ion  would greatly increase the  net cost of these uni ts ,  we a re  presently 

conducting a number of trials t o  t r y  t o  overcome our objections to  the materials 

used i n  building the  f i r s t  4 units.  We a re  confident tha t  a pract ical  and 

e f f i c i en t  unit w i l l  be soon forthcoming, a d  tha t  such units can be eonstructed 
0 

on a production basis. 

V. HISMPATHOLOGY OF ACUTE S R ~  TOXICITY 
BY THE ORAL ROUTEF 

INTROrnCTION 

The F i r s t  Annual Progress Report ( ~ u l y  1956 - Septanber 1957) described the 

c l i n i c a l  and autopsy findings in 24-month-old dogs given various leve ls  of srySO 

orally.  I n  t h i s  experiment, dose leve ls  varied f rorn 50 t o  9,000 p c  srySO. 

Based on survival, the dogs could be placed in to  three groups: f o r  example, 

doses of 1,000 t o  9,000pc resulted in  death within 6 t o  7 days (peracute 

l e tha l i ty ) ,  doses of 500 t o  1,000 p c  resulted i n  death within 30 t o  50 days, and 

doses of 2 0 0 ~ ~  o r  l e s s  was not found t o  cause death within 60 days a f t e r  dosage. 

The l a s t  group was sacrificed f o r  pathological study 106 days following treatment. 

Weminology t o  denote various syndromes i n  this experiment i s  based n 
c l i n i c a l  signs i n  respect t o  dosage given, i.e., l eve l s  above 9,000 uc SrY 
would not be expected t o  appreciably decrease the  6-7 days elapsing before 

80 
resul t ing i n  death. 



MATWIALS AND ME!EiODS 

Tissues representing each organ system were placed i n  alcohol-form01 o r  

Bouin s f ixat ive,  dehydrated, and Milt rated with nitrocellulose.  Sections, 

5 t o  10 microns i n  thickness, were affixed t o  s l ides  d i r ec t ly  from the knife. 

The following s t a ins  were used i n  t h i s  study: H and E, Pol lakls  t r i c h m e ,  and 

Periodic Acid - Sch i f f t s  Reagent. One section was cleared f o r  phase microscopy 

study. 

One dog fram each group typif-g lesions observed among the various cl ini-  

ca l  syndrames w i l l  be discussed. 

A. PERACUTE SYNDROME 

Dog S-ll (m) weighing 2.01 Kg was given 4,500 PC orally.  Death 

occurred 7 days l a t e r ,  and necropsy revealed massive hemorrhage in the bone 

marrow cavi ty and severe necrosis of the  lower bowel. 

Histopatholoq. Severe lesions were observed in the  gastro-intestinal 

t r ac t ,  lymph nodes, and bone marrow. The extent of damage within these organs 

appeared t o  be suff icient  t o  explein tho ccuse of death although other organs 

did reveal varying degrees of pathology. 

Gastro-intestinal damage be@ in the  mucosa of the  stomach and increesed 

progressively toward the lower bowel. Within the  stomach s l igh t  necrosis of the 

l ining epithelium with subsequent pseudomembranous formation was noted. The 

submucosal blood vessels were congested and contained numerous polysaccharide 

globules. These globules stained s imilar ly t o  those previously ident if ied and 

described i n  the acute X-irradiation syndrome.* I n  t h e  upper duodenum, mucoeal 

SAndersen, A. C. A Substance Observed Within t h e  Vascular Systan of Dogs 
Receiving Lethal Exposures of Wholt+Body X-irradiation. Rad. Res. 6 (3), 
March 1957. 



damage was l imi ted  t o  necrosis  of t h e  t i p s  of t h e  v i l l i ;  erythrocytes were not 

found within t h e  lumen. I n  contrzs t ,  t he  lower region of t h e  duodenum showed 

extensive &age of v i l l i  and presence of erythrocytes within the lumen. V i l l i  

in this a rea  of t h e  gut  were representa t ive  in shape, but their contents con- 

s i s t e d  of a necro t ic  mass. Necrosis d id  not extend below t h e  neck of t h e  mucosal 

crypts.  Lymphocytic nodules in t h e  duodenal region appeared normal. Fram the  

jejunum pos te r io r ly ,  t h e  e n t i r e  mucoea was denuded. Necrosis i n  t h e  lower gut  

extended only  t o  t h e  muscularis mucosa below which congested blood vesse l s  de- 

marcated t h e  submucosa. The lumen of t h e  gast ro- intes t inal  t r a c t  frcan the  

jejunum pos t e r i o r ly  was f i l l e d  with erythrocytes and debris. Numerous p ly-  

saccharide globules of varying s i z e  ( 1  t o  20 microns in diameter) were seen 

within blood ves se l s  (afferent  and efferent)  t o  t h i s  gut region. 

Other l e s ions  consisted of varying amounts of congestion and/or hemorrhage 

espec ia l ly  obvious in bone marrow, lymph nodes (medulla), hear t  and thyroids. 

Considerable numbers of polysaccharide globules were i den t i f i ed  within these  

organa; t h e  presence of t h i s  substance appeared t o  be r e l a t ed  t o  t h e  extent  of 

vascular damage obsenred. For instance, few petechia l  l e s ions  occurred in the 

thyroid  where f o l l i c l e s  and i n t e r f o l l i c u l a r  t i s s u e  adjacent t o  hemorrhagic foc i  

did not reveal  rad ia t ion  dmage, but ,  on the  contrary, these parenchymel elements 

appeared normal. This observation would suggest an cmbolic act ion of t h e  p o w  

saccharide globules resu l t ing  in endothelial  rupture (hemorrhage). 

B. ACUTE SYNDROME 

Dog 3-8 ( ~ A B ) ,  206 Kg in weight, received 970 PC srySO oral ly .  Death 

occurred 43 days following administration. On necropsy, u l c e r s  of t he  l i p s  and 

f ee t ,  and atrophy of t h e  t o n s i l s  were noted. 



H5eto~atholopg.  No morphological e v i d ~ n c e  of l es ions  were observed i n  the  

following: cerebrum, cerebellum, thyroids,  esophagus, stomach (fundic region), 

duodenum, 'ileum, jejunum, l i ve r ,  gallbladder, hear t ,  t e s t e s ,  pancreas, kidneys, 

and adrenals.  By far t h e  most severe damage was present in the  lungs. %ffuse 

cep i l l a ry  hemorrhage with moderate amounts of a t e l e c t a s i s  and emphysema were - 
read i ly  zpparent. Of considerable i n t e r e s t  was the  f inding of l a r g e  quan t i t i e s  

of polysaccharide globules s imilar  t o  those described in the  acu te  X-irradiation 

syndrome. I n  the  lung, such globules ranged from 1 t o  30 microns in  diameter 

appearing a s  i f  they  were f i l t e r e d  within c a p i l l a r i e s  of t h i s  organ. This 

mate r ia l  w2s  a l s o  found i n  a r t e r i a l  c a p i l l a r i e s  terminating wi thin  lymph nodes, 

aplcnic red-pulp, hear t ,  gastro-intestinal t r a c t ,  and kidneys; with few excep- 

t ions ,  t h e  in t ravascular  globules were small in diameter ( 1  t o  5 microns) in 

these  organs. Only a few l a rge r  globules were found in the  kidneys and subgross 

l es ions  were l imi ted  t o  a few ischemic glomeruli. Whether t h e  presence of 

in t ravascular  globules could be re la ted  t o  t he  s t a t e  of decreased blood flow i n  

such glomeruli was not determined. 

Congest ion and hemorrhage were found i n  t h e  subep i the l ia l  c a p i l l e r i o  s of t he  

colon. The presence of these  les ions  did coincide with an abundance of large-?! 

s i z e  (10 t o  25 microns) polysaccharide globules; a f inding t h a t  wil l  be corre- 

l a t ed  with t h e  over-ell study of t h i s  substance found within t h e  vascular system 

during t h e  post-radiation syndrome.* 

Moderate hypoplasia appeared in all lymph nodes examined. This was made 

evident by t h e  necr  lack of c e l l u l a r i t y  within t h e  medulla and sinusoids. 

Lymphocytic f o l l i c l e s  were apparently regenerating a s  evidenced by numerous 

mi to t ic  and juvenile c e l l s .  

*Paper~ to  be presented: I n t e r m t i o n a l  Congress of Radiation Research 
Meeting, Burlington, Vermont, August 17, 1958. 



C. SUBACUTE SYNIlRCkfE 

Dog S-3 ( @ 5 ) ,  a f e m l e  weighing 1.90 Kg, was given an ora l  dose of 87 pc 
1 

sr90. She was s ac r i f i ced  106 days following treatment, a d  necmpsy showed only 

pale  coloring of t he  lymph nodes. 

