
Environmental Pollution (Series B) 7 (1984) 205-221

Mercury Contamination of the Belgian Avifauna
1970-1981

K. Delbeke,* C. Joiris* & G. D ecad tf

* L aboratorium  voor Ecotoxicologie, 
tL abo ra to rium  voor Analytische Scheikunde, 

Vrije Universiteit Brussel, B-1050 Brussels, Belgium

A B S T R A C T

T w o h u ndred  b ird s fo u n d  d ea d  in B e lg iu m  be tw een  1970 an d  1981, an d  
be lo n g in g  to 30 species, w ere a n a ly se d  f o r  to ta l m e rc u ry  con ta m in a tio n .
The co n ta m in a tio n  o f  aq u a tic  b ird s  ra nged  be tw een  0-11 and  35 p g  g ~ x 
w et w eigh t. F or te r re s tr ia l b ird s , th e  e x tr e m e  va lues w ere: n o t d e tec ta b le  
an d  14 p g  g ~ l . In  b o th  cases, d iffe ren ces  in d ie t can exp la in  the d ifferences  
in c o n ta m in a tio n . T h e  o rd er  o f  d ie ts  a sso c ia ted  w ith  increasing  m ercu ry  
co n ta m in a tio n  f o r  a q u a tic  b ird s  w as inver teb ra tes , Z o o p lank ton  an d  
g a rb a g e , a n d  f is h ;  a n d  f o r  te r re s tr ia l b ird s th is  co n sis ted  o f  p la n ts ,  
in ver teb ra tes , m a m m a ls  a n d  b ird s. F o r rap tors a n d  ow ls, th is  e ffe c t o f  
d ie t includes g eo g ra p h ica l v a r ia tio n s  w ith in  species. A  h igher m ercu ry  
co n ta m in a tio n  leve l in the w in ter  a n d  ea rly  sp r in g  w as n o te d  f o r  tw o  
species o f  ow ls. F or a q u a tic  b ird s, th e  c o n ta m in a tio n  o f  liver w as h ig h er  
than tha t o f  k id n e y , w ith  ra tio s  va ry in g  betw een  1-2 an d  2-5. F or  
te r re s tr ia l b ird s, th e  ra tio  w as c lo ser  to 1. A  f e w  d e te rm in a tio n s  w ere  
also  m ade f o r  m usc le  a n d  h e a r t, g iv in g  respec tive ly  0-25 a n d  0-6 o f  the  
liver  co n ta m in a tio n . A m o n g  th e  b ird s  a n a ly sed  f o r  the ir liver con ­
ta m in a tio n , 15 %  sh o w ed  levels h ig h er than 3 p g g ~ x a n d  co u ld  have  been  
a ffe c te d  in th e ir  rep ro d u c tio n ; 3 %  h a d  levels h ig h er  than 1 0 p g g ~ x, a n d  
co u ld  have d ied  f r o m  m e rc u ry  p o iso n in g ; an d  6  % sh o w ed  an a b n o rm a lly  
h igh  liv e r :k id n e y  ra tio , w hich c o u ld  re flec t an acu te  in to x ica tio n .

There  e x is ts  a s tr ik in g  p a ra lle lism  betw een  the levels o f  m ercu ry  a n d  o f  
o rganoch lo rine  residues { D D T )  in b ird s  o f  p re y , su g g es tin g  the ex is ten ce  
o f  co m m o n  e c o to x ic o lo g ic a l m e c h a n ism s .

205

Environ. Pollut. Ser. B. 0143-148X/84/S03-00 ©  Elsevier Applied Science Publishers Ltd, 
England, 1984. Printed in G reat Britain



206 K. Delbeke, C. Joiris, G. Decadt

I N T R O D U C T I O N

In  1953 , th e  c a ta s t r o p h ic  M in a m a ta  d is e a s e  c le a r ly  sh o w e d  th e  p o te n t ia l  
d a n g e r  o f  m e rc u ry  a c c u m u la t io n .  D u e  t o  i ts  h ig h  b io lo g ic a l s ta b i l i ty  a n d  
its  h ig h  a b s o r p t io n  c a p a c i ty  (8 0  to  1 0 0 % : A b e r g  e t a l. ,  1969), m e rc u ry , 
a n d  m o r e  e s p e c ia lly  its  m e th y l f o r m ,  is  o f te n  f o u n d  a t  h ig h  c o n c e n tr a t io n s  
a t  th e  e n d  o f  f o o d  w e b s , f o r  in s ta n c e  in  J a p a n  (S w e d ish  E x p e r t  G r o u p ,  
1971), I r a q  ( B a k i r  e t  a l. ,  1973), o r  in  S c a n d in a v ia ,  w h e re  it  w a s  u ti l is e d  as 
s e e d -d re s s in g  ( W e s te r m a rk ,  1975).

N o w  th a t  th e  u s e  o f  o r g a n o c h lo r in e  p e s tic id e s  is s t ro n g ly  lim ite d  in 
W e s te rn  c o u n t r ie s ,  h e a v y  m e ta ls , a n d  a m o n g  th e m  m e rc u ry , p ro b a b ly  
r e p r e s e n t  th e  m a in  t h r e a t  to  th e  e n v i r o n m e n t  a n d  to  th e  h e a l th  o f  th e  
h u m a n  p o p u la t io n .  T h is  is w h y  w e  d e c id e d  to  in v e s t ig a te  th e  
c o n ta m in a t io n  o f  B e lg ia n  w ild life .

B ird s  f o u n d  d e a d  in  B e lg iu m  w e re  u s e d  a s  s tu d y  m a te r ia l  b e c a u se  
e n o u g h  in f o r m a t io n  is a v a i la b le  c o n c e r n in g  th e ir  fe e d in g  h a b i ts  a n d  
p o p u la t io n  d y n a m ic s .  A m o n g  th e m , r a p t o r s  a r e  o f  s p e c ia l  in te r e s t  w h e n  
s tu d y in g  th e  c o n ta m in a t io n  o f  a n  e c o sy s te m  b y  s ta b le  c o m p o u n d s  f o r  tw o  
r e a s o n s .

