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PROGRESS REPORT ON POSTATTACK ECOLOGY - FY 1970 

S. I. Auerbach P. B. Dunaway 

SUMMARY 

Cooperative,  r e l a t e d  s t u d i e s  of movement of f a l l o u t  

s imulant  ; movement of 137Cs through p l a n t s  , animals ,  and 

s o i l s ;  gamma and b e t a  dosimetry;  and e f f e c t s  of chronic  

and a c u t e  r a d i a t i o n  on p l a n t s  and animals a r e  cont inuing  

i n  f i e l d  f a c i l i t i e s .  

Gamma-radiation dose r a t e  remains v i r t u a l l y  unchanged 

a t  he igh t s  0.5-1 m above ground a f t e r  21 months pos t app l i ca t ion  

of a 137Cs-tagged f a l l o u t  s imulant  i n  100 m2 enc losures .  

Gamma dose rates near  t h e  ground are  decreas ing  while  b e t a  

dose ra te  is decreas ing  wi th  h e i g h t  above ground. In-vivo 

dosimetry shows t h a t  dose t o  organisms i s  r e l a t e d  t o  l o c a t i o n  

of t h e  organisms i n  t h e  contaminated environment. 

wi th  137Cs o r  

a p p l i c a t i o n  v a r i e d  wi th  s imulant  s i z e ,  p l a n t  s p e c i e s ,  and 

metero logica l  cond i t ions .  Af te r  about one week, loss  rates 

of s imulant  were slow, and d i f f e rences  i n  r e t e n t i o n  rates 

between spec ie s  and between p a r t i c l e  s i z e  were nons ign i f i can t .  

Vegetation da ta  are presented  f o r  r e t e n t i o n  rates, weather ing 

h a l f - l i v e s ,  and e f f e c t i v e  h a l f - l i v e s  of t h e  s imulants .  

Soon a f t e r  f a l l o u t  s imulant  w a s  app l i ed ,  a cons iderable  

quan t i ty  of 137Cs leached onto vege ta t ion  (1.32 and 4.6 

uCi/g i n  l i v i n g  and dead vege ta t ion ,  r e s p e c t i v e l y ) .  

137 concent ra t ions  cont inued through t i m e  t o  b e  h ighe r  i n  

dead than  i n  l i v i n g  vege ta t ion .  To ta l  l o s s  of 137Cs from 

t h e  areas v i a  water and eros ion  w a s  es t imated  t o  be -0.1% 

pe r  year .  

I n t e r c e p t i o n  and l o s s  rates of f a l l o u t  s imulant  tagged 
86 Rb i n  s i x  spec ie s  of p l a n t s  e a r l y  a f t e r  

Cesium- 



Laboratory experiments w i th  t h e  collembolan Folsomia showed t h a t  

s e n s i t i v i t y  of popula t ions  i s  determined p r i m a r i l y  by s e n s i t i v i t y  of 

f e r t i l i t y  rates r a t h e r  than s e n s i t i v i t y  of a d u l t s .  

t e d  t o  g ive  an LD 

rates r equ i r ed  t o  reduce f e r t i l i t y  t o  zero.  Analyses of va r i ance  

showed s i g n i f i c a n t  d i f f e r e n c e  between ar thropod communities i n  t h e  

nonradioac t ive  and r a d i o a c t i v e  enc losures .  A c ros s -co r re l a t ion  

mat r ix  test  w a s  developed f o r  f u r t h e r  t e s t i n g  of t h e  a r thropod pop- 

u l a t i o n s .  Mor ta l i t y  i n  l a b o r a t o r y  popula t ions  of c r i c k e t s  (Acheta 

domesticus) i nc reased  wi th  i n c r e a s i n g  dose rate up t o  a po in t  (210 

r a d s / h r ) ,  a f t e r  which f u r t h e r  i n c r e a s e s  i n  i r r a d i a t i o n  i n t e n s i t y  

produced no i n c r e a s e s  i n  m o r t a l i t y .  

Dose rates estima- 

w e r e  more than  twice as h igh  as dose 50-30 Or LD 50-60 

Cesium-137 levels w e r e  r e l a t i v e l y  h igh  (5.65 VCi, whole body) 

i n  co t ton  rats (Sigmodon h i s p i d u s )  l i v i n g  i n  t h e  r a d i o a c t i v e  

enc losures  dur ing  Feb. 1969, decreased r e g u l a r l y  from February t o  

October as t h e  f a l l o u t  s imulant  moved toward t h e  ground, and then  

remained r e l a t i v e l y  cons t an t  u n t i l  t h e  experiment w a s  t e rmina ted  

i n  Apr i l  1970. Measurements of 137~s  i n  whole body, t i s s u e s ,  and 

i n  GI-tract o rgan ic  matter and f a l l o u t  s imulant  i n  gene ra l  

p a r a l l e l e d  each o t h e r .  Most of t h e  body burden of 137Cs 

w a s  contained i n  muscle. About 27% of t h e  whole-body burden 

w a s  i n  t h e  G I  t ract ,  and of t h i s  amount, 79% w a s  i n  o rgan ic  

matter and 21% w a s  i n  f a l l o u t  s imulant .  N o  e f f e c t s  of t h e  

chronic ,  low-level r a d i a t i o n  environment were found f o r  blood 

o r  body weight.  

Radiores i s tance  of eggs and larvae of I t a l i a n  cordovan 

= 1700 R) w a s  an  o r d e r  of magnitude hybr id  bees  (LD 

lower than  t h a t  f o r  a d u l t  workers (LD = 16,300 R) . 
Adults were i r r a d i a t e d  a t  1000, 2000, and 4000 R; t h e  

l i f e s p a n  of only t h e  4000 R group (8.9 days) d i f f e r e d  s t a t i s t i c a l l y  

from c o n t r o l s  (23 days) .  Bees supp l i ed  only wi th  water 

l i v e d  s i g n i f i c a n t l y  longer  a t  34OC than  a t  24 o r  4 O o C  (2 .8  vs 2.0 

and 2.0 days, r e s p e c t i v e l y ) ,  and bees  f e d  queen cage candy 

had s i g n i f i c a n t l y  d i f f e r e n t  mean l i f e t i m e s  of 13 ,  8,  and 2 days 

50-4 

50-5 

. 
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a t  24, 34, and 4 O o C ,  r e s p e c t i v e l y .  Colonies of bees  were 

i r r a d i a t e d  a t  doses ranging from 500-4000 R. Mor ta l i t y  

, increased  a t  h ighe r  i r r a d i a t i o n  levels,  and d a i l y  number 

of f l i g h t s ,  amount of p o l l e n  i n  honeycombs, number of 

brood ce l l s ,  and egg product ion were decreased a t  t h e  

h ighe r  doses.  

INTRODUCTION 

Research on p o s t a t t a c k  ecology i n  Ecologica l  Sciences Div is ion ,  

Oak Ridge Nat iona l  Laboratory,  is  sponsored by t h e  Of f i ce  of Civ i l  

Defense i n  cooperat ion wi th  t h e  Atomic Energy Commission. These 

cont inuing ,  f i e ld -o r i en ted  s t u d i e s  are concent ra ted  on (1) movement 

of f a l l o u t  s imulant  a f f e c t e d  by b i o t i c  and a b i o t i c  f a c t o r s ,  (2)  move- 

ment of 137Cs through p l a n t s ,  animals,  and s o i l s ,  (3) gamma and b e t a  

dosimetry,  and (4) e f f e c t s  of chronic  and a c u t e  r a d i a t i o n  on p l a n t s  

and animals.  

E f f o r t s  dur ing  t h e  p a s t  year  were d i r e c t e d  inc reas ing ly  toward 

f i e l d  s t u d f e s  of popula t ions  i n  several areas : the137Cs-contaminated 

enc losu res ,  an area f o r  t e s t i n g  f a l l o u t  behavior  on crop p l a n t s ,  two 

d i f f e r e n t  areas wi th  confined o r  unconfined honeybee co lon ie s ,  and 

uncontaminated areas i n  t h e  OCD 0800 Area. A class "A" weather  s t a t i o n  

a t  t h e  0800 Area provided needed c l ima to log ica l  da t a .  An experiment 

by Weather Bureau personnel  i s  comparing climates i n  t h e  0800 Area 

and a nearby coni fe rous  f o r e s t .  Resul tan t  d a t a ,  j o ined  wi th  our  

d a t a ,  w i l l  b e  va luab le  f o r  p r e d i c t i n g  f a l l o u t  behavior  i n  c o n t r a s t i n g  

environments. 
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W e  have reached a p o i n t  where t h e  f a l l o u t  s imulant  i n  t h e  enc losures  

e s s e n t i a l l y  forms an i r r e g u l a r  p lane  source  of chronic  b e t a  and gamma 

r a d i a t i o n ,  and t h e  137Cs is  cyc l ing  r e g u l a r l y  through s o i l s ,  p l a n t s ,  

and animals.  We w i l l  b e  a b l e  s h o r t l y  t o  c h a r a c t e r i z e  both  short- term 

and long-term behavior  of f a l l o u t '  and 137C3 i n  systems similar t o  

ours .  However, as w e  a n t i c i p a t e d ,  e f f e c t s  of chronic  i r r a d i a t i o n  can 

not  be  de t ec t ed  r e a d i l y  i n  a d u l t  i n d i v i d u a l  organisms dur ing  exposures 

of a f e w  weeks o r  months. Consequences of ch ron ic  r a d i a t i o n  i n  pop- 

u l a t i o n s  over per iods  of many months o r  a few yea r s  may b e  d i s c e r n i b l e ,  

p a r t i c u l a r l y  wi th  r e s p e c t  t o  reproduct ion  and r a d i o s e n s i t i v e  t r ans -  

formation s t a g e s .  

Although progress  a c c e l e r a t e d  t h i s  y e a r ,  t h e  OCD budget decrease  

w i l l  n e c e s s i t a t e  te rmina t ion  of some work. The s t u d i e s  i n  137-Cs en- 

c losu res  c o n s t i t u t e  a comprehensive approach t o  de f in ing  long-term 

behavior  of f a l l o u t  s imulant  and 137Cs under n a t u r a l  cond i t ions .  

We a l s o  need t o  cont inue  t h e s e  s t u d i e s  t o  a s c e r t a i n  e f f e c t s  of ch ron ic ,  

long-term r a d i a t i o n .  Accordingly,  w e  chose t o  proceed wi th  t h i s  pro- 

ject  and t e rmina te  t h e  honeybee p r o j e c t .  

* 
FALLOUT SIMULANT STUDIES W I T H  AGRICULTURAL PLANTS 

J. P. Witherspoon and F. G. ,Taylor ,  Jr. 

SUMMARY 

Five s p e c i e s  of a g r i c u l t u r a l  p l a n t s  were contaminated 

i n  t h e  f i e l d  wi th  two p a r t i c l e  s i ze  ranges of a qua r t z  

. 

* 
This s tudy  has  been accepted f o r  p u b l i c a t i o n  i n  Heal th  Physics  . 



5 

. 

f a l l o u t  s imulant  con ta in ing  86Rb. 

i n t e r c e p t i o n  and r e t e n t i o n  of p a r t i c l e s  up t o  8 

weeks w a s  determined. Loss of f a l l o u t  from f o l i a g e  due 

t o  weather ing a c t i o n  of wind and r a i n  (weathering h a l f -  

l i v e s )  and l o s s  due t o  weather ing p lus  r a d i o l o g i c a l  decay . 

( e f f e c t i v e  h a l f - l i v e s )  were determined f o r  a l l  spec ie s  .,, 

I n i t i a l  i n t e r c e p t i o n  of smaller p a r t i c l e s  (44-88 P 

d i a . )  by f o l i a g e  w a s  2.5 t i m e s  t h a t  of l a r g e r  p a r t i c l e s  

(88-175 1-1 d i a . ) .  P a r t i c l e  i n t e r c e p t i o n  w a s  c o r r e l a t e d  

wi th  l e a f  area and v a r i e d  between spec ie s  by a f a c t o r  of 

65 i n  terms of PCi 86Rb/g f o l i a g e .  

I n i t i a l  f a l l o u t  

Af t e r  r a p i d  i n i t i a l  l o s s e s  of f a l l o u t  (67% l o s t  t h e  

f i r s t  week a f t e r  depos i t i on ) ,  d i f f e r e n c e s  i n  r e t e n t i o n  

rates between s p e c i e s  became nons ign i f i can t .  

t i m e s  of t h e  two p a r t i c l e  s i z e  ranges w e r e  a l s o  found t o  

be  s i m i l a r .  

Retent ion 

Introduction 

I n t e r c e p t i o n  and r e t e n t i o n  of f a l l o u t  by p l a n t s  l eads  no t  only 

t o  i r r a d i a t i o n  of p l a n t s  bu t  a l s o  t o  t h e  e n t r y  of f i s s i o n  products  . 

i n t o  food cha ins .  Since an apprec i ab le  po r t ion  of t h e  t o t a l  dose from 

f a l l o u t  may be de l ive red  during t h e  f i r s t  week fol lowing a weapon deto- 

n a t i o n ,  i n i t i a l  i n t e r c e p t i o n  and e a r l y  l o s s e s  of f a l l o u t  are c r i t i c a l  

events  i n  determining dose t o  contaminated p l a n t s .  A b e t t e r  understanding 

of t hese  events  should l ead  t o  improved eva lua t ion  of short- term b i o l o g i c a l  

hazards  involved i n  us ing  nuc lear  devices  f o r  peace fu l  o r  m i l i t a r y  purposes.  

Previous s t u d i e s  on r e t e n t i o n  of f a l l o u t  p a r t i c l e s  by p l a n t s  have 

been made a t  t h e  Nevada Test S i t e  fol lowing nuc lea r  de tona t ions  

(Romney -- e t  a l .  1963, Martin and Turner 1966),  i n  Costa Rica fol lowing 

t h e  e rup t ion  of t h e  I r azu 'vo lcano  (Mi l l e r  and Lee 1966) ,  and wi th  
, 



a r t i f i c i a l  f a l l o u t  under f i e l d  condi t ions  (Johnson and Lovaas 1969, 

Dahlman and Auerbach 1968, and Witherspoon and Taylor 1969). I n  most 

of t h e s e  s t u d i e s ,  however, e a r l y  l o s s e s  of f a l l o u t  from p l a n t s  due t o  

weather ing (wind and r a i n )  were no t  determined. 

The purpose of t h i s  s tudy  w a s  t o  determine i n i t i a l  r e t e n t i o n  and 

e a r l y  l o s s e s  of a f a l l o u t  s imulant  by a g r i c u l t u r a l  p l a n t s .  Five spec ie s  

of p l a n t s  were s e l e c t e d  t o  r ep resen t  a wide range of f o l i a g e  shapes and 

s u r f a c e  cond i t ions .  Two ranges of p a r t i c l e  s i z e  (44 t o  88y diameter  and 

88 t o  175y diameter  sand)  were s e l e c t e d  t o  r ep resen t  c lose- in  f a l l o u t .  

Moreover, t hese  p a r t i c l e  s i z e s  have been used i n  previous s t u d i e s  under 

f i e l d  condi t ions .  

Materials and Methods 

E xp e r i m e  n t a 1 P l o t s  

Two 10- by-10-m seed  beds were prepared,  and seed were p lan ted  t h e  

las t  week of May. Each seed bed cons i s t ed  of two rows each of squash 

(Cucurbi ta  moschata) , soybeans (Glycine => , g r a i n  sorghum (Sorghum 

vu lga re ) ,  peanuts (Arachis hypogaea),  and Korean c love r  (Lespedeza 

s t i p u l a c e a ) .  Spacing of p l a n t s  followed s tandard  a g r i c u l t u r a l  p r a c t i c e .  

Following seed p l a n t i n g ,  t h e  p l o t s  were f e r t i l i z e d  and maintained f o r  

weed c o n t r o l  u n t i l  t h e  p l a n t s  w e r e  s i x  weeks o ld .  P l a n t  h e i g h t  a t  s i x  

weeks ranged from 25 cm ( lespedeza)  t o  100 cm (sorghum). 

Appl ica t ion  of F a l l o u t  Simulant 

Two f a l l o u t  s imulants  c o n s i s t i n g  of q u a r t z  p a r t i c l e s  44-881-1 and 

88-175y d ia .  conta in ing  86Rb sorbed a t  h igh  temperatures  (Lane 1968) 

. 
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w e r e  ob ta ined  from W. B. Lane of t h e  Stanford Research I n s t i t u t e .  The 

86 

f o r  t h e  44-881-1 and 88-175p s i z e s ,  r e s p e c t i v e l y .  

w a s  approximately 2% i n  d i s t i l l e d  water (24 h r  con tac t  of 1 g of p a r t i c l e s  

wi th  100 m l  d i s t i l l e d  water). 

Rb concent ra t ions  a t  t i m e  of a p p l i c a t i o n  were 2.04 and 2.81 pCi/g sand 

S o l u b i l i t y  of t h e  86Rb 

The s m a l l  p a r t i c l e s  were app l i ed  t o  one 10- by 10-m p l o t  and t h e  

l a r g e r  s i z e  t o  t h e  o t h e r  p l o t  by a technique developed a t  ORNL f o r  f a l l -  

out s t u d i e s  i n  a g ras s l and  (Dahlman and Auerbach 1968). I n  gene ra l ,  t h i s  

technique cons i s t ed  of running a modified f e r t i l i z e r  sp reade r  conta in ing  

t h e  f a l l o u t  s imulant  over t h e  p l o t  on a movable t r a c k .  Figure 1 shows 

t h e  remote-controlled sp reade r  and p a r t  of t h e  overhead t r a c k  wi th  i t s  

suppor ts .  Both t h e  speed of t h e  spreader  and an  i n t e r n a l  hopper opening 

can b e  c o n t r o l l e d  such t h a t  a d e s i r a b l e  m a s s  loading  of p a r t i c l e s  

( g / f t 2  s o i l )  can b e  obta ined  from c a l i b r a t i o n  ope ra t ions  wi th  nonradio- 

a c t i v e  sand. The sp reade r  (1.5 m above t h e  s o i l )  covered a s t r i p  of 

ground 1 m wide s o  t h a t  s e v e r a l  runs were necessary t o  cover t h e  e n t i r e  

p l o t .  

Before sanding ope ra t ions ,  t h i r t y  p l a s t i c  tubs (18 cm d i a .  openings) 

were placed between rows on each p l o t  as a check on m a s s  loading .  The 

s imulant  w a s  app l i ed  between 8 : 3 0  and 9 : 3 0  p.m. on Ju ly  1 4  under dry 

condi t ions  (68% r e l a t i v e  humidity) wi th  0-0.5 mph winds. 

Sampling 

P l a n t  samples were taken  t h e  day be fo re  s imulant  a p p l i c a t i o n  f o r  

de te rmina t ion  of f o l i a g e  area and weight pe r  s o i l  area. Immediately 

following contamination t h r e e  0.25m samples of each s p e c i e s  i n  each 

p l o t  w e r e  randomly s e l e c t e d ,  c l ipped ,  and bagged f o r  r ad iomet r i c  ana lyses .  

2 
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0 96330 n, I h - r  

P 

Fig .  1. Remote Control  Spreader for  Sand Applicakion and 
Movable Track wi th  Supports.  Personnel a r e  sampling p l a n t s .  The 
f a l l o u t  simulant i s  v i s i b l e  a s  l ight-shaded a r e a s  on f o l i a g e  and 
s o i l .  

. 



These samples w e r e  used t o  determine i n i t i a l  r ecep t ion  of t h e  f a l l o u t  

s imulant .  Afterwards,  t h r e e  samples p e r  spec ie s  pe r  p l o t  were c o l l e c t e d  

a t  i n t e r v a l s  of 0.5, 1 . 4 ,  7 ,  1 4 ,  2 1 ,  28, 35, 42, 49, and 56 days 

fol lowing s imulant  a p p l i c a t i o n .  Each sample w a s  oven-dried a t  100°C f o r  

24 h r ,  then  t h e  86Rb a c t i v i t y  of f o l i a g e  was measured i n  a Packard gamma 

spectrometer  w i th  an A r m a c  s c i n t i l l a t i o n  d e t e c t o r .  

Weather Data 

A s m a l l  weather  s t a t i o n  w a s  l oca t ed  200 m from t h e  experimental  p l o t .  

Wind speed w a s  recorded a t  20-min. i n t e r v a l s  by a low- iner t ia  anemometer 

l oca t ed  2 m above ground su r face .  P r e c i p i t a t i o n  w a s  recorded a t  20-min. 

i n t e r v a l s  d a i l y  from midnight t o  midnight.  

Results and Discussion 

I n i t i a l  I n t e r c e p t i o n  of t h e  Fa l lou t  Simulant 

I n i t i a l  mass loading ,  as determined by depos i t i on  of p a r t i c l e s  i n  

2 p l a s t i c  tubs ,  w a s  5.70 - + 0.7 g / f t 2  s o i l  (11.6 yCi 86Rb/ft  ) f o r  t h e  ' 

44-881.1 p a r t i c l e s  and 6.57 - + 0.6 g / f t  
2 2 (18.4 yCi 86Rb/ft ) f o r  t h e  88-175y 

p a r t i c l e s .  

f a l l o u t  fol lowing a la rge-y ie ld  weapon de tona t ion .  Clark and Cobbin (1963) 

es t imated  a mass loading  of 15.7 g / f t 2  a t  a d i s t a n c e  of 77 miles from a 

10 KT s u r f a c e  de tona t ion .  

This m a s s  loading  w a s  probably lower than  t h a t  f o r  c lose- in  

4 

Fol iage area and biomass a t  t h e  t i m e  of p a r t i c l e  depos i t i on  are 

given i n  Table 1. Three spec ie s  had a r e l a t i v e l y  dense f o l i a g e  coverage 

such t h a t  t h e  r a t i o  of f o l i a g e  area t o  s o i l  area exceeded one. Growth 

h a b i t s ,  however, d i f f e r  g r e a t l y  i n  t h e s e  s p e c i e s .  The l a r g e  s u r f a c e  area 

of squash f o l i a g e  (1.7 m2/m2 s o i l )  i s  due t o  l a r g e  i n d i v i d u a l  leaves, and 



Table 1. Foliage Area and Dry Weight of  P lan t s  at  Time of F a l l o u t  

Simulant Applicat ion.  Values a r e  mean f S.E. 

Species Fol iage a r e a / s o i l  a r e a  Fol iage w t / s o i l  a r e a  

Squash 1 .72  * 0 . 4  68.59 f 14.4 

Soyb e ans 3.11 * 0.4 122.91 * 11.3 

Sorghum 

Peanuts 

Lespedeza 

1 . 2 5  f 0.2  

0.91 f 0.03 

0.51 * 0.02 

37.96 f 9.0  

47.87 * 2 . 1  

20.27 f 1.0 

. 
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2 2  a r e l a t i v e l y  p r o s t r a t e  growth h a b i t .  The l a r g e  f o l i a g e  area (3.1 m /m 

s o i l )  of soybeans is  due t o  i t s  bushy growth h a b i t  wi th  many l a y e r s  of 

r e l a t i v e l y  s m a l l  l e aves .  

broad, lance-shaped leaves and a ver t ica l  growth h a b i t .  

Sorghum (1.2 m2/m2 s o i l )  , l i k e  corn ,  has  many 

Following t h e  n o t a t i o n  of Miller and Lee (1966) ,  t h e  i n i t i a l  

concent ra t ion  of t h e  f a l l o u t  s imulant  on f o l i a g e  may be  expressed by 

a f o l i a g e  contamination f a c t o r ,  a such t h a t  
i’ 

0 a i = Ci/mi, 

where Co is q u a n t i t y  i n  pCi of rad ionucl ide  i n i t i a l l y  i n t e r c e p t e d  pe r  g 

dry weight of f o l i a g e ,  and m 

pe r  f t 2  of open s o i l - s u r f a c e  area. 

i 

i s  quan t i ty  of pCi of r ad ionuc l ide  depos i ted  i 

The f r a c t i o n ,  F, of f a l l o u t  t h a t  is i n i t i a l l y  i n t e r c e p t e d  by f o l i a g e  

is given by 

F = a W  i 1’ 

where W is t h e  dry weight of f o l i a g e  i n  g p e r  f t 2  of s o i l - s u r f a c e  area. 

