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Summary V

Summary

T he m ain objective o f this rep o rt is to 
evaluate the  causes, concentrations, trends 
an d  im pacts of hazardous substances (*) in 
E uropean  coastal waters, an d  to  identify how 
th e  assessments can be im proved. Based on 
data  provided by m em ber countries and  
m arine conventions to  the  E uropean  
E nvironm ent Agency’s working database, 
M arinebase, riverine an d  atm ospheric inputs 
an d  concen tra tions in  mussels an d  fish were 
assessed fo r six substances. T he data 
availability of o th e r hazardous substances is 
insufficient for E uropean  assessments. Four 
o f these substances, cadm ium , mercury, lead 
an d  lindane, are included  in  the  w ater 
fram ew ork directive’s list o f hazardous 
substances', w hereas the  rem ain ing  two,
DDT (2) an d  PCB (3) , are  addressed  by the  
UN convention on  persisten t organic 
pollu tan ts (Stockholm  POPs C onven tion ).

In p u t an d  concen tra tion  data  and  fu rth e r 
in fo rm ation  fo r cadm ium , mercury, lead, 
DDT, lindane an d  PCB from  th e  m arine 
conventions — H elsinki Com m ission 
(H ELC O M ), Oslo and  Paris Com m ission 
(OSPAR), U nited  N ations Environm ent 
P ro g ram m e/M ed ite rran ean  Action Plan 
(U N EP/M A P) — an d  EEA national 
reference  centres were exam ined. T he data 
available fo r the  pro ject were scarce and, with 
th e  exception  o f som e regions, inadequate  
fo r fully assessing the  state an d  trends of 
hazardous substances at a E u ropean  level. 
T he in p u t data d id  no t adequately rep resen t 
all m em ber countries. In  particular, 
in fo rm ation  on  concen tra tions in  mussels 
an d  fish were lacking from  the  Black Sea, 
m ost of the  M editerranean , th e  Iberian  
Coast, Bay of Biscay, as well as the  coasts 
b o rd erin g  th e  w estern an d  eastern  N orth  
Sea.

Driving forces and pressures
Emission sources an d  em ission patterns 
differ with regard  to  the  various hazardous 
substances. T he m ain  sources fo r cadm ium , 
m ercury  an d  lead include waste inc inera tion

an d  industrial activities. T he m ain source for 
DDT and  lindane is m ost likely leaching from  
soil (actually no t a source bu t a pathway to 
the  env ironm en t — the  original source was 
the  application  o f pesticides). For PCB, the 
m ain  source is disposal of p roducts 
conta in ing  PCB.

No data  on  em issions to  w ater o f hazardous 
substances were available for this assessment. 
Future assessments o f em issions will be based 
o n  data from  th e  E uropean  Pollu tion 
Em ission Register (EPER) u n d e r  the  
in teg ra ted  po llu tion  prevention  and  con tro l 
(IPPC) directive, fo r w hich a database is 
being  developed du ring  2003. Pressure 
assessm ent in  this rep o rt is there fo re  based 
o n  lite ra tu re  review an d  data  on  riverine 
inpu ts an d  d irect discharges to  seas as well as 
a tm ospheric  deposition.

D irect discharges and  riverine inputs of 
cadm ium , mercury, lead, lindane an d  PCB 
in to  the  N orth  East A tlantic have decreased 
(1990-1999). These trends are based on  an  
aggregation  of all available ann u al da ta  sets. 
However, no  assessm ent of d irect and  
riverine inpu ts to  th e  Baltic Sea, Black Sea or 
M ed iterranean  Sea was possible due  to  the  
lack of data.

T he atm ospheric inpu ts o f cadm ium , 
m ercury  an d  lead to  the  N orth  Sea, 
m easured  via a tm ospheric  deposition, have 
also decreased in  the  period  1987-1995.

State and impact
T he assessm ent of levels an d  trends of 
concen tra tions of hazardous substances in 
coastal waters, an d  the  identification and  
p resen ta tion  of h o t spots in  a series of maps, 
is the  focus of this report. C oncentrations in  
m arine organism s decreased fo r all six 
hazardous substances in  mussels in  the  
N orth  East A tlantic an d  th e  M editerranean  
Sea. However, trends fo r concen tra tions in  
fish in  the  N orth  East A tlantic an d  Baltic Sea 
are  less obvious.

(1) The European  Union has d ef ined  'h az a rd o u s  s u b s ta n c e s '  as su b s ta n c e s  or  g ro u p s  of su b s ta n c e s  th a t  are 
toxic,  pe rs is ten t  and  liable to  b lo -accum ulate ;  and  o th e r  s u b s ta n c e s  or  g ro u p s  of  su b s ta n c e s  which give rise 
to  an equ ivalen t  level of  concern  (EU W a te r  F ram ew ork  Directive 2000 /60 /EC ,  Art 2).

(2) The synthe tic  o rganoch lo r ine  insectic ide, d lch lorod lphenylt r lch loroethane.
(3) Polychlorinated biphenyl (PCB) results a s ses sed  in this repo r t  are  def ined  as PCB7or th e  sum of c ongene rs :  

CB28, CB52, CB101, CB118, CB138, CB153 and  CB180.
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Assessments o f local levels an d  trends as 
presen ted  in  a series of m aps show:

Cadmium:
C oncentrations of cadm ium  in mussels (both  
Mytilus edulis an d  M. galloprovincialis) du ring  
th e  period  1995-1999 (2001 fo r Black Sea) 
indicate th a t levels were elevated in  the  
estuaries of large rivers, in  areas with po in t 
source discharges and  in  som e harbours. No 
‘h ig h ’ concen tra tions (above EU food stuff 
lim it values) were found  for any fish.

At seven locations, d ifferen t from  the  
observed ho t spots, increasing trends in  
cadm ium  concen tra tions of mussels an d  fish 
were observed. A to tal of 283 tem poral trends 
have b een  analysed statistically on  a station 
by station  basis, of w hich only 27 were 
statistically significant: 20 downwards and  
seven upwards.

Mercury:
C oncen trations o f m ercury in  blue mussels in  
E urope in  the  period  1995-1999 were slightly 
h ig h er th an  background levels in  m ost areas. 
T he genera l p icture  indicates a diffuse, 
w idespread exposure of coastal mussel 
populations to  mercury, presum ably mainly 
atm ospheric  deposition , bu t with no  real ho t 
spots. C oncentrations were at background 
levels in  fish in  the  N orth  East A tlantic and  
Baltic Sea.

Only four coastal locations showed increasing 
trends in  m ercury concen tra tions in  mussels 
an d  fish. A to tal o f 278 tem poral trends have 
b een  analysed on  a station by station basis, of 
w hich only 20 were significant, 16 down and  
fo u r up.

Lead:
C oncentrations of lead  in  th e  period  1995 
1999 were below th e  estim ated u p p e r lim it 
fo r OSPAR background  in  blue mussels in  
areas far from  local o r regional sources. 
ITowever, concen tra tions o f the  m etal were 
above background  level along m ost o f the  
E uropean  coasts.

At several locations, concen tra tions of lead in  
blue mussels were above the  limits fo r hum an  
consum ption , ind icating  several ho t spot 
areas. Lead concen tra tions were generally 
low in  livers of A tlantic cod an d  in  herring  
m uscle in  th e  Baltic Sea.

At n ine coastal locations, increasing trends in  
lead  concen tra tions in  mussels were 
observed, an d  in  m ost cases these were

different from  th e  observed ho t spots. A total 
of 266 tem poral trends were analysed on  a 
station by station  basis, of w hich only 39 were 
significant, 30 down an d  n ine up.

DDT:
C oncentrations of DDT in  b lue mussels in  
the  period  1995-1999 were low in the  N orth  
East A tlantic an d  Baltic Sea.

No increasing trends were observed except 
for fish at one location. A to tal o f 178 
tem poral trends were analysed, of w hich only 
15 were significant, an d  13 were down.

Lindane:
Data availability was lim ited to  the  
M editerranean  an d  Black Sea. Along the 
French  M editerranean  coast in  the  period  
1995-1999 lindane concen tra tions in  mussels 
were low.

No increasing trends were observed. A total 
of 25 tem poral trends (all m ussel m onito ring  
stations from  th e  F rench  M editerranean  
coast) had  been  analysed, o f which seven 
were significant, all down.

Polychlorinated biphenyls (PCB7):
Levels of PCB7 in  b lue mussel in  th e  period  
1995-1999 reflect th e  genera l exposure 
p a tte rn  fo r this g roup  o f substances an d  also 
indicate th a t long distance atm ospheric 
tran sp o rt is less im p o rtan t in  tem pera te  parts 
of Europe th an  regional o r local sources. 
C oncentrations of PCB7 in  mussels in  the  
N orth  East A tlantic at several locations are  at 
‘h ig h ’ levels (m ore th an  10 tim es above 
OSPAR background  reference levels). 
C oncentrations of PCB7 in  fish in  th e  Baltic 
Sea an d  n o rth e rn  N orth  East A tlantic O cean 
indicate only one  h o t spot.

T im e tre n d  analysis showed no  increasing 
trends. A to tal o f 208 tem poral trends were 
analysed, of w hich only 18 were significant, 
all down.

Responses
Response m easures on  the  six substances 
cover m arketing, use, em ission, foodstuff 
lim it values an d  environm ental 
concentrations, an d  are  quite 
com prehensive. T he substances have been  
regu la ted  fo r several years. This is reflected 
in  th e  overall decrease in  concen tra tions of 
these substances in  inpu ts an d  in  m arine 
organism s.
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EU has p laced cadm ium , mercury, lead  and  
lindane on  its list o f priority substances for 
th e  w ater fram ew ork directive with th e  target 
o f cessation o r phasing ou t of discharges, 
em ission an d  losses by 2020. A lthough DDT 
an d  PCB are no t on  this list, they are  given 
priority in  the  OSPAR M arine C onvention, 
w hich has the  sam e genera l target as the  EU. 
W ithin the  fram ew ork o f ITELCOM, DDT 
an d  PCB are  b an n ed  substances accord ing  to 
A nnex I, P art 2 o f the  1992 Helsinki 
C onvention (HELCOM , 1992b).

W ith regard  to  cadm ium , mercury, lead, PCB 
an d  o th e r hazardous substances, num erous 
OSPAR decisions and  recom m endations as 
well as HELCOM  recom m endations have 
b een  adopted . T he S tockholm  POPs 
C onvention prohibits th e  p rodu c tio n  an d  use 
o f PCB, an d  restricts the  p rodu ctio n  an d  use 
o f DDT. Parties to  th e  C onvention for the 
p ro tec tion  of the  M ed iterranean  Sea against 
po llu tion  have identified  substances or 
g roups o f substances whose discharge, 
dum ping  o r  land  based discharge is 
p roh ib ited  o r lim ited  (B arcelona Convention 
an d  p ro toco ls). Parties to  th e  C onvention on 
th e  p ro tec tion  of the  Black Sea against 
po llu tion  have identified  sim ilar g roups of 
substances an d  have protocols to  reduce 
pollu tion  o f these harm ful substances.

Several hazardous substances o th e r th an  the 
six assessed in  this rep o rt are listed by EU 
w ater directives an d  m arine conventions bu t

many are no t regulated  to  the  sam e degree 
regard ing  m arketing, use, emissions, food 
stuff lim it values, etc. T he data  availability of 
these o th e r substances is too  po o r fo r p resen t 
assessments.

Recommendations
R ecom m endations to  im prove th e  availability 
of data for fu tu re  assessments of hazardous 
substances in  the  coastal an d  m arine 
env ironm ent include the  following:

• developm ent of a E uropean  database for 
a tm ospheric  deposition  as well as riverine 
an d  d irect discharges, based on  existing 
regional initiatives',

• harm onised  E uropean  m ethods for 
calculating in p u t loads as well as 
harm onising  m onitoring;

• developm ent of im proved m eth o d  fo r tim e 
tre n d  analyses',

• developm ent of E uropean  spatial and  
tem poral m onito ring  for hazardous 
substances in  sed im ent an d  biota;

• ga thering  o f spatial in fo rm ation  on  
em ission sources',

• developm ent of lim it values or 
env ironm ental standards as a basis for 
classification an d  assessments',

• developm ent of an  environm enta l quality 
classification system covering coastal and  
m arine waters',

• investigation of the  usefulness of biological 
effects m ethods for E uropean  m onitoring  
an d  assessment.
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1. Introduction

For several years, the  EEA has been  
developing m aps of selected hazardous 
substances in  coastal waters. An EIONET 
(E uropean  E nvironm ent In fo rm ation  and  
O bservation Network) review by EEA 
m em ber coun tries on  p roposed  m aps was 
u n d ertak en  in  N ovem ber 2000 an d  several 
com m ents for changes were received from  
EIONET. T he EIO N ET w orkshop in 
N ovem ber/D ecem ber 2000 gave fu rth e r 
com m ents as d id  the  In te r  Regional Forum  
w orkshop in  June  2001. DC E nvironm ent 
com m ents were received in  S eptem ber 2001. 
Based on  these com m ents an d  u p d a ted  data 
sets from  ann u a l data collections, the 
E uropean  Topic C entre  on  W ater u n d erto o k  
a new assessm ent in  2002 an d  a rep o rt has 
b een  p roduced  a ro u n d  the  new maps. This 
rep o rt covers the  assessm ent of the 
in fo rm ation  p resen ted  in  th e  m aps as well as 
aggregated  in fo rm ation  o n  overall trends 
an d  th e ir  relations to  im pacts, sources of 
po llu tion  an d  reduc tion  m easures.

1 .1 . Definition of hazardous  
substances

W ithin existing legislation, no  consistent use 
is m ade o f the  term s ‘hazardous substances’, 
‘dangerous substances’, ‘harm ful substances’ 
an d  ‘priority substances’. This rep o rt uses the  
te rm  ‘hazardous substances’, defined  as 
substances o r  g roups o f substances th a t are 
toxic, persistent an d  liable to  bio accum ulate; 
an d  o th e r substances o r g roups of substances 
w hich give rise to  an  equivalent level of 
concern  (EU W ater Fram ew ork Directive 
2 0 0 0 /6 0 /E C  Article 2). HELCOM  and  
OSPAR use the  sam e defin ition  for hazardous 
substances an d  th e ir  lists of priority 
hazardous substances include all six 
substances reviewed in  this report.

A first list o f chem icals has been  established 
an d  33 substances have b een  identified  as 
‘priority substances’ (2455 /2001 /E C ). O f 
these, 11 are iden tified  as priority 
substances (*) an d  14 are subject to  a review 
fo r iden tification  as possible priority

hazardous substances (2) . This will replace 
the  List I o f 129 ‘dangerous substances’ o f 
th e  D angerous Substances Directive 7 6 /4 6 4 / 
EEC.

Parties to  th e  C onvention fo r the  pro tection  
of the  M ed iterranean  Sea against pollu tion  
(B arcelona Convention) have identified  
substances o r groups of substances whose 
discharge is p roh ib ited  o r  lim ited (U N E P/ 
MAP, 1995a (B arcelona C onvention), 
UNEP/M AP, 1995b (M editerranean  dum ping  
p ro tocol), UNEP/M AP, 1996 
(M editerranean  land  based sources 
p ro to c o l)) . Parties to  the  C onvention on  the 
p ro tec tion  of the  Black Sea against pollu tion  
(B ucharest Convention) have identified  
sim ilar g roups of substances (BSC, 1992). 
T he B ucharest C onvention has protocols to 
reduce po llu tion  of these harm ful 
substances.

Exposure to  excessive loads of hazardous 
substances can result in  a series of 
undesirab le  effects to  the  ecology of th e  seas 
an d  h ealth  of h u m an  populations.
H azardous substances may affect organism s 
by inh ib ition  of vital physiological processes 
(acute toxicity), o r they may cause effects 
th a t may ultim ately th rea ten  populations 
(chronic  toxicity). For exam ple, they may be 
carcinogenic o r have the  ability to  induce 
im pairm ent o f rep roduction . If a substance is 
persistent, i.e. its degradation  process 
exceeds a certa in  tim e span, it rem ains in  the  
env ironm ent an d  leads to  a con tinuous a n d /  
o r long te rm  exposure.

Substances with a h igh lipophilicity ten d  to 
bio accum ulate in  organism s and  
subsequently bio magnify in  the  food web. In  
aquatic organism s, bio accum ulation  is the  
process th a t causes an  elevated chem ical 
concen tra tion  in  th e  organism  relative to  the 
am bien t water. This process involves all 
exposure routes. Many synthetic 
contam inants, such as pesticides an d  PCB, 
concen tra te  in  the  fatty tissues of organism s. 
This presents a particu lar p rob lem  for

(1) Brom lnated  d lp h en y le th e r  (only p e n ta b ro m o d lp h en y le th e r ) ,  cadm ium , ch loroalkanes (C10-13), 
hex ach lo ro b en zen e ,  h ex ach lo ro b u tad len e ,  HCH (lindane), mercury, nonylphenols ,  polyaromatlc  
h ydrocarbons  (PAHs), p e n ta c h lo ro b e n z e n e ,  trlbutyltln c o m p o u n d s .

(2) A n th racen e ,  at razlne, chlorpyrlfos, Dl (ethylhexyl) ph th a la te  (DEHP), dluron, endosu lfan ,  Isoproturon,  lead, 
nap h th a len e ,  oc ty lphenol,  p e n tach lo ro p h en o l ,  slmazlne, t r lch lo robenzenes ,  trlfluralln.
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m arine organism s with h igh fat co n ten t such 
as m ammals. H um ans may be affected by the 
bio accum ulation  of hazardous substances 
th ro u g h  consum ption  o f contam inated  
m arine organism s.

1.2 . Chemical policies for European  
w aters and seas

T he fu tu re  E uropean  chem ical policy is 
ou tlined  in  the  W hite P aper (COM (2001) 
88). T he policy aims to  achieve by 2020 tha t 
chem icals are  only p ro d u ced  an d  used in 
ways th a t do  no t lead to  a significant negative 
im pact on  the  h u m an  health  an d  the 
environm ent. T he W hite P aper refers to  all 
chem icals th a t exist an d  aims to  im prove the 
p resen t slow risk assessm ent of existing and  
new chem icals. Substances th a t are  p roduced  
o r  im ported  in  h igh quantities will undergo  
m ore intensive toxicity testing th a n  those of 
low quantities. All substances exceeding 
p ro duction  volum es of m ore th a n  one  to n n e  
will be reg istered  to g e th e r with basic 
in fo rm ation  (estim ated at 30 000 chem icals). 
Substances exceeding p rodu c tio n  volumes of 
100 tons will un d erg o  evaluation of toxicity 
testing program m es (estim ated at 5 000 
chem icals). Substances with certain  
hazardous properties th a t give rise to  very 
h igh  concern  (carcinogenic, m utagenic and  
repro toxic  substances an d  POPs) will require  
au thorisa tion  (estim ated at 1 400 chem icals). 
This fu tu re  chem ical policy should  give an  
overall p ro tec tion  from  hazardous substances 
to  the  env ironm ent an d  h u m an  health .

Specific m easures to  reduce riverine inputs, 
d irect discharges an d  atm ospheric  deposition  
o f a selection o f hazardous substances an d  to  
p ro tec t th e  m arine env ironm en t are being 
taken  as a result o f various initiatives at 
d ifferen t levels. These include the:

• UN global program m e of action  fo r the 
p ro tec tion  of the  m arine env ironm ent 
against land  based activities',

• D angerous Substances Directive (7 6 /4 6 4 / 
EEC);

• W ater Quality Fram ew ork Directive (2000 / 
60 /E U ) ;

• OSPAR convention  1998 for th e  p ro tec tion  
of the m arine env ironm en t of th e  N orth  
East Atlantic;

• H elsinki convention  1992 on  the 
p ro tec tion  of the  m arine env ironm en t of 
the  Baltic Sea area  (HELCOM ) ;

• M ed iterranean  action  p lan  (MAP) ;
• C onvention on  the  p ro tec tion  o f th e  Black 

Sea against pollution;

• Arctic m onito ring  an d  assessm ent 
program m e (AMAP);

• conferences o n  the  p ro tec tion  of the  N orth  
Sea (e.g. NSC, 2002).

T he target of these initiatives is a substantial 
reduction  o f th e  in p u t of hazardous 
substances to  coastal waters, thereby 
im proving the  biological state.

T he W ater Fram ework Directive (2 0 0 0 /6 0 / 
EC) aims at the  cessation o r phasing ou t of 
discharges, em issions an d  losses of priority 
hazardous substances an d  the  progressive 
reduction  of discharges, em issions an d  losses 
of hazardous substances, respectively, w ithin 
20 years after the  ad o p tion  o f these proposals 
by th e  E uropean  P arliam ent an d  the  Council. 
T he ultim ate goal is to  achieve 
concen tra tions in  the  m arine env ironm ent 
n ear background  values for naturally 
occurring  substances an d  close to  zero for 
m an m ade synthetic substances. This has 
largely rep laced  (and will totally replace) the  
D angerous Substances Directive (7 6 /4 6 4 / 
EEC ). Goals sim ilar to  th e  w ater fram ew ork 
directive have also b een  ou tlined  by OSPAR, 
HELCOM  an d  N orth  Sea conferences. No 
sim ilar target has b een  fo rm ulated  fo r the  
M editerranean  Sea o r the  Black Sea.

To sum m arise, the  m ain  EU policy objectives 
are:

• to  achieve levels o f w ater quality th a t do no t 
give rise to  unacceptab le  im pacts on, and  
risks to, h u m an  h ealth  an d  the 
env ironm ent (1 6 0 0 /2 0 0 2 /E C ), i.e. to  
achieve levels of con tam ination  th a t do no t 
exceed env ironm ental quality standards
(EQS) ;

• en h an ced  p ro tec tion  an d  im provem ent of 
th e  aquatic environm ent, in te r  alia, 
th ro u g h  specific m easures fo r the 
progressive redu c tio n  of discharges, 
em issions an d  losses of priority substances', 
to  ensure  th e  progressive reduction  of 
po llu tion  o f g roundw ater and  prevent its 
fu rth e r pollution; an d  the  cessation or 
phasing ou t of discharges, em issions and  
losses o f priority hazardous substances 
(2000 /60 /E C , Article 4);

• by 2020, to  ensure  th a t chem icals are only 
p ro d u ced  an d  used in  ways th a t do no t pose 
significant th reats to  h u m an  h ealth  an d  the 
env ironm ent (C O M (2001)264, p. 11);

• to  elim inate po llu tion  of th e  waters by the 
dangerous substances in  th e  families and  
groups o f substances in  List I of th e  A nnex, 
an d  to  reduce  po llu tion  by the  dangerous
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substances in  th e  families an d  groups of 
substances in  List II ( 7 6 /464/E E C );

• to  achieve a situation w here th e  use and  
levels of pesticides in  th e  env ironm en t do 
no t give rise to  significant risks to, o r 
im pacts on, h u m an  health  an d  nature . This 
will include an  overall reduc tion  in  th e  risk 
associated with the  use of pesticides. (1600 / 
2002/E C , chap. 5.5);

• to  substantially reduce  operational 
discharges from  oil installations an d  ships, 
an d  to  elim inate illegal discharges from  
these sources by 2010 (EU M arine Strategy, 
COM (2002) 539).

1 .3 . Objectives of report and data  
used

This rep o rt can n o t deal with all hazardous 
substances n o r with all substances of the  
d ifferen t policy lists fo r cessation of 
discharges, em issions an d  losses of hazardous 
substances, simply because th e  data and  
in fo rm ation  are no t available. T he 
assessm ent p resen ted  h ere  will therefo re  
focus on  six substances, th ree  heavy m etals 
(cadm ium , m ercury  an d  lead) and  th ree  
organic substances (DDT, lindane an d  PCB7) 
fo r w hich th e  data  availability is best.

T he m ain objectives o f this rep o rt are:

• to  evaluate th e  inpu ts an d  concen trations 
o f six selected hazardous substances in 
E u ro p e’s m arine and  coastal waters on  the 
basis o f existing data an d  inform ation , and  
to  p resen t the  in fo rm ation  on  m aps and  
tim e tre n d  graphs',

• to  evaluate the  causes for trends and  
elevated levels of these six hazardous 
substances',

• to  identify gaps in  inform ation.

D ata for th e  following six hazardous 
substances an d  m edia  have b een  collected 
an d  analysed:

• Cadmium, mercury an d  lead inputs and  
concen tra tions in  th e  N orth  East Atlantic 
(including the  N orth  Sea) and  in  the  Baltic, 
an d  in  mussels in  the  M ed iterranean  in  the  
period  1985-1999.

• DDT concen tra tions in  the  N orth  East 
A tlantic (including the  N orth  Sea) an d  in  
th e  Baltic 1985-1999.

• Lindane in p u t in  the  N orth  East Atlantic 
(including the  N orth  Sea) and  in  the  Baltic, 
an d  concen trations in  mussels in  the  
M editerranean  in  the  period  1985-1999.

• PCB7 in p u t and  concen tra tions in  the 
N orth  East A tlantic (including the  N orth

Sea) an d  in  the  Baltic in  the  period  1985 
1999.

Cadm ium , mercury, lead, an d  lindane are on 
the  EU ’s list o f priority substances for the  
W ater Fram ework Directive (2 4 5 5 /2 0 0 1 /
EC ). Even th o u g h  DDT an d  PCB are  not, 
these substances are on  th e  OSPAR list of 15 
chem icals for priority action  (OSPAR 1998a). 
They are  characterised  as ‘severely 
hazardous’ on  U N EP’s list of 31 chem icals in 
need  of strict con tro l (h ttp ://w w w .pic .in t).

W ithin th e  fram ew ork of HELCOM , DDT 
and  PCB are b an n ed  substances accord ing  to 
A nnex I, P art 2 of th e  1992 Helsinki 
C onvention (HELCOM  1992a). W ith regard  
to  cadm ium , mercury, lead, PCB and  o th e r 
hazardous substances, num erous HELCOM  
recom m endations have b een  adop ted , such 
as HELCOM  1998b, 2002a e. Protocols have 
been  agreed  to  p roh ib it the  discharge of 
organohalogens, w hich includes PCB, in  the  
M editerranean  (CPM 1995b, 1996) and  
Black Sea (CPB 1992b, 1992c). DDT and  PCB 
are b an n ed  o r restricted  by the  S tockholm  
convention on  persistent organic pollu tants 
(POPs C onven tion).

Input data
As part o f the  work program m e for the  EEA, 
the  N orw egian Institu te fo r W ater Research 
(NIVA) com piled  a E uropean  m arine 
database on  w ater quality param eters called 
M arinebase (EEA, 2001a). This database 
includes in p u t data for cadm ium , mercury, 
lead, lindane and  PCB (1990-1999) from  the  
1998 OSPAR sum m ary rep o rt o n  riverine 
inputs and  d irect discharges (R ID ), 
supp lem ented  with data provided by OSPAR 
for the  years 1997-1999. T he data concern  
the  N orth  East Atlantic. No data  o n  inpu ts of 
DDT were available.

For the  Baltic Sea, HELCOM  (1998a) could  
only provide data on  1995 inputs.

T he OSPAR’s com prehensive atm ospheric 
m onito ring  program m e (CAMP) provides 
in p u t data o f cadm ium , m ercury an d  lead 
(1987-1995) b u t only covers th e  N orth  Sea.

No in p u t data o r  tim e series data  were 
available fo r the  M editerranean .

For the  Black Sea, a sho rt series of in p u t 
loads from  priority p o in t sources in  Rom ania 
were taken  from  a rep o rt o f th e  Black Sea 
Com m ission (BSC, 2002).

http://www.pic.int
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Concentration data
T he rep o rt com prises an  evaluation of 
hazardous substances data, which were m ade 
available th ro u g h  collection from  m arine 
conventions an d  national reference centres. 
Due to  quality assurance issues an d  to  achieve 
adequate  geographical an d  tem poral 
rep resen ta tion , mussels (blue m ussel — 
Mytilus edulis, M editerranean  m ussel — M. 
galloprovincialis) an d  fish (Atlantic cod — 
Gadus morhua, herring  — Clupea harengus and  
flo u n d er — Platichthys flesus) were selected as 
state indicators.

M ost of th e  data  collected are from  the 
Com m ission o f the  convention  for the  
p ro tec tion  of th e  m arine (OSPAR) an d  the  
Baltic m arine env ironm en t p ro tec tion  
com m ission (H ELC O M ). They are provided 
th ro u g h  the  In te rn a tio n a l council for the 
exp lo ra tion  of the  seas (ICES) acting as a 
data  cen tre  fo r OSPAR an d  HELCOM. 
France an d  G reece provided th e  data  tha t 
were selected fo r th e  M editerranean. 
R om ania provided the  data th a t were 
selected fo r th e  Black Sea. T he data are 
stored  in  the  EEA’s working database 
M arinebase (EEA, 2001a).

C oncentrations of hazardous substances in  
b lue mussels an d  fish constitu te state 
indicators fo r coastal w ater quality over time.

