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FOR LYORO 

This is the first Annual Report to cover work performed undar our new con- 

tractual status as the Biology Department of the Pacific Northwest Laboratory 

operated by the Battella Memorial Institute. Previously operated by the 

General Electric Company as a component of the Hanford Laboratories, the change- 

over took p1JCt on J8nU8ry 4, 1965. 

The change of contractors involved no personnel changes or immediate orgap: 

zathonal chanffes. In mid-suuer of 1965, however, thoro occurred a general 

reorganization of the Biology Department. In addition to numerous shifts of 

personnel betveen previously existing Sections, two additional Sections were 

created and a new position established of Senior Research Associate. 

changes are reflected in the listing of Biology Department Staff which follows 

this Foreword. 

In view of these changes it seemed an appropriate time to also make rather 

extensive slterrtions in our Annual Report. kst immediately obvious will be 

the changes in format 8nd typography, which, vithin the limitations of economi- 

cal publicrtion, should do much to improve readability. These changes only par- 

tially account for the decreased bulk of the document, for ue have also rade a 

concerted effort to shorten the individual reports and to standardize their plan 

of presentation. 

Individual reports are grouped to correspond approximately uith the USAEC’s 

Division of Bioloiy and Medicine budget categories. Each of these categories is 

introduced by a brief general discussion of our program in thrt category. Major 

research accomplishments of the year are highlighted in these introductions. It 

seems appropriate, however, to add emphasis at this point to a few of the year’s * 

significant events. 

A major effort was involved, early in the year, in constructing temporary 

facilities for much of our environmental studies prograa to replace those 

destroyed in the fire Qf November 1964. This was accomplished in es rapid arid 

inexpensive J manner as possible, in view of our anticipated move lo new labora- 

tory autrters in 1968 or 1969. With assistance from the Division of Yiology and 

Medicine Jnd the AEC’s Richland Operation Office, and the cooperation of many 

people on the local scene, most of this work was completed before summer. 

Two major symposia of international scope vert held during the year-the 

Ihnford Symposium on Radiation and Terrestrial Ecosystems under the general chair- 

mJnship of Dr. F. P. Hungate, May 3-5; and the Symposium on Swine in Biomedical 

These 
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Research, July 19-21, under the joint genoral chairmanship of Dr. L. K. Bustad 

and Dr. R. 0. McClellan. 

Castroiettestinal Radiation Injury under the general chairunship of 

Dr. M. F. Sullivan. Planned for 1967, Way 15-17, is a Symposiuw on Diagnosis and 

Treatrant ni 3eposited Radionuclides, to be cosponsored with the Hanford Occupa- 

ti01181 Heal'h Foundation under the joint general chairmanship vf 

Dr. H. A. Kornberg and Dr. W. D. Norwood. 

Scheduled for Septeuber 2s-26, 1966, is a Symposiw on 

Late in 196s. a rather thorough review of the Biology Department's objectives 

resulted in the following listing of "priority areas" in which we plan to expand 

our activities at the expense of other less critical or less productive areas: 

Inhalation studies 

0 

Columbia River ecology studies 

4rid lands ecology studies 

Chronic 'OS, toxicity studies in swine 

Internal emitter metabolism and toxicity studies 

Gastrointestinal radiation damage studies. 

These six major areas are not all inclusive. There is, for eXaap1e, funda- 

mental work at the cellular level in support of nearly a11 areas listed. We 

feeJ. that no life sciences laboratory can maintain a healthy research program 

without studies in progress at this basic level. 

If a single major research accomplishment were to be singled out for 

emphrsis, it would probably have rc be the growing body of data on hematopoietic 

neoplasms in our miniature swine chronically exposed to 'OS,. 

their obvious bearing on problems of hazard evaluation and peruissible exposure 

limits, these results suggest fascinating possibilities for basic studies on 

leukemogenesis. 

In addition to 

The major new area of research endeavor during the past year has been that 

associated with the evaluation of reentry hazards of radionuclide power sources 

and nuclear propulsjon systems in space. These studies, undertaken at the 

reauest of the Division of Biology and Medicine are still preliminary, but are 

represented by four reports in this document. 

The most traumatic event of the year occurred when Dr. Leo K. Bustad, our 

chief "sheepherder" for 16 years, left Hanford to become Professor and Director 

of the Radiobiology Laboratory, Universi:y of California, Davis, California. He 

has our esteea and best wishes for continued success. 

H. A. Kornberg, MInlger 
Biology Department 
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With this Annual Report we *re instituting the custom of identif} 

only the investigators involved with each rere8rch problem reported, t 

technical assistance directly involved in the cond ct of the experimer 

still leaves the essential services of irny people unacknowledged. CJ 

most of our studies are the services of the "count ng rooa" supervisee 

A. C. Case, and radiochemical and other analytical services provided 1- 

R. F. Keough, J. P. Herring, and their assistants. Cooperative reseal 

of the Pathology Section arc vital to aany prograas, in particular thc 

laboratory analyses supervised by Glenda S. Vogt. The vital function 

care, involving many people, is coordinated by W. E. Kerr for swine, I 

sheep; by M. G. Brow- for the beagles; and by R. F. Howard for the rot 

Special acknowledgement is due R. L. Buschbor and 3. W. Thomas of the 

Department who have worked closely with many of our invcstigetors in 

sion of statistical and computer services. Finally, tribute must be 

librarian, Betty Groff, and to our secretaries and clerks who labor 1 

insure that reports such 2s this do, eventually, reach the hands of t 
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SOMATIC EFFECTS OF RADIATION 

RADIATION EFFECTS - GENER4L 

Of the ten reports included in this category, five are con- 

cerned with the mechanism and treatment of gastrointestinal 

radiation effects. Long an area of special interest in our 

laboratory, this effort has now expanded to include more 

basic studies, as evidenced by the reports on "transport 

and potential measurements" and on "ultrastructural" effects. 

This effort will he stimulated in 1966 by the holding at 

Richland, September 25-28, of an International Symposium on 

Gastrointestinal Radiation Injury. 

Included in this category are three other areas of investi- 

gastion. The program on skin irradiation effects has for 

several years been principally concerned with the develop- 

ment of the Hanford Miniature Swine, whose skin is parti- 

cularly well adapted to skin studies, but which has an 

obviously much wider applicability as an experimental ani- 

mal. This latter point WAS attested to by the Symposium 

on Swine in Riomedical Research, held at Richland, .July 

19-21, 1965, which started out to be a small gathering of 

investigators using swine as experimental animals and 

ended up with an attcndance of over 150 off-site partici- 

pants. The proceedings of this symposium, including 72 

papers, will be available in book form by mid-summer, 1966. 

Studies on the combined effects of chemical carcinogens 

and radiation, pursued on a limited scale for several 

years, will probably be terminated in 1966 when the plan- 

ned preliminary survey is completed. Our continuinq pro- 

gram of radiation effect studies on the flour beetle is 

represent23 this year by a sina;le report on the combined 

effects of radiation and DDT. 
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SODIUM AND WATER TRANSPCRT IN THE IRRADIATED INTESTINE 

In vivo porfurion 8trdi08,8hou that vator and 80diUm 

obror~tion from tho 8nalt ond targo into8tino of thr W. P. Sullivan 
rat ar8 doeroa.od to about hatf mornat vatu08 thr.0 
day8 aftor 1500 R. Wovonont of thoro OOR8tituont8 Technical Assistance: 
from blood 8troam to into8tinot tur8n i8 8imitart~ 
dopro88.d in tho rmall bovot but not in tho largo 
intertino. Dooroar8d obrorption i8 tho pri..reCpaZ 
foetor ro8ponriblo for otaor8ivo fluid and olootro- 
Llyto 108808 a88ooiatod vith tho intortino1 rodiotion 
olyndrone. 

Investigator: 

Alma L. Crosby 

The excessive losses of water and 

sodium from the ~astrointestinal tract 

have been tacitly accepted as the 

proxirate cause of death in the radia- 

tion syndroae termed "intestinal 

death." There have been conflicting 

views, however, concerning the mecha- 

nism by vhich these losses occur. 

These conflicts have arisen because of 

the differing methods employed in 

studying the pheno8ena and because only 

part of the functions involved in 

aaintaining hoaeostasis have been 

studied in any single investigation. 

Observa t ions 

Rats were exposed to either 1000 or 

1500 R of X-irradiation to the abdomi- 

nal region, the remainder of the body 

being protected by I lead shield. 

Three days after irradiation, when fluid 

loss is most apparent, the aniaals were 

anesthetized and their small or large 

intestines perfused in vivo vith iso- 

tonic phosphate buffer. Tritiua oxide 

( HtO) and 22Na tracers were either con- 
J 

tained in the perfused buffer or in- 

jected intravenously and collected in 

the perfusate. A minimum of five ani- 

mals were studied in each treatment 

group. 

The disappearance of 'H20 and 22Na 

from the perfusate, measured at 15 or 

SO min intervals for 2 hr, is shown in 

Figure 1. The data demonstrate the 

parallelism between the rbsorption of 

sodium and water from the small and 

large intestine and the dose dependent 

inhibition of absorption after 

irradiation. 

Movement of intravenously injected 

22Na into the sa811 intestine (Figure 2) 

was decreased following irradiation to 

about half the normal value, but 

exsorption was reduced by only about 

20t. In the lrrae bowel, the excretion 

of neither 'H20 nor "Ne was appreciably 

affected by prior irradiation. 

Conclusions 

These in vivo perfusion studies 

deaonstrate a severe depression of the 

5 
H20 
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absorptive function for water and sodiur 

in both the small and lrrae intestine 

folloving irradiation of the abdorinal 

region. 

water fro. the blood into the lumen of 

the intestine is in no case increased-- 

it is substantially reduced in the small 

intestine and raintained at approxi- 

rately normal levels in the large intes- 

The outflux of sodium and 

tino. These results indicate thrt the 

loss of uater and sodium which charac- 

terizes tho intestinal radiation syn- 

dromr must be priarrily attributed to a 

decroased reabsorption of fluids and 

eloctrolytes normally reaching the 

intestine by way of the bile and other 

secret ions. 
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Largo Intostino 

Perfusion Time, min 

3 
FIGURE 2. eZIpa and H Etsorption into 
the Perfused Intestine 3 Days After 
Irradiation 

TRANSPORT AND POTENTIAL MEASUREMENTS IN ISOLATED RAT INTESTINE 

Sodium, potaeeium, ahtoride, aeeium, and water Investigator: 
transport were studied in vitro. Results ob- 
tained suggeeted that there was aotive ohloride 
absorption and pOtUE8iUm searetion by the ileum. Technical Assistance: 
Cesium transport and aocunulation resembled that 
of potassium. Preliminary results demonstratad 
deleterious effeate of X-irradiation on the bio- 
eleatric and transport oharaoterietias of the 
iteunr. 

J. R. NoXenney 

8. P. Neal 

.! 

In vitro techniques were used to jejunum and ileum of young adult rats 

study electrolyte a’Ssorption by the to obtain control data for 3tudies of 

0012J2b 
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the effects of ionizing radiation on 

intestinal function. The electrolytes 

studied were sodiua, potassiua, cesiua, 

and chloride. Measureaents were also 

made of net water and tritiated water 

transport and the bioelectric poten- 

tial generated across the intestinal 

wall. The results of the experiaents 

on chloride transport were of particu- 

lar interest because of the absence of 

definitive data in the literature re- 

(yarding the mechanism of chloride ab- 

sorption. Preliminary data are re- 

ported on the effects of X-irradiation 

on these transport and bioelectric 

prope-ties of isolated ileua. 

Observations 

usually taken from each rat, everted, 

and mounted in apparatus for bio- 

Nine intestinal segments were 

electric Dotential and radioactive 

and 36Cl, and 'HOH were uskd as 

flux measureme ts. (l) Z4Na 423(, iJ7Cs, 

radioactive labels for their respec- 

tive stable isotopes and water. Re- 

peated, direct measurements were made 

of the "absorption permeability" 

unidirectional mucosal to sero- (Kms 9 

sal flux of radioactive label/concen- 

tration of radioactive label in nuco- 

sal solution) together with a single 

measurement of the net transport and 

steady state ratio of the serosal and 

mucosal concentrations (S/M) for each 

intestinal segment. 

During the experiments, the seg- 

ments were immersed either in inorganic 

phosphate-buffered solution oxygenated 

with 1000 O2 at 57 OC or in a bicar- 

bonate-buffered solution aerated with 

95% O2 and 5% COz. 

the normal media was 1 mM CaC12, 

1 mM MgSOq, 5 mM KCI, 5 mM 

The composition of 

Wa2HW4/WrH2P04, and IS mM glucose, 

plus 25 3( WaHCOS for bicarbonate 

buffotod aodia, and Wac1 to J10 ailli- 

osaolar. 

Choline chloride, mannitol, and NarSOI 

uoro substituted for UaCl to Obtain 

the altorod concentrations to be 

describod. 

bio.tratrta Wraeur#~rmtr 

bioelectric potential across intestinal 

segaents both upon altering the sodium 

concentration and following X-irradia- 

tion. Data for segments fro8 portions 

of the ileua thrt were shielded with 

lead during the exposure as well as 

that for nonshielded ileua exposed to 

lS00 R are shown in Figure 1. When 

intestinal segaents vere in nom81 

aedia, their serosal surface was pcsi- 

tive with respect to their aucosal sur- 

face. Hovever, following either cho- 

line chloride or aannitol substitution 

for NaC1, when sodiua concentration 

was reduced to 50 r)4 in both the 

serosal and mucosal aedia, the polarity 

of the voltage difference often re- 

versed so that the serosal surface was 

negative. This bioelectric response 

occurred with the shielded ileal seg- 

ments, but, as shown in Figure 1, was 

less evident with the irradiated ileal 

segments . 

nonirradiated rats, results siailar to 

those described abave were obtained 

with either jejunal or ileal segments 

in bicarbonate-buffered med'a. 

Using an inorganic phosphate-buffered 

media, a similar but reduced negative 

voltage response occurred with ileal 

segments. In jejunal segments, how- 

The pH was 7.4 to 7.7. 

Complex changes occurred in the 

During more extensive studies with 

0012327 
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0 

Time (m) 

FIGURE 1. Voltage Differences Acroes 
Irradiated and Shielded Ileal Segments 
from Rats 3 Days Following 1500 R 
X-Irradiation (Each plot represents the 
averuge of data for adjaoent irradiated 
or shielded segments from three rats.) 

ever, there was an initial negative 

transient followed by a return to val- 

ues only slightly lower than those 

observed in normal media. 

elimination of glucose from the mUCO- 

sal media caused appreciably larger 

negative voltages. This effect was 

observed upon lowering the sodium con- 

centration, with either jejunal or 

Further studies demonstrated that 

ileal segiiwnts, and with either bicar- 

bonate or inorganic phosphate-buffered 

media. 

Chloride and Sodium Transport and 

X-Irpadiation Effects 

A series of experiments were per- 

formed to evaluate the possibility of 

a chloride transport mechanism. 

Chloride-36, 24Na, "K and 

port were studied simultaneously, 

3 
HOH trans- 

00 t 2328 



employing intestinal segments in nor- 

mal bicarbonate or inorganic phosphate- 

buffered media; following selective 

reduction of the chloride concentration 

to 20 mM (a condition that did not 

appreciably alter the voltage differ- 

ences); and following reduction of both 

the sodium (50 mM) and chloride 

(20 mM) concentrations SO that the 

'bioelectric potentials were either 

altered in polarity or greatly 

depressed. 

ferent transport characteristics for 

chloride. In normal media the values 

of Kms for chloride were about 1/2 

those for tritiated water, for both 

jejunal and ileal segments, and S/M 

ratios were close to 1.0. However, 

following selective reduction of the 

chloride concentration, Kms for chlo- 

ride, with ileal segments, increased 

in magnitude to values nearly twice 

those for tritiated water, and S/M 

ratios approached values of 2.0. In 

contrast, Kms and S/M values for jeju- 

nal segments increased only slightly. 

Inclusion or elimination of bicarbonate 

in the media did not markedly affect 

chloride transport, and similar results 

were obtained with either normal or re- 

duced sodium concentrations. 

The jejunum and ileum had very dif- 

These results indicated that chlo- 

ride is actively transported in the 

ileum. The possibility that solvent 

drag was responsible for the large S/M 

values for chloride is negated by the 

fact t;:at simultaneous net water ab- 

scirption was less than 1/S the Kms val- 

ues for tritiated water. The existence 

of a chloride transport mechanism in 

the rat ileum is further supported by 

the large values of Kms obtained for 

chloride relative to those for triti- 

ated water. 

For sodium, in normal media, values 

obtained for Kms were 314 those for 

tritiated water and the values for S/M 

were near 1.0. Following reduction of 

the sodium concentration, the values 

of Kms approached or slightly exceeded 

those for tritiated water and values 

for S/M were between 1.1 and 1.6, with 

the larger values usually obtained for 

ileal segments. The data from these 

experiments support those summarized 

by Curranj2) indicating that sodium is 

actively absorbed. However, in the 

present experiments, the effects on 

sodium transport, observed upon reduc- 

ing the sodium concentration or inclu- 

sion of bicarbonate in the media, couid 

not be explained independently of cor- 

responding effects on the voltage dif- 

ferences. The marked differences des- 

cribed between jejunal and ileal seg- 

ments for chloride were not cpparmt 

for sodium. 

chloride transport Characteristics by 

ileal segments were altered. Sodium 

and chloride transport by the shielded 

segments for which bioelectric pottn- 

tials are shown in Figure 1 were simi- 

lar to that described for nonirradiated 

intestine. However, in agreement with 

the altered bioelectric response, so- 

dium and chloride transport hy the 

irradiated segments were depressed. 

Potassium and Cosrum Trarlsport 

Following X-irradiation, sodium and 

Potassium and cesium transport by 

the intestine were nearly identical and 

S/W values indicated that both of these 

electrolytes were secreted in the ileum 

and to a lesser extent in the jejunum. 

With normal media, potassium absorption 

00 i 2329 
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permeabilities for jejunal rnd ileal 

segments were, respectively, only about 

2/5 and 1/5 those for tritirted wrter. 

Conclusions 

The voltage difference across the 

intestine wall is clearly r complex 

function involving the combined trrns- 

port mechanisms for sodium, chloride, 

potassium rnd btcrrbonrte. Wcchr.>imrs 

were demonstrated for the trrnsport of 

chloride rnd potrssium in the ileum and 

they may be present to 8 lesser degree 

in the jejunum. Cesium trrnrport 8,d 

accumulrtion wer@ nerrly identic81 13 

that of potrssium. Biccrbonrte effsrts 

upon the bioelectric and transport 

chrrrcteristics of isolrted intestine 

were complex rnd require further de- 

tailed study. 

tollovlng irradirtion, 

tric rad transport charact 

the i1.u~ are altered. Fu 

:s required to correlate t 

witb .orphologicrl rlterat 

Intrrtiaa. Such studies IT 

help in elucidrting the me 

lrralirt ion drnrge, but m: 

bute to 8 better urhdcrstar 

transport rnd bioelectric 

tics of the normal intest] 

Ueferencor 

1. Doosriptfo~ of the appi 
oodrron u0.d during th 
(8 bainp pr8par.d for 
lor more innodfate ref 
J. R. WOX8nn8p. Disse 
vol. #U, p. JlSl. 196. 

pp. 8#6-#99. 1965. 
2- ?. 1. Crrran. Fad. Pr 

EFFECT OF BILE AN0 RAOIATION ON INTESTINAL FLORA 

Cotiform baot8riaf oounto ar8 irlaroaood im th8 Investigal 

uannulation or expoerr. to I rape. Tho irlflu- W. P. Sulc 

OW. of thoro /ao:orr on tho baatorial flora technical 
a~pear to be additive. 

rrna~~ intcetino of rate by 8ith.r bit8 duot T. D. Mahi 

The elimination of blip 3rlts from 

the intestine ha5 been shown to prevent 

diarrhea in the X-irradiated rrt. Since 

the products of bacrerirl action on bile 

salts are prrticularly drmaging to the 

mucosr, it VIS anticipated thrt b!le 

miRht 8130 influtncs the b8Cterirl COUnt 

and location uithin the 1uJen of the 

irrsdirted intestine. 

Obsrrvrtions 

At various tires after bllc duct 

cannulation and/or exposure of the rb- 

domen of adult female rats to 1000 or 

' C0.r~ u t tan t P,l tho 1 og i 8 t 

Alma L. C, 

lS00 R of X-irrrdiation, 

killed and the small inte 

into three equal parts. 

ples of the brcterial flc 

by 8eChrniCrlly shaking t 

mcnts in sterile saline. 

luted mnd cultured for 2. 

in kcConkey's agar. Res> 

from 8niD8lS srcrificed 

bile duct crnnulation an, 

rre shovn in Figure 1. 

middle segment, which we 

tetmedirte betveen those 

the end segaents, are om 

sirplicity. 

srrll intestine is almos 

These drtr show that 

0012330 
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Surgical Bile Duct Control Blle Duct Control Bile Duct 
Cannulator! Control Cannulated Cannulated 

Control 

Sonirradiatcd A1000 R &Is00 R - 
i 
I- 

FIGURE 1. Coliform Counts in Rat Small 
Intestine 4 Days After Bile Duot Cannu- 
la tion and/o: Abdominal X-Irradiation 
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form bacteria. Increased counts by 

orders of magnitude were observed in 

all parts of the intestine after either 

irradiation or bile duct cannulation. 

The highest counts were observed in 

animals that were both cannulated and 

irradiated. 

Conclusions 

It is apparent that the absence of 

bile promotes the movement of bacteria 

into the small intestine. Irradiation 

of the intestine is also followed by a 

proximal movement of the bacterial flow. 

It is not known whether this local 

effect of radiation is caused by de- 

creased intestinal motility or by dimin- 

ished phagocytic activity resulting 

from the exposure. 

tion of bile duct cannulation against 

intestinal radiation injury could be 

due to the absence of the degradation 

products of bile salts produced by 

bacteria which have invaded portions of 

the tract from which they are normally 

absent. Drug sterilization of the gut, 

however, has thus far been shown to have 

little effect on the intestinal radia- 

tion syndrome. 

sary to clarify these inter-related 

phenomena. 

?>e protective ac- 

Further study is neces- 

ULTRASTRUCTURAL STUDY OF INTESTINAL RADIATION DAMAGE 

The mucosa of bite duct cannutated, irradiated rats In-Jestigators : 
was compared with that from rats that were irra- T. D. Mahony" 
diated onZ9. Ultrastructurat differences were noted J. D. Berlin 
in the columnar cells that might indicate an action 
of bile and/or radiation on their secretory activity. 

Technical Assistance: 
R. R. Xdee 

The influence of bile salts on the 

intestinal radiation syndrome in the 

rat has been studied in this laboratory 

and effects on the histological appear- 

ance of the small intestine as observed 

by light microscopy have been reported 

(Annual Report, 1964). With the hope 

of obtaining insight as to the mecha- 

nism by which bile salts might influence 

radiation effects, an electronmicro- 

scopic study was initiated. Only pre- 

liminary results from this study are 

available, 

Observet ions 

Rats which had received 1000 and 

1500 R abdominal X-irradiation were sac- 

rificed at intervals up to 6 days post- 

irradiation and sections of the intes- 

4Coneultant Pathologist 

001 2332 

tine were fixed in glutaraldehyde- 

osmium tetroxide and embedded in Epon. 

Observations previously reported by 

others on the effects of intestinal 

irradiation were confirmed, but some 

differences were noted, perhaps due to 

the improved method of preparation. 

When the intestines of bile duct cannu- 

lated, irradiated rats were compared 

with those from rats that were irradi- 

ated only, the large goblet cells on 

the tips of the villi, noted by light 

microscopy, were confirmed in the bile 

fistula group; but additional qualita- 

tive differences were observed that 

will require further study. Changes 

were seen in the golgi apparatus of the 

columnar cells that might represent 

differences in their secretory function. 

A difference in the thickness of the 



11 

BNWL- 2 80 

mucopolysaccharide 

ated border of the 

served which might 

'. 

layer in the stri- irradiated rats suggest that the bile t 
i two groups was ob- may exert some influence on the secre- 

support this con- tory activity of the epithelial cells. 
I 

clusion. This latter finding is illus- These are very limited observations 

trated in Figures 1 and 2. which will require extensive additional 
: 

Conclusions study for confirmation. 

Ultrastructural changes in the 

mucosa of bile duct cannulated and/or 

FIGURE 1. Normat Control Rat Ileum 
Shooing the Striated Border of the 
Columnar Epithelial Cetl 

001 2333 

I 

PICURI 8. Ileum from a Bile Duot Cannu- 
lated Rat Showing a Nor8 Dens. Nuoue 
Layep Covering the Tips of the Villi and 
NiorovCllC 
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ALIHENTARY PASSAGE OF ALLYL INULIN 

Iodine-13l-labet~d alt~l inutin vue teated a# a 
poeeibte inert, aolubte food labet and vu. found 
to be unrtable 3n inorgania phoephate-bufferrd 
satin0 at pE vatues in the bioZogiaat range. 
tativ. differen08 in the paraage ratea of 1JU- 
aEl81 inu2in and fJ4Ce ma8 be erplained b differ- 

OuaZZ- 

moee in their phyrioat and biologioat be K avior. 

Investigators: 

R. P. lteough 

J. R. NOX8nn8V 

Inulin is widely used for glomerular 

filtration rate measurements and for 

measurements of the extracellular space 

in tissues. Because of chemical sepa- 

rntion and counting problems with "C- 

or 'H-labeled inulin, the potential of 

1311-allyl inulin as a nonabsorbed 

label in studies of gastrointestinal 

function was studied. 

1 hr, 18t of the administered 144Ce was 

in the ileum, compared to 324 of the 

"lI. This difference persisted, and 

at 2 hr about 511 of the administered 

1311 was in the C~CUQ and colon while 

only 17t of the 144Ce had reached that 

segment. After 7 hr apprecirble decom- 

position of the administered '"1-allyl 

inulin had occurred as indicated by a 

Observations thyroidal uptake of 2.51 and as fur- 

ther indicated by the relatively large 

amounts of lS1I recovered fron the 

In preliminary stability tests the 

1311-allyl inulin solution was passed 

through an anion exchange resin (Dowex 

l-X4) to remove inorganic iodide, 

transferred into phosphate buffer, ad- Conclusions 

justed to pH values of 6.2, 7.2, or 7.7, 

Proximal small intestine , PresuablY 
due to secretion of absorbed iodine. 

and lS1I- It is clear that "'Ce 

and stored in a C02 free atmosphere to 

minimize pH drift. Aliquots of the 

stored solutions were later passed 

through the resin to determine the de- 

gree of disassociation. After 3 hr of 

storage, 1, 10, and 40t of the 1311 had 

disassociated from the compound at pH 

values of 6.2, 7.2, and 7.7, respec- 

tively; and by 24 hr, the respective 

degrees of deconposition were 10, 40, 

and 604. 

food per day for 3 days were fasted 

overnight and given 2 g of rat chow 

that included a mixture of 144Ce (ini- 

tially chloride) and 1511-allyl inulin. 

They were killed at intervals and the 

distribution of 144Cc and 1311 deter- 

mined along the intestinal tract. After 

Hats preconditioned on 10 g powdered 

labeled allyl inulin do not move along 

the gastrointestinal tract at the same 

rate. Cerium probably reacted with the 

intestinal contents to form an insoluble 

compound while 1311-allyl inulin, being 

quite soluble, may have moved in the 

liquid phase ahend of the undigested 

intestinal contents. This physical dif- 

ference, in addition to the instability 

and biological behavior of the iodine 

label, must be responsible for the dif- 

ferent rates of passage. These studies 

also showed that decomposition of "'I- 

allyl inulin occurs at pH values in the 

biological range and suggest that simi- 

lar difficulties with this compound may 

be encountered when it is used as an 

indicator of glomerular filtration rate. 

00 12334 
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LATE EFFECTS OF SKIN IRRADIATION 

Skin lortono produood by bota burn, in rhoop and 
rvino 10 yoare ago havo not ohanged in groom 
appoaranoo during tho part fou year.. A motar- 
tUOC8ing f~broraroomo and koratoaaanthona d.vot- 
opod <n a 10-uoar-old 
ti 1#,000 rad8 from a rouroo fi year. ago 

Investigators: 

dl. A. Ragan 

W. J. Ctarkr 

t. I(. Buotad* hoop at rkin ritoo 8~po8.d 

A comparative study was initiated 10 

years ago to detemine the variation in 

the skin reaction of rabbits, swine, 

and sheep after acute exposure to doses 

of 2000, 8000, and 16,000 rads of beta 

irradiation. The aniuals are being 

held for lifetime study with annual ob- 

servations and descriptions uade of the 

scribed a fibrosarcoma which occurred 

in a rabbit at nne skin site exposed to 

16,000 rads of 32P. 

Observations 

With the exception of neoplasms 

occurring in a sheep ab two skin sites 

the gross lesions of the animals still 

alive remain unchanged over the past 

several years. The late response in 

pig skin appears more severe than that 

observed in sheep skin. The loss of 

hair is more complete and with more ci- 

catrix formation. In irradiated areas 

of sheep skin there may be some re- 

growth of a slightly finer-than-normal 

wool and considerable melanin depo- 

si t ion. 

Tumor development occurred in a 

sheep at two sites exposed to 16,000 

rads from a 32P plaque applied 9 years 

previously. The pathologic diagnosis 

of one site was a fibrosarcoma, and of 

the second site, a keratoacanthoma. 

Two years ago both areas contained a 

densely cornified lesion approximately 

*Preesnt Address: Radiobiotogy 

gross lesions. George, et al. (2) de- 

Laboratory, University of Catifornia, 
Davi8, California. 

3 ca in diaaeter with no evidence of 

ulceration. Prior to death, this Yesf, 

cauliflower-like growth approximately 

10 cu in diaaeter with extensive sur- 

face necrosis, This was a pedunculated 

uass extending above the skin surface 

approxiuately 4 ca. The gross lesion 

at the second site was a cornified nod- 

ule which had not greatly changed from 

the appearance observed 2 years ago, 

and was not grossly suspected of being 

neoplastic. At necropsy the prescapu- 

lar lymph node nearest the fibrosar- 

coma was greatly enlarged and the cut 

surface had a swirled appearance which 

resembled portions of the skin lesion. 

Other lymph nodes and tissues appeared 

normal with no evidence of metastases. 

Histologically the fibrosarcoma 

consisted of interlaced bundles of mod- 

erately cellular fibrous connective 

tissue, not covered by epidermis and 

with surface necrosis. The tumor ex- 

tended through skin layers and into 

subcutaneous tissue and musculature. 

There were highly vascular areas which 

in some cases appeared suggestive of 

hemangioma formation. In other areas 

there was a marked increase in the 

reticular fibers of the dermis. Ad- 

jacent to this was another fibrosar- 

coma which infiltrated along fascial 

planes. Blood vessels in this region 

showed a marked proliferation of the 

intima, media, and adventitial layers. 

The prescapular lymph node was greatly 

the fibrosarcoma appeared 89 a massive, 
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enlarged with metastases of fibrosar- 

comatous tissue which reseabled the 

primary tumor at this skin site. 

There was also extensive necrasis and 

hemorrhage present in a few residual 

lymph vessels having metastatic foci 

in their lumina. There was a moder- 

ate number of cells with mitotic fig- 

ures visible in both the primary and 

metastatic tumor. 

The keratoacanthoma consisted of 

hyperkeratosis with a whorled appear- 

ance surrounded by nests of infiltrat- 

ing cells with epithelioid character- 

istics and also masses of lymphocytes 

and granulocytes. At the periphery 

there WRS a marked down-growth of hy- 

perkeratotic tissue having whorled 

keratotic centers. These fibroblastic 

cells infiltrated well into the sub- 

cutis and musculature accompanied by 

masses of inflammatory cells. 

The site on this sheep which was 

exposed to 2000 rads, except for a 

thinning of the epidermal layer and 

loss of the rete pegs, appeared rela- 

tively normal. The 8000-rad site 

progressed from normal tissue into 

areas of marked thinning of epider- 

mal layers, disappearance of the rete 

pegs and a decrease in adnexal struc- 

tures. Adjacent to this was an area 

of keratinized material and melanin 

pigments protruding above the surface. 

Conclusions 

Of the three species used in this 

skin study, tumor development occurred 

in the two (sheep and rabbit) which 

appeared the least sensitive to radia- 

tion. In swine the greater skin sen- 

sitivity to radiation may result in 

fewer cells being only partially dam- 

aged and thus having the potential of 

tumor development. If this is indeed 

the case, tumors may develop at sites 

exposed to 16,000 rads as the pigs 

become older. The period from expo- 

sure to gross neoplasia was approxi- 

mately 4 years in the rabbit and 9 

years in the sheep. 
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CONGENITAL NEONATAL ANEMIA IN HAWFORD MINIATURE SUINE 

An apparont gonotioatty rotatod oneria har ooourrod 
in novborn Ranford ntniaturo #vine. Tbdr uppear# to 8. A. Ragan 

maturation arrort in proourror~ of tho orythroaytio 

Investigators: 

Y. J. Clark. 
be a maoroo~tio, hyperohronio anonia roruftdmg from J. L. Palotay 

For the past several years this Iab- 

oratory has been developing a breed 

of miniature swine (Hanford Miniatures) 

for use in biomedical research. To 

accentuate desired characteristics a 

fairly rigid inbreeding program has 

been followed. The only upparent ge- 

netically related problem thus far ob- 

served has been a severe anemia causing 

death of newborn pigs shortly after 

birth. The occurrence of this anemia 

has been unpredictable with sporadic 

incidence both within litters and raong 

litters of various sows. 

Observations 

at birth with severely blanched mucous 

membranes. They are ambulatory but 

weak and usually die within 24 hours 

after birth. Ingestion of milk does not 

seem to be a factor since some anemic 

piglets have milk in the alimentary 

tract at death while others do not. 

The dams have shown no signs of illness 

and have had normal blood values. 

Their ration is complete for all nutri- 

ents known to be required by swine. 

The sows which have farrowed anemic 

litters have received the same pelleted 

ration as our other pigs and numerous 

different batches of feed have been 

used. This virtually eliminates the 

feed as a primary source of the prob- 

lem, either from a deficiency or toxic 

contaminant basis. Clinical findings 

The affected pigs are extremely pale 

Technical Assistance: 
I. L. Boanor 
P. t. Shotdon 

have not resembled isohemolytic anemia, 

Eperythrozoonosis, iron deficiency, or 

other described aneaias of neonatal 

swine. This appears to be a macrocytic- 

hyperchromic anemia. Stained smears of 

peripheral blood from anemic pigs re- 

veal some anisocytosis and polyc~romato- 

philic erythrocytes. The mean corpus- 

cular VOlURe and Rean COrpUSCUlat hC.0- 

globin are greater in anemic than con- 

trol piglets. A comparison of the 

peripheral hemogram of anemic and nor- 

mal animals shortly after birth is 

shown in Table I. 