His topatholo~y.  No morphological l es ions  were found i n  the  lung, thyroids,  

adrenals, pancreas, ovaries, tons i l ,  kidney, lung, l i v e r ,  gallbladder, and 

gas t r+ in tes t ina l  t r a c t .  However, the  stomach mucosa did show a l imited amount 

of mucosal damage followed by connective t i s s u e  prol i fera t ion.  This damage was 

not found in t h e  stomach of other dogs in t h i s  se r ies .  

The spleen shared evidence of lymphocytic degeneration followed by f o l l i c u b  

regeneration as pro l i fe ra t ing  young lyrnphocyt e s were numerous. Apparently, t h e  

red pulp suffered a modemte amount of -age a s  smell hemorrhagic a reas  and 

an accumulation of hanosiderin was present. However, these les ions  surrounded 

f o c i  of act ive  hcmopoiesis and repair .  I n  general, examination of sect ions  of 

t he  spleen gave t he  hp re s s ion  tha t  considerable damage may have occurred sane 

1 t o  3 weeks following treatment and followed by repair .  

CONCUSION 

Single oral doses of 50 t o  200 p c  srW caused moderate but apparently repar- 

able damage t o  h a o p o i e t i c  t i ssue,  whereas 500 t o  600 p c  ~ r 9 O  a p p r o h a t e d  an LD 

50/30 dose in the  dog. Larger doses (1,O mc o r  over) resul ted in d e ~ t h  within 

6 t o  7 days a f t e r  admixkstration. Such cases revealed massive hao r rhage  of 

hemopoietic t i s s u e  and severe mucosal damage in  t h e  lower gast ro- intes t inal  

t r a c t .  

Mucosal and associated damage were xpparently the  e f fec t  of beta  i r r a d i a t i o n  

whereas hemorrhagic l e s ions  could have resul ted frcw the indirect  e f f e c t s  of 



ion iz ing  rad ia t ion .  The l a t t e r  sequella i s  present ly  under in tensive  investiga- 

t i o n  i n  s t ud i e s  being conducted in r e l a t i on  t o  acute X-radiation damage, 

SUMMARY 

Massive denudation of the  mucosa from t h e  jejunum pos te r io r ly  characterized 

severe rad ia t ion  &!age resu l t ing  fram extremely l a rge  srSO o r a l  doses. Erosion 

of t h e  mucosa and consequent removal of t h e  i n t e s t i n a l  l i n i n g  provided an  easy 

access f o r  bac te r ie .  Thus, l a rge  doses of srSO conceivably caused death by 

dehydration and septicemia. 

Widespread pulmonary hemorrhage, congestion of s u b e p i t h e l i a  c a p i l l a r i e s  

wi thin  t h e  cozen and lymph node hypoplasia were the  most cha rac t e r i s t i c  l e s ions  

observed in the  acute  srSO syndrome. The presence of these  l es ions  seem cor- 

r e l a t ed  with t he  f inding of intravascular PAS pos i t ive  globules. It seems 

r a t h e r  unl ikely  t h a t  thrombocytopenia could have ex i s ted  t o  t h e  degree of cauting 

hemorrhage s ince  numerous henopoietic f o c i  cp nta in ing  r e l a t i ve ly  normal numbers 

of megakaryocytes were observed in t h e  l i v e r  and o ther  t i s sues .  

V I .  PATHOLOGY OB CHRONIC S R ~  AJNINISTIUTION - M)G 

INTRODUCTION 

Four dogs h ~ v e  been on a da i l y  d i e t  i n  which sr90 has been incorporated in 

t h e i r  feed s ince  January 1957. %ese dogs w i l l  continue on t h i s  d i e t  u n t i l  

Ju ly  1958 (18 months of cge) when 2 of t h e  4 dogs w i l l  be sac r i f i ced  t o  deter-  

mine t h e  amount of re ta ined ~ r w  i n  the  skeleton,  

Unfortunately, one of t h e  dogs (male - 5 ~ 3 ) ,  scheduled t o  be sacr i f i ced  in  

July was found dead qu i t e  unexpectedly by t h e  animal caretaker  on April 26, 1958. 

During t h e  last 30 days of l i f e ,  t h i s  dog showed per iodic  evidence of minor 

gas t ro- intes t inal  d i s t u r b a c e .  Once o r  twice a week he vomitted a f t e r  e a t i n g  

and f requent ly  voided a gray, pasty, so f t  o r  semi-solid s tool .  Between t he se  



episodes, t h i s  dog showed evidence of nomal appe t i te  and stool.  A s  a mat ter  of 

f ac t ,  h i s  weight was nonnal p r ior  t o  t h e  t h e  of death even though he displayed 

marked l i s t l e s s n e s s  and anorexia. 

A complete se t  of X-rays were taken of t h i s  dog ( 5 ~ 3 ) ~  and a carefu l  autopsy 

was performed. Tissues of a l l  organs were placed in f ixa t ive ,  and t h e  skeleton 

was weighed, measured, and placed in  absolute alcohol o r  acetone. Organ weights 

were a l so  recorded. 

Periodic blood samples have been taken f r o m  the  4 dogs on this experiment. 

None of these  samples showed deviations f r o m  the  normal u n t i l  about 2 weeks 

before dog 5S3 died when h i s  blood picture  was a s  follows: PCV - 35 m, 

RBC - 5.4l x lo6, Hgb - 11.5 gms/l00 ml, and corrected sedimentation r a t e  of 

25 m/hr .  The leukocyte count on t h i s  dog was 14,700 per  m3 with r e l a t i ve  

normal d i f f e r en t i a l  values (70 + 2 hctero; 1 - mono; 26 + 1 lym~ho).  This blood 

sample suggests embarrassment of erythropoiesis. It should be mentioned t h a t  

blood examination of t h e  remaining 3 dogs in t h i s  group a re  normal. 

A. GROSS PATHOLOGY 

Dog 5S3 weighed ll.8 Kgs 2nd wcs 471 days old a t  the time of death. Necrop- 

sy revealed multiple subcutaneous hemorrhage, les ions  along the dorsal  aspect of 

the  neck, withers and lo in ,  as well as in the vent ra l  abdomen region. There 

were a l so  deep intramuscular hmorrhages in the  area of t h e  thigh and the  deep 

muscles of the  neck znd foreleg. lllucous mabmnes were pale-with mucosal hemor- 

rhages in the  buccal cavity. The t o n s i l s  were studded with hemorrhagic lesions.* 

The lungs showed edema, hemorrhage and emphysema, with marked edema especial ly  

noticeable i n  t he  mediastinurn. The hear t  was flabby m d  enlarged and t h e  l i v e r  

*It should be mentioned t h a t  this group of 4 dogs have shown t o n s i l a r  
atrophy since puppyhood b ~ t ~ : d o g + 5 6 3 ~  aii'lnecropsy, showed well-developed tons i l s .  



was swollen and bulged on cut section. The spleen was great ly  enlarged, weighing 

some 5 t imes (257.1 gms) t ha t  of a normal dog a t  t h i s  age. The gastro-intestinal  

t r a c t  showed echymotic hemorrhages fron the stomach t o  t h e  cecum which increased 

in  sever i ty  in t h e  lower portions of t he  t r a c t .  The rectum was f i l l e d  with black, 

t a r r y  feces  as fu r the r  evidence of severe i n t e rna l  hemorrhage. The mesenteric 

lymph nodes were swollen and hemorrhagic. Likewise, kidney shared ereas of 

hemorrhage, and the  cortex appeared t o  be somewhat thinner  i n  r e l a t i on  t o  t h e  

medulla than found among normal dogs. Hemorrhage was a l s o  found in t h e  epididy- 

mus. Subdural hemorrheges of the brzin  (cerebrum) were noticeable over the  

cerebral  cor t ices .  The pzrathyroid glands were la rge  m d  readi ly  v i s i b l e  t o  t he  

naked eye. 

Careful study of t h e  skeleton has f a i l ed  t o  reveal any indication of Im- 

pending tumor formation. Preliminary study of t h e  long bones of t h e  skeleton 

suggest t ha t  the  l i n e a r  meesuremsnts correspond t o  those found in nomzl  dogs, 

but these bones weighed some 20 percent more.(wet weight) when calculated as a 

percent of body weight and compared t o  t h a t  of normal dogs of comparable weight 

and age. 

A l l  sect ions  were affixed t o  s l ides  d i r ec t ly  from the microtame knife. Five 

sections from each of 23 blocks of t i s s u e  were stained a s  follows: hemotoxylin 

and eosin, Po l l ak l s  trichrome, Periodic acid  - S c h i f f t s  reagent plus a control. 

One section was l e f t  unstained f o r  phase microscopy. 

