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1. Introduction
The mission of the European Topic Centre on Marine and Coastal Environment (ETC/MCE) is to assist 
the European Environm ent Agency (EEA) in improving inform ation on the m arine and coastal environ
m ent available at the European level. ETC/MCE is, therefore, stimulating the harm onisation of m onito
ring activities in the European Regional Sea Conventions and collecting inform ation to provide a 
comprehensive overview of the environm ental conditions of these seas in order to enable the Community, 
the EEA and the m em ber countries to take measures to protect the marine and coastal environment. The 
ETC/MCE is also developing a methodology for the definition and application of a system of pressure and 
state indicators and other assessment tools relevant to coastal zone management.

In Europe, there are several regional conven fions/action plans with the m andate to assess the quality of 
the marine and coastal environment. These are: the Arctic Monitoring and Assessment Programme 
(AMAP), the Black Sea Environment Programme (BSEP), the Helsinki Commission (HELCOM), the 
M editerranean Action Plan (MAP) and the Oslo and Paris Commissions (OSPARCOM).

The Scoping Study p repared in the initial phase of the ETC/MCE recognised the im portant role of these 
organisations. Therefore, EEA decided to set up an Inter-Regional Forum, organised by the ETC/MCE 
with two main objectives:

• to facilitate the exchange an d  possible in teg ration  o f existing data  an d  in form ation  p ro d u ced  by 
these organisations with the  EEA and  the ETC/M C E;

• to im prove w orking relations an d  task sharing.

A small steering group of the Forum, composed of representatives of EEA, ETC/MCE, HELCOM, MAP 
and OSPARCOM, was set up to decide on the Forum's topics, overall organisation and participation, and 
to ensure concrete results.

The First Meeting of the Inter-Regional Forum was held in Rome on October 7-8, 1996. It was attended by 
41 participants from the major regional conventions/action plans, from other international organisations 
active in m arine and coastal environment, from the EEA and its relevant Topic Centres, from the 
European Commission and from the European Environm ent Bureau. The main conclusions agreed upon 
by the participants were the following:

• the re  is a n ee d  to simplify data  collection by national bodies, regional conventions and  the  EEA, 
since in form ation  an d  data  sources are very lim ited  and  have to serve a large am o u n t of 
assessm ent purposes;

• w ork duplication  needs to be avoided since national institu tions are overw helm ed with requests 
for in form ation  an d  data  an d  have lim ited capacities to answer due to lim ited resources and 
d ifferen t w ork agendas;

• the p roduction  o f h igher quality in form ation  an d  data  requires the harm onisation  o f m on ito ring  
designs, assessm ent m ethodologies and  tools as well as reporting ;

• the identification  o f research  priorities com m on to reg ional conven tions/ac tion  plans w ould 
stim ulate the  im provem ent, a t the E uropean  level, o f quality assurance an d  m on ito ring  strategies 
and  techniques;

• the n eed  to con tinue the Forum  as a m eans to co-operate with the EEA was stressed by the 
regional conventions;

• assessm ent techniques an d  tools were selected as the m ost im p o rtan t topic to be tackled by the 
Forum 's second  m eeting.

Subsequently, the Steering Group of the Forum decided to also include, as a topic for the Second Forum 
Meeting in 1997, the identification of research needs to improve assessment.

The Report of the First Meeting as well as the background paper on European Level Arrangements for the 
Protection of the Marine and Coastal Environm ent are available from the ETC/MCE Secretariat, ENEA’s 
Marine Environm ent Research Centre, S. Teresa, La Spezia, upon request to EEA.
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2. Summary report of the second meeting

T he m ain objective o f the Second M eeting was to stim ulate ag reem en t/co n sen su s on  com m on 
actions by the reg ional conven tions/ac tion  plans an d  the EEA on  the following topics:

• activities for the developm ent o f com m on assessm ent tools (Session I);

• research  needs to im prove assessments (Session I I ) .

T he m eeting  was chaired  by Prof. Philippe B ourdeau, C hairm an o f the  EEA's Scientific Com m ittee.

T he m eeting  was a tten d ed  by 40 participants, rep resen ting  the EEA, the m ain  regional organisations 
/ conventions, ICES, the  Topic C entres on  In lan d  W aters, on  N ature C onservation and  on  L and  
Cover, and  DGXI and  JRC o f the E uropean  Com mission. T he N ational E nvironm ent Research 
Institu te  of D enm ark  (N ER I), which officially expressed to the  EEA its in te rest to becom e a p artn e r 
to the ETC /M C E, was also p resen t as an  observer. T he list o f participants is provided in  A nnex  2.

I t was o p ened  by in troducto ry  statem ents m ade by M atteo Baradà, D irector G eneral o f the C entral 
Inspectorate  for Sea P ro tection  - Italian M inistry for the Environm ent, by Francesco M auro, D irector 
o f ENEA, E nvironm ent D epartm ent, by the Forum 's C hairm an an d  by G ordon  M clnnes, EEA, 
P rogram m e M anager for M onitoring and  Databases. In  o rd er to facilitate discussion in the m eeting, 
two sessions were organised.

T he discussion of Session I was based on a w orking paper, p resen ted  and  p rep a red  by M argarida 
Cardoso da Silva (LNEC/ETC-M CE), as lead author, and  Ben Van de W etering (OSPARCOM). It 
p resen ted  an overview o f available assessm ent tools, the ir basic concepts and  utilisation experience, 
as a starting p o in t for developm ent o f a longer term  process aim ing at increasing co-operation and  
co-ordination on a Europe-wide scale. It covered mostly th e  experience o f OSPARCOM an d  the EEA. 
I t was followed by presen tations o f assessm ent tools w ithin AMAP, illustrated  by Lars O tto  Reiersen 
an d  w ithin HELCOM , by Eeva-Liisa P outanen . F u rtherm ore , the  B arcelona C onvention assessm ent 
tools (M AP/M ED POL Program m e) an d  the design o f a m on ito ring  program m e for the Black Sea 
w ere p resen ted  by Franco Saverio Civili an d  Law rence Mee, respectively.

In  in troduc ing  the  section on  ways and  m eans to com pare, harm onise and  co-operatively im prove 
assessm ent tools, Ben Van de W etering u n d erlin ed  th a t differences in  defin ing assessm ent concepts 
exist am ong the Conventions. They stem  from  differences in  the political con tex t in which they 
orig inate as well as in  environm ental conditions and, therefo re, in  environm ental priorities, e.g. the 
im pact o f fisheries. A lthough som e organisations, e.g. OSPAR, HELCOM , AMAP and  ICES 
en h an ced  the ir co-operation in  rec en t years, th e re  is still scope for fu rth e r im provem ent.

T he following discussion focused mostly on  w hat an assessm ent shou ld  cover, on  the process o f 
p rep a rin g  an assessment, on  com m on actions n eed ed  to exchange in form ation  and  to develop 
specific tools. B ack ground /reference  levels, statistical tools, G eographical In fo rm ation  Systems, 
ecotoxicological assessm ent criteria an d  indicators were considered. T he following priority  topics 
w ere selected for fu rth e r com m on work:

• fu rth e r developm ent o f statistical tools;

• G eographical In form ation  Systems.