The usual findings at necropsy are 

a normal sized, pale piglet with sev- 

erely blanched mucous membranes, very 

watery blood, and extremely pale mus- 

culature. The most constant finding 

has been a diffusely amber-colored 

liver without the mosaic pattern seen 

in fatty degeneration. The kidneys 

have been pale and often have fine, 

scattered petechiae in the subcapsular 

cortex. The bone narrow grossly has 

usually appeared hypoplastic although 

in some cases it is hyperplastic. 

Other tissues are generally normal 

appearing except for varying degrees 

of paleness. There has been no gross 

evidence of hemolysis or icterus. 

Histopathologic examination con- 

firms in most cases the necropsy find- 

ings. The liver has various changes 

from cloudy swelling to necrosis. The 

0012331 
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TABLF I. 
Miniature Svina (nran 5 rtandard deuiation) 

Coqmriron of Some Bruthrooyt?o VaZurs of Anemia and ControE Ranford 

Anemic Control Component 
Packed cell volume, 1 12.5 * S.S 35.1 * 4.1 

Hemoglobin, g/lOO ml 4.1 * 1.7 12 * 1 

Cell volume index(") 1.09 i.oa 

Color index(b) 1.05 1.00 

Erythrocytes, 106/mm3 2 * 0.8 6 f 0.6 

63.1 cc) 57.8 (c) 3 
Me8n corpuscular volume u 

Mean corpuscular hemoglobin, vug 20.6Cd) 19.7 (dl 

Mean corpuscular hemoglobin 
concentration, 1 32.6 34.1 

PCV5norma E ;'; 
fa) Celt volume indes = RBC 

fb) Color indrs 

fa) Significant difference in values (P < 0.011. 

(dl Signifiaant difference in valuee fP 0.05). 

same pathologic conditions are seen in 

the kidney but have been less severe. 

The splenic lesions usually consist of 

a deficiency of both red and white 

pulp with the red pulp more severely 

involved. In none of the soft tissues 

has excess hemosiderin been present, 

confirming the necropsy observation 

that this is not a hemolytic anemia. 

The most striking histopathologic find- 

ings have involved the bone marrow. 

Biopsy specimens reveal normal struc- 

tural development of bone. Both biopsy 

and impression smears of the marrow 

indicate a normal progression of activ- 

ity and quantity of the lymphocytic 

and granulocytic series. In the eryth- 

rocytic series, however, there is an 

apparent maturation arrest as evidenced 

by a severe paucity of erythrocytes and 

a predominance of erythrocyte pre- 

cursors. Many cells in the megaloblas- 

tic series show abnormal forms. 

00 t 2338 

Conclusions 

to indicate a genetic origin of the 

disease, The time of death and the 

bone marrow dyscrasia indicate a dis- 

order originating near term. This 

could well be an inherited deletion or 

inabillty to utilize some essential 

erythrocyte maturing factor. In type, 

this condition appears to most closely 

resemble megaloblastic anemia seen in 

human infants, which has familial ten- 

dencies, although the maturation arrest 

may be occurring at a more primitive 

stem cell level. 

These preliminary observations seem 

Our current breeding program is de- 

signed to effect matings with the high- 

est probability of producing this ane- 

mia. We hope to be able to farrow 

anemic pigs on a relatively predict- 

able basis. Future studies will in- 

clude karyotyping for abnormal chromo- 

some types, electrophoretic and immuno- 
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phoretic patterns, radioisotope uptake 

and distribution of trace elements con- peripheral blood components. 

cerned with erythropoiesis, and inten- 

sive examination of bone marrow and 

COCARCINOGENIC EFFECTS OF CHEMICALS AND RADIATION 

Female Chartes River CD rats Were nore susoeptibts to Investigator: 
induotion of fiver fymors bg DAB than Were males. The 
injection of 44Ce- IPr appeared to inorease the 8US- 

oeptibi tit# of the female to DAB oaroinogencsis. 

D. D. Mahtum 

Technical Assistance: 
Joan 0. Re88 

Rumsfeld et al.(’) reported that male were killed after 6 months of DAB feed- 

rats were more susceptible to the induc- 

tion of liver tumors by azo dyes than 

were females. Experiments in our lab- 

oratory on the effects on the internal 

emitter, 144Ce-144Pr, on tumor produc- 

tion by dimethylaminoazobenzene (DAB) 

suggested that males were less suscep- 

tible than females. Consequently, an 

experiment was designed to determine 

the sex response and the effect of 

144Ce-144Pr on liver tumor induction 

by DAB. 

Observations 

/ 

Both sexes of Charles River CD rats 

were fed a purified casein-sucrose diet 

containing 0.098 DAB. Subgroups of 

each sex were injected with 20 uCi 

144Ce-144Pr either 2 or 4 weeks follow- 

ing initiation of DAB feeding. All fe- 

males and about one-half of the males 

ing. The remaining males were killed 

at 9 months. Livers were examined 

grossly for the presence of tumors. 

Tissue samples of full-blown tumors 

and suspect areas were fixed for his- 

tologic examination. 

Liver tumor incidence was very low 

in the males killed after 6 months on 

the DAB diet (Table I). Complete data 

for the 9-month males are not yet 

available. On the other hand, females 

showed a 398 incidence of liver tumors 

after 6 months on DAB. Females that 

received 144Ce-144Pr after 2 weeks on 

DAB feeding showed a 622 incidence and 

those receiving the radionuclide at 4 

weeks had a 462 incidence. No tumors 

were found in rats that were injected 

with 20 uCi 144Ce-144Pr but fed control 

diet that did not contain DAB. 

TABLE I. 
by DAB 

Influence of Sez and 144Ce-144P~ on Induction of Liver Tumors 

Incidence After 6 Months 

Female 

DAB Feeding 
Time of 144~e 

Treatment Injection, Weeks Male - 

0/15 

1/15 

0/15 

12/31 

18/29 

13/28 

31 

00 I2339 
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Conclusions 

CD males exhibit 1 ,s susceDtibilitY tumor incidence in the females. 

It is apparent that Charles River cally with DAB to increase liver 
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HEPATOCARCINOGENS AND RADIONUCLIDE METABOLISM 

Dietary administration of certain hepatocarcinogens 
to rats altered the metabolism of injected 144Ce, D. D. Mahtum 

239Pu. and 59Fe. The changes produced varied vith Technical Assistance: 

Investigator: 

Joan 0. He88 carcinogen and radionuclide usad. 

Dietary administration of dimethyla- 

minoazobenzzne (DAB), N-2-fluorenyl- 

diacetamide (DAF), and ethionine to 

rats resulted in decreased clearancs 

of cerium and plutonium from the liver 

(Annual Reper:, 1964). In the experi- 

ments reported here, carcinogens were 

fed for varying periods of time before 

144Ce, '"Pu, or "Fe were injected intra- 

venously. Tissues were analyzed for 

radioactivity 24 hr postinjection to 

determine the effect of chemical car- 

cinogens on the distribution of these 

radionuclides. 

Observations 

DAB was fed at a level of 0.06) for 

270 days prior to radionuclide injec- 

tion. Ethionine was fed at a level of 

0.3% and DAF at a level of 0.025\ for 

21 days prior to radionuclide injection. 

Each treatment group consisted of from 

three to nine male rats. 

Liver uptake of 144Ce was inhibited 

by both DAF and ethionine (Figure l), 

while kidney, spleen, and femur levels 

increased. DAB had relatively little 

effect on the tissue distribution of 

Plutonium-239 in ethionine-fed rats 

showed an increased uptake in liver, 

kidney, and spleen, but a slightly de- 

creased femur level (Figure 2). A simi- 

lar effect was observed when "Fe was 

11 ver Kidney 

DAB 

DAF 

Et h 1 on ine 

FIGURE 1. Effect of Dietary Carcinogens 
on Tissue Uptake of 144Ce 144~e. 

00 I2340 
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given to ethionine-fed animals (Fig- 

ure 3). DAF, on the other hand, had 

little effect on "Fe levels in the 

liver but kidney and spleen values were 

decreased and femur levels increased. 

Conclusions 

The distribution of an element may 

be markedly altered by dietary admini- 

stration of certain well-known hepato- 

carcinogens, particularly, ethionine 

and DAF. This may be due to a de- 

creased uptake by an organ normally 

Control 

Ethionine 

Liver Kidney Spleen Femur 

FIGURE 2. Effect of Dietary Ethionine 
on Tissue Uptake of 239Pu 

rcsponsible for its removal from the 

blood. This decrease could result in 

an increased retention time by the 

blood allowing distribution to other 

tissues. Cle.rance studies have shown 

that DAF and ethionine both increased 

blood retention time of 144Ce, which 

is in keeping with this hypothesis. 

240 

200 

180 

DAF 

Ethionine 

160 
(.. U 

c 
6140 

+I 

C 

I. 

Q a 

:I20 

100 

80 

40 

20 

Liver Kidney Spleen Femur 

FIGURE 3. Effect of Dietary Carcino- 
gens on Tissue Uptake of 59Fe 

RADIATION AND DOT EFFECTS IN FLOUR BEETLES 

Modification of fitness parameters of homogenic 

ray and DDT were specific for species and 
strains of flour beetles. 

pOpUlatiOTl8 singly or doubly stressed with x- 
Investigator: 
H. E. Erdman 

Technical Assistance: 
Ethel H. Jasohek 

Insecticides and ionizing radiations to radiation plus insecticides have im- 

can induce population changes which portant applications in economic ento- 

under selection are beneficial or harm- mologY, evolution, and radiation ecol- 

ful. Productivity modifications due ogy. Such changes are known in some 

0012341 
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Cases to have 8 gOn.tlC b8llS. StdlOS 

were designed to dotormino tho rrrly 

effects of DOT and X-rrdirtloa, sla8ly 

and in conbination, on wrtrllty rad 

productivity of flour bootlo sp.clos 

and strains (Tribolium confusur, burr1 

"Chicago Standard" and I. ciwtmnow 
Herbst "Brazil cl" and "Soo*y*). 

Observations 

Five replicato populatlonr, each 

containing ten pairs of virgin beetles 

X-rayed with 0, 1, 2, and 4 LR of 

X-rays (250 kVp, 30 rA, 0.2s u Cu 

1.0 rn A1 flltration, 0.16 mm Cu HVL 

and 2.S in. between target and sub- 

jects produced 1 kU/nin)D vere ostab- 

lished in food containing 0, 5, 10, loD 
and SO ppm DCT. Incuhrtion VIS at 

32 *C rnd 70 to 7SQ relative humidity. 

Every 2 weeks for 6 veeks parental mor- 

tality was recorded and living adults 

were placed on fresh conparable food. 

The old food vas reincubated and F, 

adult biomass and numbers were thr 

measures of productivity. Viability 

cJlculate\i as proportions of F1 con- 

trols were considered as genetic rt- 

ccssives; whereas, lethality propor- 

tions (one uinus viability value) were 

considered genetic dominants. Expected 

lethality, for examp:e, the sum of homs- 

zygous and heterozygous lethal combina- 

tions from a cross in which one popula- 

tion was given 2 tR and the other popu- 

lation wcs givcn 10 ppm DDT in their 

food, was compared with the observed 

lethality in populations given 2 LR, 

then cultured in 10 ppm DDT spiked 

food. 

Parental mortality of Chicago Stand- 

ard or Sooty uas not altered by 0 to 4 

kR X-ray or 0 to SO ppm DDT levels. 

The SO ppm of DDT increased numbers of 

prroatrl doath? sign 

1.~01) rbova the 0 PT 

brrrll cl. 

Tho differential 

uas) responses of s 

to X ray and/or DDT 

ure 1. These respon 

pocullrr to the type 

Ob8orved and expt 

portions following 

and I rry differed 

Svoty than the othe] 

Lxpoc t ad va lues we rc 

grrrtor thin observc 

ing that productivit 

vrrsrly affected by 

nrtlon than in sing. 

thrllty crnnot be e; 

basis of additivity 

nants for Sooty but 

typo8 cf beetles. 

Conclusions 

These data apply 

pectr of ecology \IF 

flexibility of spec 

environmental varia 

(Fl biomass) of Chi 

superior to that of 

stressed by DDT; wh 

resulted in the rev 

spon?e. The increa 

cultures containing 

for Chicago Standar 

tions given 1 kR mi 

basis. The economi\ 

importance of this 

to insects in natur: 

vironments requires 

ternine the detoxif 

mechanisa(s). 

The proportions c 

greater for Sooty t 

CI due to X rays; br 

thal effect on soot\ 
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1. 

0. 

0. 

0. 

0 Expected Proportions of Lethality 

0 Observed Proportions of Lethality 

* Differences Not Due to Chance as Indicated 
1 by Chi Square (Pl,o,os 

Tribolium castaneum "Sooty" 

rd 
c 
e, 
P) 

T. confusum "Chicago Standard'' "V, I;-; 0.4 

0.2 
0 

10 20 50 50 10 20 DDT 10 20 50 
in ppm 

X - Ray 
kR 1 2 4 

0 

PICURE 2. 
of Combined X Ray and DDT Treatment on 
PI Lethality 

Expected and Obeerved Effeot 

Morphologicai , physiological, or behav- 

irrral adaptations might explain the re- 

sponses of these flour beetles to stress 

termine the responses of similarly 

treated hybrids between Sooty and Brazil 

CI. Perhaps this Will suggest a genetic 

, basis for the physiological detoxifica- 

; from insecticide. Future work will de- tion mechanism(s) resulting in greater 

, productivity of Sooty compared to that 
I of Brazil cI. 

I 

0012344 
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TOXICITY OF RADIOELEMENTS 

This budget category includes the majority of all research 

conducted in the Biology Department. 

are grouping for separate attention the reports concerned 

with inhalation of radioelements. Several reports on the 

toxicity and metabolism of radioelements in aquatic organ- 

isms are separately grouped with related environmental 

radiation studies. 

For this reason we 

Of the programs remaining for consideration in this 

section, the largest is that concerned with the effects of 

chronically fed radiostrontium in miniature swine. 

long-term study, initiated in 1958, has reached the point 

where many effects, some of them unexpected, are now 

being observed. The high incidence of leukemia in some 

of these animals offers exciting opportunities for basic 

studies on leukemogenesis. The next several years should 

be the "pay-off" years in this program into which so much 

has been invested. 

This 

As new programs take the center of the stage others must 

retire. This year, for the first time in many years, there 

is no report on chronic feeding of radioiodine to sheep. 

A few animals remain in this life-time study but they now 

constitute a very minor aspect of our large animal effort. 

A number of reports are concerned with the metabolism and 

toxicity of a variety of radionuclides in both large and 

small animals. Noteworthy among these are three reports 

relating to the evaluation of the hazards from nuclear 

reactors and radionuclide power sources (SNAP devices) in 

space. These are all concerned with the biological fate 

and effect of relatively large and insoluble radioactive 

particles. A fourth report, on the inhalation of large 

particles, is grouped with other inhalation studies. 

0012345 
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EFFECTS OF STRONTIUM-90 IN MINIATURE SWINE - SIXTH PROGRESS REPORT 

Studies continue into the biotogzcat effects of 
daily ingestion of 90Sr by miniature suine fed I 
to 3100 pCi/Day. Currently 281 animate are alive 
and being maintained for lifetime observation and 
study. In animats over 2 years of age, tu0 00888 

of neoplasia of hematopoietic tissue have been 
obeerved in the 25 UCi/Day group, and 15 ir. the 
125 uCi/Day group. Fifteen cases of hematopoi- 
etic neoplasms or extramedullary myetopoiseis 
have been diagnosed in FI generation of offspring 
i!.?ss than 6 month8 old in the 625 pCi/Day group. 

Investigators: 

J. L. Patotay 

H. A. Ragan 

Y. J. Clarke 

Glenda S. Vogt 

J. Z. Beamer 

Technical Assistance: 

P. L. Sheldon 

Previous progress reports have de- posed to 'OS, from conception, are 

over 6 years old. 

Observations 

Table I summarizes the number of 

animals at each of the 'OS, feeding 

scribed the experimental design and 

the biological effects of daily in- 

gestion of 'OS, fed to miniature 

swine at levels of 0, 1, 5, 25, 125, 

625, or 3100 vCi/day (Annual Reports levels. This report will be largely 

1959 et seq.). To summarize briefly, devoted to a description of the 

at 3100 and 625 uCi/day, the animals hematopoietic tissue neoplasms and 

developed a severe neutropenia and myeloproliferative lesions. Table I1 

thrombocytopenia and died after about summarizes the cases of hematopoietic 

3 or 9 months, respectively, on 

feeding. At 125 uCi/day a moderate 

neutropenia and thrombocytopenia 

developed until near death at 3 to 4 

years when the decline in erythroid 

Number of Animate at Eaoh 
miding Lev41 (Number alive and 
on espeJ*Cment, 12/33/85, ehown in 
parentheeee) 

elements became precipitous. At 25, 

S and 1 uCi "Sr/dry no definitive 

changes were seen in the peripheral 

blood, with the exception of a pos- 

sible slight reduction in platelet 

count in the 2s uCi/dry groups 

after several years of ingesting 'OS,. 

Some of the original animals fed 'OS, 

8 years old, and their offspring, ex- 

I 
I starting at 9 months of age are now 
I 

! 

3100 

b25 

12s 

25 

s 
I 

0 

Totml 
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TABLE XI. Leukoprotffaratdva Disord8rr in WfnCatura Suine Chroniaally 

Ingesting 90~r 

Age at 
90Sr, death, 

Animal(8) uCi/day months 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

1 

25 (b) 

25(b) 

125(b) 

125 

12s 

12s 

125 

125 

125 

125 

125 

125 

125 

125 

12s 

125 

125 

625 

625 Cb) 

625 

625 

625 

625 

625 

625 

62 5 

28-35 625 

72 

52 

so 

73 

37 

36 

40 

28 

31 

37 

37 

35 

29 

31 

26 

28 

33 

28 

28 

17 

3.5 

3.2 

3.2 

3.5 

3.3 

3.5 

3.5 

-3.5 

M8XiUlUm 
wy, 
10 /nuns 

8 

3s 

48 

51 

2 

10 

70 

4 

274 

172 

80 

249 

--- 
76 

s2 

42 

3 

39 

107 

1 

5 

5 

2 

6 

3 

4 

8 

<lo 

Evidence of 
neop1.r i 8 

at necropsy 

+ 

4 

+ 

+ 

I 

4 

+ 

+ 

+ 

+ 

: 

t 

f 

Pitholopic diagnosis 

Reticulum cell sarcoma 

Grinulocytic leukemia 

Grmulocytic leukemia 

Gr8nUlOcytiC leukemia 

Reticulum cell sarcoma 

Lymphos a rcoma 

Granulocytic leukemia 

Leukosarcoma, localized 

Granulocytic leukemia 

Granulocytic 1 e ukem ia 

Lymphocytic leukemia 

Granulocytic leukemia 

Reticulum cell sarcoma 

Granulocytic leukemia 

Lymphocytic leukemia 

Lymphocytic leukemia 

Leukosarcoma, localized 

Granulocytic leukemia 

Granulocytic leukemia 

Leukosarcoma, localized 

Leukosarcoma, localized 

Leukosarcoma, localized 

Leukosarcoma, localized 

Leukosarcoma, localized 

Reticulum cell sarcoma 

Leukosarcoma, localized 

Leukosarcoma, localized 
Ectopic myelopoiesis 

(a)Estimated average tota 1 radiation dose to hematopoietic tissue: 

Animals 2- 3 = 2,000 rad. 
Animals 4-18 = li-15,OoO rad. 
Animals 21-35 = 5,000 rad. 

fb)Started ingesting 90Sr at 9 months of age--for all others exposure 
started in utero. 
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tissue neoplasms or ectopic myelopoie- 

sis observed at the 1, 25, 125, Or 

625 UCi "Sr/day levels. 

Animal number 1 (Table 11) was ex- 

posed to "Sr in utero via milk dur- 

ing the suckling period, and then re- 

ceived 1 Ci 'OSr daily for her life- 

time. Since other animals at the 1 

~Ci/day level have exhibited no aber- 

rations in the peripheral blood, nor 

lesions in other tissues, this case 

probably represents a naturally occur- 

ring neoplasm unconnected with 'OS, 

exposure. At necropsy, milliary, dis- 

crete foci of neoplastic cells were 

spread throughout most organs. These 

foci were raised, white, and usually 

1 to 3 cm in diameter as opposed to 

the foci seen in the higher dose level 

lesions which were usually not raised 

above the surface, were reddish-grey, 

and usually 0.1 to 1 cm in diameter. 

over 2 years of age has been relative- 

ly acute, with an average survival 

time from diagnosis until death of 

about 2 weeks. In a few cases the 

first indication of impending leukemia 

was obtained from the routine quar- 

terly blood sampling, and consisted of 

a slight increase in the white blood 

cell count (WBC) with some abnormal 

leukocytes, and a drop in erythrocyte 

and platelet numbers. Usually, how- 

ever, lethargy and partial anorexia 

were the first signs of illness. In 

cases of granulocytic or lymphocytic 

leukemia examination of peripheral 

blood during the initial illness re- 

vealed a leukocytosis with immature 

and abnormal leukocytes present. As 

the WBC increased, anemia and throm- 

bocytopenia became more severe. In 

The clinical course in all animals 

two cases, during the initial leuko- 

cytosis, there was the usual platelet 

drop. As the WBC increase continued 

there occurred a concomitant rise in 

platelet count above normal level. 

This has been observed at times in 

human cases of chronic granulocytic 

leukemia where platelet counts may in- 

crease to more than 10 times the normal 

value. In most of our animals the 

radiation-induced thrombocytopenia 

probably overshadows any tendency for 

thrombocytos is. 

When the packed red cell volume 

approached 128, 91 other signs of im- 

pending death were evident, the animal 

was euthanatized. The most common 

gross lesions observed in animala with 

granulocytic or lymphocytic leukemia 

were enlargement of the lymph nodes and 

spleen. Extravasation of blood was not 

a consistent lesion, but was often pre- 

sent in varying degrees. The splenic 

enlargement and appearance was a part- 

icularly striking and pathognomonic 

lesion, and was consistent in all cases 

of granulocytic but not lymphocytic 

leukemia. Spleen weights ranged from 

190 to 790 g compared to control weights 

of 100 to 150 g. The cut surface bulged 

and the normal architecture was com- 

pletely disrupted, having a mushy ap- 

pearance from an apparent overgrowth 

nf parenchymal tissue and poorly de- 

fined trabeculation. Greyish foci 

varying from 1 to 10 mm in diameter 

were commonly observed in the kidney 

and liver and frequently were found in 

other organs. Bone marrow was hypo- 

plastic in appearance, due in most 

cases to radiation damage but also 

influenced by an infiltration of nco- 

plastic tissue which was observed in 

0012348 
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about one-third of the cases. A severe, 

progressive icterus developed in one 

animal and was found at necropsy to be 

caused by biliary stasis from greatly 

enlarged hepatic lymph nodes. This 

node chain has been more severely in- 

vaded by neoplastic cells than any 

other lymphatic tissue. The inter- 

lobular septa of the liver often 

were very prominent, enlarged, and in- 

filtrated with cells, giving a dis- 

tinct mosaic appearance to the organ. 

Neither the peripheral blood 

changes nor the'gross lesions at nec- 

ropsy were as distinct nor constant in 

cases of localized leukosarcoma or re- 

ticulum cell sarcoma. Lesions were 

usually confined to a few small grey- 

ish or reddish-grey foci in the vari- 

ous organs, and to lymph nodes which 

had a greyish cast and apparent neo- 

plastic overgrowth of cells. 

Deaths in the animals less than 6 

months of age in the 625 pCi/day group 

were usually not suspected as being 

due to a neoplastic process but were 

attributed to radiation-induced anemia 

and thrombocytopenia. However, at 

necropsy there commonly were observed 

some discrete foci as described for 

the older animals. There was no in- 

stance of splenic enlargement in this 

group. 

the gross necropsy findings. Accumu- 

lations of specific neoplastic cells 

were found in the lymph nodes, spleen, 

and interlobular connective tissue of 

the liver, as well as in the discrete 

foci often present in other organs. 

The architecture of the spleen was 

difficult to discern in most cases, 

with marked infiltration of the 

The histologic appearance confirmed 

splenic pulp 

The leukemic 

so severe in 

with neoplastic cells. 

cell overgrowth became 

some cases that practi- 

cally no normal structure remained. 

The vasculature of many major organs 

was sometimes filled with the invad- 

ing cells. 

Classification of these neoplastic 

leukoproliferative lesions was based 

on the peripheral blood and on histo- 

logic examination of the tissue. When 

the WBC was elevated, the classifica- 

tion was made as granulocytic or lym- 

phocytic leukemia depending on the pre- 

dominant cell type. If the WBC was 

normal or depressed, the disorder was 

classed as leukosarcoma localized, or 

reticulum cell sarcoma depending on the 

cell type histologically. 

Classification of the myeloprolif- 

erative lesions observed in the young 

F1 animals Erom the 625 uCi/day group 

was particularly difficult and perplex- 

ing. A classification of neoplasia was 

made on the basis of distinct immaturi- 

ty of the predominant cell and the ten- 

dency to invade surrounding tissue. 

However, the non-neoplastic foci of 

ectopic myelopoiesis did not occur in 

areas usually observed as extramedul- 

lary hematopoietic centers in young 

animals (liver or spleen), but in kid- 

ney, cardiac muscle, testes, adrenal, 

thyroid, and other unusual sites. The 

reasons for the shift to these loca- 

tions is not understood. It may be 

that these foci are pre-neoplastic le- 

sions and the animals die from radia- 

tion damage before the true neoplastic 

character of the cells has become ob- 

vious. Additional histochemical stains 

may help resolve this problem. 



Conclusions 

The continued failure to observe 

bone tumors after up to 8 years chronic 

exposure to ''5, reaains a striking 

feature of this experiment, as con- 

trasted to other large aniaal studies 

in progress elsewhere. This feature 

was extensively discussed in our prc- 

vious progress report (Annual Report, 

1964). The markedly increased inci- 
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dence of hematopoietic tissue neo- 

plasms observed during the Fast year 

would seem to offer exciting possi- 

bilities for basic studies on leu- 

kemogenesis in a large animal. 

possibilities we hope to exploit in 

parallel with the continuing lifetime 

observation of the swine presently on 

experiment. 

These 

STRONTIUM AND CALCIUM EXCRETION IN THE RAT 

F llowing the intraporitoneal injootion of "Ca and 
8gSr to matvro rate on a high oaloiurn diet, tho 
ratio of urCnark/feaaZ ororetion of both radio- 
nuolidee deoroased with time postinjrotion. This R. C. Thompson 

Investigators: 

Patrioia L. Hackatt 

offeot woe shown to bo duo to' an inureaee 
ororetory olsarance via the inteetino. 

Several years ago we studied the 

urinary and fecal excretion of 

and 4sCc in the rat, following a 

single injection, as a function of 

age and dietary calcium level (Annual 

Report, 1959). The results were in 

general agreement with conclusions 

previously reached from retention 

studies involving serial sacrifice 

and femur analysis. One peculiarity 

in the data, however, attracted our 

attention. The ratio of radionuclide 

excretion in the urine as compared to 

that in the feces decreased with time 

following injection. This change was 

more evident for strontium than for 

calcium, was more evident in the adult 

than in the growing rat, and was most 

marked on a high calcium diet. The 

expc-iiment reported here was designed 

to rcfully check these observations 

ur -- conditions where a maximum 

ef might be expected. 

Obst iFE 

Sprague-Dawley rats were placed on a 

- -L 

Twenty-eight, 10-month-old, female, 

00 f 2350 

in 

diet containing 2t calcium and 0.51 

phosphorus. After 5 days on this 

diet, half of the animals (Group J) 

were injected, intraperitoneally, 

with 85Sr (30 uCi) and "Ca (60 uCi). 

The remaining 14 animals (Group 11) 

received an injection of saline. 

Forty days later the Group I1 animals 

were injected with the radionuclides 

and Group I animals were sham-injected. 

Seven days after the second injection 

all animals were sacrificed and plasma 

samples obtained. Following radio- 

nuclide injection, "Sr and "Ca were 

determined in daily urine and feces 

collections from each animal. 

Excretion curves for 45Ca in urine 

and feces of the Group I animals are 

shown in Figure 1. Fecal excretion 

exceeded urinary excretion at all 

times, but the spread between these 

two routes clearly increased with 

time after injection. Most striking 

is the increase in fecal excretion 

which occurred after about the 35th 

day. This increase was statistically 

significant. 
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10 20 30 40 50 0 

Days ~ostinjoctlon 

FIGURE I. 
and Fececr 

Ezcrotion of 45~a in urine 

The "Sr excretion curves are 

shown in Figure 2. 

a statistically significant and sus- 

tained increase in fecal excretion 

beyond about the 25th day after in- 

jection. By the end of the experi- 

ment fecal excretion of "Sr sub- 

stantially exceeded urinary excretion. 

The ratio of urinary to fecal 

excretion is plotted in Figure 3 as 

a function of time postinjection. 

Over the 47-day period there is an 

approximately sixfold decrease in 

this ratio for "Sr, and an approxi- 

mately twofold decrease for 45Ca. 

Also shown in Figure 3 are the urinary/ 

fecal excretion ratios for the Group 

I1 animals which received radionuclide 

injections 40 days after the Group I 

animals. These ratios correspond 

Again there was 

0 10 20 30 40 50 

Days Postlnjoction 

FIGURE 2. 
and Feoes 

Ezcretion of "5, in Urine 

0 10 20 30 40 50 

Days Postinirction (Croup I) 

FIGURE 3. Urinary/F%gal Ezcretion 
Ratios for 4vCa and Sr 

0012351 
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quite closely between the two groups 

when compared at comparable times 

post!njection but are very different 

when compared at the time of measure- 

ment. This indicates that the change 

in urinary/fecal excretion ratio is a 

function of residence time of the 

radionuclide in the animal and not 

related to age, time on diet, or other 

factors common to both groups. 

in Table 1 sheds additional light on 

the situation. 

renal clearance values did not change 

Rppreciabiy between 7 and 47 days post- 

injection. Clearance via the intestine, 

however, increases approximately two- 

fold for 4SCa, and approximately five- 

fold fur 85Sr. 

therefore, that the anomolous behavior 

of the urinary/fecal excretion ratio 

must be attributed to changes in the 

denominator of this fraction. Both 

the changing intestinal clearance and 

The plasma clearance data summarized 

For both 4SCa and "Sr, 

It seems evident, 

the peculiar upturn to the fecal 

excretion curves point in this direc- 

tion. 

Conclusions 

offered for these observations. 

Either (1) the form of calcium or 

strontium released to the blood from 

bone may change, with time following 

deposition, to one more readily ex- 

creted via the intestine (or less 

readily retbsorbed from the intestine), 

or (2) the mechanism of intestinal 

excretion may be altered as a result 

of the deposition of "Sr and 4SCa in 

bone. The latter alternative would 

involve the assumption of radiation 

damage; and, although the radionuclide 

levels employed might conceivably have 

caused significant damage to the bone, 

it is difficult to see how such 

damage could affect the processes of 

intestinal excretion of calcium and 

strontium. The possibility of a 

Two poo;ible explanations might be 

TABLE 1. Clearance Data -- 
After 7 days After 47 days 

deposition deposition 
(Group 11) (Group I) 

Calcium-45 

0.084 + 0.022 
Excreted/day in urine 0.17 + 0.07 

0.74 r 0.28 

Renal clearance 
Intestinal clearance 

- 0.51 + 0.11 

Excreted/day in feces - 

Circulating in plasma 

2.2 - + 1.1 
9.1 + 3.4 - 

Strontium-8S 

0.018 + 0.007 

0.49 T 0.19 
Excreted/day in urine 0.22 7 0.05 

Excreted/day in feces - 

Circulating in plasma 

+6 
+ 19 
- 13 

30 - 
I 

Renal clearance 
Intestinal clearance 

i 
! 
i 0012352 



31 

RNWL- 280 

changlng form of calcium and rttontir;m 

in the blood seems more attractive. 

F.rrly after injection blood "Cr and 

"Sr 1s derived principrlly from 

freely exchrn[eable riter on bone 

~urfrces. With the parrrge of time, 

however, it is, to an lncrsarlng ex- cretion via the intestinal route. 

tent, derlvcd from flru hindinn rites 

in bone that are unearthed by Irre- 

versible bone resorption proccrrcs. 

It tr conceivable that calcium and 

rtrontlua released from such firm 

binding rites my erlrt In a different 

chemical fora, more subject to ex- 

RADlOSELENIUM STUDILS IN SHEEP 

Seloniour aoid, labrled with lbSe, in vater or oil Investigators: 

rurprnrion uar ruboutanaouely injeotod into 8hg.p C. R. Yateon 
fed oither high or low rrtenium rationr. The high 
relnnium ration faoored earlly rapid elimination. H. A. Ragan 
Injaotion a8 an oil muspenrion doublod tha rnten- 
tion half time of the tong-term oomponent. 

Beatrior J. MoCZanahan 

The trace element, selenium, is 

essential for proper nutrition and 

growth of certain animals. Lambs born 

to selenium-deficient ewes may exhibit 

a muscle atrophv syrtdromt known as 

white muscle dissase. While this con- 

dition may be avoided by supplemental 

feeding or intravenous injection of 

selenium, a simple treatment adminis- 

tered by the farmer is desirable. As 

part of a cooperative project with 

Drs. 0. H. Muth and J. E. Oldfield of 

Oregon State University, the retention 

and distribution of selenium in sheep 

was studied by externally monitoring 

the gamma-emitting radionuclide "Se. 

Observations 

Twelve Corriedale ewes were main- 

tained on either 0.01 or 0.26 ppm sele- 

nium forage for 37 weeks prior to and 

throughout this 4-month experiment. 

