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ABSTRACT INTRODUCTION 

Samples of  wet land  p l a n t s :  c a t t a i l s  (Typha 

l a t i f o l i a ) ,  sedges  (Scr ipus  cype r inus ) ,  t r e e s  

[ ~ r e m b l i n g  Aspens (Populus t remuloides)  and White 

Bi rches  (Betu la  ~ ~ a ~ ~ r i f e r a ) ]  and two s p e c i e s  of  gras-  

s e s  F o x t a i l  Barley (Hordeum jubatum) and Ref lexed  

Sa l tmarsh  Grass  ( P u c c i n e l l i a  d i s t a n s )  growing on 

abandoned o r  i n a c t i v e  uranium m i l l  t a i l i n g s  s i t e s  have 

been c o l l e c t e d  f o r  t h e  s t udy  of  uptake  of long- l ived  

r a d i o n u c l i d e s  be longing  t o  t h e  4n+2 s e r i e s  s t a r t i n g  

from U-238. The p l a n t s  were excavated  and immediately 

segmented i n t o  a e r i a l  p a r t s  and below ground p a r t s .  

Each p a r t  was ana lyzed  f o r  Pb-210 by fo l l owing  rad io-  

chemical  techniques  and f o r  t o t a l  l e a d  by t h e  atomic 

abso rp t i on  spec t rophotometry .  A t a i l i n g s  sample was 

c o l l e c t e d  around t h e  stem of each p l a n t  and ano the r  

one  c o l l e c t e d  from t h e  r o o t  r eg ion  of t h e  p l a n t  and 

Pb-210 and t o t a l  l e a d  were determined i n  each sample.  

The r a t i o  of  Pb-210 t o  t o t a l  l e a d ,  R ,  i n  v a r i o u s  

p a r t s  of p l a n t s  and i n  t h e  t a i l i n g s  h a s  n o t  been 

found t o  be s i g n i f i c a n t l y  d i f f e r e n t .  The t r a n s p o r t  

of l e a d  from t h e  r o o t s  t o  t h e  l e a v e s  and o t h e r  a e r i a l  

p a r t s  i s  found t o  be ve ry  sma l l  i n  c a t t a i l s  and sedges .  

I n  White B i r ches  and Trembling Aspens t h e  concen- 

t r a t i o n  of  l e a d  t r a n s p o r t e d  t o  a e r i a l  p a r t s  is h ighe r  

t han  t h a t  i n  wetland p l a n t s .  The c o n c e n t r a t i o n  f a c t o r  

( t o o t s / t a i l i n g s  concen t r a t i on )  i n  r o o t s  of  t h e  t r e e s  i s  

lower by an  o rde r  of magnitude i n  comparison t o  t h a t  

i n  wet land  p l a n t s .  The abso rp t i on  of l e a d  by the 

a e r i a l  p a r t s  of  t h e  p l a n t s  i s  no t  found t o  be a s ign-  

i f i c a n t  pathway of Pb-210 i n  v a s c u l a r  p l a n t s  growing 

on uranium m i l l  t a i l i n g s .  

I t  ha s  been r epo r t ed  t h a t  l e a d  i s  not  t aken  up t o  

any g r e a t  e x t e n t  from t h e  s o i l  by p l a n t s  [ l  ,2 ,3] .  Most 

s t u d i e s  i n d i c a t e  t h a t  l e ad  t ends  t o  accumulate i n  r o o t s  

and only  a s m a l l  amount i s  t r a n s l o c a t e d  t o  t h e  a e r i a l  

p a r t s  of  t h e  p l a n t .  It has  a l s o  been r epo r t ed  t h a t  

f o l i a r  a b s o r p t i o n  of l e a d  i n  l e t t u c e  l e a d s  t o  some 

t r a n s l o c a t i o n  t o  o t h e r  p a r t s  of t h e  p l a n t  [4]. Our 

e a r l i e r  s t u d i e s  on t h e  uptake  of  Pb-210 by Typha 

l a t i f o l i a  growing on uranium m i l l  t a i l i n g s  have i n d i -  

c a t e d  t h a t  Pb-210 p r i m a r i l y  accumulates i n  t h e  r o o t s  

and only  a sma l l  amount of Pb-210 i s  p r e s e n t  i n  l e a v e s ,  

s tems and f r u i t s  153. 

