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ABSTRACT: From approximately 1960 to 1975 the Eros estuary received several  tons of mercury per  
year  from a chlor-alkal i  plant ,  a pest ic ide factory and  some minor  sources. The discharge has  b e e n  
reduced  drastically from 1976 onwards.  In 1975 and  1976 measurements  were  made  on the 
distr ibution of mercury in the sediment.  The horizontal  distr ibution revealed a strong local 
enr ichment  of the sed iment  near  the point  of discharge.  The vertical distr ibution was found to be in 
accordance with the local deposit ion rates. In the water  phase  no significant change  in mercury 
content  from 1975 to 1978/79 could be  demonstrated.  In 1978/79 a difference be tween  Ems estuary 
and  Dutch Wadden  Sea was not significant. In 1978 mercury contents  of eelpout  Zoarces viviparus 
in the Eros estuary were about  twice as h igh  as in the Wadden  Sea. In the Ems estuary a decrease of 
these  contents  was found be tween  1974/75 and  1978. A similar decl ine in the Wadden  Sea may be  
re la ted to a decreased mercury discharge by  the  River Rhine. 

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

T h e  Eros  e s t u a r y  r e c e i v e s  m e r c u r y  f r o m  w a s t e - w a t e r  d i s c h a r g e s  f r o m  a c h l o r - a l k a l i  

p l a n t ,  a p e s t i c i d e  f ac to ry  a n d  o t h e r  m i n o r  sources .  Al l  d i s c h a r g e s  o c c u r  n e a r  De l f z i j l  (Fig. 

1), p a r t l y  b y  p i p e - l i n e ,  p a r t l y  b y  d i s c h a r g e  of s u r p l u s  f r e s h  w a t e r .  F r o m  a p p r o x i m a t e l y  

1960 to 1975 t h e  t o t a l  y e a r l y  d i s c h a r g e  of m e r c u r y  a m o u n t e d  to a t  l e a s t  5 tons .  T h i s  

p o l l u t i o n  w a s  r e f l e c t e d  i n  t h e  m e r c u r y  c o n t e n t s  of i n t e r t i d a l  m u s s e l s  (Mytilus edulis). In  

1971 /72  t h e  h i g h e s t  c o n t e n t s  a l o n g  t h e  D u t c h  coas t  o c c u r r e d  i n  t h e  E m s  e s tua ry .  In  fac t  

t h e s e  c o n t e n t s  w e r e  t h e  h i g h e s t  a l o n g  t h e  w e s t  E u r o p e a n  c o a s t  f r o m  A r c a c h o n  (France )  

to  C a p e  S k a g e n  ( D e n m a r k )  (de  Wolf ,  1975).  

A f t e r  1975 t h e  m e r c u r y  d i s c h a r g e s  w e r e  r e d u c e d  d r a s t i c a l l y  to  a p p r o x i m a t e l y  0.6 t o n  

i n  1976, a n d  a p p r o x i m a t e l y  0 .06 t o n  i n  b o t h  1977 a n d  1978. To o b t a i n  i n f o r m a t i o n  o n  t h e  - 

e f fec t  of t h i s  d r a s t i c  c h a n g e  in  m e r c u r y  d i s c h a r g e  o n  t h e  c o n t a m i n a t i o n  of t h e  Eros 

e s t u a r y  m e r c u r y  w a s  m e a s u r e d  i n  w a t e r  a n d  s e d i m e n t s .  F u r t h e r m o r e ,  e e l p o u t  (Zoarces 
viviparus), a r e s i d e n t  f i s h  i n  t h e  W a d d e n  S e a  a r ea ,  w a s  u s e d  as  a n  i n d i c a t o r  of t h e  

c o n t a m i n a t i o n  of t h e  e c o s y s t e m  b y  m e r c u r y .  

