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HISTORY 
In h e  secrecy of wartime, one of the nation's first major nuclear 
energy installations was established along the Columbia River in 
Eastern Washington. The huge Hanford Project begax operating in 
1944 to supply the "Manhattan District" of the Army Zngineers with 
plu-onium--a prime ingredimt for nuclear weapons. 

Biological research at Hanfcrd had its genesis in support of the 
giant production reactors and chemical separations plants. Since the 
radioactive wastes of the Hanford Plant are widely varied in nature 
and released to river, soil, and air, a broadly based program of biologi- 
cal monitoring and research resulted. 

In 1946 the first contractor for the operation of Hanford, duPont 
de Nemours and Company, relinquished responsibility to the General 
Electric Company; the A m 1  Engineers relinquished control to the 
newly established Atomic Er-ergy Commission. With the encourage- 
ment of the AEC's Division c~f Biology and Medicine, activities in the 
life sciences were consolidatec, a program was scoped, and there began 
a gradual evolution from the early emphasis on monitoring to a broad- 
er concern for radionuclide metabolism and radiation effects, and to 
studies using radiation and radionuclides in the investigation of bio- 
logical problems unrelated tc. radiation. 

Since 1950 personnel have ir,creased from about 50 to more than 100 
and new laboratory facilities have been constructed to keep pace with 
the expanding program. Recent years have seen the development of 
a number of research areas which are, to a degree, unique to our 
laboratory. Miniature swine are being extensively employed in studies 

[ of radionudide metabolism and toxicology. This animal is, in many 

respects, an appropriate stand-in for man. The "Hanford Miniature," 
a special strain of swine, is undergoing development. A colony of ap- 
proximately 250 pure-bred beagles is utilized in a broad program of 
inhalation studies. A field and laboratory ecology program, applying 
radionuclide tracer techniques, has made use of the extensive controlled 
environs of the Hanford Reservation and has studied radioactive fall- 
out throughout the Northwest and in Alaska. 

Development of the Biology Laboratory has been made possible through 
the extensive support of the AEC's Division of Biology and Medicine. 
We have also had the inestimable advantage of close liaison and co- 
operation with some 700 professional scientists (chemists, physicists, 
mathematicians, meteorologists, geologists) employed in the laborator- 
ies, and access to many special facilities not duplicated elsewhere in 
the world. 

On January 4,1965, the name of the Hanford Laboratory was changed 
to Pacific Northwest Laboratory and its operation was assumed by 
Battelle Memorial Institute. In furtherance of the AEC's objective of 
diversification, a key part of the Battelle-Northwest charter is to aid in 
the industrial growth and development of the area. As the Biology 
Department of Battelle-Northwest, we anticipate a new and exciting 
era of growth and evolution. 

HARRY A. KORNBERG 
Manager, Biology Department 
BATTELLE-NORTHWEST 
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GROWTH 
The modest growth in scientiiic staff does 
not -eflect the increased staff competence, 
which is  perhaps better evidenced by rate 
of publication and oral presentation. 

Publications include only full-length papers 
in scientific journals or books. Oral presen- 
tations indude only those mads a t  regional, 
national 5- international meet ngs of scien- 
t i f ic societies, or a t  special symposia of 
national or internationa scope. The de- 
cresing number of AEC documents re- 
flects both a decline in security classified 
problems snd a policy during recent years 
of including all progress reports in a single 
annual document. 

A n n ~ a l  budget figures include some funds 
from the Ai r  Force and frc.m the AEC 
Division of Production, but over 90% of 
the total has been from the .4EC Division 
o f  Biology and Medicine. These figures in- 
clude all ~verhead charges, but do not in- 
clude capital equipment or construction 
cost;. 

P U B L I C A T I O N S  
A N D  

PUBLICATIONS 

ORAL PRESENTAI 

AEC DOCUMENTS 
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FACILITIES 
'Aain laboratory builcing. 

The principal Biology facilities are 30 miles north of Richland, Wash- 
ington. While within the Hanford Reservation, they are outside of 
exclusion area fences and permissix to visit the laboratory is easily 
arranged. 

The main laboratory building is a Four story structure with some 
30,000 square feet of floor space. This building houses all Biology 
activities except those associated wi-h the use of large animals, aquatic 
organisms, and a portion of che e;ology studies. Special facilities in 
the main laboratom include 15 sxcially air-conditioned rooms for 
housing small animals, a 10,000 curie Goa0 f l  -irradiation room, a 250 
KVP X-ray unit, two electron mkroscopes, controlled enviranment 
chambers for plant growth studies, a centralized facility for radionu- ivL 
clide analyses, a life sciences b r a &  Library of approximately 6000 1 
bound volumes and with current sut#scriptions to over 220 journals, 
which supplements the main techrical library. 

A second laboratory building houses 3 portion of the aquatic biology 
and ecology programs. It contab extensive trough and aquarium 
facilities that are supplemented by cutdoor ponds. Special ecology facil- 
ities include the 800 acre Rattlesnake Springs Ecological Preserve, 
located in a remote area of the Hantord Reservation where field studies 
employing radionuclides may be conbcted with minimal difficulties. 

Large animal studies are conducted in buildings and outdoor pasturage 
that provide accommodations for 4 C  sheep, 450 miniature pigs, and 
250 beagles. A few cows and a herc of pygmy goats are also maintain- 
ed. These facilities include Eghly developed equipment for the ex- 
posure of dogs and small animals to radioactive aerosols, and a par- 
tially underground, low-background counting room for whole-body 

4 counting of large animals. 

Biology lechnical rssearch library. 
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Large animal quarters near the Columbia River. 

Remote feeding of miniature wine in isolation quarters. 



Aquatic +rough and aquarium laborabry. 

Portion of beagle colony. 



RESEARCH PROGRAMS 
In the pages that follow, the major research activities and capabilities 
of Battelle-Northwest's Biology Department are reviewed and the 
scientific personnel of the laboratory are introduced. The division 
of effort implied by the organization of material in this section is 
arbitrary. Persons from different groups cooperate on the same prob- 
lem, and many problems involve an interdisciplinary solution. A table 
of organization of the Biology Department will be found in the back of 
this booklet. 

The research programs surnmarizcd in the following pages are, for the 
most part, those of current interest. Emphasis, however, has been 
placed on activities of the psi-w. A detailed presentation 
is beyond the scope of this booklet. Research results are reviewed in the 
Hanford Biology Research Annual Report, copies of which may be 
obtained on request. 

Published papers listed in this booklet are only a sampling to indicate 
the range of interests of laboratory personnel. They are in no sense a 
complete bibliography of recent work. 7 
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Implanting bile cohleetinq v e d -  

Measuring respired rsdiosctive carbon-dioxide. 
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Perfusion technique employed for intestinal function sftidies. 



METAllOLISM AND TOXICITY STUDIES IN SMALL ANIMALS 

METABOLISM AND TOXICITY OF PLUTONIUM 

As the principal product of Hanford, plutonium has occupied a central 
role in our research program. Early s-.udies with rats, involving daily 
feeding of very dilute Pu(NO,), sduion for periods of as long as a 
year, established a figure of 0.003% fcr the gastrointestinal absorption 
of plutonium in this chemical form Absorption was shown to be un- 
affected by plutonium concenzration Dver a million-fold range. Very 
similar results were obtained from limited, single-feeding studies in 
pigs. Subsequent studies have demonsxated the variation in gastroin- 
testinal absorption with the chemic~l form of plutonium fed and with 
age. Absorption in very young rats is a3 much as 100 times greater than 
in adults. 

Numerous experiments were performed to evaluate the skin as a route 
of plutonium entry and to evaluats Ae effectiveness of skin decon- 
tamination procedures. 

Recent studies, employing techniques of bile duct cannulation and 
simultaneous perfusion of different segments of the intestine of rats, 
have shown that plutonium excreted with the feces arises principally 
from the bile. The enhanced fecd excretion of plutonium brought 
about by administration of ck-elating agents is due principally to an 
increased excretion in the bile and probably represents plutonium re- 
moved from the liver. 

