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INTRODUCTION

The B rem erhaven  W orkshop on Biological Effects of 
C ontam inants  in the North Sea continued the series 
initiated by the IOC Group  of Experts on the Effects of 
Pollution with the Oslo Workshop (Bayne et al. 1988), 
followed by ano ther  ex tending  the approach  to tropical 
seas in the B erm uda Workshop (Addison & Clarke 
1990). The B rem erhaven  Workshop has  b roken  new 
ground  in 3 major respects. First, it used a num ber  of 
vessels to take biological techniques to sea  w here  
practicable, or applied  them  as soon as possible after 
samples w ere  b rough t ashore. Second, the workshop 
deployed the techniques in a context akin  to that 
w hich m ight be em ployed in monitoring program m es 
on a 200 km transect, providing a realistic test and 
basis for comparison. Third, the workshop was of a 
la rger  scale and  complexity than  had  b ee n  a t tem p ted  
previously, deploying techn iques  from the molecular 
to com m unity  levels of biological o rganisation  and 
relating results to a b road range  of chemical m e a su re ­
m ents  of tissue, w ater  and  sediments.

The prim ary objective of the w orkshop was to m ake  
an inter-comparison of es tab lished  and  cand ida te  tech ­
n iques for monitoring program m es. While the tech ­
n iques w ere  dep loyed  s im ultaneously on the sam e g ra ­
dients, often on the sam e fish, sed im en t or w ater  
samples, it was not the task  of the w orkshop to a t tem pt 
to intercalibrate  or m ake  any selection using the r e ­
sults. N evertheless  the information p resen ted  in the

papers ,  and  the data  an d  plots g iven in the append ices ,  
provide a good basis for a more rigorous com parison 
and  an eva lua tion  of techniques.  This is particularly so 
in the case of EROD and  the oyster em bryo  bioassay, 
w here  a n u m b e r  of partic ipan ts  w ere  using similar 
techniques,  p roviding an  ex tensive  d a ta b a se  for in te r­
comparison. Some of the techn iques  that w ere  success­
fully dep loyed  are  identified in the  brief rev iew  of the 
results of each  g roup  tha t follows.

The p lann ing  and  execution  of the w orkshop  and  
prepara tion  of the results for publication have sp a n n ed  
5 yr, during  w hich time significant scientific advances  
have b ee n  m ade  in the field of biological effects te c h ­
n iques and  the com m itm ent to deploy them  within 
monitoring program m es. For those who select te c h ­
niques to incorporate in monitoring  p rog ram m es  the re  
n eed s  to be an  aw a re n ess  tha t techn iques  a re  evolving 
continually and  w orkshops such  as this are  necessary  
to test new  techniques,  and  m ake  com parisons with e s ­
tablished ones.

CONCLUSIONS FROM DIFFERENT WORKSHOP 
GROUPS 

Dab -  b iochem istry

Indices of M FO activity (EROD an d  re la ted  m e a s u re ­
ments) in dab  liver p roved  to be  reliable indicators of 
exposure  to organic contam inants ,  desp ite  the timing 
of the w orkshop  w h en  stress due  to reproduction  could
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h ave  confounded  effects re la ted  to contam inants .  Fish 
from the  most con tam ina ted  onshore  stations had  h ig h ­
est hepa t ic  M FO activity, an d  results show ed  cons ider­
ab le  in te rna l  consistency. T he  results  fu rthe r  confirm 
the  utility of EROD in dab  as a sensitive and  in fo rm a­
tive index of exposure  to organic con tam inan ts  (chlori­
n a te d  or po lynuclear  arom atic  hydrocarbons)  suitable 
for use in m onitoring program m es. C holinesterase  
(AChE and  BChE) inhibition, classically induced  by or- 
g a n o p h o sp h o ru s  and  ca rb am a te  pesticides, exhibited  
similar trends, suggesting  un identif ied  contam inants  
with  a similar distribution. M etallo th ionein  induction 
in dab  canno t yet be  u sed  as an  index of m etal e x p o ­
sure, b ec au se  the rela tionship  b e tw e e n  m etal e x p o ­
su re  and  m etallo th ionein  induction is complex, varying 
b e tw e e n  tissues an d  appa ren t ly  in response  to r e p ro ­
ductive  activity.