The uranium mine t a i l i n g s  a r e  by-products from t h e  

mining and m i l l i n g  of uranium oxide  and t h u s  c o n t a i n  

daughter  p roduc t s  of  uranium and thorium, i n c l u d i n g  

' s o  c a l l e d '  r ad iogen i c  s t a b l e  i s o t o p e s  of l e ad .  The 

amount of  r ad iogen i c  l e a d  i n  t h e  t a i l i n g s  depends on 

t h e  age  and composi t ion  of t h e  mine ra l  i n  a mining d i s -  

t r i c t .  For example, t h e  age  of t h e  minera l  i n  t h e  

Bancrof t  d i s t r i c t  i s  approximate ly  one b i l l i o n  y e a r s  

and i n  t h e  E l l i o t  Lake d i s t r i c t  i t  is  known t o  be 

approximate ly  two b i l l i o n  yea r s .  The r a d i o a c t i v e  pro- 

d u c t s  from t h e  decay of  uranium and thorium a r e  p r e s e n t  

i n  s e c u l a r  e q u i l i b r i u m  i n  t h e  o r e .  It i s ,  t h e r e f o r e ,  

expec ted  t h a t  t h e  r a t i o  of Pb-210 t o  r ad iogen i c  l e a d  

w i l l  be  c o n s t a n t  i n  a mining d i s t r i c t .  It ha s  been 

shown t h a t  t h e  amount of n a t u r a l  l e a d  i n  uranium 

bea r ing  o r e  i n  t h e  Bancrof t  d i s t r i c t  i s  r e l a t i v e l y  

sma l l  and t h u s  t h e  r a t i o  of  Pb-210 t o  t o t a l  l e a d ,  R, 

ha s  been found t o  be  a lmost  cons t an t .  S i m i l a r l y ,  ou r  

l i m i t e d  s t u d i e s  have r evea l ed  t h a t  t h e  R v a l u e  i n  t h e  



Elliot Lake district is also nearly constant although 

the ore has a higher amount of lead (natural) in it 

[6]. Fresh tailings samples containing all radio- 

active decay products including Pb-210 and radiogenic 

and natural lead is expected to have a constant value. 

of It. 

The plants growing on the tailings can absorb Pb-210 

along with stable lead isotopes through their roots and 

transport some fraction to aerial parts o f  the plant. 

While it is known that the transport of lead is very 

little from roots to the aerial parts of plants, it is 

not clear whether the uptake of lead to aerial parts 

takes place only through the roots or it is also 

absorbed by the foliage in aerosol form or accumulated 

in particulate form on the foliage from aerial fallout. 

The R value should be constant in all parts of the 

plants if the uptake of lead is through the roots. In 

tailings some Rn-222 diffuses into the atmosphere [7]. 

It is removed from the atmosphere through its decay 

to other products like Pb-210. The decay products are 

formed as highly charged species and tend to adhere 

strongly to dust particles [8]. The rate of diffusion 

of Rn-222 is dependent on a variety of conditions such 

as atmospheric variables, porosity of the tailings, 

presence of clay minerals and moisture content in the 

tailings. The concentration of Pb-210 in dust parti- 

cles will vary considerably dependlng on the concen- 

tration of its parent Rn-222. The R value will vary 

accordingly, assuming that natural lead content in the 

atmosphere is nearly constant in a particlar area. It 

is very unlikely to be the same as found in the 

tailings. The determination of the R value in various 

parts of a plant growing on the tailings can be help- 

ful in delineating the uptake by the two pathways. 

As a part of a long range program, the uptake of 

long-lived radionuclides by indigenous vegetation grow- 

ing on the tailings in the Provinces ol Ontario and 

Saskatchewan is being investigated with a view to 

evaluating the transport of radionuclides from the tai- 

lings to biota. In our earlier study the value of R 

was found to be useful in estimating the extent of dif- 

fusion of Rn-222 from the tailings. It was found that 

Rn-222 diffuses from the dry surfaces, whereas it tends 

to accumulate in wet tailings areas or those covered 

with water [6]. In this study, we report R values for 

leaves and roots of wetland plants, trees, grasses and 

for the tailings samples taken from the surface around 

the plants and from the root area of six different 

species of vascular plants. The R values have been 

used to determine the route of entry lead by the roots 

from the tailings or through the aerosol by the foliage 

of the plants in each species. 