1. B e c a u se  o f  th e ir  b r o a d  te r r i to r iu m  a n d  lo n g  li fe s p a n  th e y  in te g ra te  
sm a ll v a r i a t i o n s  in  c o n ta m in a t io n  level.

2 . T h e  a v a i la b le  in f o r m a t io n  c o n c e rn in g  re s id u e s  lev e ls  o f  o th e r  
s ta b le  c o m p o u n d s — o r g a n o c h lo r in e  p e s tic id e s  a n d  P C B s —  
p e rm its  a  c o m p a r is o n  o f  c c o to x ic o lo g ic a l m e c h a n is m s .

M E T H O D S

Sam plin g

T w o -h u n d re d - a n d - o n e  b i r d s  f o u n d  d e a d  in  B e lg iu m  b e tw e e n  1970 a n d  
1981 a n d  b e lo n g in g  to  30 sp ec ie s  w e re  a n a ly s e d .  L iv er, k id n e y  a n d  in  so m e  
c a s e s  m u s c le  a n d  h e a r t  w e re  k e p t  d e e p -f ro z e n  ( - 2 0 “C ) u n ti l n ee d ed . 
T h e  s k in s  a r e  k e p t  a t  th e  I n s t i t u t  ro y a l d 'H is to i r e  n a tu re l le ,  in  B ru sse ls .

A n a ly tica l procedure

S ix  d if fe re n t p r o c e d u r e s  to  d e te rm in e  th e  to ta l  m e r c u ry  c o n c e n tr a t io n s  in 
b io lo g ic a l s a m p le s  w e re  c o m p a r e d  in th e  L a b o r a to r y  fo r  A n a ly t ic a l

Mercury in Belgian avifauna 207

C h e m is tr y  (D e h a ir s  e t a l.,  1982 ); tw o  m e th o d s  g a v e  s im i la r  r e s u l ts ,  o n e  o f  
w h ic h  w a s  a p p l ie d  in  r o u t in e  a n a ly s e s .  I t  c o n s is te d  o f  th e  m in e ra l is a t io n  
o f  s a m p le s  w ith  a  H 2S 0 4/ H N 0 3 m ix tu r e  in  th e  p re s e n c e  o f  V 20 5 a s  
c a ta ly s t  fo llo w e d  b y  K M n 0 4 d ig e s t io n ,  b o th  u n d e r  re flu x . T h e  ex cess  o f  
K M n 0 4 is re d u c e d  w ith  N H 4 O C l a n d  th e  m e rc u ry  t o 'H g °  w i th  N a B H 4 . 
T h e  m e rc u ry  c o n c e n tr a t io n  is m e a s u re d  th r o u g h  c o ld  v a p o u r  a to m ic  
a b s o r p t io n  (C o le m a n  M A S  50). T h e  re s u l ts  a r e  e x p re s s e d  a s  / r g H g g -1  
w e t w e ig h t . I n  s o m e  s a m p le s , th e  d r y  w e ig h t w a s  a ls o  d e te r m in e d :  th is  
p ro v id e d  th re e  t o  f o u r  t im e s  h ig h e r  c o n ta m in a t io n s ,  b u t  d id  n o t  s eem  to  
in f lu e n c e  th e  c o m p a r is o n  b e tw e e n  s p e c ie s  o r  b e tw e e n  tis su e s .

S ta tis tic s

B ec a u se  m e rc u ry  lev e ls  d o  n o t  a lw a y s  s h o w  a  n o r m a l  d is t r ib u t io n  p a t te r n ,  
m e d ia n  lev e ls  w e re  u s e d ,  a s  w e  c o n s id e re d  th a t  th e y  g ive a  b e t te r  
e v a lu a t io n  o f  th e  c o n ta m in a t io n  o f  th e  p o p u la t io n  th a n  d o  m e a n  v a lu es . 
T h e  s ig n if ic a n c e  o f  th e  o b s e rv e d  d iffe re n c e s  w a s  e v a lu a te d  b y  a  n o n -  
p a r a m e tr ic  te s t  (M e d ia n  te s t: S ieg e l, 1956). T h e  m e a n  le v e ls , a s  w e ll a s  
th e i r  s t a n d a r d  d e v ia t io n ,  a r e ,  h o w e v e r , lis te d  in  th e  ta b le s , f o r  th e  d if fe re n t 
t is s u e s  o f  e a c h  sp ec ie s .

R E S U L T S

C om parison  o f  th e m ercury con tam in ation  o f  various species

A ll a q u a t ic  b ird s  w e re  c o n ta m in a te d  by  m e rc u ry ,  b u t  a t  v e ry  v a r ia b le  
leve ls , r a n g in g  f ro m  OT 1 ¡ ig g ~ 1 in  a  k in g f ish e r  A lc e d o  a t th is  to  m o re  th a n  
35 /(g  g “ 1 in  a  c o r m o r a n t  P h a la c r o c o r a x  ca rb o .  T h e s e  d iffe re n c e s  b e tw e en  
sp ec ie s  c o u ld  b e  e x p la in e d  b y  d if fe re n c e s  in  d ie t :  b ird s  fe e d in g  m a in ly  on  
fish  w e re  m o re  c o n ta m in a te d  th a n  b i r d s  fe e d in g  o n  a  m ix tu r e  o f  
Z o o p la n k to n  a n d  g a rb a g e  (s ig n if ic a n c e , P  <  0  05 ), w h ile  th o s e  h a v in g  a 
d ie t o f  fish  a n d  in v e r te b ra te s  s h o w e d  th e  lo w e s t m e rc u ry  levels  {P  <  0-02) 
(T a b le  1).