Dab -  m olecular and cellu lar pathology

T he results  from a n u m b e r  of b iom arker  techn iques  
d em o n s tra te  d eg e n era t iv e  ch a n g es  in liver cells w ith ­
out overt expression  of d isease. T hese  are  most 
m a rk e d  in fish from the inshore stations, particularly 
for indices of lysosomal d a m a g e  (m easu red  by several 
techniques) ,  toge ther  with b iom arkers  of liver d e g e n ­
era tion  such  as fatty change, p re se n ce  of ras oncopro­
teins an d  p reneop las t ic  foci. In addition, b iom arkers  of 
po llu tan t xenobiotic exposure  such as inc reased  e n d o ­
plasmic reticulum, oxyradical gene ra t ion  an d  in tra ­
cellular EROD activity (corroborating the  biochemical 
data) dem ons tra ted  clearly tha t fish show ing  d e g e n ­
era tion  h ad  also b ee n  exposed.

D ab em bryos  from the  surface p lank ton  show ed f re ­
quenc ies  of abnorm alities  tha t  w ere  e leva ted  at the 
most con tam ina ted  sites. A h igh  proportion  of such a b ­
normalities h ave  b e e n  d em o n s tra ted  experim entally  to 
be le thal (Cam eron  pers. comm.). It is unc lea r  w h a t  is 
causing  the abnormalities; they m ay be due  to co n tam ­
inant exposure  of the p a ren ts  on the sea  bottom or of 
eggs  in the  plankton.

Dab -  gross pathology and h istopathology

The p reva lence  of ep iderm al hyperp la s ia /pap i l lo ­
mas dec reased  with d is tance offshore. Their  aetiology 
rem ains uncer ta in  an d  further  work is necessary  to 
es tablish how useful they  m ay be as pollution in d ic a ­
tors. While the re  is m uch  ev idence  tha t liver neoplasia  
in o ther  flatfish species is chemically induced, further  
ev idence  is n e e d e d  to establish this link in dab. 
N everthe less  neoplasia  in North Sea d ab  could well be 
an  indicator of exposure  to carc inogenic  com pounds.

O ne significant concern  with respect  to the  use of 
d isease frequency  for pollution monitoring is the 
ex ten t to which f requencies  and  contam inant concen ­
trations in the benthic sed im ents  on which they rest 
and  feed are geographically  correlated, w hen  the m i­
gratory range  of N orth  Sea dab  (Rijnsdorp et al. 1992) 
and  the delays be tw e en  induction and  full expression 
of d isease may be  m any months. The implication is that 
con tam inan t concentra tions and  their biological effect 
will correlate m ore  closely with rapidly induced  lower 
order  indices.

Water quality bioassays

A range  of techniques w ere  dep loyed  at sea, and  
while they varied considerably in sensitivity, bioassays 
apparen tly  re sponded  to the 2 w ater  masses in the 
G erm an  Bight (Becker et al. 1992), differentiating the 
continental coastal w ater  from the offshore water, as 
Wilson & Arm strong (1961) did in the English Channel.  
The ability to differentiate naturally  occurring water  
masses  in this w ay implies tha t sensitivity of bioassay 
techn iques  is a d e q u a te  to detec t significant contam i­
nation. This was borne out by responses  to contam i­
na ted  nearshore  subsurface w ate r  samples and  to sea 
surface microlayer samples. The various techniques 
show ed  considerable coherence  with each  other and  in 
relation to the contam ination gradients,  generally  ind i­
cating  im proved w ater  at the m ore offshore stations, 
with the  most m arked  biological effects to samples 
from the  benthic and  sea surface interfaces.

Benthos -  com m unity structure

Clear trends in macro- and  m eiofauna community 
s tructure  along the G erm an  Bight transect ap p e a r  most 
closely re la ted  to changes  in sed im en t granulometry, 
w ate r  dep th  and  salinity, with particle size the most 
im portan t factor. However, zinc and /o r  m ercury  may 
also be significant correlates, especially for the 
copepod  species. M arked  variations in parti tioning of 
contam inants  with the  different sed im ent size fractions 
m ay also be im portan t in that the fine fraction (< 63 pm) 
had  a h igher organic carbon content with h igher  con­
centrations of associa ted  contaminants.

