
-  439  -

Final R ep ort

C o n trac to r :  C o n t r a c t  no.: BIO-B-326-81-NL

Delta Institute for 
Hydrobiological Research 
Vierstraat 28 
NL-4401 EA Yerseke

H ead (s )  of r e s e a r c h  team (s) :

Dr. E.K. Duursma 
Delta Institute 
Vierstraat 28 
NL-44U1 EA Yerseke

G en era l  s u b je c t  of th e  c o n tra c t :

Differential migration of plutonium in the delta estuaries of Rhine, Meuse 
and Scheldt.

List of p ro jec ts :

1. Differential migration of artificial radionuclides in the delta 
estuaries of Rhine, Meuse and Scheldt

Joint proposal of three laboratories.
* National Institute of Public Health and Environmental Hygiene,(RIVM)*** 

Laboratory of Radiation Research, P.O.Box 1,
Nl-3720 BA Bilthoven.

** Ecole Normale Supérieure, Laboratoire de Géologie,
46 Rue d'Ulm, F-75230 Paris.

***Formely Euratom-ITAL, Wageningen.

Dr. M. J. Frissel * 
Dr. J. M. Martin **



-  440  -

PLUTONIUM AND GAMMA EMITTORS IN THE RHINE-MEUS-SCHELDT DELTA 

AND AD 3ACENT NORTH SEA COAST.

With support  o f  th e  C om m ision  o f  th e  European  C o m m u n i t ie s ,  DG XII, a 

co o p e ra t iv e  r e se a rc h  p ro g ram m e  has  been s e t  up in 1979 to  s tudy th e  p re sen td ay  

a r t i f i c i a l  r a d io a c t iv i ty  in the  D u tch  D e l ta  an th e  a d ja c e n t  North  Sea c o as t .  This 

D e l ta  in th e  so u th w es t  N e th e r lan d s  (Fig.  1) is an im p o r ta n t  and com plex  e s tu a r in e  

sys tem ,  th rough  which th re e  m ajo r  E uropean r iv e rs  the  Rhine,  Meuse and Scheld t  

a r e  d ischarg ing  in to  the  N or th  Sea .  Since a few decad es ,  the  D e l ta  has been 

su b m i t t e d  to  c o n ta m in a t io n  by a r t i f i c ia l  rad ionuclides  th rough  a tm o sp h e r ic  fa llou t  

and  industr ia l  d ischarges  o f  ra d io a c t iv e  e f f lu e n ts  in to  the  neighbouring seas,  the  

r ivers  and th e  e s tu a r in e  zone i tse l f .

The m ajor  o b jec t iv e s  o f  the  p ro g ram m e  w ere :( i ) - to  assess  the  overa l l  d is t r ibu ­

t ion  of the  a r t i f i c i a l  rad ionuclide  c o n c e n t r a t io n s  in sed im en ts  and b io ta  o f  the  

d i f f e re n t  basins and a d ja c e n t  sea; (i i)-to id en t i fy  possible sou rces  of  ra d io ac t iv e  

c o n ta m in a t io n ;  and  ( i ii)-to  m ake  a f i r s t  a s s e ssm e n t  on th e  r a d io a c t iv e  behaviour in 

th e  various e s tu a r in e  sys tem s .  The ana lysed  m a te r i a ls  a re :  su r fa ce  b o t tom  

se d im e n t ,  s e d im e n t  c o re s ,  s a l t -m a rs h  se d im en ts ,  suspended m a t t e r ,  mussel flesh 

and mussel shells ,  l ichens,  s a l t -m a rs h  p lan ts  and a q u a t i c  p lan ts .  All analysis  of 

rad ionuc lides  have been c a r r i e d  ou t  w i th  p roper  c a l ib ra t io n ,  while add it ionally  

in te rca l ib ra t io n  on d i f f e r e n t  sam ples  has been e x c e c u te d  b e tw een  th e  tw o  Pu- 

a n a ly t ic a l  l ab o ra to r ie s  in Par is  and B ilthoven/W ageningen .  G a m m a - ra y  a c t iv i t i e s  

have only been analysed  by th e  Par is  l ab o ra to ry ,  while a t  Yerseke  to ta l  a lpha  

a c t iv i ty  (including th e  n a tu ra l  a lpha  ac t iv i ty )  was m easu red ,  (Duursma e t  al,  1985).

C oncern ing  th e  p lu tonium  c o n c e n t r a t io n s  in d epos i ted  sed im en ts  and suspended 

m a t t e r  a v e ra g e  values o f  12-21 pCi Pu /kg  and 1.5-6 pCi Pu /kg  (dry

weight)  have been found. These a c t iv i t i e s  only r e p re se n t  0.1 % o f  n a tu ra l  a lpha 

r a d io a c t iv i ty .  In the  so f t  p a r ts  of  mussels,  p lu tonium  c o n c e n tra t io n s  a re  one o rde r  

o f  m agn i tude  lower (also on d ry -w e ig h t  basis) . N o rm a liza t io n  o f  plutonium 

c o n c e n t r a t io n s  to  a lum inum , cons id e red  as an index o f  c lay  c o n ce n tra t io n s ,  allows 

som e p ra c t ic a l  d e te rm in a t io n  o f  the  possible sources  in the  env iro n m en t .