B. HISTOPATHOLOGY 

Tonsils and an te r ior  cervical l m p h  nodes. The en t i re  node showed d i f fuse ly  

arranged lymphocytic-type ce l l s .  Few lymphocytic f o l l i c l e s  could be d i s t in -  

guished i n  a normal a rch i tec tura l  arrangement, and these  c e l l s  were so numerous 

as t o  obscure the sinusoids. Limited numbers of erythrocytes were present within 



a r t e r i a l  capi l la r ies  and moderate t o  heavy accunulations of hemosiderin and hena- 

t o id in  appeared in the  medullary portion of t h e  node. Close examination of the 

lymphocytic-type c e l l s  revealed considerable variat ion i n  t h e  size, shape, and 

phases of ac t iv i ty .  Numerous mitotic figures and young c e U s  a s  well a s  pyknotic 

nuclei took on a uniformly dispersed appearance throughout the t issue. I n  

general, these c e l l s  showed large eccentrically located vesicular-type nuclei 

with condensation of paranuclear chramatin. A single, large f a l se  nucleolus 

(PAS positive) was present within most nuclei. The cytoplam was s c a t  in 

amount with irregular clumps of amorphous granular substmce. In some areas, 

these c e l l s  were cmpactly arranged a d  i n f i l t r a t i n g  t h e  adjacent connective 

t i s sue  of t h e  parotid and parathyroid glands. 

Thyroid. No v is ib le  lesionsi However, subcapsular f o l l i c l e s  were corn- 

pressed and interspersed with i s l e t s  of diffuse parathyroid t issue. 

Parathyroid. No v is ib le  lesions. Sane evidence of medullary edema in one 

portion of the gland. 

Lungs. Considerable emphysema and eduza covering a wide portion of t h e  

t i s sue  examined. Moderate amounts of hemosiderin within macrophages. The lumen 

of a l l  blood vessels were v i r t w l l y  f i l l e d  with lymphocytic-type ce l l s .  

Heart. No v is ib le  lesion. Capillaries contained relat ively small numbers - 
of erythrocytes, but numerous lymphocytic-type ce l l s .  Minute acidophilic drop- 

l e t s  (1  t o  3 microns in dim.)  were observed within capi l lar ies .  

Liver. Sinusoids enlarged and laden with lymphocytic-type c e l l s  similar t o  

those found i n  the  cervical region. Kuppfer c e l l s  contained an abundance of 

hemosiderin. Surprisingly few erythrocytes were noted within the sinusoids. 

Hepatic c e l l s  were relat ively free of l ipids.  The t r i a d  and in pafi icular  the 

per i t r ind  space (Space of hiall) contained numerous lymphocytes. 



Stamach. No v i s i b l e  lesions.  Blood vessels  f i l l e d  with lpphocytic-type 

c e l l s .  

Ileum. The extent of au to lys i s  made histopathological  study d i f f i c u l t  , -i ::.c : - 
since about one-half of mucosal surface was absent. 

Spleen. The capsule outl ined a uniform d i s t r i bu t ion  of lymphocytic-type 

ce l l s .  A l a rge  number of these c e l l s  obscured t h e  sinusoids a s  wel l  a s  other  

a r ch i t ec tu ra l  f ea tu re s  of t h i s  organ. Only s c m t  numbers of l p p h o c y t i c  

f o l l i c l e s  could be recognized. A few petechial  l e s ions  and macrophages con- 

t a in ing  hemosiderin could be detected between l a rge  numbers of d i f fuse ly  ar- 

ranged lyrnphocytic-type ce l l s ,  E'vidence of hemopoiesis was lacking although 

mi to t i c  as well  a s  necmbiot ic  c e l l u l a r  chmges were apparent. Lymphocytic-type 

c e l l s  formingthe l a r g e s t  portion of t h i s  organ were s imi la r  in type t o  those 

described in the t o n s i l s  and cervical  lymph node. 

Pancreas. Connective t i s sue  invasion by lymphocytic-type c e l l s .  

Kidney. Connective t i s s u e  invasion by lymphocytic-type c e l l s .  

P a t h o l o d c a l  Anatomical D iapos i s  (Dog 5 ~ 3 )  

The h i s to log ica l  f inding of numerous lymphocytic-type c e l l s  i n f i l t r a t i n g  

many organs and t i s s u e s  suggests a type of highly malignant lymphme. Some 

confusion e x i s t s  among pathologists  in regard t o  t he  c l a s s i f i c a t i o n  of spec i f ic  

types  of lymphomas. The description and c l a s s i f i ca t i on  offered by og i lv i e ( l )  

ind ica te  t h a t  the  f indings in t h i s  dog (553) character ize  a lymphosarcoma. Not 

only does our h i s to log ica l  evidence typ i fy  t h i s  type of neoplasm, but t h e  c l i n i -  

cal and necropsy report a r e  also charac te r i s t i c ,  i.e., ra?id growth of neoplastic 

c e l l s  with whitish appearance of some organs and patches of necrosis and hemor- 

rhage a s  w e l l  a s  anemia developing l a t e  in t h e  terminal stages. Thus, it appears 

t ha t  death of Dog 5S3 was a t t r ibu ted  t o  lymphosarcoma. However, it cannot be 

(l)Ogilvie, R.F. : Pathological Histology, 2nd ed., The Williams and Wilkins 
Company, Baltimore, 1945. 



stated with cer tainty whether the pethogsnesis of t h i s  tumor was due t o  sr9'. A t  

t h i s  time, we can only suggest internal  r a d k t i o n  as  the cause since such tumor8 

are known t o  occur in non-radiated cases of seemingly spontaneous origin. On 

the  other hand, we have exmined a large number of beagles i n  the X-ray Project 

during pest years without evidencing this type of tumor z s  the cause of death. 

The coincidence of srW and t h i s  type of malignancy w i l l  be carefully studied in 

other experimental dogs. 

C . RADIOCHEMISTRY 

Dog 5S3 had been fed daily libidum an amount of strontium equal t o  

1.83 c sr9'/@ Ca in the  feed. A t  termination the dog weighed 11.8 Kg. I f  we r 
estimate the ske le ta l  weight t o  be 10 percent of t h e  body weight, Dog 5S3 would 

have had 1180 glns of skeleton. I f  we had assumed that  there  was no discrimina- 

t i o n  in favor of the retention of Ca or  ~ r m ,  the estimated body burden of the  

dog was 303 c sr9' o r  26 pc srW/kg body weight. Evidence t o  the  ef fec t  tha t  P 
there was no discrimination between Ce and Sr i s  given in Section V I I .  

We have estimated the raditition dose rate  i n  rad/day from the formula: 

D = 51 x C x E, where C i s  the concentrztion of srW expressed as microcuries 

srY0/@ skeleton and E, the average energy per disintegration which i s  equal t o  

1 mev. I f  we assume tha t  the  sr9' was dis tr ibuted evenly throughout the skeleton, 

the dai ly dose ra te  i s  13 rads/day. The accumulated dose f mm the  date of 

whelping t o  tennination - a t o t a l  of 471 days - would be approximately 6100 rads. 

The t o t a l  accumulated dose, assuming that  t h e  skeleton i s  formed from t h e  day 

upon which dosing was begun, i s  estimated t o  be 6500 rads. 



VII . BIOCHl3iISTRY 

A. STRONTIUM AND CALCIUM I N  MEAT, FEED, BCNE 

Preliminary radiochemical analyses are  now available on the four dogs which 

have died o r  have been sacrificed during the course of the  preliminary experi- 

ments. These data are  l i s t e d  on Table 1. The dogs and t h e i r  dams have been fed 

da i ly  1 . 8 3 ~ ~  ~rw/gn food Ca libidun. This r a t i o  is close t o  the highest 

proposed level,  D5, which is 1.93 c srm/@ Ca. P 
The discrimination r a t i o  (srSO/ca in the feed i ~r90/Ca in  bone) i n  the 

weaned puppx ( 5 ~ 5 )  and in the adult doe (333) was approxhately unity. This 

indicates that  t h e  growing dog does not discriminate against S r  in favor of Ca. 

in t h e  o v e ~ ~ t r a n s f e r  frm the  gut t o  bone. Nor does the* appear any discri-  

mination against ~ r m  in the t ransfer  from blood t o  milk t o  bone. In this case, 

a t  leas t ,  the beagle resembles more closely the chicken than the mouse (2) 

The reasons for  this difference are not readily apparent. Certainly the con- 

d i t ion  of our experiment d i f f e r s  significantly f r m  a l l  others; whereas we are 

studying the  continuous uptake of Ca and srS in dog, most of the ea r l i e r  work 

have been done with s m a l l  laboratory animals, f o r  example, the  mouse and the rat 

following a single intravenous injection of labeled Ca and labeled Sr. 

The S r  t o  Ca r a t i o  in the  bones of the 2 s t i l l bo rn  puppies was only l/3 t h a t  

of t h e  d ie t  (Table 1 ) ;  thus it appears that  there i s  a mechmism which d i ic r i -  

minates against t h e  t ransfer  of ~ r m  across placental membranes in the dog. 