EXPERIMENTAL 

During the last three years, samples of wetland 

plants,cattails and sedges (L latifolia and S. cyper- 
inus) growing in semi-aquatic areas of abandoned or - 
inactive tailings sites and of trees [~remblin~ Aspen 

(r. tremuloides)\hite Birch (R. papyrifera)] in addi- 

tion to grasses , Foxtail. Barley (& jubatum) and Re- 

flexed Saltmarsh Grass (P. distans) in dry areas of the 

tailings sites were excavated and immediately segmented 

into leaves, stems etc. The roots were kept along with 

the substrate. A tailings sample was collected around 

the stem of the sample (5 - 10 cm depth) called the 

surface sample. A second sample of the tailings, called 

the root region sample was also obtained. 

The separated parts were washed with tap water, 

followed by distilled water containing a detergent. 

They were then rinsed several times with distilled wa- 

ter to ensure that no particulate matter was present. 

The roots were scrubbed with a brush to remove all 

particulate matter and then washed in the same way than 

the aerial parts of the vegetation. Each sample was 

homogenized and dried to produce several grams of dry 

material for analysis. Weighed amounts of the dried 

material was subjected to wet oxidation by digestion 

with concentrated nitric acid. Weighed tailings sampels 

after the drying procedure, were wet oxidized with 

conc. nitric and perchloric acids. Details of the wet 

oxidation procedure are given in earlier reports [5,6]. 

Total lead content was determined by the atomic absor- 

ption method with a Varian A.A. No.6.6. 

The procedure for the determination of Pb-210 in the 

tailings and plant digests has been described earlier 

[6]. Briefly, most cations present in the tailings 

sample were extracted into the aqueous phase with 

diethylenetriaminepenta-acetic acid (DTPA). The 

aqueous solution or the plant digests after adjusting 

the pH to 1, were passed through a cation-exchange re- 

sin column and subsequently eluted with 12M HC1. Bis- 

muth ind lead were extracted by diethylammonium diethyl 

dithiocarbamate (DDTC) from a 3M HC1 solution. The 

separated sample was assayed one month after the sep- 

aration so as to allow Bi-210 to secular equilibrium 

with Pb-210. The activity due to Bi-210 was assayed 

with a low-background proportional counter. 



RESULTS AND DISCUSSION B. Sedges*. 

SURFACE TAILINGS ROOT REGION TAILINGS 
The p l a n t  specimens wi th  t h e  a s s o c i a t e d  t a i l i n g s  

were c o l l e c t e d  from d i f f e r e n t  i n a c t i v e  o r  abandoned 

t a i l i n g s  s i t e s  i n  t h e  Bancroft  and E l l i o t  Lake mining 

d i s t r i c t .  The two g r a s s  s p e c i e s ,  however, where 

c o l l e c t e d  from a  s i n g l e  t a i l i n g s  s i t e  i n  t h e  Uranium 

C i t y  a r e a ,  t h e  Gunnar t a i l i n g s  which were abandoned i n  

1960. 

I n  Tables  1, 2, 3  and 4  t h e  radiochemical  and 

a n a l y t i c a l  d a t a  a r e  given f o r  wetland p l a n t s  and t h e  

t r e e s  growing i n  d r y  a r e a s  of t he  t a i l i n g s  s i t e s  i n  

E l l i o t  Lake and Bancroft .  The a c t i v i t y  of Pb-210 is  

a s s o c i a t e d  wi th  an e r r o r ,  r e f l e c t i n g  t h e  u n c e r t a i n t y  

of count ing .  Add i t i ona l  e r r o r s  due t o  handl ing  and 

chemical  s e p a r a t i o n  a r e  not  inc luded.  The method of 

Pb-210 de terminat ion  was developed i n  our  l a b o r a t o r y  

and has  been compared t o  o t h e r  methods t o  check 

r e l i a b i l i t y  [9].  The determinat ion  of t o t a l  l e ad  i s  

a c c u r a t e  f o r  t a i l i n g s  and v e g e t a t i o n  t o  f 2 ug/g. 

Table  1: Concent ra t ions  of Pb-210 and l ead  t o t a l  i n  

wetland p l a n t s  on E l l i o t  Lake t a i l i n g s .  

