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T esting o f indicators for th e  marine and coastal environm ent in Europe

Summary

This re p o rt describes the  p resen t state and  
developm ent o f policy relevant indicators for 
eu troph ica tion , hazardous substances, oil 
an d  ecological quality in  the  m arine and  
coastal env ironm ent in  E urope re la ted  to  the 
in p u t o f  substances affecting these issues. 
T he indicators tested  an d  developed h e re  are 
p a rt o f the EEA core set o f water indicators. 
Assessments on state and trends are given in italics 
to  distinguish them  from  in fo rm ation  on  
ind icato r developm ent.

T he analysis in  this rep o rt refers to the  
DPSIR assessm ent fram ework. Driving forces 
(o r h u m an  activities) lead to  Pressures 
(em issions o f  n u trien ts  an d  hazardous 
substances) on  the  environm ent. As a result, 
changes in  the  State o f the  env ironm ent may 
lead  to Im pacts on  ecosystems an d  h u m an  
h ea lth  an d  societal Responses m ust be 
defined  to reduce  the adverse effects. The 
focus o f the  re p o rt is o n  pressure, state and  
im pact indicators, taking in to  consideration 
the  E uropean  U n io n ’s policies to reduce 
eu troph ica tion  an d  po llu tion  in  the  contex t 
o f its strategies towards biodiversity and  
sustainable developm ent.

N ot all organisations including  M arine 
C onventions an d  A ction Plans accept the 
ind icato r approach , a lthough  the ir data sets 
are  being used for the  testing o f  indicators. 
T herefo re  the developm ent status o f  an  
ind icato r based on  existing data  sets is 
classified in  this re p o rt by the ind icator 
p o ten tia l o f  datasets and  the  progress m ade 
in  developm ent o f an  indicator. A h igh  
ind icato r po ten tia l is given to  variables that 
have com m unicative pow er (easy to 
u n d erstan d ) an d  statistical pow er (trends 
may be detec ted  easily). P resen ting  results 
for these variables should  preferably  be done 
in  illustrations (figures, graphs or m aps) 
showing the tren d  from  year to year or in 
th ree  to five year periods, d epend ing  on  the 
frequency o f m on ito ring  an d  assessment. For 
u p d a ting  indicators annually, the tim e series 
may be ex tended  easily an d  results rem ain  
com parable. N one o f the  indicators are 
classified as com pleted  in  developm ent, 
m ean ing  tha t a lo t o f  work still has to be 
done.

Excess supply o f nu trien ts  from  hum an  
activities in to  w ater bodies enhances prim ary 
p ro d u c tio n  o f algae. This process is defined  
as eu troph ication . E utroph ica tion  effects are 
observed in  m any E uropean  coastal waters. 
E u troph ica tion  indicators w ith h igh  po ten tia l 
are: inpu ts o f  n u trien ts  in to  m arine and  
coastal waters (pressure indicator) and  
n u tr ie n t concen trations in  coastal waters 
(state indicators). Oxygen an d  chlorophyll a 
are  chem ical im pact ind icators u n d e r 
developm ent.

H azardous substances are toxic, persisten t 
a n d /o r  liable to  bio-accum ulate. T he heavy 
m etals cadm ium , m ercury, lead an d  zinc, the 
persisten t organic po llu tan ts lindane and  
PCB7, an d  m ineral oil were selected for 
ind icato r developm ent. Indicators for 
hazardous substances w ith h igh  po ten tia l are: 
d irect an d  riverine inputs (pressure), 
concen trations o f hazardous substances in  
the  b lue m ussel an d  oil slicks observed (bo th  
state), an d  som e biological effects o f 
hazardous substances (im pact). W ith respect 
to  the la tte r a selection am ong the  various 
biological effect techniques, such as im posex 
in  m arine snails, should  be m ade of 
biological effects tha t can be clearly re la ted  
to  hazardous substances as cause o f the effect 
an d  tha t offer possibilities o f attracting  the 
a tten tio n  o f policy-makers an d  the  public.

In teg ra ted  indicators describe the ecological 
quality o f m arine and  coastal waters, which 
m ight be im pacted  by d ifferen t pressures 
(m ulti-stress). These in teg ra ted  indicators 
(soft-bottom  ben thos an d  p h y to p lan k to n / 
phytotoxins) are at an  initial stage o f 
developm ent. H ence, know ledge of, and  
experience with, the  use o f  these indicators is 
lim ited  an d  restricted  to  the  local and  
reg ional level.

T he quality assurance and  com pleteness of 
the  data  sets used for tren d  analysis should  
get h ighest a tten tio n  by data  providers. The 
value o f data used for tren d  analysis increases 
considerably w hen the  data are reliable and  
com plete. T he tem poral an d  spatial coverage 
o f  data collection should  be increased to 
include all E u ropean  reg ional seas and  
coastal waters an d  to avoid gaps in  the time 
series for a reliable, com prehensive
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assessm ent an d  geographically and  
tem porally  balanced  indicators.

M ore research  is recom m ended  to  separate 
the  natu ra l an d  an th ropogen ic  loads of 
n u trien ts  an d  hazardous substances in  rivers, 
as well as on  n a tu ra l variations in  these loads 
re la ted  to variations in  river flow. A better 
understan d in g  o f  these param eters would 
m ake it possible to de te rm ine  in p u t loads 
due  to h u m an  activities only an d  to  correct 
riverine loads for n a tu ra l variations caused by 
rainfall an d  river flow. This will im prove the 
value o f the  in p u t ind icato r considerably.

M ore research  is recom m ended  on  the 
n a tu ra l state o f  m arine an d  coastal waters 
re la ted  to the  p resence o f n u trien ts  and  
hazardous substances d epend ing  on  local 
conditions an d  n a tu ra l variations. By 
com paring  the actual state o f the m arine and  
coastal waters w ith the  n a tu ra l one, m arine 
an d  coastal waters may be classified, m aking

it possible to  com pare the d ifferen t m arine 
an d  coastal waters in  an  easy and  
standard ised  way.

Scientists may be o f special help  to e.g. EEA, 
M arine C onventions, DG E nvironm ent in  
clarifying cause-effect relations w ithin the 
DPSIR assessm ent fram ework. They can 
advise on  the developm ent o f in form ation  
an d  m on ito ring  strategies. To achieve the 
goals o f effectiveness an d  efficiency of 
m onitoring , scientific he lp  is really 
indispensable. For instance, the efforts pu t 
into: (a) m odel developm ent, (b) d irect 
m easurem ents, an d  (c) rem ote  sensing may 
be com bined  an d  a ttu n ed  to each other. By 
com bining results o f  the th ree  data sources, 
an  optim al strategy may be developed using 
the  specific strengths o f  each source. As a 
result, spatial an d  tem poral coverage may 
im prove, in fo rm ation  may becom e m ore 
reliable an d  efforts p u t in to  genera ting  the 
in fo rm ation  n eed ed  may decrease.



T esting o f indicators for th e  marine and coastal environm ent in Europe

1. Introduction

1.1. Background

In  the rep o rt by the E uropean  E nvironm ent 
Agency (EEA) Environment in the European 
Union at the turn of the cen tury (EEA, 1999a) 
the  actual and  foreseeable state o f  the 
env ironm ent in  EU an d  accession countries 
is assessed. T he outlook  was based on 
socioeconom ic an d  environm ental policies 
tha t are assum ed to be im p lem en ted  by 2010. 
It describes the in terrelations betw een 
h u m an  activities an d  the  environm ent; it 
serves to in form  policy-makers on 
developm ents in  environm ental param eters 
an d  the effects o f m easures taken. As such 
the  re p o rt is a background  for strategic policy 
developm ent. T he analysis p resen ted  in  this 
re p o rt follows the DPSIR assessm ent 
fram ework. It starts w ith Driving forces (or 
h u m an  activities), w hich lead  to Pressures 
(em issions) on  the environm ent. As a result, 
changes in  the  State o f the  env ironm ent may 
lead  to Im pacts, an d  Responses m ust be 
defined  to reduce  the adverse effects.

In  a subsequent EEA re p o rt Environ men tal 
signals 2000 (EEA, 2000a), the  ind ica to r 
assessm ent based on  the  DPSIR fram ew ork 
was w orked ou t m ore quantitatively, 
p resen ting  am ong o thers eu troph ica tion  
indicators for coastal waters. Subsequent EEA 
Environmental signals reports  provide a yearly 
overview o n  selected policy them es.

In  the  EEA re p o rt Europe’s environment: The 
second assessment (EEA, 1998) m ain  subjects 
iden tified  as them es for concern  in  the 
m arine an d  coastal env ironm ent chap ter are: 
eu troph ica tion , con tam ination  (later 
addressed  as hazardous substances), 
overfishing an d  degradation  o f  coastal zones. 
T he EEA re p o rt Environment in the European 
Union at the turn of the cen tury (EEA, 1999a) 
discusses the m ain  challenges an d  problem s 
in  the  coastal zones o f the four reg ional seas 
(the  N orth-East A tlantic, the N orth  Sea, the  
Baltic, the  W estern M ed iterranean ). T he 
pressure o f  econom ic grow th an d  spatial 
developm ent differs betw een the regions. 
D ue to various ecological qualities, the 
coastal zones o f the  reg ional seas have a 
d ifferen t sensitivity to the pressures on  the 
coastal zone.

O th e r recen t ind icato r repo rts  also 
describing indicators for the  m arine and  
coastal env ironm ent are  the  E urostat rep o rt 
Towards environmental pressum indicators for the 
E U  (Eurostat, 1999) an d  the Baltic 21 rep o rt 
Developments in the Baltic Sea region towards the 
Baltic 21 goals —  A n indicator-based assessment 
(Baltic 21, 2000). T hese reports  have the ir 
own com m unication  aims an d  policy contex t 
an d  can be considered  as exam ples of 
com prehensive ind icato r reporting .

T he p resen t re p o rt follows the  DPSIR 
assessm ent fram ew ork an d  describes the 
p resen t state an d  developm ent o f indicators 
re la ted  to the  in p u t o f substances in to  the 
E uropean  m arine an d  coastal waters due to 
h u m an  activities. O th e r them es o f  concern  
such as overfishing an d  degradation  of 
coastal zones are  n o t addressed  in  this report. 
This re p o rt has m ade use o f  data from  the 
m arine  conventions an d  EEA m em ber 
countries b ro u g h t toge ther by the Topic 
C en tre  M arine an d  Coastal E nvironm ent of 
the  EEA in 1998 an d  1999.

1.2. Scope

T he re p o rt evaluates the  po ten tia l to provide 
indicators from  best available data and  
know ledge an d  n o t particularly  from  the 
contex t o f best n eed ed  data. Best need ed  
data  considering  eu troph ica tion , hazardous 
substances an d  oil a t the  E u ropean  level are 
presently  being  identified  th ro u g h  the 
im p lem en ta tion  o f the  W ater Fram ew ork 
Directive (WFD) an d  discussed in 
in tern a tio n a l w orking groups. No effort has 
b een  m ade to use statistical tren d  detection  
m ethods or to add  to ongoing  scientific work 
w ithin the  m arine conventions an d  the 
In te rn a tio n a l Council for the E xploration  of 
the  Sea (ICES). T he tim e series analysis has 
b een  p resen ted  graphically using annual 
data, taking in to  accoun t estim ates w here 
appropria te . However the  re p o rt reflects on 
the  n eed  to envisage the statistical pow er of 
(fu ture) data sets an d  indicators in  re la tion  
to  the w anted accuracy level to assess changes 
over a certa in  period  o f tim e for a particu lar 
region.

C hap ter 2 deals with eu troph ica tion . Using 
the  DPSIR fram ew ork the cu rren t state with
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respect to ind icato r developm ent for this 
them e is described. Pressure, state and  
im pact variables are  evaluated on  the ir 
ind ica to r p o ten tia l an d  trends are analysed.

C hap ter 3 is ded icated  to  hazardous 
substances (heavy m etals an d  persisten t 
organic pollu tan ts (POPs) ) an d  C hap ter 4 to 
oil spills. T hese chapters describe the p resen t 
state o f ind ica to r developm ent for these 
substances. A gain pressure, state an d  im pact 
variables are evaluated on  th e ir ind icator 
potential.

In  C hap ter 5 a tten tio n  is given to biological 
quality variables tha t may be used as 
in teg ra ted  indicators to p resen t multi-stress 
effects due to various disturbances. T he 
developm ent o f biological quality variables is 
still in  a prelim inary  phase.

C hap ter 6 discusses the  state o f the  a rt with 
respect to ind icator developm ent for the 
m arine an d  coastal environm ent. A tten tion  is 
given to the  ind icato r p o ten tia l o f the  
d ifferen t param eters tha t may be used as 
indicators an d  the progress m ade in 
developm ent. This chap ter also addresses the 
n eed  for, an d  possibilities of, updating  and  
upgrad ing  the  indicators an d  to adjusting 
them  to changing settings (tim e and  
geographical coverage, in teg ra tion  over 
substances an d  species).

C hap ter 7 sum m arises the conclusions and  
recom m endations on  the state o f the a rt of 
ind ica to r developm ent an d  on  trends 
analysed concern ing  the state o f the  m arine 
an d  coastal environm ent.

A nnex  1 contains the testing re p o rt o f two 
eu troph ica tion  param eters, oxygen and  
chlorophyll, applied  to  tim e series of 
individual stations in  D anish waters. The 
m ain  findings o f this con tribu tion  to the  
testing have b een  in teg ra ted  in  C hap ter 2. In  
view o f o th e r ongoing  ind icator 
developm ents w ithin the conventions and  
EEA m em ber countries an d  in  light o f  the 
coastal an d  m arine ind ica to r w orkshop 
organised in  Ju n e  2001 by the EEA in 
co llaboration  with the conventions and  
m em ber countries, the full re p o rt is 
included.

A nnex 2 presents the  testing rep o rt o f 
possible indicators for soft-bottom  
zoobenthos based on  tim e series from  G reek 
waters. T he m ain  findings o f this testing have 
b een  inc luded  in  C hap ter 5.

A nnex  3 shows the  detailed  testing results of 
an  ind icato r on  phytotoxins. T he m ain  
findings o f  this ind icato r have b een  included  
in  C hap ter 5.

1.3. European marine and coastal 
w aters

T hree  large m arine reg ional seas were 
initially d istinguished by the  EEA p rio r to 
addressing the w ider area  o f E urope (see 
Figure 1):

• the H elcom  area: the  Baltic Sea, w here it 
bo rders EEA countries;

• the North-East A tlantic including  the N orth  
Sea (OSPAR area) : the  Norwegian Sea, the  
N orth  Sea, the  Celtic seas, the  Bay o f Biscay 
an d  the Iberian  coast;

• the U N EP/M A P area: the M editerranean  
Sea, w here it bo rders EEA countries.

T he Black Sea will be included  in  fu tu re  pan- 
E uropean  rep o rtin g  following the 
en largem en t o f the  EEA towards the east.

T he Baltic Sea is the second largest brackish 
w ater area  in  the  world an d  consists o f several 
sub-basins separated  by sills. D ue to  the  low 
salinity the  biodiversity is lower th an  in  b o th  
m ore  saline waters an d  in  freshwaters, and  
m any species live at the  edge o f the ir ability. 
Large-scale m ixing o f Baltic surface water 
an d  saline N orth  Sea w ater takes place in  the 
Belt Sea an d  K attegat (H elcom , 1996).

T he w ater mass in  the  Norw egian Sea is a 
m ix ture  o f  low saline Baltic water, N orth  Sea 
w ater an d  A tlantic w ater m ixed in  the 
K attegat an d  Skagerrak. T he N orth  A tlantic 
cu rren t brings w arm  an d  h igh  saline w ater 
masses to the  N orw egian Sea. In  add ition  to 
this saline w ater mass th ere  are a n u m b er o f 
d ifferen t w ater masses found  in  fjords and  
o th e r estuaries along the coastline. W ide 
ranges o f  water characteristics are  found, 
dep en d in g  o n  estuary type, residence time, 
freshw ater input, m ixing conditions, etc.

T he N orth  Sea is often  divided in to  seven 
sub-areas: the  so u th ern  N orth  Sea, the 
cen tral N orth  Sea, the d eep er n o rth e rn  
N orth  Sea, the  N orw egian Trench, Skagerrak 
an d  finally the shallow K attegat 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 so u th e rn  N orth  Sea includes the 
W adden Sea tidal area, the  G erm an Bight 
an d  the  S ou thern  Bight. T he largest 
freshw ater source to  the N orth  Sea is the
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Figure 1 The European regional se a s
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Baltic Sea. M ost o f the A tlantic inflow 
circulates in  the d eep er p art o f the n o rth e rn  
N orth  Sea, the N orw egian T rench  and  
Skagerrak, before  it enters the Norwegian 
Sea. A small p ro p o rtio n  o f w ater en ters the 
N orth  Sea th ro u g h  the  English C hannel. The 
flushing tim e for the en tire  N orth  Sea is 
estim ated to be in  the range o f betw een 365 
an d  500 days. In  periods with westerly wind, 
low saline water, carrying n u trien ts  and  
hazardous substance from  the  rivers in  the 
so u th ern  N orth  Sea, is carried  up  the Ju tlan d  
west coast to the  Skagerrak (OSPAR/QSR, 
2000 ).

T he Celtic seas include the area  located  
sou th  o f Ire land , Saint G eorge’s C hannel, the 
Irish  Sea and  N orth  C hannel betw een 
Ireland , Scotland, E ngland an d  Wales and  
finally the  shelf areas west o f Ire land  and  
Scotland. Bands o f  less saline w ater are  found  
a ro u n d  Ire lan d  an d  Scotland due to  run-off

o f  freshwater. It is estim ated tha t the flushing 
tim e is one to two years in  the  Irish  Sea and  
sh o rte r in  the  m ore  open  areas. In  add ition  
to  the w ater masses in  the o pen  areas there  
are  a n u m b er o f d ifferen t waters found  in  
fjords an d  o th e r estuaries along the west 
coast o f Scotland and  the  Scottish islands. 
W ide ranges o f  w ater characteristics are 
found , dep en d in g  on  estuary type, residence 
tim e, freshw ater input, m ixing conditions, 
etc.

Most o f the  surface waters found  in  the Bay 
o f Biscay an d  along the  Iberian  coast have an  
A tlantic origin. D eeper water masses may also 
be a m ix ture  o f  A tlantic an d  M editerranean  
w ater masses. Coastal upw elling is a 
dom in an t process in  sum m ertim e off the 
Iberian  west coast an d  in  the south-w estern 
p a rt o f  the Bay o f Biscay. U pwelling takes 
place in  ra th e r  narrow  bands, so-called
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filam ents, along the coast (OSPAR/QSR, 
2000, R egion IV, 2000).

In  the M ed iterranean  Sea evaporation 
exceeds prec ip ita tion  an d  freshw ater load. As 
a result there  is a n e t inflow o f w ater from  the 
A tlantic O cean  an d  the overall effect is a very 
h igh  salinity in  the  M ed iterranean  Sea, 
increasing from  west to  east. T he flushing 
tim es are long, som e 80 to  perhaps 300 years 
(UNEP/M AP, 1996). T he M editerranean  is 
divided in to  two basins separated  by the 
Sicilian C hannel. T idal am plitudes are small 
in  the M editerranean  Sea.

1.4. O bjectives

T he developm ent o f a com m on set of 
indicators was stressed at the  Fourth  
E uropean  C onference o f M inisters for the 
E nvironm ent in  A arhus in  Ju n e  1998. 
Ind icators can  play a vital p a rt in  focusing 
an d  illum inating  the  significance of 
environm ental change an d  the progress to 
sustainable developm ent. Indicators are 
quantified  in fo rm ation  th a t help  to  explain 
how  the quality o f  the  env ironm ent changes 
over tim e or varies spatially.

Providing reliable an d  relevant da ta  and  
in fo rm ation  to  support widely agreed  key 
ind ica to r sets in  a consistent and  timely way 
should  be one m ain  objective o f the 
im provem ent o f  m onito ring  an d  data 
gathering . To achieve this, the  EEA works as 
facilitator betw een m em ber countries, 
C om m unity institu tions an d  o th e r 
environm ental organisations and  
program m es.

T he aim  o f this re p o rt is to provide an  insight 
in to  the  progress m ade in  developing 
indicators tha t describe the in terrela tions 
betw een h u m an  activities an d  the  m arine and  
coastal env ironm ent as re la ted  to the  inputs 
o f  substances.

1.5. Inputs o f substances, 
concentrations in coastal w aters  
and effects on marine 
ecosystems

D epend ing  on  the n a tu re  o f  substances and  
th e ir fate in  the env ironm ent the in p u t of 
substances in to  m arine an d  coastal waters 
influences the m arine  an d  coastal water 
env ironm ent in  a d ifferen t way. W ith respect 
to  ecological risks involved a d istinction is 
m ade betw een n u trien ts  an d  hazardous 
substances.

T he ultim ate aim  o f the  W ater Fram ew ork 
Directive is to  achieve the  elim ination  of 
priority  hazardous substances an d  con tribu te  
to  achieving concen trations in  the  m arine 
env ironm ent n ea r background  values for 
naturally  occurring  substances (EU, 2000).

N utrien ts (n itrogen  an d  phosphorus 
com pounds) are  p resen t naturally  in  the 
m arine an d  coastal w ater env ironm ent and  
are  essential to support life (ecosystem s’ food 
chains). Æ rtebjerg  e t al. (2001) define 
eu troph ica tion  as enh an ced  prim ary 
p ro d u ctio n  due to excess supply o f nu trien ts  
from  h u m an  activities, in d ep en d en t o f  the  
n a tu ra l productivity level for the  area  in  
question. In  severe cases o f  eu trophication , 
dead  algae use up  the oxygen, bo ttom  
dwelling anim als die, fish e ither die o r escape 
an d  significant overall ecological dam age 
m ake the quality unacceptable. 
E u troph ica tion  also increases the  risk o f 
bloom s o f toxic phytop lank ton  species, w hich 
may cause d eath  o f fish an d  ben th ic  fauna, 
an d  po ison  hum ans.

H azardous substances are defined  as 
substances or g roups o f substances tha t are 
toxic, persisten t an d  liable to bio-accum ulate 
an d  o th e r substances or g roups o f  substances 
tha t give rise to  an  equivalent level of 
concern  (EU, 2000). H azardous substances 
may be divided in to  heavy m etals, persisten t 
organic po llu tan ts (POPs) an d  m ineral oil.

Heavy m etals are m etals o r m etalloids w hich 
are  stable an d  w hich have a density g rea ter 
th an  4.5 g /c m 3, nam ely lead, copper, nickel, 
cadm ium , p latinum , zinc, m ercury  and  
arsenic (EEA, 1999a).

POPs are  chem ical substances tha t persist in  
the  environm ent, bio-accum ulate th ro u g h  
the  food web, an d  pose a risk o f  causing 
adverse effects on  h u m an  h ea lth  an d  the 
env ironm ent (UNEP, 1998; UNECE, 1998).

T he fate an d  ecosystem effects o f  m ineral oil 
in  m arine an d  coastal waters differ from  
those o f o th e r hazardous substances. 
Generally, oil slicks occur as the result o f 
in ten tio n a l o r accidental discharges o f oil 
from  ships or offshore installations. T he m ost 
conspicuous effects are the  con tam ination  o f 
sea birds in  coastal as well as offshore areas. 
Indicators for m ineral oil are  dealt with 
separately, w ith a focus on  oil slicks.
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2. Eutrophication indicators

2.1 . Introduction

2.1.1. P olicy questions
As defined  by Æ rtebjerg  et al. (2001) 
eu troph ica tion  is en h an ced  prim ary 
p ro d u c tio n  due to excess supply o f nu trien ts  
from  h u m an  activities, in d ep en d en t o f  the 
n a tu ra l productivity level for the  area  in 
question. O th e r definitions are in  use as well, 
all stressing the  en rich m en t o f  w ater by 
n u trien ts  an d  the accelerated  grow th o f 
algae. For instance the U rban  W astewater 
T reatm ent Directive 9 1 /2 7 1 /E E C  defines 
eu troph ica tion  as the  ‘en rich m en t o f water 
by nu trien ts, especially com pounds of 
n itro g en  a n d /o r  phosphorus, causing an  
accelerated  grow th o f algae an d  h ig h er form s 
o f  p lan t life to p ro d u ce  an  undesirab le  
d isturbance to the  balance o f organism s 
p resen t in  the w ater an d  to  the quality o f the 
w ater c o n ce rn ed ’.

E u troph ica tion  is o f  m ajor concern  in  som e 
parts o f the E uropean  seas (EEA, 1998).

In  o rd e r to  reduce  the adverse effects o f a 
surplus o f an th ropogen ic  in p u t o f  nu trien ts  
an d  to p ro tec t the  m arine environm ent, 
m easures are being  taken  as a resu lt o f 
various initiatives a t all levels (regional 
conventions an d  m inisterial conferences, and  
at a European , na tional an d  global level) : the 
U N  global p rogram m e o f action  for the 
p ro tec tion  o f the  m arine environm ent 
against land-based activities; the  
M editerranean  action  p lan  (MAP), adop ted  
in  1975; the  1992 H elsinki C onvention on  the 
P ro tec tion  o f the M arine E nvironm ent o f the 
Baltic Sea Area; the 1998 OSPAR C onvention 
for the P ro tec tion  o f the  M arine 
E nvironm ent o f the N orth-East Atlantic. 
C onventions acknow ledge the im portance  of 
com pliance with EC directives such as

C ouncil Directive 9 1 /6 7 6 /E E C  o f 12 
D ecem ber 1991 concern ing  the  p ro tec tion  o f 
waters against po llu tion  caused by nitrates 
from  agricultural sources, an d  correspond ing  
n ational legislation.

