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ARTIF IC IAL  RADIONUCLI tES IN RHINE-MEUSE-SCHELDT DELTA

I .  INTRODUCTION

I n  o r d e r  t o  i mp r ov e  t he  k now l edge  o f  t he  d i s t r i b u t i o n  o f  p l u t o n i u m  i s o t o p e s  and 
m a j o r  gamma e m i t t e r s  i n  t he  R h i n e - M e u s e - S c h e l d t  d e l t a ,  a more d e t a i l e d  e x a m i n a t i o n  
o f  t h e  r a o i o n u c I i des s o u r c e s  and t h e i r  o v e r a l l  c o n c e n t r a t i o n s  i n  b o t h  suspended  
and d e p o s i t e d  s e d i m e n t s  was needed .  The s t u d i e s  were f o c u s e d  i n  19S3 on t he  
w e s t e r n  S c h e l d t  e s t u a r y  i n  wh i ch  e a r l i e r  i n v e s t i g a t i o n s  had shown a compl ex  
d i s t r i b u t i o n  p a t t e r n  o f  r a d i o n u c l i d e s  o r i g i n a t i n g  f r om t h r e e  d i s t i n c t  s o u r c e s  : 
a t m o s p h e r i c  f a l l o u t ,  n u c l e a r  power  p l a n t s  e f f l u e n t s  and s e a - w a t e r s .  S a mp l i ng  
was e x te nd e a  t o  a r ea s  w h i ch  r ema i ned  i n s u f f i c i e n t l y  documented  : t he  o u t e r  and 
l ow e r  . ' S t u a r y ,  and t n e  r i v e r  s e c t i o n .

I I .  RADI 0 1 SOI OPE BEHAVIOUR

S i g n i f i c a n t  c o mp a r i s on s  o f  r e s u l t s  c o n c e r n i n g  s e d i me n t  samp l es  r a n g i n g  f r om sands 
t j  T ; ne muds can o n l y  be a c h i e v e d  when r a d i o n u c l i d e s  c o n c e n t r a t i o n s  a r e  n o r m a l i z e d  
to  an a p p r o p r i a t e  t r a c e r  u f  t h e  f i n e - g r a i n e d  c l a y  f r a c t i o n .  Compar i sons  w i t h  o t h e r  
o t u d i c s  o f  e n v i r o n m e n t a l  r a d i o a c t i v i t y  u n d e r t a k e n  i n  French r i v e r s  and e s t u a r i e s  
r e q u i r e  t ne  use o f  t ne  c l a s s i c a l  a l u m - m u m  n o r m a l i z a t i o n  r a t h e r  t h i n  p o t a s s i u m  
n o r m a l i z a t i o n  w h i c h  nas been a p p l i e d  i n  t he  f o r m e r  p r o g r e s s  r e p o r t s  ( bo t h  
e l e m e n t s  are w e l l  coi  r e l a t e d  i n  t he  S c h e l d t  e s t u a r y ) .
A l t  a v a i l a b l e  d a t a  c o n c e r n i n g  t he  a r t i f i c i a l  r a d i o n u c l i d e s  i n  t h e  s e d i me n t  c o l l e c t e d  
m  the  S c h e l d t  a r ea  f r om 1979 t o  1983 a r e  summar i zed i n  t a b l e  1.

I I . 1 .  O r i g i n  o f  r a d i o n j c  I i  des

The assessmen t  o f  t h e  o r i g i n  o f  r a d i o n u c l i d e s  i s  n o t  easy  because  s e v e r a l  
e l e m e n t s  can be s u p p l i e d  t o  t h e  S c h e l d t  e s t u a r y  by d i f f e r e n t  s o u r c e s .  F u r t h e r ­
more i m p o r t a n t  q u a l i t a t i v e  ana q u a n t i t a t i v e  f a l l o u t  v a r i a t i o n s  were  o os e r v e d  
i n 1981 as a c onsequence  o f  t h e  n u c l e a r  a t m o s p h e r i c  t e s t  o f  O c t ob e r  1980 i n  C h i na .  
Tneso v a r i a t i o n s  have been w e l l  r e c o r d e d  i n  French r i v e r  and e s t u a r i n e  s ed i me n t s  
( E I b a z - P o u I i c h e t e t  a l . ,  1982 ; Thomas,  1983)  and p r o b a b l y  a l s o  f u r t h e r  n o r t h ­
w a r d s .  The i mpa c t  o f  t h i s  e ve n t  I ecame u n d e t e c t a b l e  i n  1983.