M A T E R I A L S  A N D  M E T H O D S  

In  1978 /79  s u r f a c e  w a t e r  s a m p l e s  w e r e  t a k e n  m o n t h l y  in  t h e  E m s  e s t u a r y  a n d  

W a d d e n  S e a  a t  t h e  l o c a t i o n s  g i v e n  i n  F i g u r e  1. T o t a l  a n d  d i s s o l v e d  m e r c u r y  ( f l a m e l e s s  

AAS)  a n d  a m o u n t  of s u s p e n d e d  m a t t e r  w e r e  d e t e r m i n e d .  F r o m  t h e s e  t h e  m e r c u r y  

c o n t e n t  of t h e  s u s p e n d e d  m a t t e r  w a s  c a l c u l a t e d .  For  t h e  Eros e s t u a r y  t h e  d a t a  for  1978 /79  
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Fig. 1. Map of Wadden Sea and Eros estuary with sampling locations for fish (asterisks) and water 
(black circles: Wadden Sea; open circles: Eros estuary) 
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Fig. 2. Map of Fms estuary with locations for surficial sediment samples. {1) Leybucht, (2) N. 
Groningen, (3) Eemshaven, (4) and (5) Bocht van Watum, (6) Dellzijl, (7) Delfzijl-Termunten, 

(8) Dollard, (9) Emden 

wil l  be  c o m p a r e d  wi th  da ta  for 1975/76, ob t a ined  us ing  neut ron  ac t iva t ion  ana lys i s  (van 
der  Sloot & Das, 1974). No da ta  are  ava i l ab l e  from the W a d d e n  Sea for 1975/76. In 
Oc tober  and  D e c e m b e r  1975 surf icial  s ed imen t  samples  were  t a k e n  in the  Eros es tuary  
and the  ad jacen t  W a d d e n  Sea  (Fig. 2). In add i t ion  to these  samples  some sed imen t  cores 
were  t a k e n  in  October  1976. Mercury  was  d e t e r m i n e d  by  des t ruct ive  neut ron  ac t iva t ion  
analys is  (de Groot  et al., 1971). The t race meta l  content  in  sed imen t s  m a y  vary  consider-  
ably,  showing  a posi t ive  corre la t ion  wi th  the  amount  of f inely  g r a ine d  par t ic les .  In order  
to compare  the  mercury  content  of sed iments  from different  s ample  areas,  the  content  
(ppm dry weight)  at  50 % par t ic les  smal le r  than  16 /an  is u sed  (Salomons & Mook. 1977). 
Zoarces viviparuswas caugh t  in Eros es tuary  and  Dutch W a d d e n  Sea  in March  1978 (Fig. 
1, Locations 1 and  2). The fish were  anaes the s i zed  wi th  MS 222 and  the i r  l eng th  
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m e a s u r e d  in  ha l f  cm. T h e y  w e r e  p a c k e d  i n d i v i d u a l l y  in  p o l y t h e n e  a n d  s to red  in  d e e p -  

f reeze .  M u s c l e  t i s sue  h o m o g e n a t e s  w e r e  a n a l y s e d  by  n e u t r o n  a c t i v a t i o n  analys is .  M e r -  

cury  con t en t s  a re  g i v e n  in  p p b  (fresh we igh t ) .  T h e s e  con ten t s  a r e  c o m p a r e d  w i t h  d a t a  

f rom 1974/75,  o b t a i n e d  f rom fish s a m p l e d  at Loca t ions  i an  3 (Fig. 1). 

RESULTS 

W a t e r  

In t he  p e r i o d  Apr i l  1 9 7 8 - A p r i l  1979, i. e. t he  p e r i o d  w i t h  s t rong ly  r e d u c e d  m e r c u r y  

d i s c h a r g e s ,  t he  a v e r a g e  d i s s o l v e d  m e r c u r y  c o n c e n t r a t i o n  in  t he  Eros e s t u a r y  w a s  0.10/~g/  

1 a n d  in  t he  W a d d e n  Sea  0.08/~g/1. In b o t h  a r ea s  t he  o b s e r v a t i o n s  s h o w  a l a r g e  v a r i a t i o n  