Table 2 g ives  i n i t i a l  r e t e n t i o n  va lues  of t h e  f a l l o u t  s imulants  f o r  

1 

a l l  p l a n t s .  The F va lues  f o r  44-881.1 p a r t i c l e s  ranged from 0.07 f o r  t h e  

small-leaved lespedeza  t o  1 . 2  f o r  squash. For t h e  88-175y p a r t i c l e s ,  F 

va lues  ranged from about 0.02 f o r  lespedeza  t o  1.1 f o r  soybeans. Values 

of F > 1 were obta ined  f o r  squash and soybean p l a n t s .  The area of 

f o l i a g e  p e r  u n i t  s o i l  area (Table 1 )  exceeded un i ty  due t o  t h e  bush-l ike 

form of t h e s e  p l a n t s ,  and p a r t i c l e s  had a tendency t o  f a l l  i n  a t  an angle  

between l a y e r s  of f o l i a g e  such t h a t  more p a r t i c l e s  p e r  u n i t  f o l i a g e  area 

w e r e  i n t e r c e p t e d  by these  spec ie s .  For a l l  p l a n t s ,  F va lues  f o r  t h e  

smaller p a r t i c l e s  averaged about 2.5 t i m e s  g r e a t e r  than  those  f o r  t h e  

l a r g e r  p a r t i c l e s .  The g r e a t e s t  d i f f e r e n c e s  i n  i n t e r c e p t i o n  of s m a l l  



Table 2. I n i t i a l  Reten t ion  of Simulated F a l l o u t  P a r t i c l e s  by Crop P l a n t s  

0 

1 F FB/FA m a W ‘i i i Species 

(pci/g (pCi / f t2  ( f t2/g)  (g fo l i age /  (aiwi) 
f o l i a g e )  s o i l )  

f t 2 )  

Squash A* 

B 

Soybean A 

B 

Sorghum A 

B 

Lespedeza A 

B 

2.568 
2 f 275 

1.876 
1.047 

0.380 
1.058 

0.180 
0.460 

18.46 
11.61 

18.46 
11.61 

18.46 
11.61 

18.46 
11.61 

0 -139 
0.196 

0 .lo1 
0 .ogo 

0.020 

0.091 

0’. 010 

0.040 

0.885 1 .41  
1.248 

6.37 

11 .41  1.152 0.89 
1.027 

5.38 0.108 4.53 
0.489 

1.88 0.019 3.95 
0 -075 

Peanuts A 0.238 18.46 0.013 4.45 0.058 1.69 
B 0.252 11.61 0.022 0.098 

- 
X = 2.49 

* 
A = 88-1-7511 diameter  p a r t i c l e s  

B = 44-88p diameter  p a r t i c l e s  
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versus  l a r g e  p a r t i c l e s  were found i n  lespedeza  and sorghum i n  which 

i n t e r c e p t i o n  of 44-88p p a r t i c l e s  w a s  about 4-4.5 t i m e s  g r e a t e r ,  

r e s p e c t i v e l y ,  than t h a t  of 88-175p p a r t i c l e s .  These s p e c i e s  have smooth 

l eaves ,  and i t  is  probable t h a t  t h e  l a r g e r  p a r t i c l e s  had a g r e a t e r  

tendency t o  r o l l  o f f  dur ing  depos i t i on .  The least  d i f f e r e n c e  i n  

i n t e r c e p t i o n  of s m a l l  versus  l a r g e  p a r t i c l e s  w a s  found i n  soybeans. 

The h igh ly  layered  f o l i a g e  s t r u c t u r e  and v i l l o u s  l e a f  s u r f a c e s  w e r e  

s l i g h t l y  more e f f e c t i v e  i n  t r app ing  l a r g e r  p a r t i c l e s  (F = 1.1) than t h e  

smaller (F = 1.0)  p a r t i c l e s .  

Figure 2 i l l u s t r a t e s  t h e  p a t t e r n  of 88-175p par t ic le  depos i t i on  on 

t h e  i n d i v i d u a l  l e a f  types .  A s l i g h t  vee-shape on leaves of sorghum, 

lespedeza and peanut caused p a r t i c l e s  t o  r o l l  i n  toward t h e  midvein and 

o r i e n t  i n  a l i n e  along t h e  length  of t h e  l e a f .  Par t ic le  d i s t r i b u t i o n  on 

squash and soybean leaves w a s  more uniform due t o  s m a l l  h a i r s  on t h e  

s u r f a c e  and a long  ve ins .  

P l a n t s  w i th  l a r g e  f o l i a g e  s u r f a c e  areas tended t o  show smaller 

i n t e r c e p t i o n  d i f f e r e n c e s  between p a r t i c l e  s i z e s .  F igure  3 shows t h e  

r e l a t i o n s h i p  between F va lues  f o r  t h e  two p a r t i c l e - s i z e  ranges and f o l i a g e  

area. Maximum r e t e n t i o n  d i f f e r e n c e s  occurred when t h e  r a t i o  of f o l i a g e  

area t o  s o i l  area w a s  less than one. This may r e p r e s e n t  a "bounce" 

e f f e c t  where h e a v i e r  p a r t i c l e s ,  wi th  g r e a t e r  depos i t i on  v e l o c i t i e s ,  t end  

t o  bounce o f f  of s m a l l  l e aves  bu t  f a l l  back on l a r g e r  l eaves .  Deposit ion 

v e l o c i t i e s  of t h e  l a r g e s t  p a r t i c l e s  (1751.1) were about seven times g r e a t e r  

than those  <of 441-1 p a r t i c l e s  (Clark and Cobbin 1 9 6 3 ) ,  

1OOp i n  diameter would have reached te rmina l  v e l o c i t i e s  i n  t h i s  case  

(Slade 1968).  

P a r t i c l e s  up t o  about 
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PI 3TO 96987 

LESPEDEZA 

PEANUT SOYeEAN 

Fig .  2. De ta i l ed  Photo Showing I n i t i a l  Or i en ta t ion  of  88-1751.~ 
P a r t i c l e s  on t h e  Di f f e ren t  Types of  Fol iage .  
e f f e c t  i n  sorghum, lespedeza,  and peanuts .  

Note t h e  t roughing  
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In t e rcep ted ,  on Fol iage  Area. 



The average F va lue  f o r  88-175p p a r t i c l e s  i n  t h e  case of t h e s e  crop 

p l a n t s  w a s  1 .5  t o  2 .2  t i m e s  g r e a t e r  than va lues  f o r  s m a l l  oak and p ine  

trees under s i m i l a r  depos i t i on  condi t ions  (Witherspoon and Taylor 1969). 

The fol iage-contaminat ion f a c t o r ,  a ranged from 0.01-0.19 i n  t h i s  

s tudy .  These va lues  are h ighe r  than r epor t ed  va lues  from NTS f a l l o u t  

f i e l d s  (Mi l le r  and Lee 1966).  Samples f o r  t h e  l a t t e r ,  however, were 

usua l ly  c o l l e c t e d  several days a f t e r  i n i t i a l  contaminat ion o r  a f t e r  some 

l o s s  of p a r t i c l e s  due t o  weather ing.  

i’ 

Retent ion of t h e  F a l l o u t  Simulant 

No r a i n  occurred f o r  s i x  days fol lowing a p p l i c a t i o n  of t h e  f a l l o u t ,  

s o  t h e  samples taken  a t  12 and 36 h r  a f t e r  depos i t i on  r e f l e c t e d  l o s s e s  

due t o  wind only.  Figure 4 shows average r e t e n t i o n  of p a r t i c l e s  by a l l  

p l a n t s  and average wind speeds up t o  36 h r  a f t e r  i n i t i a l  depos i t i on .  

During t h e  f i r s t  12 h r  (overn ight ) ,  t h e  p l a n t s  l o s t  an average of 18.5% 

of t h e  i n i t i a l  contamination. 

per iod.  Losses f o r  t h e  next  24-hr pe r iod  a l s o  averaged 18.5% wi th  an 

average wind speed  of 1.1 mph. I n  terms of p a r t i c l e  s i z e ,  l o s s e s  from 

p l a n t s  from 0-12 h r  ranged from 3-35% (% = 21.1%) f o r  44-88p p a r t i c l e s  

and 9.5-26% (z = 15.8%) f o r  88-175y p a r t i c l e s .  

l o s s e s  ranged from 1.2-33.5% (z = 15.4%) f o r  smaller p a r t i c l e s  and 

7.7-34.0% (2 = 21.6%) f o r  l a r g e r  p a r t i c l e s .  

12 h r  when wind speed averaged only  0.5 mph, average l o s s  of small 

p a r t i c l e s  w a s  g r e a t e r  than l o s s  of l a r g e  p a r t i c l e s  by a f a c t o r  of 1.3.  

Wind speed averaged 0.5 mph over  t h i s  

For t h e  12-36 h r  pe r iod ,  

Thus, dur ing  t h e  f i r s t  

For t h e  12-36 h r  pe r iod ,  when wind speed averaged 1.1 mph, average l o s s  

of l a r g e  p a r t i c l e s  w a s  1 .4  t i m e s  g r e a t e r  than  l o s s  of small p a r t i c l e s .  

D 
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It apparent ly  took a windspeed between 0.5 and 1.1 mph t o  remove some of 

t he  l a r g e r  p a r t i c l e s  i n  t h e  88-175p range. 

Concentrat ion of a r ad ionuc l ide  on fal lout-contaminated f o l i a g e ,  

C ( t ) ,  as a func t ion  of t i m e  a f t e r  f a l l o u t  i s  usua l ly  approximated by 

0 -Apt C( t )  = Cie  , 
where Xp i s  t h e  e f f e c t i v e  decay cons t an t  f o r  t h e  r ad ionuc l ide  and i s  

equal  t o  0.693/T . The e f f e c t i v e  h a l f - l i f e ,  T of t h e  r ad ionuc l ide  on 

f o l i a g e  is given by 
P P Y  

T = Tr TWITr. + Tw, P 

where T 

weather ing h a l f - l i f e  due t o  t h e  a c t i o n  of wind and r a i n .  

is t h e  r a d i o a c t i v e  h a l f - l i f e  (18.7 days f o r  86Rb) and T r W 
i s  t h e  

Retent ion curves ,  however, can not  be  adequately expressed i n  terms 

Rapid p a r t i c l e  l o s s  rates dur ing  t h e  of a s i n g l e  e f f e c t i v e  h a l f - l i f e .  

f i r s t  week and subsequent ra te  changes due t o  weather ing imply t h a t  

r e t e n t i o n  d a t a  should be  compartmentalized i n t o  a p p r o p r i a t e  t i m e  components 

f o r  h a l f - l i f e  ana lyses .  

I n  t h i s  s tudy  fou r  t i m e  components w e r e  used f o r  c a l c u l a t i o n  of h a l f -  

Linear  r eg res s ion  ana lyses  w e r e  performed on 86Rb concen t r a t ions  l i v e s .  

on f o l i a g e  through t i m e  per iods  of 0-1.5, 1.5-14, 14-28,  and 28-56 days.  

Weathering h a l f - l i v e s ,  Tw, w e r e  es t imated  from t h e s e  l i n e a r  express ions .  

E f f e c t i v e  h a l f - l i v e s  were then  determined. 

Figure 5 shows average r e t e n t i o n  by a l l  p l a n t s  of t h e  f a l l o u t  

s imulant .  Both p a r t i c l e  s i z e  ranges were inc luded .  Th i s  curve approx- 

imates t h e  shape of i n d i v i d u a l  r e t e n t i o n  curves f o r  each s p e c i e s  and each 

p a r t i c l e  s i z e  range. Amount and t i m e  of r a i n f a l l  dur ing  t h e  s tudy  are 

. 

a l s o  shown i n  Fig.  5. Eleven r a i n  pe r iods  were recorded ,  and t o t a l  
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r a i n f a l l  was 6.96 i n .  

r e t e n t i o n  curve i s  due t o  l o s s  of p a r t i c l e s  only by wind a c t i o n .  Wind 

speeds up t o  6 days,  t i m e  of t h e  f i r s t  r a i n ,  averaged 1 . 7  mph (7 mph max) 

during t h e  day and 0.3 mph (2 mph max) dur ing  t h e  n i g h t .  It is  l i k e l y  

t h a t  maximum l o s s e s  due t o  wind a c t i o n  occurred  during t h e  f i r s t  2 o r  3 

days fol lowing depos i t i on  and t h a t  most of t h e  l o s s  of p a r t i c l e s  from 

1.5-7 days w a s  due t o  a 0.25-in. r a i n  on t h e  s i x t h  day. A f t e r  t h e  second 

week, and t h r e e  r a i n s  t o t a l i n g  1.08 i n . ,  average r e t e n t i o n  w a s  7.9 - + 1.6%. 

One i n t e n s e  r a i n  (1.4 i n . )  on t h e  twen t i e th  day caused another  sha rp  drop 

i n  r e t e n t i o n  down t o  3.3 - + 1.0%. 

came r e l a t i v e l y  cons t an t ,  and subsequent r a i n s  had l i t t l e  e f f e c t  on t h e  

quan t i ty  of f a l l o u t  remaining on f o l i a g e .  

The i n i t i a l  drop t o  64 + 3% a t  1.5 days i n  t h e  - 

- 

Afte r  t h e  t h i r d  week t h e  l o s s  ra te  be- 

Weathering h a l f - l i v e s  f o r  each s p e c i e s ,  each p a r t i c l e  s i z e  range,  

and f o r  t h e  four  t i m e  components are given i n  Table  3. 

spec ie s  were averaged,  t h e r e  w a s  no 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  

between T va lues  f o r  i n d i v i d u a l  s p e c i e s .  For example, sorghum f o l i a g e  

was very e f f e c t i v e  i n  t r app ing  4 4 - 8 8 ~  p a r t i c l e s  which funne l l ed  down t h e  

angular  leaves i n t o  l e a f  a x i l s .  This  r e s u l t e d  i n  l a r g e  T va lues  f o r  

t h i s  spec ie s  a f t e r  two weeks. 

were also r e l a t i v e l y  e f f e c t i v e  i n  r e t a i n i n g  t h e  smaller p a r t i c l e s  dur ing  

t h i s  per iod.  Species  d i f f e r e n c e s  i n  T va lues  of t h e  88 -175~  p a r t i c l e s  

were less pronounced. 

i n  r e t a i n i n g  t h i s  p a r t i c l e  s i z e  range.  

When p l a n t  

W \ 

W 

The h a i r y  leaves of squash and soybeans 

W 

Sorghum f o l i a g e ,  f o r  example, w a s  no t  as e f f e c t i v e  

The T va lues  f o r  t h e  14-28 day component averaged between 1 6  and 

Mart in  and Turner (1966) r epor t ed  Tw va lues  of 

W 

26 days i n  t h i s  s tudy .  

28 days (89Sr) and 13-17 days (I3%) f o r  Sedan f a l l o u t  on p l a n t s  from 



2! 

c 

Table 3. Weathering Ha l f - l i ves  (T  days)  f o r  Simulated F a l l o u t  P a r t i c l e s  w 
on Crop P l a n t s  

44-8811 P a r t i c l e s  
Time 
component - 

(days 1 Squash Soybean Sorghum Peanuts Lespedeza X all P l a n t s  

0- 1.5 2.46 2.09 2.77 5.06 1.40 2.76 f 0.71 

1.5-14 7.21 7.29 . 6.62 8.43 8.36 7.58 f 0.35 
14- 28 42 .OO 17.51 35 *29 17 71 18.12 26.13 f 4.71 

28- 56 39 -00 45.66 272.76 32 .ii 32.68 84.44f 46.28 

88-175p P a r t i c l e s  

2.28 f 0.53 0- 1.5 1.62 1.47 4.10 1-33 2.88 

1.5-14 7.36 7.19 '7.43 15 -71 7.55 9.05 f 1.64 

14- 28 15.06 15.97 19.43 16.07 14.07 16.12 f 1.03 

28-56 56 -50 34.72 38 * 36 29.46 38.33 39.47 f 5.20 
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5-30 days fol lowing de tona t ion .  Weathering h a l f - l i v e s  of s imula ted  

f a l l o u t  on oak and p ine  trees w e r e  25 and 21 days,  r e s p e c t i v e l y ,  

during a per iod  of 7-33 days a f t e r  depos i t i on  (Witherspoon and Taylor 1969).  

Thus, i t  appears t h a t  T va lues  f o r  many d i f f e r e n t ' k i n d s  of vege ta t ion ,  

i n  d i f f e r e n t  geographical  reg ions ,  may be  q u i t e  s i m i l a r  a f t e r  r ap id  

i n i t i a l  l o s s e s  dur ing  t h e  f i r s t  week o r  two.  

W 

When e f f e c t i v e  h a l f - l i v e s ,  T ' s ,  are compared (Table 4 ) ,  d i f -  
P 

fe rences  between s p e c i e s  become even smaller. The r e l a t i v e l y  s h o r t  

Tr of 

d i f f e rences  between s p e c i e s  t o  nons igni f icance .  

86 Rb (18.7 days) compared t o  some of t h e  long T va lues  reduced 
W 

E f f e c t i v e  decay cons t an t s  (Table 5) r e f l e c t e d  only s l i g h t  d i f f e r e n c e s  

between p a r t i c l e  s i z e  ranges and between s p e c i e s .  

f o r  sorghum r e f l e c t e d  t h e  a b i l i t y  of t h i s  s p e c i e s  t o  r e t a i n  p a r t i c l e s .  

Again, low Xp va lues  

Re la t ive ly  smaller Xp's f o r  peanuts and lespedeza dur ing  t h e  1.5-14 day 

component were due t o  a f o l i a g e  phenomenon common t o  legumes. From l a t e  

af te rnoon u n t i l  morning, leaves  of t hese  s p e c i e s  c l o s e  up. This  c l o s u r e  

tended t o  reduce p a r t i c l e  l o s s e s  induced by wind and r a i n  during t h i s  

per iod.  

It i s  obvious t h a t  concent ra t ions  of r ad ionuc l ides  on f a l l o u t -  

contaminated p l a n t s  can b e  expected t o  decrease  a t  rates s i g n i f i c a n t l y  

f a s t e r  than would be  p red ic t ed  on t h e  b a s i s  of r a d i o l o g i c a l  decay. This 

is  e s p e c i a l l y  t r u e  dur ing  t h e  f i r s t  day o r  two a f t e r  depos i t i on .  

l a r g e  d i f f e r e n c e s  i n  i n i t i a l  i n t e r c e p t i o n  e x i s t e d  between s p e c i e s  and 

between p a r t i c l e  s i z e  .ranges,  they became nons ign i f i can t  a f t e r  about  1 

week of exposure t o  wind and r a i n .  P l a n t s  w i th  g ra s s - l i ke  f o l i a g e ,  such 

as sorghum, wi th  an e f f i c i e n t  p a r t i c l e - t r a p p i n g  mechanism may b e  except ions  

Although 



Table 4. E f f e c t i v e  Ha l f - l i ves  (Teff days) f o r  Simulated F a l l o u t  P a r t i c l e s  

on Crop P l a n t s  

44-8811. P a r t i c l e s  
T h e  
component - 

(days 1 Squash Soybean Sorghum Peanuts Lespedeza X a l l  P l a n t s  

1.30 2.35 f 0.51 0- 1.5 2.17 1.88 2.41 3.98 

1.5-14 5.21 5-25 4.89 5.81 5.78 5.39 f 0.17 

14-28 I 12.94 9 -57 12.22 9.09 9.20 10.60 f 0.72 

28-56 12.64 13 -27 17 *50 11.82 11.89 13.42 f 1.09 

88-17511. P a r t i c l e s  

1.24 2.49 1.99 f 0.41 0- 1.5 1.49 1.36 3.36 

13-14 5.28 5 -19 5.32 8.54 5.38 5.94 f 0.64 

- 14- 28 8.34 8.61 9.53 8.64 8.03 8.63 f. 0.29 

28-56 14.05 12.15 12 -57 11.44 12.57 12.56 f 0.50 



24 

Table 5. Effective Decay Constants (X day-') for Simulated Fallout 

Particles on Crop Plants 
P 

44-88p Particles Time 
component 
(days 1 

- 
Squash Soybean Sorghum Peanuts Lespedeza X a l l  Plants 

-319 .368 .287 .174 0533 .336 f .07 

-133 .132 .142 ,119 .120 .129 f .004 

053 .072 * 057 .076 075 .067 f ,004 

.054 .052 ,039 -059 .058 .052 f .oo4 

88-17511 Particles 

0- 1.5 

1 3 - 1 4  

14- 28 

28-56 

'463 .508 .206 559 ,278 '404 f .06 

.131 ,133 .130 .081 .129 .121 f .01 

0- 1.5 

1.5-14 

14- 28 

28-56 

.083 ,080 073 .080 .086 .080 f .002 

.049 9 057 055 .060 -055 .055 f .002 
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The p a r t i c l e - s i z e  d i s t r i b u t i o n  over  t h e  s i z e  ranges used w a s  

no t  known. The 88-17.5~ p a r t i c l e - s i z e  range may have contained a l a r g e  

percentage of p a r t i c l e s  i n  t h e  lower por t ion  of t h i s  range. 

tend t o  minimize d i f f e r e n c e s  i n  r e t e n t i o n  va lues  between t h e  two s i z e  

ranges used i n  t h i s  s tudy .  

This would 



REFERENCES \ 

Clark,  D. E . ,  and W. C.  Cobbin. 1963. Some r e l a t i o n s h i p s  among ' 

p a r t i c l e  s i z e ,  mass level and r a d i a t i o n  i n t e n s i t y  of f a l l o u t  from a 

land s u r f a c e  nuc lea r  de tona t ion .  USNRDL-TR-639. 

Dahlman, R. C . ,  and S. I. Auerbach. 1968.' Pre l iminary  

e s t ima t ion  of e r o s i o n  and radiocesium r e d i s t r i b u t i o n  i n  a f e scue  

meadow. OWL-TM-2343. 

Johnson, J. E . ,  and A. I. Lovaas. 1969. Progress  r e p o r t  on 

s imulated f a l l o u t  s t u d i e s .  Colo. S t .  Univ. Tech. Prog. Report 

3223C. 

Lane, W. B. 1968. Fa l lou t  s imulant  development: Temperature 

e f f e c t s  on s o r p t i o n  r e a c t i o n s  of s t ron t ium on f e l d s p a r ,  c l a y  and 

qua r t z .  SRI-MU-6503. 

Mart in ,  W. E . ,  and F. B. Turner.  1966. T rans fe r  of *'Sr from 

p l a n t s  t o  r a b b i t s  i n  a f a l l o u t  f i e l d .  Health Physics  12:621-631. 

Miller, C. F . ,  and H. Lee .  1966. Operat ion Ceniza-Arena: 

The r e t e n t i o n  of f a l l o u t  p a r t i c l e s  from Volcan Irazu (Costa Rica) by 

p l a n t s  and people.  SRI-MU-4890. 

Romney, E. M . ,  R. G. Lindberg,  H. A. Hawthorne, B. G. Bystrom, 

and K. H. Larson. 1963. Contamination of p l a n t  f o l i a g e  wi th  

r a d i o a c t i v e  f a l l o u t .  Ecology 44:343-348. 

Slade,  D. H. 1968. Meteorology and atomic energy. AEC-TID-24190. 

Witherspoon, J .  P . ,  and F. G. Taylor .  1969. Reten t ion  of a 

134 f a l l o u t  s imulant  con ta in ing  C s  by p ine  and oak trees. Health 

Physics  17:825-829. 



27 

RETENTION OF SIMULATED FALLOUT PARTICLES BY FESCUE GRASS 

Roger C.  Dahlman 

SUMMARY 
Large (44-177~)  fa l lou t -s imulant  p a r t i c l e  r e t e n t i o n  

by dense fescue  g ras s  approached 50% i n i t i a l l y ,  and from 

1 h r  t o  1 day la te r ,  weather ing processes  decreased r e t en -  

t i o n  t o  10%. A modified nega t ive  exponent ia l  func t ion  

cha rac t e r i zed  p a r t i c l e  weather ing over  a 2-3 week per iod.  

Half-time f o r  e a r l y  weather ing loss w a s  3-4 days,  b u t  

r e t e n t i o n  approached an asymptot ic  l e v e l  a f t e r  2-3 weeks, 

t h e  t i m e  a t  which 2% of t h e  ground s u r f a c e  depos i t  remained 

on vegeta t ion .  P a r t i c l e  depos i t s  on l e a f  b l ades  were 

r e a d i l y  removed by s l i g h t  wind ( < 1 mph) and phyto tax ic  

movements of t h e  f o l i a g e .  Ax i l l a ry  depos i t s  , however , 
were not  r e a d i l y  removed by wind and r a i n .  

Introduction 

Surface nuc lea r  de tona t ions  produce both  world-wide and l o c a l  

f a l l o u t  materials which may be hazardous t o  b i o l o g i c a l  organisms. 

Precise d e f i n i t i o n  of d i f f e r e n t  kinds of f a l l o u t  i s  d i f f i c u l t  because 

many v a r i a b l e s  in f luence  formation processes  and d i s t r i b u t i o n  p a t t e r n s .  

