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ABSTRACT: As part  of an interdisciplinary research programme, lead contents were measured  in 
the polychaete Nephtys spp. and in the sea-urchin Echinocardium cordatum as weU as in the 
respective sediment  fractions < 20 ~m taken from the Dogger Bank proper  and the eas tern  coastal 
North Sea. A lower lead content  was generally observed in the organisms taken from the  German  
Bight than in those from the Dogger Bank, especially from its northeastern part. It is possible to 
divide both areas according to the slope found in the l inear regression of lead versus total organic 
carbon contents in sediments, which is twice as steep for the Dogger Bank as for the eas tern  North 
Sea. This criterium points to a difference in sediment  quahty with regard to toxic metal  contamina-  
tion. The sediment  quality of the Dogger Bank seems to be  twice as bad  compared with that  of the 
eastern North Sea. This is in good agreement  with the differences found in lead contaminat ion of the 
sediment-dwell ing polychaetes from both  areas. The results indicate that  lead is primarily accumu- 
lated by food ingestion. 

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

P r e d i c t i o n  of t h e  b i o a v a i l a b i l i t y  a n d  tox ic i ty  of m e t a l s  in  a q u a t i c  s e d i m e n t s  is a 

cr i t ical  c o m p o n e n t  in  t h e  d e v e l o p m e n t  of s e d i m e n t  qua l i t y  c r i t e r ia  (F6 r s tne r  e t  al., 1990}. 

G i v e n  t h e  i m p o r t a n c e  of t he  s e d i m e n t - w a t e r  i n t e r f a c e  in  con t ro l l i ng  v a r i o u s  b i o g e o c h e m -  

ical  cycles ,  a n d  t h e  p o t e n t i a l  s ens i t i v i ty  of t h e  o r g a n i s m s  l i v ing  a t  th i s  i n t e r f a c e  to t h e  

m e t a l s  a c c u m u l a t i n g  in  t h e i r  i m m e d i a t e  e n v i r o n m e n t ,  i t  w o u l d  b e  of g r e a t  p r a c t i c a l  

i n t e r e s t  to b e  a b l e  to a s s e s s  t h e  b i o a v a i l a b i l i t y  of m e t a l s  a s s o c i a t e d  w i t h  a p a r t i c u l a r  

s e d i m e n t .  In fact,  t h e r e  a r e  a lo t  of s t u d i e s  o n  t h e  l eve l s  of c o n t a m i n a n t s  i n  m a r i n e  

i n v e r t e b r a t e s  t h a t  l ive  in  or f e e d  o n  s e d i m e n t s  ( C a m p b e l l  e t  al., 1988, a n d  c i t a t i o n s  t h e r e -  

in). T h e y  u s u a l l y  focus  o n  a s s e s s i n g  g r a d i e n t s  in  c o n t a m i n a t i o n  w i t h i n  t h e  s a m e  h y d r o -  

g r a p h i c  s y s t e m  or  o n  c o m p a r i n g  t h e  c o n t a m i n a t i o n  l eve l s  of d i f f e r en t  a reas .  T h i s  s tudy ,  as  

p a r t  of a n  i n t e r d i s c i p l i n a r y  r e s e a r c h  pro jec t ,  r e p r e s e n t s  s u c h  a c o m p a r a t i v e  s u r v e y  of two  

d i f f e ren t  a r e a s  w i t h i n  t h e  s o u t h e r n  p a r t  of t h e  N o r t h  Sea.  It e v a l u a t e s  t h e  ro le  of 

s e d i m e n t s  as  a s o u r c e  of c o n t a m i n a n t s  to o r g a n i s m s .  In sp i t e  of t h e  fac t  t h a t  f i e ld  s t u d i e s  

u sua l l y  fail  to p r o v i d e  d i r ec t  p roo f  of a c a u s a l  r e l a t i o n s h i p  b e t w e e n  a spec i f i c  a b i o t i c  

c o m p a r t m e n t  a n d  c o n t a m i n a n t  c o n c e n t r a t i o n s  i n  o r g a n i s m s ,  th i s  s t u d y  a t t e m p t s  to 

p r o v i d e  s o m e  q u a l i t a t i v e  r e l a t i o n s h i p s  w h i c h  m a y  e l u c i d a t e  t h e  ro le  of s e d i m e n t  c o m p o -  

n e n t s  as  a poo l  of b i o a v a i l a b l e  toxic  me ta l s .  L e a d  w a s  t a k e n  as  o b j e c t  of th i s  p r e h m i n a r y  

e x a m i n a t i o n .  
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MATERIALS AND METHODS 