(Tab le  1). No  s ign i f i c an t  d i f f e r ences  - u s i n g  the  t-test - b e t w e e n  any  two  s ta t ions  c o u l d  

be  found.  T h e  m e r c u r y  con t en t  of t he  p a r t i c u l a t e  m a t t e r  is h i g h e r  in  t he  Eros e s t u a r y  t h a n  

in  t h e  W a d d e n  Sea.  But  the  v a r i a t i o n  is v e r y  l a r g e  (Table  1). 
In t he  Eros e s tua ry  the  a v e r a g e  d i s s o l v e d  m e r c u r y  c o n c e n t r a t i o n  in  1978/79 w a s  less  

t h a n  in  1975/76. T h e  d i f f e rence ,  h o w e v e r ,  is no t  s ign i f ican t ,  d u e  to a l a r g e  v a r i a t i o n  of 

t he  d a t a  in  t he  l a t t e r  pe r iod .  T h e  m e r c u r y  con t en t  of t he  p a r t i c u l a t e  m a t t e r  is t he  s a m e  in  

b o t h  p e r i o d s  (Table  1). 

Table 1. Average mercury content and standard deviation (S. d.) in the water of the Eros estuary and 
Wadden Sea in the periods Feb. 1975-Jan. 1976 and April 1978-April 1979. N = number of 

observations 

Wadden Sea Eros estuary 
Hg diss. Hg part. Hg diss. Hg part. Hg 

content (fig/l) (/~g/g) (pg/l) (fig/g) 
1978/79 1978/79 1975/76 1978/79 1975/76 1978/79 

Average 0.08 0.75 0.31 0.10 1.76 1.77" 
-S. d. 0.04 1.52 0.30 0.06 1.47 4.54 
N 29 25 29 28 45 25 

* one value of 724 fig/g was excluded in the calculation. 

Table 2. Mercury content (ppm) at 50 % ~ 16 fim in surficial sediment of the Ems estuary. Inaccurate 
estimates are given between brackets (locations as in Fig. 2) 

Location Number  of samples Mercury content and 
95 % confid, interval 

(1) Leybucht 8 0.59 _ 0.11 
(2) N. Groningen 10 0.62 _ 0.24 
(3) Eemshaven 6 0.61 _ 0.32 
(4) Bocht van Watum 2 (1.2) 
(5) Bocht van Watum 4 (2.4) 
(6) Delfzijl 10 (1 - ~ 5) 
(7) Delfzijl-Termunten 11 1.46 • 0.54 
(8) Dollard 33 0.84 i 0.10 
(9) Emden 18 0.84 i 0.21 
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S e d i m e n t  

In 1975 the mercury content of the surficial sed iment  of the Ems estuary showed  a 
rather clear gradient (Table 2). The h ighest  contents were  found in the v ic ini ty  of the 
town of Delfzij l  (Location 6), where  the main  discharge of mercury occurs. At this 
location no l inear relationship b e t w e e n  the mercury content and the fraction of particles 

1 6 / a n  in the sed iment  was  present. As a consequence  the content at 50 % < 1 6 / a n  
could not be determined with any accuracy; this va lue  may  be b e t w e e n  one and a va lue  
greater than at least five ppm. The actual contents found at Location 6 range from 1.47 
ppm (at 17.8 % ~ 16/an)  to 154.0 ppm (at 10.9 % < 16/an).  The lowest  mercury values  
were found in the outer part of the estuary, at N. Groningen and Leybucht. The relat ively 
low va lues  in the inner part of the  estuary, Dollard and near Emden,  are still  distinctly 
h igher  than those in the outer part (Fig. 3). 
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Fig. 3. Relation between fraction of particles < 16/an (%) and mercury content (ppm) in surficial 
sediments from Dollard (o), N. Groningen (e) and Leybucht (+) in 1975 
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F i g .  4.  R e l a t i o n  b e t w e e n  f r a c t i o n  of  p a r t i c l e s  < 1 6 / a n  (%)  a n d  m e r c u r y  c o n t e n t  ( p p m )  in  t w e l v e  
s u c c e s s i v e  5 - c m  s e c t i o n s  o f  s e d i m e n t  C o r e  N o .  1 ( s e e  F i g .  5).  N u m b e r s  1 - 1 2  r e p r e s e n t  5 - c m  s e c t i o n s  

i n  o r d e r  of  i n c r e a s i n g  d e p t h  
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Fig. 5. Vert ical  distribution of mercury content (ppm) at 50 % < 16/m~ in five sediment cores in 1976 
(see  a lso  text) 