The p r o p e r t i e s  of l o c a l  f a l l o u t  from a given de tona t ion  depend on t h e  

kind of materials drawn i n t o  t h e  f i r e f a l l ,  c loud-a r r iva l  t i m e ,  p a r t i c l e  

* 

s i z e  d i s t r i b u t i o n  r e s u l t i n g  from condensation of vaporized materials, 

and c h a r a c t e r  of i n i t i a l  ejecta. Rather  than  d i s t i n c t  zonat ion ,  t h e  

* 
Conceptually a l o c a l  depos i t  i s  regarded as a l a y e r  of p a r t i c u l a t e  

material which can b e  seen  wi th  t h e  unaided eye. 



depos i t s  e x h i b i t  

as a func t ion  of 

a g rada t ion  of p a r t i c l e  s i z e  and r a d i o a c t i v i t y  p r o p e r t i e s  

d i s t a n c e  from formation. The v a r i a b l e  n a t u r e  of l o c a l  

f a l l o u t  no twi ths tanding ,  t h e r e  are c e r t a i n  c o n s i s t e n t  c h a r a c t e r i s t s i c s  of 

t h e  materials which have been depos i ted  i n  t h e  v i c i n i t y  of 7-30 KT test  

s h o t s  (Baurmash -- e t  a l . ,  1958).  Deposi ts  of 50-15Oy material were recorded 

50 t o  140 miles d i s t a n t  from ground zero.  A t  least  50% of t o t a l  f a l l o u t  

w a s  i n  t h e  44-177p s i z e  c l a s s ,  and an apprec i ab le  quan t i ty  of t h e  radio-  

a c t i v i t y  w a s  f i x e d  t o  t h i s  f r a c t i o n .  

Fa l lou t  depos i t s  from n u c l e a r  t e s t i n g  t r a d i t i o n a l l y  have been 

repor ted  i n  terms of r a d i a t i o n  i n t e n s i t y  contours  r a t h e r  than  mass loads ,  

although t h e  l a t te r  parameter would be  more u s e f u l  f o r  t h e  experimental  

determinat ion of p a r t i c l e  behavior  and r a d i a t i o n  exposure i n  s p e c i a l i z e d  

s i t u a t i o n s .  Mass load has  been es t imated  i n d i r e c t l y  from mass contour 

r a t i o s ,  f a l l o u t  s p e c i f i c  a c t i v i t y  and i n t e n s i t y  contour r a t i o s  (Clark and 

Cobbin 1963; Miller and Yu 1967) , b u t  t h e s e  parameters are o f t e n  unava i l ab le ,  

a f a c t o r  which i n c r e a s e s  t h e  d i f f i c u l t y  of c h a r a c t e r i z i n g  l o c a l  f a l l o u t  

depos i t .  Assuming t h a t  vo lcanic  e rup t ions  produce p a r t i c l e  clouds somewhat 

s i m i l a r  t o  those  of nuc lea r  de tona t ions ,  Miller (1966, 1967) and Miller and 

Lee  (1966) eva lua ted  t h e  depos i t i on  c h a r a c t e r i s t i c s  downwind from t h e  Costa 

Rican volcano, I r azu .  There,  as much as 8 g / f t  /day w a s  depos i ted  25 m i l e s  

downwind, and 90% of t h e  p a r t i c l e s  were i n  t h e  44 t o  175p s i z e  c l a s s .  

measurements of p a r t i c l e  t r a v e l  and m a s s  load r ep resen t  minimal magnitudes 

because t h e  cloud dimensions were somewhat smaller than  those  recorded f o r  

7-30 KT s u r f a c e  tests. 

2 

These 

Accumulations of l o c a l  f a l l o u t  are important  r a d i o l o g i c a l l y  because 

subsur face  b i o l o g i c a l  t i s s u e s  may receive a cons iderable  b e t a  dose from 

s u r f a c e  depos i t s .  The meristematic r eg ions  of p l a n t  a p i c e s  which r e s i d e  
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1 

w i t h i n  several millimeters of t h e  s u r f a c e  w i l l  be  p a r t i c u l a r l y  s e n s i t i v e  

t o  t h e  b e t a  component. That b i o l o g i c a l  e f f e c t s  t o  p l a n t s  were manifested 

by b e t a  r a d i a t i o n  from l o c a l  depos i t s  is  unc lea r  according t o  f i e l d  

observa t ions  a s s o c i a t e d  wi th  p r o j e c t s  Sedan, Palanquin and Cabr io le t .  

Damage from l o c a l  f a l l o u t  w a s  a t t r i b u t e d  t o  t h e  phys ica l  e f f e c t  of dus t  

i n  t h e  Sedan tes t  (Beat ley 1965) ,  b u t  p l a n t  e€fects a t  Palanquin and 

Cabr io l e t  (Rhodes -- e t  a l .  1969) were g r e a t e r  than  would be  expected from 

e i t h e r  dust  depos i t s  o r  cumulative gamma dose. P l a n t s  exh ib i t ed  damage 

when t h e  t o t a l  b e t a  dose w a s  less than 200 r ads .  A mantle of dus t  covered 

t h e  p l a n t s  where e f f e c t s  were manifested,  bu t  mass load of t h e  depos i t  

w a s  not  repor ted .  

7 

According t o  a damage-assessment a n a l y s i s ,  Brown and P i l z  (1969) 

c a l c u l a t e d  beta/gamma dose r a t i o s  of 2 t o  4 f o r  average-dimensioned p l a n t  

meristems a t  1 m h e i g h t .  A t  1 c m  h e i g h t  t h e  dose r a t i o s  were 10 t o  20 

depending on t i m e  of a r r iva l .  However, t hese  c a l c u l a t i o n s  were based 

on uniform depos i t i on  which ignores  t h e  s p e c i a l i z e d  cases of p a r t i c l e  

r e t e n t i o n  and concent ra t ion ;  e.g. c o l l e c t i o n  i n  p l a n t  crevices, a phenom- 

enon which has  been observed f r equen t ly  (Miller 1966, Dahlman e t  a l .  1969, 

Johnson and Lovaas 1969 and Witherspoon and Taylor 1970). 

morphological c h a r a c t e r i s t i c s  no t  only a f f e c t  p a r t i c l e  concent ra t ion  and 

-- 
The s p e c i f i c  

dose t o  l o c a l  t i s s u e s ,  b u t  they a l s o  in f luence  t h e  magnitude of i n i t i a l  

i n t e r c e p t i o n  and t h e  degree of r e t e n t i o n  as a func t ion  of t i m e .  \. 

Despi te  i n t e n s i v e  e f f o r t s  t o  c h a r a c t e r i z e  i n i t i a l  r e t e n t i o n  of f a l l -  

out ash by p l a n t s  (Miller 1966, Miller and Lee 1966 and Miller 1967) and 

long-term contamination from nuc lea r  f a l l o u t  d e b r i s  (Baurmash e t  a l .  1958, -- 



Romney -- e t  a l .  1963, Beat ley 1965, Mart in  and Turner 1966 and Rhodes e t  a l .  

1969),  t h e r e  is l i m i t e d  

i n  the  r e l a t i v e l y  s h o r t  

week) . .  Addi t iona l  d a t a  

information on t h e  behavior  of f a l l o u t  materials 

i n t e r v a l  a f t e r  depos i t i on  (several hours  t o  1 

on r e t e n t i o n  phenomenology would b e  u s e f u l  f o r  

e s t ima t ing  p l a n t  contamination and spec ie s  v u l n e r a b i l i t y  t o  b e t a  r a d i -  

a t i o n .  Reported h e r e i n  are t h e  r e s u l t s  of i n i t i a l  r e t e n t i o n  and shor t -  

t e r m  c o e f f i c i e n t s  of l o s s  f o r  s imula ted  f a l l o u t  d e p o s i t s  i n  a t a l l  fescue  

(Festuca arundinacea Shreb) meadow community. 

diameter were c o n s i s t e n t  w i th  t h e  above-described requirements  f o r  l o c a l  

Mass load and p a r t i c l e  

f a l l o u t  i n  t h e  v i c i n i t y  of 7 t o  30.KT n u c l e a r  tests and f o r  r epor t ed  

depos i t i on  of f a l l o u t  from a vo lcan ic  e rup t ion .  Evalua t ions  f o r  t h i s  

magnitude of de tona t ions  obviously are very conse rva t ive  re la t ive t o  what 

might b e  expected from KC-size explos ions .  

and area coverage would be  cons iderably  d i f f e r e n t  from MT-size 

P a r t i c l e  t ravel ,  mass l oad ,  

de tona t ions .  

Procedures 

Experimental Area 

Extraneous p l a n t  material ( l i t t e r  and weeds) was removed from a 

4-year-old s t and  of t a l l  fescue  6 weeks p r i o r  t o  apply ing  a f a l l o u t  

s imulant  t o  t h e  vege ta t ion .  

oped by l a t e  J u l y  a t  which t i m e  t h e  p l a n t  d e n s i t y  w a s  17.4 g / f t 2  - + 

SE 2.3, and average canopy h e i g h t  was 30 cm. 

A homogeneous cover  of f e scue  g r a s s  devel-  

* 

Two areas (each 2.5 x 5 m) 

* 
P l a n t  d e n s i t y  is  expressed i n  

than i n  convent iona l  terms’ of u n i t s  

terms of dry weight  p e r  area r a t h e r  

of i n d i v i d u a l s  p e r  area. 



were loca ted  f o r  t r ea tmen t ,  and a 1-meter-wide border  zone extended around 

each p l o t .  Walkways were e s t a b l i s h e d  i n  t h i s  zone t o  avoid d i s t u r b i n g  t h e  

contaminated p l a n t s  during la ter  sample c o l l e c t i o n .  When t h e  experiment 

w a s  terminated a f t e r  3 weeks, p l a n t  dens i ty  w a s  20.2 g / f t 2  - + 1.9,  and 

the  quan t i ty  of g ra s s  f o r  i n t e rmed ia t e  da t e s  of sampling w a s  es t imated  

by i n t e r p o l a t i o n .  Meterological  d a t a  ( temperature ,  r a i n f a l l ,  dewpoint, 

wind v e l o c i t y ,  and d i r e c t i o n )  were recorded cont inuously a t  a nearby 

(200 m d i s t a n t )  weather  s t a t i o n .  

Simulant C h a r a c t e r i s t i c s  and Appl ica t ion  

A f a l l o u t  s imulant  w a s  f a b r i c a t e d  a t  t h e  S tanford  Research I n s t i t u t e  

86 by f i x i n g  low-level Rb on two s i z e  classes of qua r t z  sand. The s imulant  

possessed phys ica l  c h a r a c t e r i s t i c s  similar t o  l o c a l  f a l l o u t  (Lane 1965, 

1968 and 1969) ,  and t h e  Rb l a b e l  expedi ted t h e  measurement of sand 

r e t e n t i o n  and l o s s  by t h e  g ra s s .  

86 

Rubidium-86 w a s  used because i t s  h a l f -  

l i f e  (18.7 days) and gamma (1.07 MeV) emission were convenient f o r  f o l -  

lowing short- term p a r t i c l e  movement on vege ta t ion .  

exposure and f i e l d - s i t e  contamination hazards  r e s u l t e d  from t h e  use  of 

t h i s  i so tope .  Leachab i l i t y  w a s  l o w  (2% over 24  h r  a t  1-to-100 p a r t i c l e -  

to-water r a t i o )  because h igh  temperatures  dur ing  f a b r i c a t i o n  fused t h e  

i s o t o p e  t o  t h e  qua r t z .  Two p a r t i c l e  s i z e  classes (44-88 and 88 -177~  d i a l  

w e r e  used i n  t h e  experiment i n  o r d e r  t o  determine d i f f e r e n t i a l  r e t e n t i o n  

and loss parameters  f o r  bo th  f i n e  and coarse  f r a c t i o n s  a s s o c i a t e d  wi th  

Minimal occupat iona l  

* 

* 
Herea f t e r ,  t h e  44-881.1 and 88-1771.1 s i z e  classes are r e s p e c t i v e l y  

des igna ted  as f i n e  and coa r se  p a r t i c l e s .  



l o c a l  f a l l o u t  d e b r i s .  A t  t h e  t i m e  of s imulant  a p p l i c a t i o n ,  t h e  '6.B 

a c t i v i t y  dens i ty  w a s  1.56 and 2.07 ?.r.i/g f o r  f i n e  and coarse  p a r t i c l e s ,  

r e spec t ive ly .  

The s imulant  was r e l eased  from a hopper-spreader appara tus  which 

t r a v e l e d  on e l eva ted  g i r d e r s  a t  l eas t  1 meter above t h e  vege ta t ion  canopy. 

A t  t h i s  h e i g h t  t h e  p a r t i c l e s  approached maximum f a l l i n g  v e l o c i t y  be fo re  

contac t  wi th  t h e  canopy. Rate of t ravel  and s imulant  release w e r e  con- 

t r o l l e d  remotely t o  minimize hazard t o  personnel  during a p p l i c a t i o n .  

Uniformity and e f f e c t i v e n e s s  of s imulant  a p p l i c a t i o n  from such an ap- 

pa ra tus  has  been r epor t ed  elsewhere (-Dahlman e t  a l .  1969 and Witherspoon 

and Taylor 1970). 

-- 

Two s e p a r a t e  areas were contaminated wi th  f i n e  and 

coarse s imulant  p a r t i c l e s  during calm condi t ions  i n  l a te  af te rnoon.  

Ambient temperature  averaged 89°F + 1 and relat ive humidityxwas 78% + 
0.8 i n  t h e  p l a n t  canopy. 

- - 

Sampling and Radioassay' 

Par t ic le  mass load on an area b a s i s  w a s  determined g r a v i m e t r i c a l l y  

from randomly pos i t i oned  p l a t e  c o l l e c t o r s  which were p laced  above t h e  

canopy. S i m i l a r  p l a t e s  w e r e  p laced  beneath t h e  g r a s s  canopy and i n i t i a l  

g ra s s  r e t e n t i o n  a t  t w a s  determined by d i f f e r e n c e .  Co l l ec t ing  d i shes  

from beneath t h e  canopy were recovered immediately a f t e r  a p p l i c a t i o n ,  

0 

p r i o r  t o  weather ing and r e d i s t r i b u t i o n  of i n t e r c e p t e d  p a r t i c l e s .  
i 

Short- and long-term p a r t i c l e  r e t e n t i o n  c h a r a c t e r i s t i c s  were 

determined by rad ioassay  of randomly-collected subsamples of g r a s s .  To 

minimize a c c i d e n t a l  p a r t i c l e  l o s s  dur ing  t h e  sampling procedure,  a p l a s t i c  

bag w a s  gen t ly  p laced  over  s m a l l  c l u s t e r s  of t i l lers and w a s  t i g h t l y  
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gathered around t h e  tussock base  be fo re  t h e  p l a n t s  were c l ipped .  

r e p l i c a t i o n s  were taken  from each area a t  t h e  r e spec t ive  sampling d a t e s .  

Remaining i n s i d e  t h e  p l a s t i c  c o l l e c t i o n  bag,  t h e  samples were p laced  i n  

uniform-geometry ca r tons  and assayed wi th  a 3 x 3 i n .  c r y s t a l  and 

Packard MCA-115. 

w a s  eva lua ted  i n  t h e  r ad iona lys i s .  Counting e f f i c i e n c y  and phys ica l  

decay were determined from a 1.05-pCi 86Rb s t anda rd  of similar geometry 

which w a s  ob ta ined  independent ly  from t h e  ORNL Iso topes  Div is ion .  

Ten 

Only t h e  1.07-Mev gamma peak of t h e  r a d i a t i o n  spectrum 

Results and Discussions 

Mass Deposit  and I n i t i a l  Retent ion 

The i n i t i a l  mass depos i t  of p a r t i c l e s  over  open ground area w a s  

2 2 - + 0.5 and 9.2 g / f t  11.0 g / f t  

r e spec t ive ly .  

depos i t  which could b e  expected i n  t h e  form of l o c a l  f a l l o u t  f o r  

i n t e rmed ia t e  weapon y i e l d  according t o  p r e d i c t i o n s  from mass-contour 

5 1.0  f o r  f i n e  and coarse  p a r t i c l e s ,  

This mass load approximates t h e  q u a n t i t y  of s u r f a c e  

models (Clark and Cobbin 1963) and measurements of vo lcan ic  ash  d e b r i s  

(Mi l le r  and Lee  1966).  I n i t i a l  r e t e n t i o n  a t  to as determined by 

d i f f e r e n c e  of p a r t i c l e  depos i t  above and below t h e  g r a s s  canopy, is  

given as 5.0 and 1 .8  g / f t 2  (Table 6) f o r  t h e  f i n e  and coarse  s i z e  

classes, r e s p e c t i v e l y .  A s u b s t a n t i a l  f r a c t i o n  (45% f i n e  and 20% coarse)  

w a s  r e t a i n e d  i n  t h e  g ra s s  canopy dur ing  t h i s  s h o r t  t i m e  i n t e r v a l ,  b u t  

t h e  q u a n t i t y  had diminished by a f a c t o r  of 3 f o r  bo th  s i z e  classes 1 h r  

later (Table 6 ) .  These d a t a  i n d i c a t e  s u b s t a n t i a l  p a r t i c l e  l o s s  from 

vege ta t ion  s h o r t l y  a f t e r  contamination, and t h e  t iming of t h e  f i r s t  

observa t ion  g r e a t l y  in f luences  t h e  magnitude of i n i t i a l  r e t e n t i o n  va lues .  



86 Table 6 .  Mass, Rb Act iv i ty ,  and Sand Retent ion by Fescue Following Contamination wi th  

Fine (44-8811) and Coarse (88-1771-1) Fa l lou t  Simulant 

Fine Par t ic les  Coarse Par t ic les  
Time Fescue 

Mas s1 8 6 ~ b  ac t iv i ty  R e t e n t  ion 
Curnulati-ie A-Jerage" 

Retention Retention' Precipitation 56, b.3 ac t iv i ty  

5.0 45.4 2 0.0 17.4*  2.3 

2.65 1.7 15.4 2 0.042 17.4 * 2.3 0.153 * .013 
(1 h r )  
0.75 (17.5) 0.117 .022 2.05 1.35 12.3 

1.83 (17.7) 0.062 f .ooa 1.10 0.75 6.8 

2.88 (17.9) 0.074 * .006 1.32 0.94 8.5 

- - 1.8 19.6 3 . 4  33.7 0.0 

0.071 f .006 1.24 0.60 6.5 1.15 1 1 . 4  0.0 

0.069 f .005 1.21 0.61 6.6 0.98 9.7 0 .o 
0 = -  

0.037 f .002 0 0.36 3.9 0.67 6.4 0.80 

0.061 f .006 1.08 0.56 6.1 0.66 6.5 . / 3  

5.85 (18.3) 0.018 f .002 0.34 0.27 2.4 0.030 i .001 0.55 0.33 3.6 0.30 3.0 1.03 

6.88 (18.5) 0.015 * .001 0.28 0.23 2.1 0.025 * .ooi 0.46 0.29 3.2 0.26 2.6 1.03 

17.0 20.2 * 1.9 0.009 + .ooi 0.18 0.22 2.0 0.010 .0007 0.21 0.19 2 .1  0.20 2 .0  2.42 

'Oven dry weight. 
2 

3Average retention includes da ta  fo r  both fine and coarse pa r t i c l e  f rac t ions .  

4Unadjusted average of columns 5 and 9. 

I n i t i a l  and f i n a l  quantit ies measured. Intermediate quantit ies ( i n  parentheses) estimated by ir.terpolatior.. 

Plus or  minus 1 standard e r ror  of mean. 

4 I . . 



Nearly 50% r e t e n t i o n  has  been observed h e r e  (Table 6) and elsewhere 

(Johnson and Lovaas 1969) when measurements are made immediately af ter  

depos i t ion .  However, approximately 10% r e t e n t i o n  on g ras s  has  been 

r epor t ed  when measurement i s  delayed 1 h r  t o  1 day a f te r  depos i t ion .  

S p e c i f i c  examples are 11% f o r  fescue  a t  1 h r  (Table 61, 9% f o r  sorghum a t  

12 h r  ( f i n e  p a r t i c l e s ,  Witherspoon and Taylor  19701, and 11% average f o r  

primary volcanic  d e p o s i t  on Costa Rican g ras ses  (Mi l l e r  and Lee 1966).  

Opera t iona l ly ,  i t  seems adv i sab le  t o  d i s t i n g u i s h  between abso lu te  t 

delayed r e t e n t i o n  (1-12 h r  postcontaminat ion) .  Herein,  i n i t i a l  r e t e n t i o n  

and/or  weather ing are des igna ted  as t h e  phenomena occurr ing  from abso lu te  

t t o  1 h r ,  and e f f e c t i v e  r e t e n t i o n  as t h a t  which occurs  from 1 h r  t o  

several weeks. 

and 
0 

0 

The r eade r  i s  reminded t h a t  r e t e n t i o n  d a t a  of d i f f e r e n t  s i z e  class 

p a r t i c l e s  (Table 6) i s  based on s l i g h t l y  d i s s i m i l a r  s imulant  a p p l i c a t i o n  

rates, 11.0 vs 9.2 g / f t  f o r  f i n e  and coa r se  material, r e spec t ive ly .  S t r i c t  

comparison of abso lu t e  r e t e n t i o n  would r e q u i r e  adjustment  of one set of d a t a ,  

e.g.  t h e  coarse  s i z e  class va lues  x- 11*0 thereby inc reas ing  coarse  r e t e n t i o n  9.2 '  

by 20%. 

6X.  

effect  on subsequent eva lua t ions  of r e l a t i v e  r e t e n t i o n  would be  n e g l i g i b l e .  

2 

Average r e t e n t i o n  (Table 6 ,  column 12)  would inc rease  by less than 

The aforementioned adjustment  w a s  n o t  performed, however, because t h e  

Continuous Function Weathering 

A continuous weather ing func t ion  i s  an important  parameter used i n  

gene ra l i zed  mathematical  models of landscape contamination (Mi l l e r  and 

LaRiviere 1966 and Martin and Turner 1966).  

s i m p l i f i c a t i o n  of r e t e n t i o n  phenomenology, such func t ions  desc r ibe  t h e  

t r a n s i t o r y  foods tuf f  contamination and p o t e n t i a l  r a d i a t i o n  hazard i n  

Although o f t e n  an over- 



ex tens ive  a g r i c u l t u r a l  systems. For t h e  17-day i n t e r v a l ,  t h e  b e s t  f i t  

of t h e  composite fescue  d a t a  w a s  t o  a nega t ive  exponent ia l  model 

(Figure 6a) of t h e  form, 

Eq. 1 - X t  Y = a+(l-a)e  . 
I n  e f f e c t  t h e  a parameter i s  a weight ing  func t ion  which dominates t h e  

expression of r e t e n t i o n  dur ing  t h e  e a r l y  pe r iod  of weather ing ( smal l  

t ' s )  b u t  which e x e r t s  less in f luence  as t i m e  passes  ( l a r g e  t ' s ) .  High a 

values  po r t r ay  cons iderable  dev ia t ion  from t h e  normal nega t ive  exponent ia l  

model (y = ae ) , and i n d i c a t e  multicomponent weather ing p rocesses ,  t h e  

i n d i v i d u a l  components of which w i l l  b e  d iscussed  below. Other r e t e n t i o n  

d a t a  on sorghum (Witherspoon 1970) are a l s o  f i t t e d  t o  t h e  same model 

(Fig.  6b) ,  and t h e  a and A parameters f o r  f e scue ,  sorghum, and composite 

g ra s s  are given i n  Table 7. Re la t ive ly  low s t anda rd  e r r o r s  f o r  t h e  a 

and X parameters i n d i c a t e  t h a t  t h e  continuous func t ion  model adequately 

desc r ibes  p a r t i a l  r e t e n t i o n  f o r  fescue  g r a s s .  Higher S E ' s  f o r  sorghum 

and composite g ra s s  r e f l e c t  a less s a t i s f a c t o - r y  f i t  of t h e  model t o  t h e  

da ta .  

- A t  

High va r i ance  of t h e  a parameter  i n d i c a t e s  t h a t  a ze ro  va lue  could 

be  expected w i t h i n  t h e  l i m i t s  of e r r o r  of t h e  estimate;  t hus  f o r  t h e s e  

cases, t h e  b e s t  f i t  d e v i a t e s  l i t t l e  from an unmodified nega t ive  exponen- 

t i a l  model. 

cases. 

t h e  a parameters  appear  t o  b e  species-dependent,  then  t h e  gene ra l i zed  model 

(Eq. 1 )  could b e  app l i ed  i n  t h e  widespread e v a l u a t i o n  of p a r t i c u l a t e  f a l l o u t  

r e t e n t i o n  on g r a s s  i f  an  exper imenta l ly  determined a r r a y  of a values  could 

be  provided as i n p u t  d a t a  f o r  v u l n e r a b i l i t y  assessments .  Add i t iona l ly ,  by 

employing d i f f e r e n t  s p e c i e s - r e l a t e d  a and X parameters ,  t h e  model could a l s o  

desc r ibe  t h e  time-dependent r e t e n t i o n  phenomena f o r  v e g e t a t i o n  types  o t h e r  

than g r a s s .  