An advantage to  using b io ta  concentrations 
as indicators, as opposed  to  using w ater o r 
sedim ent, is th a t they are  of d irect ecological 
im portance  as well as being im p o rtan t to  
hu m an  h ealth  an d  fisheries. Mussels are 
a ttached  to  shallow w ater surfaces, thus 
reflecting exposure at a fixed p o in t (local 
p o llu tio n ). They are also abundan t, robust 
an d  widely m on ito red  in  a com parable way. 
Mussels are, however, restricted  to  the  coastal 
zone. A tlantic cod  is a widely d istribu ted  and  
com m ercially im p o rtan t fish species in  the  
N orth  Atlantic. It is a p red a to r an d  as such 
will also to  som e ex ten t reflect con tam ination  
levels in  its prey. H erring  is a com m ercially 
an d  ecologically im p o rtan t species b o th  in  
th e  Baltic an d  the  N orth  East Atlantic. 
F lounder is found  in  som e of the  m ost highly 
con tam inated  estuaries an d  is a com m on 
species along m ost E u ropean  coasts.

Structure o f  this report
T he structure  of the  rep o rt generally follows 
th e  DPSIR assessm ent fram ework, w here D = 
Driving forces, P = Pressures, S = State, I = 
Im pacts an d  R = Responses. T he DPSIR 
fram ew ork fo r hazardous substances in  the  
m arine env ironm ent is illustrated  in  
Figure 1.1. T he data analysis o f this repo rt 
covers pressure an d  state indicators, while 
driving forces, im pact an d  responses have 
b een  assessed by lite ra tu re  review.

Figure 1.1 DPSIR assessment fram ew o rk fo r hazardous substances (HS) in coastal w aters. (Revised from  EEA, 2001b ).

eco log ica l re s tru c tu rin g
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su b s ta n ces  (HS) to  th e  en v ironm en t 
•  agricu lture, industry, m unicipal w a te r 
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m arine w aters
•  d irec t discharges, riverine inputs
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S ta te  HS in coastal an d  m arine w aters  
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Im pacts e ffe c ts  o f  HS on bio ta  organism s
•  b ioaccum ulation, b iom agnification 
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In  ch ap te r two, a b rie f characterisation  of the  
d ifferen t E u ropean  seas is given concern ing  
drainage areas, ru n  off, m ajor surface 
cu rren ts  and  w ater exchange com ponents.

In  ch ap te r th ree , th e  im pacts of hazardous 
substances in  th e  d ifferent E u ropean  seas are 
described.

C hap te r fou r deals with sources (driving 
forces) emissions, riverine inputs and  
atm ospheric  deposition. T he cu rren t levels 
an d  recen t developm ents of inputs are 
analysed.

In  ch ap te r five, an  overview of the  data 
m aterial used fo r th e  p resen t rep o rt is 
p resen ted , with a focus on  six hazardous 
substances an d  th e ir  spatial an d  tem poral 
extent. T he aim  is to  identify areas w here 
repo rtin g  of m onito ring  data needs to  be 
im proved in  o rd e r to  b e tte r  assess th e  state of

hazardous substances an d  to  determ ine  the  
presence o f trends.

In  ch ap te r six, the  p resen t levels an d  trends 
(state) of six hazardous substances along the 
E uropean  coasts are assessed. T he m ain 
em phasis is pu t on  analyses of concen trations 
in  mussels an d  fish from  the  coastal areas of 
countries b o rd erin g  th e  N orth  East Atlantic, 
the  Baltic Sea, M ed iterranean  an d  Black 
Seas. Levels an d  tim e trends o f hazardous 
substances in  these regions are  shown on 
maps in  Figures 5.2-5.24.

C hap ter seven is a b rief review of the  
im portan t legislation to  com bat the  
described hazardous substances.

In  ch ap te r eight, som e recom m endations on  
m onito ring  an d  assessm ent are  given with 
regard  to  im provem ent o f assessments of 
hazardous substances in  the  m arine 
environm ent.
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2. The seas of Europe

H azardous substances are  b ro u g h t with 
freshw ater from  land  via rivers, pipes and  
groundw ater seepage to  the  coastal m argin  of 
th e  m arine environm ent. Figure 2.1 shows 
th e  catchm ent areas o f the  d ifferent 
E u ropean  regional seas. O ffshore sources 
include dum ping  o r inc inera tion  at sea, 
m aritim e tran sp o rt an d  o il/g as  p roduction  
activities. A tm ospheric deposition  to  the  
surface w ater of the  seas is also an  im portan t 
source of contam ination .

E xposure to  hazardous substances is to  a 
large ex ten t de te rm in ed  by the  hydrography. 
T he sensitivity increases with th e  residence 
tim e an d  the  streng th  o f th e  stratification of 
th e  w ater colum n. O ver tim e an d  in  space, 
con tam inated  discharges are  m ixed with 
m arine w ater bodies by w ater exchange, tidal 
curren ts, local coastal cu rren ts an d  large 
scale c irculation currents.

This rep o rt focuses on  levels an d  trends of 
hazardous substances in  mussels an d  fish in

coastal areas. For th a t reason, this chap te r 
does no t include a descrip tion  of deep  waters 
an d  deep  w ater cu rren t systems. A 
com prehensive descrip tion  of w ater masses 
and  c u rren t c irculation patterns in  the  
d ifferent seas can be found  in  OSPAR Quality 
Status R eport (QSR) 2000 fo r Regions I V 
(2000), HELCOM  (1996a) and  EEA /U N EP 
(1999).

2 .1 . Baltic Sea

T he Baltic Sea is the  largest brackish w ater 
a rea  in  the  w orld an d  consists o f several sub 
basins separated  by sills. T he transition  area 
(the Belt Sea an d  Kattegat) to  the  N orth  Sea 
is narrow  an d  shallow with a sill d ep th  of 18 
m. At irregu lar intervals, m ajor inflows supply 
large volum es of highly saline an d  oxygen 
rich  water to  th e  Baltic Sea. Only these 
inflows are  able to  renew  the  stagnant bo ttom  
w ater o f th e  deep  basins of th e  Baltic Proper. 
T he Baltic Sea is shallow (m ean d ep th  52 m, 
m axim um  d ep th  459 m) with a w ater volum e

Figure 2.1 C atchm ent areas and drainage basins o f regional seas

Source: EEA, 1999.
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of 21 700 km 3 an d  a surface area  of 415 000 
km 2, includ ing  th e  transition  area. T he 
overall residence tim e is 25-35 years. In  
general, ice covers the  n o rth e rn  p art for 
abou t 4-6  m onths, bu t sea ice occurs in  som e 
winters also in  the  rest o f the  Baltic Sea area.

T he drainage area is 1 745 136 km 2 (Figure 
2.1). T he m ean  ne t outflow from  the  Baltic 
Sea is 15 000 m 3 s '.

2.2 . N orw egian Sea

T he only m ain land  th a t borders the 
N orw egian Sea is cen tra l an d  n o rth e rn  
Norway. T he Norw egian ca tchm en t area 
covers 168 000 km 2 o f mainly m oun ta in  areas 
with little an th ropogen ic  in p u t (Figure 2.1). 
Two surface cu rren t systems ru n  m ore o r less 
parallel n o rth  east up  the  coastline. The 
Norw egian coastal c u rren t is ru n n in g  n ear 
shore. W hen it en ters the  Norw egian Sea 
from  th e  sou th  west, it transports 
approxim ately one m illion m 3 s 1 and  has a 
salinity th a t generally exceeds 30. (OSPAR, 
2000, QSR fo r Region I ) . T he to tal in p u t o f 
th e  N orth  A tlantic cu rren t in  the  Norwegian 
Sea is e igh t m illion m 3 s 1 (OSPAR, 2000, QSR 
fo r R egion I; AMAP, 1998). In  add ition  to  the  
w ater masses tran sp o rted  by th e  two cu rren t 
systems n ea r an d  offshore, a n u m b er of 
d ifferen t w ater masses are found  in  fjords 
an d  o th e r estuaries along th e  coastline. A 
wide range o f w ater characteristics exist in 
coastal waters, d ep en d in g  on  estuary type, 
residence tim e, freshw ater input, m ixing 
conditions, etc.

2.3 . G reater N orth  Sea

T he G reater N orth  Sea covers approxim ately 
750 000 km 2 an d  has a volum e o f about 
94 000 km 3. W ithout strict boundaries it is 
o ften  divided in to  seven sub areas: the 
S ou thern  N orth  Sea, th e  C entral N orth  Sea, 
th e  d eep er N o rth ern  N orth  Sea, the  
N orw egian T rench, Skagerrak, the  shallow 
Kattegat as a transition  zone to  the  Baltic Sea 
an d  the  C hannel as a transition  zone to  the 
N orth  East Atlantic. T he shallow S ou thern  
N o rth  Sea includes th e  large W adden Sea 
tidal area, the  G erm an Bight an d  the 
S ou thern  Bight.

T he ca tchm en t a rea  for rivers discharging to  
th e  N orth  Sea is 850 000 km 2 (Figure 2.1). 
T he to tal ru n  off of freshw ater is on  average 
300 km 3 y4 , bu t th e re  are  large year to  year 
differences in  ru n  off (OSPAR, 2000, QSR for 
R egion I I ) . T he m ost im p o rtan t rivers are the

Rhine, Weser, M euse, Scheldt, Seine an d  Elbe 
dra in ing  cen tra l and  n o rth e rn  Europe. The 
Tham es an d  H u m b er dra in  east England and  
the  G öeta drains large parts o f western 
Sweden. However, th e  largest fresh w ater 
source to  the  N orth  Sea is the  Baltic Sea (476 
km 3 y 1) .

T he flushing tim e for the  en tire  N orth  Sea is 
estim ated to  be in  the  range of 365 to  500 
days (OSPAR 2000, QSR fo r R egion II). In  
periods with westerly wind, low saline water, 
carrying hazardous substances from  the  rivers 
in  th e  S ou thern  N orth  Sea, is carried  u p  the 
Ju tland  west coast by the  Ju tland  Coastal 
C urren t to  the  Skagerrak (OSPAR, 2000,
QSR fo r R egion I I ) .

2.4 . Bay o f Biscay, Iberian W est Coast 
and G ulf o f Cadiz

T he ca tchm en t area th a t drains in to  the 
w estern A tlantic O cean  is 700 000 km 2 
(Figure 2.1) , with an  average ann u al ru n  off 
o f 180 km 3. M ore th an  half of the  ru n  off 
takes place in  th e  Bay of Biscay. T he four 
m ost im p o rtan t rivers responsible for over 
ha lf th e  load ing  are the  Loire an d  G ironde 
th a t d ra in  in to  the  Bay of Biscay, an d  the 
M iño an d  D ouro th a t d ra in  in to  the  Atlantic 
a t th e  Iberian  west coast (OSPAR, 2000, QSR 
fo r Region IV ). Most of the  surface waters 
found  in  the  area  have an  A tlantic origin. 
D eeper w ater masses may also be a m ixture of 
A tlantic and  M ed iterranean  w ater masses.

2.5 . Celtic Seas

This area  includes the  Celtic Sea located 
sou th  of Ire land , Saint G eorge’s C hannel, the 
Irish  Sea an d  N orth  C hannel betw een 
Ireland , Wales, England an d  Scotland, and  
finally the  shelf areas west o f Ire land  and  
Scotland. T he total ca tchm en t a rea  is shown 
in  Figure 2.1.

T he con tinen ta l slope curren t, also described 
fo r the  Biscay area, follows th e  slope edge to  
the  sou th  west of Ireland. O n  average th e re  is 
a northw ard  w ater m ovem ent th ro u g h  the 
Irish  Sea an d  30 000-100 000 m 3 s 1 is 
tran sp o rted  th ro u g h  the  N orth  C hannel, bu t 
tran sp o rt fluctuations are huge due to  wind 
conditions.

Based on  tran sp o rt m odels an d  rad ionuclide 
distributions it is estim ated th a t the  flushing 
tim e is 150-300 days in  the  Bristol C hannel, 
1-2 years in  th e  Irish Sea an d  4 .5-6 m onths 
in  the  M arlin Shelf area. Storm  events are
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know n to change those rates considerably 
(OSPAR, 2000, QSR for R egion III).

In  add ition  to  the  w ater masses in  the  open  
areas, a n u m b er o f d ifferent waters are  found  
in  fjords an d  o th e r estuaries along the  west 
coast o f Scotland an d  the  Scottish Islands. 
W ide ranges of water characteristics exist, 
dep en d in g  o n  estuary type, residence tim e, 
freshw ater inpu t, m ixing conditions, etc. 
(OSPAR, 2000, QSR for R egion III).

2.6 . M editerranean Sea

Data on  th e  to tal size of the  M editerranean  
ca tchm en t area  were no t found. T he Nile has 
th e  largest ca tchm en t a rea  o f all rivers 
en te rin g  the  M ed iterranean  Sea with 335 000 
km 2 (Figure 2.1). However, because of the  
construction  of the  Aswan dam , an  average of 
only five km 3 w ater is discharged in to  the  sea 
each  year. O th e r im p o rtan t rivers are all 
located  in  th e  n o rth e rn  part o f the 
M editerranean . W ith a few exceptions, all 
river systems discharging in to  the 
M ed iterranean  Sea are  small. T he R hone, 
Ebro an d  Po have ca tchm en t areas ex tend ing  
to  96 000, 84 000 and  69 000 km 2. T he 
discharge of freshw ater from  the  50 m ain 
rivers is abou t 255 km 3y '. N et inflow from  
th e  Black Sea am ounts to  163 km 3 a year.

Evaporation exceeds p recip ita tion  and  
freshw ater load. As a result, th e re  is a ne t 
inflow o f 1 700 km 3 w ater from  the  A tlantic 
O cean  each  year an d  th e  overall effect is a 
very h igh  salinity in  the  M ed iterranean  Sea. 
T he actual ann u al inflow o f A tlantic w ater is 
m uch higher. C hou an d  Wollast (1997) 
estim ate th a t 53 000 km 3 pass the  Strait o f 
G ibraltar each year as a surface cu rren t. This

inflow is com pensated  by ex p o rt o f high 
saline w ater from  the  M ed iterranean  Sea at 
the  bottom . T he ex p o rt is estim ated at 50 500 
km 3, giving a n e t w ater tran sp o rt 800 km 3 
h ig h er each  year th an  the  figure given in  the  
M ed iterranean  assessm ent rep o rt (EEA / 
UNEP, 1999).

T he M editerranean  is divided in to  two basins 
separated  by the  Sicilian C hannel abou t 150 
km  wide an d  with a m axim um  w ater d ep th  of 
400 m. T he w ater d ep th  averages 1 500 m. 
Shelf areas are  narrow  an d  separated  from  
th e  d eep er parts by steep co n tinen ta l shelf 
breaks. T he inflow cu rren t of A tlantic water 
con tinues as a surface c u rren t from  west to 
east o f the  M ed iterranean  Sea. Coastal sea 
level variations are generally lim ited to  tens 
o f centim etres. T idal am plitudes are small in  
th e  M editerranean .

2 .7 . Black Sea

T he drainage basin of the  Black Sea extends 
to  an  area  o f two m illion square kilom etres — 
five tim es th e  surface area  o f the  sea itself. 
A bout 350 cubic kilom etres of river water 
p o u r in to  the  Black Sea each  year from  an 
a rea  covering alm ost a th ird  of con tinen ta l 
E urope and  includ ing  significant areas of 
17 countries: Austria, Belarus, Bosnia and  
H erzegovina, Bulgaria, Croatia, Czech 
Republic, Georgia, Germany, Hungary, 
Moldova, Slovakia, Slovenia, Rom ania,
Russia, Turkey, U kraine an d  Yugoslavia. 
E u ro p e’s second, th ird  an d  fou rth  rivers (the 
D anube, D nipro an d  Don) all flow to  the 
Black Sea. Isolation from  the  flushing effects 
o f th e  o p en  ocean, coup led  with its huge 
catchm ent, have m ade the  Black Sea 
susceptible to  po llu tion  (Acar, 2001).
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3. Impact of hazardous substances

H azardous substances can be broadly divided 
in to  th e  following categories: heavy metals, 
persisten t organic contam inants and  
degradable  organic contam inants. T he 
substances discussed in  this rep o rt concern  
th e  two fo rm er categories. Substances in  the 
la tte r category include organophosphates, 
alkylphenols an d  several endocrine  
disrupters. They are no t covered here.

M arine conventions u ndertake  biological 
effects m onito ring  o f hazardous substances 
bu t, with a few exceptions (e.g. HETCOM, 
2001d) , data are no t rep o rted  regularly and  
assessm ents have no t b een  m ade yet. The 
in fo rm ation  p resen ted  in  this ch ap te r on  the 
im pact o f six substances is there fo re  based on  
lite ra tu re  review an d  no t on  data assessment.

3 .1 . Impacts of metals

Metals are  found  naturally in  m arine 
ecosystems. H um an  activity has increased 
local, regional an d  global fluxes o f many 
metals, e.g. the  m etals inc luded  here  
(cadm ium , m ercury  an d  lead ). All th ree  
m etals are  n o n  essential (have no  known 
biological function) an d  tissue levels are 
th erefo re  generally no t well regulated  by 
biological functions of th e  bodies o f m arine 
organism s. This causes bio accum ulation. 
M etals generally bio accum ulate in  tissues 
o th e r th an  fat (a lthough m ethyl m ercury may 
be found  in  fa t) . In  vertebrates, cadm ium  
accum ulates in  kidneys an d  liver, whereas 
lead  accum ulates in  bone.

M ercury may bio magnify in  m arine food 
chains, w hereas cadm ium  an d  lead will not. 
Due to  bio m agnification, dietary preferences 
re n d e r  some species at risk. Some 
invertebrate species, such as blue mussel, may 
accum ulate h igh  levels o f metals with no 
a p p a ren t adverse effects. E ider ducks th a t 
p redom inantly  feed o n  mussels in  som e areas 
are, however, th o u g h t to  be at risk (secondary 
p o ison ing ). A sim ilar m echanism  is th o u g h t 
to  be relevant fo r seabirds th a t d ep en d  on 
specific fish species with h igh  m ercury  levels.

3.1.1. Cadmium
C adm ium  is widely p resen t at low 
concen tra tions in  th e  e a r th ’s crust, bu t 
h u m an  activities have caused a general

m obilisation of the  m etal in  aquatic and  
terrestrial environm ents. It is no t n eed ed  for 
any organism  (it is n o t essential) an d  the 
m etal is highly toxic. T he m etal affects vital 
biological processes such as ion  exchange, 
energy p rodu ctio n  an d  p ro te in  synthesis, 
mainly th ro u g h  in terac tion  with the 
m etabolism  of essential trace m etals such as 
zinc an d  calcium . In  m arine ecosystems, 
som e seabird species (eating contam inated  
mussels) has been  identified  as the  possibly 
m ost sensitive co m p o n en t th ro u g h  secondary 
poisoning (OSPAR, 1996).

In  hum ans, cadm ium  has a biological ha lf life 
of m ore th an  20 years. C oncern  abo u t long 
te rm  exposure to  cadm ium  also intensified 
after recogn ition  of a disease called ‘ItaiT tai’ 
(painful painful) in  certa in  areas of Japan. 
T he disease was a com bination  of severe 
kidney dam age an d  painful bone an d  jo in t 
disease. T he disease occurred  in  areas w here 
rice con ta ined  h igh levels of cadm ium  due to 
irrigation  o f the  soil with w ater contam inated  
with cadm ium  from  industria l sources. The 
toxicity also resulted  from  consum ption  of 
cadm ium  con tam inated  fish taken  from  
rivers n ear sm elting plants.

3.1.2. Mercury
M ercury has no  know n biological function. It 
is highly toxic and  is considered  one  o f the  
m ost dangerous m etals in  th e  aquatic 
environm ent. This is due  to  its toxicity and  
po ten tia l fo r bio accum ulation  an d  bio 
m agnification, particularly u n d e r  anoxic 
conditions favouring the  transform ation  of 
inorganic m ercury in to  organic forms.

O rganic form s of m ercury affect the  nervous 
system, while th e  inorganic  form s affect a 
range of cellu lar processes. M ercury may be 
dem ethylated  to  varying extents in  the  tissues 
of aquatic organism s. In  m arine ecosystems, 
organism s at th e  top  of food chains, mainly 
seabirds an d  m arine m am m als, have been  
identified  as being  m ost sensitive (th rough  
secondary p o ison ing ). T he m etabolism  and  
disposition o f m ercury is com plex. M ost is 
found  as m ethyl mercury, w hich has a high 
affinity for sulphydryl g roups in  add ition  to 
being fat soluble. In  som e species it will be 
found  associated with fat, in  o thers associated 
with peptides.
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M ercury, as is the  case for DDT discussed 
below, is shown to have b een  a m ajor cu lprit 
fo r th e  decline in  populations o f predatory  
b irds in  the  1960s and  1970s. M ercury differs 
from  o th e r organic m etals in  th a t it is found  
in  one  organic an d  th ree  inorganic  form s in 
th e  env ironm ent (m ethyl mercury, di an d  
m onovalent ionic m ercury  an d  m etallic 
m ercu ry ). T here  is a con tinuous m icrobial 
transfo rm ation  of inorganic  to  organic 
m ercury  in  the  aquatic environm ent. 
M ercury in  fish, fo r exam ple, is nearly all 
organic mercury.

M ethyl m ercury is one  of th e  few 
env ironm ental contam inants th a t have been  
established as em bryotoxic to  hum ans. 
Between 1954 and  1960, at M inim ata Bay and  
elsew here in  Japan, m any infants were b o rn  
with severe neurological symptoms 
resem bling cerebral palsy an d  m ental 
deficiency. This disease was traced  to  the  
consum ption  of m ercury  con tam inated  fish 
by th e  m others. By 1970, at least 107 deaths 
had  also b een  a ttribu ted  to  m ercury 
poisoning, an d  800 cases of ‘M inim ata 
disease’ were confirm ed.

A part from  the  know n effects o f m ercury on 
birds of prey (m en tioned  above) , le thal o r 
harm ful effects in  m arine an d  terrestrial 
m am m als are  also rep o rted  (AMAP, 1998) , 
w hen concen tra tions exceeded  from  25 to  60 
m g /k g  wet weight in  kidneys an d  liver. 
M ethyl m ercury  is a cen tra l nervous system 
toxin, while th e  kidneys are  th e  organs m ost 
vulnerable to  dam age from  inorganic 
mercury. M ethyl m ercury is also a risk to  the 
developing foetus since it readily crosses the 
placental barrie r (AMAP, 1998). M ercury 
exposure  has been  linked to  reduced  m ental 
developm ent in  children .

T he Polar Regions are  affected by long range 
tran sp o rted  mercury, an d  the  concen tra tion  
in  som e m arine m am m als seems to  have 
increased  over the  previous two decades 
(AMAP, 1998). T he levels of m ercury in  
Arctic ringed  seals an d  beluga whales have 
increased  two to  th reefo ld  over th e  last 20 
years (M uir et al., 1997; W agem ann et al., 
1996). T he Arctic m arine food web is often 
h igh ligh ted  with regard  to  th e  risk of 
m ercury to  ecosystems. It is im portan t 
however to  acknow ledge th a t im pacts of 
m ercury are  n o t only restricted  to  the  Polar 
Regions. In  w arm er waters also, predatory  
m arine m am m als may be exposed to  m ercury 
levels th a t are h ealth  th rea ten ing . For 
instance, in  a study of H ong  K ong’s

popu la tion  o f hu m p  backed dolphins, 
m ercury has b een  considered  a health  
prob lem  (Parsons, 1998).

3.1.3. Lead
Tead is also n o n  essential an d  toxic. Tead has 
h igh affinity fo r particles an d  is rarely found  
in  h igh  concen trations in  seawater. Some 
algae are  especially sensitive to  lead  (OSPAR, 
1996), bu t lead  may affect aquatic  species at 
d ifferen t troph ic  levels.

In  vertebrates, lead  predom inantly  
accum ulates in  b one  an d  blood. Exposure to 
h igh concen tra tions will cause decreased 
synthesis o f haem oglobin  an d  eventually 
anaem ia. Severe exposure to  inorganic  lead 
may cause encephalopathy  and  m ental 
re tardation . T he same m echanism  is used as 
a  b iom arker (ATA D) to  m on ito r lead 
exposure in  fish u n d e r  th e  Norw egian 
OSPAR jo in t assessm ent an d  m onito ring  
program m e (JAMP).

3.2 . Impacts o f DDT, lindane and PCB

Persistent organic contam inants, such as 
DDT, lindane an d  PCB, have low water 
solubility, h igh lipophilicity an d  are resistant 
to  b iodégradation . These properties lead  to 
up take  an d  accum ulation  in  the  fatty tissues 
o f living organism s, in  som e instances 
causing bio m agnification th ro u g h  food 
chains (Figure 3.1). T he highest 
concen tra tions of organic contam inants are 
there fo re  found  in  to p  predators, such as sea 
birds, m arine m am m als an d  po lar bears 
(B ernhoft e ta !, 1997; Ruus et al., 2002). 
Adverse effects o f these con tam inan ts are 
often  observed in  the  sam e species. Such 
effects may com prise d isrup tion  o f the  
im m une system, d isrup tion  of ho rm one  
p rodu c tio n  o r transport, im pairm ent of 
rep roduction , em bryonic dam age, cancer o r 
dam age to  the  nerve system.

T he case for seals in  th e  Baltic Sea illustrates 
th e  im pact o f certa in  persisten t organic 
pollutants. T he seals are  top  p redato rs th a t 
have been  adversely affected by organic 
contam inants. T he Baltic Sea is connected  to  
th e  world oceans only th ro u g h  th ree  narrow  
an d  shallow straits an d  it takes approxim ately 
25 years to  exchange the  w hole w ater volume. 
This is m ore th a n  en o u g h  tim e for particle 
b o u n d  con tam inan ts to  deposit on  the  Baltic 
Sea floor. T he Baltic Sea has therefo re  
becom e a sink fo r many of the  hazardous 
substances th a t have b een  deposited  in  the  
su rro u n d in g  env ironm ent th ro u g h  the  years.
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Bio-m agnification factors (BMFs) be tw een  levels in th e  studied fo od chain from  Jarlfjord , N orth ern  N orw ay
(1989- 1990 )

Figure 3.1

G rey  sea l

H arbo u r  sea l

Source: Ruus e ta / . ,  1999

1. Cod/Sandeel
E PCB: 3.2 
E DDT: 3.7 
ECHL: 3.2 
HCB: 2.1

2. Harbour seal/Sandeel
E PCB: 28 .0  
E DDT: 36.9 
ECHL: 33.5 
E HCH: 2.1

3. G rey seal/Sandeel
E PCB: 32.2 
E DDT: 35.4 
ECHL: 35.0 
HCB: 2.7

4. Harbour seal/Cod
E PCB: 8.7 
E DDT: 9.9 
E CH L : 10.3 
E HCH: 2.5 
HCB: 0.3

5. G rey seal/Cod
E PCB: 10.0 
E DDT: 9.5 
E CH L : 10.8

S an d ee l

Seventy m illion people  live close to  th e  Baltic 
Sea and  m ore th an  250 large rivers 
con tribu te  to a substantial in p u t of 
con tam inants to  the  Baltic Sea.

Populations o f seals in th e  Baltic Sea 
declined  towards the  1970s. It was established 
th a t this was due to low ered reproductive 
success. T he reason  was pathological changes 
in  th e  uterus, ren d erin g  th e  fem ale seals 
infertile. T he severity of disease correlated  
with levels o f organic contam inants in  the 
seals, specifically PCB (H elle et al., 1976). 
T he h igh  con tam inan t levels were likely the  
cause of a large disease com plex with a 
variety of symptoms including  lesions on 
skin, claws, intestines, kidneys and  bone 
tissue in add ition  to  u terus pathology. T he 
orig in  for the  whole disease com plex was 
m ost likely th e  con tam in an ts’ toxic effect on

the  ad renal cortex  (B ergm an and  Olson, 
1985).

3.2.1. D DT
D ich lorod ipheny ltrich lo roethane (DDT) is a 
synthetic organoch lo rine  insecticide. A 
negative relationsh ip  betw een concentrations 
of p ,p ’ DDE (the principal DDT m etabolite) 
and  testosterone in  D ali’s porpoises of the 
N orth  Pacific has been  shown (Subram anian 
et al., 1987, Figure 3.2). This may have 
consequences fo r the  rep ro d u c tio n  of the 
anim als, since testosterone plays a crucial 
role for norm al m ale sexual d ifferentiation, 
steroidogenesis, sperm atogenesis, 
developm ent of secondary m ale sex 
characteristics an d  sexual behaviour. In  o th e r 
cases, d ioxin like com pounds have displayed 
an ti estrogenic effects, likely because th e  Ah 
recep to r (dioxin receptor) blocks th e  norm al 
function  of the  oestrogen  receptor.