In October 1976 five sed iment  cores to a depth of 60 cm were taken. In each 5-cm 
fraction the mercury content  and  grain  size were determined.  A plot of these data 
suggests  that in  most of the cores two or three depth sections can be dis t inguished,  each 
with different mercury contents.  In Figure 4 this is i l lustrated for Core 1. Figure 5 shows 
the dis t r ibut ion of mercury contents at 50 % < 16/an  in  the cores. The mercury-enr iched  
top layer varies in  thickness  from 10 cm (Cores 1 and  5) to at least 60 cm (Core 4). 

Zoarces viviparus 

In March 1978 samples of Zoarces viviparuswere obtained from the Eros estuary and 
the Dutch Wadden Sea (Fig. 1, Locations 1 and 2). The mercury content of the muscle 
tissue shows a significant positive correlation wi th the length of the fish (Table 3). The 
difference in regression coefficient between males and females from the Eros estuary 
was tested (Sokal & Rohlf, 1969) and was found not to be significant. Therefore males 
and females are taken together for the calculation of the regression of mercury content 
on length. In the Ems estuary the mercury contents are about twice as high as in the 
Wadden Sea (Table 3; Fig 6a). 

Thanks  to the Dutch Organisa t ion  for Appl ied  Scientific Research (TNO) our data 
can be compared with similar  data for 1974/75 (W. Chr. de Kock, unpubl i shed)  from the 
same area in the Eros estuary and  from Location 3 in  the W a d d e n  Sea (Fig. 1). These data, 
however,  do not give mercury contents  of ind iv idua l  Z. viviparus, but  the contents  of 
pooled muscle- t issue homogenates  from length  classes with a width of some centimetres;  



116 K. E s s i n k  

Table 3. Regression formula and correlation coefficient for the relation be tween  length and mercury 
content of Zoarces viviparus in March 1978 from the Wadden Sea and Eros estuary, x = length 

(ram), y = mercury content (ppb, wet weight) 

Sample n r Regression formula 

Wadden Sea, c~c~ 42 0.64 y = 1.87 x -  116.84 
Wadden Sea, 9 ~ 36 0.83 y = 2.08 x - 203.52 
Ems estuary, c~c~ 35 0.80 y = 5.51 x - 543.51 
Eros estuary, ? 9 44 0.74 y = 4.17 x -- 415.72 
Wadden Sea, c~c~ + 9 ~ 78 0.72 y = 1.85 x -  131.83 
Ems estuary, ~'c~ + $ 9 79 0.73 y = 4.04 x -- 357.68 
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Fig. 6. Relation be tween  length (mm) and mercury content (ppb, fresh weight) of Zoarces viviparus. 
(a) Eros estuary (solid line) and Wadden Sea (broken line) in 1978; (b) Eros estuary in 1974/75 
(circles) and 1978 (line); (c) Wadden Sea, Location 3 in 1974/75 (circles), and Location 2 in 1978 
(line) (open circles: data from de Kock, unpublished; black circles: methyl mercury data from Stare, 

unpublished) 

t h e y  h a v e  b e e n  p l o t t e d  as o p e n  c i rc les  in  F i g u r e  6b for t he  Ems  e s t u a r y  a n d  in  F i g u r e  6c 

for t h e  W a d d e n  Sea.  T h e y  a g a i n  i n d i c a t e  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  l e n g t h  of t h e  f i sh  

a n d  m e r c u r y  con ten t .  In F i g u r e s  6b a n d  6c four  d a t a  on  the  m e t h y l  m e r c u r y  c o n t e n t  of 

