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1954  XSSTJAL REPORT - BIOLOGY SECTIOK 

IXTRODUCTION 

This volume is the fourth in a s e r i e s  that  annually summar ize  the 
sect ion 's  r e s e a r c h  activit ies.  
HW-30437,  for the calendar year  1953. 

The immediately preceding volume is 

Topically, the thirty-one papers  that  compr ise  this  repor t  fall into 
five categories  a s  follows: 

1. Effects of r eac to r  effluent on aquatic and plant life. 

2. Plant and animal  absorption and metabol ism of s eve ra l  fission 
products,  plutonium, and t r i t ium. 

3. Effects of and external  radiat ions adminis tered to  sheep. 

4. Toxicity of radioactive par t ic les .  

5. New o r  improved techniques of possible application to radio-  
biology. 

Appreciation is expressed  to  D r .  R. F. Fos t e r  who ass i s ted  in 
editing this  r epor t .  Authors wish to acknowledge the analytical s e rv i ces  
performed for them by A. C. Case  and personnel  of the Radiochemistry 
Labor  a tor  y . 

H. A. Kornberg 
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1 9 5 4  RXDIOBIOLOGICXL SURVEY O F  THE COLUMBI-A RIT'ER 

J. J .  Davis, D. G. ii'atson and C. C. Palmi te r  

The distribution of radioactivity among r i v e r  c rganisms was comparable 
to that found in 1953. 
activity densit ies of plankton and bottom organisms were  lower along the 
Oregon s ide owing to dilution f rom the Snake River. The number of 
salmon nes ts  between Richland and Priest Rapids w a s  comparable to 
those observed during 1953, but was appreciably lower than the number 
for the parent yea r  of 1950; the reduction was commensurate  with sma l l  
runs  of salmon to other  sect ions of the Columbia. 

In the newly formed McNary Dam impoundment, 

Sampling of Columbia River organisms for radioanalyses and 
ecological studies was continued during 1954 to  evaluate radiation hazards  
and to determine effects of r eac to r  effluents upon the r i v e r  biota. 

and p rocess  methods have been previously descr ibed (1, 2). 
differences in activity densi t ies  among most  spec ies  of Columbia River 
organisms,  and the seasonal  and geographical pat terns  have already been 
determined (1, 2, 3) ,  continued monitoring was adequately accomplished 
by a reduced sampling schedule.  This schedule included the collection of 
plankton and representat ive spec ies  of s m a l l  fish and invertebrates  twice 
a month f rom two stations near  Hanford, monthly f rom Richland and the 
vicinity of McNary Dam, quarter ly  f rom P r i e s t  Rapids, and the quar te r ly  
gill-netting of la rge  f ish at Hanford. Special attention was given to  s tudies  
of the newly formed McNary Dam r e s e r v o i r  to  de te rmine  the effects of the 
impoundment upon the activity densi t ies  in aquatic organisms,  and to evaluate 
the ecological effects. 

Sampling 
Since the 

DECLASS IF1 ED 



RESULTS ASD DISCUSSION 

. .. 

I-. 

The relat ive levels of radioactivity attained by the var ious species  
of river organisms 2nd the i r  seasonal  pat terns  did not differ significantly 
f rom those of previous y e a r s  (1 ,  3 ) .  
activity f rom Hanford to  the mouth G f  the r i v e r ,  as  determined by routine 
sampling and a speciai  survey  of the lower r i v e r ,  w a s  approximately the 
s a m e  a s  repor ted  f o r  l a s t  yea r  ( 2 ) .  

The geographical disrribution of 

Decay curves and radiochemical analyses were  made  of represenTative 
organisms collected a t  s ta t ions f r o m  Hanford dcwn to the mouth of the 
r i v e r .  
half-lives were  found in f i sh  and bottom invertebrates  coilected at distances 
g r e a t e r  than 20 miles  below the r eac to r s ,  detectable amounts of sho r t -  
lived activity pers i s ted  in plankton sampled seven mi l e s  below McNary Dam. 
This  was expected because of the pcsition of plankron in the food chain and 
because it t r ave l s  f reely with the water  cur ren ts .  
Cu64 was responsible  for 1 to  7 .  5 per  cent of the total  activity in s m a l l  
f ish.  

l a rvae  and fi lamentous algae and about 2 5  to 35 per  cent in plankton. 
made  up 3 t o  1 4  pe r  cent of the total  in all types of s amples  analyzed. 

While only t r a c e  amounts of radioisotopes with l e s s  than 1 4  day 
a 

In the vicinity of Eanford, 

It accounted for 8 to 1 7  per  cent of the total  in  sna i l s ,  caddis fly 
24 

?;a 

The distribution of radioactivity in t k e  McNary Dam inpoundment 
was determined for plankton and bcttom organisms.  Plankton samples  
w e r e  taken on cross -sec t iona l  t r a v e r s e s  at Richland (mi le  33gA),  at mile  
324.  5, Cold Springs (mi le  300) and just  above McNary Dam (mile  292.  5 ) .  

* Mileage f igures  a r e  dis tances  f r o m  the mouth of the Columbia based upon 
the USPHA r epor t  IReDort of Pollution Control Subcommittee Work-  
Group on Col imbia  RiGer and Tr ibutar ies  Mileage Index, 
1952.  

October 20 ,  

i 0 8 b O c t  I DECLASSIFIES, 
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Bottom o rgan i sms  \yere dredged on a c ross -sec t iona l  t r a v e r s e  at Cold 
Springs.  
land; and radioactivity was quite uniformly distributed a c r o s s  the upper 
end of the impoundment in the vicinity of Richland. The Yakima River ,  
with a mean flow of 3, 900 cfs ,  en t e r s  the Columbia im-mediately below 
P,. chland, but does not significantly influence the geographical distriSution 
of activity densi ty  in plankton at  P a s c o  6 mi l e s  downstream. A shor t  d i s -  
t ance  below P a s c o  the Columbia r ece ives  an average of 50, 600 cfs f r o m  
the  Snake River  which r educes  activity densi t ies  along the Oregon s ide  of 
the impoundment. 
at Cold Springs during the l a t t e r  pa r t  of the yea r  a s  showr, in  Figure i .  

KO t r i bu ta r i e s  en ter  the Columbia between the r e a c t o r s  and Rich- 

This was par t icular ly  evident in bloodworms dredged 

Between November,  1953,  and October,  1954, 41 per  cent of the 
whitefish sa,mpled f r o m  the P r i e s t  Rapids sportfishing a r e a ,  upr iver  f rom 
the  r e a c t o r s ,  had activity densi t ies  above background levels .  
activity densi ty  of f i sh  sampled  f r o m  this  location was slightly higher than 
for  1953. Whitefish sampled  f r o m  nea r  Ringold, immediately downstream, 

f r o m  the r e s t r i c t e d  a r e a  of the reserva t ion ,  general ly  had slightly higher 
activity dens i t ies  than those f r o m  P r i e s t  Rapids.  

The average  

A to ta l  of 1 5 i  chinook sa lmon nes ts  was observed between Richland 
and P r i e s t  Rapids.  
1953, but appreciably lower than the 290 observed during the assumed parent 
y e a r  of 1950. 
the  subnorma l  fall run  of sa lmon in the Columbia River  as a whole. 

This  was  comparable  to  the 149 nes t s  repor ted  for 

The reduced  cumber  of loca l  nes t s  is commensurable  with 

T h e r e  was  no evidence that  aquatic life of the Columbia River  has  
been  adverse ly  affected by effluent f rom the Hanford r e a c t o r s .  

ACKNOWLEDGMENTS 

We wish to  acknowledge the technical  a s s i s t ance  of R. G .  Genoway, 
C.  O'Malley, Pa t r i c i a  N. Hamilton and D. F.. Colwell. 
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REACTOR E F F L U E S T  h7OSITORISG \i'ITH SOUSG CHIT\-OOK SALJIOS - 1 S 5 4  

P. A .  Olson and R. F. Fos te r  

: c  

Chinook salmon eggs and young were  subjected to a s e r i e s  of dilutions 
of dechlorinated reac tor  influent and r e a c t c r  a r e a  effluent for a period 
of seven months. 
held in 5 per  cent influent and growth was slightly re ta rded  in the 3 per  
cent influent. 
incubated in one per  cent effluent this probably resu l ted  f r o m  atypically 
high tempera ture .  
effluent concentrations is attributed to unfavorably high tempera ture  
and dichromate content. The amount of radiation rece ived  was low and 
presumably did not contribute to the effect. Extrapolation to conditions 
existing in the r i v e r  indicates no adverse  effect on the young salmon. 

A slight increase  in mortali ty occurred  among the f r y  

Although a detectable mortal i ty  resu l ted  among eggs 

h4ore seve re  loss of eggs and young fish in higher 

E a r l i e r  r epor t s  have described the  objectives of this  s e r i e s  of 
s tudies  where  young salmon a r e  subjected to  dilutions of the reac tor  effluent 
water  (1, 2, 3). Las t  yea r ' s  repor t  ( 4 )  covered a period ending in October, 
1953; the work reported h e r e  descr ibes  r e su l t s  of the effluent monitoring 
with chinook salmon from November 1953,  to  May 1954.  

designed, 1) to  determine the tolerance of young sa lmon  to var icus  dilutions 
Of  the  effluenr, 2) to compare the toxicity of the effluent with r eac to r  

The study was 

influent water ,  and 3) to monitor biologically the quality of the effluent 
being discharged by a typical r eac to r  installation. 

MATERIALS AIS? METHODS 

.- . 
Approximatekjr 49 ,000  chinook sa lmon eggs, obtained f rom the 

Washington State Department of F isher ies  hatchery a t  SOCS Creek (Puget 
Sound drainage), were  randomly distributed among s ixteen troughs with 

1 0 8 b 0 4 5  D ECLASSI F IED 
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the  following conditions: Columbia River water  ( 5 troughs used as  controls);  

dechlorinated reac tor  influe-.t * at 370, 570, 1070, 257'0, and 50'70; and reac tor  
a r e a  effluent *+ a t  1'70, 270, 370, 470, 5% and 10%. The eggs  and result ing 
f i sh  were  given norxxal f ish-cultural  care .  
were  weighed at  two-week intervals  and the lengths of 7 5  f ish f rom each 
lot were  measured  a t  the end of the tes t .  As the fish increased  in s ize ,  

the numbers  held in each trough were  reduced (on a random seiection basis) 

t o  prevent overcrowding. 
f ish were  of sufficient s i z e  and age for migration to the ocean. 

Samples f rom each trough 

The experiment was terminated when the young 

3 RESULTS AND DISCUSSION 

Mortali t ies suffered by the young salmon in the var ious  expe r imen td  
conditions are shown in F igure  1. 

among any of the egg lots incubated in dilutions of the influent water.  
the f ry  s tage,  however, significant mor ta l i t i es  did occur  in the 5 per  cent 
and s t ronger  mixtures .  
abnormally high mortal i t ies  pers i s ted  only in the 10 p e r  cent and s t ronger  
mixtures .  The growth r a t e  appeared to be a m o r e  sensi t ive indes of toxi- 
city.  Figure 2 shows the growth pat tern for  the control fish and the s i ze  
reached  by the fingerlings in the experimental  lots. The fish grew more  

slowly in all c a s e s  where influent was added--even at  3 p e r  cent strength.  
The adverse  effects  observed a r e  largely attr ibuted to dichromate which 
is added to  the influent water  for corrosion control. 

KO significant mcr ta l i t i es  occurred 
During 

After the f i sh  had developed to the fingerling s tage,  

The r e su l t s  reported 
... 

~ -~ * Reactor  influent is the purified r ive rwa te r  supplied to  the r eac to r  as a coolant. 
In this  study res idua l  chlorine present  in the influent was removed by 
fi l tration through charcoal  and the water  t empera tu re  was adjusted to 
match that of the r ive r .  

the r i v e r  but is almost  ent i re ly  r eac to r  coolant. 
** Reactor a r e a  effluent is a mixture  of a l l  industrial  water  discharged to 
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h e r e  a r e  appreciably different than those observed las t  yea r  (1) when 
dichromate was not present .  

In mixtures  containing the effluent, some  inc rease  in mortali ty 

among the eggs was detectable at  all  levels including 1 per  cent (F igure  1) .  
Subsequent to  hatching a significant mortal i ty  r a t e  continued among the 
f ry  and fingerlings a t  the 2 per  cent level and above. 1;irtually none of the 
fish survived in 1 0  per  cent effluent. Growth r a t e  was not a good index of 
toxicity in this  ca se  a s  indicated by Figure 2 .  
of the effluent mixtures  encouraged growth and compensated for any 
re ta rda t ion  which might otherwise have occur red ,  

The higher tempera tures  

Radiochemical analyses  of salmon held in the  5 per  cent reac tor  
a r e a  effluent lot indicated that about 80 pe r  cent of the activity accumulating 
in the fish originated f r o m  Na24,  about 10 per  cent f r o m  Cu64 and l e s s e r  
amounts f rom As76, rare  ea r ths ,  and isotopes of the iron, zinc-cobalt, 
calcium, and phosphorus groups.  
was  accounted for .  
of the salmon held in the 1 0  pe r  cent effluent. 
i nc reased  as the s i z e  of the developing embryo increased.  
appreciable drop  in activity density at  the t ime of hatching, owing in par t  
to  the discarding of the egg she l l  and its absorbed radioactive mater ia l s .  
The activity density of the fish increased  during the f ry  and ear ly  fingerling 
s tages .  

About 80 per  cent of the g r o s s  activity 
F igure  3 i l lust rates  the g r o s s  be ta  activity density 

Activity density of the eggs 
There  was an 

Since the amount of radiation received by the embryos  was smal l ,  
about 0 . 2  r a d  during the egg s tage  in 5% effluent, and s ince  chemical 
toxicity was not otherwise manifested until the f ry  s tage,  the mortali ty 
which occur red  among eggs incubating in mixtures  of the  effluent can pro-  
bably be at t r ibuted to unfavorably high tempera tures .  
mortal i ty  resu l ted  among eggs held in ve ry  low concentrations of the 

Although a slight 

~~ 
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effluent, this  may we l l  have resul ted from atypically high tempera tures  
in these experimental  lots .  
r i v e r  water  sys t em not conpletely compensated by heat l o s s  of the effluent. 

This resulted from tempera ture  gains in the  

Inasmuch as  significantly high mortali t ies were  detected through 
the fingerling s tage in the 2 per  cent effluent, this level is considered a s  
slightly toxic. 
sl ightly below that observed in 1951 (2 )  but not inconsistent with resu l t s  
obtained l a s t  y e a r  (4). 
elevated tempera ture  and to dichromate r a the r  than to  radiation. 
present  in the influent water ,  is not considered a significant toxicant to 
r i v e r  life s ince  it is largely dissipated by the heat and retention of the 
effluent. 

The concentration of effluent affecting the young salmon is 

The toxicity is again attributed principally to 
Chlorine, 

9 

Except for  localized and well-defined a r e a s  immediately below the 
outfalls, r e a c t o r  a r e a  effluent conditions in the Columbia River  a r e  sub- 
stantially l e s s  s e v e r e  than the laboratory conditions which produced adverse 
effects .  
effect  on the young salmon of the Columbia River during this  period. 

It s e e m s  reasonable  to conclude that the Hanford r e a c t o r s  had no 
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P. A .  Olson and R .  F. Fos te r  

Fingerling-size chinook salmon f rom Columbia River stock tolerated 
10  pe r  cent s t rength r eac to r  a r e a  effluent for th ree  and a half months 
before mortal i ty  r a t e  w a s  affected.  
the 5 per  cent level even af ter  five months--conditions f a r  more  seve re  
than such fingerlings would encounter in the Columbia River .  
f ingerlings f rom Puget Sound stock were  somewhat m o r e  sensit ive to 
the effluent and to elevated tempera ture  than those of Columbia River 
origin.  Growth of the Puget Sound fish was slightly re ta rded  in 1 per  
cent effluent. 

No adverse  effect was observed at 

Chinook 

Considerable numbers  of chinook sa lmon spawn in the Columbia 
River  and its t r ibu tar ies  above the Hanford Works during the fall months. 
Thei r  progeny usually migra te  to  the ocean the following spring. 
migrat ing fingerlings pass  through the section of the Columbia River which 
r ece ives  effluent f rom r e a c t o r s .  

These  

This  study was designed, 1) to  determine the dilution level of r eac to r  
a r e a  effluent which can be  safely tolerated by fingerling chinook salmon, 2)  
to  compare  the sensit ivity of the local Columbia River fingerlings with that 
of f ingerlings f rom Puget Sound (Green River)  which a r e  m o r e  easi ly  avail-  
able for  t e s t  animals,  and 3) to  per form continuous biological monitoring 
of the quality of the effluent discharged by the plant. 

MATERIALS AND METHODS 

The Columbia River fingerlings were  the progeny of a single adult 
The Puget Sound fin- pa i r  captured immediately above the r eac to r  a r e a s .  

ger l ings  were  the progeny of s e v e r a l  adults spawned a t  the Washington State 
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Department of F isher ies  hatchery at Soos Creek near  Aub i i r r ,  [T'ashington. 
This t e s t  was s ta r ted  in Nay 1954, when the f i sh  averaged 0 .  5 g and had 
just  s t a r t ed  to feed.  The fingerlings were  randomly distributed with 140  
fish to each of 1 0  troughs with the following duplicated conditions: Columbia 

River water  (contro1)and r eac to r  a r e a  effluent* at 1%, 2'70, 5 7 6 ,  and 10%. 

The fish were  given s tandard fish-cultural  ca re .  Samples f rom each 

trough were  weighed at  two-week intervals  and the lengths of 50 fish from 
each lot were  taken at the end of the t e s t .  The experiment was terminated 
in October 1954.  

RESULTS AXD DISCUSSION 

Mortali t ies which occurred  during the experiment a r e  shown in 
F igure  1. 

p e r  cent r e a c t o r  a r e a  mixtures .  
degree  of sensit ivity to  the effluent, manifested in a g r e a t e r  mortali ty r a t e  
a t  the 10 p e r  cent level. 

Significant mor ta l i t i es  fo r  both s tocks occur red  only in the 10 

The Puget Sound s t r a i n  showed a higher 

S k c e  the effluent may  produce effects f rom both tempera ture  and 
chemicals,  data on texzperature effect alone were  a l so  obtained. Twenty- 
five fingerlings f rom each of the s t r a ins  were  subjected to water  heated 
to  2OoC. Lnitially this was a tempera ture  increment  of about ' i°C over 
the control. Llortality r e s u l t s  were:  

Local  Strain 
Control - 070 
2 0 o c  - 8% 

Puget Sound Strain 
Control - 12'70 
2ooc - 2a% 

The r e s u l t s  suggest  that  the local s t r a i n  was m o r e  t empera tu re  tolerant  
than the Puget Sound s t ra in ,  but the s m a l l  numbers  of fish used preclude 
prec is  e evaluaticn. 

Reactor  a r e a  
the r i v e r  but 

effluent is a mixture  of a l l  industrial  water  discharged to 
is almost  ent i re ly  r eac to r  co012nt. 

", - .  - . . .  
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Figure  2 i l l u s t r a t e s  the growth pat tern of the control  fish and the 
Local f ish grown In the ul t imate  s i z e  attained in the var ious  conditions. 

10  per  cent mix tu re  were  significantly s h o r t e r  than the controls .  
Puget  Sound fingerlings were  m o r e  sens i t ive  to the effluent and ir all effluent 
dilutions the fish w e r e  significantly s n o r t e r  than the controls .  

The 

Field observat ions (1) indicate that two months is a mas imum period 
tha t  migrat ing sa lmon r e m a i n  in the sect ion of the r i v e r  encompassed by 
the  Hanford r e se rva t ion .  
wel l  af ter  the first two months.  

In this  experiment  the g rea t e s t  mortal i ty  occurred  

The loca l  s t r a i n  held in the 10 p e r  cent effluent lot showed no 
a 

i nc reased  mor ta l i ty  even a t  t h r e e  and one-half months. Except for  a r e a s  
immediately adjacent to  the outfalls  the concentrations of r e a c t o r  effluent 
in  the Columbia River  ranged f a r  below even the 5 p e r  cent level. Thus 
all r e s u l t s  indicate that f ingerling sa lmon of the Columbia River  should 
p a s s  through th is  sect ion of the Columbia en route  to  the  ocean without h s r m  
f r o m  r e a c t o r  effluent. 
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E F F E C T  OF REACTOR A E E A  EFFLUEST iT'ATER O S  
MIGRANT JLVEKILE BLUEBACK SALNOK 

P. A .  Olson and R .  F. Fos te r  

Young blueback salmon, typical of those which migra te  past  the Hanford 
r e a c t o r s  en rou te  to the ocean, were  exposed to dilutions of reac tor  a r e a  
effluent water  for over  t h r e e  months. No adverse effects were  observed 
even a t  the 10 per  cent level, the most  concentrated mixture  tested.  
Since young blueback salmon in the Columbia River would experience 
much weaker concentrations for  much shor t e r  periods of t ime, no  hazard 
f r o m  the effluent is visualized for this species .  

The blueback salmon, Oncorhynchus nerka,  is one of the most  corn- 
With v e r y  few exceptions merc ia l ly  valuable spec ies  in the Columbia River.  

they spawn in a r e a s  a considerable distance upriver  f rom the Hanford 
plant (1). 
grounds. 
water  lake s y s t e m s  and migra te  to  the ocean during the spr ing  of the i r  
second yea r .  
ocean. 
s i zed  blueback salmon to  var ious dilutions of the r eac to r  a r e a  effluent, 

The adults swim past  the r e a c t o r s  en route to  the i r  spawning 
After the young hatch they usually spend one full year  in f r e sh -  

The young fish migra te  past  the r e a c t o r s  on their  way to the 
This  study was desigr,ed to  determine the tolerance of migrant-  

METHODS 

Ninety-two blueback salmon*, weighing about 2 5  g ea&,  and approxi- 

The following concentrations of r eac to r  a r e a  effluent water 
mately 18 months old, were  placed in each  of four concrete  ponds of 90 cu 
ft capacity. 
w e r e  supplied at the r a t e  of 1 5  gpm. 

* Obtained through the courtesy of the F i sh  and Wildlife Service,  M-intnrop, 
Wash. 

. .. 
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Pond 1 
Pond 2 
Pond 3 
Pond 4 

(Reactor  a r e a  effluent is predominantly r eac to r  coolant but also contains 
small amounts of water  f rom other industrial  sou rces .  ) 

The f ish were  given normal  fish-cultural  c a r e .  
the start of the experiment and the individual weights of the surviving f i sh  

w e r e  taken a t  the end of the test .  
July of 1954,  well af ter  the t ime when most  of the migrants  a r e  presumed 
to  have passed Hanford. 
t i m e s  longer than these f i sh  would ordinar i ly  remain  in this  section of the 
Columbia. 

Each lot was weighed at 

The experiment  was terminated la te  in 

The exposure of m o r e  than t h r e e  months is several  

RESULTS AND DISCCSSION 

Columbia River i'i-ater (Control) 
2 .  5% Reactor Area  Effluent 
570 Reactor Area  Effluent 
10T0 Reactor Area  Effluent 

hlortali t ies,  shown in Figure 1, were  somewhat g rea t e r  than normal  
in all lots  owing to a kidney d isease  not associated with the var iables  tested.  
In spi te  of the somewhat weakened condition of the fish,  no  significant 
i nc rease  ir. mortali ty resul ted f rom the presence  of the effluent. 

Growth r a t e  is often a m o r e  sensit ive index of toxicity than is 
mortali ty.  
the t e s t  is shown in Figure 1. 

butable to the presence  of the effluent water .  