The capping of drilling site sed im ents  with a layer 
(several cm) of clean well-mixed sed im ents  (Rumohr & 
Schom ann 1992) in the 2 mo before the workshop 
resulted  in rem arkab le  hom ogeneity  in the meiofauna, 
while the m acrofauna community inhabiting  the 
underly ing sed im ents  contam inated  by drilling muds 
reflected  the  gradient.  These findings have  important 
implications for the use of benthic  com munity com po­
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nents  for monitoring contam inated  sediments, par t icu ­
larly w here  sed im ents  are  mobile and  contamination 
likely to be stratified. W here contam inant stratification 
is so m ark ed  be tw een  ad jacen t layers, sam pling for 
chemical analysis and  sed im en t bioassays needs  to be 
with foreknowledge .  Unfortunately  the workshop 
REMOTS survey results, which dem onstra ted  stratifi­
cation be tw een  con tam inated  and uncontam inated  
sediments, w ere  not available beforehand.

Benthos -  sedim ent bioassays

While the sed im ents  tes ted  w ere  not toxic enough  to 
provide an  ad e q u a te  trial of the 11 tests used, a clear 
recom m enda tion  for the infaunal am phipod  survival 
and  48 h oyster em bryo larval deve lopm ent techniques 
is m ade  by the group involved. It should be ad d e d  that 
those sed im ent bioassays that d ep e n d  on survivorship 
alone may not be as sensitive as those that utilise sub- 
lethal indices of effect. T here  is a need  to incorporate 
m ore appropr ia te  indices of effect than  lethality, in 
particular  reproductive success.

M any of the partic ipants conduc ted  sed im ent b ioas­
says in their own laboratories in the N etherlands,  the 
United Kingdom, C a n ad a  and  the United States. Some 
sed im ents  w ere  in s torage or transit for up to 3 wk. This 
em phasised  the n ee d  to establish protocols for m in i­
mising chemical change  in sed im ents  prior to bioassay 
tests.

C h anges  in ben th ic  com m unity  s tructure observed 
during the workshop re la ted  primarily to variations in 
sed im ent g ranulom etry  and  it is to be  expected  that 
o rganism s in laboratory sed im en t bioassays will also 
be  s tressed by sub-optimal g ranulom etry  for ea ch  sp e ­
cies. N evertheless  it should be possible to account for 
this and  other factors un re la ted  to contam ination by 
a p p ro p n a te  experim ental des ign  (e.g. re ference sed i­
ments) or m ethods  for da ta  analysis.

Chem istry

A major input to the  w orkshop  was provided by 
chemists in 9 laboratories resulting in a com prehensive 
da tabase  for re levant contam inants  in tissues, w ater  
and  sediments. Not only do the analyses help to in te r­
pret the biological data, but in addition pose significant 
questions concern ing  the behaviour of contam inants  in 
the  North Sea. All the chem ical data  are  g iven in 
A ppend ix  1. The chemical p rogram m e, though  well 
conceived, was poorly execu ted  d ue  to a failure to 
appoin t 2 chemists in advance  of the workshop, who it 
was in tended  would assist with sam pling and  the p r e p ­
aration and  curation of samples. Any successor to this

w orkshop  should seek  the collaboration of chem ists  at 
the outset to ensu re  their  active partic ipation at every 
stage.

Statistics

The statistical input suffered from similar prob lem s 
to the chemistry, m ore specifically the involvem ent of 
the statistics co-ordinator should have  occurred  earlier, 
and  following the w orkshop  a g rea te r  inpu t to data  
analysis w as req u ired  than  w as available . In particu lar  
the  sed im en t sam pling b ecam e confused with difficul­
ties in differentia ting  replicates  from pseudo-rep l i-  
cates, due  to the  involvem ent of 3 vessels and  2 types 
of grabs (Van Veen and  boxcore), with variation in the 
m ethods  u sed  to subsam ple  sediments.

The p resen ta t ion  of statistical da ta  has b ee n  m a d e  as 
consistent as possible. All da ta  have  b ee n  pu t into 
appendices .  Statistical p rob lem s arising in some of the 
pape rs  h ave  b ee n  addressed ,  those tha t rem ain  are  the 
responsibility of the authors. For exam ple  some 
authors  have  se lected  a 're fe rence '  station on the 
G erm an  Bight transect an d  their  use of it m ay  influ­
ence the form of the da ta  upon  w hich  they have  based  
their  in terpretat ion . A nother  exam ple  concerns the in ­
adm issible use of v a n a b le s  as replicates which m ay in ­
fluence the form of the data  upon  w hich  they based  
their in terpre tat ion.