A. C a t t a i l s * .  

SURFACE TAILINGS ROOT REGION TAILINGS 

* /f Pb-210 T o t a l  l e ad  Pb-210 Tota l  l e ad  
p c i l g  vg/g pCi/g uglg 

1 172.8 + 3 . 1  399.0 76.6 f 2 . 1  366.0 

2  58.2 + 1 . 8  94.7 24.9 2 1 .2  72.0 

3  0  191.0 62.4 2 1 .9  347.0 

4  3.9 5 0 .8  24.0 4.5 5 0 . 8  22.7 

5  * f ** 16.0  + 1.1 198.0  

6  0 . 3 2 0 . 3  2.4 0  3.4 

7  0 . 9 5 0 . 3  9 .8  3.6 2 0 .4  1 . 3  

8  34.7 f 1 . 0  383.0 22.3 f 0 .8  310.3 

9  64 .3  2 1 . 3  383.0 17 .8  5 1 . 0  26 7  

-_____----------------------------------- 

LEAVES ROOTS 

1 1 . 8 5 1 . 0  7 . 1  4 8 9 . 0 2 2 0 . 0  1286.2 

2  0 . 6 k 0 . 2  10.9 12 .0  + 0 . 6  297.4 

3  0 . 5 5 0 . 3  11.9 91.0 + 2.2 851.4 

4  0 . 3 5 0 . 2  7.0 7.9 2 0.6  227.2 

5  0 . 4 5 0 . 2  6.5 16 .0  5 0 . 6  630.6 

6  0 . 2 2 0 . 2  3 .8  0 . 1  5 0.2  9 . 2  

7  0 . 1 5 0 . 3  3.1 1 . 3 5 0 . 3  41.5 

8  0 . 8  2 0.4 7.5 22.0 + 5 .0  694.8 

9 0 . 3 k 0 . 2  7 .8  86 .5  + 2.4 567.9 

Pb-210 Lead To ta l  Pb-210 Lead T o t a l  
*t p c i l g  uglg P c i l g  ug/g 

LEAVES ROOTS 

Table 2:  Concent ra t ions  of Pb-210 and t o t a l  l e a d  i n  

t r e e s  on E l l i o t  Lake t a i l i n g s  s i t e s .  

A. Trembling Aspens*. 

SURFACE TAILINGS ROOT REGION TAILINGS 

Pb-210 Lead Tota l  Pb-210 Lead T o t a l  
*I/ p c i l g  11gIg p c i l g  ug1g 

1 1 . 3 2 0 . 3  7.5 1 .7  5 0 . 3  31.5 

2  3.7 + 0.4  443.2 7 .5  + 0 . 5  279.6 

3  2 . 3 5 0 . 3  35.9 4.6 2 0 . 4  59 .8  

4  5 .0  2 0.4 95.1 4.2 f 0 . 3  194.2 

---------------------------------------------------- 

LEAVES ROOTS 

White Birches*. 

SURFACE TAXLINGS 

1 .5  + 0 . 3  5 .7  

22.7 2 0 . 8  584.6 

26.0 2 0 . 8  596.0 

7 . 1  5 0.5  266.8 

0  350.0 

4 .5  f 0 . 3  1 5 . 3  

5 .2  + 0:4 998.4 

5 . 6  + 0 . 4  203.4 

ROOT REGION TAILINGS 

0 .2  + 0 . 2  0  

17.8 + 0.7 428.0 

5 .3  f 0.4 411.2 

4 . 1  + 0.4 90.8 

0  450.0 

3 .5  2 0 .4  113.5  

3 .5  + 0.4 1073.4 

11 .7  f 0.6  379.5 



Table  2: Concent ra t ion  of Pb-210 and t o t a l  l e ad  in Table  4: Concent ra t ions  of Pb-210 and t o t a l  l e a d  i n  

t r e e s  on E l l i o t  Lake t a i l i n g s  s i t e s  c o n t ' d .  t r e e s  on Bancroft  t a i l i n g s  s i t e s .  

B ,  White .Birches cont 'd*.  

LEAVES ROOTS 

Pb-210 Lead T o t a l  Pb-210 Lead Tota l  
*!I pCi/g ~.lg/g pCi/g vglg  

Table  3: Concent ra t ions  of Pb-210 and t o t a l  l e ad  i n  

wetland p l a n t s  on Bancroft  t a i l i n g s  s i t e s .  

A .  C a t t a i l s * .  

SURFACE TAILINGS ROOT REGION TAILINGS 

Pb-210 Lead To ta l  Pb-210 Lead To ta l  
* I /  pCi/g ~ g / g  PC /g ~ g l g  

14 .3  + 1 . 0  48.5 

137.9  2 1 .9  215.0 

1 0 . 6 2 0 . 6  73.1 

154.0 2 1 . 9  274.0 

1 5 . 5  5 0 .6  43.7 

.--------------------- 

LEAVES 

1 . 3  2 0.4 4.0 

2 . 1  + 0.4 4 .1  

0 2 .9  

13 .2  2 0 . 7  

35.0 2 0 . 9  

* * 
56.9 2 1 . 2  

15 .5  + 0.6  

------------------- 

ROOTS 

7.9 5 1 . 0  

97.5 + 1 .5  

0 

B .  Sedges'k. 

