




BNWL-1755 

Special D i s t r i b u t i o n  

TLIMBLEWEED AND CHEATGRASS UPTAKE OF TRANSURANIUM 

ELEMENTS APPLIED TO SOIL AS ORGANIC A C I D  COMPLEXES 

K e i t h  R, P r i c e  
Ecosys tems Department 

May 1973 

This  r e p o r t  i s  based on work sponsored by t h e  
A t l a n t i c  R l c h f l e l d  Hanford Company under Un i ted  

States Atomlc Energy Comnisslon Contract  AT(45-1)-2130 

BATTELLE 
PACIFIC NORTHWEST LABORATORIES 

R I  CHLAND , WASHINGTON 99352 



FOREWORD 

Th is  i s  an i n t e r i m  r e p o r t  o f  work i n  progress. The r e s u l t s  repo r ted  

a r e  o f  a  p r e l i m i n a r y  nature, and i n t e r p r e t a t i o n  may be mod i f i ed  i n  t h e  

l i g h t  o f  subsequent data. 
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SUMMARY 

P l a n t  uptake o f  r a d i o a c t i v e  waste m a t e r i a l s  i s  a  b i o l o g i c a l  i n t e r -  

a c t i o n  impo r tan t  t o  t he  environmental  management o f  waste s to rage  s i t e s .  

Th is  s tudy  on t he  uptake o f  t ransuranium elements f rom s o i l  by p l a n t s  

demonstrates t h a t  shoot  uptake i s  c l e a r l y  i n f l u e n c e d  by t h e  chemical fo rm 

o f  t h e  t r ansu ran i c .  It i s  unc lear  a t  t h i s  t i m e  whether s o i l  o r  p l a n t  

mechanisms, o r  both,  a r e  respons ib le .  Future s tud ies  a re  planned t o  inves-  

ti ga te  these aspects.  The obse rva t i on  t h a t  some organ ic  ac ids  suppress 

p l a n t  uptake o f  americ ium and cur ium w i l l  be i n v e s t i g a t e d  f u r t h e r  t o  

eva lua te  t h e  use o f  s o i l  a d d i t i v e s  t o  suppress p l a n t  uptake o f  t r ansu ran i cs .  

Tes t  r e s u l t s  i n d i c a t e  t h a t  o rgan i c  a c i d  complexes o f  p lu ton ium such as 

o x a l a t e  o r  c i t r a t e  can inc rease  p l a n t  uptake when added t o  s o i l  as com- 

pared t o  uptake f rom d i  1  u t e  n i t r i c  a c i d  s o l u t i o n s .  



INTRODUCTION 

The t r a n s f e r  o f  m a t e r i a l s  f rom s o i l s  i n t o  p l a n t s  i s  a  b i o l o g i c a l  

i n t e r a c t i o n  w i t h  nuc lea r  wastes impo r tan t  t o  the  environmental  management 

o f  waste s to rage  s i t e s .   rice") repo r ted  p r e v i o u s l y  t h a t  p l a n t  uptake o f  

t r ansu ran i  um elements added t o  s o i  1  i n  d i  1  u t e  n i t r i c  a c i d  so l  u t i o n s  was 

r a t h e r  l a r g e  f o r  2 3 7 ~ p  ( 2% o f  a p p l i c a t i o n ) ,  smal l  f o r  2 4 1 ~ m  o r  2 4 4 ~ m  

(<0.05% o f  a p p l i c a t i o n )  and s l i g h t  f o r  2 3 9 ~ u  (<0.001% o f  a p p l i c a t i o n ) .  