Decisions were taken to set up  a small expert g roup  for each o f these topics. T he first g roup  will be 
convened by ICES (Janet Pawlak) an d  the  second by EEA (Sheila Cryan). They w ere to p rep are  by 
th e  en d  o f  February 1998 a draft w orkplan (including financial im plications) to be circulated  am ong 
the Forum  participants for com m ents and  to the F o rum ’s S teering G roup for review and  subm ission 
to th e  appropria te  body o f the regional conventions an d  the  EEA.

T he full re p o rt o f Session I is p resen ted  in  Section 3 o f this report. A synthesis o f  all p resen tations 
m ade in  Session I an d  the set o f  o pen  questions, to stim ulate the  discussion, are p resen ted  in 
Section 5.

Session II was based on a w orking pap e r p rep a red  and  p resen ted  by H ein  R une Skjoldal as lead
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au tho r toge ther with Tor Bokn and  o ther au thors from  the m ajor regional conven tions/ac tion  plans. 
T he p resen ta tion  inc luded  a b rie f review of the  extensive research  activities conducted  w ithin the 
relevant research  program m es o f  the EC (DGXII) and  identified  the following priority  research 
areas to im prove assessm ent w ork by the regional conven tions/ac tion  plans:

• Ecosystem properties;

• Species and  H abitat;

• T ransport pathways and  processes in  m arine ecosystems;

• Biological effects o f contam inants.

A discussion followed to decide on  which com m on actions to concen tra te  fu tu re atten tion . T he 
topics o f in te rest varied from  rem ote  sensing techniques to biological effects. T he n ee d  for a 
“holistic” research  approach  was also em phasised as well as the  im portance o f diffuse sources of 
pollu tion. T he n ee d  to ensure th a t m arine biodiversity is appropriately  considered  w ithin a Pan 
E uropean  Strategy on  Biodiversity was also stressed.

T he m ain decisions reached  by participants were the following:

• the research  priorities o f th e  Conventions can provide a useful in p u t to the p repara to ry  process 
o f the 5th Fram ew ork P rogram m e on  Research an d  D evelopm ent for possible inco rpo ra tion  in to  
specific research  fields to be reflected  in  subsequen t calls for proposals. T herefore, it was agreed 
th a t the background  paper, appropriately  m odified by H ein  R une Skjoldal, with possible 
additional inputs from  th e  reg ional conventions, would be forw arded to the  E uropean  
Com m ission (DGXII), by the EEA;

• a com m on pro jec t p roposal will be developed on biological effects o f contam inants, to be 
subm itted  for EC funding, by a g roup  o f experts from  the regional conventions an d  ICES to be 
convened by the  EEA in C openhagen  in  A pril 1998;

• two workshops will be convened jo in tly  by the  regional conventions in 1998 on (a) transport 
m odels and  (b) com bined  effects o f contam inants, with the aim o f exchanging in fo rm ation  and 
exam ining fu rth e r co-operation activities am ong the conventions. AMAP offered to verify, at its 
n ex t regional m eeting, the possibility to organise the w orkshop on  com bined  effects as well as the 
possibility for one o f the AMAP m em ber countries, Norway, to organise the  w orkshop on 
tran sp o rt m odels, th ro u g h  the Institu te o f M arine Research (IMR) which is also an ETC /M C E 
partner. T he L aboratorio  N acional de E ngenharia  Civil (LNEC), Portugal, an o th er ETC /M C E 
partner, ind icated  its in te rest in  jo in in g  such an  initiative.

F u rtherm ore , du ring  the presen tations an d  the following discussions reference was m ade to the 
possible use o f  earth  observation data for the  assessm ent o f  the status o f the m arin e /co asta l 
environm ent. I t was p o in ted  o u t tha t earth  observation canno t provide all the in fo rm a tio n /d a ta  
necessary for the descrip tion  o f the m arin e /co asta l environm ents b u t it could m ake a useful and  
significant contribu tion . It should, therefore, be worthwhile to consider appropria te  activities/ 
studies in  o rd er to suppo rt the in teg ration  o f E arth  observation data in to  the relevant m onito ring  
an d  assessm ent program m es. To this effect, it was suggested, as a starting  poin t, th a t the possibility be 
investigated o f organising a w orkshop (sponsored by the  CEO or M arine E nvironm ent U n it o f Space 
A pplications Institute) at JRC, on how satellite observation techniques could  offer som e solutions to 
m eet data  requ irem en ts by regional conventions. Such a w orkshop could  stim ulate constructive 
C E O /C onven tions/E E A  in teraction  on m on ito ring  program m es in  the m arine and  coastal 
env ironm ent, for exam ple th rough  the DESIMA and  LACOAST Projects.

T he full re p o rt o f Session II is p resen ted  in  Section 4 o f this report. T he p resen ta tion  m ade in 
Session II and  the set o f open  questions, to stim ulate the discussion, are p resen ted  in  Section 6.

T he follow-up m echanism  to im p lem en t the  actions agreed  up o n  will rem ain  ligh t and  flexible and 
will be based u p o n  the  goodwill an d  m otivation o f all participants. T he ETC /M C E Lead 
O rganisation  will con tinue to facilitate an d  stim ulate in te raction  am ong participants, as appropriate . 
T he results o f the activities o f the expert groups an d  the program m es o f the workshops will be 
finalised in  consultation with the  S teering G roup o f the Forum , which should  include all five 
regional conventions. These results shall be subm itted  to the n ex t F o rum ’s m eeting  to be held  in  the 
Spring o f 1999.
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R eporting  requ irem en ts o f the regional conven tions/ac tion  plans were n o t on the agenda o f this 
M eeting. However, it was deem ed  appropria te  to update  the overview table on  the R eporting  
R equirem ents and  Linkages to Political A gendas, p ro d u ced  at the First Forum  M eeting. The 
u p d a ted  version is p rovided in  A nnex  1.
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3. Welcome and opening statements

O n b eh a lf o f the Rt. H on. Edo Ronchi, the Italian M inister for the Environm ent, I w ould like to give 
you a warm welcome to this m eeting , which in tends to em phasise the relevance of regional and  
in te rnationa l co-operation for a successful policy o f environm ental p ro tection .

T he long experience in  several in te rnationa l arenas in tertw ined  with the  en fo rcem en t and 
im plem enta tion  o f the in te rnational conventions an d  legal protocols rela ting  to the m arine environ
m e n t stresses the im portance an d  the n eed  for public adm inistration  officers to rely on accurate and 
com parable data. To this regard , as global conventions becom e m ore an d  m ore im portan t, i t ’s 
evident tha t data and  in form ation  sharing  am ong E uropean  countries becom es m ore vital than  ever.

To p ro tec t the m arine env ironm ent m eans to ad o p t policies to p reven t po llu tion  o f the  sea as well as 
to in tervene w henever it may be necessary to contain  and  reduce the dam age to m arine resources 
an d  env ironm ent due to spillages or inputs by land-based sources o f any k ind  o f oil or o th e r noxious 
an d  hazardous substances.