The  average s i z e  of the fish in the var ious  lcts a: the end of 
Again the re  was  no significant effect a t t r i -  

This  test demonstrates  that young blueback sa lmon of migrant  s i ze  
and age are able to to le ra te  concentrations of r e a c t o r  a r e a  effluent water  
a s  high as 10 p e r  cent for  considerable per iods of t ime  without excess  
mortal i ty  o r  r e t a rded  growth. Since concentrations of the effluent in the 
Columbia River  ranged well  below all experimental  levels ,  it s e e m s  reasonable 
to  conclude that the effluent f r o m  the Hanford r e a c t o r s  had no detectable 
e f fec t  on young blueback salmon migrating pas t  the Hanford r eac to r s .  
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CHRONIC EFFECTS O F  REACTOR EFFLUEKT r4'ATER 
OX CEREAL PLAXTS - 1 8 5 1  

J .  F. Cline, -4. A. Selders ,  and J. H. Rediske 

The effects on bar ley of i r r igat ion with var ious dilutions of reac tor  
effluent a r e  described. 
with 100 pe r  cent effluent. 
with five pe r  cent effluent. 

Seed yield is significantly decreased by watering 
No significant effects resul ted f rom watering 

This r epor t  p resents  the third yea r ' s  data obtained f rom the experi-  
ment  studying the chronic effects of r eac to r  effluent water  on ce rea l  plants. 
Data f o r  the first and second yea r  were  repor ted  in the previous Annual 
Reports  (1, 2) .  

METHODS 

Seed obtained f rom the 1953 ba r l ey  c rop  was replanted in the same 
plot f rom which i t  was harvested.  
the analytical procedures  were  general ly  the s a m e  as those previously 
repor ted  (1). A change was made  in the method of collecting the water  
s amples  for  spectrochemical  analysis.  
taken f rom a single irrigation, this  yea r  a composite sample  was obtained 
by pooling one l i t e r  of wizter f r o m  each i r r igat ion.  The composite sample  
was  submitted fo r  analysis a t  the end of the season.  
nine t i m e s  during the y e a r  for  a total  water  application of 10 mi l l i -acre  
inches. 

Methods of watering, harvesTing, and 

Whereas previously the sample was 

The plots were watered 

The seedling mutation r a t e s  of the 1952 and 1953 seed  were  de te r -  
mined by the  methods of Smith (3). 
each  plot. 
mately 5 inches,  at which t ime the mutants were  counted. 

T e s t s  were  made on 4,000 seeds  f r o m  
The seedlings were  grown in a greenhouse to  a height of approxi- 
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Yields of seed (Table 1) were l e s s  at  the 100 per  cent level than in 
1 9 5 3  and w e r e  significantly l e s s  than the yield from the control and five per 
cent plots. Yield of vegetation s e e m s  to va ry  with year ly  environmental  
fluctuations, while seed  yield tends to be  s tab le .  
the plots t rea ted  Mvith 100 per  cent effluent differed f rom the control plots. 
Activity densi t ies  of the seeds  were  comparable to those found in previous 
y e a r s ,  but the activity densi t ies  of vegetation were  lower than in 1953  and 
m o r e  comparable  to those of 1952 .  
(f ive per  cent effluent) s e e m s  to be  out of l ine for no apparent reason .  

As in previous y e a r s ,  only 

The activity in vegetation f rom Plot IV 

The nitrogen content of s eeds  fo r  a l l  plots was slightly higher than 
There  was no reduction of nitrogen in the 100  per  cent effluent last yea r .  

t rea ted  plots a s  was found in 1953.  

The 1952 and 1953 seed  showed no increased frequency of mutations 
in the t rea ted  plots a s  compared with the controls.  
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CHROPclIGXI TOXICITY I?: P L A N T S  

J. H. Rediske, J .  F. Cline, and A .  A.  Selders  

The effect of chromium concentration on seve ra l  plant functions is 
described. The concentration of suc rose ,  reducing s u g a r s  and s t a rch  
a r e  m o r e  affected than the concentration of protein. Chromiam(V1) is 
much m o r e  toxic than is chromium(II1). 

P o r t e r  and Cline (1) have reported a chlorotic effect produced in 
plants by the  dichromate ion. The present  investigation was undertaken to 
detgrmine the levels  at  which chromiurp, a s  a cation and a s  an anion, may 
be  toxic to-plants and the specific symptoms produced. 

METHODS AND RESULTS 

A pre l iminary  sc rvey  was conducted with bean plants grown in 
As nutrient solution according to  techniques previously descr ibed (2 ) .  

shown in F igure  1, even v e r y  low concentrations of chromium were  effective 
in reducing the d r y  weight of the leaf portion. 
affected, but not a s  extensively as the leaves.  
is related to growth, it is obvious that even concentrations of chromium(V1) 
a s  low a s  0.01 pg /ml  exer t  a toxic effect in nutrient culture.  

The roots  were  likewise 
Since d r y  weight production 

The effect of the two valence states of chromium on the s t a rch  con- 
centration of bean leaves is plotted in F igure  2. 
concentration increased  t h e r e  was an initial increase ,  followed by a decrease ,  
in  s t a r c h  concentration. The effect was most  pronounced with Cr(V1). 
Cr(II1) was less toxic by a t  l ea s t  a factor of 10. 

As the chromium 

Additional effects of chromium on carbohydrate metabol ism a r e  
evidenced in F igure  3,  which shows the effects on s u c r o s e  and reducing 
suga r  concentrations.  With increasing chromium the concenrration of the 

l o s b i l b  



. - x  - .  
_.  

\i 
o\ 

.- 
. I  

5.0 

4 .c 

3.c 
5 
U 
0 

a 

k 
!2 
& 

> 
K 

2.c 

I .( 

( 

7 

- 3 3 -  H W  -35917 

, , I 

I\, 
I 

I \  

1 

0.01 0.1 I .o I O  
ADDED NUTRIENT C r  +6 

P g / m l  

FIGURE I 

THE EFFECT OF VARIOUS CONCENTRATIONS. OF Cr (TI 1 ON THE DRY 

WEIGHT PRODUCED BY BEAN PLANTS IN  NUTRIENT SOLUTION CULTURE 

. I C  'I .*C" L... I.." 

1 0 8 b l l 7  

.o 

, .O 

5.0 v) 
5 c 
[r a 
5 
2 
B 

n 

- 
W 

0 

?. 0 

1.0 

0 

D EC LASS J FED 



- 3 4 -  H W- - 3 5 4: '7 

I X 
! 

i 
I 

I ~ 

I 

I I 

I 
I 

, 
I 
I 

I 
I ! 

I 
! 
1 

I 
i 
I 

I I 

0. I 1.0 10 I O 0  

Yg/ml  

FIGURE 2 

ADDED NUTRIENT Cr 

STARCH CONCENTRATION IN BEAN LEAVES GROWN IN NUTRIENTS 

CONTAINING DIFFERENT CONCENTRATIONS OF c r ( m )  OR c r ( n )  
-- 

. l C  61  .,C",... ..S" 

1 0 8 0 1  I 8  

30 

90 

70 

DECLASSlflED 





. .  . -  
. . .  . . _., 

s u g a r s  tes ted first r c s e  and Then rapidly fe l l .  

than the reducing sugars ,  s ince ;he suc rose  reached a peak concenrration 
at lower chromium concentrations than did the reduclng suga r s .  

Cr(II1) was l e s s  toxic than Cr(T'1). 

Sucrcse s e e m s  :nore sens1:;ve 

Again, ?he 

T h e r e  was little effect  of chromium on the proteir, nitrogen, especially 
in the leaves (F igure  4).  

ir, the roots  at the highest concentration Tested of bosh valence s t a t e s  of 
chromium. 
w e r e  grown to  maturity,  it was found that the protein nitrogen content of  
the  g ra in  increased  by about eight per  cent over  :he controls  (F igure  5 ) .  
The chromium was added to the top sur face  of the so i l  in amounts up to 
180 mg/f t  of soil .  
is a delay of s eve ra l  days in ?he seed germination. 
general ly  r e t a rded  development and a s  much as four weeksr  delay in maturiry. 

There  appears  to be a dec rease  in protein nitrogen 

However, when Cr(V1) was added to soi l  in which bar ley plants 

2 The outward evidence of toxicity by this  much chromium 
This is followed by a 

.-. 

DISCUSSION 

These  prel iminary data  indicate that Cr(T'1) is quite toxic t o  plants.  
Along with the  outward s igns of toxicity t h e r e  a r e  a l so  metabolic disturbances.  
Carbohydrate  metabolism is apparently m o r e  sensirive than ozher phases of 
plant activity.  
resul t ing f r o m  chromium toxicity. 
peak before  the  reducing s u g a r s  do, rhe enzymatic conversion f rom suc rose  
to  glucose appea r s  to  be par t icular ly  sensifive t o  chromium in the carbo-  
hydrate  metabolic sequence. 
again re f lec ted  in plant growth (d ry  weight production), which is appreciably 
curtai led a s  the Cr(V1) concentration inc reases .  

This  is probably associared with :he s e v e r e  chlorosis  
Since s u c r o s e  concentration r eaches  a 

The effect  on carbohydrate  metabol ism is 

Chromium( JII) is considerably l e s s  toxic than chromium in the higher 
valence s ta te ,  and is probably no m o r e  toxic than o?her similar meta ls .  
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THE AESORP'TIOS O F  FISSIO?; PRODUCTS BE' PL-IXTS 

J. H. Rediske, J. F. Cline, and A. A .  Selders  

Concentration fac tors  for nine fission products and plutc:--ium, a s  de te r  - 
mined on nine local so i l s ,  indicate that the radioisotopes of s t ront ium 
a r e  potentially the most  hazardous to agr icul ture .  Resul ts  of studies of 
the effect of c a r r i e r  concentration, pH, piant species ,  plant organ, and 
so i l  on the absorption of fission products a r e  reported.  

The purpose of this work was to de te rmine  the quantity of these 
f i ss ion  products absorbed by plants and s o m e  of the fac tors  which may 
influence this  absorption. 
r e s u l t s  are expres sed  a s  a concentration fac tor  which is the ra t io  of the 
concentration of the fission product in the d r i ed  plant ma t t e r  to its con- 
centration in the roo t  environment. 

To facilitate comparisons between isotopes the 

METHODS 

Uptake f r o m  soi l  was determined by the Neubauer seedling tes t .  
The detai ls  of th i s  t e s t  have been previously descr ibed (1). 
of pH and c a r r i e r  concentration were  studied by s tandard nutrient cul ture  
techniques (1). 

f r e sh  weight of m o s t  ma te r i a l s  discussed here in ,  with the exceptio2 of 
seeds ,  is approximately ten t i m e s  that of the d ry  weight. 

The effect 

All the following data a r e  based on d ry  weights. The 

RESULTS 

Effect of Soil 

The concentration fac tors  for the important  f ission products for 
Strontium nine south cent ra l  Washington so i l s  a r e  repor ted  in Table 1. 

and iodine have the l a rges t  concentration fac tors ,  with ba r ium and cesium 

i O E b 1 2 4  D ECLASS IFi ED 
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slightly s m a l l e r  e 

lower  than s t ront ium by 100 o r  m o r e .  
Ail other  fission products have a concentraticn faclor 

It is apparent  f rom the data of Table 1 that var ia t ions in the amount 
of f i ss ion  product absorbed f rom different scils a r e  not in excess  of one 
o r d e r  of magnitude. 
fe rence  is found when a comparison is made of these  r e s u l t s  with those 
obtained on acid so i l s  ( 2 ) .  

Although a l l  :he local so i l s  a r e  alkaline,  no g rea t  dif- 

Effect of pH 

Figure  1 shows the effect  of nutrient pH on the concentration f ac to r  
Within the  range  studied t h e r e  is a f o r  s i x  f iss ion products  and plutonium. 

gene ra l  increased  absorpt ion a s  :he pH dec reases .  
with inc reased  acidity is v e r y  evident with y r v i u m ,  bur ba re ly  percept ible  
with ces ium.  

The inc reased  uptake 

Effect of C a r r i e r  Concentration 

The effect of addition of c a r r i e r  on the  uptake of f iss ion products  is 
plotted in F igu re  2. 

nutr ient  environment  the concentration f a c t c r  f o r  a par t icu lar  f ission product 
As the c a r r i e r  concentration is inc reased  in the 

tends t o  inc rease .  

Effect of Organ  and Species Differences 
~~ ~~ ~~~~~~ 

The concentraticn of f iss ion product 
The concentration than in any o the r  c rgan .  

is as g r e a t  o r  g r e a t e r  in leaves 
in bean leaves  was compared 

with that  in the pod and seeds ,  tomato leaves  with the fruit ,  wheat leaves  
with the head, ar?d r u s s i z n  this t le  leaf ar,d stem with ?he fruit .  Variat ions 
w e r e  se ldom g r e a t e r  than a factor  oi ten when e i the r  different  organs  of 
one spec ie s  o r  different spec ie s  w e r e  compared.  

i 0 8 b i 2 5 '  
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DISC VSSIOS 

Concentration factor is used in expressing the data because this  
fac tor  der ives  f rom the concentration of the isotope in the root  environment. 
In the soi l ,  where the subs t ra te  is essentially l imi t less ,  the concentration 
of the isotope in the root a r e a  governs the amount absorbed by the plant. 
Likewise in nutrient solution cul ture  the concentration of e lement  adsorbed 
onto colloids in the immediate  vicinity of the root  is much m o r e  important 
than the amount f r e e  in solution (1). 

intercomparable  when the concentration factor is used to expres s  resu l t s .  
Soil o r  solution s tudies  a r e  thus more  

The Neubauer technique for  finding concentration fac tors  usually 
yields  r e s u l t s  which are g r e a t e r  than those obtained f rom field tes t s ,  
because of suboptimum growing conditions and uneven isotope distribution 
in the field. T e s t s  in nutrient solution supplement the so i l  t e s t s  and may 
allow extrapolation to  so i l s  other  than those l isted.  However, caution 
should be  exerc ised  in s o  applying these data. 
data  on pH (F igure  l ) ,  charac te r i s t ics  of the so i l  may outweigh a pH effect .  
P a r t i c l e  s ize ,  amount of organic  mat te r ,  and other  so i l  fac tors  exer t  
the i r  own effect, and if these  dep res s  uptake the pH effect m a y  not be apparent.  
Thus i f  data der ived f rom nutrient solution s tudies  a r e  used to  modify con- 
centration fac tors  obtained f rom so i l s  , they should not be considered 
absolute de t e rmine r s  of what to expect f rom different so i l s .  

F o r  example, in using the 

Of the s e v e r a l  fac tors  evaluated for the i r  effect on absorption, a l l  
produced var ia t ions general ly  l e s s  than one o r d e r  of magnitude. KO attempts 
have been made to de termine  the additivity of these  environmental  influences. 

F r o m  the  concentration fac tors  and the half-lives, it is apparent 

Ba14* and Cs137 a r e  sl ightly l e s s  
that  the isotopes of s t ront ium a r e  the most  hazardous fission products when 
absorption into c rops  is considered. 
important  than s t ront ium.  is of consequence for only a shor t  t ime fol- 
lowing fission. 
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That isotopic dilution of the radioactive isotope with non-radioactive 
isotope did not dec rease  uptake is apparent f rom Figure 2 .  This  lack of 

effect of isotopic dilution applied to  all e lements  tes ted at concentrations 
that w e r e  non-toxic. However, when concentrations of c a r r i e r  were  
inc reased  to  the point of producing s e v e r e  toxic react ions in the plants, a 

depress ion  of uptake was noted (3 ) .  
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J.  F. Cline 

The uptake of S rgO by bar ley f rom sur face  contaminated s o i l  was 
measured .  
take by bar ley  between s u r f a c e  and sub-surface i r r iga ted  plots. 

No apparent differences were  observed in s t ront ium up- 

This experiment  was designed to r e l a t e  values obtained from Neubauer 
s tud ies  with those from field conditions. 

B METHODS 

Twelve mi l l iacre  plots, each measuring 4 by 10 feet, were  con- 

s t ruc t ed  f rom plastic-painted planks which w e r e  sunk into the soil  leaving 
t h r e e  inches above the ground level.  
(analysis  16-20-0)  were  added, and 1 4 5  g of a pure  s t r a i n  of Himalayan 
bar ley  seed  w e r e  added. 
formly contaminated with one mil l icur ie  of SrgO per  plot by means of a 
sprinkling device. 
with s t r i p s  of cheese cloth to  prevent the sp read  of contamination by the 
wind. 

Each plot was tilled, 1 6 9  g of fer t i l izer  

Following germinat ion the so i l  su r f ace  was uni- 

Areas  of ground between the sprouted ba r l ey  were  covered 

Irr igat ion water was distributed by canvas s o a k e r s  onto the sur face  
of i r r iga ted  plots, and through a buried perforated plast ic  hose for the 
sub-sur face  i r r iga ted  plots. 
growth period (13 weeks), for a total  water  application of 1 2  mi l l iacre  
inches.  

A l l  plots were  i r r iga t ed  s ix  t i m e s  during the 

1 0 8 b 1 3 1  
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The S rgO concentrations in vegetation and seed  w e r e  determined 
by s tandard  counting technique af ter  the samples  were digested in ni t r ic  
acid and dr ied.  

90 Soil s a m p l e s  were  taken to de te rmine  the dis tance that the Sr  
percolated into the so i l  by the  end of the season .  
by digging a hole with one s h e e r  s ide .  
of so i l  was removed f r o m  :he s h e e r  su r face  for  analysis .  

The samples  were  obtained 
At specified leve ls  a 1/8- inch layer  

RESULTS AND DISCUSSION 

Table  1 indicates that  no significant difference occur red  in  the up- 
take of s t ront ium by ba r l ey  grown in the s u r f a c e  a s  compared  to sub-sur face  
i r r iga t ed  plots.  

TABLE 1 

Uptake of S rgO into Barley f r o m  Contami:iated Soil 
(pc/g dr ied* sample )  

Type of I r r i g - t '  ion 
bur face I Sub - bur fac e 

V e g e t  at ion 
Seed 

* Dried at 76OC for  1 2  hour s .  Approximate wa te r  content of vegetation, 
90 p e r  cent,  and of seed ,  10  p e r  cent. 

Soil s a m p l e s  taken f r o m  the surface- i r r igated plots at the end of the 
growing s e a s o n  showed the following dis t r ibut ion of SrgO: 96 per  cent in 
the top 1 /8- inch  l aye r ,  3 . 7  per  cent a t  1 / 4  inch, 0 . 2  p e r  cent a t  one inch, 
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and 0 . 0 2  pe r  cent at  t h ree  inches.  
beyond the sur face  layer  of soil .  
sur face  i r r iga ted  plots. 

90 Seed germination t e s t s  showed that there  was no effect of the Sr 
on the viability of  the seed.  The uptake of S rgO by the bar ley  in the plots 
was approximately 0 . 0 3  p e r  cent of the total  amount applied to the soil .  
This  is considerably l e s s  than the 4 per  cent uptake found in Neubauer t e s t s  

(1). 
be partially explained by the fact that the activity in the plots was almost  
totally located in the top quar te r  inch, while it was uniformly distributed 

throughout the soi l  in the Neubauer t e s t s .  Thus,  only a sma l l  portion of 
the root  sys t em was exposed to the SrgO in the field test, whereas  all  roo ts  
w e r e  exposed in the Seubauer  tes t s .  
planting until late in the growing season,  when abnormal  growing conditions ' 

existed,  t hese  r e su l t s  should be considered pre l iminary .  

Apparently very l i t t le s t ront ium penetrates 
KO samples  were taken from the sub- 

The l a r g e  difference between the field and Keubauer percentages can 

Since the plots were  not ready for 
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RETEKTIOS O F  CESIUM F E D  CHROXICXLLE- I S  

VARIOUS FORMS TO RATS 

A{. H. Weeks and MI. D. Oakley 

The absorption of ces ium f rom the G. I. t r a c t  of r a t s  was not affected 
by the f o r m  in which it was fed, i. e . ,  inorganic solution, mixed with 
plant mater ia l ,  o r  biologically incorporated in plant mater ia l .  Grea tes t  
accumulation of cesium was in muscle .  
existence of cesium binding components of longer half-life than p r e -  
viously demonstrated.  

Evidence was obtained for the 

The metabol ism of cesium in a var ie ty  of animals  has  been recent ly  

studied by Hood and Comar  ( l) ,  who also review the e a r l i e r  l i t e ra ture .  By 
a l l  accounts cesium is vir tual ly  100 per  cent absorbed f rom the G. I. t r ac t .  
It was the purpose of the present  study to determine whether such absorption 
might be affected by the fo rm in which the cesium w a s  fed. 

METHODS 

Cesium-137 Was adminis tered by s tomach tube, daily, for 1 8  days .  
Three  types of ma te r i a l  w e r e  adminis tered:  1) a solution of the isotope 
in 0. 9 per  cent sal ine,  2)  the  s a m e  solution plus homogenized leaves f r o m  
r e d  kidney bean plants, and 3)  a suspension of homogenized bean leaves 
f r o m  plants grown in nutrient solution containing CsI3'  ( 2 ) .  The same 
volume (1 ml) was  fed in each  case, and contained approximately 0 . 2  yc 
Cs 
weighing 235 t 1 0  g.  The experiment  s t a r t ed  with 29  r a t s  receiving the 
solution and 17 rats receiving each  of the leaf suspensions,  
sacr i f iced  in groups of t h ree  during the feeding period. 
a f t e r  the l a s t  feeding, five animals  were  sacr i f iced .  

1 3 7  . Animals employed w e r e  adult females  of the Sprague-Dawley s t r a in ,  

- 
Animals were  

Twenty-four hours  
In addition, r a t s  which 
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had received the solution were  sacrificed in  groups of two a t  intervals u p  

to  21  days following the las t  feeding. 
five animals  in each feeding group from the initiation of feedings until the 
l a s t  animals  were  sacr i f iced.  

Urine and feces were  collected from 

To provide comparable data f rom acute exposure,  excretion of C s  1 3 7  

in ur ine and feces  w a s  followed in three  r a t s  for a period of 2 1  days following 
feeding of a s ingle  dose of the isotope. 

Samples taken fo r  analysis  were  digested with n i t r ic  acid and aliquots 
of the solution counted with an end-window G. M. tube. 

RESULTS AND DISCUSSION 

Excret ion curves  during the course of the feedings a r e  shown in 
F igu re  1. T i s sue  Cs137 concentrations attained a t  the end of the feeding 
period a r e  shown in Table I, together with figures for  the CsI3 '  retained 2 1  
days a f te r  the end of the feeding. 
feeding of a s ingle  dose of Cs137 a r e  shown in F igure  2.  

Excretion curves  obtained following 

Absorption of cesium f r o m  the G. I. t r a c t  is not affected by its s ta te  
of incorporation in plant mater ia l .  
identical  excretion curves of F igure  1, the low initial excret ion in the feces ,  
and the pract ical ly  identical t i s sue  concentration attained a t  the end of the 
feeding period (Table  1). 

This is indicated by the practically 

Distribution of the isotope a f te r  the first day's feeding was almost  

identical  with that repor ted  by Hood and Comar  (1). 
tinued throughout the feeding period with no distinct leveling off except in 
the case of bone. The loss of cesium from the t i s sues  during 2 1  days fol- 
lowing the feeding period could not, for most  t i s sues ,  be represented  by a 
s ingle  exponential function. Over this 21-day period the ces ium content of 

Build-up of C s  1 3 7  con- 
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TABLE 1 

Distribution of CS 137 in Rats Following 18 Days'  
Chronic Feeding in l 'arious Forms 

3 r g a n  o r  T i s sue  
Muscle 
Tor,gue 
Kidney 
Liver 
Spleen 
Hear t  
Lungs 
Brain 
F e m u r  
Pelt 
Ovaries 
Blood 

Retained in rat*< 
Excre ted  inu r ine  
Excre ted  in feces  

Total recovered  

53 

HI%' - 3 5 9 1 'i 

Concentration in T i s sues  (Per Cent of A v g  Daily Dose/g) 
& 

At End of Feeding. Per iod  
~ ~ ~- 

Inorganic 
Solution 

5.0 
3 . 6  
3 . 0  
2.6 
2. 6 
2 . 2  
1 . 7  
1 . 3  
1 . 2  
0 . 9 7  
0. 8 1  
0 . 5 2  

a 

Inorganic + 
Plant Material  

4.6 
3.3 
3.0 
2 . 4  
1 .9  
1.5 
1 .3  
1.0 
1 . 0  
0.9 
0 . 7 6  
0 .40  

Incorporated 
in Plant Mat. 