In Augus t  1986, samples  of sediments  and  of macrofauna  spec ies  such as the  
po lychae te  Nephtys  spp. and  the sea-urchin  Echinocardium cordatum were  t aken  to 
ana lyse  their  t race meta l  content.  These  species  were  chosen b e c a u s e  they  represen t  
different  types  of predators and deposi t - feeders .  The major  reg ion  of inves t iga t ion  was 
the  Dogger  Bank, an offshore sha l low-water  area,  approx imate ly  300 k m  in length.  
Ano the r  a rea  s amp led  was loca ted  a long the eas tern  North Sea coast. The  samples  were  
t aken  with a ga lvan ized  0.2 m 2 Van-Veen  grab. Sediments  were  t aken  from the topmost  
sed iment  layer  in the middle  of the grab, avoiding contact  with the g rab  walls. From a 
second grab  catch, sed iment  was quickly w a s h e d  through a sieve m a d e  of a plast ic  f rame 
and stainless  steel  mesh.  U n d a m a g e d  living spec imen  were  kep t  in a cont inuous  flow 
incubat ion  for two days  to al low them to empty  their  guts. They  were  subsequen t ly  s tored 
frozen ( - 2 0  ~ 

Sediments  were  first t ransferred to a 2-1 glass b e a k e r  us ing  Mil l i -Q water ,  s t i rred 
vigorously in an ul trasonic ba th  for 5 rain to d isperse  the  fines and  to d i s a gg re ga t e  any 
faecal  pe l le t  flocs, and  a l lowed to s tand  ~ 5 rain to settle the coarse  and  in t e rmed ia te  size 
material .  The  suspension,  conta in ing the f ine-gra ined  material ,  was  then  d e c a n t e d  to a 
second b e a k e r  and  w a s h e d  finally through a precis ion e lec t roformed s ieve  (mesh size 20 
btm) made  of pure  nickel.  Ex tended  ultrasonic wet -s iev ing  was  t he r e by  avo ided  to 
p reven t  sc rubb ing  of coat ings from the coarse -gra ined  sed iment  fraction. T h e  samples  
were  f reeze-dr ied  and  subsequen t ly  d iges ted  in an open sys tem by boi l ing nitric acid  
prior to analysis  of t race meta ls  by  graphi te  furnace atomic absorp t ion  spec t roscopy 
(GFAAS). Subsamples  were  addi t ional ly  ext rac ted  in 1 M HC1 in o rder  to ge t  a "non- 
res idual"  fraction of the metals .  Total  organic  carbon (TOC) in subsamples  of these  
sed iment  fractions was  de t e rmined  with the usual  CHN-Analysa to r  t echn ique  (Liebezeit ,  
pers.  comm.). 

Spec imens  of Nephtys spp. were  se lec ted  to give the length  class 6 -8  cm. Five 
individuals  pe r  s tat ion were  pooled,  f reeze dr ied  and subsequen t ly  pu lve r i zed  with a 
plastic stick. An al iquot  of about  100 mg was used  for the analyt ica l  p rocedure  desc r ibed  
in detai l  previous ly  (Kr6ncke, 1987). For IF.. cordatum, the length  class 3 -5  cm was  chosen 
for this study. Cont rary  to the  p rocedure  used  for the other  species,  the  calcit ic ske le ton  of 
E. cordatum was t aken  for analysis.  From each specimen,  a p iece  of abou t  20 m m  2 from 
the mouth region  of the ske le ton  was b roken  off, pooled  to give r ep resen ta t ive  sub- 
samples,  solubi l ized by nitric acid  and  subsequen t ly  analysed.  For all biotic and  abiotic  
samples  and  stations, two independen t ,  ident ical ly  t rea ted  subsamples  were  ana lysed  in 
order  to eva lua te  reproducibi l i ty .  

RESULTS AND DISCUSSION 

L e a d  c o n c e n t r a t i o n s  in  s e d i m e n t s  a n d  o r g a n i s m s  

The m e a n  proport ions  of the  < 20 btm fraction, as wel l  as m e d i a n  va lues  of t race 
metal  concentra t ions  in sed iments  and  organisms from both areas,  the  Dogger  Bank and  
the eas tern  North Sea, are summar ized  in Tab le  i.  The dis tr ibut ion of l e ad  concentra t ions  
in the  < 20 btm fraction of the  sandy  sed iments  is g iven in Fig. 1. It shows, at  first g lance,  
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Table 1. Median values of total lead and carbon concentration (~tg/g dry weight) in sediment, 
polychaete Nephtys  ssp., and sea-urchin EcMnocardium cordatum 