T he availability o f good data and  the degree o f consensus regard ing  its quality is also p a ram o u n t to 
the process o f nego tiating  in te rnationa l agreem ents and, even m ore, o f negotiating  the 
im plem enta tion  o f regulatory  m easures and  tools.

T he Italian M inistry o f the Environm ent, therefo re , supports the  efforts o f the  E uropean  
E nvironm ent Agency to p roduce objective and  reliable data  which may be used by b o th  national and 
E uropean  policy-makers in  the ir decision-m aking process and  to gain public consensus on 
environm ental m easures and  the ir enforcem ent.

This approach  m eans a double task for the  M inistry of the Environm ent, w hich is n o t always an easy 
one: on the one hand we in te n d  to suppo rt national inter-agency an d  inter-institu tional co-ordination 
in  collection, control, h and ling  an d  dissem ination of data  re la ted  to the m arine env ironm ent in 
o rd er to appropriately  feed ou r own national data an d  inform ation  in to  the EEA system; on the other 
hand we are also the national users o f this in form ation  and  we m ust m ake an effort to im prove the 
use o f it, by specifying, as m uch  as possible, o u r utilisation requ irem en ts for the E uropean  
E nvironm ent Agency p roducts in  ag reem en t with o ther E u ropean  countries an d  institutions.

We are well aware o f  the  difficulties which lie ahead, b u t we are firmly engaged in  pursu ing  those 
tasks, because we believe th a t benefits may outw eigh costs.

G ood quality of data  w hich may be com m only shared  will n o t only help  to p roduce better 
env ironm ental m easures and  policies, b u t will have d irect effect on  im proving p resen t guidelines 
an d  legislation. This in  tu rn , it is hoped , will in fluence a policy approach  o rien ted  to the 
sustainability o f productive and  com m ercial activities taking in to  account the n eed  to preserve and 
im prove ou r environm ent. In  the long term , this goal will be to the  advantage o f the productive 
sectors while preserving and  im proving the  quality o f life in the in te rest o f  the regional national, and 
world com m unities.

It may be re d u n d a n t to stress the im portance for Italy o f a consistent policy for the p ro tec tion  of the 
m arine and  coastal environm ent, due to th e  special and  sensitive n a tu re  o f the M edite rranean  Sea.

T he use o f coastal and  m arine resources o f the M edite rranean  Sea may rep resen t a p ro p o rtio n  of 
one to ten  betw een dwellers and  tourists du ring  the sum m er season. T he sea w ithin this basin does 
n o t only rep resen t an area in  which to exercise econom ic or productive activities (fishery, transports, 
off-shore research  or exploitation o f sea-bed resources, etc.) b u t a resource in  itself. So m uch  so tha t 
any approach  to an “in teg rated  coastal m anagem en t” has b een  focused in Italy on  the m arine area 
an d  th e  line o f the  coast facing in land. T h e  conservation and  fru ition  o f the sea is by itself a m ain 
topic for a policy of sustainable developm ent with regard  to the m ultip le uses o f  the m arine 
environm ent. O f course, it is also im p o rtan t th a t no  negative im pact may com e from  land  based 
sources o f pollution.

T he Regional Activity C en tre  for E nvironm ent R em ote Sensing, which operates w ithin the
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M editerranean  Action Plan o f the U n ited  N ations E nvironm ent P rogram m e is situated  in  Palerm o 
an d  works in  this d irection  too.

I wish on this occasion to reaffirm  th a t the Italian M inistry o f the E nvironm ent will also con tinue to 
su p p o rt the efforts o f  the E u ropean  Topic C entre on  M arine and  Coastal E nvironm ent in  im proving 
its ro le an d  im pact w ithin the activities of the E uropean  E nvironm ent Agency.

Let m e say th a t we are p ro u d  to host such an im p o rtan t m eeting  h ere  in  Italy and  wish you good 
work.

Dr. Matteo Baradà, General Director,
Inspectorate for the Protection o f the Sea, Italian Ministry o f the Environment

W elcom e on behalf o f ENEA, the  Italian Agency for New Technology, Energy and  the Environm ent.

T he first M eeting o f the Forum , h ere  in  Rom e last year, m arked  an im p o rtan t event in  the activities 
o f the ETC/M C E.

A t th a t tim e, the  ETC /M C E had  been  opera tional for less than  a year, following the Scoping Study 
stage, to which several o f you had  contribu ted .

T he ETC /M C E has recognised from  the very b eg inn ing  the fundam ental role o f Regional 
Conventions and  Action Plans in  data  gathering  an d  handling , in  support o f policy form ulation  to 
the ir own constituencies, in  the n o rth  and  in  the sou th  o f Europe. M eeting with them  all last year 
has, therefore, offered the E TC /M C E the opportun ity  to b e tte r u n d ers tan d  the ir w orking m ethods, 
ou tpu ts and  rep o rtin g  requirem ents.

I believe th a t it also offered  the C onventions the opportun ity  to stim ulate co-operation with one 
an o th er an d  with the EEA to overcom e bottlenecks and  gain from  each o th e rs’ w ork an d  possible 
task sharing. In  fact, specific agreem ents with the EEA are being  finalised an d  E TC /M C E experts 
have a ttended  relevant technical m eetings o f the C onventions an d  have consulted  extensively with 
C onventions’ experts on  products to be p roduced  by the  ETC/M C E.

T he overall balance in  term s o f deepen ing  each o th e rs’ u n derstand ing  and  stim ulating discussion on 
concrete  actions seems indeed  positive. We can now  go beyond this first stage and  concen tra te  on 
identifying actions in  the two topics w hich you have yourself selected last year, as the m ost prom ising 
to w ork on together.

You have in  fro n t o f you two in troducto ry  papers w hich are good starting  points to agree on com m on 
actions. A ppropria te  tools are the key to good assessments. T heir choice and  application m ethods 
in fluence results. G ood research  is also im p o rtan t to im prove m onitoring , m easurem ent and  quality 
o f data.

I am  the re fo re  certain  tha t by the en d  o f the M eeting you will have con tribu ted  to tackle im portan t 
issues and, above all, to identifying who and  w hen, am ong the participating  institutions, can 
im p lem en t follow-up actions.

O n  the p a rt o f ENEA we are h o n o u red  to con tribu te to this process by organising this M eeting and  
are ready to con tinue to con tribu te  in  the fu tu re to the Inter-R egional dialogue th ro u g h  whichever 
ways may be identified  by all o f you as the m ost constructive.

As for the o th e r activities o f the Topic C entre, following the initial steps o f the ETC /M C E and  som e 
unden iab le  difficulties, som e in te rna l an d  som e external, n o t totally uncom m on  to o th e r ETCs, 
ENEA has reconfirm ed  to the EEA its com m itm ent to carry o u t the im provem ents requested  by the 
EEA M anagem ent Board.

I now  wish you all a good work.