SPECIFIC AREAS OF INTEREST

In the in troduction to this volume (Stebbing & Deth- 
lefsen 1992), 3 a reas  of particu lar  in te rest w ere  h ig h ­
lighted  because  they h e lp ed  de te rm ine  the  direction 
tha t the  w orkshop  took from an  early stage. Each is 
now  re-exam ined .

Indices of health and d isease in dab 
Lim anda lim anda

T he w orkshop  provided  a s im ultaneous test of a 
w ide ran g e  of techn iques  to m e asu re  toxic stress and  
disease  in dab, involving m ore  effort than  any other 
aspec t  of the  workshop. O ne objective w as to obta in a 
m ore in teg ra ted  u n d e rs ta n d in g  of the  rela tionship  
b e tw e e n  biochemical, m olecular  an d  cellular m e a s u r e ­
m ents,  which m ay be used  as indices of inc ipient d is­
ease, in relation to overtly exp ressed  disease . In 
a t tem pting  to in teg ra te  un d e rs ta n d in g  sp a nn ing  these 
levels of organisation, we now  h ave  a hypothetical 
se quence  (Moore 1992) incorporating  a n u m b e r  of the 
biochemical, molecular and  cellular effects of toxico-
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logically in d u ced  d eg e n era t iv e  ch a n g e  in the  liver 
likely to p re c e d e  their  overt expression  as disease, e.g. 
liver neoplasia. Thus it m ay be expec ted  tha t lower 
order  responses,  closer to the  m echanistic  point of d is­
ease  induction, m ay be  used  to indicate  incipient d is­
ease. Such techn iques  m ay then  p e rh a p s  be incorpo­
ra ted  in m onitoring p rog ram m es  with bet ter  u n d e r ­
s tand ing  of w hy they should  be  used, and  w hat they 
m e an  with  respec t  to the  hea lth  of the population.

W ater quality b ioassays and sea surface 
m icrolayer

W ater quality b ioassays perfo rm ed  at sea  confirmed 
the  overall t rend  of d ep re ssed  w ate r  quality  a t the  most 
inshore stations in the  p lum es of the Rivers Elbe and  
Weser. Significant responses  w ere  found to samples 
from the  sea  surface m icrolayer an d  elutriates of sed i­
m ents  from superficial ben th ic  sedim ents.  All the  m ore 
m a rk e d  effects d e tec ted  by the  b ioassay and  other 
techn iques  w ere  in re la tion  to the  accum ulation  of con ­
tam inan ts  at the sea  surface or ben th ic  interfaces.

While it has  b ee n  recogn ised  for some time tha t con ­
tam inants  accum ula te  at the  m icrolayer  to co ncen tra ­
tions m any  times g rea te r  than  those in the im m edia te  
subsurface , the  w orkshop  dem ons tra ted  for the first 
time tha t the overall effect is to crea te  a layer tha t may 
be toxic to those o rganism s exposed  to it. Chem ical 
analysis of m icrolayer sam ples  show ed  tha t significant 
g roups of con tam inan ts  (metals -  C u 2+, Pb2+¡ organo- 
tins -  TBT) m ay  occur at e leva ted  concentra tions in off­
shore samples. Concentra tions of TBT exceeded  the 
UK E nvironm ental  Quality  S tanda rd  (EQS) of 5 ng  I"1. 
The results pose ques tions reg a rd in g  the flux of con­
tam inants  and  the  ex ten t  to which their  accum ulation  
in the m icrolayer rela tes to a tm ospheric  deposition, to 
inputs at the  sea  surface and  to contam inants  tha t rise 
th rough  the w a te r  columns. While the  sea surface is a 
biologically active interface, with num erous  species as 
t ransien t (seasonal, diurnal) m e m b ers  of the  neuston, 
the ex ten t  to w hich  they are  exposed  to the  microlayer 
is unclear. It is know n  tha t the  m erop lank tom c com po­
nen t  of the neus ton  includes the eggs  and  larvae of 
inverteb ra te  and  fish species, and  the e leva ted  f re ­
quencies  of abnorm alities  in dab  em bryos occurring in 
the surface p lank ton  (Cam eron  & Berg 1992).