The X parameters ,  however, were less v a r i a b l e  i n  a l l  test 

Since t h e  X's are similar f o r  d i f f e r e n t  s p e c i e s  of g r a s s ,  and 



a 

0 4 8 12 16 
TIME (days) 

L SORGHUM 

. ORNL-DWG 70-5319 
I I I 

0 4 8 12 16 20 0 4 8 12 16 20 
TIME (days) TIME (days) 

Fig .  6 .  Average Ef fec t ive  P a r t i c l e  Reten t ion  by Fescue and Sorghum 
Grasses.  
Sorghum data provided by Witherspoon (1970). 

Data normalized t o  express  t + 1 hr as i n i t i a l  r e t e n t i o n .  
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Table 7. Comparison of CY and X Parameters f o r  D i f f e r e n t  Se t s  o f  Data 

Evaluated by t h e  Continuous Funct ion Weathering Model (Eq. l), 

Negative Exponent ia l  P a r t i c l e  Reten t ion  

Test  d a t a  

Fescue 

Sorghum 
2 

CY 
- 

,1 
0.195 f .02 

0.029 f .07 

X - 

0.261 f .02 

0.227 * .06 
Composite g ra s s  0.081 f .05 0.217 * .03 

1 
Standard e r r o r  of  t h e  parameter e s t ima tes .  

Sorghum d a t a  compliments of Witherspoon (1970). 
2 
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Multicomponent Wea t h e r i n q  

Component loss of f a l l o u t  p a r t i c l e s  from p l a n t s  is  eva lua ted  when 

t h e r e  i s  reason t o  b e l i e v e  t h a t  s e v e r a l  f a c t o r s  independent ly  in f luence  

r e t e n t i o n .  For example, weather ing of p a r t i c l e s  from g r a s s  p l a n t s  i s  

d i f f e r e n t  when p a r t i c l e s  i n i t i a l l y  are r e t a i n e d  on leaf -b lade  s u r f a c e s  

than when r e t e n t i o n  is  i n  a x i l l a r y  c rev ices .  Although t h e  exac t  d e t a i l s  

of independent weather ing processes  are no t  w e l l  understood , s e v e r a l  

d i s t i n c t  components are evident  f o r  t h e  fescue  d a t a  (Fig.  7).  . F i t t i n g  

t h e  d a t a  t o  a semilogari thmic r eg res s ion  model of t h e  form 

loglo Y = a + bX, Eq. 2 

two log  normal equat ions  (Fig.  7, Eq. b and c)  were der ived  which des- 

c r ibed  e f f e c t i v e  r e t e n t i o n  f o r  days 0-6 ( i n  p r a c t i c e  h e r e ,  t h e  t + 1 h r  

value i s  considered day 0) and days 6-17. The l o s s - r a t e  c o e f f i c i e n t s  (b) 

were 0,098 and 0.014 f o r  e a r l y  and la te  t i m e  i n t e r v a l s ,  r e s p e c t i v e l y ,  

The factor-of-7 d i f f e r e n c e  i n  t h e  l o s s  ra te  f o r  e a r l y  and la te  i n t e r v a l s  

s t r o n g l y  i n d i c a t e s  t h a t  d i s s i m i l a r  mechanisms a f f e c t  r e t e n t i o n  on fescue  

and sorghum. 

f a l l  and low wind v e l o c i t y ,  thus  p a r t i c l e  r e t e n t i o n  is  inf luenced  by a 

No outwardly apparent  e f f e c t s  were caused by moderate r a in -  

complex of environmental  and vege ta t ive  f a c t o r s  which p resen t ly  are poor ly  

understood. 

Extremely r a p i d  weather ing during t h e  f i r s t  hour (3.4 g / f t 2  4 1.2 

g / f t  ; Fig. 7) c h a r a c t e r i z e s  t h e  i n i t i a l  component of l o s s .  Described 

i n  log-normal terms, t h e  l o s s - r a t e  parameter ( [ b ] ,  Eq. a ,  Fig.  7) w a s  

11, a va lue  2 t o  3 orde r s  of magnitude g r e a t e r  than  those  der ived  f o r  

e f f e c t i v e  r e t e n t i o n .  However, one should p l a c e  only l i m i t e d  confidence 

2 
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i n  t h i s  parameter of t h e  i n i t i a l  weather ing i n t e r v a l  because t h e  func t ion  

is descr ibed  from merely 2 d a t a  p o i n t s .  

I n  terms of p o t e n t i a l  r a d i a t i o n  damage t o  p l a n t s  from l o c a l  f a l l o u t ,  

one can expect extremely r a p i d  weather ing of t h e  e a r l y  a r r i v i n g ,  h igh ly  

r a d i o a c t i v e ,  b u t  promptly decaying products .  Rapid exponent ia l  l o s s  of 

p a r t i c l e s ,  coupled wi th  t h e  s u b s t a n t i a l  e a r l y  r a d i o a c t i v e  decay, would 

minimize t h e  con tac t  b e t a  dose t o  s e n s i t i v e  p l a n t  p a r t s .  Approximately 

10% of t h e  f a l l o u t ,  however, may be  e f f e c t i v e l y  r e t a i n e d  1 h r  post-  

depos i t i on ;  and t h e  loss rate of t h i s  f r a c t i o n  diminishes more slowly 

throughout a several-week per iod ,  thereby al lowing apprec iab le  b e t a  

exposure t o  p l a n t  p a r t s  i n  d i r e c t  contac t  wi th  t h e  p a r t i c l e s .  

D i f f e r e n t i a l  p a r t i c l e  weather ing can be a t t r i b u t e d  t o  t h e  combined 

e f f e c t s  of metero logica l  f a c t o r s  (wind, r a i n ) ,  l e a f  morphology 

(pubescence) and p l a n t  h a b i t  ( c r ev ices ,  n i che ) .  Wind-induced weather ing 

w a s  considered nominal i n  t h i s  experiment because of atmospheric calms 

during a p p l i c a t i o n ,  and because wind speeds i n  t h e  g ra s s  canopy (h = 20 

cm) were very low dur ing  t h e  17-day per iod.  Wind speeds ranged from 

0 t o  1.5 mph and averaged 0.3 mph - + 0.3 based on e x t r a p o l a t i o n s  from 

wind-profi le  d a t a  obta ined  10 cm above t h e  vege ta t ion .  

The low-magnitude wind speeds probably w e r e  e f f e c t i v e  i n  t h e  

i n i t i a l  dislodgment of p a r t i c l e s  from hor i zon ta l ly -pos i t i oned  l e a f -  

b lades  immediately fol lowing i n t e r c e p t i o n .  The rea f t e r  wind-induced 

weather ing w a s  n e g l i g i b l e  because p a r t i c l e s  had become t rapped  i n  t h e  

a x i l l a r y  crevices of t h e  g r a s s  shoot .  Nei ther  were loss rates a f f e c t e d  

apprec iab ly  by moderate q u a n t i t i e s  of r a i n f a l l  which occurred as l i g h t  

showers. One-inch cumulative p r e c i p i t a t i o n  over  days 2 t o  4 caused no 



s i g n i f i c a n t  dev ia t ion  from t h e  e s t a b l i s h e d  t r e n d  of p a r t i c l e  l o s s  f o r  

t h e  composite d a t a  (Fig.  7) .  An a d d i t i o n a l  1.4-in. shower a t  day 12,  

t h e  midregion of t h e  slow l o s s  component, d id  not  enhance p a r t i c l e  

removal. 

Vegetat ion In f luence  

Long-term r e t e n t i o n  of f a l l o u t  p a r t i c l e s  is  s t r o n g l y  inf luenced  by 

p lan t -habi t  and l ea f - su r face  f e a t u r e s  (Romney -- e t  a l .  1963, Miller 1966 

and Witherspoon and Taylor 1970). 

g rasses  is  a p a r t i c u l a r l y  e f f e c t i v e  c o l l e c t o r  (Dahlman -- e t  a l .  1969) 

because t h e  V-shaped leaf-blade s t r u c t u r e  channels p a r t i c l e s  i n t o  a 

crevice. R a i n f a l l  and wind-induced f l e x i n g  movements f u r t h e r  impact t h e  

p a r t i c l e s  w i t h i n  t h e  shea th .  The p r i n c i p a l  mode of removal is  a s s o c i a t e d  

The j u n c t i o n  of b l ade  and shea th  i n  

wi th  growth and development of i n t e r n a l  l e a f  t i s s u e  where adhering 

p a r t i c l e s  are c a r r i e d  upward by t h e  e longa t ing  c e n t r a l  a x i s .  It fo l lows ,  

then,  t h a t  p a r t i c l e  r e t e n t i o n  would be  d i r e c t l y  r e l a t e d  t o  growth, 

perhaps as a mir ror  image of t h e  genera l ized  exponent ia l  growth func t ion .  

Retent ion r e s u l t s  h e r e i n  (Fig.  6 )  indeed sugges t  such a nega t ive  exponen- 

t i a l  l o s s  rate under circumstances when p a r t i c l e  l o s s  w a s  n o t  conspicuously 

r e l a t e d  t o  moderate metero logica l  events .  

w a s  no t  measured i n  t h e  p re sen t  s tudy ,  perhaps i n  f u t u r e  r e t e n t i o n  ex- 

periments i t  would be  adv i sab le  t o  examine t h e  c o r r e l a t i o n  between 

cen t r a l - ax i s  e longa t ion  and f a l l o u t - p a r t i c l e  decontamination, e x p e c i a l l y  

While cen t r a l - ax i s  growth rate 

f o r  maize and ce rea l -g ra in  crops.  
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CESIUM-137 DYNAMICS I N  A FESCUE MEADOW 

R. C. Dahlman 

SUMMARY 

Early inco rpora t ion  of 137Cs i n t o  f o l i a g e  w a s  l a r g e l y  

by contac t  a s s i m i l a t i o n  because apprec i ab le  uptake had oc- 

cur red  be fo re  t h e  s imulant  had reached s o i l  su r f ace .  Two 

l o s s  rates (0.04 and 0.003), der ived  from l i n e a r  r eg res s ion  

a n a l y s i s ,  descr ibed  137Cs decrease i n  l i v i n g  f o l i a g e .  The 

f a s t  component cha rac t e r i zed  nuc l ide  l o s s  during t h e  f i r s t  

month. Subsequent l o s s  due t o  t h e  s lower component w a s  

an o r d e r  of magnitude less than t h e  f a s t  rate. When eval- 

- 

uated over  a longer  t i m e  i n t e r v a l ;  i .e . ,  1 y e a r ,  137cs 
content  of l i v i n g  f o l i a g e  w a s  expressed by a modified 

negat ive  exponent ia l ,  Y = a+Be . Asymptotic concent ra t ion  

i n  f o l i a g e  i n  t h e  second growing season ind ica t ed  equi- 

l i b r a t i o n  of C s  i n  t h e  vege ta t ive  component. 

A t  

13 7 

Introduction 

One important  consequence of a s u r f a c e  nuc lea r  de tona t ion  i s  t h e  

f a l l o u t  of r a d i o a c t i v e  p a r t i c l e s  downwind from t h e  b l a s t .  For s h o t s  i n  

t h e  KT y i e l d  range (Teapot S e r i e s  [Ni sh i t a  and Larson 19571) , 100 1-1 

median diameter p a r t i c l e s  w e r e  c a r r i e d  a t  least 140 miles downwind. Ob- 

v ious ly ,  f a l l o u t  would travel g r e a t e r  d i s t ances  and cover l a r g e r  areas 

from explos ions  i n  t h e  MT. range; t h e  y i e l d  c a p a b i l i t y  of today ' s  devices .  

A t  Oak Ridge Nat iona l  Laboratory (OWL) , long-term response of p l a n t s ,  

animals ,  and i n s e c t s  t o  chronic  r a d i a t i o n  is  be ing  i n v e s t i g a t e d  i n  t h e  

regime of chronic  r a d i o a c t i v i t y  i n  t h e  l o c a l  f a l l o u t  zone. 

Our s p e c i f i c  o b j e c t i v e s  were t o  observe t h e  e f f e c t s  of r a d i a t i o n  and 

t h e  behavior  of r a d i o a c t i v e  p a r t i c l e s  under condi t ions  resembling a l o c a l  

- 



f a l l o u t  s i t u a t i o n  w i t h i n  approximately 50 m i  of t h e  explosion.  To provide 

f o r  a f irst  approximation t o  t h e s e  p o s t a t t a c k  condi t ions  i t  w a s  necessary  

t o  achieve c e r t a i n  design advantages,  and t h e s e  included:  (1) uniform 

p a r t i c l e  mass load ,  and (2) chronic  beta-gamma dose rate somewhat com- 

parable  t o  t h a t  of r e s i d u a l  f a l l o u t .  

r e s u l t s  fol lowing p a r t i c l e  a p p l i c a t i o n  and r ad ionuc l ide  a s s i m i l a t i o n  by 

p l a n t s  i n  a subhumid climate. 

This  paper  a l s o  r e p o r t s  f i r s t - y e a r  

Methods 

Simulant Characteris t ics 

The l o c a l  f a l l o u t  s imulant  w a s  synthes ized  a t  NRDL from s i l ica te  

sand and 137Cs. 

of f a l l o u t ,  and from i t  e m i t s  bo th  b e t a  (0.52 and 1.18 MeV) and gamma 

This rad ionucl ide  i s  an important  long-l ived component 

(0.66 MeV) r a d i a t i o n .  Approximately 100 p c i  137Cs/g w a s  f i x e d  on sand 

t o  achieve t h e  d e s i r e d  dose f o r  a p a r t i c l e  mass load of 25 g / f t 2 ,  t h e  

f a l l o u t  depos i t  f o r  t h e  o u t e r  f r i n g e s  of t h e  l o c a l  f a l l o u t  zone (Lane 

1965).  Control led temperatures  dur ing  t h e  fus ion  process  impart  d e s i r e d  

l e a c h a b i l i t y  t o  t h e  s imulant  which i s  somewhat s i m i l a r  t o  t h a t  possessed 

by l o c a l  f a l l o u t  p a r t i c l e s .  Leachab i l i t y  i n  t h i s  case w a s  def ined  as 

137 percent  of C s  d i s so lved  i n  an aqueous system i n  2'4 h r ,  which w a s  

15 - + 0.6% f o r  t h e  material used i n  t h e  experiment.  

diameter f r a c t i o n  (88 t o  177 p) approached upper l i m i t s  of t h e  s i z e  ob- 

se rved  t o  b e  e f f e c t i v e l y  r e t a i n e d  by f o l i a g e ,  i t  w a s  s e l e c t e d  f o r  t h e  

ease wi th  which i t  could be  manipulated s a f e l y  dur ing  a p p l i c a t i o n  t o  

vege ta t ion .  

Although t h e  p a r t i c l e -  



. Simulant Applicat ion 

Simulant w a s  appl ied  t o  an e s t a b l i s h e d  fescue  community i n s i d e  

rodent-proof enc losures .  

ca. 70 cm above t h e  g ra s s  canopy, t h e  s imulant  f e l l  d i r e c t l y  t o  t h e  veg- 

Released from a hopper-type spreader  e l eva ted  

e t a t i o n .  Lateral movement due t o  wind turbulence  w a s  n e g l i g i b l e  because 

of calm atmospheric cond i t ions .  Spreader t r a v e l  w a s  r egu la t ed  by remote 

c o n t r o l  t o  minimize exposure t o  personnel .  Simulant w a s  appl ied  i n  two 

s t a g e s  and i n  c r i s s - c ros s  d i r e c t i o n s  t o  a s s u r e  uniform coverage of t h e  

2 area below. Each of four  100 m areas w a s  tagged wi th  2 .2  c u r i e s  (Ci) 

2 of 137Cs r a d i o a c t i v i t y .  P a r t i c l e  mass load w a s  approximately 22 g / f t  . 
Vegetat ion Measurement 

Random p l a n t  samples were c o l l e c t e d  from each contaminated area f o r  

rad ioassay  a t  d i f f e r e n t  i n t e r v a l s  fol lowing tagging  t o  determine quan t i ty  

of r ad io i so tope  a s s i m i l a t e d  by f o l i a g e .  Sand p a r t i c l e s  f i r s t  were removed 

from g ras s  leaves by vacuum-cleaning; then  t h e  vege ta t ion  w a s  assayed f o r  

a c t i v i t y  i n  a s ingle-channel  spectrometer .  Standing dead p l a n t  materials 

were prepared i n  t h e  same fashion.  

Quan t i ty  of l i v i n g  and dead dry matter i n  t h e  contaminated areas 

w a s  determined from nondes t ruc t ive  sampling methods based on a r eg res s ion  

of mass on capac i tance  and an estimate o f . s t a n d i n g  dead material (Van Dyne 

-- e t  a l .  1968). 

uncontaminated areas, and then  were used t o  p r e d i c t  mass of l i v i n g  and 

Regression equat ions w e r e  der ived  from measurements i n  

dead material i n  t h e  r a d i a t i o n  zones. 

Runoff Measurement 

Average r a i n f a l l  i n  t h i s  region of  e a s t e r n  United S t a t e s  i s  125 



cm/year, and occass iona l ly  t h e r e  is  s i g n i f i c a n t  s u r f a c e  water runoff 

during i n t e n s e  s torms.  The magnitude of r a d i o a c t i v i t y  r e d i s t r i b u t i o n  i n  

these  in s t ances  i s  determined by rad ioassay  of s o i l  and water c o l l e c t i o n s  

and by measuring t h e  quan t i ty  of materials c a r r i e d  i n  runoff .  

ResuZts and Discussion 

Appl ica t ion  

The 137Cs f a l l o u t  s imulant  w a s  s u c c e s s f u l l y  appl ied  t o  t h e  fescue  

g ras s  community. Radiat ion . i n t e n s i t y  w a s  100 and 200 mr/hr a t  1 m near  

t h e  edge and c e n t e r ,  r e s p e c t i v e l y ,  a l lowing 30 t o  60 midweek f o r  personnel  

t o  work i n  t h e  r a d i a t i o n  areas. There w a s  uniform d i s t r i b u t i o n  of s imulant  

i n  each p l o t  according t o  t h e  scan  surveys  (Fig.  8).  The response s u r f a c e  

shows even a c t i v i t y  i n t e n s i t y  over  t h e  100 m 2 area, and maximum d i f -  

fe rence  between trough and peak is  12% of t h e  average i n t e n s i t y .  This  

level of a c t i v i t y  r ep resen t s  a condi t ion  when some p a r t i c l e s  s t i l l  were 

s c a t t e r e d  throughout t h e  vege ta t ion  canopy. Although p a r t i c l e s  l a te r  

became dis lodged and incorpora ted  i n t o  t h e  s o i l ,  d a t a  from success ive  

scans showed l i t t l e  decrease i n  gamma i n t e n s i t y ,  i n d i c a t i n g  a slow 

weather ing rate of p a r t i c u l a t e  f a l l o u t  i n  t h i s  community. 

of la teral  r e d i s t r i b u t i o n  of p a r t i c l e s  t o  s u r f a c e  depress ions  thus  f a r  

is  n e g l i g i b l e  as determined from s e q u e n t i a 1 , a n a l y s i s  of response s u r f a c e s .  

It has  been demonstrated t h a t  t h e  scanning ins t rument  i s  s u f f i c i e n t l y  

s e n s i t i v e  t o  d e t e c t  i n t e n s i t y  changes which may r e s u l t  from r e d i s t r i b u t i o n ,  

The e x t e n t  

because t h e  l o c a t i o n s  of minor s p i l l s  dur ing  s imulant  a p p l i c a t i o n  ag ree  

with peaks i n  t h e  response s u r f a c e .  
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Fig .  8.  R a d i o a c t i v i t y  Response Surface 1 Meter above Ground Level. 
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Vegetation Dynamics 

A dense s t a n d  of fescue  g ras s  e x i s t e d  when t h e  areas w e r e  contaminated 

2 with  t h e  s imulant .  Approximately h a l f  t h e  1200 g/m (1200 kg/ha) of 

fescue w a s  l i v i n g  and h a l f  w a s  dead. Re la t ive  propor t ions  of l i v e  and 

dead vege ta t ion  inf luenced  whole body r a d i o a c t i v i t y  of co t ton  rats 

(DiGregorio -- e t  al.,' t h i s  r e p o r t )  and cyc l ing  processes  r e l a t e d  t o  

b i o l o g i c a l  segments of t h e  ecosystem (e .g . ,  r ad ionuc l ide  r e d i s t r i b u t i o n  

t o  deeper hor izons  by r o o t s ,  a s s i m i l a t i o n  by consumer organisms).  

Quan t i t i e s  of dead and l i v i n g  vege ta t ion  remained r e l a t i v e l y  cons tan t  

during the  f i r s t  month of t h e  experiment,  a f t e r  which t h e  l i v i n g  mass 

decreased wi th  onse t  of t h e  dormant season.  Quant i ty  of dead vege ta t ion  

increased  a t  t h i s  t i m e ,  r e f l e c t i n g  organic  t r a n s f e r  from one compartment 

t o  another .  Decomposition of dead material and organic  r e d i s t r i b u t i o n  

t o  r o o t s  probably are r e spons ib l e  f o r  t h e  l a t e  season decreases  i n  t o t a l  

quan t i ty  of above-ground vege ta t ion .  

Par t ic le  In t e rcep t ion .  and Retent ion 

The dense g r a s s  s i g n i f i c a n t l y  a f f e c t e d  p a r t i c l e  behavior  because 

t h e  c losed  canopy i n t e r c e p t e d  apprec i ab le  q u a n t i t i e s  of f a l l i n g  s imulant  

(Fig. 9 ) .  Many p a r t i c l e s  remained a t  t h e  s i t e  of impact f o r  3 o r  4 days 

a f t e r  which t i m e  those  on h o r i z o n t a l l y  pos i t i oned  l e a f  b l ades  became 

dis lodged b u t  were subsequent ly  i n t e r c e p t e d  aga in  by dead and l i v i n g  p l a n t  

p a r t s  i n  t h e  understory l a y e r .  P a r t i c l e s  o f t e n  concent ra ted  i n  t h e  

crevice formed a t  t h e  junc t ion  of leaf -b lade  and shea th ,  and they remained 

h e r e  u n t i l  ra instorms washed t h e  p a r t i c l e s  t o  ground s u r f a c e  4 t o  6 weeks 

later. C i rcu la r  vo ids  ev ident  i n  t h e  l e a f  depos i t  (Fig.  9 )  were caused by 
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ra indrops  from a very b r i e f  shower s h o r t l y  a f t e r  p a r t i c l e  a p p l i c a t i o n .  

Retent ion of t h i s  s i z e  p a r t i c l e  (88 t o  177 p d i a . )  w a s  unexpected, 

based on r e p o r t s  of s i z e  f r a c t i o n  i n t e r c e p t i o n  by p l a n t s  surrounding 

s u r f a c e  de tona t ions  (Romney -- e t  a l .  1963),  where 44 t o  80 p w a s  t h e  

l a r g e s t  p a r t i c l e  class c o l l e c t e d  from f o l i a g e .  The seemingly h ighe r  

r e t e n t i o n  i n  our  experiments may b e  a func t ion  of t h e  subhumid micro- 

environment caused by a c t i v e l y  t r a n s p i r i n g  vege ta t ion  and by n i g h t l y  

dew depos i t s .  I n  t h i s  moist  environment water  f i lms  developed between 

p a r t i c l e s  and p l a n t  p a r t s ,  which enchanced p a r t i c l e  r e t e n t i o n  and provided 

an aqueous medium f o r  leaching  of 137Cs from p a r t i c l e s  and f o r  t r a n s f e r  

of nuc l ide  t o  vege ta t ion .  

We recognize t h a t  p a r t i c l e  a p p l i c a t i o n  i n  t h i s  experiment w a s  very 

d i f f e r e n t  from depos i t i on  processes  a s soc ia t ed  wi th  s u r f a c e  nuc lea r  

de tona t ion .  Particle-falling'velocity, a i r  turbulence ,  and l o c a l l y  drying 

condi t ions  would be important f a c t o r s  which were not  eva lua ted  i n  t h i s  

s i t u a t i o n ;  For example, t h e  parameters i n  Miller's (1967) contamination 

f a c t o r  equat ion  " a l l  depend on wind speed." 