Dr. Francesco Mauro, Director 
Environment Department, ENEA
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4. Session I - Assessment tools
Ben Van De W etering /M argarida  Cardoso da Silva, R apporteurs

4 .1 . D efin ition-C oncept o f  a ssessm en t

T he Forum  agreed  th a t an assessm ent shou ld  cover:

• env ironm ental state variables (e.g. levels and  distribution o f contam inants in d iffe ren t ecological 
com partm ents and  im pacts o f  these contam inants);

• evolution over tim e an d  space of the variables;

• factors in fluencing  th e  variables, the driving forces or pressures, i.e. na tu ra l and  an th ropogen ic 
factors.

T he knowledge o f these state variables an d  pressures on  the environm ent is ob ta ined  th ro u g h  the 
observation o f the  env ironm ent (e.g. m on ito ring  activities).

In  m ost cases an assessment implies judgem ents o f the quality o f the environm ent (e.g. w hether it is 
healthy o r degrading). T he Forum  also agreed tha t tools are requ ired  to enable such judgem ents, e.g.:

• to com pare the values of the variables with available criteria;

• to decide on the  significance o f an  observation or a trend;

• to uncover an d  u n d erstan d  relations in  the chain  pressures - state - im pact.

F urthe rm ore , the  Forum  recognised  th a t a goal o f an environm ental quality assessm ent is to set a 
basis for decisions on th e  n ee d  for action. As such, a fu rth e r type o f assessm ent deals with the 
effectiveness o f m anagerial and  political actions o r m easures. This type o f assessm ent is based on the 
analysis o f the  evolution o f state and  pressure variables b u t also involves o th e r factors.

4.2. The process of preparing an assessm ent

T he Forum  agreed th a t an assessm ent m ust follow an established set o f  p rocedures th a t will allow the 
design o f m ethodologies specific to each type o f p rob lem /issue . This process o f assessm ent is:

• com plex, bo th  in scientific term s as it covers several disciplines and  in organisational terms;

• tim e consum ing;

• d ep e n d en t on  the cultural, social and  political framework.

T he m ethodology m ust include:

• the tools to be used;

• the criteria for judgem en t;

• the source o f data and  how it is processed;

• the frequency of updating  the assessment.

4.3. Discussion

W ith the aim o f identifying fu tu re w ork on the developm ent o f assessm ent tools, the Forum  
identified  the  following topics for fu rth e r discussion:

• b ac k g ro u n d /re fe re n ce  levels;

• statistical tools;
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• GIS;

• ecotoxicological assessm ent criteria;

• indicators.

In  discussing these topics the  following general com m ents were m ade:

Background/reference levels

a. b ac k g ro u n d /re fe re n ce  levels are a basic req u irem en t w hen using any system o f indicators;

b. the  way to derive b ac k g ro u n d /re fe re n ce  levels shou ld  be harm onised  and  the  underly ing 
concep t could be expanded  to enable a w ider use;

c. it is likely th a t the  concep t o f b ack g ro u n d /re fe re n ce  levels will be inc luded  in  the EU Directive 
establishing a fram ew ork for C om m unity action in  th e  field o f w ater policy;

d. the  topic was n o t given priority  w ithin HELCOM ;

e. the  concep t o f reference stations is being  developed for freshw ater;

Statistical tools

a. statistical tools are available an d  are used for several purposes (e.g. de tec tion  o f trends and  
analysis o f the 'pow er'1 o f existing m arine m on ito ring  program m es). For o th e r  purposes (e.g. 
analysis o f eu troph ication  param eters or the jo in t effect o f various contam inants) fu rth e r 
developm ents are required ;

GIS

a. the  Conventions clearly ind icated  a n ee d  for the  use o f CIS systems as an  assessm ent tool b u t do 
n o t have the  possibilities to develop such tools;

b. the  developm ent o f advanced CIS systems is a com plicated  and  tim e-consum ing process 
involving a h igh  level o f expertise b u t sim ple systems are also available and  relevant to ou r work;

c. a stepwise approach  could  be followed starting  with the  developm ent o f  tools for visualising data 
ultim ately aim ed at full blown CIS systems;

Ecotoxicological assessment criteria (EACs)

a. EACs can play a ro le  as a w arning system b u t do n o t give an ind ication  abou t actual biological 
effects;

b. fu rth e r  w ork on  EACs could  be addressed in  the  con tex t o f the  discussion on  biological effects 
m on ito ring  (cfr. Session II)

Indicators

a. th e re  is a certain  sim ilarity betw een the  concep t o f ind icators (as elaborated  by the ETC/M C E) 
an d  th e  concep t o f Ecological Q uality Objectives (being developed by OSPAR);

b. the  concep t o f ind icators makes use o f m any o f the  tools discussed earlier (e.g. statistical tools, 
reference values, CIS);

c. developm ents of such tools shou ld  be co-ord inated  with the fu rth e r developm ent o f the  concep t 
o f indicators;

d. the  Conventions shou ld  be involved in  the fu rth e r  developm ent o f the concep t o f indicators.

1. [P o w er  m e a s u r e s  t h e  e f f e c t iv e n e s s  o f  a m o n i to r in g  p r o g r a m m e  by  q u a n t i fy in g  t h e  t y p e s  a n d  m a g n i t u d e s  of
c h a n g e s  t h a t  a r e  likely t o  b e  d e t e c t e d .  Specifically , p o w e r  is t h e  p ro b a b i l i ty  t h a t  a s p e c i f i e d  c h a n g e  is d e t e c t e d  (ICES
1994.  R e p o r t  o f  t h e  ICES A d v is o ry  C o m m i t t e e  o n  t h e  M ar in e  E n v i ro n m e n t ,  1994. ICES C o o p e r a t i v e  R e s e a r c h  R ep o r t ,
N o .  204]
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4.4. Further action

Taking in to  account the  p o in t m ade above, the Forum  selected fu rth e r  w ork on  statistical tools and 
GIS as priority  topics an d  n om ina ted  J a n e t Pawlak (ICES) as convenor for the topic o f statistical tools 
toge ther with EEA. F u rtherm ore , the Forum  agreed  on  the  following line o f action on these two 
topics:

a. T he convenors for the two topics m en tio n ed  above p rep a re  d raft term s o f reference for the work 
to be carried  o u t for approval by the  m em bers o f  the S teering  G roup by m id  D ecem ber 1997;

b. T he convenor th en  shou ld  arrange a m eeting  o f a small g roup  (max. 5-7 persons) o f experts 
(people with know ledge abou t the  too l and  peop le  abou t know ledge abou t the  n ee d  for the 
to o l) . This group  should  p rep a re  by the  en d  o f  February  1998 a draft w orkplan (including any 
financial im plications) for fu rth e r action on  the topic;

c. T he w orkplan shou ld  be circu lated  to the  m em bers o f the Forum  for th e ir  com m ents;

d. T he S teering G roup o f the  Forum  will th en  review these com m ents an d  finalise the  w orkplan for 
subm ission to the  app rop ria te  body o f  the four conventions and  the EEA for discussion and 
approval;

e. Taking in to  accoun t any com m en t m ade by the  C onventions or the EEA, the  S teering G roup 
shou ld  decide by Ju n e  1998 w hether an d  how  actual fu rth e r w ork shou ld  be started.
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5. SESSION II - Major research needs to 
improve assessment

Gabriel P. Gabrielides, Rapporteur

T he background  paper was p resen ted  by H ein  R une Skjoldal who em phasised the basic challenges 
an d  described the m ain research  activities existing at the E u ropean  level, to im prove assessm ent 
work.