m u s c l e  t i s sue  f rom 1974 are  g i v e n  (b lack  c i rc les ;  A. Stare,  u n p u b l i s h e d ) .  T h e s e  d a t a  fit in  

r a t h e r  w e l l  w i t h  de  Kock ' s  da ta ,  w h e n  t a k i n g  in to  a c c o u n t  t ha t  m e t h y l  m e r c u r y  com-  

p r i s e s  a m a j o r  pa r t  (on t h e  a v e r a g e  a b o u t  75 % - W. Chr .  de  Kock,  u n p u b l i s h e d )  of t he  

to ta l  m e r c u r y  con ten t .  A c o m p a r i s o n  of t h e  d a t a  for 1974/75 a n d  for 1978 r e v e a l s  t h a t  in  

th is  p e r i o d  t h e  m e r c u r y  c o n t e n t s  of Z. viviparus h a v e  d e c r e a s e d  b o t h  in  t he  E m s  e s t u a r y  

a n d  in  t h e  W a d d e n  S e a  (Fig. 6b, c). 
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DISCUSSION 

W a t e r  

The d isso lved  mercury  contents  in the  Ems es tuary  in 1975/76 compare  wi th  some of 
the  h ighe r  va lues  found in the  Sche ld t  es tuary  by  Baeyens  et al. (1979). The mercury  
content  of the  pa r t i cu la te  mat ter ,  however ,  is h ighe r  in  the  Ems than  in the Scheld t  
estuary.  

A l though  one expects  the  h ighe r  leve ls  to be  found in the  Ems estuary,  s igni f icant  
d i f ferences  b e t w e e n  the Eros es tuary  and  W a d d e n  Sea wi th  r e spec t  to the  con tamina t ion  
of the  wa te r  phase  by  mercury  could  not  be  es tab l i shed ,  due  to the  la rge  var ia t ion  in  the  
data.  However ,  by  way  of act ive b iomoni tor ing ,  us ing  the f i l te r - feeder  Mytilus edufis 
ha rves t ed  from buoys  in the  centra l  North  Sea, de Kock in 1974 could demons t ra te  a 
c lear  d i f ference  b e t w e e n  the  d e g r e e  of mercury  po l lu t ion  in  the  Ems es tua ry  and  a long  
the West  coast  of the  Ne ther lands .  Even wi th in  the  Ems es tua ry  a g rad ien t  was  found 
wi th  inc reas ing  va lues  from the outer  par t  of the  es tuary  towards  Delfzi j l  (Hueck, 1976). 

The  drast ic  r educ t ion  in the  d i scha rge  of mercury  after 1975 m a y  have  l ed  to a 
dec rease  in d i s so lved  mercury  leve ls  in the  Eros es tuary  from 1975/76 to 1978/79. This 
decrease ,  however ,  is not s ta t i s t ica l ly  s ignif icant .  

S e d i m e n t  

The con tamina t ion  of the s ed imen t  by  mercury  appea r s  to be  local.  H igh  concentra-  
t ions in the uppe r  s ed imen t  l ayer  were  found only in the  v ic in i ty  of Delfzi j l  {Table 2). 
Such a local  d i s t r ibu t ion  has  also b e e n  r epor t ed  e l s ewhe re  (Halcrow et al., 1973; Skei ,  
1978; Jones  & Jordan,  1979}. In al l  these  local i t ies  the  hyd rog raph i ca l  condi t ions  a l low 
for s igni f icant  s ed imen ta t ion  of pa r t i cu la te  mat te r  con t amina t ed  by  mercury.  In the outer  
par t  of the es tua ry  the  mercury  contents  are  low; they  are cons ide red  as base - l ine  va lues  
b e c a u s e  the  concent ra t ion  of a n u m b e r  of t race meta l s  in these  sed imen t s  has  not 
c h a n g e d  dur ing  the last  two decades  (Salomons & de Groot, 1977). 