Dynamics of Radiocesium i n  Vegetation 

The tagged p a r t i c l e s  e f f e c t i v e l y  contaminated t h e  vege ta t ion .  I n i t i a l  

a c t i v i t y  (Table 8) w a s  1.32 2 0.16 pCi/g and 4.6 - + 0.59 pCi/g f o r  cleaned 

l i v i n g  and dead f o l i a g e ,  r e spec t ive ly .  

quan t i ty  a s s i m i l a t e d  metabol ica l ly  o r  adsorbed t o  s u r f a c e s  , b u t  presumably 

i t  does no t  i nc lude  sand p a r t i c l e s ,  because p l a n t  p a r t s  were thoroughly 

brushed and vacuumed be fo re  radioassay.  The d i f f e r e n t i a l  uptake (1.32 

vs 4.6 pCi/g) may be  a t t r i b u t e d  t o  s e v e r a l  f a c t o r s .  Dead material was 

c o l l e c t e d  from sites i n s i d e  t h e  canopy where nonl iv ing  p a r t s  overlap t o  

The 137Cs conten t  r ep resen t s  t h e  
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Date '37~s of l i v i n g  137Cs of  dead Tota l  137Cs of 
p l a n t  component 

2 mC i / m  2 w / g a  pc i / m  pCi/g pc i / m  2 

,b 16 Aug. 1.32 f 0.16 8 40 4.62 f 0.59 2587 3. 

- - - 23 Aug. 1.05 f 0.15 6 72 

5 Sept.  0.52 f 0.05 335 4.12 f 0.48 2390 2.72 

3 Oct. 0.49 f 0.04 223 3.15 f 0.22 1922 2.14 

17 o c t .  0.38 f 0.02 126 3.73 f 0.30 2324 2.45 

13 Dee. 0.16 f 0.01 45 0.57 f 0.09 428 0.47 

15 Jan. 0.155 f 0.006 33 0.19 * 0.02 146 0.18 

2 Mar. 0.18 f 0.009 - 0.29 f 0.03 - - 
29 Apr. 0.008 f 0.001 - 0.22 * 0.03 - - 
30 June 0.019 f 0.006 - 0.28 f 0.03 - 

- 
9 Aug. 0 . 0 1 4 f  0.003 - 0.29 * 0.06 - 

' 1 ,  , , ' I  

"Dry Matter 

bSummation of columns 3 and 3 



form a c losed  l a y e r  above t h e  s o i l  and l i t t e r ,  and t h i s  zone may have 

t rapped p a r t i c l e s  more e f f e c t i v e l y  than  l i v i n g  f o l i a g e .  

of t h e  modified microenvironment i n  t h i s  l a y e r  t h e r e  were b e t t e r  moisture-  

Also, because 

condi t ions  on vege ta t ion  s u r f a c e s ,  thus  enhancing t h e  leaching  of 137Cs 

from p a r t i c l e s  an3 adsorp t ion  t o  dead p l a n t s .  Diurnal  moistening and . 

drying cyc le s  i n  a s s o c i a t i o n  wi th  morning dew depos i t s  may have been 

r e spons ib l e  f o r  t h e  magnitude of 1 3 7 C ~  t r a n s f e r  from p a r t i c l e s  t o  

vege ta t ion .  

Three f a c t o r s  would tend t o  reduce 137Cs conten t  i n  l i v i n g  f o l i a g e  

r e l a t i v e  t o  dead vege ta t ion .  Except i n  a x i l l a r y  c r e v i c e s ,  t h e  t i m e  of 

i n i t i a l  p a r t i c l e  con tac t  w i th  dead vege ta t ion  w a s  approximately t w i c e  

t h a t  of l i v i n g  (8 vs 3 t o  4 days) .  This would a l low f o r  g r e a t e r  leaching  

137 and d i f f u s i o n  of C s  from p a r t i c l e s  t o  vege ta t ion  i n  t h e  case of 

s t and ing  dead materials. 

contamination and sampling would have d i l u t e d  f i n i t e l y  absorbed amounts 

of radiocesium. 

three- to- four fo ld  d i l u t i o n  i n  a c t i v i t y .  Th i rd ly ,  i n t e r n a l  r e d i s t r i b u t i o n  

Secondly, new growth i n  t h e  8-day per iod  between 

But growth rates w e r e  no t  of a magnitude t o  account  f o r  a 

of a s s i m i l a t e d  radiocesium t o  o t h e r  p l a n t  p a r t s  would reduce t h e  q u a n t i t y  

p re sen t  i n  f o l i a g e .  Resul t s  of l abora to ry  experiments (Fig.  10) show t h a t  

approximately 20% of a s s i m i l a t e d  radiocesium w i l l  b e  t r a n s p o r t e d  t o  t h e  

roo t  system w i t h i n  8 days. This  process  d e f i n i t e l y  would reduce 137C~ 

content  of l i ve  f o l i a g e ,  b u t  no t  t o  t h e  e x t e n t  of observed d i f f e r e n c e s  

between l i v i n g  and dead vege ta t ion .  Conceivably a combination of f a c t o r s  

( s h o r t e r  p a r t i c l e  res idence  t i m e  on l i v i n g  f o l i a g e ,  d i l u t i o n  due t o  new 

growth, t r a n s p o r t  t o  t h e  roo t  system) could account  f o r  t h e  observed 

d i f f e r e n c e s  i n  137Cs content  i n  l i v i n g  and dead p l a n t  p a r t s .  
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A s  s i m i l a t  i on .  
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Resul t s  of a l abora to ry  experiment i n  which g ras s  f o l i a g e  w a s  

contaminated ‘(Fig. 10) show t h e  magnitude of i n t r a p l a n t  t r a n s p o r t  of 

radiocesium. 

roo t  system i n  1 4  days.  Then t h e r e  w a s  r e d i s t r i b u t i o n  t o  t h e  i n f l o r e s c e n c e  

which emerged s h o r t l y  t h e r e a f t e r .  Extensive radiocesium mobi l i t y  i n  p l a n t s  

has  been well-documented (Waller and Olson 1967 and Levi 1966) ,  and i t s  

movement t o  reproduct ive  s t r u c t u r e s  p re sen t s  an added dimension of hazard 

t o  man and o t h e r  he rb ivo res .  

i n  e d i b l e  p l a n t  p a r t s  could inc rease  apprec iab ly  t h e  i n t a k e  of body 

burdens of man and o t h e r  animals which s e l e c t i v e l y  feed  on seeds  and 

f r u i t s .  

Approximately 25% of a s s i m i l a t e d  radiocesium moved t o  t h e  

Accumulation of t h e  long-l ived nuc l ide  

T o t a l  r a d i o a c t i v i t y  accumulation i n  b i o l o g i c a l  organisms c o n s t i t u t e s  

one major hazard of environmental  contaminat ion.  The f r a c t i o n  of rad io-  

a c t i v i t y  t h a t  t r a n s f e r s  from f a l l o u t  p a r t i c l e s  t o  p l a n t s  c o n s t i t u t e s  t h e  

base  level i n  foods tu f f s  which w i l l  b e  consumed d i r e c t l y  o r  i n d i r e c t l y  

by man. Knowledge of f a l l o u t  depos i t i on ,  p a r t i c l e  c h a r a c t e r i s t i c s ,  and 

t h e  q u a n t i t y  of vege ta t ion  p e r  unit area was used t o  estimate t h e  137Cs 

t r a n s f e r  c o e f f i c i e n t  (s imulant  p a r t i c l e s  t o  vege ta t ion ) .  T o t a l  a c t i v i t y  

L i n  a l l  vege ta t ion  w a s  determined as 3.4 m C i / m  (Table 8 ,  last. column) 

8 days a f t e r  p a r t i c l e  depos i t i on .  This va lue  r e p r e s e n t s  15% of 137Cs 

L depos i ted  on t h e  area ( 2 2  m C i / m  ). Although g r e a t e r  than  expec ted ,  t h e  

es t imated  t r a n s f e r  (15%) w a s  c o n s i s t e n t  w i th  r e s u l t s  of s imulant  leach-  

a b i l i t y  (15%, 24 h r  i n  water). 

radiocesium sprayed on f i e l d  p l o t s  i n i t i a l l y  w a s  a s s o c i a t e d  wi th  

vege ta t ion .  

t h e r e  is s u i t a b l e  con tac t  by means of an aqueous carrier.  

Tamura (1968) r epor t ed  t h a t  n e a r l y  a l l  

Apparently radiocesium is  f i r s t  f i x e d  by t h e  vege ta t ion  when 

P l a n t  material 

. 
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seems t o  behave as a sponge as i t  soaks up t h e  rad ionucl ide .  To e f f e c t  

15% t r a n s f e r  t o  vege ta t ion  i t  would have seemed necessary  f o r  nea r ly  a l l  

t h e  p a r t i c l e s  t o  have remained on p l a n t  p a r t s  f o r  a t  least 1 day, b u t  some 

f e l l  t o  t h e  ground a t  t h e  t i m e  of i n i t i a l  app l i ca t ion .  Apparently opt imal  

moisture  condi t ions  e x i s t e d  f o r  those  which remained on t h e  vege ta t ion ,  

and t h i s  enhanced t h e  r ad ionuc l ide  movement t o  fescue  vege ta t ion .  

These r e s u l t s  cannot b e  app l i ed  d i r e c t l y  t o  l o c a l  f a l l o u t  s i t u a t i o n s  

because t h e  rad ionucl ide  l e a c h a b i l i t y  of t h e  s imulant  p a r t i c l e s  (15%) i s  

somewhat g r e a t e r  than most va lues  given f o r  a c t u a l  f a l l o u t  (usua l ly  1 t o  

5% and 20% maximum [Lane 19651). Also, our  s imulant  contained only one 

r ad ionuc l ide ,  13 7 
C s ,  and i t  is  h igh ly  mobile when i n  contac t  w i th  bio- 

l o g i c a l  systems. U l t i m a t e  tests wi th  f a l l o u t  s imulant  should inc lude  

mixed i s o t o p e  p repa ra t ions  possess ing  va r ious  l e a c h a b i l i t y  p r o p e r t i e s ,  

and p a r t i c l e s  should b e  t e s t e d  i n  d i f f e r e n t  cl imatic and environmental  

s i t u a t i o n s .  

F i r s t -yea r  decrease  of 137cs i n  l i v e  fescue  is  descr ibed  by a negat ive  

exponent ia l  func t ion ,  Y = 0 .27  + 1.59 e -0*32t, where Y = pCi/g and 

t = days (Fig. 11 ) .  A c t i v i t y  decreased by an o r d e r  of magnitude w i t h i n  

4 months a f t e r  a p p l i c a t i o n  of t h e  s imulant ,  and later seasona l  f l u c t u a t i o n s  

w e r e  r e l a t i v e l y  minor. 

June, 1969 (.08 pCi/g t o  .18 pCi/g) may b e  a t t r i b u t e d  t o  increased  roo t  

feeding  a s s o c i a t e d  wi th  t h e  e a r l y  season f l u s h  of new growth. 

A s i g n i f i c a n t  doubling of a c t i v i t y  dens i ty  i n  

The rea f t e r ,  

t h e  a c t i v i t y  dens i ty  of l i v i n g  and dead vege ta t ion  became s t a b i l i z e d  as 

t h e  C s  approached a new equ i l ib r ium i n  t h e  p l a n t - s o i l  system. 13 7 
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Weathering Loss of Fol iage 137Cs 

Weathering processes  remove p a r t i c l e s  and d isso lved  rad ionucl ide  

137 from contaminated materials , and t h e  weather ing h a l f - l i f e  of C s  w a s  

ca l cu la t ed  from d a i l y  l o s s  rates of t h e  f r a c t i o n  which had been in -  

corporated by p l a n t  t i s s u e .  Values i n  Table 9 are t h e  h a l f - l i f e  t i m e s  

pe r  u n i t  mass o r  area. The short- term component f o r  l i v i n g  vege ta t ion  

had a 3-week h a l f - l i f e ,  and i t  w a s  t h e  same whether a c t i v i t y  w a s  expressed 

p e r  u n i t  mass o r  p e r  u n i t  area. 

term component and t h a t  of dead vege ta t ion  w a s  approximately 80 days. 

Su rp r i s ing ly ,  t h e  weather ing h a l f - l i f e  w a s  s h o r t e r  dur ing  t h e  i n i t i a l  

4-week i n t e r v a l  of no measurable r a i n f a l l .  The r e s u l t s  expressed h e r e i n  

Weathering h a l f - l i f e  of t h e  l i v i n g  long- 

i n d i c a t e  t h a t  t h e r e  are complex i n t e r a c t i o n s  be. tween ' fa l lout  p a r t i c l e s  

and vege ta t ion ,  and t h a t  t h e r e  are important  f a c t o r s  o t h e r  than r a i n f a l l  

which a f f e c t  weathering. 

Red i s t r ibu t ion  of Contaminant by R a i n f a l l  

Lateral movement of t h e  contaminant over  t h e  ground s u r f a c e  can be  

assessed  from s e q u e n t i a l  examination of scan  surveys ,  and from measurement 

of s u r f a c e  water runoff .  No r e d i s t r i b u t i o n  has  been de tec t ed  from changes 

i n  t h e  response s u r f a c e  of t h e  scan d a t a ,  and only a s m a l l  quan t i ty  of 

137Cs w a s  c a r r i e d  from t h e  contaminated area i n  runoff .  

P r i o r  t o  f a l l o u t  s imulant  a p p l i c a t i o n  t h e  magnitude of 137Cs t r a n s f e r  

i n  runoff w a s  p red ic t ed  from a simple compartmental model (Fig.  1 2 1 ,  which 

w a s  based on phys ica l  c h a r a c t e r i s t i c s  of s imulant  and s o i l ,  and on r a i n f a l l -  

runoff  r e l a t i o n s h i p s  observed during t h e  preceding yea r  (Dahlman a n d  

Auerbach 1968).  According t o  t h e  model only 0.13 m C i  of 137Cs (0.006% of 

t h a t  p re sen t )  would move from t h e  area i n  runoff  f o r  each s i g n i f i c a n t  



Table 9. Weathering H a l f - l i f e "  of Radiocesium i n  Vegetation 

Expressed i n  days p e r  u n i t  of 

Mass Area 

Live veget a t  iol? 

Fas t  component 
Slow component 
Combined 

Dead v e g e t a t i o n  

S ingle  component 

All  vege tab les  

20 
106 
76 

81 

- 

21 
74 
65 

87 

76 

H a l f - l i f e  i s  def ined  as t h e  days f o r  l o s s  of h a l f  t h e  137Cs a s s i m i l a t e d  
by t h e  f o l i a g e .  
(r2 > .9> of a c t i v i t y  va lues  on t ime.  

a 
Calcula t ions  were made from l i n e a r  r e g r e s s i o n  equat ions 
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p r e c i p i t a t i o n  event  (one i n  which >2% of t h e  i n p u t  occurs  as r u n o f f ) .  

Because of a d i s t r i b u t i o n  c o e f f i c i e n t  (Kd) of 200, i t  w a s  es t imated  t h a t  

approximately one-third of t h e  a c t i v i t y  would be  f i x e d  t o  s o i l  and t h e  

remainder d isso lved  i n  water: The a c t u a l  r e s u l t s  f o r  4 measurable runoff  

events  are presented  i n  Table 10. Two even t s ,  each occurr ing  i n  mid-winter 

of 1969 and 1970, 

0.12 and 0.18 m C i  

s u r p r i s i n g l y  good 

(0.12 and 0.18 vs 

t h e  p red ic t ed  and 

produced a s i g n i f i c a n t  q u a n t i t y  of runoff  which removed 

of 137Cs, r e spec t ive ly .  The measured quan t i ty  w a s  i n  

agreement wi th  t h e  p red ic t ed  va lue  based on t h e  model 

0.13 mCi). There w a s  poor agreement, however, between 

observed re la t ive propor t ions  of 137Cs i n  s o i l  and 

water. P r a c t i c a l l y  a l l  t h e  a c t i v i t y  w a s  p r e s e n t  i n  t h e  water, a probable  

consequence of t h e  unusual ly  small  quan t i ty  of eroded s o i l  (approximately 

1 g f o r  each c u r r e n t  event vs 80 g/event  f o r  equ iva len t  runoff  based on 

precontamination obse rva t ions ) .  Obviously, t h e  dense vege ta t ion  prevents  

s o i l  e ros ion ,  and i t  a l s o  restricts so i l -water  mixing, a process  which 

in f luences  t h e  magnitude of cesium s o r p t i o n  by s o i l .  That removal of 

radiocesium was g r e a t e s t  i n  t h e  aqueous phase suppor ts  t h e  conten t ion  

of h igh  137Cs mobi l i ty  dur ing  t h e  i n i t i a l  pe r iod  of t h e  i n v e s t i g a t i o n .  

I n  t h i s  case approximately 15% of t h e  radiocesium w a s  leached from 

p a r t i c l e s ,  t emporar i ly  absorbed by vege ta t ion ,  t hen  p a r t i a l l y  removed 

i n  surface-water  runoff .  A s i g n i f i c a n t  q u a n t i t y  w a s  s t i l l  i n  a 

t r a n s i e n t  s ta te  a f t e r  5 months because i t  had no t  y e t  been immobilized 

by t h e  s o i l .  

Our pre l iminary  r e s u l t s  i n d i c a t e d  t h a t  only a n e g l i g i b l e  quan t i ty  

of 137Cs (0.006%/runoff event )  would move from a contaminated area t o  

t h e  n a t u r a l  d ra inage  system. L e s s  than 20 such events  would be  expected 
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Table 10. Runoff, Erosion, and 137Cs Movement from an Area 

Contaminated wi th  Fa l lou t  Simulant 

Runoff Erosion To ta l  a c t i v i t y  
i n  runoff  

( m c i )  
Q u a n t i t y  l37CS Quant i ty  l37CS Event 

( a >  ( P W  (d ( P C i )  

Jan.  20 2 1 0.06 0.2 0.001 

0 - 5  1.3  0.118 Feb. 3 400 117 
Feb. 4 2 0.8 0.3 0.1 0.001 

Dec. 28 860 143 1.2 42 o .185 
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annual ly ,  and t o t a l  l o s s  would be  approximately 0.1% p e r  year .  An 

average of only 2 events  pe r  y e a r ,  however, has  been observed s i n c e  

1968, i n d i c a t i n g  very l i m i t e d  movement of contaminant from a vegeta ted  

meadow ecosystem. 

a lower l i m i t  of r a d i o a c t i v i t y  r e d i s t r i b u t i o n  f o r  l a r g e r  landscape 

The low o r d e r  of magnitude movement would r ep resen t  

areas. The maximum expected could b e  cons iderably  g r e a t e r  on t i l l e d  

and fa l low f i e l d s  because Tamura (1968) observed an average annual loss 

of approximately 20% when t h e  i so tope  w a s  sprayed on fa l low s o i l .  I n  

t h i s  case  p r a c t i c a l l y  a l l  t h e  movement w a s  v i a  s o i l  e ros ion ,  approximately 

26 metric tons /ha /yr .  

has  provided t h e s e  gu ide l ines  f o r  e s t ima t ing  magnitude of r a d i o a c t i v i t y  

Research on problems of environmental  contamination 

r e d i s t r i b u t i o n  from meadow and fa l low landscape u n i t s .  On a long-term 

b a s i s  our  cont inuing  e f f o r t s  w i l l  f u r n i s h  a d d i t i o n a l  r e s u l t s  on t h e  

e f f e c t  of chronic  r a d i a t i o n  on y i e l d ,  which i n  t u r n  could in f luence  

rad ionucl ide  movement i n  the  environment due t o  changes i n  q u a n t i t y  or 

. 

composition of p l a n t  cover.  
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RESPONSES OF ARTHROPODS TO I O N I Z I N G  RADIATION 

C.  E. Styron and Gladys J. Dodson 

S W R Y  

Responses of ar thropod communities t o  i o n i z i n g  r ad i -  

a t i o n  as i t  i n t e r a c t s  w i th  o t h e r  environmental  parameters 

are be ing  i n v e s t i g a t e d  i n  (1) short- term l abora to ry  s t u d i e s  

on i n t e r a c t i o n s  of f a l l o u t  r a d i a t i o n  wi th  popula t ion  dy- 

namics of s e l e c t e d  s p e c i e s ,  (2 )  long-term f i e l d  obser- 

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

wi th  seasonal  changes i n  ar thropod community composition 

and s t r u c t u r e ,  and (3) s t u d i e s  of t h e  b i o l o g i c a l  and phys- 

i c a l  dosimetry of b e t a  and gamma r a d i a t i o n  i n  t h e  f a l l o u t  

area. Data on t h e  exposure of Folsomia (Collembola) t o  

b e t a  r a d i a t i o n  from 9oSr-90Y f a l l o u t  i n d i c a t e  t h a t  t h e  

s e n s i t i v i t y  of t h e  popula t ion  is  determined p r imar i ly  by 

s e n s i t i v i t y  of f e r t i l i t y  rates r a t h e r  than  by s e n s i t i v i t y  

50-30 days of a d u l t s .  Dose rates est imated t o  given an LDR 

o r  LDR50-60 days f o r  a d u l t s  are more than  twice as h igh  as 

dose rates r equ i r ed  t o  reduce f e r t i l i t y  t o  zero.  A 

s e q u e n t i a l  three-way a n a l y s i s  of va r i ance  on d a t a  from a 

s tudy  of 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 

an o l d  f i e l d  a r thropod community ind ica t ed  s i g n i f i c a n t  

d i f f e rences  between da te s  and between taxa.  There w a s  

no s i g n i f i c a n t  d i f f e r e n c e  between two f i e l d  enc losures  

be fo re  a p p l i c a t i o n  of t h e  f a l l o u t ,  b u t  a s i g n i f i c a n t  d i f -  

f e r ence  between t h e  c o n t r o l  and contaminated pens d i d  

appear four  months l a te r .  Lithium f l u o r i d e  microdosimeters 

a t t ached  t o  grasshoppers and c r i c k e t s  i n  t h e  f a l l o u t  f i e l d  

i n d i c a t e  t h a t  t hese  two c l o s e l y  r e l a t e d  organisms r ece ive  

h igh ly  s i g n i f i c a n t l y  d i f f e r e n t  r a d i a t i o n  doses .  
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Introduction 

Information on responses  of a r thropod communities t o  i o n i z i n g  r a d i -  

a t i o n  as i t  i n t e r a c t s  w i th  o t h e r  environmental  parameters  i s  needed f o r  

p r e d i c t i n g  p a t t e r n s  of e c o l o g i c a l  response t o  a nuc lea r  a t t a c k  and f o r  

planning p o s t a t t a c k  a g r i c u l t u r a l  procedures .  Responses of a r thropod 

communities t o  gamma r a d i a t i o n  are not  w e l l  known, and informat ion  i s  

e s p e c i a l l y  meager on t h e  r o l e  of b e t a  r a d i a t i o n  as an  environmental  

parameter.  This p r o j e c t  w a s  i n i t i a t e d  t o  assess e f f e c t s  of b e t a  and 

gamma r a d i a t i o n  from simulated r a d i o a c t i v e  f a l l o u t  on an o ld - f i e ld  

ar thropod community. Three types of s t u d i e s  are be ing  conducted: 

(1) short- term,  i n t e n s i v e  l abora to ry  s t u d i e s  on i n t e r a c t i o n  of f a l l -  

out  wi th  popula t ion  dynamics of s e l e c t e d  s p e c i e s ,  (2)  long-term, 

ex tens ive  f i e l d  observa t ions  on i n t e r a c t i o n s  of f a l l o u t  s imulant  wi th  

seasonal  changes i n  ar thropod community composition and s t r u c t u r e ,  and 

(3) b i o l o g i c a l  and phys ica l  dosimetry i n  t h e  f a l l o u t  area. 

Effect of Chronic Beta Radiation on FoZsornia s p .  (CoZZemboZa) 

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  upse t  by e f f e c t s  of r a d i o a c t i v e  

f a l l o u t  on i n s e c t  popula t ions  (Wong 1967) .  I n  p a r t i c u l a r ,  f a l l o u t  b e t a  

r a d i a t i o n  may be  a hazard t o  s m a l l  i n s e c t s  and i n s e c t s  t h a t  pass  devel-  

opmental s t a g e s  i n  s o i l  and l i t t e r .  

microarthropods i n  t h e  s o i l  fauna ,  and they are important  i n  s o i l  fo r -  

mation. 

r a d i a t i o n  on a collembola populat ion.  

Collembola are among t h e  most numerous 

The o b j e c t i v e  of t h i s  s t u d y ' i s  t o  assess e f f e c t s  of chronic  b e t a  

Alb i t e  sand g ra ins  ( 4 4  t o  88 p i n  d iameter )  coated wi th  "Sr + 90Y 
were suspended i n  g l y c e r o l  and pa in t ed  onto  charcoal-calcium s u l f a t e  
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s u b s t r a t e s .  Nonradioactive sand g ra ins  i n  g l y c e r o l  were used t o  prepare  

c o n t r o l  c u l t u r e  jars. 

us ing  0.5 x 6.0-mm LiF dosimeters  (Harshaw Chemical Co. TLD-100 extruded 

c r y s t a l s ) .  Groups of 8 t o  12 a d u l t  Folsomia s p .  were placed i n  10 

c o n t r o l  and i n  19 experimental  c u l t u r e  jars.  The c u l t u r e s  w e r e  maintained 

Dose rates of 3.3 t o  341.7 r a d s / h r  were determined 

at  2OoC, and t h e  s u b s t r a t e s  were kep t  s a t u r a t e d  wi th  water. 

w e r e  fed  brewer 's  y e a s t ,  and numbers of a d u l t s ,  j u v e n i l e s ,  and eggs w e r e  

scored  biweekly f o r  98 days.  