i .  M a r i n e  i n p u t
The s uspended  m a t t e r  sampl es  c o l l e c t e d  i n  t he  v i c i n i t y  o f  t h e  S t r a i t  a f  Dover  

do no t  a l l o w  t o  d e t e r m i n e  r e p r e s e n t a t i v e  l o n g - t e r m e  a v e r a g e  c o n c e n t r a t i  o ns . Cons i -  
d e r a b l e  e n r i c h m e n t  r e l a t i v e  t o  Al  was o b s e r v e d  f o r  R u - 10 6 ,  Ce - 14 4 ,  Mn-54 and Z r - 9 5 ,  
and t o  a l e s s e r  e x t e n t  f o r  Sb-125 and Pu“ 239+240 .  These h i g h  v a l u e s  can be p a r t l y  
a s c r i b e d  t o  t h e  enhanced  f a l l o u t  i n  1981 b u t  Ru- 106 ,  p l u t o n i u m  and p o s s i b l y  Sb-125 
e s s e n t i a l l y  r e f l e c t  t h e  o v e r a l l  ma r i ne  c o n t a m i n a t i o n  by La Hague and Sei  l a f i e l d  
p l a n t s .  The r e g u l a r  l an d w a r ds  d e c r e as e  o f  P u - 23 9 + 2 4 0 ,  Ru-106 and Sb-125  c onc e n ­
t r a t i o n s  i n t h e  S c h e l d t  e s t u a r y  e mphas i zes  t h e i r  ma r in e  o r i g i n .  Ce - 14 4 ,  Mn-54 and 
Zi— 95 were h a r d l y  m e a s u r a b l e  i n  1982- 83  due t o  t h e i r  r a p i d  d ec a y .

b .  R i v e r  i n p u t
On l y  P u - 2 3 8 ,  P u - 23 9 + 2 4 0 ,  Sb-125 and Cs-137  c o u l d  be d e t e c t e d  i n  r i v e r  s e d i ­

ment s  nea;  Gent  i n  1983 .  T h e i r  n o r m a l i z e d  c o n c e n t r a t i o n s  f a l l  i n  t h e  r ange  o f  t he  
v a l u e s  f ou n d  i n  French  f r e s h - w a t e r  s e d i m e n t s  d u r i n g  t he  same p e r i o d .  I t  was t o o  
l a t e  t o  d e t e c t  any e f f e c t  o f  t he  l a s t  Ch i nese  e x p l o s i o n .

c .  I n p u t  o f  n u c l e a r  e f f l u e n t s  i n  t h e  e s t u a r y
I n  198 0 ,  t he  n u c l e a r  c e n t e r s  a t  Doei  and B o r s s e l e  d i s c h a r g e d  r e s p e c t i v e l y  

