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ABSTRACT 

In Red Kidney bean plants grown at  a pH of 6.0 in nutrient culture,  
t he re  was no significant redistribution of cesium from the older  leaves, 
whereas  t h e  younger leaves demonstrated r e t  r ans location where con- 
centration gradients existed. The concentration of cesium in the aer!al 
portions of the plant i s  nearly proportional t o  the concentration of cesiu.m 
added to the nutrient solution. 
a s  the pH of the nutrient environment is decreased. 
for ces ium with bean plants was 0.68, tomato 0.32, Russian thist le 0.05 

and whoat 0.02. 

the leaves only 0.13 t imes  the conc-ntration in an Ephrata f i n e  sand). 
loam soil .  

The absorption of c - s i u m  tends to increase 
Uptake efficiency 

Barley plants can attain a concentration of cesium in 
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THE U P T A K E  AND TRANSLOCATION OF CESIUM BY PLANTS 

INTRODUCTION 

The uptake of cesium has been  investigated by Collander( ' )  with 
spec ia l  re fe rence  to the other members  of the alkaline metal  s e r i e s .  
found, with the eleven phanerogams studied, that there  w a s  very little 
variation i n  the upteke of cesium among the different species .  It was a l so  
indicated that cesium i s  absorbed in much the s a m e  manner  as potassium, 
and the re  appeared to be a fairly constant ionic ra t io  between cesium, 
rubidium and potassirim absorbed. 

may, in par t ,  replace potassium for cer ta in  functions within the plant, 
but none f the functions w e r e  considered essent ia l  even though cer ta in  
st imulative effects were  noted. 

He 

Pi rson(2)  has  indicated that cesium 

Because cesium has not been shown t o  be essent ia l  for p1ar.t 
growth, most  of the e a r l i e r  investigations were  concerned with i t s  pot:- 
sible relationship tc:, the essent ia l  elements. However, isotopes of cesium 
a r e  among the principal long-lived products of nuclear fission and thus 
dese rve  some attention heretofore not accorded this element. 

The purpose of the present investigation was t o  determine the 

effec? of the fac tors  of concentration, pH, and plant spec ie s  on the up- 
take and retention of this  eiement using nutrient solution cu l tures  with 
C s  as a t r ace r .  The resu l t s  obtained from these experiments  w e r e  

compared with t h e  maximum uptake obtained from a representat ive South 
Cen t ra l  Washington soil. * 

137 

I 1 0 1 4 5 5  



6 

HW-35174 

MATERIALS AND METHODS 

The detailed methods used in these studies have appeared p re -  
viously.(3) Red Kidney bush beans (Phaseolus vulgaris)  were used as the 
principal experimental  plant. This seed  w a s  of p u r e  stock obtained from 
the California Crop Improvement Association. 
Rutgers  tomatoes (Lycopersicurn esculenturn). White Russian wheat 
(Tr i t icum vulgare)  and Russian thistle (Salsola pestifer). 
l a t te r  was collected locally. 
in a modified Hoagland's : olution according to s tandard nutrient practice. 
The pH values of the solutions were maintained at 6.0 except where var ied 
as a n  experimental  condition. Car r ie r - ' ree  Cs137 (<O. 0001 ppm Cs, final 
nutrient concentration) w a s  used a s  a t r a c e r  in a concentration of about 10 
pc /ml  of nutrient solution. 
dition the concentraticn of s table  cesium added to the nutrient solution 
was  1.0 pprn a s  CsC1. 
except in those experiments  indicated as having been conducted in a con- 
t rol led - envi ronment cham be r . 