A  b r o a d  ra n g e  o f  m e rc u ry  lev e ls  w a s  a ls o  n o te d  in  th e  te r r e s t r ia l  b ird s : 
f ro m  n o t  d e te c ta b le  to  1 4 / r g g -  ’ . D iffe re n c e s  in  d ie t  w e re  a s s o c ia te d  w ith  
d if fe re n t m e rc u ry  levels . T h e  o r d e r  o f  d ie ts  a s s o c ia te d  w ith  in c re a s in g  
m e rc u ry  c o n ta m in a t io n  w a s : p la n ts ,  in s e c ts , m a m m a ls ,  b ird s .  A ll  th e se  
d iffe re n c e s  w e re  s ig n if ic a n t ( P  < 0 1 0 )  w h e n  e n o u g h  s a m p le s  w ere  
a n a ly s e d  (T a b le  2).
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G eograp h ica l variation  w ithin  terrestria l system s

T w o  z o n e s  h a v e  b e e n  d e f in e d  in  B e lg iu m , n o r th  a n d  s o u th  o f  th e  r iv e rs  
S a m b re ,  M e u s e  a n d  V e sd re , in  p a ra l le l  w ith  p re v io u s  s tu d ie s  on  
o r g a n o c h lo r in e  c o n ta m in a t io n  ( J o in s  &  D e lb e k e , 1981).

T h e  lo n g -e a re d  o w l A s io  o tu s  a n d  th e  b a r n  ow l T y to  a lb a  f r o m  th e  
n o r th e r n  re g io n  h a d  a  th r e e  to  f o u r  t im e s  h ig h e r  m e rc u ry  level th a n  th o s e  
f ro m  th e  s o u th e rn  re g io n . T h is  w a s  a g a in  e x p la in e d  b y  d ie ta ry  d iffe re n c e s : 
th e  o w ls  h a v in g  m o r e  p a s s e r in e s  in  th e ir  d ie t  in  th e  n o r th e r n  (a g r ic u ltu ra l)  
z o n e  th a n  in  th e  s o u th e r n  z o n e  w h ic h  c o n s is ts  m a in ly  o f  fo re s ts  a n d  
m e a d o w s . I t  w a s  in te r e s t in g  t o  n o te  t h a t  in  th e  b u z z a rd  B u te o  b u te o , 
w h e re  th e  d ie t  c o n s is ts  m a in ly  o f  r o d e n t s  in  b o th  z o n e s , th e r e  w a s  n o  
s ig n if ic a n t d if fe re n c e  in  c o n ta m in a t io n  (T a b le  3).

D istrib u tion  pattern o f  m ercury w ithin various tissues

F o r  th e  d if fe re n t sp ec ie s  o f  a q u a t ic  b ird s ,  th e  m e rc u ry  lev e ls  in  k id n e y  a n d  
liv e r w e re  c lo se ly  r e la te d :  th is  w a s  n o te d  e a c h  tim e  th e  n u m b e r  o f  s a m p le s  
w a s  b ig  e n o u g h  to  a l lo w  th e  c o m p a r is o n .  T h e  c o n ta m in a t io n  o f  k id n e y  
w a s  lo w e r  th a n  th a t  o f  liv e r: th e  r a t io  o f  m e rc u ry  in  liv e r to  k id n e y  v a r ie d  
b e tw e e n  1 -2 a n d  2-5 (T a b le  4 , F ig .  1). A  p o s itiv e  c o r r e la t io n  b e tw e e n  liver 
a n d  k id n e y  m e rc u ry  levels , w ith  a  h ig h e r  level in  liv e r , w a s  n o te d  in  b ird s  
sa c r if ic e d  in  p re v io u s  s tu d ie s  (F in le y  &  S te n d e ll ,  1978 ; H u t to n ,  1981). A  
h ig h e r  liv e r th a n  k id n e y  m e rc u ry  c o n ta m in a t io n  h a s  b e e n  n o te d  f o r  th e  
f u lm a r ,  b u t  n o  c o r r e la t io n  b e tw e e n  liv e r a n d  k id n e y  w a s , h o w e v e r , 
e s ta b l is h e d  ( O s b o r n  e t  a l . ,  1979).

F o r  th e  r a p to r s ,  th e  levels  in  liv e r a n d  k id n e y  w e re  a ls o  p o s itiv e ly  
r e la te d  (T a b le  5 , F ig . 2). T h e  r a t io  b e tw e e n  b o th  c o n c e n tr a t io n s  is ,h o w ­
e v e r, c lo se r  to  I ,  v a ry in g  b e tw e e n  0-8  a n d  11  w ith  th e  e x c e p tio n  o f  th e  
b a r n  o w l, in  w h ic h  a  h ig h e r  r a t io  w a s  fo u n d . W i th  th e  b a r n  ow l th e re  w as  
a ls o  a  m u c h  lo w er c o r r e la t io n  co e ff ic ie n t, d u e  to  th e  p re se n c e  o f  six  b ird s  
w ith  h ig h  liv e r c o n ta m in a t io n ,  w h ic h  p o s s ib ly  h a d  b ee n  e x p o s e d  to  a c u te  
in to x ic a t io n .

A s  fa r  a s  m u s c le  a n d  h e a r t  s a m p le s  w e re  c o n c e rn e d , o n ly  a  few  
d e te r m in a t io n s  w e re  d o n e .  T h e  re s u lts  a r e  s u m m a r is e d  in  A p p e n d ix  1. 
T h e  re la t io n  b e tw e e n  m u s c le  ( M )  a n d  liv e r  (L )  c o n ta m in a t io n  w as  

M  =  0 -2 4 L  +  0 08 ( r  =  0 -6 1 , n  =  22)

a n d / o r  h e a r t  ( / / ) ,  th e  e q u a t io n  w as

H  =  0 -5 7 L  +  0  0 6  ( r  =  0 -9 0 , n  =  12)
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G eograp h ica l varia tion  w ithin  terrestria l system s

T w o  z o n e s  h a v e  b e e n  d e f in e d  in  B e lg iu m , n o r th  a n d  s o u th  o f  th e  r iv e rs  
S a m b re ,  M e u s e  a n d  V e sd re , in  p a r a l le l  w ith  p re v io u s  s tu d ie s  on  
o rg a n o c h lo r in e  c o n ta m in a t io n  ( J o ir is  &  D e lb e k e ,  1981).