Location Sediment < 20 t~m Nephtys  spp. E. cordatum 
TOC % Pb Pb Pb 

Dogger Bank 5000 0.92 140 2.85 32.8 
Eastern N.S. 6200 0.85 154 1.80 15.0 
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Fig. 1. Lead concentration distributions in North Sea sediments < 20 l~m 

no significant difference be tween  the two areas of investigation, which could be con- 

firmed by statistical analysis using notched box and whisker  plots. 
Results on the lead contents of macrofauna species published earlier by Kr6ncke 

(1987) showed in contrast to the results on lead contents in the sediment  a significant 
difference be tween  the two areas. A lower lead content  was general ly  observed  in the 

individuals taken from the eastern coastal area compared  with those from the Dogger  

Bank, especially from its nor theastern part. These results contradict the prevai l ing 
opinion that offshore inver tebrate  populations are, in comparison to individuals  from 

coastal regions, less affected by contaminants  such as heavy metals. The quest ion arose 

whether  this difference could be expla ined in terms of any sediment  quali ty factor 
controlling the obviously different bioavailabili ty of lead in these two areas, r ega rd ing  the 

similar total amount  of this toxic metal  in the f ine-grained fraction of the sediments.  

C o r r e l a t i o n s  a n d  r e g r e s s i o n s  

Previous investigations have  shown that organic matter  provides an impor tant  
substrate for trace metals  in North Sea sediments  (Kersten & Klatt, 1988). Table  2 depicts  
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Table 2. Correlation matrix of metal concentration in sediment versus that in benthic organisms 
(n.s. = non-significant, p = 0.05-0.001) 

TOC Pb PbfrOC Pb/Pe" 

Pb (Sediment) 0.001 
Pb (Nephtys spp.) 0.001 0.05 n.s. n.s. 
Pb (E. cordatum) n.s. n.s. n.s. n.s. 

* 1 M HC1 extractable 

the highly significant positive correlation be tween  lead and  organic carbon, even  though 
the variability of sedimentary  envi ronments  represented in the entire data set of 32 
samples of this study was neglected.  The correlation coefficients can be improved,  if the 
data of the two areas are analysed separately, indicat ing different regressions be tween  
lead and TOC. 

If increasing metal  concentrat ions in sediments are mostly due to a corresponding 
increase in  the organic matter  conta ined in the sediment,  as indicated by  the correlation 
results for lead, then the gradient  method according to Cato (1977) may facilitate 
interpretation. The method is based on the relationship be tween  the metal  in quest ion 
and  the content  of organic carbon using regression analysis. Cato {1977) proposed to use 
the gradient  of the metal -TOC regression curve {i.e. the slope of the regression curve in 
Pig. 2a) as a measure  of the contaminat ion degree of a certain area assuming  that  most of 
the anthropogenic  metal  fraction in  sediments  is bound  to organic matter. The  steeper  the 
gradient, the higher the level of heavy metal  contamination The differences in  the metal  
contents  at zero TOC concentrat ions (y-axis intercept} be tween  regressions from differ- 
ent  areas can be interpreted as a function of the amount  of metals coprecipi tated by Pe/ 
Mn  oxihydrates or held in the mineral  lattices {i.e. the geological background) .  The slope 
of the regression, however, may be i ndepende n t  of the mean  TOC concentra t ion of the 
sediment,  i.e. the compositional variations be tween  different areas. In fact, the TOC 
median  of the eastern North Sea samples is higher  than that of the Dogger Bank samples 
{Table 1}. On the other hand,  the Pb-TOC regression slope is twice as high for the Dogger 
Bank samples as that for the eas tem North Sea sediments. According to this result, the 
Dogger Bank sediment  quality with regard to lead contaminat ion seems to be twice as 
bad  as that of the coastal area of the eastern North Sea. This is in  turn in  good agreement  
with the contaminat ion differences found in the benthic  organisms of both areas. 