2 . 6 4  and 0 . 1 2  Ci o f  r a d i o a c t i v e  e f f l u e n t s  ( e x c l u d i n g  H-3)  i n  t h e  e s t u a r y  
( L u y k x ,  and F r a s e r ,  1 98 3 ) .  C s - 1 3 4 ,  C s - 13 7 ,  Co-58 and Co-60 r e p r e s e n t  9 0 ”! o f  
t h es e  e f f l u e n t s .  The s h a r p  maximum o f  Co-60 c o n c e n t r a t i o n s  n e a r  Doei  i s  o b v i o u s l y  
r e l a t e d  t o  t h i s  n u c l e a r  c e n t r e .  The c o n c e n t r a t i o n s  seawards  a r e  much l ow e r  and t he  
o c c u r r e n c e  o f  h i g h  m a r i n e  v a l u e s  can be a t t r i b u t e d  t o  Fr ench  and E n g l i s h  l i t t o r a l  
power  p l a n t s .  D e s p i t e  s i g n i f i c a n t  r e l e a s e s  ( 0 . 6 2  Ci i n  1980)  Co-58 was a l mo s t  
u n d e t e c t a b l e ,  due t o  i t s  s h o r t e r  h a l f - l i f e  (70 d a y s ) .  The C s - 1 3 4 / C s - 1 37 r a t i o  r i s e s  
f r om 0 . 0 5  t o  0 . 2 0  n e a r  Doei  and f u r t h e r  l a n d w a r d s .  Whereas an i n d u s t r i a l  o r i g i n  
o f  Cs-134 i s  n o t  d u b i o u s ,  r i v e r  and ma r i ne  i n p u t s  o f  Cs - 137  must  a l s o  be
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e n v i s a g e d .  P u - 23 8 / Pu - 2 39 + 2 40  r a t i o  ex c eeds  0 . 5  n e a r  D o e i ,  wher eas  i t  i s  o n l y
0 . 2 6 . 0 . 3 7  and 0 . 0 6  ± 0 . 0 4  i n  m a r i n e  and r i v e r  s e d i m e n t s  r e s p e c t i v e l y .  P l u t o n i u m  . 
r e l e a s e s  f r o m  Doei  n u c l e a r  c e n t e r  can t h e r e f o r e  be e n v i s a g e d .

I I . 2 .  Landwar d  t r a n s p o r t  o f  r a d i o n u c l i d e s

As f a r  as 120 km f r om i n l e t ,  t h e  n o r m a l i z e d  c o n c e n t r a t i o n s  o f  v a r i o u s  r a d i o ­
n u c l i d e s  o r i g i n a t i n g  f r o m  t h e  sea o r  f r o m  t h e  Doei  a r ea  were s t i l l  much h i g h e r  
t h an  t h e  r i v e r  v a l u e s .  T h i s  l o c a t i o n s  seems t o  c o r r e s p o n d  t o  t h e  maximum l a n d ­
war d  l i m i t  o f  s a l t  i n t r u s i o n .  These c o n c e n t r a t i o n s  may r e s u l t  e i t h e r  f r o m  a 
p r on ou nc ed  l an dw a r d  t r a n s p o r t  o f  e s t u a r i n e  s ed i m e n t s  o r  f r o m  t h e  a d s o r p t i o n  o f  
d i s s o l v e d  r a d i o n u c l i d e s  i n  t h e  p a r t i c l e s  i n  t h e  b r a c k i s h - w a t e r s .

I I I .  CONCLUSIONS

The o r i g i n  o f  r a d i o n u c l i d e s  i n  t h e  S c h e l d t  e s t u a r y  i s  now r a t h e r  w e l l  i d e n ­
t i f i e d .  They can be used  as t r a c e r s  t o  s t u d y  t h e  s e d i me n t  t r a n s p o r t  and exchange  
p r oc e s s e s  i n  t h e  u p p e r  t i d a l  e s t u a r y .
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Ta b l e  1.  A r t i f i c i a l  r a d i o n u c l i d e s  i n  t h e  d e p o s i t e d  and suspended  s e d i m e n t s  o f  t h e  
S c h e l d t  r i v e r  and e s t u a r y ,  and t h e  E a s t e r n  S c h e l d t  b a s i n  ( 1 9 7 9 - 1 9 8 3 ) .  A l l  
c o n c e n t r a t i o n s  a r e  n o r m a l i z e d  t o  A l  c o n t e n t .  F r ench  r i v e r  d a t a  o n l y  c o nc e r n  
a r ea s  s u b m i t t e d  t o  f a l l o u t  o n l y .  N u c l e a r  e f f l u e n t s  o f  p r e s s u r i z e d  w a t e r  r e a c t o r s  
(PWR),  i n c l u d i n g  Doei  ( B e l g i u m )  and B o r s s e l e  ( N e t h e r l a n d s )  n u c l e a r  c e n t e r s ,  a f t e r  
L uy k x  and F r a s e r ,  1983 .  Channel  s u s p e n s i o n s  were  sampl ed  n e a r  S t r a i t  o f  Dov e r ,  
m a i n l y  i n  1981.