The natural ly occurring strontium content of the dry dog ration, hamburger, 

and bone, has been determined by activztion znalysis a t  ORNL. These resul t s  are  

given in Table 2. Since more thvl 90 percent of the  dog's d ie tary  calcium i s  

supplied by the dry ration, we m y  also use these data  t o  estimate the ~ a / ~ r  

-ar, C.L., and R. H. Wassexman. Pmgress in Nuclear mergy. Series  V I ,  
Volume 1, Permagon Press Ltd, London (1956). 
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TABLE 1. CALCIUM AND STRONTIUM-% CWTENT OF MG BONES 

*rams Ca per gp d q  defatted bone 

W c r o c u r i e s  sr90 per gn Ory defatted bone 

I 

I 

W M  

TABLE 2. CALCIUM AND STRONTIUM CONTENT OF DIET kND BOETE 

Dog No. Disposition Bone Cn Content* sr9' Content" srW/ca 

5s3 Died a t  471 days Scapula 0.188 0.475 2,fi 
U h -  0 0153 0,290 1.9 
Rib 0,207 0.389 1.9 
Atlas 0 174 0.291 1,7 
Vertebra 0.162 0 -388 2 04 
Femur 0.193 0.378 - 2 a0 

M = 2.1 

535 Sacrificed at Weanin Vertebra 0 .I24 0.296 2.4 b (2nd generation on Sr  ) Pelvis o.l-45 0 333 2 .3 
F ~ ~ u x -  0 a153 0.353 2.3 
Rib 0 -179 0.348 - 1.9 

M = 2.2 

5S6 St i l lborn  Scapula 0 .I36 0.0713 0.52 
(2nd generation on ~ r 9 O )  Femur 0.131 0.0868 0.66 

Rib 0.183 0 00957 0 .34 
Vertebra 0 .l40 0.0720 - 0.51 

, M = 0.51 

533 St  i l lborn  Scapula 0.153 0.113 0 -74 
(2nd generation on sr90) Fanur 0 ,137 0 .094 0.68 

Rib 0 -157 0.084 0.53 
V o r t  ebra 0.155 0.079 $ = :::; 

7 

* 

- 

J 

Sample Ca Content Sr Content Ratio 
gn ~ a / p p  pg ~r/pp ~ r / ~ a  

I 

Dry ration 0.0327 0 077 23.5 

Hamburger, #1 0.00129 0 .lo5 82. 

Hamburger, #2 0.000316 0.0081 25.6 

Dog bone 0 234 3 e34 l4 -3 

4 



discrimination in fzvor of calcium retent ion which is in the  order of 1.6/1. 

These analyses a r e  t o  be repeated in t h e  nezr fu ture  using n a m p l e  of the  

en t i r e  skeleton of t h e  dog ra ther  t h m  of a s ingle  bone. 

Be CARBON-11, METABOLISM STUDIES 

The C14 metabolism s tudies  which were reported in the  F i r s t  Quarter ly  

Progress Report ( ihrch 1958) have been continued and extended t o  include glucose 

1 C-U+, glucose 2 C-U+, and glucose 6 C-U. Tr i a l s  with Xsirradiated dogs 

using glucose U-cU a r e  now scheduled f o r  July 1958. The scope of these  experi- 

ments have been widened t o  include the  study of t he  biochemical cmpos i t ion  of 

dog milk. I n  addition, we s h a l l  attempt t o  determine the  chemical precursors of 

t he  pecul iar  mucopolysaccharide which D r .  hde r sen (3 )  has reported t o  be present 

i n  t he  vascular bed of t h e  l e t h a l l y  X-irradiated dog. 

C. HEALTH PHYSICS 

Personnel who have worked on t h e  srW dogs have worn CWS protect ive  mask 

f i l t e r s .  These f i l t e r s  were changed a f t e r  having been worn 4 months. The 

f i l t e r s  worn by M r .  Mori and D r .  Parker, and a Control f i l t e r  were analyzed f o r  

radioact ivi ty .  The f i l t e r s  were z s h ~ d  2nd plmchet ted on ltt s t a i n l e s s  s t e e l  

cups. The r e su l t s  ind ica te  t ha t  Ilr. Moril s f i l t e r  had trapped 2.2 x pc 

and D r .  Farker o, 3.8 x p c  of radioact ivi ty .  

From these  datz we may estimate t h e  maximum hazard of working under these  

ra ther  primitive conditions. I f  we assme tha t  a person wore no mask while 

handling the  food and excreta of these dogs cnd i f  we fu r the r  assume t h a t  100% 

of t h e  inhaled a c t i v i t y  would be retained, then we may calculate  t h a t  it would 

require 1500 years t o  accumulate thc  rn-um permissable l e v e l  of ~ r 9 O  in the  

body of 1 pc. 

( 3 ) A n d e r s e n ,  A.C. : A Morphological Substance Within t h e  Vsscular Systen of 
Dogs a f t e r  mole-body X-irradiation, Rad. Res. 2 (41, 446 (1956) . 
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During t h e  period covered by t h i s  report, January - March, 1958, there  

has been an increase in t h e  a c t i v i t y  of a l l  aspects of t he  project .  The 

f i n a l  plans f o r  t he  Animal Holding Quarters a r e  e s sen t i a l l y  complete and 

we hope construction w i l l  begin i n  the  very near future .  Also during t h i s  

period, near ly  a l l  of t h e  laboratory equipnent has arrived.  Most of t h i s  

equipment w i l l  remain crated u n t i l  f a c i l i t i e s  f o r  i ts  operation are avail- 

able. Considerable a t ten t ion  has been given t o  t h e  radiological  health 

and sa f e ty  aspects of the project  - par t icu la r ly  i n  regard t o  protective 

clothing, sa fe  handling of a l l  phases of isotope handling, monitoring 

systems, and t h e  waste disposal  plant. 

The preliminary s tudies  on the  effects  of continuously ingested ~ r m  

a t  t h e  higher dose l e v e l  (D5) have continued in s p i t e  of several  major 

obstacles. The dogs which have been dosed da i ly  a t  1.83 uc ~ r w  per gram 

food calcium f o r  15  months weigh 20 percent more than non-irradiated dogs 

which a r e  maintained on t h e  X-ray project grounds. The cause of t h i s  

g rea te r  growth has not yet  been determined. The laboratory research pro- 

gram includes: a biochemical and morphological study of t h e  growth and 

developnent of t h e  beagle skeleton; es tabl ishing procedures of analysis 

of b io log ica l  mater ia l  containing radioisotopes including: ashing methods, 

calcium, phosphorus, c i t  ra te ,  strontium and strontiwn-90; intermediary 

metabolism of CU labeled metabolites i n  l a c t a t i n g  beagle dogs; and 

preparation of p las t ic ized  beagle dogs t o  be used a s  phantoms f o r  a whole 

body counter . 
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Since t h e  l a s t  Semi-annual Progress Report was submitted (December, 

1957)) t he  Atamic Energy Cammission Operational Off i c e s  in San Francisco 

expressed t h e  opinion t h a t  Quarter ly  Progress Reports would be preferred 

t o  e i t h e r  Annual o r  Sai-annual Reports. The opinion was expressed t h a t  

frequent repor ts  would keep those in te res ted  in t h i s  project  current ly  

advised on i t s  progress. Furthermore, infoxmal reports  would reduce the  

work load of t h e  personnel involved in the  project  proper, 

Several people have v i s i t ed  us d u r i n g t h e  past  3 months. We were 

pa r t i cu l a r ly  pleased tha t  D r .  Robley Evans could v i s i t  with us  on h i s  

recent t r i p  t o  t he  west coast. We were pleased t o  l ea rn  t ha t  t he  proposed 

expansion of t h i s  project  i s  under serious consideration. He reqyested 

t h a t  we submit a l e t t e r  i n  answer t o  Dr .  Henry B l a i r ' s  c r i t i c i sm of the  

experimental design of t h e  expanded project  . This l e t t e r  was submitted 

and we have received a reply from D r .  Bruner favoring the  acceptance of 

t he  o r ig ina l  proposal. Apparently t he  only major issue s t i l l  in question 

per ta ins  t o  the  inclusion of reproductive s tud ies  i n t o  t h e  experimental 

groups. I n  regard t o  t h i s  question, the  o r ig ina l  proposal included 

reproductive s tudies  with de f in i t e  objectives in mind. These objectives 

will be brought t o  t h e  a t ten t ion  of the  Steering Committee f o r  fu r ther  

discussion ( ~ u n e ,  1958) in re la t ion  t o  t h e  fu ture  research a c t i v i t i e s  of 

t h i s  project .  