T he W ater Fram ew ork Directive (EU, 2000) 
stresses tha t the  ultim ate aim  is to achieve 
concen trations in  the  m arine environm ent 
n ea r background  values for naturally 
occurring  substances like nu trien ts. 
Ind icators are  n eed ed  to  determ ine  and  
com m unicate the effects o f the directives and  
m easures on  the  state o f eu troph ica tion  of 
m arine an d  coastal waters.

2.1 .2 . DPSIR  assessm ent fram ework for  
eutrophication

Figure 2 gives an  overview o f the DPSIR 
assessm ent fram ew ork for eu trophication . 
Several econom ic activities in  society form  
the  driving forces an d  are responsible for 
substantial loads o f n u trien ts  in  the 
environm ent. For instance use o f  fertiliser 
an d  m an u re  in  ag ricu ltu re  an d  effluents 
from  com m unal an d  industria l wastewater 
trea tm en t p lants con tribu te  to the em ission 
o f  n u trien ts  in  a river basin. Traffic and  
energy p ro d u c tio n  also contribu tes by 
em itting  n itrous oxides to  the  a tm osphere. At 
a  m ore  local level o th e r econom ic activities 
can  be o f im portance, for exam ple tourism  
o r fish farm ing in  enclosed coastal areas 
(EEA, 1999b).

A long different rou tes an d  after a longer or 
sho rte r tim e these emissions lead  to  inputs 
in to  m arine  an d  coastal waters (pressures) 
an d  increased n u trie n t concentrations in  the 
m arine an d  coastal w ater environm ent 
(state) w hich may result in  eu troph ica tion  
effects (im pacts), like algae bloom s and  
oxygen depletion.
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DPSIR a sse ssm e n t fram ew ork for eu trop h ication  in coasta l w a ters Figure 2

Ecological re s tuc tru r in g

R e s p o n s e s  ( s e c t io n  2 .6 )
•  emission abatement 
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S t a t e  ( s e c t io n  2 .3 )
• nutrient concentrations
• molar ratios nutrients

Im p a c ts  ( s e c t io n  2 .4 )
• algal blooms
• toxic mussels
• oxygen depletion

P r e s su r e s  ( s e c t io n  2 .2 )
• direct discharges
• riverine inputs
• atmospheric deposition

D riv in g  f o r c e s  ( s e c t io n  2 .1 )
• agriculture, industry
• traffic
• water treatment plants, a.o.

A d v e rs e  e f fec ts  e v o k e  r e s p o n s e s

T he im pacts are  the triggers tha t evoke 
responses. E utroph ica tion  o f coastal waters 
leads to increased grow th o f algae (bloom s) 
an d  foam ing in  periods tha t the algae are 
dying an d  degrade. Toxic algae may grow, 
w hich m akes the blue m ussel unhealthy  for 
h u m an  consum ption. E utroph ica tion  may 
also lead  to oxygen depletion .
E u troph ica tion  affects m arine diversity, fish 
an d  shellfish stocks as well as h u m an  health  
an d  the recreational use o f m arine coastal 
zones (EEA, 1999b).

Principally, responses are  possible at all levels 
in  the DPSIR fram ework. But at the  pressure 
an d  state level, m easures are technically and  
econom ically hardly feasible (and  also no t 
w an ted ). Since policies aim  at avoiding 
po llu tion  an d  n o t a t cleaning up  and  
m itigating effects, m easures should  
preferably be taken  at the  level o f  the  driving 
forces. Emission aba tem en t (trea tm en t of 
wastewater an d  flue gasses) will result in  
decreasing emissions to the  environm ent.

Sustainable developm ent aims at ecological 
restructu ring  processing to  m inim ise in p u t o f 
raw m aterials an d  energy as well as emissions 
to  the environm ent. As Jo h n sto n  et al. (2000)

state: ‘Substances from  the  e a r th ’s crust and  
substances p ro d u ced  by society m ust no t 
systematically increase in  the  eco sp h ere’. For 
instance, in  ag ricu lture  an d  cattle b reed ing  
ecological restructu ring  may be realised by 
increasing the recycling o f organic m aterials 
to  m inim ise fertiliser use, an d  in  the 
transpo rt sector cars low in em ission o f 
n itrous oxides may be developed. These 
responses are  w anted because in  the long ru n  
the  econom y is dem aterialised  an d  may grow 
w ithout affecting ecology.

E u troph ica tion  levels vary o f n a tu ra l causes 
from  area  to area. T he productivity in  the 
o p en  eastern  M ed iterranean  Sea is very low 
(o ligo trophic), an d  in  the open  Baltic Sea 
relatively low (oligotrophic-m esotrophic), 
com pared  to  the N orth  Sea (m esotrophic) or 
upw elling areas, w here nu trien t-rich  deep 
w ater com es to the surface.

2.2 . Pressures

2.2 .1 . Sources o f  em ission  o f  nutrients
Several h u m an  activities con tribu te  to  the 
em ission o f n u trien ts  to the  env ironm ent 
(soil, w ater an d  air). Fertiliser industries 
discharge po llu tan ts w ith th e ir wastewater.
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Effluents from  sewage trea tm en t p lants also 
con tain  nu trien ts. Use o f  fertiliser and  
m an u re  o n  agricu lture  land  leads to run-off 
o f n u trien ts  to surface w ater an d  to  emissions 
to  the a tm osphere. Traffic an d  energy 
p ro d u c tio n  also em it n itrogen  com pounds to 
the  atm osphere . T he emissions to the  
a tm osphere  (also from  waste bu rn ing ) result 
in  deposition  o f n itro g en  com pounds on  
river-basin areas an d  o n  m arine  an d  coastal 
waters.

G athering  info rm ation  on  the land-based 
sources contribu ting  to n u tr ie n t emissions 
does n o t belong  to the tasks in  the pro ject 
aim ed at writing this repo rt. T herefo re  the 
emissions o f nu trien ts  o f  land-based sources 
are  n o t elaborated .

It m ust be kep t in  m ind, however, that 
emissions from  d ifferen t (land-based) 
sources can be re la ted  to  EU policies and  
targets set on  aba tem en t o f n u trien t 
emissions, m ean ing  tha t em ission indicators 
m ight be very help fu l in  clarifying the 
re la tion  betw een h u m an  activities (driving 
forces) an d  the  state o f the  m arine and  
coastal environm ent.

2.2.2. Input routes o f  nutrients to coastal and  
m arine waters

N utrien ts are b ro u g h t to the  m arine and  
coastal w ater env ironm ent by several sources 
an d  along d ifferen t in p u t routes:

• d irect w aterborne discharges in  m arine and  
coastal waters (d irect inputs to w ater). 
These concern  coastal discharges of 
industries an d  m unicipalities, waste 
discharges at sea, an d  emissions at sea, for 
exam ple from  passenger shipping. The 
nutrien t-rich  wastewaters m ix with the 
coastal w ater leading to n u tr ien t 
concentrations decreasing with the 
distance from  the  discharge location;

• loads o f n u trien ts  en te ring  coastal waters 
with river inflow (riverine in p u ts) . Both 
h u m an  activities as well as n a tu ra l sources 
in  the  w hole river basin may con tribu te  to 
this inpu t. T he freshw ater volum es from  
rivers spread  ou t w hen  flowing in to  coastal 
waters an d  form  river plum es (see for 
exam ple Szekielda an d  M cGinnis, 1990). 
N ear the  coast freshw ater is found . Salinity 
increases w ith the distance to the coast due 
to m ixing with seawater by tidal an d  local 
currents. As a result o f this m ixing 
gradients in  n u trien t concentrations are 
also observed. W hen the river p lum e due to 
tidal cu rren ts moves along the coast, a

‘coastal river’ will be fo rm ed  w ith gradients 
in  salinity an d  n u tr ien t concentrations in  a 
d irection  perp en d icu la r to the  coast;

• wet an d  dry p rec ip ita tion  on  m arine and  
coastal waters (atm ospheric inpu ts). For 
atm ospheric inpu ts o f nu trien ts, only 
n itrogen  (e.g. n itrous oxide) is of 
im portance. A gain b o th  h u m an  activities 
an d  n a tu ra l sources may con tribu te  to this 
input. Dry p recip ita tion  o f n itrogen  
increases the concen trations in  m arine and  
coastal waters. In  case o f  wet prec ip ita tion  it 
depends on  the concen tra tion  o f n itrogen  
in  ra in  w ater com pared  to  the 
concen tra tion  in  m arine and  coastal waters.

2.2.3. Availability and reliability o f  data on  
direct and riverine inputs o f  nutrients

OSPAR collects data on  inputs o f nu trien ts  
(nitrate-N , total N, phosphate-P  an d  total P) 
in to  the  North-East A tlantic including  the 
N orth  Sea o n  a yearly an d  systematic basis 
(OSPAR/ASM O, 1998). H elcom  
systematically collects da ta  on  inputs of 
n u trien ts  (total N an d  total P) in to  the  Baltic 
Sea on  a five-yearly basis (H elcom , 1998). 
F rom  2000 onwards data  will be collected 
annually. M edpol has data  o n  loads o f 
dissolved n u trien ts  (nitrate-N , am m onium -N  
an d  phosphate-P) in to  the  M editerranean  
from  m ajor rivers. M edpol also collected 
in fo rm ation  th ro u g h  d ifferen t projects on 
the  sewage discharges from  the m ain 
M ed iterranean  coastal cities. T he difficulty in  
collecting data  has resu lted  in  fragm ented  
in fo rm ation  w ith findings o f little practical 
use. T he objectives o f M edpol phase III 
include an  assessm ent o f all sources o f 
po llu tion  reach ing  the  M ed iterranean  Sea 
(U N EP/EEA , 1999). Nygaard et al. (2001) 
give an  overview o f the  data tha t are 
requested  an d  the data tha t are actually 
available.

T he in p u t da ta  o f OSPAR are  n o t com plete. 
T im e series o f Portugal an d  Spain for the Bay 
o f Biscay an d  Iberian  coasts are incom plete 
an d  highly irregular. Some data  on  inputs of 
1997 an d  1998 are missing an d  the in p u t data 
o f  1997 an d  1998 are n o t checked as yet. The 
H elcom  in p u t da ta  o f n u trien ts  are partly 
estim ated an d  incom plete  (H elcom , 1998). 
U N E P/EEA  (1999) states for the 
M ed iterranean  tha t quality assurance and  
con tro l p rocedures should  be fu rth e r 
developed an d  im p lem en ted  to  ensure data 
quality an d  reliability.

T he reliability o f  ann u a l river load estim ates 
is largely dete rm in ed  by the sam pling
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strategy. T he reliability o f the estim ates can 
differ significantly for d ifferen t substances 
an d  rivers (De Vries and  Klavers, 1994). 
A no ther prob lem  is the d ifference betw een 
gross riverine inputs an d  n e t inputs w hen  the 
river crosses an  estuary before  en tering  
coastal waters. In  the estuary the load of 
n u trien ts  may change due to denitrification  
an d  settling o f nu trien ts  with suspended  
solids (ICES, 2000). T he gross inputs are 
calculated, bu t for the  state o f coastal waters 
an d  the  im pacts the  n e t inputs are  relevant.

T he loads o f  substances transpo rted  yearly 
w ith rivers in to  coastal waters are  re la ted  to 
yearly river flows. In  years with h igh  river 
flows, in p u t loads are  h ig h er th an  in  years 
w ith low river flows. T he re la tion  betw een 
flow an d  in p u t loads, however, is n o t linear. 
T he n a tu re  o f the  re la tion  depends on  the 
substance (solubility in  w ater an d  adsorp tion  
to  suspended  solids, con tribu tion  o f na tu ra l 
sources to the  lo ad s), river characteristics 
(rain-fed or glacier river, flow velocities, flow 
d istribu tion  w ithin a year, frequency and  
ex ten t o f  flushing events an d  suspended  
solids c o n cen tra tio n ), an d  river-basin 
characteristics (population , landscape and  
slopes an d  land  use w ithin the river b asin ). At 
p resen t an  unam biguous re la tion  betw een 
river flow an d  n u tr ien t loads canno t be given. 
Probably, the re la tion  will be d ifferen t for 
each river.

W hen  the  concen tra tion  o f a substance is 
below the detection  limit, two load estim ates 
(u p p er an d  lower values) are calculated by 
OSPAR an d  H elcom . T he lower estim ate is 
calculated such tha t any result below the 
detec tion  lim it is considered  equal to zero, 
while for the  u p p e r estim ate, the value o f the 
detec tion  lim it is used.

2.2 .4 . Availability and reliability o f  data on  
atm ospheric inputs o f  nutrients

OSPAR collects data on  atm ospheric  inputs 
o f  n itrogen . M easured data from  1987 
onw ards are available from  the 
C om prehensive A tm ospheric M onitoring 
P rogram m e (CAMP). T he coverage of 
m easuring stations as well as tim e series of 
m on ito ring  data are  best a ro u n d  the N orth  
Sea. To estim ate atm ospheric  inpu ts o f N 
m odelling work is carried  ou t com prising 
transpo rt an d  deposition  o f acidifying and  
eu trophying  substances (OSPAR/ASMO, 
1998). H elcom  (1997) collects data on  
atm ospheric  inputs on  a yearly base (see also

EMEP, 2001). U N EP/EEA  (1999) pays no  
a tten tio n  to  a tm ospheric inputs o f  nu trien ts  
m aking clear tha t da ta  on  atm ospheric inputs 
are  n o t collected for the  M editerranean .

T here  are large uncerta in ties in  the  results of 
d ifferen t studies on  atm ospheric  inputs 
(D ucrotoy et al., 2000), m aking com parison 
with d irect and  riverine inputs difficult. But 
results from  the sam e calculation m ethod  
may be com pared  to  each other, m aking 
tren d  analysis (in  a relative sense) for 
atm ospheric  inputs only possible and  
reliable.

2.2 .5 . R esults o f  trend analysis for direct and 
riverine input o f  nutrients

To analyse trends h igh  an d  low levels of 
n u tr ie n t inputs rep o rted  by OSPAR are 
averaged and  subsequently  all averaged 
inputs are  expressed as a percen tage  o f  the 
total averaged in p u t o f  a n u tr ien t in  1990. 
T he results o f tren d  analysis may be 
p resen ted  at d ifferent levels o f aggregation. 
T he highest level o f aggregation provides an  
insight in to  the developm ent o f n u trien t 
inpu ts in to  E uropean  coastal waters over 
tim e. At this level the  n u trie n t loads are 
aggregated for the w hole N orth-East A tlantic 
includ ing  the  N orth  Sea. Missing values for 
n u tr ie n t inputs from  countries in  the  last 
years o f  the  period  bias the tren d  analysis. 
T herefo re  in  case o f missing values the  in p u t 
values o f  the  p reced ing  year are  used.

Fully aggregated
Results for the highest level of aggregation are 
presented in Figure 3. In  this figure the 
development of loads of toted N  and toted P  over 
time as well as the toted river flow are shown. Clear 
increasing or decreasing trends in the inputs are 
not. found.

T he course o f  the  curves for d irect and  
riverine inputs o f n u trien ts  is similar to that 
for the total river flow, indicating th a t na tu ra l 
variations may have a significant effect on  the 
inpu ts o f nu trien ts. In  Figure 4 the yearly 
total inputs o f n u trien ts  are  divided by the 
yearly total river flow, yielding average river 
concentrations. T he concentrations 
calculated for 1990 have b een  given ava lué  
o f  100 % an d  the concentrations for o th e r 
years are  derived from  this percentage.

Figure 4 shows a clear decreasing trend for both 
toted nitrogen and t.ot.ed phosphorus. Toted 
phosphorus is decreasing more than t.ot.ed nitrogen.
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C hange in loa d s (sum  o f  d irect and riverine inputs) o f  to ta l N and tota l P into th e  N orth-E ast A tlantic 
including th e  N orth S ea  in th e  p eriod  1 9 9 0 -9 8  (input in 1 9 9 0  is 1 0 0  %)
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N ote: T im e series on d ire c t and riverine Inp u t o f Spain Is fa r from  co m p le te ; th e re fo re  all Inp u t da ta  o f Spain are 
o m itte d . Som e data from  1996, 1997 and 1998 are lacking and these data are p rov ided  by m aking 
estim ates. For river flow s average da ta are used o f the  years fo r w hich da ta  are ava ilable. For Inputs data 
o f p reced in g  years are used. Inco m p le te  da ta  and use o f estim ates are presented  by d o tte d  lines.

C hange in con cen tra tio n s o f  nutrients in rivers flow ing  in to  th e  N orth-E ast A tlantic including th e  
N orth S ea  in th e  p eriod  1 9 9 0 -9 8  (1 9 9 0  v a lu es = 1 0 0  %)
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N ote: See F igure 3.

Regional seas
In  Figure 5  the loads (sum of direct and riverine 
input.) o f total P in to  regional seas are presented. 
The North Sea accounts for the major pa rt o f the 
input, of t.ot.ed P. Th is input, into the North Sea 
clearly decreases between 1990 and 1998. The 
input, o f total P in  the Celtic seas and in the Bay of 
Biscay and the Iberian, coast, does not. show a clear 
trend. The input, of P in to  the Arctic waters is small 
and hardly affects the t.ot.ed for all regional seas.

Considering total nitrogen, the change in inputs 
fo r the North Sea also compares favourably with the 
other regional seas. Between 1990 and 1998 the 
input, o f total N  into the North Sea increases 
relatively less then the inputs into the other regional 
seas.

Comparison, of the nutrient, loads entering the 
Baltic Sea in. 1990 and 1995 shows an. increase in 
t.ot.ed. nitrogen by 15 % and a decrease in t.ot.ed. P  by
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Trend in sum  o f  d irect and riverine input o f  to ta l P in to  th e  regional coasta l w a ters  o f  th e  
N orth-E ast A tlantic including th e  N orth S ea  in th e  p eriod  1 9 9 0 -9 8 Figure 5
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N ote: See F igure 3.

C hange in nutrient com p o sitio n  o f  inputs in to  th e  N orth S ea  in th e  p eriod  1 9 9 0 -9 8 Figure 6
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18 %. However, because o f considerable inter- 
annual variations in riverine run-off these 
estimates are hardly comparable, also as the load 
data o f1995 was more complete and representative 
(Falandysz et, al., 2000).

UNEP/EEA (1999) states that the nutrient levels 
found  in Mediterranean rivers are about, four times 
lower than those in western, European rivers. 
Nitrate levels are increasing. Phosphate 
concentrations may increase dramatically, as seen 
in Greece, or stea dily as found in France, or 
decrease when phosphate restriction measures are 
imposed as in Italy.

Country contributions
At a still lower level o f  aggregation country  
con tribu tions to n itro g en  an d  phosphorus 
in p u t may be p resen ted , showing changes 
over tim e (see Figure 18 for zinc as an  
ex am p le).

Composition of direct and riverine inputs of 
nutrients
For eutrophication in coasted waters not, only the 
inputs o f toted nitrogen and toted ph osph orus are 
important, but, also the nutrient, composition of the 
inputs. In  Figure 6 the change in the nutrient, 
composition of the input into the North Sea is
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C hange in w e t  d ep o sit io n  o f  n itrogen  into th e  N orth S ea  (525  0 0 0  km2) in th e  p eriod  1 9 8 7 -9 5  
(w et d ep o sit io n  in 1 9 9 0  = 1 0 0  %)

Source: O SPAR/ASM O
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presented for the period 1990-98. Since the input, 
of total ph osph orus into the North Sea decreases 
while the input, o f total nitrogen slightly increases, 
the average N /P  molar ratio in the input, increases 
over time. The nitrate share in the input, of total 
nitrogen increases in the period 1990-98, while the 
phosphate share in the input, o f total, phosphorus 
decreases.

2.2.6. R esults o f  trend analysis for
atm ospheric inputs o f  nutrients

OSPAR/ASMO (1998) used wet deposition  
m easurem ents to calculate wet deposition  of 
n itrogen  in to  the N orth  Sea (surface area 
525 000 km 2) in  the  period  1987-95. 
E xtrapolation  an d  m odel calculations by 
m eth o d  2a resu lted  in  a deposition  ranging  
from  298 to 371 k ton  a year (yearly average 
337 k ton  a year). A tem poral change is no t 
observed (see Figure 7).

The yea rly average o f direct, and riverine input, of 
total nitrogen in the North Sea in the period 1990- 
98 amounts to 1 137 kton a year. Atmospheric 
inputs account for 23 % of the sum o f both inputs, 
a significant share which may not. be neglected on. 
the scale of the North Sea as a whole, even. not. when 
we know that, input, values calculated for  
atmospheric deposition are less reliable than values 
for direct, and riverine inputs. However, the share of 
atmospheric inputs is much smaller in the coastal 
waters where riverine inputs have most, effects 
(confined to about. 20 km from the coast). In  these 
coastal waters atmospheric inputs may be neglected. 
However, Pryor and Bart.hel.mie (2000) state that, 
although fluvial, pathways typically dominate the 
annually averaged nitrogen flu x  to coastal wa ters, 
atmosphere-sutface exchange represents a 
significant component of the total flu x  and may be 
particularly critical during the summertime when

both the riverine input, and ambient nutrient 
concentrations are often at. a minimum.

The mean deposition of total nitrogen in the entire 
Baltic Sea was estimated at. 324 000 tonnes 
annually in. 1986—90 (Falandysz et al.., 2000), 
accounting for about. 25 % o f the total input. 
Recent, estimates show that there was a decrease in 
the nitrogen deposition into the Baltic proper by 
about. 20 -30  % and into its drainage area by 
about. 10-25 % from the mid-1980s to 1995 
(Falandysz et. al., 2000).

Bashkin, et. al. (1997) calculated the deposition of 
airborne anthropogenic nitrogen compounds on. the 
Mediterranean Sea using models. The computed 
value amounted to 1084 kton N  in 1992 and 
includes contributions from African, and other non- 
EEA countries. Direct, and riverine input, teas 
estimated at. 800-1 200 kton N. According to these 
figures atmospheric deposition of nitrogen accounts 
fo r about, half of the total nitrogen input, in the 
Mediterranean Sea.

Atmospheric deposition o f phosphorus is small 
when compared to direct, and riverine inputs (even, 
on. the scale o f the whole North Sea) and may be 
neglected.

2.2 .7 . U sefu ln ess o f  inputs o f  nutrients as 
pressure indicator

T he in p u t ind ica to r provides an  insight in to  
the  developm ent o f inputs o f nu trien ts  over 
tim e. At h igh  levels o f aggregation, results of 
tren d  analysis provide an  insight in to  the 
developm ent o f n u tr ie n t inputs in to  coastal 
waters on  the E uropean  scale. Presenting  
results at lower levels o f aggregation may 
show developm ents in  inputs for regional 
seas or country  con tribu tions to inputs.
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For riverine inpu ts o f nu trien ts, river flow, 
n u tr ie n t concen trations an d  in p u t loads are 
related . W hat the best p aram eter is for 
riverine in p u t to describe the pressures is a 
question  still to be answered. T he d irect and  
riverine inputs o f n u trien ts  are m ore sensitive 
to  yearly n a tu ra l variations in  river flow th an  
the  average concentrations o f n u trien ts  in 
rivers. A lower sensitivity to n a tu ra l variations 
m akes a variable m ore valuable as an  
indicator, since for tren d  analysis shorter 
tim e series are needed . T hat m eans tha t the 
average river concentrations m ight be 
p re fe rred  as pressure indicators.

2.2 .8 . R ecom m endations for im proving the 
quality o f  pressure indicators on  
nutrients

G uidelines for m on ito ring  exist (OSPAR/ 
RID, 1998; H elcom , 1998) bu t im provem ent 
rem ains possible an d  harm onisation  on  a 
E uropean  scale is recom m ended . U N E P / 
EEA (1999) reports  tha t developm ent o f an  
effective, com m on M editerranean  
m on ito ring  system o f m easurem ents of 
contam inants an d  th e ir effects is still missing, 
a lthough  m on ito ring  in  the  M editerranean  
has b een  in  place for a long tim e. U N E P / 
EEA (1999) also states tha t in  the 
M ed iterranean  quality assurance an d  contro l 
p rocedures should  be fu rth e r developed and  
im p lem en ted  to  ensure data quality and  
reliability. ICES (2000) indicates tha t efforts 
to  standardise data  collection and  
dissem ination n eed  to be encouraged  and  
en h an ced  an d  tha t there  is a n eed  for 
im proved, in teg ra ted  m on ito ring  th ro u g h  
coo rd ination  an d  harm onisation  o f existing 
national an d  in tern a tio n a l m onito ring  
activities, as well as th ro u g h  im plem enta tion  
o f  new m ethods an d  technology.

For rivers flowing in to  estuaries the 
d ifference betw een the gross inputs of 
n u trien ts  as calculated an d  the n e t inputs 
actually en te ring  coastal waters may be 
significant. W here rivers flow in to  estuaries 
n e t inpu ts should  preferably be m on ito red  
instead o f  gross inputs.