These de te rmina t ions  serve as base cases; however, t r ansu ran i cs  a t  waste 

s torage s i t e s  p robab ly  do n o t  occur  o n l y  as s imple i ons  o r  n i t r a t e  com- 

p l  exes. More 1  i k e l  y , these heavy e l  ements woul d  form chemical compl exes 

w i t h  o t h e r  m a t e r i a l s  common t o  t h e  waste streams. Var ious k inds  o f  

chemical complexing agents have been used i n  nuc lear  f u e l  process ing and 

assoc ia ted  opera t ions ,  b u t  t h e  poss i  b i  1  i ty  o f  such waste chemicals a c t i n g  

t o  enhance o r  suppress b i o l o g i c a l  a v a i l a b i l i t y  of r ad ionuc l i des  has n o t  

been p r e v i o u s l y  s tud ied .  

The f o rma t i on  o f  complexes between o rgan i c  compounds and a c t i n i d e  

elements has been i n t e n s i v e l y  s tud ied  i n  t h e  search f o r  new p lu ton ium 

process ing  methods. The sub jec t  has been reviewed by Gel 'man e t  a1 ., ( 2 )  

and Coleman. ( 3 )  Research f i n d i n g s  show t h a t  complex f o rma t i on  w i t h  o rgan i c  

ac ids  g e n e r a l l y  occurs under c o n d i t i o n s  o f  low s o l u t i o n  concen t ra t i ons  

and h igh  o rgan i c  ac id- to-e lement  r a t i o s .  I n  t he  absence o f  o rgan i c  ac ids  

o r  o t h e r  complexing agents and a t  low a c i d i t y ,  a c t i n i d e s  po lymer ize w i t h  

t h e  h y d r o l y s i s  products  o f  wa te r  and fo rm i n s o l u b l e  hydroxy - o r  oxo- 

r ad ioco l  1  o i d s  . However, complexes formed w i t h  o rgan i c  a c i d  1  i gands a r e  

q u i t e  s t a b l e  and e f f e c t i v e l y  inc rease  t h e  s o l u b i l i t y  o f  a c t i n i d e s  i n  

aqueous media. Increased mobi 1  i ty  o f  t ransuranium e l  ements due t o  coni- 

p l e x a t i o n  w i t h  o rgan i c  ac ids  has been shown p r e v i o u s l y  t o  occur  i n  s o i l  

systems. ~ h o d e s ' ~ )  and ~ n o l l  r epo r ted  t h e  m o b i l i t y  o f  Pu o r  Am i n  

s o i l  t o  be inc reased  s i g n i f i c a n t l y  i n  t h e  presence o f  o rgan i c  a c i d  l i g a n d s .  

It i s  g e n e r a l l y  he1 d  t h a t  f a c t o r s  i n c r e a s i n g  t he  water  so l  u b i l  i ty  o f  heavy 

elements can be expected t o  inc rease  t h e i r  uptake f rom s o i l  by  p l a n t s .  

However, i t  i s  a1 so poss- ib le  t h a t  p l a n t  r o o t s  o r  o t h e r  t i s s u e s  a re  imper- 

meable t o  some t ransuranium element complexes and p l a n t  uptake would 



e f f e c t i v e l y  be suppressed. Thus, t he  o b j e c t i v e  o f  t h i s  study i s  t o  

determine p l a n t  uptake o f  t ransuranium elements when added t o  s o i l  as 

o rgan ic  a c i d  complexes. These data a re  con~pared t o  the  prev ious study 

on p l a n t  uptake where t ransuran ics  were added t o  s o i l  i n  d i l u t e  s o l u t i o n s  

o f  n i t r i c  ac id .  (1  



MATERIALS AND METHODS 

Mate r i a l s  and methods used i n  t h i s  study as w e l l  as t h e  phys ica l  and 

chemical p rope r t i es  of t he  t e s t  s o i  1  were p rev ious l y  de ta i  1  ed. ) The s o i l  

used was Burbank loa~i iy  sand, a  calcareous loamy sand c h a r a c t e r i s t i c  o f  t op  

s o i l s  a t  Hanford waste storage s i t e s .  I t  has a  low c a t i o n  exchange capac i t y  