Five milligrams of selenium as sele- 

nious acid labeled with 150 VCi of "Se 

were injected subcutaneously in the 

right axillary region. The injection 

solution was diluted to 5 ml with 

either isotonic saline or a peanut oil- 

beeswax emulsion. The four groups of 

three animals each were routinely moni- 

tored in a large animal totrl body 

counter equipped with a 4 x 9 in. NaI 

(Tl) crystal and a 200 channel pulse- 

height analyzer. 

well represented as a sum of two expo- 

nentials. The rapit'. component in all 

cases exhibited a biological half-life 

of less than 1 day. On a high selenium 

diet this was the major component, ac- 

counting for about 651 of the injected 

"5e. 

pid component was smaller an4 it; mag- 

nitude was influenced by the nature of 

the material injected. An approxi- 

mately 85-day half-time was observed 

for the long-term component when aque- 

ous selenious acid was injected and 

was independent of dietary selenium. 

When selenious acid was injected in an 

oil and beeswax suspension, signifi- 

cantly (p < 0.05) longer half-times of 

135 and 166 days were observed for the 

second component. This may be due to 

a delayed release of the "Se from the 

The retention curves (Figure 1) were 

3n a low selenium diet the ra- 

0012353 
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FIGURE 1. 
Either a High (0.26 ppm) or Low (0.01 
ppm) Selenium Diet 

75L'e Rotontion in Sheep Fed 

i injection mixture, in which case, sheep. Selenillm 7 

' another component should be included in hicle was retained 

, the model. ous solution and a 

Selenious acid in a peanut oil- jection. Addition 

obtained on the tr 

ewe to lamb. 

Conclusions tivity remained 4 

beeswax vehicle shows promise as a pro- 

phyiac'ic for white muscle disease in 

I 
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! 
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APPLICATIONS OF THERMOLUMINESCENCE DOSIMETRY 

TherrnoZurnineeoenoe dosimetry vas used for in vivo gamma- 
;ray dooirnetry of 237Cs in sheep. The sheep data substan- 
t' te the use of the uhote bodp as the oritioaZ organ for 
~"3,s ingetttfon. 

Investigator: 

C. R. Watson 

Radiation dosimetry is often a time- 

consuming, cumbersome appendage of rad- 

iobio:-ogical experiments, Conventional 

dosimeters are limited in range, size, 

energy dependence, and evaluation time. 

To overcome some of these problems we 

have employed a thermoluminescence do- 

simetry (TLD) system (Madison Research 

and Development, Inc.) using lithium 

fluoride powder (TLD-100, Harshaw 

C',emical Co.) as the phosphor. 

Observat ions 

The in vivo 137Cs gamma dose dis- 

tribution measurements described in the 

1964 Annual Report were confirmed and 

extended. Rams were fed 50 uCi of 

'"Cs daily and implanted with dosim- 

eters after equilibrium body burdens 

were established; others were implanted 

prior to radionuclide feeding. Thick- 

walled (4 ma) Teflon dosimeter capsules 

were used, as before, to shield the LiF 

from the beta particles. Dose measure- 

ments in the equilibrium animals, in- 

cluding both 1964 and 1965 data, are 

shown in Table I. Using prior- 

implanted dosimeters, the dose distri- 

bution pattern remained constant 

TABLE I. 
meed a8 mrad/mCi-dau of feed) 

137C8 Gamma Radiation Doee at Varioue Looationlr in Male Sh8.p 

Viscera 
Diaphragm 
Spleen 
Rumen wall 
Lef t kidney 
Abdominal wall 
Sinal1 intestine 
Mesentery 

Adj. right testis 
Ad). left testis 
Exterior 

Sc ro turn 

Sheep 1 

103 

102 
148 

135 
142 

___ 
__. 

88 
94 
-.- 

Sheep 2 

130 

9s 
11s 
110 
12s 
160 

A03 

7s 
70 .-- 

Sheep S 

62 

89 

-.- 

Sheep 4 

___ 
78 

142 
84 

136 
129 

7s 

--- 

--. 
--- 

___ <-- 140 

-_- 149 129 
83(.) 15s 167 149 

Lonplssirnus dorsi -__ 135 122 109 
85(a) 

78 (0) 

Husc le 
Supraspinatus 

Right gluteus 
Left gluteus 

Mid-cervical 5s 77 
Anterlor lumbar S2 
Flank 67 75 

At center 225 225 200 200 

--- Extcrlor 
67 _-_ _-- 

--- 60 __- 
(b) Cnlcul?ted I nose 

faJDoaimotars implanted ruparfioially, all other doaimatara in muaolr were 

(bJ8#rtiqohamps ind Cotriar, Soirnaa, vol. 118. pp. 988-900, 19bb. (8ar.d 

approrimateiy S om und8r the akin. 

on th. aesumption that tha radionuoltdr ir uniformly dirtributad in an 
oquoous cyltndrr.) 



34 

BNWL- 280 

whether the sheep were killed 11, 19, 

or 27 days after the start of 13'Cs 

feeding (Table 11). In all cases the 

gamma dose to the gonads was less than 

that to the whale body. Doses calcu- 

lated by assuming that the body is an 

aqueous cylinder with a homogenous dis- 

tribution of radionuclide were in rough 

agreement with the measured values, in- 

dicating the validity of the TLD tech- 

nique. 

In other applications we have suc- 

cessfully employed the TLD technique 

to estimate cumulative radiation dose 

in 0, 2, or 44 reactor effluent water 

after a month, for rapid calibration 

of our 6oCo irradiation facility, and 

to evaluate the dose to various organs 

of a swine during routine roentgeno- 

graphic skeletal surveys. 

Conclusions 

These applications of LiF TLD indi- 

cate the potential usefulness of the 

system in measuring radiation doses in 

biological studies. The 137Cs gamma- 

ray studies in sheep support the NCRP 

recommendations which assume that the 

use of the whole body as critical organ 

will adequately consider the gamma ra- 

diation dose to the gonads. Because 

the beta dose from 137Cs to the gonads 

may be as great as the gamma dose, fur- 

ther attempts to measure both beta and 

gamma radiation in vivo are indicated. 

~- ~~ 

TABLE XI. Aooumulated Gamma Radiation Doeo Distribution in Mate Sheep Ingesting 
-" 
50 uCC "'Ce/Day 

Aver. r merrurrd 
body furdon, uCt 

Calculatod rccumulatrd 
srar radiation dorr at 
conter of 60 kg cyllndrr, 
rl 

M.rsurod rccurulatrd gam 
rrdlrtlon dorr, m1 

Kidney 
Rumen wall 
Abdo~on urll 
Mesentery 

Vlrcrra 

Scrotum 

Musculature 
Lon~irri~ur dOr8l 
Clutrui 

Day 11 Day 14 DAY 19 Day 21 DJY 27 

101 lS8 229 261 232 ZSO 332 

50 130 290 490 640 710 1120 

510 
220 
190 
360 

130 

160 
200 

570 
330 
310 
620 

250 

370 
$10 

910 
1120 

400 

770 
880 

AGE DEPENDENCE OF RAOIOIOOINE RETENTION IN RATS 

Rut#, from pronatal through f your postnatal, wero 
Cnjooted with radioiodine and raorifiood at intorvats 
thoreaftor to obtain oompariron of retention and 
dietribution ae a funotiun of age and iodine oontent 
of tho diet. Although tho data have not boun 
oompLetety ovaluatod, it is olrar that 8ignifioant 
ago difforonoos will be drfined. 

There are many indications that the 

distribution and retention of various 

radionuclides vary with animal age. 

I nves ti g a t or : 

N. R. Sikov 

Technical Assistance: 

Barbara J. Sohulm 

These variations have seldom been sub- 

jected to systematic study. Iodine-131 

was selected as the first material for 
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such a study since substantial data 

were available upon which to base the 

experimental design. 

Observations 

Rats of five ages were studied: 

19-day fetuses, newborn animals, wean- 

lings (21 days), young adults (3 to 4 

months), and older adults (10 to 12 

months), Half of the animals were 

maintained on a normal stock diet; 

the other half were placed on a low- 

iodine diet 1 week prior to injection 

and fed this diet until sacrifice. All 

of the rats were intraperitoneally in- 

jected with 0.01 uCi of carrier-free 

13'I/g of body weight, and randomly 

selected animals were sacrificed at 

2 hr, 1 day, 3 days, 7 days, 13 days, 

or 20 days later. To evaluate the 

transmission of radioiodine from the 

lactating mother to the newborn animals, 

these were further subdivided into 

three groups: (1) the newborn animals 

were allowed to remain with their 

mothers, (2) newborn rats from injected 

mothers were cross-fostered to unin- 

jected mothers, and (3) newborn rats 

from control litters were cross-fostered 

to lactating females which had been 

injected after 19 days gestation. At 

sacrifice, the thyroid glands, gonads, 

and an aliquot of blood, stomach, 

duodenum, gastric contents, and duodenal 

contents were removed from each rat for 

gamma counting; the thyroids were sub- 

sequently used for autoradiography. 

The 1311 content of the carcasses after 

removal of these specimens was also 

determined. Each age-diet group con- 

sisted of approximately five rats nf 

each sex at each time of sacrifice. 

the experimental animals have been 

sacrificed but only qualitative impres- 

sions of the data can be given. AS 

anticipated, the retention of radio- 

iodine was uniformly higher in the rats 

on a low-iodine diet than in those on 

a normal stock diet. The ratio of the 

total thyroid 1311 retention of the 

animals on the low iodine diet to the 

retention of those on a normal diet 

appeared to vary relative to age. Re- 

tention per milligram of thyroid gland 

was inversely related to age. 

Conclusions 

group variability is sufficiently low 

and between-group differences suffi- 

ciently large that the final data 

should p:3duce a definitive picture of 

the relations between age and iodine 

metabolism in the rat. This investiga- 

tion will be extended to include the 

determination of age-related differences 

in sensitivity. 

At the time of this writing most of 

At this point it seems that within- 

NEPTUNIUM TOXICITY AND PLASMA LIPIDS IN THE RAT 

Neptunium-237 increaeed plasma free futtn acids in Investigator: 
femule but not in male rats. ChoZseterol level6 were D. D. Mahtum 

decreaeed and Tri ton-induced hypertri 1 osridemia Technical Assistance: 

Joan 0. He86 
was inhibited in both eexes by prior s3yNp treatment. 

The toxic effect of 237Np includes mechanisms that may be involved in 

the induction of fatty livers in female fatty liver development requires a 

but not in male rats. An evaluation of knowledge of ch.anges in the ulasma 

0012351 



lipid constituents: triglyceride, free 

fatty acid, phospholipid, and choles- 

terol. Some of the treatments used in 

these experiments indicated a correla- 

tion between plasra lipid levels and 

237Np- induced 1 iver fat deposit ion. 

Observations 

Rats were pretreated for varying 

lengths of time with 6 or 12 mg/kg of 

237Np. Blood samples were withdrawn 

and analyzed for cholesterol-free fatty 

acids. A nonionic detergent, Triton 

WR 1339, was administered to block move- 

ment of triglyceride from the blood to 

tissues and thus to accentuate defects 

in the mechanism for secretion of tri- 

glyceride from the liver. Triton uro- 

duces a dramatic hypertriglyceridemia 

but this effect is inhibited when the 

liver fails to secrete at a normal rate. 

36 
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Experiments summarized in Figure 1 

showed that plasma cholesterol values 

.were decreased in normal and hypercho- 

lesteremic female as well as in normal 

male rats one day after ‘”Np injection. 

Although 237Np decreased plasma choles- 

terol in both sexes, plasma free fatty 

acids were increased only in the female 

(Figure 2). This increase in plasma 

free fatty acids and the increase in 

liver fat were prevented by treatments 

such as adrenalectomy, hypophysectomy, 

or nicotinic acid injection (Figure 2). 

The action of Triton in elevating 

blood triglyceride and the effect of 

237Np in eliminating this response 

(Figure 3) suggests that neptunium re- 

duces triglyceride movement into the 

blood. This response was not sex 

dependent. 

Hypercholesteremic + Np Q 

Hype rc ho 1 est e rem ic J 
NP c? 

Control a” 

I 

Np 9 1 
1 

Control !i? I 
I I I I I I 1 

0 20 40 60 80 100 120 400 4 20 

Plasma Chalesterol, mg/lOO ml 

FIGURE 1. 
Choteetsrot Levels in Normal and Hypeil- 
cho~estsrem~o Rate 

Effects of 237Np on Plasma 

0 0 f 2 3 5 8 
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- Conclusions 

served after 237Np treatment indicate 

defects in the lipid transport system. 

The faulty transport of lipid from the 

liver is probably not in itself suffi- 

cient to cause fatty liver development liver, 

since both males and females show simi- 

lar responses. It is more likely that 

the increased mobilization of free 

fatty acids combined with decreased fat 

movement from the liver is necessary to 

cause the observed accumulation in the 

The alterations in plasma lipids ob- 

30 I 
Control 9 I 

I I I I 1 I I 
0 200 400 600 100 1000 1200 1400 

Plasma Free Fatty Acids, ueq/liter 

FIGURE 2. Effect of Various Treatments 
on Plaitma Free Fatty Acid Levels Fotlow- 
Cng 237~p Injection 

0012359 

3 

NP - 
Np . 2 hr Triton 

Np ~ b hr Triton 

Control 

Control ~ 2 hr Triton 1 
Control - 6 hr Triton I 

1 I II I 11- 
2 1 6 8 Lo 12 14 I6 lE 20 22 

Plasma Triglycerides, np/nl 

FIGURE 3. Inhibition of Triton-Induced 
HypertrCgtyceridemia in the Rat 

I 
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EFFECT OF INGESTED RADIOACTIVE PARTICLES IN THE RAT 

Ineolubte particles of 1 mm diameter, containing 
about 1 mCi 8gSr, produoed diecrete focal teeions 
during their paesage through the gaetrointeetinat 
tract of the rat. 

. 

Tha effect of ingested, nonabsorbed 

radionuclides on the gastrointestinal 

tract will depend upon the quality of 

radiation, as determined by the radio- 

nuclide involved, and on the kinetics 

of movement of the radionuclide through 

the intestine. Calculations of radia- 

tion dose to the gastrointestinal tract 

have usually been based on the assump- 

tion that the radionuclide was uni- 

formly distributed throughout the in- 

testinal contents and spending a cer- 

tain prescribed length of time in each 

segment of the tract. Such assumptions 

are clearly not applicable to the be- 

havior of discrete large particles such 

as have been proposed for use in SNAP 

(Systems for Nuclear Auxiliary Power) 

isotopic power packages or as fuel forms 

for use in nuclear reactors for space 

applications. 

Observations 

These studies emp 

reactor fuel part icl 

the Health Physics D 

National Laboratory. 

were about 1 mm in d 

sisted of depleted u 

oyed simulated 

s obtained from 

vision, Oak Ridge 

The particles 

ameter ar.d con- 

anium in 3 gyaph- 

ite matrix. Each particle contained 

about 800 uCi *'Sr plus 40 uCi ''Sr- 

9OY. Dose rates were 13,000 rad/hr 

at the surface and 4000 rod/hr at a 

t!ssue depth of SO mg/cm . Single par- 

ticles or small numbers of particles 

2 

'Consultant Pathologist 

Investigators: 
M. F. SuZZivan 
T. D. Mahony* 

Technical Assistance: 
Aha L. Croeby 

were administered to rats by stomach 

tube. Daily collections of the excreta 

were monitored for passage of the "hot" 

particles. Of 215 particles adminis- 

tered, 37 were excreted on the first 

day, 118 on day 2, 41 on day 3, 11 on 

day 4, and 8 on days 5 through 8. 

Since ingested material will normally 

traverse the rat gastrointestinal 

tract within 24 hr, or less, it is 

apparent that these particles show 

some tendency for delayed passage. 

Histologic examination provided 

evidence of radiation damage to the 

glandular stomach, lower ileum, cecum, 

and large bowel. Seven of eight rats 

given single particles exhibited such 

lesions; these were sharply localized 

occupying, on cross section, less than 

onc-third of the intestinal circumfer- 

ence. Figure 1 shows the nature of 

such a lesion in the cecum. In other 

rats, given up to eight particles at a 

PZGURt 1. U2a.r in $he Cecum Produood 
bp Stngle e#Sr-Labolod Partiolo with 
Dooreasing Huoosal Damage Toward the 
Edge8 of th0 Illustration 
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treatment, the lesions were more nu- 

merous and, in some cases, diffuse be- 

cause of the increased radiation dose. 

The relatively high incidence of these 

lesions was surprising since one might 

have expected that the particles would 

usually be imbedded within, and 

shielded by, the intestinal contents. 

Examination of a few of the excreted 

fecal pellets containing *'Sr-labeled 

particles disclosed that, in nearly 

every instance, these particles were 

located at the surface of the pellet. 

Conclusions 

The results of these experiments sug 

gest that the holdup of large radio- 

active particles within the gastroin- 

testinal tract may pose significant 

problems, and that the usual assump- 

tions employed in calculating radiation 

doses from ingested internal emitters 

may not be applicable to such particles. 

Of particular significance is the indi- 

cation that the position of a particle 

h-thin the lumcn of the intestine is 

not determined by chance, but that it 

may be preferentially located against 

the wall of the intestine. Observa- 

tion of the incidence and distribution 

of focal damage appears to be the most 

direct approach to the evaluation of 

detailed particle movement through the 

gastrointestinal tract. 

EFFECTS OF RADIOACTIVE PARTICLES ON THE SKIN AND GASTRIC MUCOSA OF MINIATURE 
SWINE 

Investigators: Strontium-89-labeled. 1 mm particles vere exposed to 

J. R. McKenney the gastric mucoea and to the skin of Hanford miniature 
swine. No appreciabte damage was observed in the 
gastric mucosa after exposures of 1 or 4 hr (13,000 or H. A. Ragan 
52,000 R surface dose). Skin exposures of the same 
duration resulted in slowly heating lesions. This 
apparent difference in sensitivity was probably due 
to technical difficulties encountered in the intra- 
gaotric exposures. 

R. 0. Shannon* 

Relatively little information is 

available concerning the effects of 

intensely radioactive particles after 

ingestion or deposition on skin. Such 

information is of concern in the 

evaluation oi potential hazards of 

nuclear reactors or radionuclide power 

sources in space. A limited study was 

made with Hanford white miniature 

swine to determine the skin and gastric 

mucosal reactions following exposure 

to such particles. 

*USAF, VC, previously assigned to 
Pacific Northwest Laboratory. 
Present address: University of 
Michigan, Ann Arbor, Michigan. 

Observations 

The particles employed were 1 mm 

in diameter, contained about 700 uCi 

''Sr plus 40 vCi 9cSr-90Yl and had 

dose rates of about 13,000 rad/hr at 

the particle surface and 4000 rad/hr 

at a tissue depth of 50 nrg/cm . 
Gastric mucosal exposures were made 

using inflated gastric balloons to 

which six of the particles were ce- 

2 

mented. Skin exposures were made on 

the same pigs by taping particles to 

the lateral cutaneous surface of the 

abdominal wall. The exposures were 

for periods of 1 or 4 hr. The parti- 

cles were obtained from and dosimetry 



measurements supplied by the Health 

Physics Technology group at Oak 

Ridge National Laboratory. 

apparent changes in the mucosa of the 

stomach following insertion and in- 

flation of the gastric balloons. A 

patchy congestion occurred in the 

gastric mucosa of three pigs sacrificed 

at 2, 3, and 15 days following a 1- 

hr exposure to *'Sr particles. 

similar reaction was seen in two ani- 

mals killed 1 or 3 days after a 4-hr 

exposure. Discrete lesions were not 

observed. Since the precise location 

of the particles on the gastric mucosa 

could not be determined, it was im- 

possible to correlate the areas of con- 

gestion with the actual sites irrad- 

iated. There was no evidence of a 

gastric mucosal reaction in one ani- 

mal sacrificed 5 weeks following a 4- 

hr exposure period, the time interval 

at which skin reactions were most ap- 

parent. 

Control studies showed no grossly 

A 
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Mild skin effects were evident be- 

tween 10 and 15 days after a l-hr ex- 

posure to a single particle. 

redness was apparent immediately fol- 

lowing the 4-hr exposure period, and 

at 2 to 3 weeks an erythema developed 

that was followed by necrosis of a 

3 mm area. This area at 4 weeks gave 

the appearance of an encrusted ulcer. 

The ulcer had almost completely healed 

at 10 weeks. 

Conclusions 

These are very limited and prelim- 

inary observations. The greater 

severity of the skin lesions might sug- 

gest that early reaction of the gastric 

mucosa to particulate radionuclide 

sources would be less severe than that 

of the better understood and more 

easily studied effects on skin. How- 

ever, the gastric mucosal exposures 

were less well controlled than the 

skin exposures; displacement of the 

sources along the mucosal surface could 

Well account €or the less severe and 

more diffuse reaction. 

A slight 

INGESTION OF PLUTONIUM OXIDE PARTICLES BY SWINE 

The absorption in swine of ingested particulate, Investigators: 
refractory 238PuO2 is less than of the dose. V. H. Smith 
No gross pathologic changes were noted from 1 Ci of J. L. Palotay 
238Pu02 except in one pig where particles became H. A. Ragan 
entrapped in the intestinal wall. Paesage time for Beatrice J. McClanahan 

Technical Assistance: 
this material was 118 lo?g cs 14 days. 

J. L. Bsamer 
P. L. Sheldon 

Plutonium-258 is one of the more 

promising fuels used in SNAP devices as 

a heat source, for con\.ersion to elec- 

trical power. A potential hazard in 

the manufacture and use of this material 

is the possibility of ingestion with 

subsequent irradiation of the gastroin- 

testinal tract, absorption into the 

body and accumulation in organs and 

tissues. To investigate the extent of 

this hazard pigs were fed 238Pu as the 

refractory dioxide, the tissue pluto- 

nium content determined, and the gas- 

trointestinal tract exnmined for 

damage. 
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Observations 

of standard production SNAP fuel par- 

ticles obtained from Mound Laboratory, 

and was administered to the pigs in a 

capsule by stomach tube. Prior to the 

plutonium administration the female, 

Hanford miniature swine (weight about 

44 kg) were conditioned to metabolism 

cages. Intravenous catheters were 

placed in two ear veins and an indwell- 

ing catheter in the urethra. After 4 

to 5 days the ear vein catheters became 

inoperable and blood was taken from the 

anterior vena cava. The urinary cathe- 

ter functioned perfectly for the 14-day 

The 238PuO2 employed was in the form 

duration of the experiment.. 

were killed by exsanguination after decp, 

Nembutal-induced, anesthesia. Samples 

were taken for histopathologic examina- 

tion and radioanalyses. A scintillation 

probe sensitive to the plutonium X-rays 

was used to monitor the gastrointestinal 

tract to check for entrapped particles. 

The feces were analyzed by gamma count- 

ing, but all other samples required use 

of TTA extraction procedures. 

Radioanalyses are complete for one 

pig; only fecal data are as yet avail- 

able for two others. The diversity of 

the fecal excretion patterns is apparent 

in Figure 1. All the pigs were 5till 

The animals 

Days After Administration 

12 3 4 5 6 7 8 9 1011121514 
4 01 I 

I I I I I 1 I I I 1 I 1 I 
Pig W2012: Feces 

1001 * 1.08 Ci 1 
30- 

_1 

20 - 
7 

10 - 

I) 

t 
50E 

1_ 

t 
99% 

Pig W2006: Feces 
1501 = 1.10 Ci 

t t 
”‘ Pig 11938: Feces so\ 

1001 - 0.96 Ci 

99t 

FXCURE 1. Relative Amount8 of Plutonium 
Preeont in Feoee Vereue Time Poetingestion 
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40 

30 

20 

10 

0- 

excreting 238Pu0., .. particles on the 14th 

day. 

distribution of activity in the fecal 

output which may indicate some fractiona- 

tion by particle size but this has not 

yet been confirmed. 

In one animal, at necropsy, several 

238Pu02 particles were entrapped within 

and covered by the mucosa at the ileo- 

cecal junction. This had resulted in 

considerable local inflammation. 

Shown in Figure 2 are the blood 

concentrations and urine output of plu- 

There is a suggestion of a bimodal 

c 

Pig 11939: Daily Urine Output - 
100% = 0.66 x lo-’ Ci 

- 
- c 

- - 

n n n n -n n n n n n 

c 

tonium for one pig. Such absorption as 

occurred was essentially limited to the 

first few days following ingestion, al- 

though 508 excretion via the feces did 

not occur until 6 to 7 days postinges- 

tion. At its peak, the blood contained 

about 200 times the total amount of plu- 

tonium excreted in urine. 

Table I shows the very low levels of 

plutonium accumulated in the organs and 

tissues. The relatively high levels in 

lymph nodes, particularly in the gastric 

lymph nodes, are noteworthy, and suggest 

123456 78 9 10 ‘11 12 13 14 

Days After PuOz Administration 

00 t 23b4 

FIGURE 2. Relative Amounts of Plutonium 
Present in Blood and Urine Versus Time 
Pos tinges tion 

Pig 11939: Relative Blood 
Concentrations 

100 = 0.12 x 10.’ Ci/g 250 x 

ci/Pig 
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TABLE I. 238Pu Content of Tieeuee of Pig Number 1939 14 D,zys Poetingestion 

Tissue 

Lungs 

Splekn 

Y, 1 dney s 

Heart 

Liver 

Skeleton 

Gastric lymph nodes 

Mesenteric lymph nodes 

Aortic lymph nodes 

Bronchial lymph nodes 

External iliac lymph nodes 

Muscle (a> 

Content, nCi 

0.08 

0.09 

1.5 

1.10 

0.08 

0.31 

0.25 

111.0 

0.37 

0.10 

4.4 

3.0 

Concentration, 
pCi/g wet wt 

0.34 

1.2 

0.71 

1.0 

0.56 

0.43 

0.12 

(a).4ssurning 42% of body weight is muscle. 

that a small amount of very fine dust 

accompanying the particles may have en- 

tered the lymph system and collected in 

the nodes. Alternatively, a plutonium 

colloid formed from material solu- 

bilized in the stomach, may have been 

filtered by the lymph nodes. The hig.h 

liver-to-bone ratio suggests that the 

plutonium in the blood stream was in 

a very fine particulate state or 

associated with a filterable carrier. 

The total plutonium measured in urine 

and tissues indicated an absorption of 

about 2 x 98% of this absorbed 

plutonium was deposited in lymph nodes 

3nd may represent the fine dust accom- 

panying the larger particles. 

Conclusions 

With complete results from only one 

pig sweeping conclusions are scarcely 

justified. It would appear that inges- 

tion of these particles affords a neg- 

ligible hazard so far as internal depo- 

sition of plutonium is concerned. The 

unexpectedly long passage times and the 

possibility of entrapment of particles 

in the gastrointestinal tract require 

further study. 



INHALATION STUDIES 

: 

1 

Our largest singly oriented program is that c 

studies of the inhalation of radioelements. 

this grouping are reports on radioelement re11 

the problem of radioactive parti;les derived 

appiications of nuclear energy, whiLh are re! 

tion and pulmonary retention F-oblems. 

Several reports deal with the kinetics of der 

retention of a variety of radionuclides. The 

pally experiments in beagles, although some ( 

done with rats. In some instances animals a: 

for observation of long-term effects. Notab- 

is the long-term study of plutonium oxide ef 

which is now showing a substantial incidence 

neoplasia, some 4 to 5 years subsequent to t: 

inhalation exposure. 

Another group of reports describes more basi( 

the biochemical level. These studies are of 

directly or indirectly with the development 

for accelerating the removal of radioactive 1 

the lung. Of particular interest are severa 

gesting an interre1ationshl.p between cigaret 

cyanide levels, lung clearance rates, and PLI 

plasia. 

Also reported are the results of continuing 

subcellular physiology of lung tissue, which 

the rroundwork for an ultimate better unders 

basic processes involved in the deposition, 

removal of particulate material from the lur. 
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CHRONIC EFFECTS OF INHALED PLUTONIUM DIOXIDE IN DOGS 

Of 40 dogs esposed to 239Pu02 asro8028, 13 died Investigators: 

J. F. Park 
after 29 to 66 mo~ths. 
ranged from 0.5 to 3 uCi with 40 to 75% of tke 
body burden in the tungs, 20 to 50% in the bron- Y. J. Bair 

The body burden at death 

fJ, J. Ctarke 

Technical Assistance: 

L. R. Richardson 

and mediastinal lymph nodes, 2 to 21% in 
and 1 to 7% in skeleton. Cau?d of 

was putmonary ineuffieionoy renutt.*q 
from the severe putmonary fibrosis. Ser'sx 
anima 1 a showe d b ron ehio 2 o-a t veo 1 ar ccl-ct noma s . 

This report updates the rather ex- 

tensive summary of this experiment 

published last year (Annual Report, 

1964). Forty beagle dogs, iven single 

10- to 50-min exposures to q39~u02 

aerosols 3 to 6 years ago, are being 

held for study of long-term transloca- 

tion of 239Pu and for observation of 

biological effects. 

Observations 

A total of 13 dogs have.died or were 

sacrificed when death was imminent 3 to 

S-1/2 years after inhaling 239Pu02 

(Table I). The body burden at death 

ranged from 0.5 to 3 uCi. The lungs 

and bronchial and mediastinal lymph nodes 

contained 66 to 95\ of the body burden, 

depending upon the time of death after 

exposure. The maximum skeleton burden, 

71, occurred after 5 years. 

The liver contained 2 tc 61 of the 

body burden in all dogs, except four 

which exhibited substantially higher 

liver burdens and which were among those 

having primary pulmonary tumors. Three 

::f these dogs, Numbers 215, 215, and 

85, here the only dogs showing meta- 

stases to the bronchial lymph nodes. 

Since the amounts of 239Pu in the bron- 

chial and mediastha1 lymph nodes were 

low in these dogs, considering the 

length of time aftex exposure, it would 

appear that the metastases may have 

released plutonium bound in the lymph 

nodes. This might account for the in- 

creased levels in the liver and skele- 

ton of these three dogs. The relation- 

ship betvT.cn lung and lymph node plu- 

tonium concer.cration is illustrated in 

Figure 1. The relatively low values 

for lymph ncdes with metastatic tumors 

are evident. 

The first indication of pathology 

in the exposed dogs was lymphopenia. 

The mean 1ymphoc.yte counts, about one- 

half of control values 33 weeks post- 

exposure, decreased to one-third be- 

fore death (Figure 2). There was no 

associated decrease in eosinophils. 

Monocytes and basophils were within 

00 f 23b8 
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TABLE I. 
lnhotation of ~JSPUO~ 

Mortality and Tiecru0 Dietribution of "'Pu in Dog8 After 

OOr 1 

Dlstrlbutlon of 
plutonlum at death. 

PlutonIu.. UCI percent of body burden - 
Tlme of death, A:. at --- 

Do months after death. Deoosit Iody burden Branch la1 
num%er exposure m& In lun,slg) at death & lmph nodes 

DIED or sncrlficed vhen death vas lulnent 

42 5.8 
49 5.9 
46 7.1 
81 3.9 
51 5.3 
I1 6.9 
66 9 
77 2.1 
65 5.1 
73 5.7 
76 5.7 
96 2.6 
84 7 

2.1 74 21 21 
2.5 75 17 51 
2.9 63 17 14 4 
1.4 50 42 24 
1.8 59 27 62 
2.1 46 48 22 
2.7 50 37 62 
0.9 52 S? 63 
1.4 42 49 53 
1.4 47 b5 34 
1.2 49 27 1s I 
0.5 51 26 15 7 

21 6 1.1 Jb 30 

SACRIFICED for tissue dlstrlbutlon of plutonium 

104 28 51 i.7 0.1 61 26 21 
79 30 

158 30 
6b 55 

52 2.1 0.9 34 57 61 
42 0.3 0.1 JJ 53 10 1 
77 0.0s 0.01 43 50 14 

Averasa radlat 0 

dose to lunl(stcP 
ertlmated rads 

12.000 
12,000 
12,000 

12,000 

23.000 
10.000 
15.000 

15.000 

21,000 

9.000 

19.300 

15,000 

6,000 

5,000 
6,000 

I00 
100 

fa)~rirary putmonarv tumor.. 

(b)Zatimatad amount drpoeitad brloo oiliatrd apithaliur. uhrrr olraranoa proorearr urrr 

f''Av,ragr radiatioi doer araumrr uniform dirtribut<on of abrorbai n-rnrrgy fror plutonium 

not affaotivr in oauaing rapid rrmoval. 

p~rtiolrm in the lung and nrglrotr plutonium tranalooutrd fror the lung to othrr tiraumr. 

100 

00 

60 

40 

20 

A Lung 

0 Bronchial and Mediastinal lymph Nodes t 

A 

0 

0 

0 

e 
A 

Mptastatic Tu-mors in the 

Bronchial lymph Nodes 

0 40 ao 120 I60 200 240 ? 110 320 360 

Tilt, Weeks Posttxposure 

FIGURE 3. 
ondmustinal LMmph Node8 

13@P~ in Lung. ond Bronohiol 
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WtCS COT CrroIurn 

PIGL'RE 8. Leukooyte Valu.8 of Dogs 
a/t.rutonium Inhalation 

normal range. Total leukocytes re- 

flected the decrease in lymphocytes. 

Neutrophil levels were not signifi- 

cantly different from the controls. 

The histologic changes seen in the 

lungs and lymph nodes of these dogs 

were described in the previous report 

(Annual Report, 1964). The only dif- 

ferences noted in the animals that died 

subsequent to th;? report were the 

metastases found in dogs 213, 216, and 

85. In these animals, metastatic foci 

from the primary lung tumors were seen 

in the bronchial and mediastinal lymph 

nodes. Extension to other tissues or 

organ systems, however, was not appar- 

ent. As in those reported earlier, 

the origin of the bronchiolo-alveolar 

tumors appeared to be from the bron- 

chiolar and/or alveolar epithelium. 

In no instance could derivation be 

associated with bronchial epi.thelium 

or bronchial glands. 

Conclusions 

The plutonium content of the lung, 

the observed pulmonary pathology, and 

the clinical evidence of cardiopul- 

monary insufficiency point to the lung 

as the critical organ causing death. 

Although the highest concentration of 

239Pu has consistently occurred in the 

brcnchial and mediastinal lymph nodes, 

there was no indication that the re- 

sulting severe pathology in the lymph 

nodes, including our first evidence of 

metastases from the lung, was a con- 

comitant cause of death. Seven of the 

40 animals exposed to plutonium have 

shown primary pulmonary tumors. This 

is a current incidence of about 181. 

The lowest body burden found in ani- 

mals with a tumor WBS 0.5 uCi, af which 

half was in the lungs. 

TAURINE EXCRETION FOLLOWING PLUTONIUM OXIDE INHALATION 

A drareare in airortoting lynphooyter i8 uruatlly Investigator: 
aorretatad uith an inoreared rtazrtion of taurine 

oreare3 tevel of urinary taurinr originator from, 
and rrfleatr tha dertruotion of, airautating 
Zymphoaly tor. 