The toxicity of plutonium in rats was studied in combination with 
whole-body X-irradiation. T t e  lethal effect of either is markedly in- 
creased by their simultaneous appii-zion. 

Plutonium-239 was shown to be more acutely toxic than an equal p Ci 
amount of P u ~ ~ ~ .  Both provide the same radiation dose but, because of 
the much longer half life of FuZS0 1.2+,360 years as compared with 90 
years for P u ~ ~ ~ ) ,  the mass of Pum9 employed was some 250 times 
greater than that of P u ~ ~ ~ .  The difEe11ence in toxicity was due to pre- 

10 ferential deposition of the more masbe quantity of PU239 in liver and 

spleen, whereas, the muck smaller mass of PuZa8 was deposited pre- 
dominantly in bone. 

THERAPEUTIC REMOVAL OF INTERNALLY DEPOSITED 
PLUTONIUM 

The toxicity of plutonium and the consequent hazard of accidental ex- 
posure to those involved in its m~mfacture have stimulated a con- 
tinuing program of studies aimed at developing effective therapeutic 
procedures for its removal. 

Early studies in rats drmor-strated the effectiveness of zirconium 
citrate and ethylenediarninetetra=tic acid (EDTA). Zirconium ci- 
trate, presumably acting zs a colloidal scavenging agent in the blood, 
reduced plutonium deposition in bone but had :ittle beneficial effect 
on retention in soft tissue. EDTA, which forms a tight chelate complex 
with plutonium, was nore effective in reducing retention in soft tissues, 
but less effective in preventing depsition in bone. 

Tesb of an extensive seriea of compounds chemically related to EDTA 
disclased the marked therapeutic superiority of diethylenetriamine- 
pentaacetic acid (DTPA) Prompt treatment of rats and pigs removed 
all but about 10% of the administzred plutonium dose. Furthermore, 
DTPA was somewhat effective in the removal of plutonium deposited 
at long intavals before treatment. On the basis caf these results DTPA 
was recommended, ard has been effectively empbyed, for the removal 
of internally deposited plutonium i r t  man. 

Another chelating agent, tiethylenetetrarninehexaacetic acid (TTHA) , 
shows promise as an V~ralIy effective agent. Also promising are results 
with desferrioxamine-B (DFAB), which when administered in com- 
bination with DTPA, has decreased plutonium deposition in bone to 
one-half the level acEieved with DTPA alone. 



METABOLISM AND TOXICITY OF NEPTUNIUM-237 

Contrary to previous assumptions, the intestinal absorption of NpZS7 
was fo-md to be greater than that observed for PuZs9 by factors of 
10-100, depending upon chemical form. Liver, spleen, and kidney re- 
tained significant amounts of neptunium at short time intervals after 
administration. Bone, hc~wever, was the major site of prolonged re- 
tention. 

As might have been predicted, in view of its low specific activity, the 
acute toxicity of NpZs7 is due to chemical rather than radiation effects. 
Liver and kidneys are the main sites of damage. The apparently specific 
and sensitive effect of Np297 on liver lipids in female rats suggests its 
use in the study of regulatory mechanisms involved in lipid metabolism. 

METABOLISM OF STRONTIUM AND CALCIUM 

A number of experiments have been performed during the past several 
years to study the interrelationships of strontium and calcium in 

J mature and growing rats. These experiments were designed to assess 

. 
the limitations of SroO/Cr. ratios in the evaluation 3f SreO hazards but 
have ir- addition provided much information concerning calcium 
metabofism and the dynamic state of bone. 
In  continuous feeding studies with mature rats over a period of 100 
days, an increase in dietary calcium from 0.5% to 2.0% had no signifi- 
cant effect on the buildup in bone of chronically fed SroO. In growing 
rats, a similar four-fold increase in dietary calcium occasioned a two- 
fold decrease in the level of SreO accumulated in b ~ n e  after 200 days 
of chroric feeding. 
When both and SPO were fed, there was a discrimination against 
SrgO, relative to Ca45, which was equally apparent in blood and bone 
levels of the two radionuclides. The extent of this discrimination was 
smaller in young, rapidly growing animals than in mature animals, and 
in mature animals was smaller on high calcium diets than on very low 
calcium diets. 

On all levels of calcium intake there was extensive exchange of cal- 
cium and strontium between blood and bone. On low calcium diets, 
the calcium of the blood is derived predominantly from bone and is 
almost completely reutilized by the bone. As the level of calcium in 
the diet is increased, this reutilization becomes less efficient and the 
rate of net removal of calcium from bone increases. In contrast, the 
rate of net removal of strontium from bone was relatively insensitive 
to changes in dietary calcium level, and on all diets was similar to the 
rate of net removal of calcium on the highest calcium diet. 

Retention curves for SrsO and Ca45 may be resolved into a series of 
exponential components, and when viewed in this manner, it is evident 
that Ca45 is retained in components with longer turnover times than 
those exhibited by Sreo, and that the fraction of the total retained radio- 
isotope which is present in the long lived components is greater in the 
case of Ca45 than in the case of SrsO. 

METABOLISM OF TRITIUM AND TRITIUM OXIDE 

Tritium studies were undertaken to evaluate the potential hazard in- 
volved in handling this radioactive isotope and to determine if it is 
a reliable tracer for hydrogen in biological systems. Both tritium gas 
and tritium oxide were investigated since they represent the most 
probable forms of the material to be encountered as an industrial con- 
taminant. Extension of the tracer applications of tritium led to the 
study of such fundamental problems as the permeability of the skin to 
hydrogen and water, and the biological turnover rates of common body 
constituents. 

The percutaneous absorption of water vapor labeled with tritium 
oxide was studied in mice, rats, and man. Total body exposure of a 
human showed that an approximately equivalent quantity of water 
was absorbed through skin and lungs. Tritium gas was absorbed to a 
lesser extent than tritium oxide by both the skin and lungs. I t  appeared 
to be biologically incorporated predominantly through oxidation by the 
hydrogenases of bacteria resident in the intestinal lumen. On the basis I I 



METABOLISM AND TOXICITY STUDllES IN SMALL ANIMALS 

of these studies, respiratory protective equipment alone was judged to 
afford inadequate protection in a tritium atmosphere. 

Detailed study of the distribution and rdention of tritium oxide in rats 
showed that about 90% was associated with body water and exchange- 
able organic hydrogen. The remaining 3% was bound more tenacious- 
ly to organic body constituents. Tritium was retained m body water 
with half times ranging from about orie day in the mouse and three 
days in the rat to 10 or 12 days in maa The non-exchangeably bound 
tritium was retained with much longer half times, approximately the 
life span of the animal, in such matekale as collagen and unsaturated 
fatty acid fractions. Considering the large proportion of such long 
lived components in bone, muscle, and fat, it was estimated that about 
one-half of the animal body is made up of these metabolically inert 
materials. 

The techniques developed in these s t d e s  afford many opp~rtunities 
for fundamental research on the " d ~ c s "  of body constituents. 

METABOLISM AND TOXICITY OF OTHER 
RADIONUCEIDES 

In addition to those previously considered, a number of other radio- 
nuclides have been studied because o: their potentially hazardous 
qualities. 

The absorption, distribution, and retention of Rulo8 following oral of 
parenteral administration were studied under acute and chronic con- 
ditions. Three percent of the administtred oral dose of Ru108 was found 
to be absorbed from the gastroirrtestir.d tract. Absorption in immature 
rats was higher than in the adult. ,Ira tk-e blood, Ru106 was predomin- 
antly associated with the plasma pro~dns, albumen in particular. The 
kidney, liver, skeleton, and gonads wex Drgans of highest concentration 
of the isotope. 