SURFACE TAILINGS ROOT REGION TAILINGS 

1 3 6 . 3 k 0 . 9  116 .1  3 5 . 0 I f i 0 . 9  213.9 

2 95.0 5 1 . 5  375.9 77.8 2 1.3 369.1 

3 1 3 . 8  + 0.6  71.4 1 0 . 3  2 0 .5  39.6 

4 1 2 3 . 1 5 1 . 7  611.9 193.5 2 2 . 1  684.2  
------------------------------------------------------ 

LEAVES ROOTS 

1 2.7 5 0 . 3  7.6 *.A. 

2 2 . 2 + 0 . 3  5 . 2  11.9 5 0 . 4  36.0 

3 1 . 2 2 0 . 2  10 .6  5 . 6 5 0 . 3  ' 2 5 . 2  

4 35.1  2 0.8  26.4 147.1  + 1 .5  151.5 

A .  Trembling Aspens*. 

SURFACE TAILINGS ROOT REGION TAILINGS 

Pb-210 Lead To ta l  Pb-210 Lead T o t a l  
*# p c i l g  11gI'g pCi/g ~ g l g  

LEAVES ROOTS 

B. White Birches*.  

SURFACE TAILINGS ROOT R E G I O N  TAILINGS 

1' 2.6 2 0.4 55.6 6 . 9  + 0 . 5  8 6 . 1  

2 1 . 6  5 0.3 *J( 0 23.4 

3 l  5 . 1  2 0 . 4  89.7 2 . 0  + 0 . 3  117.0  

4 6 . 0  5 0 .5  60.7 2 . 8  + 0 .4  60.4 

l ~ o t e :  TA and WB c o l l e c t e d  a t  some l o c a t i o n .  
** l o s t  sample. ----------------------------------------------------- 

LEAVES ROOTS 

A c t i v i t i e s  of Ra-226 and Pb-210 a t  t h e  t ime of 

d e p o s i t i o n  of t h e  t a i l i n g s  i n  t h e  ponds have been e s t -  

imated a s  344 pCi/g 01. The R va lue  f o r  f r e s h  

t a i l i n g s  f o r  t h e  Bancroft  d i s t r i c t  i s  e s t ima ted  t o  be 

1 .2  and f o r  t h e  E l l i o t  Lake d i s t r i c t  t o  be 0 .44 .  How- 

e v e r ,  weathering of the  t a i l i n g s  over  16 t o  25 y e a r s  

and t h e  d i f f u s i o n  of  Kn-222 from t h e  s u r f a c e  of t h e  

t a i l i n g s  have a l t e r e d  t he  R va lue  i n  the  t a i l i n g s .  The 

change o f  t h e  R va lue  i n  t h e  t a i l i n g s  has been d e a l t  

w i th  ex t ens ive ly  i n  our e a r l i e r  s t udy  [6 ] .  It has been 

shown t h a t  a lower R va lue  than  t h e  p r ed i c t ed  one i nd i -  

c a t ed  t h e  emanation of Rn-222, whereas a h ighe r  R v a l u e  

i n d i c a t e d  entrapment of Rn-222 by wa te r  o r  i n  t h e  t a i l -  

i n g s .  The av'erage R va lues  f o r  s u r f a c e  t a i l i n g s  and 

r o o t  r eg ion  t a i l i n g s  of t h e  p l a n t s  f o r  E l l i o t  Lake and 

Bancroft  d i s t r i c t  a r e  summarized i n  Table 5 ,  a long wi th  



t h e  average  r a t i o s  f o r  the  r o o t s  and t h e  l e aves .  I t  ha r sh  environments and a r e  co~mon ly  found on waste  

can be seen  from Table 5  t h a t  t he  R v a l u e s  show a  ve ry  s i t e s .  It is  t h e r e f o r e  u n l i k e l y  t h a t  t h e c o n c e n t r a t i o n s  

wide range (0.01 t o  1. I ) ,  which is  r e f l e c t e d  i n  t h e  of l e ad  i n  t h e  t a i l i n g s  w i l l  a l t e r  t h e  uptake  behaviour  

l a r g e  s t anda rd  d e v i a t i o n s .  of t he  p l a n t s .  Thus, i t  can be assumed t h a t  t h e  up- 

t ake  of  l e ad  from t h e  t a i l i n g s  i s  wi th in  t h e  e c o l o g i c a l  