Triad

The Triad m e thod  of assess ing  sed im en t quality d e ­
pends  on an  in tegration  of sed im en t toxicity testing, 
chemical analysis and  benthic com m unity  structure. 
Using the  Triad in a b u rd e n  of ev idence approach,

sed im ents  nea res t  the Elbe are  m oderately  polluted. It 
is ev ident that all indices of sed im ent contamination 
and  biological effects should be ta k en  into cons idera­
tion. In the case of the 2 grad ien ts  investiga ted  here, 
this m ethod  of in tegrating  d ifferent kinds of data  p ro ­
v ided no g rea te r  insight than  other methods.

RESULTS OPENING UP NEW POSSIBILITIES 

C ryopreservation of invertebrate larvae

T he most widely used bioassay in the m arine field is 
tha t using oyster embryos, and  m ore scientists applied 
the techn ique  during this w orkshop  than  ever  before. 
The utility of the  techn ique  is limited by the seasonal 
reproductive  cycle of the adults, so the potential for 
cryopreserved  gam etes  is considerable in freeing the 
techn ique  trom seasonal constraints. While the re  are 
no problem s in freezing sperm, ova have proved more 
intractable. N evertheless, within the workshop cryo­
p rese rved  larvae w ere  used in w ate r  quality bioassays 
at sea for the first time, an d  in experim ents  using larval 
g row th  and  survival they w ere  apparen tly  at least as 
sensitive as the em bryo bioassay. Considerab le  w ork is 
requ ired  to establish concentra tion /response re la tion­
ships for a com prehensive in tercomparison, although 
cryopreservation  clearly enhances  the potentia l of 
such bioassay techniques.

A bnorm alities in fish em bryos

Surveys of fish em bryos in the sea surface layers 
w ere  conducted  and  subsequen tly  revea led  f re q u en ­
cies of abnorm alities in a significant proportion  of the 
plankton. Experim enta l work has es tablished tha t a 
high proportion of those larvae des igna ted  'abnormal ' 
do not survive (Cam eron pers. comm.), so the e levated  
f requencies  in coastal w aters may affect recruitment.  It 
appears  that the abnormalities have  only come to light 
using new  techniques deve loped  by C am eron  & Berg 
(1992) for looking at freshly caugh t embryos, because  
such abnorm alities are obscured  by the opacity of p r e ­
served  material. Since the w orkshop the scale of fish 
larval surveys using this techn ique  has been  w idened  
to include the whole sou thern  an d  central North Sea 
and  has confirmed the pa t te rn  observed  within the 
w orkshop  of high abnorm ality  f requencies  in n e a r ­
shore waters. Work is now  proceed ing  to identify the 
likely causes, exploring possible classes of organic 
contam inants  using biochemical indices, and  w hether  
the abnorm alities result from exposure  of the embryos 
to microlayer contam ination or to exposure  of the p a r ­
en t  before spawning.
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Extraction and preconcentration of contaminants 
for b ioassay

O ne p roblem  in deploying w ater  quality bioassays is 
the difficulty of achieving sensitivity in relatively short 
te rm  experiments.  This p roblem  can now be c ircum ­
ven ted  by extracting organic contam inants  from large 
volumes of sea w ater  using  liquid/solid p hase  ex trac­
tion (XAD ion exchange  resin) and  then  conducting 
bioassays or toxicity tests on the elutriate. Bioassays of 
contam inants  concentra ted  in this way by a factor of 
600 from the w ate r  column clearly dem onstra ted  the 
relatively h igher  toxicity of m ore  inshore samples 
(Bening et al. 1992). The selectivity of the ion exchange  
resin dem ons tra ted  that the grad ien t  was due to 
organic m icrocontaminants, ra ther  than  metals  for 
example . The techn ique  has considerable potential in 
freeing bioassay techniques of the  requ irem en t  to 
achieve such g rea t  sensitivity, while introducing the 
ability to identify the class of contam inant responsible 
for a de tec ted  effect. However, g rea ter  caution is also 
requ ired  in in te rpre ting  the significance of bioassay 
results tha t employ extraction and  preconcentra tion  
procedures .

