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PRCGRESS REPORT I N  POSTATTACK ECOLCGY 

S. I. Auerbach 

INTRODUCTION 

This r e p o r t  summarizes progress  i n  r e s e a r c h  on p o s t a t t a c k  ecology 

being c a r r i e d  out  by Oak Ridge Nat iona l  Laboratory f o r  t h e  Off ice  of 

C i v i l  Defense i n  cooperat ion wi th  t h e  Atomic Energy Commission. Post-  

a t t a c k  ecology i s  concerned wi th  t h e  i n t e r i m  and long-term environmental  

consequences of a nuc lear  a t t a c k .  The program a t  ORNL i s  p a r t i c u l a r l y  

concerned wi th  t h e  e f f e c t s  of f a l l o u t  and r e s i d u a l  r a d i a t i o n  on i n s e c t s ,  

roden t s  and n a t i v e  and crop p l a n t s .  

A r t i f i c i a l  f a l l o u t  p a r t i c l e s  conta in ing  beta r a y  o r  beta-gamma 

ray  emi t t ing  i so topes  a r e  being used ex tens ive ly  i n  t h e  ORNL program. 

These p a r t i c l e s  a r e  produced at a s p e c i a l  f a c i l i t y  at Camp Parks, 

Ca l i fo rn ia  which i s  operated by Stanford  Research I n s t i t u t e  f o r  t h e  

Off ice  of C i v i l  Defense. A t  ORNL emphasis i s  being placed on t h e  use  

of 'OS, tagged p a r t i c l e s  f o r  t h e  s tudy of b e t a  r a d i a t i o n  e f f e c t s  on 

p l a n t s  and animals under l abora to ry -con t ro l l ed  or f i e ld - s imula t ed  con- 

d i t i o n s .  Cesium-17 tagged p a r t i c l e s  a r e  being u t i l i z e d  i n  a f i e l d  
2 f a c i l i t y  i n  which 4 p l o t s  each 1000 f t  

approximately 2-2 C i  of l Y C s  on s i l i c a  sand p a r t i c l e s  (88-177 p )  
a r e  be ing  contaminated wi th  

which i n  t u r n  w i l l  be  spread over t h e  p l o t s  a t  a load of 25 grams per  

square  f o o t .  

I n  t h i s  r epor t  r e sea rch  progress  i n  f o u r  p r o j e c t s  i s  r epor t ed :  

t h e  e f f e c t s  of e x t e r n a l  b e t a  r a d i a t i o n  on h ighe r  p l an t s ,  ( 2 )  uptake 

exc re t ion  of 134Cs from f a l l o u t  simulant by rodents  ( co t ton  rats) ,  

e f f e c t s  of b e t a  and gamma r a d i a t i o n  on S i n e l l a  c u r v i s e t a  ( i n s e c t s ) ,  

(4 )  honey bee i r r a d i a t i o n  s t u d i e s .  



EFFECTS OF EXTERNAL BETA RADIATION ON HIGHER PLANTS 

John P. Witherspoon and Fred G .  Taylor, Jr. 

The major r a d i o l o g i c a l  hazards  from f a l l o u t  depos i ted  on n a t u r a l  

or a g r i c u l t u r a l  ecosystems a r e  e x t e r n a l  gamma and b e t a  r a d i a t i o n  and 

i n t e r n a l  b e t a  r a d i a t i o n  from a s s i m i l a t i o n  of r ad ionuc l ides .  In  t h e  case  

of p l an t s ,  t he  hazard of s u r f a c e  con tac t  w i th  b e t a  emi t t i ng  f a l l o u t  par-  

t i c l e s  and t h e  hazard of b e t a - f i e l d  r a d i a t i o n  where p l a n t  h a b i t a t s  a r e  

covered w i t h  f a l l o u t  p a r t i c l e s ,  has  not been determined. Our knowledge 

of t h e  b i o l o g i c a l  e f f e c t s  of e x t e r n a l  g a m a  r a d i a t i o n  on p l a n t s  i s  much 

more complete. However, t h e  formula t ion  of r e a l i s t i c  damage assessment 

p red ic t ions  r e q u i r e s  information on responses  of bo th  n a t i v e  and a g r i -  

c u l t u r a l  p l a n t  spec ie s  t o  b e t a  r a d i a t i o n .  I n  f a l l o u t  geometr ies  where 

b e t a  t o  gamma r a t i o s  ( r a d  t o  roentgen r a t i o s )  a r e  between 30 and 100, 

t h e  b i o l o g i c a l  hazards  of b e t a  r a d i a t i o n  probably exceed those  of  gamma 

r a d i a t i o n .  

For t h e  p a s t  s e v e r a l  years  r a d i a t i o n  botany s t u d i e s  a t  ORNL have 

been o r i e n t e d  toward determining t h e  r a d i o s e n s i t i v i t i e s  of important 

n a t i v e  p l a n t  spec ie s  t o  fast  neutron and gamma r a d i a t i o n .  Moreover, some 

of  t h e  eco log ica l  f a c t o r s  t h a t  modify r a d i o s e n s i t i v i t y  of h igher  p l a n t s  

have been i n v e s t i g a t e d .  Tnis experience i s  now being brought t o  s t u d i e s  

on t h e  b i o l o g i c a l  e f f e c t s  of e x t e r n a l  beta r a d i a t i o n  on bo th  n a t i v e  t r e e  

spec ie s  and a g r i c u l t u r a l  p l a n t s .  

This work was i n i t i a t e d  las t  win te r  and t h e  ob jec t ives  of t h e s e  

s t u d i e s  a r e  (1) t o  determine r a d i o s e n s i t i v i t i e s  of  important n a t i v e  and 

a g r i c u l t u r a l  p l an t  spec ie s  t o  b e t a  r a d i a t i o n ,  and (2 )  t o  provide improved 

es t imates  of t h e  eco log ica l  e f f e c t s  of p o s t a t t a c k  r a d i o a c t i v e  f a l l o u t  by 

a s ses s ing  t h e  r a d i o l o g i c a l  hazards  of con tac t  and b e t a  b a t h  exposures t o  

p l a n t s  . 
Our work t o  d a t e  has u t i l i z e d  a f a l l o u t  s imulant ,  prepared by 

Stanford  Research I n s t i t u t e  (Lane 1968a), c o n s i s t i n g  of 44 t o  88 )1 diameter  

a l b i t e  p a r t i c l e s  (F ig .  1) which con ta in  approximately 5 nCi 'OS, per 

p a r t i c l e  (9.1 mCi/g). The s imulant  has  been used both  f o r  d i r e c t  a p p l i -  

c a t i o n  t o  p l a n t s  and i n  t h e  p repa ra t ion  of p lane  and c y l i n d r i c a l  sources  

f o r  exposure of s e l e c t e d  p l an t  p a r t s .  

. .  

* 
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Fig. 1. Photomicrograph of a lb i t e  p a r t i c l e s  used as a f a l l o u t  
s imulant .  These p a r t i c l e s  range from 44 t o  88 u i n  diameter.  
range would be found commonly between 100 and 200 mi les  downwind from 
nuc lea r  weapon de tona t ions  of  t h e  magnitudes o f  t hose  f i r e d  i n  t h e  1955 
Teapot S e r i e s .  

This s i z e  

Dosimetric ana lyses  have involved b o t h  cons ide ra t ion  of  models 

u s ing  d i s i n t e g r a t i o n  r a t e  m u l t i p l i e r s  (Brown 1965) and measurement of 

absorbed dose t o  t i ssue-equiva len t  volumes by s c i n t i l l a t i o n  ex t r apo la t ion  

dosimetry of p a r t i c l e s  ( F i s h  -- e t  al .  1966). 

Contact Dose Experiments 

D i rec t  a p p l i c a t i o n  of  a lb i te  p a r t i c l e s  t o  p l a n t  s t r u c t u r e s  was 

achieved by p a i n t i n g  p l a n t  su r f aces  wi th  p a r t i c l e s  which were coa ted  wi th  

g lyce ro l .  Figure 2 i l l u s t r a t e s  t h e  technique used t o  apply t h e  s imulant  

t o  buds of whi te  p ine  t r e e s .  

t o  t h e  t issues  of  i n t e r e s t  and prevented contamination of  o t h e r  p l an t  

p a r t s  or work areas. Control  p l a n t s  rece ived  a g l y c e r o l  t rea tment  without  

The g l y c e r o l  insured  r e t e n t i o n  of p a r t i c l e s  
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Fig. 2. Appl ica t ion  of f a l l o u t  s imulant  t o  t e r m i n a l  bud c l u s t e r  
o f  a whi te  p ine  t r e e .  
Metal  cup se rves  bo th  t o  hold  needles  away from buds during a p p l i c a t i o n  
and f u r n i s h  s h i e l d i n g  f o r  hands. 

P a r t i c l e s  are  pa in t ed  on i n  a g l y c e r o l  medium. 

t h e  f a l l o u t  s imulant .  These experiments were conducted i n  environmental  

growth chambers t o  minimize loss  of p a r t i c l e s  by wind and r a i n ,  thereby  

in su r ing  a cons tan t  dose ra te  t o  t h e  t i s s u e s  of i n t e r e s t .  I n  a f i e l d  

s i t u a t i o n  dose rate t o  p l a n t s  would v a r y  due t o  f i s s i o n  product decay 

and v a r i a b l e  r e t e n t i o n  r a t e s  of p a r t i c l e s  by p l a n t s .  

o f  t h e s e  experiments were t o  determine re la t ive  r a d i o s e n s i t i v i t i e s  and t o  

e s t a b l i s h  t h e  types  o f  b i o l o g i c a l  e f f e c t s  produced by e x t e r n a l  beta 

r ad ia t ion ,  it was d e s i r a b l e  t o  c o n t r o l  dos imet r ic  variables t h a t  would 

S ince  t h e  o b j e c t i v e s  

be in t roduced  i n  f i e l d  s t u d i e s .  

Table 1 summarizes t h e  resu l t s  of p a r t i c l e  a p p l i c a t i o n  t o  three 

spec ie s  of p l a n t s .  I n  a l l  cases  p l a n t  p a r t s  which rece ived  c o n t a c t  

exposures were k i l l e d  while o the r  p l a n t  organs survived w i t h  vary ing  

degrees  of b i o l o g i c a l  damage depending upon d i s t a n c e  from t h e  contaminated 



\ -  

Table 1. E f f e c t s  of  b e t a  r a d i a t i o n  from a l b i t e  p a r t i c l e s  containing 90Sr-90y. 

P l an t  spec ie s  
and age 

White pine 

( Pinus s t robus )  

2 years old 

Cocklebur 

(Xanthiam 
pensy lvanicum) 

4 days old 

Bean 

(Phaseolus v u l g a r i s )  

Treatment 

p C i  app l i ca t ion  s i t e  
~~ 

4 -23 apic  a 1  bud 

11 I t  

II I t  

2.5-5.6 a p i c a l  meristem 

1.2-1.8 I t  

2.5-2.9 flower buds 

I t  I t  

Affected 
Port  ion of P lan t  

a p i c a l  bud 

a p i c a l  needles 

non-contaminated 
vege ta t ive  buds 

whole p l an t  

s t e m  and f o l i a g e  

flowers 

f r u i t  from non- 
contaminated 
f lowers  

Dose 
*a te  range 
(rads/hr)  

54 -3 10" 

92 -3OOb 

0.07 -0.20b 

34-76" 

16 -2 5" 

34-40" 

0.3 -0. bb 

B io log ica l  e f f e c t  

100% l e t h a l i t y - b r i t t l e  

brown, d r y  "beta  burn 

12-47% reduct ion i n  
height  growth 

100% l e t h a l i t y  of p l an t s  

20-73% reduct ion i n  height  
growth, reduct ion i n  numbei 
and s i z e  of  leaves 

wil ted,  dry, s t e r i l e  

50% reduct ion i n  s i z e  
and 30% reduct ion i n  
number of seed per' pod 

Contact dose a t  100 p t i s s u e  depth. a 

bBeta b a t h  dose a t  100 p t i s s u e  depth. 
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area of t h e  p l a n t .  

i l l u s t r a t e  a g rad ien t  of b i o l o g i c a l  e f f e c t s  ranging from m o r t a l i t y  of 

buds r ece iv ing  a con tac t  dose t o  growth reduct ion  of shoots  growing i n  

r e l a t i v e l y  low-level  b e t a  b a t h  exposures. The appearance o f  a r i n g  of 

dead needles  around t h e s e  buds a t  f i v e  days (F ig .  3) w a s  unexpected. 

This browning of f o l i a g e  appeared much e a r l i e r  i n  t h e  c a s e  of t h e s e  

"beta burns"  than  comparable f o l i a r  damage r e s u l t i n g  from exposure t o  

gamma r a d i a t i o n .  Had t h e s e  p a r t i c l e s  covered t h e  e n t i r e  p l an t ,  t h e  

e f f e c t  would have been a ve ry  r a p i d  m o r t a l i t y  of t h e  e n t i r e  p l an t .  

p l e t e  browning and dehydrat ion of f o l i a g e  would g r e a t l y  i n c r e a s e  t r e e  

s u s c e p t i b i l i t y  t o  f i r e .  

The r e s u l t s  obtained wi th  two-year-old whi te  p ines  

Com- 

Fig. 3. White p ine  f ive days fol lowing a p p l i c a t i o n  of  f a l l o u t  
Note r i n g  of "burned" needle  bases around simulant t o  terminal buds. 

contaminated bud. 
p l an t  

Contact dose t o  buds i s  about 200 rads /h r  i n  this 
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I 

Figure 4 shows a p ine  15 days fol lowing a p p l i c a t i o n  of  p a r t i c l e s  

t o  t e rmina l  bud c l u s t e r s .  

a d d i t i o n  t o  m o r t a l i t y  of contaminated buds (topmost and upper l e f t  bud 

c l u s t e r s )  new shoot growth from o t h e r  buds increased  from t o p  t o  bottom 

of p l a n t  o r  wi th  i n c r e a s i n g  d i s t a n c e  from contaminated buds. Beta b a t h  

exposures of t h e s e  noncontaminated po r t ions  ranged from 0.07 t o  0.20 

rads /hr  and growth was reduced from 12 t o  47% of t h a t  o f  c o n t r o l s  i n  

30 days. These growth i n h i b i t i o n s  i l l u s t r a t e  t h e  r e l a t i v e l y  high r ad io -  

s e n s i t i v i t y  of wh i t e  p ine .  S imi la r  he igh t  growth i n h i b i t i o n s  i n  cocklebur  

(Table  1) were observed i n  p l a n t s  r ece iv ing  16 t o  25 rads /hr  fo r  15 
days 

Here t h e  needle  %urn” has  progressed.  In  

Fig. 4. m i t e  p ine  15 days fol lowing a p p l i c a t i o n  of  f a l l o u t  
s imulant  t o  topmost buds and bud c l u s t e r  on branch a t  upper l e f t .  
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Figure 5 d e p i c t s  cocklebur  p l a n t s  at 27 days fol lowing appl ic  

of t h e  f a l l o u t  s imulant  t o  a p i c a l  meristems of  4-day-old p l a n t s .  TI 

p l a n t  on the l e f t  i s  a c o n t r o l  and t h e  o the r s ,  from l e f t  t o  r i g h t ,  2 

ce ived  16, 25 and 34 rads /hr  t o  t h e  a p i c a l  meristem region .  There 1- 

been no growth exh ib i t ed  by t h e  p l a n t  on t h e  r i g h t  and t h e  t e rmina l  

shoot  p o r t i o n  i s  dead. S t i l l  a t t ached  a r e  t h e  two cotyledons ( seed  

l eaves )  which are burned a t  t h e  base and w i l l  subsequent ly  f a l l  o f f .  