T he priority  research  fields considered  were the following:

a. Ecosystem properties

• research  in to  m ethods for characterising  an d  expressing the changing states or hea lth  o f m arine 
ecosystems;

• research  in to  climatic driving forces for ecosystems variability a t the regional and  E uropean  level;

• research  on  food-webs, in teractions an d  dynamics o f m arine ecosystems.

b. Species an d  habitats

• research  on  m ethods for m app ing  an d  p roducing  inventories o f  m arine habitats;

• research  on  rare  habitats an d  rare  species.

c. T ransport pathways an d  processes in  m arine  ecosystems;

• basic research  on transpo rt pathways an d  processes;

• research  on  tran sp o rt models.

d. Biological effects o f contam inants

• research  on  quality assurance o f biological effects techniques;

• research  on  fu rth e r developm ent o f  biological effects techniques and  bioindicators;

• research  on  com bined  effects o f contam inants.

T he following specific research  areas were p roposed  for co-ordination an d  concerted  action at the 
E uropean  level.

a. A Quality A ssurance P rogram m e to be developed for biological effects techniques which have 
been  iden tified  an d  used in  certain  m on ito ring  program m es. This could  be sim ilar to 
QUASIMEME which has b een  developed for th e  m on ito ring  o f chem ical contam inants;

b. T ransport m odels. C o-operation betw een the  Conventions could  be in  the form  o f a com m on 
p ro jec t o r in  the co-convening o f a w orkshop;

c. Clim atic driving forces. This activity could  be linked  with COOS;

d. C om bined  effects o f contam inants. C o-operation th ro u g h  the  organisation  o f a w orkshop.

A t this stage a n u m b er o f representatives o f C onventions and  o f Topic C entres took the floor to 
describe the ir activities.

D uring  the discussion which followed, participants expressed the ir views on  research  priorities. As 
the topics o f in te rest varied from  rem ote  sensing to biological effects, it was necessary to set som e 
priorities. All the C onventions inc luded  in  the ir priorities biological effects o f contam inants which 
was considered  a p rim e area for inter-regional co-operation. T he ICES representative rep o rted  on a 
proposal which has been  p rep a red  for the  developm ent o f a Q.A. P rogram m e for a nu m b er of 
techniques an d  she asked the support o f th e  Forum  which was given.
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Decisions

A fter a lengthy an d  constructive discussion, the following decisions were taken by the  Forum .

a. T he research  p riorities o f the C onventions shou ld  be m ade know n to the EU (DG XII) w hich is 
p rep a rin g  the 5th Fram ew ork P rogram m e for Research. T he background  p ap e r could  be 
m odified  accordingly an d  subm itted  to EEA which can transm it it to DG XII. Specific ideas for 
the m odification o f  the  p ap e r shou ld  be sen t by the participants to H ein  R une Skjoldal before 
N ovem ber 23, 1997. H e would th en  in co rpo ra te  the  views and  send the m odified  pap e r to EEA.

b. It was decided  to develop a com m on pro jec t p roposal on  biological effects o f contam inants and  
subm it it to th e  EU for funding.

c. T he details o f  this proposal will be e laborated  at a m eeting  o f experts to be convened  by EEA in 
C openhagen  in  A pril 1998. All C onventions an d  ICES will be rep resen ted . T he final p roposal 
will have to be endo rsed  by th e  S teering  Com m ittee.

d. It was dec ided  th a t the Conventions jo in tly  convene two w orkshops du rin g  1998. T he first one 
will be on tran sp o rt m odels an d  the  second  one on  com bined  effects o f contam inants. T he aims 
o f the  w orkshop would be (i) to exchange in fo rm ation  an d  review the state-of-the-art on  the 
topic in  question  an d  (ii) to exam ine and  propose areas for fu tu re  co-operation  betw een the 
Conventions.

e. AMAP vo lun teered  to u n d ertak e  the organisation  o f the w orkshop on com bined  effects. T he 
organisation  o f  the w orkshop on tran sp o rt m odels will be a jo in t  ven ture betw een two E T C / 
M CE's Partners, nam ely the Institu te  o f M arine Research in  Norway, an d  the L aboratorio  
N acional de E n g en h aria  Civil in  Portugal.

f. T he details o f th e  program m es o f  the  w orkshops will be finalised in  consulta tion  with the 
S teering C om m ittee. All p artn e rs  will be invited to attend.
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6. Overview of available assessment tools
A utho rs/C on tribu to rs:

M argarida Cardoso da Silva, E T C /M C E /L N EC , L ead A uthor; Ben Van de W etering, OSPARCOM; 
Eeva Liisa P outanen , EIELCOM; Lars O tto  Reiersen, AMAP; Franco Saverio Civili, U NEP/M A P; 
Lawrence Mee, BSEP

6 .1 . Introduction

The O xford Dictionary defines “assess” as: estimate the magnitude or quality o f ...

In  the environm ental context, two levels o f  environm ental assessm ent can be defined:

a. a descrip tion /eva lua tion  o f the state an d  developm ent over tim e o f the environm ental 
conditions (e.g. th e  geographical d istribu tion  o f contam inants or biota, tem poral trends in 
concen tra tions) an d  o f th e  an th ropogen ic  fac to rs /in fluences th a t d e term ine  these conditions;

b. a ju d g e m en t o f th e  environm ental significance o f these conditions an d  developm ents (e.g. as to 
w hether the ecosystem is in  a healthy  condition).

D ifferent kinds o f tools and  instrum ents are req u ired  for these two levels o f assessment, i.e. tools and  
instrum ents for a factual descrip tion  o f environm ental conditions and  for an evaluation o f the 
h u m an  im pact and  tools to ju d g e  these conditions.

Tools for an assessm ent o f the effectiveness o f  environm ental m anagem en t decisions or m easures, 
w hich could be regarded  as a th ird  or in te rm edia te  level, are n o t addressed specifically in this 
docum ent. However, such tools shou ld  be regarded  as an essential e lem en t in  the overall process of 
an environm ental assessment.

Tools an d  instrum ents enabling  a factual descrip tion  and  evaluation o f environm ental conditions 
include statistical techniques, m odelling, GIS etc. Also m on ito ring  could  be regarded  as an 
assessm ent tool o f the first level.