COMPARISON OF RESULTS FROM THE 
TWO POLLUTION GRADIENTS 

German Bight transect

Overall the biological responses in dab  Lim anda  
lim anda  indicate g rea te r  stress in those collected at the 
m ore inshore stations within the p lum es of the Rivers 
Elbe and  Weser, and  w ere  progressively less stressed 
with d istance offshore. T here  was substantia l cohe r­
ence  b e tw e en  m any  of the biochemical (MFO activity, 
Cholinesterase), molecular and  cellular (lysosomal 
dam age ,  fatty change, ab u n d a n ce  of ER) indices of 
stress in dab  liver tissues, which re la ted  well with the 
decline in the concentra tions of m any  of the contam i­
nan ts  in their livers and  to a lesser extent to the con ­
tam ination of ben th ic  sed im ents  on which the fish rest 
and  feed.

Similarly, f requencies  of abnorm alities in dab  e m ­
bryos caugh t in the surface p lank ton  are  h ighest from 
the inshore stations which m ay be  induced  as a result 
of exposure  of the p a ren ts  to contam inants  on the bo t­
tom. T here  is ev idence from other species that paren ta l  
condition m ay  de te rm ine  the viability of embryos, a l ­
though  exposure  of em bryos to the sea surface m icro­
layer rem ains  a possibility. Certain ly  the t rend  of d e ­
creas ing  contam ination offshore was reflected in the 
results of bioassays using microalgal popula tion  
grow th  tha t respond  primarily to nu tr ien t concen tra ­
tions.

C ontam ination  of the  most inshore stations w as d e ­
tected  by both the sed im en t e lutriate  bioassays and  the 
whole sed im en t bioassays; the former a p p e a re d  
slightly more sensitive, but d irect com parison is not 
possible because  the sed im en t sam ples  w ere  not the 
same. Significant ch a n g es  in ben th ic  com m unity  
s tructure (macro- an d  meiofauna) a long the g rad ien t  
corre la ted  primarily with sed im en t g ranulom etry  
ra ther  than  con tam inan t concentrations, a l though  
zinc and /o r  m ercury  ap p e a r  to be im portan t  for the 
copepods.

D rilling site transect

It only b ecam e a p p a re n t  afterwards, w h en  REMOTS 
da ta  b ecam e available, tha t storms w hich p re c e d e d  the 
w orkshop  (January  and  F eb ruary  1990) h ad  covered 
the drilling site and  su rround ing  area  with several 
cen tim etres  of clean  sedim ent,  capp ing  the  sed im ents  
con tam inated  with drilling mud. This even t  was a key 
factor for the limited set of biological results  from 
the drilling site transect.  Biochemical indices in dab  
Lim anda lim anda  ind icated  the site w as unco n tam i­
nated . Sed im ent sam ples  for bioassay probab ly  in ­
c luded  both  con tam inated  an d  freshly depos ited  clean 
sed im en t from g rab  samples, bu t significant responses  
w ere  only de tec ted  in those stations within 250 m of 
the drilling site itself. Most informative w ere  the b e n ­
thic com m unity  analyses. The m eiofauna inhabiting  
the u n con tam ina ted  and  recently  deposited  sed im ent 
show ed  a rem a rk a b le  homogeneity , with ex t rao rd inar ­
ily uniform com m unity  structure . This is p resum ably  
d ue  not only to the  fact that the sed im en t was u n c o n ­
tam inated ,  bu t  had  also b e e n  recently  well m ixed by 
the storms tha t depos ited  it. It ap p e a rs  tha t  the m a c ro ­
fauna, m ore deep ly  e m b e d d e d  in the sedim ent,  had  
survived the storms and  the deposition of c lean  sand. 
While the com m unity  show ed  some signs of recovery  
w hen  da ta  w ere  com pared  with those of D aan  et al. 
(1990), they  still reflec ted  the  earlier  g rad ien t  of effect, 
3 yr after drilling h ad  finished.