Phosphorus-32, originating in reactor emuent, accumulates along food 
1 2 chains in the Columbia River. Studies i s  rats showed that the percent- 

age absorbed from the gastrointestinal tract was the same whether the 
isotope was fed as inorganic phosphate or incorporated in biological 
materials such as bean leaves or fish muscle. Although the skeleton is 
the ultimate site of major deposition of phosphorus, the short term 
conce~tration of Pa2 in various soft cissues may be important from a 
hazard standpoint because of its short physical half life. Autoradio- 
graphic scudies of the deposition of Pda in the ovary showed a hetero- 
geneous Imalkation within the organ and suggested that radiation dose 
rates to genetically significant tissues might approach those delivered 
to bone. 

For these and other rdonuclides limited information has been ob- 
tainec on the effect of age at time c.f exposure, and the effect of dif- 
ferent patterns of repeated exposura on distribution, retention, and 
toxicisy. Additional studies of this nature are needed, particularly with 
regard to long term eff~cts of low level exposure. 

RADIATION EFFECTS IN THE INTESTINE 

The gasirointestinal tract is the critical organ for radiation damage 
from mzny ingested, poorly absorbed radioisotopes. The response of 
this crgen to different qualities anc quantities of radiation is, there- 
fore, of vital concern. Because most of the early information on ra- 
diation ~ffects in the intestine was derived from X-ray studies, we 
com~ared our results after exposure of the intestine to Q , f i  , and 
neutron sources, with results following X-irradiation. X-irradiation 
of the exteriorized intestine caused 30st of the intestinal injury symp- 
toms seen following whole-body exposure : carbohydrate absorption was 
decreased, but fat absorption was not; plasma proteins leaked into the 
irradiated intestine; DNA and RNA were decrea~ed in all parts of the 
intestine; bile salt rea'xorption was decreased; and mucus production 
was decreased. 
Beta radiation caused much the sane type and extent of damage as 
seen following external radiation. The damage, bowever, was distribu- 



ted relative :o the time spent by the radionuclide in the various seg- 
ments of the alimentary tract as it passed through. On the other hand, 
d radiation, such as from P u ~ ~ ~ ,  caused practically no damage to the 
gut, even when delivered in massive doses. 

Long term studies involving daily irradiation of the intestinal mucosa 
by ingested YS0 showed the intestine to be quite resistant to chronic ex- 
posure. The regenerative abi1i;y of the intestine makes it tolerant of re- 
peated doses of 500 R of X-ray at semiweekly intervals for as long as 
six months, or 250 R/day of 3 radiation for two mon-hs. Such con- 
tinuing expasure did, however, result in a substantial life shortening. 
Carcinogenesis in the intestine follcwing such extended radiation ex- 
posure was r-ot a common observation, in our experience. 

The mechanism of acute radiation death from intestinal damage, as 
deduced from a variety of studies of functional impairment, might be 
described by the following sequence. The first day postirradiation is 
characterized by decreased DNA synthesis and mitotic inhibition. By 
day three &re is extensive cell breakdown, absorption processes are 
seriously impaired, and bile salts accumulate in the intestinal lumen. 
The excessive concentration of bile salts brings about loss of mucus 
(as evidenced by the diarrhea characteristic of this srage), and the 
mucosa, stripped of cells and mucus, allows the outflux of large volumes 
of fluid, electrolytes, and plasma protein. Days three to five are critical 
to survival because of the fluid and electrolyte loss. Bacteria, at this 
period, are migrating into the small intestine from whence they may 
gain entry to the blood stream. Death may occur at any time between 
days three and seven depending on the extent of body area irradiated in 

ION AND CHEMICAL CARCINOGENS 

f possible interactic-ns bezween radiation and chemical car- 

cinogens in the induction of tumors is of some practical interest and 
might also be expected to yield valuable infonnation concerning the 
mechanism of action of each. In preliminary studies in rats with the 
hepatic carcinogen, dimethylaminoazobenzene (DMAB) and internally 
deposited radionuclides, the presence of the radionuclide (Ce1M-Pr144, 
or PuZSs) reduced the incidence of DMAB tumors. The retention of 
the radionuclides in the liver was higher in the DMAB-fed animals 
than in those fed the control diet. Much interest attaches to the further 
extension of these studies. 

STUDIES WITH RADIATION PROTECTIVE AGENTS 

While we have tested a considerable number of compounds for their 
ability to protect against radiation damage, our purpose in most of 
these studies has been to learn something about the radiation effect 
rather than to develop or demonstrate a new protective agent. Of a 
dozen or more substances tested, none offered apparent advantages 
over such commonly used agents as aminoethylisothiouronium bromide 
(AET) and cysteine. 

Emphasis has been placed on protection against gastrointestinal effects. 
Both AET and cysteine reduced the deleterious effects of radiation on 
glucose absorption and on the permeability of the intestine to plasma 
protein. Using a labeled organic polymer (polyvinylpyrrolidone) as an 
indicator for protein, it was shown that cysteine not only decreased 
X-ray induced permeability, but also decreased permeability caused by 
fast neutron exposure. 

The regenerative capacity of the intestine was demonstrated by experi- 
ments in which cysteine was employed to protect the intestine against 
repeated exposures to 1000 R. Rats could tolerate accumulated ab- 
dominal exposures of as much as 30,000 R when cysteine was admin- 
istered before each semiweekly X-ray exposure. 
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Isotope test for kidney function. 



Haqford miniaturs-5 the size oi  stzndard Palouse swine. 

Feeding radioacfive pellets. 

I 
Evaluating bone damage from SrgO in swine. 



METABOLISM AND TOXICITY STUDIES IN LARGE ANIMALS 

RADIOIODINE STUDIES IN SHEEP, SWINE AND CATTLE 

Iodine-131 is of particular significance because of its abundance in 
early fallout, in the gaseous effluent of certain nuclear industries, and 
in reactor fuel elements; and beczsecse it is so readily absorbed and 
concentrated by the thyroid of animds and man. 

We have administered IIS1 to sheep, chronically, at levels up to 1800 
p Ci/day and in siigle doses up to 280 mCi. Lower levels were fed 
to Palouse swine. Studies have continuec for up to 11 years on some 
animals, with emphasis on the development of thyroid neoplasms. 
These were observed in the majority of sheep fed 1.5 or 5 )A Ci/day 
for four to eight years, in a few azimals few 45 or 1 3 5 ~  Ci/day for 
less than one year, and in animals fed single doses of 3 mCi. Chrumo- 
phobe adenomas of the pituitary gland were also seen in a number of 
these animals. No damage has yet been sbserved in animals fed 0.15 
JI Ci/day for up to 10 years. No -on were observed in swine fed 
5,uCi/day for up to five years and the tkyroid damage was somewhat 
less than in sheep on a similar regimen. 

The radiation doses to the thyroid glads  3f animals developing tumors 
were estimated to range from 703C to over 100,000 rads. Thyroid 
adenomas in control sheep were limited to animals 10 years of age or 
older, but were identical in appearance to those of the experimental 
animals. Only three of the thyroid nec*plasms were malignant and 
these were observed only in sheep chronically fed 1.5 or 5 1( Ci/day. 
The nonmalignant thyroid adenomar. ha6 no perceptible effect on the 
health or longevity of the sheep. The limited number of animals 
affected preclude firm predictions  gard ding cancer risk. 

Studies were conducted to simulate a single 1131 contamination of 
forage by feeding sheep and dairy cattle Ilsl-labeled feed twice daily, 
each feed sample being spiked on cay cne with 5 A Ci per sample. 
Peak milk concentrations occurred on d q  four with about 0.4% of 
the initial administered dose observed per liter of milk. Increasing 
the stable iodine content of the die: fro= 5 mg to 2 g/day reduced 
milk levels of 11*1 by 50% and thyroid jurdens bp over 90%. Milk 
from these cows was fed to human vcglunteers to evaluate the total food 
chain. The results suggest a value of u Ci of 1131 per gram of 

1 6 vegetation as a maximum permissible concentration for gazing land. 