J. v. Di1l.y 
the urine of beagle dog8 etpored to aerorolr of . Preliminary atudi8e rug~ert that the in- Technical Assistance: 

R. J. frank8 

It h4s been shown in this laboratory and progressive lymphopenia after inha- 

that beagle dogs develop a prolonged lation of 2'9Pu02' Work from other 

00 12390 
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laboratories has suggested that ele- 

vated urinary taurine levels following 

X-irradiation reflect an increased de- 

struction of lymphocytes, although all 

blood elements are reduced by this type 

of damage. The purpose of this study 

was to investigate the relationship be- 

tween lymphopenia and increased levels 

of urinary taurine in dogs having lung 

burdens of 239Pu. 

Observations 

Twenty-four hour urine samples were 

collected from a control dog and from 

each of five lymphopenic dogs that had 

inhaled 239Pu02 3 years previously. 

Taurine was separated on a Dowex SO-XE 

resin column and further purified by 

descending paper chromatography in a 

solvent system of n-butanol-acetic 

acid-water. The ninhydrin-stained 

taurine spot was eluted in 71t ethanol 

and spectrophotometrically determined. 

The results of these determinations 

are shown in Table I. In four of the r 

five exposed beagles, taurine excre- 

tion was higher than in the control 

dog. 

lymphopenia and might be expected to 

Cortisone acetate produces a prompt 

produce rapid elevated urinary taurine 

levels if taurine is truly arising from 

destroyed lymphoid cells. To test this 

hypothesis a beagle dog was given corti- 

sone on 3 successive days and total 

urine collected for the 24 hr period 

following each injection. The results 

of this experiment are shown in Table 

11. There was a marked increase in 

taurine excretion for the first 48 hr 

followed by a marked decrease during 

the next 24 hr. 

Conclusions 

There is an evident correlation be- 

tween the degree of lymphopenia in 239Pu- 

treated dogs and the increase of tau- 

rine excretion. It does not necessar- 

ily follow that the soLrce of the tac- 

rine is destroyed lymphc'd cells; how- 

ever, such a hypothesis is supported 

by the results of cortisone treatment 

which produces a marked lymphopenia and 

also a large increase in taurine excre- 

tion. These results suggest that in 

dogs with lung burdens of 239Pu02, lym- 

phocyte production continues but their 

destruction is accelerated, perhaps by 

alpha radiation, resulting in an effec- 

tive decrease in cell half-life and a 

TABLE I. Urinary Taurine Level8 in Beagle Dog8 After 239Pu02 Inhalatior. 

Preexposure Postexposure 
lymphocyte counts, (*) lymphocyte counts, (b) Taurine excreted 

0 Dog per mm3 blood per mm3 blood rng/24 hr 

0 269 (control) 3380 * 305 3015 81 

3236 f 285 1140 
- 

267 161 

149 
Iv 

268 
W 

278 3430 f 374 1574 81 J - 281 4090 f 510 2345 179 

283 2490 f 380 143G 109 

(a)Preerpoeuro counts are the average and standard error of five detarminatione 

(b)Pooterposure count8 are the average of too determinations made in 1965 before 

made during the firat 5 months of 1982. 

and after the urine aampLes are taken. 
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TABLE II. Effect of Cortisone on Urinary Taurine Level0 

Collection/period, hr Taurine excreted, mg 

0 to 24 263 

24 to 48 636 

48 to 72 34 

lymphopenia. The possibility remains lated to the lymphopenia. This possi- 

that the increased excretion of taurine 

results from an accelerated conversion experiments. 

of cystine to taurine, totally unre- 

bility is being investigated in other 

LARGE PARTICLE INHALATION STUDIES 

Ten and 26 p, 59pe-labeted ceramic microspheres 
were deposited by inhalation in the lungs of beagle 
dogs. From 50 to 70% of the 59Fe was excreted dur- 
ing the first 4 days after exposure, almost sxctus- 

ively in feces. There wa8 little clearanca of the J. C. Gaven 
remaining material during the ensuing 2 month8. 

Investigator: 

8. 0. Stuart 

Technical Assistance: 

The biological fate of inhaled par- 

ticles larger than 5 u in diameter has 

received little attention. Very small 

proportions of the larger particles are 

expected to reach the alveolar lung and 

those deposited in the upper respira- 

tory tract are cleared rapidly. How- 

ever, in view of the high dose rates 

that may be associated with large radio- 

active particles, the few penetrating 

to the respiratory bronchioles may con- 

stitute a serious hazard. 

Observations - 
Studies were performed in four bea- 

gle dogs exposed to aerosols of ceramic 

nicrcspheres labeled with "Fe. * Two 

3f the dogs were exposed to particles 

of 10 u, nominal diameter, and the other 

two dogs were exposed to particles of 

20 u, nominal diameter. Particle size 

analysis of the 20 u material showed 

a count median diameter of 26 u 

with about 18 of the particles ranging 

below 16 u; the sms7lest size observed 

was 4 u. 

The fraction of inhaled material 

which was initially deposited varied 

between 70 to 908. Retention of this 

initially deposited material was fol- 

lowed by whole-body counting, and by 

analyses of excreta and tissues upon 

sacrifice of one animal from each group 

at 2 months postexposure. Figure 1 

shows that one-half to three-fourths of 

the initially deposited matcrial was 

cleared within a few days postexposure; 

thereafter excretion was almost negli- 

gible. Twenty to 308 of th' initially 

deposited 10-u particles and 601 of the 

26-u particles were still retained 2 

months after inhalation. 

by passing the animal through an array 

of collimated counters. For both lo-,, 

and 26-u particles, the majority of the 

radioactivity, immediately postexposure, 

was localized in the area of the lung 

with smaller amounts extending from the 

nasc-pharynx throughout the tracheal re- 

gion. By 4 hr postexposure, redioactiv- 

Whole-body scanning was accomplished 

-.-- 
ity in the head a?2 :::*-oat regions had 

*Obtained from Mit xraota Mining and 
Manu f ac t uri ng Company. 
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largely disappeared; but a spread of 

the "lung peak" over the abdominal area 

indicated movement of swallowed mate- 

rial through the gastrointestinal tract. 

By 24 hr postexposure, the abdominal 

"peak" had disappeared and radioactiv- 

ity was concentrated in the lung area 

where it remained, essentially undimin- 

ished, for 2 months. 

Of the total activity collected in 

the excreta, 70 to 80% was eliminated 

with the first day's feces; the rates 

of "Fe elimination via the feces de- 

creased more than a hundredfold during 

the first 10 days postexposure. Elimi- 

nation of "Fe in the urine was ini- 

tially a hundredfold lower than elimi- 

nation in the feces, but the rate of 

elimination in the urine dropped less 

rapidly than that in the feces; during 

the period from 10 days to 2 months 

postexposure about half as much activ- 

ity appeared in the urine as in the 

feces. During this period the total 

daily excretion amounted to no more 

than a few tenths of a percent of the 

activity remaining in the lung. Be- 

cause of the increasingly significant 

role of urinary excretion with the time 

postexposure, it seems likely that "Fe 

excreted after the first few days repre- 

sents that which was leached from the 

deposited particles rather than removal 

of the particles themselves. 

Tissue analyses of two animals sac- 

rificed 2 1/2 months after inhalation of 

the particles showed essentially all of 

the "Fe confined to the lungs. Multi- 

ple transverse sectfons (20 u thick) 

were taken of the various lobes of the 

lang to locate and identify particles 

by autoradiography (Figure 2). Twenty 

particles were observed in 64 micrd- 

scopic sections from the dog that had 

inhaled 26-p microspheres, and 65 par- 

ticles were observed in 78 sections 

from the Gag that had inhaled 10-u mi- 

crospheres. 

ticuiarly apparent with the 26-u par- 

ticles, for preferential deposition in 

the right lung. In most instances, par 

ticles were located in the deep lung, 

adjacant to alveolar wall. There was 

alsc evidence on the autoradiograms of 

ionic "Fe representing radioactivity 

leached from the microspheres. 

Conclusions 

Particles as large as 30 u in diam- 

eter are apparently respirable, as evl- 

denced by direct measurement in *.is5ue 

sections. These particles penetrated 

to the alveoli and were tenaciously re- 

tained. Twenty to 60% of-jjlitially de- 

posited material in the size range of 

5 to 30 u was retained for 2 months 

postexposure, and the very slow loss of 

activity after the first few days 

seemed due to leaching of jgFe from the 

particles rather than removal of intact 

particles. 

Although only a few animals have 

been studied, the pulmonary deposit ioii 

and prolonged retention of inhaled 10-u 

and-26 u microspheres focus attentior 

on the potential hazards of inhaled ra- 

dioactive materials of this size range. 

In further experiments the influence of 

particle density and composition upon 

deposition and retention of inhaled 

large particles will be studied. 

There was a tendency, par- 
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STRONTIUM INHALATION STUDIES 

Rata were ezposed to aeroeots of 85Sr-taboled stron- Investigator: 

tium ozide, f luoride, carbonate, titanate, or ph08- D. N. Kiliari- 
phate. Only the titanate oas eigrificantlu retained 
in the lunge over a 2-week period Prom eighty GO 90% Technical As: 

H. D. Snyder of the body burdens of the other BSSr oompounds rap- 
idty accumulated Zn .:he skeleton. 

The metabolism of strontium has been 

extensively investigated with regard to 

the potential hazard of in fallout. 

Strontium-90 is also one of the isotopes. 

used in the Systems for Nuclear Auxil- 

Power (SNAP) Program. Little is known, 

however, concerning the metabolism of 

inhaled 'OS,, especially in respect to 

the relative fate of different stron- 

tium compounds. 

Obse rva t ions 

Groups of 24 rats were simultane- 

ously exposed for 30 min to an aerosol 

of the *'Sr-labeled compound. 

diately, 2, 5, 7, or 14 days 

posure, groups of four or fiv 

killed for tissue analysis. 

employed were analyzed by X-r 

fraction procedures to confir 

chemical species. The stront 

nate was found to be contamin 

about 251 strontium oxide. 

Data on the total body ret 

the compounds tested are ShOh' 

ure 1. Two rteeks after expos 

body burdens ranged between 8 

A Carbonate 

x Phosphate 

0 Fluoride 

0 Oxide 

Titanate 

I I I I 1 1 
2 4 6 " l@ 12 I 

1 

Time After Exposure, Days 

#CURE 1. Total Body Retention of 
Sr FollotJing Inhalation 

00 f 23lb 
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of the initial amount deposited. 

curves are closely grouped ;And the 

slopes are similar. 

is shown in Figure 2. 

tion of strontium titanate, 

rapidly cleaicd, less than 1% remaining 

after 5 days. 

tium titanate was strikingly different 

with 40% of the initial amount deposited 

The 

Pulmonary retention of the compounds 

With the excep- 

all were 

The behavior of stron- 

remaining in the lung 2 weeks after 

exposure. 

The 85Sr lost from the lungs but re- 

tained in the body deposited almost ex- 

clusively in the skeleton (Figure 3). 

By 4 days postinhalation, 80 to 90% cf 

the retained body burden was in the 

skeleton, except in the case of the 

titanate of which only 25% was in the 

skeleton. Translocation of the tita- 

nate to the skeleton may, in fact, be 

Time Aftcr tixposiire, Days 

FIGURE 2. 
FoGwing Inhalation 

~ung Content of *'SF 

00 t 2311 



very much lower than this figure would 

indicate since the titanate was contami- 

nated with about 2S# of the more solu- 

ble strontium oxide. 

Conclusions 

Although the strontium compounds 

100 
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tested have different chemical proper- 

ties and solubilities, their reactions 

in the lungs were almost identical with 

the exception of strontium titanate 

whi.ch, being relatively insoluble, was 

largely retained in the lung. 

& Carbonate 

o Phosphate 

0 Fluoride 

Titanate 

0 Oxide 

I I 1 I 
b 8 10 12 2 4 4 

T1.c After Exposure, Days 

FIGURE 3. 
Fo 1 towing Znha la t ion 

Skoleton Content of “SP 
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PROMETHIUM OXIDE INHALATION STUDIES 

Beagle dogs were exposed to submicron siae aerosols 

of promethium oxide. About half of the material B. 0. Stuart 
initially deposited in the lungs was lost during 
the first week; that remaining uas retained tena- 

cious1~ with some evidence of translocation from the J. C. Cauen 

Investigator: 

Technical Assistance: 

M. D. Snyder 
thoracEc to abdominal regions. 

Promethium-147, a weak beta emitter 

(maximum energy of 0.22 MeV), is a ma- 

jor constituent oi: fission product ra- 

dioactivity at one or more years post- 

fission. It is currently being recov- 

ered in megacurie quantities for possi- 

ble use in nuclear auxiliary power de- 

vices, presenting a possible inhalation 

hazard during processing. Previous 

work in this laboratory determined the 

distribution, excretion, and biologi- 

cal effects of inhaled and injected 

147Pm perchlorate in beagle dogs (An- 

nual Report, 1963). The present stud- 

ies are concerned with the biological 

fate and effects of inhaled promethium 

oxide, 

Observations 

Due to the absence of hard gamma 

emissions from 347~, previous attempts 

at whole-body counting of dogs exposed 

to soluble promethium perchlorate were 

unsatisfactory. Therefore, high-flux 

neutron activation of 147~ was em- 

ployed in the present study to produce 

a hard gamma-emitting isotope as a 

tracer for whole-body countinR. Fol- 

lowing decay of the shorter-lived 

148Prn, 149Pm, and lsoPrn, calcined 

147*148mh2~3 was prepared for aerosol 

inhalation studies. On the day of expo- 

sures, the ratio of 14’P, (half-life, 

2.6 yr) to 148npm (half-life, 42 days) 

radioactivities was about 20.1. The 

148mPm gamma peaks of 0.550 and 0.630 

MeV were used for whole-body counts and 

longicudinal scans. 

Figure 1 shows the whole-body reten- 

tion of 147+148m~2~3 in six beagles 

after inhalation of particulate aero- 

sols having a count median diameter 

(CMD) of 0.06 u. Dialysis tests of the 

0.18 Pluronics suspension of promethium 

oxide used for aerosol generation 

showed 3 to 4% of the radioactivity to 

be ionic. Forty to 50% of the ini- 

tially deposited material was cleared 

during the first week postexposure, pre- 

dominantly by the fecal route. Whole- 

body counts beyond 5 or 6 days postexpo- 

sure reflected essentially only radio- 

active decay. 

Figure 2 illustrates representative 

longitudinal scans of one of these dogs 

immediately after exposure and at 1 

month postexposure. Intermediate scans 

showed a rapid reduction of the initial 

head radioactivity peak, with a trans- 

location of some thoracic radioactivity 

to the abdomen within a few days postex- 

posure. At 1 month after exposure, al- 

though overall levels Pie considerably 

reduced (note scale difference), more 

of the remaining 147*148aPm radioact iv- 

ity had been trrnslocated rnd localized 

in other regions of the body. 
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Conclusions 

Tb data obtained to date suggest 

that about 501 of the initially depos- 

ited 147*1'8a~2~3 inhaled as 0.06 CMD 

particles was elillinatad within the 

first week after exposure. The reuin- 

ing whole-body burden was reduced es- 

sontially only by physical decay, al- 

though some radioactivity was trans- 

located to other organs. This is simi- 

lar to the behavior of inhrlrd prome- 

thium perchlorate which was previously 

shown to be distributed 401 in the 

liver and 551 in the skeleton at 1 and 

2 months after inhalation. Periodic 

sacrifices of the animals in the pres- 

ent study and continuing excreta rnal- 

yses will provide further infonation 

on the distribution and excretion of 

inhaled promethium oxide. 

RUTHENIUM OXIDE lNHALAlION STUDIES 

beagle dogr ehoved S o #OS pulaonary retention of 
inhaled rubmioronio fOtRu-I06RhOl up to 1 year after 
exporure. At 7 aonthr portexpoaure ObS of the total 
body burdrn wr in the tungr. 
fo6Rh UQ8 predorinantly by the feoat route. 

Investigator : 

8. 0. Stvart 

Technical Assistnnce: 

J. C. Caven 

Itoretion of 106Ru- 

Tho high yield fission product pair 

'06Ru-'06Rh constitutes a potential 

hazard in fallout and during the pro- 

cessing of spent reactor fuels. Its 

1.0 year physical half-life and ener- 

getic beta and garu emissions present 

a dangerous combination following in- 

ternal deposition. The present study 

with beagle dogs extends earlier work 

from this la boo at or^ on the oulmonarv 
retention of 106Ru-10BRh2 in mice. (1) 

Observntions 

Six beagles were exposed to aerosols - 

of calcined 1*6Ru-106Rh02 particles 

having count median diaaeters ranging 

from 0.07 to 0.12 u. Periodic whole- 

body counts and longitudinal scans for 

radioactivity have indicated that SO to 

801 of the initially deposited material 

(20 to SO uCi, total beta radioactivity) 

localized predominantly in the lungs of 

these aniuls for at least 1 year post- 

exposure. Figure 1 illustrates the 

whole-body retentions of 106Ru-Lo6Rh in 

two dogs for 7 months after a single 

exposure. The effective half-lives fol- 

lowing a rapid initial clearance period 

of 2 or 3 weeks were 28s and 277 days 

for Dogs 1 and 2, respectively. Siai- 

lar results were obtained for the other 

four dogr. 

Tablm I shows the tissue radioactiv- 

ity contents as percent of whole-body 

burdrns of these dogr sacrificed 7 

months postexposure. In agreement with 

weekly longitudinal whole-body scans, 

warly a11 of the radioactivity remained 

in the lungs, with translocation of 

sull amounts to the tracheobroiichial 

lymph nodes. Rrdiorctivity levelv5 in 

the liver and skeleton were very low. 

The logarithmic relationship be- 

tween the fractions of the body burden 

excreted daily and time after exposure 

is shown in Figure 2. Initial radio- 

activity levels of fecal saaples were 

more than two orders of magnitude 

greater than those of urine samples. 

Daily fecal exc. Ition of 106Ru-106Rh 

dropped rapidly ow the first 41 days 

after exposure, but urine levels re- 

mained nearly constant. The almost 
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-r.ent of total body burden"' __ .--- Tissue 

Dog 1 Dog 2 
~ 

Tracheobronchial lymph nodes 1.9 0.94 

Lungs 
Kidneys 0.006 0.007 

97.6 98.4 

Spleen 0.007 0.013 

Bone 0.17 0.24 

("Total bodg burdonr of Dogr 1 and 2 wora 10.2 and 18.8 MC~ 
(total beta) at aaorifioo, oorrooted for phgeiaal deoay 
from day of ezpoeuro. 

Liver 0.056 0.080 
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stationary urinary excretion rates at 

very low levels may be partly due to 

calculation of these data on the basis 

of the whole-body burden which de- 

creased rapidly resulting from high fe- 

cal excretion rates. 

Conclusions 

The very high retention of lo6Ru- 

Io6Rh in the lungs after inhalation of 

the calcined oxide is in marked con- 

trast with earlier reports of inhaled 

ruthenium chloride. 

exposed rats to ruthenium tetraoxide 

vapor or aerosols of ruthenium chloride, 

obtaining lung burdens of only 10 and 

78, respectively, of the initial body 

burden 1 month after exposure. fiamil- 

ton(3) found 254 of the initial body 

- 

Dailey et al. (2) 

product in the form of the oxide, with 

very little translocation even to the 

tracheobronchial lpgh nodes. This 

long-term pulmonary retention, together 

with ail extremely small degree of in 

vivo solubility, AS shown by very low 

radioactivity in other organs and mini- 

mal urinary excretions, support the 

concept of the lung as the critical 

organ following inhalation of lo6Ru- 

lo6Ru02. This uncommon immobility of 

an energetic gamma- and beta-emitting 

fission product in the lungs 8ffords 

comparison with alpha-emitting heavy 

metal oxides such as 239Pu02, which 

also has shown high pulmonary retention. 
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CLEARANCE OF INHALED FERRIC OXIDE IN IRRADIATED RATS Investigator: 
J. V. D?Zlo# 
Technical Assistance: 
D. L. Catt* 
L. C. Niohals*" 

Exposure of rate to 300 R whole-body X-irrggiation 
had no sffeat on the olearanoe of inhated 
partiotee up to 25 daye after the inhalation oxporuro. 

Pa203 

n. D. Snydar 

It has been reported(') that 300 R the lungs of rats for periods of up to 

whole-body X-irradiation just prior to 25 days post inhalation. To determine 

inhalation of Si02 particles inhibits the applicability of this observation 

the clearance of these particles from to materials other than SiOz, experi- 

ments uere initiated involving the in- 

*On eduoationat teave of absenoe. halation of a biologically inert aate- 

rial, calcined "Fe203 particles, **Summar employee. 
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Observ8tions 

Adult, female Sprague-Dawley rats 

were exposed to 300 R of 200 KVP whole- 

body X ray with physical characteris- 

tics closely approximating those em- 

ployed by Ferin, et al. Both irradi- 

ated and control groups were then ex- 

posed to the 59Fe203 aerosol for 30 

min. 

In the first exposure half of the an- 

imals were sacrificed immediately fol- 

lowing inhalation exposure. The remain- 

ing animals were sacrificed at 18 hr 

postexposure. In a second exposure 

half of the animals were sacrificed at 

18 hr and the other half at 25 days 

postexposure. The results of this ex- 

periment are shown in Table I. The 

increased deposition noted in the sec- 
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ond expos1 re was due to a higher aero- 

sol concentration. There was no indi- 

cation of a consistent difference be- 

tween irradiated and control animals. 

To confirm these findings a similar 

experiment was performed in which all 

animals were exposed simultaneously to 

the aerosol. The results of this ex- 

periment are shown in Table 11. Again 

there was essentially no difference be- 

tween irradiated and unirradiated 

groups in either initial deposition or 

retention of the particles. 

Conclusions 

In these experiments exposure to 

300 R of whole-body X ray had no effect 

on the deposition or clearance of in- 

haled "Fe203 particles. The apparent 

disagreement between these results and 

~ 

TABLE I. 
Pbltowing X-irradiation 

Experiment I - Depoeition and Retention of Inhaled 59Fe203 in Rat8 

Percent remaining 
in lung Time after exposure Lung burden f standard error, uCi 

Exposure no. 1 

0 hr controls 
18 hr controls 

0 hr irradiated 
18 hr irradiated 

Exposure no. 2 

18 hr controls 
25 days controls 

18 hr irradiated 
25 days irradiated 

0.036 * 0.002 
0.036 * 0.004 

0.038 f 0.005 
0.032 f 0.003 

0.050 f 0.004 
0.034 f 0.006 

0.064 f 0.006 
0.034 f 0.008 

100 
100 

100 
85 

100 
67 

100 
53 

TABLE II. 
Following X-irradiation 

E'speriment 2 - Deposition and Retention of Inhaled sOpepOJ in Rat. 

Percent remaining 
Time after exposure Lung burden f standard error, uCi in lung 

(3' 

g 0 hr controls - 18 hr controls 
r-.3 25 days controls 

0.011 * 0.004 
0.010 f 0.004 
0.005 f 0.002 

100 
94 
47 

t3 0 hr irradiated 0.011 f 0.003 100 
cf~ 18 hr irradiated 0.010 f 0.003 91 ,= 25 days irradiated 0.006 f 0.003 55 
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those reported by Ferin remains to be 

explained. The silica employed by 

Ferin was quite possibly metabolically 

active, while the ferric oxide employed 

in our experiments was most probably 

inert. Estimation of silica retention 

was based on chemical analysis while 

retention of ferric oxide in our experi- 

ments was baFed on more accurate and 

sensitive rad chemical assay proce- 

dures. Any conclusion as to the more 

general applicability of either of 

these conflicting observations must 

clearly await the accumulation of fur- 

ther data on other types of inhaled 

particles. 

Ref erenc es 

1. Perin, J.. G. Urbankova, and A. 
Vlakova. Aroh. Bnv. Bealth, 
VOZ. 10, pp. 790-795. 2965. 

EFFECT OF PHARMACOLOGICAL AGENTS ON INHALED PARTICLES 

Treatment of rats with atropine sulfate prior to in- 
halation of 59Pe203 partioles slightly deareased the 
quantity of matertal deposited in the lung. Troat- 
ment with 2,l-dinitrophenol had tittle, if any, uffeat Technical Assistance: 

on deposition of the inhaled partiotes. D. L. Catt* 

Investigator: 

J. V. Dilley 

N. D. Snyder 

Two physiological processes which 

may influence the deposition and re- 

tention of inhaled particles are the 

activity of the cilia lining the tra- 

cheobronchial tree and the character 

of the mucous blanket covering these 

cilia. These two functions can be 

separately modified by pharmacological 

agents to study the influence that 

each may have on the deposition and 

retention of particles. 

Observations 

fate is to reduce the water content of 

the mucous lining of the tracheobron- 

chial tree, markedly increasing the 

viscosity of this mucous blanket. Ad- 

ult, female rats were intraperitoneally 

injected with this drug and, together 

with suitable controls, were exposed to 

an aerosol of 59Fe2O3 for 15 min. 

animals were sacrificed at various time 

The specific effect of atropine sul- 

The 

*0n eduaation leave of absenoo. 

intervals following the inhalation expo- 

sure and the lungs and trachea removed 

and counted for radioactivity. The re- 

sults of these studies are shown in 

Table I. In all but one instance the 

treated group had a lower lung burden 

than the control animals. However, the 

differences were small, ,Ten with mas- 

sive doses of atropine, suggesting that 

the viscosity of the mucous blanket ex- 

erted only a small effect on particle 

deposition and retention. 

dinitrophenol as a stimulant to the 

basic metabolic rate. This agent 

causes the uncoupling of oxidative 

phosphorylation; it should first in- 

crease the activity of the cilia in the 

respiratory tract but deplete energy 

stores for continued ciliary activity. 

Rats were injected intraperitoneally 

with 12.5 mg of 2,4-dinitrophenol per 

kilogram of body weight just prior to 

aerosol exposure. At intervals during 

A second experiment employed 2,4- 

00 I2301 
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TABLE I. 
of Inhated Partiolee 

Effeat of Atropine Sulfatr on Depooition and Rotontion 

Time Dose of atropine, S9Fe in lungs, vCi(a' 
pOStexposure mg/kg of body weight Treated Cont ro 1: 

2.5 aiin 
2.5 min 

20 hr 

3 ain 
3 hr 

22 hr 

10 
10 
10 

100 
100 
100 

O.OOS8 * 0.0002 0.012 t 0. 

0.009 ' 0.002 O.Cl5 * 0. 

0.012 * 0.00s 0.015 * 0. 

0.010 * 0.001 0.008 * 0. 

0.011 * 0.005 0.014 t 0. 

0.010 * 0.0006 0.012 * 0. 

(a)Av,erags of five animal. * atandord orro- 

the exposure four treated and four con- 

trol animals were removed from the ex- 

posure chamber, sacrificed, and lungs 

and trachea removed and sssayed for 

radioactivity. The results of these 

studies are shown .in Table 11. The 

dinitrophenol-treated group showed, ptr- 

haps, a tendency toward increased de- 

position as the length of exposure in- 

creased, but differences were clearly 

not significant. 

Conclusions 

pharmacological agents, it is possible 

to alter normal physiological functions 

concerned with the deposition and re- 

tention of inhaled particles. The re- 

sul'? of the studies reported here in- 

By employing large doses of potent 

dicated that increasing the \ 

of the mucous blanket in the 

tory tree or the uncoupling c 

tive phosphorylation had lit 

on the deposition of particlc 

two functions may be conside 

important to the disposition 

part icles than previously thi 

TABLE II. Effoat of 2,4-din 
on tho Doporition of Inhaled 

"Fe !n lun s 
Trtated 

Loa[tb of oxposuro. 
mi. 

10 0.012 9 0.003 0.1 

0.027 0.008 0.1 45 

LO 0.011 8 0.008 0. 

90 0.112 * 0.016 0. 

'*'A..r.#. of four ariral. * atamdard er 

REMOVAL OF INHALED RADIOACTIVE PARTICLES 

Of severat agents administered as aoro~ols none uere I nv 
effective in removing inhaled 106Ru02 from the Lungs D. . 
Of Pats. 

239, 

for an agent useful in hastening the re- tate radiochemical analysis. 

moval of inhaled radioactive particles, toniur dioxide, ruthenium d: 

especially plutonium. In the present relatively irlsoluble in the 

studies the beta-gamma emitter, 106Ru- has a long biological half- 

This is part of a continuing search Rh, was used instead of 
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Observations 

'06Ru02 aerosols, the therapeutic agent 

was given by aerosol continuously over 

an approximately 5 hr period. Treat- 

ment was resu:ned for approximately 8 hr 

on the following day. Aerosols were 

produced by jet or ul*:rasonic atomiza- 

tion. Animals were killed and lungs 

analyzed for lo6Ru-Rh immediately 1 or 

7 days after Ru02 exposure. In a sec- 

ond test series, animals were killed 

immediately 3 or 14 days after exposure. 

Data obtained at the longest time 

interval following exposure are summa- 

rized in Table I. None of the agents 

testtd caused a significant reduction 

in lo6Ru retenbion as compared with 

untreated controls. Several agents 

nppcared to inhibit the natural clear- 

ance process. These included dimethyl- 

sulfoxide (DMSO), procaine, ethylene- 

diarinetetraacttic acid (EDTA), thenoyl- 

trifluoracetone (TTA), and diethylene- 

trisminepentaacetic acid (DTPA). In 

earlier tests DTPA had increased the 

rate of removal of inhaled 14'Ce02 from 

Following exposure of rats to 

both rats and dogs, but was not effec- 

tive in removing 239~u~2. 

Conclusions 

from this laboratory have not led to 

These and earlier studies reported 

the identification of a significantly 

effective agent for reducing the lung 

burden of such insoluble compounds as 

Ru02 or h02. 

itable to seek a new approach, perhaps 

directed toward enhancing the role of 

It would seem more prof- 

the phagocyte in removing foreign par- 

ticles from the lung. 

TABLE I. 
Treated with Test Aeroeo (percent 
of initially deposited IbgRu) 

*06Ru Lung Burdens of Rats 

Treated Controls - Test Aerosol -- 
Series I(') 

DMSO 81 70 
DMSO before exposure 63 63 
Silver nitrate 49 36 
Adrenal in 54 55 
Caf fe ine 68 56 
Nicotine 76 77 
Choline 60 54 
Procaine 8: 50 

Series II(~) 

Carbopol 6J 57 
EDTA 85 67 
Triton 65 58 
TTA 75 57 
DTPA 81 68 

78 74 Terpin ... drate 
Ox ime 65 a1 

(a) Lung burdens 1 week after exposure. 
(b) Lung burdens 2 weeks after exposure. 

EFFECT OF CIGARETTE SMOKING ON FATE OF INHALED PARTICLES 

The pocsibte effosts of chronic cifarette smoking Investigators: 
on the c2earance cf particles from the lung were 
examined <n beag1.e dog8 smoking 20 cigarettes pep 
day. Depcsition and clearance of inhaled introtubte J. V. Dilley 
Fartictes yere tested periodically by etposing the 
dogs to aeroeols of 59Fe203 or 51Cr203. No effect8 
werR seen in dogs after smoking cigarettes 6 days/ Y. Skinner 
weck for 3ver 0 year. 

Y. J. Bair 

Technical Assistance: 

M. D. Snydei. 

It is believed that the mucus blan- smoke inhibits mucus production, the 

ket propelled by the ciliated cells of beat of cilia, or the rate of mucus and 

the respiratory tract epithelium plays particle transport on isolated segments 

an important role in the removal of in- of ciliated tracheal epithelium. These 

haled particles from the lung. Severe1 results of essentially in vitro studies 

authors have reported that cigarette have been interpreted to indicate that 

0012389 
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cigarette smoking inhibits the clear- 

ance of inhaled particles from the lung. 

The implications of such a ConClUSion 

can be far reaching. 

the establishment for smokers of more 

conservative permissible limits for air- 

borne contaminants. Therefore, it 

seemed necessary to determine directly 

whether cigarette smoking impairs the 

clearance of inhaled particles from the 

lung. The results of these preliminary 

experiments show no consistent gross 

effects of chronic cigarette smoking on 

either deposition or clearance of in- 

haled particles from the lung. 

Observations 

oped to simulate human smoking in dogs. 

The dogs were caused to inhale smoke 

directly from a cigarette through the 

mouth into the trachea. Blood pressure 

and heart rate changes, increased lev- 

els of thiocyanate in the urine, and 

the appearance of smoke in exhaled air 

several breaths after inspiration of 

smoke showed that the dogs were truly 

inhaling the cigarette smoke. 

Each of six, male, beagle dogs was 

given a preliminary exposure to a 

59~e2~3 aerosol. Clearance rates were 

determined by whole-body counting. 

After the early clearance period and 

when the lower respiratory tract clear- 

ance rate appeared to be well character- 

ized, three dogs were introduced to 

smoking. 

the numbers of cigarettes smoked were 

gradually increased until the dogs were 

smoking 18 to 20 cigarettes per dry, 5 

days/week (Table I). 

test, which was about 200 days after 

tho dogs began smoking 18 to 20 ciga- 

rettcs per day, they were exposed to 

It could lead to 

For this study a method was devel- 

The frequency of smoking and 

Three hundred ten days after tho first 

~ 

TABLE I. Protocol for Dog Etpurimsnts 

0 

45 

7s 

85 

95 

105 

510 

420 

First "Fe test 

Introduction to smoking 
(1 cigarette/day) 

Begin 2 cigarettes/day 

Begin 6 cigarettes/d8y 

Begin 12 cigarettes/day 

Begin 18 to 20 cigarettes/dJY 

Second "Fe test 

51cr test 

~~ ~ 

"Cr203 aerosols for deposition and 

clearance studies. The dogs were 

tested again 320 days after beginning 

to smoke 18 to 20 cigarettes per day, 

this time with "Fe203. In these ex- 

periments lung clearance of "Cr and 

"Fe was measured by whole-body count- 

ing and also by longitudinal scanning 

of the dogs, 

were also counted for 'lCr and 59Fe. 

Figure 1 shows the results of the 

first "Fe test. Curves were fitted to 

the data for two periods after early 

clearance was completed, before smoking 

and after beginning to smoke 18 to 20 

cigarettes per day. 

before smoking was introduced was simi- 

lar for all dogs. 

times were about 250 days. These in- 

creased to about 300 days for the period 

after 75 days in the control dogs and 

two of the smokers. Dog 5 showed 8 sud- 

den increased rate of clearance. How- 

ever, at about the time of the change 

the dog was in a fight and treatment of 

injuries to his head required several 

sutures under pentothrl 8neStheSi8. 