The s ed imen t  in the  Dol la rd  and nea r  Emden  is a lmost  en t i re ly  of mar ine  or ig in  
(Salomons,  1975; Sa lomons  & Mook,  1977). The  mercury  contents  in these  s ed imen t s  are  
h ighe r  than  the base - l ine  va lues  just  men t ioned ,  due  to the  s ed imen ta t ion  of par t ic les  
en r i ched  in mercury  content  nea r  Delfzij l .  It is not  l ike ly  that  s igni f icant  amounts  of 
mercury  are d i s cha rged  by  the River Eros. 

Wi th  respec t  to the  ver t ica l  d i s t r ibu t ion  of mercury  in the  sed imen t  (Fig. 5) we  could  
m a k e  an  es t imat ion  of the  chronology  of mercury  depos i t ion  in the  pe r iod  1960-1976 for 
two cores, us ing  sound ing  and  l eve l l i ng  da ta  (Ministry of Publ ic  Works,  Research  Dept.  
Delfzij l ,  unpubl i shed) .  For Core 5, wi th  a mercu ry -en r i ched  top 10 cm, s ed imen ta t i on  of 
about  2 dec imet res  was  found for the  pe r iod  1960-1976. At  the  loca t ion  of Core 4, whe re  
i nc reased  mercury  contents  were  found down to at  leas t  60 cm, s ed imen ta t ion  of abou t  11 
dec ime t res  occurred  in the  same per iod.  W h e n  me thodo log ica l  inaccurac ies  in the  
es t ima t ion  of the  s ed imen ta t ion  are  t a k e n  into account,  the  ob ta ined  results ,  showing  the 
same  order  of magn i t ude ,  do not  cont radic t  the  conclus ion  that  the  mercu ry -en r i ched  top 
layers  of the  Cores  1-3 and  5, and  the ent i re  Core 4 s e d i m e n t e d  in the pe r iod  of h igh  
mercury  d ischarges ,  i. e. 1960-1976. A s imi lar  a g r e e m e n t  b e t w e e n  the d o w n w a r d  
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occurrence of enhanced mercury contents and the depth of deposition since the disposal 
and discharge of mercury-containing waste commenced was found in the Firth of Clyde 
{Halcrow et al. & Thornton, 1973) and in Mobile Bay, Alaska (Lindberg & Harris, 1974). 

Zoarces viviparus 

A significant positive linear relationship between length and mercury content, as 

was found in Zoarces v~viparu$, has also been found in other fish, e. g. Hsox ludus 
(Johnels et al., 1967; Olsson, 1976) and Gadusmorhua (Jacobs, 1977), in crustaceans, e.g. 
Crangon crangon, and in the gastropod Littorina 11ttorina (Zauke, 1977). Especially in 
organisms with a life span of several years such a relationship represents an integration 

of possible temporary variations in occurrence in the aquatic environment of substances 

which accumulate in the food chain (Johnels et al., 1967). 

Changes in input of mercury into the aquatic environment will lead to changes in 

mercury levels in organisms. In Sweden the mercury content of Esox ]udus showed a 
I00 % increase from 1964 to 1966 (Johnels et al., 1967), whereas from 1968 to 1972, i. e. 

after the use of mercury in Swedish paper and pulp industries was banned, the contents 

decreased (Olsson, 1976). A similar decrease was found in several aquatic organims by 

Armstrong & Hamilton (1973), Armstrong & Scott (1979) and Bacci eta]. (1978). In the 

Ems estuary the reduction of the mercury emissions from 1976 onwards is considered the 

cause of the decrease of mercury contents in Zoarces from 1974/75 to 1978 (Fig. 6b). 
In the Wadden Sea a reduction of mercury levels in Zoarces also occurred (Fig. 6c). 

There cannot be any relation with the reduced emissions in the Ems estuary because of 

the eastward residual water movement in the Wadden Sea and along the coast. The 

influence of the River Rhine on the Wadden Sea has been shown with respect to 

sediments (de Groot, 1973), pesticides (Koeman, 1971) and mercury (de Wolf, 1975). 
Therefore the reduction of mercury contents in Zoarces in the Wadden Sea from 1974/75 
to 1978 may be a result of the greatly decreased mercury discharge by the Rhine during 
1973 (Pig. 7). This decrease continues (Dijkzenl, unpublished). 