Captain J .  Barton v i s i t e d  with us  fo r  one day on h i s  t ou r  of t h e  West 

and seemed pleased with a f i r s t  hand description of t he  progress being 

made. Mention should be made of Dr .  Collery from t h e  School of Veterinary 

Medicine in Ireland,  Dr. Collery v i s i t ed  with t h e  objective of galning 

knowledge on the  general aspects of radiobiology, and in par t icular ,  the  



e f f ec t s  of whole-body X-irradiation and the  fu tu re  s tud ies  involving in te r -  

n a l  emitters,. He expressed h i s  grat i tude t o  t h e  group here f o r  t h e i r  

cooperation i n  making h i s  3-week v i s i t  with us an informative and prof i t -  

able  stay.  

I n  November, 1957, author i ty  was given t o  put t h e  construction and 

equipment funds i n t o  e f fec t .  F ina l  plans f o r  t h e  animal-holding quar ters  

a r e  now nearing completion and a r e  expected t o  receive t h e  Regents approval 

during t he  current month. We have not been able t o  proceed with the  

fencing and well d r i l l i n g  due t o  the  heavy ra ins  in t h i s  area. To date, 

more than 10  inches of p rec ip i ta t ion  above t h e  normal has kept the  project  

s i t e  inaccessible f o r  construction. In  the  meantime, same 20 tons  of 

fencing mater ia l  have arr ived and a contract  has been l e t  f o r  the d r i l l i n g  

of t he  well  and i n s t a l l a t i o n  of a pressure water system. Contractors have 

assured us t h a t  they w i l l  begin construction a t  t h e  f i r s t  possible oppor- 

tun i ty .  During the  past  month, considerable amount of laboratory equip- 

ment has arr ived - counters, microscopes, balances - and a l l  are  now 

being put i n t o  use. The X-ray machine has arr ived and i s  ready f o r  

i n s t a l l a t i o n  upon the  completion of t h e  animal-holding quarters.  Receipt 

of the  h i s to log ica l  equipment w i l l  enable us  t o  proceed with sectioning 

and the  study of t i s sues  t h a t  accumulated during the  past  year, 

IV. HEALTH PHYSICS ASPECTS 

A,  University of California Radiation Safety Program. 

One function of t h e  Division of Radiation Safety, University Physician's  

Office, University of California,  Berkeley, i s  t o  monitor a l l  of the  loca- 

t i o n s  on the  many univers i ty  campuses where radioactive isotopes a r e  used. 



To date ,  monitoring of the Davis campus has been performed by a represent- 

a t i v e  from t h e  Berkeley campus - usually on a twice monthly basis .  The 

Strontium-90 Project  has necessited a s ignif icant  increase in the  man hours 

spent monitoring on t h e  Davis campus. The enlarged Strontium and Radium 

study should j u s t i f y  a resident monitor on the  Davis campus. To t h i s  end, 

D r .  John Heslep, Chief of t he  Division of Radiation Safety, has proposed 

that a full-time monitor be assigned t o  the  Davis campus, Ju ly  1, 1958. 

B . Proposed Monitoring System. 

Considerable time has been given t o  the design of a total-body survey 

instrument ("hand-footll monitor type) which would be su i tab le  fo r  our 

s i tua t ion .  Commercial instruments a r e  in general not wel l  su i ted  since 

they a l l  contain one or more of t h e  following l imita t ions:  

1. Monitor only hands and f e e t  
2, Electronically in tegrated i n t o  an elaborate alarm system 
3. Unduly expensive 
4. Relatively insensi t ive  t o  be ta  par t i c les .  

D r .  Luick and M r .  Robert Magill of t h e  Division of Radiation Safety 

have proposed t o  fabr icate  a personnel sa fe ty  monitor out of t rans i s to r ized  

be ta  G, M. Survey Meters, The t h i n  window probes of these  meters are  t o  be 

mounted i n  t h e  casement of the door which leads  in to  t h e  locker room, and 

each meter is  t o  give an audio-visual signal in t h e  presence of radio- 

ac t i v i t y .  I n  practice,  a person wishing t o  monitor himself w i l l  stand a s  

close as possible t o  the  detect ing tubes and slowly tu rn  360 degrees i n  

place. This instrument i s  t o  be used only a s  a "quick and d i r ty"  means 

f o r  de tec t ing  contamination; it i s  not t o  exclude t he  use of a more 

thorough survey using a portable meter. 



C ,  Cesium-137 Contamination. 

A package containing a m a l l  v i a l  of Strontium-90 so lu t ion  was sen t  

t o  D r .  Charles Mays, Radiological Laboratory a t  S a l t  Lake f o r  radiochemical 

assay. This package was found t o  contain 2 microcuries ~s~~~ a s  a radio- 

chemical contaminant. Further inves t iga t ions  ind ica ted  t h a t  t h e  contami- 

nat ion was i n  t h e  packing mater ia l .  Since cs137 has not  been used on the  

Davis campus and s ince  the  packing m a t e r i a l  came o r i g i n a l l y  f ram Oak Ridge, 

it seems probable t h a t  t h e  radiochemical contamination a l s o  o r ig ina ted  a t  

Oak Ridge. No cs13? was found i n  t h e  ~ r 9 0  solution.  

D ,  X-ray F a c i l i t y .  

The primary requirement of t h e  X-ray u n i t  on t h e  Stront  ium-90 Pro jec t  

i s  t o  produce accura te  radiograms t o  reveal  pa thological  changes such as  

tumor formation. We have purchases a General E l e c t r i c  Model TX-21 generat- 

ing u n i t ,  General E l e c t r i c  Model HRT-111 X-ray tube, Bucky diaphragn, and 

e lec t ron ic  t imer.  The machine and equipment w i l l  be mounted i n  an X-ray 

room e s p e c i a l l y  designed f o r  s a f e t y  and demands f o r  t h i s  projec t .  The 

X-ray roam i s  connected with t h e  darkroom by a leaded pass box t o  increase  

t h e  e f f i c i e n c y  of the  i n s t a l l a t i o n .  The darkroom w i l l  be equipped wi th  a 

10 gallon t ank  and a high air-flow f i lm dryer ,  A s  shown in previously sub- 

mit ted plans (~ecember,  1957)) t h e  X-ray equipment i s  loca ted  adjacent  t o  

t h e  autopsy and examining rooms t o  minimize t r anspor t  of t h e  anes thet ized 

dog. The door in t h e  X-ray room w i l l  have s a f e t y  switches so designed 

t h a t  t h e  X-ray u n i t  cannot be operated unless the  door i s  closed - t h e  

control  panel  is  outs ide  t h e  room. D r ,  John Heslep, Radiat ion Safe ty  

Division, Berkeley, has speci f ied  the  amount of sh ie ld ing  necessary and 



t h i s  has been included i n  the plans. Thie ins ta l la t ion ,  which was designed 

by D r .  Paul Stivender, General Electric Ehgineer, has been accepted by the  

Architects and Engineers and by the University Physician. 

A. Plast ic izing of Buildings. 

For the  past year, we have been investigating various types of p las t ics  

t o  obtain a suitable strippable coating for  the new animal-holding quarters. 

Most of the p las t ics  put t o  tr ial  have been too b r i t t l e ,  ineufficierrt i n  

t e n s i l e  strength, o r  not resis tant  t o  the  chemical action of the  cleansing 

detergents. One p las t ic  which we now f e e l  w i l l  be sui table  as  a protective 

coating f o r  the  in te r io r  f in i sh  of t h e  animal-holding quarters i s  called 

"Ply&*.ll This product i s  pliable, resis tant  t o  acid and alkal i ,  i s  rela- 

t i v e l y  inexpensive and s t r i p s  easi ly without tearing. Furthennore, "Ply-Onu 

can be applied by our own personnel with spray equipment. 

Preliminary experiments with ttPly-Ontt have been satisfactory. The 

p las t i c  i s  usually applied in three coats, The A coat i s  applied as  a 

primer and sealer.  The B coat constitutes the main body of the p las t ic  and 

may be applied up t o  32 microns in thickness. The C or f i n a l  coat is  

approximately 4-6 microns thickness and contains the color pigment , The 

t o t a l  thickness of the  3 coats can vary from 10 microns t o  40 microns. A 

micron thick coat i s  suitable as a f loor  covering. I f  it i s  necessary 

t o  remove a contaminated area, the  area involved can be cut with a sharp 

instrument, st ripped, and repaired with sat isfact ion.  

*Ply-On Coatings, Inc., San Francisco, California. 



B. Phantcm DOES. 

A year  ago, preliminary s tudies  were begun on t h e  preparation of plas- 

t i c i z e d  phantom dogs. These mantoms a r e  t o  be sent t o  1I.I.T. f o r  isodose 

standardization curves f o r  Bremsst rahlung analyses . Various types of plas- 

t i c s  were t r i e d  and Vinyl P l a s t i c  B* compound appeared p r d s i n g ;  however, 

t h i s  mate r ia l  became hardened and cracked at roam temperature, and the  en- 

balmed p las t ic ized  dog l o s t  weight. Therefore we have continued t h e  search 

f o r  a more su i tab le  p las t ic iz ing  material .  