(s meq/100 g)  and poor n u t r i t i o n a l  q u a n t i t i e s .  Pots con ta in ing  1  kg o f  

s o i l  were i r r i g a t e d  f r e q u e n t l y  w i t h  d i s t i l l e d  water and about 170 l lg N/g 

s o i l  were added as NH4N03. The t e s t  p l a n t s  were tumbleweed (Sa lso la  k a l i )  

and cheatgrass (Bromus tectorum) . P l a n t i n g  , c u l t u r i n g ,  and ha rves t i ng  were 

the  same as used p rev ious l y .  A n a l y t i c a l  techniques a l s o  were t h e  same and 

i nvo l ved  ashing, a l i q u o t i n g ,  and l i q u i d  s c i n t i  1  l a t i o n  count ing. 

D i l u t e  s o l u t i o n s  (0.15M) - o f  t h e  s a l t s  o f  organic  ac ids  were prepared 

and spiked t o  approx imate ly  2.5 p C i / m l  o f  2 3 7 ~ p ,  2 4 1 ~ m  and 2 4 4 ~ m  o r  about 

5  ,Ci/ml o f  2 3 9 ~ u .  The organic  ac ids  used were: 

ace ta te  as NH4C2H302 

g l y c o l a t e  as NaC2H303 

oxal  a t e  as ( NH4 )2C204 

c i  t r a t e  as (NH4)2HC5H507' 

The molar r a t i o s  o f  o rgan ic  a c i d  s a l t s  t o  rad ionuc l i des  were: 

neptuni  um-237 8  1  

p l  u t o n i  um-239 2.7 l o 3  
ameri c i  um-241 3.2 l o 5  
c u r i  um-244 8.0 x  10 6 

The increase i n  molar r a t i o  value i s  most ly  due t o  an increase i n  s p e c i f i c  

a c t i v i t y  o f  t he  nuc l i des  as they a re  l i s t e d .  The h a l f - l i f e  o f  2 3 7 ~ p  i s  
6 244 very l o n g  (2.14 x  10 y ) ,  whereas t h a t  f o r  Cm i s  comparat ive ly  s h o r t  

(18.1 y ) .  Approximately 10 m l  a l i q u o t s  o f  spiked s o l u t i o n s  were u n i -  

f o rm ly  added t o  t h e  s o i l  surfaces o f  t h ree  r e p l i c a t e  pots.  A f t e r  t he  

s o l u t i o n s  had d r i ed ,  a  1  cm l a y e r  o f  s o i l  was added and seeds were p lan ted  

i n t o  t he  un t rea ted  s o i l .  P lan ts  were grown i n  a  growth chamber f o r  

2  months. 



RESULTS AND DISCUSSION 

Transuranium elements normal ly  r e a c t  w i t h  a  hos t  o f  l i gands  which 

r e s u l t  i n  t he  fo rmat ion  o f  chemical complexes. Polymer izat ion a l so  i s  

common under appropr ia te  cond i t i ons  and i n  t h e  absence o f  complexing 

l igands  i s  the  form o f  p l  utonium suspected i n  an aqueous environment. (6) 

I n fo rma t i on  discussed by Gel'man e t  a1.(3) i n d i c a t e s  the  tendency f o r  the  

t ransuran ic  ca t i ons  used i n  t h i s  study t o  form complexes i s  i n  t he  o rde r  

put4 > cmt3 - 2. > 1 ~ ~ 0 ~ ~ .  C i  t r a t e  i s  expected t o  form complexes w i t h  

these t ransuran ics  more r e a d i l y  than the  o the r  o rgan ic  s a l t s  used because 

i t  has the  g rea tes t  number of coo rd ina t i on  pos i t i ons .  Gel 'man e t  a1 . 
i n d i c a t e  t h a t  a t  molar r a t i o s  o f  >4:1 c i t r a t e : P u  and a t  pH's o f  >5, com- 

p l e x  fo rmat ion  should be complete. S i m i l a r  r e s u l t s  a re  expected w i t h  

t he  o the r  t ransuran ics  used and f o r  oxalate.  There i s  l i t t l e  i n fo rma t i on  

on acetate and g l y c o l a t e  except t h a t  complexes probably do e x i s t  under 

appropr ia te  cond i t ions .  (3)  