These studies indicate h a t  re:ati;iely high levds of IIS1 are required 
to produce late effects in sheep, and that neoplasms occur with high 
incidence only when &?re is grc~ss thyroid damage from IlS1. Low 
l e d  studies are continuing ard will be extended to miniature swine, 
testing prophylactic and therapeutic measures and comparing radio- 
iodine with X-imadiatioa effects an the thyroid. 

RADIOSTRONTIUM STUDIES IN MINIATURE SWINE 

Strontium-90 is a principal man-~ade  contributor to internal radiation 
ex~osure of man, becaue of i:s lang physical and biological half life 
and its extensive world-wide dissribution through fallout. To con- 
trit~ute to an increaed understanding of the potential effects of SreO 
exposure to man, a long tern study using miniature swine fed SrS0 
daily was started in 1958. M-niature swine have been used because 
they are a long lived omnivore sin-ilar in size to man. Levels of 1-3100 
u Ci SP/day are being fed to young adult females and levels of 1- 125 
4 C i  Sro0/day, to two genera-ions of offspring. A daily SPO intake 
of 1 0 Ci Sreo/day is approxim&teb 110 times the maximum permissible 
daily intake for radiatiora workers. 

Animals fed 3100 and 625 y Ci SrW/day, starting at nine months of age, 
developed a severe neutropenia and thrombocptopenia and died ap- 
prcximately three months and nine months, respectively, after initia- 
tion of SPO feeding. Animals fed 625 f l  Ci Srgo/day produced grossly 
normal offspring that succumbed at about three and one-half months 
of age if SreO feeding was contnusd. 

Animals fed 125 A Ci Sreo/day have decreased neutrophil and platelet 
values and deaths a-e o-curring at  three to four years of age. Four 
cases of hematopoieiic neoplasms have been observed at this level. 

No gross damage has been observed in animals ingesting 25 bi Ci SPo/ 
day, or less, for four years, except for one death at the 25 A Ci/day 
level, attriiuted to :euk=mia. Ovzr 300 animals are being followed 
for lifetime observation. 

Thz skeletal burden in adult animals at the 25 # Ci Sreo/day level is 
approximately 250 Ci (over 130 times the maximum permissible 



burden for radiation workers: . Comprehensive autoradiographic stud- 
ies of the radiation dose rate to bone marrow are being made at this 
level. The cumulative radiatbn dose to bone over the first four years 
of life is estimated at approximately 6000 rads. 

Studies on discrimination against SrgO relative to calcium indicated 
that the Sr9"/Ca ratio of the fetal skeleton is 0.15 that of the maternal 
skeleton, or 0.04 that of the maternal diet. In the very young animal 
there is very little discriminaion against SrgO, but because of the dis- 
crimination afforded by the mother during lactation, the Srgo/Ca 
ratio of the weanling animal is about 0.08 that of the maternal diet. 

The daily feeding of SraO at levels clf 1-125 A Ci/day will continue for 
the lifetime of the animals. Efforts to determine the most sensitive 
indicators cf early damage will continue by measurhg the rates of 
synthesis and turnover of specific cellular components and by radio- 
graphic and hematological methods. 

CESIUM METAEOLIEM AND DOSIMETRY 

In male sheep fed CslS7 d a i l ~  for wer one and one-half years it was 
found that the body content of Cs137 varied from lows of around 10 
times the daily feeding in th= summer to 20 or more times the daily 
dose in winter. A system was developed using very small, surgically 
implanted, thermol~minesce~t dosimeters (containing LiF) that per- 
mitted accurate dose measwements in various tissues and organs at 
levels below 1 R. Sheep were also examined to determine what 
samples taken from the animal would best reflect the concentration of 
cesium in the diet. Feces proved to be the best indicator. Rumen 
content of C P 7  (obtained \;a a rumen fistula) varied and was af- 
fected considerably by water intake. Studies are being initiated on the 
mechanism of Cs13' and wzter transport in normal and irradiated 
intestines of sheep, miniature swine and rats. 

TRANSFER OF RADIONUCLIDES TO MILK 

Extensive studies have been condxcted in sheep on the transfer of 
various radionuclides from plasma to milk. The mammary gland is a 
convenient system consisting of a cellular membrane separating two 
fluids, plasma and milk, both of which are readily anzlyzed for radio- 

nuclide content. The results are useful in evaluating the potential 
hazard of radionuclide transfer to an important food product for both 
man and animals. 

The plasma clearance curves for the four alkaline earths (Ca46, SPO, 
Ba140, Ra226) were generally similar, as were the curves for three alkali 
metals (Kb2, RbB6, Csla7). Average milk/plasma concentration ratios 
for the 10 days following isotope administration were, for most of 
these elements, in the range of 10-20. Barium, together with the rare 
earths, Ce144 and Pm14: and the transuranic nuclides, Am241 and 
Cm244, showed somewhat lower rnilk/plasma ratios, in the range of 
2-5. Ratios lower than 0.1 were shown by U233, Np2S7, and RulO*. 

On the basis of the data obtained, none of the transuranium elements 
nor promethium, ruthenium, or rubidium would represent a significant 
hazard to man through ingestion of milk from animals grazing on 
contaminated forage. Future studies will include the testing of other 
elements and extension of the sheep data to cows and goats. 

IRRADIATION OF SKIN BY RADIONUCLIDES 

Studies to define the effects of skin irradiation by radionuclides have 
employed SrgO and P32 plaques, ruthenium particles, and a particle ac- 
celerator for exposing the skin of sheep, swine, and rabbits. These 
studies established not only the minimum detectable level for various 
sources of skin irradiation, but also defined the early and late effects 
of high doses. As long as eight years after exposure only one instance 
of malignant change has been observed-a fibrosarcoma in a rabbit 
which appeared four years after an acute exposure of 16,000 rads from 
a PS2 plaque. 

Penetration through the skin is a significant route for accidental con- 
tamination of personnel working with plutonium. To evaluate this 
problem, 450 skin sites on swine were injected with 0.00116 to 5 ,t/ Ci 
of plutonium nitrate. The immediate and long term effects, translo- 
cation to other organs, and the efficacy of therapeutic procedures are 
being studied. 

The general problem of the mechanism of absorption of radionuclides 
and other substances through the skin is an area of continuing interest. 
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METABOLISM AND TOXICITY OF INHALED SUBSTANCES 

FATE OF INHALED RADIONUCLIDES 

The assessment of hazards from inhaled radionuclides requires a 
knowledge of the amount of material irhaled that is actually deposited, 
the retention of the deposited material in the lung, the translocation to 
other tissues in the body, and the ra:e of excretion. Such information 
is necessary for the establishment of '-lung models" from which one 
can predict the probable consequences of exposure to airborne radio- 
nuclides, or from which one can estimate the extent of exposure from 
some measurement of the consequences. Knowledge of radionuclide 
excretion patterns, which can be usec m an index of body burden, is of 
particular importance for radionuclides that cannot be estimated by 
external whole-body counting techniq~es. 

Mice and rats have been exposed tc a variety of radioactive aerosols 
to obtain knowledge of the extent d deposition, retention, transloca- 
tion, and excretion, as determined bj serial sacrifice of the animals for 
radiochemical analysis, or by whole-body counting. Such studies with 
Ru1060, and Pu23s02 demonstrated the retention in the lung of a sub- 
stantial fraction of the deposit~d radionuclide. Retention halfc times 
of a year or longer were observed. Other compounds ordinarily con- 
sidered quite insoluble, such as SrQ"So, and AgI131, were rapidly trans- 
located from the lung. 

The fate of inhaled iodine vapor h a  been thoroughly studied in mice 
and rats. As much as 50% of the P3' &posited may be translocated to 
the thyroid of rats on a low iodine diet. This is reduced to 20% or 
less in rats on a normal diet, and mEy be reduced to as low as 0.05% 
when near-toxic levels of stable iodine are inhaled along with the 
Dilution of 1131 vapor with stzble iod-ne was much less effective in 
reducing thyroid 1131 uptake in the d o ~ .  