Table  5: R va lues  f o r  t a i l i n g s  and p l a n t s  i n  t h e  t o l e r a n c e s  of t h e  p l a n t s .  The pH of t h e  t a i l i n g s  i n  

E l l i o t  Lake and Bancrof t a r e a  ( p ~ i /  pg) . t h e  Bancroft  d i s t r i c t  ranges from 3.6 t o  6 .9 ,  and i n  

t h e  E l l i o t  Lake d i s t r i c t  from 1 . 8  t o  6 .6 .  E a r l i e r  

ELLIOT LAKE BANCROFT s t u d i e s  have i n d i c a t e d  t h a t  t h e  uptake of l e ad  is no t  

d i r e c t l y  p r o p o r t i o n a l  t o  s o l u b i l i t y  of l e a d .  For 
n  mean sd n mean sd  

example, a  ten- fo ld  i nc rea se  i n  t h e  s o l u b i l i t y  of l e a d  

11 0.09 O . l  0.075 0,046 i n  t h e  s u b s t r a t e  r e s u l t e d  i n  two-fold i n c r e a s e  i n  rad- 

Surf a ce  
C 10  0.22 0.19 5  0.4 0.2 

d i s h  [I1 1. I n  t h e  Bancroft  d i s t r i c t ,  the  concen t r a t i on  
t a i l i n g s  

S 5 0.22 0.34 4  0 .23  0.05 of l e ad  i n  t h e  t a i l i n g s  ranges from 14 pg/g t o  684.2 
- - - - - - - - - - - - -  - - - - - - - - -_ 

T 11 0.03 0.02 6  0.03 0 .03  pg/g ( s u r f a c e  and r o o t  region)  w i th  pH va lues  of 3.6 
Root 
r eg ion  C 10  0.18 0.09 5  0.27 0 .2  
t a i l i n g s  5  0.044 0.026 4  0.22 0.05 

- - - - - - - - _ - - _ _ -  
T 11 0.3 0.16 6  0.17 0 .11  

Roots C 10  0 .08  0.11 5  0 .5  0 .59  

S 4  0.13 0.07 4  0.5 - _ _ - - - - - _ - - - - -  0.4 - - - - - - - - _  
T 11 0.27 0.11 6  0.37 0.25 

Leaves C 10  0.08 0.07 5  0.44 0.4 

S 4  0.16 0.05 4  0 . 5  0 .5  

T - t r e e s ,  C - c a t t a i l s ,  S - sedges.  

n  - number, sd - s tandard  dev i a t i on .  

The decay of Ra-226 o r  Rn-222 and Pb-210 through 

many daughter  products  r e s u l t s  i n  Pb-210 having a  ve ry  

h igh  p o s i t i v e  charge  [8]. However, i n  t he  t a i l i n g s  

environment,  i t  is  u n l i k e l y  t h a t  l e ad  w i l l  have s p e c i e s  

i n  any o t h e r  ox ida t i on  s t a t e  except a s  Pb (11) .  Pb(I1)  

w i l l  undergo i s o t o p i c  exchange w i th  o t h e r  l e a d  s p e c i e s  

and thereby Pb-210 and t o t a l  l e ad  de t e rmina t ions  w i l l  

g ive  a  r e l i a b l e  R v a l u e  f o r  t h e  sample. The format ion  

of Pb (IV) i s  very  u n l i k e l y  i n  t h e  t a i l i n g s  ponds, 

whereas m e t a l l i c  l e ad  w i l l  r e a c t  under a c i d i c  con- 

d i t i o n s  i n  t h e  ponds. Our Pb-210 de t e rmina t ion  and 

mass spec t rome t r i c  ana ly se s  performed e a r l i e r  do sup- 

p o r t  t h e  above view [6]. 