Fa l lou t  s imulant  app l i ed  d i r e c t l y  t o  bean f lower buds (Table 

prevented development of f r u i t  and a f f e c t e d  growth of f r u i t  from ne: 
uncontaminated f lowers .  Contact doses of t h e  o rde r  of 30 t o  40 rad: 

PHOT( 

Fig. 5. Cocklebur p l a n t s  27 days fol lowing a p p l i c a t i o n  of f a l l o u t  
s imulant  t o  a p i c a l  meristems of p l a n t s  i n  t h e  cotyledon s t age .  P l an t  on 
r i g h t  f a i l e d  t o  grow and basal p o r t i o n  of t h e  two cotyledons were seve re ly  
burned (dose rate about 34 r ads /h r ) .  
c r e a s e  i n  he igh t  and produced drawf, abe r ran t  leaves (dose r a t e  about 
25 r ads /h r ) .  P l an t  t h i r d  from r i g h t  increased  i n  he igh t  and produced 
abe r ran t  f o l i a g e  and f a s c i a t i o n  of shoots  (dose ra te  about  16 rads /h r ) .  
P l an t  on l e f t  i s  a c o n t r o l .  

P l an t  second from r i g h t  d i d  not  i n -  



9 

. 

f o r  one week s t e r i l i z e d  p l a n t s  while  f r u i t  which developed i n  a b e t a  

b a t h  of  approximately 100 times l e s s  dose were reduced i n  s i z e  and number 

of seed per  pod. An a d d i t i o n a l  hazard of f a l l o u t  was suggested by t h e  

presence of t r a n s l o c a t e d  90Sr-90Y i n  t h e  bean which developed from 

f lowers  t h a t  were not d i r e c t l y  contaminated. Even through rad ios t ront ium 

i s  a r e l a t i v e l y  nonmobile element i n  p l a n t s  and t h e  a l b i t e  p a r t i c l e  

a c t i v i t y  had a s o l u b i l i t y  o f  only 4% i n  pH 1.0 water, t h e  g l y c e r o l  

leached p a r t i c l e s  t o  t h e  ex ten t  t h a t  from 0.06 t o  0.1% of the  t a g  t r a n s -  

l oca t ed  t o  o the r  p l a n t  p a r t s .  Bean f r u i t  i n  t h i s  experiment contained 

from 0.4 t o  5.0 nCi 9oSr/g. Trans loca t ion  of even a small f r a c t i o n  of  a 

percent  of f a l l o u t  a c t i v i t y  may r ep resen t  a hazard i n  t h e  case  of ed ib l e  

f r u i t s  or vegetab les .  

The r e s u l t s  of a s tudy  on t h e  e f f e c t s  of a p p l i c a t i o n  of t h e  simu- 

l a n t  t o  a p i c a l  meristems of  cottonwood t r e e s  a r e  given i n  Table 2. The 

e a r l y  response of w i l t i n g  of leaves  near  t h e  poin t  of app l i ca t ion ,  f o l -  

lowed by a loss  of t h e s e  leaves,  sugges ts  t h a t  f o l i a g e  l o s s  from p l a n t s  

covered by f a l l o u t  may b e  p r o m p t w i t h i n  one t o  two w e e k s L f  dose r a t e s  

a r e  h igh  enough t o  produce t h i s  r ap id  w i l t i n g  and drying. The r e s u l t s  

of such a f o l i a g e  l o s s  would be r a p i d  t r a n s f e r  of  t h e  f a l l o u t  t o  the  s o i l .  

A rap id ,  ex tens ive  f o l i a g e  loss  may be  more de t r imen ta l  t o  t h e  p l an t ,  

depending upon when i t  occurred, than  t h e  b e t a  r a d i a t i o n  e f f e c t s  on 

growth. 

Rates and q u a n t i t i e s  of 'OS, t r a n s l o c a t i n g  from tagged meris tematic  

reg ions  t o  o ther  p l an t  p a r t s  were determined i n  cottonwood t r e e s  a t  i n t e r -  

v a l s  up t o  42 days. 

t a g  wi th  t h e  leaves  r e c e i v i n g  0.35; stem 0 . 1  and r o o t s  0.05%. Figure 6 
i s  a cottonwood l e a f  autoradiogram t h a t  shows 9oSr-90Y which has t r a n s -  

l oca t ed  i n t o  ve ins  and s e c r e t o r y  glands a t  t h e  l e a f  margin. The f i v e  

l a r g e  dark  spo t s  r ep resen t  p a r t i c l e s  on t h e  s u r f a c e  of t h e  l e a f .  

Maximum q u a n t i t i e s  r ep resen ted  about 0.5% of t h e  

Beta-Bath Experiments 

Addi t iona l  experiments designed t o  a s s e s s  t h e  hazard of b e t a - f i e l d  

r a d i a t i o n  geometries have been conducted. Cy l ind r i ca l  sources  have been 

used t o  determine th re sho lds  of b e t a  dose necessary  t o  produce c e r t a i n  



Table 2. Effects  of Beta Radiation on Populus Deltoides (Eastern Cottonwood) 

Affected port ion 
of plant  

Dose ratea 
range rads/hr 

Biological  Effect  Time 
Days 

Application 

pC i 

uppermost p a i r  of 
leaves 

29.4-287 * Wilting 3 2.18-21.36 

region of o r ig ina l  
apex 

Stem burn preceding 
observable death 

10 

a p i c a l  meristem 18.8-287 Vis ib l e  le thal i ty-burned 
(No elongat ion a f t e r  s i x  days) 

21 

shoot height 1.98 50% growth reduct ion 42 

f o l i a g e  ? Aberrant leaves 13 2.01-2 1.36 

Complete or p a r t i a l  s u r v i v a l  
u n t i l  harvested (Growth i n h i b i t i o n  
not measured but  >50%) 

14 -42 I. 147 -2.18 1.98-29 -4 a p i c a l  meristem 

a 
Contact dose a t  100 p t i s s u e  depth. 

. 
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F ig.  6. Autoradiogram (24 h r  exposure) of cottonwood leaf showing 
e x t e r n a l  p a r t i c l e  contamination ( l a r g e  dark  spo t s )  and t r a n s l o c a t e d  9OSr 
i n  ve ins  and leaf margin. 

b i o l o g i c a l  endpoints.  These sources  are placed over s e l e c t e d  p l a n t  

p a r t s  then  removed a t  i n t e r v a l s ,  thus  t o t a l  dose t o  p l a n t  p a r t s  can be 

c o n t r o l l e d .  These sources  were cons t ruc t ed  by p a i n t i n g  g l y c e r o l  coa ted  

p a r t i c l e s  on f i l t e r  paper which i s  then  r o l l e d  i n t o  a cy l inde r  and taped 

shu t .  

ranges from 6.9 t o  12.7 p C i / c m  

These cy l inde r s  are 1.5 cm diameter  by 4 cm long and a c t i v i t y  
2 

of  i n t e r n a l  s u r f a c e  area. 
Est imates  of beta dose t o  t i s s u e s  w i t h i n  cy l inde r s  were c a l c u l a t e d  

from models fu rn i shed  by Lane (1968b) where the  beta energy f l u x  dens i ty ,  

0, i n  MeV/sec pe r  cm , w i t h i n  a c y l i n d e r  i s  es t imated  by 3 

Bo Ep 6, = - r 
2 

where Bo is t he  a c t i v i t y  i n  dps/cm of surface area ,  E 
b e t a  energy and r i s  t h e  i n s i d e  r ad ius  o f  t h e  cy l inde r .  

i s  t h e  average B 
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If t h i s  energy f l u x  d e n s i t y  i n s i d e  t h e  c y l i n d e r  i s  assumed t o  be  

absorbed by p l an t  t i s s u e  of  volume v and mass m, then  t h e  i n i t i a l  dose 

r a t e  t o  t h e  t i s s u e  i n s i d e  t h e  cy l inde r  i s  es t imated by 

Do = 5.77 x O1 v rads /hr  - 
m 

Est imates  of dose de l ive red  t o  p l an t  p a r t s  ou t s ide  of t h e  cy l inder ,  

bu t  i n  t h e  same plane as p l a n t  p a r t s  i n s i d e  t h e  c y l i n d e r  i s  est imated by 

-1 
r t a n  ( i /r  ) 

r '  t a n  ( A / r )  
-1 

where R i s  t h e  cy l inde r  he igh t ;  r, t h e  i n s i d e  r ad ius  of  t h e  cy l inde r  and 

r , t h e  d i s t a n c e  from t h e  c e n t e r  of t h e  cy l inde r  t o  t h e  p l an t  p a r t  out-  

s i d e  t h e  cy l inde r .  So lu t ion  of  t h i s  equat ion g ives  a r a t i o  which i s  app l i ed  

t o  t h e  computed i n s i d e  dose for es t imates  of dose a t  d e s i r e d  d i s t ances  

ou t s ide  t h e  cy l inde r .  

Beta b a t h  exposure experiments have been conducted wi th  whi te  pine,  

a r a d i o s e n s i t i v e  spec ies ,  and r ed  oak, a r e l a t i v e l y  r a d i o r e s i s t a n t  spec ie s .  

Current ly ,  experiments on tomato p l a n t s  and cottonwood t r e e s  a r e  i n  

progress  . 
Figure 7 shows one o f  t hese  c y l i n d r i c a l  sources  on a t e rmina l  bud 

of a two-year-old white  pine.  

exposure) were found t o  prevent  growth of shoot buds exposed i n s i d e  the  

cy l inde r s .  Buds ou t s ide  t h e  source rece ived  about 30 t o  40% of t h e  

i n s i d e  dose. Figure 8 i l l u s t r a t e s  a t y p i c a l  g rad ien t  of b i o l o g i c a l  

e f f e c t s  ranging from m o r t a l i t y  of a bud (338 r ads )  t o  r a t h e r  severe  

growth e f f e c t s  on buds ou t s ide  t h e  source where t h e  dose was est imated 

t o  be 122 r ads .  Twenty-four hour exposures i n  which buds i n s i d e  sources  

rece ived  600 rads  or more stopped growth and k i l l e d  a p i c a l  meristems 

Beta  b a t h  doses above 338 rads  (12 h r  

(F ig .  9). 
I n  r e d  oak t r e e s  t o t a l  doses exceeding 1500 r ads  (de l ive red  i n  

1 t o  3 days) were s u f f i c i e n t  t o  k i l l  a p i c a l  buds (F ig .  10).  Growth of 

shoots  was seve re ly  impaired a t  doses i n  t h e  range of 500 t o  750 r ads .  

Estimated be ta-ba th  doses t o  bo th  p ines  and oaks have produced 

t h r e e  b i o l o g i c a l  e f f e c t s  a t  about one-fourth t h e  dose r equ i r ed  i n  t h e  



Fig. 7a. Applicat ion of c y l i n d r i c a l  'OS ,  beta source t o  t e rmina l  
bud of whi te  pine.  

Fig. 7b. C y l i n d r i c a l  b e t a  source on t e rmina l  shoot bud of a white  
p ine  t ree .  
which i s  30 t o  40% of t h a t  r ece ived  by t h e  bud i n  t h e  cy l inde r .  

Lateral buds o u t s i d e  of c y l i n d e r  r e c e i v e  a beta r a d i a t i o n  dose 
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Fig. 8. Buds of white  p ine  1 week fo l lowing  a 12 h r  exposure of 
90Sr b e t a  r a d i a t i o n .  
338 r ads  has f a i l e d  t o  grow. 
cu rva tu re  and i n h i b i t i o n  of needle  e longat ion  on t h e  s i d e  which faced 
t h e  source (122 rads). 

C y l i n d r i c a l  source  was on c e n t e r  bud which a f t e r  
Surrounding l a t e r a l  shoot buds show growth 
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, 

# 

Fig. 9. White pines  14 days following 24 h r  exposure of buds 
on p l an t  at r i g h t  wi th  c y l i n d r i c a l  goSr b e t a  source.  
t op  of p l a n t  rece ived  622 rads  and surrounding buds on t o p  received 
from 210 t o  280 r ads .  All f a i l e d  t o  develop. 
duced good t e rmina l  growth. 

The c e n t e r  bud a t  

Control  on l e f t  has pro- 



Fig.  10. 
bud on p l a n t  at r i g h t .  
were produced fo l lowing  removal of source.  
t e r m i n a l  growth w i t h  no la te ra l  shoots .  

Red oaks 18 days fol lowing a 64 h r  c y l i n d r i c a l  source exposure of t e rmina l  
Terminal shoot i s  dead ( t o t a l  dose 1680 r a d s )  and la te ra l  shoots  

P lan t  on l e f t  i s  a c o n t r o l  showing a well-developed 
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c a s e  of gamma r a d i a t i o n .  However, be fo re  any f i n a l  ana lyses  a r e  made 

regard ing  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  of t h i s  b e t a  r a d i a t i o n ,  

we hope t o  have a TLD dosimetry system c a l i b r a t e d  f o r  use  wi th  t h e s e  

sources .  Many of t h e  models used t o  e s t ima te  b e t a  dose need t o  be t e s t e d  

a g a i n s t  phys i ca l  measurements of bo th  con tac t  and beta-bath geometr ies .  

Addi t iona l  experiments a r e  planned such t h a t  p l a n t s  having a 

wide range of chromosome volumes w i l l  b e  t e s t e d  f o r  b e t a  r a d i o s e n s i t i v i t y .  

If t h e  c o r r e l a t i o n  between chromosome s i z e  and r a d i o s e n s i t i v i t y  e x i s t s  

i n  t h e  case  of b e t a  r a d i a t i o n  (as i t  does f o r  fast  neutron and g a m a  

r a d i a t i o n ) ,  then we w i l l  b e  i n  a p o s i t i o n  t o  p r e d i c t  r a d i o s e n s i t i v i t i e s  

f o r  o the r  spec ies .  New es t imates  of beta r a d i a t i o n  dose from f a l l o u t ,  

such as those  by Wong (1967), can b e  used wi th  t h e s e  b e t a  r a d i o s e n s i t i v i -  

t i e s  p red ic t ions  t o  e s t a b l i s h  a more r e a l i s t i c  assessment o f  t h e  r ad io -  

l o g i c a l  hazard of  f a l l o u t  t o  p l a n t s  o f  n a t u r a l  and a g r i c u l t u r a l  land-  

scapes.  
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UPTAKE AND EXCRl3TION OF.134CS FROM FALLOUT SIMULANT 
AND VEGETATION BY COTTON RATS 

J. T. Ki tchings 111, P. B. Dunaway, J. D .  Story,  and L. E. Tucker 

ABS TRACT 

Cesium-134 tagged s imulants  wi th  vary ing  i n  v i t r o  nuc l ide  solu- 

b i l i t i e s  were analyzed wi th  r e s p e c t  t o  a b s o r b a b i l i t i e s  of t h e  134Cs by 

t h e  g a s t r o i n t e s t i n a l  t r a c t s  of c o t t o n  ra t s  (Sigmodon h i s p i d u s )  . 
body r e t e n t i o n s  and exc re to ry  p a t t e r n s  were used t o  d i s c e r n  v a r i a t i o n s  

i n  134Cs metabolism caused by s o l u b i l i t y  d i f f e r e n c e s .  

t h e  s imulant  p a r t i c l e s  through t h e  G I  t r a c t  were determined, because t h e  

p a r t i c l e s  c o n s t i t u t e  i n t e r n a l  po in t  sources  as long as they  a r e  p re sen t .  

Whole- 

T r a n s i t  t imes of 

A mass-loading gavaging technique  was developed t o  i n s e r t  t h e  

s imulant  i n t o  t h e  stomachs o f  t h e  ra ts .  Three d i f f e r e n t  s imulants  were 

used, w i th  i n j e c t e d  dose and i n  v i t r o  s o l u b i l i t i e s  as fo l lows:  

0.197 p C i ,  60.6%; (2)  0 .201 p C i ,  17.6%; (3) 0.209 pCi, 4.3%. 
f e c a l ,  and u r i n e  samples were counted every 18 and 24 h r  f o r  66 h r  and 

then  every 24 h r  u n t i l  158 h r  p o s t i n j e c t i o n .  

showed a r a p i d  i n c r e a s e  i n  r a d i o a c t i v i t y  u n t i l  t h e  42nd h r  postadmini- 

s t r a t i o n .  Complete passage of t h e  p a r t i c u l a t e  m a t t e r  was assumed t o  

have occurred by t h e  66 th  hr. 
a c t i v i t y  remaining after 66 h r s  gave x - i n t e r c e p t s  of  68.7%, 16.8%, and 

8.2%. 
f o r  t h e  r e s p e c t i v e  t h r e e  groups of  experimental  animals were: (1) 

0.76%/hr, 3.79 days; ( 2 )  1.16%/hr, 2.50 days ; (3) 1.46$/hr, 1.98 days.  