The D ogger Bank and central North Sea

While the dom inan t trends  w ere  of dec reas ing  con ­
tam ination and  biological effects with  inc reas ing  d is­
tance offshore, effects w ere  also de tec ted  at the  most 
offshore station (Stn 9) over the  eas te rn  ed g e  of the 
D ogger Bank. The responses  w ere  slight com pared  
with the overall t rend  a long the transect, bu t  their 
occurrence, de tec ted  by a nu m b e r  of biochemical, 
m olecular  and  cellular indices in dab, sugges ts  such 
effects w ere  not a b e r ra n t  results. F u rthe rm ore  their
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re la tion  to the  concentra tions of som e contam inants  in 
the  se d im en t  fine fraction (63 |im) indicates  tha t  the 
ques tions raised  should  be  inves tiga ted  further.

ft has  b ee n  recogn ised  for som e time tha t the  con ­
cen tra tions of certain  contam inants  (Pb) in organic-rich 
fine fraction (see Fig. 14a of Ernst et al. 1988) occur at 
significantly h ighe r  concentra tions in the  a rea  of the 
D ogger  Bank th a n  in su rround ing  w aters  (Sünder­
m a n n  & D egens  1989). T he  w orkshop  chemical data 
ind icate  th a t  o ther  m etals  (Hg, Cd, As) b eh a v e  simi­
larly (Appendix 1). T he  concentra tions involved are  
low in rela tion  to the toxicity and  are  not likely to have 
contr ibu ted  to the  observed  effects; w h a t  is im portant 
is tha t  transport  m echan ism s exist by which  con tam i­
nan ts  m ay  be  reconcen tra ted  offshore in ben th ic  sed i­
m ents. T he  particu lar  m etals  involved suggest  their in ­
t roduction via the  a tm osphe re  (Dr A. W. Morris pers. 
comm.), which are  likely to be depos ited  to the  benthic  
sed im en ts  in reg ions of the  North  Sea w h e re  tidal cu r­
ren ts  are  low an d  the  therm ocline  w eak .  As a high 
proportion  of some organic contam inants  (e.g. 96 % 
of PCBs for the  North  Sea; H uiskes & Rozema 1988) 
a re  depos ited  from the  a tm osphe re  an d  bind to par t ic ­
u la te  o rganic  matter, they m ay be similarly a c c u m u ­
lated.

The w orkshop  da ta  indicate tha t m echan ism s of con ­
tam inan t  transport and  reconcentra tion  can lead  to 
their  accum ulat ion  to biologically de tec tab le  co n c en ­
trations. T he  m echan ism s involved and  the con tam i­
nan ts  involved requ ire  further  resea rch  with an e m ­
phasis on the  vertical flux of contam inants  and  their 
accum ulat ion  at interfaces.

Integration of relevant data

In terpreta tion  of the  results of ecotoxicological da ta  
requ ires  the  in tegration  of hydrograph ic  and  sedi- 
m entological data, bes ides  rela ting  the biological r e ­
sponses with the chemical ana lyses  of d ifferent phases. 
We have  tried to reflect this im perative by involving a 
m ajor input of m arine  chemistry  and  by inviting e x ­
per ts  in o ther  im portan t  fields to provide additional in ­
formation (see B ackground  Papers). The w orkshop  has 
dem ons tra ted  the  n ee d  for a g rea te r  level of in te g ra ­
tion b e tw e e n  the  disciplines, to in te rpre t fully the  r e ­
sults of env ironm enta l  toxicology. The im portance of 
observed  toxic effects does not rest solely on the  in tr in­
sic w orth  of the  b iota ecologically or economically, bu t 
also upon  those geochem ica l p rocesses  in the  sea that 
are  biologically m ediated .  Ecotoxicology sits at the 
in te rface b e tw e e n  biology and  chemistry and  does not 
m ere ly  requ ire  the  provision of chemical data  to link to 
biological data; it requ ires  the active collaboration of 
chemists  an d  biologists equally  com m itted  to in te rp re t­

ing the significance of each  other's data and  to u n d e r ­
s tanding  the processes which led to exposure and  bio­
logical effects. While the in te rd ep en d e n ce  of these 
disciplines is accepted, the collaboration of hydro- 
graphers  applying their models (Becker et al. 1992) is 
necessary  to unders tand  the m ovem ent of w ater  
m asses  and  the p lum es of es tuaries like the Elbe and  
W eser with their  b u rd en  of contaminants. T here  is rec ­
ognition now tha t contam inants  in the sea partition to 
particu la te  material, an d  m echan ism s by w hich con­
tam inants  are  transported , sorted  and  sometim es 
reconcen tra ted  are  being identified, so there  is a new  
em phasis  on the role of mobile sed im ents  as vehicles 
for contaminants. The workshop data  point specifically 
to the  more mobile and  reactive organic-rich fine 
sed im en t fraction.