The pH's o f  t h e  t reatment  s o i l s  f o l l o w i n g  the  a d d i t i o n  o f  organic  a c i d  

complex s o l u t i o n s  a re  g iven  i n  Table 1. The n i t r a t e  se r i es  i s  of an exper i -  

ment p rev ious l y  repor ted( '  ) and i s  1  i s t e d  here f o r  purposes o f  comparison. 

The prepara t ion  o f  smal l  q u a n t i t i e s  of t ransuran ic  complexes w i t h  organic  

ac ids  i s  d i f f i c u l t  a t  best .  To avoid compl icat ions brought on by n e u t r a l i z a -  

t i o n  o f  t ransuran ic  so lu t i ons ,  a1 1  o rgan ic  ac ids of a  g iven  se r i es  were 

sp iked w i t h  t he  same amount o f  t ransuran ic .  The i n i t i a l  pH of a l l  complex 

t reatment  s o i l s ,  except f o r  t he  Np ser ies ,  i s  g rea te r  than t h e  o r i g i n a l  pH 

o f  7.8. I t  should be emphasized t h a t  t he  pH's l i s t e d  i n  Table 1  represent  

a  small l a y e r  o f  so i  1  (about 5  mm) w i t h i n  the  po t .  Changes i n  pH w i t h i n  

t h i s  l a y e r  w i t h  t ime and du r i ng  p l a n t  growth and t h e  in f luence on p l a n t  

uptake o f  contaminated s o i l  l a y e r s  a t  d i f f e r e n t  pH's a re  subjects  of f u r t h e r  

research i n  progress. However, i t  i s  suspected t h a t  i n i t i a l  s o i l  pHs' a re  

n o t  p a r t i c u l a r l y  i n f l u e n t i a l  t o  p l a n t  uptake o r  t h a t  any in f luence i s  masked 

by a  much l a r g e r  i n f l u e n c e  due t o  complexation. For example, no pH depen- 

dent r e l a t i o n s h i p  i s  obv ia ted  when uptake data i n  Table 2  a re  p l o t t e d  as a  

f unc t i on  o f  the  i n i t i a l  s o i l  pH f o r  t h a t  t reatment.  
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Concentrat ion f a c t o r s  for p l a n t  shoot uptake o f  t ransuran ics  added 

t o  s o i l  as complexes a re  presented i n  Table 2 and compared w i t h  uptake 

f rom n i t r a t e  forms. Uptake f rom n i t r a t e  forms i s  i n  reverse order  o f  

the  tendency o f  t he  t ransuran ics  t o  form complexes o r  t o  undergo c a t i o n  

hyd ro l ys i s  and even tua l l y  polymerize. P l a n t  uptake o f  the  t ransuran ics  

added t o  t he  s o i l  as organic  a c i d  complexes was i n  t h e  same o rde r  as 

uptake from n i t r a t e ,  i .e . ,  Np > Cm 2 Am > Pu. The e f fec t  o f  chemical 

form i s  ev ident .  Neptuni um-237 and 2 3 9 ~ u  uptake from complexes gener- 

a l l y  was g rea te r  than uptake from n i t r a t e ,  whereas, uptake f rom 2 4 1 ~ m  

and 2 4 4 ~ m  complexes was l ess  than f rom n i t r a t e  forms. Thus, t he  order  

of uptake compared among t ransuran ics  was unchanged, b u t  uptake compared 

among chemical forms va r i ed  w i t h  the k ind  o f  t ransuran ic  and complexing 

agent used. Transuranics w i t h  o x i d a t i o n  s t a t e  of I V  o r  V (pu and NP, 