The second experimental  phase w a s  t o  e s t a b l i s h  uptake r a t e s  and 

equ i l ib r ium l e v e l s  for 134Cs i n  lab-born and wild t rapped  c o t t o n  ra ts  

under chronic  i n g e s t i o n  condi t ions  and t o  determine r e t e n t i o n  curves f o r  

l p C s  fo l lowing  te rmina t ion  of  t h e  chronic  inges t ion .  

(1) 
Whole body, 

Analysis of f e c a l  material 

Regression ana lys i s ,  us ing  t h e  pe rcen t  

The e l imina t ion  c o e f f i c i e n t s  ($) and b i o l o g i c a l  h a l f - l i v e s  ( Tb) 

Le t tuce  tagged wi th  I3'Cs was g iven  d a i l y  i n  doses of 0.06 uCi 

t o  groups of laboratory-born and wild- t rapped c o t t o n  rats f o r  approxi-  

mately 30 days.  

i n t e r v a l s  over a 7 l 2 - h r  t ime span. Af t e r  712 hr., admin i s t r a t ion  of t h e  

i so tope  was stopped and measurements of  exc re t ion  of cesium were begun. 

S e r i a l  s a c r i f i c e s  were made dur ing  bo th  t h e  accumulation phase and 

Whole body and e x c r e t a  counts  were made at va r ious  

. 



exc re t ion  phase of t h e  equipment, and e i g h t  t i s s u e s  were analyzed f o r  
134Cs. Accumulation and l o s s  of 134Cs w a s  s lowest  i n  muscle. 

The 134Cs uptake curve f o r  bo th  groups appeared 

ponent curve.  The f irst  component occurred from about 

208. Uptake equat ions f o r  each group were as fo l lows:  

0.5614 
0 5354 

wild t rapped:  = 0.772'7 - X 

Lab born: - Y = 0.7746 io'2 - x 
The second compartment began a t  about t h e  208th h r  and 

0.3448 wild t rapped:  = 0.4039 - X 

l a b  born: - Y = 0.4327 . - X 0.3278 

t o  b e  a multicom- 

hour 16 t o  hour 

r an  t o  t h e  .544th h r :  

Af te r  t h e  544th h r  t h e  r a t e  i nc rease  was so s l i g h t  t h a t  i t  was considered 

t o  be zero.  

group means showed a s i g n i f i c a n t  d i f f e rence  by t h e  6 4 t h  hr ,  and a gradual  

i n c r e a s e  i n  t h e  divergence of t h e  two curves was apparent throughout t h e  

uptake phase. 

S tuden t s '  "T" t e s t  a n a l y s i s  of t h e  wild- t rapped vs  la%-born 

Retent ion curves,  using t h e  equi l ibr ium l e v e l  as 100% absorbed 

dose, broke down i n t o  two components. 

7 )  considered t o  be  r e p r e s e n t a t i v e  of systems such as t h e  l i v e r  and 

i n t e s t i n a l  t r a c t ,  gave r e t e n t i o n  equat ions and b i o l o g i c a l  h a l f - l i v e s  

The f i r s t  component (day 1 through 

-0*1332 T = 5.20 days 
' b  

lab born: - Y = 92.8 e 

-o*1116 x, T = 6 . 2 1  days 
b 

wild t rapped:  p 1 0 0 . 8  e 

The second component (days 8 through 35) i s  be l i eved  t o  be  i n d i c a t i v e  of 

t h e  longer  compartments, such as muscle, and i s  r ep resen ted  by: 

-0m0853 Lz, T = 8.12 days 
b lab born:  - Y = 61.7 e 

-0'0827 x, T = 8.38 days 
b 

wi ld  t rapped:  y =  79.0 e 

It appears t h a t  t h e  type  of inges t ion ,  acu te  ( s imulant )  vs  chronic  

(vege ta t ion ) ,  in f luenced  t h e  metabol ic  k i n e t i c s  of 134Cs i n  co t ton  rats 

under l abora to ry  cond i t ions .  Presumably, t h e  cesium T was s h o r t e r  i n  

animals r ece iv ing  a s i n g l e  dose of s imulant  because l e s s  cesium i s  

incorpora ted  i n  compartments wi th  slow uptake and long r e t e n t i o n  t imes.  

b 
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I N  TROD UCT I O N  

The problem of p r e d i c t i n g  consequences t o  f ree- ranging  mammal 

populat ions exposed t o  environmental  contamination by f a l l o u t  involves  

a v a r i e t y  of f a c t o r s .  

n a l  l e v e l  of r a d i a t i o n ,  bo th  gamma and b e t a ,  caused by t h e  f a l l o u t .  

However, t h e  i n g e s t i o n  and metabolism of  f i s s i o n  products  c a r r i e d  by 

f a l l o u t  p a r t i c l e s  and incorpora ted  i n  food should a l s o  be i n v e s t i g a t e d  

i n  order  t o  eva lua te  t h e  t o t a l  dose t o  which t h e  animal i s  exposed. 

I n i t i a l  cons ide ra t ion  must b e  g iven  t o  t h e  e x t e r -  

Radionuclides i n  f a l l o u t  d e b r i s  e n t e r  v e r t e b r a t e s  p r imar i ly  by 

i n g e s t i o n  and i n h a l a t i o n  of t h e  p a r t i c l e s  and by i n g e s t i o n  of foods 

contaminated wi th  nuc l ides  leached o r  weathered from t h e  p a r t i c l e s .  

Incorpora t ion  and accumulation of t h e s e  r ad ionuc l ides  by m a m m a l s  w i l l  

depend on i n g e s t i o n  r a t e  of t h e  nuc l ides ,  s o l u b i l i t y  of t h e  nuc l ides  

wi th in  t h e  G I  t r a c t ,  and phys io log ica l  importance of  t h e  nuc l ides .  

I n t e r n a l  r a d i a t i o n  doses t o  v e r t e b r a t e s  from f a l l o u t  thus  r e s u l t s  from 

two pathways of exposure. F i r s t ,  i nges t ed  r a d i o a c t i v e  p a r t i c l e s  essen-  

t i a l l y  a r e  po in t  sources  of i r r a d i a t i o n  whi le  i n  t h e  g a s t r o i n t e s t i n a l  

t r a c t .  Second, r ad ionuc l ides  leached from f a l l o u t  p a r t i c l e s  or from 

contaminated vege ta t ion  may be  incorpora ted  i n t o  t i s s u e s .  

Considerable  a t t e n t i o n  has been given t o  the  metabolism of l Y C s  

i n  s e v e r a l  animal spec ie s  p r imar i ly  because i t  i s  a major r ad ionuc l ide  

i n  f a l l o u t  d e b r i s .  The ha l f  l i f e  of 134Cs, 2 . 3  years,  i s  much s h o r t e r  

than  t h a t  of I T 7 C s ,  26.6 years ,  t hus  a f f o r d i n g  l e s s  hazard f o r  exper i -  

mentat ion.  S ince  no b i o l o g i c a l  d i sc r imina t ion  between t h e s e  two i so topes  

has  been demonstrated, 134Cs was chosen f o r  t h e s e  experiments.  

Knowledge of t h e  metabolic p a t t e r n s  of f i s s i o n  products  under 

l a b o r a t o r y  condi t ions  w i l l  enhance a b i l i t y  t o  i n t e r p r e t  and p r e d i c t  

consequences of f a l l o u t  contamination i n  n a t u r a l  e c o l o g i c a l  systems. 

Therefore, t h e  o b j e c t i v e  of t h i s  r e sea rch  was concerned w i t h  

e s t a b l i s h i n g  b a s e l i n e  va lues  f o r  '$Cs metabolism i n  a 

wi ld  spec ies ,  t he  c o t t o n  rat  (Sigmodon h i s p i d u s )  . 
a b s o r b a b i l i t y  of 134Cs from a s i n g l e  dose of s imulated f a l l o u t  and t r a n -  

s i t  t ime of t h e  s imulant  p a r t i c l e s  through t h e  G I  t r a c t ,  and (2 )  accumu- 

l a t i o n  and r e t e n t i o n  of l J 4 C s  dur ing  chronic  a d m i n i s t r a t i o n  of t h e  

We measured (1) 

. 
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i so tope .  Values 

des ign  of f u t u r e  

f i e l d  enc losures  

obta ined  from t h e s e  s t u d i e s  w i l l  be  usef'ul f o r  

f i e l d  s t u d i e s  wi th  c o t t o n  rats i n  lXCs-contaminated 

and i n  t h e  i n t e r p r e t a t i o n  of r e s u l t s  from t h e s e  s t u d i e s .  

I. General Methods 

The colony room where a l l  experimental  animals were housed 

was maintained a t  a temperature  of 21-22OC and a r e l a t i v e  

of 4045%. 
throughout bo th  experiments.  

humidity 

A photoperiod of 12 h r  l i g h t  and 12 h r  da rk  was maintained 

Experimental animals were housed i n  suspension cages, with 

houses and nes t ing  m a t e r i a l  removed i n  order  t o  prevent  self-contaminat ion 

by t h e  animals and t o  allow c o l l e c t i o n  of f e c a l  material and u r ine .  

Water and Purina lab chow were a v a i l a b l e  ad libitum throughout t h e  

dura t ion  of t h e  experiment. Co l l ec t ion  o f  e x c r e t a  was made p o s s i b l e  

by t h e  cons t ruc t ion  o f  a double l a y e r  of s c reen  mesh wi th  a p i ece  of 

b l o t t e r  paper between t h e  l a y e r s .  The mesh s i z e  of t h e  l aye r  c l o s e s t  

t o  t h e  f l o o r  of  t h e  cage was small enough t o  r e t a i n  f e c a l  m a t e r i a l  

dropped between count ing t imes,  and t h e  b l o t t e r  paper was used t o  c o l -  

l e c t  most of t h e  u r ine .  

A Packard Armac l i q u i d  s c i n t i l l a t i o n  d e t e c t o r  was used f o r  whole- 

body,feces,  and u r i n e  assays .  The phantom f o r  t h e  chronic  inges t ion  

experiment cons i s t ed  of a polyethylene b o t t l e  conta in ing  d i s t i l l e d  water  

t o  approximate t h e  average weight of t h e  experimental  animals.  A s i n g l e  

0.060-pc dose was p laced  i n  t h e  phantom and used t o  c a l c u l a t e  t h e  counter  

e f f i c i e n c y  on each count ing day. The count ing i n t e r v a l  w a s  1 min, and 

a l l  animals were counted from 8 a . m .  t o  11 a . m .  t o  i n s u r e  as much physio- 

l o g i c a l  un i formi ty  as poss ib l e .  

m e  percent  134,s remaining at any t ime 

s tudy  was der ived  by t h e  fol lowing formula: 

cpm animal T.- % remaining at T = 11 L 
n cpm s tandard  Tn 

( T  ) during t h e  simulant n 

0 cpm animal a t  T 

cpm s tandard  a t  To ' 

The c a l c u l a t i o n  f o r  microcuries  absorbed at T . f o r  t h e  absorp t ion  n 
phase of t h e  chi?onic i n g e s t i o n  experiment was: 
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dpm animal T 
n pc  absorbed a t  Tn = 

2.22 x lo6 
? 

6 where 2.22 x 10 i s  equal  t o  dpm f o r  1)1c of r a d i o a c t i v e  m a t e r i a l .  

Percent  of o r i g i n a l  microcur ies  remaining at T f o r  t h e  exc re t ion  n 
phase w a s  c a l c u l a t e d  by 

$, pci remaining = 
p C I  p resent  a t  Tn 

0 p C i  p resent  at T 

P r o b a b i l i t y  va lues  f o r  uptake and exc re t ion  were computed us ing  

t h e  s tandard  t - t e s t  a n a l y s i s  f o r  sample means. 

El iminat ion c o e f f i c i e n t s  (k) were c a l c u l a t e d  by l i n e a r  r eg res s ion  

a n a l y s i s  w i t h  a l l  Y va lues  transformed t o  n a t u r a l  logar i thmic  equ iva len t s .  

The b va lue  ( s lope )  obtained i s  t h e r e f o r e  i d e n t i c a l  t o  h ( p h y s i c a l  decay 

cons t an t )  i n  t h e  equat ion A = A e . -ht  

0.693 0 
B io log ica l  h a l f  l i v e s  ( 5 )  were c a l c u l a t e d  using T X b -  

= 
b 

11. Absorption of 134Cs from Fa l lou t  Simulants and Trans i t  Time of t h e  Sim- 

u l a n t  P a r t i c l e s  Through t h e  G a s t r o i n t e s t i n a l  Tract  of Sigmodon h i sp idus  

The a v a i l a b i l i t y  of rad ionucl ides  frum inges t ed  f a l l o u t  p a r t i c l e s  

t o  v e r t e b r a t e s  i s  determined mainly by (1) s o l u b i l i t y  r a t e s  of t h e  nuc l ides  

from t h e  p a r t i c u l a t e  ma t t e r  i n  t h e  G I  t r a c t s ,  (2)  t r a n s i t  time of t h e  

f a l l o u t  p a r t i c l e s  through t h e  G I  t r a c t ,  and ( 3 )  absorbabi l i t ies  of the 

nuc l ides  by t h e  G I  t r a c t s .  

Cesium-134 tagged s imulants  w i th  vary ing  i n  v i t r o  nuc l ide  so lu-  

b i l i t i e s  were analyzed w i t h  r e spec t  to 134Cs s o l u b i l i t i e s  i n  G I  t r a c t s  

and a b s o r b a b i l i t i e s  by G I  t r a c t s  of c o t t o n  r a t s  (Sigmodon h i s p i d u s ) .  

Determinations of whole body r e t e n t i o n  and excre tory  p a t t e r n s  were used 

t o  d i s c e r n  v a r i a t i o n s  i n  134Cs metabolism caused by s o l u b i l i t y  d i f f e r e n c e s .  

T rans i t  t imes of t h e  p a r t i c l e s  through G I  t r a c t s  were determined because 

t h e  p a r t i c l e s  c o n s t i t u t e  i n t e r n a l  po in t  sources  as long as they  a r e  p re sen t .  

Methods 

Three ba tches  of 134Cs-tagged sand were prepared by t h e  S tanford  

Research I n s t i t u t e  i n  coopera t ion  with t h e  United S t a t e s  Naval Defense 

Laboratory, San Francisco, Cal i fo rn ia ,  t o  -be  used as s imulants  f o r  



l o c a l i z e d  or  r e g i o n a l  f a l l o u t  d e b r i s .  A wide v a r i a t i o n  i n  s o l u b i l i t i e s  

among t h e  ba tches  was reques ted  t o  permit us t o  eva lua te  t h e  abso rp t ion  

of t h e  r ad ionuc l ide  from t h e  simulant and t h e  t r a n s i t  time o f  t h e  par-  

t i c l e s .  A t  t h e  same time, we could choose t h e  s imulant  which o f f e r e d  

e f f e c t i v e n e s s  i n  f i e l d  work and a f fo rded  a minimum exposure t o  personnel  

working i n  contaminated a r e a s .  The s o l u b i l i t y  of t h e  i s o t o p e  was 

determined by t h e  manufacturer, by measuring t h e  amount of i s o t o p e  

leached overnight  from 1 g of s imulant  i n  10 m l  of a s o l u t i o n  of  pH 1. 

Prope r t i e s  of t h e  s imulants  were as fo l lows:  

Batch 1: No r ehea t ing  af ter  abso rp t ion  of t h e  i so tope  

S p e c i f i c  a c t i v i t y :  1.31 pCi/g 

S o l u b i l i t y :  60.6% ' 

\ 

Batch 2: Reheated t o  900°C after absorp t ion  of t h e  i s o t o p e  

S p e c i f i c  a c t i v i t y :  1.34 pCi/g 

S o l u b i l i t y :  17.6% 
Batch 3: Reheated t o  1200°C af ter  absorp t ion  of t h e  

i s o t o p e  

S p e c i f i c  a c t i v i t y :  2 .09 pCi/g 

S o l u b i l i t y :  4.3% 

A l l  animals used i n  t h e  s tudy  were laboratory-born c o t t o n  ra ts  

(Sigmodon hlspldus) whose ages ranged from t h r e e  t o  four  months. 