T h e  lo n g -e a re d  ow l A s io  o tu s  a n d  th e  b a r n  o w l T y to  a lb a  f r o m  th e  
n o r th e r n  re g io n  h a d  a  th r e e  to  f o u r  t im e s  h ig h e r  m e rc u ry  level th a n  th o s e  
f r o m  th e  s o u th e rn  r e g io n . T h is  w a s  a g a in  e x p la in e d  b y  d ie ta r y  d iffe re n c e s  : 
th e  o w ls  h a v in g  m o r e  p a s s e r in e s  in  th e ir  d ie t  in  th e  n o r th e r n  (a g r ic u l tu ra l)  
z o n e  th a n  in  th e  s o u th e r n  z o n e  w h ic h  c o n s is ts  m a in ly  o f  fo re s ts  a n d  
m e a d o w s . I t  w a s  in te r e s t in g  to  n o te  t h a t  in  th e  b u z z a r d  B u te o  b u te o , 
w h e re  th e  d ie t  c o n s is ts  m a in ly  o f  r o d e n t s  in  b o th  z o n e s , th e r e  w a s  n o  
s ig n if ic a n t d if fe re n c e  in  c o n ta m in a t io n  (T a b le  3).

D istrib u tion  pattern o f  m ercury w ithin  various tissues

F o r  th e  d if fe re n t sp ec ie s  o f  a q u a t ic  b i rd s ,  th e  m e rc u r y  levels  in  k id n e y  a n d  
liv e r  w e re  c lo se ly  r e la te d :  th i s  w a s  n o te d  e a c h  tim e  th e  n u m b e r  o f  s a m p le s  
w a s  b ig  e n o u g h  to  a l lo w  th e  c o m p a r is o n .  T h e  c o n ta m in a t io n  o f  k id n e y  
w a s  lo w e r  th a n  th a t  o f  liv e r: th e  r a t io  o f  m e rc u ry  in  liv e r  to  k id n e y  v a r ie d  
b e tw e e n  1-2 a n d  2-5  ( T a b le  4 , F ig . 1). A  p o s itiv e  c o r r e la t io n  b e tw e e n  liver 
a n d  k id n e y  m e rc u ry  leve ls , w ith  a  h ig h e r  level in  liv e r, w a s  n o te d  in  b ird s  
sac r if ic e d  in  p re v io u s  s tu d ie s  (F in le y  &  S te n d e ll ,  1978 ; H u t to n ,  1981). A  
h ig h e r  liv e r th a n  k id n e y  m e rc u r y  c o n ta m in a t io n  h a s  b e e n  n o te d  f o r  th e  
f u lm a r ,  b u t  n o  c o r r e la t io n  b e tw e e n  liv e r a n d  k id n e y  w a s , h o w e v e r , 
e s ta b l is h e d  ( O s b o rn  e t a i ,  1979).

F o r  th e  r a p t o r s ,  th e  lev e ls  in  liv e r a n d  k id n e y  w e re  a lso  p o s itiv e ly  
re la te d  (T a b le  5 , F ig . 2). T h e  r a t io  b e tw e e n  b o th  c o n c e n tr a t io n s  is ,h o w ­
ev e r, c lo se r  to  1, v a ry in g  b e tw e e n  0-8 a n d  1 1  w ith  th e  e x c e p tio n  o f  th e  
b a r n  o w l, in  w h ic h  a  h ig h e r  r a t io  w a s  fo u n d .  W ith  th e  b a rn  o w l th e r e  w as  
a ls o  a  m u c h  lo w e r  c o r r e la t io n  c o e ff ic ie n t, d u e  to  th e  p re s e n c e  o f  s ix  b ird s  
w ith  h ig h  liv e r c o n ta m in a t io n ,  w h ich  p o s s ib ly  h a d  b ee n  e x p o s e d  to  a c u te  
in to x ic a t io n .

A s  fa r  a s  m u s c le  a n d  h e a r t  s a m p le s  w e re  c o n c e r n e d ,  o n ly  a  few  
d e te r m in a t io n s  w e re  d o n e .  T h e  re s u lts  a r e  s u m m a r is e d  in  A p p e n d ix  1. 
T h e  re la t io n  b e tw e e n  m u s c le  ( M )  a n d  liv e r ( L )  c o n ta m in a t io n  w as

M  =  0 -2 4 L  +  0 08 ( r  =  0 -6 1 , n  =  22)

a n d / o r  h e a r t  ( / / ) ,  th e  e q u a t io n  w as

/ /  =  0-57¿ + 006 (r =  0-90,«=12)



TA BLE 2
Mercury Levels in Liver and Kidney o f Terrestrial Birds w ith Different Feeding Habits 

(/<gg~' wet weight; n, number o f  samples; SD, standard deviation)

Species 
(Main diet)

Mercury contamination
Kidney

n Median Mean SD  M in-M ax n Median Mean SD M in-M ax

Jay ___ 1 0-05 0-05 ___ _
Garrulus glandarius

Magpie — 2 0-11 0-11 — 0-04-0-18
Pica pica

Jackdaw — 1 0-14 0-14 — —

Corvus monedula
Carion crow — 4 0-15 0-26 0-26 0-09-0-64

Corvus corone
Raven — 3 0-05 0-05 0 01 0-04-0-06

Corvus corax
Collard turtle dove — 1 0-10 0-10 — —

Streptopelia decaocto
(omnivorous, mainly plants) 12 0-09

Honey buzzard 1 0-08 0-08 — — 1 0-03 0-03 — —
Pernis apivorus

Roller — 1 0-35 0-35 — —
Coracias garrulus
(insects) 1 0-08 2 0 19

Little owl 24 0-28 0-82 2-11 0-01-10-58 19 0-31 1-05 3-17 0-05-14-10
Athene noctua
(mammals +  invertebrates) 24 0-28 19 0-31