Sim ulation m odels are often  used to 
de te rm ine  atm ospheric  inputs, w hich m ake 
the  atm ospheric in p u t da ta  com parable to 
each o th e r b u t often n o t directly to  d irect 
an d  riverine inputs. F u rth e r im provem ent o f 
m ethods to determ ine  atm ospheric  inputs 
an d  to in tegrate  these inputs geographically 
w ith d irect an d  riverine inputs is 
reco m m en d ed  (see also Pryor and  
B arthelm ie (2000) who describe the m ajor

uncerta in ties in  the  m easu rem en t and  
m odelling  o f a tm ospheric deposition  o f 
n itro g e n ) .

W hen  considering reg ional seas as a whole 
an d  n o t only coastal waters, developm ents o f 
atm ospheric  inputs o f n itrogen  over tim e are 
also im portan t. T herefo re, to  im prove the 
usefulness o f the  in p u t ind ica to r on  
nu trien ts , atm ospheric  inputs o f n itrogen  
may be included  in  add ition  to  the 
w aterborne loads.

2.3 . S tate

2.3 .1 . N utrient concentrations
Inpu ts o f n u trien ts  in to  coastal waters spread 
th ro u g h  the  coastal water environm ent. In  
case o f riverine inputs, mostly the m ajor part 
o f  inputs in to  coastal waters, a river p lum e is 
form ed. D ue to m ixing with coastal water, the 
salinity o f the  w ater in  the  p lum e increases 
w ith the distance to the  coast, while n u tr ien t 
concen trations decrease. At the  rim  o f the 
p lum e the salinity an d  the  n u tr ien t 
concen tra tion  becom e equal to those in  the 
su rro u n d in g  coastal water. Large riverine 
flows result in  large river plum es (o r coastal 
rivers) an d  a large area  in  w hich the  riverine 
n u tr ie n t inputs may have effect.

N u trien t concentrations are  m on ito red  in  
E uropean  coastal waters, b o th  in  w inter and  
year-round (Æ rtebjerg et al., 2001). In  the  
w inter perio d  the  n u tr ien t concen trations are 
h ig h er an d  less variable th an  in  the sum m er 
period . In  the sum m er period  n u trien ts  are 
used  for prim ary p roduction , resulting  in  a 
decrease o f the n u tr ien t concentrations. For 
this reason  the w inter period  is p re fe rred  to 
use for ind ica to r purposes. F rom  the data 
available on  n u tr ien t concentrations, the 
m olar N / P  ratio  an d  o th e r in fo rm ation  on 
the  com position may be d e te rm ined  easily.

2.3 .2 . Availability and reliability o f  data on  
nutrient concentrations

T he data on  n u trien t concentrations 
provided cover the  perio d  1985 to  1997/98 
an d  contains m edian, m axim um  and  
m inim um  values on  a winter, sum m er or year- 
ro u n d  basis. T he ICES data  are  m edians p er 
1 0 x 1 0  km  squares w ithin 20 km  from  the 
coast. T he data coverage was h ighest for 
w inter surface concentrations o f  inorganic 
n itro g en  (sum  o f NO„, NO., an d  N H 4) and  
phosphate . T he geographical data coverage 
is by far the  best for the H elcom  an d  OSPAR 
areas. D ata from  the  n o rth e rn  Atlantic, the 
Bay o f Biscay an d  the  Iberian  coast are sparse,
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an d  the M ed iterranean  Sea is generally 
poorly covered (Æ rtebjerg e t al., 2001). 
Nygaard et al. (2001) provide an  overview o f 
the  data requested  an d  the data rep o rted  to 
the  EEA.

Æ rtebjerg  et al. (2001) stress th a t a m in im um  
tim e series o f  five years is req u ired  before  a 
tren d  can be statistically detec ted  at a 5 % 
significance level. T im e series w ith this 
m in im um  leng th  are  only available for the  
Baltic Sea an d  the N orth  Sea. In  the  N orth  
Sea, n u tr ie n t concen trations have large in te r­
ann u a l variations. W inter n u trien t 
concen trations in  the  N orth  Sea are 
dom inated  by the outflow from  the large 
E uropean  rivers (Seine, M euse, R hine, Ems, 
W eser an d  Elbe rivers). Outflow from  these 
rivers is governed by prec ip ita tion  over 
w estern an d  cen tral E urope in  w intertim e, 
w hich can vary by a factor o f two to th ree  
(Æ rtebjerg et al., 2001).

2.3.3. R esults o f  trend analysis for nutrient 
concentrations

T he tren d  analysis is app lied  using the ICES 
data  o n  w inter concentrations o f n itra te  and  
p hosphate  in  the  coastal waters (20 km  
w idth) o f the  Baltic Sea an d  the N orth  Sea.

T he concen tra tion  level o f n itra te  and  
phosphate  in  w inter differs betw een the 
Baltic Sea an d  the N orth  Sea as does salinity. 
For this reason  b o th  reg ional seas are dealt 
w ith separately in  tren d  analysis. For each sea 
an d  for each year the  m ed ian  concentrations

observed at the  ICES squares are averaged 
giving yearly average values in d ep en d en t of 
the  locations. These average values are 
p resen ted  in  Figure 8 for phosphate  an d  in  
Figure 10 for n itrate.

Phosphate
From  Figure 8 it becom es clear tha t the 
na tu ra l variations in  the  yearly average 
concen tra tion  o f phosphate  in  the  w inter 
p erio d  are large. T he tem porary  increase in  
p hosphate  concen trations in  the  N orth  Sea 
in  the  perio d  1991-94 coincides with 
increasing total river flows an d  subsequent 
increased  inpu ts o f phosphorus (see 
Figure 3). A ltogether, a clear decrease in 
p hosphate  concen trations in  b o th  seas may 
be observed betw een 1985 an d  1997. For the 
N orth  Sea w here phosphate  concentrations 
are  h ig h er th an  in  the Baltic Sea the  ra te  of 
decrease in  the perio d  1985-98 is larger than  
for the  Baltic Sea.

Figure 9 presen ts results o f  tren d  analysis for 
phosphate  concen trations in  w inter periods 
at a lower level o f  aggregation. For each o f 20 
coastal waters changes in  phosphate  
concen trations are  given in  the perio d  1985- 
97. For each square (10 x 10 km) the  change 
in  phosphate  concen trations in  the  period  
1985-97 is de term ined . A fter tha t the  squares 
are  divided in to  th ree  classes:

• m ore th an  10 % decrease;
• m ore  th an  10 % increase;
• in  betw een both .
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C han ge in m ean w inter p h o sp h a te  co n cen tra tion s in coasta l w a ters in th e  p eriod  1 9 8 5 -9 7  Figure 9

Source: Van Buuren e t al 
2 0 0 2 .

□  D e crease  □  N o  /  lim ite d  tre n d  □  Increase

C hange in a v era g e  w inter n itrate con cen tration  in th e  Baltic Sea and th e  North Sea in th e  period  1 9 8 5 -9 8  Figure 10
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N ote: See F igure 8.

From Figure 8 it becomes clear that about ha lf of the 
coastal waters show little or no change in phosphate 
concen tra tions. In  45 % o f the coastal wa ters the 
phosphate concentrations improve significantly, 
wh ile they worsen in about 5  % o f the coastal 
waters. Thus it may be stated that on average the 
phosphate concentrations decrease, which is in 
agreement with the decrease observed in Figure 8.

Nitrate
In  the period 1985-98, the average concentration 
o f nitrate in the winter period also decreases in the 
North Sea and Baltic Sea, but less than for

phosphate (see Figure 10). Van Buuren et al. 
(2002) pr esent results o f trend analysis for nitra te 
concentrations in the coastal waters in the winter 
periods in 1985-97  similar to Figure 9 for 
phosphate. For nitrate less improvement is observed, 
wh ich is in line with the results presented in 
Figure 10 compared to those o f Figure 8.

N /P  molar ratio
Based on Figures 8 and 10 it may be concluded 
that the N /P  molar ratio increased in the coasted 
water s of the North Sea and the Baltic Sea in the 
period 1985-98. In  the North Sea this ratio
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increased to a winter value of about. 35 in 1996 
and seems to decrease since then in winter periods 
(Kabilia and Duijt.s, 2000).

2.3.4. Usefulness of nutrient concentrations as 
state indicators

T he w inter n u tr ie n t concen trations seem  
useful as eu troph ica tion  state indicators since 
tren d  analysis gave reasonable results for 
these variables an d  m on ito ring  o f  these 
physical-chem ical variables is relatively simple 
an d  already ra th e r  w idespread.

T he n a tu ra l concen trations o f  nu trien ts  
differ betw een the E uropean  coastal waters 
dep en d in g  o n  the local conditions (flushing 
tim e, salinity, tide and  w ater dynamics, etc.). 
T herefo re  tren d  analysis may preferably  be 
app lied  at the geographical level o f the 
reg ional seas (the  Baltic Sea, the N orth  Sea, 
the A driatic Sea, etc.).

2.3.5. R ecom m endations for im proving  
nutrient concentrations as state 
indicators

Presently, data available on  n u trien t 
concen trations covers m ainly the H elcom  
an d  OSPAR areas. T he n o rth e rn  A tlantic, the 
Bay o f Biscay an d  the Iberian  coast, an d  the 
M ed iterranean  Sea are generally poorly 
covered. C om pleting  the  data set by 
im proving the geographical coverage is 
recom m ended .

It is recom m ended  to determ ine  d ifferent 
classes o f w ater quality describing the 
seriousness o f  the eu troph ica tion  situation 
dep en d in g  o n  the n a tu ra l circum stances. 
C om parison o f  d ifferen t coastal waters is 
m ade easier in  this way. Moreover, it is in 
ag reem en t w ith the  W ater Fram ew ork 
Directive (EU, 2000), w hich m akes a 
d istinction betw een th ree  quality classes o f 
m arine an d  coastal waters.

2.4 . Impacts

2.4.1. Eutrophication in European coastal 
waters

Prim ary p ro d u ctio n  enhances due  to excess 
supply o f n u trien ts  from  h u m an  activities. 
T he increased phytop lank ton  p rodu c tio n  
m akes the w ater less transparen t an d  leads to 
changes in  the m icroalgal com m unities, i.e. 
the  d isappearance or decrease o f long-lived 
species, an d  increases in  the am o u n t o f 
opportun istic  filam entous algae. Today, 
d rifting  filam entous algal m ats are  often  
observed. T hese algal m ats are  a h in d ran ce  
to  fisheries an d  a nuisance to recreational

activities in  m any areas, b u t also affect o th e r 
parts o f  the coastal ecosystem such as the 
seagrass m eadows an d  shallow ben th ic  
anim al com m unities. T here  is a large natu ra l 
an n u a l phytop lank ton  variability, bu t 
intensity o f phytop lank ton  bloom s, including 
those o f toxic algae, may be a general 
ind icato r o f prim ary p ro d u ctio n  increase. 
T he increased p ro d u c tio n  an d  sed im entation  
o f  p lan t biom ass may also lead to  increased 
oxygen consum ption  in  the  deep  soft-bottom  
areas affecting ben th ic  com m unities.

E u troph ica tion  effects are  observed in  m any 
E uropean  coastal waters. For instance, in  
N orw egian coastal waters an  increase in 
bloom s o f harm fu l algae is observed, 
prim arily  along the  sou th  coast o f Norway, 
b u t also in  local areas fu rth e r n o rth . Local or 
reg ional incidences o f toxic mussels have 
b een  m ore  frequen t, an d  in  la ter years som e 
o f these bloom s have caused considerable 
m ortality to salm on an d  tro u t in  fish-farm ing 
cages as well (Skei a t al., 2000).

In  the Baltic Sea, eu troph ica tion  has 
favoured the blue mussel, as the increasing 
phy top lank ton  p ro d u c tio n  provides food  and  
limits the  d istribu tion  o f the b ladder wrack. 
T hus the  deep er rocky bottom s on  w hich the 
b lad d er wrack was growing earlier are  now 
covered by the b lue m ussel instead 
(Falandysz e t al., 2000).

In  the  N orth  Sea exceptional algal bloom s 
have occurred  and, while som e have b een  a 
nuisance, o thers have b een  toxic o r have 
con tribu ted  to  increased organic 
en richm en t. A genera l shift from  long-lived 
m acrophytes to short-lived nuisance algal 
species has occurred  at various sites, 
requ iring  tha t abou t 50 000 tonnes o f  algae 
are  rem oved each year from  N orth  Sea 
beaches (D ucrotoy et al., 2000). Each year, 
u p  to  15 % o f the W adden Sea is covered by 
algae, th ough  with an  ap p a ren t positive effect 
o n  zoobenthos productivity. W hile these algal 
m ats are  generally unsightly, they can also 
resu lt in  anaerobic  conditions, the  increase 
o f  opportun istic  in faunal popu lations and  
the  preven tion  o f feed ing  by wading birds 
an d  fishes. O xygen dep le tion  may also 
adversely affect sed im ent deposition  areas 
like the G erm an Bight, with consequen t 
b en thos an d  fish kills (D ucrotoy et al., 2000).

A lm ost all coastal countries in  the 
M ed iterranean  are  affected by 
eu troph ica tion , a lthough  at d ifferen t levels 
(U N EP/EEA , 1999). T he m ost im p o rtan t
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cases o f eu troph ica tion  are  found  along the 
n o rth e rn  an d  w estern coasts o f the  Adriatic 
Sea, w here dystrophic p h en o m en a  (heavily 
stained w ith h igh  co n ten t o f organic m atter) 
are observed, causing very severe dam age 
b o th  to  fishing and  tourism  (C ognetti e t al., 
2000 ).

2.4 .2 . Eutrophication e ffec t variables
A lthough the effects o f eu troph ica tion  are 
well known, the m echanism s governing its 
effects are  poorly understood . In  particular, 
effects on  m icrobial processes are  key to 
m any aspects o f  the function ing  o f the  
ecosystem, an d  are com m only inadequately  
addressed  (Meyer-Reil an d  Koster, 2000).

Æ rtebjerg  et al. (2001) p resen t an  overview 
o f the  eu troph ica tion  variables m on ito red  in 
E uropean  coastal waters. A part from  n u trien t 
inpu ts an d  n u tr ie n t concentrations, this 
involves:

• physical-chemical variables:
—  oxygen concen tra tion  in  bo ttom  layer. 

W hen oxygen falls below 125 |im o l/l, 
ben th ic  fauna is affected;

• biological variables:
—  phytop lank ton  (algal bloom s, algae 

com position  an d  chlorophyll-a) ;
—  ben th ic  vegetation (seagrasses and  

seaweeds);
—  ben th ic  fauna (m icrophytobenthos 

biom ass an d  m acro-zoobenthos 
biom ass).

T he oxygen concen tra tion  n ea r the  bo ttom  is 
re la ted  to m icrobial activity, w hich in  tu rn  is 
stim ulated  by the supply o f organic m aterial 
an d  nu trien ts. P hytoplankton p ro d u c tio n  is 
also re la ted  to eu troph ication , and  
chlorophyll-a may be considered  a relevant 
eu troph ica tion  effect variable. T hough  
ben th ic  vegetation  an d  ben th ic  fauna are 
sensitive to eu troph ication , o th e r factors may 
be m ore relevant for these biological 
variables. T herefo re  these biological variables 
are discussed in  C hap ter 5 o n  in teg ra ted  
biological indicators.

T he oxygen con ten t in  bo ttom  waters is 
de te rm in ed  by two processes (see A nnex 1):

• the m icrobial consum ption  o f oxygen due 
to degradation  o f organic m aterials in  
bo ttom  w ater an d  sedim ent. T he 
consum ption  rate  depends on  the am oun t

an d  quality o f organic m aterial settling to 
the bo ttom  an d  on  the tem peratu re;

• the supply o f oxygen from  vertical m ixing 
an d  horizontal transpo rt processes. The 
supply ra te  depends on  hydrodynam ic 
processes forced by wind, buoyancy and  
tides.

Oxygen deficiency will occur if  the  
consum ption  ra te  exceeds the supply ra te  for 
a sufficiently long perio d  o f tim e an d  may 
h a p p e n  in  m arine waters w ith period ic  or 
p e rm an en t strong  stratification.

Chlorophyll-a is the  g reen  p lan t p igm ent 
used for photosynthesis, w hich is p resen t in 
all au to troph ic  phytop lank ton  organism s. 
Chlorophyll-a is an  adop ted  m easurem ent 
techn ique for m onito ring  the am o u n t of 
algae.

2.4 .3 . Availability and reliability o f  data on  
b ottom  oxygen concentrations

T he Baltic proper, the  Kattegat an d  the 
G erm an Bight are  the areas m ost susceptible 
to  oxygen deficit due to  the ir stratified waters 
an d  h igh  sed im entation  rates. In  o ther 
coastal waters, tides and  wind stress will 
ensure well-oxygenated conditions at the 
seabed (Æ rtebjerg et al., 2001).

D ata o f  m ean  S ep tem b er/O c to b e r oxygen 
concen trations are available for the  N orth  
Sea an d  the Baltic Sea. T he data 
predom inan tly  cover the  perio d  1988-96 (see 
Nygaard et al., 2001). M ethodology and  
frequency o f da ta  collection follow OSPAR 
an d  H elcom  requ irem en ts subject to  the 
ICES rep o rtin g  form at.

D ata from  the n o rth e rn  Atlantic, the  Bay of 
Biscay an d  the Iberian  coast are sparse. For 
the  M ed iterranean  it is rep o rted  tha t anoxic 
conditions occur n ea r the  bo ttom  at m any 
locations (U N EP/EEA , 1999), b u t data and  
tim e series are n o t available.

B ottom  oxygen concen tra tion  can vary 
m arkedly from  day to day. R outine 
m easurem ents will fail to detect episodes of 
sudden  oxygen deficit. T he frequency of 
sam pling (m axim um  once every two weeks) 
does n o t always allow for m onito ring  o f the  
occurrence o f anoxic events in  detail. This 
m eans tha t the perio d  o f oxygen deficit 
can n o t be dete rm in ed  an d  n e ith e r  can the 
bo ttom  area  in  w hich it occurs. T he available 
data  reveal the  p rob lem  areas an d  have a 
signalling function  (Van B uuren  et al., 2002).
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r . ,. Trend in m edian  autum n b o tto m  o x y g en  con cen tra tio n s in th e  Baltic S ea  and th e  N orth S ea  in th e  period
F ig u re  1 9 8 5 -9 8
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2.4.4. Availability and reliability o f  data on  
b iological variables

H elcom  has a 15-year m onito ring  
program m e on  p lank ton  an d  benthos, bu t 
these data are  a t p resen t n o t available in  a 
cen tral database. OSPAR has b een  collecting 
sim ilar da ta  for som e years in  the ir n u tr ien t 
m on ito ring  p rogram m e, bu t these data  have 
n o t yet b een  en te red  in  a database. D ata on 
harm fu l algal bloom s are collected regularly.

T he following countries have supplied  data 
to ICES on  sum m er chlorophyll-a 
concen trations in  squares (10 x 10 km) 
ex tend ing  at least five years: Belgium, 
D enm ark, Finland, Germany, the 
N etherlands, Norway, Sweden an d  the 
U nited  K ingdom  (Æ rtebjerg a t al., 2001). 
Climatic variations give rise to significant 
variations in  these concentrations.

2.4.5. R esults o f  trend analysis for bottom  
oxygen  concentrations

T rend analysis is app lied  a t th ree  levels of 
aggregation  covering:

• b o th  the  N orth  Sea an d  the  Baltic Sea;
• 15 coastal waters; and
• locations in  D anish coastal waters.

Aggregated for the North Sea and the Baltic Sea 
T he  data  on  m ean  bo ttom  oxygen 
concen trations in  S ep tem b er/O c to b e r for 
stations in  the N orth  Sea an d  the Baltic Sea 
are  used for tren d  analysis. In  this perio d  of 
the  year, the  risk o f  oxygen deficit is greatest 
due  to decay o f  newly settled p lan t m aterial.

T he level o f bo ttom  oxygen concen tra tion  in  
the  au tu m n  periods differs betw een the 
Baltic Sea an d  the  N orth  Sea. For this reason 
b o th  reg ional seas are  dealt with separately. 
In  the  first instance, for each o f the seas and  
for each year, the m ean  concentrations 
observed at locations are  averaged giving 
yearly average values in d e p e n d e n t o f the  
locations. It tu rn ed  ou t tha t the yearly 
average bo ttom  oxygen concentrations 
calculated for the  Baltic Sea are  strongly 
affected by ex trem e h igh  values observed at 
one  location  in  the coastal waters o f Sweden, 
for w hich the tim e series are n o t com plete. 
To sm ooth  ou t these irregularities, instead o f 
m ean  values m ed ian  values are calculated 
an d  p resen ted  in  Figure 11.

Figure 11 shows that the autumn bottom oxygen 
concentrations in the North Sea do not change 
much until about 1992. B ut from 1993 onwards a 
clear improvement is observed. In  particular the 
value for 1998 shows a major improvement, but. it. 
must, be remarked that, this value is based on less 
than half o f the observations of the years before. The 
period from 1993 onwards is still too short, to draw 
conclusions about, a reed positive trend occurring 
independent, of na tural va ria tions.

In  the Baltic Sea some improvement seems to occur 
from 1994 onwards, but. again this is based on 
fewer observations for these years compared with the 
years before. It is too early to draw conclusions 
about, the development..
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Trends in b o tto m  o x y g e n  co n cen tra tion s in coasta l w a ters in th e  p eriod  1 9 8 8 -9 6  F ig u re  12

Source: Van B u u ren  e t  al 
2 0 0 2 .
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Coastal wa ters
In  Figure 12 results o f tren d  analysis are 
p resen ted  for the d ifferen t coastal waters for 
the  period  1988-96 (a sh o rte r perio d  th an  in  
Figure 11). Ju st like in  Figure 9, th ree  classes 
o f  change o f bo ttom  oxygen concen tra tion  
are distinguished:

• 10 % or m ore  increase;
• 10 % or m ore  decrease; and
• values in  betw een.

When v i ew i ng Figure 12 no decir improving trend 
in bottom oxygen can be found. More than 50  % of 
the squares show no or a limited trend, and 
decreases and increases are found  in about, equal 
numbers. The rela tive h igh values for 1997 and 
1998for the North Sea (see Figure 11) are not. 
included in these results.

Casestudy on the indicator frequency of hypoxia’ 
in Danish coastal waters
A nnex 1 gives the  details o f the  applied  trend  
analysis on  data on  bo ttom  oxygen 
concen trations o f the D anish national 
m arine m on ito ring  p rogram m e. T he 
n u m b er o f hypoxic (oxygen concentrations 
below 2 m l/1) observations each year was 
considered  to be b inom ial d istribu ted  with 
param eters n  an d  p, w here n  is the total 
n u m b er o f observations for year i an d  p i is the 
probability  o f  observing hypoxic conditions 
in  year i. T he tren d  analysis is conducted  by 
testing if  p i is a function  o f year (logistic 
reg ression ). A virtue o f this m e th o d  is tha t it 
weighs yearly frequency observations with the

n u m b er o f observations it has b een  based on. 
Thus, the  frequency o f hypoxia de te rm ined  
from  a year with m any observations o f oxygen 
concen trations has m ore w eight th an  the 
frequency o f  hypoxia dete rm in ed  from  a year 
w ith few observations o f  oxygen 
concentrations.

T he use o f  this ind icato r was exem plified 
w ith data from  one station located  in  the 
so u th e rn  Belt Sea betw een G erm any and  
D enm ark. This station was deliberately 
chosen  because it showed an  increasing 
frequency o f hypoxia. An increasing tren d  in  
the  frequency o f hypoxia a t 5 % significance 
level was found  (P = 0.0183).

The frequency o f hypoxia for the last, half o f the 
1990s (1995 and onwards) and trends o f th is 
frequency (no specific period) is shown in 
Figure 13. Many stations can be characterised as 
stations without, oxygen deficiency problems 
(frequency = 0). This applies especially to all the 
stations in the North Sea and Skagerrak, where 
tided mixing and currents induce a constant, 
replacement, of bottom waters. In  Kattegat, the Belt. 
Sea and the Baltic Sea most, stations are exposed to 
hypoxia, and these marine areas must, be considered 
sensitive to oxygen deficiency. Some estuaries 
(typically estuaries with a sill) are exposed to almost, 
pennanent hypoxic conditions. The eastern-most, 
sta tion in the Baltic Sea is loca ted in one of the 
deep Baltic Sea basins, where almost, pennanent. 
hypoxia is observed from depths o f 60-70  m down 
to the bottom cd. 86 m.
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Figure 13 Frequency o f hypoxia fo r stations in Danish coastal w aters  and th e  change from  1 9 9 5  onwards
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Logistic regression analyses of data from the period 
1974-99 show that 4 out of 153 stations have a 
significant trend in  the frequency of hypoxia (three 
stations show an increase and one station a 
decrease). Hence, a general trend in the frequency 
of hypoxia is not observed in this period. The period 
may be too short for trend detection and trends may 
be masked by natural variations.

2.4.6. Case study on  the indicator
‘chlorophyll-a’ in  D anish coastal waters

Phytoplankton  responds quickly to  changes 
in  the  lim iting factors, i.e. nu trien ts  an d  light. 
In  periods with n u tr ie n t lim itation  and  no 
light lim itation the chlorophyll-a 
concen tra tion  is partly de te rm in ed  by the 
supply o f nu trien ts, m ean ing  tha t it may be 
used as an  im pact ind ica to r for 
eu troph ication .