Placement of t h e  s imulant  i n t o  t h e  stomachs presented  a unique 

problem s i n c e  convent iona l  gavaging methods would not  a l l o w  adminis t ra-  

t i o n  o f  t h e  l a r g e  amount of sand necessary  t o  achieve  t h e  d e s i r e d  dosage 

without  en te r ing  t h e  stomach s e v e r a l  t imes.  A method u t i l i z i n g  poly- 

e thylene  c a t h e r e r  tub ing  w a s  devised.  This t y p e  of tub ing  i s  very  

f l e x i b l e  and permits  easy passage through t h e  esophagus and i n t o  t h e  

stomach. A 16-cm l eng th  of  tub ing  ( i n s i d e  diameter  .086 em, ou t s ide  

diameter  ,127 em) was f i l l e d  wi th  t h e  d e s i r e d  amount of sand and plugged 

wi th  a t h i n  l aye r  of chemical-grade g e l a t i n  at the  bottom. Following 

loading of t h e  tube, t h e  sand was s a t u r a t e d  wi th  t a p  water .  A hydro- 

dermic sy r inge  and 16-gauge needle  were f i l l e d  w i t h  2 m l  o f  t a p  water  

and t h e  tube  conta in ing  t h e  sand was a t t ached .  Immediately be fo re  
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i n s e r t i o n  of t h e  tube  i n t o  t h e  an imal ' s  mouth t h e  g e l a t i n  plug was broken 

t o  a l low t h e  sand t o  flow f r e e l y  when p res su re  w a s  app l i ed .  The tube  

was then  worked i n t o  t h e  an imal ' s  stomach, and t h e  water conta ined  i n  

t h e  sy r inge  was used t o  f o r c e  t h e  sand i n t o  t h e  stomach i n  a s i n g l e  mass. 

P r i o r  t o  gavage, a l l  animals were anes the t i zed  wi th  an i n j e c t i o n  of 

pen toba rb i to l  sodium ( 4 . 5  m g / l O O  g body weight) t o  f a c i l i t a t e  handl ing.  

Eleven c o t t o n  ra ts  were d iv ided  i n t o  t h r e e  groups, each group 

corresponding t o  t h e  t h r e e  ba tches  o f  prepared s imulant .  The t h r e e  

animals (2 dd 1 9 )  i n  group I each r ece ived  0.197 uCi; t h e  f o u r  animals 

( 2  dd 2 q ? )  i n  group I1 each rece ived  0.201 PCi; and t h e  f o u r  ( 3  dd 1 ?) 

animals i n  group I11 each rece ived  0.209 P C i .  Whole body, f e c a l ,  and 

u r i n e  samples were counted every 18 and 24 h r  f o r  66 h r  and then  every 

24 h r  u n t i l  138 h r  had passed from t ime of t h e  i n i t i a l  i n j e c t i o n .  

Laboratory and caging cond i t ions  were t h e  same as desc r ibed  i n  

t h e  g e n e r a l  methods s e c t i o n  of t h i s  paper .  This arrangement proved 

h igh ly  s a t i s f a c t o r y  f o r  at t h e  te rmina t ion  of t h e  experiment 94% of t h e  

i n i t i a l  dose was accounted f o r .  

Resul t s  

There were no apparent  d i f f e rences  between males and females i n  

each group s o  they  were lumped toge the r  and t r e a t e d  as a s i n g l e  u n i t .  

Whole body r e t e n t i o n  and cumulative f e c e s  and u r i n e  exc re t ion  of 134Cs 

absorbed from t h e  s imulant  m a t e r i a l  a r e  shown i n  Table 3. Analysis of 

f e c a l  m a t e r i a l  showed a r a p i d  i n c r e a s e  i n  r a d i o a c t i v i t y  u n t i l  42 h r  

pos t admin i s t r a t ion .  Af t e r  66 h r s  t h e  r a d i o a c t i v i t y  l e v e l  reached a 

p la teau ,  a f t e r  which no i n c r e a s e  i n  134Cs was d e t e c t a b l e .  

t h i s  po in t  (66 h r )  t h a t  complete passage of t h e  p a r t i c u l a t e  ma t t e r  was 

assumed t o  have occurred.  Regression ana lys i s ,  us ing  t h e  percent  a c t i v i t y  

remaining a f t e r  66 h r  gave Y i n t e r c e p t s  of 68.7, 16.8, and 8.2% f o r  

groups I, 11, and 111, r e s p e c t i v e l y .  These f i g u r e s  c l o s e l y  approximate 

t h e  i n  v i t r o  s o l u b i l i t y  va lues  suppl ied  by t h e  manufacturer f o r  each 

b a t c h  of  s imulant  . 

It was at 

The % ' s  and T ' s  f o r  t h e  absorbed I J 4 C s  a r e  shown i n  Table 4. b 
Retent ion and exc re t ion  p a t t e r n s  f o r  t h e  vary ing  s o l u b i l i t i e s  a r e  shown 

i n  Fig. 11. 

. 
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Table 3. Whole Body Retent ion and Loss by Feces and Urine Expressed 

as Percentages of t h e  I n i t i a l  A c t i v i t y  

% A c t i v i t y  % A c t i v i t y  
HOWS Post-  Retention Lost by Urine Lost by Feces 

i n j e c t i o n  Whole Body (Cumulative Tota l )  (Cumulative Tota l )  

Group I 0 100 0 0 
(60.6% i n  v i t r o  18 85.4 7 *2 6.9 
leached, i n  j ec t e d  24 82.8 8.3 7.3 
dose 0.15 g, 42 54.8 16.0 26.3 
0.197 p c )  48 51.9 1-7 * 5 26.4 

66 41.8 25.1 30.7 
72 39.7 26.0 30 -7 
90 34 -7 31.1 31.7 
114 28.4 35.9 32.1 
138 24.3 39-2 32 * 3 

Group I1 0 100 0 0 
(17.6% i n  v i t r o  18 43.7 6 .1  46.9 
leached,  i n  j ec t ed 24 38.6 7.3 50.0 
dose, 0.15 g, 42 12.5 10.3 70.5 
0.201 y c )  48 10.9 10.9 70.9 

12.7 72.7 
12.9 72.7 

66 7.6 
72 7 -2 

6.1 14.2 72.7 90 
114 4.9 15.2 
138 3-2 15.9 72.7 

-- 

Group I11 0 100 0 0 
(4.34% i n  v i t r o  18 65.6 1.8 36.4 
leached,  i n j  ec t ed 24 55.4 2.1 40.5 
dose, 0.10 g, 42 14.3 2.8 78.9 
0.209 JE) 48 11.8 3-0 80.7 

66 3.3 3.5 89.0 
72 3.0 3.6 89.0 

89.8 90 

138 1.2 3.9 89.8 
-- 2.0 3.8 -- 114 1.4 
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Table 4. Bio log ica l  El imina t ion  Rates and Ha l f - l i ves  of 134Cs and 

Trans i t  Time o f  t h e  P a r t i c l e s  

rn T r a n s i t  T ime  
'I' "b b of Simulant 

($/hr) (hr) (days) (hr) 

Group I 0.76 91.3 3-79 66 

Group I1 1.16 60.0 2.50 66 

Group I11 1.46 47.5 1.98 66 

100 

> 8 40 
m 
W 1 

? 20 
3 

0 
100 

0 

0 20 40 60 80 100 120 140 
TIME POST ADMINISTRATION (hr)  

Fig. 11. Whole body and exc re t ion  p a t t e r n s  fol lowing acu te  
admin i s t r a t ion  of s imulated f a l l o u t  p a r t i c l e s .  
of i n i t i a l  dose adminis tered.  Groups I, 11, and I11 denote  experimental  
animals r ece iv ing  f a l l o u t  s imulant  wi th  manufac turer ' s  i n  v i t r o  134Cs 
s o l u b i l i t i e s  of 60.676, 17.676, and 4.3476, r e s p e c t i v e l y .  

'$ r e p r e s e n t s  percentage 
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Discussion 

Our f ind ings  i n d i c a t e  t h a t  measurements f o r  absorbed 134Cs and 

s e r i a l  s a c r i f i c e s  t o  eva lua te  t i s sue  d i s t r i b u t i o n  p a t t e r n s  could begin 

t h r e e  days a f t e r  i n t roduc t ion  of t h e  s imulant .  Our d a t a  suggest t h a t  

t h e  i n  v ivo  leaching  was g r e a t e r  than  t h e  i n  v i t r o  leaching  except i n  

Group I1 where it was about t h e  same. 

t h a t  more leaching  occurred i n  t h e  i n t e s t i n a l  t r a c t  of man than  i n  v i t r o .  

Hayes e t  a l .  (1963) used La c i t r a t e  as an  i n s o l u b l e  t r a c e r  on humans 

and measured t h e  a c t i v i t y  i n  t h e  f eces .  It i s  i n t e r e s t i n g  t o  note  t h a t  

h i s  curves  f o r  cumulative exc re t ion  a r e  q u i t e  similar t o  t h e  ones pre-  

sen ted  i n  t h i s  s tudy .  

LeRoy e t  a l .  (1963) a l s o  r epor t ed  

140 

There i s  a h i n t  of an inc reas ing  e l imina t ion  of  t h e  absorbed 134Cs 

wi th  a decrease  i n  s o l u b i l i t y ,  bu t  t h e  evidence i s  h igh ly  inconclus ive  

and a wider range of s o l u b i l i t y  g rad ien t  i s  needed t o  r e s o l v e  t h i s  

quest ion .  

The amount of  r a d i o a c t i v i t y  (Fig.  11) measured during t h e  t ime 

i n t e r v a l s  from hour 18 (8 a . m . )  t o  hour 24 (2  p.m.) and hour 42 t o  hour 

48 seem t o  i n d i c a t e  t h a t  t h e  animals might b e  i n  a pos tabsorp t ive  s t a t e .  

Very s m a l l  amounts of f e c a l  m a t e r i a l  were passed during t h i s  t ime and 

t h e  amount of  134Cs con t r ibu ted  t o  t h e  cumulative f e c a l  exc re t ion  was 

less  than  5% f o r  a l l  groups. 

111. Absorption and Retent ion of Chronica l ly  Ingested 

134Cs i n  Sigmodon h i sp idus  

Evaluat ion of  accumulation and r e t e n t i o n  o f  134Cs i n  co t ton  rats 

under f i e l d  condi t ions  r e q u i r e s  es tabl ishment  of  some b a s i c  parameters 

which can be used i n  subsequent a n a l y s i s  of the e f f e c t s  of environmental  

v a r i a b l e s  ( temperature ,  moisture,  popula t ion  s t r e s s ,  e t c .  ) on normal 

metabol ic  p a t t e r n s  of t h i s  i so tope .  

A f t e r  f a l l o u t  p a r t i c l e s  reach  t h e  s o i l  or  l i t t e r  l aye r ,  t he  

q u a n t i t y  of r a d i o a c t i v e  ma te r i a l s  i n  small mammals normally i s  t h e  

culminat ion of long-term uptake of t h e  nuc l ide  from contaminated foods.  

Thus, chronic  admin i s t r a t ion  of  an  i so tope  i s  more l i k e l y  t o  s imula te  

uptake under f i e l d  condi t ions  a few weeks a f t e r  f a l l o u t  c e s s a t i o n .  The 

fol lowing experiment was designed t o  (1) e s t a b l i s h  uptake rates and 



equi l ibr ium l e v e l s  of 134Cs i n  t h e  c o t t o n  rat under chronic  i n g e s t i o n  

condi t ions ,  and (2)  determine r e t e n t i o n  curves f o r  134Cs fo l lowing  te rmi-  

na t ion  of chronic  inges t ion .  

s imula te  v e g e t a t i v e  m a t e r i a l  contaminated by l e a c h a t e  con ta in ing  t h e  

r ad io i so tope .  

Cesium-134-tagged l e t t u c e  was used t o  

Groups of laboratory-born and wild- t rapped c o t t o n  rats were used 

i n  t h e  experiment t o  determine i f  s i g n i f i c a n t  v a r i a t i o n s  i n  absorp t ion  

o r  r e t e n t i o n  between t h e  groups was d i s c e r n i b l e .  If no l a r g e  v a r i a t i o n s  

occurred, i t  should b e  p o s s i b l e  t o  use lab-born animals t o  c o n t r o l  such 

v a r i a b l e s  as age, paras i t i sm,  d isease ,  . and i n t r a s p e c i f i c  s t r e s s e s  i n  

f . i e ld  s t u d i e s .  

Methods 

S i x  male and s i x  female co t ton  rats, wild- t rapped on t h e  Oak Ridge 

Nat iona l  Laboratory r e se rva t ion ,  were used f o r  whole-body counts  dur ing  

uptake and exc re t ion  phases, whi le  t h e  same number of male and female 

laboratory-born c o t t o n  ra ts  comprised another  s tudy  group. 

Cesium-134, i n  doses of 0.06 PCi was g iven  d a i l y  t o  each exper i -  

mental  animal f o r  30 days.  

p i ece  of l e t t u c e  and was then  evaporated us ing  a h e a t  lamp. After 

evapora t ion  of  t h e  so lu t ion ,  t h e  l e t t u c e  was f e d  t o  t h e  animals at 

4 p.m. each day. 

a h i g h l y  s a t i s f a c t o r y  means of inducing chronic  i n g e s t i o n  because t h e  

animals r e a d i l y  accepted t h e  contaminated l e t t u c e .  Analysis  of p o s s i b l e  

contaminat ion a reas  of t h e  animals (mouth-nasal region,  u r o g e n i t a l  

region,  and f r o n t  paws) revea led  no s i g n i f i c a n t  amounts of e x t e r n a l  

rad  i oac t i v  i t y . 

The 134Cs s o l u t i o n  was p i p e t t e d  on to  a 4-g 

This method of admin i s t r a t ion  of t h e  i s o t o p e  provided 

Whole body and e x c r e t a  counts  were made i n i t i a l l y  16 hr a f t e r  

t h e  f irst  feeding,  then every 24 h r  f o r  t h e  f i r s t  256 h r  and subsequent ly  

1 or 2 times a week u n t i l  an equi l ibr ium l e v e l  was a t t a i n e d .  Af t e r  712 

h r ,  feed ing  of the tagged l e t t u c e  was ceased, and measurements of t h e  

exc re t ion  of t h e  absorbed cesium were begun. Pe r iod ic  counts  were made 

u n t i l  t h e  l e v e l  of  r a d i o a c t i v i t y  reached low propor t ions .  

A group of 24 animals was used f o r  t i s s u e  a n a l y s i s .  These animals 

were t r e a t e d  i n  t h e  same manner as t h e  o t h e r  experimental  groups, and 
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t h e  whole body and exc re t a . coun t s  a t  t h e  t i m e  of s a c r i f i c e  were included 

i n  t h e  r e s p e c t i v e  experimental  groups.  

dur ing  bo th  t h e  accumulation phase and t h e  exc re t ion  phases of t h e  exper i -  

ment, and e i g h t  t i s s u e s  were analyzed f o r  134Cs. 
of  excess connect ive t i s s u e ,  washed, b l o t t e d  t o  remove excess water, and 

weighed. A l l  i n t e s t i n a l  conten ts  were cleaned out and d iscarded .  