The Collembola 

Surv iva l  and reproduct ive  a b i l i t y  of Collembola were reduced by 

a l l  dose rates. 

r eg res s ion  t o  b e  174.5 r ads /h r ;  t h e  LDRso - 60,  38.1 r ads lh r .  

c o n t r o l  popula t ions  w a s  es t imated  a t  183.7 days. The e f f e c t s  of chronic  

me '''50-30 f o r  a d u l t s  w a s  es t imated  by leas t - squares  

The LT50 

b e t a  r a d i a t i o n  on fecundi ty  rates (Fig.  13)  could not  b e  a n t i c i p a t e d  . 

from s t u d i e s  (Styron 1969, O ' N e i l l  and Styron 1968) of t h e  e f f e c t s  of 

acu te  i r r a d i a t i o n  on t h i s  parameter.  

r a d i a t i o n ,  fecundi ty  ra te  of each popula t ion  w a s  reduced t o  a new rate. 

Under chronic  i r r a d i a t i o n  condi t ions ,  however, a l l  fecundi ty  rates w e r e  

i n i t i a l l y  a t  c o n t r o l  levels and were reduced through t i m e  as t o t a l  doses 

were accumulated. Change i n  fecundi ty  rates under chronic  i r r a d i a t i o n  

condi t ions  must t h e r e f o r e  b e  represented  as t h e  s l o p e  of a r eg res s ion  

Following an acu te  dose of i o n i z i n g  

l i n e  r a t h e r  than as a po in t .  Fecundity rates approached zero very  

r ap id ly  a t  dose rates g r e a t e r  than 5 r ads /h r .  Egg m o r t a l i t y  (Fig.  14)  

w a s  g r e a t l y  increased  by r a d i a t i o n  dose rates above 13.5 rads /h r ,  and no 

eggs hatched a t  dose rates above 17 .4  r a d s l h r .  

t h e  eggs grew i n t o  a d u l t s ,  b u t  they were s te r i le .  

At 14.5 r a d s l h r ,  38% of 
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Fig.  13. Isometr ic  P ro jec t ion  of Fecundity i n  Eggs p e r  A d u l t  p e r  
Day on Time i n  Days .and "Sr + 
sp. The f ecund i ty  r a t e s  f o r  each dose r a t e  a r e  presented  as a r eg res s ion  
on t ime, s ince  t h e  f ecund i ty  of each popula t ion  changed as t h e  t o t a l  doses 
of r a d i a t i o n  were accumulated. 

Beta Radia t ion  Dose Rate f o r  Folsomia 
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The po in t  at ,  0 rads/hr  r ep resen t s  t h e  mean Dose Rate for Folsomia sp .  

of  10 c o n t r o l  popula t ions .  
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These d a t a  demonstrate t h a t  t h e  s e n s i t i v i t y  of a popula t ion  of 

Folsomia t o  b e t a  r a d i a t i o n  i s  determined p r imar i ly  by s e n s i t i v i t y  of 

f e r t i l i t y  rates (number of eggs su rv iv ing )  r a t h e r  than by s e n s i t i v i t y  of 

f o r  a d u l t s  a d u l t s .  Dose rates es t imated  t o  g ive  an LD 

are more than  twice as h igh  as dose rates r equ i r ed  t o  reduce f e r t i l i t y  

50-60 o r  LD 50-30 

t o  zero.  S e n s i t i v i t y  of f e r t i l i t y  rates t o  acu te  i r r a d i a t i o n  has  been 

demonstrated f o r  another  collembolan ( S i n e l l a )  popula t ion  ( Styron 1969).  

For the  acu te  i r r a d i a t i o n  regime, however, s u b s t a n t i a l  recovery occurred 

several weeks fol lowing i r r a d i a t i o n .  I f  a n a t u r a l  popula t ion  of t h e s e  

i n s e c t s  were sub jec t ed  t o  acu te  i r r a d i a t i o n  during a seasona l  cyc le  of 

low reproduct ive  a c t i v i t y ,  recovery could occur  be fo re  t h e  popula t ion  . 

entered  i t s  per iod  of maximum reproduct ive  a c t i v i t y .  The e c o l o g i c a l  

s i g n i f i c a n c e  of t h e  s e n s i t i v i t y  of f e r t i l i t y  rates could thus  be  masked 

by seasona l  cyc le s  i n  reproduct ion.  This  s i t u a t i o n  would no t  be  

expected f o r  popula t ions  under chronic  ' i r r a d i a t i o n  cond i t ions ,  s i n c e  

recovery cannot occur.  

Effects of Simulated Radioactive Fallout on an 

Old Field Arthropod Community 

There are p r a c t i c a l l y  no experimental  d a t a  a v a i l a b l e  on e c o l o g i c a l  

responses of ar thropod communities t o  chronic  b e t a  and gamma r a d i a t i o n  

w i t h i n  t h e  contex t  of an e n t i r e  ecosystem. 

a t  the  0800 Ecology Research Area t o  assess e f f e c t s  of b e t a  and gamma 

r a d i a t i o n  from simulated r a d i o a c t i v e  f a l l o u t  on an o l d - f i e l d  ecosystem. 

The s tudy  of responses  of t h e  ar thropod community i s  a cont inuing  one, 

and t h i s  r e p o r t  w i l l  cover t h e  f i r s t  y e a r ' s  observa t ions  and development 

of a n a l y t i c a l  techniques.  

A p r o j e c t  has  been i n i t i a t e d  

' 

. 
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Simulated r ad ioac t ive  f a l l o u t ,  2 . 4 4 ' C i  of 137Cs' on s i l i c a  sand 

g ra ins  (Dahlman and Auerbach 1968, Auerbach 1969),  was appl ied  i n  Ju ly  

and August, 1968 t o  a 100-m 2 pen i n  an o ld - f i e ld  ecosystem dominated by 

Festuca e l a t o i r .  Three s i tes  i n  t h e  f ie ld--one fenced wi th  s h e e t  metal, 

one fenced and contaminated wi th  f a l l o u t ,  and one merely.roped off--were 

sampled bimonthly dur ing  t h e  f i r s t  year  and are now be ing  sampled monthly. 

The roped area w a s  e s t a b l i s h e d  f o r  comparison wi th  t h e  uncontaminated 

pen t o  d e t e c t  p o s s i b l e  e f f e c t s  of t h e  fenc ing  i t s e l f .  

begun fou r  months p r i o r  t o  a p p l i c a t i o n  of f a l l o u t  s imulant .  

Sampling w a s  

Seventy- 

e i g h t  ar thropod t axa  are be ing  s o r t e d  from samples c o l l e c t e d  wi th  p i t f a l l  

t r a p s ,  s o i l  cores ,  and biocoenometers.  

A s e q u e n t i a l  three-way a n a l y s i s  of var iance  has  been app l i ed  t o  

d a t a  from 1 4  sampling per iods  as a means f o r  d e t e c t i n g  s i g n i f i c a n t  

changes i n  s t r u c t u r e  of t h e  ar thropod community. Variance between s i tes ,  

taxa ,  and sampling d a t e s  w a s  f i r s t  ca l cu la t ed  us ing  t h e  seven sampling 

d a t e s  p r i o r  t o  a p p l i c a t i o n  of t h e  f a l l o u t  s imulant .  An F - t e s t  i nd ica t ed  

s i g n i f i c a n t  d i f f e r e n c e s  between da te s  (P < 0.01) and t a x a  (P < O.Ol), b u t  - - 

n o t  between t h e  two pens o r  between e i t h e r  pen and t h e  roped area. 

fe rence  between sampling d a t e s  would be  expected because of seasonal  

Dif- 

responses  of t h e  a r thropod community, and d i f f e r e n c e  between taxa  would 

a l s o  b e  expected because t h e  t axa  normally occur a t  d i f f e r e n t  popula t ion  

d e n s i t i e s .  

communities of t h e  two pens be fo re  a p p l i c a t i o n  of t h e  f a l l o u t  lends 

Lack of a s i g n i f i c a n t  d i f f e r e n c e  between t h e  ar thropod 

suppor t  t q t h e  use of e i t h e r  pen as a c o n t r o l  fol lowing t h e  app l i ca t ion .  

An a n a l y s i s  of a l l  1 4  sampling da te s  confirmed t h e  d i f f e r e n c e s  between 

d a t e s  (P 0.01) and between t axa  (P - < 0.01) as w e l l  as t h e  l a c k  of a 
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s i g n i f i c a n t  d i f f e r e n c e  between s i tes .  

da tes  were s e q u e n t i a l l y  de l e t ed  and t h e  a n a l y s i s  of va r i ance  repea ted  a f t e r  

each d e l e t i o n ,  a s i g n i f i c a n t  d i f f e r e n c e  (P - < 3.05) between the  c o n t r o l  and 

the  contaminated pens appeared f o u r  months ( s i x  sampling d a t e s )  a f t e r  

a p p l i c a t i o n  of t h e  f a l l o u t  s imulant .  

However, when t h e  i n i t i a l  sampling 

The fol lowing compartment model of t h e  a r thropod community has  

been developed f o r  a n a l y s i s  of e f f e c t s  of i o n i z i n g  r a d i a t i o n  on model 

parameters.  The 78 ar thropod taxa  have been grouped i n t o  s i x  

compartments: he rb ivo res  and carn ivores  i n  t h e  s o i l ,  i n  t h e  l i t t e r ,  and 

i n  t h e  s t and ing  g r a s s .  Changes i n  t h e  he rb ivo re  compartments are 

descr ibed by equat ion  (1 ) ;  changes i n  the  ca rn ivo re  compartments, by 

equat ion (2) : 

a 
1 - ei(t)Hi,  i = 1 ,2 ,3 ;  (1) 

dHi 

d t  
- -  - riHi 

where r = i n t r i n s i c  rate of i n c r e a s e  ( b i r t h  - d e a t h ) ,  i 

i 

i 

k = environmental  ca r ry ing  capac i ty ,  

a = c o e f f i c i e n t  of i n t e r a c t i o n ,  and 

e . ( t )  = environmental  stress parameter.  
1 

Parameters i n  t h e s e  equat ions ,  ri, ki, ai, and , e. ( t )  , w i l l  be  q u a n t i f i e d  

f o r  both t h e  c o n t r o l  and experimental  s i tes.  The d a t a  w i l l  b e  f i t t e d  

t o  t h e  model by a random-search method which is  p r e s e n t l y  under 

development. 

poss ib l e  t o  s ta te  whether a s i g n i f i c a n t  change i n  s t r u c t u r e  of t h e  

1 

The va lue  of t h i s  model i s  t h a t  no t  only w i l l  i t  be  
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ar thropod community has  taken p l ace ,  b u t  i t  w i l l  a l s o  be  poss ib l e  t o  

i d e n t i f y  parameters o r  a spec t s  of community dynamics t h a t  have been 

modified by t h e  s imula ted  r a d i o a c t i v e  f a l l o u t .  

Considerable  e f f o r t s  have been devoted t o  s t u d i e s  of energy 

t r a n s f e r s  through ecosystems and t h e  a s soc ia t ed  pathways. Use of 

r a d i o a c t i v e  tracers i n  s t u d i e s  of community dynamics has  g r e a t l y  

extended such i n v e s t i g a t i o n s ,  b u t  i n  some experimental  s i t u a t i o n s  t h e  

use of r a d i o a c t i v e  tracers may be e i t h e r  undes i rab le  o r  imprac t icable .  

A s  a case i n  p o i n t ,  t h e  experimental  design of t h i s  p r o j e c t  on e f f e c t s  

of r a d i o a c t i v e  f a l l o u t  on an ar thropod community does n o t  permit  t h e  

in t roduc t ion  of a d d i t i o n a l  r a d i o a c t i v e  i so topes  i n t o  t h e  system. 

Techniques of c ros s -co r re l a t ion  (Mott 1966) have been suggested as a 

poss ib l e  a l t e r n a t i v e  method f o r  s tudying  predator-prey and competi t ion 

r e l a t i o n s h i p s  i n  an a r thropod community. 

I n  t h e  c ros s -co r re l a t ion  a n a l y s i s  t h e  t o t a l  ca t ch  of each taxon, 

X,  f o r  each sampling pe r iod ,  1 t o  N ,  w a s  used. Covariances of x1x2 ... 
x x  x x w e r e  c a l c u l a t e d  from t h e  equat ion  1 n * * *  n-1 n 

Resul t ing  covariance va lues  were s t r o n g l y  b i a sed  by number of each taxon 

t h a t  w a s  caught.  It w a s  thus  d i f f i c u l t  t o  compare hundreds of aphids  

wi th  sco res  of grasshoppers  o r  dozens of c r i c k e t s .  Covariance va lues ,  

then ,  were normalized w i t h  t h e  p a r t i a l  c o r r e l a t i o n  equat ion  
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S i g n i f i c a n t  c o r r e l a t i o n s  may appear i n  t h e  a r thropod community f o r  

two reasons .  

parameter,  such as temperature ,  o r  i n  response t o  several c o r r e l a t e d  

parameters.  Popula t ions  of Collembola, f o r  i n s t a n c e ,  ach ieve  t h e i r  

maxima a t  d i f f e r e n t  seasons .  

l a r g e  nega t ive  va lue ,  i n d i c a t i n g  competi t ion even though t h e  two 

Popula t ions  may vary  i n  response t o  one common environmental  

An a n a l y s i s  of t h i s  response would y i e l d  a 

popula t ions  are no t  active dur ing  t h e  same season.  

values  would a l s o  be  expected f o r  popula t ions  varying i n  response t o  one 

another .  

S i g n i f i c a n t  c o r r e l a t i o n  

A high p o s i t i v e  va lue  may sugges t  a predator-prey r e l a t i o n s h i p ;  

a l a r g e  nega t ive  va lue ,  compet i t ion.  

A s  a means of eva lua t ing  t h i s  technique,  several t a x a  were s e l e c t e d ,  

based on t h e i r  documented r e l a t i o n s h i p s  o r  responses  t o  environmental  

condi t ions .  

r e l a t i o n s h i p s  p red ic t ed  from va lues  i n  a c o r r e l a t i o n  ma t r ix  (Table 11). 

High p o s i t i v e  c o r r e l a t i o n  between t h e  c r i c k e t  Pteronemobius and lycos id  

These documented r e l a t i o n s h i p s  were then  compared wi th  

s p i d e r s  wa2,expected s i n c e  these  s p i d e r s  are known t o  feed  on a d u l t  

c r i c k e t s .  High c o r r e l a t i o n  between Pteronemobius and t h e  thomicid s p i d e r s  

appears  t o  have r e s u l t e d  from preda t ion  of young c r i c k e t s .  Low c o r r e l a t i o n  

va lues  between Drosophi l idae and Entomobrya, Pteronemobius, Carabidae,  

Lycosidae,  and Thomicidae would be  expected because of t h e i r  d ive r se  

feeding h a b i t s .  There are a l s o  low c o r r e l a t i o n  va lues  between the  

Mycetophilidae and Entomobrya, Paederus,  Formicidae,  and Thomicidae. 

The l a r g e  nega t ive  c o r r e l a t i o n  between Lycosidae and Carabidae sugges ts  
\ 

competi t ion between t h e s e  two ar thropod p reda to r s .  

c o r r e l a t i o n  between Paederus and Pteronemobius i s  less e a s i l y  explained.  

The h igh  p o s i t i v e  



Table 11. Cross-Correlation Matrix f o r  Ten Arthropod Taxa 

Correlation values 
Taxa 

Entomobrya Pteronemobius Carabidae Paederus Formicidae Mycetophilidae Crosophilidae Aphididae Ljccsidae Thomicidae 

Ent omobr ya 

Pt er onemob i u s  

Carabidae 

Paederus 

Formicidae 

Mycetophilidae 

Drosophilidae 

Aphididae 

Lyco s idae 

Thomicidae 

1.00 

0.14 

0.36 

0.29 

0.50 

0.07 

0.07 

-0.07 

0.50 

-0.07 

1 .oo 

-0.33 

0.83 

0.00 

-0.17 

0.00 

-0.17 

0.67 

1.00 

1.00 

0.00 1 .oo 

-0.25 0.50 1 .oo 

-0.17 0.07 0.07 1.00 

0.00 0.29 0.36 0.17 1.00 

-0.17 -0.07 -0.07 0.25 0.07 1.00 

-0.58 0.21 0.29 0.17 -0.0- 0 .l- 

0.00 -0.07 0.07 -0.08 0.00 0.1: 

1.00 

0.29 1.00 
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Since both t h e  rove b e e t l e  and c r i c k e t  dwell  i n  l i t t e r ,  however, i t  i s  

l i k e l y  t h a t  t h e  popula t ions  d i f f e r  i n  response t o  a common environmental  

parameter. 

Agreement of expected r e l a t i o n s h i p s  wi th  those  suggested by t h i s  

a n a l y s i s  lends suppor t  t o  i t s  use  i n  i n v e s t i g a t i o n s  of community dynamics. 

It should be p o s s i b l e ,  f o r  i n s t a n c e ,  t o  e s t a b l i s h  r e l a t i o n s h i p s  i n  an 

ar thropod community be fo re  an experimental  t rea tment  and then  fol low 

changes i n  these  r e l a t i o n s h i p s  through seasons .  

Applications of LiF Crystals in EeoZogicaZ Radiation Dosimetry 

Radia t ion  l e v e l s  i n  contaminated areas are usua l ly  determined wi th  

i o n i z a t i o n  chambers, s c i n t i l l a t i o n  coun te r s ,  G-M counters ,  o r  s i l v e r -  

a c t i v a t e d  metaphosphate g l a s s  dosimeters .  Ser ious  d i f f i c u l t i e s  must be 

overcome when any of t hese  methods are used i n  long-term f i e l d  s i t u a t i o n s  

where t h e  r a d i a t i o n  l e v e l s  are low. 

equipment t o  wi ths t and  harsh  environmental  cond i t ions  are obvious,  and 

t h e  metal s h i e l d i n g  of most s enso r s  obv ia t e s  t h e i r  use  i n  measuring b e t a  

r a d i a t i o n .  

Expense and i n a b i l i t y  of e l e c t r o n i c  

Glass rod dosimeters  have overcome many of t h e s e  disadvantages 

f o r  dosimetry i n  t h e  f i e l d ,  b u t  they are f r a g i l e  and l i g h t - s e n s i t i v e ,  

t h e i r  response i s  f o r  a l l  p r a c t i c a l  purposes l i m i t e d  t o  a minimum absorbed 

dose of 1 r a d ,  and f o r  b e t a  r a d i a t i o n  t h e i r  response is  energy-dependent. 

I n  137Cs-tagged p l o t  s t u d i e s  a t  t h e  0800 Ecology Research Area, 

measurements of b e t a  as w e l l  as gamma dose rates are needed. 

may be  a primary f a c t o r  i n  t h e  s u r v i v a l  of organisms i n g e s t i n g ,  ca r ry ing  

e x t e r n a l l y ,  o r  l i v i n g  i n  con tac t  w i th  f a l l o u t .  Sur face  b e t a  dose rate is  

considered t o  be  40 t i m e s  t h e  gamma dose ra te  (Brown 1965) ,  and t h i s  i s  

de l ive red  i n  c l o s e  prcximity t o  s e n s i t i v e  t i s s u e s  such as p l a n t  m e r i s t e m s  

Beta r a d i a t i o n  



and developing i n s e c t  eggs i n  s o i l .  Severa l  mathematical  models are 

a v a i l a b l e  f o r  p r e d i c t i n g  b e t a  and gamma r a d i a t i o n  dose rates from the  

quan t i ty  of f a l l o u t  p re sen t ,  b u t  t hese  models are rendered inadequate  

f o r  eco log ica l  s i t u a t i o n s  by r e s t r i c t i o n s  i n  geometry; f o r  example, 

s u r f a c e  cond i t ions ,  presence of g ra s s ,  and movement of f a l l o u t .  

Thermoluminescent dosimeter  materials were s e l e c t e d  f o r  t h i s  s tudy 

s i n c e  they are mechanically rugged, a v a i l a b l e  i n  several geometries 

3 and small s i z e s ;  and i n s e n s i t i v e  t o  l i g h t .  Cleaved c r y s t a l s  (1 rmn ) 

and extruded c r y s t a l s  (0.5 x 6.0 mm) of LiF (Harshaw Chemical Company 

TLD-100) were used, because t h i s  'material i s  e s s e n t i a l l y  energy- 

independent f o r  b e t a  and gamma r a d i a t i o n  and i t  can measure doses as 

low as 5 m i l l i r a d s .  

Beta and gamma p o i n t  dosimetry w a s  begun wi th  t h e  f i r s t  

a p p l i c a t i o n  of f a l l o u t  s imulant .  

suspended a t  several h e i g h t s  above t h e  ground. Some dosimeters  were 

unshielded,  whi le  o t h e r s  were' contained w i t h i n  nylon capsules  which 

Extruded c r y s t a l s  of LiF were 

absorbed more than 95% of t h e  137Cs b e t a  r a d i a t i o n .  Gamma and 

gamma-plus-beta r a d i a t i o n  dose rates i n t e g r a t e d  over  t h e  f i r s t  week 

i n  the middle of Pen 3 (Fig.  15) can be  used t o  estimate t h e  b e t a  

r a d i a t i o n  dose rate by s u b t r a c t i o n .  A s  a consequence of t he  s h o r t  

. range of 137Cs b e t a  p a r t i c l e s  i n  a i r  and vege ta t ion ,  b e t a  dose rates 

can be used t o  estimate t h e  v e r t i c a l  d i s t r i b u t i o n  of f a l l o u t  f o r  t he  

po in t  a t  which t h e  series of dosimeters  was suspended. 

dose rates during t h e  f i r s t  week fol lowing a p p l i c a t i o n  i n d i c a t e d  t h a t  

45 t o  50% of t h e  s imulant  w a s  p re sen t  i n  t h e  l i t t e r  l a y e r  and 25 t o  

30% w a s  on t h e  ground su r face .  

Beta r a d i a t i o n  

Eleven weeks a f t e r  f i r s t  a p p l i c a t i o n  
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. 

and e i g h t  weeks a f t e r  second dosing of s imulant  (Fig.  161, 50 t o  55% of 

the  b e t a  dose appeared on t h e  ground s u r f a c e ,  25 t o  30% was de l ive red  

i n  the  l i t t e r  l a y e r ,  and less than  10% could be accounted f o r  a t  the  

he igh t  of l e a f  s u r f a c e s  (20 t o  30 cm). 

Microdosimeters have a l s o  been placed on and i n  g ra s s  stems and 

on i n s e c t s .  The a t t ached  dosimeters  i n t e g r a t e  t h e  dose rece ived  by an 

i n s e c t  as i t  moves through va r ious  dose rate levels and thereby 

e l imina te  disadvantages of e s t ima t ing  t o t a l  dose from pure ly  phys ica l  

measurements. Resul t s  of a t y p i c a l  emplacement of extruded c r y s t a l s  

during t h e  e leventh  week a f t e r  t h e  f i r s t  a p p l i c a t i o n  of s imula ted  

r a d i o a c t i v e  f a l l o u t  (Fig.  16) show t h a t  most of t h e  i n t e r c e p t e d  

s imulant  had been washed from l e a f  s u r f a c e s  b u t  t h a t  some remained 

t rapped i n  l e a f  ax i l s .  Beta-gamma dose ra tes  i n  a x i l s  ranged from 931 

t o  1145 mr/hr ,  as compared wi th  a i r  dose rates a t  t h e  same h e i g h t  

above grouna of 200 t o  250 mr/hr.  Grasshoppers (Melanoplus) and 

c r i c k e t s  (Acheta domesticus) w i th  cleaved c r y s t a l s  a t t a c h e d  t o  t h e i r  

thorax and abdomen w e r e  r e l eased  i n  Pen 3 dur ing  t h e  same week. 