* Other plants used were 

The seed of t h e  

Plants were grown, s ix  plants per  cul ture ,  

-4  

Except w h e r e  var ied as an experimental  con- 

Plants w e r e  grown under greenhouse conditions 

Soil experiments  were conducted using the Necbauer technique. ( 3 0 4 )  

One hundred Belsford Beardless  barley seeds  w e r e  planted in 100 gms  of 
Ephrata  f ine  sandy loam soil. T h i s  is a representat ive local soil which 
contains l e s s  than 100 ppm cesium by spectr-graphic analysis,  is ve ry  
low in nutrient e lements  especially nitrogen (0 .6 mg N/gm of soil, ) and 

h a s  i pH of 7.6. The soil was prepared by addition of c a r r i e r - f r e e  Cs 
and well-mixed before planting. The aer ia l  portions were harvested 
a f t e r  18 days. 

137 

* University of California, Davis, California. 
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RESULTS 

The Accumulation of Cesium by P l a n t s  

In o r d e r  to determine the effect of a prolonged absorption pcnt-lod 
on the uptake of cesium by bean plants, an experiment w a s  conducted i n  
a constant environment apparatus for a 32-day period. The ae r i a l  t em-  
pe ra tu res  w e r e  naintained a t  29 3 1.5' C during the light hours and  

24 f 1' C during t h e  d a r k  hours  with wet bulb tempera tures  of 22 2 l o  C 
and 20 1' C, respectively,  while t h e  root environment w a s  maintained 
constant at 26 2 0 .  !j3 C ,  

white fluorescent tubes in  a 1:l  ra t io  and w a s  operated for  a 16-hour day 
length a t  1300 f: I00 foot candles. 

Beans plants were  grown in s ix  l i ter  culture pans according to the 
previously descr ibed technique(3) w i t h  six plants  per  pan. Cul tures  were  
harvested eve ry  four days. 
w e r e  changed in the remaining pans. 
1.0 ppm of cesium as CsCl and 1.06 x 
as  a t r a c e r .  
of the remaining cu!tures t J  allow a study to  be made of the retention 3s 
w e l l  a s  the absorption of t h i s  ior.. A f t e r  the 28th day the p l an t s  had so 

completely filled the growth chamber  that growth w a s  somewhat erratic.,  
and uptake r e su l t s  beyond this  t ime are cf doubtful significance. 

The light source  consisted of w h i t e  and cool 

At each t ime of harvest ,  the n u t r i e n t  soliitiori3 

In  addition to t h e  nutrient s a l t s ,  
137 pc of Cs per  ml was uddecl 

At t h e  end of t h e  12th day, cesium w a s  added to only hir l f  

The plants were divided into samples  as follows: roots ,  sterns 
and petioles, p r imary  leaves, axi l lary tr ifoliate leaves,  and t h e  origlnal 

tr ifoliate leaves along the main stem. 

F igure  1 indicates +hat, for those plants which received cesiuIi1 

the full 32 days, a l l  leaves tended to  attain about the same concentt-atlor1 
of cesium. This  is particularly apparent for the p r i m a r y  and initial I I ' I .  

foliate leaves. The axiiiary tr ifoliate leaves were in a rapid s tage  of 
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growth aurin 
reduction in concentration of cesium during this period may  be attriliutable 
to  a dilution by growth. A different relationship w a s  found between the 

leaves of p l a n t s  grown i n  cul tures  f rom which the cesium w a s  removed 
af te r  the 12th day. 
maintained about tht! concentration present at the 12th day. The initial 
tr ifoliate leaves decreased in  cesium concentration a f te r  the removal of 
cesium. and the concentration did not stabilize until maximum qrowtCl 
was attained a t  the 16th day. 
leaves,  indicated a progressive decrease  in  concentration between the 16th 
and 32nd day. 

the latter ha l f  of the experimental period and the sl lght  

In  t h i s  s e r i e s  the pr imary  leaves. the oldest leaves. 

The axillary trifoliate leaves,  the youngest 

This  decrease  in concentration, evidenced by the initial and axil lary 
tr ifoliate leaves of plants deprived of cesium af ter  the 12-day absorption 
period, ceems  to be mostly a dilution by growth. It appea r s  that there  
is little redistribution of ct%sium from the older leaves under the above 
conditions even w h e n  favorable concerrtration gradients exist .  