Resul t s  

S e r i a l  s a c r i f i c e s  were made 

A l l  t i s s u e s  were s t r ipped  

The whole-body accumulation of 134Cs i n  t h e  wild-caught and l ab -  

born groups i s  shown i n  Fig.  12. No s i g n i f i c a n t  d i f f e r e n c e  was noted 

between t h e  males and females of  each group s o  they  were t r e a t e d  as a 

s i n g l e  group. The i n i t i a l  absorp t ion  was very  s imilar  i n  bo th  groups, 

bu t  as equilibrium l e v e l s  were approached t h e  divergence became h ighly  

s i g n i f i c a n t .  The uptake curve f o r  bo th  groups was a multicomponent curve 

when p l o t t e d  on log / log  paper.  The f i r s t  ( fas t )  component occurred from 

0.25 

0.20 

0.1 5 

0.1 0 

0.05 

0 

ORNL-DWG 68- 5601 

0 100 200 300 400 500 600 700 

TIME AFTER INITIAL 0.0600pCi ADMINISTRATION (hr) 

Fig. 12. Whole body uptake o f  134Cs dur ing  chronic  inges t ion  
of tagged l e t t u c e .  



t h e  16th  t o  about t h e  208th  h r .  

a r e  as fol lows:  

Regression equat ions f o r  each group 

wild t rapped:  = 0.772'7 * - 
- 0.5354 lab born : Y - = 0.7746 lom2 X - 

where equals  microcur ies  absorbed and 2 equals  t ime i n  hours a f te r  

t h e  i n i t i a l  admin i s t r a t ion .  The second major component began at t h e  

208th h r  and cont inued t o  t h e  544th h r :  

-2 0.3448 wild t rapped:  = 0.4039 10 - X 

Y = 0.432" - X 0.3278 
lab born: - 

After  t h e  544th h r  t h e  r a t e  i n c r e a s e  was s o  s l i g h t  t h a t  i t  was con- 

s i d e r e d  t o  b e  zero .  

ponent may b e  misleading.  It i s  h ighly  u n l i k e l y  t h a t  each component 

i s  d i s c r e t e l y  s e p a r a t e  from t h e  o t h e r .  It i s  more probable  t h a t  a 

smoother t r a n s i t i o n  between components would b e  made i f  smal le r  count ing 

i n t e r v a l s  were u t i l i z e d .  

The des igna t ion  of t h e  uptake curve as multicom- 

Table 5 g ives  means and s tandard  e r r o r s  f o r  whole-body accumu- 

l a t i o n  and exc re t a .  T - t e s t s  were run on t h e  whole body sample means 

of  t h e  two experimental  groups, and a s i g n i f i c a n t  d i f f e r e n c e  was noted 

on t h e  64 th  h r  a t  t h e  99.0% l e v e l  and a g radua l  i n c r e a s e  i n  t h e  d i v e r -  

gence of t h e  two curves occurred throughout t h e  remaining hours .  Sig-  

n i f i c a n c e  a t  t h e  99.5% l e v e l  was noted by 712 h r .  

Af t e r  t h e  712 th  h r  count, feed ing  of 134Cs-tagged l e t t u c e  was 

d iscont inued .  

r e t e n t i o n  curves ( F i g .  13) f o r  b o t h  groups was p l o t t e d .  

r e t e n t i o n  l e v e l s ,  Table 6, a r e  expressed as percentages of i n i t i a l  

Using t h e  equi l ibr ium l e v e l  as 100% absorbed dose, 

The r e s u l t i n g  

a c t i v i t y  remaining at any t ime T . ?"ne r e t e n t i o n  curves seem t o  be 

composed of two components. Component one, from day 1 t o  day 7, i s  

probably a r e f l e c t i o n  of '34Cs c l ea rance  from systems such as t h e  l i v e r  

and i n t e s t i n a l  t ract .  

a r e  as fol lows:  

n 

The r e t e n t i o n  equat ion and T, f o r  bo th  groups 

-0*1332 T = 5.20 days 
' b  

l a b  born:  

w i ld  t rapped:  =100.8 e -, % = 6 . 2 1  days 

Y - = 92.8 e 
-0.1116 x 

where equals  % remaining and X equals  t ime i n  days a f t e r  last  feeding.  
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Table 5. Uptake of ‘%s by lab-Born and WilbCaught Sigmdon hispidus under a Chronic Feeding Regimen. 

Ratio Urinary of : 

Fecal 
Group Whole Body Probabi l i ty  of Urine Feces 

Excreted Hours After (LabBorn o r  Weight Accumulation P Lab and ?I Wild Excreted 
I n i t i a l  Feeding Wild-Caught) (9 )  (wci) Being  Different ( w i )  (wci) 1J4CS 

16 

40 

64 

88 

112 

136 

160 

184 

208 

232 

256 

328 

376 

424 

544 

712 

Lab 

Wild 

Lab 

Wild 

Iab 

Wild 

Lab 

Wild 

Lab 

Wild 

Iab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 
Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

114.73 f 6.23 ( l 3 p  
110.38f 8.21 (13) 

111.81 f 8.24 (13) 
119.58 f 7.05 (13) 

104.15 f 11.01 (13) 
111.58 f 8.60 (13) 
117.96 f 6.23 (13) 

118.31 f 3.61 (13) 

113.69 f 6.13 (13) 
106.77 f 8.41 (13) 
116.21 f 6.26 (E) 

115.00 f 6.46 (E) 

108.62 f 8.06 (13) 

107.04 f 6.59 (13) 

105.79 f 7.95 (14) 

107.86 f 7.60 (14) 
116.75 f 7.97 (12) 
112.68 f 6.28 (14) 
116.50 f 6.40 (12) 

111.57 f 8.06 (14) 

116.50 f 6.24 (E) 
116.21 f 9.22 (14) 
115.46 f 6.74 (12) 

112.0 f 8.87 (12) 
118.83 f 6.11 (12) 

110.75 f 8.49 (E) 

119.54 f 6.69 (12) 

122.58 f 8.59 (12) 
116.17 f 6.79 (E) 
122.50 f 7.08 (11) 
116.46 f 7.45 (14) 

113.46 f 8.74 (12) 

.Q334 f .0008 (13) 

.0368 f .0015 (13) 

.0568 f ,0016 (13) 

.0609 f ,0016 (13) 

.0728 f .ooo4 (13) 

.07% f .0023 (13) 

.08$ f .0019 (13) 

.09w f ,0020 (13) 

.0996 f .0027 (13) 

.1109 f .0027 (13) 

.lo71 f ,0039 (13) 

. u30  f .0027 (13) 

.1172 f ,0040 (E) 

.1296 f .0037 (14) 

.1234 f ,0028 (12) 

.1442 f .0037 (14) 

.1337 f .0049 (12) 

.1568 f .0046 (14) 

.1360 f .004o (E) 

.1602 f .0037 (14) 

.1442 f .0049 (12) 

.1700 f .0037 (14) 

.1518 f ,0064 (E)  

.1624 f ,0068 (E)  

.1679 f .0065 (E) 

.19W f .0062 ( E )  

.17p  f .0057 (12) 

.1933 f .0068 (12) 

.la24 f .0092 (E) 

.2184 f .0085 (12) 

.le53 f , 0 0 9  (E) 

.2208 f ,0108 (14) 

0.1 < P 

0.1 < P 

0.01 < P 

0.005 < P 

0.01 < P 

.005 < P 

.005 < P 

.001 < P 

.005 < P 

0.001 < P 

0.001 < P 

0.005 < P 

0.005 < P 

0.005 < P 

0.005 < P 

0.005 < P 

.0241 f .0009 (13) 

.0210 f . oo i i  (13) 

.0316 f .ooog (E) 

.0332 f .0014 (12) 

.0404 f ,0010 (12) 

.0384 f ,0016 (12) 

,0444 f ,0014 (12) 

.Oh13 f .0018 (12) 

,0461 f .ooi5 (12) 
.Ob31 f ,0013 (12)  

.Oh95 f ,0013 (11) 

.0464 f . O O U  (11) 

,0509 f .0008 (11) 

.0475 f .0011 (11) 

.0524 f .OW9 (11) 

.Ob70 f .0015 (11) 

.0524 f ,0017 (11) 

.Ob95 f ,0014 (11) 

,0525 f .OW5 (11) 

.0546 f . o o u  (11) 
,0546 f .0022 (11) 

,0562 f .m i3  (11) 

.OW1 f .0013 (11) 

.0468 f .0018 (11) 

.1115 f .ooig (11) 

.io85 f .0021 (11) 

.11p f .0023 (10) 

.1122 f .0025 (11) 

.2684 f .OO$ (10) 

.2* f ,0063 (11) 

.3572 f ,0069 (10) 

.3542 f .0079 (11) 

.0030 f ,0004 (13) 

.0024 f ,0003 (13) 

.0047 f ,0007 (12) 

.0048 f ,0006 (12) 

. O O p  f ,0007 (12) 

.0055 f .0006 (12) 

.0047 f ,0006 (12) 
,0056 f ,0006 (1.2) 

.0069 f ,0007 (12) 

.0068 f ,0007 (12) 

.OOw f ,0008 (11) 

.0070 f ,0007 (11) 

.0065 f ,0010 (11) 

.0073 f .0008 (11) 

.0063 f .0007 (11) 

.0069 f .om9 (11) 

.0064 f .ooo8 (11) 
,0073 f ,0007 (11) 

.0064f ,0009 (11) 

.0081 5 ,0008 (11) 

.0062 f .om9 (11) 

.ooW f .0011 (11) 

.0073 f ,0008 (11) 

. 0 0 9  f .0011 (11) 

.0176 f .0016 (11) 

.0170 f .0018 (11) 

.0476 f .0042 ( io)  

.0467 f .ooy  (11) 

.0739 f .0069 (11) 

.Ol5l f ,0014 (11) 

.0154 f .0018 (10) 

.O728 f .0070 (10) 

8 . O : l  
8.8:i 
7.1:1 
6.6:1 
8.1:l 
7.0:1 
9.4:1 
7.4:l 
6.8:1 
6.2:1 

6.6:1 
7.8:1 
6.5:1 
8.3:1 
6 . 8 ~ 1  
8.2:1 
6.8:1 
8.2:1 
6.7:1 
8.8:1 

6.7:1 
5.2:1 

6.2:1 

6.6:1 
5.6:1 

9.9:l 

7.0:1 

7.4:1 

7.5:1 

5.5:l 
4.9:1 
4.8:l 

aValues a r e  5 f 1 s.E.; 
numbers i n  parentheses a re  sample numbers. 
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Table 6.  Excretion of 19Cs  i n  Lab-2orn and Wild-Caught Sigmodon hispidus Following a Chronic Feeding Regimen. 

I n i t i a l  Urinary: Rat io  of  

~ ~ ~ i ~ i ~ ~  H Lab and X Wild Excreted Excreted 
Group Whole Body Act ivi ty  Probabi l i ty  of Urine Feces 

Activity 
(uti) (%) Being Different  (pc i )  (vci) 

Days After (Lab-Born or 
Last Feeding Wild-Caught) 

12 

16 

2 1  

28 

35 

Lab' 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

Lab 

Wild 

122.50 f 7.08 (11)~ 

116.46 f 7.45 (14) 
122.73 f 7.09 (11) 

121.32 f 7.34 (14) 
126.86 f 7.06 (11) 

118.08 f 6.71 (12) 

127.82 f 7.27 (11) 

132.54 f 9.15 (14) 
128.91 f 7.12 (11) 
125.67 f 8.62 (12) 

128.36 f 6.86 (11) 
123.63 f 9.14 (E) 
135.90 f 6.77 (10) 
124.64 f 7.42 (11) 

134.75 f 6.55 ( io)  
124.68 f 7.27 (11) 

f38.89 f 7.55 (9) 
127.15 f 8.25 (10) 

142.56 f 7.54 (9) 
130.00 f 8.03 ( io)  
149.06 f 7.74 (8) 
137.78 f 8.18 (9) 

.1511 f .oogi (11) 

.1318 f .m88 (11) 

.087 f .0065 (11) 

. ~ 7 9  f .0065 (E) 

.1178 f .0063 (14) 

.0677 f .oo$ (11) 

.0997 f .0057 (12) 

.0630 f .0053 (11) 

.0944 f . a 4 6  (12) 

.0401 f .0033 (10) 

.1998 f .0073 (14) 

.1772 f .0068 (14) 

.0784 f .0062 (11) 

.0650 f .0034 (11) 

.0449 f .0027 (11) 

.0183 f .a320 (9) 

.0100 f .a12 (9) 

.0063 f .0008 (8) 

.0102 f .0010 (9) 

.0277 f .0025 (10) 

.02% f .0019 (10) 

,0167 f .0013 (10) 

81.5 
90.4 
71.1 

80.3 
47.0 

57.9 
42.3 

53.4 
36.5 
45.1 
34.0 
42.8 
21.6 

29.5 
14.9 
20.4 
9.9 

13.2 

5.4 
7.6 
3.3 
4.6 

P > .001 

P > .001 

P > .001 

P > ,001 

P > .001 

P > ,001 

P > .001 

P > .001 

P > .005 

P > .005 

P > .01 

.0282 f .0006 (11) 

.0302 f .om8 (14) 

.0208 f .0007 (11) 

.0235 f .0006 (14) 

.0397 f ,0018 (11) 

.0486 f .0020 (12) 

.009l f .0003 (11) 

.0113 f .0006 (14)  
,0081 f .OW5 (11) 

.0096 f .ooo4 (12) 

.0073 f .Om4 (11) 

.OOgO f .0005 (12) 

.0197 f .0008 (10) 

.02% f . O O E  (11) 

.0115 f .0009 (10) 

.0171 f .0009 (11) 

.0107 f .0008 (9) 
,0151 f .0008 ( io)  
.0089 -I .0007 (9) 
.0131 f .0010 (10) 

.0057 f .0006 (8) 

.0076 f .0006 (9) 

.0044 f .0005 (11) 

. O O w  f .COO5 (14) 

.0026 f .0004 (11) 

.0035 f .0003 (14) 

.0053 f .0008 (11) 

.0066 f .0006 (12) 

.0011 f .0002 (11) 

. m i 5  f .0002 (14) 

.0013 f .0002 (11) 

.om9 f .0002 (11) 

. O O E  f .0001 (12) 

.0033 f .0003 (11) 

.0029 f .ooo3 (11) 

.m14 f .0001 (12) 

.0027 f .0004 (10) 

.0018 f .0003 (10) 

.0017 f .0003 (9) 

.OOl9 f .0003 (10) 

.0017 f .0002 (9) 

.0018 f .0005 (10) 

.0009 f .0002 (8) 

.0012 f .0002 (9) 

6.4:1 
6.0:1 
8.0~1 
6.7:1 
7 . 5 : l  
7.4:1 
8.3:1 
7 . 5 : l  
6.2:1 

6.9:1 w 
8.1:1 w 
7.5:1 
7.3: l  
7.8:1 
6.6:l 

5.9:l 
6.3:1 

5.2:1 
7.9:1 

7.3: l  
6.3:1 
6.3: i  

aValues are X + 1 s.E.; 
numbers in  wrentheses  e re  sample numbers. 
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The second component (day 8 t o  day 35) i s  be l i eved  t o  b e  i n d i c a t i v e  of 

t h e  longer  compartments: 

l a b  born:  Y =  61.7 e z, 5 = 8.12 days 

wi ld  t rapped:  Y = 79-0  e -0.0827 X Tb = 8.38 days - 
J 

A s i g n i f i c a n t  d i f f e r e n c e  (Table  6) between sample means of t h e  two 

groups i s  evident  throughout t h e  35-day exc re t ion  per iod .  

During t h e  uptake phase t h e  q u a n t i t y  of radiocesium absorbed by 

t h e  gastrocnemius muscle was slow and d i d  not  reach  i t s  g r e a t e s t  concen- 

t r a t i o n  u n t i l  t h e  208th h r ,  i n  c o n t r a s t  t o  r a p i d  accumulation of 134Cs 

by t h e  l i v e r  and s m a l l  i n t e s t i n e  (Table  7 ) .  
of t h e  exc re t ion  phase (Table  8), t h e  percent  of t h e  t o t a l  body of 

134Cs decreased i n  a l l  t i s s u e s  except t h e  muscle, which remained above 

t h e  equi l ibr ium percentage (Table  7 ) .  
percentage of 134Cs was apparent  i n  a l l  t i s s u e s  except t h e  l i v e r  and 

sk in .  The i n c r e a s e  a t  t h i s  t ime was due t o  h ighe r  t i s s u e  percentages i n  

one of t he  experimental  animals t han  i n  t h e  o the r .  

t r a n s i e n t  i n c r e a s e  a c o n s i s t e n t  decrease  occurred u n t i l  day 35 when a l l  

sample t i s s u e s  contained l e s s  than  . O O O l p C i .  O f  a l l  t i s s u e s  sampled 

blood showed t h e  lowest l e v e l s  throughout b o t h  experimental  phases, 

which s u b s t a n t i a t e s  t h e  observa t ion  made by  Hood and Comar (1953) t h a t  

cesium was taken up aga ins t  a concent ra t ion  g rad ien t .  