To have clear-cut criteria enabling  a ju d g e m en t o f the environm ental condition  is a com m on aim of 
all env ironm ental scientists. It is also a com m on dem and  o f  politician an d  m anagers, who n eed  those 
ju d g em en ts  as a basis for the ir decisions. However, such criteria are norm ally far from  universal and 
scientists ten d  to be extrem ely cautious on p roposing  or accepting dichotom ic criteria tha t would 
lead to simplistic statem ents o r conclusions betw een good an d  bad  environm ental conditions.

T he activities an d  th e  assessm ent tools used by each o f the regional conventions w hich cover the 
E uropean  Seas are stated  below:

6.2. Oslo and Paris Commission

6.2.1. What is assessment— Concept and definitions

The two levels o f  assessm ent described above are included in the definition o f  an assessment 
adopted by OSPAR (OSPAR, 1995):

“... a s ta tem en t o f the whole or p a r t o f the  cu rren t know ledge o f the hea lth  o f the environm ent o f a 
defined  m aritim e area an d  its coastal m argin. A com plete s ta tem en t includes an analysis o f the 
reg io n ’s hydrodynam ics, chemistry, habitats an d  b io ta with an evaluation o f  m a n ’s im pact over space 
an d  tim e against this background  o f na tu ra l variability. All aspects o f m a n ’s in fluence on  the area 
should  be exam ined  includ ing  inputs, concentra tions an d  effects o f contam inants, nu trien ts  and 
radioactivity, dum ping , transport, an d  the exploitation o f  biological and  non-biological resources.”
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6.2.2. Objectives for environmental assessment

T he Jo in t Assessment an d  M onitoring  P rogram m e (JAMP) o f OSPAR, states tha t th e  purpose of 
perfo rm ing  an assessm ent is to provide bo th  m anagers an d  scientists with:

• a concise sum m ary o f con tem porary  know ledge and  cu rren t m anagem ent;

• an identification  o f significant gaps in  know ledge which can provide an authoritative basis for 
defin ing priorities for fu rth e r scientific and  o th e r investigations; and

• a basis fo rju d g in g  the effectiveness and  adequacy o f environm ental p ro tec tion  m easures and  for 
m aking any necessary adjustm ents.

In  view o f the objectives o f the OSPAR C onvention, an assessm ent shou ld  focus on:

• w hether and  w here contam ination  occurs (descriptive assessment);

• w hether and  w here o th e r adverse effects o f hu m an  activities occur (judgem ent);

• w hether hu m an  hea lth  is safeguarded (judgem ent);

• w hether m arine ecosystems are conserved (judgem ent) ;

• the effectiveness o f the m easures taken or p lan n ed  for the  p ro tec tion  off the  m arine
env ironm ent (descriptive assessm ent); and

• priorities for action (ju d g em en t).

6.2.3. Assessment tools 

D escriptive tools and instruments

M onitoring

a. T he OSPAR C onvention (A nnex IV, Article 1 ) defines m on ito ring  as the rep ea ted  m easurem ent 
of:

b. the quality o f the m arine env ironm en t and  each o f its com partm ents, i.e. water, sedim ents and  
biota;

c. activities o r na tu ra l an d  an th ropogen ic  inputs which may affect the quality o f the m arine 
environm ent; and  the  effects o f such activities an d  inputs.

For the purpose o f the assessment, m on ito ring  for spatial patterns and  tem poral trends is carried  ou t 
to d eterm ine an d  describe aspects o f the quality o f the m arine  environm ent. To be able to con tribu te  
effectively to the assessm ent process, m on ito ring  can be expressed as follows:

a. to describe the spatial d istribu tion  o f a range o f physical, chem ical, biological an d  o ther 
param eters (including dem ography, inputs, specific activities) ;

b. to d e term ine  tem poral trends, e ither as a m eans o f assessing th e  effectiveness o f policy m easures, 
or to assess, by the use o f suitable indicators, changes an d  variability in  the quality o f the  m arine 
environm ent; and

c. to establish relations betw een an th ropogen ic  activities an d  observed spatial and  tem poral trends 
in  the  m arine environm ent.

O n the basis o f a series o f questions an d  hypotheses, OSPAR adop ted  in  1995 a Jo in t Assessm ent and 
M onitoring P rogram m e (JAMP).

Background /R eference concentrations

T he b ack g ro u n d /re fe ren ce  concen tra tion  concep t is based on the  assum ption th a t it is possible to 
d eterm ine the  concen tra tions o f the substances o f in te rest co rrespond ing  to a tim e w here no 
significant h u m an  influence on the env ironm ent h ad  occurred .
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Statistical techniques

Statistical tools can be used to analyse m on ito ring  an d  o th e r data  in  a way for instance in o rd er to 
identify trends in  concentra tions on environm ental com partm ents. To enable the use o f such tools 
for the wide range o f  possible purposes, practical p rotocols o r a suite o f m ethods shou ld  be 
developed.

Exam ples of assessm ent activities w ithin OSPAR are a tem poral tren d  analysis o f available in p u t data 
o f selected substances (tools are currently  being  developed) or tren d  analysis o f m arine m onito ring  
data  (using tools developed by ICES).

M athem atical m odels

M odels are used to synthesise in form ation  from  m on ito ring  data, to m ake forecasts as a basis for 
co u n ter m easures and  to m ake inform ative presen tations o f environm ental data. From  an 
environm ental adm inistration p o in t o f view, m odels should  be developed with the  following aims:

1. to provide an integrated picture of the environmental stus of the different parts of the 
maritime area, combining inform ation on e.g. concentrations, inputs, transport and 
biological processes and variability;

2. to provide a tool to forecast the effects of proposed measures;

3. to provide a basis for an  improved description of causal connections; and

4. to provide a basis for the optimisation of m onitoring systems.

T he use o f num erical m odels in  conjunction  with m easured  data  constitutes a pow erful tool which 
generates in te rpo la ted  data  in  tim e and  space. However, it should  be realised th a t in applying 
num erical m odels to sim ulate curren ts an d  m ixing conditions in  the sea, it is im p o rtan t to use a 
m odel th a t reflects the m ajor physical forcing functions o f the  system and  which is p roperly  verified 
an d  validated. In  o rd er to validate a m odel, th e re  is a n ee d  for long-term  series o f data on  physical 
an d  chem ical variables.

OSPAR does n o t develop its own m odels. T he focus is on  validation o f d iffe ren t m odels using 
com m on data sets. Such an exercise was recently  carried  o u t using available eu troph ication  models. 
F u rtherm ore , an overview o f available m odels and  ongoing m odelling  activities was p repared .

A m odelling  w orkshop on the  fate an d  transpo rt o f contam inants w ithin the m arine env ironm ent 
will take place in  N ovem ber 1997.