Currently, rats are employed to stucy the inhalation of uranium ore 
dust. Assessment of the inhalrtion hazards of uranium mining and 
milling operations is extremely com~lex because of uncertainties con- 
cerning the biological fate of various members of the radioactive decay 

choi.ns present. Resdas indicate a rapid departure, in the lung, from 
the secular equilibrium of the iahaled material. These studies should 
uhimately lead t> the establishment of more realistic permissible air 
limits for uranium ore miling and 7rocessing environments. 

Cogs offer many advantages fcr inhalation studies including ease of 
experimentation and appliiabiliq of results to man. Beagles have been 
employed in extensivz experimentation on the fate of inhaled plu- 
tclnimn compounds. Regardless of the compound employed, a major 
fraction of that first deposited in the alveoli was retained with half 
times ranging fro= several months to several years. The accumulation 
of pkutdum in the bronck.ial lymph nodes was another typical finding. 
Widin 10 weeks after exposure the average concentration of plutonium 
in tihe lymph nodes was greater than that in the lungs. Translocation of 
pl~xtonium to bone, liver, and other tissues was minimal. However, 
substantial quantitative drfferences were noted as a function of the 
particle size of the inhaled aerosol. 

A great deal of work remGns to be done in characterizing the effects 
of chemical form and ?hysLcal state on the fate of insoluble particles in 
the lung. The fine struct~re of distribution and redistribution within 
the h n g  and the extent and mechanism of transport to pulmonary 
lyinfi nodes are of ?articular significance. 

BIOLOGICAL EFFECTS OF INHALED RADIONUCLIDES 

Kn3..vledge of the fate of rnhaled radionuclides is of use in evaluating 
hazards only when it  can be correlated with biol~gical effects. These 
effects must preferably be defined in relation to the radiation dose 
deliwrcd to the lissu-. 

The caxinogenic effect of radicnuclides in ihe lung was first demon- 
strated in our preliminary studies with mice in 1956. Two squarnous 
cell carcinomas and one bronchiolar carcinoma were caused by 
Puz"O, and twc bronchiolar carcinoma$, by Rdo602. In another 



study involving 800 mice, no effect on life span was observed following 
pulmonary deposition of Pu2"W0., at levels equivalent to about 100 
times that considered a permissibie limit for man. 
With the establishment of a breeding colony to prodice beagles free 
of disease and parasites, subsequent studies have teen conducted 
largely with dogs. These studies have involved extensive clinical, phys- 
iological, histological, and biochemical measurements. The acute ef- 
fects of inhaled P U " ~ ~ ,  at deposition levels of 10-130 j~ Ci, were 
described in about 40 beagles. Early symptoms were lpphopenia, in- 
creased respiratory rate, and weigkt loss. Deaths occurred two to 14 
months after exposure and were due to respiratory insufficiency caused 
by severe fibrosis in the lung. Only one dog, with an alveolar deposition 
of 20 u Ci, developed a bronchiolo-alveolar carcinoma. 

A long tern study of the effects of inhaled P U ~ ~ * O ,  in beagles is in 
progress. At two to five years postexposure about 50% of the retained 
plutonium is in the lungs, 40% in bronchial lymph nodes, 5% in liver, 
and 2% in bone. Pathologic changes include fibrosis and neoplasia in 
the lung, fibrosis in bronchial lymph nodes, cardiopulmonary insuf- 
ficiency, and lyphopenia. At the dose levels studied (3-10 /1 Ci P u ~ ~ *  
deposited in alveoli) pathologic changes in the lung are primarily 
responsible for death. Of the 36 animals that have died, six evidenced 
bronchiolo-alveolar tumors. Most of the surviving dcgs (two to four 
and one-half years after exposure) show lymphopenia and increased 
respiratory rates. Continuation and extension of this study should 
establish the critical organ for various exposure levels. Additional ex- 
periments 20 determine the cause of the lymphopenia, the effect of 
the lymphopenia, and possible relationships of patholcgy in the lymph 
nodes draining the lungs to pathology in the lungs are planned to 
aid interpretation of the chronic study. 
To determine meaningful permis~ible limit levels foz inhaled radio- 
nuclides, v e  hope to expand the long term, low level studies with 
pu289 Ce144 Ru106 PU238 Cm242.144 , 9 , J , Pml4I, and uranium ore dust. 
At the levels of P u ~ ~ ~  employed in current experiments, nearly all path- 

ology is confined to lungs and bronchial lymph nodes. The tumors 
observed have all originated in the lung, despite the higher concentra- 
tion of P u ~ ~ ~  in the lymph nodes. Since death has resulted primarily 
from fibrotic lesions in the lung, it will be necessary to conduct ex- 
periments at lower exposure levels if meaningful information on tumor 
incidence in the lung and bronchial lymph nodes is to be obtained. 
There is also a need for more sensitive criteria for lung damage. These 
would include lung function tests as well as measurements of bio- 
chemical effects. 

Since man is never exposed to only a single potentially toxic agent, 
studies are being initiated to test for synergistic effects of inhaled 
radionuclides and various other agents, including cigarette smoke. A 
number of beagles, in training, currently smoke up to 20 cigarettes per 
day. 

THERAPEUTIC REMOVAL OF INHALED RADIONUCLIDES 

Because many inhaled, insoluble, toxic substances are retained for long 
periods in the lung, the development of therapeutic procedures for 
accelerating their removal is an objective of high priority. Rats, mice, 
and dogs, previously exposed to insoluble radioactive aerosols, have 
been treated with expectorants, irritants, drugs stimulating mucus se- 
cretion and ciliary activity, surfactants, and a variety of chelate-forming 
compounds. Treatment has been by the pulmonary route, and in some 
instances, by intravenous injection. 

The most promising results have been obtained with chelating agents, 
which act by enhancing the absorption of radionuclides from the lungs 
and their subsequent excretion via the kidneys. Inhaled CeO, can be 
quite effectively removed by intrapulmonary or intravenous treatment 
with diethylenetriaminepentaacetic acid (DTPA) . The effectiveness 
of this treatment, however, depends upon prompt administration and 
upon the precise nature of the CeO, inhaled. 2 1 
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MOLECULAR AND CELLULAR LEVEL STUDIES 

INTRACELLULAR DISTRIBUTION OF CATIONS AND 
PROTEIN IN THE REGENERATING LIVER 

The synchrony of cell division in the regenerating rat liver has been 
used to advantage in many biochemical and cytochernical studies. Our 
limited studies with this system habe been largely concerned with 
measurements of the intracellular S~tribution of sodium, potassium, 
protein, and total solids as a function of time following partial hepa- 
tectomy. In future studies we hope to correlate these observations of 
cation and protein redistribution w-i* later biosynthctic events as- 
sociated with mitosis and to use the sys tem in basic studies of radiation 
effects. 

RADIATION EFFECTS IN THE LUNG 

Changes in lung biochemistry may contribute significantly to the clin- 
ical and histological changes seen after inhalation of radionuclides. 
Relatively little is known of lung biochemistry. Because of the import- 
ance of lung phospholipids to the s:ability of the alveolar radius and 
the maintenance of normal gas distribution, studies were initiated to 
characterize fatty acid synthesis in lung tissue. 

Rat lung homogenates were separatec into subcellular fractions and 
incubated with C1'-labeled acetate Major synthesis of long chain 
fatty acids was shown to occur in the mitochondrial fraction. Following 
further experiments to establish noma. rates and pathways, fatty acid 
synthesis will be studied in tissue frorr. lungs irradiated by X-rays or 
inhaled radionuclides. Other studie: vill be concerned with collagen 

24 and fibrin levels in irradiated Iungs. 