This  is fur ther  amplified in Figure 2. The p r i m a r y  leaves f rom 
plants deprived of cesium after the 12th day r2tained essent ia l ly  t h e  

absolute amount of cesium they possessed the 12th day. 
are,  of course,  n o  longer growing and are approaching senescence. T h e  

initial trifoliate leaves,  which arc st i l l  actively metabolizing but have 
grown very  l i t t le after the 16th day, exhibit a decrease  in the absolute 
content of cesium.. 
increase in the absolute ces ium content of the axi l lary leaves  which are 
actively growing. 
activity ces ium exchange is small;  but in t i s sues  actively metabolizing 
the exchange is significant. 

These  leaves 

This  dec rease  is partially ,:ompensated for  by an 

This  s e e m s  t o  indicate that in t i s sues  of low metabolic 
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The Effect of Concentration on Cesium Uptake 

To determine the effect of cesium concentration on the uptake of 
th i s  ion, an experiment was conducted over a range of concentrations 

f rom 0.001 to  100 ppm. 
for  i2 days a t  a pH of 6.0. 
cesium was added a s  CsCl wi th  1 .1  x 

Bean p1ant.s w t r e  grown in  the nutrient solution 
During the las t  four days of the experiment,  

rt- of Cs137/ml  as a t r ace r .  

It can be s..en from Figure 3 that the uptake of cesium by the leaves 
of the bean plant IS proportional to the concentration added to the nutrient 
solution, Also, the amount of absorbed and adsorbeci cesium, associated 
with the roots  is proportional to the concentration added to  the nutrient 
solution and i s  somewhat grea te r  than t h e  coiicentrxtion in the leaves. 

It w a s  found that the cesium associated vith fools killed by drying 
is nearly the s a m e  within experimental e r r o r  as tha? associated with 
living mots .  This relationship holds only i.f a few drops  of saturated 
phenol solution have been audcd to the  nutrient solution containing the dead 
roots.  
with the roots  i s  often doubled due, no doubt, to rnicroflcral  :.ccumulation. 
Thus, a large portion of t h e  cesium associated w i t h  the roots must be 

ads  orbed c e s  ilim . 

I f  no phenol is added ,  the concentration of cscsium associated 

The total accumulation associated with the root as weli as the up- 
take into the aerial p u t i o n s  fol lows the proportional relationship observed 
for other  elements.  (3! However. cer ta in  minor i r r egu la r i t i e s  exist .  
When the data are plotted on a concentration basis  as a l eak roo t  ra t io  
it is found that a g rea t e r  proportion of the ces ium associatild with the roots  
is absorbed into the ae r i a l  portions of the plant a t  the higher concentrations 
of nutrient cesium, This relationship is shown in Figure 3. 
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The Effect of pH on the Uptake of Cesium 

The effect of pH on t h e  uptake of cesium w a s  studied i n  a n  cxpcri-  
ment us ing  Red Kidney bean p lan t s .  
in nutrient cultures adjusted to thr8 iritlit-atcd pli .  

of the experiment,  1.0 ppm of cesium ;IS CsCl was added to t h e  nutrient 
solution with 1 . 1  x 10 

'The plants were grown for 12 t l a y ~  

During t h v  last f o u r  days 

- 4  pc/ml  of Cs"" a s  r\ t racer .  

The results,  as indicated in  Figure 4.  show that  a greater- accumu- 
lation of cesium occiirs on t h e  roots at  pH 7.0 t h a n  ilt pli 4.0 .  

be the resul t  of an effect of pH on adsorption of the ion, e i ther  directly 
or indirectly, since cesium solubility would be little affected by the p H  

i n  this  nutrient solution. 
is l e s s  at pH 4.0. 

pH 7 , O  or the roots a r e  l e s s  permeable. 
s idered ,  as in Figure 4.  it is cbvious that a g rea t e r  u p t a k e  efficiency i s  
exhibited ? t  pH 4 .0  than at the other  pH values studied. These resu l t s  
concorm to a general  trend observed for other fission elements.  