Relationship be tw een  concentrations o f testosterone and p ,p '-D D E  in Dali's porpoises Figure 3.2

15
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5

0
0 10 20

Source: Subram anian  e t  
a/., 1987.

y = - 0 . 6 0 x +  11,7 

r = - 0 . 6 6  

(P < 0.05)

DDE (|jg g 1)
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Figure 3.3
Change in eggshell thickness from  1 9 0 0  to  1 9 6 7 , w ith  lo w er levels from  about 1 9 4 5  corresponding to  w hen  
D D T was in troduced to  th e  environm ent

Source: Ratcliffe, 1967.
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Besides in te rfe ring  with ho rm one 
hom eostasis in  Dali’s porpoises, DDT an d  its 
dérivâtes were responsible for eggshell 
th in n in g  an d  decreased reproductive success 
in  birds, especially birds of prey (Figure 3.3). 
E ndocrine d isruption  ren d ered  th e  calcium  
produc ing  eggshell gland of the  fem ale birds 
unab le  to p roduce  sufficiently thick eggshells 
an d  they often broke before hatch ing  
(Ratcliffe, 1967; Hickey an d  A nderson,
1968). T hese hazardous substances thus 
co n trib u ted  to a decline in  m any b ird  
populations in  industrialised  areas o f the 
N o rth e rn  H em isphere  in th e  1960s and  
1970s.

3.2.2. Lindane
L indane is also p resen t in  high 
concen tra tions in the  fat of Arctic m am m als 
(seals, po lar bears). F rom  the  lim ited  data 
available on  acute an d  chron ic  toxicity, som e 
crustacean species ap p ear to  be particularly 
sensitive to  lindane (and o f course insects in  
freshw ater), w hereas molluscs an d  algae, for 
exam ple, do  n o t ap p ear to  be very sensitive 
(OSPAR, 1996). L indane is an  irritan t in  
hum ans an d  may affect m ucus m em branes, 
im m une an d  nervous systems, following 
exposure.

3.2.3. PCB
D ue to  PCB s ex trem e m obility an d  ability to 
bio accum ulate an d  bio magnify in  m arine 
food webs, long lived anim als at h igh troph ic  
levels ap p ear to be m ost at risk from  PCB. 
Similarly to  DDT, PCB are th o u g h t to be 
involved in  the  observed reproductive

problem s o f po lar bears an d  possibly earlier 
m orphological aberrations in  Baltic seals.

O th e r endocrine  d isrupting  effects of 
hazardous substances are, for instance, the  
b ind ing  of hydroxy m etabolites of PCB on 
th e  tran sp o rt p ro te in  (transthyretin , TTR) of 
th e  thyroid h o rm one  thyroxin. Since 
thyroxin  is an  im po rtan t h o rm one  fo r grow th 
an d  developm ent, this may have dam aging 
effects on  early life stages of organism s. A 
sim ilar p rob lem  exists fo r the  hom eostasis of 
vitam in A, which is also im p o rtan t fo r the 
im m une system, foetal developm ent, growth 
an d  rep ro d u c tio n  in  all vertebrates. 
R elationships betw een plasm a levels of 
o rganoch lo rines (PCB) , re tino l (vitamin A) 
an d  thyroid  ho rm ones in po lar bears from  
Svalbard have been  found  (Skaare et al., 
2001), indicating th a t grow th developm ent of 
epithelial tissues an d  th e  im m une system, 
an d  rep ro d u c tio n  are (or are at risk o f being) 
im paired. F urtherm ore , PCB con tam inated  
fish are shown to likely induce  vitam in A and  
thyroid h o rm o n e  deficiency in  seals 
(Brouwer et al., 1989).

Adverse effects of hazardous substances on  
th e  rep ro d u c tio n  of top  predato rs in  m arine 
ecosystems are also observed in th e  W adden 
Sea, which receives water from  th e  river 
Rhine. Reijnders (1986) observed low ered 
reproductive success in  seals feed ing  on  fish 
from  th e  W adden Sea (con tam inated  with 
h igh  concen trations of PCB especially), 
com pared  with seals feeding on  fish from  the 
n o rth  east Atlantic.
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Furtherm ore , suppression of th e  im m une 
system function  (specifically natu ra l killer 
cell activity) has b een  observed in  seals tha t 
fed  on  Baltic Sea h errin g  (also highly 
con tam inated  with PCB) (Ross eta!., 1996). 
D uring the  1988 epizootic, im paired  im m une 
system due to  exposure to  hazardous

substances was suspected to  re n d e r the  
anim als m ore susceptible to  th e  phocine 
d istem per virus. M ore recen t results 
(B ernhoft e ta l, 2000) now also indicate 
con tam inan t associated suppression of 
antibody m ediated  im m unity in  po lar bears.
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4. Sources and inputs of hazardous 
substances (driving forces and 
pressures)

4 .1 . Sources

In  today’s industrialised  society, a vast 
n u m b er of chem icals are  in  use o r being 
p ro d u ced  all th e  tim e. In  addition , several 
substances are form ed un in ten tionally  as by 
products in  industrial processes o r 
com bustion. H um an  activities have thus 
drastically a ltered  concen trations of many 
na tu ra l substances in  the  environm ent, such 
as metals, an d  ad d ed  num erous new 
chem icals, such as DDT an d  PCB. Many 
substances have b een  investigated for the ir 
im pact on  th e  environm ent. Research has 
increased th e  awareness of th e ir  harm ful 
effects, lead ing  to  restrictions on  p roduction , 
use an d  discharges of a n u m b er o f chemicals.

C onsiderable a tten tio n  regard ing  
environm enta l po llu tion  focuses on  the 
m arine environm ent. D ifferent contam inants 
have reached  the  oceans from  an th ropogen ic  
sources th ro u g h  d irect discharge to  m arine 
waters, o r  indirectly  th ro u g h  rivers an d  ru n  
off from  soil an d  atm ospheric  deposition. 
T he world oceans com prise 71 % of the  
e a r th ’s surface and, therefo re , are  also an  
eno rm ous rec ip ien t of pollu tants from  the 
atm osphere . A fter em ission to  the  
atm osphere , m any pollu tan ts are  dispersed 
by rep ea ted  deposition  an d  evaporation. By 
oceanic an d  atm ospheric  circulation, 
pollu tan ts are  subject to  long range transpo rt 
even to  relatively pristine areas, such as the  
Arctic.

T he E uropean  Pollu tion  Emission Register 
(EPER) , w hich is curren tly  being  developed 
in  connection  with the  in teg ra ted  pollu tion  
prevention  and  con tro l (IPPC) directive, will 
provide som e data on  a range of hazardous 
substances an d  th e ir  em issions in  future. For 
th e  Baltic Sea, th e  po llu tion  load com pilation  
will provide m ore com prehensive data 
covering m ore p o in t sources. The 
in fo rm ation  requ ired  for identification  of 
pressures in  the  w ater fram ew ork directive 
will cover a w ider range of sources th an  
EPER. For this report, in fo rm ation  on 
em ission sources has been  com piled  from  
literature . Only em ission sources of the  six 
substances dealt with in  this rep o rt are

considered  (cadm ium , mercury, lead, DDT, 
lindane an d  PC B ).

4.1.1. Cadmium
C adm ium  is re fe rred  to  as ‘the  lost m eta l’ 
since recycling has b een  lim ited. T he m ain 
sources are  from  general w aste/d isposal and  
industrial activities (NSC, 2002). Sources of 
the  m etal to  th e  env ironm en t include m ining 
and  p roduction , m etal industry (including 
steel in dustry ), co a tin g /e lec tro p la tin g  
industry, p ro d u ctio n  an d  deposition  of 
batteries, b u rn in g  of fossil fuels, the  use of 
phosphate  fertilisers, waste incineration , 
leaching from  waste deposits an d  the  use of 
cadm ium  salts as stabiliser a n d /o r  colouring  
agen t (see, fo r exam ple, HEFCOM , 2002f).

P roduced  w ater (water p ro d u ced  with oil and 
gas) is a source of d irect discharge of 
hazardous substances to  m arine waters and  
contains a variety o f chem icals th a t have been  
dissolved from  the  geologic form ations on  
the  sea floor. T he m etals p resen t an d  th e ir 
concen trations in  p ro d u ced  w ater from  
d ifferent sources vary considerably, 
d epend ing  on  the  age an d  geology o f the  
form ations from  which the  oil an d  gas are 
p roduced  (Collins, 1975).

C adm ium  is one of the  m etals p resen t in 
N orth  Sea p roduced  water, an d  the 
concen tra tions range com m only from  0.45 to
1.0 p g /F  (Neff, 2002). For com parison, 
typical cadm ium  concen trations in  sea w ater 
are betw een 0.001 and  0.1 p g /F  (Neff, 2002). 
However, inpu ts of cadm ium  to the  N orth  
Sea from  offshore activities (estim ated at 0.1- 
0.2 tonnes a year from  all sectors) are 
negligible in  com parison  with atm ospheric 
deposition  (37.5-48 tonnes a year) and  
riverine an d  d irect inputs (28.6-36 tonnes a 
year). (See Borgvang etal., 2002.)

4.1.2. Mercury
As with o th e r metals, m ercury is found  
naturally in  the  m arine environm ent. T he 
m ain an th ropogen ic  sources are  from  
general w aste/d isposal an d  industrial 
activities (NSC, 2002). It is still used in  
various products, e.g. batteries and  
electronics. F urtherm ore , low quantities in
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fossil fuels an d  m unicipal waste ensure  
co n tin u ed  em issions of m ercury in to  the 
atm osphere. (See also HELCOM , 2002g.)

M ercury differs from  o th e r m etals and  
organic contam inants. As has b een  n o ted  in  
section 3.1.2, m ercury is found  in  one 
organic an d  th ree  inorganic  form s in  the  
env ironm en t (m ethyl mercury, di and  
m onovalent ionic m ercury an d  m etallic 
m ercu ry ). T here  is a con tinuous m icrobial 
transfo rm ation  of inorganic to  organic 
m ercury  in  th e  aquatic environm ent. 
M ercury in  fish, fo r exam ple, is nearly all 
organic mercury.

A tm ospheric m ercury exists mainly in  the  
fo rm  of e lem ental m ercury vapour (HgO) (90 
to  99 % ), particle b o u n d  m ercury  (< 5 %) 
an d  gaseous divalent m ercury (e.g. HgC12)
(< 5 %) (EC, 2001). Emissions from  
an th ropogen ic  sources can occur in  all th ree  
forms. A tm ospheric deposition  occurs mainly 
via dry deposition  o r wash ou t of particle 
b o u n d  and  gaseous divalent mercury. 
E lem ental m ercury contribu tes to  the  
deposition  via oxidation in  a ir o r in  cloud 
droplets. M ercury in  th e  form  of e lem ental 
vapour (HgO) has a long atm ospheric 
lifetim e, w hich m akes tran sp o rt on  
hem ispheric  an d  global scales feasible. In  the 
N o rth e rn  H em isphere, an th ropogen ic  
em issions have increased the  background  
concen tra tions of m ercury in  air by a factor 
o f 2 -3  since before industrialisation.

In  add ition  to  diffuse inputs (sewage, run  
o ff), im p o rtan t m ercury inputs are 
a tm ospheric  deposition  (bu rn ing  o f fossil 
fuels, waste incineration) an d  industry 
outputs. R ecent a tm ospheric  deposition  to  
th e  N orth  Sea was estim ated to  be 10.5 
tonnes a year, while riverine an d  d irect inputs 
range betw een 6.8 an d  8.5 tonnes a year 
(OSPAR, 1999; Borgvang etal., 2002). 
A ccording to  N eff (2002), the  global 
an th ropogen ic  em issions of m ercury may 
am o u n t to  30 000 m etric tonnes a year.

As m entioned , m ercury undergoes 
transform ations in  the  m arine environm ent. 
M ercury has affinity fo r particles an d  organic 
m aterial an d  will there fo re  accum ulate in 
some sedim ents in  coastal waters. M ercury is 
m ore volatile th an  o th e r m etals and 
atm ospheric tran sp o rt is an  im portan t 
pathway.

4.1.3. Lead
Lead is widely d istribu ted  in  th e  crust o f the 
earth , m ost com m only found  with deposits of 
o th e r m etals (zinc, cadm ium , silver, c o p p e r) . 
T he m ain  an th ropogen ic  sources are  from  
general w aste/d isposal an d  industrial 
activities (NSC, 2002).

Lead does n o t occur naturally in  the  m etallic 
state and  has a low abundance  (0.002 % of 
the  weight of th e  e a r th ’s crust) (EC, 1997). In  
the  n a tu ra l cycle, lead is released to  the 
e a r th ’s surface th ro u g h  several processes 
w hich include w eathering of rocks, volcanic 
activity, an d  uptake an d  subsequent release 
by plants. T he w eathering of rocks releases 
lead to  soils an d  aquatic systems. This process 
plays a significant role in  the  global lead 
cycle, bu t only rarely results in  elevated 
concen trations in  any environm ental 
com partm ent. Low concen trations of lead in 
the  a ir are betw een 0.05-0.1 p g /m 3 in  rural 
areas. N atural lead  co n ten t in  the 
a tm osphere  is estim ated  to  be in  the  o rd e r of 
0.006 p g /m 3.

Lead has a g reat n u m b er of industrial 
applications, b o th  in  its e lem enta l form  and  
in  the  fo rm  o f alloys an d  com pounds. The 
m ajor use o f lead is in  the  m anufacture  of 
lead accum ulators (responsible fo r 68 % of 
consum ption  an d  growing in  parallel with 
the  increase in  th e  n u m b er of au tom ob iles). 
H ere  it is used bo th  in  the  m etallic form  and  
as lead oxide. Lead also has im portan t 
applications in  rad iation  shield ing (in 
nuclear plants and  a ro u n d  X ray apparatus 
units) , in  roofing an d  for the  sheath ing  of 
electric pow er cables. Its corrosion  resistance 
makes it a useful m aterial fo r tank  linings, 
pip ing an d  o th e r eq u ip m en t used in  
chem ical processes. Due to  its density, it is 
also suitable for am m unition  an d  for 
w eighting applications (e.g. ca r wheel 
weights an d  yacht keels).

Lead oxide is also used in  several 
applications. It is in co rpo ra ted  in to  glass to 
prevent the  escape of rad iation  from  cathode 
ray tubes (e.g. TV an d  com p u ter m onitors). 
O rganic lead  salts are  ad d ed  to  PVC as 
stabilisers to  p ro tec t it against degradation .

It is also im p o rtan t to  m en tion  tetraethyl 
lead, w hich has b een  used in  petrol. In  1972, 
a ro u n d  400 000 tonnes of tetraethyl lead 
were consum ed th ro u g h o u t the  world to 
im prove th e  octane rating of petrol. Since 
then , this application  has declined  
dram atically because o f restrictions im posed
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th ro u g h  environm ental legislation. The 
te traethy l lead m arket now accounts fo r only 
1 % o f lead use, m ost of w hich is used in 
developing countries.

4.1.4. DDT
DDT (d ich lo rod ipheny ltrich lo roethane) is a 
synthetic o rganoch lo rine  insecticide th a t was 
first used to  con tro l insects th a t were vectors 
fo r h u m an  diseases a t the  en d  o f W orld War
II. A fter the  war, it found  a ready m arket in 
peacetim e agricultural en terprise . All use of 
DDT was d iscontinued  in  w estern as well as 
cen tra l an d  eastern  E uropean  countries 
a ro u n d  1990, a lthough  heavy use was b an n ed  
two decades earlier. However, in  developing 
countries, the  n eed  for cheap  insecticides (to 
con tro l m osquitoes, an d  hence  m alaria) kept 
DDT in  use in  la ter years. In  som e areas, such 
as in  fru it growing areas in  w estern Norway, 
th e re  have b een  recen t inputs o f DDT, 
probably due to  leaching from  bu ried  waste 
o r  unused  canisters. In  addition , th ere  is a 
co n tin u ed  leaching from  soil an d  river 
sedim ents in  som e areas. As an  obsolete 
pesticide, DDT also poses a severe th rea t to  
m arine environm ents w hen stored  u n d e r 
unsafe conditions (HETCOM , 2001c). Over 
th e  past 50-60 years, DDT has been  spread 
over the  en tire  globe an d  is now found  in  all 
na tu ra l waters an d  organisms.

T he original pesticide DDT (technical grade) 
co n ta ined  u p  to  14 d ifferen t chem icals 
includ ing  p,p<t DDT (1,1,1-trichloro-2,2 
bis (4 ch lo ropheny l)e thane) and  its o,pC 
DDT isom er (1,1,1-trichloro- 2 (2- 
ch lorophenyl) 2 (4 chlorophenyl) e th a n e ) , as 
well as th e ir  dech lo rina ted  analogues p,pt 
an d  o.pC-DDD (1,1 d ich lo ra  2,2 b is(4 
chlorophenyl) e thane) an d  (1,1-dichlora- 2 
(2 chlorophenyl) 2 (4 chlorophenyl) e thane) , 
respectively. p,p<t DDE (1,1 d ich lo ra  2,2 
bis(4 chlorophenyl) ethylene) is the  principal 
DDT m etabolite.

4.1.5. Lindane
H CH  (1,2,3,4,5,6 hexach lo rocyclohexane), 
also know n as benzenehexach lo ride  (BHC) 
o r lindane, is a pesticide th a t is still used in  
parts of the  world. In  its p ro duction  process, 
benzene an d  ch lo rine react in  the  presence 
o f UV radiation , form ing th e  c rude  p roduc t 
‘technical H C H ’. This consists of 55-80 % of 
th e  a isomer, 5-14 % of the  b isomer, 8-15 % 
of the  g isom er an d  2-16 % of the  d isom er 
(Li etal., 1996). Its insecticidal p roperties are 
mainly due to  the  g isomer. T herefo re, by 
selective crystallisation, g HCH  has b een  
p ro d u ced  with the  com m on nam e lindane. 
N on agricultural use of lindane includes use

for wood preservation, as an  insecticide, as 
roden tic ide  and  for m edicinal purposes (scab 
an d  louse o in tm ents).

L indane is no t found  naturally an d  is toxic to  
vertebrates as well as to  insects (the target for 
the  pestic ide). T he substance has been  
b an n ed  from  use in  m ost w estern E uropean  
countries (SIME, 2002), b u t is still p resen t in  
the  env ironm en t due to  its persistence.

L indane was prim arily used in  the  USA and  
w estern Europe, while technical H C H  was 
used in  th e  fo rm er Soviet U nion, Poland, 
Rom ania, India, C hina, M exico an d  Brazil 
(Fischer et al., 1991). Technical HCH  is still 
used in  C hina as an  insecticide on  hardw ood 
logs an d  lum ber, seeds, vegetables an d  fruits, 
and  o n  buildings (AMAP, 1998). T he global 
usage of technical HCH  an d  lindane is 
estim ated to  be 550 000 an d  720 000 tonnes, 
respectively, betw een 1950 and  1993 
(V o ld n eran d  Li, 1995).

4.1.6. PCB
Polychlorinated biphenyls (PCB) are a g roup  
of theoretically  209 d ifferen t com pounds 
(congeners) of w hich 150-160 are  found  in  
the  environm ent. It should  be n o ted  th a t the  
range of PCB are very d ifferen t substances, 
b o th  with regard  to  physico chem ical 
p roperties an d  with regard  to  th e ir  biological 
activity. A distinction  is com m only m ade 
betw een th e  generally m ore carcinogenic 
‘d ioxin  like’ PCB (n o n  an d  m ono  ortho 
ch lo rinated) an d  th e  m ore im m unotoxic 
‘bulky’ PCB (ch lo rinated  in  = 2 ortho 
positions). All PCB are  m an m ade, b u t are 
now found  all over ea rth  due to  th e ir  
persistence an d  relative volatility.

Since 1929 at least one m illion tonnes have 
been  produced . M ore th an  half th a t quantity 
is still in  th e  env ironm en t o r in  products 
(Tanabe 1985, 1988). C om m ercial PCB 
products were m anufactu red  in  th e  USA, 
Japan, the  fo rm er Soviet U nion, an d  eastern  
an d  w estern E urope u n d e r  various trade  
nam es, such as Aroclor, C lophen, Phenoclor, 
San to therm  an d  Pydraul (de Voogt and  
Brinkm an, 1989; AMAP, 1998). T he products 
are m ixtures of several congeners with 
d ifferent degrees of ch lorination . T he PCB 
have un ique  physical an d  chem ical 
properties, such as h igh therm al and  
chem ical stability an d  high electrical 
resistance. T herefo re, they have b een  used 
extensively in  m any industrial applications, 
such as hydraulic fluids, cooling liquids in 
transform ers and  dielectric liquids in  
capacitors. They have also b een  applied  in
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o p en  systems such as plasticisers, lubricants, 
inks an d  paints. Sources o f PCB to the  
env ironm en t are mainly diffuse an d  the 
h ighest levels are  generally found  in  estuaries 
an d  close to  industrialised u rb an  centres. 
T h ere  is currently  a ban  on  the  open  use of
PCB.

4 .2 . Inputs

D uring the  period  1990-1999 decreasing 
inpu ts of cadm ium , mercury, lead, lindane 
an d  PCB in to  th e  N orth  East A tlantic were 
observed (Figure 4.1 an d  Tables 4 .1-4.2). 
T h ere  were no  available data for in p u t o f 
DDT. Emission reduction  m easures in  
industry have con trib u ted  to  th e  observed 
reductions in  the  in p u t o f metals (OSPAR, 
2000; HELCOM , 2001b, 2002i).

T he sum  o f direct an d  riverine inputs of 
cadmium (abou t 109 tons in  1990 in to  the 
N orth  East Atlantic) was reduced  by 50 % 
betw een 1990 an d  1997. T he UK con tribu ted  
m ost to  the  in p u t in  1990 an d  also strongly 
con trib u ted  to  the  to tal decrease in  in p u t 
observed in  th e  period  un til 1999. H igh 
cadm ium  inpu ts in  1994 an d  1995 o f the 
N etherlands probably were due to  relatively 
h igh  (and no t representative) concen trations 
o f suspended  solids in  the  samples. Data 
from  Portugal have an  irregu la r p a tte rn  over 
tim e. Values from  Spain for 1997-1999 were 
relatively h igh com pared  to  o th e r  countries, 
b u t were lacking p rio r to  1997 or 
questionably low. T hese exam ples of gaps or 
p o o r data inh ib it adequate  assessm ent of 
tem pora l trends.

T he in p u t of mercury (about 41 tonnes in  
1990) was reduced  by abou t 50 % in  1999 
com pared  to  1990. G erm any (including 
fo rm er GDR) an d  the  UK co n trib u ted  m ost 
to  th e  in p u t in  1990. Both countries also 
strongly con trib u ted  to  th e  to tal decrease in 
in p u t observed in  the  period  un til 1999.

T he discharge lead in  1990 was abou t 2 200 
tonnes in  1990 an d  was reduced  to  1 330 
tonnes in  1999, alm ost entirely  due to 
changes in  discharges from  Portugal. 
Portugal and  th e  UK con trib u ted  m ost to  the 
1990 input. T he con tribu tions o f the  o th e r 
countries d id  no t show a clear decrease over 
th e  period  considered. Relatively h igh lead 
inpu ts in  1994 an d  1995 of th e  N etherlands 
probably were due to  relatively high, b u t no t 
representative, concen trations of suspended  
solids in  the  samples. T he results of Spain in  
1997 an d  1998 were high, while data on 
1990-1992 were lacking. This causes a bias in

com paring  to tal 1998 inputs with 1990 
inputs. Inpu ts  o f Norway an d  UK in  1998 
were h igh com pared  to  those of o th e r years.

T he sum  o f direct an d  riverine inputs of 
lindane was abo u t 1 800 tonnes in  1990 and  
reduced  to  abo u t 900 tonnes by 1999. Both 
Norway an d  the  UK in  particu lar con tribu ted  
to this decrease. Taking in to  accoun t the  
change in  analysis p rocedure  in  the  
N etherlands from  1993 onwards, the  
decrease in  in p u t in  1999 com pared  to  1990 
was m uch  larger.

T he discharge of PCB was abou t 3 100 tonnes 
in  1990 an d  was reduced  by 50 % by 1999. 
T he UK con trib u ted  m ost to  th e  in p u t in  
1990 and  strongly con tribu tes to  th e  total 
decrease in  in p u t observed.

A tm ospheric inputs were also shown to 
decrease. A decreasing tre n d  in  a tm ospheric 
in p u t o f cadm ium , m ercury and  lead in to  the  
N orth  Sea was observed fo r the  period  1987- 
1995. T here  were no available data for 
a tm ospheric inputs o f DDT, lindane o r PCB. 
C adm ium  an d  lead have ra th e r  short 
residence tim es in  th e  a tm osphere  an d  were 
rapidly deposited. C ountries bo rdering  
coastal waters (the OSPAR contracting  
parties) accoun t fo r nearly all o f th e  m etal 
input. Due to  the  a ir transpo rt 
characteristics, the  relative con tribu tion  of 
a tm ospheric in p u t varies betw een th e  sea 
regions studied. Emission reduction  
m easures in  industry an d  waste bu rn in g  
con tribu ted  to  the  reduction  of atm ospheric 
inputs o f cadm ium , m ercury  and  lead.