T he seasonal variation in  phytop lank ton  
biom ass depends on  the climatic conditions. 
Arctic waters have an  in tense sum m er bloom  
w hen light conditions are optim al.
T em perate waters have a sho rt intensive 
spring bloom , a sum m er perio d  in  which 
phytop lank ton  is m ainly con tro lled  by 
n u tr ie n t lim itation  an d  grazers, an d  an 
au tu m n  b loom  w hen wind m ixing events

bring  n u trien ts  to  the surface waters. 
Subtropical waters have a weak seasonal 
variation; phytop lank ton  biom ass does n o t 
change m uch  over the year.

H itherto , the chlorophyll-a ind icato r has 
b een  calculated on  averaged d ep th  values o f 
0 -10  m, suitable for the N orth  Sea an d  the 
Baltic Sea. In  the  M editerranean  Sea the 
productive zone stretches fu rth e r down in 
the  w ater colum n. Thus, the  m ed ian  sum m er 
chlorophyll-a (0-10  m ) concen tra tion  from  
April to S eptem ber is an  inapprop ria te  
im pact ind icato r o f  eu troph ica tion  w hen 
app lied  to  all com m unity m arine waters.

It is p roposed  to use the average chlorophyll- 
a concen tra tion  in  the  perio d  with n u trien t 
lim itation  and  n o  light lim itation (see 
A nnex  1 ). T he d ep th  an d  the tim e interval 
m ust be defined  o n  a reg ional scale. For the 
N orth  Sea an d  Baltic Sea 0-10 m  o f d ep th  is 
considered  app rop ria te  an d  for the 
M ed iterranean  Sea a d ep th  of, for exam ple, 
0 -50  m  seems m ore  useful. T he tim e period  
from  April to Septem ber is an  app rop ria te  
p erio d  for the  N orth  Sea an d  so u th ern  Baltic 
Sea, while this period  is sho rte r in  the Arctic 
waters an d  longer in  subtropical waters.
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Sum m er chlorophyll-a co n cen tra tion s m easu red  by th e  Danish national m onitoring program m e in 1 9 9 9  Figure 14
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N ote: A rrow s in d ica te  sign ifican t tre n d s  d e te rm in e d  w ith K endall's x (no t fo r a specific  period).

For tren d  analysis the average chlorophyll-a 
concen trations are  used instead o f the  
m edian , because chlorophyll-a concen tra tion  
often  has a skewed d istribu tion  in  the 
n u tr ie n t lim ited  perio d  an d  m edian  values 
neglect this skewness. K endall’s X has been  
app lied  to the  chlorophyll-a concentrations 
m easured  by the  D anish national m onito ring  
program m e to detec t trends. T he results are 
p resen ted  in  Figure 14.

From Figure 14 it may be observed that nutrient 
discharges from land-based sources in estuaries give 
rise to increased chlorophyll-a concentrations 
compared to the concentrations at. coastal stations. 
The concentrations in the North Sea increase when 
approaching the German Bight.

The trend analysis shows that. 14 out. of 141 
stations have a significant trend in summer 
chlorophyll-a concentration (10 stations show an 
increase and 4 stations show a decrease). Hence, 
there is no overall trend in the chlorophyll-a 
concentration. As with hypoxia, the period may be 
too short for trend detection and trends may be 
masked by natural variations.

Ærtebjerg et al. (2001 ) applied trend analysis on 
time series extending five  years of summer

chlorophyll-a concent rations of squares (10 x 10 
km) in European, coastal wa ters. For most, of the 
loca tions a trend cannot, be observed. O f the 105 
locations analysed, only 4 locations show a 
decreasing trend, while 4 other locations show an 
increasing trend.

2.4 .7 . U sefu ln ess o f  b ottom  oxygen , hypoxia  
and chlorophyll-a as im pact indicator

E utroph ica tion  is a com plex p h en o m en o n . 
T he n a tu ra l troph ic  state may differ locally in  
coastal E u ropean  waters d ep en d in g  on  the 
local conditions (flushing tim e, salinity, tide 
an d  w ater dynamics, etc.). T herefo re  trend  
analysis may preferably be applied  on  a 
reg ional an d  local geographical level (parts 
o f  the  Baltic Sea, o f  the  N orth  Sea, an d  o f the 
A driatic Sea, etc.).

N atural variations in  bo ttom  oxygen 
concen trations an d  hypoxia, an d  in  
chlorophyll-a concentrations are large. T hat 
m eans tha t long tim e series are  n eed ed  to 
de te rm ine  trends, m aking these variables less 
valuable as an  im pact indicator. Bottom  
oxygen concen trations an d  the frequency of 
hypoxia may be used to  identify m arine and  
coastal waters susceptible to oxygen 
deficiency an d  thus sensitive to
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eu troph ication . In  these areas these variables 
can be used to m on ito r the  developm ent 
over time.

2.4.8. R ecom m endations for im proving  
b ottom  oxygen, hypoxia and  
chlorophyll-a as im pact indicator

Presently, data available on  bo ttom  oxygen 
concen trations an d  hypoxia cover coastal 
waters w here oxygen deficiency is observed. 
C om pleting  the data set by im proving the 
geographical coverage to  all E u ropean  
coastal waters w here oxygen deficiency may 
be observed is recom m ended .

A part from  in situ m easurem ents, rem ote 
sensing techniques can be used to determ ine  
chlorophyll-a concen trations in  coastal 
waters. Sim ulation m odels can also be used to 
de te rm ine  an d  p red ic t eu troph ica tion  
effects. It is recom m ended  to com bine these 
th ree  in fo rm ation  sources. By b etter 
in teg rating  the data, m ore reliable results will 
be obtained , probably  at lower costs.

It is recom m ended  to determ ine  d ifferent 
classes o f eu troph ica tion  describing the 
seriousness o f  the eu troph ica tion  situation 
dep en d in g  o n  the n a tu ra l circum stances. 
C om parison o f  d ifferen t coastal waters is 
m ade easier this way. Moreover, it is in  
ag reem en t w ith the  W ater Fram ew ork 
Directive (EU, 2000), w hich m akes a 
d istinction betw een five quality classes of 
m arine an d  coastal waters.

2.5 . Links b etw een  pressure and 
sta te  indicators

Some add itional analysis is done on  the 
p ressure an d  state re la tionsh ip  by com paring 
riverine inputs o f n u trien ts  and  
concen trations o f n u trien ts  in  the N orth  Sea. 
Based on  the results o f  the  tren d  analysis 
p resen ted  in  Figures 3, 4, 8 an d  10 the 
relations betw een pressures (m ainly riverine 
in p u t o f nu trien ts) an d  state (concentrations 
o f  n u trien ts  in  coastal waters) are twofold.

1. T he decreasing trends in  the  average 
concen trations o f n u trien ts  in  rivers 
en te ring  coastal waters co rrespond  well 
w ith the trends (sm oothed  for na tu ra l 
variations) in  the  m ed ian  concentrations 
o f  nu trien ts  in  coastal waters.

2. T he n a tu ra l variability in  riverine inputs 
o f n u trien ts  shows up  clearly in  the

m ed ian  concen trations o f n u trien ts  in  
coastal waters.

T he exp lanation  for these observations is 
slow m ixing o f  river w ater (with relative h igh  
concen trations o f nu trien ts) an d  m arine 
w ater (with lower concentrations) lead ing  to 
the  fo rm ation  o f river plum es in  coastal 
waters. T he concen trations o f n u trien ts  in  
the  river p lum e are  m ainly d e te rm in ed  by the 
concen trations in  the  rivers. But how far the  
river p lum e reaches in to  sea depends on  the 
river flow. Increasing river flows (and  inputs 
o f  nu trien ts) result in  larger river p lum e 
areas an d  thus m ore squares (o f 10 x 10 km) 
w here increased concen trations o f nu trien ts  
can be found.

From  these observations it may be concluded  
th a t concen trations o f  n u trien ts  in  rivers 
should  preferably  be used as pressure 
indicators. T h en  n a tu ra l variations are 
sm oothed  ou t an d  trends may be detec ted  
ra th e r easily.

For coastal waters w here a tm ospheric 
deposition  contribu tes significantly, as in  the 
Baltic Sea, the  atm ospheric  deposition  
should  be taken  in to  accoun t before 
com paring  deposition  with n u tr ien t 
concentrations.

2.6 . R esponses

E utroph ica tion  is a m ajor p rob lem  in  m any 
E uropean  coastal waters. T he Baltic Sea 
States and  the  N orth  Sea States have already 
decided  on  a 50 % reduc tion  o f the  load with 
n itro g en  an d  phosphorus com pared  to the 
late 1980s. T he EU has also decided  on 
m easures to reduce  eu troph ication , for 
exam ple, the U rban  W astewater T reatm ent 
Directive (9 1 /2 7 1 /E E C ), the N itrate 
Directive (9 1 /676 /E E C ) an d  the W ater 
Fram ew ork Directive (2 0 0 0 /6 0 /E C ). The 
p roposed  sixth action  program m e o f the  EC
(2001) states tha t p ro p e r an d  full 
im p lem en ta tion  o f the  U rban  W astewater 
Directive an d  the N itrate Directive will be an  
im p o rtan t positive factor in  reducing  
eu troph ication .

Response indicators may be developed based 
o n  the degree o f im plem enta tion  o f these 
directives an d  the resulting  reduc tion  in  
em issions o f  n u trien ts  from  land-based 
sources.
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2.7 . O ptions for further d evelop m en t  
of eutrophication indicators

T he W ater Fram ew ork Directive (EU, 2000) 
has the ultim ate aim  to con tribu te  to 
achieving concen trations in  the m arine 
env ironm ent n ea r background  values for 
naturally  occurring  substances like nu trien ts. 
P ro p er and  full im p lem en ta tion  o f  the  U rban  
W astewater and  o f the  N itrate Directives will 
be an  im p o rtan t positive factor in  reducing  
n u tr ie n t em issions from  land-based sources 
(EC, 2001). Response ind icators are  need ed  
for the  degree o f im plem enta tion  o f these 
directives an d  the resulting  red u c tio n  in  
em issions o f  n u trien ts  from  land-based 
sources.

To de te rm ine  background  values for 
n u tr ien ts ’ research  is n eed ed  on  natu ra l 
n u tr ie n t loads an d  n u trie n t com position  o f 
rivers, as well as on  n a tu ra l variations in  these 
loads re la ted  to variations in  river flow. The 
sam e holds for n u tr ien t concentrations and  
the  n u tr ie n t com position in  m arine and  
coastal waters. A b e tte r understan d in g  o f  the 
n a tu ra l state d ep en d in g  on  local conditions 
an d  n a tu ra l variations will enable us to 
com pare the actual state with the n a tu ra l one 
an d  to  classify coastal waters as the W ater 
Fram ew ork Directive prescribes.

F u rth e r im provem ent o f m ethods to 
de te rm ine  an th ropogen ic  an d  n a tu ra l 
atm ospheric  inputs o f  n itrogen  an d  to 
in teg ra te  these inpu ts geographically with 
d irect an d  riverine inputs o f n itro g en  is 
recom m ended .

E u troph ica tion  o f coastal waters is a com plex 
p h en o m en o n . T ho u g h  eu troph ica tion  is 
w idespread in  E uropean  m arine waters, 
effects are observed m ainly in  coastal water 
areas vulnerable to  eu troph ication . For these 
areas m onito ring  o f eu troph ica tion  variables 
m akes sense.

T he effectiveness o f m onito ring  to determ ine  
eu troph ica tion  o f m arine  waters m ight be 
im proved. At p resen t, p redom inan tly  in situ 
m easurem ents are  m ade. R em ote sensing 
techniques can also be used to  determ ine  
eu troph ica tion  effects like chlorophyll-a 
concen trations in  coastal waters. M oreover, 
sim ulation m odels can be used to determ ine  
an d  p red ic t eu troph ica tion  effects. It is 
reco m m en d ed  to com bine an d  in tegrate  
these th ree  in fo rm ation  sources, m aking the 
data  m ore reliable an d  probably  obtain ing 
results a t lower costs.
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3. Indicators for hazardous 
substances

3.1 . Introduction

3.1.1. P olicy questions
H azardous substances are defined  as 
substances or g roups o f substances tha t are 
toxic, persisten t an d  liable to bio-accum ulate 
an d  o th e r substances o r g roups o f substances 
tha t give rise to an  equivalent level o f 
concern  (EU, 2000). H azardous substances 
may be divided in to  heavy metals, persisten t 
organic po llu tan ts (POPs) an d  m ineral oil 
(dealt with in  C hap ter 4).

Heavy m etals are  m etals or m etalloids w hich 
are  stable and  w hich have a density g reater 
th an  4.5 g /c m 3, nam ely lead, copper, nickel, 
cadm ium , platinum , zinc, m ercury  an d  
arsenic (EEA, 1999a).

POPs are  chem ical substances tha t persist in  
the  environm ent, bio-accum ulate th ro u g h  
the food web, an d  pose a risk o f  causing 
adverse effects to h u m an  h ea lth  and  the 
env ironm ent (UNEP, 1998; UNECE, 1998).

D ue to h u m an  activities, inputs o f hazardous 
substances in to  E uropean  coastal waters 
increased especially in  the  1970s an d  early 
1980s. E u ropean  policies aim  at reducing  the 
inputs an d  im proving the state o f the  m arine 
an d  coastal environm ent. M easures to  reduce  
the in p u t o f hazardous substances are being 
taken  as a result o f various initiatives at all 
levels (global, E uropean , national, and  
reg ional conventions an d  m inisterial 
conferences) : the  UN global p rogram m e of 
action  for the  p ro tec tion  o f the m arine 
env ironm ent against land-based activities; EU 
directives: the  W ater Fram ew ork Directive 
(2 0 0 0 /6 0 /E C ), the M ercury Discharge 
Directive (8 2 /1 7 6 /E E C ), the  C adm ium  
D ischarge Directive (8 3 /5 1 3 /E E C ), the 
M ercury Directive (8 4 /1 5 6 /E E C ) an d  the 
D angerous Substance Discharges Directive 
(8 6 /2 8 0 /E E C ); the M ed iterranean  action  
p lan  (MAP); the  1992 H elsinki C onvention 
on  the  P ro tec tion  o f the M arine 
E nvironm ent o f the  Baltic Sea Area; an d  the 
1998 OSPAR C onvention for the P ro tection  
o f  the  M arine E nvironm ent o f the N orth-East 
A tlantic.

T he target is a substantial red u c tio n  o f the 
in p u t o f  hazardous substances to coastal

waters. In  the  OSPAR area  the target is set at 
50 % reduc tion  o f the  em issions o f  several 
hazardous substances betw een 1985 an d  1995 
an d  zero emissions in  2020. T he ultim ate aim  
o f the W ater Fram ew ork Directive (2 0 0 0 /6 0 / 
EC) is to achieve the elim ination  o f priority  
hazardous substances an d  con tribu te  to 
achieving concentrations in  the  m arine 
env ironm ent n ea r background  values for 
naturally  occurring  substances. Indicators are 
n eed ed  to determ ine  an d  com m unicate the 
effects o f the  directives an d  m easures on  the 
state o f the  m arine an d  coastal environm ent. 
As targets have b een  fo rm ulated  for 
em issions an d  discharges an d  n o t in p u t loads 
in to  coastal waters, only an  approxim ate 
com parison is possible betw een the 
m easured  in p u t an d  the reduc tion  target 
a im ed at emissions.

Em ission sources an d  em ission patterns 
differ betw een various hazardous substances. 
Thus, in  de term in ing  the results o f po llu tion  
aba tem en t policies, each substance should  
also be considered  separately. D ue to  the 
h igh  (eco) toxicity o f m ercury  an d  PCB7, even 
a t very low concentrations, these substances 
have received a great deal o f  a tten tio n  and  
priority  in  in te rna tiona l reduc tion  m easures.

3.1 .2 . DPSIR  assessm ent fram ework for  
hazardous substances

T he DPSIR assessm ent fram ew ork for 
hazardous substances is sim ilar to th a t for 
eu troph ica tion  (see Figure 15). Several 
hazardous substances are p ro d u ced  by the 
(petro )chem ical industry. D ue to by-products 
fo rm ed  an d  the  use o f chem icals in  society, 
the  env ironm ent is po llu ted  with hazardous 
substances. T he two m ain  drivers beh in d  the 
con tam ination  o f the  env ironm ent are  the 
satisfaction o f dem and  for ever-newer 
consum er products, w hich may involve 
innovative chem icals, an d  the n eed  to find 
uses an d  m arkets for the  products an d  by­
products o f the  (pe tro )chem ical industry 
(EEA, 1998).

Coal com bustion, waste b u rn in g  an d  the 
m etal industry  are  m ainly responsible for the 
em ission o f  hazardous substances to the air. 
Surface waters are po llu ted  by run-off o f 
agricultural land  (fertiliser use contain ing  
heavy m etals, use o f  pesticides for contro l o f
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DPSIR a sse ssm e n t fram ew ork  for hazardous su b sta n ces  Figure 15

Ecological re s tu c tru rin g

R e s p o n s e s  ( s e c t io n  2 .6 )
• emission ab a tem en t 

(end-of-pipe treatm ent)

• preventing em issions to  the
• environm ent from entering
• coastal w aters

redistributing polluted sed im en t

ecological repair
limit hum an consum ption

Im p a c ts  ( s e c t io n  3 .4 )
• ecotoxicological effects
• human health effects

P r e s su r e s  ( s e c t io n  3 .2 )
• direct discharges
• riverine inputs
• a tm ospheric inputs

S t a te  ( s e c t io n  3 .3 )
• concentration  in w ater
• concentration  in sed im ent
• concentration  in biota

D riv in g  f o r c e s  ( s e c t io n  3 .1 )
• agriculture, industry
• traffic, com m unal w ater trea tm en t 

plants, e tc

A d v e rse  e ffe c ts  ev o k e  re s p o n se s

diseases and  pests) an d  effluents from  
m unicipal an d  industria l wastewater 
trea tm en t plants. A long d ifferent rou tes and  
after a longer o r sho rte r tim e these emissions 
lead to inpu ts in to  m arine  an d  coastal waters 
(pressures) an d  concen trations in  the  m arine 
an d  coastal w ater env ironm ent (state), w hich 
may result in  eco-toxicological effects 
(im pacts). H u m an  h ea lth  may be affected 
w hen contam inated  seafood is consum ed.

Adverse im pacts are  the  triggers th a t may 
evoke responses. Principally, responses are 
possible at all levels in  the DPSIR framework. 
But at the  pressure an d  state level m easures 
are technically an d  econom ically hardly 
feasible. M easures should  preferably be taken 
at the  level o f the  driving forces. Emission 
ab a tem en t (trea tm en t o f  wastewater an d  flue 
gasses) will resu lt in  decreasing em issions to 
the  environm ent.

3 .2 . Pressures

3.2 .1 . Sources o f  em issions o f  hazardous 
substances

Emissions o f  hazardous substances to the 
env ironm ent are re la ted  to the  p ro duc tion  
an d  use o f chem icals and  m etals in  society.

Specific uses such as m ercury  by dentists can 
be con tro lled  by substance specific policies. 
T hese policies m ust be com bined  with 
generic  policies, aim ed at reducing  emissions 
from , for exam ple, wastewater treatm ent, 
waste b u rn in g  an d  trea tm en t o f  flue gasses.

G athering  info rm ation  on  the  land-based 
sources con tribu ting  to  the  emissions of 
hazardous substances does n o t belong  to the 
task in  the  pro ject aim ed at w riting this 
report.

As targets have b een  fo rm ulated  for the 
em issions an d  discharges o f hazardous 
substances from  land-based sources an d  no t 
for riverine inputs in to  m arine an d  coastal 
waters, em ission indicators m ight be helpful 
in  describing h u m an  im pacts on  the m arine 
an d  coastal environm ent.

3.2 .2 . Input routes
H azardous substances reach  m arine and  
coastal waters along th ree  in p u t routes:

• d irect discharges in  m arine an d  coastal 
waters (d irect inpu ts). These concern  
coastal discharges o f  industries and  
m unicipalities, waste discharges at sea, and
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emissions at sea of, for exam ple, sh ipping 
an d  oil p roduction . D epend ing  on  the 
w ater volum es in  w hich the hazardous 
substances are  discharged an d  the 
concentrations o f  the substances in  these 
volumes, the concen trations in  m arine  and  
coastal waters may be increased locally n ear 
the  discharge location;

• loads o f hazardous substances en tering  
coastal waters w ith river inflow (riverine 
in p u ts) . B oth h u m an  activities as well as 
n a tu ra l sources in  the w hole river basin may 
con tribu te  to this input. T he water volum es 
from  rivers flowing in to  coastal waters 
generally are  large. O ften, a river p lum e is 
form ed flowing along the coast, fresh near 
the  coast an d  increasing in  salinity w ith the 
distance to the  coast, describing the m ixing 
o f river w ater an d  seawater. As a result 
g radients in  concen trations o f  hazardous 
substances are  also observed;

• wet an d  dry deposition  on  m arine and  
coastal waters (a tm ospheric in p u ts) . 
A tm ospheric transpo rt o f  substances may 
take place over long distances. Again b o th  
h u m an  activities as well as n a tu ra l sources 
may con tribu te  to this input. Dry 
deposition  increases the concen tra tion  of 
hazardous substances in  m arine an d  coastal 
waters. For wet deposition  this depends on 
the concen tra tion  o f these substances in  
rainw ater com pared  to the  concen tra tion  
in  m arine an d  coastal water at the  location 
w here the  deposition  form s input.

T he concen trations o f hazardous substances 
in  a river are re la ted  to  the river flow (see 
parag raph  2.2.2). D epend ing  on  the 
characteristics o f  the substance and  the  fate 
in  the  env ironm ent the  concen tra tion  may 
increase o r decrease w ith river flow, or 
rem ain  m ore  or less equal.

3.2.3. Availability and reliability o f  data on  
direct and riverine inputs

OSPAR collects da ta  on  inputs o f hazardous 
substances in to  the N orth-East A tlantic 
includ ing  the N orth  Sea on  a yearly and  
systematic basis (OSPAR/ASM O, 1998). 
H elcom  systematically collects data on  inputs 
o f  hazardous substances in to  the  Baltic Sea 
on  a five-yearly basis (H elcom , 1998). From  
2000 onwards data will be collected annually. 
T he OSPAR as well as the  H elcom  m em ber 
countries, however, have so far n o t ag reed  on 
the sam e m ethods for the d e te rm ina tion  of 
the  in p u t loads. M edpol collects da ta  on 
inputs o f  hazardous substances in to  the 
M ed iterranean  bu t states th a t the m onito ring

capabilities o f  som e countries have to be 
im proved (U N EP/EEA , 1999).

T he in p u t data o f OSPAR is n o t com plete. 
Some tim e series are  very irregular, while 
o thers are questionably unchang ing  (Baan 
an d  G roenew egen, 2000). T he H elcom  inpu t 
da ta  o f  heavy m etals in to  the  Baltic Sea are 
partly estim ated an d  incom plete  (H elcom , 
1998). In p u t da ta  on  lindane an d  PCB7 are 
lacking. U N EP/EEA  (1999) states that, for 
the  M editerranean , quality assurance and 
con tro l p rocedures should  be fu rth e r 
developed an d  im p lem en ted  to  ensure data 
quality an d  reliability.

T he reliability o f  ann u a l river load estim ates 
is largely dete rm in ed  by the sam pling 
strategy. T he reliability o f  the estim ates can 
differ significantly for d ifferen t substances 
an d  rivers (De Vries an d  Klavers, 1994). 
W hen  rivers flow th ro u g h  estuaries, these 
estuaries act as filters, re ta in ing  p art o f  the 
substances. As a result the  n e t in p u t in to  
coastal waters is less th an  the  gross inputs, the 
loads transpo rted  by the rivers (Zwolsman, 
1994). Due to  ongoing  po llu tion  abatem ent 
in  the  river basin oxygen concentrations in  
the  river may im prove. This has im portan t 
consequences for the  ro le played by the 
estuary as a filter for heavy metals. 
R estoration  o f  oxygen conditions is expected  
to  increase the outflow o f dissolved heavy 
m etals from  the  sedim ents in  an  estuary for a 
certa in  perio d  o f  tim e (Zwolsman, 1999).

T he loads o f  substances yearly transpo rted  
w ith rivers in to  coastal waters are re la ted  to 
yearly river flows. In  years w ith h igh  river 
flows, in p u t loads are  h ig h er th an  in  years 
w ith low river flows. T he rela tion  betw een 
flow an d  in p u t loads, however, is n o t linear. 
T he n a tu re  o f  the  re lation  depends on  the 
substance (solubility in  w ater an d  adsorp tion  
to  suspended  solids, con tribu tion  o f na tu ra l 
sources to  the loads), river characteristics 
(rain-fed or glacier river, flow velocities, flow 
d istribu tion  w ithin a year, an d  frequency and  
ex ten t o f flushing events an d  suspended  
solids c o n cen tra tio n ), an d  river-basin 
characteristics (population , landscape and  
slopes, an d  land  use w ithin the river b as in ). 
At p resen t an  unam biguous relation  betw een 
river flow an d  in p u t loads canno t be given; 
the  re la tion  will be d ifferen t for each river.