This must  

The uptake into the trifoliate leaves,  corxcrsely,  
This indicates t h a t  ei ther cesium is less available at  

I f  t h e  leakroot ratios 3rc con-  

( 3 )  

T h e  Response of Different Plants to  Cesium Uptake 

The uptake of cesium w a s  determined for Red Kidney beans, 
tomatoes,  wheat and R u s s i a n  thistle. 
ferent  t imes  so that a l i  the spec ies  would have a n  adequate t issue sample  
at the t ime of harvest  and a l l  could be exposed to the experimental  con- 
ditions at  the same time. 
the plants w e r e  t ransfer red  to  nutrient solutions containing 1.0 ppm 
cesium as CsCl and 1.1 x 

6.0.  

The plants were s t a r t ed  at  dif- 

Uuring the las t  four days of the experiment,  

pc/ml of Cs13' as a t r a c e r  at a pH of 

An examination of Figure 5 indicates that a difference does exis t  
between plants in their  abil i ty to  accumulate cesium both i n  the ae r i a l  
portions and associated with the roots. OR a concentration basis  i t  can 
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be seen  that the bean accumulates the grea tes t  amount of cesium i n  i t s  
leaves w i t h  tomato, Russian thistle and wheat following i n  that order .  
concentration of cesium accumulated on the roots is grea tes t  for Russian 
thist le w i t h  tombto. wheat and bean following in  that o rder .  The concen- 
tration of cesium associated w i t h  the roots is i n  no way correlated with the 
mass  of the root; i t  may, however, be dependent on the total a r e a  of the 
root. 

The 

The cesium associated w i t h  the root must be  in la rge  mea:ure, 
adsorbed cesium, especially i n  the case  of wheat. tomato and R u s s i a n  

thist le where the root accu'nulation s o  far  exceeds the leaf concentration. 
This w i l l  undoubtedly affect the uptake of t h i s  el-.ment. s ince  the Russian 
thist le plant has  a cesium concentration i n  the root microenvironment 
about 2.5 t imes  as great  a s  the bean. 
as a n  indication of uptake efficiency, bean shows the grea tes t  efficiency 
wi th  a 1eaf:root ra t io  of 0.68. 
wheat 0 .021  follow i n  o rde r  of decreasing uptake efficiency. 

Whsn  1eaf:root ra t ios  a r e  calculated 

Tomato 0.32. R u s s i a n  this t le  a. 048 and 

Soil Studies 

In  o rde r  to properly evaluate the hazard potentials of radioactive 
isotopes of cesium f o r  placts growing i n  soi l ,  a study w a s  conducted to 
determine the maximum uptake of Cs137 from a n  Ephrata fine sandy 
loam. The Neubauer seedling technique(3' 4, w a s  used as previously 
described. 
under ar t i f ic ia l  light. 
tube to three  white fluorescent tubes at 1, 000 3 50 foot candles.  

The plants were grown for 18 days i n  a water  bath at  24 2 io C 
This consisted of a ra t io  of one daylight fluorescent 

It was  found (Table ?) that barley w a s  able  to remove  only about 
137 0.10 per  cent (average  of s ix  cul tures)  of the Cs f rom a given volume 

of Ephra ta  fine sandy loam soil. Since the plants were  grown long enough 
t o  exhaust the nutrient elements f rom the  soil ,  th is  datum may be interpreted 

' 
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a s  the maximum percentage of Cs137 added to  this soil which can be 
removed by bar ley  plants before nutrient conditions l imit  absorption. 
It was  a l so  calculated that the barley plant was able to  accumulate in i t s  
leaves a concentration of cer ivm about 0.13 t imes  the concentration in 
the so i l ,  on a d r y  weight basis.  

DISCUSSION 

In previous s tudies  with it was found expedient to 
This was because mass ive  e x p r e s s  the uptake data a s  1eaf:root ratios.  

accumulations of s t ront ium were  found associated with the roots  which 
w e r e  in no way dependent on metabolic absorption. 
w e r e  of sucn magnitude a s  to be of p r ime  importance in influencing the 
uptake of stontiurn. 
s t ront ium w e r e  not found in the  present  s tudies  with cesium. 
b e  expected on the bas i s  of adsorptive proper t ies  of the ces ium ion and 
the solubility of i t s  compounds. 