In  1995, a tm ospheric inpu ts o f cadm ium  and  
m ercury in to  th e  N orth  Sea were estim ated at 
22 tonnes an d  fou r tonnes, respectively. For 
lead, the  atm ospheric  in p u t in to  the  g rea ter 
N orth  Sea was estim ated at 670 tons. 
However, the  uncertain ty  m arg in  in  these 
inputs was relatively large (the inpu ts were 
probably overestim ated). T he sum  o f direct 
and  riverine inputs in to  the  N orth  Sea in  
1995 am o u n ted  to  56 tonnes, 16 tonnes and  
1 420 tonnes fo r cadm ium , m ercury  and  lead, 
respectively, showing th a t th e  co n tribu tion  of 
a tm ospheric inputs was significant. 
A ccording to  HELCOM  (2002i), the  
a tm ospheric in p u t o f cadm ium  an d  lead to  
the  Baltic Sea has decreased by abou t 4 % 
betw een 1996-2000. M ercury has decreased 
by abou t 14 %. L indane em issions have 
decreased by alm ost two orders of m agnitude 
betw een 1990-1998, bu t deposition  has only 
decreased by 14 %, probably due to 
a tm ospheric in p u t from  elsewhere.
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Figure 4.1 C hange (% ) in d irect riverine and atm ospheric inputs o f cadm ium , mercury, lead, lindane and PCB 
to  th e  N orth-East A tlantic

Source: OS PAR, 
HELCOM, EEA m e m b e r  
countr ies .
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Substance/Sea M edium 1985 19 8 6 19 87 19 88 1 9 8 9 19 90 1991 19 92 19 93 19 94 19 95 19 96 19 97 19 98 19 99

Cadmium

NE Atlantic DRI 100 90 89 56 64 68 44 48 53 54

N orth Sea AI 129 138 97 100 85 68 97 65 65

M ercury

NE Atlantic DRI 100 73 81 66 61 53 26 33 34 48

N orth Sea AI 180 180 140 100 120 120 60 60 80

Lead

NE Atlantic DRI 100 70 66 75 85 77 50 44 66 60

N orth Sea AI 185 218 136 100 143 102 121 90 71

Lindane

NE Atlantic DRI 100 86 64 86 77 85 58 77 64 49

PCB

NE Atlantic DRI 100 54 37 65 65 59 38 24 49 49
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Country contributions to  sum o f d irect and riverine inputs in tonnes per year o f cadm ium , mercury, lead, j  , , . „
lindane and PCB to  the N orth -East A tlantic a e

Substance/
Y ear

B DK F D IRL NL N O P E S UK SUM %

Cadmium

1990 4.30 0.57 4.70 8.54 3.39 10.30 16.21 9.00 n.a. 0.67 51.30 108.97 100.00

1991 3.90 n.a. 3.30 7.24 3.39 7.00 8.31 15.00 n.a. 0.34 49.35 97.83 89.80

1992 6.70 n.a. 4 .50 10.55 2.31 5.70 7.90 24.00 n.a. 0.54 34.69 96.89 88.90

1993 3.42 n.a. 3.20 9.20 1.76 4.70 7.18 1.70 0.06 0.11 29.30 60.62 55.60

1994 3.44 n.a. 3.20 8.14 2.44 12.76 9.23 3.93 0.10 0.42 25.87 69.52 63.80

1995 3.81 n.a. 2 .70 7.54 2.17 26.60 8.99 0.20 0.10 0.24 21.31 73.67 67.60

1996 2.90 n.a. 2 .20 5.65 3.94 8.40 5.85 n.a. n.a. n.a. 19.11 48.05 44.10

1997 2.65 n.a. n.a. 6.35 2.55 4.05 5.20 1.35 14.50 0.47 15.35 52.47 48.10

1998 2.45 n.a. n.a. 6.25 3.45 9.70 7.75 0.60 6.80 0.56 19.75 57.31 52.60

1999 2.30 n.a. n.a. 4 .99 2.91 11.90 4.60 0.40 12.80 0.90 18.00 58.80 54.00

M ercury

1990 4.05 0.13 5.70 10.54 2.45 3.18 0.85 4.90 n.a. 0.11 8.81 40.71 100.00

1991 1.15 n.a. 2 .70 10.01 2.45 3.30 0.50 1.75 n.a. 0.13 7.85 29.83 73.30

1992 0.68 n.a. 8.70 11.03 2.40 3.26 0.53 0.04 n.a. 0.13 6.00 32.78 80.50

1993 2.62 n.a. 0.80 10.05 2.40 3.46 0.49 0.26 n.a. 0.11 6.55 26.73 65.70

1994 3.10 n.a. 1.10 5.65 2.40 6.41 0.38 0.85 n.a. 0.10 4.83 24.82 61.00

1995 0.60 n.a. 0.80 4.64 2.40 8.06 0.54 0.35 n.a. 0.15 4.13 21.67 53.20

1996 0.03 n.a. 0.50 2.94 n.a. 3.28 0.47 n.a. n.a. n.a. 3.26 10.48 25.70

1997 0.25 n.a. n.a. 1.95 n.a. 2 .70 0.40 1.15 2.60 0.09 4.41 13.54 33.30

1998 0.61 n.a. n.a. 2.15 n.a. 2.15 2.86 0.75 0.40 0.13 4.68 13.72 33.70

1999 0.72 n.a. n.a. 2 .39 n.a. 2.33 1.46 0.56 8.60 0.20 3.31 19.60 48.10

Lead

1990 27.5 7.2 150.0 212.8 63.4 346.5 120.9 680.0 n.a. 8.3 591.1 2207.6 100.0

1991 36.6 n.a. 150.0 297.5 63.4 230.0 102.8 80.0 7.7 5.3 575.6 1548.8 70.2

1992 32.5 n.a. 110.0 314.9 82.1 221.8 70.5 120.0 2.6 4.3 501.6 1460.2 66.1

1993 36.6 n.a. 100.0 378.1 55.5 393.8 58.5 7.3 0.9 3.2 631.4 1665.2 75.4

1994 48.2 n.a. 170.0 247.7 79.6 701.8 82.6 6.1 2.2 10.5 528.3 1877.1 85.0

1995 43.2 n.a. 55.0 185.5 63.3 871.8 82.5 2.8 1.3 8.2 384.8 1698.3 76.9

1996 44.5 n.a. 66.0 126.5 115.6 382.9 62.6 n.a. n.a. n.a. 311.5 1109.5 50.3

1997 40.0 n.a. n.a. 151.5 120.5 233.0 63.7 43.0 17.0 8.7 303.3 980.7 44.4

1998 51.5 n.a. n.a. 181.5 143.0 257.5 150.0 4.9 54.0 14.3 601.5 1458.2 66.1

1999 56.5 n.a. n.a. 125.4 145.0 326.0 53.6 2.1 58.0 17.3 546.0 1330.0 60.2

Lindane

1990 102.0 26 .0 175.0 342.0 n.a. 16.7 536.0 n.a. n.a. n.a. 588.4 1786.1 100.0

1991 111.0 26 .0 175.0 187.8 n.a. 7.2 261.3 n.a. n.a. n.a. 759.5 1527.8 85.5

1992 82.5 26 .0 175.0 208.0 n.a. 10.5 97.9 0.7 n.a. n.a. 543.0 1143.6 64.0

1993 80.0 26 .0 175.0 191.5 n.a. 360.0 90.9 3.4 n.a. n.a. 601.8 1528.6 85.6

1994 74.5 26 .0 175.0 261.0 n.a. 230.0 87.7 15.0 n.a. n.a. 501.8 1371.0 76.8

1995 55.5 26 .0 175.0 291.4 n.a. 370.0 107.4 2.8 n.a. n.a. 484.7 1512.8 84.7

1996 n.a. n.a. 100.0 239.0 n.a. 300.0 75.9 n.a. n.a. n.a. 312.4 1027.3 57.5

1997 66.0 n.a. n.a. 370.0 n.a. 300.0 78.7 n.a. 203.5 n.a. 354.5 1372.7 76.9

1998 110.5 n.a. n.a. 261.0 n.a. 259.5 84.8 n.a. 15.0 n.a. 403.8 1134.6 63.5

1999 77.0 n.a. n.a. 68.0 n.a. 279.0 9.4 n.a. 121.0 n.a. 324.0 877.0 49.1
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Substance/
Y ear

B DK F D IRL NL N O P E S UK SUM %

p c b 7

1990 30.5 30.3 100.0 143.5 n.a. 150.0 484.5 n.a. n.a. n.a. 2158.1 3096.8 100.0

1991 24.5 30.3 160.0 89.4 n.a. 130.0 38.0 n.a. n.a. n.a. 1183.5 1655.7 53.5

1992 26.5 30.3 130.0 43.6 n.a. 100.0 40.5 4.9 n.a. n.a. 764.7 1140.5 36.8

1993 211.0 30.3 130.0 54.1 n.a. 130.0 21.6 25.0 n.a. n.a. 1417.1 2019.0 65.2

1994 223.5 30.3 160.0 95.5 n.a. 300.0 55.0 84.0 n.a. n.a. 1066.9 2015.2 65.1

1995 45.9 30.3 130.0 144.0 n.a. 470.0 27.8 26.0 n.a. n.a. 938.7 1812.6 58.5

1996 n.a. n.a. 100.0 127.5 n.a. 200.0 16.6 n.a. n.a. n.a. 739.6 1183.6 38.2

1997 66.0 n.a. n.a. 109.0 n.a. 170.0 22.6 n.a. n.a. n.a. 360.0 727.6 23.5

1998 135.0 n.a. n.a. 88.0 n.a. 181.0 22.4 n.a. n.a. n.a. 1089.4 1515.8 48.9

1999 164.0 n.a. n.a. 123.0 n.a. 236.0 n.a. n.a. 158.0 n.a. 835.0 1516.0 49.0

Notes: Belgium (B), D enm ark  (DK), France (F), G e rm a n y  (D), Ireland (IRL), th e  N e th e r lan d s  (NL), Norway (NO), 
Portugal  (P), Spain (E), S w ed en  (S), United  Kingdom (UK), n.a. Indicates w here  d a ta  w as not  available.  
R ounded  values from EEA Fact S h ee t  YIR01HS01, zero  or  near  zero  (<1 kg) subm iss ions  a s su m e d  as da ta  
not  available.
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5. Spatial and temporal coverage 
of data

M onitoring  is a p rerequisite  to  assess the  
state of the  environm ent. H azardous 
substances co ncen tra te  in  certa in  organism s 
an d  are widely d istributed . M easuring 
concen tra tions in  these organism s can be a 
useful assessm ent tool, provided th e re  is 
adequate  know ledge of how these data  relate 
to  driving forces an d  im pacts in  the 
ecological system (see Figure 1.1). The 
n u m b er an d  representativeness of 
m easurem ents available determ ines the  
certainty of the  statem ents in  an  assessment. 
U ncertain ty  su rround ing  these statem ents is 
re la ted  to  distinguishing betw een natu ra l and  
an th ropogen ic  variations. This chap ter 
provides an  overview of the  data m aterial 
used  in  the  p resen t report, an d  assesses th e ir  
spatial an d  tem pora l extent.

5 .1 . Riverine input and direct 
discharges

Many EU M em ber States have provided in p u t 
data  on  hazardous substances in to  coastal 
waters for the  period  1990-1999. For the  
N orth  East Atlantic, includ ing  th e  N orth  Sea, 
a n n u a l da ta  subm itted  to  the  OSPAR were 
th e  ‘best’ available bu t still incom plete. 
Irregu lar series an d  questionable data  were 
evident. OSPAR in p u t data on  cadm ium , 
mercury, lead, lindane an d  PCB were 
available fo r th e  period  1990-1999 bu t no t 
from  all countries. In p u t data  fo r lindane and  
PCB were lacking from  Ire land  an d  Sweden 
(Table 5.1). Generally, ann u al h igh  an d  low 
estim ates of inpu ts were provided to  OSPAR 
from  M em ber States. In p u t calculations 
follow ag reed  OSPAR protocols. OSPAR 
(1998b) also published  an  in tegra ted  
assessm ent of inpu ts in  com parison  to

biological contam inants an d  supplem entary  
in p u t da ta  fo r 1997-1999.

For many coun tries of the  N orth  East Atlantic 
the  tim e series are short w ithin this 1990- 
1999 period  (e.g. one  year fo r m etals from  
D enm ark, an d  one year fo r PCB7 from  Spain) 
o r  con ta in  large gaps (e.g. 1997-1999 data 
m etals were lacking for F rance). As 
m entioned , in fo rm ation  was lacking 
a ltoge ther for som e substances (e.g. lindane 
an d  PCB7 from  Ire land  an d  Sweden) (see 
Table 4.2).

For the  Baltic Sea, HELCOM  (1998a) had 
only data on  d irect and  riverine inputs for 
1995. T hese were derived from  the  th ird  
Baltic Sea po llu tion  load com pilation bu t 
lack data  on  lindane. HELCOM  data on 
cadm ium , mercury, lead  and  PCB7 were 
available fo r 1995. F u rth e r HELCOM  heavy 
m etal data  from  D enm ark, Estonia, Finland, 
L ithuania  an d  Russia were no t available in 
tim e fo r this report.

A ccording to  the  recen t rep o rt o f EEA / 
UNEP (1999) , no  in p u t data and  tim e series 
are  available fo r th e  M ed iterranean  Sea.

Only cadm ium  an d  lead in p u t data  from  
th ree  sites along the  R om anian coast fo r the  
years 1997-2000, provided by the  Black Sea 
Com m ission, give som e ind ica tion  of the 
loads to  th e  Black Sea.

Reliable data on  inputs before  1990 were no t 
available from  OSPAR, HELCOM  o r EEA / 
UNEP. No data on  inputs of DDT were 
available. C oordinates for the  stations were

N um ber o f years fo r which countries subm itted data  sets o f d irec t and riverine inputs to  OSPAR in the period
1 9 9 0  to  1 9 9 9  (D erived  from  Table 4 .2 )

Substance/
Y ear

B DK F D IRL NL N O P E S UK

Cadm ium 10 1 7 10 10 10 10 9 6 9 10

M ercury 10 1 7 10 6 10 10 9 3 9 10

Lead 10 1 7 10 10 10 10 9 8 9 10

Lindane 9 6 7 10 0 10 10 4 3 0 10

p c b 7 9 6 7 10 0 10 9 4 1 0 10

Notes: Belgium (B), D enm ark  (DK), France (F), G e rm a n y  (D), Ireland (IRL), th e  N e th e r lan d s  (NL), Norway (NO), 
Portugal  (P), Spain (E), S w e d e n  (S), United Kingdom (UK).
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n o t available from  OSPAR to create accurate 
m aps of inputs of cadm ium , lead, lindane 
an d  PCB7. C oordinates fo r inputs of m ercury 
were only available fo r th e  Baltic Sea in  1995 
(see Figure 6.10).

5.2 . A tm ospheric deposition

Tim e series on  atm ospheric  inputs were 
available for this rep o rt only from  OSPAR for 
th e  N orth  Sea for the  period  1987-1995 and  
only fo r th ree  metals. A tm ospheric inputs 
in to  th e  N orth  Sea were estim ated using 
M ethod  III from  the  CAMP (com prehensive 
atm ospheric  m onito ring  program m e) 
Principles (OSPAR, 2001). For mercury, the  
wet deposition  was used (M ethod 2a). No 
recen t data on  atm ospheric  inputs to  the 
N orth  Sea are available. In fo rm ation  
regard ing  th e  Baltic (HELCOM , 2002i) was 
n o t available in  tim e for this report.

5.3 . Concentrations in organisms

For assessm ent of concen tra tions in  biota, 
data  were collected from  m arine conventions 
an d  national reference  cen tres (N RC). Most 
o f th e  data  were from  OSPAR an d  HELCOM, 
supplied  via the  ICES data  centre. OSPAR 
provided data fo r the  N orth  East A tlantic and  
HELCOM  provided data fo r the  Baltic. 
France an d  G reece provided data  on 
cadm ium , m ercury an d  lead  fo r the 
M ed iterranean  Sea. France provided lindane 
data  in  mussels for the  M ed iterranean  Sea. 
This con trib u tio n  was generally balanced  and  
consistent for an  assessm ent of 
concen tra tions (1985-1999) (Table A.5). 
R om ania provided data  on  cadm ium , lead, 
DDT an d  lindane for the  Black Sea.

T he assessm ent of concen tra tions in  biota 
(1986-1999) was based o n  these data. 
However, many tim e series were irregu lar and  
th e  co n tribu tion  from  countries in  
p ro p o rtio n  to  th e ir  respective coastlines was 
unbalanced . This was mainly because e ith e r 
investigations were n o t d one  o r  the 
supporting  in form ation  to  the  data rep o rted  
to  ICES was insufficient (Tables A. 1-A .6). For 
exam ple, Iceland  provided acceptable data 
from  1990 to  1992 an d  th e n  again from  1996 
to  1998 (Table A. 1).

D ata received from  the  Program m e fo r the  
assessm ent an d  con tro l of po llu tion  in  the 
M ed iterranean  reg ion  (MEDPOL) 
co n cern ed  Albania, G reece, Italy, M orocco, 
Spain, Turkey an d  Yugoslavia, bu t m ost of 
these data were from  before 1991 an d  were

regarded  as too  old to  rep resen t cu rren t 
levels an d  trends. T he la te r M EDPOL data 
co n cern ed  only two countries', Yugoslavia in  
1991 an d  A lbania in  1992. No new data  have 
b een  received in  2001. T he M EDPOL data 
have there fo re  b een  excluded  from  the 
statistical analysis. It was also ap p aren t tha t 
M EDPOL m em ber countries applied  
d ifferent guidelines for sam pling w hich 
im paired  com parison of data.

Data sets used for m easuring concen trations 
of hazardous substances in  mussels an d  fish 
were largely from  the  N orth  East Atlantic, 
an d  only a few from  the  M editerranean  and  
the  Black Sea (Figure 5.1).

5 .4 . Validation o f data on 
concentrations

Insufficient da ta  were available on  all 
substances to  m ake a m inim al assessm ent of 
levels an d  trends in  sea water an d  sedim ents. 
However, DDT, lindane an d  PCB were 
generally no t m on ito red  in  sea water because 
o f th e ir  low water solubility.

For each  data source (conventions, 
co u n trie s), the  data have b een  m anually 
inspected  by th e  E uropean  Topic C entre  on 
W ater to  clarify w hether th e  rep o rtin g  was 
consistent th ro u g h o u t the  data  file, 
regard ing  geographical inform ation, 
m easuring units, an d  observations below 
detec tion  limits. Frequency distributions of 
each  con tam inan t param eter have been  
inspected  fo r each  data  source, with o r 
w ithout categorisation o n  locations o r years, 
to  see if th e re  were suspicious values. These 
can  be single values far outside th e  range of 
th e  o th e r values, ind icating  an  error. It can 
also be suspiciously h igh  frequencies of a 
specific value in  th e  low en d  o f the  range, o r 
maybe o f a few such values. This may indicate 
th a t the  observations really were below the 
detec tion  limit.

O ccurrences of zero values have been  
checked, as possible indicators o f missing 
observations (blank cells converted  to  zero 
by, fo r instance, un it conversion in  Excel 
form ulas) o r inappropriately  rep o rted  
observations below detec tion  limit. Tim e 
series plots fo r individual tim e series have 
b een  inspected  fo r conspicuous outliers. This 
revealed a few series w here the  un it appears 
to  have b een  changed  by a factor of 1 000 at a 
certa in  tim e, w ithout a co rrespond ing  
change in  th e  rep o rted  unit. T im e series with 
suspicious data  detec ted  in  this way have
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b een  excluded  from  th e  analysis. W here 
appropria te , these issues were taken  u p  with 
ICES o r the  relevant NRCs. In  cases w here it 
h ad  no t b een  possible to  resolve such issues 
in  tim e, da ta  sets have n o t been  inc luded  in 
fu rth e r  analyses.

N ot all data  received on  concen tra tions in  
b io ta  have b een  included  in  the  assessm ent 
since m ore work on  quality in  th e  reporting

of these data needs to  be d one  before  they 
can be used in  th e  assessments. T he issues 
relate in  particu lar to  incom plete 
in form ation  abou t basis of m easurem ents 
(w e t/d ry /lip id ) an d  abo u t observations 
below detec tion  limit.

Details on  needs for validation are given 
below fo r each  country:

Sweden:
Additional d a ta  have b e e n  r e p o r te d  on cod  for 1992, 
1993 and  1999, and  m u ss e ls fo r  1 9 9 2 - 2 0 0 0 .The da ta  
includes a large n u m b e r  of reco rds  w here  
o bse rva t ion  w as r e p o r te d  as b e low  d e te c t io n  limit, 
but  w ithou t  specifying th e  d e te c t io n  limits. T hese  
should  be  es tab l ished  b e fo re  th e  d a ta  can be 
Included In th e  analysis. Also, overlap  with da ta  
r e p o r te d  th ro u g h  ICES n e e d s  to  be  checked .

Denm ark:
S u p p le m e n ta ry  d a ta  from 1985 on con tam in an ts  In 
mussel, bu t  th e  report ing  of  d e te c t io n  limits and 
analysis quality was not  sufficient. The  f reque ncy  
distr ibution of  mercury  show s a high n u m b e r  of  th e  
tw o  lowest va lues (1 and  2 p g /kg  (ppb)). This could 
Indicate o ccu r rence  of  o bse rva t ions  b e low  d e te c t io n  
limit, bu t  possibly also s t rong  rounding of  values. 
D ata have b e e n  exc luded  from analysis until th e s e  
Issues have b e e n  clarified.

Latvia:
Data from 1998 and  1999, bu t  of  th e  c on tam inan ts  
Included here, only for cadm ium , and  no t  for any of 
th e  animal sp e c ie s  Included In this analysis.

France:
Data w ere  r e p o r te d  from th e  M e d i te r ran ean  on 
cadm ium , mercury, lead, zinc and  lindane In mussels 
for th e  years  1 9 8 5 -1999 .  Data  had no 'be low  
d e te c t io n  limit' flags, bu t  value f requency  
distr ibutions for each  s u b s ta n c e  did not  Indicate any 
large f req u e n cy  of  values th a t  should  have b e e n  
r e p o r te d  as 'b e lo w  d e te c t io n  limit', with a poss ib le  
ex cep t io n  for lead. The dry-wet ratio w as not 
specified but,  since all values w ere  r e p o r te d  on dry- 
w elgh t  basis, they  can still be  Included In the  
statist ical analysis.

U nited  Kingdom:
Large n u m b e r  of  p a r a m e te r s  for th e  years  1993-95  
and  1999. Values b e low  d e te c t io n  limit w ere  p roperly  
re p o r te d ,  bu t  th e  basis of th e  m ea s u re d  values was 
not  specif ied  for any d a ta .  As this had b e e n  show n  to  
vary over  t im e and  b e tw e e n  s ta t ions  In o th e r  d a ta  
s e ts  w here  It w as r e p o r te d ,  th e  d a ta  have b e e n  
exc luded  from th e  analysis until de ta i led  Information 
a b o u t  basis has b e e n  o b ta in e d .  B e tter  sa m p le  
Identification w as also n e e d e d ,  for Instance In o rd e r  
to  calculate  th e  requ ired  sum of PCB c o m p o n e n ts .  
The  d a ta  have uneven  distr ibution over  years  and 
s ta tions ,  limiting their  use for es t im ating  t im e t rends .

Italy:
Data on m eta ls  In mussels  for 1 9 9 7 -1 9 9 9  w ere  
re p o r te d .  The d a ta  lacked sufficient Information 
a b o u t  dry-wet basis and  a b o u t  va lues  below 
d e te c t io n  limits. This Information w as prov ided  on 
req u es t ,  bu t  arrived to o  late to  b e  Included In the  
statistical analysis for this report .

Greece:
O b serv a t io n s  for b iota, w here  the  results w ere  be low  
d e te c t io n  limits, had b e e n  marked  In th e  re p o r te d  
d a ta ,  bu t  th e  d e te c t io n  limit Itself was no t  given,  
which m e a n s  th a t  a valid a s se s sm e n t  of  t r e n d s  or 
levels may not be  poss ib le .  For  m eta ls  In mussels 
(M ytilus galloprovincialis), no cases  of  obse rva t ions  
be low  d e te c t io n  limits w ere  m arked  In th e  da ta ,  
ne ither  did th e  f req u e n cy  distr ibutions of th e s e  d a ta  
Indicate any prob lem  In this r espec t .  Until m ore  
Information w as available on d e te c t io n  limits, It was 
d e c id e d  to  Include only th e  d a ta  on m eta ls  In mussels 
from th e  G reek  da ta .  S o m e  a p p a r e n t  Inconsistencies 
In s ta tion  n a m e s  have b e e n  co r re c ted  but  
confirmation by th e  NRC w as not  poss ib le  prior  to  
running th e  analyses for this report .  S o m e  s ta t ions  
have b e e n  listed w ithou t coo rd ina te s ,  and  w ere  
c o n s e q u e n t ly  not  Included In th e  m aps .  For  1997, 
th e re  w ere  so m e  zero  values for cadm ium . Seen  In 
th e  c o n te x t  of  th e  d a ta  pa t te rn  for o th e r  
con tam inan ts ,  th e y  a p p e a r  to  b e  missing values, and 
have c o n s e q u e n t ly  b e e n  d e l e t e d  from th e  analysis. 
Most  of  th e  d a ta  w ere  given on d ry-w elght basis, a 
few on fresh-w elght basis, bu t  In p a r t l c u la r fo r th e  last 
tw o  years,  m any  d a ta  w ere  given w ithou t Information 
a b o u t  th e  basis. The dry-wet ratio was not  Included In 
th e  d a ta .  T ime t rend  e s t im a tes  w ere  b a s e d  on only 
th e  dry-w elgh t b a s e d  d a ta ,  as no sam ple-specif ic  
da ta  for conversion  w ere  available. No effect of 
se aso n  w as a p p a r e n t  In th e  d a ta ,  so  for th e  G reek  
da ta  th e  Mann-Kendall t im e-ser les  analysis was d o n e  
on raw d a ta  Instead  of yearly ave rages .  Current  levels 
w ere  e s t im a te d  by sta tion  m edians ,  using all d a ta  
from 1995 and  later. For this calculation, 
concen t ra t io n s  have b e e n  co n v er ted  from dry- to  
w e t-w e lgh t  bas is w h ere  necessa ry  by a re p o r te d  
av e rag e  w e t :d ry  fac tor  6.7 accord ing  to  
specificat ions by th e  G reek  NRC. The conversion 
fac tor  w as not  quite  th e  s a m e  as used  In th e  m aps  
w here  bo th  dry-welght and  w et-w elgh t  
concen t ra t io n s  w ere  classified. The values w ere  
r e p o r te d  as  on th e  w e t-w e lgh t  co ncen tra t ions .  Data 
w ithou t specified basis w ere  Ignored  In bo th  spatia l 
and t e m p o ra l  calculations.



2 4  Hazardous su b stan ces in th e  European marine environm ent: Trends in m etals and p ersisten t organic pollutants

5.5 . Spatial coverage for 
concentrations in b iota

Tables A. 1-A.6 in  the  annex  give the  n u m b er 
o f stations, by country  an d  year, w hich were 
inc luded  in  the  ind ica to r calculations 
(m edian  a n d /o r  tr e n d ) . C oncentrations 
were calculated o f the  six hazardous 
substances in  mussels (blue m ussel — Mytilus 
edulis, M editerranean  m ussel — M. 
galloprovincialis) an d  fish (Atlantic cod — 
Gadus morhua, h e rrin g  — Clupea harengus o r 
f lo u n d e r— Platichthys flesus). Figure 5.1 gives 
an  overview o f the  sam pling locations.

Data on  concen tra tions of cadmium, mercury 
an d  lead in  the  blue m ussel in  the  N orth  East 
A tlantic were available fo r every country 
b o rd erin g  this sea area  except D enm ark and  
Portugal, an d  only sparsely from  France 
(Atlantic border) an d  th e  U nited  Kingdom. 
Data on  concen trations in  the  M editerranean  
mussels were available fo r France and  
Greece. Data on  mussels were available from  
270 stations in  th e  N orth  East A tlantic an d  37 
stations in  the  M editerranean .

T he data used on  concen tra tions of 
cadmium, mercury an d  lead in  cod, herring  
o r  flo u n d er from  th e  N orth  East Atlantic and  
th e  M editerranean  were from  stations shown 
in  Tables A.1-A.3. Cod data were from  
Belgium, th e  N etherlands, Norway, Poland, 
Sweden an d  th e  U nited  Kingdom. Data for 
he rrin g  were from  Finland, Poland  and  
Sweden, an d  fo r flo u n d er from  Belgium, 
D enm ark, France, Germany, the  N etherlands 
an d  Sweden. Data on  cod were available from  
33 stations in  the  N orth  East Atlantic.

Data on  concen tra tions o f DDT in  blue 
mussel in  th e  N orth  East A tlantic were also 
available for n ine  countries (every country  
b o rd erin g  this sea area  except D enm ark and  
Portugal). Data on  DDT concen trations in  
cod  from  the  N orth  East A tlantic were 
available from  eigh t countries (Belgium, 
D enm ark, Finland, Iceland, Norway, Poland, 
Sweden an d  U nited  K ingdom ). D ata on  
concen tra tions in  h errin g  were available 
from  five countries (Finland, Iceland, 
Poland, Sweden an d  the  U nited  K ingdom ).

Sufficient data o n  lindane concen tra tions in  
blue m ussel in  the  N orth  East A tlantic were 
n o t available an d  data  on  lindane 
concen tra tions in  M ed iterranean  mussels 
w ere only available fo r France. No data for 
lindane in  fish were available.

D ata on  concen tra tions of PCB7 in  blue 
mussel in  th e  N orth  East A tlantic were also 
available fo r n ine  countries (every country 
b o rd erin g  this sea area  except D enm ark and  
P o rtu g a l). Data o n  PCB7 concen tra tions in  
A tlantic cod from  the  N orth  East Atlantic 
were available from  th ree  countries 
(Belgium, Norway an d  Sweden). Data on 
concen trations in  h e rrin g  were available 
from  th ree  countries (Finland, Poland  and  
Sweden) ; an d  data  on  concen tra tions in  
flo u n d er from  six countries (Belgium, 
France, Germany, the  N etherlands, Norway 
an d  Sw eden).

5.6 . Tem poral coverage for 
concentrations in b iota

Tem poral tre n d  data for b io ta  generally cover 
th e  period  1985-1999, b u t m ost series were 
far from  com plete (see Tables A. 1-A .6). 
Many series cover only a small p art o f this 
period . For others, th e re  were large gaps, up  
to  n ine  years, of missing observations. In  
som e areas, d ifferen t stations were sam pled 
in  d ifferen t years. T he available data fo r each 
tim e series have b een  used fo r tren d  
detection . T he n u m b er of stations for each 
country  and  year varied from  zero to  30 
stations m on ito red  annually. For the 
M editerranean , the  F rench  data  cover the 
perio d  1985-1999, while G reek data  were 
from  1993-1999.

5 .7 . Data analysis

P art o f the  OSPAR data set contains h igh and  
low estim ates o f riverine in p u t values as 
tonnes p e r year p e r region. T he lower 
estim ate in  the  database was calculated  in 
such a way th a t any result below the  detection  
lim it was considered  equal to  zero. For the  
u p p e r  estim ate, the  value of th e  detection  
lim it was used. For the  ind ica to r of all inputs 
th e  average was calculated o f the  h igh and  
low in p u t values. Using these average values 
fo r all regions, the  sum  of d irect an d  riverine 
in p u t in to  the  coastal waters of the  N orth  
East A tlantic in  1990 was calculated  an d  set 
equal to  100 %. Next, yearly inputs and  
con tribu tions to  the  inputs in  the  period  
1990-1999 were expressed as percentages of 
th e  1990 input. T he same p rocedure  was 
app lied  to  atm ospheric  input. T he results are 
shown in  Figure 4.1 an d  Table 4.1.

T he ap p a ren t tim e trends may be influenced  
by changes in  th e  m onito ring  program m e or 
rep o rtin g  practice over tim e, as the  loads to 
som e ex ten t were calculated by sum m ing the
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M ap showing location o f stations included in indicator calculations (m edian an d /o r tren d) o f concentrations  
o f cadm ium , mercury, lead, DDT, lindane or PCB7 in mussels (blue mussel —  M ytilu s  ed u lis , M editerran ean  

mussel —  M . ga lloprovincia lis)  and fish (A tlantic cod —  G a d u s m o rh u a , herring —  C lu p ea  h a re n g u s  or
flo un der —  P la tich th ys  flesu s)  1 9 8 5 -1 9 9 9
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rep o rted  values, no t co rrecting  fo r sources 
w here a specific param eter had  no t been  
m easured. Also, the  use of average o f high 
an d  low estim ates m eans th a t any changes 
over tim e in  detection  limits will be reflected 
in  th e  ap p a ren t trends. A fu rth e r analysis of 
th e  load data should  be d one  to  investigate 
this.