Kite 1 0 18 0-18 — _ 1 0-17 0-17 ___

Milvus milvus
Buzzard 24 0-59 1-10 1 67 0-02-4-38 15 0-35 0-66 0-66

Buteo buteo
Marsh harrier 1 0 17 0-17 — — 1 0 10 0-10 —

Circus aeruginosus
Kestrel 15 0-34 0-69 0-73 0-05—1 -33 11 0-45 0-53 0-40

Falco tinnunculus
Barn owl 28 0-86 1-35 1 -23 0-07-4-31 23 0-89 1-09 0-92

Tyto alba
Eagle owl 1 1-67 1-67 — — 1 0-92 0-92 —

Bubo bubo
Long-eared owl 27 0-53 0-97 1-20 0-5-82 10 0-26 0-47 0-64

Asio otus
Short-eared owl 1 0-70 0-70 — — —

Asio flammeus
Tawny owl 8 0-36 0-65 0-62 0 12-1-92 4 0-76 0-85 0-42

S tr ix  aluco
(mammals) 106 0-57 66 0-54

Goshawk 2 5-04 5-04 ___ 0 40-10-68 1 0-34 0-34 _
Accipiter gentilis

Sparrowhawk 14 2-84 3-15 2-31 0-35-8-14 14 3-08 3-48 2-46
Accipiter nisus

Merlin 2 0-66 0-66 0-22 0-50-0-81 2 0-46 0-46 0-09
Falco columbarius
(birds) 18 2-84 17 2-94

0 05-2-34

0-11-1-26 

0-3-45

0-2-14

0-46-1-44

0-44-7-88

0-50-0-81



TABLE 3
M ercury Levels in Liver and K idney o f R ap to rs from  Two Regions in Belgium 

(/rg g -1 wet weight; n, num ber o f  samples)

Species Region D ieta 
( % o f  birds) Liver

M ercury level
Kidney

Median (») M  in -M  ax Median (n) M  in -M  ax

Buzzard N 5 0-60 (12) 002-4-38 0-31 (7) 0-05-1-17
Buteo buteo S 5 0-46 (4) 0-14-7-69 0-24 (2) 0-14-0-33

Long-eared owl N 25 114 (14) 0-22-5-82 1-54 (2) 0-93-2-14
Asio otus S 3 0-30 (5) 0-27-1-35 0 1 0 (2) 0-0-19

P —n owl N 10 1-26 (16) 0-07-4-31 1-01 (14) 0-08-3-40
y to  alba S 0 0-28 (3) 0-14-1-63 0-77 (2) 0-70-0-84

N , N orthern  zone; S, southern zone (see text).
° U ttendörfer (1952); E. Delmée (personal com m unication); Van der Straeten (1974); G odin  (1975); Leurquin (1975).

TABLE 4
.ation Between the M ercury Levels ( p g g ~ 1 w et weight) in Kidney (K ) and Liver (L ) o f  A quatic Birds. The D a ta  Concern Only

D eterm inations in Liver and Kidney o f  the Same Bird 
(n, N um ber o f sam ples; r, correlation coefficient; * Rc O- Ol ;  ** P < 0-001)

Species n Regression r Liver

Kidney

G rey heron Ardea cinerea 4 K  = 0-30L + 1 1 7 0-97 2-44
G uillem ot Uria aalge 9 K =  0 -6 3 L -0 -0 2 0-88* 1-61
G reat-crested grebe Podiceps cristatus 7 K  =  0-83L — 00 3 0-97** 1-22
F u lm ar Fulmarus glacialis 6 K  =  0-81L — 0-41 0-94* 1-85
G rea t black-backed guii Larus marinus 3 K  = 0-96L — 0-17 0-91 1-20

TABLE 5
R elation Between the M ercury Levels ( p g g ~ l wet weight) in Liver (L ) and Kidney (K ) o f R aptors 

(n , N um ber o f sam ples; r, correlation coefficient; * Rc O- Ol ;  ** P < 0-001)

Species n Regression r Liver
R a tio ---------

Kidney

K estrel Falco tinnunculus 11 K  =  0-75L +  0- l l 0-88** 1-07
Buzzard Buteo buteo 13 K =  1-03L +  0-06 0-93** 0-88
Sparrow haw k Accipiter nisus 13 K  =  0-90L 4- 0-70 0-85** 0-89
Little owl Athene noctua 18 K =  1-33L — 0-05 0-99** 0-79
T aw ny owl S tr ix  aluco 4 K  =  0-78L +  0-33 0-77 0-77
Long-eared owl Asio otus 10 K =  1-08L — 0-10 0-94** 1-12
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TABLE 6
M ercury Levels in Liver and K idney o f  Owls—Tem poral V ariations 

( /ig g -1 wet weight; n, num ber o f samples)

Species Period
{months)

M ercury level
Liver Kidney

Median («) M in -M a x Median («) M  in -M ax

I 0-45 (6) 0-1-10 0-19 (3) 0-0-93
II 2 0 4 (2) 1-35-2-74

III 1-46 (7) 0-69-2-01 0-32 (1)
IV 1-80 (1) 2 1 4 (1)
V — —

VI — —

VII 0-42 (2) 0-30-0-52 —

VIII 0-52 (1) 0-19 (1)
IX 0-57 (1) —

X — —

XI 1-76 (1) —

XII 0-69 (D —

I 3-10 (4) 1-03-3*54 1-21 (5) 0-64-3-45
II 1-35 (3) 0-55-2-92 0-96 (4) 0-89-3-07

III — —

IV 0-38 (1) 0-62 (1)
V 0-14 (1) —

VI 0-77 (3) 0-28-0-95 —

VII 1-61 (1) —

VIII — —

TX 0-32 (21 0-21-0-43 0-20 (1)

L ong-eared owl Asio otus

B arn owl Tyto  alba
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TABLE 6
Mercury Levels in Liver and Kidney of Owls—Temporal Variations 