W hen  the  concen tra tion  o f a substance is 
below the detec tion  limit, two load estim ates 
(u p p er an d  lower values) are  calculated by 
OSPAR an d  H elcom . T he lower estim ate is
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calculated such tha t any result below the 
detec tion  lim it is considered  equal to zero, 
while for the u p p e r estim ate the value o f the  
detec tion  lim it is used. W here this range is 
wide, it is an  ind ication  tha t m ost o f the 
concen trations were below the  detection  
limit. Previous experience has shown th a t in  
such a case the u p p e r estim ate tends to  be 
unrealistically h igh  (OSPAR/QSR, 2000). 
T he detec tion  limits d ep en d  b o th  o n  the 
analytical m e th o d  used an d  on  the 
laboratory. Large differences in  detection  
limits for the same substance are observed 
betw een countries in  the  Baltic Sea area  
(H elcom , 1998).

3.2 .4 . Availability and reliability o f  data on  
atm ospheric inputs

Air transpo rt m odels a n d /o r  ex trapolation  
m ethods are used to derive atm ospheric 
inpu ts in to  m arine an d  coastal waters. The 
results differ dep en d in g  on  the estim ation 
m eth o d  chosen. T he atm ospheric  in p u t 
values may be biased. T herefo re  these values 
should  n o t be com pared  directly w ith d irect 
an d  riverine inputs. However, tim e series of 
atm ospheric  in p u t da ta  calculated w ith the 
sam e estim ation m eth o d  may be used for 
tren d  analysis, as the relative reliability o f the 
data  w hen com pared  to each o th e r is no t 
sensitive to the  bias.

Results from  calculating atm ospheric  inputs 
using a long-range air tran sp o rt m odel and  
air em ission data  differ considerably from  
atm ospheric  inpu ts based on  deposition  
m easurem ents in  coastal stations. T he 
differences are  due to  overestim ation o f  the 
m easured  wet deposition  and  
underestim ation  o f the  em ission data 
(OSPAR/ASM O 1998).

OSPAR/ASM O (1998) has data available on  
yearly atm ospheric  inputs o f cadm ium , 
m ercury  an d  lead in to  the  N orth  Sea (area o f 
525 000 km 2) . These in p u t data  are estim ated 
based on  deposition  m easurem ents in  coastal 
stations su rro u n d in g  the N orth  Sea for the 
perio d  1987-95. H elcom  (1997) does no t 
collect da ta  on  atm ospheric inputs o n  a 
yearly basis. M edpol has som e data on  
atm ospheric  inputs o f hazardous substances 
for the w estern basin o r even ju s t the n o rth ­
w estern p a rt (LTNEP/MAP, 1996). In  this area  
o f  the  M ed iterranean  Sea, a tm ospheric 
inpu ts accoun t for 19 % o f the  total in p u t o f 
cadm ium . For lead, zinc an d  PCBs values are 
estim ated at 12 %, 21 % an d  30 %

respectively. T im e series on  atm ospheric 
inpu ts are n o t available (LTNEP/EEA, 1999).

3.2 .5 . R esults o f  trend analysis for direct and 
riverine inputs

B aan an d  G roeneveld (2002) applied  tren d  
analysis on  d irect an d  riverine inpu ts o f  six 
hazardous substances (cadm ium , mercury, 
lead, zinc, lindane an d  PCB7) in to  the N orth- 
East A tlantic including  the  N orth  Sea in  the 
perio d  1990-98. T he data  collected by 
OSPAR (OSPAR/ASM O, 1998) were used. 
T he in p u t data are n o t com plete. In p u t data 
are  lacking, som e tim e series are very 
irregular, while o th e r tim e series are 
questionably unchang ing . T he yearly inputs 
were sum m ed up  for each o f  the six 
hazardous substances. T he total 1990 in p u t 
loads o f  each substance as well as river flow 
have b een  given a value o f 100 % and  inputs 
for o th e r years are derived from  this value. In  
Figure 16 the  results are  p resen ted  together 
w ith total river flow.

Less dearly than for nutrients (see Figure 3), the 
course o f the curves for direct and riverine inputs of 
hazardous substances seems more or less similar to 
that for the total river flow, indicating that natural 
variations may have an effect on the inputs of 
h azardous substances.

In  Figure 16 the yearly total inputs of 
hazardous substances are  divided by the 
yearly total river flow, yielding average river 
concentrations. T he concentrations for 1990 
have b een  given a value o f 100 % an d  the 
values for o th e r years are  derived from  this 
percentage.

Figure 16 and more clearly Figure 1 7 show 
decreasing trends in the inputs of hazardous 
substances. Among the metals the decrease in total 
direct and riverine input, is largest for mercury and 
dim inishes for cadm ium, lead and zinc, in that 
order. For PCB7 a larger decrease is observed than 
fo r lindane.

To a tta in  a h ig h er level o f aggregation, in 
Figure 18 the  averages o f the  yearly river 
concen trations o f the  six substances are 
presen ted . This yearly average may be 
in te rp re ted  as an  (in teg rated) index  for the 
in p u t o f hazardous substances. T he index  
can be easily ex tended  to include m ore 
substances. At such a h igh  level o f 
aggregation, the  sensitivity o f the  results of 
tren d  analysis to  missing data  and  
irregularities in  the data is small (Baan and  
G roenew egen, 2002).
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C hange in loa d s (sum  o f  d irect and riverine inputs) o f  hazardous su b sta n ces  into th e  N orth-E ast A tlantic 
Figure 16 including th e  N orth S ea  in th e  p eriod  1 9 9 0 -9 8 ,  and to ta l river flow

(input o f  each  su b sta n ce  and to ta l river flow  in 1 9 9 0  is s e t  at 1 0 0  %)
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N ote: Data on inpu ts  are in com p le te . Som e tim e  series are ve ry  regular, w h ile  o th e r tim e  series are qu es tiona b ly  
unchang ing . See also no te  be lo w  F igure 3 on to ta l river flow .

F igure 17
C hange in a v era g e  co n cen tra tion s in rivers flow ing  in to  th e  N orth-E ast A tlantic including th e  N orth S ea  in 
th e  p eriod  1 9 9 0 -9 8  (av era g e  con cen tra tion  in 1 9 9 0  is 1 0 0  %)

Source: Baan and 
G roeneve ld  (2002). 100
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Index o f  loa d s (direct and riverine input) o f  hazardous su b sta n ces in to  th e  N orth-E ast A tlantic including th e
N orth S ea  in th e  p eriod  1 9 9 0 -9 8  (ind ex  va lu e  in 1 9 9 0  is 1 0 0  %) Figure 18

100
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C ontributions o f  cou n tr ies to  d irect and riverine inputs o f  zinc in to  th e  N orth-E ast A tlantic including th e
N orth S ea  in th e  p eriod  1 9 9 0 -9 8  (total zinc input in 1 9 9 0  is 1 0 0  %) Figure 19
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Source: Baan and 
G roeneve ld  (2002).
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N ote: Inpu t data fo r D enm ark o n ly  cover 1990 and are no t p resented . The w ho le  in p u t is assigned to  the  cou n try  
from  which the  river flow s in to  the  sea. However, pa rt o f the  c o n tr ib u tio n  m ay o rig in a te  from  upstream  
countries.

At lower levels o f  aggregation  the  results 
becom e sensitive to missing data  and  
irregularities in  the  tim e series. T he irregular 
course o f  som e o f the curves for 
concen tra tion  o f hazardous substances in  
Figure 17 illustrates this. Results for regional 
seas, or at a still lower level for country  
con tribu tions to inputs, are  even m ore 
sensitive. However, p resen ting  results at a low 
level o f aggregation  is a m eans to  detect

m issing values an d  irregularities an d  to  evoke 
actions to im prove the com pleteness and  
quality o f the  data.

As an  exam ple in  Figure 19 country  
con tribu tions to the d irect an d  riverine in p u t 
o f  zinc are presen ted . This low aggregation  
level clearly reveals the reliability o f the in p u t 
data. Missing values are shown, as well as 
irregularities an d  questionable regularities.
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C hange in a tm osp h eric  inputs o f  cadm ium , m ercury and  lead  in to  th e  N orth S ea  in th e  p eriod  1 9 8 7 -9 5 ,  
Figure 20 b a sed  on  d ata  d erived  from  d ep o sit io n  m easu rem en ts in coasta l sta tio n s  surrounding th e  North Sea

(atm osp h eric  input o f  each  m etal in 1 9 9 0  is 1 0 0  %)

Source: O SPAR/ASM O  
(1998). 250
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3.2.6. R esults o f  trend analysis for  
atm ospheric inputs

Figure 20 gives an  overview o f the  trends in  
atm ospheric  inputs o f the heavy m etals 
cadm ium , m ercury  an d  lead in to  the  N orth  
Sea in  the  period  1987-95. N atural variations 
(rainfall) may affect the yearly atm ospheric 
inputs, b u t this effect is n o t analysed.

From Figure 20 it becomes clear that the 
a tm ospheric inputs o f cadm ium, mercury and lead 
decrease significantly between 1987 and 1995. The 
inputs of mercury and lead relatively decrease more 
in this period than the input, of cadmium.

3.2.7. U sefu ln ess o f  inputs o f  hazardous 
substances as pressure indicator

T he in p u t ind ica to r provides an  insight in to  
the  developm ent o f inputs o f  hazardous 
substances over tim e. At the  h ighest level o f 
aggregation  (the  index  for inputs of 
hazardous substances), the  sensitivity o f the 
results o f tren d  analysis to missing data  and  
irregularities in  the tim e series is ra th e r 
small. D escending to lower levels o f 
aggregation  m eans tha t the  results o f trend  
analysis becom e m ore  sensitive. Presenting  
results a t low levels o f aggregation  reveals 
m issing data an d  irregularities and  is a m ean  
to  provoke im provem ents.

3.2.8. R ecom m endations for im proving the 
pressure indicator

T he usefulness o f d irect an d  riverine inputs 
o f  hazardous substances as an  ind icator 
im proves significantly w hen  the  data  set on 
inputs: (i) is m ade com plete; an d  (ii) is

checked on  the reliability an d  com parability 
o f  the data. T herefo re, p riority  should  be 
given to this im provem ent. Only th e n  should  
application  an d  im provem ent o f statistical 
m ethods and  techn iques to  detect trends get 
a tten tion .

T he re la tion  betw een river flow an d  riverine 
in p u t loads should  be analysed in  m ore  detail 
m aking it possible to de term ine  norm alised 
in p u t loads standard ised  for yearly variable 
river flow. For rivers crossing estuaries n e t 
inpu ts (corrected  for re ten tio n  activity) 
should  be used instead o f gross inputs.

T he index  for inputs o f  hazardous substances 
may be easily ex tended  to  include m ore 
substances. To be able to  relate index  values 
to  E uropean  policies aim ed at em ission 
abatem ent, one  o r m ore  selections of 
hazardous substances should  be m ade to be 
inc luded  in  the  index.

G uidelines for m onito ring  exist (OSPAR/ 
RID, 1998; H elcom , 1998) bu t im provem ent 
rem ains possible an d  harm onisation  on  a 
E uropean  scale is recom m ended . U N E P / 
EEA (1999) reports  th a t developm ent o f an  
effective, com m on M editerranean  
m on ito ring  system o f m easurem ents o f 
contam inants an d  th e ir effects is still missing, 
a lthough  m onito ring  in  the  M editerranean  
has b een  in  place for a long tim e. U N E P / 
EEA (1999) also states th a t in  the  
M ed iterranean  quality assurance an d  contro l 
p rocedures should  be fu rth e r developed and  
im p lem en ted  to  ensure data quality and
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reliability. ICES (2000) indicates tha t efforts 
to  standardise data  collection and  
dissem ination n eed  to be encouraged  and  
en h an ced  an d  tha t there  is a n eed  for 
im proved, in teg ra ted  m on ito ring  th ro u g h  
coo rd ination  an d  harm onisation  o f existing 
national an d  in tern a tio n a l m onito ring  
activities, as well as th ro u g h  im plem enta tion  
o f  new m ethods an d  technology.

Sim ulation m odels are often  used to 
de te rm ine  atm ospheric  inputs, w hich m ake 
the  atm ospheric in p u t da ta  com parable to 
each o th e r b u t often n o t directly to  d irect 
an d  riverine inputs. F u rth e r im provem ent o f 
m ethods to determ ine  atm ospheric  inputs 
an d  to in tegrate  these inputs geographically 
w ith d irect an d  riverine inputs is 
recom m ended .

3 .3 . S tate

3.3 .1 . H azardous substances in  the m arine 
and coastal water environm ent

H azardous substances will be found  in  the  
d ifferen t phases o f  the m arine an d  coastal 
w ater environm ent:

• in  the w ater phase. D epend ing  on  the 
solubility the  m ajor o r the m ino r p a rt o f a 
substance may be dissolved in  the w ater 
phase. T he o th e r part is b o u n d  to 
particulate m atter. Except for filter feeders, 
organism s take in  substances from  the 
w ater phase, w hich m eans tha t the 
concen tra tion  in  the  water phase 
determ ines the bio-availability. 
H om eostatic m echanism s may also regulate 
the concen tra tion  in  the  cells o f organisms;

• in  the  sedim ent. T he adsorp tion  behaviour 
o f a substance determ ines w hich p a rt o f  a 
substance p resen t is adsorbed  on 
suspended  solids. E quilibrium  exists 
betw een the  concen tra tion  o f  a substance 
in  the w ater phase (dissolved) an d  on 
suspended  solids (adsorbed). 
C oncentrations in  the  top  layer o f the 
sed im ent are  also in  equilib rium  w ith the 
water phase, bu t due  to slow m ixing o f 
sed im ent an d  w ater the  concen trations in 
sed im ent lag b eh in d  (changing) 
concen trations in  the  w ater phase;

• in  biota. T he concen tra tion  o f a substance 
in  an  organism  depends on  the bio­
availability o f  tha t substance (and  thus the 
concen tra tion  in  the  w ater phase) an d  on  
the bio-accum ulation factor for that 
organism  and  substance. The 
concen tra tion  in  organism s will lag beh ind  
the concen tra tion  in  the water phase. T he

tim e lag depends on  the m etabolism  o f the 
substance in  an  organism  (intake, 
accum ulation , degradation , excretion).

3.3 .2 . Availability and reliability o f  data on  
concentrations in the water phase

T he concentrations o f hazardous substances 
in  the w ater phase in  m arine an d  coastal 
waters are n o t m easured  by OSPAR (Nygaard 
et al., 2001). In  the  H elcom  C onvention area, 
data  are  collected on  concen trations in  the 
w ater phase by som e countries, b u t these data 
w ere n o t analysed.

3.3 .3 . Availability and reliability o f  data on  
concentrations in sed im ent

ETC /M C E com posed a database w ith data on 
concen trations o f hazardous substances in 
sed im ent o f E uropean  coastal waters (see 
Nygaard et al., 2001). From  an  exam ination  
o f  the  data on  cadm ium  Baan and  
G roeneveld (2002) concluded  th a t due to 
doubts abou t the  reliability and  
com parability o f the data  they could n o t be 
used as state indicators.

3.3 .4 . Availability and reliability o f  data on  
concentrations in organism s

T he data set o f OSPA R/M O N  (1998) 
contains data  on  concen trations o f  hazardous 
substances in  organism s in  the  North-East 
A tlantic including  the N orth  Sea. Quality 
assurance was app lied  on  the data  subm itted  
by the countries rejecting data o f ‘p o o r’ 
quality. T he tim e series are far from  
com plete; data  o f m any years are lacking.

T he M arinebase database (Nygaard et al., 
2001) also contains data  o f M edpol on 
concen trations in  organism s in  the 
M editerranean . Only recently  have the 
M edpol data b een  scrutinised, cleared  and  
classified accord ing  to  th e ir reliability 
(U N EP/EEA , 1999). For the Baltic Sea no  
data  w ere available for this testing o f 
indicators. Nygaard et al. (2001) p resen t an  
overview o f all data available on  
concen trations in  organism s.

3.3 .5 . R esults o f  trend analysis on  
concentrations in organism s

B aan an d  G roeneveld (2002) chose the  blue 
m ussel for ind ica to r testing, also as this 
organism  is w idespread in  E uropean  coastal 
waters. D ata o f O SPA R/M O N  (1998) are 
used, contain ing  data on  concen trations of 
cadm ium , mercury, lead, zinc an d  lindane in 
the  b lue m ussel in  the  North-East A tlantic 
includ ing  the  N orth  Sea in  the period  1990- 
96. PCB7 is excluded due  to  the small
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Figure 21
C hange in co n cen tra tion s o f  hazardous su b sta n ces  in th e  b lue m ussel in th e  N orth-E ast A tlantic including th e  
N orth S ea  in th e  p eriod  1 9 9 0 -9 6  (concentration  in 1 9 9 0  is 1 0 0  %)
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Table 1
U pper limit o f  p ro p o sed  EAC/BRC ra n ges for 
hazardous su b sta n ces  in th e  b lue m ussel

Source: O SPAR /M O N  
(1998).

S u b stan ce U pper limit 
o f  EAC/BRC 
ra n g es n

Unit

C adm ium 550 n g /g  d ry  w e ig h t

M ercury 50 n g /g  d ry  w e ig h t

Lead 950 n g /g  d ry  w e ig h t

Z inc 150 000 n g /g  d ry  w e ig h t

Lindane 40 n g /g  fa t w e ig h t

(*> The low er lim it Is a b ou t 10 tim es smaller.

n u m b er o f data. For each o f the  five 
hazardous substances the average yearly value 
o f the  m ed ian  concen trations rep o rted  for all 
locations is calculated. T he average 
concen tra tion  in  1990 has b een  given avalué  
o f 100 % an d  the average concentrations for 
o th e r years are re la ted  to  this value.

Results are presented in Figure 21. Lindane and 
mercury (from 1991 onwards) show strongly 
decreasing trends in the period 1990—96. For 
cadmium and zinc decreasing trends are also 
found  in the period 1990-96, but the rate of 
decrease is less. Lead shows hardly any decrease.

For mercury, the pattern of the average yearly 
values o f the median concentra tions over time is 
affected by a high value in 1991 (in the Soerfjord 
in Norway ). When analysing the data for mercury, 
it turns out that the high yearly values for some 
locations mainly determine the average values. By 
using median values instead of yearly averages, 
such extreme values do not distort the general

trend. The yearly median concentrations o f mercury 
remain about, equal over time.

Using Medpol da ta on cadm ium concentra tions in 
the mussel in the Mediterranean during the period 
1981-90 in the Marinebase, a trend could not. be 
found. Since the Medpol data on. concentrations of 
hazardous substances in organisms for the 
Mediterranean in the Marinebase are rather old, 
and their quality not. assured, Baan and 
Groenewegen (2002) did not. apply further testing 
on. the Medpol data.

3.3.6. M ethod applied  to determ ine
ecologica l risks o f  concentrations in  
organism s

Figure 21 provides an  insight in to  the 
developm ent o f the  concentrations o f 
hazardous substances in  the  blue m ussel over 
tim e, bu t if  an d  to w hat ex ten t this involves 
an  ecological risk is n o t shown. To gain 
insight in to  this m atter, Baan an d  G roeneveld
(2002) divided the average concen trations in 
the  b lue m ussel by the u p p e r lim it o f  the 
p roposed  eco-toxicological assessm ent 
criteria  (E A C )/background  reference 
concen trations (BRCs) for each substance 
(see Table 1). T he results are  p resen ted  in  
Figure 22. T he factor de te rm in ed  represen ts 
an  ecological risk or a po ten tia l for 
environm ental effects an d  is nam ed  the 
ecological reference  index  (ERI).

From Figure 22 it. becomes clear that, the average 
E R I values are h ighest, for mercury (amounting to a 
value of about. 7 in 1991 and decreasing after 
that.). Concentrations below an E R I value of 1 may
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C han ge in eco lo g ica l risk from  hazardous su b sta n ces  in th e  N orth-E ast A tlantic including th e  North S ea  in th e
period  1 9 9 0 -9 6 Figure 22

0
1 990 1991 1992 1993 1994 1995 1996

C a dm ium  - A -  Z inc  M L indane  A  Lead —■ - M e rcu ry  —  —  S a fe ty  level

N ote: The eco log ica l re ference Index (ERI) Is the  ra tio  be tw een  the  con cen tra tion  in an organism  and the
eco log ica l assessment c rite ria  (E A C )/background re ference concen tra tion  (BRC). EAC/BRC is a range due 
to  unce rta in ty  In sa fe ty  fac to rs  used fo r Its ca lcu la tion . The up pe r lim it o f the  range has been used to  
ca lcu la te  ERI values. B e low  an ERI va lue o f 1 the re  is no im m e d ia te  risk to  m arine organism s. Proposed 
EAC/BRC values fo r  the  b lue  mussel are used th a t have no lega l s ign ificance.

be considered ecologically relatively safe. In  1993 
the average values for zinc and lindane drop below 
this limit. For the other three substances this safety 
level is not reached in the period 1990-96.

Principally, assum ing n o  synergetic or 
antagonistic effects o f com binations o f 
hazardous substances in  species, it is allowed 
to  add  up  the  ERI values for the substances 
considered. T h en  the question  arises how to 
deal w ith concentrations below the u p p er 
lim it o f  the EAC/BRC ranges (ERI < 1). 
A dding up  ERI values for d ifferent 
substances each below a value o f 1 may result 
in  a sum  ERI > 1, suggesting th a t ecological 
risk increases significantly. We are n o t sure if 
this is true, an d  hence  we can n o t decide on: 
(a) add ing  up  the  ERI values calculated for 
each  substance fully; or (b) add ing  up  only 
the  parts o f  the ERI values tha t are  above a 
value o f 1.

3.3 .7 . U sefu ln ess o f  state indicator
C oncentrations o f hazardous substances in  
the  blue mussel, expressed in  ecological 
re ference  index  (ERI) values seem  a 
m eaningfu l indicator. T he first results with 
this ind ica to r look prom ising an d  the 
possibilities to  use this ind ica to r shou ld  be 
fu rth e r explored. C om pleteness o f the data 
an d  quality assurance needs full atten tion .

C oncentrations o f hazardous substances in  
sed im ent seem  less prom ising for use as a

state indicator. T he concentrations in  
sedim ents are strongly d e te rm ined  by 
m orphodynam ics. Sedim ents bu ild  up  in 
sed im enta tion  areas. In  highly erosive areas 
hardly  any sed im ent settles. This has 
consequences for the  geographical spreading 
o f  the  concentrations o f hazardous 
substances in  m arine sedim ents an d  the 
developm ent over tim e following the  changes 
in  inputs. This m eans tha t sam pling sites have 
to  be selected carefully, an d  tha t the 
statistical pow er o f these concen trations for 
use in  tren d  detec tion  is probably low.

3.3 .8 . R ecom m endations for im proving state 
indicator

Probably, o th e r organism s th an  the blue 
m ussel m ight also have ind icato r potential. 
R esearch on  conditions to be fulfilled, for 
exam ple sam pling locations in  re la tion  to 
m igration  patterns, is recom m ended . 
M onitoring  o f organism s w ithout proven 
ind ica to r po ten tia l should  preferably  be 
en d ed  to preserve tim e an d  bu d g e t for 
m on ito ring  o f organism s tha t seem  m ore 
rew arding.

OSPAR (1994) an d  H elcom  (1998) have 
guidelines on  m onito ring  o f hazardous 
substances in  biota. However, it is 
reco m m en d ed  to develop an d  harm onise 
m on ito ring  o f  concen trations o f  hazardous 
substances in  b io ta on  a E u ropean  scale. In  
developing a E u ropean  strategy, the results of
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research  o n  determ in ing  prom ising ind icator 
organism s should  be incorpora ted . Also the 
geographical scale o f  collecting data  on  
concen trations in  b io ta  should  be ag reed  
u p o n  as well as the tim e scale (once every two 
or th ree  years seem s e n o u g h ) .

It is recom m ended  to reconsider the 
m on ito ring  o f sed im ent concentrations. The 
statistical pow er for use in  tren d  detection  
may be low. W hen m on ito ring  is continued , 
as for concen trations in  biota, it is 
reco m m en d ed  to develop and  harm onise  the 
m on ito ring  o n  a E uropean  scale, addressing 
am ong o thers the selection o f representative 
sam ple locations taking in to  account 
m orphodynam ics, an d  the geographical and  
tim e scale o f collecting data.

In  determ in ing  ecological reference  index 
(ERI) values EAC/BRC values are used that 
are  only p roposed  bu t n o t finally ag reed  as 
target o r lim it values. It is recom m ended  to 
agree u p o n  broadly accepted  ecological 
safety levels, m aking the results o f calculating 
ERI values m ore  m eaningfu l an d  valuable.

T he aggregation  question in  the use o f  the 
ERI values still has to  be answered. A dding 
up  ERI values for d ifferen t substances each 
below a value o f 1 may result in  a sum  ERI >
1, suggesting th a t ecological risk increases 
significantly. Is add ing  up  ERI values 
calculated for each substance allowed, a n d /  
o r should  we add  up  only the  parts o f the ERI 
values tha t are  above a value o f 1? This aspect 
may be accoun ted  for w hen  concluding  on  
the ecological safety levels.

3.4 . Impacts

3.4.1. B iological effec ts
D ue to the ir eco-toxicity, hazardous 
substances cause biological effects w hen 
p resen t in  certa in  concentrations in  m arine 
an d  coastal waters. T here  are  an  estim ated 30 
000 chem icals curren tly  p ro d u ced  an d  used 
in  volum es above one  tonne. T he poten tia l 
risks are many, b u t for the vast m ajority we 
have only very lim ited, if any, knowledge of 
the  risks they p resen t to the  env ironm ent 
(EC, 2001).