For t h e  f i r s t  e i g h t  days 

On day 16 an i n c r e a s e  i n  t h e  

Following t h i s  

Discussion 

The s i g n i f i c a n t l y  d i f f e r e n t  l e v e l s  of  134Cs absorp t ion  between 

t h e  wild-caught and lab-born rats cannot b e  a t t r i b u t e d  t o  e i t h e r  sex 

o r  weight d i f f e r e n c e s .  Other au thors  (Whicker 1968, Mraz -- e t  a l .  1957, 
Hood and Comar 1953, Thomas and Thomas 1967) a l s o  r e p o r t  no d i f f e r e n c e  

i n  cesium metabolism between males and females .  Weight of t h e  animals 

d id  not s i g n i f i c a n t l y  d i f f e r  between t h e  lab-born and wild- t rapped 

groups and thus  cannot b e  considered as t h e  p r i n c i p a l  reason  f o r  t h e  

abso rp t ion  d i f f e r e n c e s .  

Whicker (1968) has  r epor t ed  a more r a p i d  e l imina t ion  f o r  

five-month-old mule dee r  as compared t o  a d u l t  animals but found no 

d i f f e r e n c e s  i n  t h e  r a t e s  of y e a r l i n g s  and a d u l t s .  

a l s o  found a h ighe r  exc re t ion  r a t e  i n  young rats than  i n  o l d e r  ones. 

Hood and C o w  (1953) 

. 
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Table 7 .  Di s t r ibu t ion  of Absorbed 134Cs i n  Sigmodon h i sp idus  During Chronic Inges t ion .  

Sample number i n  a l l  cases  i s  two (1 labora to ry  born, 1 wild t rapped) .  

Hours Af t e r  I n i t i a l  Adminis t ra t ion 
16 40 64 88 112 136 208 7 12 

Liver  $ t o t a l a  4.89 5.88 2.99 3.78 3.98 3.33 2.75 2 29 

Tissue 
pC i .0019 .0035 .0023 * 0039 .0047 .0034 .0045 .0034 

weigh$ 3.2983 5.7779 4.1152 4.2797 5.1553 3.1570 4-7199 3-7181 
p C  i .0002 .0004 .0003 .0006 .0008 .0006 .0008 .0006 

Heart $ t o t a l  0.51. 0.67 0.39 0.58 0.67 0.58 0.48 0: 39 
weight 0.4110 0.5268 0.4209 0.4192 0.4272 0.4219 0.4308 0.3335 
vC= . 0001 . 000 1 . 0001 .0005 .0005 .0004 .0005 .0002 

Blood $ t o t a l  0.25 0.16 0.13 0.48 0.42 0.39 0.30 0.17 
volume C 1 1 1 1 1 1 1 1 
p C  i .0007 .0009 .0011 .0022 .0019 .0013 .0019 .0016 

Stomach $ t o t a l  1.80 1.51 1.43 2.13 1 .61  1.27 1.16 1.09 
weight 0.8218 0.8230 0.8527 0.7619 0.7658 0.6220 0.7560 0.7091 

Small pC i .0018 .0020 .0019 .0024 .0041 .0020 ,0028 .0027 
w $ t o t a l  4.63 3.36 2.47 2.32 3.48 1.96 1.71 1.81 u1 i n t e s t i n e  

weight 1.7967 1.7474 1.4614 1.2476 1.7001 1.4839 1.2913 1.4254 
pC i .0005 .0008 .0009 . 0010 .0017 .OOQ .0011 . 00 11 

Caecum $ t o t a l  1.28 1.34 1.17 0.96 1.44 1.17 0.67 0.72 
weight 0.8007 1.3331 1.1445 0.9537 1.4639 0.8101 0.7443 0.8783 

Large pC i .0005 .0004 .0006 .0007 . 0010 .0008 .0009 .0007 

weight 0.5973 0.5207 0.6143 0.5002 0.5298 0.4302 0.4697 0.5195 
N i  .0003 .0006 .0008 .0015 .0019 .0015 .0022 .0021 

weight 0.9426 2.0757 0.7301 1.1052 1.0480 0.7392 0.8237 0.7754 
-0039 .0048 - 0057 .oogo .0109 .0087 .on1 . 0 108 

i n t e s t i n e  $ t o t a l  1.28 0.67 1.78 0.67 0.84 0.78 0.55 0.47 

Gastrocnemius $ t o t a l  0.78 1.00 1.04 1.45 1.61 1.47 1.34 1.40 

10.05 8.06 7.41 8.72 9.25 8.54 6.79 7 - 3 1  Skin 

Res idua l  pC i .0289 .0460 .0632 .0813 * 0903 .0819 - 1376 .1218 
Carcass $ t o t a l  74.48 77- 3 1  82.18 78.85 76.65 80.45 84.21 82.85 

a 
b w e t  weight ( i n  grams) 
c volume, 1 C . C .  

% t o t a l  of whole body a c t i v i t y  



Sample number i n  a l l  cases  i s  two (1 labora to ry  born, 1 wild t r apped) .  

D a y s  After Last  Adminis t ra t ion 
Tissue  1 2 5 8 16 28 35 

IJ. c1 eo033 .0024 .0016 .0014 .0005 .0002 T 
Liver  % t o t a l '  1.82 1.57 1.20 1.28 1.23 0.75 - 

we ightb  4.3861 5.0246 7.1335 5.6129 5.5958 4.3213 3.8594 
p C i  .0006 .0004 .0003 0 0002 .0003 Td T 

Heart % t o t a l  0.34 0.25 0.19 0.15 0.74 - - 
weight 0.3816 0.4261 0.5161 0.4178 0.3809 0.3073 0.3414 
pCi .0004 ,0003 . 0001 .0002 .0002 T T 

a 

Blood 4 t o t a l  0 .23 0.18 0.08 0.15 0.49 - 
vo lume 1 1 1 1 1 1 1 
u C i  0011 . 00 11 .0008 .0007 .0003 T T 

I 

Stomach $ t o t a l  0.74 0.74 0.58 0.59 0.74 - - 
weight 0.6871 0.~7421 1.1287 1.0907 0.6640 0.6729 0.7399 

weight 1.4239 1.6283 2.4565 1.7334 1.0682 1.4893 1.5184 

weight 0.9381 1.1368 1.2685 0.8799 0.8068 0.8996 1.2533 

weight 0.5441 0.5790 0.5461 0.5455 0.5343 0.4401 0.4476 

weight 0.8096 1.0364 0.8222 0.9131 0.6948 0.8409 0.8790 
pCi .0106 * 0079 .0066 ,0064 . 00 18 ,0009 .0009 

Residual  pC i .1561 * 1317 .1221 ' 0967 0357 ' 0093 ,006 3 

Small  pCi .0024 .0022 ,0013 . 0010 .0004 ,0002 T 
i n t e s t i n e  4 t o t a l  1.31 1.45 0.97 0.92 0.98 0.75 LN 

pCi . 00 13 .0007 .0005 .0004 .0003 T T 

Large pC i .0008 .0007 .0003 .0002 .0004 T T 
i n t e s t i n e  4 t o t a l  0.45 0.44 0.20 0.21 0.98 - - 

Muscle pC i .0036 ,0038 .0017 .0019 . 00 10 .0003 T 
(gastrocnemius)  t o t a l  1.98 2.49 1.25 1.75 2.43 163 - 

Skin 4 t o t a l  5.83 5.17 4.92 5.88 4.41 7.89 8.35 

- 
cn 

Caecum 4 t o t a l  0.70 0.46 0.37 0.38 0.74 - - 

ca rcas s  $ t o t a l  86.20 86.61 90.78 88.27 87 * 50 81.58 80.42 

a 
b w e t  weight ( i n  grams) 

d t r a c e  amount, <.OOO~ pc 

% t o t a l  of whole body a c t i v i t y  

volume, 1 C . C .  

s 
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Since  t h e  age of t h e  wild- t rapped co t ton  rats i s  unknown, i t  is  not  

p o s s i b l e  t o  draw any d e f i n i t e  conclusions about t h e  c o r r e l a t i o n  of age 

and l n C s  uptake from our d a t a .  However, t h e  exc re t ion  d a t a  i n d i c a t e s  

a s l i g h t l y  h igher  e l imina t ion  f o r  t h e  lab group, which was known t o  be  

6 t o  9 months o f  age. Some authors  have ind ica t ed  t h a t  potassium i n t a k e  

i n  t h e  d a i l y  d i e t  has an e f f e c t  on cesium e l imina t ion  (Mraz e t  al .  1957, 
Wasserman and Comar 1961), b u t  only i n  cases  where t h e  d i e t s  were 

potassium d e f i c i e n t  or contained very  small amounts of potassium; and 

Whicker (1968) i n d i c a t e s  t h a t  f o l i a g e  type  and amount of food i n t a k e  

has some bear ing  on e l imina t ion  of cesium. The amount and type  of food 

a v a i l a b l e  t o  both  groups of c o t t o n  rats was s tandard ized  and thus  any 

profound e f f e c t  cannot b e  a t t r i b u t e d  t o  food d i f f e r e n c e s .  

134Cs uptake i n  t h e  wild- t rapped and laboratory-born groups. 

muscle i s  t h e  c r i t i c a l  organ (Kereiakes e t  a l .  1961, Hood and Comar 1953, 
Bal lou  and Thompson 1958, Mraz and P a t r i c k  1957, Whicker 1968, Thomas 

and Thomas 1967)~ i t  may not  be  inappropr i a t e  t o  assume a d i f f e r e n c e  i n  

t h e  musculature of t h e  two groups.  

-- 

It appears t h a t  an inhe ren t  d i f f e rence  e x i s t s  i n  t h e  i n i t i a l  

Since t h e  

B io log ica l  h a l f - l i v e s  f o r  t h e  groups r ece iv ing  a s i n g l e  admini- 

s t r a t i o n  of s imulant  were s h o r t e r  than  t h e  second component h a l f - l i v e s  

f o r  t h e  groups c h r o n i c a l l y  inges t ing  contaminated l e t t u c e .  The la t ter ,  

i n  tu rn ,  were similar t o  t h e  8.1-day h a l f - l i f e  r epor t ed  by Baker e t  a l .  

(1968) f o r  t h e  same spec ie s  under s i m i l a r  l abo ra to ry  circumstances using 

a s i n g l e  i n t r a p e r i t o n e a l  i n j e c t i o n  and c a l c u l a t i n g  exc re t ion  r a t e s  on t h e  

b a s i s  of second-day a c t i v i t y  as 100% absorp t ion .  

-- 

It i s  our b e l i e f  t h a t  c a l c u l a t i o n s  of b i o l o g i c a l l y  important 

phenomenon when t h e  i so tope  i s  a t  an equi l ibr ium l e v e l  y i e l d  smoother 

e l imina t ion  curves than  curves obtained by a s i n g l e  o r a l  dose o r  i n t r a p e r i -  

t o n e a l  i n j e c t i o n .  The almost complete disappearance of t h e  e x t r a c e l l u l a r  

f r a c t i o n  of t h e  i so tope  e l imina tes  t h e  need f o r  s e l e c t i n g  some a r b i t r a r y  

t ime af ter  admin i s t r a t ion  and des igna t ing  i t  as 100% of t h e  absorbed dose. 

Although t h e r e  were s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  up- 

t a k e  and exc re t ion  between t h e  wild-caught and lab-born rats, t h e s e  d i f -  

fe rences  a r e  not l a r g e  enough t o  preclude use  of lab-born rats,  which 

can be provided as uniform groups r a i s e d  i n  t h e  same environment. 
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CONCLUSIONS 

The metabolism of cesium fo l lowing  contamination by widespread 

f a l l o u t  i n  t h e  environment must be  considered from t h r e e  a s p e c t s .  F i r s t ,  

absorp t ion  r a t e s  from t h e  two pathways o f  exposure, i n g e s t i o n  of f a l l o u t  

p a r t i c l e s  per  s e  and inges t ion  of contaminated foods, must b e  measured. 

The reason f o r  t h e  s h o r t e r  134Cs b i o l o g i c a l  h a l f - l i v e s  f o r  t h e  f a l l o u t  

s imulant  as compared w i t h  t h e  T f o r  t h e  chronic  exposure very  w e l l  may 

b e  due t o  t h e  low amounts of t h e  r ad io i so topes  a v a i l a b l e  f o r  absorp t ion  

by t h e  longer  compartments, i . e . ,  muscle. S ince  t h e  s h o r t  t ime i n t e r v a l  

(5.8 days) over which r e l i a b l e  measurements could b e  made f o r  t h e  simu- 

l a n t  co inc ides  wi th  t h e  t ime r equ i r ed  f o r  t h e  fast  component t o  c l e a r  

i n  t h e  chronic  study, t h e  \ and T 
b 

appropr i a t e  mainly f o r  s h o r t  compartment such as t h e  l i v e r  and i n t e s t i n e .  

I n  an a c t u a l  f a l l o u t  s i t u a t i o n  or i n  our f b t u r e  s t u d i e s  wi th  f a l l o u t  

simulant,  r a d i o a c t i v e  p a r t i c l e s  w i l l  b e  inges ted  c h r o n i c a l l y  and r a d i o -  

cesium from t h i s  source  w i l l  b u i l d  up t o  equi l ibr ium l e v e l s  along wi th  

t h e  cesium from contaminated food. 

b 

r epor t ed  f o r  t h e  s imulant  may be 

Secondly, i t  i s  necessary  t o  understand t h e  e f f e c t s  of t h e  i n t e r -  

a c t i o n  of t h e  pathways. We do not know, f o r  example, t h e  e f f e c t  of t h e  

p a r t i c u l a t e  ma t t e r  on t h e  abso rp t ion  and r e t e n t i o n  of 134Cs i nges t ed  

wi th  v e g e t a t i v e  m a t e r i a l  and v i c e  v e r s a .  The t h i r d  and most important 

aspec t ,  however, w i l l  b e  t h e  in f luence  o f  environmental  f a c t o r s  on the  

accumulation and e l imina t ion  l e v e l s  of cesium. F i e l d  s t u d i e s  a r e  now 

underway i n  an at tempt  t o  i d e n t i f y  t h e s e  f a c t o r s .  

S ince  many s m a l l  m a m m a l s  r e i n g e s t  p a r t  of t h e i r  f e c a l  m a t e r i a l  

( a  s p e c i a l  " s o f t  feces")  as i t  i s  expel led,  i t  i s  probable  t h a t  r e i n -  

g e s t i o n  of radiocesium v i a  t h i s  r o u t e  occurrs .  We do not  know t o  what 

degree our  rats p rac t i ced  coprophagy o r  i f  r a d i o a c t i v e  p a r t i c l e s ,  par-  

t i c u l a r l y  t h e  s imulant ,  were segrega ted  i n  or from t h e  s o f t  f eces .  

?"ne d i f f e r i n g  rates of radiocesium uptake i n  t h e  t issues  means 

t h a t  food-chain t r a n s f e r s  t o  p reda to r s  of small prey spec ie s  such as 

co t ton  rats w i l l  d i f f e r  according t o  f eed ing  h a b i t s  of t h e  p reda to r s .  