D ata for mussels and  fish were rep o rted  on  
d ifferen t bases (i.e., wet weight, dry weight, 
o r  lip id  w eight). These data could  be 
converted  to  a n o th e r an d  m ore app rop ria te  
basis — provided the  relevant in form ation  
was also available fo r the  particu lar sam ple in 
question. Some of th e  variation in 
concen tra tions of hazardous substances can 
be red u ced  by norm alising with respect to 
pe rcen t dry weight o r percen t lip id  (fat) 
w eight of the  tissue m easured. 
C oncen trations were often  subm itted  on  a 
wet weight basis b u t the  w ater co n ten t in 
tissues can vary considerably. H ence, it was 
often  app rop ria te  to  convert concen trations 
to  a dry weight basis, o r  to  a lip id  weight 
basis, as in  the  case of lipophilic  substances 
such as DDT, lindane an d  PCB. All ICES 
records were specified as dry, wet o r  lipid. 
Most da ta  were on  a wet weight basis (124 117 
reco rd s). O f these data, the  dry weight ratio 
was specified fo r 108 141 records. 33 438 
records were on  a lipid basis', o f these data, 
lip id  co n ten t was given fo r 25 883 records.

T he ICES data usually con ta in  b o th  ex tracted  
lip id  weight an d  total fat weight as 
percentages. For m ost of th e  records w here 
b o th  occur, they were quite similar, b u t there  
w ere a n u m b er o f strong  discrepancies, going 
b o th  ways. In  particular, records w here total 
fat was m uch lower th an  ex tracted  lipids 
shou ld  be considered  suspect; th ere  m ight 
have b een  problem s with the  fat 
determ ination . This p rob lem  in  particu lar 
was im p o rtan t fo r data  on  flounder. It was 
necessary in  som e cases to  convert 
concen tra tions from  lipid weight basis to  dry 
w eight to  harm onise values w ithin tim e series 
fo r tre n d  analysis. However, this was only 
done  if ex tracted  lipids an d  fat weight agreed  
w ithin 20 % w hen b o th  were given, as it was 
n o t specified w hich of th e  fat de term inations 
had  been  used as a basis fo r the  fat based 
concen tration . If only one fat p aram eter had 
a value, th a t value was used to  convert the  
concentration .

T he available data were inspected, an d  were 
converted  to  an  ap p ro p ria te  basis th a t gave 
th e  best coverage over stations an d  tim e. This

was considered  separately for each  species/ 
tissue an d  param eter group. In  the  cases 
w here the  basis varied over tim e w ithin a 
station, data th a t could  no t be converted  to 
the  chosen  basis from  sam ple specific 
in form ation  were discarded in  the  statistical 
analysis. It was decided  n o t to  use a general 
conversion factor (e.g. 20 % wet weight for 
mussels) because this m ight in troduce  
artificial tim e trends in  m any cases.

Some data  sets were d iscarded because of 
insufficiently rep o rted  observations below 
the  detection  lim it th a t m ight bias the 
estim ates. In  such cases, whole data  sets were 
d iscarded an d  no t ju st below detec tion  limit 
values.

For all data for mussels an d  fish, observations 
rep o rted  as below a defined  detec tion  limit 
were hand led  as ranges (0 detec tion  lim it) , 
giving low h igh  ranges also for sums over 
param eters an d  for m ed ian  values fo r several 
observations.

Raw data were aggregated in to  m edian  values 
of th e  available da ta  for 1995-1999 in  o rd e r 
to  assess recen t con tam inan t levels shown in 
the  m aps (e.g. Figure 6.2). Stations w ithout 
any data  after 1994 were n o t inc luded  in  the  
maps. M edians were com pared  to  ‘low’ and  
‘h ig h ’ concen tra tions (see Table 6.1).

For som e Swedish ICES data covering the  
period  1986-1999, duplicates o r triplicates 
were found  with identical sam ple identifiers 
an d  sam ple descrip tors (fat con ten t, tissue 
w eight etc.) bu t d ifferent con tam inan t levels. 
Such record  sets have b een  aggregated in to  
ranges m in max, to  accoun t fo r the  possibility 
th a t they rep resen t replicate analyses on  the 
same sample.

Local time trend analysis
Tim e series were identified  by station code 
w here available, otherw ise by location 
coordinates. Because of this, som e data tha t 
constitu te parts o f the  sam e tim e series may 
have b een  separated  in to  d ifferen t data series 
in  the  analysis because coord inates may vary 
for a station.

To und ertak e  a statistical analysis o f tim e 
trends o n  a station  by station basis, raw data 
for concen trations were aggregated in to  
yearly m ed ian  values w ithin each  tim e series 
(with a few excep tions). T he stations have 
varying am ounts o f replicate sam ples p er 
date, an d  varying num bers o f dates p e r year. 
For each  data series (species, tissue, location
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an d  co n tam in an t), sim ple m ed ian  values p er 
year were calculated. For th e  French  
M ed iterranean  data on  Mytilus 
galloprovincialis, log transform ed 
concen tra tions were analysed by variance 
analysis, using Station*Year an d  Season (1-4) 
as factors. T he Seasons 1-4 were: day 30-70, 
120-170 ,210-250  and  300-340.

M ost of the  sam ples were collected in  
February, May, August o r Septem ber, 
respectively, bu t also from  th e  succeeding 
m onths. U p to  1991, the  sam pling was m ore 
evenly d istribu ted  betw een all 12 m onths, bu t 
still co n cen tra ted  w ithin the  fou r periods 
m en tio n ed  above. For all years, the  sam pling 
was d istribu ted  m ore o r less equally over all 
fou r seasons. T he ex tracted  yearly values for 
th e  French  M editerranean  data  rep resen t 
au tu m n  levels. T he yearly estim ates from  this 
analysis, with th e  effect o f season rem oved, 
were used fo r tre n d  analysis. For G reek data 
on  m etals in  M. galloprovincialis, th e  tren d  
tests were d one  using individual sam ple 
dates, as th ere  were two to  fou r sam pling 
tim es a year, with seem ingly little seasonal 
influence o r serial correlation.

M onotone tim e trends were tested  using 
M ann Kendall statistics (ICES, 1999), 
m odified by taking low h igh  ranges explicitly 
in to  accoun t in  coun ting  concordan t, 
d iscordant an d  tied  observation pairs. Tim e 
trends were based on  all available data from  
1985 to  1999 for each  tim e series. T he tim e 
coverage was variable betw een series. 
However, som e of th e  trends show n may be 
based on  mainly o lder data. Significance of 
trends was based o n  a two sided test with a 
nom inal 5 % significance level, separately for 
each  tim e series, w ithout regard  to  serial 
correlation. Assessments of ‘no  tr e n d ’ (i.e. no 
statistically significant tren d ) may be due 
bo th  to  actual lack of tre n d  an d  to 
insufficient data.

Regional time trend analysis
T he genera l changes in  concen tra tions for 
each sea reg ion  (Figure 6.1) were based on 
the  yearly aggregate values (averages) for 
each com bination  o f location, year, species 
and  tissue. Details of the  calculation of these 
yearly averages have b een  given in  the  text 
above. T he regional tim e trends have been  
ex tracted  from  these aggregates fo r each 
species, tissue an d  region. Only series with 
data for at least th ree  years, an d  with data  at 
least up  to  1994 have b een  used. To dim inish 
the  effect on  ap p aren t tim e trends of 
changing  geographical coverage betw een 
years, overall yearly average values were 
ex tracted  by variance analysis (general linear 
m odel — GLM) with location  and  year as 
factors. T he purpose of this was to  separate 
the  variation due  to  stations from  the  change 
over tim e, an d  to  achieve yearly averages tha t 
were ad justed  fo r differences in  geographical 
coverage betw een years. Some ap p a ren t 
changes in  tim e may still be due to  changes 
in  geographical coverage betw een years. The 
analyses were done using scaled values with 
the  average value o f each  series, to  get a 
representative average of relative variation 
over tim e, regardless of absolute levels at 
each station.

T he indicators in  Figure 6.1 show 
concen trations as a percen tage of the 
regional average for the  1990. Figure 6.1 only 
shows the  trends based on  an  u p p e r estim ate 
of the  yearly average. T he differences 
betw een lower limits an d  u p p e r estim ates 
were generally small o r at least consistent 
th ro u g h  th e  tim e series. Some exceptions 
w here relatively large differences were found  
were: cadm ium  in  A tlantic cod  in  1992-1993, 
and  lead in  b lue mussels in  1991 an d  in  Baltic 
herring  in  1992. These deviations d id  no t 
change th e  genera l p ictu re  of change in  
m etal concen tra tions with time.
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6. Present levels and trends (state) 
of hazardous substances

C oncentrations of hazardous substances in  
blue mussels an d  fish constitu te tim e 
in tegra ting  state indicators fo r coastal w ater 
quality. An advantage to  using biota 
concen tra tions as indicators, as opposed  to  
using w ater o r sedim ent, is th a t they may be 
o f direct ecological im portance  as well as 
having im plications fo r h u m an  h ealth  and  
com m ercial interests in  harvesting m arine 
resources.

6 .1 . Regional tim e trend  assessments

Figure 6.1 shows aggregated  tim e trends of 
concen tra tions in  mussels an d  fish fo r each 
reg ion  as averages of th e  relative variation in  
tim e over locations with sufficient data  for 
th e  period  1984-1999. T he charts give visual 
indications o f the  genera l developm ent, 
w ithout any form al assessm ent of statistical 
significance. T he trends were averages over 
stations with very d ifferen t tem poral 
coverage, an d  also with very d ifferent tim e 
change patterns. No a ttem pt to  weight the 
stations accord ing  to  representativeness was 
m ade, due to  lack o f inform ation. However, a 
visual com parison  with ind icators in  Figure 
5.1 and  th e  relevant m aps shown in  Figures 
6.2-6.24 ind icated  th a t the  indicators were 
reasonable sum m aries of th e  developm ent 
over a majority of the  locations included.

T he aggregated results ind icated  a 
decreasing tre n d  for cadm ium , mercury, 
lead, DDT, lindane and  PCB7 in  mussels and  
fish from  bo th  th e  N orth  East A tlantic and  
th e  M editerranean  Sea. O f the  178 (DDT) to 
283 (cadm ium ) site specific tim e series 
analysed, fo r mussels 8-15 % showed 
significant trends, m ost o f w hich were 
decreasing. Only 25 tim e series for lindane 
were m easured. All o f these concerned  
mussels from  the  M editerranean  an d  seven 
showed decreasing trends (Tables 6.2-6.24).

D ue to  th e  general lack of in fo rm ation  from  
D enm ark, France (Atlantic b o rd e r) , Portugal 
an d  U nited  K ingdom  (see ch ap te r five) , 
conclusions abou t th e  genera l levels and  
tren d s of the  N orth  East A tlantic m ust be 
draw n with care.

Previous assessments of no n  spatially 
aggregated data sets showed th a t m ost non

aggregated an d  site specific tim e series on 
concen tra tions in  organism s in  th e  coastal 
waters o f the  N orth  East A tlantic show non  
significant trends. This was also found  in  this 
assessment. It shou ld  be em phasised th a t this 
may be due  to  lack of sufficient data. Even so, 
th e re  m ight still be substantial long term  
trends. Statistically significant trends were 
found  in  this study mainly at locations in 
estuaries an d  fjords, which were closer to  the 
sources o f pollution.

T he effectiveness of using organism s as 
ind icators for con tam inan t m onito ring  was 
ham p ered  in  part by lim ited spatial 
d istribu tion  for any given species. 
Furtherm ore , com paring  results from  
d ifferen t species was difficult mainly due  to  
differences in  bio accum ulation  rates 
betw een species. T he m ost com prehensive 
data  sets available were fo r Atlantic cod 
( Gadus morhua).

OSPAR has addressed  the  difficult issue of 
coupling  changes in  concen trations found  in  
biological indicators to  changes in  inputs, 
even w hen the  study area is confined  to  a 
river m o u th  (OSPAR, 1998b, M ON, 2001). 
Still g rea te r p recau tion  is n eed ed  w hen 
considering  a w ider geographical area.

6.2 . 'Low ' and 'h igh ' concentrations 
of contaminants

Background concentrations
Cadm ium , m ercury  and  lead occur naturally 
in  the  environm ent, which m eans th a t they 
can  be found  in  background  concentrations 
in  all m edia. O rganic contam inants DDT, 
lindane an d  PCB are  synthetic substances 
an d  do  no t occur naturally. T herefo re, 
concen tra tions in  the  env ironm en t should  be 
(close to) zero.

• Cadmium is naturally found  in  sea w ater at 
levels o f 5-26 n g /L  (OSPAR, 2000) and  all 
m arine organism s accum ulate cadm ium  
even in  areas with no  m ajor local inputs. 
Suggested h igh  background  reference 
concen trations are  0.1 m g /k g  fo r b lue 
mussels (OSPAR, 1999) an d  0.3 m g /k g  wet 
weight for cod  liver (G reen  an d  Knutzen, 
2003).
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C hange (%) in cadm ium , mercury, lea d , DDT, lindane and PCB in b lue m usse ls (M. edu lis)  in th e  N orth-E ast
A tlantic, M editerranean  m u sse ls (M. ga lloprovin cia lis)  in th e  M editerranean, A tlantic co d  (G adus m orhua) in Figure 6.1

th e  N orth-East A tlantic and herring (C lupea haren gu s)  in th e  Baltic 1 9 8 5 -1 9 9 9
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• N atural concen tra tions of mercury in  
estuarine an d  coastal waters are typically 
a ro u n d  20 n g /L . B ackground 
concen trations in  mussels (whole soft part) 
an d  fish (cod m uscle) are  0.01 (OSPAR,
1999) and  0.05 m g /k g  wet weight, 
respectively (G reen  an d  Knutzen, 2003).

• T he natu ra l concen tra tions o f lead in  sea 
w ater vary considerably betw een coastal 
an d  oceanic, being  m ore th an  100 n g /L  
an d  30 n g /L , respectively (OSPAR, 1996). 
B ackground concen trations in  blue 
mussels an d  fish liver (Atlantic cod) are as 
low as 0.2 (OSPAR 1999) and  0.1 m g /k g  
wet weight (G reen  an d  Knutzen, 2003). 
Levels fo r h u m an  consum ption  are  set at 
approxim ately 10 tim es th a t concentration .

• T he pesticide DDT has b een  know n as an  
env ironm ental con tam in an t since the 
1950s. Because of its physicochem ical 
properties, it (or its dérivâtes) can  now be 
found  in  nearly all com partm en ts of the 
biosphere. B ackground concen tra tions of 
DDT are suggested to  be 0.001 p g / g wet 
w eight in  blue mussels, 0.2 p g / g wet w eight 
in  cod liver (G reen  an d  Knutzen, 2003) and
0.05 p g / g wet weight in  herring  muscle 
(K nutzen, 1987).

• A lthough it is synthetic, lindane is found  in  
sea w ater worldwide. T he general 
background  concen tra tion  is near 0.6 n g /L  
(S ch re itm ü lle ran d  Ballschm iter, 1995). In  
blue mussels, background  concentrations 
of lindane are 0.01 p g / g wet weight 
(OSPAR, 1999).

• PCB are lipid soluble, have very low water 
solubility an d  are predom inantly  associated 
with particles in  na tu ra l waters (SIME, 
2001). B ackground concen tra tions o f PCB 
are 0.002 p g / g wet weight in  blue mussels,
0.1 p g / g wet weight in  cod liver an d  0.15 
p g / g wet weight in  herring  muscle.

Classification o f  measured concentrations
To assess th e  co n cen tra tion  levels taken  in to  
account in  this report, it was helpful to 
establish a ‘low’ an d  ‘h ig h ’ concen tra tion  to  
com pare with (Table 6.1). No environm ental 
quality standards are available yet u n d e r  the  
water fram ew ork directive. T herefore, 
classification fo r this assessm ent had  to  be 
based o n  a variety of existing legislation, 
conventions an d  agreem ents. Limit values for 
concen tra tion  classes were found , in  o rd e r of 
preference: in  EU legislation, m arine 
conventions, o th e r in te rna tiona l agreem ents, 
national assessments o r as an  arbitrary  
selection (10 tim es the  ‘low’ value). W ith the

exception  of the  ‘h ig h ’ concen tra tion  
designated by EU legislation, the  limits have 
no  legal application.

N atural background  levels fo r th e  th ree  
m etals have b een  used as the  low 
concen tra tion  limit. For the  th ree  organic 
substances, background  reference 
concen trations of low diffuse po llu tion  levels 
in  otherwise pristine areas have been  used  as 
the  low co n cen tra tion  limit. Also used are 
OSPAR ecotoxicological assessm ent criteria, 
w hich are based on  toxicity tests.

For ‘h ig h ’ concentrations, EU legislation was 
used w here possible. EU legislation on 
foodstuffs provided ‘h ig h ’ values for 
cadm ium , m ercury and  lead  in  mussels and 
fish (221/2 0 0 2 /E C ). O therw ise, national 
lim it values have b een  applied, o r a factor of 
10 above the  low concentration .

O bserved concen trations were classified in to  
th ree  classes in  re la tion  to  these lim it values:
1. below low limit, 2. betw een low an d  high, 
3. above high.

O n  this basis, many o f th e  cu rren t 
concen trations (m edian  o f 1995-1999) in  the  
N orth  East A tlantic for cadm ium  (81 % ), 
m ercury (78 %) an d  lead (53 %) lie betw een 
‘low’ an d  ‘h ig h ’. This is unexpected  
considering  th a t many stations are rem ote 
from  know n po in t sources an d  indicates tha t 
the  OSPAR limits used are probably too  low 
to be useful in  designating p rob lem  areas. 
T he background  reference concen trations 
proposed  by G reen  an d  K nutzen (2003) are 
3-4 tim es h ig h er (see Table 6.1) an d  m ight 
be m ore appropria te . T he OSPAR limits for 
m ercury an d  PCB in fish m uscle may also be 
too  high; 40-55 % of th e  stations have 
concen trations betw een ‘low’ an d  ‘h ig h ’.

6 .3 . Local assessment of
concentrations and tim e trends

T he m aps o f E uropean  seas in  Figures 6 .2- 
6.24 p resen t for each  substance an:

1. overview of concen tra tions in  mussels p er 
sam pling location,

2. overview of concen tra tions in  fish per 
sam pling location,

3. overview of tim e tre n d  analysis in  mussels 
p e r sam pling location,

4. overview of tim e tre n d  analysis in  fish p er 
sam pling location.
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Limit concentration used fo r classification in maps in figures 6 .2 -6 .2 4  and tables 6 .2 -6 .4  Table 6.1

Organism  
and tissue

Latin name Low /
High

m g /kg  
w e t w t.

Reference C om m ent

C A D M IU M

Musse ls M ytilus s p .1 Low 0.1 OSPAR,
1999

Value ro u n d e d  do w n  from original 
B R C 2o f0 .1 1  m g /k g  w e t  w eigh t;  low 
c o m p a re d  to  0.4 m g /kg  w e t  w eigh t  
(Green and  Knutzen, 2003)

Mussels M ytilus sp. High 1.0 EU, 2001 Foodstuffs  limit for 'bivalve molluscs ' 
Regula tion  (EC) No 466/2001

Atlantic cod, 
liver

G a d u s  morhua Low 0.3 G reen  and
Knutzen,
2003

Based on 90 percen t i le  of  1184 
Individuals from re fe rence  areas

Atlantic cod, 
liver

G a d u s  morhua High 0.5 T e m a N o r  
d , 1994

Danish limit for 'fish liver'

Herring,
muscle

Clupea
ha rengus

Low 0.01 Knutzen,
1987

U p p e r  limit to  p ro p o s e d  range  In 
b a c k g ro u n d  level

Herring,
muscle

Clupea
ha rengus

High 0.05 EU, 2002 Foodstuffs  limit for fish muscle 
Regula tion  (EC) No 2 21 /2002

M ERCURY

Musse ls M ytilus s p .1 Low 0.01 OSPAR,
1999

BRC limit. A BRC of 0.04 p p m  w e t  
w e ig h t  has b e e n  s u g g e s t e d  (Green 
and  Knutzen, 2003)

Mussels M ytilus sp. High 0.50 EU, 2001 Foodstuffs  limit for 'bivalve molluscs ' 
Regula tion  (EC) No 466/2001

Atlantic cod, 
muscle

G a d u s  morhua Low 0.05 OSPAR,
1999

BRC limit. A BRC of 0.1 p p m  w e t  
w e ig h t  has b e e n  s u g g e s t e d  (Green 
and  Knutzen, 2003)

Atlantic  cod, 
muscle

G a d u s  m orhua High 0.50 EU, 2001 Foodstuffs  limit for fish muscle 
Regula tion  (EC) No 466/2001

Herring,
muscle

Clupea
ha rengus

Low 0.05 Knutzen,
1987

U p p e r  limit to  p ro p o s e d  range  In 
b a c k g ro u n d  level

Herring,
muscle

Clupea
ha rengus

High 0.50 EU, 2001 Foodstuffs  limit for fish muscle 
Regula tion  (EC) No 466/2001

LEAD

Musse ls M ytilus s p .1 Low 0.2 OSPAR,
1999

Value ro u n d e d  do w n  from original 
BRC 2of 0.19 p p m  w.w. A BRC of 0.6 
p p m  w e t  w e ig h t  has b e e n  s u g g e s t e d  
(Green and  Knutzen, 2003)

Mussels M ytilus sp. High 1.5 EU, 2002 Foodstuffs  limit for 'bivalve molluscs ' 
Regula tion  (EC) No 2 21 /2002

Atlantic cod, 
liver

G a d u s  morhua Low 0.1 G reen  and
Knutzen,
2003

Based on 90 percenti le  of  1182 fish 
from re fe rence  areas

Atlantic cod, 
liver

G a d u s  morhua High 1.0 Taken and  10 t im es 'low' value

Herring,
muscle

Clupea
ha rengus

Low 0.01 Knutzen,
1987

U p p e r  limit to  p ro p o s e d  range  In 
b a c k g ro u n d  level

Herring,
muscle

Clupea
ha rengus

High 0.20 EU, 2002 Foodstuffs  limit for fish muscle 
Regula tion  (EC) No 2 21 /2002

DDT

Musse ls M ytilus s p .1 Low 0.01 OSPAR,
1999

EAC 3 limit for DDE. A BRC 2 of 0.001 
p p m  w e t  w e ig h t  has b e e n  s u g g e s t e d  
(Green and  Knutzen, 2003)

Musse ls M ytilus sp. High 0.10 Taken as 10 t im es  'low ' value

Atlantic cod, 
liver

G a d u s  morhua Low 0.5 OSPAR,
1999

EAC limit DDE. A BRC of 0.2 ppm  w e t  
w eigh t  has b e e n  s u g g e s t e d  (Green 
and Knutzen, 2003)

Atlantic cod, 
liver

G a d u s  morhua High 5.0 Taken as 10 t im es  'low ' value

Herring,
muscle

Clupea
ha rengus

Low 0.05 Knutzen,
1987

U p p e r  limit to  p ro p o s e d  range  In 
back g ro u n d  level

Herring,
muscle

Clupea
ha rengus

High 0.50 Taken as 10 t im es  low
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Organism  
and tissue

Latin name Low /
High

m g /kg  
w e t w t.

Reference C om m ent

LIN D A N E

Mussels M ytilus s p .1 Low 0.01 OSPAR,
1999

EAC limit. A BRC of 0.001 p p m  w e t  
w e ig h t  has b e e n  s u g g e s t e d  (Green 
and  Knutzen, 2003)

Mussels M ytilus sp. High 0.10 Taken as 10 t im es  'low ' value

p c b 7

Mussels M ytilus s p .1 Low 0.002 OSPAR,
1999

Value r o u n d e d  up from original BRC of 
0 .0017 w e t  w eigh t

Mussels M ytilus sp. High 0.020 Taken as 10 t im es  'low ' value

Atlantic cod,  
liver

G a d u s  morhua Low 0.10 OSPAR,
1999

EAC limit. A BRC of 0.5 p p m  w et  
w e ig h t  has b e e n  s u g g e s t e d  (Green 
and  Knutzen, 2003)

Atlantic cod,  
liver

G a d u s  morhua High 2.5 PNUN,
1987

Swedish  PCB [total] limit for 'fish liver' 
t im es  0.5

Herring,
muscle

C lupea
h a rengus

Low 0.15 Knutzen,
1987

U p p e r  limit to  p ro p o s e d  range  In 
b a c k g ro u n d  level of  PCB [total] t imes 
0.75

Herring,
muscle

C lupea
h a rengus

High 1.5 Taken as 10 t im es  'low ' value

1) Blue mussel  (M ytilus edulis) for th e  North-East  Atlantic,  M e d i te r ran ean  mussel  (M. galloprovincialis) for the  
M e d i te rranean

2) Background re fe rence  co ncen tra t ion
3) Ecotoxlcologlcal a s se s sm e n t  criteria

Notes: Low/high co ncen tra t ion  limits for spatia l a s se s sm e n t  of  cadm ium , mercury, lead, DDT, lindane and  PCB.
EU foodstuf f  limits are  highlighted  In g rey  sh a d e .  With th e  ex cep t io n  of  EU legislation, th e  limits have no 
legal application .

For mercury, inpu ts in to  th e  Baltic Sea are 
also given in  Figure 6.10.

6.3.1. Cadmium
T he regional assessments of tim e tren d  
ind icated  a decreasing tre n d  fo r cadm ium  in 
mussels from  b o th  th e  N orth  East Atlantic 
an d  the  M editerranean  Sea (Figure 6.1). No 
g enera l trends were evident for 
concen tra tions in  cod liver o r  herring  
muscle.

T he station  by station overview of 1995-1999 
(2001 fo r Black Sea) levels of cadm ium  for 
mussels (bo th  Mytilus edulis an d  M. 
galloprovincialis) ind icated  th a t 
concen trations were elevated in  the  estuaries 
for large rivers (e.g. the  Seine, n o rth e rn  
F ran ce), in  areas with p o in t discharges (e.g. 
Sorfjord, w estern Norway) an d  in  some 
harbours (Table 6.2, Figure 6.2). In  addition , 
b lue mussels in  som e areas, e.g. along the 
Norw egian n o rth  coast, ap p eared  to  be 
affected by local geology (natu ra l h igh 
background  co n cen tra tio n s).

T he only a rea  from  w hich mussels did no t 
ap p ear to  be suitable fo r hum an  
consum ption  was Sorfjord, Norway an d  at the  
locations shown along the  R om anian coast in  
the  Black Sea. T he h igh  level of cadm ium  in

mussels from  the  Sorfjord was largely due to 
industrial activity (a zinc sm elter) in  Sorfjord. 
A lthough n o t necessarily representative for 
the  rem ainder o f E uropean  coasts, levels 
elsew here ap p eared  to  be in term ediate . 
C oncentrations in  som e of these areas, e.g. 
a long the  N orw egian N orth  coast, appeared  
to  be affected by h ig h er local background, 
possibly due  to  natu ra l variations in  
mineralogy.

In  fish, th e  1995-1999 levels never exceeded  
suggested ‘h ig h ’ concen trations (Figure 6.3). 
T he data show tha t cadm ium  levels were 
generally low. O ne area in  n o rth e rn  Iceland 
was an  exception, possibly due  to  inpu ts from  
local geology.

O f the  283 tem pora l trends statistically 
analysed on  a station  by station basis (197 for 
mussels, 86 for fish) only 27 were significant, 
20 down an d  seven u p  (Table 6.2, m aps in  
Figures 6.4 an d  6.5). For cadm ium , inputs 
were decreasing (OSPAR, 2000) bu t the 
regional tre n d  for mussels an d  fish (see 
Figure 6.1) d id  no t indicate a clear trend , 
a lthough  a station by station analysis revealed 
a certa in  dom inance of decreasing trends 
over increasing trends. Levels in  some 
con tam inated  areas, e.g. the  Seine estuary 
an d  Sorfjord, ap p eared  to  be decreasing.
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Subindicator sum m ary a sse ssm e n t for cadm ium  in m usse ls and fish from  th e  N orth-E ast A tlantic, Baltic S ea , — , , , ~
M editerranean  S ea  and Black S ea  a e

Spatial variation Tim e trends

Sea region Sub­
indicator

Total no. o f 
stations

N um ber  
over low

N um ber  
over high

Total no. of 
stations

N um ber
dow n

N um ber
up

North-East
Atlantic

Musse ls 119 102 6 1 160 10 3

Fish 25 2 0 59 2 1

Baltic Sea Musse ls 1 1 0 1 0 0

Fish 10 0 0 30 2 0

M e dite rranean
Sea

Musse ls 36 26 0 36 6 3

Fish 0 0

Black Sea Musse ls 3 3 3 0

Fish 0 0

1) C oncerns  only Sorfjord In w es te rn  Norway

Notes: S ee Table 6.1 for se lec tion  of Indicator  sp e c ie s  and  low/high concen t ra t io n s  limits. See also results In 
m ap s  In Figures 6 .2-6 .4 .