Therefore, we do not know whether the 

sBoking or the dog fight caused the 

change in clearance rate. 

Excreta and blood samples 

Retention of "Fe 

The retention half- 

0012390 
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In the postsmoking tests with 'lCr 

and "Fe, the total amount inhaled was 

deteraincd from whole-body counts and 

analyses of exhaled air. Percentage de- 

position was calculated for the tot81 

deposited 8nd for that deposited in the 

lower respiratory tract or alveoli. 

Total deposition ranged between 55 and 

851 in all dogs for both "Cr and "Fe 

with one exception: 

511 of inhaled "Cr in a saoking dog. 

There were no consistent gross differ- 

a deposition of 

ences in deposition between control and 

smoking dogs. 

The particle rite of the inhaled and 

exhaled aerosols were also compared in 

these experiments to deternine whether 

smoking 8ltered this aspect of deposi- 

tion. The count mediar. diameters (CMD) 

of the exhaled aerosols tended to be 

somewhat larger for the smokiq dogs 

than for the controls. External scans 

showed considerable initial variation 

in deposition between head and lungs, 

0012391 
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but no clear distinction between smok- 

ing and nonsmoking dogs. 

Long-term clearance follouing the 

second "Fe exposure, as obtained fror 

whole-body counts, is shown in Figure 2. 

Since scans showed the body burden of 

"Fe to be concentrated in the lung re- 

gion, these curves can be assured to 

reflect lover rospirrtory tract clear- 

ance. The retontion half-timer ranged 

from fG3 to 600 drys for the period of 

20 to 100 days after exposure. 

were no significant differences between 

controls and smokers. Dog 3 in this 

test did not show th8 accelerrtod rate 

seen in the first 59Fe test. 

There 

50 t 1 
A. Controls 1 

0 

0 PWP 
1'2 

I I I I I I I . I 

0 20 40 60 80 100 120 

Time (Days After Exposure) 
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The low rates of clearance of "Ye 

fror the lower respiratory tract ob- 

served in these studies were similar to 

those found for *S9Pu. 

uere unexpected since other authors 

have published retention half tiaes for 

iron oxide of about 60 days. (1) A awe 

rrpid clearance would have provided a 

better test for any inhibitory effects 

caused by smoking. This slow clearance 

ray be due to specific chericrl and 

physical properties of the 59Fe105 er- 

ployed. To insure insolubility, it uas 

calcined at 600 *C. The particles were 

irregular in shape. The iron oxides 

used by other authors were generally 

not Calcined and uere less irregular in 

shape. These differences in properties 

ray account for the differences In re- 

tent ion. 

Conc lus i ons 

strated no gross effect of cigarette 

Such low rates 

These preliminary studies have demon= 

smke on deposition and pulmonary clear- 

ance of inhaled particles in beaale 

dogs. These results are in contrast to 

a recent report fror Czechoslovakia in 

which a single exposure of rats to cigr- 

rette saoke decreased the clearance of 

Si02 from the lung. (*) On the other 

hand, out results are in substantial 

rgreement with data obtained in studies 

with rabbits at the Jefferson Medical 

Co 1 1 ege . Our dogs have been sub- 

jected to further clearance tests at 

480 drys after start of heavy smoking 

and, although results are not complete, 

no effect of sroking seems apparent. 
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EFFECT OF CYANIDE OM CLEARANCE OF INHALED ?ARTICLES 

Cyanidr, a potent ailio#tutio agent and a principal 
acmponerlt or the gareorr phara of cigarrtta omoke, 
h d tittta eJfect on tke early oleurunce of inhaled 
5jra bj partictrs !row rat trspr. It rigwifioancty 
inhibitad clraruncr over a 2d-dajc period. 

The quantity of cyanide in 100 g of 

AsleriC8n cigarette tobacco has been 

ertinated to be atout 80 mi. A smoker 

who consumes 1-1/2 to 2 packs of ciga- 

rettes per day vi11 have a daily in- 

take of 12 to 16 mg of cyanide. This 

has been confirmed by increased excre- 

tion of thiocyan2te in urine and in- 

'On educational irave of abrence 
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Nature, vol. 106, pp. 
1865. 

N. and C. Y. La Belle. 
Cormrniootioli. 
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Technical Assistance: 
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J. V. DiZlry 

creased levels of thiazolidine in sa- 

liva. Since cyanide is known to in- 

hibit ciliary activity in the respira- 

tory tract, it uould seem likely that 

it night significantly alter the clear- 

ance of particles from the tracheo- 

bronchial tree. 

Observations 

uere given potassium cyanide in their 

drinking water daily at levels of 

Adult, female Spralue-Dauley rats 
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100 mg per 100 ml of water. 

cyclamate was added to improve palat- 

ability. Control animals received only 

sodium cyclrrrte in their drinkjng wa- 

ter. Since cyanide is rapidly absorbed 

through pulmonary tissue, it seemed 

justifiable to administer it via drink- 

ing water, thus simplifying the admini- 

stration and the regulation of daily 

intake. 

After about S months on a cyanide 

ro#imen, treated and control animals 

Yere givon a IS min exposure to 

s9Fe203 aerosols and sacrificed in 

groups of four at time intervals ex- 

tending to 2 hr postexposure. The 

lungr and trachea were counted separs- 

Sodium ately from the skinned carcass for "Fe 
content. Results of these experiments 

are shown in Table I. There was little 

difference in rater of removal of the 

insoluble particles from the lungr of 

the experirental rnd control groups. 

A second experiment was porformed to 

study the slow component of pulmonary 

claarance. Control and cyanide-treated 

animals wore exposed to aerosols of 

59Fe20s, simultaneously, for period 

of 30 min. Equal groups of tho control 

and the cyanide-treated animalr were 

sacrificed at 0 hr, 18 hr, and 2S days 

postexposure. The mean "Fa lung bur- 

den for e8ch group is shown in Table 11. 

TAILS I. 
trolirotr Aftor a 16 min Aororol'ldporuro 

Rotrntion of Inhaled soPo 0 Partiator in Cyanide-Troatod and Con- 

(8) 
C rnide-treated 

time uci i n lung Percent (8) ,y n un ercent 
Cont ro 1 s 

3 min 0.019 1 0.00s 31 0.019 * 0.004 2s 

4 min 0.020 * 0.004 22 0.020 1 0.00s 22 

5 min O.OS2 * 0.009 14 0.037 1 0.002 17 

1s min 0.022 * 0.004 24 0.024 0.004 18 

SO .in 0.018 1 0.002 25 0.022 * 0.00s 16 

1 hr 0.041 0.008 10 0.039 1 0.005 11 

2 hr 0.044 1 0.009 10 0.052 t 0.011 8 

(a)S=prorood 08 poroont of tho total lung and rkinnod oaroa8r 
burdon that rorainod in tho lung at tho tima of raorifioo. 
Baoh value roprooontr tho moan and rtandard error of fdvo 
anima lr . 

TABLE XI. 
trol Aninata After a SO ain Aororol Exporuro 

RrtontCon of Inhaled "F.zO~ Partiolor in Cyanido-Treated and Con- 

(8) 
Cyanide-treated 

Ti80 uC1 i n lung Percent (a) \Xi i n lung Percent 
Controls 

0 hr 0.0103 1 0.004 100 0.0074 * 0.001 100 

18 hr 0.0096 0.004 9s 0.0068 * 0.001 92 

2S days 0.004s 1 0,001 43 0.0051 * 0.002 73 

(alS=proroed a8 oroent of tho lung doporition in animal. rao- 
rifia#d at 0 {r. 
dard error of oovon animalr. 

Baoh value roprorontr tho moan and rtan- 
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The lungs of the cyanide-drinking ani- 

mals retained a larger percentage Qf 

the deposited "Fe, at 25 days, than 

did those of controls. 

Conclusions 

Emphasis has been placed on the im- 

portance of ciliary activity in remov- 

ing inhaled particles from the respira- 

tory system. 

that the metaplasia of the trachea seen 

in heavy cigarette smokers necessarily 

leads to an increase in the deposition 

and a decrease in the clearance of in- 

haled particles, although this has not 

been clearly demonstrated in human ex- 

perience or in experimental animals. 

The results of these experiments seem 

to indicate that the cilia are of minor 

importance in removing deposited mate- 

rial from the lung. Considerable "Fe 

could have been renovcd by ciliary ac- 

tivity during the exposure period and 

gone unobserved under our experimental 

conditions; however, this seems un- 

likely in view of earlier experiments 

conducted in ?hi$ laboratory in which 

the ciliated epithelium was damaged 

with aerosols of silver nitrate prior 

It has been suggested 

to exposures to particles of SICrOt$ 

Partial denuding of the ciliated epi- 

thelium was confirmed histologically, 

but there was little difference in 

clearance of inhaled particles between 

treated and control animals. 

The rats in this experinent had in- 

gostod cyanide in concentrations equiv- 

alent to that of a human being smoking 

cigarettes for about 10 years. The re- 

sults suggest that a heavy smoker 

should have a reduced capability to 

clear inhaled particles from his lungs. 

However, tests in this laboratory with 

dogs trained to smoke cigarettes hrve 

failed to confirm this supposition. 

Several questions concerning the 

rJechanism of cyanide inhibition of par- 

ticle clearance from the lung remain to 

be answered. These include the possi- 

bility of an alteration of lung struc- 

ture at the cellular and subcellular 

levels. The detoxification of cyanide 

raquires a readily available source of 

divalent sulfur and/or cysteine. Does 

this continual demand by this detoxi- 

fying mechanisa bring about a depletion 

of the body sulfur reserves? 

EFFECT OF CYANIDE ON LIVER ENZYME ACTIVITY 

The daily ingestion of oyanide b 
of 4 months depressed liver oata use aotivity by 
35 to 411%. The major oyanide detorifyiag enapme, 

transsulfuraee, ua8 only slightly inhibited but uas Technical Assistance: 
apparently ohanged in its tertiary struoture as in- 
diaated by 1:ts ihareased lability to heat and 4E 

urea solutione. H. J, ?rank# 

.nioe for a period Investigator: 

f J. V. Dilley 

D. L. Catt' 

L. c. ~~~h~l~~~ 

Cigarette smoke has been implicated 

as a cause of lung cancer and other pul- nents in tobacco smoke and their mecha- 

monary disorders in man, but little is 

known of the possible causative compo- 

nisms of action. 

hypothesis is that r pharmacologically 

active component of cigarette smoke may 

alter normal biological function in 

A possible working 

*On educational leave of abeenoe. 

* *Summer amp lollee. 

00 12395 
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such a uanner that a second substance 

uay be able to induce the observed bio- 

logical effect. 

study was to deteruine whether cyanide 

could bu such a pharuacologicrlly ac- 

tive couponent of tobacco suoke. 

Observations 

received 0.S mg/ul of KCN and 0.125 

grains/100 a1 of seccharin in drinking 

water for 4 uonths. A second group 

received only saccharin and served as 

controls. The animals were sacrificed 

by decapitation and the livers iue- 

diatsly reuoved and weighed. Liver 

catalase activity was ueasured by the 

rethod of Fuj iuoto. (l) This rethod 

measures the quantity of H20Z destroyed 

by the enzyme in an incubation mixture. 

The results of these studies are shown 

in Table I. 

It is apparent that the cyanide- 

treated animals had a lower level of 

catalase activity than the controls. 

Recovery occurred but was not couplete 

when cyanide exposure was terminated 

24 hr prior to enzyme assay. The ef- 

fect was even more apparent when total 

liver weights were compared. Liver 

weights in the cyanide-treated group 

were less than in the controls. Con- 

sequently the inhibition of total en- 

zyme activity was greater than that 

indicated on n concentration basis. 

The purpose of this 

One group of adult feuale CF1 uice 

Liver tranrsulfurare activity was 

uearured accordinn to the method of 

Srunderr and Hiuwich,(*) except that 8 

whole liver houogenate was used insterd 

of a partially purified enzyne prepara- 

tion. This enzyme is responsible for 

the detoxification of cyanide and the 

array uethod ueasures the conversion of 

cyanide to thiocyanate. The assay was 

conducted at varying temperature and pH 

to determine the effect of these vari- 

ables. Results are shown in Table 11. 

Preparations from the cyanide-treated 

aniuals showed a smaller effect of tem- 

perature, suggesting an alteration in 

the entyue resulting in a higher activa- 

tion energy. 

The transsulfurase activity was in- 

vestigated for stability at higher tem- 

peratures by incubation at 45 'C for 

various periods of time prior to enzyme 

assay. Results of a typical experiment 

are shown in Table 111. Preparations 

from the cyanide-treated animals were 

more sensitive to higher temperatures 

than were those from control animals. 

the tertiary structure of the transsul- 

furase enzyme of the cyanide-treated 

nice which should involve changes in 

hydrogen bonding. To investigate this 

These results suggested a change in 

TABLE II. EfJeot of Aural/ Inoubation 
Temperatyrq and pR on Tranrsuzfurase 

turr. 'E JJ Cyanide-treated Control 

1 1.4 4.1 9 0.6 4.4 I 0.27 

10 1.4 s.7 8 0.s 5.4 * 1.03 

11 7.4 7.7 ' 1.2 0.5 a 2.42 

25 

1 1.4 4.f 8 0.0 5.z I 0.s 

7.4 14.1 9 1.2 l0.S * 1.10 

10 1.4 0.1 8 1.) b.0 1 1.7 

11 1.4 7.2 I 1.2 0.1 8 1.b 

2s 1.4 13.6 8 1.3 16.3 * 1.0 

'a)Eipraaa.d ae umola of SCP produoadhp of 1iv.r 
tiarudpar I min (woubation. Kaoh numbar ia an 
auarage from /tu* animale 1 atandard arror. 
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TABLB III. Effeot of Inoubation at 
?6 ‘C on Tranrrutj’urase Aotivity(aJ 

Incubation tiae, ain Cyanide-treated Control 

!5 1.1 1.1 

so 1.1 1.2 

IS 0.9 1.) 

60 0.9 1 .t 

(‘)llrprr*r*d ar ug SCI formed/ml of inoubation 
rirtur#/# rin. Baoh surbrr i. an aurragr of 
fivr animatr. 

TABLE IV. 
mfura re A o t iv 4 t 

gffeot of 4II Urea on Ldvrr 

?tolncubatlon Cyanldo-troatod Control 

41 Ut.. 0.49 * 0.021 0.8) * 0.1) 
No urea 1.01 * 0.011 1.32 * 0.01 

Inhibition 141 Sbt 

ia’Eiprer*rd ar urolrr SC# foued/mg 1ir.r 
tir*mr/l min inoubaeion. looh nurbrr ir 
on average from right onfrola rtomdord 

error 

possibility, enzyme activity was 8s- 

sayed after 15 min incubation of the 

homogenate in 4y urea. Results, shown 

in Table IV, indicate that preparations 

from the cyanide-treated animals were 

more sensitive to urea incubation than 

were those from control animals. This 

supports the suggestion that there is a 

different quantity of hydrogen bonding 

in the tertiary structure of the enzyme 

protein . 
Conclusions 

Chronically ingested cyanide was 

shown to have an effect on at least two 

liver enzyme systems. The effect on 

cstalase activity is especially inter- 

esting in view of a recent suggestion 

that it may be implicated in the onset 

of some carcinomas. (3) This effect of 

cyanide rry create a biological OnVitOn- 

rent which is more f8VOr8ble to the 

influence of a carcinogenic agent. 

ity to induce the enzyme systems re- 

sponsible for their detoxification. 

Cyanide was found to have the opposite 

effect on its major detoxifying path- 

way. Our studies suggest that this 

effect may be due to an alteration of 

the tertiary structure of the enzyme 

protein. 

Many toxic substances have the abil- 
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EFFECT OF RADIATION ON LUNG TISSUE 

In thoracic X-irradiated rats tho lung 001- Investigator: 
lagon content increased between the second and 
fourteenth day pos texposure, tung a tas tin was 
etevatsd between the tenth and twenty-fourth Technical Assistance: 
day, and total lung lipids ;Jere elevated be- 
tween the eighth and eighteenth day. 

E. S. Tombropoulos 

K. E. McDona td 

Numerous reports describe the le- pathologic changes has not been exam- 

thality, histopathology, and clinical ined. This is a report of prelim- 

effects in animals exposed to inten- 

sive radiation of the thorax. However, fects of acute X-irradiation on lung 

the possibility of chemical changes in 

the lung tissue preceding the histo- 

inary studies of the short-term ef- 

tissue b iochemis ty . 



Observrt ions 

Drwley, ferrle rrts VIS exposed to 

800 R of X-irrrdirtion to the thorrcic 

region. A similar unexposed group 

uere killod by decrpitrtion rt inter- 

vals of 1, 2, 4, 8, 10, 14, 18, 24, 

31, 38, IS, or St drys portexposure. 

Lungs uere removed, weighed, rnd 

homogenized, rnd the homogenates 

vere extrrcted with chloroform rnd 

8ethrnol (2:l). The defrtterl residue 

vas rnrlyted for elrstin and collrgen. 

A group of fifty, IO-dry-old Sprrgue- 

Y88 kept 8S 8 Control. 7hO 8ni88lS 

-4 ! The collrgen, elastin, and lipid 

! valuos, expressed 8s percent of the 
: corresponding vrlues for control rni- 

. mrls, ire shown in Figure 1. 

I The lung collagen content of irrr- 
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second dry postexposure and remained 

high for 2 weeks. 

Content began to increase by the 

eighth dry, rttrining 8 ~8xi.u~ on the 

tenth dry postexporure (1004 above the 

controls), Although the tot81 lung lip- 

ids increased in the irtrdirted rninals, 

the ratio of phosphorus to tot81 lipids 

rerElned essentially unchanged, suggest- 

ing thrt the gross composition of the 

lipids W8S unrltered. 

Conclusions 

are St.tiStiC811y significant, more 

experiments are clerrly needed before 

final conclusions can be drawn. If 

the observed transient elevition of 

collrgen, Ohstin, rnd tot81 lipids in 

the lungs of thorrcic X-irrrdirted 

The lung elrstin 

Although the differences reported 

dirted 8ni88lS incrersed 1004 by the 

I 

60 
I I I I I 1 I I I I I 
2 4 6 8 10 12 14 16 18 20 22 24 

Days Postexposure 

PICURE 1. Lung Collagen, Etaetin, 
and Lipid Content of Rat8 Following 
800 R Thoracic X-irradiation 
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animals is confirmed in subsequent 

experiments, several questions must 

be answered regarding scarring react- 

ions or other repair processes. Does 

800 R thoracic radiation produce per- 

manent damrge in the lung or docs it 

produce only temporary ch8nges by mo- 

bilizing collagen, elastin, 8nd lipids 

or by increasing the synthesis of 

these compounds7 

LUNG MITOCHONDRIA SYSTEM FOR FATTY ACID SYNTHESIS 

Tho mitochondrial fraotion from dog lung war 
shown to bo the mort active ruboel!ular fraotion 
for fatty acid synthrrir. The rrduotion of nuole- 
otidee could be a rat.-limiting atop in thir ryn- 
thesis. Cofactor re uirementr, a tinulatorr, and 
the dietribution of 14, within the produot fatty 
acid indicatc that fatty acid syntherir in rat 
lung mitochondria procradr by e longation of 
preeris ting shorter chain fat ty aoidr. 

We have reported thrt in rat 8nd 

rabbit lung tissue the most important 

subcellular fraction for fatty acid 

synthesis is the mitochondrial frac- 

tion. The rat lung mitochondrial 

fraction requires ATP, CoA, NADH, 8nd 

NADPH for optimal incorporation of ace- 

tate into long chain fatty acids. We 

have also shown that rat lung ritochon- 

dria synthesize fatty acids by elonga- 

tion of preexisting shorter chain fatty 

acids (Annual Report, 1964). This work 

has been extended to the study of dog 

lung tissue, and further information ob- 

tained on the requirements for, and 

mechanisms involved in, fatty acid 

synthesis by rat lung mitochondria. 

Methods employed were similar to those 

prcviously described (Annual Report, 

1964). 

Obs erva t ions 

Lung tissue was obtained from a 4 

year-old male beagle dog. Table I 

shows that the most active subcellular 

fraction for the incorporation of ace- 

tate into long-chain fatty acids was 

the mitochondrial fraction. These re- 

001 23119 

Investipator: 

E. C. Tonbropoulor 

Technic81 ASSt8nCe: 

X. E. McDonald 

sults are similar to those reported 

for rat 8nd rabbit lung tissues. 

To determine whether the reduction of 

nucleotides is a limiting step in fatty 

acid synthesis and whether reduced 

nucleotides can enter the mitochondria 

of our preparations, reduced and 

oxidized forms of nucleotides were 

compared as to their ability to 

stimulate fatty acid synthesis. The 

criterion for comparison was the 

amount of acetate incorporated into 

long-chain fatty acids by rat lung 

mitochondria (Table 11). 

Acetate incorporation was increased 

when the reduced rather than the ox- 

idized nucleotides were added to the 

incubation medium. It would appear 

- ~ ~~~~ 

TABLE I. Acetate-I-I'C Incorporati n 

into Long-chain Fatcy Acids by Subcell- 
ular Fracticns of Dog Lung Tissue 

Acetate incorporation 
after 40 min incubation, 

Fraction tested nanomoles/mg protein 

Mitochondria-rich 1.10 

Supernatant 0.015 

Microsomal 0.11 
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that under there experimental condi- 

tions, the reduction of nucleotides 

is a rate-limiting step. Furthermore, 

NADH is more important for the ryn- 

thesis of long-chain fatty acids by 

our mitochondrial preparation than 

NADPH. 

It has been reported that isoci- 

trate and citrate stimulate the in- 

corporatiop of acetate into long- 

chain fatty ~cids. Data are pre- 

sented in Table I11 showing the 

effect of citrate, isocitrate, and 

glucose-6-phosphate in our system. 

Citrate and isocitrate stimulated the 

incorporation of acetate into long- 

chain fatty acids, but the effect was 

not comparable to that reported for 

particle-free preparations, where up 

to 60-fold stimulation, has been ob- 

served. This is not surprisine since 

citrate in the particle-free prer-ra- 

tions acts mainly by activating or 

stabilizing acetyl-coA carboxylase. 

Thc fatty acid synthesis in lung 

mitochondria, as we will show, does 

not proceed through the carboxylation 

of acetyl-coA. With our mitochon- 

dria-rich fraction, citrate and iro- 

citrate apparently act as hydrogen 

donors. In other experiments we 

found that succinate, but not a-keto- 

gfutarato, similarly stimul 

incorporation into long-cha 

The inability of glucose-6-1 

to stimulate frtty acid syn 

could be explained by the a! 

of the appropriate enzyme ii 

mitochondria. 

Evidence has been providc 

on rbience of requirei 

insmsitivity to avidin, th: 

lur,g mitochondrial fraction 

preexisting shorter-chain fa 

(Annual Report, 1964). To f 

examine this mechanism, the 

bution of 14C activity withi 

product long-chain fatty aci 

cxauined. Theoretically the 

activity within the product 

acid derived from acetate-l- 

should be equally distribute 

the odd carbons if the malon 

pathway predominates, but wi 

confined to the -COOH end of 

acid chain if Synthesis OCCUI 

elongation. Degradation of 1 

acids produced by incubatior, 

rat lung mitochondria-rich fl 

with a~etate-1-1~C showed 60' 

tot81 14~ activity was I 1 thc 

boxyl group, and only 7.5% in 

methyl teruinal acetate grodi 
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Conclusions 

acid synthesis, the magnitude of ci- 

trate stimulation, and the results 

from degradation studies all point to 

elongation of preexisting Shorter- 

chain fatty acids as the main mecha- 

nism for fatty acid synthesis in lung 

mitochondria. These results are sim- 

ilar to those reported for liver 

tissue mitochondria where there is 

further evidence that this type of 

synthesis depends on the presence of 

endogenous fatty acids. Preliminary 

experiments in our laboratory indi- 

The cofactor reqtirements of fatty 

cate that the lung mitochondria-rich 

fraction is capable of esterifying 

fatty acids. It is therefore tempt- 

ing to speculate that shorter-chain 

fatty acids carried to the lung by 

the circulation are modified by mito- 

chondria, such as those of epithelial 

cells, to serve as a comporrent of 

lung phospholipids. Lung mitochon- 

dria may incorporate these lipids 

into their structure before releas- 

ing them for other biological func- 

tions. Similar functions have been 

attributed to particulate fractions 

from other tissue, e.g., liver. 

C3NTROL OF DENTAL CALCULUS IN EXPERIMENTAL BEAGLES 

Dental calculus WOE reduoed in rkge when their Investigators: 

normat aoft diet was supptementaJ oith one-hatf M. C. Brown 
or. oztait weektu. Approzimately 85% of the aacu- 
mutated dental CatUUtUE waa removed from the sur- J. F. Park 
faae of tho taeth after four oztail feedingcr. 
Approtimutely 35% of the individual teeth of the 
doas shoved calaulus deposita after the test pe- P. E. Bergam 

Technical Assistance: 

riod aompared to 85% before oxtails weru 

Experimental beagle dogs housed in 

runs and cages and fed soft food diets 

accumulate heavy deposits of dental 

calculus (tartar). Dental calculus 

may cause gingivitis, gingival lypo- 

plasia, loose teeth, and loss of teeth 

ir; dogs. Manual removal of calculus 

is a laborious process requiring anes- 

thesia, which is a risk to the dogs. 

At the University of California at 

Davis, regular feeding of oxtails to 

dogs decrease.; calculus accumulation. 

Adoption of this in our colony 6 years 

ago confirmed its feasibility. How- 

ever, it was necessary to determine 

the amount of oxtails and frequency of 

fed. 
J. C. Gausn 

T. C. Kinnae 

feeding required to obtain optimum ef- 

fectiveness. 

Observations 

Four groups of six to eight dogs 

were removed from the regular oxtail 

diet for 5 weeks prior to the test pe- 

riod. Group I was fed one-half oxtail 

and Croup 111, one oxtail, at 7-day 

intervals. Group I1 was fed one-half 

oxtail and Croup IV, one oxtail, at 

14-day intervals. All groups were 

examined for calculus deposits before 

and after each oxtail feeding. 

Groups I and I11 were examined 7 days 

after the final oxtail feedings and 

Groups 11 and IV were examined 14 
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days after the final oxtail feedings. 

The regular soft diet was not fed on 

days the oxtails were given to insure 

that the dogs chewed upon the ox- 

tails. 

Approximately 45 to 552 of all the 

dogs'teeth surfaces were covered with 

dental calculus at the beginning of 

the test period, before oxtails were 

fed. Approximately two-thirds of the 

accumulated calculus was removed 24 

hr after the first oxtail feeding. 

In Groups I and 111 calculus accumu- 

lation dropped to approximately 55 

gf the total teeth surfaces after the 

second oxtail feeding and remained 

about the same throughout the test 

period. In Groups I1 and IV calcu- 

lus accumulation dropped to about 

15% after the second feeding and in- 

creased slightly at the end of the 

test period. 

Approximately 75 to 90% of the 

individual teeth in each dog in all 

groups had calculus deposits at the 

beginning of the test period. Croups 

I and I11 dogs had about 302 less 

teeth with calculus deposits after the 

first oxtail feeding, and approxi- 

mately 50% after the second and sub- 

sequent feedings. Groups I1 and IV 

dogs had about 20% less teeth with 

calculus deposits after the first ox- 

tail feeding, and about 30% after the 

second feeding. However, in these 

dogs 70% of their teeth had accumu- 

lated calculus deposits 14 days after 

the final feeding. 

first and second premolar teeth had 

908 of the calculus deposits remain- 

ing at the end of the test period. 

to chew oxtails initially, but was 

soon encouraged to do so. Fights 

occurred between some dogs housed 

together when oxtails were fed, but 

could be minimized if the dogs were 

separated the first 2 hr after given 

oxtails. Ten dogs used in the test 

above are still in our colony. They 

have received one-half oxtail every 

7 days for the last 3 years. 

culus accumulation is approximately 

the same as was observed in Group I 

dogs in this test after oxtails were 

fed. No harmful effects of feeding 

oxtails have been observed in a col- 

lony of 200 dogs after more than 4 

years. 

Conclusions 

The canine and the 

Only one dog, in Group IV, refused 

Cal- 

This test confirmed the feasibil- 

ity of preventing the accumulation 

of dental calculus in experimental 

dogs by regular feeding of oxtails. 

Manual removal of calculus was not re- 

quired when dogs were fed one-half or 

one whole oxtail per week. Biweekly 

feeding of one-half to one oxtail 

Was 20 to 301 less effective. No 

harmful effects of feeding oxtails 

have been observed. 

0012402 
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COMBATING DETRIMENTAL 

EFFECTS OF RADIATION 

The three reports which follow do not represent our total 

effort in this category. 

the removal of inhaled radionuclides and with basic studies 

of pulmonary physiology are grouped in the previous 

section on inhalation studies. 

Several reports concerned with 

The past year has been one of transition in this area, 

with a lessening of emphasis on the screening of new 

chelating agents for their possible effectiveness in 

removal of internally deposited radionuclides, and with 

increasing attention to the application of proven agents 

to practical problem situations. 

our efforts of the past several years in the area of 

radiation protection by hematopoietic system transplants 

were terminated. 

Due to personnel changes, 

0012403 
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REMOVAL OF INTERNALLY DEPOSITED RADIONUCLIDES 

Deferosamine (DPA) ua8 not ben8fioiaZ. bu it8elf. 
or in oombination vith df0thylen8triorinep8ntaaoe- 
tio acid (DTPA), in prev8nting ~adioaativ8 oeriw 
d8position. lor ver0 vanoomyoin, oephalothin, or 
Pturoniou P-68 of any benefit bv therueLv.~, or 
a8 an adjunot to DTPA treatment, in preventing plu- 
tonium depoeition. 

The success of DFA in reducing the 

deposition of plutonium in bone and 

its additive effect with DTPA (Annual 

Report, 1964) prompted a test of the 

effectiveness of this treatment pro- 

cedure in reducing the deposition of 

'''Ce, which is physiologicrlly simi- 

lar to plutonium. 

biotics were tested for possible effect 

on plutonium deposition. 

Observations 

Female, Sprague-Dawley rats, ten 

per treatment group, were injected in- 

travenously with 4.9 or 1.1 uCi of 

Two chelating anti- 

14'Ce-144PrC13 at pH 3 or with 239Pu 

as the pH 5.0 citrate complex. Two 

treatment regimens were followed; 

either one treatment given 1 hr after 

the radionuclide or three treatments 

at 1, 5, and 24 hr. For better count- 

ing statistics the larger 144Ce dose 

was used in the multiple treatment ex- 

periment. At the end of the fifth day, 

the animals were killed by exsanguina- 

tion under ether anesthesia, and tis- 

sues taken for radioanalyses. 

Investigator: 

V. H. Smith 

Technic81 Assist8nce: 

B. P. N8al 

Results of the 144Ce studies are 

shown in Table I. Three treatments 

appear superior to a single treat- 

ment; however, this conclusion is 

not strictly valid because different 

isotope rnd total trertaent doses 

were used. 

in the spleen rnd femur, but clearly 

was of no practical utility either a- 

lone or in combination with DTPA. 

Pluronics F-68, 8 biologicrlly com- 

patible, nonionic, surfactant rnd 

surface tension depressant, was in- 

effective though it had been hoped 

that it might rake the cerium more 

accessible to the DTPA. 

two chelating antibiotics used to 

combat bone infections. As can be 

seen from Table 11, they were qf no 

value in preventing the deposition 

of plutonium, by themselves or in 

conjunction with DTPA. 

In multiple treatment situations, 

Catsch(l) recommends use of the zinc 

salt of DTPA because it is less toxic, 

The DFA had 8 slight effect 

Cephalothin and vancomycin are 
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Froctioa of control coDc8ntrotiORS 
(AV8fOge V01U.S from t8R rats) 

Slngle 
treatwnt Liver Kidneys Spleen Femur Excruto 

DFA(.) 
I- .-(b) -. 0.58 

DTPA(~) 0.M 0.41 0.58, 0.50 1.5 

DFA DTPA 0.44 0.47 0.s2 0.86 1.4 

.- -- 
-e .- .- Pluronics ~-68(d) 

Plurontcr F-b8(d) DTPA 0.51 0.48 0.56 0.49 1.6 

sa 1 i ne con t ro 1 r(*) (53) (1.3) (0.48) (0.76) (16) 

Three 
treo twn ti 

DFA 

DFA MPA 

DTPA 

-- .- 0.bS 0.79 

0.44 0.47 0.7t 0.55 4 

0.45 0.51 0.70 0.40 4 

Saline controls(') (22) (0.91) (0.w (0.72) (15) 

(aJD#8fePaa !CIBA, Ltd.) given im at 0.1 mmoh p? tnatm8nt; pH = 7.2. 

(bJ--Indioatee not rignificantly different from th8 oontrwl valuer at 

loJDTPA given ip at 0.1 -018 per tnataent vith 0.09 *role Ca (a8 Ca 

(d)p1&ir0ni08 C-68 fKyandotte Chemical8 Corp.) given ip 600 wg in 2.6 08 

"'Three 00 of phy8iologioal saline 9iv.n ip per treatment. 

th8 8bS confideneb interval. 

gluconate-Ca gfunoheptosate, Abbot); pU = 7.2. 

1120 per treatwant; pU - 7.2. 

atw percent of adninietered do#*. 
Valuer given 

and almost as effective as the calcium 

salt. Our results (Table 11) do not 

invalidate Catsch's recommendation 

since the number of treatments were 

too feu and the duration of the treat- 

ment schedule too short, but the 

greater efficacy of the calcium salt 

for preventing plutonium deposition 

is aptly demonstrated. 

from rats used in previously reported 

plutonium removal experiments (Annual 

Report, 1964) show greater damage 

resulting from combined DFA-DTPA 

treatment than when either agent was 

used alone. This does not contra- 

indicate use of the combination for 

Histologic examination of tissues 

00 i 2405 

preventing deposition of plutonium, 

but caution is indicated if there is 

suspicion of kidney or liver disease, 

and the combination should be avoided 

if treatment is to extend over several 

months. 

(The cephalothin and vancomycin 

were supplied through the courtesy of 

Dr. R. A. Griffith, Lilly Laboratory 

for Clinical Research, the deferoxamine 

through the courtesy of Or. ti. Bickel, 

CIBA, Ltd., and the tn DTPA through the 

courtesy of Dr. M. W. Weiner, Ceigy Re- 

search Laboratories.) 