Tools to judge environm ental conditions an developments

Common Procedure jor the Identification. o f  the Eutrophication Status o f the Maritime Area

OSPAR in 1997 adop ted  a “C om m on P rocedure  for the Identification  o f the  E u troph ica tion  Status 
o f th e  M aritim e A rea” (C om m on P rocedure). T he purpose o f the C om m on P rocedure is to 
characterise the OSPAR m aritim e area in  term s o f p rob lem  areas, p o ten tia l p rob lem  areas and  n o n 
p rob lem  areas with regard  to eu troph ication  in accordance with a specified assessm ent procedure . 
T he d ifferen t types o f areas are defined  as follows:

a. p rob lem  areas with regard  to eu troph ica tion  are those areas for which th e re  is evidence o f an 
undesirab le  d istu rbance to the m arine  ecosystem due to an th ropogen ic  en rich m en t by 
nu trien ts;

b. p o ten tia l p rob lem  areas with regard  to eu troph ication  are those areas for which th e re  are 
reasonable g rounds fo r concern  th a t the  an th ropogen ic  con tribu tion  o f n u trien ts  may be 
causing o r may lead  in  tim e to  an  undesirab le d istu rbance to th e  m arine ecosystem due to 
elevated levels, trends a n d /o r  fluxes in  such nu trien ts;

c. non-prob lem  areas with regard  to eu troph ica tion  are those areas for w hich the re  are no  g rounds
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for concern  th a t an th ropogen ic  en rich m en t by nu trien ts  has d istu rbed  or may in  the  fu ture 
disturb  the  m arine  ecosystem.

A strategy with regard  to eu troph ication  is currently  being developed w ithin OSPAR. This strategy 
will describe the actions req u ired  for the d iffe ren t types o f areas. In  general these actions will be as 
follows:

1. in  the case o f non-problem  areas with regard  to eu troph ication , the status o f the  area with 
regard  to eu troph ica tion  will be reassessed by applying the C om m on P rocedu re  if th e re  are 
g rounds for concern  th a t th e re  has been  a substantial increase in  the an th ropogen ic  n u tr ie n t 
load;

2. in  the case o f p o ten tia l p rob lem  areas with regard  to eu troph ication , preventive m easures 
shou ld  be taken in  accordance with the P recautionary  Principle.

3. F u rtherm ore , th e re  shou ld  be an u rg en t im p lem en ta tion  o f m on ito ring  and  research  in  o rd er to 
enable a full assessm ent o f the  eu troph ica tion  status o f the areas concerned . Such an assessm ent 
shou ld  be carried  o u t w ithin five years o f th e  iden tification  o f the area  as being  a po ten tia l 
p rob lem  area  w ith regard  to eu troph ication ;

4. in  the case o f p rob lem  areas with regard  to eu troph ication :

• m easures shall be taken to reduce or to elim inate the an th ropogen ic  causes o f eutrophication ;

• reports  shall be provided on  the im plem entation  o f  such m easures;

• assessments shall be m ade o f the effectiveness o f the im plem enta tion  o f the m easures on the state 
o f the m arine ecosystem.

Ecological quality objectives (EcoQOs)

Proposed  definitions:

• Ecological quality reference level. - th e  level o f ecological quality w here the an th ropogen ic  influence 
on the  ecological system is minim al.

• Ecological quality objective: - the desired  level o f ecological quality relative to the reference level. 
(The purpose o f the EcoQ O  is to ensure th a t the ecological quality is e ither m ain ta ined  or 
im proved ).

T he basic criteria for selection o f param eters o r variables to be inc luded  in  expressions o f E coQ  fall 
in to  two b ro ad  categories, one reflecting  basic ecosystem properties an d  the o ther reflecting hum an  
use or im pact on  the m arine environm ent.

It is recognised th a t to describe E coQ  and  to set EcoQ O  is a com plex issue which still requ ires a lo t o f 
w ork in o rd er to overcom e existing theoretical, practical and  principal difficulties.

T he m ethodology to set EcoQ O  should  follow a stepwise approach  , w hich includes, am ong others 
the following:

a. D eveloping m eans o f expressing E coQ  based on the  in fo rm ation  co n ten t o f  the chosen 
param eters.

b. D eveloping tools for setting  objectives for E coQ  -  the EcoQ O , in  a way, th a t reveals cause-and- 
effect links. This will help  to clarify policy options.

An exercise to express the E coQ  an d  derive the  co rrespond ing  EcoQ O  was perfo rm ed  using the 
issue eu trophication .

In  diagram  1 such m ethodology is p resented .
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Ecotoxicological assessment criteria

Ecotoxicological Assessment C riteria (EAC) are considered  to be an essential com ponen t in  any 
assessm ent o f data from  chem ical m on ito ring  program m es, as such criteria are an  indication of 
concen tra tion  levels o f contam inants below which no  harm  to the environm ent is expected.

T he data used in  the developm ent o f EAC inc luded  toxicity data for w ater and  sedim ent, estim ates 
from  the C anadian  BEDS database, calculated and  m easured  estim ates for partition ing  coefficients, 
calculated an d  m easured  coefficients for b io-concentration factors as well as toxicity data for birds 
an d  m am m als concern ing  contam inants evaluated for bio-m agnification.

In  1997, OSPAR adop ted  a set o f EAC for use as an assessm ent tool in  the QSR 2000. These criteria 
w ere derived following agreed  p rocedures an d  using all ecotoxicological data passing pre-defined 
quality criteria.

T he basis o f the agreed  p rocedu re  was the derivation o f an  ex trapolated  concen tra tion  by selecting 
the lowest NOEC or L(E)C50 from  the accepted  ecotoxicological in form ation. Subsequently, an 
EAC (expressed as a range) is genera ted  by setting an  interval a ro u n d  the ex trapolated  
concen tra tion , which depends on the ex ten t o f the data set.

T he use reco m m en d ed  for EAC is on  the  identification  o f possible areas o f concern  an d  to indicate 
w hich substances could  be considered  a priority. EAC shall n o t be taken as standards o r trigger for 
rem edial action. F u rtherm ore , the EAC do n o t take in to  account specific long-term  effects and  do 
n o t include com bination  toxicity.

A no ther im portan t use for EAC is if, in  an in teg rated  chem ical an d  biological effects p rogram m e, 
effects are fo u n d  th en  ecotoxicological assessm ent criteria could  be used  to diagnose which 
com pounds may be responsible.

Sediment quality criteria

An overview of in form ation from  all OSPAR C ontracting  Parties about the ir national sedim ent quality 
criteria (SQC) and  how  they are applied in  being p rep a red  w ithin OSPAR. However, the developm ent 
and  use o f such SQC on  a m ore general level will be h am pered  as the available national criteria and 
the rela ted  action levels are different depend ing  on local conditions and  background levels.

Diagram 1
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6.2.4. Experience of use

In  the  N orth  Sea Quality Status R eport (1993) som e background  concentra tions were used  for 
selected substances an d  in  particu lar cases Ecotoxicological criteria and  background values have 
been  adop ted  to use as an assessm ent tool in  the QSR2000 of OSPAR.
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A lthough the underly ing approaches o f  the tools described above and  the ir applicability are n o t
generally accepted  a t the national level and  the ir scientific sustainability is often  questioned, such
tools are curren tly  the  best available m e th o d  to help  translating  the  (im perfect) know ledge o f our 
coastal and  m arine  env ironm ent in to  a basis for decision m aking and  to evaluating effects o f 
environm ental p ro tec tion  program m es an d  policies.