5 .5  
3 . 2  
3 . 2  
2. 6 
2 . 1  
1 . 9  
1 . 4  
1 . 2  
1.1 
0. 86 
0 . 9 7  
0 . 5 4  

2 1  Days -4fter 
Las t  Feeding 
Lnor g ani c 
Solution 

1 . 2  
0 . 7 4  
0. 60 
0 . 3 5  
0 . 3 8  
0 . 3 9  
0 . 2 9  
0. 26  
0 .11 
0 . 2 3  
0 . 1 4  
0 . 1 0  

Material  Balance ( P e r  Cent of Total  Csl" Administered 
3 8  
41 
9.3 - 

35 
41 
10 - 

* Est imated  f r o m  organ  and t i s sue  analyses .  
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mos t  t i s sues  (bone excepted) decreased  by a factor of about 5. 

C o m a r ,  following a single dosing, noted d e c r e a s e s  of approximately 10-foia 

in 14 days and 20 to 100-fold in 2 8  days (1).  The  g r e a t e r  re tent ion following 
chronic  feeding would s e e m  to indicate a build-up of ces ium in components 
exhibiting longer biological half-l ives than those which init ially incorporate  
the bulk of the ces ium following a single adminis t ra t ion.  

Hood a n d  

The  excret ion curves obtained following s ingle  in t r agas t r i c  admin - 
i s t ra t ion  of C s  a r e  s i m i l a r  to  those previously r epor t ed  by Scott, et  al. 
(3),  and to excret ion curves  following in t ramuscular  injection repor ted  by 
Hood and Comar  (1).  
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PEECUTASEOL'S ABSORPTIOS OF 
PLUTOKIUM SOLUTIONS IK RATS 

>'I. H. Weeks and if-. D. Oakley 

The extent of percutaneous absorption of plutonium was not affected 
by varying the a r e a  exposed, o r  by the presence of a sma l l  puncture 
wound in the exposed a r e a .  
solution applied, possibly due to g r e a t e r  retention at the s i te  of exposure.  
Lit t le absorption occurred  beyond five days of exposure.  

Absorption increased with acidity of 

Previous studies (1, 2) have been extended in an attempt to define 
m o r e  c lear ly  the var ious factors  which may  influence the passage of pluto- 
nium through the skin. Two experiments  a r e  described, one in which 2rea  
exposed and acidity of solution were  var ied,  and one in which duration of 
exposure was  var ied  and animals  with and without puncture wounds in the 
exposed a r e a  were  employed. 

METHODS 

All  experimer.ts were  performed on r a t s  weighing f rom 250 to 350 
g r a m s .  The contaminating solution was applied to a defified a r e a  in the 
dorso- lumbar  region, which was shaved with an e lec t r ic  animal clipper 
2 4  hours  p r i o r  to  exposure.  The contaminated a r e a  w2s not covered o r  
otherwise protected during the exposure per iod.  
contained P u ( n T )  ni t ra te  in n i t r ic  acid of varying normality.  

The contaminating solutions 

At the end of the exposure period animals  were  sacr i f iced  and the 
pelt and gastro- intest inal  t r ac t  were  removed and discarded,  except fo r  
an a r e a  of skin about one inch squa re  including the contaminated a r e a .  
The l iver ,  res idua l  ca rcas s ,  and contaminated skin a r e a  were  analyzed for  
plutonium content using procedures  previously descr ibed (1). 

t 0 8 b  1 4 0  DECLASSIFIED 
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RESULTS ASD DISCVSSIOY 

Resul t s  f rom the experiment  varying acidity and a r e a  of exposure 
a r e  shown in F igure  1.  

1 pg P u 2 3 9  was applied to each animal  in a volume of 5 p1 and 30 p1 r e spec -  
t ively for the 0 .  3 cm2 and 3 c m  A l l  animals  were  sacr i f iced af ter  
five days‘ exposure.  

Each  group consisted of five r a t s .  Approximately 

2 a r e a s .  

Absorption f rom the s m a l l e r  exposed a r e a  appea r s  to be somewhat 
The difference is not s ta t is t ical ly  sig- 

The var ia t ion of absorption with acidity is much m o r e  obvious 
g r e a t e r  than f rom the l a r g e r  a r e a .  
nificant.  
and is significant a t  the 99 p e r  cent confidence level when absorption is 
calculated on the  bas i s  of plutonium applied to  the sk in .  
tonium f r o m  the  contaminated skin a r e a r a t  s ac r i f i ce  was  50-60 p e r  cent 
f o r  the 10 N HK03 exposures  and only 8-12 pe r  cent for  the 0 . 1  X HXO3 
exposures .  
t he  absorpt ion p rocess ,  Der z, o r  whether the effect is s imply  one of p ro -  
longing the per iod  of contact of plutonium with the skin.  

Recovery of plu- 

- - 
It is not c l ea r ,  therefore ,  whether the effect of acidity is on 

The  possibil i ty of puncture wounds increasing the absorption of 
plutonium through the skin was studied in an experiment  in which the duration 
of exposure  was  a l so  var ied .  
t o  application of the plutonium solution, using a spr ing  lancet  of the type 
used  in the collection of f inger  blood s a m p l e s .  
2 mm long and 3 mm deep. 
solution, containing approximately 1 pg, and was  s p r e a d  over  an a r e a  of 1 

cm2,  which included the wound. Resul ts  of this  exper iment  a r e  shown in 
F igu re  2. 

The wounds w e r e  inflicted immediately pr ior  

The wound was approximately 
Plutonium w.as applied as 10 ~1 of a 10 N H K 0 3  - 
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.~bsorp t ion  did not continue appreciably beyond the fifth day of 
exposure,  although about 50 per  cent of the applied plutonium remained 
a t  the s i te  of contamination on the 5th and 15th day. 
absorption of approximately 2 per  cent of tne applied dose is considerably 
lower than the figure of 8 per  cent obtained in a previous experiment af ter  
seven days'  exposure (1). In the previous experiment the exposed a r e a  was 
covered with a quick drying, self-seal ing fungicidal and bacter ic idal  oint- 
ment  which apparently caused an increased absorption beyond that attr ibutable 
to mere ly  holding the plutonium in place. 
contamination and eaten by the animals  would not significantly influence 
r e u l t s ,  s ince  only about 0. 003 per  cent of ora l ly  ingested plutonium is 
absorbed through the gastro- intest inal  t r a c t  (3). 

The average maximum 

Plutonium los t  f rom the s i t e  of 

It is evident that  the presence  of the puncture wound had no significant 
effect on the percutaneous absorption of plutonium. 
that the application of the 1 0  N HY03 effectively cauter ized the wound, 
preventing any absorption through this  channel. 
of skin spec imens  showed that coagulation occurred  through the ent i re  thick- 
nes s  of the skin and the under1yir.g skeletal  musc le  within 15 minutes a f t e r  
application of the acid. 

It is quite possible 

- 
Histologic examination 

The ep idermis  surrounding the exposed a r e a  
gradually undermined the coagulated t i s sue  
slough which separated between the 15th and 
site of exposure consisted of f ibrous t i s sue  
with a complete l o s s  of d e r m a l  appendages 
musc le  (F igu re  5).  

Autoradiographs showed substantial  

(F igu res  3 and 4), forming a 
30th day. 
covered by regenera ted  epithelium, 
and the coagulated skeletal  

The  final s c a r  a t  the 

retention of plutonium on the 
skin sur face .  
processing tends to obscure  any t r u e  migration of a low o r d e r  of magnitude. 
However, definite migrat ion downward along ha i r  foll icles w a s  observed 

Unavoidable spreading of this  su r f ace  plutonium during 
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Figure 3 

E a r l y  stage in undermining of coagulated t i s sue  by invading 
ep idermis .  coagulated t i s s u e  occupying left half of area .  
Specimen obtained three days after exposure .  116 X 

L t C . 6 1  .W.L.. 1. .,," 

Figure 4 

Advanced stage ol undermining of potential slough v l i h  
epidermis invading subcuuneous fat layer. seven  days 
after exposure.  3 8 . 6  X 

HW - 35917 
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Figure 5 

Atrophic skin covered by regenerated ep idermis  with complete  
absence of d8rm.l appendages.  30 days after exposure.  116 X 

Figure b 

Autoradiograph of skin I5 days after exposure showing dense 
concentration of plutonrum on surface of skin. 
downward along hair fol l ic les .  
above skin surface are present on hair shafts:  general scattering 
of trackr a s  considered an artefact.  

with migration 
Focal  accumulations of tracks 

3 8 . 6  x 
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a t  15 days (F igu re  6 ) .  Another specimen at  1 5  days showed a moderate  
number of t r a c k s  in skeletal  muscle  layer  of the developing slough, and 
a t  30 days,  a f te r  separat ion of the slough, a few t r a c k s  were  observed in 

macrophages  in the deepest  l aye r  of the atrophic  skin.  
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11. H. I'Jeeks, L. A .  George,  --. W .  D. Cakley 
L. E;. Bustad,  and 2. C.  Thompson 

The absorpt ion of plutonium f r o m  the gastro- intest inal  t r a c t  of 3 
pigs averzged 0. OG22 pei- cent, with 9 5  p e r  cent confidence limits 
of 5 G .  C O G .  
r e su l t s  of m o r e  extensive exper iments  on r a t s .  

This figure does not differ  s ignificzntly f r o m  the 

Previous  chronic feeding exper iments  done in th i s  labora tory  have 
establ ished an  aver:.ge value of 0. 0 0 2 s  p e r  cent fo r  absorpt ion of plutocium 
f r o m  the gastro- intest inal  t r a c t  of r a t s  (1, 
t o  l a r g e r  an imals ,  chronic  feeding ':;as considered imprac t ica l .  L a r g e  
s ingle  doses  r e r e  t h e r e f o r e  fed to  both pigs  and r a t s .  
bined ttrith earlier data ,  zfford a compar ison  between acutely dosed pigs 
and r a t s  2nd bet*.-:een acute  and chroniczl ly  dosed r a t s .  A m o r e  detailed 

account of t hese  exper iments  wi l l  be found in H'-..7-33744 (3) .  

2) .  In extending these  s tudies  

The  r e s u l t s ,  com- 

XETHGDS 

T h r e e  pigs (femzle,  Chester--.-,;iite x Danish Landrace  hybrids*) 
and 1G r a t s  (femalz, Sprzgce-3aT:;ley) w e r e  given s ingle  s tomach tube 
t^et.d::igs o f a  puZ3' ni t ra te  solution, p~ 2 ,  containing C.  4 5  m g  ~u ( r a t s )  
2nd 9 . 0  mg Fu (pigs).  The  an ima l s  \*:ere sacr i f iced  nine dcys  l a t e r  and 
r ep resen ta t ive  t i s sues ,  a s  well as total skeleton and soft  t i s sues ,  analyzed 
f o r  plutonium content. Zxcre ta  f r o m  the r a t s  were collected and analyzed. 

~ ~ ~~ 

:* These  pigs were obtained f r o m  the Department  of Animal Husbandry, 
State College of Washington, Pullman, Washington. 

D E C LASS iFiEO 
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-\ s u m m a r y  of the resulTs on the pig (single feeding) and  the rat 
(single feeding and  chronic feeding) is s v e n  in Figure 1. 

total  absorption be t r een  the tv;o species  are c lear ly  not significant. 
tendency toxvard an increased  sof t  t issue deposition i n  the singly f e d  animals 
m a y  be reasonably explained in t e r m s  of a gradual snift of plutonium, with 

t ime,  f r o m  the soft t i s sues  to bone. 

Differences in 
The 

Analyses on excreta  f r o m  the singly fed r a t s  indicated that l e s s  
than one p e r  cent of the plutonium fed remained in  the intestine a f te r  48 
hours .  
in  the urine.  

L e s s  than'20 p e r  cent of the total  plutonium absorbed was excreted 

The  demonstrated close s imi la r i ty  i n  extent of gastro- intest inal  
absorpt ion of plutonium in  the r a t  and pig is presumptive evidence f o r  a 
similar behavior in the human. The present ly  recommended maximum 
pe rmis s ib l e  concentration of plutonium in  drinking water (1. 5 x 1 C  
(4) is based on an assumed absorption of 0.1 p e r  cent. 

- 6  
pc/ml)  

In view of the data 
h e r e  presented,  this  figure would seen  to  b e  unnecessar i ly  conservative 
b y  a fac tor  of a t  least ten. 
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ZLECTRGPHORETIC STUDIZS O F  THZ DISTi313UTIOS O F  
PLUTGXI'L'lI -4LD RUTHEXI'L-11 IS THE BLOOD O F  R T S  

R. F. Palmer 

P-e l iminary  observations of combination of plutonium and ruthenium 
vi th  p lasma proteins a re  described. 

In support  of p rog rams  involving the metabolism of plutonium and 
ruthenium, electrophoretic s tudies  of the  distribution of these  elements  
in the blood of rats r e r e  initiated. 

1lE THOD S 

A Spinco XiIodel R paper  e lec t rophores i s  apparatus,  e m p l o m g  
the  free hanging ver t ical  s t r i p  method of D u r r u m  (l), was used to  fraction- 
ate blood sertlm aliquots obtained f r o m  rats following adminis t ra t ion of 
e i ther  
pH of 8. 6 in  a barbi turate  - HC1 buffer having a n  ionic s t rength of 0 .05 .  
A constant cu r ren t  of 5 . 0  ma resulted in migrat ion of the zlburnir. f ract ion 
12 to  14 c m  f r o m  the origin after 16 io 18 hours .  

o r  Pu- 739 . Electrophoret ic  separat ions were per formed at a 

Strips w e r e  szained r l t h  

bromphenol blue and 0.25 c m  sect ions colinted f o r  o r  Pu- 739 content. 

X S U L T S  

Both plutonium and ruthenium in the  blood were found to exis t  
predominantly in associat ion with p lasma proteins.  
Ru106 (ID) among the  protein f rac t ions  was the same 3 minutes and 60 
minutes after intravenous injection. Approximately 30 p e r  cent of the 
activity was associated with the albumin fraction, 25 p e r  cent with the 
a2-globulin, 10 p e r  cent with the  al-globulin, and 15 p e r  cent with the 

The distribution of 
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10 6 
$-globulin. Sixty minutes a f t e r  in t raper i tonea l  injection of Ru (III) a 
l a r g e r  f rac t ion  was found assoc ia ted  with the  al-globulin, and s m a l l e r  
f rac t ions  with the  a2-globulin and albumin. 

P re l imina ry  observat ions on blood f r o m  a r a t  injected intravenously 
with Pu(1V) c i t r a t e  indicated that m o r e  than 50 p e r  cent of the Pu  was 
assoc ia ted  with the 8-globulin f ract ion,  in  ag reemen t  with a previous repor t  
of h I h t z  and B a r r o n  ( 2 ) .  
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2. C. Thompson and 0. L. Hollis 

-1pproximately one p e r  cent of ruthenium adminis tered as a pH 2 
chloride so lu t im  via stomach tube was absorbed and retained in the 
animal a f t e r  2 4  hours .  
acidity of the adminis tered solution and  appeared t o  inc rease  r i t h  
addition of l a rge  amounts of inactive ruthenium c a r r i e r .  

Percentage absorption decreased  with lo-;.:ered 

hi o w  previous Annual Report, Hanson and Browning reported 2n 
awrox ima te ly  3 p e r  cent absorptior, of ruthenium adminis tered inr~r2- 

aastrically to  chickens (1). This re su l t  \\'as s o  much higher  than the 4 . 0 5  - 
p e r  ceni absorption in  rats previously reported ( 2 , 3 )  that  experiments  
were instituted to  re-evaluate  ruthenium absorpt ion in the rat. 
exper iments  reported h e r e  consist  of p re l iminary  s tudies  of the effect of 
RH of solution adminis tered,  and the effect of total  ruthenium concentra- 

The 

tion on gastro- intest inal  absorption. 
metzbol icm \-:ill be  found in the follovJing pape r s  of th i s  Annual Report .  

N o r e  extensive s tudies  of ruthenium 

SETHODS 

The employed in these  exper iments  vas obtained from Oak 
Ridge a s  l 'ruthenium chlor ides"  in  HC1 solution. 
were adjusted to the des i r ed  pH with KaOH and allowed to  st- , a d  f o r  2 4  

Dilutions of th i s  solution 

hours  before  administration. 
required,  the mixture  of t r a c e r  and c r r r i e r  was oxidized with HC104, 
distilled as RuO into HC1 and reduced with SO 2 to  i n s u r e  chemical 

T h e r e  addition of c a r r i e r  ruthenium was 

4 
uniformity of the ruthenium solution. 

DECLASSIFIED 
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Animals employed \':ere female Holtzman r a t s  f e d  - ad libitum on 2 

commerc ia l  pelleted diet. 
adminis tered by s tomach tube and the an imals  sacr i f iced 24 hours  later. 
Tissue  samples  were mascerated on s ta in less  s t ee l  plates ,  air  dr ied,  and 
counted. Self-absorption was negligible. 

One rxilliliter of ruthenium solution \:'as 

RZSULTS -AND DISCUSSIGN 

Table 1 shows the concentration and distribution of ruthenium in 
var ious t i s sues  following the in t ra -gas t r ic  adminis t ra t ion of solutions 
of pH 2 . 3 ,  3. 8, and 6 .  2.  Although only ty;o animals were  fed in each 
group, t he re  is an obvious t rend toward decreased  absorption at lower 
acidit ies,  probably due to decreased solubility. 

v:ith pH 2 solutions confirmed the absorption and retention a f t e r  2 4  hours  
of approximately one p e r  cent of the ruthenium fed. 

Additional experiments  

Increasing c a r r i e r  ruthenium to 2 mg/ml ,  a f ac to r  of 1 , 0 0 0  g rea t e r  
than the ruthenium concentration in the Oak FLidge solution, increased  the 
p e r  cent absorbed by  a fac tor  of approximztely 4. The oxidation, dist i l la-  
tion, and reduction t reatment  applied to  the ruthenium in the  "effect of 
c a r r i e r "  exzer iment  appeared to  affect significantly the absorbabili ty of 
t h e  ruthenium. Without addition of c a r r i e r ,  this  t r ea tmen t  reduced 
absorpt ion threefold , as compared with the untreated Oak Ridge solution. 
It is therefore  not c l ea r  just  what effects should b e  attr ibuted to  the 
increased  ruthenium concentration and what effects m a y  b e  due to possible  
changes i n  valence s t a t e  occasioned by  the chemical  t reatment .  Addition21 
exper iments  a re  in p r o g r e s s  to resolve this  problem. 
g r o s s  uptake is substantially g r e a t e r  than that repor ted  in  the e a r l i e r  
l i t e r a tu re .  

In any case ,  the 



TABLE 1 

Effect of pH of Solution Fed on the Absorption 
of Ruthenium f r o m  the Gastro-Inzestinal T r a c t  

of Rats 
(Average Resul t s  f r o m  2 Rats  Per Group) 

T i s  s u e  

Kidney 
L i v e r  
Spleen 
Blood 
Lungs 
Hez r t  
Bone 
Muscle  
F a t  
B r a i n  

Per Cent 
Absorbed in 
Total  Animal 

Per Cent 0. 

pH 2.3 

C. 16 

0. 034 
0. G22 
0. G 1 1  
0.016 
0.011 
G. G09G 

0.0048 
C. 0057 
0.0016 

1.4 

Administered Dose Per Gram 
pH 3 . 8  

0.10 
0 . 0 2 3  

0 .  GO82 
0. GO79 
0. GO59 
0. G04G 
0. GCZ8 

0. 0018 

G. GG16 
0. COG4 

0.7: 

I 0 8 b  I 5 6  

pH 6 . 2  

0. C29 

0 .0046 

0 .0024 

C. GG24 

0. GO21 

0. CjGlZ 
0. GO15 
0. CCOS 
0. CGG8 

G.  0002 

0 . 2 5  
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The relat ive distribution of absorbed ruthenium among the t i s sues  
studied was  not greztly affected by the variables introduced in these 
experiments.  
that the ruthenium concentration in the l i ve r  may be increased  relative to 
that in the kidney. 
ruthenium concentration, 24  hours  a f te r  administration. 

At high iner t  ruthenium concentrations the re  is an indication 

In all experiments  the kidney showed the highest 
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ABSORPTION, DISTZIEUTIOY, -413 RETESTIO?; O F  
RGTHEXIVI'I Ei FLATS FOLLOX'ISG CHROSIC OFL4L 

A Dl'IISISTR4 TIOX 

11. H. V-eeks a n d  R. C. Thompson 

About 3 p e r  cent of ruthenium chronical ly  adminis te red  to  r a t s  
is absorbed f r o m  the G. I. t rac t .  The  r a t io  of u r ina ry  to  feca l  
escre t ion  of absorbed ruthenium is approximately 4 to 1. Kidney 
accumula tes  the highest  concentration of ruthenium over  a i l - d a y  
feeding per iod.  Most t i s s u e s  a t ta in  a n  equi l ibr ium concentrat ion 
of ruthenium af te r  about 3G days '  feeding, but bone and spleen a re  
notable exceptions to th i s  ru l e .  

Severa l  exper iments  were  initiated to de t e rmine  the effect of 
chronic  ruthenium feeding on the absorpt ion and accumulation of ruthenium 
i n  =rims organs  and t i s s u e s  of the r a t .  
completed,  and o ther  exper iments  a r e  planned to  supplement those z l r eady  

Xone of t hese  exper iments  a re  

in p rogres s .  Any conclusions drawn f r o m  the pre l iminzry  r e s u l t s  here 
descr ibed  m u s t  t he re fo re  be considered as quite tentative.  .. 

The sepa ra t e  exTeriments  p e r f o r m e d  all involved the  adminis t ra t ion 
of Ru106 (Csk Ridge " c a r r i e r - f r e e  chlorides"),  diluted and adjusted to  pH 2 .  

Separa t e  groups  of zn imzls  w e r e  given the ruthenium solution by  s t o m a c i  
tube o r  by inclusion i n  t h e i r  drinking mater. Detai ls  of t h e  feeding and - 
sac r i f i ce  schedules  of the s e p a r z t e  e s p e r i m e n t s  a re  given i n  Tc qble 1. 

Daily u r i n e  and f eces  collections w e r e  m a d e  f r o m  5 to  8 an ima l s  in the  
2 pc intubation exTeriment.  A l l  t i s s u e  s a m p l e s  w e r e  masce ra t ed ,  a i r -d r i ed ,  
and counted d i rec t ly  with an end-window ge ige r  counter ,  with the exception 
of feces s a m p l e s  which were par t ia l ly  digested with n i t r i c  acid.  Counting 
l o s s e s  due t o  se l f -absorp t ion  and l o s s e s  dur ing  digestion of the f e c e s  
s a m p l e s  w e r e  negligible. 