Several  embalmed dogs were sprayed with NPly-On.N The embalmed speci- 

mens sprayed with t h i s  mater ia l  have been withstanding roam temperature, 

and t h e  p l a s t i c  has remained e l a s t i c  and f lex ib le .  An example of specimens 

prepared with t h i s  mater ia l  i s  shown i n  Figure 1. 

Fig. 1. Plas t ic ized  Dog No. 5B8. This specimen has been kept a t  room 
temperature f o r  60 days. The tube, a s  seen, i s  connected t o  
a balloon inser ted in the  stornach.for research purposes. 

*Bakelite Company, Texas City, Texas. 



A ttcoldtf phantom and one containing Strontium-90 a r e  now being prepared 

f ~ r  D r ,  Robley D. Evans. 

Chemical analysis of ftPly-Onff revealed an undesirable high l e v e l  of 

heavy metals, especial ly  t i tanium (see Chanical Analysis of P las t ics ,  Par t  c), 

Heavy metals a r e  undesirable s ince t hey  frequently a r e  contaminated with 

t r a c e  amounts of radioactive isotopes. Furthermore, our objective i s  t o  

use  a I 1 t  issue-equivalenttt p l a s t i c  ; thus, f u r the r  t r ia ls  will be conducted 

using non-piglnent mater ia l  . 
C. Chemical Analysis of ffPlg-On.n 

The chemical analysis of the  white p l a s t i c  ltPly-Onff f i lm  which was 

used t o  p l a s t i c i z e  2 beagle dogs i s  a s  follows: 

Chemicals 

Carbon 
Hydrogen 
Chlorine 
Oxygen 
Ash 

t i tanium 
calcium 
phosphorus 
l e a d  
s i l i cone  
i ron  
magne sium 
antimony 
copper 

Percent of t h e  White P l a s t i c  Film 

39.8 
5.5 

a . 6  
6.6 

, 20.0 
8 *O 
0.8 
0.5 
0.2 

l e s s  than 0.5 
. 0.01 

l e s s  than 0 .O1 
l e s s  than 0 . O l  
l e s s  than 0.01 

. D. .Airport S i t e .  

The Animal Husbandry Annex in which we have kept our Strmtium-fed 

dogs f o r  t h e  past 18 months is t o  be t o rn  down before the  bui ldings  of t h e  

new Strontium-90 Project  w i l l  be completed. For this reason, it has be- 

ccme necessary t o  f ind  new quar ters  t o  maintain t he  chronically dosed sr9O 



M r .  Ceci l  Norris, Business Manager of t h e  Davis Campus, has made avail-  

ab le  a small hut located several  miles west of t h e  campus proper near t he  

un ivers i ty  a i rpor t .  This bui lding i s  10tx151 in size,  and although small, 

has proved adequate for  our purposes. This building has been modified t o  

meet t h e  requirements of t h e  Radiation Safety  Division. Four l a rge  dog 

cages have been placed i n  the building. A l l  cleaning of dog cages and 

d i spos i t ion  of waste mater ia l  i s  accomplished with a minimum of water. 

Since there  are  no plumbing f a c i l i t i e s  o r  means of washing down the  f loor ,  

it is necessary t o  avoid sp i l l age  outside of the  cages. U s i n g  such a 

semi-dry system has presented a severe challenge s ince =my s p i l l  would 

cause major contaminat ion which must be cleaned by mopping and sponging. 

A s  a r e su l t ,  we have gained valuable infoxmation on sane of the  f ac to r s  

involved in canpletely containing isotopes t h a t  are being used. 

The i n t e r i o r  of t h i s  building was sprayed with a p l a s t i c  mater ia l  

ca l led  llCocoon*.ll This mater ia l  has proved unsat isfactory and we have had 

t o  s e a l  the  ins ide of the building with polyvinyl sheeting. This l i n e r  

will be removed and disposed of a f t e r  t h e  animals have been t ransfe r red  t o  

t h e  new building s i t e .  Adjacent t o  t h i s  shed i s  an o ld  housing un i t  which 

has kitchen and bathroan f a c i l i t i e s .  These have been modified t o  our re- 

quirements f o r  use a s  a dressingroan and a place t o  s to r e  our  protect ive  

clothing.  

E. Summary Report on ~ r 9 0  Dogs. 

To date  24 dogs have been dosed with Strontium-qO i n  the preliminary 

s tud ies  conducted in preparation f o r  t h e  new f a c i l i t y  t o  be cmpleted t h i s  

summer. Twelve of these  dogs were given high l e v e l s  of ~ r m  oral ly ,  and 

Camden, New Jersey. 



the  zcute effects  of the isotope were reported i n  the F i r s t  Annual Progress 

Report ( ~ u l y  - September, 1957). 

The other 12 dogs have been given daily ora l  doses of srSO. Six of 

these dogs (4 adults  and 2 pups), are  still receiving isotope daily i n  

t h e i r  feed. The 4 adult dogs have been receiving high levels  of sr9O 

dai ly  f o r  15  months, and t o  date, there are  no apparent signs of ske le ta l  

pathology. Periodic blood samples have remained essent ia l ly  normal. 

An interest ing observation on these t reated dogs has been t h e i r  growth. 

A s  shown on Figures 2 and 3, thsre  a re  one or  two periods of  3-4 weeks 

duration when growth slows appreciably. After 40 weeks of age, the  dogs 

have reached a growth plateau similar t o  dogs kept on the X-ray Project. 

However, a t  t h i s  age, ~ r m  treated dogs were approximately 20 percent 

heavier than expected. We cannat a t  t h i s  time s t a t e  whether t h i s  increase 

i n  body weight (growth) i s  an isotope or  environmental effect  . Control 

puppies (OSO and OS1) are  now being raised under similar environmental 

and nut r i t ional  conditions a s  the  srgO dosed dogs t o  evaluate basic rea- 

sons f o r  t h i s  increased growth rate .  

Depigplentation of t h e  iris in one male t rea ted  with srW has been ob- 

served. This condition i s  somewhat s i n i l a r  t o  tha t  described by D r .  Carl 

Rehfeld a t  t h e  June meeting a t  Davis in 1957. However, we have not 

observed fundic changes as  described by Rehfeld i n  radium t rea ted  dogs. 

The other two chronically dosed pups, 557 and 5S10, are progeny f ran 

the  15  month srW trea ted  female ( 5 ~ 4 ) .  This bi tch had a l i t t e r  of 5 p u p  

pies, two of which were s t i l lborn  and one was sacrif iced a t  weaning. Two 

puppies are being raised as an  F-2 generation on ~ r w .  One of these pups 

w i l l  be sacrificed a t  12 months of age, and the l a s t  pup w i l l  be sacri-  

sficed a t  18  months of age. From these studies, information w i l l  be 
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Fig. 2. Capar ison of ~ r w  t r ea t ed  t o  untreated dogs. MALES. 
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Fig. 3. Comparison of sr90 t r e a t e d  t o  untreated dogs. FYILES. 



ACUTE ORAL TOXICITY STUDIES 
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available on the  effects of ~ r w  on successive generations of dogs. 

Another f d e ,  5Sl2, was s t a r t ed  on the  D5 l eve l  of Strontium-90 a t  

30 days gestation. Her off spring were t o  supply the F-1 generation t o  

compare t o  the  above mentioned F-2 puppies, Unfortunately, this b i tch  

whelped only 2 puppies, both s t i l lborn .  This b i tch  w i l l  be sacrif iced and 

embalmed and prepared a s  a Ithot" phantom. 

F. Skeletal  Studies. 

The studies on the  beagle skeleton were s ta r ted  in  October 1956, and 

are s t i l l  in progress. Since the  September 1957 Progress Report, 25 ad- 

d i t ional  skeletons have been completed. This study of fers  a great deal of 

information on the growth m d  developent of the  nonnal beagle skeleton. 

Most of the dogs involved i n  t h e  study are  between 0 and 18 months of age. 

A few aged animals are also included. Bodymeasurrments of the  in tac t  dog 

include: heighth, length, width, and depth of chest. Each dog i s  X-rayed 

before autopsy t o  obtain permanent record of the  skeleton. Also, measure- 

ments a r e  obtained from these X-reys and compared t o  actual dimensions 

taken a t  the  time of death. Ecfter autopsy, the  skeleton i s  separated in to  

the  following groups: 

Skull 
Mandible 
Cervical vertebrae 
Thoracic vertebrae 
Lumbar vertebrae 
S a c m  and Caudal vertebrae 
Ribs 
Sternum 
Pelvis 
Fanur 
Tibia 

Fibula 
Rest of Hind limb 
Scapula 
Humerus 
Ulna 
Radius 
Rest of Front l e g  
Teeth 
Costal Czrtilage 
10th Rib 
0s  Penis 

Wet, dry, and dry defatted weights of the above bones a s  well as l inea r  

and volumetric measurements a re  obtained, 



G. Chemical Analyses 

1. Skeleton. The chemical analysis of t h e  skeletons of these beagle 

dogs is proceeding rapidly. Thus far ,  22 skeletons have been defatted, and 

volmes of t h e  various bones in the  groups l i s t e d  in Part  F (Skeletal  

Studies) have been determined. Twelve skeletons are being analyzed f o r  

calcium, phosphorus, nitrogen, and ash content . These determinations are 

being completed on a contract bas is  with Morse Laobratory, Sacramento; 

California. In  addition, we are studying t h e  advisabi l i ty  of determining 

c i t r a t e  i n  these bones since recent investigations indicated an important 

role  f o r  c i t r a t e  i n  bone matabolism. 