RADIATION EFFECTS AND METABOLIC CONTROL 
IN MICROORGANISMS 

Studies of the relative biologics1 effectiveness (RBE) of different radia- 
tions have most c~rnmonly invelved acute exposures during brief 
periods of the test organism's :ife history. Irraciation of growing cul- 
tures of microorganisms affords Ae opportunity for measuring such 
effects over several generations of cell growth and division. Beta 
raciiations from Ha (tritium) ant2 S35, uniformly distributed in and 
cor-tituously irradiating growing cultures of microorganisms, exhibited 
RBE values slightly greater than %ice those otlserved with the lower 
LET Q radiation of P32. Altho~gh higher radiati~n doses were required 
to produce comparable effect; in diploid, as contrasted to haploid 
yeat, the RBE valms were the same, suggesting that the basic nature 
of the effect was the same regardless of ploidy. This observation was 
of particular interest since lethality in haploid cells has been thought 
to derive from gene mutation, while that in diploid cells is generally 
attrib~ted to chromosome aberxatians. 

Using haploid mutant strains, it was possible to relate the degree of 
radiation sensitivity of yeast cells t3 their content of the enzyme cata- 
lase. -4 direct corrzlation between catalase content and radiation 
resistance provides indirect evidence that hydrogen peroxide plays a 
significant role in radiation damag to these cells. 

Attempts to identify nongeneticslly mediated rdation damage in cells 
shov~ed that the permeability cf czlls increased both with respect to 
effusion and infusion of tracers. Inrreased leakage of nucleosides from 
irradiated cells indiczted both hqdrc~lysis of the ribonucleic acid within 
the cell and damage resulting in an increased permeability of the mem- 
brane &I such materials. These obsrrvations are of interest in connec- 
tion with the possible mobilization of latent ribonwlease within the cell. 



Experiments are presently in progress to determine the mechanisms 
by which exogenous and endogenous sources of the amino acid trypto- 
phan are directed into different metabolic routes. Using labeled inter- 
mediates the endogenous source was shown to serve as a preferential 
precursor of protein, while the exogenous source was preferentially 
degraded through a different metzbolic pathway. Ribonucleic acid was 
implicated as playing a key role in directing the metabolic route. 
Tryptophan is known to exert several regulatory functions, and it 
seems probable that the different pools of tryptophan may be further 
distinguished by having unique regulatory roles. This system should 
provide an excellent experimental model for investigating the effects 
of radiaticm on ribonucleic acid and on the metabolic functions under 
its control. 

GRAFT-HOST RESPONSE IN RADIATION CHIMERAS 

A principal drawback to the transplantation of bone narrow for ther- 
apy of lethally irradiated animals is the high rate sf mortality that 
occurs a few weeks after injection of cells from a ger-etically different 
strain or species of animal. This syndrome is called "secondary disease" 
and is generally considered to be an immune response tetween surviving 
donor c& and cells of the host animal. It has not been clearly estab- 
lished whether this response is donor-antihost or host-antidonor or 
both. Mortality remains the principal indicator of this donor-host 
interaction in chimeric animals. Our task has been to devise new ways 
of demonstrating this interaction and, if possible, to demonstrate early 
metabolic alterations in the host animal that ma) arise from the 
chimeric state. 

Lethally irradiated mice receiving ten million cells of rat bone marrow 
were shown to exhibit, on occasion, serum hemagglutinins that reacted 

against both donor and host cells. I t  might be assumed that this rep- 
resents antibody formation by both donor and host cells, thus demon- 
strating immunological responses by both donor and host tissues. How- 
ever, since only about one-third of the animals exhibited such 
hemagglutinin titers during the period of maximal response, it would 
seem that other immune mechanisms must also play a role. The 
normal phagocytic cells may be involved in this role. The acid phos- 
pha- content of mouse spleen and liver homogenates was shown 
to increase following inoculation of foreign hemopoietic tissue. This 
increase may reflect a rise in the phagocytic or reticuloendothelial 
functions of the organs studied. 

Current studies are concerned with the cytochemical demonstration of 
early metabolic and morphologic changes in the livers of radiation 
chimeras. We are also developing procedures for the study of the 
chimeric state in' lymphoid tissue using cytolytic antibody techniques 
employing an electronic particle counter. 

TISSUE AND ORGAN CULTURE STUDIES 

Tissue and organ culture techniques are being developed for use in 
determining the comparative toxicity and toxicity indices of ionizing 
radiations, alone and in combination with inorganic and organic tox- 
icants. These studies are of practical significance to hazard evaluation 
problems and should also help to elucidate the mechanisms of these 
cellular insults. 
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STUDIES WITH AQUATIC ORGANISMS 

EFFECT OF HANFORD REGTORS ON AQUATIC 
LIFE IN THE COLUMBIA RIVER 

Large volumes of Columbia River water are employed as a once- 
through coolant of the Hanford nuclear reactors. The effluent cool- 
ing water returned to the river is thermally hot and contains neutron- 
induced radionuclides and toxic chemicals added for corrosion control. 
This water has been routinely momtc~red to determine critical dilution 
levels for survival and growth of ymng salmon and trout. The salmon- 
ids were selected as test fish bemuse of their economic value and 
sensitivity to the effluent water effezts Survival, growth, and swimming 
performance have been employee as parameters of effluent effect. 
These studies have shown no significant effects at effluent levels 
present in the river. Extended expsnres to effluent levels higher than 
those occurring in the river have resulted in deviations from normal 
growth and increased mortality, caused in all cases by chemical toxicity 
or increased temperature rather than radiation effects. 

Hexavalent chromium, added as a corrosion inhibitor, is the critical 
toxic chemical. Chronic exposures to 0.08 ppn: affected survival 
of young salmon and trout, and grwlyth was retarded at levels as low 
as 0.013 ppm. Salmon eggs were not affected at concentrations lethal 
for young fish, and fish held at 4I0F showed less tolerance to chromium 
than fish held at 50°F. Trough experiments also indicated that chronic 
release of dichromate was slightly more toxic than the same quantity 
released intermittently. 

The effect of temperature has been of particular interest. Young 
whitefish showed increased moriaLty when exposed for prolonged 
periods to a temperature only 2% above that normal in the river. 

28 Chinook salmon are somewhat mcse tolerant to increased temperature. 

The completion of the Priest Rapids Dam upstream from the Hanford 
zeactcrs resulted in drastic diunal fluctuations of river flow and 
consequent fluctuations in the effect of the effluent on river tempera- 
tures. Tests to simulate the effect of such fluctuations did not indi- 
:ate en increased toxicity to fish. 

Research activities in aquatic toxicology can be expected to accelerate 
rapid-y because of the increasixg awareness of the seriousness of water 
po:lution problems. The techniques developed and the experience 
gained in our continuing study of Columbia River problems should 
be readily adaptable to a wid= range of such activities. 

COLUMNARIS DISEASE STUDIES 

The mpobacterium Chondrccoccus columnaris causes a freshwater 
fish disease endemic in the Columbia River slrstem. Our interest in 
tEs disease stemmed initially from concern expressed by fisheries biol- 
ogists that extensive infection d fish by highly virulent strains of 
c d m a r i s  in areas adjacent t3 th? Hanford Pr~ject might be attribut- 
aMe to the discharge of reactor effluent. I t  was suggested that the 
sli.ght increase in temperature and the radiation resulting from the 
efiluent discharge might pravid. a good system for induction and 
se!ection of virulent mutants 3f mcolumnaris. Our field and laboratory 
work have given no support to this contenticjn, but they have sub- 
stantially increased our knowledge of a little understood but econom- 
ically significant disease of fish. 

Sapl ing of fish throughout the Columbia River indicated that col- 
umnaris was widely distributed. The incidence was no greater in the 
Haford area than elsewhere. In contrast to the relatively low inci- 
dence in the river, a much higher incidence was noted under artificial 



coxlitions where fish were zrowded and held, such as in artificial 
spawning channels and hatcnery troughs. Virulence of isolated col- 
umnaris strains varied widely and was not correlated with geographical 
location, date of sampling, 01. species of fish. 