Both Koeman (1971) and de Wolf (1975) demonstrated a gradient of decreasing 
levels of contaminants from west to east in the Wadden Sea. It is then reasonable to 

g/s 
4 

1 

0 , , i J , F , 

1972 1973 1974 1975 1976 1977 1978 

Fig. 7. Mercury load (three-monthly averages} of the River Rhine (after Dijkzeul, unpublished) 
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expect that  in  both 1974/75 and  1978 the mercury contents  of Zoarces were h igher  at 
Location 3 than  at Location 2 (Fig. 1). As data from Location 3 ,in t974/75 have b e e n  

compared with data from Location 2 in  1978, the decrease of the mercury contents  of 
Zoarces from the W a d d e n  Sea reported in  this paper  may therefore be an  overestimation.  

Fish are k n o w n  to accumula te  mercury both from water  and  food (Krenkel et al., 
1973). In the Ems estuary we have not b e e n  able  to demonstra te  a s ignif icant  decrease in  
the mercury con tamina t ion  of the water  phase, nor do we have at our disposal data on 

possible decrease of mercury contents  of prey organisms of Zoarces. Zoarces preys upon  
many  benth ic  organisms (Kiihl, 1961). Their  mercury contents may  therefore be l inked  to 
the content  of the sediment .  We do not know, however,  the extent  to which the content  of 
the sed iment  changed  after 1975. But, as Armstrong & Hami l ton  (1973) report a much  
slower decrease of mercury contents  in  benth ic  than  in  f ree-swimming organisms after 

reduct ion of mercury discharges, it is not l ikely that in  the per iod concerned  the mercury 
contents  of the Ems estuary sediments  decreased to such an  extent  that this could expla in  
the observed decrease in  mercury content  of Zoarces. So the ques t ion remains  a long 
which route the decrease in  the mercury contamina t ion  of Zoarces in  the Ems estuary 
was produced. New data on a possible decrease of mercury contents  in  the sed iment  will  
be  ob ta ined  in  1980. 

Data on the effects of the mercury pol lut ion upon  Zoarces and  other organisms in  the 
Ems estuary are not avai lable .  In the area nea r  Delfzijl where  the higher  mercury 
contents  in  the sed iment  have b e e n  found inter t idal  macrozoobenthos was absent  
(Essink, unpubl ished) .  This might  be caused by the presence  of h igh concentrat ions of 
mercury. At least, the fact that the top 30-50 cm of the sediment  consisted of very soft 
mud  does not  make  it unsu i t ab le  for ben th ic  animals  to live in, as Michael is  (1973) 
showed for the Blexen area of the Weser  estuary. 

The difference in  mercury content  be twe e n  female and  male Zoarces from the Ems 
estuary - though not statistically s ignif icant  - may never theless  have some mean ing .  It 
may indicate  that dur ing  gestat ion females transfer a s ignif icant  amount  of their  body 
b u r d e n  of mercury to the embryos. This is be l i eved  to occur in  some mar ine  mammals  
with respect  to organochlorines,  which  leads to females hav ing  lower contents than  
males  (cf. Duinker  & Hil lebrand,  1979). In Mytilus 'de Wolf & Lewis (1972} found a sharp 
decrease in  mercury content  after spawning.  They suggest  that part  of the mercury 
leaves the mussel  with the gametes.  Indeed  Zoarces is nes a b ivalve  nor a mammal ,  
bu t  as in  mammals  the embryos obta in  their nutr i t ion main ly  from the female body. To 

that end  the ovary of Zoarces has special, p lacenta- l ike  structures (Duncker & Mohr, 
1928). In this context some pre l iminary  laboratory observations on the survival  of newly-  
born  Zoarces are of interest.  The results suggest  that there may be reduced survival  in  
young  fish born  from Ems estuary parents,  as compared with fish from the W a d d e n  Sea. 
Further  inves t iga t ion  into this matter  is p lanned .  
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