In our laboratory, Mr. A. M. Gau, Senior laboratory technician, is p e p  

fect ing a wet ashing technique which we plan t o  use in preference t o  muffle 

ashing of bone. This will decrease considerably t h e  hazards which a r i s e  in 

handling dried radioactive ash, These s tudies  involve time - course s tudies  

wi th  n i t r i c ,  hydrochloric, and perchloric acids and with combinations of 

these acids, 

Investigations have continued on methods f o r  the  determination of 

calcium in biological meterials A method by Solomon e t  el. ( ~ r c h ,  Biochem., 

Vol, U, p. 433, 1946), a s  modified by the radiochemietry group a t  M.I,T.  

(~vans) has proved excellent f o r  materials containing micro amounts of 

calcium, The well known Clark-Collip oxalate-permanganate t i t r a t i o n  s t i l l  

seems the most sat isfactory for macro amounts of calcium. A new method 

recently appeared in Anal. Chcm,, 2, 258 (1957) which uses EM'A and the  

indicator,  Calcon is being investigated, According t o  t h e  authors, t h i s  

method may be favorably applied t o  t h e  determination of micro quant i t ies  of 

calcium, Large number of samples may be handled with ease and magnesium ion 

does not interfere.  



Food, This project c a l l s  f o r  the  feeding of a d ie t  which contains 2- - 
an unchanging calcium t o  strontium-90 rat io.  This d ie t  i s  t o  be fed & 

libidum. Several analyses have been made by us and by independent labor- 

a to r i e s  of the  calcium and phosphorus content of the dry ration, The mean 

values, on a dry weight basis, are as follows: 3.23 percent calcium, and 

1.91 percent phosphorus. We also deemed it wise t o  establish a bank of 

sealed strontium-q0 standard solutions and t o  submit al iquots  of t h i s  solu- 

t i o n  t o  various laboratories for  radiochemical assay. These assays have 

now been completed t o  our sat isfact ion,  

3. Strontium. Arrangaent s have been made with C ; a k  Ridge National 

Laboratory t o  determine t h e  Strontium content of our = re  important b i o l o g ~  

5cal:materials. Samples of dry defatted dog bone, defatted hamburger, and 

of the dry ration, are t o  be sent in the near future f o r  activation aui lysis .  

H . Carbon-14 Studie s . 
A p i l o t  experiment in which carbon-3.4 labeled acetate was injected i n t o  

a l ac ta t ing  beagle dog was described in  the  Second Semi-annual Progress 

Report of December, 1957. Since then, we have modified an existing sheep 

respirat ion apparatus f o r  the  use with dogs. We have substituted a mall 

pressure chamber for  t h e  mask which was used on the dog in the  previous 

trial. This chamber i s  large enough t o  a c c m o & t e  the  dog but not so large 

t h a t  it creates  a serious dead air spaae problem. One side of the chamber 

has a glass window through which it i s  possible t o  determine the  chamber ten-  

perature, the  respiration rate,  act ivi ty,  and s i g s  of d i s t r e s s  on the part  

of the  dog. Dr .  Parker has suggested tha t  we might fabricate  a small plas- 

t i c  glove box with an airlock entrance t o  use in place of t h i s  s t e e l  chamber. 

Thus, we would be able t o  obtain blood samples f m  the dog and t o  perform 

a c t s  within t h e  chamber without interrupting the trial. 



A s e r i e s  of trials were completed on a l ac t a t i ng  b i tch  during the month 

of March. These trials involved the use of acetate  1 C-L!+, ace ta te  2 C-L!+, 

and uniformly C-Uc labeled glucose, The trials were of 18-hour duration 

during which time samples of respired C02 were collected and t h e  dog was 

completely milked out 4 times, These milk samples are now being separated 

i n t o  t h e i r  maJor carbon containing consti tuents,  namely: casein, albumin, 

lactose,  and bu t t e r f a t ,  By studying t h e  amount of rad ioac t iv i ty  in each 

sample and the  pat tern of Labeling, we should be able  t o  es tab l i sh  t h e  

normal pathways of carbon metzbolisn in t h e  l ac t a t i ng  beagle dog. Future 

trials c a l l  f o r  a similar study i n to  t h e  pathways of metcbolism of the  

l e t h a l l y  X-irradiated beagle dog. 

VI, COOPERATIVE STUDIES 

A. Spontaneous Rickets in Lambs 

An outbreak of spontaneous ovine r i cke t s  in t h e  Davis a rea  t h i s  spring 

has renewed t h e  in t e r e s t  of D r .  Luick and several  other  workers i n  the  School 

of Veterinary Medicine in this disease - t he  e t i o l o a  of which is unknown. 

The disease i s  characterized by multiple f rac tures  of t he  long bones and 

r i b s  which lead  t o  complete d i sab i l i ty ,  starvation,  and .death. Drs. Blaine 

McCowan and Glen Spurlock are t he  pr incipal  investigators;  D r .  Luick is 

a s s i s t i n g  by analyzing cer ta in  bones of these sheep f o r  calcium, phosphorus, 

c i t r a t e ,  nitrogen and percent ash content . 
0 .  The Chemistry of M U  

A group of workers in the  Department of Dairy Industry a r e  investigat-  

i ng  t h e  chemistry of copper and i ron  in milk, Dr, Luick i s  a s s i s t i n g  t h i s  

group by ac t ive ly  supervising those phases of t h e  invest igat ion which require 

t h e  use of radioisotopes, mainly ~ e 5 9  and CU'~. 



C. Water Content of Range Grasses. 

I n  response t o  t h e  request frcrm Mr. Donald Torrell, Department of 

Animal Husbandry, Dr. Luick proposed a method by which the wnter content of 

pasture grasaes which are actually eaten by range sheep would be calculated. 

This method inmlves  the  labeling of body water, par t icular ly s d i v a ,  with 

t r i t ium, and subeequently analyzing sa l iva  and the egesta which i a  collected 

from an esophageal f i s t u l a  fo r  t h e i r  t r i t iwn  content. This method has 

recently been put to the t e s t  in a se r i e s  of trkls a t  the  Hopland Field 

Stat ion by feeding sheep lawn clippings. The r e l i a b i l i t y  of Dr .  Luickts 

method is indicated by the fact  tha t  there was no significzmt difference 

between t h e  direct  determination of water content of the lawn clippings 

by dessication fram tha t  calculated by the indirect mothod using tritium 

labeled saliva.  M r .  W i l l i a m  S i r i  of the  Donner Laboratory, University of 

California, cooperated by performing the tritium analysis, 

D. Anatomy of the  Beagle. 

For the past year, Dr .  Howard Evans from the Department of Anatomy, 

School of Veterinary Medicine, Cornell University, has been studying 

d m b g  h i s  sabbatical year with Dr. L. M. Jul ian of the Davis Anatomy 

Department. D r .  Evans has been studying the anatun~y of t h e  beagle and has 

found some abnormalities in the muscles of the hyoid erea in t h e  beagles 

from the Cornell Research Kennel. We havc m d e  available t o  Dr .  Evans 

many of the  dogs undergoing routine autopsy in our b e ~ g l e  kennel, To date, 

he has not found the  muscular abnoxmality i n  dogs examined from our beagle 

colony. This suggests the eds tence  of a genetic mutation i n  the Cornell 

s t r a i n  of beagles. 



E. Musculo-skeletal Relationship in  the Beagle 

D r .  Logan M. Julian, Chairman of the Department of Anatcany, School of 

Veterinary Medicine, Davis, has been conducting a study on muscle mass-length 

relationships,  and muscle-bone length relationships. We have made available 

t o  D r .  Jul ian many of the dogs which are  included i n  our skeletal  studies. 

A s  a r e su l t  of t h i s  cooperative study, data w i l l  be made available t o  com- 

pare the  muscle-skeletal relationships of the beagle t o  that of other 

breeds of dogs. 

VII . PUBLICATIONS AND REPORTS 

A .  Publications* 

1. The Metabolic Fecal Phosphorus Excretion of t h e  Young Calf. 

G.P. Lofgreen, Pfax Kleiber and Jack R. Luick. 
J. Nutrition, a, No. 4, pp. 571-582 ( ~ u g u s t  1952). 