C lea r ly  th e  whole D e l ta  a r e a  r e ce iv e s  p lu tonium iso topes  from  the  N or th  Sea, 
238 239+240w here  P u /  Pu iso top ic  ra t io s  a re  high due to  th e  Se lla f ie ld  and La Hague

239+240rep rocess ing  p lan t  e f f lu e n ts .  In c o as ta l  sed im e n ts  and mussels,  Pu c o n ta m i­

na tion  d e c re a s e s  f rom  La Hague to  the  n o r th -e a s te rn  D utch  c o as t ,  w here  the

inf luence  of industr ia l  e f f lu e n ts  can  hardly be d is t inguished from fa l lo u t  back-
238ground, c o n t r a ry  to  industr ia l  Pu co n ta m in a t io n  which is s t i ll  d e te c t a b le  so fa r  

nor th .



■ 441

-  'C. -w*s_

Fig . 1: Map o f  sam pling a rc a s .
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Fig. 2: T e n ta t iv e  budge t  o í  a v e ra g e  p lu ton ium  iso topes  annual  sou rces  and  sinks of 

the  W es te rn  Scheld t  e s tu a ry  in th e  m a jo r  shoaling a r e a  o f  sed im en ts  n e a r  A n tw erp .  

Ail d a t a  a re  in m C i/y r .
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Studies  o f  th e  tw o  e s tu a r in e  sy s tem s  o f  the  D e l ta ,  the  R h ine-M euse-E as te rn

Scheld t  and th e  S che ld t-W este rn  Sche ld t  sys tem ,  have shown a s y s te m a t i c  seaw ard

in crease  of p lu tonium c o n c e n t ra t io n s  in th e  sed im en ts ,  thus confirm ing  e a r l ie r

findings in F rench  e s tu a r ie s .  U ptake  o f  m arine  p lu tonium is probably  responsib le  for

th is  g en era l  e s tu a r in e  p a t t e rn .
238 Pu d is t r ibu t ion  in the  W estern  Sche ld t  e s tu a ry  is a l t e re d  by add it ional  inputs

in th e  e s tu a r y  i tse l f .  The s tudy of the  d is tr ibu t ion  of ^ C o  allows the  id en t i f ic a t io n

of the  a re a  w here  the  h ighest  c o n ta m in a t io n  by nuc lea r  power p lan t  e f f lu e n ts

occurs .  This a re a  does n o t  co rrespond  w ith  the  peak of the  ^ 5^ P u /^ 5^ +_i>^Pu ra t io s ,  
238showing t h a t  e x cess  Pu o r ig in a tes  p a r t ly  or co m p le te ly  from  an o th e r  source ,  

lo ca te d  in th e  w a te r sh e d  o f  a  Scheld t  t r ib u ta ry  th e  Rupel  r iver.

The o c cu r re n c e  of re la t iv e ly  high plu tonium c o n c e n tr a t io n s  and iso top ic  ra t io s  

in the  upper e s tu a ry ,  re su l t ing  from  the  landw ard  t r a n s p o r t  of  sed im en ts ,

em p h as ize s  the  poss ibility  of a r t i f i c ia l  rad ionuclides  as va luable  tools  for studying 

e s tu a r in e  hydrodynam ic  p rocesses ,  (Guary e t  a l,  in p repara t ion ) .

A t e n t a t i v e  budge t  ca lcu la t io n  for the  W estern  Sche ld t  e s tu a ry  (Fig.2) p re sen ts
239+240 238an annual  input of 'm ar ine '  p lu tonium of 21-24 mCi Pu and 5.8 mCi Pu.

R ad io a c t iv e  c o n ta m in a t io n  of mussels is far  below th e  annual l im it  of  consum ption

in tak e  (ALI), being IO’ 5 ALI for 50 kg m usse ls /y r .

Although a num ber  of re su l ts  have to  be in v es t ig a te d  in more de ta i l ,  the  gam m a

e m i t to r s  in s e d im e n ta ry  m a te r ia l ,  if n o rm al ized  to po tass ium , show the  following
137 134 134behaviour:  Cs/K and C s/K :  Since Cs does n o t  e x is t  in fa l lou t ,  the  ra t io

^5i,C s /* 5^Cs is ind ica tive  fo r  local co n ta m in a t io n  by n u c lea r  in s ta l la t io n s .  The

re su l ts  for  suspended m a t t e r  and to p - la y e r  b o t tom  sed im en ts  from Rhine,  Meuse,
137Scheld t ,  D e l ta  region and sou thern  North  Sea to w ard s  Boulogne, showed Cs

leve ls  of 10-50 pC i/gK , and a ^ ^ C s / ^ 5^Cs r a t io  b e tw een  0.05 and 0.10. No c le a r

inc rease  was d e te c t a b le  n e a r  the  power s ta t io n s  of Doei and Borssele.  ^ C o / K :  The

c o n c e n t r a t io n s  o f  ^ C o  ranged ,  equally  for the  sam e  se d im e n ta ry  m a te r ia l ,  from