Di f fe rences  between dose rates t o  thorax and abdomen of t h e  i n s e c t s  

(Table 12)  were n o t  s i g n i f i c a n t ,  b u t  t h e r e  w a s  a s i g n i f i c a n t  

d i f f e r e n c e  (P 5 0.01) between exposure rates of t h e  grasshoppers  and 

c r i c k e t s .  These two i n s e c t s  are c l o s e l y  r e l a t e d  taxonomically b u t  

occupy d i f f e r e n t  h a b i t a t s .  Cr i cke t s  dwell  p r imar i ly  on and i n  l i t t e r ,  

where they are exposed t o  more b e t a  r a d i a t i o n ,  and grasshoppers  dwell  

h ighe r  on b l ades  of g r a s s .  Thus any a t tempt  t o  p r e d i c t  ecosystem 

responses  t o  r a d i o a c t i v e  f a l l o u t  based on d i f f e r e n t  r a d i a t i o n  

s e n s i t i v i t i e s  must a l s o  d e a l  w i th  t h e  problem of d i f f e r e n t i a l  r a d i a t i o n  

exposures.  
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Table 12. 

and Crickets (Acheta domesticus) from Simulated Radioactive Fallout 

Dose Rate (rads/hr) to Grasshoppers (Melanoplus sp. ) 

in Pen 3 of the 0800 Ecological Research Area 

Organism Thorax Abdomen 

Acheta domesticus, living 

Melanoplus sp. ,  living 

Melanoplus sp. ,  @antom 

0 222 0.307 

0.090 0 * 095 

0.112 0.203 

. 
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GAMMA IRRADIATION OF ARTHROPOD POPULATIONS 

R. I. Van Hook, Jr.,  and Gladys J. Dodson 

SUMMARY 

Effec t s  of 5000 rads  gamma r a d i a t i o n  de l ive red  a t  f i v e  

d i f f e r e n t  dose rates on t h e  s u r v i v a l  of young a d u l t  c r i c k e t s ,  

Acheta domesticus,  w e r e  determined. S i g n i f i c a n t  d i f f e r e n t i a l  

m o r t a l i t y  occurred as t h e  dose rate w a s  va r i ed .  Lower dose 

rates r e s u l t e d  i n  reduced m o r t a l i t y .  

wi th  inc reas ing  dose rate up t o  a po in t  above which f u r t h e r  

i nc reases  i n  i r r a d i a t i o n  i n t e n s i t y  produced very similar 

m o r t a l i t y  rates. 

Mor ta l i t y  inc reased  

Introduction 

Pred ic t ions  of ar thropod popula t ion  responses  t o  i o n i z i n g  r a d i a t i o n s  

such as those produced by f a l l o u t  from a nuc lea r  b u r s t  are based i n  g r e a t  

p a r t  on l abora to ry  s t u d i e s  wi th  acute  doses.  For t h e s e  s t u d i e s  t o  be  

r e l e v a n t  t o  f a l l o u t  s i t u a t i o n s ,  v a r i a t i o n s  i n  dose rate should be  care- 

f u l l y  considered.  I d e a l l y ,  dose rates used i n  t h e  l abora to ry  should b e  

t h e  same as those  encountered i n  f a l l o u t  f i e l d s .  However, t h i s  is  i m -  

p r a c t i c a l  i n  i n s t ances  where f a l l o u t  r a d i a t i o n  dose rate i s  s u b s t a n t i a l l y  

less than t h a t  a v a i l a b l e  from l abora to ry  sources .  I n  t h e s e  i n s t a n c e s ,  it 

becomes necessary t o  assume t h a t  t h e r e  i s  no dose-rate  e f f e c t  p re sen t  and 

t h e  e f f e c t  observed from t h e  high l abora to ry  dose rate i s  i d e n t i c a l  t o  t h e  

e f f e c t  expected from t h e  low dose rate of f a l l o u t .  A r e c e n t  experiment 

w a s  i n i t i a t e d  t o  determine presence o r  absence of a dose-rate  e f f e c t  on 

su rv ivo r sh ip  of c r i c k e t s  which were given an LD 

r a d i a t i o n .  

dose of 6oCo 
50-20 
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Methods and Materials 

Adult c r i c k e t s  (Acheta domesticus) w e r e  ob ta ined  from s tock  labora-  

t o r y  c u l t u r e s  maintained a t  28" C and ca. 50% RH. Three r e p l i c a t e s  

(25 animals each) were i r r a d i a t e d  a t  each of t h e  fol lowing dose rates: 

30 r a d s l h r ;  70 r a d s l h r ,  210 r a d s l h r ,  2500 r a d s l h r ,  and 23,800 r a d s l h r  

wi th  6oCo sources .  T o t a l  dose rece ived  w a s  5000 r ads ,  t h e  LD50,20 gamma 

dose f o r  Acheta (Menhinick and Crossley 1968).  S i l v e r  metaphosphate 

g l a s s  rods were used f o r  dosimetry measurements. A l l  c r i c k e t s  w e r e  

maintained i n  p l a s t i c  cages a t  28" C and ca. 50% RH wi th  food and water 

added -- ad l i b .  

c o n t r o l  m o r t a l i t y .  

Cr i cke t  su rv ivo r sh ip  w a s  recorded d a i l y  and co r rec t ed  f o r  

Resul t ing  d a t a  were analyzed i n  a 2 x 2 f a c t o r i a l  

a n a l y s i s  of dose ra te  a g a i n s t  t i m e .  

ResuZts and Discussion 

Table 1 3  shows mean n e t  pe rcen t  m o r t a l i t y  a f t e r  20 days f o r  a d u l t  

- A. domesticus a f t e r  be ing  i r r a d i a t e d  wi th  ca. 5000 r ads  of gamma a t  f i v e  

d i f f e r e n t  dose rates.  It  i s  evident  t h a t  t h e r e  i s  a dose-rate  e f f e c t  

which becomes apparent  a t  t h e  lower dose rates. A similar r e s u l t  was 

r epor t ed  by Banham (1962) f o r  t h e  confused f l o u r  b e e t l e ,  Tribol ium 

confusum. H e  found t h a t  s u r v i v a l  of a d u l t  b e e t l e s  a t  4000 r a d s l h r  w a s  

much reduced compared t o  t h a t  a t  2000 r a d s l h r  f o r  a given t o t a l  dose.  

J e f f e r i e s  and Banham (1966) r epor t ed  a reduct ion  i n  m o r t a l i t y  a t  lower 

dose rates f o r  a given dose f o r  t h e  g r a i n  p e s t s  Tribol ium, Oryzaephi lus ,  

and S i t o p h i l u s .  Nair and Subramanyam (1963) deomonstrated r educ t ion  of 

f e r t i l i t y  i n  Tribolium castaneum wi th  i n c r e a s i n g  dose rate. Zakladnoi 

(1966) and each of t h e  aforementioned au tho r s  r epor t ed  a leve l ing-of f  
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Table 13. 

Acheta domesticus a f t e r  I r r a d i a t i o n  wi th  -5000 Rads G a m a  

Mean Net Percent  M o r t a l i t y  i n  20 Days f o r  Adult 

* 
Dose r a t e  Mean ne t  % m o r t a l i t y  E s t  h a t  e$*t o t  a1 

rads /hr  dose 

23,800 

210 

70 

30 

52.4 a 5000 st 250 

54.4 a 

50.3 a 

44.2 a 

9.9 b 

5098 f 281 

' 4997 f 359 

4637 f 149 

5002 f 387 

* 
Means followed by t h e  same lower case l e t t e r  a r e  not s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0.05). 

Means f one s tandard error; N = e igh t  g l a s s  rod dosimeters .  
* 
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of t h e  dose-rate-effect  curve above c e r t a i n  dose-rate  levels.  S i m i l a r  

r e s u l t s  are shown i n  Table 13 wi th  t h e  leve l ing-of f  of t h e  e f f e c t  

beginning around 200 r ads /h r .  

s i g n i f i c a n t  d i f f e r e n c e s  between t h e  dose rates 23,800, 2500, 210, and 70 

r a d s / h r  (P < 0.05). However, a d i f f e r e n c e  w a s  de t ec t ed  between each of 

t h e  above dose rates and 30 r a d s / h r  (P < 0.05) .  

t h a t ,  when m o r t a l i t y  i s  used as a b i o l o g i c a l  endpoin t ,  s imilar ar thropod 

spec ie s  may be  i r r a d i a t e d  a t  r e l a t i v e l y  h igh  dose rates t o  achieve an e f -  

f e c t  t h a t  would be  expected from exposure of t h a t  ar thropod popula t ion  

t o  f a l l o u t  r a d i a t i o n  where t h e  dose ra te  would b e  somewhat less than t h a t  

of t h e  l abora to ry  s tudy .  This would be  p a r t i c u l a r l y  t r u e  when applying 

t h e  r e s u l t s  of a l abora to ry  s tudy  t o  condi t ions  t h a t  would e x i s t  during 

t h e  f i r s t  week a f t e r  f a l l o u t  depos i t ion .  During t h i s  t i m e  t h e  dose ra te  

i s  undergoing a r a p i d  exponent ia l  r educ t ion ,  and t h e  range of dose rates 

would f a l l  w i t h i n  those  found t o  be  not  s i g n i f i c a n t l y  d i f f e r e n t  i n  lab-  

o ra to ry  s t u d i e s .  The primary advantage of us ing  h i g h  dose rate i n  

i r r a d i a t i o n  s t u d i e s  is  t h a t  t h e  confinement pe r iod  f o r  t h e  animals dur ing  

t rea tment  i s  g r e a t l y  reduced, thereby e l i m i n a t i n g  e f f e c t s  of crowding, 

cannibalism, e tc .  

t i m e  pe r iod ,  which would tend t o  reduce some of t h e  e f f e c t s  due t o  t i m e .  

Analysis  of var iance  demonstrated no 

These r e s u l t s  suggest  

I n  a d d i t i o n ,  more animals may b e  i r r a d i a t e d  i n  a given 

Future Studies  

Resul t s  ob ta ined  from t h e  dose-rate  s tudy  w i l l  b e  u t i l i z e d  i n  

designing experiments t o  determine r a d i o s e n s i t i v i t y  of each l i f e  s t a g e  

of a l abora to ry  popula t ion  of grasshopper (Melanoplus sanguin ipes)  t o  

gamma r a d i a t i o n  and t o  a s c e r t a i n  t h e  e f f e c t s  of an acu te  dose of gamma 



91 

r a d i a t i o n  on f i e l d  popula t ions  of - M. sanguinipes  confined i n  nonradio- 

a c t i v e  and 137Cs-contaminated areas. 
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CESIUM-137 ACCUMULATION, DOSIMXTRY, AND RADIATION EFFECTS I N  COTTON RATS 

. 

. 

D. DiGregorio, 'P .  B .  Dunaway, J. D. S tory  

J. T. Ki tch ings ,  111, and L. E .  Tucker 

SUMMARY 

Cesium-137 accumulation, dosimetry,  and r a d i a t i o n  e f -  

f e c t s  were determined i n  co t ton  rats l i v i n g  i n  t h e i r  n a t u r a l  

environment contaminated wi th  137Cs l abe led  sand. 

137 levels were r e l a t i v e l y  h igh  6 months a f t e r  t h e  appl i -  

c a t i o n  of t h e  f a l l o u t  s imulant ,  b u t  decreased as t h e  s i m -  

u l a n t  descended toward t h e  ground. 

i n  organs and t i s s u e s ,  i n  gene ra l ,  p a r a l l e l e d  t h a t  of t h e  

whole body. Dose ra te  t o  co t ton  ra t s  p a r a l l e l e d  radio-  

a c t i v i t y  levels i n  t h e  whole body. 

p e r i p h e r a l  blood o r  body weight due t o  i r r a d i a t i o n  were 

observed i n  t h i s  s tudy .  

Cesium- 

Rad ioac t iv i ty  levels 

No e f f e c t s  on t h e  

Introduction 

Mammals l i v i n g  i n  an environment contaminated wi th  n u c l e a r  f a l l -  

ou t  deb r i s  w i l l  be  sub jec t ed  t o  both i n t e r n a l  and e x t e r n a l  i r r a d i a t i o n .  

Both types  of i r r a d i a t i o n  need t o  b e  eva lua ted  t o  a s c e r t a i n  t o t a l  doses 

animals w i l l  r ece ive .  Information concerning e f f e c t s  of acu te  and chronic 

i r r a d i a t i o n  on caged mammals is abundant. Likewise,  metabolism of s e v e r a l  

r ad ionuc l ides  i n  caged mammals has  been s t u d i e d  i n  g r e a t  d e t a i l .  However, 

rad ionucl ide  turnover  and e f f e c t s  of chronic  i n t e r n a l / e x t e r n a l  i r r a d i a t i o n  

i n  mammals i n  n a t u r a l  environments have not  been i n v e s t i g a t e d  t o  much 

e x t e n t .  

One of t h e  major r ad ionuc l ides  i n  f a l l o u t  i s  cesium-137. We s t u d i e d  

r a d i a t i o n  e f f e c t s  and rad ionucl ide  accumulation i n  co t ton  rats l i v i n g  i n  
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t h e i r  n a t u r a l  environment contaminated w i t h  137Cs. 

were -- in-vivo dosimetry,  whole-body r a d i o a c t i v i t y ,  i n t e r n a l  o r g a d t i s s u e  

r a d i o a c t i v i t y ,  g a s t r o i n t e s t i n a l - c o n t e n t  r a d i o a c t i v i t y ,  and e f f e c t s  on 

hemopoietic system. 

O f  primary concern 

Materials and Methods 

Two of t h e  fou r  137Cs-contaminated pens i n  t h e  OCD 0800 Area were 

used t o  con ta in  experimental  co t ton  rats.  Two uncontaminated pens were 

a l s o  used as c o n t r o l s .  Each pen w a s  covered wi th  a nylon n e t  and equipped 

wi th  an e l e c t r i c a l l y  charged w i r e  over  t h e  24-in. s i d e s .  Escape and 

preda t ion  were prevented by t h i s  procedure.  

Adult co t ton  rats (Sigmodon h i sp idus )  , bo th  wi ld  and laboratory-born,  

were used i n  t h i s  experiment.  Two weeks be fo re  be ing  p laced  i n  t h e  pens,  

animals were weighed and b l ed .  Details of our  hemato logica l  methods have 

been descr ibed  elsewhere (Lewis and Dunaway, 1965). Three t o  four  days 

be fo re  rats were p laced  i n  t h e  pens,  glass-rod dosimeters  encased i n  

nylon capsules  were i n j e c t e d  subcutaneously (one d o r s a l l y  and one v e n t r a l l y  

i n  each . r a t ) .  

Four animals w e r e  r e l eased  i n t o  each pen a t  va r ious  t i m e s  dur ing  t h e  

year  and t rapped 30 t o  60 days la ter .  A l l  animals  were b l e d ,  weighed, 

assayed f o r  whole body r a d i o a c t i v i t y  i n  a Packard Armac Liquid S c i n t i l l a t i o n  

d e t e c t o r ,  and dosimeters  were removed. 

I n t e r n a l  organs ( h e a r t ,  l i ve r ,  sp l een ,  and kidneys)  of t h e  r a d i o a c t i v e  

rats were weighed and counted i n  t h e  whole-body counter .  

i n t e s t i n a l  ( G I )  t ract  w a s  exc ised  from t h e  t e r m i n a l  end of the esophagus 

t o  t h e  anus and sepa ra t ed  i n t o  f o u r  components: 

The gas t ro-  

stomach, s m a l l  i n t e s t i n e ,  
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caecum, and l a r g e  i n t e s t i n e .  These components were c l e a r e d  of conten ts  

wi th  1 N  sodium acetate b u f f e r  s o l u t i o n ,  weighed, and counted f o r  radio-  

a c t i v i t y .  

components, f a l l o u t  s imulant  and o rgan ic  matter. Separa t ion  of t hese  

conten ts  w a s  based on t h i s  assumption. 

t r i t u r a t e d  and washed wi th  30% hydrogen peroxide.  

t h e  top of t h e  hydrogen peroxide,  whi le  f a l l o u t  s imulant  s e t t l e d  t o  the  

bottom. Both components w e r e  then  counted as descr ibed  above. 

G a s t r o i n t e s t i n a l  conten ts  were assumed t o  b e  comprised of two 

Contents of each G I  component were 

Organic matter rose  t o  

I n  t h e  s p r i n g  and f a l l  of 1969, h a l f  of t h e  animals t rapped a t  t h e  

30-day sample were r e l eased  i n t o  the  pens t o  be  recaptured  f o r  a 60-day 

sample. 

-- In-vivo dosimetry w a s  determined wi th  Toshiba low-Z g l a s s  rods 

( lmm x 6mm) read on a Toshiba Fluoro Glass Dosimeter, Type FGD-3BY us ing  

Nat iona l  Bureau of Standards s t anda rds .  

Results and Discussion 

Average dose rates f o r  co t ton  rats i n  contaminated pens ranged from 

3.84 radslday i n  Feb. 1969 t o  2.35 rads lday  i n  Nov. 1969. Figure 17 shows 

a decrease  of 0.008 rads/day from Feb. t o  J u l y ,  b u t  v i r t u a l l y  no change 

from J u l y  1969 t o  A p r i l  1970. The i n i t i a l  decrease  i n  dose ra te  is  probably 

due t o  the  changing geometry of r a d i a t i o n  f i e l d s  i n  pens as t h e  f a l l o u t  

s imulant  descended through the  vege ta t ion  t o  t h e  ground. Most f a l l o u t  

s imulant  is  now on t h e  ground, forming an i r r e g u l a r  p lane  source  and 

r e s u l t i n g  i n  a r e l a t i v e l y  s t a b l e  dose rate of approximately 2.46 rads lday .  

We have seen  no e f f e c t s  of t h e  137Cs environment on e i t h e r  body weight 

o r  t he  hemopoietic system. Any s l i g h t  changes i n  body weight o r  gene ra l  

blood measurements probably are a r e s u l t  of s easona l  v a r i a t i o n s  i n  t h e  
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genera l  environment, s i n c e  s imilar  measurements were obta ined  f o r  both 

c o n t r o l  and experimental  animals.  For co t ton  r a t s ,  gene ra l  environmental  

f l u c t u a t i o n s  may be of more immediate concern than low-level i r r a d i a t i o n  

and r a d i o a c t i v i t y . .  Previous s t u d i e s  wi th  co t ton  rats show t h a t  r e l a t i v e l y  

high acu te  doses of r a d i a t i o n  are r equ i r ed  t o  a f f e c t  body weight and blood 

(Dunaway -- e t  a l .  1969a; Kitchings -- e t  a l .  X 7 0 ) .  In  January 1970, our  

animals were exposed t o  s e v e r a l  days of 0°F temperatures  and p r e c i p i t a t i o n .  

Af t e r  30 days, only 3 of 8 experimental  and 2 of 8 con t ro l  animals were 

recovered alive.  Dunaway and Kaye (1961) r epor t ed  similar m o r t a l i t y  i n  

f ree-ranging co t ton  rats during cold weather.  Percent  recovery dur ing  

t h e  p re sen t  s tudy  w a s  considerably b e t t e r  i n  favorable  weather.  

Rad ioac t iv i ty  i n  co t ton  rats is  shown i n  Fig.  18. The fou r  

measurements (whole body, t o t a l  t i s s u e ,  o rganic  matter, and f a l l o u t  

s imulan t ) ,  i n  gene ra l ,  p a r a l l e l  each o the r .  Rad ioac t iv i ty  i n  a l l  four  

measurements i nc reased  from December 1968 t o  February 1969, a f t e r  which 

t i m e  i t  began t o  decrease .  The i n i t i a l  rise i n  co t ton  r a t  whole-body 

r a d i o a c t i v i t y  from December 1968 t o  February 1969 was probably in f luenced  

by t h e  relative propor t ions  of l i v i n g  and dead vege ta t ion  i n  t h e i r  d i e t .  

Choice of food i n  midwinter w a s  in f luenced  by t h e  diminut ion of l i v i n g  

vegeta t ion .  A s  l i v i n g  vege ta t ion  decreased,  rats f o r a g e d - c l o s e r  t o  t h e  

ground; hence,  t h e i r  d i e t  cons i s t ed  of i nc reas ing  amounts of dead 

vege ta t ion .  

r a d i o a c t i v i t y  w a s  considerably g r e a t e r  i n  dead vege ta t ion  than  i n  l i v e  

Dahlman -- e t  a l .  (1969) and Dahlman ( t h i s  r e p o r t )  showed t h a t  

vege ta t ion .  Therefore ,  t h i s  change i n  food and t h e  descent  of t h e  f a l l o u t  

s imulant ,  r e s u l t i n g  i n  i t s  a v a i l a b i l i t y  f o r  i n g e s t i o n ,  h e l p s  t o  e x p l a i n  

t h e  high whole-body r a d i o a c t i v i t y  i n  co t ton  rats dur ing  midwinter 1969. 
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A s  t i m e  p rogresses ,  however, r a d i o a c t i v i t y  of l i v i n g  and dead vege ta t ion  

approach each o t h e r ,  r e s u l t i n g  i n  a r e l a t i v e l y  cons tan t  body burden i n  

co t ton  ra t s .  The descent  curves of t hese  measurements p a r a l l e l  t h a t  of 

t h e  dosimetry and, aga in ,  r e f l e c t  movement of f a l l o u t  s imulant  toward 

t h e  ground. Whole-body r a d i o a c t i v i t y  has remained r e l a t i v e l y  cons tan t  

from O c t .  1969 t o  A p r i l  1970, whi le  GI-content r a d i o a c t i v i t y  has  remained 

r e l a t i v e l y  cons t an t  from May 1969 t o  Apr i l  1970. 

Figure 19 shows t h e  r e l a t i v e  amounts of 137Cs i n  each of f i v e  

compartments; i n t e r n a l  organs,  G I  t i s s u e ,  G I  conten ts  (organic  matter and 

f a l l o u t  s imulant )  , p e l t  ( sk in  and h a i r )  , and r e s i d u a l  carcass. These 

percentages inc lude  both 30- and 60-day samples. W e  found no s i g n i f i c a n t  

i nc rease  o r  decrease  from 30 t o  60 days, sugges t ing  t h a t  137Cs equ i l ib r ium 

w a s  reached p r i o r  t o  30 days. In  December 1968, whole-body r a d i o a c t i v i t y  

reached a maximum level t h r e e  weeks a f t e r  animals were p laced  i n  t h e  pens 

(Dunaway -- e t  a l .  1969b). Kitchings -- e t  a l .  (1969) i n  a l abora to ry  s tudy 

determined equ i l ib r ium a t  544 h r  (22.7 days) a f t e r  beginning chronic  

feeding  wi th  134Cs-tagged l e t t u c e .  I n  March 1970 w e  t rapped  co t ton  ra t s  

7 and 10 days a f t e r  p l ac ing  them i n  contaminated pens.  Whole-body radio-  

a c t i v i t y  w a s  0.3620 and 0.3579 pCi, r e s p e c t i v e l y .  These va lues  are not  

s i g n i f i c a n t l y  d i f f e r e n t  from 0.3790 V C i  determined on day 30. By 30 days 

then ,  w e  f ee l  t h a t  co t ton  rats had reached 137Cs equ i l ib r ium and t h a t  

gain o r  l o s s  would be  n e g l i g i b l e  f o r  a t  least  60 days.  

Rad ioac t iv i ty  i n  t h e  rats w a s  contained mostly i n  t h e  r e s i d u a l  carcass 

(Fig.  1 9 ) .  The two major compartments of r e s i d u a l  carcass are muscular 

and s k e l e t a l  which comprise, r e s p e c t i v e l y ,  about 49% and 7% of t h e  t o t a l  

body weight (O 'Fa r re l l  -- e t  a l .  1966).  Cesium concent ra tes  i n  muscle. 
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Fig. 19. Percent of Radioactivity in Various Components of Cotton ’ 
Rats after 30-60 Days Chronic Ingestion of 137 Cs-Contaminated Fallout 
Simulant and Vegetation. 



Hamilton (1947) found a low uptake of cesium i n  t h e  s k e l e t o n  and re la t ively 

high accumulation i n  muscle. Hood and Comar (1953) and Kereiakes e t  a l .  

(1961) a l s o  showed t h e  high concent ra t ion  of cesium i n  muscle r e l a t i v e  

-- 

t o  bone. P e l t ,  which inc ludes  s k i n  and h a i r ,  accounts  f o r  8.9% of t h e  

whole body r a d i o a c t i v i t y .  Most of t h e  p e l t ,  i n  terms of weight ,  i s  muscle. 

Because of both t i s s u e  s p e c i f i c i t y  f o r  137Cs and amount of muscle i n  t h e  

body of mammals, i t  i s  apparent  t h a t  most of t h e  body burden w a s  contained 

i n  muscle. 

Approximately 27% of t h e  whole body r a d i o a c t i v i t y  i n  co t ton  rats w a s  

i n  t h e  conten ts  of t h e  G I  t rac t .  Of t h e  t o t a l  amount of r a d i o a c t i v i t y  i n  

t h e  G I  con ten t s ,  79.0% w a s  i n  o rgan ic  matter and 20.9% w a s  i n  f a l l o u t  

s imulant .  I n  t h e  e a r l y  p a r t  of t h e  experiment,  t h e  r a d i o a c t i v i t y  con- 

t r i b u t e d  by f a l l o u t  s imulant  w a s  approximately 10 t i m e s  what i t  w a s  i n  

A p r i l  19 70 , our  Ias t sample per iod .  Weathering caused leaching  of 137Cs 

from t h e  simulan't i n t o  t h e  n a t i v e  s o i l  and onto  t h e  p l a n t s ,  and t h e  sand 

p a r t i c l e s  have s e t t l e d  toward t h e  s o i l  s u r f a c e .  Consequently, 137~s i s  

s t i l l  p re sen t  bu t  i s  not  s o  r e a d i l y  i n g e s t i b l e  i n  t h e  form of s imulant .  