(Hg g ~ ‘ wet weight; n, number of samples)

Species Period 
(months) Liver

Mercury level
Kidney

Median («) M  in-M ax Median («) M  in-M ax

Long-eared owl Asio otus 1 0-45 (6) 0-1-10 0-19 (3) 0-0-93
II 2-04 (2) 1-35-2-74

III 1-46 (7) 0-69-2-01 0-32 0 )
IV 1-80 (I) 2-14 (1)
V — —

VI — —

VII 0-42 (2) 0-30-0-52 —

VIII 0-52 (1) 0-19 (1)
IX 0-57 (1) —
X — —

XI 1-76 (1) —

XII 0-69 (1) —

Barn owl Tyto alba I 3-10 (4) 1 03-3-54 1-21 (5) 0-64-3-45
II 1-35 (3) 0-55-2-92 0-96 (4) 0-89-3-07

III — —

IV 0-38 (1) 0-62 (1)
V 0-14 (1) —

VI 0-77 (3) 0-28-0-95 —

VII 1-61 (1) —

VIII — —

IX 0-32 (2) 0-21-0-43 0-20 (1)
X 0-77 (3) 0-29-2-25 0-49 (2) 0-43-0-56

XI 0-17 (2) 0-07-0-28 0-10 (2) 0 08-0-11
XII 3-10 (2) 1 -89—4-31 1-92 (3) 0-84-1-92
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c 0 5i
X

Fig. 2. Relationship between the mercury contamination o f  the liver and kidney of 
raptors found dead in Belgium (/igg~ ' wet weight). The lower part of the graph, up lo 
••S p g g "1, has been enlarged for clarity. V , Pernis apivorus', + , Milvus milvus: □ ,  
Accipiter gentilis: ® , Accipiter nisus: A ,  Buteo buteo; V , Circus aeruginosus: O . Palco 
columbarius: Falco tinnunculus; », Tyla alba: &  Bubo bubo: A , Asio otus: K. Athene

noctua: 0 ,  S trix  aluco. Correlation: K = \ - \ L -  0-04 (r = 0-96; n = 76).

th e  in v e s t ig a t io n  o f  s e a s o n a l  v a r i a t i o n  in  m e rc u ry  levels . F o r  th e  lo n g ­
e a re d  o w l, th e  levels d e te c te d  in  th e  liv e r w e re  h ig h e r  f ro m  F e b r u a r y  to  
A p r il  (m e d ia n :  1 -51 p g g ~ l , « = 1 0 )  th a n  f o r  th e  r e s t  o f  th e  y e a r  
(0 -5 2  p g g “ 1, « = 1 2 )  (T a b le  6). F o r  th e  b a r n  o w l, th e  levels w e re  h ig h e r  
f ro m  D e c e m b e r  to  F e b r u a r y  ( liv e r : 2 -9 2 ¿ tg g - 1 , n =  9 ;  k id n e y : 
1 • 16 n g  g " 1, «  =  12) th a n  fo r  th e  re s t  o f  th e  y e a r  ( liv e r  : 0-38  /rg  g  ~ 1, « =  13 ; 
k id n e y : 0-31 n g g ~ l , «  =  6). T h e se  d iffe re n c e s  a r e  h ig h ly  s ig n if ic a n t ( P  < 
0-005).
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D IS C U S S I O N

F o r  e th ic a l  r e a s o n s , w e  d e c id e d  n o t  to  s h o o t  b ird s ,  b u t  to  u s e  b i rd s  fo u n d  
d e a d . T h is  m a k e s  i t  d if f ic u lt to  e x t r a p o la te  b e tw e e n  o u r  re s u l ts  a n d  th e  
leve ls  o f  m e rc u ry  th a t  w o u ld  b e  f o u n d  in  th e  liv in g  p o p u la t io n .  H o w e v e r , 
5 0 %  to  6 0 %  o f  r a p to r s  f o u n d  d e a d  h a d  d ie d  th r o u g h  t r a u m a  (c a r  
a c c id e n t ,  s h o t ,  e tc .)  (G lu e ,  1971 ; W e ir , 1 9 7 1 ; N e w to n  e t  a l . ,  1982), a n d  
se v e ra l a u th o r s  h a v e  ta k e n  th e  p o l lu ta n t  levels  in  su c h  b ird s  to  b e  
r e a s o n a b ly  re p r e s e n ta t iv e  o f  th o s e  in  th e  liv in g  p o p u la t io n  (see  C o o k e  e t  
a l.  (1 9 8 2 ) f o r  a  d is c u s s io n ) . T h is ,  to g e th e r  w ith  th e  f in d in g  th a t  m e rc u ry  
c o n c e n tr a t io n  in  t r a u m a  b i rd s  a n d  b i rd s  f r o m  o th e r  g r o u p s  d if fe r  li ttle —  
w ith  th e  e x c e p tio n  o f  th e  b a r n  ow l ( C o o k e  e t  a l . ,  1982)— m a k e s  i t  u n lik e ly  
th a t  o u r  s a m p l in g  m e th o d  h a s  u n d u ly  b ia s e d  o u r  re s u lts .

T h e  o b s e rv e d  c o n ta m in a t io n  levels  o f  th e  d if fe re n t s p e c ie s  h a v e  th e  
s a m e  o r d e r  o f  m a g n i tu d e  a s  th o s e  o b s e rv e d  in  o th e r  c o u n tr ie s  (F im re i te  at 
a l . ,  1971 ; F im r e i te ,  1972 ; G r e ic h u s  e t a / . ,  1973 ; V e lu z  e t  a l . ,  1976 ; J u i l la rd  
e t  a i ,  1978; F u rn e s s  &  H u t to n ,  1979 ; H u t to n ,  1981 ; C o o k e  e t  a l., 1982).