1 0 8 b  I 5 8  DECLASSIFIED 
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RES ULTS -.SD DISC G SSIOS 

Excretion curves fi-om the 2 pc intcbation esper iment ,  covering the 
l a t t e r  portion of the feeding period 2nd the f i r s t  3 i  days post feeding, are  
shown in Figure 1. Points plotted during the feedmg period 2 r e  averages  
f o r  a week, but include only the collections made during the  24 hours  fo!lo:-- 
'lng a feeding. 
excret ion dropped markedly,  

On \-;eel< ends,  when rcthenium ~ ' 2 s  not adminis tered,  

An average  of 2 . 4  p e r  cent of the total  ruthenium excreted durinz 
This figure,  the l a t e r  portion of the feeding period appea r s  in the ur ine .  

p lus  any ruthenium esc re t ed  f r o m  the body via secre t ion  into the G. I. 
t r a c t ,  should b e  a measu re  of the ruthenium zbsorbed f r o m  the G. I. t rac t ,  
s ince  the ruthenium body burden is essent ia l ly  constant. 
of u r ina ry  to  fecal escre t ion  of ruthenium during the period 1G-30 days 
post  feeding, it car. be  concluded that excret ion of absorbed ruthenium via 
t h e  G. I. t r a c t  amoun:s to  about one-fourth of the u r ina ry  excre1ion. 
r a t io  might not hold during the feeding per iod,  but as 2 first approximation, 
zdding 25 p e l  cent t o  the ui-inzr;; exclet ion of 2 . 4  p e r  cent  gives a f igure 
of 3 p e r  cent f o r  total  absorption during chronic feeding. This compares  
c 3 l i  reported f i p r e s  of 3 p e r  cent absoi-bed 2nd retained f o r  24  hours  in  
chickens (l), and 4. C 5  p e r  cent f o r  razs ( 2 ,  3). 

F r o m  the ra t io  

This 

-. h igure  2 s1iov;s build-up and retention curves f o r  seven organs  
znd t i s sues  obtained f r o m  t h e  2 pc intubation experiment.  
f o r  most  t i s sues  approach equilibrium l eve l s  v:ithin about 30 azys. 

and spleen are notable exceptions, shol;;inn,a a s teady i n c r e a s e  i n  ruthenium 
concentration during tile 36-71 day  interval .  
highest  ruthenium concentration and, as previously a s sumed  (3),  would 
zppear  t o  b e  the cr i t ical  organ. 
out as contenders  fo r  c r i t i ca i  o rgan  s ta tus  in vie\-! of t he i r  continuing 
build-up of ruthenium thoughou t  the feeding period, and the i r  m o r e  tenacious 
retention of ruthenium following feeding. 

Build-up curves 
Bone 

Kidney accumula tes  the 

However, bone 2nd sp leen  cannot be ruled 
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DECLASSIFIED 

I 

- 7 7 -  

i 

HW - 3  5917 

I I  1 

\ 
u a - .01 
z 
I- 
W 
K 
V x 
w 

G 

,001 

.OOOl 
NO RUTHENIUM FED 

~ 

5 6 7 0 9 0 1 2  5 io I5 20 
WEEKS DAYS 

F I G U R E  I 

EXCRETION OF R u  DURING AND FOLLOWING 
CHRONIC FEEDING 



- 7 8 -  HW-35917 

... 
- 1  . .  
. _  

..1 

1030. 

600 

603 

4 00 

In p 200 
X 

I- - 100 
s 
s 
2 

- 
- 
K 

C 
W 

W 
a 

E 
2 a a 
a a 

W 
W 

w z 
LL 
0 
z 
c 
V 

U 
LL 

0 

a 

80 

60 

40 

20 

IO 
8 

6 

4 

2 

I 

i 

I 
1 

._ . 
0 I 

' KIDNEY -*- -+ 
I ! ' I  ! 

.- 

1 /  i l l  I 

I .- . i 
I I ~ 

i 
I 1 

I FEEDING PERIOD I 
I , (BUILD-UP) I I 

0 IO 20 30 40 50 60 70 

, 

Ll LlVER 

I I 

4 6 8 I O  I2 14 16 2 
TIME IN DAYS 

F I G U R E  2 

CONCENTRATION OF ~ u i * 6  I N  TISSUES DURING AND 
FOLLOWING CHRONIC F E E D I N G  

1 0 8 b 1 1 3 2  DECLASSIFIED 



The data on 1-uthenium reier.:fon thus f a r  obtamea a r e  too l-:2i:ed 

f o r  dra\:'ing concluslons c.ith regard  to biological half-life. 

possible  exception of bone, all t i s sues  s e e m  to contain components with 
different  nalf-lives. 

7*,-ith the 

Table 2 compares  r e su l t s  f r o m  the th ree  chronic feeding experiments .  
Data are  calculated on a total  organ bas is  to minimize effects of njeight 
differences.  
ing the small numbers  of animals involved. 

Agreement between the experiments  is reasonable ,  consider-  

Lf one a s s u m e s  that 2 .  5 p e r  cent of the chronic daily intake of . 
ruthenium rill b e  found in the kidneys, and zpplies th i s  figure to  the 
c q c u l a t i o n  of an  hl?C for  drinking ca te r  f o r  man, a value of 0.  CG3 Iic/ml 
is' obtained. This may be contrasted with the p re sen t  recommended value 
of 0.1 pc /ml ,  vh ich  is based on an  assumed absorption f r o m  the gas t ro-  I 

intestional t r a c t  of C .  05  p e r  cent (3). ... . .  

We v:ish to acknowledge tLe technical a s s i s t ance  of Joan 0. Hess  
2nd h iz rza re t  B. La-cson. 
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EO 
Hi?"3 5917 

0.  C14 

0.024 
0. 030.  

TABLE 2 

0. 014 

0.024 
0.027 

Ruthenium Crgan  Burdens  Follo\ving Chronic Feeding - 
Compar ison  of Exper iments  

I I 

1 Experiment  

"2 pc intubation" 
Avg of 7 males 

"0.1 pc intubation" 
-4vg of 5 males 

! ,Avg of 4 females 
"0.1 pc drinking r a t e r "  
-\vg of 8 males I 0 .026  1 0.026 

i I I 

See Table  1 fo r  de ta i l s  of exper iment ,  

ly Dose  p 

T e s t e s  

0.0026 

0 .0035  

0.0032 

Bone 

I 0 .035  

0 . 0 3 5  
0.046 

0.047 I 

Zxtrapolated from ana lyses  on f e m u r s ,  a s suming  bone to consti tute 
6 . 2 5  p e r  cent of body \.:eight. 

i O B b l b 4  



EIBLIOGRA PHY 

1. Hanson, I:?. C . ,  and R. L. Brocming, "-4bsorption and dis t r ibut ion of 
ruthenium in  the fowl", i n  "Biology Ftesearch - Annual Report ,  1953", 
Document HIV-3C437, p. 95 (1954) (UKCLASSIFIED). 

2 .  Scott, K. G. , R. Over s t r ee t ,  L. Jacobson, J. G. Hamilton, H. F i s h e r ,  
J .Crowley, I. L, Chaikoff, C.  Entenman, M. F i s h l e r ,  A .  J. B a r b e r ,  and 
F. Loomis ,  [ 'The  metabol i sm of c a r r i e r - f r e e  f i ss ion  products  in the 
ra t ' ' ,  Document MDDC-1275 (194i) (UNCL-ASSIFIED). 

Subcommittee on P e r m i s s i b l e  Internal  Dose  of the National Commit tee  
on Radiation Protect ion,  ' 'Naxirnum pe rmis s ib l e  amounts  of rad io-  
i so topes  i n  the human body and maximum pe rmis s ib l e  concentrat ions 
in air and water",  Handbook 52,  U. S. Dept. of C o m m e r c e ,  National 
Bureau  of Standards,  '~72slimgton, D. C. (1953). 

3. 



n, 
C -  

HI??- 3 5 9 17 

DISTRLEUTIGS -4SD RETEST103  O F  ZIUTHZSIUlI LY 
R-4 TS FOLLO1;TSG C.;TP,.liP%F;ITOSE-AL ADT\IISISTRA TION 

R. C. Thompson and 0. L. Hollis 

Ear ly  r e s u l t s  are reported f rom an  experiment to study the long- 
t e r m  retention of ruthenium in the ra t .  ICldney shows the highest 
initial retention; bone, the siowest turnover.  

Distribution and retention of ruthenium i n  the rat following in t ra -  
per i toneal  adminis t ra t ion was studied by Scott, - et a1 (1) in  a n  experiment 
involving 12 animals ,  sacr i f iced in four groups,  a t  in te rva ls  up to 64 days. 
Resul ts  have a l so  been reported on the distribution and retention of 
ruthenium in r a t s  following inhalation (2 ) .  

designed to obtain m o r e  extensive data on ruthenium retent ion which 
could be compared with s i m i l a r  data f r o m  chronic feeding s tudies  (3) ,  and 
f r o m  v:hich the biological half- l ives  in  various r a t  t i s s u e s  might be  deduced 

The present  experiment  w a s  

METHODS 

Thir ty-nine Sprague-Darley female r a t s ,  averaging 250 g, x;ere 
injected intraperi toneal ly  :s.ith 7 .  7 pc of Xu106 (Oak Ridge " c a r r i e r - f r e e  
chlorides").  
256 days post  injection. Samples of blood, kidneys, l i v e r ,  spleen, lungs,  
hear:, b ra in ,  ovaries ,  fa t ,  musc le ,  bone ( femurs) ,  s tomach  (contents 
removed),  l a r g e  and s m a l l  iniest ines  (contents removed),  were  mascera ted  
on stainless s t ee l  plates ,  air  d r i e d ,  and  counted d i rec t ly  with an  end- 
window Geiger  counter.  Self-absorption was negligible. Samples  of belly 
musc le  adjacent to  the site of injection, and the res idua l  c a r c a s s ,  minus 
pel t ,  feet ,  head and tail ,  were digested with n i t r ic  acid and aliquots of 
the solution plated f o r  counting. 
negligible if care is tzken not to allow evaporation to d ryness .  

Groups of four  Tats each a r e  to be sacrific-zd a t  imerva l s  up to 

Ruthenium l o s s e s  during digestion are  

f 0 8 b i b b  DEC LA5 Si FI ED 



RESULTS -4SD DISCUSSIOS 

Resul ts  f r o m  the f i r s t  six groups of animals  sacr i f iced are  shown 

Figure 1 shon7s the retention cu rves  fo r  s o m e  of the m o r e  
Kone of the data  have been corrected fo r  

in  Table 1. 
intervals .  
interest ing organs and t i s sues ,  
radioactive decay, which would be quite negligible over  the period thus far 
represented  in the study (half-life of RulG6 = 365 days).  

-4n additional t h r e e  groups remain to be sacr i f iced a t  l z t e r  

-Any attempt a t  calculation of biological half - l ives  o r  c lose comparison 
with similar data  f rom other  sou rces  must  await the completion of the 
experiment  with data beyond 31 days. 
r e s u l t s  a r e  qualitatively similar to those repor ted  by  Scott, et  a1 (l), a n d  

to  those obtained f rom chronic feeding s tudies  (3). 
t i s sue  incorporation appears  t o  be 2 - 5  t i m e s  higher  than reported by Scott, 
e: al, and the turnover  r a t e s  somewhat s lower .  

At present  it can be  s a i d  that the 

The general  level of 

We wish to acknowledge the technical a s s i s t ance  of Joan 0. H e s s  
and h'largaret B. Lawson. 
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Concentration of Ruthenium in  T i s s u e s  Folloi:.ing 
h t  r a p  e r i t  oneal Inj ec  tion of Ruthenium C Iiloride 

(Expressed  as p e r  cent of dose  p e r  g r a m  of t i s sue)  

Grocp No. 
Time Killed, Days 
Avg Rat I\'t g 

Kidney 
L i v e r  
Spleen 
Lungs 
Hea r t  
B r a i n  
Ovar i e s  
Fat 
Muscle  
Bone 
Stomach 
L a r g e  Intest ine 
Smal l  Intest ine 
Blood 
Belly Muscle  1 

~ ~~~ 

2 Residual C a r c a s s  

1 
1 

2 4 8  

2 . 2  

1. 8 

2 . 2  

0 . 7 7  

0. 38  

0. 0 3 4  

1. 2 

0.10 
0.  31 

0 .41  

0 . 7 7  

0 .83  

0.94 

0 .32  

6-17 

2 
2 

240 

2.9 

1. 9 

1. 8 

0.. 52 

0 . 2 9  

0 . 0 2 2  

1.1 

0.11 
0 .  29  

0 . 3 3  

1.1 

0. 67 

0. 6 4  

0.30 

0.15 

3 
4 

2 4 6  

3 . 1  
1. 6 

2. 6 

0. 50  

0 . 2 2  

0.015 
1. 4 

0 . 0 8 6  

0. 32  

0. 3 2  

0. 79  

C. 62 

C. 26  

0 . 3 4  

0.14 

4 
8 

255 

2 . 9  

1. 6 

2. 8 

0 . 3 5  

0.16 

0 .0069  

1. 3 

0 . 0 7 6  

0 . 2 4  

0 . 3 4  

0 . 6 8  

0.51 
0 . 0 8 6  

0 .23  

0.11 

E4 

HC'-3 5 817 

~ 

5 
16 

255 

2.1 

0. 88 

1. 6 

0.20 

0.14 

0.0035 
0. 88  

0. 27 

0 . 0 5 0  

0. 27 

0 . 2 0  

0. 3 5  

0. 30 

0.016 

0.17 

0. o n  

6 
31 

259 

1. 3 

0 .34 

1. 0 

0.11 
0 . 0 7 9  

0 . 0 0 2 0  
0 . 4 3  

0.15 

0 . 0 2 5  

0.18 

0 .099  

0.14 
0.14 

0 . 0 0 3 5  

0 . 0 7 7  

0 . 0 7 7  

'A sample of musc le  f r o m  the a n t e r i o r  abdominal  wall a t  s i t e  of injection. 

Residual  carcass excludes pelt ,  feet, head and tail .  
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DISTRIBUTIOK A S D  ZETZMTIGS O F  BCUXD TZITIUhI I?; THE RAT 
FOLLOIXXG E Y P C S U X  TO TI>,ITIUXI GAS 

R. C. Thompson and 0. L. Hollis 

The t i ssue  distribution of t r i t ium in r a t s  \:‘as determined a s  a 
function of t ime  following acute  exposure to t r i t ium gas.  Results 
a r e  compared with similar data obtained following adminis t ra t ion 
of t r i t ium oxide. 
of t r i t i um incorporation and retention folloxing the two types of 
exposure,  these  differences are not significant in the  evaluation of 
the over -a l l  hazard.  ~ 

While cer ta in  differences a r e  noted in the pat tern 

P re l imina ry  studies of the incorporation of t r i t i um into t i s sue  
compounds following exposure of r a t s  to t r i t ium gas  v;ere previously 
repor ted  (1). 
into t i s s u e  compounds  as suggested by the high init ial  bound t r i t ium 
concentrations in cer ta in  t i s sues .  
this  question is of some  importance,  s ince  it m a y  often be  difficult ,  if 
not impossible ,  to determine whether accidental  contamination of humans 
occur s  as a resu l t  of exposure to the gas  o r  to  the  oxide. 
convenient method of evaluating the ex-tent of human exposure is by measu r -  
ing the t r i t i um oxide content of urine,  :;.hich is assumed to  b e a r  a constant 
relationship to  body t r i t ium content r ega rd le s s  of the manner  in v;hich the  
exposure occurred .  
evaluate init ial  incorporation of t r i t ium follo\ving exposure to  the  gas, 

and a l so  retent ion of this  bound t r i t ium ove r  a period of 80 days following 
exposure.  

The possibility of d i rec t  incorporation of e lemental  t r i t ium 

F r o m  the stzndpoint of hazard  evaluation 

The only 

The experiment  h e r e  describied was designed to 

METHODS 

Twenty-four mature ,  Sprague-Dawley, female r a t s ,  averaging 
215 g, were exposed in groups of 6,  f o r  4 hours ,  to t r i t i um gas  a tmos-  
pheres .  The  appara tus  and procedures  involved were descr ibed  i n  the 



prerTious -Annual Report  (I). 
averaged 5 O C ,  2C5, 303, 2,nd 22 ,  j l C , . C c  dur ing the f 3 - A r  separa te  s s?osu res .  
The esposed an imals  \:'ere divided into six groups of four v:hich \:'ere 
sacr i f iced  a t  1 hour ,  3 ,  7 ,  20, 40, and 80 days follo\;.ing exposure.  Each 
sac r i f i ce  group ..-:as composed of one animal f r o m  each of the 4 esposure  
groups,  and samples  f r o m  a given sacr i f ice  group v:ere pooled. 
ave rage  t r i t ium exposure for  each sacr i f ice  group r a s  therefore  the same 
despi te  the  variation among the exposure groups.  

Tr i t ium concentrations in the exposure chamSer- 

The 

- -  
\ ar ious  organ  and t i s sue  samples  :;'ere removed a t  sacr i f ice .  The  

res idua l  c a r c a s s  \':as thoroughly ground and tivo 10 g aliquots taken fo r  
analysis .  The procedures  employed fo r  removal  of t i s sue  water ,  combus- 
tion of c r y  samples  and analj7sis f o r  t r i t i um have been previously descr ibed 

(2 ,  3) .  
ab le  t r i t ium except in the c a s e  of one of the duplicate res idual  c a r c a s s  
szmples .  

Samples were not equilibrated with r a t e r  t o  remove f r ee ly  exchange- 

ZZS'L'LTS AND DECUSSIOX 

Concentrations of bound t r i t i um r e r e  de termk 'ed  f o r  var ious 
organs  and t i s sues  at  various t ime  in te rva ls  following total  body esposure  
to t r i t i c m  gas. These  concentrations resul ted f r o m  a 4-hour exposure to  
an  average  t r i t ium concentration i n  the a tmosphere  of 320 pc/cc.  

It was the purpose of this  experiment  t o  compare  these  bound 
t r i t i u m  values follovding exposure to t r i t i um g a s  
a previous experiment  in  which t r i t i um oxide was adminis tered by in t ra -  
per i toneal  injection. 
previously reported (4). 

concentration of t r i t i um oxide in  body r a t e r  immediztely following 
exposure was 43 pc/ml.  
level  of t r i t i um oxide in body water  one day following injection was 

\:ith those obtained in 

Resul ts  of the  t r i t ium oxide study have been 
Ln the present  gas  exposure  experiment  the 

In the earlier oxide exposure experiment  the  

l 0 8 b l 1 2  DECLASSIFIED 
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90 !+c;ml.  To compzre tlie r e su i ; s  of these t\-\'o experiments  it is 
n e c e s s a r y  to  tzke this difference in exposure levels  into account. 
tissue-bound t r i t ium concentrations f r o m  the t x o  experiments  \:'ere t h e r e -  

f o r e  di \ - ided by the initial body i-;ater t r i tum concentrations.  
1SC pc/.'ml ~ 2 . s  assumed fo r  the initial body ?-.'ztcr level in  the tri t iui-i l  

oside e q e r i m e n t  to a l l o ~  f o r  loss of t r i t ium oside dcr ing the first '4 
h o u r s  fo l lor ing  esposure.  
concentration thus obtainzd may be expressed  2s 2 irzctioll: 

The 

-4 value of 

The normalized \-A:! :! I. o i  ijoiilld L ~ ~ ~ Y - L ~ I ~ ~  

-. ~ . i e  value of th i s  f rzct ion should be unity i f  inccrjjoration of :ritiv.x 

following exposure io  tritiuxii gas occur s  only as a consequence of t!ic 

me tabo l i sm of t r i t ium ions f r o m  the bcdy iyater. 
g r e a t e r  than uziiy indicates the operation of s o m e  zdbitional riiechanisi-ii of 
incorporzt lon pccul izr  to  the conditions of e s2osu re  to t r i t ium gas.  

A value significzntly 

i 'zble 1 lists such fract ions as deccr ibed above f o r  four  t ime  

in te rvz ls  followin2 e::pozu;-e. m. i ;~c -  tlr,ie i n t e i - \ ~ ~ ~ . l ~  riot c x ~ ~ t l ~ :  'i:~;: S:.me 
In the t r o  esperimenTs, but arc sufficiently c lose to  yield mec.nin,-l';:l 
comparisons.  
a r e  witkin a fac tor  of t ~ o  of EiCi>-. Differences of this  magnitude can 
hard ly  be  considered significant in view of the problems inherent in t h e  

comparison of biolozical experiments  per formed tvio y e a r s  apar t .  
obviously significant differences -1-2 apparent ,  however. 
incorporat ion in fat  appears  to be much 1oT;Jer than 7::ould be  predicted 
f r o m  the body water t r i t ium content, while init ial  t r i t i um incorporation 
in  musc le  is much higher.  To a l e s s e r  degree ,  incorporat ion of t r i t i um 
in bone and pel t  is also high and the total  c a r c a s s  a l so  re f lec ts  a higher  
than predicted bound t r i t ium content. 

It will be seen t h t  f o r  the nizjoi-it:? of t i s sues  these fract ions 

Cer ta in  
Initial t r i t i um 
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Despite these marked differences in ea r ly  incorporation In cer ta in  
t i s sues ,  the general  s imi la r i ty  in the incorporation p r o c e s s e s  follo\:ing 
tile tv;o types of exposure is indicated by the very  c lose  agreement  of tne 
total  c a r c a s s  curves  (F igure  1) a f te r  6 days.  These  curves  a r e  normal-  

ized to r ep resen t  the s a m e  levels of t r i t ium oxide in  body y;ater f~l lo\~: ing 
exposure.  The ear ly  differences between the t r o  exposure methods a r e  
interest ing f r o m  the point of view of possible  mechanisms involved. The 
differences are of l i t t le  hazard significance, however, s ince they a r e  of 
a t ransient  nature .  
p otential retention fo r  long t ime per iods (5 ) .  

Any significant hazard  f r o m  bound t r i t i um lies in i t s  

-.- 
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DISTRIBUTIOS ASD RETESTIOS O F  BOUXD TEITIUIIT 
IS THE RAT FGLLO'.YT?;G CHROSIC ESPOSURE TO 

TRITIU3I OXIDE 

94 

HT7'- 3 5 317 

R. C. Thompson and J. E. Ballou 

Rats  were exposed to a constant t r i t ium oxide environment f r o m  
conception to age six months. 
tritium in these animals  was followed over  a period of 300 days  
following the exposure. Components of slow turnover r a t e  (half- 
l ives  f r o m  70-300 days) constitute a significant fraction of most  
t i s sues  - f r o m  40-70 p e r  cent of muscle ,  brain,  pelt,  fat and bone. 

Retention of organically-bound 

By exposing an imals  to a constant t r i t ium oxide environment f r o m  
conception, one shocld approach the condition in which the oranically- 
bound hydrogen of these an ima l s  is uniformly labeled wi th  tr i t ium. In 
such an imals  the orgulically-bound-tritium contents of different components 
of the rn ima l  should be approximately proportional to the mass of the 
components. 
t ages  in the study of metabolic turnover  r a t e s .  

Such a uniformly labeled znimal would offer obvious advan- 

The present  experiment was designed to  produce such animals  
and utilize them in seve ra l  ways. 
i n  the previous Annual Report,  including data  on the t r i t i um levels  attzined 
a t  the end of the exposure per iod and conclusions drawn f r o m  these  data  
with respec t  to the increased radiation exposure hazard attr ibutable to 
organically-bound t r i t ium (1). 
r e s u l t s  obtained on retention of organically-bound t r i t ium in  organs a n d  
t i s sues  of these animals o v e r  long time intervals  following the i r  exposure.  

P re l imina ry  resu l t s  \*;ere descr ibed 

In this  r e p o r t  -.\'e wish to  consider  the 

. . , -  . . ._ . .  
. . .  

. .. . .  
. .  . . 