References 
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TABLE If. Irff8ot of Troatrent of a'@;pU Deaorporatdon 

Percent of Administered 239Pu in Tissues 8nd Excreta 
(Average values from ten rats) 

Cumulated ' 

Liver Kidneys Spleen Femur excreta- 
Treatment - 
Vancomycin (a) 12 1.1 0.54 3.3 7.2 

Cepha 10thin(~) 13 1.1 0.27 3.3 6.4 

Vancomycin + DTPA (b) 0.41 0.52 0.035 0.30 73 

Ceyi.-lothin + DTPA 0.46 0.22 0.53 0.39 83 

tn DTPA(~) 2.7 0.43 0.21 1.4 53 

DTPA") 0.39 0.22 0.038 0.35 90 

Physiological saline 14 1.1 0.24 s.2 8.7 

(a)160 ng/kg of uancornlyoin (&illy), p# 3.5, given ip at 1, 6, and 84 hr 

(b)O.l mmole of DTPA vith 0.0 mmote Ca, pE 7.0, given ip on above roheduL#. 

(O'240 mg/kg of Keflin (Lilt#,), pE 6.6, given im on above rohedute. 

'd)O.l mmoh Ra3Zn DTPA: 

after the plutonium. 

4 1/2 €i20 (Geigu), pR 7.1, given ip on above 
sehedu le. 

TRANSLOCATION OF SUBCUTANEOUSLY OEPOSITEO PLUTONIUM 

Pot loving ruboutaneous in jeotion of 230p,02 in 
pjgiature evine, eoft tissue oonoentratione of 

Investigators: 
B8atria8 J. NoClanahan 

Pu shoved a oontinuing incroaee over a 1 year E. A. Ragan 

Technical Assistance: 
J. &. 

p8riod. 
tooatton of 2Jfipu(1~)nit~ate in rat8 t)em generattg 

of little effeot. P. L. Sheldon 

Treatments deeigned to otter trans-- 

In continuation of earlier work 

(Annual Report, 1964) miniature swine 

were injected subcutaneously on each 

foreleg with 239Pu02 in 0.1% polypropy- 

leneglycol ethyleneoxide polymer to ob- 

tain information on plutonium translo- 

cation that would be useful in evaluat- 

ing cases of accidental exposure. Pre- 

j liminary results were also obtained on 

' the effects of diethylenetriaminepenta- 

acetic acid (DTPA) and dimethylsulf- 

oxide (DMSO) on translocation following 

subcutaneous inject ions of 239~u ( IV) 

I 

nitrate in rats. 

i 

Observations 

Table I contains the suuary of the 

data available on the 239Pu content of 

swine tissues at different times after 

the subcutaneous injection of 3.8 to 7 

pCi 239Pu02. 

was much lower when the plutonium was 

administered as the oxide rather than 

as the nitrate (Annual Report, 1963). 

However, the regional lymph nodes accum- 

ulated significant quantities of plu- 

tonium, suggesting that experiments 

should be undertaken to establish the 

effects of long-term alpha irradiation 

The rate of translocation 
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TABLE I. 
outanaoua Injuotion of dsgPuDs 

"'Pu Conoentr tionr in the Soft Tiroue of Svtna PoLZoving Sub- 
(P8ra#nt of Injeotad Dora) 

Re ional Injection Days after No, of 
injection animals Liver Kidney Spleen 1y.p nodes site 

0.0094 0. 00058 0.00029 1.1 40 

2 0.044 0.00053 0.00069 3.5 27 

1 0.050 0.0021 0.00044 3.2 36 

372 1 0.48 0,0051 0.012 11 32 

1 3 

7 

30 

60 

90 

2 0.0075 0.00034 0.00035 4.6 54 

1 0.28 0.0019 0.023 0.75 34 

on these tissues. Additional data 

should be obtained to ascertain the 

turnover of particulate plutonium of 

very low solubility. 

DMSO and DTPA on the migration of 3.7 

y C i of subcutaneous 1 y depo s it ed 

(IV) nitrate in rats. The treatments 

were initiated 4 days after plutonium 

administration and were continued until 

the animals were killed after five daily 

treatments. One milliliter of SI DMSO, 

administered subcutaneously at the in- 

jection site daily, was without effect 

on plutonium metabolism. When 0.25 ml 

DTPA, dissolved in 80% DMSO at a con- 

centration of 42 mg/ml, was rubbed on 

the rat's skin at the site of injection 

four times a day, there was a signifi- 

cant reduction in the liver deposition. 

Since t+ere were no animals that re- 

ceived DTPA without DMSO, it cannot be 

stated unequivocally that DMSO is 

necessary for percutaneous penetration 

of DTPA. 

was reduced to the same extent when 14 

mg/kg DTPA was injected subcutaneously 

once a day either at OT away from the 

site of plutonium injection, OT when it 

was administered intravenously. None 

of the treatments significantly affected 

the amount of the 239Pu remaining at 

Figure 1 describes the influence of 

"Pu - 

The 239Pu content of liver 

the site of injection. 

an increased urinary excretion regard- 

less of its mode of introduction. 

Conclusions 

Additional data should be accunul.ated 

on the aetabolism of subcutaneously de- 

posited 23gPu02 to rid in more accurate- 

ly evaluating its potential hazard. 

DMSO appeared to have no influence on 

plutonium metabolism under the conditions 

employed in this study, 

ly effective in reducing Xfver and 

DTPA achieved 

DTPA was equal- 

I 

Con1 rol 1 

DTPA. sc.st Injecllon SIle 

DTPA.sc, 8rsy from lnjectlon 

DTPA.lv, DaIIy 

, Dally 
V 

I IO 40 b0 IO I] 100 

?erc.nt of Adminlsterrd Dore of z39Pu01 In To181 Organ 

FIGURE 1. Sffuot of Dimethylsulfotido 
(DMSO) and Diuthylonatriamineponta- 
ffgtio Aoid (DTPA) on Rutention of 

Pu in Rate 
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femur concentrations whether it was 

injected subcutaneously OT intravenous- 

Iy, but it had no detectable influence 

on the amount of plutonium remaining 

at the site. 

REMOVAL OF THYROID-BOUND IODINE 

Thiarotidine-4-oorbory tio aoid oas e ffeotiue in 
removing thvroid-bound 131I in rats. 
effeotive dose is wet2 below the aoute LDS0 giv- 
ing it an ezce ttent ~hemotherapeutia index of 
ove r fi 08. 

The most 

An exposure to 1311 by any route 

will result in rapid uptake by, and 

irradiation of, the thyroid gland. 

Opportunities for therapeutic treat- 

ment involve blocking the thyroid io- 

dine-trapping mechanism, hastening the 

turnover of the organic iodine, or in- 

creasing the rate of clearance of io- 

dine from the thyroid. The effective- 

ness of these procedures would be en- 

hanced if the excretion rate from the 

body was also elevated, 

Observations 

All experiments were performed on 

groups of ten female Sprague-Dawley 

rats weighing between 250 and 300 g. 

The 1311 and the drugs were admini- 

stered by intraperitoneal injection. 

Animals kcre killed and thyroids 

counted 2 to 4 hr following the last 

treatment. Results of all experi- 

ments are shown in Table I. 

The first, single dose experiment 

compared thiazolidine-4-carboxylic 

acid, a diuretic; ammonium chloride; 

and a pyretic, 2,4-dinitrophenol; a 

controi group was treated with normal 

saline. The efficacy of thiazolidine 

was confirmed in a second experiment 

in which animals were treated at 1 and 

*On Pduoational leave of absence. 

00 t 2408 

Investigator: 

J. V. DiZley 

Technical Assistance: 

D. L. Catt4 

20 hr after 1311 injection. 

treatment with thiazolidine and am- 

monium chloride was even more effec- 

tive. 

The dose level of thiazolidine in 

the first two experiments approached 

a toxic level for a single injection. 

For this reason and because a frac- 

tional dose regimen is usually favor- 

ed for drug administration, a third 

experiment was conducted to deter- 

mine an optimal multiple dose regimen. 

The lowest level of thiazolidine (25 

mg/kg) was the most effective; the 

highest dose, although effective 

Combined 

TABLE I. 
gioat Agents on the Level of 1 in 

Effeot of Various Pggynaooto- 

the Thyroid of Rats 

mwh 

Single Treatment 1 hr after ''l1 Injection 

Thiaroltdine 
hmmonlum chloride 
t,4.dInltrophenol 

100 
100 

4 

Treated nt 1 and 20 hr after Is1I Injection 

Thlarol Id In* 
Thlnrolldine auonlum chloride 

100 
100 

Treated et 3,24,48, and 68 hr after 

'"I InJectIon 

21 

1s 
100 

ThIaro!,Idlne 50 

Treated at 1 and 20 hr after "'1 Injection 

100 ThInxolidIne 
Z,4 -dInI trophenol 4 

1311 In thyrold 
1 of control 

8S 
9s 

128 

86 
80 

16 
88 
97 

127 

91 
142 
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when given as a single injection, in- 

creased thyroid 13'1 when given re- 

peatedly. This latter observation 

is often seen when therapeutic agents 

are given at near toxic levels. 

to compare 2,l-dinitrophenol admin- 

istered 1 and 20 hr after '"1 injec- 

tion. The 2,4-dinitrophenol causes a 

profound increase in the basal metab- 

olic rate of rats, resulting in a thy- 

roid stimulation similar to TSH. Since 

2,4-dinitrophenol consistently elicited 

an increase in the thyroid 1311, the 

mechanism of action of the thiazolidine 

must not be one of increasing thyroid 

turnover of organic iodine. 

Conclusions 

A fourth experiment was conducted 

These experiments demonstrate the 

effectiveness of a new type of chemi- 

cal agent in removing 13% from rat 

thyroid tissue. The effect obtained 

is co~prrable in magnitude to thrt ob- 

tained by others using a "shotgun 

therapy" with conbinations of KClO,, 

TSH, stable iodine, and a potent di- 

tolidine, alone r- in combination 

with ammoniua chloride, offers 8dV8n- 

tages of simplicity of administration 

and avoids the hazardous side effects 

of TSH, KClO,, and Lugol's solution. 

Thiarolidines are known to have some 

radioprotective activity when given 

prior to X-irradiation and may thus 

afford an additional benefit uncon- 

nected with the effect on 1311 clear- 

ance rate. 

uratic, hydrochlorthiaride. Thi8- 

References 
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MOLECULAR AND CELLULAR 

LEVEL STUDIES 

Although molecular and cellular level studies do not 

constitute a major feature of our program, it is our 

conviction that no modern biological laboratory can 

properly function without competence in this area. 

The two reports included in this section by no means 

reflect the total extent of our molecular and cellular 

effort. Additional studies are involved in support 

of other investigations, e.g., ultrastructural studies 

in connection with the investigation of the intestinal 

radiation syndrome, and in connection with studies of 

temperature acclimation in fish; microbiological 

studies related to the diseases of Columbia River fish; 

and basic biochemical studies of lung physiology in 

support of our inhalation program. 

The two reports which follow deal with continuing studies 

in microbiological systems which are not only of funda- 

mental biochemical interest, but which also promise to 

provide interesting model systems for the study of 

basic radiation effects. 
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THE EFFECT OF HETHIONINE OW SYNTHESIS OF RIBONUCLEIC ACID IN LSCHLRlCHlA COLI 

Thr relative rate of RNA ryntheeie by ##oh8ri- 
ohia JO~C ir inoreaeed upon addition of rethio- Y. N. Matoheft 
nine to a minimal medium. The effeot i8 not aon- 
fined to a ring18 ofaee of RNA. The relative 
rate of methylation of RNA ie high in adlr re- Laura S. YCnn 
aovering from ohlorompheniool poieoning, inter- 
mediate in oellr grovn in minimal medium, and 
tov in 00llr grovn in medium oontaining rethi- 
onine. Methionine enhanoee th8 rate of oonver- 
eion of ahlorampheniool ribonuo~eoprot8in part- 
ioler to 70 S riboromas. lrom there finding#, 
VI infer that methionine inarearer the relative 
rate of RNA uyetherir by inorearinq the rate 
of oonversion of ribanualeoprotein partiolrr 
to ribosomas and thereby deareaeinq their avail- 
ability for reguloting RNA ryntherir bu feedbook 
inhibit ion. 

Investigator: 

Technical Assistance: 

We have previously reported an in- 

crease in the relative rate of RNA syn- 

thesis in E. coli when the single ami- 

no acid methionine was added to a mini- 

mal medium (Arlnual Report, 1964). The 

rate of growth of the cells was not in- 

creased significantly by this addition. 

These observations led us to postulate 

a peculiar role for methionine in the 

regulation of RNA synthesis. The ex- 

periments described here were carried 

out in an attempt to identify the role 

of methionine in the regulation of RNA 

synthesis. 

Observations 

It was of interest, first, to exam- 

ine the RNA synthesized by cells in the 

presence of methionine and to compare 

this RNA with that synthesized by cells 

in minimal medium. For this purpose 

cells were grown for many generations 

in a nonradioactive medium, either 

minimal or methionine-rich. Cells were 

then transferred quickly to fresh m5dia 

containing 2-14C-uracil. The trans- 

fers were made from minimal media to 

minimal media, from minimal to me- 

thionine-rich, and from methionine-rich 

to minimal. Cultures were sampled at 

intervals, whole cells counted to as- 

sess the relative rate of RNA synthe- 

sis for each culture, and crude ex- 

tracts of the cells examined by the 

method of zone centrifugation through 

sucrose density gradients. In all 

cases, there was a close correspond- 

ence between the optical density pro- 

file and the radioactivity profile, 
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indicating that neither the shifts 

between media nor the presence of me- 

thionine caused the synthesis of an 

extraordinary species of RNA. The 

data on relative rates of synthesis 

of RNA in these cultures were con- 

sistent with previously reported re- 

sults. Cells shifted from minimal to 

methionine medium showed the highest 

relative rate; cells shifted from min- 

imal to fresh minimal medium showed an 

intermediate rete; and cells shifted 

from methionine to minimal medium showed 

the lowest relative rate of synthesis of 

RNA. These results showed that meth- 

ionine increases the relative rate of 

synthesis of all classes of RNA. 

The role of methionine as a donor 

of methyl proups is, of course, well 

known. It was, therefore, desirable 

to test the idea that methionine was 

enhancing the rate of methylation of 

RNA, or perhaps altering the amount 

of methylated RtiA in the cells, and 

that this in turn resulted in an in- 

creased rate of synthesis of RNA. 

This question was approached bv ex- 

amining the relative rate of rnethyla- 

tion of RNA in cells which had been 

grown either in minimal medium or in 

methionine-containing medium. It 

was assumed that cells with methyl- 

dcticicnt RX\ would show a highcr 

initial relative rate of methylation 

when shifted 3 a medium containing 

I*(: -mc thy 1 -met h ion ine . Conversely , 

it was assumed that cells with 

methyl-saturated RKA would show a 

lower initial relative rate of meth- 

ylotion. That this is indecd the 

case is shown by the data summarized 

in Figurr 1. Cells poisoned with 

chlor~~mphcnicol (CAP) ire known to 

synthesize RNA which is deficient in 

methyl groups: further. they are 

known to exhibit a higher than normal 

relative rate of methylation of RNA 

during recovery from CAP poisoning. (l) 

The initial relative rate of methyl- 

aticn of such cells, as shown in Fig- 

ure 1, was much higher than that ob- 

served for cells grown in the pre- 

sence of a large excess of methionine. 

Cells grown in a minimal medium showed 

a relative rate of methylation of RNA 

intermediate between these extremes. 

The inference drawn from these results 

is that cells grown in excess methi- 

onine have a relatively highly methyl- 

ated RNA. The question now posed by 

these findings concerned the role of 

methylation of RNA in the overall reg- 

ulation of the rate of synthesis of 

RNA. 

r 

Crlli Rrtorrrlnp from 
Chlorimphrnicol Polwnlnp 

1000 - 

0 3 IO IS 20 

A lurbl~lly(llrll Unlls) 

FIGURE 1. 
-RNA Cn Collr a@ Indiaut8d 
bu 14C Inoorporatdon from 14C-N8thyt- 
WethionCne 

R.lattl). Rat. of Nothut- 



90 

BNWL- 2 8 0 

I 
I 
I 

I 
I 

i 

1 
I 

I 

I 
! 

! 

I 

I 

i 

From the experiments of Borek, (2) 

it is known that methylation of RNA oc- 

curs at a step subsequent to polymer- 

ization of nucleotides. Gordon, Boman 

and Xsaksson(’) showed that CAP parti- 

cles [i.e., ribonucleoprotein (RNP) par- 

ticles formed in the presence of CAP] 

were an excellent substrate for incor- 

poration of methyl groups and that ma- 

ture ribosomes were essentially devoid 

of any acceptor activity in an in vitro 

methylating system. Several workers 

have shown recently that CAP particles 

behave kinetically, as if they were the 

precursors of mature 70 S ribosomes. 

In view of these findings, it seemed 

desirable to test the effect of methio- 

nine on the rate of conversion of CAP 

particles to mature 70 S ribosomes. 

The results of such an experiment are 

presented in Figure 2. 

I 

For this experiment, cells grown in 

minimal medium were challenged with CAP 

(50 ug/ml). After 30 min, 2-l4C-uracil 

was added to the culture and the incu- 

bation was continued for 30 min. Under 

these conditions, about 60% of the to- 

tal radioactive uracil incorporated by 

the cells is present in the form of CAP 

particles, The cells were then removed 

from the radioactive medium and washed 

with cold distilled water and cold fresh 

medium containing 12C-uracil. These 

washes removed all traces of CAP and 

2-14C-uracil. The cells were then sus- 

pended in fresh minimal medium contain- 

ing 12C-uracil (10 ug/ml) and recovery 

from CAP poisoning was allowed to pro- 

ceed. One sample of cells was quickly 

chilled, washed with buffer, sonically 

disrupted, and 

fer containing 

ing cells were 

loco 

SGO 

10 20 30 

extracted with tris buf- 

10-2g Mg*+. The remain- 

divided into three equal 

00 I24 14 

L ” 
c . 50 MlnutaS 

0 n .. 0 L] :\ c 

< 0.50 
I 

8- 

--0-- / 
0.25 ‘ ’. 

IO 20 10 

Frrcllon Number 

IO 20 30 IO 20 10 

Fraction Number Fraction Number 

Minlnri Medium Mlnlnrl Medlum: Mlnlmil Madlun 
~-9 siits. 0.5s Glycerol Plus 50 pgrml l-Math[onln# Plus 0.5s Crsrmino Acldr 
10 yglnl Urrcll 

FIGURE 2. Conversion of Chtorampheni- 
dol Ribonualeoprotein Partiole8 to 
RiCoeomee in Varioue Reoovery Media 
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portions. One of these received casa- 

mino acids (0.5t), another received me- 

thionine (50 rg/ml), and the third re- 

ceived no supplement. The incubation 

was continued and samples of each cul- 

ture were removed after 20 and 50 nin. 

Extracts were prepared in the manner 

described for the zero time sample. All 

extracts were examined by the method of 

zone centrifugation through density gra- 

dients of 5 to 20% sucrose. From the 

density gradient profiles shown in Fig- 

ure 2, the CAP-RNP material present at 

time zero undergoes a gradual shift in 

sedimentation velocity (and therefore 

size) with time in all three cultures 

studied. This shift in sedimentation 

velocity has been interpreted else- 

where as the conversion of CAP-RNP 

particles to mature 70 S ribosomes. 

The presence of casamino acids in the 

recovery medium increases the rate of 

this conversion. Similarly, addition 

of the single amino acid, methionine 

increases the rate of this conversion. 

Conclusions 

iments summarized in Figures 1 and 2 

is that methionine enhances the rate of 

formation of 70 S ribosomes from CAP- 

RNP particles by stimulating the rate 

of methylation of these particles, or 

in other words, by relieving that part 

of the rate limitation imposed by the 

requirement of methylation of these 

particles. The increase in the over- 

all rate of RNA synthesis observed 

in the presence of methionine and the 

results reported here suggest a model 

for regulation of RNA synthesis. The 

model can be visualized as follows: 

(3) 

The clear implication of the exper- 

It is necessary to assume that under 

certain conditions the rate of meth- 

ylation limits the rate of conversion 

of RNP particles to ribosomes and 

that the accumulation of RNP parti- 

cles limits the rate of synthesis of 

RNA from precursors. This model is 

attractive in that it permits inter- 

pretation of the inordinately long 

lags observed before resumption of 

normal relative rates of synthesis of 

RNA in cells recovering from CAP poi- 

soning and in relaxed mutants recover- 

ing from amino acid starvation (such 

mutants accumulate large quantities 

of RNP particles under conditions of 

amino acid deprivation). According 

to the model these long lags would 

result from the repressive effects of 

high concentrations of RNP particles 

on RNA synthesis. 

The model predicts that RNP parti- 

cles should inhibit the transcription 

of RNA from DNA and therefore that 

they should inhibit the DNA-dependent 

RNA synthesis of a subcellular system. 

This prediction will be tested in fu- 

ture work. 
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AMINO ACID TRANSPORT IN NEUROSPORA CRASSA 

Tryptophan tranrport in 1. o~aem ie mediated 
by a rpeoifio traneport rymter. 
is mtereorpeoifio, rhove the typioat eub- 
strate raturation kinetioe for ensymio re- 
aotionr and a rharp deoreaee in the rate of 
tryptophan uptake at Lou temperaturer. The 
struoturat requiremente apparently neoeesary 
for roaotion uith the "binding cite" are (3) 
an a-amino group nest to a oarbotyt, and fdl 
a free -CB2 group in the 8 porition. 

The prooere 

The mechanism of amino acid trans- 

port in fungi is unknown. The present 

investigations were undertaken to ex- 

amine the biochemical properties of 

the trypotphan transport system in the 

bread mold, Neurospora crassa. We 

were especially concerned with obtain- 

ing evidence for a "binding site" which 

combines with tryptophan and controls 

its entry and with defining the struc- 

tural and stereochemical specificity of 

this binding site. 

Observa ti ons 

Time Course of Tryptophan Uptake 

As shown in Figure 1, tryptophan 

uptake begins immediately following 

the addition of tryptophan to the me- 

dium. Transport continues at a con- 

stant rate until the supply in the me- 

dium approaches depletion. Soluble 

"pool" tryptophan rises rapidly at 

first, remains constant for a period 

and finally decreases as the pool tryp- 

tophan is converted into protein. In- 

corporation of labeled tryptophan into 

protein or acid precipitable material 

is preceded by a 90 sec lag. These 

results demonstrate that tryptophan in 

the amino acid pool is available for 

protein synthesis. Further, the data 

show that passage of try2tophan into 

the pools io a necessary step in pro- 

tein synthesis. 

00124ib 

Investigator: 

Technical Assistance: 

Laura S. Winn 

w. R. WiZey( 

Dependence of the Rate of Uptake 

on Substrate Concentration 

A criterion for establishing the 

existence of a specific transport 

system in living cells is the demon- 

stration that the initial velocity 

of uptake does not increase inde- 

finitely with increasing substrate 

concentration, but tends to become 

saturated. Figure 2 shows a double 

reciprocal plot of substrate con- 

centration versus the initial ve- 

locity of tryptophan uptake by 

N. crassa. As shown, there is a 

PROttlU 
UCOIPOR AI IOU 

SOlU@Lt POOL 

Nl UUlIl 

PICURE 1. 
Uptake and Inoorporation into Protein 

Time Courre of Tryptophan 



93 

BNWL- 2 80 

8. I 

0.7 

0.b 

0 0.) 

-: 
0.4 

- 
Iv 

proportionality between the initial 

rate of upt8ke and the extracellu- 

lar tryptophan concentration. The 

apparent I;r is 5.0 x lo'%. These 

data provide strong support for the 

contention that tryptophan trans- 

port in N. crass8 is mediated by a 

reactive site of limited availabil- 

Additional support for a binding 

ity. 

site for transport is its stereo- 

specificity, evidenced by the fact 

that D-tryptophan does not affect 

L- 14C tryptophan transport. 

suring an intracellular binding site, 

independent of the transport site, 

was eliminated by demonstrating that 

the rate of tryptophan uptake is max- 

imal at an external concentration, 

which is approximately 100-fold lower 

than the concentration at which the 

intracellular pool saturates. 

The Effect of Temperature and pH 

on Transport 

The effect of temperature on the 

rate of tryptophan uptake was investi- 

The possibility that we were mea- 

- 

- 

- 

- 

- 

gated with results as shown in Figure 

3. The Qlo between 20 and 40 OC is 

2.01. The sharp decrease in the rate 

of transport at low temperatures is 

much greater than would be expected 

for thermal diffusion. This fact pro- 

vides further support for the enzymic 

nature of the uptake process. 

take at 0 OC is practically nil, in- 

tracellular pools formed at 30 OC are 

completely stable. This is shown in 

Figure 4. The decrease in pool tryp- 

tophan at 30 OC is not a result of 

leakage from the pool but is probably 

a result of incorporation of trypto- 

phan into protein and conversion to 

other intermediates of the tryptophan 

cycle. 

Tryptophan transport is also pH 

dependent. The optimal range for trans- 

port is 5.8 to 6.0. The rate of uptake 

decreases sharply at pH values below 

5.0 and above 7.5. 

Although the rate of tryptophan up- 

Effect of other Amino Acids on Tryp- 

tophan Transport 

The effect of a number of other 

amino acids on tryptophan transport 

IO 

FIGURE 3. 
Uptaks 

Effect of Temperature on 
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PICUR# 4. Retontion of Proformod Tryp- 
tophan Po011 at 0 *C 

was investigated. As shown in Table 

I, leucine, methionine, phenylrlanine, 

ethionine, serine, tyrosine, cysteine, 

and histidine showed a SO1 or greater 

inhibition of tryptophan transport. 

In contrast, alanine, isoleucine, va- 

line, and glycine affected transport 

only slightly, if at all. 

The nature of leucine inhibition of 

tryptophan uptake was further investi- 

gated. As indicated by the Line- 

weaver-Burk double reciprocal plot 

shown in Figure 5, leucine coapeti- 

tively inhibits tryptophan transport. 

The apparent Ki for the process is 1.1 

x 10’4~. Leucine affects tryptophan 

transport, and not the subsequent me- 

tabolism of tryptophan, as evidenced 

by the fact that the utilization of 

preformed tryptophan pools is unaffect- 

ed by extracellular leucine present at 

concentrations which provide a 90% in- 

- 

hibition in the rate of tryptophrn up- 

trke. All attempts to demonstrate a 

lerkrge of tryptophan from the pool, 

in the presence or absence of trypto- 

phrn, were uniformally negative. 

The results suggest quite convinc- 

ingly that leucine exerts its in- 

hibitory effect on the entry process 

rnd not on the utilization or reten- 

tion of tryptophan. It thus appears 

that tryptophan and leucine bind a 

common reactive site for transport. 

Structural Requirements for the In- 

hibition of Tryptophan Uptake 

By modifications in the molecular 

structures to both leucine and tryp- 

tophan, it was possible to show that an 

a-amino group next to a carboxyl and a 

-CY2 group in the 6 position are nec- 

essary requirements for combining with 

the tryptophan transport site. It 

should be emphasized that indole is 
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TABLE I. ~ff~ot of Othor Adno Aoid8 
on Trgptophan Uptako (Stternal tryp- 
tophan aonoontratton 1 x 10 -6w, 

lnhlbltor 

L- leuclne 

L - me t h Ion I ne 
L-ethhonln* 

L-phenylalanlne 

1-cyroslne 

L- ser In* 

L-hlstldlne 

1-cys (e Inr 

t InhlbItion of 

90 

82 

82 

9s 

12 

53 

47 

77 

the rate of uutak. 

L-lsoleucine 4 I lo-( 11 

L-Val lnr s 10.) 9 

Glycine I 10.) 0 

L - a IanInc I 20 

not an inhibitor of tryptophan uptake. 

As shown in Table I, alanine is also 

not an inhibitor of tryptophan uptake, 

which demonstrates the extreme speci- 

ficity of the binding site. 

Conclusions 

The evidence presented demonstrates 

quite conclusively that tryptophan 

transport in Neurospora crassa is mc- 

diated by a specific transport system, 

enzymic in nature, and stereospecific. 

Thc competitive inhibition of trypto- 

phan transport by leucine and other 

amino acids with similar structural 

FIGURE 5. Competitive Inhibition bg 
Leucine of Tryptophan Transport 

relationships in the vicinity of the 

a-amino carboxyl suggests that "fami- 

lies" of amino acids are transported 

by the same reactive site. Further 

studies presently underway are expec- 

ted to define more concisely the mech- 

anism of amino acid transport in - N. 

crassa. 

0012419 
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ENVIRONMENTAL RADIATION STUDIES - 
TERRESTRIAL 

Our environmental studies programs, both terrestrial and 

aquatic, were severely handicapped as a result of the 

destruction of their principal laboratory facilities, 

by fire, in November, 1964. By mid-1965, however, 

temporary facilities were in place and most programs 

were again in full swing. 

The fourth in our series of annual Hanford Symposia was 

held May 3-5, 1965, on the subject, "Radiation and Ter- 

restrial Ecosystems." Forty-three papers presented at 

this symposium were published as a special December, 

1965, issue of Health Physics. 

The first two reports in this section reflect our con- 

tinuing concern with the unusual arctic ecosystem which 

in some of the natives of far-northern lands. These 

studies, while expensive and somewhat disruptive of our 

more normal program of desert ecology studies, are, we 

feel, of vital concern and must be continued. 

results in relatively high deposition of fallout 137cs 

Our plant physiology program is poorly represented in 

this report due to the absence on short-term leave of 

the principal investigator primarily concerned with 

work in this area. 
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CESIUM-137 IN THE FOOD CHAIN OF ESKIMOS 

Ceeium-137 body burden8 of Anaktuvuk Pa88, Alaska Investigator: 
resident8 during the summer of 1965 were about 30% w. C. Haneon 
less than during 1964. Lower amount8 of 137Ce in 
the people reflected a similar decreaee of 337Cs 
concentrations in caribou flesh, which serves a8 

the natives' food baee. 

Technical Assistance: 
c. K. Johnson 
H. A. Sweang 
Dorothy D. Wade 

Cesium-137 body burdens in Eskimo 

residents at Anaktuvuk Pass, Alaska 

were measured during the summer of 1965, 

continuing a study of radionuclides in 

Alaskan arctic ecosystems begun during 

1962. 

Observations 

Measurements were made with a 53 x 

76 mm NaI(T1) crystal and photomulti- 

plier tube connected to a compact 

single-channel gamma analyzer-scaler. 

Two consecutive 1-min counts were made 

of each individual; variation between 

these was consistently less than 5%. 

Whole-body counts of all available 

village residents were made on July 

23-24 and August 24. Cesium-137 body 

burdens for three age categories are 

presented in Table I. There was essen- 

tially no difference between July and 

August values for the adult and minor 

categories; however, the children's 

137Cs body burdens decreased during the 

elapsed month, probably because several 

subjects participated in the U.S. 

Government's Project Head Start, which 

included a school lunch program featur- 

ing processed food containing lower 

137Cs concentrations than their usual 

diet. 

Cesium-137 body burdens of the 

Anaktuvuk Pass residents were essen- 

tially constant during July and August 

at a level about 30% less than during 

the same period of 1964. This reflects 

a lower 137Cs concentration in caribou 

flesh, which forms the food base of 

these people. Samples of caribou flesh 

obtained from representative family 

fcad caches contained 30% less 137Cs 

than similar samples measured in 1964, 

although 137Cs concentrations in li- 

chens at Anaktuvuk Pass increased from 

about 24 pCi/g standard dry weight 

during 1964 to about 32 pCi/g in 1965. 

The maximum 137Cs body burden was found 

in the same man who has usually had the 

highest burden. He contained 1710 nCi 

137Cs on July 24, 1740 nCi on August 24 

and 1740 on September 1. These values 

are 30% less than his body burden dur- 

ing the swnmer of 1964. 

0012421 
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L *. - 
TABLE I. 
AmZ Residents During Jully and Auguot, 1966 

Cesium-137 Bodb Burd8no in Variouo Ag8 Categoriao of Anaktuvuk Pa#O, 
I 

Ceriur-157, nCi 
July Augur t - 

Body Per kg Body Per kg 
Age category Persons burden body wt Perrons ourden body ut 

Adults 
(>21 years) 38 920 a 49“) 15.1 0.8 25 920 9 58 15.7 8 1 

Minors 
(1 5- 20 years) 8 560 58 9.7 ’ 0.9 5 490 * 42 9.5 * 1 

Children 
(3-14 years) 36 200 * 18 7.8 a 0.4 22 170 8 17 6.2 0.5 

la’Mean * one etandard error. 

Conclusions 

The decrease of 137Cs body burdens 

in Anaktuvuk Pass Eskimos and of 13’Cs 

concentrations in caribou flesh serv- 

ing as the food base for these people 

is inconsistent with the trend of 

13’Cs concentrations in lichens , which 

serve as the major winter food of cari- 

bou. A similar inconsistency was noted 

during the summer of 1964, when 137Cs 

concentrations in caribou flesh and in 

people increased to twice the 1963 sum- 

mer values at a time when concentra- 

tions in lichens increased only 

slightly. This emphasizes the need 

for information about caribou migration 

patterns through the Anaktuvuk Pass 

region from winter ranges possessing 

various 137Cs levels in lichens. 

BIOLOGICAL HALF-TIME OF CESIUM-1 37 IN ESKIMOS 

The biological half-time of 13?Cs in Alaskan 
Eskimos was investigated by suk~stituting domestic 
meat for caribou and sheep in their normal diet for 
4 weeks. Whole-body counts and excreta measure- L. L. Eber!tardt 
mente led to average half-time estimates of 40 days 
for children, 52 days for minors, and 64 days for 
adults. Dorothy D. Wade 

Investigators: 

W. C. h’anson 

Technical Assistance: 

During August, 1965, the biological and Dall sheep flesh. In addition, 

half-time of 13’Cs retention in their needs €or flour, sugar, cooking 

Anaktuvuk Pass Eskimos was measured in oils, canned milk, butter, rice, noo- 

an effort to evaluate the effect of dles, and macaroni were suppiied. 

age and weight in persons who had natu- ObservatiE 

rally accumulated significant amounts Total 24-hr urine samples were col- 

of the radionuclide. Four families 

cooperated in the study by agreeing to 

substitute domestic meat for caribou 

lected from each individual on 2 days 

of each week; a single feces sample 

was obtained from most participants at 
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the beginning of the ex erimont to cm- 

pare *trinrry 8nd fecal '"Cs eXCrOtiOn. 