respect  i vel y  ) general l y  showed i ncreased uptake w i  t h  compl e x a t i  on, and 

the  I 1 1  elements (Am and Cm) showed 1 ittl e change o r  a decreased uptake 

re1 a t i  ve t o  n i t r a t e  forms. Glycol a te,  oxalate,  and c i  t r a t e  compl exes 

enhanced 2 3 9 ~ u  uptake by tumbleweed o r  cheatgrass. The enhancement w i t h  

c i t r a t e  was more than s i x f o l d  f o r  tumbleweed. Americium-241 and 2 4 4 ~ m  

complexes of  these organ ic  ac ids r e s u l t e d  i n  decreased tumbleweed o r  

cheatgrass uptake compared t o  n i t r a t e  forms. Americi um-241 uptake by 

cheatgrass f rom the  oxa la te  t reatment  was reduced by 1 0 - f o l d  compared t o  

uptake f rom the  n i t r a t e  form. D i f fe rences  i n  uptake between the species 

used as t e s t  p l a n t s  f r e q u e n t l y  amounted t o  more than 10 - fo ld .  

Resul t s  show t h a t  t he  chemical form o f  237~\p, 2 3 9 ~ u ,  241 ~m and 

2 4 4 ~ m ,  a t  t he  t ime o f  t h e i r  a d d i t i o n  t o  s o i l ,  in f luences  p l a n t  uotake 

o f  these radioelements. When added t o  s o i l  as o rgan ic  a c i d  complexes, 

p l a n t  uptake o f  Np and Pu was gene ra l l y  increased compared t o  uptake 

f rom n i t r a t e  forms. Americium and Cm uptake, however, was decreased. 

It i s  unclear  a t  t h i s  t ime whether s o i l  o r  p l a n t  mechanisms, o r  both, 

a re  responsib le.  The e f f e c t s  o f  vary ing  the  pH o f  the  sp iked t reatment  

s o l u t i o n  w i l l  be i nves t i ga ted .  The d i s t r i b u t i o n  o f  radioelement w i t h i n  

t he  p l a n t  (e.g., roo t /shoot  r a t i o s )  w i l l  be determined as a f u n c t i o n  o f  

i n i t i a l  chemical form. The use o f  s o i l  a d d i t i v e s  t o  suppress p l a n t  

uptake a l so  w i l l  be i nves t i ga ted .  



TABLE 1. I n i t i a l  pH o f  S o i l  Fo l l ow ing  t h e  A d d i t i o n  o f  Spiked So lu t ions .  
S o i l  pH's a re  o f  s a t u r a t i o n  pastes o f  a i r - d r i e d  t r e a t e d  s o i l .  
O r i g i n a l  s o i l  pH was 7.8. 

N i t r a t e  Acetate G lyco l  a t e  Oxalate C i  t r a t e  

2 3 7 ~ p  5.1 7.4 6.6 6.5 6.8 

2 3 9 ~ u  5.1 8.5 9.1 8.6 8.3 



TABLE 2. Concentration   actors (a )  f o r  Tumbl eweed and Cheatgrass Shoot 
Uptake. Transuranics were added t o  so i l  i n  d i l u t e  n i t r i c  acid 
o r  as complexes of the organic acids indicated.  

Tumbl eweed 
Tii t r a  t e  (b )  Acetate Glycol a t e  Oxalate Ci t r a t e  

Cheatgrass 

a.  Concentration factor  = pCi/g plant pCi/g so i l  
I 1  \ 

b. Resul t s  previously reported i n  BNWL-1 688' ' ' 
c .  11 E-02 + 2 equals 11 x lo-' 2 2 x lo-' (S.E. mean) 



The author  i s  g r a t e f u l  f o r  suggestions prov ided by T. R. McKenzie, 

S t a f f  Engineer, Advanced Technology Development Sect ion, ARHCO. 
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