The effect of X-irradiation o r  mutation rates of columnaris was found 
to be comparable to that observed in many other bacteria. There 
was no teniency for mutation to occur in the direction of increased 
virulence. Prolonged sublethal irradiation had no effect on virulence. 
Raistance to columnaris inf~ction and the lag pericd between ex- 
posure and death increased with age of the fish. Trough studies 
showed crowding and increased temperature to be p b a r y  factors in 
increased mortality. 
Present studies are concerned with immunization prc~cesses. Specific 
agglutinating antibodies to columnaris were found in fish with B 
previous history of infection; fish with no exposure showed negative 
titers. This finding holds much promise as a tool for basic immunolog- 
ical work in fish as well as affording an objective indication of previous 
exposure hisory of fish sampled in the river. 

METABOLISM AND TOXICITY OF RADIONUCLIDES 
IN FISH 

I t  is generally assumed that if the quantities of radionuclides permitted 
in fish are held to levels acceptable for human consumption, fish 
populations will not be adversely affected. This is an ~ssumption that 
is s;upported by little experimental data. Radiation damage is clearly 
related to the metabolism of the particular radionuclide; yet, the 
metabolism ~f many of these radionuclides has never been investigated 
in Fish. Aside from this direct practical concern, fish and other aqu'atic 
organisms, because of unique physiological characterisdcs, may prove 
to be useful test animals for many f-mdamental radiobidogical studies. 

Our early work involved the oral administration of massive doses of 
P32 to trout. This was followed with experiments involving chronic 
feeding of PS2 and SrsO. These experiments established the intake rates 
and body burdens necessary to produce death and gross radiation 
damage. In trout: an intake of 0.6 A Ci P32/g fish/day resulted in 
pathological changes and ultimate death. Current studies are con- 
cerned with the biological half life, excretion pathways, distribution, 
and retention of Zna5 in trout. Over half of the body burden of Zns6 
in fish may be concentrated and retained for long periods of time in 
the gastrointestinal tract. In view of the radiosensitivity of this organ 
in other animals, a critical examination of the gastrointestinal effects of 
Zns5 in fish is being made. 

Movement of strontium across gill tissues was studied by a gill perfus- 
ion technique. Strontium influx was not affected by varying the cal- 
cium concentration in the external medium, but was affected by phos- 
phate, which caused an increased influx rate, reversed by 2,4-dinitro- 
phenol. This suggests that strontium is actively transported across the 
gill. In a recent study it was shown that crayfish will retain more than 
80% of an ingested dose of Sr". This is actively transported to and 
from calcium concentration sites during the molt cycle. 

Current programs also include investigations of the effects of tempera- 
ture acclimation on tissue metabolism of fish and Crustacea. These 
include in vitro and in vivo studies using labeled intermediary metab- 
olites. Incorporation of labeled material and yield of labeled metab- 
olites are being used to determine if there are changes in metabolic 
pathways with temperature acclimation. In vitro experiments with 
trout at 18OC show red muscle to be highly aerobic. I t  has a higher 
Qo,(N) and uses C14-labeled glucose and acetate twice as rapidly as 
white muscle. 
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PLANT ACCUMULATION OF RADIONUCLIDES the long term availability of radonuclides in soil are being conducted 
in fidd plots contaminated 12 y;.ars ago with Sr90 and Csl". During 

The accumulation of radionuclides by plants and the factors modifying ttis period Sr'" has moved dcnwn the soil profi:e about 12 inches, with 
such accumulation are important critxia for hazard assessment. Our little change in a\ ailat.ility. Ces-im- 137 has remained in the applied 
first approach to this problem involved the establishment of a farm to layer. Its availability decreased 80% in the first year with no sub- 
examine the accumulation of re~c;or effluent radionuclides in foods stanrial change thrreafzer. 
grown on land irrigated with Columbia River water. With the prac- 
tical demonstration of the irsignificance of such a c c d a t i o n ,  the Future studies on basic mechnisms of radionuclide accumulation will 

farm was abandoned in favor cf more easily controllec small plot emphasize the physico-chemi:al factors related to transport of radio- , 

experiments employing higher e f  luent concentrations and laboratory n~clides into and thrcugh plant tissues and the problems of radio- -: 
nuclide part ic~lat~s deposited on foliar and soil surfaces. studies using standardized Neubauer-type tests for measuring maximal 

ion uptake. The relative plant uptake of the more signifcant fallout 
radionuclides and of nuclides assoc-ated with Hanford operations (in- RADIONUCLIDE~S IN MrGRATORY FISH AND BIRDS 

cluding calcium, cerium, cesium, icdinr, phosphorus, lead, plutonium, 
ruthenium, strontium, timgten, and znc) has been determined. These 
data have proved useful for gross prediction of the relative hazard 
potential of different isotopes. 

Further refinement in predictions w a s  limited by a lack of basic knowl- 
edge of the mechanisms by which i ~ m  are absorbed and accumulated. 
To elaborate these mechanisms and to provide pragmatic data, the 

swallow migrztior. A direc; relationship exists between the radio- ion-pair technique was used. The physiological similarity 3f strontium 
nxclide canter-t of young bids and the concentration of these radio- and calcium was shown to have limited predictive application in as- 
n~clides in their insect food, as deduced from the analysis of insects sessment of SrYu in plants and sail. Similar work with cesium and 
regurgitated a: time of captcre. potassium showed that the icns of this pair had even less physiolog- 

ical similarity. Although the mechanisms of ion uptake are far from 
adequately defined, many important features of absorption and trans- 
port have been clarified. This w ~ r x  is continuing with the use of fish have beer. used to study the migration of these fish fro 
specific metabolic inhibitors, suzt as chloramphenicol, to examine lumjia River into the Snake and Yakima Rivers. 
basic problems of active transport in higher plants. This drug, a re- 
puted inhibitor of protein synth?s:s, was shown to reversibly reduce AQUATIC ECOLOGY 
transpiration-independent cation transport by 50% at ncmnlethal con- 
centrations. of the river in evaluation of potential hazards from released radio- 
Special problems have been imd-rtaken as the need arose. Particular nucl.des. Indi~ridual species must be studied both in relation to their 
attention has been given to the a<%cumulation of 1131 by roots and by 
foliar deposition under field and laboratory conditions. Current work 
on IIS1 is directed toward a s:udp of factors affecting foliar deposition 

32 and factors affecting loss of this ndionuclide from plants. Studies of ments not required for life processes were found to be at 



same concentration throughout the biota, while ccbiologically active" 
elements (notably Zne6 ard PS2) were found to be increasingly con- 
centrate~ as one proceeded up the food chain. 

Measurements of plankton abundance are being refined to study the 
interrelationships of radionuclide burden, species composition, water 
quality, light, temperature, and other seasonal variables. Sessile (fixed) 
algae are being studied both directly in the river, and in the laboratory. 

A crucial, but as yet incompletely realized, feature of the river studies 
3 the development of an approach which deals with the complex 
movement and balance of radionuclides in terms of the overall system. 
Measurements of isotope abundance in the biota, water, and substrate 
need to be integrated and balanced against reactor input data in a 
manner which recognizes, and measures, the dynamic aspects of the 
system. A special difficulty is the diversity of plant and animal forms 
to be dealt with, and the largely unknown interactions of individual 
species. These problems are compounded by major seasonal and diurn- 
al changes in river flow. 

TERRESTRIAL ECOLOGY 

Terrestrial plant studies have largely centered on the mechanisms 
b :~  which $ants survive in desert ecosystems. Emphasis has been placed 
on seasonal water relations, and on the cycling of minerals from soil 
to plant ar-d back to the soil. An especially interesting result has been 
the evidence that some shrujs modify the cation concent of soil, thus 
affording themselves a si@-cant local competitive advantage. Studies 
of root distribution have also indicated the means by which a competi- 
tive advantage is achieved by other species. 

An extensive investigation of the thyroidal concentration of IlS1 by 
ja~krabbits has shown strilrir4 seasonal changes, as well as providing 
detailed data on the relation of PS1 concentration to distance and 
di~ection from source of the airborne contaminant. A long term study 
of Canada goose nesting on islands in the Columbia Rver is especially 
important in view of the continuing loss of such habitat because of dam 
co_?structior_. Entomological studies have included both taxonomic 
and population projects. 