Whole-body counts, obtained 8t ueokly 

intervals, conslsted of tuo consecutive 

1-ain counts made with 8 53 x 7b u 

h'al(l1) crystal connected to 8 cmpact 

single-channel analyzer-scaler. 

two 20-year-old males, one bn 8 noma1 

Eskimo diet containing 5 to 6 kg of 

caribou meat per week and the othcr on 

the domestic meat diet. Measurements 

of 137~s excretion via urine and feces 

and whole-body counts were made drily 

for a 12 day period. 

picion that caribou was eaten surrepti- 

tiously, and additional studv of excre- 

tion data is underway. Apparently 

acceptable results were obtained onI 

137Cs half-time in 17 of the 20 persons 

studied. Values derived from whole- 

body counts obtained before and after 

the dietary change showed a consistent 

ranking with age and weight as incli- 

cated in Figures 1 and 2. Mean values 

were 40 days for children (age 4 to 12 

years), 52 days for minors (15 to 20 

years) and 64 days for adults (>21 

years). Further treatment of all the 

data will refine these values. 

days was vhserved for the "'Cs reten- 

tion of the 20-year-old male on the 

special diet from whom daily excretion 

and whole-body 137Cs measurements were 

obtained. His excretion data are com- 

pared in Table I with those from an- 

other male of the same age on the nor- 

mal diet of caribou meat. 

Conclusions 

A more intensive study b8s D8de on 

In a few instances, there is 8 SUS- 

A biological half-life of 41 to 52 

Although the results await refine- 

ment, they are in accord with several 

0 

0 20 40 

Weight, kg 

FICURP 1. Cesium-1 37 Re 
Times (18 a Function of Bi 

0 

Age, Years 

FIGURE 2. Cesium-337 Re: 
Times a8 a Function of As 

other investigations whic 
13 shorter half-lives for 

to northern peoD?es as cc 

temperate zJne inhabitant 

children as compared wit)] 

very limited data from tt, 

suggest that about one-fc, 

0012424 
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excretion occurs via the feces, and 

that this fraction is not greatly in- intake. 

fluenced by the current level of "'Cs 
.. 

-~ 

TABLE I. Cesium-137 Excretion Data Obtained from Daily Measurements 
cf Two Male Subjects 

Average ercent 

Fraction of total 
of body 1 urdens 

Observation excreted/day 
Subject period Urine Feces excretion in feces 

DH 13 days 0.55 0.23 0.29 

Special diet 

MM 13 days 0.69 0.21 0.23 

Caribou diet 

COMPONENTS OF VARIABILITY IN RADIONUCLIDE ABUNDANCE IN NATURAL ENVIRONMENTS 

Variability due to analytioal methods, differences Investigator: 
between individual animals, and environmental faotore 
is coneidered. Preliminary findings suggeet a major 
importance oj the environmental aspects. 

L. L. Eberhardt 

Studies of radionuclide abundance in 

natural environments necessarily depend 

on sampling methods for basic data. 

The purposes of such studies may dif- 

fer greatly, including research on 

mineral cycling, monitoring of efflu- 

ents or fallout, construction of math- 

cmathical or computer models, prospects 

for "scaling up" or projecting present 

knoviedge to future hazards; but all 

such concerns must deal with variabil- 

ity as encountered in the field, The 

present report deals with preliminary 

investigations as to the components or 

sources of variability in radionuclide 

concentrations in samples from nat- 

ural envirormeiits. 

Ohservations 

The work reported here is based on 

hoth field studies (Annual Report, 

1964) conducted directly for the pur- 

poses discussed here and on review of 

other work in the Biology Department 

and in the literature. It is suffici- 

ently difficult and expensive to ob- 

tain satisfactory samples so that 

dictates of good sampling practice 

are rarely met, An attempt has been 

made to restrict the data considered 

here to time periods short enough to 

avoid seasonal cycles and to areas on 

the order of a few square miles. 

Sample materials used cover a wide 

range, including both plant and animal 

tissues, and such diverse forms as 

fish, pine needles, and fecal pellets, 

Principal radionuclides considered 

have been '"Cs, 32P, and 65Zn, 

Results have been expressed thus far 

in terms of the sample coefficient of 

variation (standard deviation divided 

by the mean). 

Sample substances, radionuclides 

considered, analytical methods, etc., 

obviously affect results, but a part- 

tial classification of components of 

0012425 
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variability is suggested as follows: 

Source Coefficient of variation - 

0.30 to 11.40 

0.04]0.09 1 Replicate measurements 

Between individual organisms 

Environment a 1 ("ma 1 1 -IC. 1 e") 

Repiication of measurements (or 

"instrument error") may be greatly 

influenced by homogeneity of the mate- 

rial used--muscle tissue of large ani- 

mals (elk, caribou) provides perhaps 

the best source by way of homogeneity. 

Components due to differences between 

individual animals (essentially physio- 

logical differences) may vary as the 

history of the animal, and two wild 

animals rarely have the same temporal 

record. Hence useful data on this 

source have been considered to be 

those on the variability of radio- 

nuclides measured in fecal pellets 

from the same "band" of elk, as this 

reflects relatively short-term feed- 

ing and uptake differences. Land- 

scape effpcts depend on a wide range 

of factors, few of which are well de- 

fined. In considering fallout data, 

the most evident point is, of course, 

precipitational differences, so that 

size of area sampled at some point 

blends into what might be called "geo- 

graphic" differepces. 

Conclusions 

As yet, too little is known about 

the variability in distribution of 

radionuclides to support any firm con- 

clusions. It is clear that grouping 

of sample data frequency classes 

yields skewed distributions, and there 

is an interesting prospect that the 

coefficient of variation may be rela- 

tively constant for a wide range of 

materials. It appears that "instru- 

ment error" (measurement errors) may 

be a satisfactorily small fraction of 

the total variability (as it should 

be), and it seems most likely that a 

major fraction may be assigned to 

what has here been called "landscape" 

variability--= due to differences 

between individual animals or to mea- 

surement, nor to large-scale infiu- 

ences (e.g., precipitation regimes), 

but to a combination of intermediate 

factors. A much better understanding 

of the mechanisms is basic to any kind 

of study on a natural system, and thus 

extends well beyond radionuclide 

investigations, including, for example, 

such problems as those having to do 

with pesticides and pollution. 

CESIUM-137 IN WINTER AND SUMMER ANNUALS OF A DESERT STEPPE ENVIRONMENT 

Annual plant8 of arid and aemi-arid reglonr oan b. used Invest ig a tor 
an biolo ical indicator8 of yvorl~ or rubMearZp depori- 
tion of f37Cs. W. H. Rickard 

Radioactive debris is deposited on more is brought down with precipitation. 

the earth's vegetative cover from the In the semi-arid environment of south- 

atmosphere under dry conditions but central Washington, precipitation is 
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largely confined to fall and winter 

months. Most of the plant species of 

this region grow during cool, moist 

winter and spring months and aestivate 

durii;g the hot., dry summer. Only a 

few species of herbaceous plants are 

able to grow in summer by exploiting 

winter moisture stored in the soil pro- 

file below the reach of other plants. 

By harvesting winter and summer growing 

plants at their time of seed maturation, 

it is possible to compare these differ- 

ent kinds of plants as to their annual 

accumulation of radioactive fallout un- 

der different precipitation exposures. 

Observations 

The concentration of 137Cs as deter- 

iliined by gamma spectroscopy in a winter 

annual grass, Bromus tectorum (cheat- 

grass), and a summer annual forb, 

Salsola kali (russian thistle), growing 

on the same quadrats of an abandoned 

field habitat on the tianford Reserva- 

tion, Benton County, Washington Juring 

the 1964-65 growing season is reported 

here (Table I). During a life cycle of 

approximately 6 months, B. tectorum 

averaged 15 times more 137Cs per gram 

dry tissue than did 2. during its 

S month life cycle. The precipitation 

exposure of E. tectorum totaled more 

than 4 in. as compared to less than 

1 in. for 2. (Table I). These 

data show that annual plants growing on 

the same habitat accumulate fallout in 

different amounts according to differ- 

ences in ecological growth requirements. 

Conclusions 

Much of the information on fallout 

interception by plants of temperate 

latitudes has been concerncd with vege- 

tables or perennial pasture grasses. 

Little infonnation is published concern- 

ing fallout concentrations by wild 

plants, especially annuals of arid and 

semi-arid regions. Radiological sur- 

veys using plants as bioindicators of 

the concentrations of radioactive mat- 

ter in the environment often use above- 

ground parts of perennial plants for 

analyses. These parts often are of un- 

known age and therefore their aerial 

-- TABLE I. Growing Season of Bromu8 tectorum and Salsola kati in Relation 
to Precipitation and 137C8 Concentrations During IY64-65 

Precipitation, in. 

October, 1964 0.28 

November, 1964 0.94 

December, 1964 2.34 

January, 1965 

February, 1965 

March, 1965 0.03 

Bromus tectorum growing season 

a1 precipitation = 4.34 in. 
TSSCs pCi/g dry wt - 2.3 * 0.80 (SE) n = 10 April, 1965 0.09 

May, 1965 0.15 

Salsola kali growing season 

Total precipitation - 0.87 in. 
13’C: pCi/g dry wt - 0.15 f 0.12 (SE) n = 10 

June, 1965 

July, 1965 

August, 1965 0.03 

September, 1965 0.00 J 

0012421 
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exposure time is also not known. 

lived radionuclides like 137Cs tend to 

accumulate on the more aged tissues 

out contributions. Annual plants, on 

Long- the other hand, are of known age and 

these can be used as a bioindicator of 

the yearly or subyearly accumulations 

thereby mixing several years of fall- of 137cs. 

POPULATION CHANGES IN DARKLING BEETLES 

A 3 year deutine in beetle population on the Hanford 
Reeervation may be related to the concurrent deutine 
in yield of herbaceous plante. 

Investigator: 

W. H. Riokard 

One of the more obvious recurring 

biological events in the sagebrush- 

dominated vegetation of the Hanford 

Reservation is the autumn emergence - 

of large populations of darkling beet- 

les. These appear in September and 

remain active on the ground surface 

until early December when they are 

killed by low temperatures and snow. 

The life history of this kind of 

beetle has not been studied, but it 

is probable that as larvae they feed 

upon dead plant material, 

are probably eaten by other kinds of 

animals but this has not been observed. 

A purpose of these studies was to 

estimate numbers of beetles present 

in a representative sagebrush habitat 

during an emergence period and also to 

determine year-to-year changes in 

populations as related to environmental 

variables such as primary productivity. 

Ob s e r >ia t ions 

Pitfall trapping of darkling beet- 

The beetles 

les was conducted throughout the emer- 

gence period in the autumn of 1963, 

1964, and 1965. Forty-nine traps 

arranged in a 7 by 7 pattern with 3 m 

spacing between traps comprised the 

trap grid. No other studies were con- 

ducted on the plot to minimize tramp- 

ling disturbances, and the beetles 

were released after each trap period. 

Results are illustrated in Figure 1. 

The highest beetle catch was made in 

1963 and followed two consecutive 

years of high grass yield. The lowest 

catch was made on the second of two 

consecutive years of low grass yield. 
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FIGt'RE 1. Darkling Beetle Population8 
and Grase Yields for 1862-1965 



104 

BNUL-280 

Conclusions 

element of desert steppe ecosystems 

that lend themselves to population 

studies by pitfall trapping. The pre- 

sent study suggest= that there is a 

relationship between grass yields and 

beetle populations, but additional 

years of data will be required to 

establish the reliability of such 

observations, The greater reduction 

Darkling beetles are a conspicuous 

of beetles in the second year of re- 

duced grass yield suggests a 2 year 

life cycle for the beetles with the 

first year being a primary feeding 

period and emergence occurring in the 

second year. Stenomorpha populations 

were more dr8stically reduced than were 

Pelecyphorus populations, which ray 

indicate that Pelecyphorus is less 

adversely affected by low grass yield- 

than is Stenororpha. 

RADIOIODINE ENVIRONMENTAL RELEASE STUDIES 

The effeative half-time of *''I retention on pasture 
graf~~wa6 about 8 dous. Peak thyroid aonaentrations C. R. Watson 
of I in three grating dairu cattle oaourred on the J. P. Cline 
fourth day. 

Investigators: 

Approximately 5 Ci of 13112 vapor 

were released at the base of the mete- 

orology tower in a multi-disciplinary 

study of 1311 distribution and reten- 

+ion. This is a report of retention on 

in thyroids of three cows, pastured 

1600 m downwind. Other aspects of 

1311 distribution, including milk data, 

require further analysi:. 

Observations 

Pasture grass samples were obtained 

at intervals following 13% release 

within a 10 acre pasture on the 1600 m 

arc of the meteorology grid. One end 

of the pasture was initially contamin- 

ated with as much as 5 nCi/m*; little 

1311 was detected at the other end. 
1311 Figure 1 shows the retention of 

activity on cine area of the pasture. 

The effective half-life was approxi- 

mately 8 days, in contrast to a 5 day 

effective half-life observed in a 

similar study in 1963 (Annual Report, 

1963). The ambient temperature was 

cure grass and uptake and retention 

10 to 15 OF lower during the present 

study than in 1963, and the humidity 

was higher the first few days follow- 

ing release. 

Three Holstein cows in the final 

4 months of pregr-ancy grazed on the 

pasture for several weeks prior to the 

release to minimize the effect of die- 

tary iodine on 1311 uptake. 

mentary feed was limited to small 

quantities of hay and grain fed at 

milking. Noniodized salt was available 

ad lib. Daily sprinkler irrigation 

of the pasture ended the day before 

the release, The cows were removed 

just prior to the 131X release and 

returned to the pasture 4 hr after re- 

lease to minimize inhp.1ation of the 

radionuclide. The scintillation probe 

and the calibration technique for in 

vivo 1311 monitorlng of cow thyroids 

was described in the 1962 Annual Re- 

port. 

a practical extension of the 1962 

Supple- 

This experiment may be regarded as 

00 I2429 
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0 4 8 12 16 20 24 

Days Following I3lI Contamination of Pasture 

FIGURE 1. 
of the 1600 Meter Arc Pcsture after 
Airborne Deposition 

Retention of I3li on a Plot 

single contamination simulatiox in 

which a 30 days' supply of cattle feed 

samples was spiked on Day 1 with 10 

uCi of 1311 per sample (Anr,tlsl Report, 

1962). 

in the thyroids, shown in Figure 2, 

were different in the pasture and 

laboratory contamination cases. The 

laboratory cows' thyroids had a peak 

'''7 concentration after the first 

week, remained constant the second 

week, followed by a gradual decrease 

(effective half-life around IS days). 

Thyroid values in the present study 

peaked earlier (Day 4) and decreased 

faster (effective half-life about 8 

days). 

The patterns of 13'1 activity 

Conclusions 

The longer effective half-life of 

1311 on pasture grass observed in this 

study is probably due to climatic 

differences. High temperature has 

been shown to enhance the removal of 

1311 from foliar surfaces. 

retention time of 1311 in these cattle 

thyroids is probably due to nonuniform 

contaminaticn of the pasture. The 

cows grazed in the contaminated end of 

the pasture at the start of the experi- 

ment, then shifted to the noncontamin- 

8ted end. These studits emphasize the 

difficulity of correlating laboratory 

and field data, and raise the further 

question as to which m. '-? more re- 

levant in hazard analyslb predictions. 

The shorter 



106 

BNWL - 2 80 

I 

4 

rl 
.-4 

.r( 

V 
a 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

P 

0. I I 1 I & 
10 1s 20 25 30 5 

Days Follouing 13'1 Contamination of Feed or Pasture 

FIGURE 2. 
Following Contamination of Fezd or Paeture 
(Upper curve-2068 Laboratory Experiment. 
Lower Curve-Preeent Field Study) 

I3'I in Dairp Cattle Thyroid 

0012431 



107 

BNWL- 280 

EFFECT OF CLAY PARTICLES ON UPTAKE OF CESIUM BY PLANTS 

Ceeium-737 moves easily from bentonite clay 
particlee to plant roots when a complete and 
agitated water bridge aonnects the particlee 
to the root. 

Cesium-137 is tightly sorbed to clay 

particles and only slightly available 

to plants growing in soil. Plants 

growing in soil flooded with water at 

time of and subsequent to contamination, 

however, take up relatively more 

137Cs. 

137Cs moves directly from a dissolved 

state to the plant surface or is thc 

dissolved 137Cs first adsorbed to soil 

particles and subsequently exchanged 

through the solution to the plant sur- 

face. An experiment was performed to 

determine whether 137Cs is dissociable 

from the soil surface and under flood- 

ing can move by convection currents 

to the plant surface where uptake oc- 

curs. 

Observations 

137Cs and then suspended in a nutrient 

solution in which bean plants were 

growing. The solution was aerated 

during the 15 days of exposure and the 

amount of clay was small enough so 

that relatively little sedimented to 

the bottom of the pan. Concentrations 

of 137Cs in plant tissues harvested 

at the end of the test were no dif- 

ferent from concentrations in control 

plants cultured in the same way but 

with the 137Cs added directly to the 

nutrient solution and no clay present 

(Table I). 

posit on the root surfaces, a signif- 

:cant portion remained suspended in 

The question is whether the 

Bentonite clay was contaminated with 

Although some of the clay did de- 

Investigator: 
J. F. Cline 

Technical Assistance: 
Mary W. Magula 

the nutrient solution and there was 

relatively little direct contact be- 

tween clay particle and root. 

clay had retained the 137Cs in a 

tightly bound form, there should have 

been a lower uptake in plants grown 

in solutions to which the 13’Cs was 

added already sorbed to clay. 

It appeared possible that the 

ready availability of the 137Cs from 

the clay to the plant was a conse- 

quence of the relatively large concen- 

tration of diverse ions present in 

the nutrient solution in which the 

clay was suspended. To check this, 

a similar test w8s made using plant 

roots washed and suspended in dis- 

tilled water. In water, the uptake of 

the 137Cs from the clay particles was 

greater than when nutrient solution 

was present (Table 11.) 

Conclusions 

If the 

The data of Tables I and I1 extend 

previous observations in pointing out 

that under water-soaked conditions the 

137Cs is readily available to the plant 

TABLE I, Effect of Suspended Clay 
mee and Carrier Cesium on Uptake 
of 13qCa by Bean Plants 

freirmen t 

sJ=cific .ccivity 

8 clay/liter ~CI ’”cs 

0 I 0 

0.17 1 0 

0.17 1 1 

0.17 1 20 

1 1 80 

1.34 1 BO 

nCi 13’Cs/n dry tissue(*) 

stem Root 1e.f 

7.3 5.6 7.9 

6.5 4.6 10.7 

7 5.2 1.2 

6.7 4.4 6.6 

6.5 4,6 8 

6.1 4.4 7.9 

-- - 

0012432 
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TABLE II. Effect of Nutrient Ions on 
Plant Uptake of 137Cs Adsorbed to Clay 
Particles suepended in a Nutrient 
Culture 

'"Cs and clay 
treatment 

nCi 137Cs/p dry tissue") 
Leaf + Stem Root 

24 -- hr 48 hr u %!K 

In Hoaglnnd's solution 27 18 82 263 

In distilled water 94 122 72 216 

even if sorption occurs first on soil 

particles. It is no longer necessary 

to infer a direct initial sorption on 

the plant, Rapid transport from the 

soil particle to the plant occurs by 

mass flow through the standing water 

with normal convection currents acting 

to facilitate this transport. 

ION MIGRATION IN HOMOGENEOUS SOIL 

A general empirical equation is proposed to describe 
the ion migration front and the amount of ions 
carried by infiltrating water into soil. 

Investigator: 

J. J. C. Hsieh 

A mathematical description of ion Observations 

movement into and within soil is im- Air-dried and sifted Cinebar soil 

portant to the prediction of the (particle size <1 mm) was packed into 

availability of a given radionuclide a glass cylinder. The labeled ion 

to plant roots. An attempt was made solution in a calibrated burette was 

to find a simple empirical equation introduced at the top of the packed 

to describe the one-dimensional ion soil column with a constant hydrostatic 

movement in transient. head of 1.5 cm. The amount of ion so- 

A mathematical expression for ion lution remaining in the calibrated bu- 

movement in a homogeneous soil is rette, the distance of water advance, 

proposed as 
., 

P = mtn, 

where P represents either the quantity 

of ions transported by the infiltrat- 

ing water or the distance of ion migra- 

tion front from the source at time t; 

both in and n are parameters. The gen- 

log coordinate paper is of the form 

0 eral equation for a straight line on 

n3 
.z= x - = mzn, 
w 
W 

- 

log X = log rn + n log Z. - 
The validity of the proposed ion flow 

equation was tested by plotting the 

log of the distance of ion migration, 

or the log of the quantity of ions in- 

filtrated into the soil, against the 

log or thS corrtqi5trdi'iig"'time. 

and the time were recorded. At the 

termination of the experiment, the wet 

soil samples were removed from the dis. 

tal end of the soil cylinder at centi- 

meter increments and were counted for 

radioactivity. 

Two iodine solutions were tested; 

one with carrier (250 uCi 1511 with 

5 mg of NaI in 405 ml of water), nn- 

other without carrier (250 uCi 1311 in 

405 ml of water). The results are 

summarized in Figure 1. The criterion 

for the presence of iodine in a given 

soil sample was arbitrarily chosen as 

1000 counts/min (-1 nci of l%). 

Two cobalt solutions were tested; 

one with chelating agent (40.9 uCi 6oCo 

in 150 ml of 11 disodium EDTA plus 
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FIGURE 1. Rate o Movement of Water- 
Wetted Front and E311 on Soil Column 
(Values for the water-wetted front are 
given for the tests with and without 
carrier. I 

350 ml of 1N - HCl), the second with 40.8 

uti 60~o in 150 ml of water plus 350 ml 

of 1N - HC1. The criterion for the pres- 

ence of cobalt in a given soil sample 

WQS arbitrarily chosen as 1000 counts/ 

min (-2 nCi of 6oCo). The results are 
0 
0 sunmarized in Figure 2. 

Conc lu s ions - 
The experimental data seemingly fit 

-F 
w the straight line drawn on log coordi- 

*c nate paper. Therefore, the empirical 

equationy = mtn may be used to de- 

scribe the ion movcncnt in soil under 

the limitations of the experimental con- 

dition tested, Also, the advancement 

of water-wetted front confirms the em- 

for water movement yn = Kt. 

size of aggregation, packing. etc., would 

affect the slope 6f the lines obtained; 

however, the form of the proposed equa- 

tion may not be affected. Further stud- 

ies will be required to evaluate this 

pirical equation of Bell and Cameron (1) 

It is expected that the type of soil, 

preliminary finding, 

Re fer enc e s 

1. Bell, J. M. and F. K. Carnsron. 
J. Phus. Chem., vot. 10, pp. 658- 
674. 1906. 
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Time, rnin 

FIGURE 2. Rate of Movement of Water- 
Wettxront and 6oCo on Soil Column 
(Water-wetted front points arc for both 
tests with and without EDTA.) 

- 
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ENVIRONMENTAL RADIATION 

STUDIES - AQUATIC 

All indoor fish and fish-holding facilities were des- 

troyed in the fire of November 1964. By mid-1965, 

these were back in some semblance of operation and 

restocked from outdoor ponds and with generous assis- 

tance from the University of Washington. 

The decision was reached in late 1965 to concentrate 

a greater proportion of our environmental studies 

effort on zi comprehensive ecological survey of the 

Columbia River. This decision was prompted, in part, 

by the opportunity to study impending changes in this 

ecosystem which will result from curtailed reactor 

operations and from the impoundment of the river 

within tne Hanford Reservation if a projected dam 

is constructed, 

Of special interest among the reports in this section 

are the first three, which deal with metabolic effect: 

of temperature acclimation in trout. Although quite 

preliminary, these reports describe three different 

approaches to this problem. The possibility of relat 

ing cellular ultrastructure to function in a system 

where temperature can be varied within wide, normal 

limits is a particularly exciting prospect, 

001 243b 



TEMPEiIATURE EFFECTS ON CESPUM METABOLiSM IN TROUT 

Cesium-137,. injected intravenou8Zy .into trout 
acclimated to 5 OC,is retained with a half-life 
of about 20 day8, a much longer half-life than 
previously measured in 18 OC acclimated fish. 

112 
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Investigators: 
J. M. Dean 
i. r. .Vakatani 

Technical Ass is t ance : 
R. C. Cenoway 

Previous studies in this laboratory uCi of 137Cs. Four fish were sacrific- 

(Annual Report, 1964) showed that ed at each of several postinjection 

137C~ injected intravenously into trout 

was retained by most soft tissues with lowing tissues were taken: blood, 

a half-life of about 6 days. A much gills, liver, heart, brain, kidney, 

longer half-life was exhibited by the gut, red muscle, and white muscle. 

137Cs in white muscle. 

studies employed fish acclimated to 

18 OC. To determine the effect of en- for 137Cs content. Retention curves 

vironmental temperature, these studies derived from these data are shown in 

were repeated employing fish cclimated Figure 1. 

to 5 OC. 

time periods and samples of the fol- 

These earlier These tissues and the remainder of the 

fish were digested in acid and assayed 

T The results for the 5 OC fish show a 

Observations retention half-life for 137Cs of 20 

Trout were acclimated to 5 OC for days as compared with the value of 

4 weeks prior to injection with 10 about 10 days previously observed for 

-- 
I." 7 

c 

FIGURE 1. 
at 5 oc 

Retention of lJ7C8 in Trout 

UOf 2431 
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18 OC fish. All seft tiss'ies, with the 

exception of nerve tissue, white and 

cardiac muscle,exhibit a half-life of 
19 days. The measured 9alf-lives in 

representative tissues from both 5 and 

18 OC fish are shown in Table I. The 

half-life in white muscle was not 

determined as 137~s levels were still 

increasing when the experiment was 

terminated at 28 days postinjection. 

Because the white muscle may constitute 

60 to 70% of the mass of the fish, it 

accounts for 2 substantial fraction 

of the total 13'Cs activity, even 

though it shc:.s the lowest concentra- 

tion on a uCi/g basis. There is a rapid 

uptake of 137Cs by nerve tissue but 

little turnover after the plateau is 

established. 

Conclusions -- 
It is wel! known that a relation- 

ship exists between environmental 

temperature and ?he metabolism of 

radionuclides. From the present 

study it is apparent that tissues 

such as cardiac muscle may havc dif- 

ferent mctabqlic characteristics at 

TABLE I. Effect of Tern erature on 
Effective Half-life of 9 37Cs in Trout 

Hal f - 1 i fe , days 
Tissue 5 OC Fish 18 OC Fish 

Whole animal 20 10 

lleart 11 5 

Liver 19 6 

Kidney 19 6 

Gill 19 6 

Red muscle 19 6 

one temperature than at another. 

This then is a response to tempera- 

ture at the tissuc level. Knowledge 

of the turnover of radionuclides in 

white muscle is of special pragmatic 

interest because the white muscle 

of food fishes is an important dic- 

tary constituent of man. From these 

results it can be seen that fish 

concentrating 13'Cs in colder waters 

will tend to develop higher tissue 

concentrations and thus may play an 

enhanced role in the transfer of 

fallout radionuclides through the food 

chain. 

TEMPERATURE EFFECTS ON ENERGY RESERVES IN TROUT 

fiiyher IQvelH of lipid reserves were observed in 1 nvcs t iga tor : 
cardiac munc1~' of trout acclimated at 5 'C tiion at 
18 OC, but red IUSCLE, uhite ruscle and Zivcr 

fihowed no nigni ficont effect of temperature. The Technical Assistance: 
5 'C-fish had oignificantly hipher glycogen levets 
in ltver and cardiac mu.?cle but showed no differ- 

ence in red and white m.,scl I. J. I), ZIouLab~ 

J. .Y. Dean 

Diana G. b'auer 

Studies of thc utilization of cncrgy of thcsc rtscrvcs is cspccially impor- 

rcscrvcs by poikilotherms at Jiffcrcnt tant to survival during pcriods of 

temp-raturcs yicld informat ion on stress such as reproduction and stren- 

changes in the nctaholism of thcsc ani- uous physical activity. Such stress 

mals as tticy respond to ctiv i ronmcntnl con be compounded by the metabolic 

shifts in tcmpcraturc. Thc utilizution chongcs induced by tcmpcraturc cxtrcmcs. 
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Observations 

Rainbow trout werr acclimated to S 

and 18 OC for 4 weeks in river water. 

Levels of total lipids and glycogen 

were determined in livers, cardiac, 

red muscle, and white muscle of the 

acclimated fish. Results are shown in 

Table I. It is generally assumed that 

with acclimation to low temperatures 

there is a quantitative increase in 

lipids, increase in chain length, and 

greeter unsaturation. The results i!i 

Table I show, on the average, hipher 

levels of total lipids in all tissues 

at low temperature, but from a statis- 

tical viewpoint only the lipids of 

cardiac muscle are significantiy d 

ferent. The glycogen is jncreased 

significantly in both liv-r and wh 

muscle at low temperaturr, but not 

other tissues. 

TO determine if the biochemical 

f- 

te 

in 

re - 
sults were expressed morphologically, 

observations were made using histochem- 

istry and electron microscopy. No dif- 

ference in the fine structure between 

the red and white muscle tissues was 

TABLE I. Comparison of Total Lipide 
andcogen in Tissues of Fish 
Acclimated to 6 and 18 OC 

observed, but ultrastructural differ- 

ences were observed in the liver. 

These differences are discussed in the 

following report. Muscle tissue from 

exercised and unexercised fish accli- 

mated to S and 18 ‘C showed no differ- 

ence in subcellular structure. 

Cellular localization of lipids, 

g lycoge:, and cytochrome oxidase was 

determindd in the 5 and 18 “C fish by 

histochemical methods. The intracellu- 

lar quantitative shifts can be corre- 

lated with those observed biochemically. 

Also, the distribution of the energy 

reserves substantiates the electron 

microscopic observations. 

morphologic31 characteristics of the 

tissues may be described as follows: 

The biochemical, histochemical, and 

Red muscle has a high lipid content, 

is rich in cytochrome oxidase, has 

an abundant supply of glycogen, nu- 

werous mitochondria, and short nar- 

row iibers. 

White muscle has a low lipid level, 

little cytochrome oxidase, some gly- 

cogen, few mitochondria, and long 

broad fibers . 
The liver has a low lipid content, 

relatively few mitochondria, a low 

level of cytochrome oxidase, and is 

exceedingly rich in glycogen. 

Since cytochrome oxidase is associated 

with the electron transport system and 

therefore with niitochondria, it is rea- 

sonable that tissues with few mitochon- 

dria have a low level of cytochrome 

oxidase. 

Conclus ions 

cle would functionally be well suited 

for long-tern, low-level, sustained 

activity, under which conditions oxygen 

could be easily supplied and an aerobic 

Th+se results suggest that red mus- 

0012440 
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state maintained, Under such condi- energy. It has been observed that 

tions lipids could provide a rich sup- 

ply of energy. The structure of white ture are less subject to exhaustion. 

muscle would, however, indicate that The increased energy reserves and 

it is primarily dependent upon the 

aerobic glycolytic pathways for energy 

and as such would be best suited for may explain some of these results. 

activities requiring short bursts of 

some species of fish at lower tempera- 

higher cytochrome oxidase in tissues 

of fish acclimated to low temperatures 

'ILTRASTRUCTURAL CHANGES IN FISH LIVERS ASSOCIATED WITH TEMPERATLIRE ACCLIMATION 

Morphc logical expression of proteinaceous materials, I nve s t ig at 01's 
one of which may be ptasma albumin, is increased in 
hepatocytes from cold acclinated fish liver8 as com- 
pared to similar cells from darm acclimated fish. J. M. Dean 
This observation may have critical significance to 
an understanding of temperature acclimation in 

J. D. Berlin 

Technical Assistance: 
-. 

poikilotkerms. 

In rat hepatocytes fibrillar and 

granular materials, thought to repre- 

sent proteins, have been reported by 

B1.uni and Porter(') to be transported 

from the endoplasmic reticulum to the 

Golgi and, further, to microbodies 

And the space of Disse. According to 

these authors, the materials represent 

microbody enzymes and plasma albumin, 

respectively. The present investiga- 

tion was initiated to determine if a 

similar morphclogical expression could 

be found in a poikilothermic liver, 

and, if so, to determine the effect of 

temperature accl imat ion on the process, 

Obs erva t ions 

acclimated either to 18 or 5 OC, Liv- 

ers were excised and prepared for elec- 

tron microscopy by either glutaral- 

dehyde-post-osmium or permanganate fixa- 

tion and embedded in Epcn. 

tlepatocyte fine structure in warm 

acclimated fish is similar in many re- 

spects to that reported in rat liver 

cclls. Materials in the endoplasmic 

retirillurn cisternae and in the Golgi 

Salmo gairdneri (rainbow trout) were 

R. R. Adee 

of a hepatocyte from a warm acclimated 

fish are shown in Figure 1. In a simi- 

lar area from a hepatocyte of a cold 

acclimated fish, increased amounts of 

fibrillar and granular materials are 

associated with the Golgi (Figure 2). 

The concentrating activity of the Golgi 

is thought to be the cause of the Golgi- 

associated fibrillar material appearing 

as an amorphous electron dense sub- 

stance. 

The granular materials are clearly 

apparent after permanganate fixation 

(Figure 3). The appearance of these 

granules after KMn04 fixation suggests 

that they are proteineous; hcwever, 

it is impossible to identify them as 

albumin by this procedure. They might, 

for example, be lipoproteins. The sup- 

position that these granules are albu- 

min (Bruni and Porter) is based on mor- 

phological obccrv:itions and the fact 

that the live. is the sole site of al- 

bumin synthesis. Although the direc- 

tion of movement of the various nate- 

rials in hepatocytes is thought to be 

away from the endoplasmic reticulum, 
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FIGURE 1. A Portion of a Hepatocyte 
from a Warm Acclimated Rainbow Trout 
[The Golgi (Go) consists of slightly 
dilated cisternae containing granular 
(g) and fibrillar (f) materials, the 
tatttzr being condensed in the Golgi. to 
an amorphous electron dense material. 
The Golgi associated granules, similar 
to granules (g) in the cisternal ele- 
ments of the endoptaomic reticulum 
(ERI, are thought to be synthesized in 
thn endoptasmic reticulum and trans- 
ported in vesicles (v) to the Golgi. 
The same interpretation applies to the 
fibrillar material; however, this ma- 
terial is not observed in the endo- 
ptaemic reticulum at this tow magnifi- 
cation. The Golgi is believed to sep- 
arate and concentrate these granular 
und fibrillar materials before they 
are further transported to the space 
of Disse and microbodies, respectively. 
C 1 u tara 1 de hy de -0 sm i urn f iza ti o n . ] 

FIGURE 2. A Portion of a Hepatocyte 
from a Cold Acclimated RainboiJ Trout 
[The Golgi fGol oisternne are highly 
dilated and contain mort? granuzar (g) 
and fibrillar (f) moteria1.s than found 
in hepatocyte Golgi of Warm acclimated 
fish. The difference in the amouvt of 
intracisternal Golgi materials in hepn 
tocytes of Warm and cold acclimated 
trout is thought to be the result of i 
creased intraoellular protein >rovement 
in hepatocytes of cold acclimated trou 
brought about by low temperature adap- 
tation. Glutaraldehyde-osmium firatio 
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the reverse direction of movement Is 

possible. 