It is know n tha t h igh  concentrations o f PCBs 
are  correlated  w ith red u ced  fertility in  Baltic 
Sea grey, h a rb o u r an d  ringed  seals, an d  tha t 
tributyltin  (TBT) in  harbours an d  m arine 
an d  coastal waters leads to  im posex am ong 
m arine snails even at extrem ely low 
environm ental concentrations (AMAP,

2000). Im posex is a p h en o m en o n  by w hich 
fem ales develop m ale sexual characteristics 
an d  becom e sterile.

Studies on  p o pu la tion  param eters, h ealth  
an d  rep ro d u c tio n  capability in  m arine top 
p redato rs such as m arine m am m als an d  birds 
have proven  to  be excellent response 
indicators for exposure o f organic hazardous 
substances. Studies o f  the h ig h er trophic  
levels imply th a t anim als with well-developed 
enzym atic capabilities will also be inc luded  in  
m on ito ring  program m es aim ing at disclose 
environm ental th reats. T he enzymatic 
capability is often  a prerequ isite  for the 
organism  to degrade fairly persisten t 
com pounds to m ore  reactive an d  toxic 
com pounds. This is a highly relevant 
a rg u m en t if we also w ant to  have a w arning 
system for m an  as a consum er o f seafood 
products.

3.4.2. Availability and reliability o f  data on  
biological effec ts

Since data  on  biological effects are  no t 
collected systematically an d  the re la tion  with 
the  pressure ind icato r (inputs o f hazardous 
substances) is n o t clear for m ost substances, 
tren d  analysis could n o t be undertaken .

3.4 .3 . U sefu ln ess o f  b iological e ffec ts  as 
im pact indicator

T he large n u m b er o f hazardous substances 
makes it difficult to  develop im pact 
indicators for substances. T he E uropean  
C om m ission has already draw n up  a list o f 
140 hazardous substances tha t n eed  priority 
a tten tio n  an d  risk assessments (EC, 2001). 
N ot all o f these hazardous substances can be 
m onito red . A selection should  be m ade of 
effects tha t can  be clearly re la ted  to 
hazardous substances an d  th a t offer the 
possibilities o f  drawing the a tten tio n  of 
policy-makers and  the public. Im posex, a 
biological effect o f the p resence o f TBT in 
m arine an d  coastal waters, may offer such an  
opportunity.

3 .5 . Com parison o f pressure and 
sta te  indicators

The trends observed in the concentrations of 
hazardous substances in the blue mussel in the 
coastal waters o f the North-East Atlantic including 
the North Sea in the period 1990-96 differ 
somewha t from the trends observed in the inputs of 
these substances in the same coasted waters. For 
instance lead concentrations in the blue mussel do 
not show a clear decreasing trend while the input, of 
lead is clearly going down.
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In  Table 2 the results o f tren d  analysis for the 
pressure variables (inputs o f hazardous 
substances; see Figures 15 and  16) an d  for 
the  state variables (concen trations of 
hazardous substances in  the b lue mussel; see 
Figure 20) are  classified accord ing  to the 
decrease observed in  the  perio d  1990-96.

The differences between the ranking of lead and 
lindane for input loads and for concentrations in 
the blue mussel are striking. Input loads of lead 
decrease relatively more than the concentration in 
the blue mussel. For lindane this is reversed. 
Irregularities in the data on inputs may provide the 
explanation, resulting in biased results. Baan and 
Groeneveld (2002) examined the input, data closely 
and made some corrections, leading to a 
substantial lower decrease of lead inputs in the 
period 1990-96 and a h igher decrease of lindane 
inputs. M aking these corrections leads to results of 
classification that, are more easily compared, also 
making clear that, both inputs (pressure) and 
concentrations in the blue mussel, (state) may be 
considered useful, indicators.

3 .6 . R esponses

M easures to  reduce  the  in p u t o f  hazardous 
substances are  being  taken as a result of 
various initiatives a t all levels (global, 
E uropean , national, an d  regional 
conventions an d  m inisterial conferences) : 
the  U N  global p rogram m e o f action  for the 
p ro tec tion  o f the  m arine environm ent 
against land-based activities; EU directives: 
the  W ater Fram ew ork Directive (2 0 0 0 /6 0 / 
EC), the M ercury D ischarge Directive (8 2 / 
176/E E C ), the C adm ium  D ischarge Directive 
(8 3 /5 1 3 /E E C ), the M ercury Directive (8 4 / 
156/EEC ) an d  the  D angerous Substance 
Discharges Directive (8 6 /2 8 0 /E E C ); the 
M ed iterranean  action  p lan  (MAP); the 1992 
H elsinki C onvention on  the P ro tec tion  o f the 
M arine E nvironm ent o f  the Baltic Sea Area; 
the  1998 OSPAR C onvention for the 
P ro tec tion  o f the  M arine E nvironm ent o f the 
North-East Atlantic.

T he target is a substantial red u c tio n  o f the 
in p u t o f  hazardous substances to coastal 
waters. In  the  OSPAR area the target is set at 
50 % redu c tio n  o f  the emissions o f  several 
hazardous substances betw een 1985 an d  1995 
an d  zero em issions in  2010. T he ultim ate aim  
o f the  W ater Fram ew ork Directive (2 0 0 0 /6 0 / 
EC) is to  achieve the elim ination o f priority  
hazardous substances an d  con tribu te  to

achieving concen trations in  the m arine 
env ironm ent n ea r background  values for

Classification o f  resu lts o f  trend  analysis for 
direct and riverine inputs o f  hazardous su b sta n ces  

and for con cen tra tio n s in th e  b lu e m ussel accord ing Table 2
to  th e  m a gn itu d e o f  th e  d e c r e a se  o b se r v e d  in th e

p eriod  1 9 9 0 -9 6

M agn itud e o f  
d e c r e a se

Input load s C oncen tration s in 
th e  b lu e m ussel

V ery  large 1. M e rcury
2. C adm ium

1. Lindane
2. M e rcury

Large 3 . Lead
4. Lindane

3. C adm lum /z inc

M o d e ra te 5. Zinc

Small o r none 4. Lead

naturally  occurring  substances. The 
p roposed  sixth environm ental action 
p rogram m e o f the  EC (2001) states tha t the 
aim  is to achieve an  env ironm ent w here the 
levels o f m an-m ade chem icals do n o t give rise 
to  significant risks to, an d  im pacts on, h u m an  
h ea lth  an d  the environm ent.

T he new E uropean  po llu tan t em ission 
register (EPER), provided for by the  directive 
on  in teg ra ted  po llu tion  p revention  and  
contro l, will be o f g reat im portance  in  
providing accessible and  com parable 
environm ental in fo rm ation  on  the emissions 
o f  po llu tan ts from  industrial sources. T he 
EPER is a fu rth e r step towards im proving 
public awareness an d  towards a public ‘right- 
to-know’ abou t industrial pollu tion. It is a 
first step towards the developm ent o f  a m ore 
fully in teg ra ted  p o llu tan t release an d  transfer 
register as called for u n d e r the A arhus 
C onvention o n  Access to In fo rm ation  and  
Public Participation on  Environm ental 
M atters.

Diffuse sources also n eed  a tten tion . 
A tm ospheric po llu tion  is caused by energy 
p roduction , traffic an d  waste burn ing . Use of 
pesticides an d  fertiliser conta in ing  heavy 
m etals in  agriculture, as well as corrosion of 
bu ild ing  m aterials, con tribu te  to  w ater 
pollu tion .

Response indicators may be developed based 
on  the redu c tio n  o f emissions o f industrial 
sources an d  on  o th e r land-based sources, and  
o f  m aterials used in  buildings, etc. th a t may 
cause pollu tion .

3.7 . O ptions for further d evelop m en t

T he options for fu rth e r developm ent are 
partly sim ilar to those for eu troph ica tion  (see 
p arag rap h  2.7). A b e tte r understan d in g  o f 
the  n a tu ra l loads o f hazardous substances in



T esting o f indicators for th e  marine and coastal environm ent in Europe

rivers, as well as n a tu ra l variations in  these 
loads re la ted  to  variations in  river flow, will 
enable us to  com pare the  actual state o f the 
m arine env ironm ent with the  n a tu ra l one 
an d  to classify coastal waters as the  W ater 
Fram ew ork Directive prescribes.

F u rth e r im provem ent o f m ethods to 
determ ine  an th ropogen ic  an d  natu ra l 
a tm ospheric  inputs o f hazardous substances 
an d  to in tegrate  these inpu ts geographically 
with d irect an d  riverine inputs o f hazardous 
substances is recom m ended .

E uropean  policies are d irec ted  at the land- 
based activities th a t con tribu te  to  the  river 
loads o f hazardous substances. M ore insight

in to  the  con tribu tions o f land-based sources 
to  the d irect an d  riverine inputs is needed . 
T h en  response indicators may be developed 
based o n  the redu c tio n  o f emissions o f the 
land-based source.

O th e r organism s th an  the  b lue m ussel m ight 
also have ind icato r potential. C oncentrations 
in  blue mussels are a coastal indicator, while 
concen trations in  fish m ight be a m arine 
ind icato r for hazardous substances. Research 
o n  conditions to be fulfilled, for exam ple 
selection o f sam pling locations in  re la tion  to 
m igration  patterns, is recom m ended . For a 
few substances biological im pacts are  know n 
th a t may be m on ito red  directly.
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4. Indicators for oil spills

4 .1 . Introduction

4.1 .1 . P olicy questions
In  the field o f  w ater p ro tec tion  and  
m anagem ent, the  D angerous Substances 
Directive 7 6 /464/E E C  includes targets on  oil 
po llu tion  with reference  to persisten t and  
non-persisten t m ineral oils an d  hydrocarbons 
o f  p e tro leum  origin. Targets are  total 
elim ination  for persisten t com pounds and  
specific quality objectives set by EU M em ber 
States for non-persisten t com pounds.

T he recen t Directive 2 0 0 0 /5 9 /E C  o f 27 
N ovem ber 2000 on  p o rt recep tion  facilities 
for ship-generated  waste an d  cargo residues 
aims at ensuring  a m ajor reduc tion  in  m arine 
po llu tion  by the  provision o f adequate  waste 
recep tion  facilities in  all EU ports.

In  the  field o f  m aritim e safety, Directives 9 3 /  
75 /E E C  and  9 5 /2 1 /E C  w ere issued in 
particu lar to su p p o rt the  M arpol 73 /7 8  
C onvention established by the  In te rna tiona l 
M aritim e O rganization  (IM O) for the 
preven tion  o f  po llu tion  from  ships. Oil 
tankers are  perm itted  to  discharge oil or oily 
m ixtures at the  ra te  o f 30 litres p e r nautical 
mile, bu t discharges are  p ro h ib ited  in  
‘special a reas’:

• M editerranean  Sea,
• Baltic Sea,
• Red Sea,
• G ulf o f  Aden,
• Antarctic,
• N orth  Sea an d  its approaches,
• Irish Sea an d  its approaches,
• Celtic Sea,
• English C hannel an d  its approaches, and
• p art o f the  N orth-East A tlantic im m ediately 

to the west o f Ireland.

In  accordance with the M arpol 7 3 /7 8  
C onvention established by the IM O for the 
preven tion  o f  po llu tion  from  ships, aerial 
surveillance operations are regularly 
conducted , allowing a p e rm an en t con tro l of 
observed illegal slicks in  the  ‘special areas’ 
w here discharges are  p roh ib ited .

U n d e r the  B onn A greem ent, N orth  Sea 
States execute surveillance as an  aid to detect 
an d  com bat po llu tion  an d  to prevent

violations o f anti-pollu tion  regulations. The 
H elcom  C onvention established an  aerial 
surveillance over the  Baltic for the same 
objective. N ine H elcom  m em ber countries 
participate. France an d  Italy opera te  aerial 
surveillance planes in  the ir M editerranean  
areas o f responsibility. G reece an d  Turkey are 
in  the process o f purchasing  such planes. In  
the  fram ew ork o f the  B arcelona C onvention 
the  R egional M arine P ollu tion  Em ergency 
Response C entre  for the M editerranean  Sea 
(R em pec) it is in ten d ed  to  e laborate plans 
for aerial surveillance in  the  M editerranean .

Im provem ent m easures have b een  p roposed  
by the EC, after the  D ecem ber 1999 Erika oil 
spill in  France. Two sets o f proposals were 
m ade by the Com m ission in  M arch and  
D ecem ber 2000, w ith the  view to am end  
previous directives an d  regulations an d  issue 
a directive an d  two regulations for:

• generalising the  ban  on  single-hull tankers;
• establishing a C om m unity m onitoring, 

con tro l an d  info rm ation  system for 
m aritim e traffic;

• establishing a fu n d  for the  com pensation  of 
oil po llu tion  dam age in  E u ropean  waters; 
and

• establishing a E uropean  m aritim e safety 
agency.

OSPAR an d  H elcom  C onventions set targets 
on  oil po llu tion  from  land-based sources and  
offshore installations, b u t clearly re fer to 
M arpol 7 3 /7 8  w hen considering oil po llu tion  
from  ships.

4.1 .2 . DPSIR  assessm ent fram ework for oil 
spills

T he DPSIR assessm ent fram ew ork for oil 
spills is p resen ted  in  Figure 23. D em and for 
energy and  transpo rt form  the m ain  driving 
forces. T he two m ain  sources o f oil spills in  
the  m arine  an d  coastal w ater environm ent 
are  navigation an d  offshore oil p roduction . 
T he total am o u n t o f  oil spilled (d irect 
discharges in to  m arine an d  coastal waters) 
represen ts the pressure, an d  the average area 
o f  oil slicks a t the  surface represen ts the  state. 
T hese oil slicks affect sea birds (im pacts) and  
may pollu te  coastal areas (see also Irvine, 
2000 ).
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Figure 23 DPSIR assessment fram ew o rk  fo r oil spills

Ecological re s tu c tru r ing

R e s p o n s e s  ( s e c t io n  4 .6 )
• em ission a b a tem en t e .g . double  
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prevention o f dispersal
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ecological repair e .g  cleaning of 
birds and  coastal zones

S t a te  ( s e c t io n  4 .3 )
•  num ber o f oil slicks

Im p a c ts  ( s e c t io n  4 .4 )
•  affected spec ies and  habitats
•  ecotoxicological effects

P r e s su r e s  ( s e c t io n  4 .2 )
•  direct d ischarges by shipping and 

oil industry
•  riverine inputs

D r iv in g  fo rc e s  (s e c tio n  4 .1 )
•  Industry
•  traffic

A d v e rs e  e f fec ts  e v o k e  re s p o n s e s

Policies aim  at decreasing the  pressures by 
preventing  oil spills (no  or lim ited discharge 
o f  oil from  ships) an d  reducing  risk o f oil 
spills by applying double  hu ll ships. In  the 
long run , navigation an d  oil p ro d u c tio n  at 
sea should  be technologically im proved, 
p reventing  discharge o f (waste) oil at sea and  
m inim ising the risk o f  accidents by applying 
new navigation technologies (using satellites 
for exam ple).

In  the m ean  tim e, oil slicks detec ted  (state 
level) tha t may form  a th rea t to  sea birds and  
the  coastal env ironm ent may be p revented  
from  spread ing  an d  oil may be rem oved from  
the  surface, w hen technically possible. 
Responses a t the  im pact level include 
cleaning-up o f  coastal areas.

4.2 . Pressures

4 .2 .1 . Sources o f  oil spills
T he m ain  sources o f oil spills in  the m arine 
an d  coastal env ironm ent are  d irect 
discharges from  sh ipping  an d  offshore oil 
p roduction . River w ater flowing in to  coastal 
waters may also be con tam inated  with oil.

4.2 .2 . Availability and reliability o f  data on  
oil spills

Two m ajor sources o f accidental oil spill 
in fo rm ation  exist: the  Oil spill intelligence report 
( OSIR, a com m ercial US news bulle tin ) and  
the  In te rn a tio n a l Tanker Owners Pollu tion  
F edera tion  (ITOPF, a technical adviser). 
ITO PF is specialised in  m aritim e transport 
spills. Since 1974, ITOPF has m ain ta ined  a 
database o f oil spills on  a world scale. Spills 
a re  categorised by size (< 7 tonnes, 7-700 
tonnes an d  > 700 tonnes). D ata on  spills o f 
the  class below 7 tonnes are less reliable. 
T ho u g h  83 % o f  the  nearly 10 000 incidents 
is o f the  class below 7 tonnes, the 
con tribu tion  to the total quantity  o f oil 
spilled in to  the m arine env ironm ent is 
relatively small. T herefo re  these data are 
om itted . A few very large accidents are 
responsible for a h igh  percen tage o f the  oil 
spilled, m ean ing  th a t the figures for a 
particu lar year may be d istorted  by a single 
accident.

4.2 .3 . R esults o f  trend analysis for oil sp ills
The majority (70 %) o f oil spills above 7 tonnes in 
the World are caused by collisions, groundings or



Indicators for oil spills 45

Total am oun t o f  accid en ta l oil sp illed  in m arine and coasta l w a ters  o f  th e  15  EU M em ber S ta te s  in th e  period
1 9 8 5 -9 8  (only sp ills a b o v e  7 to n n e s  are a cco u n ted  for) Figure 24
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loading/discharging operations (see Table 3). It is 
noticeable that a few very large accidents are 
responsible for a high percentage o f the oil spilled. 
For exa mple, in the period 1990-99 o f the 346  
spills over 7 tonnes, totalling 830 000 tonnes, only 
ju st over 1 % of the incidents were responsible for 
75 % of oil spilled.

The yearly mean number of oil spills above 7 tonnes 
per year over the world has been estimated at 24.1 
for the 1970-79 decade, at 8.8 for the 1980-89  
decade and at 7.3 for the 1990-99 decade, 
showing a clear decrease over this 30-year period.

The change in the total amount o f oil spilled in 
marine waters of the 15 E U  Member States in the 
period 1989-98 is presented in Figure 24. The 
differences between the years are very large. The 
smallest am ount o f oil spilled is observed for the 
year 1995, and the largest amount for 1991 
(corresponding to 1 400 times the smallest 
amount).

4.2 .4 . U sefu ln ess o f  oil sp ills as pressure 
indicator

A ccidents an d  accidental oil spills are largely 
responsible for the total am o u n t o f oil spilled 
in  m arine waters. Consequently, the total 
am o u n t o f oil spilled in  E uropean  m arine 
waters changes strongly betw een years, 
m aking it difficult to re la te  the  yearly 
am ounts to efforts p u t in to  po llu tion  
aba tem en t an d  im provem ent o f  navigation 
safety.

M easures should  reduce  the risk o f oil spills. 
This will lead to decreasing am ounts o f  oil 
spills. D ue to the large differences betw een 
the  years longer tim e periods are n eed ed  to 
de te rm ine  decreasing trends in  the am ounts 
o f  oil spilled in  m arine waters. For instance 
10-year averages may be used. T h en  oil spills 
will becom e a very useful pressure indicator.

Incidence o f  oil sp ills a b o v e  7 to n n e s  by cau se  
in th e  p eriod  1 9 9 7 -9 8 Table 3

Incidence ( %) by cau se

O p erations
Lo ad ing /d ischa rg ing 23.0
Bunkering 1.8
O th e r op era tio ns 3.5

A ccid en ts
C ollis ions 23.8
G round ings 22.1
Hull fa ilu re 8.6
Fires and exp los ions 2.6

O ther 14.6

Source: Eurostat, based 
on data from  ITOPF.

4.3 . State

4.3 .1 . State variable
Oil spills in  m arine an d  coastal waters lead to 
oil slicks. T he n u m b er o f oil slicks observed 
as well as the surface area  covered may be 
considered  state variables.

4.3 .2 . Availability and reliability o f  data on  
oil slicks

U n d er the B onn A greem ent, eight N orth  Sea 
States execute aerial surveillance as an  aid to 
de tec t an d  abate po llu tion  an d  to  prevent 
violations o f  anti-pollu tion  regulations. E ight 
countries participate: Belgium, D enm ark, 
France, Germany, the N etherlands, Sweden, 
the  U n ited  K ingdom , an d  Norway. The 
H elcom  C onvention established an  aerial 
surveillance over the  Baltic Sea for the same 
objective. N ine countries participate: 
D enm ark, Germany, Finland, Sweden, 
Poland, Russian Federation , Latvia, 
L ithuan ia  an d  Estonia. T he flight frequency 
in  b o th  areas will have an  effect on  the 
n u m b er o f slicks detected.

No data  on  oil spills from  aerial surveillance 
are  available for the  N orth-East A tlantic 
O cean. O il spills from  aerial surveillance in
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Figure 25
N um ber o f  o b ser v ed  oil slicks from  aerial surveillance in th e  p eriod  1 9 9 0 -9 8  for b oth  th e  N orth Sea  
and th e  Baltic Sea

Source: Bonn A g re e m e n t 
(fo r the  N o rth  Sea) and 
Helcom  (fo r the  Baltic 
Sea).
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the F rench  an d  Italian  M ed iterranean  areas 
exceed 200 occurrences p e r year. But the 
data  are  available only at na tional level and  
n o t com m only rep o rted  u n d e r the B arcelona 
C onvention. T here  is n o  o th e r rep o rt for the 
M ed iterranean  Sea, w here th ere  are abou t 
40 oil-related sites (p ipeline term inals, 
refineries, offshore platform s, etc.). M uch of 
the Black Sea is severely po llu ted  w ith oil, 
especially n ea r ports an d  river m ouths, 
probably as a result o f  heavy boat traffic in  
the  Black Sea; oil po llu tion  along sh ipping 
lanes is especially heavy an d  is suggested to 
be caused by discharges o f ballast w ater and  
bilge oil.

4 .3 .3 . R esults o f  trend analysis for oil slicks
In  Figure 25 the results o f  aerial surveillance 
in  the N orth  Sea an d  the  Baltic Sea for the 
perio d  1992-96 are  p resen ted . B oth the total 
n u m b er o f oil slicks as well as the n u m b er of 
slicks observed p e r flight h o u r are  presen ted . 
M ore flights may enforce keeping the rules, 
thereby  decreasing the  n u m b er o f oil slicks.

The number of oil slicks observed is declining 
steadily. The high frequencies in 1997 and 1998 
correspond to a methodological artefact due to the 
reporting o f very small oil spills (less than 1 m3) by 
one country.

4 .3 .4 . U sefu ln ess o f  oil slicks as state 
indicator

T he n u m b er o f oil slicks observed may be 
considered  a very useful indicator, b o th  for 
the state as well as for responses. This 
ind icato r gives clear and  d irect results o f oil 
po llu tion  ab a tem en t policies. M oreover the  
aerial surveillance to identify the  
p erp e tra to rs  an d  the n u m b er o f  oil slicks is 
an  effective con tro l m easure tha t prevents 
illegal oil discharges.

4 .4 . Impacts

O il spills are m ainly confined  to navigation 
corridors an d  may cause significant local 
dam age to beaches, fish an d  shellfish, and  
b ird  populations. T here  are  a lo t m ore  oil 
slicks from  illegal discharges o f oil th an  from  
accidents.

T he biological effects o f oil stranded  onshore 
may be disproportionately  large w hen key 
species or processes are affected. Clean-up 
an d  trea tm en t techn iques applied  to spilled 
o r s tranded  oil can also have significant, 
long-lasting effects an d  n eed  to  be carefully 
evaluated p rio r to use (Irvine, 2000).

G athering  info rm ation  o f im pacts o f  oil spills 
o n  the  m arine  an d  coastal env ironm ent was 
n o t a task in  the pro ject a im ed at w riting this 
rep o rt. T herefo re  such info rm ation  is no t 
included.

4 .5 . Responses

U n d er the  B onn A greem ent, N orth  Sea 
States execute surveillance as an  aid to  detect 
an d  com bat po llu tion  an d  to  prevent 
violations o f anti-pollu tion  regulations. The 
H elcom  C onvention established an  aerial 
surveillance over the  Baltic for the  same 
objective. France an d  Italy opera te  aerial 
surveillance planes in  the ir M editerranean  
areas o f responsibility. G reece an d  Turkey are 
in  the  process o f purchasing  such planes. In  
the  fram ew ork o f the B arcelona C onvention 
the  Regional M arine P ollu tion  Em ergency 
R esponse C entre  for the  M editerranean  Sea 
(R em pec) it is in ten d ed  to elaborate plans 
for aerial surveillance in  the  M editerranean . 
T hese aerial surveillance operations, w hen 
conducted  regularly, will allow a p e rm an en t 
con tro l o f observed illegal slicks in  the
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‘special a reas’ w here discharges are 
p roh ib ited . T he n u m b er o f flights may be 
considered  a useful response indicator.

Im provem ent m easures have been  p roposed  
by the EC, after the  D ecem ber 1999 Erika oil 
spill in  France. Two sets o f proposals were 
m ade by the Com m ission in  M arch and  
D ecem ber 2000, with the view to am end  
previous directives an d  regulations an d  issue 
a directive an d  two regulations for:

• generalising  the  ban  o n  single-hull tankers;
• establishing a C om m unity m onitoring , 

con tro l an d  info rm ation  system for 
m aritim e traffic;

• establishing a fu n d  for the  com pensation  of 
oil po llu tion  dam age in  E u ropean  waters; 
and

• establishing a E uropean  m aritim e safety 
agency.