Cadm ium  (Cd) in mussels (M ytilu s  e d u lis  —  N orth-East A tlantic; M . ga llo p ro v in c ia lis  —  M ed iterran ean  and
Black Sea), m edian m g/kg  w e t w e ig h t fo r 1 9 9 5 -1 9 9 9  (2001 fo r Black Sea).

Cd (mg/kg) in Mytilus 
(softbody)

Wet weight based

O  0 - 0 .1

O  0.1 -1

O  >1

Dry weight based (*0.2) 

□ 0 - 0.1 

□  0.1-1

□ >1

Notes: S ee Table 6.1 for basis of  classification. EU legislation limit for cadm ium  In foodstuffs  'bivalve molluscs ' Is
1 m g /k g  w e t  w eigh t  (EU, 2001b) .  Based on d a ta  from OSPAR and  EEA m e m b e r  countr ies  
(M editerranean),  and  d a ta  r e p o r te d  by Romania, s e e  also Table 4.1. NB: larger  sym bols may obscu re  
o th e r  symbols.
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Figure 6.3 Cadm ium  (Cd) in liver o f  co d  (G adus m orhua) and  m uscle o f  herring (C lupea harrengus),
m edian  m g /k g  w e t  w e ig h t  for 1 9 9 5 -1 9 9 9

Cd (mg/kg)

Gadus
(liver w et weight)

O 0-0 .3  

O  0.3-0.5 

O  >0.5

Clupea
(muscle dry weight 
*0.25)

□  0 - 0.01

□  0.01 -0.05

□  > 0.05

Notes: See Table 6.1 for basis of  classification. EU legislat ion limit for cadm ium  In foodstu ff  muscle  of  fish Is 0.05 
m g/kg  w e t  w e ig h t  (EU, 2001 b). Based on d a ta  from OSPAR and  HELCOM, s e e  also Table A .1 . NB: larger 
sym bols  may o bsc u re  o th e r  symbols.

T h ere  also ap p eared  to  be a general 
decreasing tre n d  of cadm ium  in  mussels 
from  th e  F rench  M editerranean  coast. O ne 
exception  was the  M arseilles area, possibly 
with in fluence from  th e  river R hone, a t some 
stations of the  A egean Sea. Increasing levels 
elsew here in  E urope ap p eared  to  be 
associated with h a rb o u r areas. In  general, 
cadm ium  levels in  fish from  th e  Skagerrak 
(the area  betw een Norway, Sweden and  
D enm ark) appeared  to  decrease. T he results 
from  th e  R hine estuary (Belgian D utch 
b o rder) an d  the  in n e r O slofjord illustrated 
th a t stations in  close proxim ity may have 
conflicting results (see Figures 6.4 an d  6.5).

Previous assessments of n o n  spatially 
aggregated  data sets on  m etals indicate th a t 
m ost n o n  aggregated an d  site specific tim e 
series on  cadm ium  concen tra tions in  
organism s in  the  coastal waters of the  N orth  
East A tlantic show n o n  significant trends. 
This was also found  in  this assessment. It 
should  be em phasised th a t this may be due to 
lack of sufficient data. T here  m ight still be 
substantial long te rm  trends. Statistically 
significant trends were found  mainly at 
locations in  estuaries and  fjords, which were 
closer to  th e  sources o f land  based diffuse 
pollution.
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Cadm ium  (Cd) tim e trend  in b lue m ussel (M ytilus edu lis)  in th e  N orth-East A tlantic and th e  M editerranean
m ussel (M. ga lloprovin cia lis)  1 9 8 5 -1 9 9 9 . (see  Table 6 .2 )

Time trend  for Cd in
Mytilus 

A  Increase 

A  D ecrease  

A  No tre n d  

O  Insufficient d a ta

Cadmium  (Cd) tim e trend in cod liver, herring liver/m uscle, flounder liver, 1 9 8 6 -1 9 9 9 . (see Table 6 .2 ) Figure  6.5

Time trend for Cd in 
fish

A  Increase

A  D ecrease

A  No tre n d

O  Insufficient d a ta
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S ubind icator sum m ary a sse ssm e n t for m ercury in m usse ls and fish from  th e  N orth-E ast A tlantic, Baltic S ea ,
M editerranean  S ea  and Black Sea

Spatial variation Tim e trends

Sea region Subindicator To tal no. 
o f stations

N um ber  
over low

N um ber  
over high

Total no. 
o f stations

N um ber
dow n

N um ber
up

North-East
Atlantic

Musse ls 118 92 0 156 4 2

Fish 28 12 0 63 3 0

Baltic Sea Mussels 1 1 0 1 0 1

Fish 16 4 0 26 2 1

M e dite rranean
Sea

Musse ls 32 31 0 32 7 0

Fish 0 0

Black Sea Mussels 0 0

Fish 0 0

Notes: See Table 6.1 for se lec tion  of  Indicator sp e c ie s  and  low/high co n cen t ra t io n s  limits. See  also results In 
m aps  In Figures 6 .6 -6 .10 .

M ercury (Hg) in mussels (M ytilus edulis —  N orth -East A tlantic; M . galloprovincialis —  M editerran ean ), 
m edian m g /kg  w e t w e ig h t fo r 1 9 9 5 -1 9 9 9

Hg (mg/kg) in Mytilus 
(softbody)

W et w eight based  

O  0 - 0 .0 1  

O  0.01-0.5 

O  >0.5

Dry w eight based  (*0.2) 

□  0 - 0.01

□  0.01-0.5

□  >0.5

Notes: See Table 6.1 for basis of  classification. EU legislation limit for mercury  In foodstuffs  'bivalve molluscs ' Is 
0.5 m g /kg  w e t  w eigh t  (EU, 2001 b). Based on d a ta  from OSPAR and  EEA m e m b e r  countr ies  
(M editerranean),  s e e  also Table A.2. NB: larger  sym bols  may o bsc u re  o th e r  symbols.

6.3.2. Mercury
T he regional assessments of tim e tren d  
ind icated  a decreasing tren d  fo r m ercury  in  
mussels from  b o th  th e  N orth  East Atlantic 
an d  the  M ed iterranean  Sea. No general 
tre n d  was evident fo r concen tra tions in  cod 
o r  h errin g  muscle (Figure 6.1).

O n  a station  by station basis, the  1995-1999 
levels o f m ercury in  b lue mussels in  Europe 
were som ew hat over background levels in 
m ost areas (Table 6.3, Figure 6.6). T here  
were m ore locations with concen tra tions at 
background  levels in  rem ote areas th an  in  
the  m ost industrialised  regions (e.g. Iceland
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M ercury (Hg) in m uscle o f  co d  (G adus m orhua) and m uscle o f  herring (C lupea harrengus),
m edian  m g /k g  w e t  w e ig h t  for 1 9 9 5 -1 9 9 9

Figure 6.7

Hg (mg/kg)

G adus
(liver w et weight)

O 0-0.05

O  0.05-0.5

O  >0-5

Clupea
(muscle dry weight 
*0.25)

□  0-0.05

□  0.05-0.5

□  >0.5

Notes: S ee Table 6.1 for basis of  classification. EU legislat ion limit for mercury  In foodstu ff  muscle  of  fish Is 0.5
m g/kg  w e t  w eigh t  (EU, 2001 b). Based on d a ta  from OSPAR and HELCOM, s e e  also Table A.2. NB: larger 
sym bols  may o bsc u re  o th e r  symbols.

an d  n o rth e rn  Norway). T he genera l p icture 
indicates a diffuse exposure of coastal mussel 
populations to  mercury, presum ably mainly

atm ospheric, b u t with no  real ho t spots. T he 
results m ust be in te rp re ted  with care, 
however, since no t all E u ropean  coastal areas 
were inc luded  in  th e  survey.

T he concen tra tions of m ercury  in  Atlantic 
cod  m uscle (Figure 6.7) showed a sim ilar 
p a tte rn  as b lue mussel. O n  a station by 
station basis, concen tra tions were at 
b ackground  levels in  cod th a t were collected 
in  areas rem ote from  know n p o in t sources. 
A lthough Atlantic cod do  no t store m uch 
lip id  in  th e  muscle, m ost o f the  m ercury 
accum ulates in  this tissue. T he o th e r fish 
species m onito red , Baltic herring , 
accum ulated  little m ercury in  muscle. Tevels 
o f m ercury in  the  Baltic h errin g  appeared  to  
be low (including the  com parison  with cod 
data  in  one  lo ca tio n ).

O f the  278 tem poral trends analysed on  a 
station by station basis (189 for mussels, and

89 fo r fish) only 20 were significant, 16 down 
and  fo u r u p  (Table 6.3, m aps in  Figures 6.8 
and  6.9). For mercury, inputs were 
decreasing (OSPAR, 2000) , b u t no clear 
regional tren d  was registered  using mussel 
and  fish indicators (see Figure 6.1). T here  
was som e dom inance o f decreasing trends 
over increasing trends, b u t m ost o f the  
stations show no  significant trend . In  mussels 
in  m ost areas, notably in  the  M editerranean , 
th ere  were decreases in  th e  m ercury 
concentrations. It was no t clear why th ere  
were increasing trends o f m ercury at 
G o thenburg  an d  at th e  ou tle t of th e  river 
Ems. As fo r blue mussels, th e re  were 
decreasing levels o f m ercury in  fish collected 
at various sites, includ ing  the  G erm an Bight. 
T he only area  with an  increase was at the  
estuary of the  river Oder, n ea r Stettin, which 
em pties in to  the  Baltic Sea.

Over th e  last centuries, m ercury  has been  
used in  a wide range of h u m an  applications 
(chlor alkali industry, m anufacturing, 
dentistry, metallurgy, e lectron ic  household  
app liances). Both th e  retrieval an d  use o f the
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M ercury (Hg) tim e trend  in b lue m ussel (M ytilus edu lis)  in th e  N orth-E ast A tlantic and th e  M editerranean
m ussel (M. ga lloprovin cia lis)  1 9 8 5 -1 9 9 9  (see  Table 6 .3 )

Time trend  for Hg in
Mytilus 

A  Increase 

A  D ecrease 

A  No tren d  

O  Insufficient d a ta

Figure  6.9

Time trend  for Hq in 
fish

A  Increase

A  D ecrease

A  No tre n d

O  Insufficient d a ta

M ercury (Hg) tim e trend in muscle o f cod, herring and flounder, 1 9 8 6 -1 9 9 9  (see Table 6 .3 )
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M ercury (Hg) input to  the Baltic Sea, 19 95  and m ercury (Hg) concentrations in muscle o f cod (G adus m orh u a )  
and muscle o f herring (C lupea  h a rren g u s), m edian m g /kg  w e t w e ig h t fo r 1 9 9 5 -1 9 9 9

Figure 6.10

Hg (ppm) in G adus 
(liver w et weight)

O  0 -0 .0 5

O  0 .0 5 -0 .5

Hg (ppm) in Clupea 
(muscle dry w eight 
*0.25)

□  0 -0 .0 5

□  0 .0 5 -0 .5  

Riverine input 

(tons in 1995)

O  0 -0 .0 5

O  0 .0 5 -0 .5

•  >0.5

Point sources input 

(tons in 1995)

Ô  0 -0 .0 5  

0 .0 5 -0 .5

#  >0.5

Notes: S ee Table 6.1 for basis of  classification. EU legislat ion limit for mercury  In foodstu ff  muscle  of  fish Is 0.5
m g/kg  w e t  w eigh t  (EU, 2001 b). Based on d a ta  from OSPAR and HELCOM, s e e  also Table A.2. NB: larger 
sym bols  may o bsc u re  o th e r  symbols.

m etal have caused an  increased m ercury load 
in  m arine, freshw ater an d  terrestrial 
environm ents. Today th e  m ain  sources of the  
m etal to  th e  m arine env ironm en t are 
a tm ospheric  deposition , industrial outfalls 
an d  m unicipal sewage. Overall, a tm ospheric 
deposition  appears to  be im p o rtan t except 
w here it is outw eighed by po llu tion  n ear 
p o in t sources an d  in  estuaries d rain ing  
industrialised  regions.

6.3.3. Lead
T he reg ional tem pora l tre n d  assessm ent 
ind ica ted  a decreasing tren d  fo r lead in  
mussels from  b o th  the  N orth  East Atlantic 
an d  the  M ed iterranean  Sea an d  for cod in  
th e  N orth  East A tlantic (Figure 6.1). This 
ind icated  the  effect of rem edial m easures on 
atm ospheric  deposition. No decreasing tren d  
was evident fo r lead concen trations in  
h errin g  muscle in  the  Baltic.

T he station by station overview of 1995-1999 
levels of lead  revealed background  levels in  
blue mussels from  areas rem ote from  local o r 
reg ional sources, b u t concen tra tions o f the

m etal were above background levels along 
m ost o f the  E uropean  coasts (Table 6.4, 
Figure 6.11). In  contrast to  the  o th e r m etals 
of concern  (m ercury and  cad m iu m ), levels of 
lead in  b lue mussels were above the  limits for 
hum an  consum ption  at a n u m b er of 
locations. T he h igh level at th e  Norwegian 
west coast was caused by inpu ts from  the  zinc 
sm elter in  Sorfjord. T he o th e r locations also 
appeared  to  be associated with local po in t 
sources ra th e r  th an  riverine inputs.

Lead concen tra tions in  cod  liver were 
generally low. An exception  was in  the  in n e r 
O slofjord w here values were h ig h er bu t did 
no t exceed 10 tim es th e  background  level 
(Figure 6.12). Elevated levels may have been  
due to  u rb an  influence. C oncentrations were 
in term edia te  in  h errin g  muscle (data from  
the  Baltic only).

O f the  266 tem poral tren d s statistically 
analysed on  a station by station  basis (194 for 
mussels, 72 for fish) 39 were significant, 30 
down an d  n ine  u p  (Table 6.4, m aps in  
Figures 6.13 an d  6.14). Inputs of lead



4 0  Hazardous su b stan ces in th e  European marine environm ent: Trends in m etals and p ersisten t organic pollutants

S ubind icator sum m ary a sse ssm e n t for lead  in m usse ls and fish from  th e  N orth-E ast A tlantic, Baltic S ea ,
M editerranean  S ea  and Black Sea

Spatial variation Tim e trends

Sea region Sub­
indicator

Total no. o f 
stations

N um ber  
over low

N um ber 
over high

Total no. o f 
stations

N um ber
dow n

N um ber
up

North-East
Atlantic

Musse ls 116 61 8 156 12 2

Fish 21 1 0 43 10 0

Baltic Sea Musse ls 1 1 0 1 0 1

Fish 10 8 0 29 3 0

M e dite rranean
Sea

Musse ls 36 23 2 37 5 6

Fish 0 0

Black Sea Musse ls 3 3 3 0

Fish 0 0

Notes: See Table 6.1 for se lec tion  of  Indicator sp e c ie s  and  low/high co n cen t ra t io n s  limits. See  also results In 
m aps  In Figures 6 .11-6 .14 .

Lead (Pb) in mussels (M ytilu s e d u l i s —  North -East A tlantic; M . g a llo p ro v in c ia lis—  M ed ite rran ean  and Black 
Sea), m edian m g/kg  w e t w e ig h t fo r 1 9 9 5 -1 9 9 9  (2001 fo r Black Sea)

Pb (mg/kg) in Mytilus 
(softbody)

W et w eight based

O  0 - 0 . 2

O  0 .2 -1 .5

O >1-5
Dry w eight based  (*0.2) 

□  0 - 0.2

□  0 .2 -1 .5

□  > 1 .5

Notes: See Table 6.1 for basis of  classification. EU legislation limit for lead In foodstuffs  'bivalve molluscs ' Is 1.5 
m g /kg  w e t  w e ig h t  (EU, 2002). Based on d a ta  from OSPAR and  EEA m e m b e r  countr ies  (M editerranean),  
and d a ta  r e p o r te d  by Romania, s e e  also Table A.3. NB: larger sym bols  may o bsc u re  o th e r  symbols.

decreased  (OSPAR, 2000) , b u t no clear 
overall trends were found  using mussel and  
fish state indicators. However, th e re  was a 
certa in  dom inance of decreasing trends over 
increasing trends on  a station  by station basis. 
Increasing concen tra tions were found  in  Ems 
an d  G o thenburg  (as was the  case for

m ercu ry ), an d  in  the  A egean Sea (Figure 
6.13). T he reasons fo r these increases were 
no t clear. C oncentrations decreased  at nearly 
all the  Norw egian locations, the  G erm an 
Bight an d  in  th e  Scheldt reg ion  (m outh  of 
the  R h in e ). Statistically significant trends 
were found  mainly at locations in  estuaries
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Lead (Pb) in liver o f  co d  (G adus m orhua) and m uscle o f  herring (C lupea harrengus),
m edian  m g /k g  w e t  w e ig h t  for 1 9 9 5 -1 9 9 9

Figure 6.12

Pb (mg/kg)

G adus
(liver w et weight) 

O  0 - 0 .1

O  0.1-1

o  >1
Clupea
(muscle dry w eight 
*0.25)

□  0 - 0.01 

□  0.01 - 0.2 

□  >0.2

Notes: S ee Table 6.1 for basis of classification. EU legislat ion limit for lead In foodstu f f  muscle  of  fish Is 0.2 m g/kg  
w e t  w eigh t  (EU, 2002). Based on d a ta  from ICES, se e  also Table A.3. NB: larger sym bols  may o bsc u re  
o th e r  symbols.

an d  fjords, which were closer to  th e  sources 
o f land  based diffuse pollution.

In  contrast to  cadm ium , lead  is extensively 
recycled because it is associated with many 
products th a t are  recycled. Its use as an  
additive to  pe tro l has decreased drastically 
over the  past decade. However, th e re  is a 
wide range of diffuse sources fo r lead  in 
add ition  to  p o in t sources. Lead is used, for

exam ple, in  batteries, am m unition , boat 
keels, weights (nets, e tc ) , paints, electron ic 
equ ip m en t an d  solder. A lthough m any of the 
above products lend  them selves to  recycling, 
th ere  is an  obvious po ten tia l fo r emissions, 
e.g. th ro u g h  waste inc inera tion  an d  leaching 
from  landfills. M ining an d  sm elting o f lead 
ore is a substantial local source o f lead  inputs 
to  m arine ecosystems.
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Lead (Pb) tim e trend  in b lue m ussel (M ytilus edu lis)  in th e  N orth-E ast A tlantic and th e  M editerranean m ussel
(M. ga lloprovin cia lis)  1 9 8 5 -1 9 9 9  (se e  Table 6 .4 )

Time trend for Pb in
Mytilus 

A  Increase 

A  D ecrease 

A  N o tre n d  

O  Insufficient da ta

Figure  6.14

Time trend  for Pb in 
fish

A  Increase

A  D ecrease

A  No tre n d

O  Insufficient d a ta

Lead (Pb) tim e tren d  in cod liver, herring liver/m uscle, flounder liver, 1 9 8 6 -1 9 9 9  (see Table 6 .4 )
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Subindicator sum m ary a sse ssm e n t for DDT in m usse ls and fish from  th e  N orth-E ast A tlantic, Baltic S ea , — , , ,
M editerranean  S ea  and Black S ea  a e

Spatial variation Tim e trends

Sea region Sub­
indicator

Total no. o f 
stations

N um ber  
over low

N um ber  
over high

Total no. of 
stations

N um ber
dow n

N um ber
up

North-East
Atlantic

Musse ls 78 3 0 98 3 1

Fish 26 4 0 55 3 1

Baltic Sea Musse ls 0 1 0 0

Fish 14 0 0 24 7 0

M e dite rranean
Sea

Musse ls 0 0

Fish 0 0

Black Sea Musse ls 1 1 0 0

Fish 0 0

Notes: S ee Table 6.1 for se lec tion  of Indicator  sp e c ie s  and  low/high concen t ra t io n s  limits. See also results In 
m ap s  In Figures 6 .15-6 .18 .

D D T (expressed as D D E + D D D ) in mussels (M ytilu s e d u lis  —  N orth -East Atlantic; M. ga llo p ro v in c ia lis  —  
M edite rran ean  and Black Sea), m edian m g /kg  w e t w e ig h t fo r 1 9 9 5 -1 9 9 9  (2001 fo r Black Sea) Figure 6.15

DDT (mg/kg) in Mytilus 
(softbody)

W et w eight based

o 0-0.01 

O  0.01 -0 .1  

O  >0.1

Dry w eight b ased  (*0.2) 

□ 0 - 0.01 

□  0.01 - 0.1 

□  > 0.1

Notes: S ee Table 6.1 for basis of  classification. Based on d a ta  from OSPAR and  EEA m e m b e r  countr ies
(M editerranean),  and  d a ta  r e p o r te d  by Romania, s e e  also Table A.4. NB: larger sym bols  may obscu re  
o th e r  symbols.

6.3.4. DDT
T he reg ional assessm ent of tim e tren d  
ind ica ted  a decreasing tren d  fo r DDT in 
mussels from  the  N orth  East A tlantic 
(Figure 6.1). T he DDT level in  herring  
m uscle in  th e  Baltic decreased. T he levels in  
A tlantic cod have varied considerably.

W ith respect to  the  station by station 
overview of 1995-1999, levels o f DDT in  blue 
mussels were low all over E urope (Table 6.5, 
Figure 6.15). C oncentrations above 
background levels have only b een  observed 
in  mussels collected  from  a site in  the  
Sorfjord, w estern Norway. T he lack of change
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Figure 6.16 DDT (ex p ressed  as D D E+DD D) in liver o f  co d  (G adus m orhua)  and  m uscle o f  herring (C lupea harrengus),
m edian  m g /k g  w e t  w e ig h t  for 1 9 9 5 -1 9 9 9

DDT (mg/kg)

G adus
{liver w et weight) 

O  0 -0 .5

O  0 .5 -5

O  > 5

Clupea
{muscle dry w eight 
*0.25)

□  0 -0 .0 5

□  0 .0 5 -0 .5

□  > 0 .5

Notes: See Table 6.1 for basis of  classification. NB: larger  sym bols  may o bsc u re  o th e r  symbols.

in  DDT concen tra tion  in  mussels at m ost sites 
presum ably indicates th a t the  cu rren t 
background  level was m ain tained  th ro u g h  
ecosystem  recycling o r inputs th ro u g h  slow 
leaching  o r long range transport.

Similarly to  the  levels in  b lue mussels, 
concen tra tions o f DDT in A tlantic cod  liver 
were at background  levels in  m ost areas, even 
in  th e  Baltic (Figure 6.16). Som ewhat 
elevated concentrations, b u t below 10 tim es 
th e  background  levels, were found  at th ree  
locations in  Norway. T he sites reflected  b o th  
fresh  discharges of DDT (by leaching from  
con ta iners o r waste) an d  leaching  from  old 
deposits.

For the  Black Sea, too  little da ta  were 
available to  m ake assessments. T he 
co n cen tra tion  o f DDT in mussels fo r the 
single location with data on  the  R om anian

coast were all in  the  in term edia te  range (m ap 
in  Figure 6.15), b u t this may no t be 
representative fo r th e  region.

O f the  178 tem poral trends analysed (99 for 
mussels, 79 for fish) only 15 were significant, 
an d  13 were down (Table 6.5, Figures 6.17 
an d  6.18). As expected , DDT concen trations 
in  fish have decreased in  m ost areas, 
including  th e  Baltic an d  the  Scheldt (Rhine 
estuary ). An exception  was cod from  the 
O slofjord an d  the  southeast coast of Iceland. 
T here  was no  know n reason fo r th e  increase 
found  at th e  one  site in  eastern  Iceland. As 
was th e  case fo r th e  metals, substantial long 
te rm  trends m ight be u n d e tec ted  due to  
insufficient data. Statistically significant 
trends were found  mainly a t locations in 
estuaries an d  fjords, w hich were closer to 
sources o f land  based diffuse pollution.
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DDT (ex p ressed  as DDE+DD D) tim e trend  in b lue m ussel (M ytilus edu lis)  in th e  N orth-E ast A tlantic
1 9 8 5 -1 9 9 9  (see  Table 6 .5 )

Time trend  for DDT in
Mytilus

A  Increase 

A  D ecrease 

A  N o tre n d  

O  Insufficient d a ta

D D T  ( e x p r e s s e d  a s  D D E + D D D )  t im e  t r e n d  in c o d  liv er , h e r r in g  l i v e r /m u s c le ,  1 9 8 6 - 1 9 9 9  ( s e e  T a b le  6 .5 )  Figure  6.18

Time trend for DDT in 
fish

A  Increase

A  D ecrease

A  No tre n d

O  Insufficient d a ta
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S ubind icator sum m ary a sse ssm e n t for lindane in m usse ls and fish from th e  N orth-E ast A tlantic, Baltic S ea ,
M editerranean  S ea  and Black Sea

Spatial variation Tim e trends

Sea region Sub­
indicator

Total no. o f 
stations

N um ber  
over low

N um ber 
over high

Total no. o f 
stations

N um ber
dow n

N um ber
up

North-East
Atlantic

Musse ls 0 0

Fish 0 0

Baltic Sea Musse ls 0 0

Fish 0 0

M e dite rranean
Sea

Musse ls 25 0 0 25 7 0

Fish 0 0

Black Sea Musse ls 1 1 0 0

Fish 0 0

Notes: See Table 6.1 for se lec tion  of  Indicator sp e c ie s  and  low/high co n cen t ra t io n s  limits. See  also results In 
m aps  In Figures 6 .19-6 .20 .

Lindane in mussels (M ytilu s ga lloprovincia lis  —  M ed ite rran ean  and Black Sea), m edian m g/kg  w e t w e ig h t 
fo r 1 9 9 5 -1 9 9 9  (2001 fo r Black Sea). See Table 6.1 fo r basis o f classification.

Lindane (mg/kg) in 
Mytilus (softbody)

W et w eight based  

O  0 - 0 .0 1

O  0.01-0.1 

O  >0.1

Dry w eight based  (*0.2) 

□  0 - 0.01 

□  0.01- 0.1 

□  >0.1

6.3.5. Lindane
T he regional assessm ent of tim e tre n d  for 
lindane in  M ed iterranean  mussels indicated  
a decreasing tre n d  (Figure 6.1). For the 
Black Sea, too  little data were available to 
m ake a regional assessm ent for this sea. The 
available da ta  fo r the  Black Sea were from  a 
single location on  the  R om anian coast. This

could  no t be considered  representative for 
the  region.

T he station by station overview of 1995-1999 
levels o f lindane covered sites along the 
French  M ed iterranean  coast an d  a single 
station on  the  R om anian coast of the  Black 
Sea (Figure 6.19). An elevated level was
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Lindane tim e tren d  in M ed ite rran ean  mussel (M ytilu s ga lloprovincia lis)  1 9 8 5 -1 9 9 9  (see Table 6 .6 ) Figure 6.20

Time trend  for Lindane
in Mytilus

A  Increase 

A  D ecrease 

A  No tren d

O  Insufficient d a ta

found  only at the  R om anian station 
(Figure 6.19).

O f the  25 tem poral trends (all m ussel stations 
from  th e  F rench  M ed iterranean  coast) 
analysed, seven were significant, all down 
(Table 6.6 and  m ap in  Figure 6.20). 
Substantial long te rm  trends m ight be 
u n d e tec ted  due to  insufficient data. T he 
F rench  data  ind icated  decreased 
concen tra tions in  mussels w hich tallies with 
th e  know n decrease in  use of this pesticide.

6.3.6. PCB
T he reg ional assessm ent of tim e tren d  
ind ica ted  a decreasing tren d  fo r PCB7 in 
mussels from  the  N orth  East A tlantic an d  for 
h errin g  muscle in  the  Baltic (Figure 6.1). 
Since 1990, th e  levels in  A tlantic cod have 
increased  slightly. For this species, the  ab ru p t 
reduc tion  from  a h igh level in  1989 to  m ore 
constan t levels afterw ards was probably an  
artefact, e.g. due to  changes in  geographical 
coverage th a t the  genera l lin ear m odel 
(GEM) analysis had  no t b een  able to  co rrect 
for.

T he station by station overview of 1995-1999 
levels of PC B7 in  b lue mussel reflects the

genera l exposure p a tte rn  fo r this g roup  of 
substances. It also indicates th a t long 
distance atm ospheric  tran sp o rt was less 
im p o rtan t in  tem pera te  parts of Europe th an  
regional o r local sources. A ggregated levels 
(regional assessments) in  cod have fluctuated 
since 1990 with no clear tren d  one way o r the 
o th e r (Figure 6.1). C oncentrations of PCB7 
were generally found  at na tu ra l h igh 
background  levels in  areas rem ote  from  
industria l o r u rb an  inputs (Figures 6.21 and  
6.22). H igh levels were found  in  estuaries 
dra in ing  large rivers, e.g. th e  Seine, Rhine 
an d  Ems. In  addition , som ew hat elevated 
concen tra tions were found  along the  en tire  
n o rth e rn  coast o f Spain with local ho t spots 
in  the  industrialised river valleys. PCB7 
concen trations were also elevated in  th e  area 
a ro u n d  the  in n e r  O slofjord. H igher 
concen trations m ight be found  in  
com parable estuaries a ro u n d  Europe, bu t 
lim ited data coverage (e.g. no  UK data) 
precludes general assessment.