The Hanford Reservation is nearly free of human and 6omestic animal 

t- u~/ ; n - s  - " k 

invasion and is consequently one of the few remaining places where 
terrestrial "desert-steppe" investigations may be carried out on a large 
scale. It is hoped that such studies can be considerably increased in 
the near future. 

FALLOUT RADIONUCLIDES IN FOOD CHAINS 

A sunrey encompassing the diversity of climatic zones present in the 
State of Washington clearly showed rainfall to be a general determinant 
of fallout abundance, while special determinants were traced to indi- 
vidual food chains, phenology, and the like. In consequence of our 
work in the preliminary environmental studies for Project Chariot, 
these fallout surveys were extended to Alaska. While the proposed 
use of nuclear devices for harbor excavation was not carried out, 
further work in Alaska was stimulated by the discovery of substantially 
higher body burdens of CslS7 in those Eskimos whose diets contained 
large amounts of caribou. Efforts are currently underway to detail 
the processes and rates of transfer of radionuclides from fallout to 
man. The major Alaskan chain is the lichen-caribou-Eskimo route; 
companion studies are being conducted in the Pacific Northwest for 
comparative purposes. A crucial feature is the estimation of the rate 
of disappearance of the longer-lived radionuclides, in the absence of 
further weapons testing. 

RADIATION EFFECTS IN INDIVIDUALS AND ECOSYSTEMS 

Population responses to radiation and other environmental stimuli are 
being studied in flour beetles grown either as single species or as mixed 
species. Effects of temperature, humidity, radiation quality, and other 
environmental factors on survival and productivity of the beetles have 
been evaluated. Radiation produces different effects on members of 
two closely related species when grown in cohabitation. Under a given 
set of environmental conditions, cohabitation enhances the damaging 
effects of radiation in one species with little effect on the other. 

An intensive study of biological effects of a fixed point Y source on a 
desert steppe ecosystem is projected for the near future. Relative sensi- 
tivities of the native organisms will be tested, and changes in commun- 
ity structure will be observed. Little is now known about the interaction 
of natural groups of organisms under radiation stress. 33 



Arthur C. Case 
B.A. Willamette, I 946 
radioanalysis, instrumenta-ion 

John P. Herring 
radiochemistry, hema-dogy 

Robert F. Keough 
M.S. Idaho, 196 1 
analytical chemistry, irst-umental analysis 

Ray F. Palmer 
M.S. Oregon State, 1950 

I physical chemistry 

James L. Palotay 
D.V.M. Kansas Stare, 1950 
M.S. Colorado Sta-e 958 
research pathology, tissue culture, toxicology 

Lewis A. Temple 
B.S. Northwestern S-afe, Oklahorra, 1941 
pulmonary physioloqr 

Glenda S. Vogt 
B.A. Friends (Wickita), 1935 
clinical chemistry, hematdogy 

Large animal whdeAody counfer. 

To a degree which is unusual in such a widely diversified research 
iaboratory, service fun~tions have been centralized in a single group 
that provides servi-es in analytkal chemistry, radiochemistry, clinical 
chemistry, hematdogy histochemistry, histopathology, and electron 
mic:oscopy. This centralization reduces duplication of equipment and 
effort, and  make^ imnediately available to all research components 
the latest knowledge in the various fields. 

I 



Bone specimens with matching autoradiograms. 

The clinical laboratory is equipped and staffed to conduct most of the 
chemical and hematological zests expected of a hospital clinic, with 
the important differqnce that these tests are adapted for application 
to organisms ranging from cows and swine to alligators and flour 
bed=. 

The radiochemistry laboratoq receives, calibrates, and dilutes to the 
d e d  level the many different radionuclides used in the research 
studies, and receives back from the research groups bioiogical samples 
for analysis. A wide variety of instrumentation is available for the 
measurement of 4 , by and v emitcng radionuclides in living animals, 
as well as in samples derived from all sources. 

The histopathology laboratory processes both soft tissue and undecalci- 
fied bone for examination by the pathologist, and also provides services 
in zutoradiography, rnicrophotography, and histochemistry. 

Twa electron microscopes are available for a variety of research appli- 
cations, as well as for such routine services as the sizir-g of particles 
employed in inhalation studia. 



EDUCATIONAL AND TRAINING ACTIVITIES 
With the gradual de-emphasi of production oriented research and 
expansion into areas of wider interest and more general application, 
activities have been introduced to shu la te  creative research within 
the laboratory and to broaden our irfluence in the general scientific 
community. Some of the more significant of these activities are briefly 
described below. 

SEMINARS AND LECTURES 

Exchange seminar programs have been maintained for many years with 
several Northwest universities. Memt.ers of our staff routinely present 
lectures in their specialties at such tnstitutions as the University of 
Washington, Washington State Uriv:rsity, the University of Oregon, 
and Oregon State University. A course in radiobiology is offered by 
members of our staff at the University of Washington Center for 
Graduate Study in Richland. 

INSTITUTES OF RADIATION BIOLOGY 

The Division of Biology and Medieine of the U.S. Atomic Energy 
Commission sponsors Summer Indtutes in Radiation Biology to ac- 
quaint high school and junor college science teachers with the funda- 
mentals of radiation biology. We have assisted in establishing and 
staffing these Institutes at se-~eral N~~rthwest universities and, in some 
instances, have provided stulents wih  the opportunity to spend a few 
days with investigators in aur laboratory. 

RADIOLOGICAL PHYSICS FELLOWSHIP TRAINING 

GRADUP.TE TRAINING 

X number of students have cmducted or are conducting their thesis 
researsh in our laboratory for credit toward graduate degrees awarded 
by Washington State Univelrity or the University of Washington. 
Special graduate fellowships are available for these students, and sum- 
n e r  professorships are a-gai1ab.e for university faculty members. 

TRAINING OF U. S. AIR FORCE VETERINARIANS 

This program was initiated in 1952 to provide research experience in 
radiation biology tc selected Air Force veterinarians. Twelve officers 
ha-re completed one or tsro y e a  tours of duty ir- our laboratory. 

INTERNnTIONAL COOPERATION 

Two International Atomic Energy Agency Pos-.doctoral Fellows have 
spent a year in our labcrator). Yhe first of these was a professor of 
physiology from the Uriversity of Ankara, Turkey; the second was 
frcm the Indian Atomic Energy Establishment in Bombay. Scientists 
frc.m France, India, Japan, and Norway have spent shorter periods 
with US to gain special training and experience. 

Two members of our staff spent a year on leave with the International 
Atorr.ic Energy Agzncy - ore in Tunisia, the other in Greece. We 
have participated in a one year xientist exchange program with the 
United Kingdom Agricultural Research Council Radiobiological Lab- 
oratory and hope to extend this idea to include other laboratories. 

NATIONAL COMMITTEE APPOINTMENTS 

This is a graduate program wndueted by the University of Washington Six of our senior staff members have served on the Biological Effects 
under Atomic Energy Commission sponsorship. Each year several of of Atomic Radiation Comrnit:ees of the Natior-a1 Academy of Sciences 
these Fellows spend a summer of on-the-job training in the Biology -National Researzh Council We are also represented on committees 

3 6 laboratory. of t te National Ccuncil on Radiation Protection and Measurements. 



HANFORD BIOLOGY SYMPOSIA 

These annual symposia, sponsored by the Atomic Energy Commission 
Dbision of Biology and Medicine, have covered the following topics : 

Biology of the Transuranium Elements, May 1962 
Biology of Radioiodine, June 1963 
Inhaled Radioactive Particles and Gases, May 1%4 

U~wards of 150 visitors from as many as eight foreign countries have 
attended these symposia. The complete proceedings have been 
prc~mptly published each year as the December issue of the Health 
Physics Journal. 

IAEA Fellow from India and senion staff member examine Il'ssue changes 
resulting from irracliation 

& ,- Lad 



SCIENTIFIC STAFF BIOLOGY DEPARTMENT 

H. A.  Kornberg, Manager 
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BIOLOGICAL ANALYSES 
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