The uptake of l e a d ,  a non -e s sen t i a l  element by 

p l a n t s  i s  governed by i t s  s o l u b i l i t y  which i s  i n  t u r n  

r e l a t e d  t o  pH of t h e  growth s u b s t r a t e ,  i . e .  t h e  

t a i l i n g s .  It is bel ieved t h a t  l e ad  i s  not  taken up by 

t h e  p l a n t  a t  l e a s t  u n t i l  a  t o x i c  t h r e sho ld  is reached 

i n  t he  growth s u b s t r a t e .  The l ead  concen t r a t i on  i n  t h e  

uranium m i l l  t a i l i n g s  a r e  below g e n e r a l l y  cons idered  

t o x i c  concen t r a t i ons .  However, t h e  t o x i c i t y  of lead  is  

s p e c i e s  s p e c i f i c ,  and i n  t h e  p r e sen t  s t udy ,  t o x i c  

concen t r a t i ons  f o r  t h e s e  p l a n t s  a r e  n o t  known. The 

s p e c i e s  c o l l e c t e d  e x h i b i t  cons ide rab l e  t o l e r a n c e s  t o  

t o  6 .9 .  The range of concen t r a t i on  of l e ad  i n  r o o t s  of 

c a t t a i l s  i s  54 .5  pglg t o  514 pg/g and i n  sedges  2 .61  

pg/g t o  151.5 pg/g with concen t r a t i on  f a c t o r  de f ined  

a s  t h e  r a t i o  of concen t r a t i on  of t o t a l  l e ad  i n  r o o t s  

t o  t h a t  i n  t a i l i n g s ,  ranging from 0 .5  t o  2  i n  c a t t a i l s  

and 0.25 t o  1 i n  sedges .  The concen t r a t i on  of l e a d  

i n  r o o t s  of t h e  t r e e s  (White Birch and Trembling Aspen) 

i s  lower by a  f a c t o r  of 5  t o  20 than  t hose  i n  t h e  

wetland p l a n t s .  Due t o  t h e  ranges  i n  pH encountered 

i n  t h e  t a i l i n g s  t h e  concen t r a t i on  f a c t o r s  based on 

t o t a l  s o l i d s  ana ly sed ,  again  do no t  show any r e l a t i o n -  

s h i p  t o  t h e  pH of t h e  t a i l i n g s .  

The R va lues  i n  t h e  t a i l i n g s  i n  the  Bancroft  d i s -  

t r i c t  have a  ve ry  wide range (0.013 t o  0 .64) .  A 

comparison of R v a l u e s  i n  t he  t a i l i n g s  wi th  t hose  i n  

r o o t s  shows some v a r i a t i o n s  bu t  t h e  average  f i g u r e  

seems t o  i n d i c a t e  t h a t  t h e  R va lue  may be t h e  same 

i n  t he  t a i l i n g s  and i n  t h e  r o o t s  of t h e  wetland p l a n t s  

and t h e  t r e e s ,  t ak ing  i n t o  cons ide ra t i on  t h a t  t h e r e  

is a  g r e a t  d e a l  of inhomogeneity i n  t h e  samples. Two 

obse rva t i ons  a r e  worth mentioning concerning l ead  i n  

t h e  p l a n t s  on t a i l i n g s :  (a )  t h a t  t h e  concen t r a t i on  of 

l e ad  i n  t h e  l e a v e s  is  lower by almost two o rde r  of 

magnitudes than  t h e  corresponding concen t r a t i on  i n  

r o o t s  of c a t t a i l s ,  bu t  i n  sedges  and t r e e s  t h e  con- 

c e n t r a t i o n  of l e a d  i n  l e aves  is  lower by a  sma l l e r  fac-  

t o r  ( 1  t o  5 ) ,  and (b) t h a t  t h e  R va lues  f o r  t he  l e a v e s  

a r e  marg ina l l y  h ighe r  than  t h e  corresponding ones  i n  

r o o t s .  The l a t t e r  obse rva t i on  s t r o n g l y  i n d i c a t e s  t h a t  

f o l i a r  d e p o s i t i o n  of  Pb-210 formed from the  decay of 

Rn-222 i s  n e g l i g i b l e  i n  t h e  wetland p l a n t s  and t r e e s .  