This result  points to a possible l ink be tween  bioavailability and the organic  fraction 
of lead in sediments,  which is also supported by the significant positive correlation 
be tween  lead content  in polychaetes Nephtys spp. and TOC contents  in the sediment  
samples (Pig. 2b). No correlation {p _< 0.05) has been  found be tween  total lead content  in 
sediments  and  that in the polychaetes.  In fact many authors have previously failed in  
their a t tempt to relate concentrat ions of contaminants  in sediments  to those in  organisms. 
Most of them beheve  that within sediments,  only specific chemical b i n d i n g  forms of 
contaminants  are bioavailable (e.g. Campbel l  et al., 1988). Por this reason, the sediments  
were subjected to more moderate  extraction in order to leach the b ioaval lable  metal  
portion only. Prompted by the somewhat  improved correlations, and eager  to find 
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relat ions of predic t ive  value,  further research  was focused on complexa t ing  s ed imen t  
components .  It was  d iscovered  that  s t ronger  correlations are  found w h e n  the .  major  
complex ing  components  l ike iron,, mangane se ,  humic substances  and  total  organic  
carbon of the  sediments  are t aken  into account. Iron oxihydrates ,  for example ,  a re  
sugges t ed  to be  in compet i t ion with b iogenic  mechanisms  for meta l  u p t a k e  as p red i c t ed  
similarly for organic  chelators  in the wa te r  column. Luoma & Bryan (1978) showed  in an 
often ci ted s tudy that  the bioavai labfl i ty  of l ead  in sed iment  to the depos i t - f eed ing  c lam 
Scrobicularia plant seems to decrease  by  the same amount  by  which the leve l  of react ive  
(i.e. 1 M HC1 extractable)  iron in oxidized surface sediments  increases.  They  showed  that  
the  ratio Pb/Fe  in 1 M HC1 extracts  may  reflect  avai labi l i ty of l ead  to the  b iva lve  species,  
while  correlat ion coefficients for Ph-an imal /Pb-sed iment  were  found to b e  low. However ,  
no improvemen t  of correlat ion signif icance has  been  found using this rat io for our da ta  
(Table 2). 

Some remarks  are  necessary  in order  to expla in  the low correlat ion b e t w e e n  l ead  
ex t rac ted  chemical ly  from sed iment  components  and  that  e x t r a c t e d f r o m  the ahimals .  
Even if the  meta l  port ions ext rac table  from sediments  with vary ing  geologica l  and  
chemical  character is t ics  are  different, the meta l  content  in benthic  o rgan i sms  can be  
similar or vice versa.  This hand icap  is pr imar i ly  due to a lack  of informat ion about  the  
specific mechan i sm by which  organisms act ively t ranslocate metals.  Moreover ,  correla-  
tion analysis  is further  compl ica ted  b y  the po lychae te ' s  abil i ty to act ively  r egu la t e  meta l  
contents  (Bryan 1985). H ighe r  body  concentrat ions  might  also be  due  to di f ferent  g rowth  
rates of macrofauna  species.  It is known  that  offshore popula t ions  have  a lower  growth  
rate than nearshore  ones because  of lower  t empera tu res  and lower  food supp ly  (Bucha- 
nan, 1966~ Duineve ld  & .Jenness, 1984). That  would  m e a n  that  offshore spec imens  with  
the same size as those from coastal  waters  have  more time to accumula te  metals .  Also size 
f requency distr ibut ions for the ophiur ids  Amphiura ffliformis and  Ophiura albida by 
Kfinitzer (1989) show that  individuals  from stations nor th-eas t  of the  D o g g e r  Bank are  
much older  than  those  nor th-west  of Helgoland .  In contrast, current  g rowth  r ing ana lyses  
for O. albida from the  same samples  b y  Dahm (pets. comm.) indicate  no di f ference in 
growth and  age  b e t w e e n  the individuals  from the two areas  of invest igat ion.  This would  
confirm that  the h igher  toxici ty  of the Dogger  Bank sed iments  results  in h igher  l ead  
contents  of the  biota.  

CONCLUSIONS 

Polychaetes  (e.g. Nephtys spp.) dwe lhng  in the sediments  of two different  a reas  of 
the North  Sea  show different  degrees  of l ead  up take  in contrast  to the s ame  total  quant i ty  
of l ead  in the  f ine -gra ined  sed iment  fraction. Thus, the use of total  s ed imen t  meta l  
concentra t ion as wel l  as non-res idua l  meta l  fractions as a measure  of the  b ioava i l ab le  
concentra t ion is not  suppor t ed  by  the da ta  avai lable  from this and  other  studies.  It was  
shown, however ,  that  an increas ing  s lope  in the  regress ion b e t w e e n  l ead  and  organic  
carbon content  in sed iments  cor responds  with increas ing  toxicity of the  sediments .  This 
g rad ien t  me thod  p roposed  by  Cato (1977) as a sed iment  quahty  cr i ter ium seems  to be  an 
efficient and  s imple  predic t ive  tool to compare  different areas.  This resul t  ag rees  wel l  
with the gene ra l  observat ion  that  the only inges ted  sed iment  componen t  that  has  the  
same effect on all s ed iment -dwel l ing  organisms in all invest igat ions  is o rganic  mat ter .  
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The  bas i c  q u e s t i o n  w h e t h e r  and ,  if so, w h y  c o n t a m i n a t e d  s e d i m e n t  t h r e a t e n s  t h e  biot ic  

e n v i r o n m e n t ,  h o w e v e r ,  c a n n o t  b e  a n s w e r e d  b y  our  or o the r  f ie ld  surveys .  
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