. .  i , . . .  
_ .  
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Twelve mature ,  Sprague-Dax'ley, femzle  r a t s  were  maintained on 

During this period the animals  \.:ere bred, and 38  young r e r e  
a constant t r i t ium oside-labeled drinking r a t e r  reg imen (5  pc jml )  f o r  f o u r  
months.  
weaned to the s a m e  Tritium oxide drinking water  reg imen,  which '.vas 
continued to age  s ix  months.  
g roups  of two, a t  intervals  of 0 ,  10, 30,  93,  184 and 36C days a f t e r  removal  
f r o m  the t r i t ium oxide reg imen.  The of fspr ing  .:;ere sacr i f iced  in groups 
of 3 a t  in te rva ls  of 0 ,  5 ,  14, 53, iG, 119, 200 and 300 days a f t e r  removal  
f r o m  the t r i t ium oxide regimen.  Crganically-bound t r i t i um c'as determined 
in  various o rgans  and t i s sues  f r o m  these animals .  
protein fract ions are a lso  being separa tsd  and anzlyzed - this  phase of the 
problem is incomplete  and w i l l  not be  reported on at  th i s  t ime.  
detailed account of exper imenta l  procedclre and methods employed was 
given in the previous Annual Report  (1). 

The original f ema les  w e r e  sacr i f iced in  

Various lipid and 

A m o r e  

3ZS'T;LTS AXD DISCUSSICX 

The bound t r i t ium contents of the var ious organs  and t i s sues  i-zere 
normalized to constant weignt. Retention curves  were  plotted on s e m i -  

log pape r  and resolved into exponent id  components.  The half-l ives of 
t hese  components,  and the f rac t ion  of total  bound t r i t i um in each organ  
o r  t i s sue  which is represented  by each component, is shown graphically 
in  Figure 1. 
an ima l s  which were exposed to  the constant t r i t ium oxide environment 
f r o m  conception. 
animals exposed fo r  four months.  

These  r e su l t s  a r e  shown only f o r  the second generation 

Similar r e su l t s  were  obtained f r o m  the  f i r s t  generat ion 

1 0 8 b  1 1 9  
- 

D E C LASS 1FED 



- 9 6 -  
HW-35917 

U 

0 '  

l i  0 N I rr) 0 

DECLASSIFIEU 



T h e r e  was c l ea r  evidence in a11 retention cu rves  f o r  a long-lived 
component of ha-f-life f r o m  70 - 300 daj-s. 
half-life, f r o m  5-20 days,  \vas also present  in all t i s sues .  
component of 3 - 5  days w a s  resolvable in seve ra l  cases .  
lived components were  undoubtedly present  in 211 t i s sues ,  but the p re -  
ponderance of the long-lived and intermediate  components and the paucitj- 
of points during the ea r ly  portion of the  retention cu rves  made i t  impossible  
to  accura te ly  resolve such short-l ived components f r o m  most  of the curves.  

-A component of i n t e r m e d x t e  
A short-l ived 

Such shor t -  

It is felt that these r e su l t s  conclusively demonst ra te  the ex- {s tence  

in the r a t  of widely distributed, metabolically iner t  consti tuents which a r e  
not significantly involved in any d p a m i c  state of destruct ion and resynthes is .  
These  ine r t  constituents are quantitatively of minor  significance in  organs 
of high metzbolic activity, such a s  l i ve r  and kidney, but a s sume  quantitative 
predominance in such t i s sues  as muscle ,  fat and bone. About one-half of 
the total  an imal  is constituted of such metabolically undynaxnic mater ia l .  
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Salmon f r y ,  ma?-fly nymphs, and sna i l s  immersed  in xT;ater Containing 
t r i t ium oxide incorporated the t r i t i um into their body water  a t  a r z t e  
corresponding to a half-t ime of about 15 minutes.  In an  uncontaminated 
environment the half-t ime fo r  elimination varied f r o m  about 10 minutes 
fo r  the sna i l s  to about 2 4  minutes f o r  the small fish.  

Considerable attention has  been given t o  t r i t ium and t r i t ium oxide 
metabol ism in  mammals (1, 2 ) .  Rates of absorpt ion of the two gases  through 
sk in  and lungs of mammals have been defined as well as distribution and 
turnover  f o r  s eve ra l  body constituents. However, no similar work has  
previously been done on aquatic animals .  To de termine  t r i t i um oxide 
absorption and retention in  an imals  represent ing  widely different body 
f o r m s ,  s tud ies  were  mzde  on snzils, insec t  nymphs znd young fish.  

1iETHODS 

Chinook salmon f r y  (Oncorhvnchus tshan.7-tscha), Yxeighing 
approximately one g r a m  each, were immersed in i*;ater with a t r i t i um 
oxide concentration of 0 . 2 9  pc/ml. Two o r  t h r e e  of the f r y  .::ere sampled 
zt in te rva ls  ranging from one m i m t e  to  eight hour s ,  and the concentration 
of t r i t i um in the i r  body water determined. 
first exposed to  water  containing 0 . 3 3  pc T/ml f o r  2 4  hours ,  then placed 
i n  flowing, t r i t ium-f ree  water f o r  in te rva ls  ranging f r o m  one minute to 
eight hours .  

In a second t e s t ,  the f r y  were  

S imi la r  exposures  to  t r i t i um oxide solutions and to  t r i t ium-f ree  
water were made  
(Radix - japonica).  

with mayfly nymphs (Callibaetis SA ) and with sna i l s  
Since the mayfly nymphs weighed only about 10 m g  each, 

1 0 8 b 1 8 2  
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50 individuals were  csed fo r  each sample.  The snzi is  I:.eighed approsi-  

mate ly  one g r a m  ezch. Thei r  shel ls  were removed before  znalyzing f o r  
t r i t ium.  A l l  t e s t s  were  made at  approximately 2OoC in Columbia River 
r a t e r  that contained 95 ppm total s o l i d s .  

RESULTS AKD DISCUSSION 

If the body water  of the aquatic an ima l s  exchanges f ree ly  with the 
sur rounding  water ,  ‘ then the r a t e  of i nc rease  in  t r i t ium oxide concentration 
in the o rgan i sm should be proportional to thedifference between the HTO 
concentration in the orgznism and the environment.  F o r  a s imple sys t em 
th$s can b e  expres sed  as :  

‘b 
d t  

Cb = concentration 
Ce = concentration 

= k (Ce - Cb) 

of HTC in o rgan i sms  
of HTO in environment 

k 
t = t i m e  

= specific reaction rate constant 

Integrated and rewri t ten,  th i s  express ion  becomes:  

is plotted on a semi log  sca l e  against  t ime,  e When the f rac t ion  f i  - 
L e  - “b 

a s t ra ight  line should resu l t  if the init ial  assumption is co r rec t .  The 
resul t ing curves  f o r  the th ree  o rgan i sms  tes ted a r e  shown in F igu re  1. 
The curves  are remarkably  s i m i l a r  and, f o r  the first half-hour,  suggest  
that  these an ima l s  replace half of the i r  body w a t e r  about eve ry  fifteen 
minutes.  -4s the  t r i t ium concentration of the  body wa te r  approaches  that 
of the sur rounding  medium, the r a t e s  fall significantly below the theoret ical  
s t ra ight  line. Even a f t e r  s eve ra l  hours’ exposure  the t r i t ium oxide 
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Concentration c.ithin the an ima l s  amounted to ocly about 95 p e r  cent of that 
of the eEvironment.  
\:.ater pool c.ith an appreciably s lower turn-  over  ra te .  

This might incicate :he esis tence of a s--ndl bod?-- 

The r a t e  of elimination of t r i t ium f r o m  the body is plotted on semi -  
log coordinates in Figure 2 .  

to  the data f o r  the th ree  o rgan i sms .  Half-t ime elimination r a t e s  appeared 
to be  about 10 minutes f o r  sna i l s ,  20 minutes f o r  m a l f l i e s ,  and 24 minutes 
f o r  salmon f r y .  
15 minute half-t ime suggested by the uptake t e s t s ,  the r z t e s  2 r e  not 
incompatible. 
turnover  r a t e  f o r  the bulk of the body water  s ince  the t r i t ium concentration 
of zny "rem-ote" pools may not have become equilibrated. and thus would 
not significantly dis tor t  the cu rve  presumed to r ep resen t  only the f r ee ly  
exchangeable body water. 
to  the snai l  and salmon f r y  data with the semi - log  coordinates  of 
F igure  2 st rengthens this hypothesis. The f a s t e r  tu rnover  or' body 
v:ater in the snai l  possibly re f lec ts  z m o r e  permeable  integument.  

Straight l ines  have been fitted by inspection 

While these  values a r e  somewhat a t  var iance r i t h  the 

3 The rate-of -elimination curves  may bes t  represent  the 

The comparat ively good f i t  of s t ra ight  l ines  
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Z F F E C T  OF RADLATIOS O S  THE ISCORP02>ATIOS O F  T?,ITIT_'?i'I 
El- THE R-AT 

J. E. Ballou and E. C. Thompson 

The quantity of t r i t i um oxide adminis tered to r a t s  was sh0c.n 
to have no significant effect on the extent to which such t r i* '  Lium 
is incorporated into t i s sue  compounds. 

In o r d e r  to  study the  retention of tissue-bound t r i t ium In r a t s  ove r  
long t ime per iods,  it  is n e c e s s a r y  to adminis te r  relatively l a rge  quantities 
of Q-itium oxide which resu l t  i n  apprecjable  i r radiat ion of the ar,ixnal. 
Although no g r o s s  evidence of radiation effects w2s observed r i t h  dosage 
r a t e s  as high as 30 r ads /day  and total doses  a s  high as 550 r ads  (l), i t  
was considered essent ia l  t o  de te rmine  whether such amounts of radiation 
might affect the r a t e  of t r i t i um incorporation into t i s sue  compounds. In 
pre l iminary  experiments  with small numbers  of animals ,  no such effect 
-xas observed in  animzls  sacr i f iced shor t ly  a f t e r  injection of varied 
amounts of t r i t ium oxide. T h e r e  was, however,  a possible indication 
of such a n  effect in animals  sacr i f iced a t  long intervals  following 
mtlltiple injections.  
up this lead. 

The present  exTeriment was designed to follow 

n l  ETHODS 

T h r e e  groups of six rats ezch  (Sprague-Dawley, females, ave rage  
wt. 270 g) were  given weekly intraperi toneal  injections of t r i t i um oxide 
f o r  a total  of three injections each. Quantities of t r i t i um oxide admin- 
i s t e r ed  in each  injection w e r e  25 mc,  5 mc ,  and 1 m c  fo r  the t h r e e  groups.  
The  radiation dose r a t e  f o r  the  highest l eve l  group was approximately 
30 r ads /day  following each injection and the total radiation dose received 

10811 1 8 8  
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' . '. . .  . . -  

by this group 
the other tlvo 
sacr i f iced 60 

was approximztely 400 rads .  
groups were lower b2- factors  of 5 and 2 5 .  

days a f t e r  the final injection and representat ive samples  

Dose r a t e s  and total doses  f o r  
-411 animals  ':;ere 

analyzed f o r  organically bound t r i t ium ( 2 ) .  

RESULTS AXD DISCUSSIOK 

A s ta t i s t ica l  s u m m a r y  of the r e su l t s  f r o m  th is  experiment  is shown 
in Table  1. 

prec ludes  the recognition of any smal l  effect of radiation on t r i t ium 
incorporation and retention. 
variation, t he re  is no indication of such an effect. 
variation 
exper iment .  
which de termine  the  retention of bound t r i t ium would account for  l a rge  

The considerable variation between an ima l s  in a given group 

Certainly,  r i t h i n  the l imi t s  of biological 
The r a t h e r  l a rge  

noted within groups is not surpr i s ing  in such a long- te rm 
Small  differences between an imals  in the biological p a r a m e t e r s  

- 

di f fe rences  in  retention a f t e r  60 days. 

-4CKKOVJL EDGM ENTS 

We wish to acknowledge the technical ass i s tance  of Margare t  B. 
Lawson and Alma L. Crosby. 
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2 5  

Organically Bound Trir ium Concentrations 
(pc,  Combustion Viater f Std. Dev. ) 

1.18 f 0.12 

0 . 2 6 f 0 . 0 6  
0.  50 5 0.11 

1. 525 0. 60 

1.15 f 0 .36  
0 . 8 4 2  0 .17  

mc /InjectioE 

1.01 k 0.12 

0 . 1 5 f 0 . 0 3  
0 . 3 8 2  0 . 0 7  

1.36f 0.18 

1.15 f 0 .24  

0. 92 C 0 . 3 9  

~ ~ 

F a c t o r  by Which Measured 
Concentrations are Multiplied 

C a r c a s s  
L i v e r  
Sm. Intestine 
Muscle 
Pelt 
Fat 

-. . . . , . ., 

7 
L. 3 1  

2 5  

0. 96 f 0.14 
0.19 f 0.05 
0. 50 L 0.13 
1 . 2 6  k 0 . 2 3  

1.16 f 0.15 
0 . 8 9  c 0 . 2 3  
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I t  1953 Offspring 

L. K. Bcstad,  L. -4.. George, P. L. Hackett, 
S. JIarks, ::: and H. A .  Kornberg 

3 

This paper  r e p o r t s  the p r o g r e s s  on a c g f n i c  experiment designed 
to de te rmine  the minimum quantity of I 
adminis tered daily to sheepl Original exTerimental ewes that 
received 5 and 6 - 1 5  L C  of I s ince 1950 were sacr i f iced.  Definite 

that may  be  toxic \*:hen 

damage was restr ic ' t  ed to histopathological lesions of the thyroid 
in the 5 pc/day  group and a slight depression in  PBI and leukocyte 
count in a few-inhividuals of the original 5 pc/day group. 

P a p e r s  I to 11- of this  series (1) presented r e su l t s  obtained during 
the first 20 months of investigation, pape r s  V to IS (2) summarized the  

1952 r e su l t s  and papers ,  and X to XIII (3), the 1953 resu l t s .  This paper  
s u m m a r i z e s  the general  observations made during 1954 on all remaining 
an imals  in  the original experimental  g ~ o u p ,  the i r  offspring and the new 
groups fed 0 . 5  and 1.5 pc/day. 

METHODS 

The number of animals u l d  groups under investigation in Janxary 
1954 \:'as as fo1lov:s: 

TABLZ 1 

Number  of Animals in Groups at 1 5  Montlis 

tTGi$T No. of Original  Ewes 

'' 1951 and 1952 
Offspring 6 6 

I - Control la\- I 
0.13 

I 

+% Consultant in Pathology to  Radiological Sciences Department.  
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-411 the  ewes remaining in the or iginal  control,  0 .15  pc;'day, and 
5 p c / a a y  groups  \':ere sacr i f iced  as  they reached six y e a r s  oi age in o r d e r  
to  de t e rmine  fetal  th>-roid weighis and 1131 uptake at var ious  s t ages  of 
gestat ion (4). 

The following an imals  and groups were under  s tudy in December  
1954: 

TABLE 2 

Number of Animals  i n  Groups a t  52 Months 

I 1' 

1 
I I i [ pc 11" Fed/Da>- 

s I 1 . 5  i 0 . 5  
1 

6 
I 

I 

I 6 i 
I 

t 
I KO. of 1950 Offspring 1 I f  1951 and 1952 

a t  
! 

Off s p r i n g  5 i 
I I ! , 

WeeklS+ externa l  monitor ing of all sheep  thyro ids  continued. 
Pe r iod ic  blood samples  were collected f r o m  all ewes.  
p r o c e d u r e s  included leukocyte count, different ia l  count, hemoglobin, 
and packed cel l -volume determinat ion.  Blood-chemistry p rocedures  
included crea t in ine ,  protein-bound iodine, inorganic  phosphorus , and 
urea-n i t rogen  determinat ions.  
f e c e s  and milk w e r e  submit ted f o r  a s s a y  of 1131 concentration. 
sampl ing  of tissues f o r  radioact ivi ty  and histologic s tudy was perfo-ed 
at necropsy  on all exposed an ima l s  and onl r ep resen ta t ive  numbers  of 
lambs f r o m  all groups at b i r th  and a t  weaning. 

I iematological 

In addition, spec imens  of blood, u r ine ,  
Routine 

10833 I 9 3  
L -4 I 'z CLASSlFl ED 



0 5C LASS 1 Fl ED 

I Hemoglobin (g/lOO ml) 10. 8 
Leukocytes  ( ce l l s / cmm)  7 , 7 0 0  

Lymphocytes  ( ce l l s / cmm)  4,300 
3,300 . Neutrophi ls  ( c e l l s / c m m )  I ; 

110 

HjTb'- 3 5 917 

RESULTS A S D  DISCUSSIOS 

Externa l  Thyroid l lon i tor ing  

The thyroid function expressed  as the mean  r a t io  of the quantity of 
131 

I in  the thyroid to the quantity of II3l fed dai ly  , Q/q ,  is shown in  F i g u r e  
1 f o r  the 1950 offspring and i n  Figure 2 f o r  the 1951 and 1952 offspring. 
The lower  Q / q  of the 5 pc/day  groups,  when compared  with the 0.15 p.c/day 
g rcups ,  is m o s t  marked  in  t h e  f i r s t  y e a r  offspring. 
mov ing  a v e r a g e s  of the Q/q  of a r ep resen ta t ive  ewe f r o m  the or iginal  5 
pc group showing damage compared  with that of a ewe exhibiting question- 
a b l e  damage  is shown in F i g u r e  3 .  
function, as noted by external monitoring, of ewes fed 0.15, 0. 5 o r  1. 5 

A plot of the annual 

T h e r e  is no change in  the thyroid 

PC /day. 
Changes in Blood Const i tuents  

The mean  vzlacs of bleed const i tutents  in the 1950 offspring of the 
5 pc /day  group during a s ix-month test per iod  are preser,ted in Table  3. 

TABLE 3 
Blood Consti tuents (Mean Values) i n  Four-Year-Old  Ewes 

I . .  ! 

Group Between Groups  1 
I 

i 4 . 2  1 1 . 9 * 0 . 2 *  

None i I 
! 

2o i 

4" 3 

0.87 ' i 0.051f 0.046 I 
I 1 

I 

1 

I None 

33 1.21 i 1.20 i 
10.6 1 

9,200 1500 f 500 * 
5,400 UOO f 4 0 0  * 

None 
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The depression in PSI, end leukocyte a d  ij-mphocyte counts noted 
in Table 3 2 r e  considered biologicdly significul;. The rne2.n value f o r  

protein-bound iodine, although depressed in the experimentzl  group, is 
considered in the lower r a g e  of normal  2nd not significantly indicative 
of a hypothyroid condition. 
5 pcildzy group showed a depress ion  in PBI a i d  leukocyte count. 

Only a few of the members  of the or iginal  

Xecropsy and Histological Findings 

Significant gross-pathological findings were observed only in the 
5 pc/'dzy group of sheep and were  r e s t r i c t ed  to the thyroid gland. 
involved thyroid glands showed zn inc rease  in connective t i s sde  and 
we%e reduced i n  s i ze .  The m e a n  thyroid weight of the 5 pc /day  ewes 

was 5. 3 5 2 .  7 g compared with control thyroid weights of 16 3z 4 .1  g. 
The l a rge  s i z e  of the undamaged glands is attributed t o  a marg-hall?. 
goitrogenic diet  (1), the adminis tered being ca r r i e r - f r ee .  The 
es t imated  dose  to the thyroid glznd in the  5 pc group olas 19, C O O - 3 5 ,  OGO 
r a d s  over  the 30-46 months of II3l feeding. 

The 

Six thyroid glands f r o m  the remzining origin& 5 pc adult an imals  
\*;ere exzmined histologically during 1354. 
damzge, 2nd the findings r e r e  considered questionable in the sixth.  
F ib ros i s  between the fo l l ic les  \*;as the consistent manifestation of damzge 
in this group. 
thyroid showed modera te  f ibros is .  The foll icles displayed a genera l  
reduction in  s ize .  
arteries, the  effects consis t ing of intimal f ibrosis ,  dis tor t ion of the  
endothelial  cells and f ray ing  of the in te rna l  e las t ic  lamina. 

Five glands showed definile 

The effects were usually of minimal degree  although one 

Minimal changes ::.ere a l s o  observed in occasional 

The  a r t e r i a l  
damage  w a s  observed most  frequently in ves se l s  13ing immediately 
ex te rna l  t o  the  capsule  of the gland. 



$31 1b-i T i s sues  and Excretions 

The concentrations of 1131 ;n various pa r t s  of the 5 p c  en 'es  a t  necropsy 

are recorded  in Table 4. 

TXBLE 4 

Mean Concentration of Il3I in ,54pc Ewes at  Necropsy 
(Ln Units of 10 pc /g)  

Thyroid 
Abomasal content 

15,000 

14 
4-8 

4 

4 

3 

3 
3 

Uandibular sa l ivary  gland, ur ine,  ieces, milk 
Parot id  sa l iva ry  gland 
Cecpm content 
L ive r  
Adrenal 
P i tu i ta ry  
Kidney 3 

Abomasal wal l  
Bile 
B la d d e r w all 
Ovary 

Lung 
Hear t  
Blood 
Spleen 
Brain 
VJOOl 

3 
3 

<s 
<2  

< 2  

The study is continuing to determine wilhin a f a c t o r  of t h e e  the 
quantity of Il3I that may be ingested daily without causing damage to  
sheep  during their normal  life span. The animals now receiving 0. 5 

and 1.5 pc/day are expected to furnish these  data. 
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TOSICITY OF IN SHEEP 
X V ,  Uptake by Fetal  Thyroid During Various Stages of Gestation 

C. M. Barnes ,  L.  A .  George, J r . ,  and L. K. Bustad 

The 113' concentration of the fetal thyroid gland was found to increase  
exponentia 1 
The total  Jy' in the fetal thyroid approximated the daily dose of I 
admin ' s te red  to  the dam in advanced pregnancy. 
the I1jl concentration in the fetus exceeded that of the dam. 

during the second and third t r i m e s t e r s  of pregnancy 131 

At  the s a m e  period 

131 

This 

A previous paper in this  s e r i e s  (1) reported that uptake of I by 
the fetal thyroid of the sheep begins a t  about 50 days of gestation. 
experiment  w a s  designed to determine the 1131 concentration in fetal thyroids 
during the balance of the gestation period of about 95 days.  

METHODS 

Three  groups of adult ewes,  s i x  ewes per  group, maintained on a 
margina l  goitrogenic diet were  used in the experiment.  One group (control)  
rece ived  no 1131, while the other groups received,  respectively,  0.15 and 
5 pc of 1131 pe r  day for more  than 42 months. Cesar ian  sect ions were  
per formed on one animal  of each  group at  55, 70, 85, 100, 115, and 130 
days of gestation. Autopsies were  performed on recovered  fetuses and 
a complete radioanalysis  of t i s sues  was made. Weights and s i zes  of the 
f e tuses  and the principal body organs  were  recorded .  

RESULTS AND DISCUSSION 

Thirty fetuses  were  recovered  f r o m  the eighteen ewes.  
r a t e  of the fe tuses  is recorded  in Figure 1. 
higher than those repor ted  by Barcrof t  ( 2 )  and may be attr ibuted to the 

The growth 
Values obtained were  slightly 

1 0 8 b 2 0 1  D EC LASS f Fl E D 
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Group 

5 jlc/day 

0.15 pc /day  

high nutri t ional plane maintained in the experimental  an imals .  
growth r a t e  is compared with that of cer ta in  other  organs  in F igure  2 .  

Thyroid 

Radiochemical analysis  of the fetal  thyroid gland demonstrated an 
The high 

concentration in the 85-day fetal  thyroid of the 5 pc/day group (F igu re  
exponential r i s e  in 

3) may be  par t ia l ly  explained by the relat ively low concentration found in 
the injured thyroid of the dam.  
thyroids  indicated a varying degree  of radiat ion damage ( 3 ) .  

thyroid content with fetal  age (F igu re  3).  