T he recen t Directive 2 0 0 0 /5 9 /E C  o f 27 
N ovem ber 2000 on  p o rt recep tion  facilities 
for ship-generated  waste an d  cargo residues 
aims at ensuring  a m ajor redu c tio n  in  m arine 
po llu tion  by the  provision o f adequate  waste 
recep tio n  facilities in  all EU ports.

Response indicators may be developed based 
on  the degree o f  im plem enta tion  o f these 
directives an d  the p roposed  im provem ent
m easures.
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5. Integrated indicators

5.1 . Introduction

5.1.1. P olicy questions
In  the p reced ing  chapters the  developm ent 
o f  indicators for eu troph ica tion  and  
hazardous substances is discussed w ithin the 
DPSIR fram ework. P aram eters have been  
tested  o n  th e ir usefulness to  describe for 
these them es the rela tion  betw een hum an  
activities an d  the effects on  the m arine and  
coastal environm ent.

A part from  the n eed  to  develop indicators 
for them es like eu troph ica tion  and  
hazardous substances in fo rm ation  is n eed ed  
on  the  biological quality o f  the environm ent 
an d  the effect o f various disturbances (m ulti­
stress) due  to h u m an  activities on  this quality. 
In teg ra ted  (im pact) indicators should  be 
developed.

T he W ater Fram ew ork Directive (EU, 2000) 
states th a t in fo rm ation  on  biological quality 
elem ents is needed . By determ in ing  these 
elem ents an d  com paring  them  to type- 
specific conditions, m arine and  coastal waters 
may be classified (ecological status 
classification).

T he p roposed  sixth environm ental action 
program m e (EC, 2001) addresses the  n eed  
for healthy an d  balanced  n a tu ra l systems. 
T herefo re, we n eed  to know m ore  abou t the  
state o f  the bio-diversity an d  the  pressures 
an d  trends. D ata are lacking severely in  this 
area  an d  organisations like the EEA an d  the 
national statistical an d  info rm ation  bodies 
n eed  to tu rn  th e ir a tten tio n  to  basis 
in fo rm ation  gathering  in  this area.

5.1.2. R elevant b iological quality variables
T he W ater Fram ew ork Directive (EU, 2000) 
states th a t in fo rm ation  is n eed ed  on  the 
following biological quality variables in  
coastal waters:

• com position an d  biom ass of 
phytoplankton;

• com position an d  abundance  o f o ther 
aquatic flora;

• com position an d  abundance  o f ben th ic  
invertebrate fauna.

5.2 . Biological quality

5.2 .1 . Availability o f  data
D ata o n  phy top lank ton  biomass, ben th ic  
vegetation  an d  fauna are  scarce as these data 
are  n o t collected systematically (Æ rtebjerg et 
al., 2001). Some countries ga ther data  for 
th e ir coastal waters an d  determ ine  these 
biological variables and, if  possible, trends 
over tim e. Exam ples are G reece (A nnex 2), 
Italy (Vollenweider et al., 1998), the 
N etherlands (K abuta an d  Duijts, 2000) and  
Norway.

5.2.2. Indicators for phytoplankton
Diversity o f phytoplankton 
K abuta an d  Duijts (2000) rep o rt the results 
o f  research  d one  to de te rm ine  indicators that 
may be useful in  describing the ecosystem 
state o f the N orth  Sea for policy-making. T he 
diversity o f  phytop lank ton  is calculated with 
the  Shannon-W iener index:

log ,t>
i

in  which: I’ = n i /N
n = n u m b er o f individuals o f 

species i 
N = total n u m b er o f individuals.

H  is sum m arised over all species p resen t. The 
value o f H  is de te rm in ed  by the n u m b er o f 
d ifferen t species an d  the  evenness o f the 
d istribu tion  o f  species. W hen all species are 
p resen t in  equal num bers a value o f  1 is 
calculated.

K abuta an d  Duijts (2000) re p o rt th a t the H  
value o f phy toplankton  increased in  the 
D utch  p a rt o f the N orth  Sea in  the period  
1990-97 due to an  increased evenness.

Trophic index
Vollenweider e t al. (1998) developed a 
troph ic  index  (TRIX) in tegrating  
chlorophyll-a, oxygen saturation, total 
n itro g en  and  phosphorus to characterise the 
troph ic  state o f coastal waters. TRIX values 
are  calculated w ith the  form ula:

TRIX = k / n  X I  (M; —  Li)/ ( L j  —  Li)
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in  which: k =  10 (scaling the  result betw een 
0 an d  10) 

n  = 4 (n u m b er o f variables that 
are in tegrated)

Mj = m easured  value o f variable i 
Uj = u p p e r lim it o f  variable i 
Lj = lower lim it o f  value i.

T he resulting  TRIX values are d ep en d en t on  
the  u p p e r an d  lower lim it chosen. W hen 
location-specific lim its are chosen (based on 
the  n a tu ra l conditions o ccu rrin g ), the TRIX 
values calculated indicate how  close the 
cu rren t state is to the n a tu ra l (ideal) state. 
However, com paring  TRIX values o f d ifferent 
areas becom es m ore  difficult. W hen  a wide, 
m ore  genera l range is used for the  limits, 
TRIX values for d ifferen t areas are  m ore 
easily com pared  to  each other.

Phytotoxins
Several toxic o r harm fu l phytoplankton  
species have b een  recorded . T he toxins may 
be transm itted  to  hum ans th ro u g h  
consum ption  o f con tam inated  seafood and  
becom e a serious h ea lth  th reat. Thus, toxins 
are m on ito red  in  shellfish with the  aim  to 
p ro tec t consum ers.

Five h u m an  syndrom es are  presently 
recognised to  be caused by consum ption  o f 
con tam inated  seafood. T he E uropean  U nion  
is currently  focussing o n  th ree  o f them :

• am nesic shellfish poisoning  (ASP),
• d iarrhetic  shellfish po isoning  (DSP),

• paralytic shellfish poisoning  (PSP).

A n ind icato r has b een  developed based on 
these data  on  ASP, DSP an d  PSP (A nnex 3).

In  Figure 26 shellfish poisoning events are 
presented for the coastal waters of the 15 European 
Member States. The number of events fluctua tes 
between the years, and a general trend is not. 
observed.

This ind ica to r m ight be im proved if  the 
percen tage  frequency o f sam ples collected 
an d  analysed for toxins, w hich show positive 
response for ASP, DSP an d  PSP respectively, 
could  be given.

5.2 .3 . Indicators for aquatic flora
A quatic flora o th e r th an  phy top lank ton  is 
com posed o f m acro-algae an d  sea grasses. 
T he W ater Fram ew ork Directive requests 
m on ito ring  o f the com position and  
abundance  o f such ben th ic  vegetation.

Philips an d  D urako (2000) argue tha t 
seagrasses may be one  o f  the best indicators 
o f  changes in  coastal waters. Because m ost 
seagrasses are  benth ic-perenn ia l plants, they 
are  continuously subject to stress and  
disturbances th a t are associated with changes 
in  w ater quality along the la n d /se a  in terface. 
Thus, seagrasses act as indicators o f  n e t 
changes in  w ater quality variables w hich tend  
to  exhibit rap id  an d  wide fluctuations w hen 
m easured  directly.

C h an ges in ASP, DSP, PSP in EU-15 from  1 9 8 9  to  1 9 9 8 Figure 26
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D epth  distribu tion  o f m acro-algae is an  
ind icato r for w ater quality, since with 
increased eu troph ica tion  the abundance  of 
un icellu lar algae increase, w hich is reducing  
the light availability o f bo ttom  living m acro­
algae an d  is reducing  so the ability o f m acro­
algae to live in  deep er waters.

T he task o f ga thering  data on  aquatic flora or 
the  developm ent o f  an  ind ica to r were n o t 
inc luded  in  the  testing o f indicators for this 
re p o rt an d  will be dealt with in  the com ing 
years.

5.2.4. Indicators for benthic fauna
Case study on indicators on benthic fauna in 
Greek coastal waters
T he b en th ic  com m unity  structure  in  G reek 
coastal waters was analysed for param eters 
w ith ind icato r p o ten tia l (see A nnex 2). 
B enthic com m unity  structure  has b een  said 
an d  proved to  be a reliable m easure of 
ecosystem ‘h e a lth ’. Thus, m on ito ring  of 
ben th ic  ecosystems, a lthough  it may be time- 
consum ing, has often  b een  applied  in  
environm ental im pact studies (fisheries, 
dom es tic /in d u stria l effluent, dum ping  of 
solid waste, etc.). Historically, know ledge of 
the  m arine ben th ic  com m unity structu re  and  
its function ing  have re lied  u p o n  the  m ost 
widely used ben th ic  param eters:

• the  n u m b er o f species (S);
• the  abundance  (N) o r p o pu la tion  density 

expressed as n u m b er o f individuals p e r m 2;
• the  com m unity diversity using the 

Shannon-W iener index  (S hannon  and  
Weaver, 1963) o r o th e r indices;

• the  ecological identity  o f the  dom inan t 
species the  so-called ‘key species’;

• trends in  ben th ic  param eters.

A genera l evolutionary p a tte rn  o f  the 
m acroben th ic  com m unities o f the  soft- 
bo ttom ed  substrate u n d e r the  in fluence o f a 
p e rtu rb a tio n  factor (o f an th ropogen ic  
origin) has b een  described worldwide, based 
on  the  works o f Reish, 1959; Peres and  
Bellan, 1973; Pearson an d  R osenberg, 1978; 
Salen-Picard, 1983.

T he changes tha t a ben th ic  com m unity 
u n d erg o  u n d e r the  in fluence o f the 
d isturbance from  an  initial state o f h igh  
diversity an d  richness in  species and  
individuals are as follows:

1. a regression o f  the species strictly linked
to the original conditions o f  the 
environm ent;

2. certa in  to leran t species considered  as 
po llu tion  indicators ten d  to m onopolise 
available space. A lim ited increase of 
diversity can be observed in  this state.
T he com m unity structure  rem ains 
recognisable even if  degraded  
(subnorm al zone);

3. a destruction  o f the com m unity is 
recorded ; certain  species exist and  
develop, apparen tly  in dependen tly  o f 
each other. Species diversity decreases 
an d  becom es m inim al (po llu ted  zone);

4. the m acroben thos disappears (zone of 
m axim al p o llu tio n ).

Based on  real values a n d /o r  ranges o f values 
o f  the above param eters from  the G reek seas, 
these variables were tested as possible 
indicators to assess the  state o f the ecosystem. 
T he test shows tha t the  n u m b er o f ben th ic  
species S can be a reliable m easure o f 
environm ental stress provided th a t the 
sam pling p ro ced u re  is standard ised  (m esh 
sieve size, surface area  sam pled, d ep th  range, 
sed im ent type, an d  taxonom ic level). 
S tandard  values (range o f  values) o f  S for 
‘n o rm a l’ com m unities should  be developed 
for d ifferent dep ths an d  sed im ent type to be 
used as reference  values in  m onito ring  
studies. D eviation from  such values will th en  
be indicative o f  the degree o f environm ental 
stress.

T he abundance  o f ben th ic  organism s N in a 
given area  varies greatly an d  canno t be used 
as a reliable m easure o f environm ental stress. 
O n  the  o th e r hand , the  abundance  o f ‘key 
species’, if  well defined, m ight be a good 
indicator. Key species in  the G reek 
classification o f po llu tion  (five classes) have 
b een  identified , looking at opportun istic  
species, to le ran t species an d  sensitive species. 
Since key species differ betw een coastal 
waters, for each coastal w ater the  key species 
w ith ind icato r po ten tia l have to  be 
determ ined .

C om m unity diversity (H) using the Shannon- 
W iener index  can be used to  classify the 
ben th ic  com m unities’ state re la ted  to the 
degree o f pollution:

ff = - £ i > i o g  ,t>
i

w here Pi = n i / N  ( n, the  n u m b er o f individuals 
o f  the rth species an d  N  the  total n u m b er of 
individuals). H igh diversity values norm ally
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C lassification o f  pollution  in fresh w a ters b a sed  on d iversity  o f  so ft-b o ffo m  founa Table 4

Indicator

C lasses

V
Norm al

z o n e

IV
Transition

zo n e

III
M od erately

p o llu ted

II
Highly

p o llu ted

I
Badly

p o llu ted

D ivers ity  o f 
so ft-b o tto m  
fauna

Shannon- 
W iener 
inde x  (H)

>  4.6 4 -4 .6 3 -4 1.5 -3 <  1.5

are co rrela ted  w ith h igh  num bers o f species 
an d  indicate beneficial environm ental 
conditions.

W hen  evaluating com m unity diversity H, one 
should  take in to  account separately its two 
com ponen ts toge ther with the fauna data, in  
o rd e r to detect extrem e abundance  of 
opportun ists ind icating  disturbance. For 
instance, in  transition  zones betw een two 
succession stages, diversity may be high, even 
h ig h er th an  norm al, w hereas the com m unity 
is d isturbed.

Community diversity (H) in Greek waters has been 
calculated to range between 1.12 to 6.81, i f  
calculated on pooled data. Figure 27 shows the 
distribution o fH  in 116 sites all over Greece. 
However, i f  ca lculated on a standa rd sa mpling 
unit (0.1 m2) the maximal value is 5. 26 bits/unit. 
Certainly community diversity is lowered by severe 
pollution stress compared with control areas or 
years. Five classes of pollution can be defined for the 
Greek coastal waters and a pristine area using H.

Values lower th an  1.50 bits p e r u n it (class I) 
have b een  calculated at the badly po llu ted  
areas o f the  Saronikos G ulf (zone I), betw een 
1.5 and  3 (class II) for highly po llu ted  areas 
o f  T herm aikos an d  Saronikos (zone II), 3 -4  
(class III) for m oderately  po llu ted  (zone III) 
areas, 4 -4 .6  (class IV) for transitional zones 
(zone IV) an d  over 4.6 (class V) for norm al 
zones (see Table 4). T he m axim um  values of 
H  coincide w ith the  pristine areas of 
Sporades m arine park, Kyklades plateau, 
R hodes Island, Ion ian  Sea an d  Petalioi G ulf 
A egean): 6,81 bits p e r unit.

Local improvements in the number o f (benthic) 
species and the Shannon-Wiener index value for 
benthic communities in the period 1997-99 can be 
found  but also deterioration o f the ecosystem at 
some other locations in the Saronikos Gulf.

It is concluded  th a t indicators (diversity 
index  level an d  key species) can be used as 
effective tools only w hen  a background  base 
is available perta in ing  to the  specific 
ecosystem.

Analysis of benthic fauna in coastal waters of the 
Netherlands
K abilia an d  Duijts (2000) re p o rt the results 
o f  research  d one  to  de te rm ine  indicators that 
may be useful in  describing the ecosystem 
state o f the  N orth  Sea for policy-making.

M acro-zoobenthos is an  im p o rtan t link in  
food-web chains, m ean ing  tha t the  diversity 
o f  m acro-zoobenthos (d e te rm in ed  with the 
Shannon-W iener index) may be used as an  
ind ica to r o f  the ecological quality. Oxygen 
deficiency may result in  loss o f diversity and  
biomass. O th e r h u m an  activities like bo ttom  
trawl fisheries an d  w ater po llu tion  also affect 
m acro-zoobenthos.

Kabilia and Duijts (2000) reported an increase in 
the diversity of macro-zoobenthos (Shannon-Wiener 
index value) in Dutch coastal waters in the period 
1995-98. This was due to an increase in evenness.

T he m acro-zoobenthos species can be 
divided into: (1) suspension feeders; (2) 
in terface feeders; (3) surface deposit feeders; 
an d  (4) subsurface deposit feeders. Based on

D istribution o f  Shannon-W iener com m unity  d iversity  (H to ta l, X axis) over  1 1 6  G reek  s ite s  (Y axis);
a v era g e  d iversity  (H AVG): H/0.1 m2)
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0 - I
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H total H A verage



52  T esting o f indicators for th e  marine and coastal environm ent in Europe

Table 5 C lassification o f  organ ic c o n te n t in se d im e n ts  and d iversity  (H) o f  so ft-b o tto m  fauna in N orw egian  w aters

C lasses

Param eters

1
Very
g o o d

II
G ood

III
Fair

IV
Bad

V
Bad

Sedim ents O rg an ic  carbon 
(m g/g )

< 20 20 -27 2 7 -3 4 34-41 > 41

D ivers ity  o f so ft- 
b o tto m  fauna

Shannon-W iener 
Index (H)

>  4 4 -3 3 -2 2-1 <  1

this division, the  troph ic  structure  o f m acro- 
zoobenthos (infaunal troph ic  index  = ITI) 
can be d e te rm ined  using the  form ula:

ITI = 100 —  100 /3  X (Onj + ln„+  2n„+ 3n4) /  
(nj + n„ + n„ + n 4)

in  w hich nj, n„  n„ an d  n 4 are the n u m b er of 
individuals sam pled in  each o f  the above 
m en tio n ed  groups. ITI values n ea r 100 m ean  
tha t suspension feeders are dom in an t and  
th a t the env ironm ent is n o t disturbed. N ear a 
value o f 0 subsurface feeders are dom inant, 
m ean ing  tha t the  env ironm ent is probably 
d isturbed  strongly due to h u m an  activities.

Kabilia and Duijts (2000) found  one area north of 
the 'Wadden Sea where the infaunal trophic index 
value clearly decreased in the period 1991-98.

Analysis o f ben th ic fau na in coastal wa ters of 
Norway
T he ben th ic  com m unity structure  in  the  
in n e r p a rt o f the  Tvedestrandsfj o rd en  was 
analysed. This fjord has a restric ted  deep- 
w ater exchange an d  has b een  a rec ip ien t of 
large am ounts o f  organic m aterial. Oxygen 
deficiency n ea r the  bo ttom  and  
accum ulation  o f  organic m aterial in  the 
sed im ent are im portan t factors affecting the 
fauna status an d  gradients in  the area.

T he diversity o f the soft-bottom  fauna in  the 
area  was dete rm in ed  using the  Shannon- 
W iener form ula an d  this diversity was

com pared  to the  organic carbon  co n ten t in 
the  sedim ent. D ata were used from  the 
p erio d  1983-99. Based on  the results, five 
ecological classes were defined  (see Table 5).

5.3 . Usefulness o f in tegrated  
indicators

In teg ra ted  indicators like the  Shannon- 
W iener index  (H ) for the  diversity of 
ecosystem com m unities, the  in faunal trophic  
index  (IT I), an d  the troph ic  index  (TRIX) 
all req u ire  a larger m on ito ring  effort than  
sim ple, directly to determ ine, variables. 
T hese in teg ra ted  variables may be useful in  
de term in ing  the ecological state o f coastal 
waters an d  probably  they may be applied  for 
tren d  analysis. These in teg ra ted  indicators 
an d  also key species as indicators can be used 
as effective tools only w hen  a background 
database is available p e rta in ing  to the  specific 
ecosystem.

For the  m om en t know ledge o f and  
experience with the use o f these variables on 
the  basis o f na tional m onito ring  and  
assessm ent program m es is lim ited. Analysis 
has b een  m ainly done at a p ro ject basis at 
country  or local level. A lthough it is yet too 
early for solid conclusions on  the  usefulness 
o f  these variables for assessing the ind icator 
ecological quality at the  E uropean  level, the 
results o f testing in  d ifferent reg ional seas is 
p rom ising b u t an  application  at pan- 
E uropean  scale still needs to be developed.



P resent sta te  o f indicator d ev e lo p m en t

6. Present state of indicator 
development

6 .1 . Introduction

To be useful, an  ind icato r m ust preferably 
have Statistical an d  com m unicative power. 
Statistical pow er m eans the probability  th a t a 
certa in  change o f a variable can be 
established with a fixed precision. 
Com m unicative pow er m eans tha t the 
m ean ing  o f the  ind icato r is clear an d  tha t the 
developm ent o f the  ind ica to r over tim e can 
be p resen ted  in  such a way tha t trends may be 
observed easily an d  can be u n d ersto o d  and  
re la ted  to trends in  indicators o f o th e r levels 
o f  the  DPSIR fram ework. It also m eans tha t 
the  indicators reflect the effects o f policies.

T he statistical an d  com m unicative pow er may 
be related . For instance an  ind icato r with a 
relative large n a tu ra l variability has less 
statistical power, since long tim e series are 
n eed ed  to detect trends. T h en  the 
com m unicative pow er may also be low. D ata 
processing (sm ooth ing  o f the  developm ent 
over tim e) may be necessary to m ake the 
trends clearly visible. This sm ooth ing  will 
im prove the  com m unicative pow er as well.

T he p resen t state o f  ind icato r developm ent is 
discussed below by com paring  the ind icator 
po ten tia l an d  the  progress in  developm ent 
m ade thus far.

6 .2 . Indicator potential

T hree  classes o f  ind icato r po ten tia l are 
distinguished:

• h igh  potential. T he variables have statistical 
an d  com m unicative pow er an d  are  useful in 
policy-making an d  evaluation on  a 
E uropean  scale. They fit in  the DPSIR 
fram ew ork showing clear relations with 
indicators at o th e r levels o f this fram ework. 
Possible trends are easy to detect w ith these 
variables. D ata collection is relatively easy 
an d  quality assurance o f the  data poses no  
special problem s;

• m ed ium  potential. T he variables have 
som ew hat less statistical and  
com m unicative pow er th an  h igh  poten tia l 
indicators an d  may be som ew hat less useful 
in  policy-making an d  evaluation. For 
instance a reg ional scale may be

approp ria te  instead o f a E uropean  one. 
T he relations with indicators at o th e r levels 
o f this fram ew ork may be less clear. T rends 
are still relatively easy to detect. Data 
collection may becom e som ew hat less easy 
an d  quality assurance o f the data  may pose 
som e problem s;

• low poten tia l. T he variables have a lim ited 
statistical an d  com m unicative pow er and  
the usefulness for policy-making and  
evaluation may be lim ited. T he ind icator 
may have value only o n  a local a n d /o r  
reg ional scale. T he relations w ith indicators 
at o th e r levels o f  this fram ew ork are  n o t 
clear. T ren d  detec tion  may be difficult and  
data collection may becom e troublesom e, 
possibly posing problem s w ith quality 
assurance o f the data.

In  Figure 28 the param eters tha t are 
discussed in  the  p reced ing  chapters are  listed 
accord ing  to th e ir ind icato r potential. A h igh  
ind ica to r p o ten tia l is assigned to the pressure 
indicators (inputs o f  n u trien ts  an d  hazardous 
substances), an d  the concen tra tion  o f 
n u trien ts  in  coastal water, hazardous 
substances in  the  b lue m ussel an d  oil slicks 
observed (state in d ica to r), an d  some 
biological effects o f hazardous substances 
(im pact ind icato r). C oncentrations o f 
hazardous substances in  sedim ents (state 
ind icator) are  classified as low potential. The 
rem ain ing  variables are considered  to have 
m edium  ind icato r potential.

In teg ra ted  biological indicators are  m ean t to 
describe the ecological state o f  m arine and  
coastal waters an d  are n o t re la ted  to a specific 
them e. T he ind icato r po ten tia l o f these 
variables is n o t clear yet, an d  therefo re  these 
variables are classified as o f m edium  
potential.

T he work o f Sherm an (2000) is relevant 
here . H e distinguished eight types of 
disturbances an d  investigated the  possibilities 
to  relate these to a small n u m b er o f 
disturbance indicators. These im pact-based 
indices are m ean t to m easure m ultip le 
m arine ecological d isturbances (MMEDs) 
an d  may be used to  help  define m ajor 
im pacts.
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r-. Estim ation o f  th e  p resen t s ta te  o f  indicator d e v e lo p m e n t for th e  th e m e s  eu trop h ication  and hazardous
Fiqure 28  , . rs su b sta n ces

In d ic a to r
p o te n t ia l

A
H igh

• (Some) biological 
effects o f hazardous 
substances

• A tm ospheric inputs of 
nitrogen

• Direct and  riverine inputs 
of hazardous substances

• C oncentrations of 
hazardous substances 
in blue mussel

• Oil slicks observed

• Direct 
riverine inputs 
of nutrients

•  Concentration 
of nutrients in 
coastal w aters

M e d iu m

• (In tegrated  biological 
variables

• Bottom oxygen 
concentration

• Chlorophyll-a
• A tm ospheric inputs of 

hazardous substances
• Oil spills

L o w

• C oncentration of 
hazardous substances 
in sedim ents

Id e n t if ic a t io n  D e v e lo p m e n t  F u rth er  d e v e lo p m e n t  C o m p le t io n

Phases

6.3 . Progress in indicator 
developm ent

W ith respect to the  progress m ade in  
indicator developm ent four phases are 
distinguished:

• identification  phase. In  this initial phase, 
the  possibilities to develop an  ind icato r are 
explored. D ata are collected an d  som e 
trials are  carried  out, for instance on  a local 
scale, to find  o u t if a variable may be useful 
an d  m ight have ind icato r potential;

• developm ent phase. In  this second phase, 
ind ica to r developm ent starts. D ata are 
collected covering several years an d  for 
m ore th an  ju s t  a few locations. The 
resulting  tim e series are used to detect 
trends. W hen the results o f  tren d  detection  
are prom ising, an d  data collection does no t 
pose serious problem s, the n ex t phase may 
be reached;

• fu rth e r developm ent phase. In  this phase 
the usefulness o f  the ind icato r m ust be 
tested  an d  dem onstrated . T he rela tion  with 
indicators a t o th e r levels o f the  DPSIR 
fram ew ork m ust be m ade clear. W hen 
policies are expected  to have effects on  the 
indicator, clear trends m ust be found.