Carnivores such as foxes, bobcats,  and snakes which swallow a l l  of  t h e  

prey w i l l  b e  exposed t o  t h e  rad ionucl ides  i n  d i g e s t i b l e  t i s s u e s ,  inc luding  
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. 

t h e  nuc l ides  a v a i l a b l e  on r a d i o a c t i v e  p a r t i c l e s  i n  t h e  d i g e s t i v e  t r a c t s  

of t h e  prey.  Shrews, on t h e  o the r  hand, most ly  i n g e s t  s o f t  t i s s u e s  such 

as muscle, b ra in ,  h e a r t ,  l i v e r ,  e t c . ,  but normally do not  e a t  t h e  i n t e s -  

t i n e s ,  bones, or  sk in .  Hawks and owls i n g e s t  most of such small prey, 

bu t  i n d i g e s t i b l e  p a r t s  such as ha i r ,  bone, and t e e t h  a r e  r e g u r g i t a t e d  

i n  p e l l e t s .  Thus, i t  seems l i k e l y  t h a t  body burdens i n  preda tors  w i l l  

depend g r e a t l y  on feeding  h a b i t s  of t h e  preda tors  as w e l l  as on t h e  i s o -  

tope  concent ra t ions  i n  va r ious  t i s s u e s  of t h e  prey, inc luding  t h e  G I -  

t r a c t  con ten t s .  

Calcu la t ion  of i n t e r n a l  dose rece ived  by t h e  co t ton  ra ts  fYom 

t h e  r a d i o a c t i v e  p a r t i c l e s  was not  a t tempted.  Addi t iona l  r e q u i s i t e  d a t a  

f o r  such c a l c u l a t i o n  inc lude  t r a n s i t  t imes of  t h e  p a r t i c l e s  through 

va r ious  p a r t s  of t h e  gut ,  p a r t i c u l a t e  s o r t i n g ,  dimensions of t h e  G I  t r a c t ,  

s h i e l d i n g  a f forded  by t r a c t  conten ts ,  coprophagic r a t e s ,  e t c .  S imi la r ly ,  

s o p h i s t i c a t e d  e s t ima tes  of i n t e r n a l  dose w i l l  r e q u i r e  measurements of 

t i s s u e  dimensions and conf igura t ions ,  and r a d i o a c t i v i t y  l e v e l s  i n  d i f -  

f e r e n t i a t e d  zones of c e r t a i n  t i s s u e  and organs.  

The development of va lues  i n  t h e  l abora to ry  i s  important i n  pre-  

d i c t i n g  mammalian responses  t o  r a d i a t i o n  i n s u l t  and nuc l ide  accumulation 

i n  case  of a nuc lear  ho locaus t  or  a c c i d e n t a l  r e l e a s e s  of r ad io i so topes  

i n t o  an environment. While our r e s u l t s  from t h i s  s tudy  w i l l  cons iderably  

a i d  i n  i n t e r p r e t a t i o n  of f i e l d  da ta ,  t h e s e  f ind ings  should b e  confirmed 

and extended by  a c t u a l  f i e l d  experimentat ion.  Discrepancies  between 

l abora to ry  p red ic t ions  and a c t u a l  va lues  i n  f i e l d  s t u d i e s  were shown by 

b y e  and Dunaway (1962) when measuring bioaccumulation of rad ionucl ides  

by small mammals i n  a contaminated a rea .  Experimentation i n  f i e l d  

enc losures  contaminated wi th  s imulated f a l l o u t  and cone omit a n t  l abo r  at ory 

s t u d i e s  w i l l  answer some of t h e  ques t ions  r a i s e d  i n  t h i s  paper.  
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obta in ing  t h e  134Cs simulant and t o  D. E. Reichle  and D. J. Nelson, ORNL, 

f o r  va luab le  advice  dur ing  prepara t ion  of t h i s  manuscript .  This work 

supported i n  p a r t  by t h e  Off ice  of C i v i l  Defense and t h e  U. S. Atomic 

En erg  y Corn i s  s i on. 
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EFFECTS OF BETA AND GAMMA RADIATION ON SINELLA CURVISETA (COLLEMBOLA) 

C. E. Styron 

Collembola p lay  an important r o l e  i n  t h e  breakdown of organic  

m a t e r i a l  i n  t h e  b i o l o g i c a l  cyc le  o f  s o i l  formation,  and numerical ly  they  

u s u a l l y  t a k e  second p l a c e  only t o  mi t e s  i n  t h e  a i r - b r e a t h i n g  fauna of 

t h e  s o i l .  Information on t h e  i n t e r a c t i o n s  of b e t a  and gamma r a d i a t i o n  

wi th  t h e  popula t ion  dynamics of such s m a l l ,  r a p i d l y  reproducing s o i l  

a r thropods  i s  needed i n  planning p o s t a t t a c k  a g r i c u l t u r a l  procedures .  

The eco log ica l  ba lance  maintained i n  many a g r i c u l t u r a l  s i t u a t i o n s  may 

b e  a l t e r e d  s e r i o u s l y  by t h e  e f f e c t s  of i on iz ing  r a d i a t i o n  from nuc lea r  

f a l l o u t  on i n s e c t  popula t ions  ( ~ 0 %  1967) . 
This r e p o r t  i s  concerned wi th  a l a b o r a t o r y  phase of a s tudy  on 

t h e  e f f e c t s  of s imulated r a d i o a c t i v e  f a l l o u t  on n a t u r a l  popula t ions  of 

Collembola and o ther  i n s e c t s .  Laboratory d a t a  were necessary t o  e s t ab -  

l i s h  a b a s i s  for i n t e r p r e t i n g  f i e l d  observa t ions ,  p a r t i c u l a r l y  i n  view 

of t h e  pauc i ty  of in format ion  on t h e  e f f e c t s  of i on iz ing  r a d i a t i o n  on 

so i l -dwe l l ing  i n s e c t s  (Edwards 1969) and t h e  d i f f i c u l t i e s  involved i n  

e s t ima t ing  Collembola popula t ion  parameters i n  t h e  f i e l d  (Hale  1965). 
Auerbach e t  a l .  (1957) r epor t ed  a pre l iminary  s tudy  of t h e  e f f e c t s  of 

gamma r a d i a t i o n  on popula t ion  numbers of Froistoma minuta i n  c u l t u r e .  

Edwards (1969) has i n v e s t i g a t e d  t h e  su rv ivo r sh ip  of a d u l t s  of s e v e r a l  

spec ie s  exposed t o  gamma r a d i a t i o n .  The au tho r  i s  unaware of any r e p o r t s  

on the  e f f e c t s  of b e t a  r a d i a t i o n  on Collembola. The o b j e c t i v e  of t h i s  

s tudy  i s  t o  a s s e s s  t h e  e f f e c t s  of acu te  doses of b e t a  and gamma r a d i a t i o n  

on t h e  s u r v i v a l  as w e l l  as reproduct ive  a b i l i t y  of  a Collembola popu- 

l a t i o n  i n  c u l t u r e .  

The au thor  wishes t o  express  h i s  s i n c e r e  apprec i a t ion  t o  G.  J. 
Dodson f o r  h e r  met iculous scor ing  of t h e  c u l t u r e s ,  t o  D.  E. Re ich le  f o r  

h i s  encouragement and t imely  c r i t i c i s m ,  and t o  D. A. Crossley,  Jr. of 

t h e  Univers i ty  of Georgia for i d e n t i f i c a t i o n  of specimens. 

MATERIALS AND METHODS 

Groups of 10 t o  12 S i n e l l a  c u r v i s e t a  were i r r a d i a t e d  i n  2 .5  x 2.5 
x 1.3 em polys tyrene  boxes wi th  cha rcoa l -p l a s t e r  of P a r i s  s u b s t r a t e s .  

For b e t a  i r r a d i a t i o n s ,  t h e  top  of each box was rep laced  wi th  0.1-mm-thick 



41 

polyethylene and t h e  boxes were inve r t ed  on a 'OS, + 90Y source (Menhinick) 

1966). 
l i s h e d  based on a r epor t ed  con tac t  dose r a t e  of 

b e t a  r a d i a t i o n  source (Ro t i  Rot i  and Kaye 1967). Afte r  t h e  i r r a d i a t i o n s  

had been c a r r i e d  out, a thermoluminescent dosimetry system became a v a i l -  

a b l e .  Extruded c r y s t a l s  of l i t h i u m  f l u o r i d e  (Harshaw Chemical Company 

TLD-100) 0.5 x 6.0 mm placed i n  t h e  i r r a d i a t i o n  boxes ind ica t ed  a dose 

r a t e  of 770 rads /hr .  

s i n c e  t h e  dosimeters  c l o s e l y  approximated t h e  geometry and s i z e  of t h e  

organisms under s tudy  and s i n c e  t h e  con ta ine r s  f o r  t h e  organisms may 

have reduced t h e  dose r a t e  s l i g h t l y .  

An exposure schedule  for b e t a  and gamma i r r a d i a t i o n s  was es tab-  

4950 rads /hr  for t h e  

This b e t a  dose r a t e  was used i n  a11 c a l c u l a t i o n s  

Adults were exposed t o  b e t a  r a d i a t i o n  f o r  0, 0.5, 1.0, 2.0, 4.0, 
60 and 6.0 hours.  

31,950 rads /hr  f o r  doses of 0, 2475, 4950, 7425, 9900, 19,800, and 

29,700 rads .  Two-week-old juven i l e s  were given t h e  same doses of b e t a  

and gamma r a d i a t i o n .  

placed i n  t h e  p l a s t i c  boxes where they l a i d  eggs on t h e  s u b s t r a t e .  Adults 

were removed, and t h e  eggs were i r r a d i a t e d  i n  s i t u .  Eggs were exposed 

t o  0, 206, 413, 825, 1238, 1650, and 2475 r ads  of gamma r a d i a t i o n  or t o  

0, 157, 315, 628, 943, 1257, and 1885 r ads  of b e t a  r a d i a t i o n .  Eggs were 

Other a d u l t s  were exposed t o  Co gamma r a d i a t i o n  a t  

One day p r i o r  t o  i r r a d i a t i o n  of  eggs, a d u l t s  were 

allowed t o  ha tch  i n  t h e  p l a s t i c  boxes, and a f t e r  two weeks t h e  young 

were t r a n s f e r r e d  t o  c u l t u r e  j a rs .  Each experiment cons i s t ed  of t h r e e  

r e p l i c a t e s .  

Adults were t r a n s f e r r k d  t o  new c u l t u r e  jars a t  monthly i n t e r v a l s ,  s i n c e  

accumulated waste products  cause a r educ t ion  i n  f ecund i ty  and l a r g e  

numbers of Collembola are d i f f i c u l t  t o  count accu ra t e ly .  The approximate 

amount of  food consumed and t h e  number of adu l t s ,  j uven i l e s ,  and eggs 

were scored b i d a i l y .  LD va lues  were obtained f o r  b e t a  and gamma r a d i -  

a t i o n  by r eg res s ing  m o r t a l i t y  i n  normit va lues  on t rea tment  i n  rads .  

Fecundity and egg m o r t a l i t y  r a t e s  a t  t h e  va r ious  t rea tment  l e v e l s  were 

determined by a r eg res s ion  a n a l y s i s  (Model I A )  i n  which t h e  r eg res s ion  

l i n e  passes  through t h e  o r i g i n .  To determine fecundi ty  r a t e s ,  t h e  

number of eggs per a d u l t  was regressed  on t ime i n  days.  

i s  given i n  terms of  percent  of  eggs l a i d .  

Cul tures  were kept a t  2OoC and f e d  Fleischmann's yeas t .  

50 

Egg m o r t a l i t y  
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RESULTS 

Surv iva l  and feeding  of a d u l t  Collembola was reduced by a l l  doses 

of b e t a  or gamma r a d i a t i o n .  LD va lues  f o r  b e t a  and gamma r a d i a t i o n  and 

e s t ima tes  of t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  of 'OS, + 90Y b e t a  

r a d i a t i o n  are  g iven  i n  Table 9. Day-old eggs showed t h e  g r e a t e s t  s e n s i -  

t i v i t y  t o  r a d i a t i o n  and t h e  h ighes t  RBE. The eggs o f  S i n e l l a  a r e  20 

t imes more s e n s i t i v e  t o  b e t a  r a d i a t i o n  and 10.7 t imes more s e n s i t i v e  

t o  gamma r a d i a t i o n  than a d u l t s .  

50 

Table 9. LD and RBE Values (* S.E.)  f o r  Beta and Gamma I r r a d i a t i o n  
50 

of Adults, Juveni les ,  and Eggs of S i n e l l a  c u r v i s e t a  

~~ ~ ~ ~~ ~ 

Beta Gamma 
Radia t ion  Radia t ion  

( r a d s )  ( rads  ) RBE 

30,000 (* 833) 14,900 (* 613) 0.497 (* 0.017) 
5 0 1 3  Adult LD 

Juven i l e  LD 

Egg m50 1,493 (* 96) 1,390 (* 83) 0.931 (* 0.024) 

22,460 (* 703) 12,750 (* 424) 0.568 (* 0.020) 50130 

An a n a l y s i s  of va r i ance  of f ecund i ty  and egg m o r t a l i t y  r a t e s  

among i r r a d i a t e d  a d u l t s  i n d i c a t e d  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e  

between va lues  f o r  month 1 and months 2-4. Rates f o r  months 2-4 were 

not  s i g n i f i c a n t l y  d i f f e r e n t  from each o the r  and have been grouped f o r  

t h i s  r e p o r t .  Fecundity rates of  i r r a d i a t e d  a d u l t s  were g e n e r a l l y  reduced 

by b e t a  (F ig .  14)  and gamma (Fig .  15) r a d i a t i o n ,  b u t  at t h e  lowest dose 

of b e t a  r a d i a t i o n  (1885 r a d s )  f ecund i ty  increased  by 49% dur ing  t h e  f irst  

month. The subsequent d e c l i n e  i n  fecundi ty  of t h i s  group dur ing  months 

2-4 sugges ts  t h a t  t h e  i n i t i a l  h i g h  rate was due t o  superovula t ion .  

t i l i t y  r a t e s  were reduced t o  ze ro  by t h e  h ighes t  doses of e i t h e r  b e t a  

or gamma r a d i a t i o n .  There was s i g n i f i c a n t  recovery dur ing  t h e  second 

month from b e t a  ( P  <, 0.05) b u t  not  from gamma ( P  > - 0.10) r a d i a t i o n .  

Mor ta l i t y  of eggs from i r r a d i a t e d  a d u l t s  were h igh  dur ing  t h e  f i r s t  

month, bu t  s i g n i f i c a n t  recovery d id  occur from b e t a  ( P  <_ 0.025) and 

Fer- 
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.' 

Fig. 14- Fecundity r a t e s  (eggs/adul t /day)  and egg m o r t a l i t y  (%) 
The r a t e s  a r e  p l o t t e d  a g a i n s t  dose ( r a d s )  of b e t a  r a d i a t i o n  t o  a d u l t s .  

were averaged over  month 1 and aga in  over months 2-4. 
ORNL-DWC 68.11452 

--.Month I 
- - o M o n l h r  2 - 4  

0 5 10 15 2 0  2 5  30 
G i m m i  Dore lo A d u I l s  (kilorads) 

Fig. 15. Fecundity r a t e s  (eggs/adul t /day)  and egg m o r t a l i t y  (%) 
a r e  p l o t t e d  aga ins t  dose ( r a d s )  of gamma r a d i a t i o n  t o  a d u l t s .  
were averaged over month 1 and again over months 2-4. 

The r a t e s  
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gamma (P 5 0.05) r a d i a t i o n .  

ov ipos i t ion ,  and j u v e n i l e s  reached ma tu r i ty  i n  f o u r  t o  f i v e  weeks. There 

was no s i g n i f i c a n t  de l ay  i n  ha tch ing  ( P  >_ 0.10) or maturat ion ( P  > 0.10) 

wi th  r a d i a t i o n  t rea tment .  F e r t i l i t y  of t h e  F1 o f f s p r i n g  d id  not  va ry  

s i g n i f i c a n t l y  ( P  > 0.10) between c o n t r o l s  and a l l  o the r  t r ea tmen t s .  