Data fo r PCB7 concen tra tions in  fish have a 
m ore lim ited geographical coverage th an  for 
b lue m ussel (Figure 6.22). T he data  basically 
show th a t a species h igh in  the  food chain, 
such as cod, bio accum ulate PCB to
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Table 6.7 S ubind icator sum m ary a sse ssm e n t for PCB7 in m u sse ls and fish from  th e  N orth-E ast A tlantic and Baltic Sea

Spatial variation Tim e trends

Sea region Sub­
indicator

Total no. o f 
stations

N um ber  
over low

N um ber  
over high

Total no. of 
stations

N um ber
dow n

N um ber
up

North-East
Atlantic

Musse ls 103 32 17 121 10 0

Fish 24 15 2 70 4 0

Baltic Sea Musse ls 1 0 0 1 0 0

Fish 12 0 0 16 4 0

Notes: See Table 6.1 for se lec tion  of  Indicator sp e c ie s  and  low/high co n cen t ra t io n s  limits. See  also results In 
m aps  In Figures 6.21-6.24.

Figure 6.21 PCB7 in mussels (M ytilu s e d u lis  —  N orth-East A tlantic , m edian m g /kg  w e t w e ig h t fo r 1 9 9 5 -1 9 9 9

PCB (mg/kg) in Mytilus 
(softbody)

Dry w eight based  (*0.2) 

□ 0 - 0.002 

□  0.002 -  0.02 

□  > 0.02

Notes: See Table 6.1 for basis of  classification. NB: larger  sym bols  may o bsc u re  o th e r  symbols.

som ew hat h ig h er concen tra tions th an  blue 
mussel, fo r exam ple. O therw ise, the 
geographical p a tte rn  of PCB accum ulation  in 
cod  fits well with th a t observed fo r blue 
mussel, with h igh  concen trations in  the  in n e r 
Oslofjord. As for b lue mussel, tim e tre n d  data 
indicates generally decreased  PCB7 exposure 
of fish in  som e areas of n o rth e rn  Europe, 
especially the  Baltic. T he substantial n u m b er 
of stations with no  change, however, suggests 
th a t decreasing PCB7 in p u t in to  th e  m arine 
env ironm en t is a slow process. T here  were no 
available da ta  fo r the  M ed iterranean  Sea.

A station by station statistical analysis 
inc luded  208 tem poral trends (122 for 
mussels, 86 for fish ). Only 18 were 
significant, all down (Table 6.7, m aps in 
Figures 6.23 an d  6.24). PCB7 inpu ts in  the  
N orth  East A tlantic decreased (OSPAR,
2000) an d  the  results for mussels an d  fish 
(including the  Baltic) also confirm  this 
trend . Again, the  substantial n u m b er of 
stations w here no  tre n d  was detec ted  suggest 
th a t decreasing PCB7 in p u t in to  the  m arine 
env ironm en t is a slow process.
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PCB7 in liver o f  co d  (G adus m orhua) and m uscle o f  herring (C lupea harrengus),
m edian  m g /k g  w e t  w e ig h t  for 1 9 9 5 -1 9 9 9

PCB (mg/kg)

G adus
(liver w et weight)

Clupea
(muscle dry w eight 
*0.25)

□  0 -0 .1 5

□  0 .1 5 -1 .5

N o t e s :  S ee  Table 6.1 for basis o f  classification. NB: larger  sym bo ls  m ay  o b sc u re  o th e r  sym bols .
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Figure 6.23 PCB7 tim e trend in blue m ussel (M ytilus edu lis)  in th e  N orth-E ast A tlantic 1 9 8 5 -1 9 9 9  (se e  Table 6 .7 )

T im e  t r e n d  f o r  P C B  in
Mytilus

A  Increase 

A  D ecrease

A A  A

N o tren d

O  Insufficient d a ta

A A

Figure 6.24 PCB7 tim e trend in cod liver, herring liver/m uscle, flounder liver 1 9 8 6 -1 9 9 9  (see Table 6 .7 )

T im e  t r e n d  fo r  P C B  in
fish

A Increase

A D ecrease

A No tre n d

o Insufficient d a ta

°Q>
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7. Response measures

7 .1 . Overall EU chemicals policy

A strategy for a fu tu re  chem icals policy has 
b een  p resen ted  by the  Com m ission 
(COM (2001) 88). It aims to  prevent fu tu re  
env ironm ental hazardous substances 
problem s such as those experienced  with 
POPs. Its overriding goal is sustainable 
developm ent. T he strategy mainly refers to 
th e  following fou r legal instrum ents on 
chem icals currently  in  force in  the  E uropean  
U nion:

• C ouncil Directive 6 7 /5 4 8 /E E C  relating  to 
th e  classification, packaging and  labelling 
of dangerous substances, as am ended;

• C ouncil Directive 8 8 /3 7 9 /E E C  relating  to 
th e  classification, packaging and  labelling 
of dangerous preparations, recently 
rep laced  by Directive 1 9 9 9 /45/EC ;

• C ouncil R egulation (EEC) No 793 /93  on 
th e  evaluation an d  con tro l of the  risks of 
existing substances',

• C ouncil Directive 76 /76 9 /E E C  relating  to 
restrictions on  th e  m arketing an d  use of 
certa in  dangerous substances and  
preparations.

T he W hite P aper (COM (2001) 88) states tha t 
th e  EU chem icals policy m ust ensure  a ‘high 
level of p ro tec tion  o f h u m an  hea lth  an d  the 
en v iro n m en t’ as en sh rin ed  in  the  Treaty, 
b o th  fo r th e  p resen t genera tion  an d  fu tu re  
generations', while also ensuring  the  efficient 
function ing  o f th e  in te rna l m arket an d  the  
com petitiveness of the  chem ical industry.

F undam ental to  achieving these objectives is 
the  p recautionary  p rincip le  (3). W henever 
reliable scientific evidence is available th a t a 
substance may have an  adverse im pact on 
h u m an  h ealth  an d  the  environm ent, bu t 
th e re  is still scientific uncerta in ty  abou t the 
precise n a tu re  o r  the  m agnitude of the 
po ten tia l dam age, decision m aking m ust be 
based o n  p recau tion  in  o rd e r to  prevent 
dam age to  h u m an  h ealth  an d  the 
environm ent. A no ther im p o rtan t objective is 
to  encourage  th e  substitu tion of dangerous 
by less dangerous substances w here suitable 
alternatives are  available.

To p ro tec t h u m an  h ealth  an d  p rom ote  a 
n o n  toxic environm ent, th e  Com m ission 
(COM (2001) 88) proposes th a t existing (4) 
an d  new (5) substances should, in  the  future, 
following the  phasing in  of existing 
substances un til 2012, be subject to  th e  sam e 
procedu re  u n d e r  a single system. The 
proposed  system is called REACH 
(registration, evaluation an d  au thorisation  of 
chem icals). T he requirem ents, including 
testing requirem ents, o f th e  REACH system 
d ep en d  on  the  proven o r  suspected 
hazardous properties, uses, exposure and  
volumes of chem icals p ro d u ced  o r im ported . 
All chem icals above one to n n e  should  be 
registered  in  a cen tra l database. At h igher 
tonnage, special a tten tio n  should  be given to  
long te rm  an d  chron ic  effects.

T he Com m ission (C O M (2001) 88) fu rth e r 
proposes to  im plem ent a step by step  process 
to address the  ‘b u rd en  of th e  past’ an d  to 
develop adequate  know ledge for existing

(3) The p recau t ionary  principle is co n ta ined  in Article 174 of  th e  Treaty and  th e  sub je c t  of  a Commission  
C om m unica t ion  of  2 February  2000.  It app lies  w hen  th e re  Is a prel iminary objective scientific evaluation 
Indicating reasona b le  g ro u n d s  for concern  th a t  th e  potential ly  d a n g e r o u s  effects  on th e  environm ent,  
human, animal or  plant health  may be  Inconsis tent  with th e  high level of  p ro tec t ion  chosen  for the  
Community.

(4) Existing su b s ta n c e s  are su b s ta n c e s  In use within th e  EU befo re  S e p te m b e r  1981 and  listed in th e  European  
inventory  of  existing commercial  chemical s u b s ta n c e s  (EINECS). EINECS con ta ins  100 106 en tr ies  Including 
chemicals; s u b s ta n c e s  p ro d u c e d  from natural  p ro d u c ts  by chemical modifica tions or  purification, such as 
metals,  minerals,  c e m e n t ,  refined oil and  gas; s u b s ta n c e s  p ro d u c e d  from animals and  plants; active 
s u b s ta n c e s  of pes t ic ides,  m ed icam en ts ,  fertilisers and  co sm e t ic  p roducts ;  fo o d  addit ives;  a few  natural 
polymers; so m e  w as te  and  by-products .  They  can be  mixtures of  different chemicals  occurring naturally or  as 
an unintentional  result  of  the  p roduc t ion  p rocess .  'Exist ing' su b s ta n c e s  d o  not  include:  syn the tic  polymers 
(which are reg is te red  in EINECS u n d e r  their  building block m onom ers) ,  Intentional mixtures , medical 
p repara t ions ,  co sm etic  p rep a ra t io n s  and  pes t ic ide  p rep a ra t io n s  as intentional mixtures; food ;  feedstuffs;  
alloys, such as s ta in less s tee l  (but individual c o m p o n e n t s  of alloys are included); m ost  naturally occurring raw 
materials,  including coal and  m ost  ores.

(5) N ew  su b s tan ces :  su b s ta n c e s  not  in use in th e  EU befo re  S e p te m b e r  1981 and  so  not  in EINECS. T hey must 
be  notified  befo re  be ing p laced  on th e  market ,  af ter  which they  are reg is te red  in th e  existing list of  notified 
chemical su b s ta n c e s  (ELINCS). N ew  s u b s ta n c e s  are g o v e rn e d  by Directive 67/548 , as  a m e n d e d  by Directive 
92/32.
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substances th a t industry wants to  con tinue  to 
m arket. Given the  vast n u m b er of existing 
substances o n  th e  m arket, th e  Com m ission 
proposes th a t first priority is given to 
substances th a t lead  to  a h igh exposure or 
cause concern  by th e ir  know n o r suspected 
dangerous properties, be they physical, 
chem ical, toxicological o r ecotoxicological. 
All such substances shou ld  be tested  w ithin 
five years an d  subsequently  be properly 
assessed for th e ir  im pact o n  h u m an  health  
an d  the  environm ent.

7 .2 . EU policy on hazardous  
substances in w ater

7.2.1. Dangerous substances directive
C om m unity policy concern ing  hazardous 
substances in  E uropean  waters was 
in tro d u ced  m ore th a n  25 years ago (in 1976) 
by a council directive o n  w ater pollu tion  
caused by discharges of certa in  dangerous 
substances: the  D angerous Substances 
Directive (7 6 /4 6 4 /E E C ). This has b een  the  
basis for the  water fram ew ork directive (see 
section 7.2.2) , w hich has now largely 
rep laced  the  earlie r regulation.

T he objective of th e  dangerous substances 
directive is to  regulate po ten tia l aquatic 
po llu tion  by th e  vast n u m b er of chem icals 
already p ro d u ced  in  Europe. T he directive 
covers discharges to  in land  surface waters, 
te rrito ria l waters, in land  coastal waters and  
groundw ater.

T he directive in tro d u ced  th e  concep t o f List 
I an d  List II substances, with the  purpose of 
elim inating  po llu tion  from  List I substances 
an d  reducing  po llu tion  from  List II 
substances. Specific hazardous substances 
w ere placed on  List I on  the  basis of th e ir  
persistence, toxicity an d  bio accum ulation. 
O rganochlorines, such as DDT (and 
m etabolites) an d  hexachlorocyclohexane 
(lindane an d  o th e r isom ers), an d  metals, 
such as cadm ium  (and its com ponents) and  
m ercury (and its com ponents) , are found  on 
List I.

List II includes g roups an d  families of 
substances th a t have deleterious effects in  the  
aquatic environm ent. It also contains all 
individual List I substances th a t have n o t yet 
b een  regulated  at C om m unity level. For the  
relevant pollu tan ts of List II, M em ber States 
m ust establish po llu tion  reduction  
program m es, includ ing  quality objectives, 
accord ing  to  Article 7 o f the  dangerous 
substances directive.

In  1982, th e  Com m ission com m unicated  a 
list to  the  C ouncil th a t inc luded  129 
‘candidate  List I substances’ to  w hich th ree  
m ore substances were subsequently  added. 
E ighteen individual substances o f the  
‘cand idate  List E have b een  regulated  in  five 
specific directives (daugh ter directives to  the  
dangerous substances d irective), setting 
em ission lim it values an d  quality objectives at 
C om m unity level. T he specific directives 
relevant to  th e  con tam inan ts assessed in  this 
rep o rt are:

• Council directive o f 22 M arch 1982 on  lim it 
values an d  quality objectives for mercury 
discharges by the  ch lo r alkali electrolysis 
industry (C ouncil Directive 8 2 /1 76/EEC ) ;

• Council directive o f 26 Septem ber 1983 on  
lim it values an d  quality objectives for 
cadmium discharges (Council Directive
8 3 /1 5 /E E C );

• Council directive of 8 M arch 1984 on  lim it 
values an d  quality objectives for mercury 
discharges by sectors o th e r th an  th e  ch lo r 
alkali electrolysis industry (Council 
Directive 8 4 / 156/EEC );

• Council directive of 9 O ctober 1984 on  
lim it values an d  quality objectives fo r the  
discharges of hexachlorocyclohexane of 
which lindane is included  (Council 
Directive 8 4 /491/E E C );

• Council directive o f 12 June 1986 o n  limit 
values an d  quality objectives fo r discharges 
of certain dangerous substances in  List I of 
th e  A nnex to  C ouncil Directive 7 6 /4 6 4 / 
EEC, (Council Directive 8 6 /280 /E E C ) as 
am ended  by C ouncil Directives 8 8 /3 4 7 / 
EEC an d  9 0 /415/EEC.

7.2.2. Water framework directive
T he D angerous Substances Directive (7 6 / 
464/EEC ) is now in teg ra ted  in  the  ‘Directive 
2 0 0 0 /6 0 /E C  of the  E uropean  Parliam ent 
an d  of the  Council establishing a fram ework 
for the  C om m unity action  in  th e  field of 
w ater policy’ (com m only know n as the  EU 
w ater fram ew ork directive — W FD ), adop ted  
on  23 O ctober 2000.

Article 16(3) o f the  directive has the 
objective o f ceasing o r phasing ou t 
discharges, em issions an d  losses of priority 
hazardous substances, with th e  ultim ate aim  
of achieving concen tra tions in  the  m arine 
env ironm ent n ea r background  values for 
naturally occurring  substances an d  close to
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zero  fo r m an m ade synthetic substances. This 
is to  be achieved by 2020.

Environm ental quality standards for the  33 
priority substances have b een  p roposed  for 
th e  water co lum n by the  Com m ission 
consu ltan t F raunhofer Institu te  (EC, 2003). 
Sim ilar progress has no t b een  m ade for 
concen tra tions of hazardous substances in  
mussels an d  fish, for w hich th e re  is 
considerab le in tern a tio n a l m onito ring  
activity. These standards have to  be 
established before th e  success o f the  directive 
can  be m easured.

T he m ain part on  C om m unity pollu tion  
con tro l policy re la ted  to  hazardous 
substances is set ou t in  Article 16 o f the  WFD 
( ‘Strategies against po llu tion  of w a te r) . T he 
Com m ission has proposed  a list o f substances 
o f m ajor concern  (the so called ‘priority 
substances’) . T he list identifies 33 substances, 
w hich are  shown to  be of m ajor co n cern  for 
E uropean  W aters (2455 /2001 /E C ). T he 33 
priority substances have b een  g rouped  
accord ing  to  th e ir  ‘level of c o n c e rn ’, taking 
particu lar account of th e ir  ‘level o f hazard ’.

T he p rocedure  proposed  by th e  Com m ission 
fo r th e  iden tification  o f priority hazardous 
substances is ou tlined  in  W orking D ocum ent 
E N V /191000/01 , an d  is based on  the  best 
available knowledge. T he m ain em phasis is 
p u t on  available ‘hazard  assessm ents’, in  
particu lar work carried  ou t u n d e r  the  OSPAR 
‘Strategy with regard  to  hazardous 
substances’ ; the  classification an d  labelling of 
dangerous substances u n d e r  Council 
Directive 67 /548 /E E C ; an d  the  ‘Protocol on 
PO Ps’ u n d e r  the  UN-ECE C onvention on 
long range transboundary  a ir pollu tion  
(signed in  1984, in  force since 1988).

T he p rocedure  also considers the  finalised 
risk assessments m ade u n d e r  C ouncil 
R egulation (EEC) 793 /93  an d  C ouncil 
Directive 9 1 /414 /E E C , in  add ition  to  the 
in fo rm ation  u n d e r  the  dangerous substances 
directive an d  its five ‘d au g h te r’ directives 
concern ing  the  regulations of po llu tion  by 
certa in  dangerous substances d ischarged in to  
th e  aquatic environm ent. T he sum  of this 
in fo rm ation  was used to  g roup  the  priority 
substances in to  clusters with increasing 
‘levels o f co n ce rn ’.

For the  final assignm ent o f a priority 
substance, ‘add itional considera tions’ were 
taken  in to  account to  confirm  o r reject the 
status o f th e  substance. T he ‘additional

considerations’ inc luded  o th e r relevant 
Com m unity legislation o r  relevant 
in te rna tiona l agreem ents, the  p roduction  
and  use of the  substance, the  socio econom ic 
im pacts o f a cessation o r phase ou t an d  the 
suspected end o crin e  d isrupting  po ten tia l of 
the  substance.

T he priority substances will be subject to 
cessation o r phasing ou t of discharges, 
em issions an d  losses w ithin an  app rop ria te  
tim etable th a t shall no t exceed 20 years from  
the  ad o p tion  o f the  W ater Fram ework 
Directive (2 0 0 0 /6 0 /E C ), i.e. by 2020. O f the 
substances discussed in  this report, cadm ium , 
mercury, lead an d  lindane are on  the  priority 
substances list, while DDT an d  PCB are  not.

7 .3 . Specific EU policies on the six 
hazardous substances 
(m arketing, use, emissions, 
foodstuff lim it values, 
environm ental concentrations)

EU legislation relevant to  cadmium relates to:

• genera l restrictions on  em issions 
(D angerous Substances Directive (7 6 /4 6 4 / 
EEC));

• waste m anagem ent (concern ing  disposal of 
batteries — Directives 91 /1 5 7 /E E C , 9 3 / 
86/E E C  and  9 8 /1 0 1 /E C );

• lim it values for discharges (Directive 8 3 /  
513/EEC );

• co n cen tra tion  in  foodstuffs (Directive 9 0 / 
642/E C  an d  R egulations (EC) Nos 4 6 6 / 
2001 and  221/2002) ;

• th e  W ater Fram ew ork Directive (EU) No 
2000/60.

A range o f EU legislation is relevant to  
mercury, including:

• genera l restrictions on  em issions 
(dangerous substances directive) ;

• waste w ater directives (e.g. Directives 9 1 /  
689/E E C  an d  9 4 /6 7 /E E C );

• discharge directives (82 /176 /E E C , 8 4 / 
156/EEC an d  88 /3 4 7 /E E C );

• certa in  foodstuffs (R egulation (EC) No 
466/2001);

• the  w ater fram ew ork directive.

EU legislation regard ing  lead relates to:

• directives on  discharges (e.g. Directive 9 6 /  
61/E C );

• use in  paints (Directive 76 /769 /E E C );
• co n cen tra tion  in  gasoline (Directive 8 5 / 

210/E E C );
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• hazardous waste trea tm en t (Directives 8 9 / 
369/EEC  and  9 4 /6 7 /E C );

• co n cen tra tion  in  foodstuffs (Directive 9 0 / 
642/E C , an d  Regulations (EC) Nos 4 6 6 / 
2001 and  221/2002) ;

• the  w ater fram ew ork directive;
• a directive on  a ir quality (Directive 8 2 /  

844/E E C ).

W ater quality limits and  quality objectives for 
discharges of DDT are regulated  by:

• the  C ouncil Directive 86 /280 /E E C ;
• List I o f the  dangerous substances directive 

(includes DDT an d  its m etabo lites).

W ater quality limits and  quality objectives for 
discharges of hexachlorocyclohexane 
(including  lindane) are prim arily regulated  
by:

• the  D angerous Substances Directive (7 6 / 
464/EEC ) fo r genera l restrictions on 
em issions an d  Council Directive 8 4 /4 9 1 / 
EEC;

• List I o f the  dangerous substances directive 
(water po llu tion  by discharges o f certain  
dangerous substances) ;

• the  EU Pesticide Directive 91 /414 /E E C .

T he disposal of PCB is prim arily regulated  
by:

• general restrictions on  emissions 
(D angerous Substances Directive 7 6 /4 6 4 / 
EEC);

• the  C ouncil Directive 9 6 /5 9 /E C  (Disposal 
o f polychlorinated  biphenyls and  
polychlorinated  terphenyls) ;

• the  water fram ew ork directive (lim iting 
releases to  water) ;

• the  C ouncil Directive 85 /4 6 7 /E E C  
(bann ing  th e  m arketing  an d  use of PCB) ;

• List II of the  C ouncil Directive 7 6 /4 6 4 / 
EEC (W ater po llu tion  by discharges of 
certa in  dangerous substances).

It should  be n o ted  that, a lthough  EU 
legislation has set foodstuff lim its for 
cadm ium , m ercury an d  lead in  mussels and  
fish (Regulations (EC) Nos 466/2001 and  
221/2002), th e re  are  no  EU foodstuff limits 
for DDT, lindane an d  PCB in  these matrices.

7 .4 . International policies

M easures to  reduce  in p u t of hazardous 
substances an d  to  p ro tec t th e  m arine 
env ironm en t are  also being taken  as a result

of various initiatives at d ifferen t levels outside 
of th e  EU includ ing  the:

• UN global program m e of action  for the 
p ro tec tion  o f the  m arine env ironm ent 
against land  based activities',

• M editerranean  action  p lan  (MAP) ;
• H elsinki C onvention 1992 fo r the  

p ro tec tion  o f th e  m arine env ironm en t of 
th e  Baltic Sea A rea (HELCOM ) ;

• OSPAR C onvention 1992 fo r the  pro tection  
of th e  m arine env ironm en t of the  N orth  
East Atlantic;

• AMAP, the  Arctic m onito ring  and  
assessm ent program m e (1991).

OSPAR has m ade decisions or 
recom m endations restricting th e  em issions 
of cadm ium  (OSPAR, 1985a, 1992a), 
m ercury (OSPAR 1980a, 1982, 1985b, 1990) 
and  lead  (OSPAR 1992b). F urtherm ore, 
OSPAR (1980b) recom m ended  th a t a 
s tandard  of 0.3 m g /k g  of m ercury wet weight 
fish flesh should  be th e  environm ental 
s tandard  for organism s com pared  to  th e  EU 
lim it o f 0.5 m g /k g  for foodstuffs fo r fish 
muscle (466 /2001 /E C ).

OSPAR continues to  work towards the 
reduction  of discharges, em issions an d  losses 
of hazardous substances, w hich could  reach  
the  m arine environm ent, to  levels th a t are 
no t harm ful to  hum ans o r nature . I t aims 
towards th e  e lim ination  of these substances. 
T he OSPAR Com m ission will im p lem en t this 
strategy progressively by m aking every 
endeavour to  move towards the  target o f the 
cessation o f discharges, em issions an d  losses 
of hazardous substances by the  year 2020 
(OSPAR, 1998a).

As targets have b een  fo rm ulated  for 
em issions bu t the  cu rren t ind ica to r presents 
in p u t loads in to  the  coastal waters, only an  
approxim ate  com parison  is possible betw een 
the  m easured  in p u t an d  th e  reduc tion  target. 
T he M inisters at the  fifth in te rna tiona l 
conference o n  the  p ro tec tion  o f the  N orth  
Sea in  M arch 2002 stressed th a t increased 
efforts are necessary in  o rd e r to  m eet the  
OSPAR target.

HELCOM  has ad o p ted  num erous 
recom m endations concern ing  mercury, 
cadm ium , lead  an d  o th e r heavy m etals 
(HELCOM  1985b, 1992a, 1993, 1995, 1996b, 
1997, 2002a e) an d  a recom m endation  with 
regard  to  P C B /PC T  (1985a). In  M arch 1998, 
HELCOM  R ecom m endation  19 /5  
concern ing  the  HELCOM  objective with
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regard  to  hazardous substances was adopted . 
This objective is to  prevent po llu tion  of the  
convention  area  by continuously reducing  
discharges, em issions an d  losses of hazardous 
substances towards th e  target of th e ir  
cessation by the  year 2020, with the  u ltim ate 
a im  of achieving concen tra tions in  the  
env ironm en t n ea r background  values for 
naturally occurring  substances an d  close to 
zero  fo r m an m ade synthetic substances.

A lthough DDT an d  PCB are no t on  the  EU ’s 
list o f priority substances (2 4 5 5 /2 0 0 1 /E C ), 
these substances are  o n  the  OSPAR list o f 15 
chem icals for priority action  (OSPAR 1998a). 
They are  characterised  as ‘severely

hazardous’ on  U N EP’s list of 31 chem icals in 
need  of strict con tro l (see h t tp : / /  
www.pic.int). W ithin the  fram ew ork of 
ITELCOM, DDT an d  PCB, which are  b o th  on 
th e ir  list o f priority hazardous substances, are 
b an n ed  substances accord ing  to  A nnex I, 
Part 2 o f th e  1992 H elsinki C onvention. In  
addition , protocols have b een  agreed  to 
p roh ib it th e  discharge o f organohalogens, 
which includes PCB, in  th e  M editerranean  
(CPM, 1995b, 1996) and  Black Sea (CPB 
1992b, 1992c). T he Stockholm  POPs 
C onvention prohibits the  p roduction  an d  use 
of PCB, and  restricts the  p ro duction  and  use 
of DDT.

http://www.pic.int
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8. Future development

8.1 . Is sufficient data available?

This rep o rt assesses the  inpu ts and  
concen tra tions in  mussels an d  fish of only six 
hazardous substances fo r which sufficient 
data  are  available fo r an  assessment. These 
substances are: cadm ium , mercury, lead, 
DDT, lindane an d  PCB. Four of these are  on 
th e  list o f 33 priority substances iden tified  in 
th e  EU w ater fram ew ork directive (see 245 5 / 
2001/E C ).

Inputs
T he study o f tim e trends of inputs covers a 
relatively sho rt period  with com parable data. 
T he usefulness of the  results depends on  
sam pling and  analytical procedures, an d  on 
variations in  b o th  freshw ater ru n  off and  
suspended  solids conten t. For each  river 
inflow th e re  is a n eed  for freq u en t flow 
m easurem ents, freq u en t sam pling and  
analyses of (often  hardly detectable) 
hazardous substance concentrations, and  
calculation o f yearly in p u t loads. It is difficult 
to  obtain  en o u g h  inform ation. As a 
consequence, the  data in  the  OSPAR and  
HELCOM  databases are  incom plete, an d  the 
data  on  riverine inpu ts are no t always reliable 
an d  com parable. Also som e data  on  d irect 
inpu ts in  the  databases are national estim ates 
(i.e. no t m easured). Data on  inputs before 
1990 are no t reliable an d  are  therefo re  no t 
used. T he n u m b er of stations included  in  
in p u t m easurem ents for each  country  are 
presen ted  in  Tables A.2-A.6. They show large 
spatial an d  tem poral gaps as well as som e 
questionable irregularities in  the  tim e series.

D eterm ining  atm ospheric  inputs also 
dem ands frequen t sam pling and  adequate  
spatial coverage to  ob tain  reliable estim ates 
o f inputs to  th e  sea. For this report, only data 
fo r m etals fo r th e  N orth  Sea were available. 
T he atm ospheric  in p u t da ta  are estim ated 
using wet deposition  m easurem ents, which 
could  possibly lead  to  overestim ates (OSPAR, 
1998b).

T he OSPAR riverine in p u t database is 
u p d a ted  annually, except fo r a tm ospheric 
in p u t data, w hich are u p d a ted  at irregu lar 
intervals. T he HELCOM  database is also 
u p d a ted  regularly. No data  fo r the  
M ed iterranean  o r the  Black Sea are  available.

B etter assessments could  be a tta ined  if data 
from  all EEA m em ber countries were 
available an d  if standard ised  E uropean  
p ro toco ls/gu idelines fo r m onito ring  existed.

Concentrations
Validated data  sets fo r concen tra tions of the  
hazardous substances in  question  are 
available from  Belgium, France 
(M editerranean  coast) , Germany, G reece, 
Iceland, Ire land , N etherlands an d  Norway. 
However, th e  lack o f data from  o th e r 
countries (or areas in  France) weakens the 
quality o f regional assessm ent of general 
levels an d  tren d s in  the  N orth  East Atlantic 
o r th e  Baltic, M ed iterranean  an d  Black seas. 
A lthough available da ta  ind icated  some 
positive trends (decreasing inputs, lower 
concen tra tions in  mussels and  fish) , it is 
difficult to  establish th e  significance o f these. 
A ggregated data fo r regional assessments 
does no t necessarily convey the  uncertain ty  
of th e  data on  w hich the  aggregation  is 
based. In  genera l term s, the  m ore validated 
data are available the  m ore  reliable the 
assessments th a t can  be derived.