2. Distribution of Intravenously 1n.jocted kd ioac t ive  Phosphorus ( ~ 3 ~ )  am on^ 
Sheep Tissues. 

A.H. Smith, bkx Kleiber, A.L. Bleck, J.R. Luick, R.F. Larson and W.C. Weir. 
J. Sci., 2, No. 4, pp. 638-645 (November 1952) 

3. Butyrate as a Pre~mrsor of 14ilk Constituents in the Intr?ct Dairy Cow. 

Max Kleiber, A.L. Black, M.A. Brown, J .R. Luick, C .F. Baxter and B. Tolbert  
J . Biol. Chen., 210, .No. 1, pp. 239-247 (September 1954) . 

4,  Glucose as a Precursor of Milk Constituents in the Intact  Dairy Caw. 

Max Kleiber, A .L. Black, M,A. Brown,. C .F. B d e r ,  J .R. Luick, F .H. Stadtman. 
Biochim. e t  Biophy. Acta, lJ, pp. 252-260 (1955), 

5. Transfer of Phosphate in the Digestive Tract. I. Swine. 

A.H. Smith, M a x  Kleiber, A.L. Black and J .R. Luick. 
J ,  Nutr., j'J, No. 4, pp. 497-506 (December 1955) 

6. Isotopes i n  Research on Animal Nutrition and ~ e t i b o l i s m .  

Max Kleiber, k .Lo Black, G.P. Lofgreen, J .R. Luick and A.H. Smith. 
A t o m s  ,for.-Peace Conference, Genwa, August 1955. Proceedings of the Inter- 
national Conference on the Peaceful Uses of Atomic Energy, Vol. 12, Radio- -- - 

active Isotopes and Ionizing Radiations in kgricultur Physiology and 
. Biochemistry. United Nations, N.Y ., pp. 292-297, 195%: 

*Jack R. Luick, Not l i s t e d  previously and brought up t o  date. 



Calcium and Phosphorus Transfer in  In t ac t  Dairy Cows. 

M.xx Kleiber  and J.R. Luick. 
An. N.Y. Acad. Sci., 64, pp. 299-313 (nugust 1956) 

An Improved Method f o r  the  Determination of Metabolic Fecal Pa  

Jack R .  Luick and G. P. Lofgreen. 
J . ~ n i m a l  Sci.,  l.6, No. 1, pp. 201-206 (February 1957) 

P a r t i t i o n  of Calcium Metabolism i n  Dairy Cows. 

Jack R. Luick, J.M. Boda and Max Kleiber. 
J. Nutr., 61, No. 4, pp. 597-609 (April 1957). 

Some Biokinetic Aspects of Calcium Metabolism inDairy Cows. 

Jack R. Luick, J.M. Boda and ~ k x  Kleiber. 
Am. J. Physiol., 189, No. 3, pp . 483-488 (June. 1957) . 
Fmctose Metabolism in Dairy Cows. 

Jack R. Luick, Max Kleiber, J.M. Lucas uld T.A. Rogers. 
Am. J. Physiol., 191, No. 1, pp. 90-94 (October 1957). 

Phosphate Exchange in Marrow-Filled and Pneumatized Bones of Birds. 

A.H. Smith, D.G. Reck and J.R. Luick. 
m. J. Physiol., 190, No. 3, pp. 455-456 ( S e ~ t a b e r  1957) 

Circulat ion Cleaning. 

k1.G. Jennings, k,x. McKillop and J.R. Luick. 
J. Dai. Sci., g, No. 11, pp. 1471-1479 (November 19573. 

Acetate Metabolism i n  Ketosis of Dairy Cows. 

G.K. Macleod and J .Re Luick. 
Proc. W e  Div. m. Dai. Sci. Assn., pp. 73-85 (1955). 

Further Studies on Fructose Metabolism i n  Dairy Cows using U - C ~  Fructose. 
( in  preparation) 

A Method f o r  the  Determination of Water Intake of Grazing Sheep using H ~ -  
Labeled Water. ( i n  manuscript) 

A Respiration Apparatus f o r  Studies on the  Internediary i4etabolisrn of Small 
Animals, Especially Dogs. (in preparation) 

Acetate Metabolim i n  the  Lactating Dog using 1 c14 and 2 c14 Acetate. 
(in preparation) 

Glucose Metabolism i n  the Lactating Dog using U-CU Glucose. 
(in preparation) 



B. Lectures and Smina r s  - 
A .  C.  kndersen* 

Jan. 9, 1958 

Feb. 14, 1958 

Feb. 27, 1958 

H. R. Parker 

Jan* 29, 1957 

Apr. 13, 1957 

May 6, 1957 

June 14, 1957 

Nov. 8, 1957 

M a r .  12, 1958 

J. R. Luick 

June 22, 1957 

Spring, 1957 

La Pe r i t a  Garden Club, Courtland, California.  
Radiation Effects  in Relation t o  Animal Production. 

Cal i fornia  Yocng Fanners of h e r i c a  Group, Fresno, C a l i f .  
Panel Discussion, tlAtoms in Agriculture .I t  Patholowical 
A s ~ e c t s  of s=.gO and &rags in  himals. 

Jo in t  Meeting of Calif, Cattlemen's Assn., F m  Advisors, 
and Related Groups. Radiation Effects  i n  Relation t o  
hnimal Production. 

A.C. hde r sen ,  H.R. Parker. In foma1 discussion and demon- 
s t r a t i on  on t he  b io log ica l  e f f e c t s  of ioniz ing rzdia t ion 
followed by a conducted t o u r  of t h e  X-ray Project  , 
C S m  mid-winter Conference, Davis C ~ ~ C U S .  

Picnic Dzy Public, Davis Campus. 
Construction and Managanent of ;LEC Pro,iect No. 4. 

Sophomore Class, Veterinary School, Davis Campus. 
Kennel Act ivi t ies ,  ELEC Pro,ject No. 4. 

High School and College Science Teachers - C i v i l  Defense, 
Radiologicd Safety Serv@es, Secramento, Cal i fornia .  
Biological  Effects  of S r  and X-ray. 

A.C. hdersen ,  H.R. Parker. The Production and Use of 
Beagles in Radiobiologiczl Research. Animal Care Panel, 
San Francisco, Czlifornia.  

North Sacramento Rotary Club, Sacramento, Cal i fornia .  
The Establishment and Maintenance of a 500-dog Beagle 
Colony. 

I~ssn.  Operetive Mi l le r s  ( ~ e n e r z l  Mills, Inc , ) , San Luis 
Obispo, California. Use % of Rzdioactive Isotopes i n  F a n  
Animals. 

University personnel, Davis Cmpus. Lecture, laboratory 
and f i e l d  exercises.  Radiological Mobile Laboratorz 
Operztors Course (69 hours). 

* i~ddi t iona l  publications and l ec tu r e s  l i s t e d  in Project  4 Progress Reports. 



Pacific Coast Section f o r  t h e  Am. assn. kdv. Sci.. 

Dee. 6, 1957 

Jan. 27, 1957 

Feb. 14, 1958 

Feb. 26, 1958 

Mar. ll, 1958 

Mar. 13, 1958 

Spring, 1958 

Spring, 1958 

Stanford, California. Further Studies on t h e  F ' i i t o se  
Metabo1i.m in Ruminants . 
Seminar: Grzduate Group in Physiology, Davis Campus. 
The Role of Milk and Dairy Products in t h e  Atomic bke. 

Pacif ic  Gas and Electr ic  Ehployees ( c i v i l  Defense, Radiolog- 
i c a l  Safety service),  Davis, California. Radiation Detec- 
t i o n  Instnunents and t h e i r  use i n  the Field. 

California Young Famers  of imerica Group, Fresno, Calif .  
Panel Discussion, llbtams in Agriculture ." k d i o a c t  ive  
Isotopes f o r  Research with F m  imimals. 

Seuinar: Graduate Group in Plant  Science, Davis Campus. 
Radiation Detection Instruments end Methods of Radioassay. 

Soropt omist Club, D2vis, Calif ornb. .  
California1 s Promun f o r  Radiolo,zlc:11 Defense. 

Seminar : Graduate Group i n  Education, Davi s Campus . 
Background of Radiolop,icr?l Defense f o r  t he  Needs of our 
C m u n i t g  . 
Interested Public, Esperto, California. C iv i l  Defense 
(Calif ,  Sta te  Div, Rad. Szfety ~ e r v . ) ,  Radiolodcal  Meter 
Operator' s Course (15 hours) . 
Interested Public, 'ti~odland, California. C iv i l  Defense 
(Calif .  State Div. R d. Safety s ew. )  k d i o l o g i c a l  Monitor 
Course (a hours). " 
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