Eggs hatched i n  s i x  t o  e i g h t  days a f t e r  

Juven i l e s  reached ma tu r i ty  two weeks a f t e r  i r r a d i a t i o n .  I n i t i a l  

f ecund i ty  r a t e s  of b e t a  (F ig .  16) and gamma ( F i g .  17) c o n t r o l  animals 

were lower than  those  prev ious ly  observed f o r  non i r r ad ia t ed  a d u l t s ,  b u t  

t h e s e  r a t e s  increased  during t h e  second month. Superovulat ion was not 

observed when j u v e n i l e s  reached m a t u r i t y ,  and recovery  of fecundi ty  

r a t e s  dur ing  months 2-4 was s m a l l  f o r  b e t a  ( P  5 0.10) and f o r  gamma 

( P  > 0.10) r a d i a t i o n .  

r a d i a t i o n  (F ig .  16) but  otherwise d i d  not vary  s i g n i f i c a n t l y  wi th  dose 

( P  > 0.10). There was no e f f e c t  of h ighe r  doses on egg m o r t a l i t y ,  s i n c e  

i t  was masked by t h e  ze ro  fecundi ty  r a t e s .  F e r t i l i t y  of F1 o f f s p r i n g  of 

t h e s e  i r r a d i a t e d  j u v e n i l e s  a l s o  d i d  not  va ry  s i g n i f i c a n t l y  ( P  > 0.10) 

w i t h  dose.  

Egg m o r t a l i t y  was increased  by 5655 rads of b e t a  

o 
D w 

.. 
0 

t 
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u 
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E e l o  Dose l o  Juveniles (kilorads) 

a 

Fig. 16. Fecundity r a t e s  (eggs/adul t /day)  and egg m o r t a l i t y  (%) 
a r e  p l o t t e d  a g a i n s t  dose ( r a d s )  of b e t a  r a d i a t i o n  t o  j u v e n i l e s .  
r a t e s  were averaged over month 1 and aga in  over months 2-4. 

The 
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Fig. 17. Fecundity r a t e s  (eggs/adult/day) and egg m o r t a l i t y  (%) 
a r e  p l o t t e d  a g a i n s t  dose ( r a d s )  of gamma r a d i a t i o n  t o  juven i l e s .  
r a t e s  were averaged over  month 1 and aga in  over months 2-4. 

The 

I r r a d i a t e d  eggs reached ma tu r i ty  34 days a f t e r  ov ipos i t i on .  In-  

c reased  fecundi ty  of a d u l t s  from t h e s e  eggs was not  d e t e c t a b l e  i n  t h i s  

c a s e -  

egg m o r t a l i t y  among t h e  surv ivors  d i d  not vary s i g n i f i c a n t l y  ( P  > 0.10) 

from c o n t r o l s .  

No eggs r ece iv ing  2 1650 rads  survived t o  matur i ty .  Fecundity and 

DISCUSS I O N  

S e n s i t i v i t y  of a d u l t  S i n e l l a  c u r v i s e t a  t o  gamma r a d i a t i o n  was 

s i m i l a r  t o  t h a t  r epor t ed  by Edwards (1969) f o r  o ther  spec ies  of Collembola 

when s u r v i v a l  of i r r a d i a t e d  ind iv idua l s  i s  t h e  observed endpoint.  A s  

expected, t h e  j u v e n i l e s  and eggs were more s e n s i t i v e  than  a d u l t s  t o  gamma 

as w e l l  as b e t a  r a d i a t i o n .  

a d u l t s  sugges ts  a r e l a t i v e  b i o l o g i c a l  e f f ec t iveness ,  o r  RBE, of 0.497 f o r  

Surv iva l  va lues  (Table  9) f o r  i r r a d i a t e d  

+ 90Y b e t a  r a d i a t i o n .  The va lue  i s  no t  a t r u e  RBE s i n c e  t h e  b e t a  

and gamma dose r a t e s  d i f f e red ,  bu t  i t  i s  considered t o  be a c l o s e  approxi-  

mation s i n c e  both  exposures were i n  an  acu te  mode. The s l i g h t l y  h igher  
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RBE f o r  j uven i l e s ,  0.568, can be expla ined  i n  terms of t h e i r  smal le r  

s i z e  and t h i n n e r  c u t i c l e .  Deviat ion of a d u l t  and j u v e n i l e  RBE va lues  

from t h e  t y p i c a l  va lue  of 1.0 probably r e s u l t e d  from t h e  s h i e l d i n g  o f  

v i t a l  organ systems by t h e  c u t i c l e .  

S i n e l l a  i n d i c a t e s  t h a t  they  have comparat ively l i t t l e  p r o t e c t i o n  from 

b e t a  r a d i a t i o n .  

The RBE va lue  0.931 f o r  eggs of 

The g r e a t e s t  f l u c t u a t i o n s  i n  populat ion numbers dur ing  t h e s e  

experiments r e s u l t e d  not from dea th  of i r r a d i a t e d  ind iv idua l s ,  b u t  from 

changes i n  f ecund i ty  r a t e s  and egg m o r t a l i t y .  Fecundity r a t e s  of  i r r a d i -  

a t e d  a d u l t s  increased  by 49% dur ing  t h e  f i r s t  month fol lowing exposure 

t o  1885 rads  o f  b e t a  r ad ia t ion ,  and egg m o r t a l i t y  inc reased  by  only 16%. 
I n  t h e  f i e l d  such an e f f e c t  could cause g r e a t  i nc reases  i n  t h e  popula t ion  

d e n s i t y  of Collembola and s h i f t  p reda tor /prey  ba lances .  

i n  which we have very  l i t t l e  information.  A t  o the r  doses of r a d i a t i o n ,  

fecundi ty  r a t e s  were reduced and egg m o r t a l i t y  increased .  Although 

a d u l t s  r ece iv ing  >_ 3'770 rads of b e t a  o r  2 4950 rads  of g a m a  r a d i a t i o n  

l a i d  eggs, 90 t o  100% of t h e  eggs d i ed  and none of  t h e  j u v e n i l e s  reached 

ma tu r i ty  . 

This i s  an a r e a  

The eggs of S i n e l l a  c u r v i s e t a  a r e  without  ques t ion  t h e  c r i t i c a l  

s t a g e  i n  t h e  response of t h e  populat ion t o  ion iz ing  r a d i a t i o n .  Their  

s e n s i t i v i t y  i s  evident  whether t h e  pa ren t s  o r  t h e  eggs themselves a r e  

irradiated.  It seems reasonable  t o  assume t h a t  t h i s  i s  t r u e  f o r  o ther  

popula t ions  of Collembola. The e c o l o g i c a l  s i g n i f i c a n c e  of h igh  egg 

s e n s i t i v i t y  t o  a Collembola popula t ion  may be masked, however, by seasona l  

cyc le s  i n  reproduct ion .  Populat ion m a x i m a  a r e  reached by d i f f e r e n t  spec ie s  

i n  every season. 

i n  t h e  summer, Isotoma v i r i d i s  i n  e a r l y  summer, and Folsomia quadr iocu la t a  

i n  June and December. 

f l avescens  i n  t h e  summer and r. l a m e l l i f e r u s  i n  t h e  s p r i n g  and summer. 

Ford (1935, 1 9 7 ,  1938) r e p o r t s  popula t ion  maxima of Collembola i n  

win te r ;  Strenzke (1949), autumn; and Van de r  D r i f t  (1951), summer. 

a d u l t s  of a spec ie s  a r e  not  i n  or a r e  j u s t  e n t e r i n g  a r ep roduc t ive  phase 

when i r r a d i a t e d ,  s e n s i t i v i t y  of eggs may not  be an important  f a c t o r  i n  

populat ion s u r v i v a l .  To another  popula t ion  a dose i n s u f f i c i e n t  t o  k i l l  

a d u l t s  could c o l l a p s e  t h e  popula t ion  by reducing f ecund i ty  r a t e s  and i n -  

c r eas ing  egg m o r t a l i t y .  

Milne (1962) r e p o r t s  maxima f o r  Onychiurus procampatus 

Knight (1967) r e p o r t s  m a x i m a  f o r  Tomocerus 

If 

Y 



47 

HONEY BEE IRRADIATION STUDIES 

A. F. Shinn 

The u l t i m a t e  g o a l  of t h e s e  s t u d i e s  i s  t o  assess t h e  e f f e c t  of 

va r ious  doses of i o n i z i n g  r a d i a t i o n  on t h e  p o l l i n a t i n g  behavior  of 

co lonies  of honeybees. Changes i n  such behavior  could have important 

consequences f o r  p o s t a t t a c k  recovery of  f r u i t  and vegetab le  a g r i c u l t u r e  

as w e l l  as t h e  g e n e r a l  w i ld  landscape. 

I n  t h e  f i r s t  s t a g e  of t h i s  p r o j e c t ,  queen bees  of known gene t i c  

composition were s u b s t i t u t e d  f o r  t h e  o r i g i n a l  queens i n  t e n  co lonies  of 

honeybees t o  convert  a l l  co lon ie s  from t h e  Carniolan-Caucasian-Italian 

( C C I )  s t r a i n  t o  t h e  same gene t i c  c o n s t i t u t i o n  (Dadant hybr id  GF). 

i n v e s t i g a t e d  t h e  e f f e c t s  of r a d i a t i o n  on t h e  longev i ty  o f  lab-caged 

bees  and on t h e  d a i l y  po l l en  c o l l e c t i o n  by i r r a d i a t e d  co lonies  of bees  

i n  t h e  f i e l d .  

We 

Four s e r i e s  of i r r a d i a t i o n s  were conducted using samples of 150 
bees from f i e l d  h ives .  Bees were t r a n s f e r r e d  d i r e c t l y  from t h e  h ives  

t o  c y l i n d r i c a l  screen-wire  cages,  i r r a d i a t e d  , and maintained i n  cages 

u n t i l  dea th  occurred. 

i r r a d i a t e d  bees and c o n t r o l s  were kept  a t  normal i n t e r n a l  condi t ions  of 

t h e  h ive :  3 4 O C  (93'F) and i n  darkness .  

from c o n t r o l s  was s t a t i s t i c a l l y  d i f f e r e n t  f o r  a l l  doses except t h e  

lowest one, 50 r ads  of f i s s i o n  fast neutron r a d i a t i o n .  The reduct ion  i n  

longev i ty  produced by 4250 rads  of neutron r a d i a t i o n  was c l o s e  t o  t h a t  

given by 5000 rads of gama r a d i a t i o n .  This  impl ies  an RBE of 1 f o r  

t h i s  i n sec t ,  which i s  similar t o  t h a t  ob ta ined  f o r  v e r t e b r a t e s  when us ing  

a c u t e  doses.  Doses of 5000 and 15,000 rads  ( Co g a m a ) ,  r e spec t ive ly ,  

produced t h e  same reduc t ion  i n  l i f e  span o f  bees .  In  S e r i e s  I V ,  honey bees  

which were g iven  5000 rads of  be ta ,  o r  gamma, o r  neutron r a d i a t i o n ,  and 

were maintained a t  21°C (TOOF) showed no s i g n i f i c a n t  reduct ion  i n  l i f e  

span, a l though i n  S e r i e s  I and I11 bees  g iven  5000 rads  of Co gamma 

r a d i a t i o n  and kept  at 3 4 O C  s u f f e r e d  a r educ t ion  of 22% i n  l i f e  span. 

Five e n t i r e  co lonies  of GF bees  were given 5000 rads* of 6oCo 

* 
In  S e r i e s  I through S e r i e s  I11 (F ig .  18), t h e  

The change i n  mean longevi ty  

60 

60 

gamma r a d i a t i o n  i n  t h e  Large Animal I r r a d i a t o r  of t h e  UT-AEC A g r i c u l t u r a l  
* 

A l l  i r r a d i a t i o n s  of t h e  s tudy were completed i n  l e s s  than 80 min. 
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Fig. 18. Percent  change from c o n t r o l s  i n  mean longev i ty  of 
lab-caged i r r a d i a t e d  honey bees .  

Research Laboratory.  The weights of d a i l y  p o l l e n  c o l l e c t i o n s  of t h e  

f i v e  i r r a d i a t e d  h ives  and of f i v e  c o n t r o l  h ives  at t h e  same s i t e  were 

recorded one week be fo re  and f o r  two weeks fo l lowing  i r r a d i a t i o n .  On 

t h e  basis of l a b o r a t o r y  t e s t s  of longevi ty ,  a s l i g h t  r educ t ion  of t h e  

l i f e t i m e  of i n d i v i d u a l  bees  was t h e  only expected r e s u l t - - t h u s  presumably 

al lowing t ime t o  o b t a i n  good e s t ima tes  of  any changes i n  po l l en  c o l -  

l e c t i o n s .  The a c t u a l  r e s u l t  was t h e  e l imina t ion  of a l l  t h e  i r r a d i a t e d  

co lon ie s  as f i n c t i o n a l  s o c i a l  u n i t s  w i t h i n  two weeks. A t  t h e  end of 

t h r e e  weeks p o s t i r r a d i a t i o n  only 200 of t h e  o r i g i n a l  87,000 i r r a d i a t e d  

a d u l t  bees  remained a l i v e  along wi th  a few male pupae; a l l  o t h e r  i n d i -  

v idua l s  of  a l l  s t a g e s  of development had d ied .  

The changes i n  po l l en  c o l l e c t i o n s  a r e  given i n  Table 9. The 

co lon ie s  t o  be i r r a d i a t e d  averaged, i n  t h e  week p r i o r  t o  i r r a d i a t i o n ,  

61% as much po l l en  as t h e  in tended  c o n t r o l s .  However, w i t h i n  a week 

fol lowing i r r a d i a t i o n  they  c o l l e c t e d  only  28% as much as t h e  c o n t r o l s ;  

. 

Y 
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wi th in  two weeks p o s t i r r a d i a t i o n  they  c o l l e c t e d  only 7%; and by t h e  

beginning of t h e  t h i r d  week, c o l l e c t e d  none. 

Table 9. Grams of Pol len  Collected Dai ly  by Colonies of GF Worker Honey 

Bees I r r a d i a t e d  on September 6, 1967 

P r e i r r a d i a t i o n  P o s t i r r a d i a t i m  
8/28 - 8/31 9/9 - 9/15 9/19 - 9/20 9/21 

I r r a d i a t e d  
Colonies ( 5 )  
Noni r rad ia t  ed 
Colonies (5) 

13.7 

22.6 

7 *o 

24.6 

0.8 

11.5 

0 

5.8 

I n  t h e  second s t a g e  of t h i s  p ro jec t ,  twenty ac re s  of waste land 
on B u r i a l  Ground 4 were sown t o  t h r e e  spec ies  of c lovers* t o  provide bee 

fo rage  from May through September. Forty co lon ie s  of  bees  were moved 

t o  t h i s  s i t e  and a l l  were converted t o  s p e c i a l  cordovan hybrids  which a r e  

v i s u a l l y  d i f f e r e n t  *om any bees  of t h i s  reg ion .  In spec t ion  of t h e  

co lonies  a t  t h e  end of May showed t h a t  they  were f l o u r i s h i n g  and had 

go t t en  adequate  n e c t a r  and po l l en  s u p p l i e s  f o r  brood r ea r ing .  

t o  a s s e s s  d a i l y  f l i g h t  a c t i v i t y  and d a i l y  po l l en  c o l l e c t i o n  i n d i c a t e  t h a t  

automated sampling i s  h ighly  d e s i r a b l e .  A g r e a t l y  s i m p l i f i e d  po l l en  t r a p  

i s  under t r i a l  and a t r a p  t o  c o l l e c t  dead bees  from t h e  h ive  i s  under 

cons t ruc t ion .  Colonies w i l l  b e  given doses of 500, 1000, and 2000 rads 

of 

e f f e c t s  of i r r a d i a t i o n  w i l l  b e  assessed  by measuring d a i l y  f l i g h t  a c t i v i t y ,  

po l l en  c o l l e c t i o n ,  and m o r t a l i t y  of t h e  co lon ie s .  

Trials 

60 Co gamma r a d i a t i o n  i n  t h e  UT-AEC Large Animal I r r a d i a t o r .  The 

*White Sweet Clover, Hubam v a r i e t y ,  Mel i to tus  alba; White Dutch Clover, 
Tr i fo l ium repens; Crimson Clover, Tr i fo l ium incarnatum. 
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