T h e  c o n ta m in a t io n  o f  th e  v a r io u s  sp ec ie s  is  c le a r ly  d ie t-d e p e n d e n t .  F o r  
a q u a t ic  b ird s ,  F im r e i te  (1 9 7 1 ) h a s  sh o w n  t h a t  th e  m e r c u ry  lev e ls  a re  
r e la te d  to  th e  p e rc e n ta g e  o f  a n im a ls  in  th e  fo o d . H u t to n  (1 9 8 1 ) n o te d  
d iffe re n c e s  in  th e  m e rc u ry  c o n t e n t  o f  th re e  sp ec ie s  o f  a q u a t ic  b i rd s  w ith  
d if fe re n t fe e d in g  h a b i ts . In  th is  s tu d y , a  m o re  d e ta i le d  k n o w le d g e  o f  th e  
fe e d in g  h a b i ts  o f  a  la rg e  v a r ie ty  o f  sp ec ies  g a v e  a  b e t te r  u n d e r s ta n d in g  o f  
th e  c o n ta m in a t io n  lev e ls : b i rd s  f e e d in g  o n  fish  h a v e  tw ic e  a s  h ig h  a  
m e rc u ry  level a s  sp ec ie s  fe e d in g  o n  f ish , Z o o p la n k to n  a n d  g a rb a g e .  T h e se  
la t te r  b ird  sp ec ies  a r e  in tu rn  f o u r  tim e s  m o re  c o n ta m in a te d  th a n  b ird s  
fe e d in g  o n  fish  a n d  in sec ts . U s in g  a  0 -2  ¡xg g ~ 1 v a lu e  fo r  m a r in e  fish  in  o u r  
z o n e  (B la to n ,  1973), a c o n c e n tr a t io n  f a c to r  o f  10 c a n  b e  c a lc u la te d  f ro m  
fish  to  b ird s . S u c h  a v a lu e  is in g o o d  a g re e m e n t  w ith  p u b lis h e d  d a ta  
(F im re i te  e t  a l., 1971 ; H ö lz in g e r , 1977). A  h ig h e r  m e rc u ry  c o n ta m in a t io n  
o f  r a p to r s  fe e d in g  o n  b ird s  th a n  o n  m a m m a ls ,  n o te d  e a r l ie r  ( F im re i te  e t 
a l . ,  1970), is a ls o  c le a r  in o u r  r e s u lts .  N o t  o n ly  is  th is  d if fe re n c e  a  
q u a n t i ta t iv e  o n e  to  b e  e x p re s s e d  a s  a  c o r r e la t io n  b e tw e e n  th e  
c o n ta m in a t io n  o f  th e  r a p to r s  a n d  th e  a m o u n t  o f  b i rd s  in  th e ir  d ie t ,  b u t is 
a ls o  v a lid  w ith in  sp ec ie s  (o w ls ) : d if fe re n c e s  in  fe e d in g  h a b i ts  b e tw e e n  tw o  
g e o g ra p h ic a l  re g io n s  w ith in  B e lg iu m  le a d  to  d iffe re n c e s  in  c o n ta m in a t io n .

T h e  re la t io n  b e tw e e n  th e  m e d ia n  m e rc u ry  level in  th e  liv e r ( L ) o f  
r a p t o r s  b e lo n g in g  to  d if fe re n t sp ec ies  a n d  re g io n s  ( ta k in g  in to  a c c o u n t 
o n ly  m e d ia n  v a lu e s  c o n s is tin g  o f  a t  le a s t 4  sa m p le s )  a n d  th e  p e rc e n ta g e  o f  
b ird s  in  th e ir  d ie t (B )  w as
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L  =  0 -0 2 6 5  +  0-35 ( r  =  0 -9 4 ,n  =  9)

a n d  f o r  k id n e y  ( K ) ,  th e  e q u a t io n  w a s

K  =  0 '0 2 9 5  +  0 -30  (r  =  0 -9 7 ,«  =  7)

I t  is  w o r th  n o t in g  th a t  th e  s a m e  c o n c lu s io n s  h a v e  b e e n  d r a w n  e a r l ie r  in  
s tu d ie s  o n  th e  c o n ta m in a t io n  o f  r a p to r s  b y  D D T  (J o ir is  &  D e lb e k e ,  1981). 
T h e  D D T  levels  in  d if fe re n t t is su e s  a n d  eg g s , a s  w e ll a s  eg g sh e ll th in n in g ,  
w e re  c o m p le te ly  e x p la in e d  b y  th e  d ie t  c h a ra c te r is t ic s  o f  th e  r a p to r s ,  
in c lu d in g  th e ir  a n n u a l  a n d  g e o g ra p h ic a l  v a r ia t io n s .  T h e  c o n ta m in a t io n  o f  
th e  p re y  ite m s  s h o w e d  th a t  p a s s e r in e s  a r e  in d e e d  m o re  c o n ta m in a te d  th a n  
s m a ll  m a m m a ls . F in a l ly ,  la b o r a to r y  e x p e rim e n ts  ( J o ir is  e t  a i ,  d e ta i l s  to  
b e  p u b lis h e d  la te r )  s h o w e d  a  h ig h e r  e l im in a t io n  r a t e  in  m a m m a ls  th a n  in 
b ird s ,  w h ic h  e x p la in s  th e  d iffe re n c e s  in  c o n ta m in a t io n .

T h e  s im i la r i ty  in  c o n ta m in a t io n  p a t te r n s  o f  m e r c u ry  a n d  D D T  su g g e s ts  
th e  e x is te n c e  o f  s im i la r  e c o to x ic o lo g ic a l m e c h a n is m s  f o r  b o th  ty p e s  o f  
s ta b le  c o m p o u n d s .