W hen considered  useful the developm ent 
may pass to the  last phase;

• com pletion  phase. In  this last phase the 
focus is p laced o n  com pleting  data 
collection, b o th  quantitative and  
qualitative. T he geographical coverage is 
enlarged: all relevant m arine an d  coastal 
waters m ust be covered. T im e coverage is 
also im proved an d  quality assurance o f the 
data gets full a tten tio n  m aking tren d  
detection  reliable.

In  the  two last phases special aspects and  
characteristics may be accoun ted  for, like the 
n a tu ra l variability o f param eters. For instance 
riverine inputs vary yearly with river flows. 
For b e tte r com paring the in p u t loads 
betw een years an d  for tren d  detection  a 
th o ro u g h  u n derstand ing  o f this variability is 
w anted. By using info rm ation  on  the 
relations betw een river flow an d  in p u t loads, 
the  loads may be standard ised  in d ep en d en t 
o f  variations in  yearly river flows (see also 
p arag raph  2.2.2). A b e tte r u n derstand ing  of 
the  n a tu ra l variability an d  insight in to  the 
n a tu ra l conditions an d  the p resen t deviations 
from  the  n a tu ra l state may be helpfu l in 
de term in ing  quality classes for the m arine 
an d  coastal w ater environm ent, taking in to  
accoun t local conditions.
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In  Figure 28 the param eters tha t have been  
discussed in  the  p reced ing  chapters are  listed 
accord ing  to the  progress m ade in  
developm ent. N one o f  the indicators are 
p laced in  the com pletion  phase. Most 
progress is m ade with the developm ent o f 
d irect an d  riverine inputs o f  nu trien ts  
(pressure ind icator) an d  the concentrations 
o f  nu trien ts  in  coastal waters (state 
ind ica to r). T he m ajor p a rt o f the variables 
discussed in  the  p reced ing  chapters are 
p laced in  the second phase (developm ent), 
m ean ing  tha t a lo t o f work still has to  be done 
before  the developm ent may be considered 
com pleted . All biological variables (im pact 
indicators) except chlorophyll-a are p laced in  
the  first phase o f initialisation.

6 .4 . S tate o f indicator developm ent

In  Figure 28 the param eters tha t have been  
discussed in  the  p reced ing  chapters are  listed 
accord ing  to the  progress m ade in  
developm ent. Scaling against the  classes of 
ind ica to r p o ten tia l provides an  insight in to  
the  p resen t state. It should  be n o ted  here  
th a t the assignation o f the  indicators to  the 
d ifferen t classes o f ind icato r potentials and  
developm ent phases is subjective. T he classes 
o f  ind icato r potentials and  phases are  n o t 
clear-cut; they pass in to  each o th e r ra th e r 
smoothly. T herefo re, the place o f  an  
ind ica to r in  the schem e in  Figure 28 m ust 
n o t be taken  as exactly true. T he places are 
m ean t as indications an d  are o pen  for 
discussion.

In  (fu rther) developing indicators, priority 
should  be given to indicators w ith a h igh  
poten tia l. However, progress can be m ade 
only w hen ind icato r developm ent is 
accom panied  by the  developm ent o f  a 
harm onised  m onito ring  strategy, on  a 
E uropean  scale. For instance, efforts are 
n eed ed  to standardise collection and  
dissem ination o f the  data an d  to harm onise 
existing national an d  in te rna tiona l 
m on ito ring  activities (see also parag raph  
3.2.8).

Collecting data an d  tim e series long enough  
to  m ake tren d  detection  reliable, takes a 
n u m b er o f years. So, even for the indicators 
p laced in  the th ird  phase o f developm ent, 
m ore  years may be n eed ed  to give the 
ind ica to r its full pow er on  a E u ropean  scale 
in  policy-making an d  evaluation.

6.5 . N eed for, and possibilities of, 
updating and upgrading  
indicators

6.5 .1 . N ee d  for updating and upgrading  
indicators

Ind icators m ust provide an  insight in to  the 
developm ent over tim e o f the state o f  the 
m arine an d  coastal env ironm ent re la ted  to 
E uropean  policies. P resen ting  the results o f 
the  developm ent should  preferably be done 
in  such a way tha t the period  to be covered 
may be ex tended  easily showing the 
developm ent in  the years added . E xtending  
the  tim e period  to  be covered m eans that 
a n n u a l/re g u la r  updates o f the  data  set are 
needed .

W hen  the  geographical coverage o f the  data 
is en larged  the  n eed  may arise to incorpora te  
th a t in  the  way the  ind icato r is p resen ted . O n 
the  one  hand , this may m ean  th a t at an  
aggregated (E uropean) level o f p resen ta tion  
m ore  areas n eed  to be covered, an d  o n  the 
o th e r h an d  separate results n eed  to be shown 
for m ore m arine an d  coastal waters.

Policies may change over time, for instance 
p lacing the  focus on  d ifferen t substances. 
Ind icators and  the  way in  w hich they are 
p resen ted  should  preferably be able to  cope 
with that. Similar to the  geographical 
coverage, it m eans th a t on  the one h an d  at an  
aggregated level o f p resen ta tion  m ore 
substances n eed  to be covered, an d  on  the 
o th e r h an d  separate results n eed  to be shown 
for specific substances.

6.5 .2 . Flexibility to adapt indicators
T he n o tio n  ‘flexibility’ is used to describe the 
possibilities to  adap t the  indicators an d  the 
way they are  p resen ted  to possible fu tu re  
needs. T he h ighest flexibility is realised w hen 
the  ind ica to r an d  the way the results are 
p resen ted  for tha t ind icato r can be easily 
ad ap ted  to a d ifferen t setting. For instance, 
the  geographical coverage may be increased, 
tim e series may be leng thened , and  
(hazardous) substances an d  ind icato r species 
may be added.

D eterm in ing  an d  discussing the flexibility of 
ind icators only m akes sense for indicators for 
w hich trends are  detec ted  (see the figures in 
this re p o r t) . In  Table 6 the flexibility o f these 
indicators is p resen ted . Since the way of 
p resen ta tion  often  determ ines the ease to 
ad ap t to a n o th e r setting, the flexibility is 
given at the  level o f the  figures showing 
trends in  the  p reced ing  chapters.
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Table 6 Flexib ility o f indicators d e p en d e n t on th e  w ay o f presentation

Indicator W ay o f  p resen ta tion Flexi­
bility

Ease o f  ad ap ta tion

Inputs o f 
nu trien ts 
(pressure)

Figures 3 and 4; 
a g g re g a te d  over 
substances and seas

High Years m ay be ad ded  len g th e n in g  the  curves; 
ad d ing  Inpu ts o f m ore  coastal w ate rs w ill 
change the  fig u re  (new ca lcu la tions needed)

Figure 5; a g g re g a te d  over 
reg iona l seas

High Years m ay be ad ded  len g th e n in g  the  curves; 
co m p le tin g  Inp u t data w ill change the  figu re  
(new ca lcu la tions needed)

Figure 6; nu trien t 
com pos ition  ag g reg a te d  
fo r N o rth  Sea

High Years m ay be ad ded  len g th e n in g  the  curves; 
co m p le tin g  Inp u t data w ill change the  figu re  
(new ca lcu la tions needed); s im ila r figu res  are 
possib le  fo r o th e r seas

Figure 7; w e t d e p o s itio n  on 
n itrogen  In to  th e  N o rth  Sea

High Years m ay be ad ded  len g th e n in g  the  curves; 
o th e r m e thods ap p lied  to  d e te rm in e  Input data 
w ill change th e  f ig u re  (new  calcu la tions 
needed); s im ila r figu res are possib le  fo r o th e r 
seas

N u tr ie n t
concen tra tions
(state)

Figures 8 and 10; 
phospha te  and n itra te  
a g g re g a te d  fo r Baltic Sea 
and N o rth  Sea

High Years m ay be ad ded  len g th e n in g  the  curves; 
co m p le tin g  da ta  w ill change the  fig u re  (new 
ca lcu la tions needed); sim ilar figu res  are 
possib le  fo r o th e r seas

Figure 9; phospha te  
a g g re g a te d  fo r coastal 
w aters

Low N ew  ca lcu la tions are needed w hen years are 
a d ded  a n d /o r w hen geog ra ph ica l cove rage 
changes; results are d e p e n d e n t on pe riod  
chosen and m ay change s ign ifica n tly  when 
a d d ing  one or m ore  years

B o tto m  oxygen 
concen tra tion , 
hypoxia  and 
ch lo rophy ll-a  
(Im pacts)

F igure 11; b o tto m  oxygen 
a g g re g a te d  fo r Baltic Sea 
and fo r  N o rth  Sea

High Years m ay be ad ded  len g th e n in g  the  curves; 
co m p le tin g  da ta  w ill change the  fig u re  (new 
ca lcu la tions needed); sim ilar figu res  are 
possib le  fo r o th e r seas; sm o o th ing  o f the  tim e  
series may ove rcom e p rob lem s In te rp re tin g  
results due to  h igh natural va r ia b ility

F igure 12; b o tto m  oxygen 
a g g re g a te d  fo r coastal 
w aters

Low N ew  ca lcu la tions are needed w hen years are 
a d ded  a n d /o r w hen geog ra ph ica l cove rage 
changes; results are d e p e n d e n t on pe riod  
chosen and m ay change s ign ifica n tly  when 
a d d ing  one or m ore  years

Figures 13 and 14; hypoxia 
and ch lo rophy ll-a  In Danish 
coastal w aters

M ed ium C urren t s itua tion  and change be tw een  years Is 
p resen ted ; new ca lcu la tions are needed when 
years are added ; sim ilar figu res  are possib le fo r 
o th e r seas

Inputs o f 
hazardous 
substances 
(pressure)

Figures 16 and 17; 
a g g re g a te d  ove r seas

High Years m ay be ad ded  len g th e n in g  the  curves; 
co m p le tin g  da ta  w ill change the  fig u re  (new 
ca lcu la tions needed)

Figure 18; a g g re g a te d  over 
substances and ove r seas

M edium Years m ay be ad ded  len g th e n in g  the  curves; 
co m p le tin g  da ta  w ill change the  fig u re  (new 
ca lcu la tions needed); a d d ing  substances also 
changes the  fig u re  (new ca lcu la tions needed)

Figure 19; cou n try  
con trib u tio n s

Low V aluab le  fo r q u a lity  assurance o f da ta ; ad d ing  
years o r coun tries  means m aking new figu res

Figure 20; a tm ospheric  
Inputs In to  the  N o rth  Sea

H igh Years m ay be ad ded  len g th e n in g  the  curves; 
o th e r m e thods ap p lied  to  d e te rm in e  Input data 
w ill change the  f ig u re  (new  calcu la tions 
needed); s im ila r figu res are possib le  fo r o th e r 
seas

Haza rdous 
substances In 
the  b lue  mussel 
(state)

Figures 21 and 22: 
concen tra tions and ERI 
values a g g re g a te d  ove r 
seas

M edium Years m ay be ad ded  len g th e n in g  the  curves; 
co m p le tin g  da ta  w ill change the  fig u re  (new 
ca lcu la tions needed); add ing  substances results 
In a new  partia l fig u re ; changes In BRC/EAC 
values change the  fig u re  (new calcu la tions 
needed)

O il spills 
(pressure)

F igure 24; a g g re g a te d  over 
all w aters

H igh Years m ay be ad ded  len g th e n in g  the  tim e  axis

O il slicks 
(state)

F igure 25; a g g re g a te d  over 
all m arine w aters

H igh Years m ay be ad ded  le n g then ing  the  tim e  axis; 
co m p le tin g  da ta  w ill change the  fig u re  (new 
ca lcu la tions needed)
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T he p resen ta tion  o f results showing the 
developm ent from  year to year is considered 
highly flexible. Years may be added  
leng then ing  the curves an d  showing the 
developm ent in  the years added  com pared  to 
the  p reced ing  period . P resen tation  o f results 
showing differences betw een the  first and  the 
last year o f a perio d  are classified to have low 
flexibility. New calculations have to  be m ade 
to  len g th en  the tim e perio d  a n d /o r  to 
change the geographical coverage. A dding 
one  o r m ore  years may also affect the results 
significantly.

6 .6 . Recom m endations for further 
indicator developm ent

In  (fu rther) developing indicators, priority 
should  be given to indicators w ith a h igh  
po ten tia l (see ch ap ter 6.2). This includes 
inpu ts o f n u trien ts  an d  hazardous substances 
as pressure indicators, concen trations of 
n u trien ts  in  coastal waters an d  o f  hazardous 
substances in  the blue m ussel as state 
indicators, an d  som e biological effects o f

hazardous substance an d  oil slicks observed 
as im pact indicators.

Progress can be m ade only w hen ind icator 
developm ent is accom panied  by the 
developm ent o f a harm onised  m onito ring  
strategy, on  a E u ropean  scale. Efforts are 
n eed ed  to standardise collection and  
dissem ination o f  the data an d  to  harm onise 
existing national an d  in te rna tiona l 
m on ito ring  activities.

Ind icators m ust provide an  insight in to  the 
developm ent (im provem ent) over tim e of 
the  state o f the  m arine an d  coastal 
env ironm ent re la ted  to  E u ropean  policies to 
im prove this state. Flexibility o f the  indicators 
m ean ing  tha t they can be adjusted  easily to 
changing  settings (tim e an d  geographical 
coverage, in tegra tion  over substances and  
species) should  get serious a tten tion . For 
instance, p resen ting  results should  preferably 
be d one  in  figures showing the  developm ent 
from  year to year. T h en  the period  to  be 
covered may be len g th en ed  easily an d  results 
rem ain  com parable.



T esting o f indicators for th e  marine and coastal environm ent in Europe

7. Conclusions and 
recommendations

7.1 . Potential indicators and state of 
progress

7.1.1. C onclusions
To be useful, an  ind icato r should  have 
statistical an d  com m unicative power. 
Statistical pow er m eans the  probability  tha t a 
certa in  change o f a variable can be 
established with a fixed precision. 
Com m unicative pow er m eans tha t the 
m ean ing  o f the ind ica to r is clear an d  th a t the  
developm ent o f the ind icato r over tim e can 
be p resen ted  in  such a way tha t trends may be 
observed easily an d  can be understood . Many 
variables have b een  tested for ind icator 
po ten tia l by com paring  the statistical and  
com m unicative power. T he ind ica to r 
p o ten tia l an d  the  phase o f developm ent 
differ strongly betw een these variables. Based 
on  expert ju d g e m e n t an d  the experience 
from  th ree  years o f  ind icato r testing, h igh 
ind icato r po ten tia l is given to  variables that 
have statistical an d  com m unicative pow er 
an d  are  useful in  policy-making and  
evaluation on  a E uropean  scale. M edium  
ind icato r po ten tia l is given to  variables that 
have som ew hat less statistical and  
com m unicative pow er th an  h igh  po ten tia l 
indicators an d  w hich may be som ew hat less 
useful in  policy-making an d  evaluation. Low 
ind icato r po ten tia l is given to  the  variables 
tha t have a lim ited  statistical and  
com m unicative pow er an d  for w hich the 
usefulness for policy-making an d  evaluation 
may be lim ited (see chap te r 6.2).

• A h igh  ind ica to r po ten tia l is assigned to the 
pressure indicators ‘inputs o f n u tr ien ts ’ 
and  ‘hazardous substances’, as well as to the 
state ind icators ‘concen tra tion  o f nu trien ts  
in  coastal w aters’, ‘concen trations of 
hazardous substances in  the  b lue m ussel’ 
and  ‘oil slicks observed’, an d  to the  im pact 
ind ica to r ‘som e biological effects o f 
hazardous substances’. Possible trends are 
easy to  detect with these variables. Data 
collection is relatively easy an d  quality 
assurance o f the data poses n o  special 
problem s.

• T he pressure indicators ‘atm ospheric 
inputs o f hazardous substances’ an d  ‘oil 
spills’ an d  the  im pact indicators ‘in teg ra ted

biological variables’, ‘bo ttom  oxygen 
co n cen tra tio n ’ an d  ‘chlorophyll-a’ are 
considered  to  have m edium  ind icato r 
potential, because the data availability is 
n o t E u ropean  wide an d  lim ited  to  local or 
reg ional levels.

• T he state ind ica to r ‘concen trations of 
hazardous substances in  sed im ents’ is 
classified as low ind icato r potential, since 
countries could n o t agree on  a com parable 
m onito ring  m eth o d  an d  the in te rp re ta tio n  
o f results is difficult.

• O f the variables with h igh  ind icator 
po ten tia l m ost progress has b een  m ade 
with the developm ent o f ‘d irect and  
riverine inpu ts o f  n u tr ien ts ’ and  
‘concen trations o f n u trien ts  in  coastal 
w aters’. But even for these variables the 
geographical an d  tim e coverage is far from  
com plete. D ata on  country inputs are 
m issing an d  tim e series are  incom plete  or 
too sho rt for tren d  detection. For several 
sea areas (Baltic Sea, Iberian  coast, 
M editerranean  Sea) m onito ring  is n o t 
applied  on  a yearly an d  systematic basis. 
T hat m eans tha t m ore  years are  n eed ed  to 
com plete the  developm ent an d  give the 
indicators the ir full powers on  a E u ropean  
scale in  policy-making an d  in  evaluation.

7.1 .2 . R ecom m endations
C oncern ing  the developm ent o f indicators
for the  m arine  an d  coastal env ironm ent the
following recom m endations are  m ade.

• In  (fu rther) developing indicators, priority 
should  be given to the  indicators classified 
above with a h igh  ind icato r potential.

• T he quality an d  com pleteness o f the 
datasets th a t are  used for tren d  analysis 
should  get u tm ost a tten tion . T he value o f 
data in  tren d  analysis increases 
considerably w hen the data are  reliable and  
the tim e series com plete.

• T he tim e and  geographical coverage of 
data collection for indicators w ith firstly 
h igh  an d  secondly m ed ium  po ten tia l 
should  be increased to include all 
E u ropean  reg ional seas an d  coastal waters.
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• To gain  full ind icato r power, m onito ring  
should  be fully harm onised  and  
standard ised  betw een countries an d  new 
m ethods an d  technology should  be 
im plem ented .

• F u rth er im provem ent o f m ethods to 
determ ine  atm ospheric inputs an d  to 
in tegrate  these inpu ts geographically with 
d irect an d  riverine inputs is needed .

• T he m onito ring  o f sed im ent 
concentrations for hazardous substances 
should  be reconsidered  in  view o f the (low) 
statistical pow er for use in  tren d  detection .

• O th e r organism s besides the blue m ussel 
m ight also have ind ica to r po ten tia l for 
hazardous substances. Research on  
conditions to be fulfilled, for exam ple 
sam pling locations in  re la tion  to  m igration  
patterns, is recom m ended .

• In  determ in ing  ecological reference  index 
(ERI) values EAC/BRC values are  used tha t 
are only p roposed  b u t n o t finally agreed  as 
target o r lim it values. It is recom m ended  to 
agree u p o n  broadly accep ted  ecological 
safety levels, m aking the results o f 
calculating ERI values m ore  m eaningfu l 
an d  valuable.

• It would be worthwhile to develop 
biological effect indicators for hazardous 
substances tha t may draw the a tten tio n  of 
policy-makers an d  the  public. Im posex, a 
biological effect o f  the presence o f TBT in 
m arine waters, appears to be a prom ising 
candidate as well as effects o n  birds and  
m am m als.

• Flexibility o f the  indicators, m ean ing  that 
the p resen ta tion  o f  results can be adjusted 
easily to changing settings (tim e and  
geographical coverage, in tegra tion  over 
substances an d  species), should  get serious 
a tten tio n  by EEA an d  M arine C onventions.

• M ore research  is reco m m en d ed  on  the 
n a tu ra l loads o f  nu trien ts  an d  hazardous 
substances in  rivers, as well as on  natu ra l 
variations in  these loads re la ted  to 
variations in  river flow. A b e tte r 
u n derstand ing  o f these param eters would 
m ake it possible to  de term ine  in p u t loads 
only due to h u m an  activities an d  to correct 
riverine loads for n a tu ra l variations. This 
will im prove the value o f the  in p u t 
ind icato r considerably.

• M ore research  is reco m m en d ed  on  the 
n a tu ra l state o f m arine an d  coastal waters 
re la ted  to the  presence o f nu trien ts  and  
hazardous substances d ep en d in g  on  local 
conditions an d  n a tu ra l variations. By 
com paring the actual state o f  the m arine 
an d  coastal waters w ith the  n a tu ra l one, 
m arine an d  coastal waters may be classified, 
m aking it possible to  com pare the d ifferent 
m arine an d  coastal waters in  an  easy and  
standard ised  way.

• To be able to re la te  the  effect o f po llu tion  
aba tem en t policies on  in p u t loads and 
effects in  m arine an d  coastal waters m ore 
in fo rm ation  should  be ga thered  on  the 
con tribu tions o f  land-based sources 
(em ission indicators) to the riverine inputs 
o f nu trien ts  an d  hazardous substances. 
M onitoring  program m es for the 
con tribu tions o f  land-based sources to 
riverine in p u t loads should  be a ttu n ed  to 
an d  harm onised  with the m onito ring  
program m es for riverine inputs.

• T he possibilities to fu rth e r in tegrate  
indicators and  to  develop in teg ra ted  
indicators tha t describe the  ecological state 
o f m arine and  coastal waters n eed  fu rth e r 
research  an d  testing.

7.2 . Trends d etected  in the state of 
the marine and coastal 
environm ent

7.2 .1 . Eutrophication
The following conclusions can be drawn on
eutrophication in marine and coasted waters.

• The direct and riverine inputs o f nitrogen into 
the North-East Atlantic including the North Sea 
appear to have increased slightly in the period 
1990-98, while the direct and riverine inputs of 
phosphorus appear to have decreased slightly in 
th is period.

• The composition of the nutrient load entering the 
coasted water s o f the North-East Atlantic 
including the North Sea with river flow changed 
in the period 1990-98. The N /P  molar ratio 
increased, the nitrate share in the input of 
nitrogen also increased, while the phosphate 
share in the input o f phosphorus decreased.

• Atmospheric -inputs contribute significantly to the 
total inputs of nitrogen, when considering more 
than a -narrow area of coastal waters. A  temporal 
change in the atmospheric -inputs o f nitrogen into 
the North Sea is not observed in the period 
1987-95.
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• The average winter concentrations of phosphate 
in the Baltic Sea and the North Sea decreased 
considerably in the period 1985-97. The average 
winter concentrations o f nitrate also decreased in 
the Baltic Sea in the period 1985-97. In  the 
North Sea the nitrate concentration varied 
strongly in this period. A  slightly downwards 
trend may be observed. The N /P  molar ratio 
incr eased in the coastal water s of the Baltic Sea 
and the North Sea.

• Autum n bottom oxygen concentrations in the 
North Sea seem to have improved from 1993 
onwards. In  the Baltic Sea some improvement 
seems to occur from 1994 onwards.

• Summer chlorophyll-a concentrations in 
European coastal waters do not show a clear 
trend.

7.2.2. H azardous substances
The following conclusions can be drawn on the
inputs o f hazardous substances into marine and
coastal water s and the sta te of these water s.

• In  the period 1990-98 a decreasing trend is 
found in the direct and riverine inputs of 
hazardous substances (cadmium, mercury, lead, 
zinc, lindane and PCB7). Among the metals the 
decrease is largest for mercury and diminishes in 
the order of cadmium, lead and zinc. ForPCB7 a 
larger reduction percentage than for lindane is 
observed.

• The atm ospheric inputs o f cadm ium, mercury 
and lead decreased significantly between 1987 
and 1995. The inputs of mercury and lead 
decreased relatively more in this period than the 
input, o f cadm ium .

• Concentrations o f hazardous substances below 
an average environmental reference index (ERI)

value of 1 may be considered ecologically 
r elatively safe. In  the period 1990-96 in the 
North-East Atlantic including the North Sea, the 
E R I values were highest for mercury, amounting 
to a value of about. 8 in. 1991 and decreasing 
after that.. For cadmium, zinc and lindane 
decreasing trends a re also found. Lead does not. 
show a clear trend. In  1993 the average values 
for zinc and lindane drop below the risk level, o f 
E R I value = 1. For the other th ree substances 
(cadmium, mercury and lead) this safety level, is 
not. reached in the period 1990-96.

• At. higher levels o f aggregation, the results of trend 
detection are less sensitive to missing data and 
irregi.dcirit.ies in the data than at. lower levels.

7.2 .3 . O il spills
The conclusions for oil. spills in the marine and 
coasted waters and the state of these wa ters a re as 
follows.

• The total amount, of oil. spilled in accidents in 
European, marine waters varies considerably 
between year s. In  the period 1989-98 no trend is 
found  in the yearly amount of oil. spilled. For 
trend detection longer time series are needed.

• The number of oil. slicks observed declined steadily 
in the period 1990-98. More observation flights 
may enforce abiding by the rules, thereby 
decreasing the number of oil. slicks.

7.2.4. Integrated indicators
In teg ra ted  indicators may be useful in  
de term in ing  the ecological state o f  m arine 
an d  coastal waters an d  they can probably be 
app lied  for tren d  analysis with some 
confidence. These indicators are  used only 
o n  a local an d  reg ional scale. At the  local 
scale som e trends are found.
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