These  accumulations 

Root accumulations as grea t  a s  those observed with 
This was to 

TABLE I 
The Uptake of Cs13' from sn Ephra ta  Fine Sandy Loam 
Soil by 9 a r l c y  Plants,  Using the Neubauer Seedling Technique. 

Cs Ccnc. 
Dry wt. Fac tor  70 to  total  so i l  

Pc/gm soil Leaves Leaf conc. Cs absorbed into 
(gm) Soil conc. a e r i a l  portions 

0.01 1.118 0.13 
1.009 .09 

0.05 1.059 15 
1.038 .14 

0.10 1 . 057 . 15 
1.040 . 14 

.091 

.075  

.ll . 1 1  

.12 
0 11 
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However, it was found wi th  dead root experiments that concentra- 
tions of cesium 6-7 t imes  g rea t e r  than that i n  the nut7ient solution were 
adsorbed on dead bean roots in s te r i le  solution. This is within l imits of 
e r r o r ,  thP s a m e  a s  found on live roots. I t  is obviausly incorrect  to infer 
that a l l  the cesium associated with the roots of live p l an t s  grown i n  nutrient 
solutions is adsorbed. Nevertheless, a sufficiently high ra t io  of adsorbed 
to  absorbed cesium apparently exists OP t h e  roots s o  t h a t  the total rcot 
concentration of cesium approxirnai&s the aatual cesium concentration to 

which the absorptiv: mechanism is exposed. 
ra t io  is a valid approximation of relative uptake efficiency. 

Thus t h e  use of the 1eaf:root 

' i ne  effect of adsorbed root cesium on uptake i s  particularly impor-  
tant when comparing the ability of various spec ies  of plants to absorb 
cesium. 
tration of cesium in  i t s  leaves than  does Russian thistle. 
accumulation of cesium associated w i t h  the roots  is taken into consideration 
a s  the source  of cesium available for absorption into tne a e r i a l  portions 
ol the plant, i t  can be seen t h a t  the bean can absorb almost  14 t imes  a s  
much cesium a s  the Russian thistle on a dry weight concentration basis 
when exposed to t h e  s ame  relative concentration associated w i t h  the root. 
It w a s  a l so  fourrd when studying effect of pH on cesium uptake tha t  i f  the 
data  a r e  expressed  as 1eaf:root ra t ios  they will more near ly  conform to 
t rends o m e r t  :d with other elements under s imi l a r  conditions: namely, 
tha: a s  the acidity increases  t h e  zbsorptive efficiency a l so  increases .  

Thus w e  find that the bean has about a s ix  t imes g rea t e r  concen- 
But when the 

Root adsorption is even more important when comparing the u p -  

take of cesium with other fission products. F o r  instance, heavy accumu- 
lations of stTontium a r e  found on the roots of plants grown in nutrient 
solutions containing s t ront ium a n d  a correspondingly heavy uptake occurs.  
Cesium forms only a light accumulation of the root and is associated 
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with a s m a l l e r  uptake. If ,  however, the wheat plants were exposed t o  the 
s a m e  concentration of cesium and strontium i n  the microenvironment of 
the root, the uptake of the two elements would be very nearly the same.  

Such considerations a r e  necessary in attempting to apply nutrient 
cu l ture  data  to nutrient environments w h e r e  mobility of the ion is mort? 
res t r ic ted .  as in a soil. 
p rac t ica l  s ense  by first establishing the  maximum up!ake of a particular 
element which will occur from a given soil under a given s e t  of .-onditions. 
This  maximum uptake v a l u e  can then be modified by those factors known 
t o  influence absorption which have been determined in  a quantitative scnse  
by nutrient cul ture  studies. 

This  correlation may be accomplished i n  a 
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