GENERAL CONCLUSIONS

(1) The G erm an  Bight transect w as contam inated  by 
a w ide range  of organic and  inorganic com pounds r e ­
la ted  at its inshore end  to the  effluent from the Rivers 
Elbe and  Weser. The drilling site transect show ed  a 
g rad ien t of contamination by oil-based drilling mud, 
a l though  su b se q u en t  REMOTS data  indicated  it was 
overlain by 2 cm of clean sand. Chem ical data  d e m o n ­
strated  grad ien ts  of contam ination by an thropogenic  
com pounds at both transects.

(2) M any biological techniques at various levels of 
organisation  respond  to the changes  in contamination. 
Biological effects w ere  re la ted  primarily to the  occur­
rence  of contamination at the benthic  or sea surface 
interfaces. For m any of the techn iques  the re  was co­
h e re n ce  be tw e en  chemical contamination an d  the b io­
logical responses. O thers  did not relate to the chemical 
data, or show ed no significant response at all.

(3) N ew  data b rough t toge ther  for the w orkshop 
dem onstra te  tha t dab  m igrate over considerable d is­
tances (100 km) which m ust confound some of the b io ­
logical data, and  show that care is requ ired  in their 
in terpretation. Despite m ovem ents  of dab  of several 
kilom etres per  day, some techniques indicate rapid r e ­
sponses and  m ay reflect the spatial d is tnbution  of con ­
taminants,  but the distribution of gross pathology fre­
quencies  in relation to contam inan t g rad ien ts  m ay be 
obscured.

(4) The w orkshop  dem onstra ted  clearly the n eed  for 
g rea te r  collaboration be tw e en  chemists, biologists an d  
statisticians, toge ther  with scientists from other disci­
plines from the earliest p lann ing  stages, because  the 
key question re la ted  to the exposure  of organism s to 
toxic contam inants  in the environm ent was be tw e en  
the disciplines rep rese n ted  by different Working 
G roups within ICES and  IOC. In particular, biological
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effects monitoring m ethods  do not replace  analytical 
chemistry in monitoring program m es, ra ther  they com ­
p lem ent it.

(5) Some previous work suggests  that contam inants 
bound  to the organic-rich fine particle fraction are 
deposited  on the seabed  in the central North Sea. 
W orkshop data  to some ex ten t corroborate such f ind­
ings, showing e leva ted  concentra tions of some con­
taminants.  Effects w ere  noted  in dab  at Stn 9, but more 
research  is n e e d e d  on the form and  flux of toxic con­
tam inants  in the central North Sea and  on the Dogger 
Bank in particular.

(6) The most im portan t requ irem en t to dem onstra te  
the sequence  of events  and  the levels of contamination 
capable  of causing fish disease  is laboratory exper i­
ment, supp lem en ted  by epidemiological s tudies in the 
environment.

(7) The choice of biological effects monitoring m e th ­
ods d epends  very m uch  on the objective of the m on i­
toring program m e. Thus, biochemical m easu rem en ts  
usually offer a relatively specific response (to a par t ic ­
ular group of pollutants) over a relatively short time 
scale, which can be used  to anticipate the effects of 
pollution; at the other end  of the scale of biological 
complexity, analysis of com munity structure offers a 
retrospective p ic ture  of responses to general env iron­
m ental changes. V iewed from ano ther  perspective, 
adaptive  responses such as MFO induction are  p ro b ­
ably inevitably more sensitive indicators of the effects 
of pollution than  are  h igher  o rder  changes, since the 
latter would not occur until the capacity  for adaptive  
responses  is exceeded .

(8) The biological techniques, tested during the 
IOC Oslo and  Berm uda W orkshops and  the 
B rem erhaven  Workshop, w ere  effective in detecting  
significant contam ination in the m arine  environm ent. 
Their  most appropr ia te  use  in monitoring program m es 
is in a reconnaissance  role to provide focus for 
su b se q u en t  chemical monitoring, because  of their 
ability to in teg ra te  the com bined  effects of all the 
toxic contam inants  p resen t in terms that rela te  to

the prim ary biological criterion for environm enta l  
quality.
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