Some of th e  tim e series for b io ta are 
reasonably good, while o thers have 
incom plete  tem poral coverage, o r lack 
im p o rtan t inform ation . Inadequate  
repo rting  of observations below the 
detection  lim it is a p rob lem  in  som e data  sets. 
This is particularly im p o rtan t for 
contam inants w here the  detec tion  lim it has 
decreased over tim e due  to  analytical 
developm ents. Incom plete  m eta  data abou t 
the  basis of m easurem ent (wet weight, dry 
weight, lipid weight) is a n o th e r im portan t 
deficiency in  som e data sets. For som e data 
sets, the  basis is d ifferen t from  one year to 
another, w ithout th e  country  providing 
adequate  in fo rm ation  abou t conversion 
factors for each sample. This limits the  
usefulness of the  data  sets for tim e tren d  
analysis.

For mussels an d  fish, spatial an d  tem poral 
tren d  assessments d ep en d  on  th e  choice of 
tim e series, which in  tu rn  depends on  choice 
of sam pling strategy, com pleteness and  
d u ra tion  o f sam pling, an d  quality o f the 
chem ical analyses. For exam ple, 
concen tra tions of hazardous substances in
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organism s may be sensitive to  seasonal 
variations, age an d  sex of the  organism  
(AMAP, 2000). Sam pling strategies generally 
a im  to con tro l th e  influence of these 
variables. How well these strategies are 
followed is p aram o u n t to  th e  quality of the  
results. Long tim e series may be n eed ed  to 
clearly determ ine  trends, due to  relatively 
long  half lives of som e hazardous substances 
in  organism s, the  slow change of expected  
exposure an d  large individual variability.

T he assessm ent of concen tra tion  levels can 
be im proved by using agreed  E uropean  
classification schem es. At the  m om ent, EU 
legislation provides only limits fo r cadm ium , 
m ercury  an d  lead in  som e foodstuffs. 
Im p lem en ta tion  of th e  water fram ew ork 
directive will, in  fu ture, provide 
env ironm ental quality standards (first for 
w ater concentrations, an d  la te r for 
concen tra tions in  b iota an d  sedim ents since 
these are m ore difficult to  develop). A two 
level classification is envisaged u n d e r  the 
w ater fram ew ork directive:

Where a body o f water achieves compliance with all 
the environmental quality standards, i t  shall be 
recorded as achieving good chemical status (blue 
colour code in  map). I f  not, the water body shall be 
recorded as failing to achieve good chemical status 
(red colour cod in  map).

For tim e tre n d  analysis, th e  M ann Kendall 
test is a robust an d  widely accepted  approach , 
b u t it has b een  applied  here  only on  a series 
by series basis. For in d e p e n d e n t observations 
w ithin an d  betw een tim e series, abou t 5 % of 
trends will be deem ed  significant if in  fact 
th e re  is no  trend . T he tim e series analysed 
h ere  may have b o th  serial co rre la tion  in  tim e 
an d  spatial co rre la tion  betw een locations. 
This m eans th a t th e  overall significance of 
tren d s can n o t be based o n  th e  frequency of 
significant individual trends, w ithout 
reservation.

8 .2 . Do sufficient lim it/ta rg e t values 
and statistical trend m ethods  
exist?

R egulation o f th e  priority hazardous 
substances o n  the  EU s priority list of 
substances concerns cessation o r  phasing out 
o f discharges, em issions an d  losses by 2020. 
This covers exposure from  all sources of 
pollu tion, including  leaching from  
con tam inated  lands o r sea beds. H arbour 
sedim ents are often highly con tam inated  and  
may rep resen t a persistent exposure of

contam inants to  food webs. O f th e  substances 
considered  in  this report, cadm ium , mercury, 
lead an d  lindane are  o n  the  priority 
substances list. Directives concern ing  DDT 
and  PCB relate to  ‘discharges’ an d  ‘disposal’. 
T here  are  well d ocum en ted  cases w here 
elevated concen tra tions of DDT an d  PCB 
have b een  found  in  mussels an d  fish tha t 
were rem ote from  know n p o in t sources.

Directives fo r foodstuffs provide limits to 
judge  th e  levels of som e contam inants 
(cadm ium , m ercury and  lead) fo r some 
ind ica to r species in  re la tion  to  p ro tecting  
hum an  health . Suggested ‘low’ an d  ‘h ig h ’ 
concen trations are  derived from  a variety of 
sources, b o th  from  in te rna tiona l practices 
and  from  scientific research, such as 
background reference  levels o r 
ecotoxicological assessm ent criteria. 
U nfortunately, these la tte r lim it values have 
only scientific value an d  have n o t been  given 
official status by OSPAR, which weakens th e ir  
value in  assessments. D eterm ination  o f the  
effectiveness of m easures would be fu rth e r 
en h an ced  if the  statistical pow er of the  
assessm ent could  be agreed  internationally.

T he persistence of many hazardous 
substances an d  th e ir  po ten tia l to  bio 
accum ulate w arrant a n eed  for c learer 
m easures an d  target values of concen trations 
in  ind ica to r m edia  a n d /o r  an  acceptable 
level o f biological effects. Indicators for 
biological effects would be particularly useful 
to determ ine  ecological im pacts o f hazardous 
substances, an  assessm ent th a t is no t really 
possible from  chem ical data alone.

As m entioned , env ironm ental quality 
standards have b een  proposed  fo r the  w ater 
co lum n fo r the  33 priority substances listed 
in  th e  w ater fram ew ork directive (EC, 2003). 
Similar work needs to  be u n d ertak en  fo r the 
widely used mussel an d  fish state indicators.

8.3 . Recom m endations

• T he data availability o n  hazardous 
substances should  be im proved to  assess 
m ore listed hazardous substances th a n  the  
six p resen ted  here. For these latter, the  
data availability needs to  be im proved and  
m ade m ore consistent.

• As a basis for in p u t indicators, a E uropean  
database for atm ospheric and  d irect and  
riverine inpu ts should  be established, based 
on  existing regional initiatives and  
following the  waterbase app roach  of the
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E uropean  E nvironm ent Agency. T he 
database should  be able to  accom m odate 
spatially n o n  aggregated data so th a t ‘local’ 
variations could  be assessed individually 
an d  com pared  to  local variations in  o th e r 
state indicators, such as mussels an d  fish. 
Eurow aternet guidelines fo r priority 
dataflow on  transitional, coastal and  
m arine waters should  take this in to  
account.

• At E uropean  level, a harm onised  
m onito ring  strategy fo r m easuring and  
calculating loads should  be developed. 
T here  is also a need  to  standardise and  
harm onise sam pling and  analysing 
procedures. R egular an n u a l rep o rtin g  (on 
sam pling conditions, m eta  data  an d  o n  the  
representativeness of th e  sam ples) should  
be m andatory.

• T he m ethods fo r tim e tren d  assessments 
should  be fu rth e r developed by a body such 
as ICES, taking in to  accoun t serial 
co rrelation  in  tim e, as well as spatial 
co rrelation  betw een locations, in  o rd e r to 
m ake regional assessments. A b ro ad er 
spectrum  o f m ethods shou ld  be considered  
(sm oothers, param etric  m odels). T here  
m ust be fu rth e r investigation as to  how 
missing o r incom plete data  can be taken  
in to  account.

• T here  is a need  at country level fo r m ore 
regu lar spatial an d  tem poral tren d  
m onito ring  of hazardous substances. At 
E uropean  level, a m onito ring  strategy for 
concen tra tions in  sed im ent and  b io ta  in  
m arine an d  coastal waters should  be 
developed, leading to  standard ised  and  
harm onised  sam pling, chem ical/statistical 
analytical p rocedures an d  yearly reporting. 
Long tim e series from  fixed representative 
stations fo r state ind icators sed im ent or 
organism s are essential fo r tim e tren d  
assessment. Sam pling the  sam e stations 
each  year will best ensure  com parability 
betw een years. T he im plem enta tion  of the 
w ater fram ew ork directive in  coastal waters 
should  give priority to  m easurem ents of 
priority substances in  b io ta  such as mussels 
an d  fish.

• T em poral tren d  assessm ent can be greatly 
im proved by applying know ledge o f local

influences an d  by consistent m onito ring  of 
representative stations w here app rop ria te  
sam pling strategies have b een  applied. 
M ore in fo rm ation  abo u t th e  purpose and  
con tex t o f m onito ring  (in form ation  on 
pressures an d  emissions) at the  d ifferent 
locations would help  in  targeting  the 
statistical analysis towards answering 
defined  questions. For instance, locations 
strongly in fluenced  by a p o in t source 
(im pact s ta tio n ), an d  with possible event 
d om inated  variations in  levels, should  be 
considered  separately from  locations 
rep resen ting  a genera l regional 
developm ent (representative s ta tio n ).

• D evelopm ent of m anagem ent tools such as 
env ironm ental quality standards (EQ S), 
background  reference concen trations 
(BRC) o r ecotoxicological assessm ent 
criteria  (EAC) fo r m arine waters would 
en h an ce  an d  speed  up  th e  evaluation 
process of hazardous substances for each 
ind ica to r m edia involved. This 
developm ent shou ld  take in to  
consideration  d ifferen t hazardous 
substances an d  d ifferen t m edia, as well as 
th e  costs an d  benefits of using such tools.

• An im provem ent of th e  classification 
system fo r concen trations in  bio ta is 
needed . T he w ater fram ew ork directive 
classification of chem ical status will no t 
cover all substances w hich are  hazardous to  
the  m arine environm ent. An ex tension  of 
th e  w ater fram ew ork environm enta l quality 
standard  system to include hazardous 
substances m on ito red  by m arine 
conventions in  sed im ent an d  b io ta  is 
necessary.

• T he developm ent of indicators for the  
biological effects of hazardous substances 
will con tribu te  to  th e  assessm ent of 
ecological im pacts of g roups of hazardous 
substances an d  com bined  toxicity. It will 
show po ten tia l im pacts of m ore th a n  the 
selected hazardous substances. Existing 
national and  in tern a tio n a l program m es 
w here biological effects are  m on ito red  
need  to  be assessed with the  aim  of 
de term in ing  th e ir  feasibility in  
in te rna tiona l m onitoring.
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9. Conclusions

• All o f the  six assessed hazardous substances 
(cadm ium , m ercury, lead, DDT, lindane 
an d  PCB) pose a serious risk to  hum an  
health  an d  the  m arine ecosystem since they 
are  toxic, persisten t an d  liable to  bio 
accum ulate. DDT an d  PCB are  endocrine  
disruptors.

• T he d irect discharges an d  riverine inputs of 
cadm ium , m ercury, lead, lindane an d  PCB 
in to  the  N orth  East A tlantic indicate 
decreasing trends in  the  period  1990-1999.

• T he atm ospheric  inputs of cadm ium , 
m ercury an d  lead  to  the  N orth  Sea also 
indicate decreasing trends in  the  period  
1987-1995.

• T he concen tra tions in  m arine organism s 
indicate decreasing trends for all six 
hazardous substances in  mussels in  the 
N orth  East A tlantic an d  th e  M editerranean  
Sea. D ecreasing trends fo r concen trations 
in  fish in  th e  N orth  East A tlantic an d  Baltic 
Sea are  less obvious an d  lead in  Baltic fish is 
increasing.

• Assessments of local levels an d  trends as 
p resen ted  in  a series of m aps show:

=> Cadmium: levels o f cadm ium  fo r mussels 
(bo th  Mytilus edulis an d  M. galloprovincialis) 
indicate th a t concen tra tions were elevated 
in  th e  estuaries fo r large rivers, in  areas 
with po in t discharges an d  in  some 
harbours. No ‘h ig h ’ concen tra tions were 
found  fo r any fish. At seven coastal 
locations, increasing trends in  cadm ium  
concen trations in  mussels an d  fish were 
observed. T hese locations were d ifferent 
from  the  observed h o t spots.

=> Mercury: levels o f m ercury in  b lue mussels 
in  E urope were som ew hat h ig h er th an  
background  levels in  m ost areas. The 
genera l p icture indicates a diffuse 
exposure of coastal m ussel populations to 
mercury, presum ably mainly atm ospheric, 
b u t with no  real h o t spots. C oncentrations 
were at background  levels in  fish in  the 
N orth  East A tlantic an d  Baltic Sea. Only 
four coastal locations showed increasing 
trends in  m ercury  concen tra tions in  
mussels an d  fish.

=> Lead: concen tra tions of lead in  blue 
mussels from  areas rem ote from  local or 
regional sources were at background  levels. 
ITowever, concen tra tions of the  m etal were 
above background  level along m ost coasts 
of Europe. At several locations, levels of 
lead in  blue mussels were above the  limits 
for h u m an  consum ption , ind icating  several 
ho t spot areas. Lead concen tra tions were 
generally low in  th e  liver o f A tlantic cod 
an d  in  h errin g  muscle in  th e  Baltic Sea. 
Increasing lead  concen trations were 
observed at n ine  coastal locations. In  m ost 
cases, these were d ifferent from  the  
observed h o t spots.

^•DDT: concen tra tions of DDT in  blue 
mussels an d  fish were low in  the  N orth  East 
A tlantic and  Baltic Sea. Levels were 
generally ‘low’. No increasing trends were 
observed except fo r fish at one location.

=> Lindane: data  availability was lim ited  to  the  
M ed iterranean  and  Black Sea. Levels of 
lindane in  mussels along the  French 
M editerranean  coast ind icated  low 
concen tra tions an d  no  increasing trends.

=> Polychlorinated biphenyls (PCB7): levels of 
PCB7 in blue m ussel reflect th e  general 
exposure p a tte rn  for this g roup  of 
substances. Long distance atm ospheric 
tran sp o rt is less im p o rtan t in  tem pera te  
parts of E urope th an  regional o r  local 
sources. C oncentrations of PCB7 in  mussels 
in  th e  N orth  East A tlantic at several 
locations are at ‘h igh levels’ (m ore th an  10 
tim es above OSPAR background  reference 
co n cen tra tio n s). C oncentrations in  fish in  
the  Baltic Sea an d  n o rth e rn  N orth  East 
A tlantic O cean  show only one  h o t spot. 
T im e tren d  analysis showed no  increasing 
trends.

• Data quality o f the  six substances: T he data 
sets used in  this assessm ent are th e  best 
available data an d  have provided a 
reasonable basis for the  assessment, bu t 
im provem ents should  be m ade in  future. 
T he data  sets do no t cover all E uropean  
Seas equally. Im provem ents are  necessary 
for all seas, especially for th e  Black Sea, 
M editerranean  an d  Baltic Sea, to  give a 
p ro p e r E uropean  overview on
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co n cen tra tion  levels an d  trends. T he data 
sets do n o t cover the  sam e n u m b er of 
m easurem ents each  year an d  do n o t cover 
all years. M ore regu lar m onito ring  by 
countries is requ ired  to  im prove spatial and  
tem poral data coverage, w hich is the  basis 
for h igh  quality assessments. T he data sets 
on  in p u t data have m ethodological 
inconsistencies, w hich reduces th e ir 
reliability.

• Data on  o th e r hazardous substances in  the 
m arine env ironm en t are  no t widely 
available. Some national m onito ring  is 
u n d ertak en  an d  som e substances like 
Tributyltin (TBT) and  poly arom atic 
hydrocarbons (PAHs) are  covered by 
m arine convention  m onitoring, bu t th e re  is 
no  regu lar m onito ring  fo r all hazardous 
substances listed in  th e  various legislations. 
T he w ater fram ew ork directive will provide 
data on  its priority list substances for 
transitional an d  coastal waters. However, 
fo r the  m arine environm ent, fu tu re

assessments of hazardous substances, o th e r 
th an  th e  six covered in  this report, will rely 
to  a large ex ten t on  data provided by 
research o r one off surveys.

• M easures on  the  six substances inc luded  
here  cover m arketing, use, emission, 
foodstuff lim it values an d  environm ental 
concentrations. These m easures are quite 
com prehensive. T he substances have 
already b een  regulated  fo r several years. 
This is reflected  in  the  overall decrease of 
concen trations of these substances in 
inputs an d  m arine organism s. However, 
several o th e r hazardous substances are 
listed by EU w ater directives an d  m arine 
conventions b u t are no t regulated  to  the  
sam e degree regard ing  m arketing, use, 
emissions, foodstuff lim it values, etc. The 
data availability of these o th e r substances is 
too  p o o r to  curren tly  m ake assessments, bu t 
trends m ight be less positive th an  in  the  
p resen t report.
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Glossary

AI A tm ospheric in p u t

ALA D d am ino levulinic acid dehydrase inh ib ition  (biom arker)

AMAP Arctic m onito ring  an d  assessm ent program m e

BHC B enzenehexachloride

BRC B ackground reference concen tra tion

CAMP C om prehensive atm ospheric  m onito ring  program m e (u n d er OSPAR)

Cd C adm ium

CHL C hlordane

COM Com m ission of th e  E uropean  C om m unities

CPB C onvention on  th e  p ro tec tion  o f the  Black Sea against pollu tion

CPM C onvention fo r the  p ro tec tion  o f the  m arine env ironm en t an d  the  coastal
reg ion  of the  M editerranean  (B arcelona Convention)

DDD D ich lo rod ipheny ld ich lo roethane (m etabolite o f DDT)

DDE D ichlorodiphenyld ich lororethy lene (principal m etabolite  of DDT)

DDT D ich lo rod ipheny ltrich lo roethane (synthetic o rganoch lo rine  insecticide)

DPSIR Driving forces, pressures, state, im pacts an d  responses (a repo rting
fram ework)

DRI D irect an d  riverine inpu t

EAC Ecotoxicological assessm ent criteria

EC E uropean  Com m ission

EEA E uropean  Environm ental Agency

EEC E uropean  Econom ic Com m unity

EINECS E uropean  inventory of existing com m ercial chem ical substances

EIO N ET E uropean  E nvironm ent In fo rm ation  an d  O bservation Network

ELINCS Existing list o f notified  chem ical substances

EPER E uropean  po llu tion  em ission register

EQS Environm ental quality standard

ETC-M CE E uropean  Topic C en tre-M arine  an d  Coastal E nvironm ent (u n d er EEA)
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EU E uropean  U nion

GDR East G erm any

GLM G eneral linear m odel

E1CB E lexachlorobenzene

E1CE1 E lexachlorocyclohexane (including lindane)

E1ELCOM Elelsinki Com m ission o f the  C onvention fo r th e  p ro tec tion  of th e  m arine
env ironm ent o f the  Baltic Sea

Elg M ercury

ICES In te rn a tio n a l council for the  exp lo ration  o f the  sea

IPPC directive In teg ra ted  po llu tion  prevention  an d  con tro l directive

JAMP Jo in t assessm ent an d  m onito ring  program m e (u n d e r OSPAR)

MAP M editerranean  action  plan

M arinebase Database on  aggregated data  fo r the  coastline of the  M editerranean , Atlantic,
N orth  Sea, Skagerrak, K attegat an d  Baltic (u n d er EEA)

M EDPOL Long te rm  program m e fo r po llu tion  m onito ring  and  research  in  the
M editerranean

M ON W orking g roup  on  m onito ring  (u n d e r OSPAR)

NIVA Norw egian Institu te  fo r W ater Research

NRC N ational reference centres

NSC N orth  Sea conference

OSPAR Oslo and  Paris Com m ission of th e  C onvention fo r the  p ro tec tion  of the
m arine env ironm en t of th e  N orth  East A tlantic

Pb Lead

PCB Polychlorinated biphenyls

PCB7 Sum  of congeners: 28, 52 101, 118, 138, 153 an d  180

PCT Polychlorinated terphenyls

PO P Persistent organic pollu tants

PVC Polyvinylchloride

QSR Quality status rep o rt

REACH Registration, evaluation an d  au thorisation  of chem icals

RID Riverine inpu ts an d  direct discharges

SIME W orking g roup  on  concentrations, trends an d  effects of substances in  the
m arine env ironm en t (u n d er OSPAR)
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TBT Tributyltin

TTR Transthyretin

UK U nited  K ingdom

UN-ECE U nited  N ations Econom ic Com m ission for Europe

UNEP U nited  N ations E nvironm ent Program m e

USA U nited  States o f A m erica

uv U ltra violet

WFD W ater fram ew ork directive
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Annex: Available data sets on 
concentrations in biota

T he following tables give th e  n u m b er of 
stations inc luded  in  ind ica to r calculations 
(m edian  a n d /o r  trend ) of concen tra tions of 
cadm ium  in  mussels (blue m ussel — Mytilus

edulis, M editerranean  m ussel — M. 
galloprovincialis) an d  fish (Atlantic cod — 
Gadus morhua, h errin g  — Clupea harengus o r 
flo u n d er — Platichthys flesus).

C a d m iu m  —  n u m b e r  o f  s t a t i o n s  Table A.1

1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1991 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9

MUSSELS

N E  A tla n tic

Belgium 1 1 1 1 1 1 1 1 1 1 1 1

France 8 13 13 8 16 7 7 8 11 11 11 6 6

G erm any 5 4 1 5 8 2 9 7 9 3 3

Iceland 3 9 9 9 11 9 7

Ireland 6 11 10 9 9

The N e the r lands 3 2 2 2 3 2 2 2 2 2 1 2 2 2

Norway 8 13 13 13 19 22 24 26 27 30 26 20 18 18

Spain 8 8 7 7 7 10 7 7 7 7

S w eden 1 2 2 2 2 2 2 1 2 2 1

United  Kingdom 1 1

M editerranean

France 15 17 16 16 16 18 18 18 18 18 18 18 18 16 16

G reece 4 3 5 11 15 5

COD

Belgium 1 1 1 1 1 1 1 1 1 1 1

The N e the r lands 1 1

Norway 2 4 4 4 7 7 7 6 9 11 8 8 8 8

Poland 3 3 1 2 2 1 1

S w eden 2 2 2 2 2 2 2 2 2 2 1

HERRING

Finland 5 5 5 4 5 5 4 5 3 4

Poland 3 3 5 3 3 1 1 1 1

S w eden 5 5 4 5 5 5 5 5 5 5 2 1 1 1

FLOUNDER

Belgium 1 1 1 1 1 1 1 1 1 1 1 1 1

D enm ark 2 2 2 1 1 1 2 2 1 1 1

France 1 1 1 1 1 1 1 1 1 1

G erm any 4 3 6 4 8 8 4 2

The N e the r lands 3 3 3 3 3 4 5 3 3 3 2 3 3 3

Norway 1 1 2 2 2 2 2 2 2 2 3 2 3 2

S w eden 1 1 1 1 1 1 1 1 1
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Table A.2 Mercury —  number o f  s tations

1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1991 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 19 9 7 1 9 9 8 1 9 9 9

MUSSELS

N E  A tlan tic

Belgium 1 1 1 1 1 1 1 1 1 1 1 1

France 8 13 13 8 16 7 7 8 11 11 11 6 6

G erm any 5 4 1 5 8 3 9 7 9 3 3

Iceland 7 9 11 9 7

Ireland 7 11 10 10 10

The N e the r lands 3 2 2 2 3 2 2 2 2 2 1 2 2 2

Norway 8 13 13 13 18 21 25 26 26 30 26 20 17 17

Spain 7 4 7 6 7 10 7 7 7 7

S w eden 1 2 2 2 2 2 2 1 2 2 1

United  Kingdom 2 2

M editerranean

France 15 17 16 16 16 18 18 18 18 18 18 18 18 16 16

G reece 4 3 5 6 7 1

COD

Belgium 2 2 2 2 1 1 1 1 1 1 1 1

The N e the r lands 1 1

Norway 2 4 4 4 7 7 7 6 9 11 8 8 8 8

Poland 3 3 1 2 2 1 1

S w eden 2 2 2 2 2 2 2 2 2 2 2

United  Kingdom 1 1 1 1 1 1 1 1 1

HERRING

Finland 5 5 5 4 5 5 4 5 3 4

Poland 3 3 3 3 3 1 1 1 1

S w eden 5 5 4 5 5 5 5 5 5 5 4 1 1 1

FLOUNDER

Belgium 2 2 2 2 2 1 1 2 1 1 1 1 1

D enm ark 2 2 2 2 1 1 2 1 1 1

France 1 1 1 1 1 1 1 1 1 1

G erm any 4 3 6 4 8 8 4 2

The N e the r lands 3 3 3 3 3 4 5 3 3 3 2 3 3 3

Norway 1 1 2 1 2 2 2 2 2 2 3 2 3 2

S w eden 1 1 1 1 1 1
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Lead  —  n u m b e r  o f  s t a t i o n s  Table A.3

1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1991 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9

MUSSELS

N E  A tla n tic

Belgium 1 1 1 1 1 1 1 1 1 1 1 1

France 8 13 13 8 16 7 7 8 11 11 11 6 6

G erm any 5 4 1 5 8 4 9 7 9 3 3

Iceland 1 6 6 8 7

Ireland 6 11 10 9 9

The N e the r lands 3 2 2 2 3 2 2 2 2 2 1 2 2 2

Norway 8 13 13 13 19 22 24 26 27 30 26 20 18 18

Spain 8 8 7 7 7 10 7 7 6 7

S w eden 1 2 2 2 2 2 2 1 2 2 1

United  Kingdom 2 2

M editerranean

France 15 17 16 16 16 18 18 18 18 18 18 18 18 16 16

G reece 3 3 9 10 7 5

COD

Belgium 2 2 2 2 1 1 1 1 1 1 1 1

Norway 2 4 4 4 7 7 6 5 6 6 4 6 6 6

Poland 3 3 1 2 2 1 1

S w eden 2 2 2 2 2 2 2 2 2 2 1

HERRING

Finland 5 5 5 4 5 5 4 5 3 4 1

Poland 3 3 5 3 3 1 1 1 1

S w eden 5 5 4 5 5 5 5 5 5 5 2 1 1 1

FLOUNDER

Belgium 2 2 2 2 2 1 1 1 1 1 1 1 1

D enm ark 2 2 2 1 1 1 1 1 1 1

France 1 1

G erm any 4 3 6 4 8 8 4 2

Norway 1 1 2 2 2 2 2 2 2 2 3 2 3 2

S w eden 1 1 1 1 1 1 1 1 1
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Table A.4 DDT —  num ber o f  sta tion s

19 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1991 1 9 9 2 19 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9

MUSSELS

Belgium 1 1 1 1 1 1 1 1 1

France 7 8 6

G erm any 6 6 9 3 4

Iceland 8 8 10 11 10 9

Ireland 20 11 14 5 8

N ether lands 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Norway 12 23 21 23 25 24 23 17 21

Poland 2

S w eden 1 2 1 2 2 2 2 1 2 1 1

COD

Belgium 1 1 1 1 1 1

D enm ark 1

Finland 1

Iceland 4 3 1 3 3 3

Norway 2 2 4 14 7 7 7 7 9 11 8 8 8 8

Poland 1 3 3 1 3 2 1 1

S w eden 2 1 2 2 2 2 2 2 2 2 2

United  Kingdom 1 1 1 3 5 4 1 1 1

HERRING

Finland 5 5 5 5 5 5 5 5 5 5

Iceland 1 1

Poland 1 3 3 3 3 3 1 1 1 1 1 1

S w eden 5 5 4 5 5 5 5 5 5 5 5 1 1 1

United  Kingdom 3

Table A.5 Lindane —  num ber o f  sta tio n s

1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1991 1 9 9 2 19 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9

MUSSELS

M editerranean

France 15 17 16 16 16 18 18 18 18 18 18 18 18 16 16
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PCB —  number o f  s ta t ions  Table A.6

1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1991 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9

MUSSELS

Belgium 1 1 1 1 1 1 1 1 1

France 7 8 11 11 11 6

G erm any 1 2 5 1 6 6 8 3 2

Iceland 7 7 7 9 7 6

Ireland 9 9 2 5

The N e the r lands 3 2 2 2 2 2 2 2 2 2 1 2 2 2

Norway 5 7 11 11 13 17 18 21 24 24 19 16 17

Spain 6 6 7 7 7 9 7 7 7 7

S w eden 1 2 2 2 2 1 2 1 1

COD

Belgium 1 1 2 2 2 2 2 2

Norway 3 14 14 14 12 18 22 16 16 16 16

S w eden 2 2 2 2 2 2 2 2 2 2

HERRING

Finland 2 2 4 4 5 5 3 5 3 3

Poland 1 1

S w eden 2 3 5 5 5 5 5 5 5 4 1 1 1

FLOUNDER

Belgium 2 2 2 2 2 2 2 2 2

France 1 1 1

G erm any 3 2 4 2 6 6 2

The N e the r lands 3 3 3 3 3 4 5 3 5 5 4 3 3 3

Norway 2 4 4 4 4 4 4 6 4 6 4

S w eden 1 1 1 1 1 1 1
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