Pathological examination of the adult 

The fe tal  thyroid 1131 concentration in re la t ion to  the daily ma te rna l  
dose  appea r s  in Table 1. 

Days in Gestation 
55 70 85 100 115 130 

0.1* 1.1 12" 31+ 58 l l O *  

0.1* 1* 4% 1 32* 79*  94* 

TABLE 1 

Concentration of Radioiodine by the Fe ta l  Thyroid 
(Expres sed  as Percentage  of Darnfs  Daily Dose) 

_ _ ~ _ - ~ -  -~ - 

* Average of twins. 

Compara t ive  concentrat ions of I13'/g of fetal  and ma te rna l  thyroid 
glands are shown in Table  2. 

1 0 8 b 2 0 3  
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* - 
0 . 1 3  uclday Gestation Age 

a t  Sacrifice Dam Offspring 

55 0.023 0 .004  .005 
C 

TABLE 2 

0 uclday 
Dam Offspring 

0 . 8  0 . 1 4  

Concentration of in Xlaternal and Fetal  Thyroids  (uc/g) 

\ 

85 .034 

1 4 

1.9 
2 . 0  . 8  . 006  

. 0 1 3  

I 70  
1 ;044 I **08 . 0 0 7  1 3.0 1 . 5  

. 8  
1 . 5  1 .1  ,013 

. 0 2 6  100 i . 0 2 8  

1 

113 I I . uzt l  I 1. u 
. 0 3 2  1 I 1. 8 I _ _ -  1 I . 050  I q n  

I I I I I 
n m n  I . 0 8  I r ) c  i 2 .  6 . -- I . U L 6  I 1 JU I . 0 5  2 .  8 I L .  v I 

I 
t I 1 I I 

The concentration of 
the  dam's  thyroid by 115 days gestation. The partition of 113' between the 
thyroids  of the dam and the fetus indicated that the fetal thyroid is the 
c r i t i ca l  o rgan  in a s ses s ing  
in advanced pregnancy. 

in the fetal  thyroid is one to  two t imes  that of 

toxicity i f  a ccntamination event occurs  
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TOXICITY OF II\; SHEEP 

XI' I. B IO LOG IC A L C 0 E F F IC I E X T S AS S OC I A T E D W IT H 
I h? E T A B 0 LI S hl E -1' T H Y R 0 I D 

H. A .  Kornberg, G. E .  Pilcher*,  H. T.  Xorton', L. A. George, J r .  and 
L.  K. Bustad 

Two experimenfs a r e  descr ibed which were  performed in o rde r  to  t e s t  
the theoret ical  values that y.flapplied in calculation of t h e  hazard to 
animals  following a s ingle  I contamination event. Mathematical 
and s ta t i s t ica l  analyses  were  conducted on measurements  of I l 3 I  con- 
centrat ions in the thyroid gland following both a single t r a c e r  study 
and chronic feeding. The functional relationship shows good agree-  

! ment with experimental  findings. ' 

Mathematical and s ta t i s t ica l  analyses  were  per formed on measu re  - 
ments  of 1131 concentrations in the thyroid gland of sheep  resul t ing f rom 
single  and chronic feeding experiments .  
in o r d e r  1)  to determine the biological coefficients associated with I 
ingestion, 2) to  compare  the values of these  coefficients in the two types of 
feeding, and 3) t o  compare  the i r  application in determining hazards  to 
grazing animals  following a single contamination event. 

These  measurements  were  studied 
131 

METXODS 

In the single dose experiment ,  15 P C  of 1131 was ora l ly  adminis tered 
I 

t o  each  of t h r e e  r a m s  which had been maintained on a marginal ly  goitrogenic 
diet .  The amounts of 
the subsequent 21-day per iod by external  monitoring with a specially built 
sheep-neck monitor containing th ree  Geiger-Mueller  tubes (1). 
chronic  feeding experiment ,  hay which constituted the en t i r e  ra t ion of the 
same th ree  r a m s  was contaminated to a level of 8 .4  x 10 
first day of feeding. 
known amounts and the i r  thyroids were  external ly  monitored daily for 41 days. 

in the thyroid glands were  determined during 

In the 

- 4  pc/g on the 
The contaminated hay was then fed to  the animals  in 

* Members  of Biophysics Section. 
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Single I Administration 

Following absorption by the thyroid,  the quantity of radioiodine in 
the gland at any t ime  is dependent only on the physical and biological half- 
l ife of the adminis te red  iodine. 
found to  occur  two to t h r e e  days  a f t e r  the 
The  mathematical  express ion  defining the  quantity, Q (in ~ c ) ,  in the organ  
at t days following a t r a c e r  contamination is 

h'laximum absorption by the thyroid was 

was o ra l ly  adminis tered.  

where  a is the decay-cor rec ted  fraction of the dose which r e a c h e s  the gland, 
qo is the quantity of 1131 (in pc) adminis tered,  ,3 is the biological decay 
constant,  and X is the physical  decay constant. 

Chronic  I1 31 Adminis t ra t ion 

When the radioiodine is adminis te red  continuously f rom a decaying 
s o u r c e ,  the net r a t e  with which the thyroid takes  up the substance may be 
expres sed  by 

where  the symbols denote the s a m e  quantit ies as indicated above. 
, this  , 

F r o m  

- 
If a new quantity P is defined as Qe7bf, 

L J 
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Differentiation of th i s  equation ivith respec t  to t gives 

d P  -9 t - = aqoe . 
Gt 

-fit Taking the natural  logarithm of this  equation yields In %= In aq 0 

The value 

. 
F r o m  this  equation the biological pa rame te r s  can be determined f rom the 
experimental  data by the method of l ea s t  squa res  regress ion .  
of qo was determined independently through the measurement  of the initial 
concentration of 
ingested.  
s ion fo r  Q above to  piot a curve of Q v e r s u s  t ,  only a poor f i t  with the 
experimental  points was obtained. 

in the contaminated hay and the daily quantity of hay 
When values for coefficients so obtained were  used in the expres-  

However, when the experimental  data  were  extrapolated to z e r o  
thyroid activity, a value of t = 1. 8 L 0 . 2  days was found. 
a rev ised  expression for Q was obtained: 

Using this  factor,  

The  equation is plotted in Figure 1 and appears  to  meet  ?he requi rements  
of the experimental  data. 

Biologic a1 Coefficients Me as u r  ed 

In Table 1 a r e  l is ted the coefficients obtained f rom the single and 
chronic feeding experiments .  Values for  the biological half-l ives of the 

in the chronic experiment were  assumed to be the s a m e  a s  :hose 
obtained in the acute experiment.  

1 0 8 b 2 1 0  
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Sheep N o .  
1 

2 
3 

128  
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a l T 1 /2  (days)  a 
34 0. 52  0.56 

37 0. 51 0.51 
28 0 .  58 0 . 5 4  

TA4BLE 1 

Half-Life and Absorption Coefficients 
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Dose 15 m c  5 m c  5 v  . 
4 4 4 Number of Animals 

T ime  of Sacr i f ice  af ter  
I1 31 Administration 

7, 15, 30, and 60 7, 15, 30 and 60 (days) 
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TOXICITY OF IX SHEEP 
XVII. Acute Toxicity of I IS1  i n  Sheep 

L .  K.  Bustad, R.  J .  Rlorrow*, P. L. Hackett, S. Marks**, and 
L:A. George, J r .  

The effects  of single doses  of 5 and I S  m c  of 
Depression in lymphocyte count, s e rum,  and protein-bound iodine 
values and reduced effective 1131 half-life in the thyroid were  observed 
in the 15 m c  l e r f i  only. 
a f te r  5 m c  of I 

a r e  descr ibed.  

Pathologic damage was moderately s e v e r e  
and extensive necros'ls occur red  a f t e r  15 mc'. 

In o r d e r  to compare the effects of acute and chronic administration 

were  administered to each of eight animals .  
of 1131 an experiment was performed in which single doses  of 5 o r  1 5  m c  
of 
were  intended to approximate the threshold range  for the development of 
damage in o r d e r  to  permi t  a comparison with data  obtained in the daily 
adminis t ra t ion of a chronic threshold toxic level.  

The doses  chosen 

METHODS 

In addition to the animals  given a 5 o r  1 5  m c  dose  of , four 
ewes received single doses  of 5 pc in o r d e r  to  obtain a thyroid uptake 
curve  typical of a t r a c e r  dose.  
amounts adminis tered,  and the t ime of sacr i f ice .  

Table 1 gives the number of animals ,  the 

TABLE 1 
Experimental  Design 
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External  thyroid monitoring was performed using an ion chamber excep? 
in the 5 pc group where a spec ia l  collar containing th ree  Geiger-Mueller 
tubes was utilized (1) .  The monitoring frequency for the low-level group 
was once each day, while for the other two groups the animals  were  monitored 
twice daily for  t h ree  days,  daily for ten days,  and then every  two days for 
sixteen days. 

Blood samples  for hematological, chemical, and. determinations 
were  taken daily fo r  the first four dzys,  twice during the following week, 
and then weekly. 

Representat ive animals  in each group were  placed in metabolism 
cages to  collect  total  excret ions of ur ine and feces which were  submitted 
for  radiochemical  analysis .  

At necropsy t i s sues  were  taken for routine radiochemical  analysis,  
and thyroid t i s sue  was submitted for  histopathological study. 

RESULTS AND DISCUSSION 

I1 31 Absorption and Turn-over  

The percentages of that appeared in the thyroids  of one animal 
f rom each of the  three  groups a r e  shown in Figure 1. 

absorption coefficient (highest  concentration of I1 31 in the thyroid/ dose 
adminis tered)  a r e  l is ted in Table  2. 

The effective half-l ife of in the thyroid and the maximum 

t 0 8 b 2 1 4  
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Absorption Coefficient (mzx) 0 .  4: -0. 43 0.38-0. 50 0.37-0.48 

1 3 2  
H if' - 3 5 9 1 7 

Days Exposed m c  Fed 
7 5 

5 1 5  
5 30 
5 60 

15  7 
15 1 5  
15  30 
1 5  60 

T-qBLE 2 

1131 Half-Life and Absorption in Thyroid 

Total  Dose in Rads 
14,000 
16,000 
30,000 
36,000 
33,000 
60,000 
75 ,000  
60,000 

TABLE 3 

Estimated Radiation Exposure of Thyroids  

The apparent inconsistencies in the dose to  the thyroid gland a r e  attributed 
principally to  differences in absorption coefficients, s i z e  of thyroid glands, 
and the effective half-life of thyroidal I 131 . 
Changes in Blood Constituents 

Determinations included protein-bound iodine, cholesterol,  inorganic 
phosphorous, creatinine,  u r e a  nitrogen, total  protein,  packed cel l  volume, 
hemoglobin, erythrocyte  count, leukocytes, and differ entia1 count. The 
only change was evidenced by the 15 m c  group and was r e s t r i c t ed  to  a 
change in the s e r u m  protein-bound iodine (PBI), a s  i l lustrated in Figure 2 ,  

l 0 8 b 2  i b 
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2nd a depression in the iymphocyte count (F igure  3 ) .  The animal \vhose 

PBI r o s e  abruptly on the seventh day af ter  the I' adminlstratlon showed 
a sl ight PBI depression p r io r  to sacr i f ice  (F igure  2) .  A sudden r i s e  of 
PBI  following high acute doses  of 
and by Fe l l e r  e t  al. (3) in r a t s .  Tong e t  - -  al.(4) in making s imi l a r  obse r -  
vations in r a t s  in 1952 aytributed the sudden elevation of PBI to  thyroglobulin 
o r  s o m e  similar protein being re leased  f rom a severely damaged thyroid.  
The sudden elevation noted in our  experiment was striking in only one of 
four  animals  fed 1 5  m c  of I 

' 31 

was described by Riggs (2 )  in man 

- -  

131 . 
Thyroid Histopathology 

B 

Severe damage to the thyroid was present  in both s e r i e s  of animals ,  
the effects  being m o r e  pronounced in the 1 5  m c  group. 

The first animal in the 5 m c  group, which was sacr i f iced at  the end 
of 7 days,  showed no evidence of pathologic effects in the thyroid other  than 
int imal  thickening due to f ibros is  and endothelial hyperplasia in a few 
a r t e r i e s .  
observed in the intersti l ia1 t i s sue .  
m o r e  extensive at 30 days,  and the lumens of follicles contained desquamated 
epithelial  ce l l s  a s  well a s  invading s t r o m a l  cel ls  and neutrophilic leukocytes.  
Severe  damage was present  a t  60 days with cent ra l  necros is  and a foreign 
body giant cel l  reaction. 
t r a t ions  of lymphocytes within the gland, inflammation was encountered 
immediately external  t o  the  gland, one a r e a  showing numerous eosinophils. 

( about 33 ,000  r a d s )  caused no manifest  

At 1 5  days, mild, loose f ibrosis  2nd chronic inflammation were  

The f ibros is  and inflammation were  

In addition to  the presence of focal dense infil- 

At  seven  days, 1 5  m c  of 
parenchymatous damage. 
encountered in the neighborhood of is lands of s t ra t i f ied squamous epithelium 
and may  have constituted a response  to  damge of the s t ra t i f ied squamous 

epithelium in advance of an effect on the thyroid parenchyma. A moderately 

However, s m a l l  groups of lymphocytes were  

I O $ b 2  1 8  
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l a r g e  a r t e r y  showed endothelial hyperplasia with nectrophilic leukocytes 
in the innermost  portion of the thickened intima. 
thyroid gland was necrot ic  at  1 5  days.  

t ra t ions  of lymphocytes, neutrophils and fewer l a rge  mononuclear cel ls  
was  observed to a marked  degree external  to the gland and only mildly in 
the per ipheral  i ayer  of surviving parenchyma. .An interest ing incidental 
feature  immediately external  t o  the gland was the presence  of an a r e a  of 
thymic t i s sue  which had undergone a substant ia l  depopulation of lympho- 
cytes .  

Tne g rea t e r  par t  of the 
Inflammation in the form of infii- 

-4t th i r ty  days, 15 m c  (about 7 5 , 0 3 0  rads) resulted in necros is  
similar to that observed a t  15 days.  
showed invasion of both the intima and media by neutrophils,  the acute 
inflammatory react ion causing substant ia l  intimal thickening (F igure  4) .  

Endothelial hyperplasia and f ibrosis  were  responsible  for a generalized 
narrowing of a r t e r io l e s .  The  thyroid gland obtained at 60 days disclosed 
surv iva l  of only an intermittent s ingle  row of smal l ,  damaged follicles in 
the periphery.  
repara t ive  p rocess  without, however, any evidence of epithelial regenerat ion.  
Severa l  foci of intense fibroblastic activity were  observed, principally in 
the per iphery of the necrot ic  zone. Capi l la r ies  fanned out f rom these  a r e a s  
into the necrot ic  t issue,  which had a l so  been invaded by a moderate  number 
of s ca t t e r ed  macrophages and focal groups of foreign body giant cel ls .  
The  appearance was suggestive of an ea r ly  s tage  of replacement  of the 
necrot ic  t i s sue  by fibrous t issue,  an event which apparer,tly supervened 
upon the decay of radioactivity to  a level  compatible with cel lular  activity. 

In addition, a r t e r i e s  of var ious s i zes  

The interest ing fea ture  a t  this  t ime was the advent of a 

Pathologic observations suggest that the thyroid gland would be 
essent ia l ly  destroyed by 1 5  m c  while the gland in an animal  receiving a 
s ingle  5 m c  dose would still posses s  much functional t i s sue .  

l O B b 2 2 0 '  
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. .  Figure 1 
Acute idlammatron in small a n c r y  in thyroid gland sacrif iced 
30 day8 after administration of 1 5  mc of l I 3 l .  I67 X 
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E i  SFIEEP TI 3 L T@SICITY OF 1 
LT7111. HISTOLOGIC PATTEPSS IK THE TXI'ROID GLAYD 

A T  VARIOUS LEVELS O F  i1 31 ADT\'IIXISTRATIOX 

S Marks", S .  L. DscKum and L. E;. Eustad 

- 
!PC 1131 Fed/Day Conmoi 5 , 1 5  1 3@ 45 1 135 2-46 480 

Adults 1 6  9 3  1 6  0 I C  10 1 6  

Offspring 52 9 1 6 j 5 7 27 0 
I 

Comparative pat terns  of histcpathciogic damage in tk? ?hyroid gland 
of the sheep a r e  br ief ly  describe$ for feeding ievels of 5, 15 ,  30, 45, 
135, 240, 480 ana 180C pc of The effects were  mild a i  
5 pc/day and progrclssed to  z h c s t  ccimplete epitheiiai destruction 
at 240 pc/day. 

p e r  day, 

Studies on animals  of the origir,al grou? adminis tered 1' 31 chroni- 
cally s ince  1950 have provided sufficient patkzlogie ma te r i a l  to permit  a 
comparison of histologic pat terns  in the thyroid glar,d at  var ious  feeding 
leve ls .  
in the var ious  groups.  

This r e p o r t  wili b r i s J y  d iscdss  the cornparison cf t'ne histopathology 

1800 ' 

3 
4 

METHODS 

1 

* Does not include 39 lambs  sacr i f iced  at  o r  be fo re  4 mor.tf-,s of zge. 

Kecropsy and t i s sue  procedxrcs  v e r e  descr ibed in previous papers  
of th i s  s e r i e s  (1). 

pathology of the thyrcid a r e  presec ted  ir. T F A J ~ ! . ~  1. 

Tke numbers  of rnimais inclcSe6 in the anslysis  of the 

TAE?'LE 1 ' 

N u m b e r  of Animals in TTsrIous Feeding Levels  

I 
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RESULTS 

A defini te  var ia t ion in  the manifestatiGns of t k j t r c i d  t i s sue  response  
was observed in re la t ion t o  the daily dose  level  and the age a t  which to 

exposure  w a s  initiated. 

The typical  f ea tu re s  of pathologic damage  a t  the lowest toxic: level  
of 5 pc p e r  day  w e r e  observed i n  the in te rs t i t i a i  t i s s u e  and consis ted 0 3  

f ibros is  in the adult and edema  in the offspring ( 2 ) .  
progres s ion  from the e a r l i e s t  margina l  involvernent (about 10 ,  C O O  r a d s  in 
8 months including fetal  e sposu re )  to a mild deg ree  of s eve r i ty  (ove r  30, C G C  

r a d s  in over  43  months).  At  a l a t e r  s t age  in the offspring, sl ight inflamma;ior! 
and f ib ros i s  supervened (about 19 ,  000  r a d s  in 1 5  months) .  Epithelial  changes 
w e r e  r e s t r i c t e d  t o  the  occasional  en largement  of nuclei. 
of 15, 30, 45 and 135 uc va r ious  combinztions of edema,  chronic inf lam- 
mation and f ib ros i s  occur red  (mir,imum of 10, O O G  r a d s  in lambs  to  m a x ‘  imum 
of ove r  80, 000 r a d s  in aau i t s )  wirh 2 tendency i o r  the edema to  predominate  
in  the offspr ing and f ib ros i s  t o  predominate in the adult. 

Both effects showed 

A t  feeding ievels  

The offspring of ewes  receiving a daily feeding of 240 pc per  day 
showed e a r l y  nec ros i s  and inflammatior, with f ib ros i s  occur r ing  as a i a i e r  
development (1). The es t imated  dose to  the thyroid gland during fetal  l i fe  
plus the nu r s ing  period of 4 months was  ‘70, C O O  r a d s .  
t o  l a rge ly  r ep lace  the parenchyma and s e v e r e l y  conssr ic t  the foll icles.  
Changes in  ce l lu l a r  s i z e  and cozrsening  of the chror ra t in  pz t te rn  in the 
nuclei  w e r e  widespread  in the seve re ly  damaged glands.  S imi la r  f ib ros is  
and epi thel ia l  a t rophy developed in the 240 pc adul ts  a f ?e r  6 months (about 
100 ,000  r a d s ) .  

The f ibros is  p rogres sed  

A s tudy  of e a r l y  changes in adult an ima l s  rece iv ing  480 pc p e r  day 
showed that local ized foc i  of infi l tration of lymphocytes and neutrophils 
consti tuted the first evidence of damage  a f t e r  19 days  (about  18, 000  rads) 

I 0 8 b 2 2 4  D ECL AS S I F I ED 
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of feeding ( 3 ) .  

inflammation. 
43 days ( m o r e  than 50, 000 r a d s )  infarcts were  observed. 

feeding level  of 
ce l l  t i s sue  response  to the necros is .  

Degenerating follicles were  present  within the a r e a s  of 
At 36 days (about 2 5 ,  000 r a d s )  f ibrosis  developed ana at 

Ultimately, this 

caused widespread nec ros i s  with a foreign body giant 

Administration of 1800 pc of I'31 per  day for  420  days ( m o r e  than 
150,000 r a d s )  in the adult caused obliteration of the parenchyma apa r t  f rom 
the surv iva l  of a few sca t te red  cel lular  remnants .  
was  replaced by a hyalinized f ibrous s c a r .  
through the mother  during the third t r i m e s t e r  of pregnancy revealed s e v e r e  
damage,  including necros is ,  f ib ros is  and evidence of hemorrhage.  

The epithelial t i s sue  
Fe tuses  exposed to this dose 

Vascular  e f fec ts  progressed  f r o m  minimal  int imal  thickening and 
fraying oftthe internal  e las t ic  lamina of a r t e r i e s  in the 5 r c  group (18 ,  O C O -  

3 5 , 0 0 0  r a d s  over  a 36-45 month period) to  narrowing o r  occlusion of the 
lumen by endothelial hyperplasia  and f ibros is  and eventual loss of nuclear 
staining in both the intima and media in the 240 Pc/day group over a period 
of 11 months ( g r e z t e r  than 1C0, 000 r ads ) .  Ultimate complete destruct ion 
of ves se l s  occur red  with higher dosages.  

1. 

2.  

3 .  

1 5 8 6 2 2 5  
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THE BLOOD PICTURE IY SUFFOLK S H E E P  

FOLLO\T'ING SURGICAL THYROIDECTOXIY 

P a t r i c i a  L. Hackett, L. A. George, C.  M. Barnes,  ana L .  E;. Bustad 

Surgical thyroidectomy increased blood creatinine,  inorganic phosphorus, 
u r e a  nitrogen, and neutrophils. Leukocyte and lymphocjrte counts 
decreased .  Cholesterol  was found to be lower in the experimental  
animals  than in the controls until 120  days af ter  thyroidectomy, while 
calcium values were  reduced af ter  this  period. 

The purpose of this  study was to ascer ta in  the specific ef' lect  of 
su rg ica l  thyroidectomy on cer ta in  blood constituents in o rde r  to have a 
b a s i s  fo r  a comparison with values obtained af ter  ablation o r  damage to 
the thyroid by. I . 131 

METHODS 

Eight purebred Suffolk ewe lambs  were  used. T h r e e  se rved  a s  

controls  and five were  surg ica l ly  thyroidectomized at five months of age. 
During the cour se  of the experiment  two of the animals succumbed at  164  

and 2 6 9  days a f te r  thyroidectomy. 
be present  in one of the thyroidectomized animals  a s  evidenced by I 131 

uptake following adminis t ra t ion of a t r a c e r  dose of this  isotope. Data f r o m  
th i s  an imal  were  discarded when found to  be consistently s i m i l a r  to control 
rather than experimental  values .  