Conclusions 

The temperature-induced hepatocyte 

changes observed in rainbow trout af- 

ford a unique model which will allow 

the investigation of certain aspects 

of hepatocyte structure and function. 

In future work, emphasis will be placed 

on the chemical characterization of the 

granular materials and upon determina- 

tion of the direction of intracellular 

protein movement in these hepatocytes. 

On the basis of present results there 

is a difference in the amount of pro- 

FIGURE 3. A Portion of a Hepatocyte 
Golgi from a Cgld Acclimated Rainbow 
Trout [The grci?iules (g) in the intra- 
cisternal Gotgi spaces are apparent. 
These granules tre thought to be atbu- 
min and their preservation after per- 
manganate fixation suggests that they 
are proteinaceour. It is inrpossibze 
to identify the granutes specifically 
as atbumin by this procedure and stud- 
ies are presentty underway to deter- 
mine the identity of these granutee.] 

teins found in the intracisternal Golgi 

spaces in hepatocytes of warm and cold 

acclimated rainbow trout, and it would 

appear that intracellular movement of 

proteins is increased in cold accli- 

mated trout. This initial demonstra- 

tion of morphological changes at the 

subcellular level may be an important 

step in understanding the mech:yirm of 

temperature acclimation in poi; i II~- 

therms. 

References 

1. Bruni, C. and K. R. Porter. Amer. 
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METABOLISM OF ZINC IN A MARINE BENTHIC AMPHIPOD 

The metabolism of 65Zn was examined in the marine benthic 

amphipod Anon z sp. The uptake of 65tn from seawater 13a8 F. A. Cross* 
temperatudendent but did not vary significantly 
oithin the normal environmental temperature range. J. M. Dean 

Anon x sp. apparently cannot remove significant amounts .?. E. Nakatani 
fin tightly hound to sediments. 

Investigators: 

Marine benthic amphipods, Commonly 

called “sand “fleas,” are abundant on 

the continental shelf in boreal areas. 

These amphipods fill an important bio- 

logical role in the ecology of the seas 

by serving as food for fishes as well 

as efficient scavengers of dead organ- 

isms. Radioanalysis of gammarid am- 

phipods collected off the mouth of the 

Columbia River has identified %n as 

a dominant radionuclide, but little is 

known of the zinc metabolism of these 

organisms. 

Observations 

Test animals were collected by means 

of baited traps at a depth of 80 m off 

Depoe Bay on the Oregon coast. Tdnpera- 

ture effects on 6SZn uptake were stud- 

ied by serial killing of amphipods 

acclimated to temperatures of 3, 7.5, 

and 12.5 OC and held in filtered sea- 

water containing 25 vCi/liter of cer- 

rier-free %n. Figure 1 shows the up- 

take curves for each of the temperature 

treatment groups. Each point repre- 

sents the average of six animals. The 

increase in uptake with higher tempera- 

ture was expected. Differences between 

12.5 and 7.5 OC groups are of special 

interest because these temperatures 

approximate the range of seasonal 

change in the.norma1 marine environment. 

‘Graduate student in the Department 
of Oceanography, Oregon State Uniuer- 
sity, eupported by the predoctoral 
AEC Richland Graduate Feltowship pro- 
gram. 

Longer experiments are clearly needed 

to determine maximal uptake levels. 

Concentration factors at the end of 96 

hr were approximately 73, 55 and 12 for 

the 12.5, 7.5, and 3 OC groups, respec- 

tively. 

ture on zinc retention, three groups of 

amphipods (1 2 animals/group) were 

placed in 65Zn contaminated seawater 

at 3, 7.5, and 12.5 OC for a period of 

8 to 10 days. Each amphipod was then 

weighed, counted for radioactivity and 

returned to individual containers of 

65Zn-free seawater of the same ternpera- 

ture as that to which they were ini- 

tially exposed. 

measured over a period of 29 days. Sea- 

water was replaced on a weekly basis to 

prevent buildup of 65Zn in the contain- 

ers. Retention curves are shown in 

Figure 2. The 7.5 and 12.5 OC curves 

are essentially identical; the rate of 

loss at 3 ‘C is markedly less. 

on detritus, and bui.row in the seciiment, 

it might be assumed illat they remave 

and incorporate 65Zn complexed in the 

sediment. An experiment was performed 

to determine how the three major compo- 

nents of the sediment, i.e., bacteria, 

organic detritus and inorganic fraction, 

contribute to the labeling of the amphi- 

pods. Each of three groups of amphi- 

pods was exposed to one of three dif- 

ferently treated sediments for 7 days 

at 7.5 OC. The experimental sediments, 

To determine the effect of tempera- 

The loss of 65Zn was 

Because Anonyx sp. are benthic, feed 
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sp. at Severat Temperatures 

Retention of 65Zn by Anonyz 

originally collected at 160 m, were un- 

treated, sterilized by autoclaving, or 

oxidized ,,ith permanganate. The sedi- 

ments were iabeled by standing over- 

night in 65Zn solution and were rinsed 

witli seawater to remove the loosely- 

bound zinc before presentation to the 

animals. Radioanalysis showed only 

slight labeling of the serially killed 

animals and little difference among the 

groups. The 65Zn incorporation into 

the amphipods c uld probably be attri- 

buted entirely to leaching of 65Zn from 

the sediments. 

Conclusions 

Elevated temperatures increase the 

uptake of 65Zn in marine amphipods, as 

expected for a poikilothermic organism. 

However, the usual temperature changes 

(7.5 to 12.5 "C) experienced off the 

Oregon coast should cause no .c4arp sea- 

sonal changes in the bod7 bur. l of 
.. 

65Zn in these animals. ''vi .' P u - "Ln 

occurs primarily from '. -t. : .:. -Iter 

rather than from the sedl~ :pt 

cause these amphipods are boli;./ed to 

be abundant and do not lose 65Zn rap- 

idly, they may form a significant res- 

t rvoir of 65Zn as food for fishes. 

00 I244b 
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,: 

A SYSTEM FOR MEASURING RADIONLiCLIDE UPTAKE AND TURNOVER IN PERIPHYTOF! 

An apparatus is described which will continuously measure 
uptake and cyr?ling of rndionuclides between periphyton and 
a controlled aqueous environment. 

Investigators: 

C. E. Cushing 

,v. S. Porter" 

Previous investigations of radio- 

nuclide accumulation and productivity 

by periphyton in the Columbia River 

(Annual Report, 1964) were hampered by 

difficulties in control and tneasure- 

ment ~f the varying environmental con- 

ditions, especially those concerned 

with radionuclide concentration in the 

water. The uptake drid cycling of ra- 

dionuclides withir. aquatic communities 

could best be stcdied in a series of 

contro 11 ed , experimental channels . 
Lacking these, a laboratory approach 

to the problem was developed. The ex- 

perimental system was designed to 

avoid the shortcomings inherent in typi- 

cal aquaria experiments, e.g., lack of 

continuous flow of water over the algae, 

lack of ability to continuously measure 

*Applied Ph38ics and Electronics 
Department 

radionuclide movement without destruc - 
tion or sub-sampling of the community, 

and lack of flexible control of ambient 

isotope concentration and other environ- 

mental parameters. 

Observations 

The system as presently developed 

consists of two algal exposure chambers 

connected in series with the water sup- 

ply and enclosed in an incubator. Each 

exposure chamber consists of a glass 

tube fitted over a waterproof radiation 

detector which is connected via a water- 

proof plug to a count--?te meter and 

decade scaler (Figure 1). The influent 

water supply is connected to a flow- 

rate meter so that the effects of vary- 

ing velocities can be evaluated and 

also to aid in calculating isotope con- 

centrations in the system. An auto- 

matic pipetting machine injects the ra- 

dionuclide solution into the water line 

Class tubc covered 
with pci iphyton 

Cb! tubc 

\ 
m 

\ 

/ 

00 I2441 

Ou t c r c hnni hc r JOIIlT 

FIGURE I. Apparatue for Mdaourtnpl)nt 
of Radionuclide Uptake and Turnover 
in Periphytof: 

Watcr enter.; 
herc, circulntcs 
over pcrii:hyton, 
nnd passcs 
t hrouph holes 
and out of 
chnmbcr 
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so that radionuclide concentration in 

the water can be controlled. Provi- 

sions are also included so that the sys- 

tem can be closed and the water recir- 

culated by d vibrostaltic pump. Both 

chambers are enclosed in the incubator 

so that light and temperature effects 

can be evaluated. 

In use, the glass tube in one cham- 

ber is covered w.ith periphyton accumu- 

lated during previcds exposure of the 

tube in the river. The second chamber 

contains a bare glass tube. The cir- 

cuitry is such that tht cotJnt-rate 

meter indicates the net count in the 

periphywn. The count rate from the 

blank tube, exposed to the same radio- 

nuclide concentration in the water, is 

automatically subtracted from the count 

rate from the algae-covered tube. 

Timed counts of either tube can.L'e made 

at any time by switching to the decade 

scaler. 

I\ single test has been conducted, 

designed primarily to check fmctioning 

of the electronics. A vibrostaltic 

pump recirculated 350 ml of filtered 

river water containing 1.03 pCi 65Zn. 

Light and temperature were not con- 

trolled. One-minute counts were taken 

at 5-min intervals for 1 hr. In this 

cursory test, radionuclide content of 

the algae appeared to reach an equilib- 

rium after about 30 min. At the end 

of the test, the algae were analyzed 

and found to contain 0.36 uCi 65Zn or 

1.1 uCi/g dry weight. 

Conclusions 

The perfection and application of 

this apparatus should permit the study 

of many variables influencing radio- 

nuclide uptake and retention by peri- 

phyton under conditions not subject to 

control in a river environment. 

' 

POSITIVE PHOTOTAXIS IN FIRST INSTAR CADDIS LARVAE 

Positive phototaxis was obeerved in newly hatched 
Hydropsvche cockeretli larvae despite @ reoognised 
negative phototaxis in Zatclr larva I instars. 

Larvae of the caddis fly tiydropsyche 

cockerelli Bznks are some of the most 

abundant macroinvertebrate organisms in 

the Columbia River. The biology of 

this insect species is under study be- 

cause its presence and behavior undoubt- 

edly affect downstream transport of 

radionuclides. River caddis larvae are 

secretive organisms living between and 

under bottom stones. They are gener- 

ally considered to be negatively photo- 

taxic. Observations made during the 

summer of 1965 indicate positive photo- 

Investigator : 

C. C. Coutant 

taxis in newly hatched, first instar 

iydropsyche larvae. This anomalous he- 

havior may be of ecological signifi- 

cance to the species. 

Observations- 

H. cockerelli (because of intense mat- 

ing and ovipositing activity of this 

species in the area at the time) were 

collected from the Columbia River near 

Richland, Washington. The eggs had 

been deposited on asbestos sheets 

placed in flowing water at a depth of 

Egg masses presumed to be those of 

- -- 
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about 3 m. Hatching of the larvae oc- 

curred in unstirred tap water after 

about 48 hr at a temperature of 24 OC. 

Positive phototaxis was first sus- 

pected during casual observation of the 

newly hatched larvae illuminated under 

a dissecting microscope. Curiosity 

prompted a series of experiments in 

which newly hatched larvae, in a beaker 

of water, were subjected to a direc- 

tional light source which was moved at 

half-hour intervals. At the end of 

eoch interval the positions of swimming 

larvae with respect to the light were 

noted. The data conclusively demon- 

strated that larvae were attracted to 

the beam of light. 

- Conclusio= 

early larva of a predominantly benthic 

organism is strongly reminiscent of 

behavior found in many marine inverte- 

brates. A probable advantage of this 

activity to marine sessile benthos is 

.4 swimming, positively phototaxic 

dispersal. A necessity for such dis- 

persal can also be recognized for the 

Columbia River. Adult E. cockerelli 

emerge and carry out much of their 

oviposition during periods of high 

river flows in early summer. Most egg 

masses are laid on bottom stones in 

relatively shallow, near-shore water 

rather than in mid-channel. As water 

levels decline this near-shore area is 

exposed and the larvae must seek center 

channel or perish. A mechanism by 

which the hatchlings can enter river 

currents, such as swimming toward the 

lighted surface of the river, would 

serve to accomplish this end. Presum- 

ably a reversal of phototaxis occurs 

at a later instar. 

Active dispersal of caddis larvae 

into river currents provides one addi- 

tional mode of transport of radionu- 

clides from the Hanford Reservation to 

downstream regions. The magnitude of 

transport by this means is, however, 

certainly quite small. 

MIGRATION OF COLUMBIA RIVER FISH 

The movement of resident Cotumbia River fieh upstream Inwstigator: 
from Hanford reactor outfatts or into a tributary D. G. Watson 

stream was studied. The presence of 652~1, acquired Technical Assistance: 
by fish when downstream from reactor outfatts, served C. V. Johnson 

I. L. Nswcomb 
Dorothy D. Wade 

ai h radioactive tag. 

The upstream movement of resident 

Columbia River fish has been known for 

some time through the enumeration of 

t,sh ascending river dams and through 

the detection of fish tagged with reac- 

from the Hanford reactors. The ?resent 

study sought to define the extent and 
R> 
e time of resident fish movement upstream 

from the Hanford reactor effluent out- 

= falls and into a tributary stream, the 

a tor effluent radionuclides upstream 

..--r 

Yakima River, which joins the Columbia 

downstream from the reactor areas. 

Observations 

Fish were routinely collected with 

gill nets. Large sanples of one spe- 

cies, the whitefish (Prosopium william- 

soni), were obtained once yearly when 

the upstream dam fish ladders were 

drained for maintenance. The assump- 

tion that a fish had migrated from an 

area downstream from the Hanford reac- 

- 

h 
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tors was based on detection of 65Zn in 

the eyes and gastrointestinal tract. 

Radiozinc, one of several reactor ef- 

fluent radionuclides that could have 

been employed, was selected as the in- 

dicator because of its ease of assay, 

its relatively long half-life (245 

days), and its previously studied tend- 

ency to concentrate in the eyes and 

gastrointestinal tract of trout (Salmo 

airdneri) (Annual Report, 1963). Al- 

thoughzn is present in worldwide 

fallout, fish collected from the Colum- 

bia over 160 Ian upstream from the Hm- 

ford facility had no detectable amounts 

of this isotope in their tissues. 

The sampling was selective in that 

fish capture depended on the movement 

of fish through areas of the river w. dre 

nets could be fished. The proportion 

of 65Zn- tagged individuals among the 

three species most consistently col- 

lected are listed in Table 1. The con- 

centration of "Zn in the eyes of these 

species was consistently greater than 

that in the gastrointestinal tract. 

This is in contrast to carp (Cyprinus 

car io) in which the gut always had 

5'Zn than eyes, and to whitefish 

where the eye and gastrointestinal 

tract contained nearly equal amounts of 

"Zn. No pronounced seasonal trends in 

d;ih*J proportion of marked individuals is 

evident at Location 1, 17 km upstream 

from reactor outfalls. The sucker data, 

perhaps, indicate more upstream move- 

ment during late spring and winter. 

At Location 1, more than 50% of the 

fish usually showed evidence of prior 

exposure to reactor effluents; all of 

the chiselmouth taken at this site had 

measurable amounts of %n. Continuity 

of sampling at Location 2, in the 

stream tributary to the Columbia, was 

TABLE I. Columbia River Fi8h Tagged with 65Zn, 1965-66 

Date 

1965 May 

June 

July 

Au#us t 

Septomber 

October 

November 

December 

1966 January 

Ne Tailed Nubsr Tailed 

I 88 

14 93 

1s 61 8 87 

5 60 3 33 

20 70 20 30 

5 40 1 0 

12 66 1 0 

1 50 

4 100 

sauavfisn(b) Chlssl.outh(') 
tocation I Location 2 Location 1 Location I 
Total 8 Total 8 Total B Total t 
Nubsr Tailed Nubsr ?riled Nubsr ?aired Wubrr ?a& 

3 SS 

1s 6b 

22 68 9 66 

14 93 2 0 

19 41 1 0 

10 80 I 0 

I1 73 

3 bb 1 0 

2 100 29 86 

1 100 9 b2 

I 100 15 87 

12 100 1 100 

9 100 

8 100 

7 : 00 
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not as good as at Location 1. There 

is some indication of an influx cf 

6SZn-tagged suckers and squrwf ish in 

July. 

In Figure I, the seasonal variation 

in "tn in two species of Columbia 

River fish collected upstream from the 

reactors is compared with that of fish 

collected downstream from effluent out- 

falls. There is a p:,,onounced decrease 

in 6S2n content during the suomer. 

This is due to the greater dilution of 

reactor effluents by the increased 

river flow during the freshet period 

of early summcr. Minimum levels of 

6SZn in chiselmouth and squawfish oc- 

cur about a aonth later upstream from 

the reactors than below the reactors. 

The nearly equal quantities of "tn 

in chiselmouth during the months of 

June, July, and August perhaps indicate 

:*re 

I \.* 

L 

FIGURE 1. Zinc-65 in Eyer of Columbia 
Rivrr Flsh 

00 f 245 I 

a rapid upstream rovert?nt of this spe- 

cies during this period. 

Saaples of approxiaately 100 white- 

fish, 8 1OC8lly iapOrt8nt ,'?O:L and 

food fish, were collected 18 *m up 

strear frocc the reactors in January 

and Deceaber of 1965. In January, 70\, 

and in Deceaber, 608, contained mcas- 

urable mounts of "tn. The average 

concentration of 6stn in the eye and 

gastrointestinal tract of the trggfd 

animals in January was 780 and 1103 

pCi/g wet weight, respectively; and in 

Deceabcr, 1060 and 1400 pCi/g wet 

weight, respectively. Upstream move- 

ment of this species starts in Septea- 

ber in the Coluabia River, and in July 

in the tributary. The distance of mi- 

gration was not deteraincd throughout 

the year. A single vintcr sampling 

from approxhately 42 ka upstream from 

the reactors showed only I)\ tagged as 

opposed to 60\ tagged at 11 h above 

the reactors. 

the Coluabir to the Yakimr River is 

very rapid. December Yakimr River val- 

uos for the eye and gastrointestinal 

tract were 1500 and 610 pCi %n/p wet 

weight, respectively, as carpared to 

540 and 1200 pci "fn/g It tlanford. 

At certain times of the year Yakima 

River fish may be as significant a 

source of (jStn and s2P to local firhcr- 

men as those caught downstream from the 

re8ctors in the Columbia River. 

Seasonal aovnent of whitefish froa 

Conclusions 

The migration of resident fish ap- 

pears to be a siunificrnt means of 

translocrting reactor-produced rrdio- 

nuclides. Over SO\ of the fish col- 

lected in the Priest Rapids area showed 
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prior exposure to reac tor ef f luents. 1e:ting sites, along with controlled 

The levels of "Zn in these tagged fish measurements of interspecies differ- 

were usually greater than half, and ences in zinc metabolism, will bc re- 

often approached the levels measured quired before seasonal migration pat- 

in samples downstream from effluent terns and quantity of radioelcments 

outfalls. More extensive sampling, transloc6ted by migrating fish popula- 

both in terms of sample size and col- tions can be precisely determined. 

RADIONUCLIOEf IN COLUMBIA RIVER BIOTA 

Weasurenentr of the concentration of several teactor- I nves t ig a to rs : 
produced radionuclides in Columbia River biota vere 
made beforr and after closure of throe Manford P8QC- C. E. Cu8hing 
tors. A noticeabla redration of radionuatidar in the R. Y. Perkins. 

biota vas ovidont oftar reactor shutdovn, but Chi8 Technical Assistance: 
may have barn influencad by river temperature ~hangos 
and channating Of effluont. 

D. C. Yatnon 

G. Y. Johnson 
I. L. N~vcomb 
Dorothy D. Vade 

In October and November of 1964 find 

1965, a variety of Columbia River or- 

ganisms, collected from the Jam2 loca- 

tion uownstream from the reactor ef- 

t'luent outfalls, was analyzed for 18 

radionucl ides. The purpose of this 

study W8S to eVatU8tC the change in r8- 

dionuclide burden in the biota after 

the closure nf three production reacto:~ 

iamediatcly upstream from thc sampling 

site, Juring the first half of 1965. 

Observa t ions - 
The concentrations of the six radio- 

nuclides that mada up over 901 of the 

8-8 critters In representative organ- 

isms are shown in fable I. There was 

a general decrease in the concentration 

of radloisotopes from 1964 to 1965. 

Chroaiua-51, an element of little bio- 

logical Iaportance, decreased less than 

the other radioisotopes. In fact, there 

appeartd to be an increase in concentra- 

00 i 2w 
Dapo r ta a n t 

tion of this isotope in many organisms. 

Phosphorus-S2, an isotope of major bio- 

logical significance, was not measured 

in 1965 due to an analytical error, prc- 

venting measurcment of change in concen- 

tration of this nuclide. 

The average river tcmperaturcs during 

the fall were about 1 *C higher in 1965 

than in 1964. This would tend to de- 

crease the magnitude of change in iso- 

tope concentration, particularly in 

those forms with a te~perature-dependent 

metabolic rate. The persistence of the 

closest upstream reactor effluent plume. 

carrying slightly wamer water past the 

supline location in 1964, may hov. 

eliminated or reduced the effect of the 

teaperature difference between the 2 

years. 

There was a marked decreasc in con- 

centration of .teveral reactor radionu- 

clides in the river between 1964 and 

196s. No measuremcnts were made of the 

radioactivity in the water at the Sam- 

pling site; but at a point several kilo- 
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TABLE I. Concentration and Percent Change, pCi/g Yet Ut, P-1 Station, lS64-65 

mcters downstream, where nearly com- 

plete mixing of the reactor effluent 

with the river water had taken place, 

the 6SZn and "Cr concentrations in the 

water were 21 and 38\ lover, rerpec- 

tivcly, in 1965 than in 1964, for the 

period August through October, 

Conclusions 

tint nuclides, "Na, s6bln, 64Cu, and 

6SZn, there is a suggestion of trophic 

level response to the decrease in radio- 

activity. The primary producers, plank- 

ton and algae, decreased approximately 

80\, while the herbivores and filter 

feeders, except the clam, decreased 

about SO\. 

If one comparcs the average percent 

changc of thc four biologically impor- 

COLUMNARIS OISEASE IN COLUMBIA RIVER FISHES 

Studiee of thu incidence of Columbia River fishes Investigator: 
with antibodiee against C. co!umnarir disclosod a 

single annual cycto upparefitly related to water tom- 
peraturo and re-otposuro of fish to tho columnaris 

H. P. Fujihara 

Technical Assistance:. 

I. 
organirm. Fokr sampling sites, Bonnevitlo, MoNar&, 
Hanford, and Y8natohea, showod a similar pattorn of 
decline during cold wator pvriods arld a rharp ria. 
with warmor temperaturac and with the prersnce of 
columnaria organisms in the water. 

L. Nawoomb 

Previous studies shoucd that hatch- exposure to Chondrococcus collranarir 

ery trout, Salmo gairdneti, with known produced agglutinating antibodies in 

thcir blood sera; no antibodies dcvcl- 

oped in trout reared in coluanrris-free *Substantial assistance wan obtained 
from Lereonnol of the Environmental 

. 
jiealt'h and Bnginiering Department. water (Annual Rcport, 1964). These ob- 
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servations suggested the possibility of 

using immune response to identify colum- 

naris exposure in natural fish popula- 

tions and led to the study reported 

here on the distribution of agglutinat- 

ing titers and titer magnitude in blood 

sera of Columbia River fishes. 

Observat ions 

ery month for a year at four sites: 

Bonneville, McNary, Hanford, and 

Wenatchee. Seasonal variability in 

gill net catches complicates the study 

of titer distribution on an annual 

basis for some species, e.g., whitefish, 

Prosopium williamsoni, which were not 

caught consistently throughout the year. 

Other fish such as the coarse-scaled 

sucker, Catostomus macrochcilus, were 

gill netted in large numbers through- 

out the year at most of the sampling 

sites. Only the sucker data are pre- 

sented in detail; the more limited data 

for most other species showed a similar 

pat tern. 

The results from over 900 suckers 

summarized in Figure 1 show the percent- 

age of fish with titers, by season and 

by sampling site. The percentage of 

fish with agglutinating titers varied 

between 20 and 1001 during the year. 

All sites showed a similar, annual 

cycle. No consistent relationship be- 

tween the percentage of fish with ti- 

ters and location of site is apparent. 

At no time did the percentage of fish 

showing a titer reach zero. Residual 

antibodies ore carried by the suckers 

during the winter months when proba- 

bility of exposure is slight. 

in titer magnitude for suckers by sea- 

son and sampling site. The average 

Fish were captured by gill nets ev- 

Figure 2 illustrates the variation 

agglutinating titer ranged from about 

20-80 during most of the year, but rose 

sharply during the late fall months. 

Exceptionally high agglutinatillg values 

of 1:2560 were observed for some indi- 

vidual fish, but 1:640 was the more 

common high value observed for river 

fish. The sharp rise in titer values 

is most likely related to re-exposure 

and also coincides with the period. 

when larger numbers of fish show a 

titer. 

dred whitefish showed no agglutinating 

titers. In the laboratory, however, 

whitefish challenged intraperitoneally 

with a vaccine (heat-killed columnaris) 

plus complete Freund's adjuvant devel- 

oped antibodies within a month. The 

titers ranged from 1:lO to 1:160. When 

the vaccine was administered a second 

time, titers up to 1:1280 were produced 

within a week. The lack of titers in 

whitefish captured from the river is 

unexplained and requires further study. 

Scrapings and smears from gills and 

lesions were cultured to deternine both 

presence of organisms and gross infec- 

tion of fish at each site. The results 

at Bonncville, tianford, and Wenatchee 

were similar to those obtained in pre- 

Blood sera sampled from several hun- 

vious years' surveys; organisms were 

cultured from 6.2 to 9.21 of the fish 

sampled, and gross infection was evi- 

dent in 1.9 to 2.2I. Much higher Val 

ues were found for fish sampled at 

McNary, where organisms were cultured 

from 12.21, and gross infection was 

evident in 5.71. 

Conclusions 

of fish ulih titer against C. colum- 

naris show an annual cycle, related, 

Both the titer and the incidence 
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FIGURE 1. Number of Suckers (Catosto- 
mn macrochei 1 K~I I wi th Agglutinating 
An ti bodiecr Aga i ns t Co 1 umna ri 8 

no doubt, to thc seasonal changes in most river fish, the degree of protec- 

wa t cr t cmpcr il tu res and t hc re - cx PO sure tion afforded by these antibodies is 

of fish to columnaris organisms. Wt~ile unknown. Studies are planned to inves- 

the production of antibodies against tigate this question. 

columnaris hns bcen demonstrated for 

0012455 
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FIGURE 2. Seasonal Changes in Magni- 
tudc of Agglutinating Antibodieo 
Against Columnarie in Suckers (Catosto- 
mx macrooheilus-l 
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COLUMBIA RIVER CHINOOK SALMON SPAWNING NEAR HANFORD 

A record number of 1768 sah0n nest8 Were observed 

in the section of the Columbia River near the Nan- D. G. Watson 
ford Project. This is approximately 300 more than 
the preuious h;3h of the past 19 years. 

within the Hanford Project is one of 157,839, respectively. 

the few remaining parts of the main- No salmon nests we; observed out 

stem river used €or spawning by of water as they had .n in the past 

salmon. Aerial surveys of the lo- several years. The surveys in 1965, 

cally spawning race of chinook salmon however, were all made in the after- 

are made annually to evaluate possib:e 

effects of reactor effluents on the Diurnal river level fluctuations due 

survival of these fish. to operation of Priest Rapids Dam were 

Observations in excess of 6 feet immediately down- 

the Columbia River from Richland to Conclusions 

Priest Rapids Dam. A total of 1768 The long-term trends in numbers of 

rlests were observed, a 19-year record. salmon nests observed near Hanford are 

The previous high count of 1485 oc- compared with the fall chinook run over 

curred in 1958; last year's count was Bonneville Dam in Figure 1. The num- 

1443. The numbers of fall chinook bers of local salmon have increase' 

ascending Bonneville Dam in 1958, 1964, 

Investigator : 

The section of the Columbia River and 1965 were 249,314; 172,463; and 

noon during periods of high river flow. 

In 1965 four surveys were made of stream from the dam. 

FIGURE i. Trends of Fall Chinook 
Salmon 

00 I2457 
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over the past 19 years while the over- extent of ovcrutilization. The major 

all run in the river has declined. The spawning areas ne2.r reactor outfalls 

increase in local spawning may be due had near record numbers of spawning 

to a partial barrier effect of Priest fish in 1965, an indicaticn that the 

Rapids Dam, The spawning area imme- success of the local population of 

diatrly below the dam continues to be salmon was better than that in the 

very heavily seeded, perhaps to the Columbia River generally. 

REACTOR EFFLUENT MONITORING - 1965 

Young chinook salmon were reared in 0, 2 and 4% 

reactor effluent at three different temperatures 
to determine effect on mortality, growth and up- 
take of radionuclidss. There wus no significant 
effect of temperature or effluent concentration 
on mortality, but Warmer waters accelerated growth 
regardless of effluent concentration. The radio- 
nuclides detected in whole fish were related to 
effluent concentration, but not to temperature. 

Investigator: 

P. A. Olson 

Technical Assistance: 

R. G. Cenoway 

C. O'Mulley 

The decision made over 20 years ago 

to monitor Hanford reactor effluent 

with fish is especially significant to- 

day in view of national concern with 

water pollution control and abatement. 

A continuing surveillance is required 

because of the variation in upstream 

water usage and technical changes in 

reactor operations. The tests reporced 

here were designed to evaluate the in- 

teraction effect of water temperature 

and effluent concentration on mortality, 

growth and uptake of radionuclides in 

young chinook salmon, Oncorhynchus 

tshawytscha. 

9bservat ions 

The experimental array presented in 

Table I shows the three treatment lev- 

els for temperature and effluent con- 

centration. Water temperatures were 

not cQnstant but controlled to vary 

with the regular river temperature. 

River water served as the base tempera- 

ture pattern and a small heat incre- 

ment was added to this pattern for the 

other two temperature trestments as 

indicated in Table I. 

Test subjects were obtained from 

local Columbia River adult chinook 

salmon captured at Priest Rapids Dam. 

About 1250 newly fertilized eggs were 

distributed into each of the oight 

treatment groups in December 1964. The 

test terminated 6 months later when the 

fish were downstream migrant-sized 

fingerlings. 

TABLE I. Experimental Array and Aver- 
hge Mortality and Growth by Treatments 

Effluent conccntratlon \ 
-7 eperrturc - - 

Rlver n - 1254 n 9 1310 n - 1252 
water m - 22.4 - 19.8 m - 21.6 

w - 0.82 w 0.88 w 0.92 

River n 1222 n - 1294 n - 1232 
hater m 20.9 m - 23.0 m . 15.4 
+bll w = 1.11 w . 1.11 w - 1.14 

Rlvcr No ohservr- n 1226 n - 1299 
water t Ions m 18.5 m - 21.8 
+ 2b)l W 1-54 b 1.35 

n observrtlons per cell 
m mortality 
w avcra c weight 

bli = heat fncremcnt contributed by 2) rffluent 
2611 - hart Increment contrIbutcJ by 1\ effluent 
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The results 09 mortality and growth 

are summarized in Table I. The mortal- 

ity data did not show any significant 

effect of temptrature or effluent con- 

centration. Analysis of variance of 

the growth data, however, showed that 

warmer waters accelerated growth re- 

gardless of effluent concentration. 

Thc interaction effect was not signifi- 

cant. 

The length-weight relationship was 

analyzed by using the fol1.owing model: 

k’ I: aLb, where W - weight; a - a con- 

stant; L - standard length; and b * 

an exponent, usually about 3 for salm- 

onids. Analy:.c:s inferred no statis- 

tical diffcrer..ce between the treatment 

groups in length-Wright relationships. 

The computed overall mean value of b 

was 3.3974. 

The results of gamma scans of pooled 

samples from each treatment group are 

summarized in Table 11. The concentra- 

tions of the three major gamma emitters, 

“h’a, ’lCr and 6sZn, are directly re- 

lated to effluent concentration but no 

tcmpcrature effect was observed. The 

presented values estimate the amount of 

radioisotope the young fish can accvmu- 

late directly from the water. The mcde 

of entry is primarily through the gills 

since f:csllwater fish drink little or 

no wi.ter and thc prepared diet con- 

tained no radioisotope. Because reac- 

tors arc located upstream from the 

B 

hatchery water intake, some redioactiv- 

ity is observed in thc zero percent 

effluent group. 

Conclusions 

Results of the 1965 tests agree in 

general with past years’ studies al- 

though much of the past data was from 

work with a Puget Sound race of chi- 

nooks instead of with local stock. The 

5ffect of the relatively small heat in- 

crement associated with highly diluted 

reactor effluent in the Columbia River 

is difficult to assess even when simu- 

lated under controlled laboratory con- 

f 

ditions. Much of the classical work 

in this field was done at widely sepa- 

rated and steady temperatures and is 

of very limited value in assessing 

field problems. More detailed work 

is needed to evaluate the biological 

significance of imposing a small heat 

increment to the varying seasonal tem- 

perature profile of a river system. 

TABLE II. Conoentration of Gamma Zmit- 
tare in Chinook Fingerling8 After 6 
Months Expoeurs to 0, 2, and 4% Effluent 
at Different Temperature6 

Ef f liiant Ci/g hct weight 
concentration, Water 

s Cennerature 

0 River 12 11 3 
Rtver +bHI 11 14 4 

2 River 854 64 lh 
River *All 94s 71 18 
Rivcr +2(All) 84s 49 12 

4 RIvcr 1669 94 26 
River *All 1840 96 28 
Rivcr +2(All) 1720 72 24 
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