With i n c r e a s i n g  t i m e ,  r a d i o a c t i v i t y  due t o  s imulant  should decrease  more, 

and perhaps r a d i o a c t i v i t y  levels i n  vege ta t ion  w i l l  i n c r e a s e  as 137Cs i s  

taken up from s o i l .  Therefore ,  f u t u r e  body burdens of he rb ivo res  and 

saprovoros l i v i n g  i n  t h e  contaminated pens w i l l  mainly r e f l e c t  137Cs 

l e v e l s  -in l i v i n g  o r  dead vege ta t ion .  

Conc Zus ions 

Our r e s u l t s  i n d i c a t e  t h a t ,  i n  s i t u a t i o n s  similar t o  ou r s ,  w e  would 

expect  t h e  fol lowing f o r  co t ton  rats. 
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1. Within a 30- o r  60-day t i m e  pe r iod ,  n e i t h e r  body weight 

nor  blood w i l l  be  apprec iab ly  a f f e c t e d  by chronic  

r a d i a t i o n  from 137Cs. Changes i n  t h e s e  measurements 

w i l l  b e  caused by changes i n  environmental  f a c t o r s  such 

as temperature.  

2. Rad ioac t iv i ty  levels f o r  whole body, t i s s u e s ,  and G I  

con ten t s ,  i n  gene ra l ,  w i l l  p a r a l l e l  each o the r .  

Approximately one year  a f t e r  f a l l o u t  arrives,  whole-body 

r a d i o a c t i v i t y  w i l l  b e  only about one-tenth of t h e  e a r l y  

levels b u t  w i l l  remain a t  t h i s  lower level f o r  a long 

t i m e ,  perhaps yea r s .  

3. I n t e r n a l  organs such as h e a r t ,  l i ve r ,  sp l een ,  and 

kidneys w i l l  accumulate a r e l a t i v e l y  s m a l l  amount of 

4 .  Most of t h e  accumulated,137Cs i n  t i s s u e s  w i l l  b e  i n  

muscle, because of t h e  r e l a t i v e l y  h igh  a f f i n i t y  of 

137Cs f o r  muscle and t h e  l a r g e  p ropor t ion 'o f  muscle i n  

t h e  body. 

5. For t h e  f i r s t  6-12 months, dose rate w i l l  decrease  

r a t h e r  sha rp ly .  A f t e r  t h i s  i n i t i a l  decrease ,  

equ i l ib r ium w i l l  be  reached and dose rate decrease  

*: w i l l  b e  n e g l i g i b l e .  

6 .  Although t h e r e  may be  seasona l  f l u c t u a t i o n s  i n  dosimetry 

and whole-body r a d i o a c t i v i t y  levels , they w i l l  probably , 

be  s l i g h t .  
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Projected Research 

I n t e r e s t i n g  and provoca t ive  r e s u l t s  were obtained i n  t h i s  s tudy ,  and 

some ques t ions  remain about t h e  p o s s i b i l i t y  of minor seasona l  f l u c t u a t i o n s  

i n  dose and r ad ionuc l ide  turnover ,  b u t  w e  f e e l  t h a t  our t i m e  can be  b e t t e r  

spent  s tudying  small-mammal populat ions ( i n s t e a d  of i n d i v i d u a l s ) .  Another 

i n v e s t i g a t o r  is  now a v a i l a b l e  t o  work wi th  i n s e c t s ,  and w e  b e l i e v e  t h a t  t he  

enc losures  p re sen t ly  used f o r  rodent  research  w i l l  b e  more s u i t a b l e  f o r  t h e  

proposed new work wi th  i n s e c t  popula t ions  (Van Hook, t h i s  r e p o r t ) .  

Rodent s t u d i e s  w i l l  b e  s h i f t e d  t o  areas o u t s i d e ,  b u t  near  t he  p re sen t  

s i te .  Rodent popula t ions  w i l l  b e  censused, and animals w i l l  b e  d iv ided  by 

s e x  and age i n t o  two equal  groups i n  each of f o u r  areas. One group w i l l  be  

i r r a d i a t e d  (700 r ads )  wh i l e  t h e  o the r  w i l l  b e  u n i r r a d i a t e d .  Subsequent 

samplings w i l l  permit  ana lyses  of r a d i a t i o n  e f f e c t s  i n  t h e  popula t ions .  

Reproduction i s  one of t h e  

popula t ions .  Tracer amounts of 

and phys ica l  h a l f - l i v e s  w i l l  b e  

most rad iovulnerable  processes  i n  

r ad io i so topes  wi th  s u i t a b l e  b i o l o g i c a l  

i n j e c t e d  i n t o  females of t h e  r e p l i c a t e d  

groups s o  t h a t  each group w i l l  r ece ive  a d i f f e r e n t  i so tope .  mole-body 

count ing of young from t h e s e  females w i l l  then  reveal reproduct ive  success  

i n  var ious  groups. 

h a l f  of a rodent  popula t ion  r ece ives  a s u b s t a n t i a l ,  a c u t e  r a d i a t i o n  dose 

This  p ro jec t ed  research  w i l l  s imu la t e  a s i t u a t i o n  where 

and h a l f  of t h e  popula t ion  i s  i n  sh i e lded  s i tes .  
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HONEYBEE IRRADIATION STUDIES 

A. F. Shinn 

SUMMARY 

Laboratory popula t ions  of I t a l i a n  cordovan hybr id  

-bees  rece ived  acu te  gamma doses of 1000, 2000, and 4000 R ;  

only t h e  4000-R bees  had a l i f e s p a n  s t a t i s t i c a l l y  d i f f e r e n t  

from c o n t r o l s  (8.9 vs 23 days,  r e s p e c t i v e l y ) .  Temperature 

e f f e c t s  on l i f e t i m e s  were found f o r  laboratory-caged workers 

suppl ied  wi th  water only (2.8 days a t  34°C vs 2.0 days 

a t  both 24 and 40°C) and f o r  bees  r ece iv ing  queen-cage 

candy (13, 8, and 2 days a t  24, 34, and 40°C, r e s p e c t i v e l y ) .  

F i e l d  co lon ie s  were i r r a d i a t e d  a t  500, 1000, 2000, 

o r  4000 R. Mor ta l i t y  of t h e  4000-R co lon ie s  (200 bees/day)  

w a s  g r e a t e r  than  c o n t r o l s  (22 bees /day) .  Number of f l i g h t s  

were less i n  t h e  2000-R colonies  than i n  t h e  500- and 

1000-R co lon ie s .  P o l l e n  conten t  of honeycomb w a s  reduced 

i n  t h e  2000- and 4000-R co lon ie s .  

Nuclei  (ha l f - s i ze )  co lonies  were i r r a d i a t e d  (1500 and 

3000 R) and p laced  i n  l a r g e  outdoor cages.  E f f e c t s  were: 

brood counts less i n  i r r a d i a t e d  co lonies  a f t e r  10 days; 

egg product ion  less i n  t h e  3000-R co lon ie s  by day 12;  

and reduct ion  i n  t o t a l  weight of i r r a d i a t e d  worker bees .  

Rad iosens i t i v i ty  of a mixed sample of eggs and larvae 

w a s  much g r e a t e r  (LD 

= 16,300 R) . (LD50-5 

= 1700 R) than  f o r  workers 50-4 

There are no publ ished s t u d i e s  of e f f e c t s  of i o n i z i n g  r a d i a t i o n  on 

f i e l d  co lonies  of honeybees. Eco log ica l ly ,  w e  are most i n t e r e s t e d  i n  

e f f e c t s  on h i v e  economy and t h e  p o l l i n a t i n g  ac t iv i t i e s  of bees .  E f f e c t s  

of gamma i r r a d i a t i o n  on d a i l y  p o l l e n  c o l l e c t i o n  of f i e l d  co lon ie s  and on . 
longevi ty  of bo th  laboratory-caged bees  and f i e l d  co lon ie s  were p rev ious ly  

i n v e s t i g a t e d .  
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For t h e  cont inua t ion  of honeybee s t u d i e s ,  I t a l i a n  cordovan hybr id  

bees  were used, which were supp l i ed  from t h e  Genetic Bee Stock Center of 

t h e  Univers i ty  of C a l i f o r n i a  a t  Davis. Thirty-two of 40 co lonies  of bees  

were converted t o  t h i s  type by r ep lac ing  t h e  queens wi th  t h e  g e n e t i c a l l y  

homogeneous cordovan queens. The b r i g h t l y  co lored ,  orange cordovans were 

e a s i l y  d i s t ingu i shed  from t h e  dark n a t i v e  bees .  The cordovans foraged 

up t o  2 miles from t h e  ap ia ry ,  o r  over an area of some 8000 acres. No 

n a t i v e  bees  invaded t h e  cordovan co lonies .  

Laboratory cages of approximately 150 I t a l i a n  cordovans i n  each of 

t h r e e  r e p l i c a t e s  were i r r a d i a t e d  wi th  1000, 2000, and 4000 R of 6 o C ~  

gamma r a d i a t i o n  a t  -680 R/min and maintained a t  i n t e r n a l  h i v e  temperature  

(34°C) wi th  sugar  syrup as food. Only t h e  4000-R samples had a mean 

l i f e s p a n  (8.9 days) s t a t i s t i c a l l y  d i f f e r e n t  from c o n t r o l s  (23 days) 

These r e s u l t s  are similar t o  those  prev ious ly  obta ined  f o r  East Tennessee 

mixed bees (8.5 days) and I l l i n o i s  I t a l i a n  bees  (7 .7  days) ,  which were 

i r r a d i a t e d  wi th  5000 R and maintained i n  t h e  same way a yea r  earlier.  

The l i f e t i m e  of laboratory-caged worker bees  w a s  determined a t  

t h r e e  temperatures  (24, 34, and 40°C) f o r  s t a r v e d  bees ,  and f o r  bees  

supp l i ed  wi th  66% sugar  syrup ,  water only,  and queen-cage candy. 

temperatures  had no demonstrable effect  on t h e  mean l i f e t i m e s  of unfed 

bees  (1.8 days) o r  of bees  f e d  66% sugar  syrup (28 days) .  Bees supp l i ed  

only wi th  water l i v e d  s i g n i f i c a n t l y  longer  a t  t h e  h i v e  temperature  of 

34°C than a t  24 o r  40°C (2.8,  2.0, and 2.0 days,  r e s p e c t i v e l y ) .  Bees 

fed  queen-cage candy had s i g n i f i c a n t l y  d i f f e r e n t  mean l i f e t i m e s  of 13 ,  

8, and 2 days a t  24, 34, and 40"C, r e s p e c t i v e l y .  

The 
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Our f i e l d  co lon ie s  were s i t e d  s o  as t o  discourage t h e  d r i f t i n g  of bees  

from one h ive  t o  another  (Fig.  20) .  Colonies were equal ized  f o r  s i z e  and 

v igor  as c l o s e l y  as p o s s i b l e ,  and those  f o r  t h e  several levels of i r r a d i -  

a t i o n  w e r e  chosen a t  random. S e t s  of 4 colonies  each rece ived  500, 

1000, 2000, 0:- 4000 R of Co gamma r a d i a t i o n  a t  -65 R/min i n  t h e  Var iab le  

Gamma Dose Rate F a c i l i t y  of t h e  UT-AEC A g r i c u l t u r a l  Research Laboratory.  

They were re tu rned  a t  once t o  t h e i r  o r i g i n a l  p o s i t i o n  i n  t h e  ap ia ry  along 

wi th  8 c o n t r o l  co lonies  which had accompanied them (Fig.  20). 

60 

Criteria f o r  e f f e c t s  of i o n i z i n g  r a d i a t i o n  on co lon ie s  were: 

(1) m o r t a l i t y  w i t h i n  t h e  h i v e ,  (2) quan t i ty  of p o l l e n  c o l l e c t e d  d a i l y  

by a colony, (3)  f l i g h t  a c t i v i t y  of a colony, and ( 4 )  f i n a l  s t a t u s  of 

a colony a t  end of t h e  observa t ion  pe r iod  of t h e  experiment.  Data were 

obta ined  dur ing  a 37-day p o s t i r r a d i a t i o n  per iod .  

Table 1 4  summarizes the  d a t a  f o r  t h e  f i r s t  t h r e e  cr i ter ia .  The 

mean d a i l y  m o r t a l i t y  of t h e  4000-R colonies  (200 bees)  was s t a t i s t i c a l l y  

d i f f e r e n t  from c o n t r o l s  (22 b e e s ) .  Mean d a i l y  c o l l e c t i o n s  of p o l l e n  

w e r e  no t  s t a t i s t i c a l l y  d i f f e r e n t ,  b u t  t h e  d a t a  sugges t  t h a t  more r e p l i c a t e s  

would y i e l d  s i g n i f i c a n c e .  Mean d a i l y  number of f l i g h t s  of t h e  2000-R 

co lon ie s  (36 f l i g h t s  p e r  2-min per iod)  w a s  less (P < 0.01) than  t h e  

500- and 1000-R colonies  (67 and 6 1  f l i g h t s ,  r e s p e c t i v e l y ) ,  b u t  w e  know 

of no b i o l o g i c a l  b a s i s  f o r  t h e  d i f f e r e n c e .  

F i n a l  s t a t u s  of co lonies  was determined by an inventory  of co lon ie s  

expressed as square  cent imeters  of honeycomb con ta in ing  honey, p o l l e n ,  

pupae, l a rvae ,  and eggs.  Inven to r i e s  of t h e  500-, 1000-, and 2000-R 

co lon ie s  were s t a t i s t i c a l l y  d i f f e r e n t  from c o n t r o l s  only f o r  p o l l e n  
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Table 14 .  Mean Daily Values of  E f f e c t s  of  Acute Gamma on En t i r e  Cordovan 

I t a l i a n  Honeybee Colonies 

Exposure, R 

Controls  I 500 1000 2000 4000 

Mortal it y 

Number of  dead bees  22.1 18'. 5 31.1 37.7 200.4" 

Po l l en  

Grams 7.7 17.9 20.9 2.7 0.37 

~ ~~ 

Act i v i  t y 

Number of  f l i g h t s  

p e r  2-min pe r iod  48.2 66.6b 61.4 35 -6 42.9 

a 

bP C 0.05, compared wi th  con t ro l s ,  2000, and 4000. 

P C 0.01, compared wi th  each o t h e r  t r ea tmen t .  

. _. 
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(P < 0.05);  t h e  

colony (297 and 

4000-R colonies  

2000- and 4000-R colonies  had s i g n i f i c a n t l y  less p o l l e n  p e r  

2 2 368 cm , r e spec t ive ly )  than t h e  c o n t r o l s  (768 c m  ) . The 

were obviously moribund, wi th  two dead a t  inventory  t i m e ,  

and two more almost dead. 

d i f f e rences  between c o n t r o l s  and t h e  2000-R colonies .  Despi te  as uniform 

a gene t i c  composition as cu r ren t  knowledge permi ts ,  t h e r e  was s t i l l  a 

l a r g e  amount of v a r i a t i o n  among colonies  w i t h i n  a given dose l e v e l .  

More r e p l i c a t e s  would l i k e l y  have de tec t ed  

Ef fec t  of i r r a d i a t i o n  of n u c l e i  (ha l f - s i ze )  co lonies  of honeybees 

on t h e i r  p o l l i n a t i o n  ac t iv i t i e s  w a s  t e s t e d  by exposure t o  1500 and 

3000 R of 6oCo gamma r a d i a t i o n  a t  t h e  rate of 53  R/min. 

r e p l i c a t e s  of c o n t r o l  and dose levels were p laced  s i n g l y  a t  random i n  

33 cages on a p a s t u r e  of red  c love r  and fescue  g ras s .  

The 11 

Number of capped brood cells (which conta in  bees  undergoing 

metamorphosis) i n  each nucleus w a s  determined from photo i n v e n t o r i e s  

which are l i s t e d  i n  Table  15. P r e - i r r a d i a t i o n  counts  showed t h a t  n u c l e i  

of con t ro l s  and t rea tments  were comparable f o r  number of developing 

brood cel ls ,  b u t  a t  t e n  days p o s t i r r a d i a t i o n '  t h e  brood counts  of 

i r r a d i a t e d  co lonies  were s u b s t a n t i a l l y  less (P < 0.01) than  c o n t r o l s .  

A sharp  dec l ine  i n  counts  occurred by p o s t i r r a d i a t i o n  day 20 f o r  a l l  

co lonies ,  and by p o s t i r r a d i a t i o n  day 34 no brood was be ing  r a i s e d  by 

c o n t r o l s ,  and very l i t t l e  w a s  p re sen t  i n  t h e  1500-R n u c l e i .  Remarkably, 

however, t h e  3000-R n u c l e i  showed a t en fo ld  i n c r e a s e  i n  brood cel ls  

(P < 0.01). A p o s s i b l e  explana t ion  of c e s s a t i o n  of brood-rear ing i n  t h e  

con t ro l s  w a s  t he  exhaust ion of t h e  s t o r e d  p o l l e n  i n  each colony and an 

inadequacy of p o l l e n  supply i n  t h e  cages f o r  r e a r i n g  brood. Deaths of 
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Table 15. Number of  Capped Brood C e l l s  Per Nucleus P r i o r  To and 

Following I r r a d i a t i o n  (mean f s tandard  e r ro r )  

Sample 

i r r a d i a t i o n  day 
d a t e  and p o s t  Controls  1500 R 3000 R 

June 18 ( P r e - i r r a d . )  

June 30 (PID 10) 

4260 f 493 

2811 f 354 

3005 f 545 3998 f 592 

1579 f 825** 1552 f 336** 

J u l y  10 (PID 20) 63 f 45 466 f 226 56.5 f 23.0 

July 24 (PID 34) 0 241 f 95 598 f 145 , 

** 
S i g n i f i c a n t  a t  P < 0.01. 
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eggs, larvae, and brood among i r r a d i a t e d  n u c l e i  conserved t h e  p o l l e n  

.- 

. 

supply,  and brood numbers consequently dec l ined  more s lowly.  

Queens of c o n t r o l s  and 1500-R colonies  were l ay ing  eggs normally 

( t e n  of 11 i n  each case)  on p o s t i r r a d i a t i o n  day 12,  b u t  queens of 3000-R 

colonies  were seve re ly  a f f e c t e d ,  w i th  two dead and f i v e  nonlaying. 

p o s t i r r a d i a t i o n  day 20, egg-laying w a s  normal f o r  a l l  co lonies  ( e i g h t  

By 

l ay ing  queens among c o n t r o l s ,  e i g h t  among 1500-R, and n ine  among 3000-R 

co lon ie s ) .  A t  t h e  end of t he  confinement t o  cages on p o s t i r r a d i a t i o n  

day 34, t h e r e  w a s  no d i f f e r e n c e  i n  number of l ay ing  queens among c o n t r o l s  

and i r r a d i a t e d  co lonies  ( c o n t r o l s ,  6 ;  1500 R ,  10;  3000 R,  8).  

Seed y i e l d s  p e r  cage w e r e  determined a f t e r  32 days of confinement 

and w e r e  not  s tatis  t i c a l l y  d i f f e r e n t  among c o n t r o l s  and i r r a d i a t e d  n u c l e i  

(N=24, mean 37.6 - + S.E. 3.92 g,  CV=51%). Di f fe rences  may have been 

masked by t h e  unexpected l a r g e  v a r i a b i l i t y  i n  dens i ty  of c love r  blossoms 

p e r  cage and i n  t h e i r  abso lu t e  dens i ty  p e r  cage (N=13, mean 314 - + S.E. 31, 

CV=36%). A t  t he  end of t h e  experiment , t o t a l  weight of worker bees  p e r  

nucleus w a s  less f o r  i r r a d i a t e d  n u c l e i  than f o r  c o n t r o l s  a t  P < 0.01 (N=ll  

f o r  each: c o n t r o l s ,  0.751 - + 0.0636 kg; 1500 R,  0.481 - + 0.0334 kg; 3000 R,  

0.355 2 0.0587 kg) .  

Radiores i s tance  of a mixed sample of eggs and larvae less than 3 days 

o l d  w a s  found t o  be  an o rde r  of magnitude lower than t h a t  of a d u l t  workers 

(1700 R w a s  t h e  LD50 - 

LD50-5 

f o r  eggs and l a rvae  compared wi th  16,300 R f o r  t h e  

f o r  workers) .  
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13 ABSTRACT 
Cooperat ive,  r e l a t e d  s t u d i e s  are con t inu ing  at  Oak Ridge N a t i o n a l  Laboratory 

on movement of f a l l o u t  s imulan t  and 137Cs through p l a n t s ,  animals ,  s o i l ,  and water;  
areal and in-vivo gamma and b e t a  dosimetry;  and e f f e c t s  of ch ron ic  and a c u t e  r a d i a t i o n .  

Gamma-radiation dose rate remains v i r t u a l l y  unchanged a t  0.5-1 m above ground 
b u t  decreased n e a r  t h e  ground. Beta dose rate is  dec reas ing  wi th  h e i g h t  above aground. 

I Doses t o  organisms are r e l a t e d  t o  l o c a t i o n s  of t h e  organisms i n  t h e  contaminated areas. 
I n t e r c e p t i o n  and l o s s  rates of f a l l o u t  s imulant  i n  s i x  s p e c i e s  of a g r i c u l t u r a  

p l a n t s  e a r l y  a f t e r  a p p l i c a t i o n  v a r i e d  wi th  s imulant  s i z e ,  p l a n t  s p e c i e s ,  and meteoro- 
l o g i c a l  cond i t ions .  Vegetat ion d a t a  are p resen ted  f o r  r e t e n t i o n  rates, wea the r ing  h a l f  
l i v e s ,  and l each ing  of t h e  s imulan t .  

Various experiments w i th  a r th ropods  i n d i c a t e d  t h a t  (1) s e n s i t i v i t y  of popula- 
t i o n s  w i l l  b e  determined by e f f e c t s  on f e r t i l i t y  rates o r  on e a r l y  l i f e  s t a g e s  r a t h e r  
than by e f f e c t s  on a d u l t s ;  (2) f o r  t h e  same accumulated dose,  m o r t a l i t y  i n c r e a s e s  w i t h  
i n c r e a s i n g  dose ra te  up t o  r e l a t i v e l y  h igh  dose ra tes ;  (3) honeybee m o r t a l i t y ,  l i f e s p a n  
number of f l i g h t s ,  p o l l e n  c o l l e c t i o n ,  weight  of worker bees ,  number of brood cells,  and 
egg product ion were a f f e c t e d  a t  doses of 1500-4000 R;  and ( 4 )  d i f f e r e n c e s  were found 
between a r th ropod  popu la t ions  l i v i n g  i n  nonrad ioac t ive  o r  137Cs-contaminated areas. 

i n  Feb. 1969, decreased r e g u l a r l y  from February t o  October,  and then  remained r e l a t i v e 1  
l cons t an t  ("0.5 pCi) u n t i l  A p r i l  1970. Measurements of 13712s i n  whole-body, t i s s u e s ,  an 
i n  GI-tract o rgan ic  matter and f a l l o u t  s imulan t  i n  g e n e r a l  p a r a l l e l e d  each o t h e r .  No 
e f f e c t s  of t h e  ch ron ic ,  low-level r a d i a t i o n  environment were found i n  t h e  c o t t o n  rats 
a f t e r  30 o r  60 days.  

Cesium-137 l e v e l s  w e r e  r e l a t i v e l y  h igh  (5.65 pCi,  whole body) i n  c o t t o n  ra ts  
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Laboratory and f i e l d  studies have been underway for  Laboratory and f i e l d  s tudies  have been underway for  

two years a t  ORNL on movement of f a l l o u t  simulant and two years at ORNL on movement of f a l l o u t  simulant and 
: Cs-137 through plants ,  animals, so i l ,  and water. Gamma Cs-137 through p lan ts ,  animals, s o i l ,  and water. G a m a  
: and b e t a  doses t o  organisms varied with time and and be ta  doses t o  organisms varied with time and 
: loca t ion .  Simulant interception, re tent ion,  and locat ion.  Simulant interception, re tent ion,  and 
E weathering on p lan ts  varied with simulant s ize ,  species, weathering on p lan ts  varied with simulant s ize ,  species, 
: and weather. Cs-137 t ransfers  t o  fescue and cotton rats 
: a r e  reported.  Radiation e f fec ts  i n  animals depended on a r e  reported.  Radiation e f fec ts  i n  animals depended on 
: species,  l i f e  stage, f e r t i l i t y  ra tes ,  dose r a t e ,  and species, l i f e  stage, f e r t i l i t y  r a t e s ,  dose r a t e ,  and 

Cs-137 t ransfers  t o  fescue and cotton r a t s  and weather. 
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