It appea r s  from t h e  p re sen t  work t h a t  t h e  uptake of 

Pb-210 by t h e  f o l i a g e  i n  p l a n t s  and t r e e s  i s  no t  a  

very  s i g n i f i c a n t  pathway i n  t h e  d i s p e r s a l  of r ad io -  

nuc l ide s .  I t  may however, be s t a t e d  t h a t  Pb-210 may 



depos i t  a s  p a r t i c u l a t e  d u s t ,  but  may be removed du r ing  Table  6 :  Concent ra t ions  of Pb-210 and t o t a l  l e a d  i n  

t he  washing procedure,  o r  by r a i n f a l l .  g r a s s e s  on t h e  Gunnar t a i l i n g s  - Uranium 

S imi l a r  comments can be made f o r  t he  uptake  of l e ad  

by t h e  wetland p l a n t s  and t r e e s  growing i n  t h e  E l l i o t  

Lake d i s t r i c t  w i th  one s i g n i f i c a n t  d i f f e r e n c e .  The 

concen t r a t i on  of l e ad  i n  t he  r o o t s  of p l a n t s  ( c a t t a i l s  

and sedges)  ranges  from 9  pg/g t o  1286 pg/g wi th  t h e  

concen t r a t i on  f a c t o r  ranging from 3  t o  1 0  f o r  ca t -  

t a i l s ,  1 t o  2  f o r  t h e  sedges  and 0 .1  t o  0 .2  f o r  t h e  

t r e e s .  The t r a n s p o r t  of l e ad  from r o o t s  t o  l e a v e s  

i s  g e n e r a l l y  ve ry  low. Other a n a l y t i c a l  and radio-  

chemical  d a t a  on samples of stem and seeds  i n d i c a t e  

t h a t  t h e  R va lue  is  almost cons t an t  throughout t h e  

p l a n t .  Again, t h e  uptake of Pb-210 by p l a n t s  and 

t r e e s  from t h e  atmosphere i s  n e g l i g i b l e  i n  t h i s  d i s -  

t r i c t .  

The concen t r a t i on  of l e ad  i n  t he  t a i l i n g s  from 

Uranium C i t y  (Table 6)  ranges  from 85 ug/g t o  596 

pg/g, but  i n  t h e  g r a s s  hummocks t h e  concen t r a t i on  

ranges  from 83  t o  212 ug/g w i th  a  concen t r a t i on  fac-  

t o r  ranging from 0 .5  t o  1. The concen t r a t i on  f a c t o r  

is  approximate ly  1 f o r  t h e  p l a n t s  growing i n  t h e  

t a i l i n g s  w i th  l e a d  concen t r a t i on  from 8 3  ug/g t o  150 

ug/g, and t h e  f a c t o r  i s  lower f o r  t h e  t a i l i n g s  having 

t h e  concen t r a t i on  of l e ad  h igher  than  200 pg/g.  The 

t r a n s p o r t  of l e ad  i n  g r a s s e s  from t h e  r o o t s  t o  t h e  

l e a v e s  and s tems appears  t o  be s l i g h t l y  h ighe r  than  

t h a t  i n  c a t t a i l s  o r  sedges.  The R v a l u e s  (Table 7) 

a r e  h ighe r  f o r  l e a v e s  t han  t h e  corresponding ones i n  

r o o t s ,  i n d i c a t i n g  that t h e r e  may be s l i g h t  uptake of 

Pb-210 from t h e  atmosphere. 

Table  6:  Concent ra t ions  of Pb-210 and t o t a l  l e a d  

i n  g r a s s e s  on t h e  Gunnar t a i l i n g s  - 

Uranium C i t y  a r e a .  

A .  Fox ta i l s* .  

SURFACE TAILINGS ROOT REGION TAILINGS 

Pb-210 T o t a l  l e ad  Pb-210 T o t a l  l e ad  
*# p ~ i / g  ~.lg/g pCi/g i.lg/g 

C i t y  a r e a  con t ' d .  

A. Fox ta i l s* .  

LEAVES ROOTS 

Pb-210 T o t a l  Lead Pb-210 To ta l  Lead 
*/I pc i /g  ug/g PC i /g PS/S 

B. Reflexed Saltmarsh Grass*. 

SURFACE TAILINGS ROOT REGION TAILINGS 

LEAVES ROOTS 

Table 7: R va lues  f o r  g r a s s e s  on t h e  Gunnar t a i l i n g s  

i n  Uranium C i t y  (pCi/pg).  

Hordeum j ubatum P u c c i n e l l i a  d i s t a n s  

n  mean sd n  mean sd  
Surf a c e  
t a i l i n g s  5 0 .45  0.34 5 0.23 0.22 

Root r eg ion  
t a i l i n g s  5  0.48 0.24 5 0.46 0 .34  

Roots of 
hummocks 5 0.18 0.05 9 0.16 0.05 
...................................................... 
Stems & 
l e a v e s o f  5 0 .3  0.03 9 0 . 3  0 .16  
hummocks 
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