A  h ig h e r  c o n ta m in a t io n  w a s  d e te c te d  f o r  tw o  sp ec ie s  o f  ow ls , d u r in g  
th e  w in te r  a n d  e a r ly  s p r in g . A  s im i la r  t r e n d  h a s  a l r e a d y  b e e n  n o te d  f o r  th e  
b a r n  o w l a n d  k e s tre l  (B e ll e t  a l . ,  1978 ; C o o k e  e t a l . ,  1982) a n d  m ig h t  be 
a s s o c ia te d  w ith  d if fe re n t m e c h a n is m s  s u c h  a s  a  s e a s o n a l v a r ia t io n  in  th e  
d ie t ,  m o re  b ird s  b e in g  c o n s u m e d  in  th e  w in te r  p e r io d ,  o r  w ith  a  s e a s o n a l 
v a r ia t io n  in  th e  c o n ta m in a t io n  o f  p re y  ite m s . F o r  e x a m p le , O s b o r n  (1979) 
fo u n d  h ig h e r  m e rc u ry  lev e ls  in  th e  s ta r l in g  S tu r n u s  v u lg a r is  d u r in g  th e  
w in te r . F in a l ly ,  a  r e d i s t r ib u t io n  o f  m e rc u ry  w ith in  th e  b o d y  c o u ld  b e  d u e  
to  th e  lo s s  o f  f a t  d u r in g  th e  w in te r  a n d / o r  d u r in g  th e  m o u l t in g  p e r io d s .

I t  is d iff icu lt to  g ive  a  to x ic o lo g ic a l in t e r p r e ta t io n  o f  o u r  d a t a ,  s in c e  w e 
h a v e  n o t  y e t d e te rm in e d  th e  m e rc u ry  fo rm  o r  th e  b in d in g  s ite s  o f  m e rc u ry  
in  th e  tis s u e s . T h e  g r e a te s t  p a r t  o f  th e  m e rc u ry  is  lik e ly  to  b e  in  its  m e th y l 
fo rm  (F im r e i te  e t a l . ,  1974 ; O s b o rn  e t  a l . ,  1979). W e  th e r e fo r e  c o m p a re d  
o u r  d a t a  w ith  p u b lis h e d  re s u l ts  o n  m e th y lm e rc u ry . L a b o r a to r y  s tu d ie s  
rev e a le d  th a t  m e rc u ry  levels  o f  3 to  13 yUgg - 1 in th e  liv e r lo w ered  th e  
h a tc h a b il i ty  b y  p h e a s a n ts  ( F im r e i te ,  1971). In  o u r  s tu d y  29 b ird s  o u t  o f  
1 8 8 (1 5 % ) h a d  a  c o n ta m in a t io n  e x c e e d in g  th e  3 f ig  g  " 1 lev e l, re f le c tin g  th e  
p o s s ib il i ty  t h a t  H g  c o u ld  h a v e  a  n e g a tiv e  e ffec t o n  th e ir  r e p r o d u c t io n .  
M o s t  o f  th e s e  b i rd s  w e re  b i r d - e a t in g  r a p to r s :  s p a r ro w h a w k  A c c ip i te r  
n is u s  a n d  g o s h a w k  A c c ip i te r  g e n til is ,  a n d  f is h -e a t in g  b ird s :  c o r m o r a n t ,  
g rey  h e ro n  A r d e a  c in erea ,  a n d  g r e a t  c re s te d  g re b e  P o d ic e p s  c r is ta tu s . O n  
th e  o th e r  h a n d ,  a  level o f  1 7 p g g ~ '  w a s  n o te d  in  th e  liv e r o f  h a w k s  th a t  
d ie d  th r o u g h  m e rc u ry  in to x ic a t io n  ( F im re i te  &  K a r s ta d ,  1971). O n  th is
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b a s is ,  s o m e  o f  th e  b i rd s  w e  a n a ly s e d  m ig h t  h a v e  s u f fe re d  f r o m  s e r io u s  
m e r c u ry  p o is o n in g  (3  %  o f  th e  to t a l ) ,  s in c e  th e i r  m e rc u ry  leve ls  w ere  
h ig h e r  th a n  1 0 ¿ íg g - 1 : 3 g r e a t  c re s te d  g re b e s , 2  g re y  h e r o n s ,  th e  
c o r m o r a n t ,  1 g o s h a w k  a n d  1 ta w n y  ow l. F in a l ly ,  a  few  b ird s  s h o w e d  a n  
a b n o r m a l ly  h ig h  liv e r to  k id n e y  r a t io  ( se e  F ig s  1 a n d  2), w h ic h  c o u ld  
in d ic a te  a n  a c u te  in to x ic a t io n  h a v in g  e v e n tu a lly  c a u s e d  d e a th :  3 g rey  
h e ro n s ,  1 g r e a t  c re s te d  g re b e ,  6  b a r n  o w ls  a n d  1 s p a r ro w h a w k .
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A PPENDIX 1
The Mercury Contam ination (/igg-1 wet weight) o f  the Muscle and Heart of Different Species of Birds 

(n, number o f samples; SD, standard deviation)

Species Mercury contamination
Muscle Heart

n Median Mean SD M  in-M ax n Median Mean SD M in-M ax

Corm orant 
Phalacrocorax carbo

1 1-41 1-41 - - 1 1-41 1-41 - -

Kingfisher 
Alcedo a t this

4 0-77 0-73 0-38 0-22-1-13 5 0-18 0-27 0-26 0-12-0-73

Honey buzzard 
Pernis apivorus

1 0-15 0-15 — — 1 0-03 0-03 — —

Sparrowhawk 
Accipiter nisus

3 0-71 0-81 0-19 0-70-1 03 2 0-96 0-96 0-15 0-85-1-07

Buzzard 
Buteo buteo

4 015 0-20 0-20 0-04-0-46 2 0-16 0-16 0 16 0-05-0-28

Merlin
Falco columbarius

2 0-17 0-17 0-02 0-16-0 19 1 0-24 0-24 — —

Kestrel
Falco tinnunculus

2 0-09 0-09 0-04 0-06-0-11 2 0-09 0-09 — —

Barn owl 
Tyro alba

Long-eared owl

5

1

0-18

0-01

0-18

0-01

0-15 0-01-0 41 4 0-23 0-20 0-16 0-01-0-33
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