Residual thyroid t i s sue  was found to 

At approximately weekly intervals  blood w a s  taken by jugular puncture, 
using a 21-gauge needle and evacuated tubes. Heparin was used as an anti-  
coagulant. 
' ' apparentPg creatinine,  protein-bound iodine (PBI) and packed-cell  volume, 
and the enumerat ion of e ry throcytes  were  per formed by  methods descr ibed 

The  determination of calcium, inorganic phosphorus,  cholesterol,  

I 0 8 b 2 2 b  DECLASSIFIED 
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previously ( I ) .  A solxtion of 0 . 0 5  per  cent methyl violet in five per  cent 
acet ic  acid was used as  a diluting fluid for the enumeration of leukocytes 
and the differentiation of polymorphonuclear and mononuclear cells.  
ferent ia l  counts obtained with this method were  found to  be more  consistent 

than those obtained using %'rightis s ta in ,  although the composite averages 
f o r  both methods were  the same .  
hematin method ( 2 ) ,  creat inine by the hililler method ( 3 ) ,  and u rea  by the 
microdiffusion method of Conway (4). 
and "specif ic t1  creatinine were  ca r r i ed  out to ascer ta in  i f  any difference 
in t rends  existed. 
than 'Qspecif ic l l  creatinine values,  the pat tern af ter  s u r g e r y  was the s a m e  
f o r  the two methods.  

Dif- 

Hemoglobin was determined by the alkaline 

The determinations of both ! 'apparentr1 

While '!apparent': creat inine values were  always higher 

RESULTS 

The average  hematological values  a r e  shown in Table  1. Immediately 

following s z r g e r y  a dec rease  in PBI and an inc rease  in creat inine occurred.  
Urea  nitrogen was not determined before  s u r g e r y  but was found to be signifi- 
cantly higher in the experimental  animals  than in the controls throughout the 
period investigated (90 to  360 days af ter  su rge ry ) .  

Serum calcium values were  lower in the experimental  animals sub-  
sequent to 120 days af ter  thyroidectomy while inorganic phosphorus levels 
became increasingly higher over  the en t i r e  period. 
significantly lower for  1 2 0  days a f te r  s u r g e r y  and then r o s e  to  approximately 
the s a m e  level  as the control  values.  

Serum cholesterol  was 

No significant differences between control  and experimental  animals  
were  observed in packed-cell  volumes o r  hemoglobin. 
counts were  found to  gradual ly  d e c r e a s e  for  the first s e v e r a l  months a f t e r  

The  lymphocyte 



TABLE 1 

Means Values for Blood Constitcents 

Calcium 
(mg/100 ml) 

Inorganic Phosphorus 
(mg/100 ml)  

Urea  Kitrogen 
(mg/100 ml) 

Leukocytes 
(ce l l s /  c m m )  

Lymphocytes 
(ce l l s /  cmm) 

Neutrophils 
(ce l l s /  cmm)  

I 

Constituent 

ho les te ro l  

F%i0;ked-cell volume 

emoglobin 

* 99% Confidence Limi ts  

Control 
f r o u p  

4 . 0 6  

1 . 2 0  

0 . 9 2  

59.0 

11.5  

6 . 1 5  

2 0 . 9  

LO, 7 0 0  

7,900 

2,300 

40.2 

1 3 . 0  

P r e -  
:hyr o ide c to my 

3 . 4 5  

1 . 4 6  

0 . 8 9  

52. 6 

6 . 2 9  

8,200 

6, 800 

1,300 

39.1 

1 2 . 9  

i 44 
H\V - 3 5 9 1 7 

Post -  
t h y r  o id e ct om y 

0 . 8 0  

1 . 7 8  

1 . 4 3  

41. 5 (before  
120  days) 

62.0 (a f te r  120 

1 1 . 0  (before 
1 2 0  days) 

1 0 . 5  (af ter  12C 

days) 

days) 
8.30 

26.7  

6,600 

3,300 

3,300 

40.3 

1 2 . 6  

~ 

Llean Difference ' 
3etween C o n t r o l  
md Experimental  
4nimals 

I 

I 
3. 26 i 0 .  38:g 

0 . 5 8  i 0 . 1 4  

0 .  51 0 .10  

1 5 . 5  5 7 . 2  

None 

0 . 5  20.4 

1 . 0  r 0 . 4  

2 . 1 5  I 0 . 6 9  

5 . 8  2 2 . 1  

-1,100 2 690 

4,600 2 820 

1,000 2 740 

None 

None 

I 
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s u r g e r y  and then level off for the remainder  of the experiment  while the 
neutrophil  counts were  significantly higher in  the experimental  an imals ,  
The depress ion  in the lymphocyte count was par t ia l ly  compensated for by 

an  inc rease  in  neutrophil  counts s o  that no dec rease  in total  leukocyte count 
was  evident for  about two months af ter  thyroidectomy. 

DISCUSS ION 

Resul ts  obtained in th i s  experiment  for PBI,  creat inine,  calcium, 
and inorganic phosphorus were  comparable  with tnose of a previous study (5)  
of the effect of surg ica l  and radiat ion (I131) thyroid ablation. 
v$lues for cholesterol ,  lymphocytes, *and neutrophils,  which were  question- 
able  in the previous experiment ,  were  found to  be  significant in th i s  one. 
The  depress ion  in lymphocyte count was not expected following su rg ica l  
thyroidectomy. 
and radiat ion probably contributed to the lymphopenia previously observed 
(1) following adminis t ra t ion of thyroid ablative doses  of 
significant that  no lymphopenia developed when the su rg ica l  thyroidectomy 
was  incomplete.  It may be  assumed that if a lymphocyte depress ion  occur s  
following I1 31 adminis t ra t ion and the thyroid is only par t ia l ly  damaged that 
radiat ion p e r  s e  is respons ib le .  

Changes in  

This  significant finding suggests  that  both thyroid destruct ion 

It is perhaps  

-- 
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BETA IRR-.?DIATIOK O F  SKI3 
I. GROSS ASD HISTOLOGIC LESIOSS InT SHEEP 

117 

HW -3 5917. 

L. A .  George, J r . ,  S. Marks*, E .  Jane Coleman and L. Ii. Bustad 

Observations made over  a twelve-month period of the g r o s s  and histo- 
pathologic lesions resul t ing from exposure of localized a r e a s  of sheep- 
skin to  2000, 4000 and 8000 r ads  ofbeta  irradiation a r e  descr ibed.  
Areas  exposed to 2000 r a d s  revealed a slight but permanent increase  
in pigmentation. Marked and permanent epithelial hyperplasia wi th  
complete atrophy of a l l  de rma l  appendages, followed by their  limited 
regenerat ion character ized a r e a s  exposed to 8000 r ads .  The 4000-rad 
a r e a s  showed an intermediate  degree of alteration of the various epi- 
thelial  s t ruc tu res .  

The experiment  descr ibed was designed to  determine the approxi- 
mate  threshold dose of beta irradiation, delivered by a P32 source ,  which 
is injurious to  the skin-of sheep  and to  develop and descr ibe  the pathologic 
syndrome resul t ing f rom such  i r radiat ion.  
the g r o s s  and histopathologic features  of the sy rd rome  over an observation 
per iod of twelve months. 

The present  paper descr ibes  

METHODS 

T h r e e  adult purebred Suffolk ewes were  used in this  experiment.  
The method employed in i r radiat ing the sheep was previously described (1). 

Essent ia l ly  it consisted of exposing localized a r e a s  of skin along the dorso-  
l a t e ra l  su r f ace  of sheep to a beta  radiation source  consisting of a P 
3 inches in d iameter  and delivering a su r face  dose rate of about 6800 r a d s  
per  hour. 

32 plaque 

* Consultant in Pathology to Radiological Sciellces Department.  
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RESULTS AXD DISCUSSION 

G r o s s  Findines  
~~ 

The g r o s s  pathologic manifestat ions resul t ing f r o m  
of sheepskin,  the exposure  leve ls  employed, and the t i m e s  

beta radiation 
at xh ich  the effec7s 

w e r e  f i r s t  recognized and a t  which they disappeared a r e  shown in Table 1. 

Although definite darkening of the sk in  was visible  in all the i r rad ia ted  
a r e a s ,  the concentration and distribution of the accumulations of pigment 
respons ib le  for  th i s  phenomena were  unusuzl only in those areas exposed 
to  8000rads.  On close examination of these  a r e a s  a sca t t e red  distribution 
of v e r y  dense  pigmented spots ,  i r r e g u l a r  in outline and averaging approxi-  
mate ly  3 m m  in g r e a t e s t  d i ame te r ,  could be  seen. 
the  pigmentation was  l igh ter  and had a uniform distribution. 
in  the deg ree  of epilation and the  density and tex ture  of the  regenera ted  
wool was observed  among the t h r e e  an imals  in those areas exposed to  
8000rads .  Epilation was  complete  in one an imal  and incomplete in the 
remaining two animals .  
e r a t ed  wool consis ted of a d e c r e a s e  in the density of wooi f ibe r s  (i. e . ,  
number  of fibers) and an i n c r e a s e  in ?he number  of c o a r s e  wool f ibers  in 
the  800O--rad a r e a s .  T h e r e  was considerable  var ia t ion in the degree  of 
t hese  changes among the  t h r e e  an imals .  The  r egene ra t ed  wool f ibers  in 
t h o s e  a r e a s  exposed to  8000 r a d s  have never  attained the full length of the 
n o r m a l  wool f ibe r s  in the surrounding a r e a s .  

Microscopic  Findings 

In the  lower level a r e a s  
A variat ion 

The  changes in the density and tex ture  of the r egen-  

Table  2 desc r ibes  the histopathologic fea tures  observed  during the 
twelve months following i r rad ia t ion  of the skin.  
the  mic roscop ic  appearance of control  and i r r ad ia t ed  areas of skin. 

F igu res  1, 2 and 3 show 

I O & b 2 ? 2  
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Epidermis  

The thickened ep idermis  showed an increased number of mitotic 
f igures  in the s t r a tum germinativium and, to  a slight extent, in the deeper  
l a y e r s  of the s t r a tum spinosum. 

The inc rease  in the abundance and staining intensity of pigment 
granules  w a s  observed in both the ep idermis  and dermis .  
deposi ts  in the ep idermis  were  m o r e  prominent in the per iphera l  than the 
cent ra l  portions of the i r rad ia ted  a reas .  
focal throughout the thickness of the ep idermis  with the g rea t e s t  concentration 
in the deeper  l aye r s .  

The pigment 

The distribution of pigment was 

Hai r  Fol l ic les  

The histologic effects in the ha i r  follicles in those a r e a s  exposed 
to  4000 and 8000 r a d s  were  generai ly  similar to  the changes observed in the 
res t ing  s tage  in the ha i r  cycle of otner  spec ies .  These changes consisted 

of atrophy of the ,follicles with thinning of the epithelium of the root  sheaths ,  
s e r r a t i o n  of the i r  margins ,  thickening of the glassy and connective t i s sue  
shea ths  and a definite i nc rease  in pigmentation. 
in the i r rad ia ted  a r e a s  was imposed on most  of the  follicles within the a r e a  
at  one t ime  and resu l ted  in various degrees  of epilation. 
a r e  par t icular ly  significant in view of the fact that The foll icles of sheep 
a r e  normally in a continuous s t a t e  of activity and do not exhibit the cyclic 
phenomena observed in other  animals  ( 2 ) .  

a r e  in te rpre ted  as potentially revers ib le ,  complete repiacement  of the 
bulbs of solme foll icles by s c a r  t i s sue  occurred ,  probably signifying pe rma-  
nent damage. 

The p rocess  of zrrophy 

These  fea tures  

In addition to the changes which 

Glandular Appendages 

Atrophy of both sebaceous and aprocr ine  glands occurred  in the 
The apocrine glands a r e  superf ic ia l ly  epilated a r e a s  ( F i g u r e s  2 and 3) .  

1 0 8 t . 2 3 5  D ECLASS I FI ED 
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analogous in distribution ar,d appearance to the swea: glands of cer ta in  
o ther  spec ie s  (3) .  The changes in these  appendages may be attr ibuted onlv 
in pa r t  to the d i r ec t  action of radiation, s ince  the sebaceous glands participate 
in  the cyclic involution of the ha i r  foll icles and the apocrine glands may be 

respons ive  to  effects on the i r  excre tory  ducts.  
sebaceous glands showed m o r e  s e v e r e  atrophy than the deeper  apocrine 
glands.  

The relat ively superf ic ia l  

ACKNO\VLEDGMENTS 

The work of N. L. Dockum in prepar ing  histologic spec imens  and 
-a 

photomicrographs and the assissance of Major C .  M. Ba rnes ,  M. E. K e r r  

and m e m b e r s  of the Experimental  Animal Farm staff is grateful ly  acknow- 
ledged. 

BIBLIOGRAPHY 

1 .  George, L. A . ,  C .  M. Barnes  and L. K. Bustad, "Beta I r radiat ion of 
the skin of sheep,  
Document HW-3043i, p.  1 2 6  (1954) (UNCLASSIFIED). 

in lqBiology R e s e a r c h  - Annual Report  1953, 

2.  Durward, A . ,  and Rudall, K. h l . ,  "Studies of ha i r  growth in the r a t ,  '' 
J. Anat. 83, 325-35, (1949). - 

3. Trautmann,  A. and Fieb iger ,  J . ,  Lehrbuck d e r  histologie und 
vergleichenden mikroskopischen anatomie d e r  haus t ie re ,  Berlin and 
Hamburg: Pau l  Pa rey ,  p. 306, (1949). 



TOXICITY O F  RADIO-4CTIVE P-ARTICLES 
I. L1'TPL4TRACHEAL IXJEC TION O F  FADIOACTIT-Z SUSPSKSIOXS - 

R. IT. Wager and L. -4. Tempie 

One hundred days a f t e r  mice  were  injected intratracheal ly  
v:ith plutonium oxide o r  plutonium hydroxide the incidence 
of pulmonary e i thelial  atypia was increased.  Similar  t r ea t -  
ment with R u ~ ~ O ~  caused increased  incidence of pulmonary 
nec ros i s  and f ibrosis .  Dibenz(2, hlanthracene increased the 
incidence of pulmonary necros is ,  f ib ros is ,  and papi l lary 
cystadenoma. 

The purpose of this  work was to estimate the tumorigenic 
Q 

effect of radioactive par t ic les  in  the lungs  of mice .  -4t t he  same t ime,  
it was des i red  to  investigate various techniques f o r  intratracheal  injection, 
crudely scope pulmonary turnover  t ime  and es t imate  deposition pat tern 
obtained by in t ra t rachea l  injection, and to  determine resul tant  pathology. 
Both alpha and beta  e m i t t e r s  were employed. The experimenta? period 
n.zs a rb i t r a r i l y  limited to 100 days and ve ry  high doses were employed. 

MZTHODS 

T e s t  -4nimzls 

Twelve-week-old BAFl female mice obtained f r o m  the Jackson 
Memorial  Laboratory,  B a r  Harbor ,  Maine, were employed in  these  
experiments .  
pulmonary papi l lary cystadenoma which we considered des i rab le  s o  that 
an inc rease  in the tumor  incidence due to  t rea tments  could be  readily 
observed. Young mice w e r e  employed t o  avoid pathology appearing in 
older  animals. 

The  strain charac te r i s t ica l ly  has  a low incidence of 

D EC LAS S 1 F I ED 
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P r e a a r a  t ion of Par r ic  1 e s  

Plutonium oxide !:.as prepa red  by heating :riple-..:.ashed plutonium 
hydroxide in a muffle furnace  a t  70GOC f o r  two hours  in a platinum boat 
coated c.ith luci te  (v:hich facil i tated subsequent removal  of the PuO,) . 
The oxide was then ground under  n.ater and the resu l tan t  par t ic les  sui t -  
ably classlfied as to  s i z e  b;. seeimentation. 
ranged f r o m  0 .  05 to  0 .  6 micron .  
pa r t i c l e s  used were 2 ,  9, 20 ,  and 25 pg/ml .  
3 pg/'ml plutonium hydroxide \*;as prepared  in which the mean par t ic le  
s i z e  was 0.  5 micron  in d iameter .  

L 

Diamete r s  of par t ic les  used 

A s ingle  concentration of 
Concentrations of plutonium oxide 

Ruthenium oxide was p repa red  by oxidation of the divalent me ta l  
t o  the  gaseous tetroxide and subsequent reduction to  t h e  dioxide by 
alkzline ethanol. 
p repa r ing  plutonium oside par t ic les .  

Subsequent t r ea tmen t  was similar to  that used f o r  
The  mean Par t ic le  d i ame te r  was 

0. S micron .  The concentration of 

T r e e n - 8 0  was employed as 
t ions.  

P repz rz t ion  and Iniection of ib'Iice 

Ru10602 used \.:as 24G pc /ml .  

a protect ive colloid in all final p r e p a r a -  

The an imals  v;ere anesthet ized with pentobarbitzl  sodium. 
blunt dissect ion,  the t r achea  was exposed f o r  a length of about 5 mm, and 
a dissect ing needle was passed  under  the t r achea  to  immobil ize  i t .  

By 

Each suspension of p a r t i c l e s  was brief ly  exposed to  u l t rasonics  
Injections of 0 . 1  ml of the suspens ions  were accom-  to  a id  dispers ion.  

plished by us ing  a 25-gauge platinum needle  attached to  a fluorothene 
sy r inge  fi t ted with a Teflon plunger.  
p e r m i t  quantitative de l ivery  of PuO, due to  adsorpt ion on g lass  as noted 
by autoradiographs of lung slices. 

A g l a s s  syr inge  did not a lnrays 



I .  . .  

PS m ma r 7- D i s t r ib ?; :ion 

F r o m  intratracheal  injection experiments  employing the dye, 
Cotton Blue, i t  was determined that non-uniform distribution of t he  radio- 
active par t ic les  could be expected to occur  in the lung. 
some  degree of fo rce  v a s  employed in injection, deeper  penetrr t ion took 

place.  
radiographs of mice  injected with plutonium hydroxide. 

Hoi:'ever, \.:hen 

The non-uniformity of distribution was verified f r o m  lung auto- 

Control Frepara t ions  

Posit ive and negative control preparat ions consisted of non- 
radioactive suspensions of dibienz(a, n)anthracene and ba r ium sulfate 
-4 1.0 m g / m l  suspension of the chemical carcinogen was prepared by 
grinding the dibenzanthracene in  an  aqueous medium containing 0. 5 p e r  
cent Txeen-80. Alean par t ic le  s i z e  was 0. 9 micron. Suspensions of 
ba r ium sulfate f o r  supplemental  controls mere prepared  by grinding 
ba r ium sulfate under water.  F o r  the higher  concentration of  ba r i cm 
su l f z t e ,T~een-80  \-;as added to  0. 5 p e r  cent. 
solutions of s t e r i l e  r a t e r  and 0 . 5  p e r  cent  Txeen-SO. 

Other controls  c ' e re  

Intravenous adminis t ra t ions of the chemic21 carcinogen and radio- 
ac t ive  suspensions \':ere per formed in o r d e r  to compare  r e s d t a n t  patholog;. 
with that obtained f r o m  the pulmonarj. injections.  

Analyses of Lungs 

A l l  animals w e r e  sacr i f iced by cerv ica l  dislocation. The ventro- 

lateral portion of the thoracic  cage was dissected away and the lungs 
w e r e  removed by gently lifting the free end of the t r achea  after i t  was 
s e v e r e d  at the laryngeal junction. 
injected with 80 p e r  cent ethanol End the number of per iphera l  papiilomae 
determined under  a dissecting microscope.  

The excised lungs were intratracheal ly  

D E C LASS I FI ED 
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Aleasurement of plutonium in t i s sues  \:'as accomplished by digestion 
in hot, concentrated n i t r ic  acid to i:.hich  as added, infrequently, s m a l l  

amounts of dilute HF to a s s u r e  solution of PuO,. Direct  counts of alpha 
act ivi ty  \:'ere made on evaporated aliquots. 

I 

Those t i s sues  containing Rd106 ivere counted d i rec t ly  in the 
s c inrillation gamma counter . 

-411 t i s s u e s  submitted f o r  autoradiographs were  fixed in 80 p e r  cent 
et  han 01. 

Induction of Les ions  

T v o  types of les ions r e r e  noted: , papi l lary cystadenomata and 
pneumonitis .  Table  1 s u m m a r i z e s  r e s u l t s  obtained. 

TABLZ 1 

Zffect on Lungs of BXF1 Mice 100 Days a f t e r  I. T. 
-4 dminis  t r a t  ion of h d i o a c t i v e  Suzpens ions 

3 Ia t e rial 
Injected 
None 
Dibenz (a, h) - 

anthracene  
Dist i l l  e d w at e r 
C .  5% T ~ e e n - 8 0  
BaS04 (in w a t e r )  
BaS04 (Tween- 20) 

Pu ( OH)4 

PuG2 

ZuG; 

PUO2 

PUO2 

PUO, 

KO. of 
Xi c c 

5 G  

25 

2 5 

25 
50 
5 5  
49 

5 
25 
25 
41 
18 

Dose 
- -  

0 - 1  m g  

(3.1 ml 
0.1 ml 

3..0 pg 

5 . 0  Pg 
0 . 2  Pg 

0.3 pg 

0 . 9  P g  

2 . 0  pg 
2. 5 pg 

24.0 pc 

70 Xlice I-:/ 
Tumor  

14 

6 2  

16 
8 

36 
16 
22 
20 
20  

36  

C 
0 .  

Avg T u m o r s  
p e r  -4nimal 

0.16 
2 .  5 

0 . 2 0  

0 .08  
0 . 5 4  
0 . 2 0  

0. 24  

0.40 
0.52 
0.  60 

0. Z 
0 . 0  

70 Mice 7;: j 
Pneumonitis 

0 

16 

0 
0 

0 
5 
8 

40 
7 2  

28 
8 3  
61 

:$ Assumed formula.  



-An increased incidence of c:.-s;adenoma i-,.;s observed . o ~ l y  in those  
,mice t reated ::.it:? dlbenza1itil1-scSlie 17- :;:le ;ine-mioiiitis :':as 1?0ied ii: t i ik  

animals  t r ea t ea  ?;.it:; both the chemical carcinogen and th 3 radioisotopes.  
-4lthoc~:i t he re  -.-:as no d i rec t  re la t ion bei,.-:een the aPplied dose of the radio- 
e lement  2nd the occc r rence ,  of pnexxoni t i s ,  thei-e I s  li0 doxbt  t k _ t  

pneuiiionitls ' ~ 2 s  sizL:lfica:itl;,- i ccreased  by the zpplied racioisoiopes.  

Tile imocuozs  ::axre of bal-iulil sulfate has been noted pi-eviouslj- 
by Kuston (1) 2nd K2:.- ( 2 ) .  

sulfate ( 5  pg) suspezded i n  C .  5 per  cent Txeen-20 suggested increzced 
pneumonitis .  
Treen-CG no i ~ c r e a s e d  incidence of pneumonitis \-:as noted. 

I-SocVever. ',-;e found ihzt high cioces cf bariur.1 

Yet :.:hen r;:e ba r ium sclfzle  I,-, as suspended in G. 1 p e r  cent 
An inc rezse  

in papi l lary cystadenoma in mice  due to  a tmospher ic  dust has  been reported 
by McDonald (3) .  