0.6 to  43 pC i/gK , w ith  the  h ighest  va lues in the  English C hannel  (Gravelines)  and
125the  Sche ld t  (Doei),  showing the  in f luence  of nuc lear  power p lants .  Sb/K: 

Antim ony-125 ,  a t t a c h e d  to  s e d im e n ta ry  m a te r ia l ,  is mainly from  m arine  origin and 

in f a c t  from the  La Hague e f f lu e n ts .  Values of 33-47.5  pCi/gK w ere  found in the  

English C hannel ,  descending  to  1.5 pCi/gK in the  upper Scheld t  and 3.6-3.7 pCi/gK 

in th e  Rhine and Meuse. * ^ R u / K :  ^ ^ R u  shows and id en t ica l  p ic tu re  as ^ 5Sb, high 

values in th e  C hannel  (130-570 pCi/gK), lower va lues to w ard s  the  m outh of the

W estern  Scheld t  (100-110 pCi/gK),  while the  r iver  values o f  Rhine,  Meuse and
144 , 144Scheld t  ranged  b e tw een  6 and 23 pCi/gK . C e /K :  The d e te rm in e d  Ce

c o n c e n tr a t io n s  w ere  too  close  to  the  d e te c t io n  l im it  in o rder  to  p roduce  re liab le

fe a tu re s .  A p prox im ate ly  5 pCi/gK was found in r iver  s ed im en ta ry  m a te r ia l ,  while

th is  ranged  b e tw een  10-250 pCi/gK in the  C hannel .
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C oncern ing  l ichens,  sam pled  d i rec t ly  a t  th e  border  of  th e  e s tu a r ie s ,  i t  was 

e x p e c te d  t h a t  th ese  would give add it iona l  in fo rm a t ion  on rad ionuclide  c o n ta m in a ­

tion c au sed  by spray  from  the  a q u a t ic  sy s tem .  It has been d o c u m e n ted  ( Guary ,  

1980) t h a t  p lu tonium c o n c e n t r a t io n  f a c to r s  in l ichens can  range  b e tw ee n  3200 and 

4300. 15 sam ples  of  lichen X an th o r ia  pa r ie n t in a  w e re  c o l le c ted ,  giving va lues (all in
o-aç

pCi/kg) o f  Pu: 1.13 + 1.03, Pu: 26.5 + 26.2, (ra t io :  0.05 + 0.02) Mn: 61

+ 84, 60Co: 17 + 17, 95Zr: 1060 + 1020, 106Ru: 457 + 330, I25Sb: 190 + 98, 137Cs: 

3930 + 2560, lifi,Ce: 1270 + 1060 .

The va lues a re  much lower than  those  m easu red  in L ichina p y g m aea  n e ar  La 

Hague ou tfa l l ,  but ap p ea r ,  w ith  th e  ex ce p t io n  o f  * ^ R u  and 93Zr,  close to  those  of 

n o r th e a s t  B r i t tan y .  The d a ta  of  the  D e l ta  show a  s light n o r th w ard  d e c re ase .

A lthough s a l t -m a rsh  p lan ts  can  be usuful ind ica to rs  for Cd and Hg c o n ta m in a ­

t ions  (Beeft ink  e t  a l,  1982), only d e te c t a b le  c o n c e n t r a t io n s  have been found for 

238Pu, and *37Cs. If n o rm al ized  per  g o f  po tass ium ,  the  a c t iv i t i e s

ap p ea r  to  be low for + Pu and high for Cs in com parison  to  those  o f  grass  

from a  fa l lou t  a r e a  (North C o te n t in ,  B r i t tany)  , and t h a t  o f  La Hague. In this

sequence  th e  pC i/g  K a re  for 239+2if®Pu: 12.5 (A s te r  t r ipolium),  34 and 222 (grass),  
137and for ' Cs: 54 (A ste r  t r ip o l iu m ), 4 and 17 (grass). A f i r s t  a s se sm e n t  o f  the  

t r a n s fe r  c o e f f i c ie n t  b e tw ee n  soils and A s te r  t r ipo lium  shows t h a t  less  than  5% can 

be a c c u m u la te d  by this  spec ies .  On the  basis of  dry  w e igh t  the  a v e rag e  

c o n c e n tra t io n s  found w ere :  238Pu: 0 .1 1 + 0.08 pC i/kg ,  239+2if^Pu: 0.37 + 0.21 

(ra t io :  0.28 + 0-15) and 137Cs: 95 + 30 pCi/kg.

A few sam ples  o f  a q u a t i c  p lan ts  , sam pled  in the  D e l ta ,  have been ana lysed  for
238d ,  239+240n . , ,  238„Pu and Pu. A verage  values in p C i/kg  dry w e igh t  w e re  found of Pu:
n o i  n m  ^ 239+240» n Q.  n , 238n ,239+240»0.21 + 0.23 and Pu: 0.95 + 0.77, giving a  r a t io  o f  P u /  Pu o f  0.21 +

0.09). The p lan ts  con ce rn  Ulva l a c t i c a , Z o s te ra  m ar in a  and Sargassum  japon ica .
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