Due to  t he  l 0 i - d a y  l imi t  of the experiment ,  one is unable unequiv- 
ocally to s t a t e  that radioactive par t ic les  do  not i nc rease  the incidence of 
pulmonary cystadenomaTa in the mouse.  The high dosages of radioactive 
ma te r i a l s  q p l i e d  to she lungs m a y  have radiologically dectroS-ed o r  
modified cel l  popu1atior.s destined o:he:.-,-.-ise to appezr  as cy-stzdenomata. 
It was eviden; that the doses  employed tiid r e su l t  in inflammaiIcz ~f 

occu r red  is suggested b2- the fact  that of the 18 animals  -.:?ic:i recsived 

r h i l e  9 died between 36 and 71 days after treztment, and onl7 2 animals 
survived f o r  100 dzys a f te r  injection. 

pulmonary t i s sue .  -. i ;ilzt the destrxct icn of pre-czEcerous cel ls  ma:; hzve 

2 4  pc of Xu 1G Go intratrachesll>-,  - I r e r e  d e z d  36 days after injecricn, 

It is in te res tmg to c o m p a ~ e  ou: high-dose r e su l t s ,  both in t ra -  
t racheal ly  and intravenously, with res.-rl:s obtzined by Lorcnz  (4 ) .  

exposure to  8 i-/dzy f o r  a total  of abour 25CC r f r o m  an  external  sou rce  of 
gamma rzdiation, the lungs of tumor-  sensi t ive mice  exhibited a significant 
i nc rease  in papi l lary c:;stadenoma, S o  other  puln1onar:- effects c e r e  nored 

-4fter 
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In o u r  .:.ark neither of :he t\:.o sxrviI<ng animzls  That :.ecci\-ed +.e 

Hov:evsr, Ru1O60, contained m o r e  cystzdeiioina rhan untreated conrrois.  
2 4  Znirnzis -.:,'ere each injected intrZvenous!>- ~ i t h  near ly  50 +c of radio- 
active rulnenium and z f t e r  100 days there  \:'as a significent i nc rease  in the 
incidence of cystadenoiiia. 
compounds had no noticeable effect on the lungs. ) 

(The intravenous injection of the plutonium 

These  s e v e r a l  r e su l t s  suggest that  tlie intense radiation result ing 
f r o m  in t ra t rachea l  injection of radioactive par t ic les  inhibits cystadenoma 
developiiient while intravenously injected beta-gamma emi t t e r s  acce lerz te  
i t .  

DescriFtion of Lesions - 
The papi l lary Cystadenoma is a well-described lesion, i-eadllx 

recognized, occur r ing  within the  pulmonary parenchyma of cer t s in  s t r a ins  
of mice.  The  les ion is not malignant and is not believed to  originate f rom 
die bronchial  epithelium (5). 

The histopathology caused by dibenzanthracene indicated necros is  
There  IYZS as  well as both deep and per iphera l  papi l iary cystadenomata. 

no obvious relat ion betlzeen the necros is  and the cystadenoma. 

Tne pneumonitis resul t ing 1GC d a y s  after in t ra t rachea l  Zpplication 
of plutonium gave the lungs a hypochromic appearance,  v:ith leucomottling 
\:.it!iin the pa rench jma  due to necrot ic  areas. 
.zitli such areas is i l lustrated in F igure  1. 
proliferation frequently containing a r e a s  of metaplast ic ,  s t ra t i f ied,  
squamous epithelium were  noted. 

Histopathology associated 
Foci  of bronchial  epithelial 

The pneumonitis of ruthenium-treated lungs appea r s  a s  a r e su l t  
of hemorrhage  wherein the co lor  of tlie t i s sue  is dark  red  r a t h e r  than 
the  br i l l iance of f r e s h  exudate. In Figure 2 ,  a section f r o m  a lung indicates 
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an absence of epi:heliel proliferzt:ox, 5 ~ :  ares5 of necrosis  and dense 

f ib ros i s  cor.zaiEing l a rge  b i z a r r e ,  ii>-perchromic nuclc; a r e  apparent.  
In a11 c a s e s  pathology cas  accompzxied bJ- rsdiozctive parTlcles as siiol:.n 
b y aut o r a  dio grap hy . 

It c.as interest ing to observe the action of phagoc>T?es as indicated 
by autoradiography. Fifteen minutes z f te r  intratracheal  injection of a 
RuloGOZ suspension, par t ic les  were  seen  free in both bronchioles and 
alveoli, while eight hours  a f t e r  injection all the par t ic les  appeared within 
phagocj-tes. 
were observed within phagocytes present  in the lumen of the d v e o l a r  
s a c s  (F igure  3) .  

One hundred days  a f te r  injection of plutonium oside, par t ic les  

Pulmonary Transpor t  of Pa r t i c l e s  

The quantitative data  on pulmonary par t ic le  removal  r a t e s  are  
c rude  because  the amount of plutonium administered \:'as not accurately 
kno-xn. Fu r the rmore ,  the  effects of the l a r g e  dose, non-uniform distribu- 
tion, a - d  pneumonitis,, m a y  have ser ious ly  alTered physiological mecha- 
nisms devoted to  pnlmonary c learance  of deposited foreign pa r t i cuk ie s .  
Hov:ever, rough est imzt ions based o n  the  amounts of plutonium administered 
a d  on the amounts found in  the l m g s  at different t ime intervals  up to 100 
days a f t e r  injection indicated "biological half-lives" f r o m  10 to 630 d q - s .  
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XSL-ATII-E EIOLOGIC-4L EFFECTIT-ESESS O F  IOSIZISG 

R-4DLA TIOSS Bl- ?~~ICROBIOLOGIC-4L ?.IETHODS - 
H. J. Dishburger ,  11. P. Fuj ihara ,  F P. Hungate, 

and H. -A, Kornberg 

An improved procedure  is described f o r  determining the RBE of 
ionizing rad iahons  on microorganis  
RBZ of t r i t ium a s  compared r i t h  g i s  2. 0 o r  slightly higher f o r  
L. case i  and yeast. 

Zesults indicate rkzt the 

-- 

The microbiological method descr ibed f o r  measu r ing  the relat ive 
biological effectiveness (RBI;) of ionizing radiations on bacter ia  (1) has  
been modified and extended to  cover  s tudies  with yeast .  Basicall>-, the 
method is one of compzring the inhibition of gronth during i r radiat ion 
f r o m  a "s tandard" souqce of radiation with that f r o m  a source  yielding 
par t ic les  of another  type o r  energy 
the s tandard and the other sou rce  a r e  evaluated Kith a chemical  dosimeter .  

Quantities of energy  delivered by 

The organisms used  in these  s tudies  were a haploid and diploid 

The yeasts  n e r e  grown at  20°C in a modified Eurkholder 's  
s t r a i n  of S a c c h a r o m y e s  cere13siae::: and a s t ra in  of Lactobacillus 
casei .  
medium (2) ,  containing 0.1 p e r  cent sugai-, r h i l e  the L.  case i  ':;as groim 
in a minimal  medium (3) at  3OoC. 

subopt imal  t empera ru res  in o rde r  to prolong theradiation delivered to the 

- - 

- -  
The organisms were grown a t  the  

::: Yeast s t r a ins  were  obtained f r o m  Dr .  Hershe l  Roman of the University 
of 'Tiashington. 
gene t icd ly  non-flocculating s i s t e r  clones.  

The diploid (260-1) and haploid (27s-IS) s t r a ins  are 
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T' -.le ph:.-siczl ciose dzlivered to the crltui-es :;:as neaszred b, meacs  

cÎ  a chemical  dosirxete:- (j,. 2)  ntillzing tIie f e r r cus - f e r r i c  sys5e-m in tes t  
t zbes  identiczl  to those used in obtainin2 Zro?.-:th-time c y - v e r .  
pyre:; tubes do  not efficientll- t rznsmi t  light a t  the -.-:ave 1eng;h required 
t o  m e z s u r e  the f e r r i c  ion, a l iquots  r e r e  t ransfer red  into 1 c r n  quartz  
cavet tes  z t  the end of ezch eq2ci-iment, 2nd the relative amomts of f e r r i c  
ions formed *,;.:ei-e rneascred directl-y at 325  nj:. on a Secckman s?ec t ro -  
2hotometzr .  

Since 

The cuanrity of f e r r e u s  ions oxidized to the fe r r ic  state 
ziid c o x a c t e d  fa:- cx icrer .ces  1 .  ..* in ioi:ic ;yield is taken a s  a E e a s - r e  of the 
- ._ -.C 
* .  SI. -ical  doses  deli*,-e:-eeC 5;: ;::e isotopes.  

respsctivel;:, :;'ere u s e d .  

Ionic yields foi- the f e r r o u s -  
fz:-:-ic dcsirneter  of 11.  : a:id 15, 4 ioi:s/lOc ev f G r  t r i t ium m d  FU-. 07 

- 7  

The beta particles from ZJ- :;-ere chosen zs a stzndard source  in 
these compara t ive  s tudies ,  a rb i t r a r i l l -  giving thep- the biological effective- 
n e s s  of unity. 
biolo$cal effectiveness z r e  2s fol10c.s. 
the biolozical r e sponse  (-Tl) is 2-oport ional  to the energy zvailable from 

Tlie relations:l$2s xsed to der ive a value f o r  the r s la t ive  
F o r  radiations f r o m  isorope #1 

t h e  isotope (nc. -. ;li t imes  the fraction of enei-2;;- absorbed by tke cul ture  

(f ) t i r l e s  t he  bioloZicZ1 effect of the beta pzl-ticies (j3Z)1- 7. inis can be 1 
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esp res sed  z s  

- R, = k ( B Z ) l  : p n c .  q 
2nd s imi l a r ly  f o r  isotope # 2  

R, = k(BE)2  f , (mc .Z) , -  L. i - 
Since coincident growth curves  \:.ere chosen, R1 = R2,  a d  the rEtio of the 
two biological effects is equal to  the r a t io  of the total  energies  absorbed 
b:.~ the media in tubes containing the TIYO isotopes.  

f , ( 1nc E) , 

Likewise the physicaldose (D ) is descr ibed as the energ;: a v a k h l e  1 
from t:ie isotope (mc.  E), t imes  the fraction of energy absorbed by the - 
eqcivalent cul ture  volup-e (f ) t i m e s  the efficiency with which the energy 
is used to oxidize f e r r o u s  to  f e r r i c  ions (G1). 
f o r  isotopes #1 and #2. 

1 
This is expressed as fo l lo~vs  

A combination of the biological and physical relztionships under 
similar conditions r e su l t s  in i! ra t io  of the biolcgical effects which is 
equal to  the r a t io  of the  f e r r i c  ions formed t i m e s  the ionic yield. 

Thus the ra t io  of the ene rg ie s  delivered by  the two isotopes,  a t  
concentrat i ins  thzt  cause  similar growth inhibition, becomes equal t o  
the relat ive biological effectivess.  

I. 0 c b 2 5 3 
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I' lgure  1 i l lusrrates  typical esper imental ly  determined grovt!i- 

t ime curves s h o r i n g  tlie groxT;th inhibition esliibited by the cul tures  in 
3 2  various concentrations of t r i t ium and P 

cul tures  a r e  piotted a s  a function of t ime.  
value of the exTerimenta1 findings. 
compared to P 
:lie diploid and haploid s t r a i n s  of 5.- sei-ex-isiae -;;ere used ES the rest  
o rgan i sms .  
one tes t .  

. Optical densit ies of tlie 
The points indicate :he average  

J'alues fo r  t?ie EBZ of t r i t ium as 
32  were found to  be 2 . 0  nitli -- L. casei ,  and I. E and 2 .  3 c-lien 

The values f o r  yeast  a r e  tentative, being derived f r o m  onl>- 

DISCUSSION 

Growth r e sponses  in  L. case i  and - S. cerevis iae  were s imi l a r  -- 
except that g r e a t e r  doses  r e r e  needed to produce equivalent depressions 
of grov;th in  yeast .  RBE values \:'ere found to be relat ively consIant f o r  
var ious doses  in the range  of E to 45 tliousznd rads  f o r  L. casei  and 20 -- 
to  1 C C  thousand r a d s  f o r  yeast .  

The ZBZ value of 2 .  C f o r  the effect of tr ir ium beta par t ic les  on 
-- case i  is sorne7::hat g r e a t e r  than the 1. : previously reported by L. 
Getzendaner,  Fuj ihara ,  and Kornberg (3). This difference s t e m s  
p r imar i ly  f r o m  the difference in  method of evaluating the dose delivered. 
Previous ly  th i s  V J ~ S  done by  using small cuvettes f o r  the chemical 
dos ime t ry  and then mathematical ly  cor rec t ing  ( 7 )  f o r  the difference in 
geometry  betv;een the cuvettes a d  the t e s t  rubes used  f o r  the cul tures .  
The dose derived in  th i s  way f o r  is lower  than the dose obtaiiied by 
making tlie dose  mezsu remen t  in  a tube identical with that used in the 
biological tes t .  
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,4SSXY OF Fe” -AXD IX BIOLOGIC-AL S-ALIPLES 

J. H. Rediske, PL. F. Pa lmer ,  and J.  F. Cline 

5 5  A metnod f o r  determining quantities of Fe and Fe5’ in a 
mis tu re  was devised, employing the formation of the i ron 
thiocyanate comples a n d  i t s  extraction by an iso-amyl  
alcohol and di-ethyl e the r  mixture.  The activity of each 
isotope is determined by comparing the counts wirh and 
without an abso rbe r  in a v.iindowless coucter.  

Of the radioactive isotopes of iron, Fe5’ is perhaps  the most 
commonly used in t r a c e r  experiments  because of i t s  e a s e  of detection. 
However, cer ta in  inherent charac te r i s t ics  of Fe , especially the longer 
half-life and sof ter  radiation, have a definite advantage over  F e  
biological. work. Because of the  sof ter  radiation, methods for detection 

of FeS5 in  the pas t  have involved ei ther  the relatively inefficient p rocess  
of x - r ay  detection by a thin window G-ILl tube (1) o r  the tedious electro-  
deposition of an infinitely thin sample  ( 2 ) .  

5 5  
59 in 

In addition to the u s e  of these isotopes individually, it  is often 
des i rab le  to  introduce both Fe5’ and Fe5’ as a dual t r a c e r  in an 
experiment  and determine the aclivity of each  independently. nlerhods 

previously used (1, 2 )  f o r  the simultaneous a s s a y  of these  two isotopes 
have not proven prac t ica l  fo r  the par t icu lar  experiments  being conducted 
a t  th i s  laboratory.  

ILl E T HOD 

The stock solutions of Fe5’ and Fejg used were  standard Oak 
Ridge catalogue i t ems ,  checked f o r  radiochemical  purity by decay 
analysis .  
s tock solutions in the same proport ions but to different f i n d  concen- 
t ra t ions.  

Two samples  were prepared  by  mixing aliquots f rom the two 

Port ions of these samples  w e r e  mixed with d r y  plant mat te r ,  
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digested,  according t o  the procedure of P ipe r  ( 3 ) ,  and diluted to a knon.:I 
volume. 
The mis tu re  \vas then extracted with di-ethyl e ther  and iso-amyl  alcohol. 
-1. portion of the organic phase wa.s plated and dried. 
first counted direct ly  on a windowless counter to obtain the total F e  
Fe 
abso rbe r  (Reed Laborator ies ,  Inc. ,  Akron, Ohio) to obtain the F e  

To 1 ml of this  digest  \‘;ere added f e r r i c  ion and thiocyanate. 

The residue was 
5 5  - 

7 5 9  count and then counted through a 0.  6 3  mg/cm-  rubber  hydrochloride 
count 59 

RESULTS XXD DISCUSSION 

The counts recorded through the  abso rbe r  were  due principally 
to  the Fe”. 
the abso rbe r  used allowed 66 f 2 p e r  cent o f t h e  countable radiation f rom 
the  FeJ9 to  be counted. Only 1.5 p e r  cent of the count from Fej5 was 
recorded  through the absorber .  
determined as folloivs: 

F r o m  counts made  on each isotope, it was determined that 

The activity of each isotope w a s  

Lf the  total  observed counts/minute with no abso rbe r  are  

T = c / m  Fe5’ + c / m  Fej5, and 

if  the  observed counts/minute through the abso rbe r  a r e  

A = 0 . 6 6  c /m Fej9 + 0.015 c / m  Fej5, then 
55 - O.66T-A , and 

0.645 c / m F e  - 
59 - A-O.015T 

0.645 c / m F e  - 
Based on the average  of s e v e r a l  determinations,  one sample gave an  
FeS5/Fe5’ ra t io  of 0.69 and the other  sample,  which w a s  at a higher 
concentration but the same rat io ,  gave the same value. 
well with the calculated value of 0.70. 

These  compare  
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To fur ther  tes t  t h e  validit>- of :his meihoc, szmple 2 \:'as ailocted 
to decay f o r  15 days and the ratio again determined. 
increased  to an average value of 0 .  88. 
value of 0 .  87 derived f r o m  calculating the effect of 15 days' decay of Fe". 

The ra t io  had now 
This compares  well with the 

The procedure a s  outlined has  given sat isfactory r e su l t s  rn many ' 

analyses  of mix tures  of these isotopes. -4s applied to  a mis tu re ,  o r  to  
each  isotope independently, the method is m o r e  rapid and sensit ive than 
the previous time-consuming electroplating method o r  the u s e  of 

complicated auxiliary equipment to sepa ra t e  the two isotopes.  
f u r t h e r  advantage that analyses  for  radioactive i ron  may b e  ca r r i ed  out on 
the same solutions used f o r  the thiocyanate co lor imet r ic  analysis  of totzl  
i ron  (4). 

It has  the 

P 

-4 m o r e  detailed descr ipt ion of this  method has  been published 
e l sewhere  (5) .  
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IIELECTROS ST-4IXISG" ZEACTIOXS O F  COLL-4GEK 

R. Borzsky and B. blastel 

The "electron stains" urznyl acetate  and plutonium ni t ra te  c.ere 
removed f r o m  collagen fibrils by t rea tment  with a chelating agent 

The purpose of this  paper  ;is to summar ize  pre l iminary  findings 
on the behavior of plutonium ni t ra te  as an electron s ta in  f o r  collagen 
f ibr i l s  and to determine whether des tdn ing  can be  effected by chelating 
agents.  

hIETHODS 

Collagen fibril dispers ions were prepared  f r o m  air dried purified - 

cowhide cor ium cubes by comminution in a blender.  
zllowed to r eac t  wit11 uranium by mixing 9.  0 ml of the d ispers ion  with 1. 0 

The collagen \';as 

ml of 0.1 p e r  cent uranyl ace ta te  aqueous solution. Other  samples  of 
collagen were allowed to r eac t  with plutonium by mixing 1. 0 ml of the  
dispers ion with 1.0 ml of buffered (pH 3. 5)  plutonium(1V and VI) ni t ra te  
solution, containing about 7 5  pg of plutonium. 
uranium and plutonium could be removed f r o m  the stained collagen f ib r i l s  
by a chelating agent,  ' the  f ib r i l s  w e r e  dialyzed against 0 .  5 p e r  cent disodium 
ethylenediamenetetraacetate dihydrate (NaZEDTA4) solution, followed by  
dialysis  against  distilled wa te r  to  remove  excess  chelating agent. 
s a l t s  were removed f r o m  the plutonium-treated dispers ions by dialysis  
against  distilled water .  
f i e l d s  photographed in the e lec t ron  microscope  a t  magnifications of 
6300X and 10, GOOX. 

To de termine  whether 

Buffer  

Samples  were  examined and representa t ive  
. 
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RESULT' A S D  DISCUSSIGS 

The electronoscopic images of collagen fibrils  have  lo^ electron 

F igu res  2 and 3 sliov~ collagen f ibr i l s  "stained" with uranyl 
sca t te r ing  power and consequently \-cry poor contrast .  This  is i l lustrated 
in  F igure  1. 
ace ta te  and plutonium nirrate,  respectively.  
enhanced by the incorporation of the high e lec t ron  sca t te r ing  power elements  
but also the  "s ta int t  c lar i f ies  the s t r ia ted s t ruc tu res  of the f ibr i l s .  
650 A periodicity of the uranium stained fibrils is normal  for  mammal ian  
collagen (1, 2 ) .  

Xot only is the contrast  

The 

The plutonium-stained collagen f ibr i ls  a r e  sIightly swollen because 
of the acid staining solution despite the p re sence  of buffer. 
demonstrated by the 600 S period spacings in plutonium-stained collagen, 
Figure 3 .  

This  is 

Attempts to  destain "electron-stained" collagen by  vzashlng in  
wa te r  o r  dilute acids  were unsuccessful.  
destaining effect  of Na2EDTA on uranium and plutonium-stained collagen, 
respectively.  
This indicates that  the high e lec t ron  sca t t e r ing  elements ,  uranium 2nd 
plutonium, are removed f r o m  the collagen f ibr i l s  by  the c h e l a t i ~ g  agent. 

F i g u r e s  4 and 5 i l lus t ra te  the 

Contrast  is poor  2nd the re  are  no c lear ly  defined s t r ia t ions.  

These  observat ions i l lus t ra te  that  plutonium is 2n "electron" 
stain fo r  collagen a d  can b e  removed by the chelating agent Na2ZDT-A. 
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F i g u r e  1 

Cowhide Collagen F i b r i l s .  
NOIC re la t ive ly  p o o r  c o n t r a s t .  

3 8 .  600 x 

-179 - 

F i g u r e  2 

Cowhide Col lagen  F i b r i l s .  38.600 x 
Stain. u r a n y l  a c e t a t e .  
Note 650 A p e r i o d  and  5 i n t r a - p e r i o d  s t r i a t i o n s .  

J Q C b 2 b 3  

HW-35917 

F i g u r e  4 

Cowhide Col lagen  F i b r i l s .  38.600 X 
Stain.  u r a n y l  a c e t a t e ;  des ta ined  witb NaZEDTA.  
Note a b s e n c e  of p e r i o d  and  i n t r a - p e r i o d  bands  
and poor Contras t .  

F i g u r e  3 

C o r h r d e  Col lagen  F i b r i l s .  
S ta in .  plutonium n i t r a t e .  
Note 600 A p e r i o d  and i n t r a - p e r i o d  b a n d s .  

3 8 .  600  X 

F i g u r e  5 

Cowhide Col lagen  F i b r i l s .  38.600 X 
Sta in .  p lu tonium n i t r a t e :  des ta ined  with NaZEDTA.  
Note a b s e n c e  of p e r i o d  s t r i a t i o n s  and poor c o n t r a s t .  
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EXTEKSIBLE ARE-4 SPECIMEN HOLDER F O R  
RCA - EMG &IICROSCOPES 

Rubin Borasky 

A specimen holder w a s  developed to increase  the surveyable 
a r e a  of 2n electron micro3cope specimen grid f r o m  about 
0 . 3  m m  to about 3 .0  mm . 

The maximum a r e a  of an electron microscope specimen grid 
that may be surveyed in an electron microscope is approximately 3 . 0  
mm . \\/%en mounted in a conventional specimen holder and examined 
i n  a n  RCA-EMU microsocope equipped with a regular  specimen stage, 

2 -  

the area is res t r ic ted  to the central  0. 25 - 0.30 mm 2 of the grid. 

The extensible area specimen holder described elimihates the 
necessi ty  for  handling specimen grids once mounted in  the holder, and 
pe rmi t s  the examination of the ent i re  area of the grid.  

Basically the holder consists of two movable washers  through 
which the cylindrical specimen holder passes .  
of the washers  which move the specimen holder into the desired alignment. 
Figures l A ,  lB, 1C and 2 i l lust rate  the component pa r t s .  
i l lus t ra tes  how a specimen mounted out of range in a conventional holder 
is repositioned with the extensible area specimen holder.  

Screws adjust the position 

Figure 3 

This holder itas been very  useful in the examination of thin t i s sue  
sect ions,  rep l icas  of metal surfaces ,  and g r ids  where the specimens of 
in te res t  were distributed along the edges of the  s c r e e n  r a the r  than in the 
center.  
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Figure 2 

'IONAL V I E W S  OF T H E  E X T E N S I B L E  A R E A  SPEC 
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IMEN HOLDER.  
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Figure 3 A 

Specimen gr id  mounted in cunvencional specimen holder. 
center of grid v i th  desired area (s l ippled)  out of range. 

Beam in 

Figure 3 B 

Specimen gr id  mounted in e n e n s i b l c  area  spec imen  ho lder .  
so that desired area t ransec t s  the electron beam. 

The screen  i s  posrtioned 
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