6.3. Helsinki Commission

6.3.1. Introduction

W ithin the fram ew ork the “m arine environm ental assessm ent” is collection, analysis and  
in te rp re ta tio n  o f in form ation  with the  purpose o f assessing the quality o f m arine areas. It is a ra th e r 
com prehensive process com prising the  collection o f reliable physical, chem ical an d  biological 
in form ation  to assess the  im pact o f h u m an  activities against a background  o f spatial and  tem poral 
variability.

W ithin the  HELCOM  fram ew ork an assessm ent has never been  unam biguously defined. T herefore, 
two types o f assessments have been  elaborated:

• A “them atic assessm ent” o f lim ited scope, concern ing  evaluation o f data on  a specific subject,
e.g., rep o rtin g  on po llu tion  load com pilation data  covering a specific period , o r assessing the 
results o f the baseline study o f con tam inan t levels in  Baltic Sea sedim ents, etc.,

• PLC-reports:water 1987(1985), 1993 (1991) and  1997 (1995)

• air 1989 (1983-85 and  1986), 1991 (1986-90) and  1997 (1991-95)

• An “in teg rated  assessm ent” which im plies “bring ing  toge ther” o f in form ation  from  a variety of 
sources, and  rela ting  these data in  a m eaningful way. For exam ple, assessing the results o f 
tem poral trends in  con tam inan t levels as observed in  environm ental m edia in  rela tion  to inputs 
o f these contam inants to the respective area  over the same period , and  considered  w ithin the 
contex t o f im plem enta tion  o f policies and  m easures aim ed at reducing  such inputs.

T he th ree  periodic assessments o f the state o f the m arine env ironm ent o f the Baltic Sea (1980-85; 
1984-88 and  1989-93) published  so far can be classified as “in teg rated  assessm ents”. T he “aud ience” 
o f the periodic assessments p rep a red  w ithin the HELCOM  fram ew ork is m anagers, the  general 
public, and  scientists. T he aim o f the assessments is to provide a com pact sum m ary o f contem porary  
knowledge, status and  trends in environm ental quality an d  if possible, h in ts for necessary 
m anagem en t actions; to identify significant gaps in  knowledge, providing thus a basis for defining 
priorities for fu rth e r scientific an d  o th e r  investigations; and  to provide a basis fo rju d g in g  the 
effectiveness and  adequacy o f environm ental p ro tec tion  m easures.

T he basis for the assessm ent activities w ithin HELCOM  are various m on ito ring  program m es co
o rd ina ted  by the  Commission.

6.3.2. What is assessed and how ?

• In  the periodic assessments a so-called “ecosystem ap p ro ach ” has been  applied  covering the 
following issues:

• clim ate (air tem peratu re , p recip ita tion , etc.), ice conditions an d  hydrology (river-flow),

• hydrography; e.g., effects o f  saline w ater in flow /changes in salinity, changes in  tem perature , 
oxygen and  hydrogen su lphide (few exam ples)

• hydrochem istry; nu trien ts  (P 0 4 , N 0 3 +  N 0 2 , NH4, S i04 ) in  the surface layer and  in  deep  waters 
(seasonal and  regional variability, long-term  variations),

• pelagic biology; phytoplankton , biomass, chlorophyll-a, an d  m esozooplankton (seasonal, 
regional an d  long-term  variations)

• ben th ic biology; m acrozoobenthos and  m acrophytobenthos (abundance an d  biomass, regional 
and  long-term  variations)

• bacteriop lank ton  (tem poral variations in  the G ulf o f  B othia an d  Kiel and  M eclenburg Bights, 
spatial variations in  o th e r areas)
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• con tam inants in  b io ta (regional and  tem poral variations)

* halogena ted  hydrocarbons (PCBs, DDTs, HCHs, HCBs, po lybrom inated  d iphenylethers, 
po lychlorinated  dibenzo-p-dioxins an d  dibenzofurans)

* petro leum  hydrocarbons (only very lim ited  am o u n t o f data  available)

* heavy metals, tem poral changes, (b io ta m ain  m atrix, som e data  in  water) : Pb, Cd, Hg, Cu, Zn,

• new  topics in the  T h ird  Periodic Assessment:

* artificial rad ionuclides

* fish stocks and  diseases an d  parasites (by ICES)

* n a tu re  conservation an d  biodiversity (e.g. m arine m am m als, sea birds)

* harm fu l algae, sanitary conditions in  coastal waters etc.

H ydrographical conditions in  various subregions o f th e  Baltic Sea may vary rem arkably (e.g., salinity 
decreases from  abou t 20 PSU in th e  K attegat to abou t 5-7 PSU in the B othinia Bay). Also seasonal 
differences, e.g., n u tr ie n t concentra tions are big. F u rtherm ore , a certain  season differs in  tim e in 
d iffe ren t parts o f the  Baltic, e.g. in  the sou thern  parts spring can be in  M arch /A pril whereas in  the 
m ost n o r th e rn  parts it is only late M ay/early  June . T herefore, in  the assessm ent w ork special care has 
to be taken w hen com piling data. D ue to large-scale na tu ra l variations for the  Baltic Sea, it is very 
difficult to state w hether the observed changes are due to the environm ental p ro tec tion  m easures 
taken or as a resu lt o f n a tu ra l variation.

To m ake the situation m ore com plicated, the water colum n is layered, which makes it necessary to 
divide the water colum n in to  several d istinct com partm ents, all o f which are n o t relevant in all areas. 
T he general division in to  surface an d  deep  waters, w herever a halocline is presen t, is supp lem ented  
by a w inter water layer (or layers) above the halocline an d  an in te rm ed ia te  layer below, as e.g., the 
layer from  abou t 100 m  down to the beg inn ing  anoxia (if p resen t). In  som e areas the re  may be 
reason  for a separate trea tm en t o f a bo ttom  layer. T he surface layer in  general defines the nearly 
hom ogenous layer from  the surface to the halocline or the w inter layer. For tren d  analyses of 
(winter) surface concen tra tions and  sim ilar considerations this layer is sufficiently rep resen ted  by 
th e  top 10 m. For calculation o f m ean  seasonal variabilities (annual cycles) a descrip tion  o f the 
hydrochem ical situation is considered  to be appropriate . These seasonal cycles are th e  basis for the 
defin ition  o f periods o f the year which provide the relevant data for tren d  calculations. T he m ean 
seasonal variability determ ines the data basis for tren d  analysis data.

T he data  from  the selected w inter period  is believed to reflect trends o f the  an th ropogen ic  load. 
However, w inter n u tr ie n t concentra tions are m uch  in fluenced  by m eteorological and 
hydrographical conditions which should  be accoun ted  for in  the  tren d  analyses w hen possible, and 
otherw ise be considered  w hen in te rp re tin g  the results of tren d  analyses.

In  HELCOM  periodic assessments usually m eteorological, hydrological and  hydrographic conditions 
are described first as background  inform ation. For hydrochem istry n u tr ie n t variability (long-term  
changes) as well as spatial n u tr ie n t d istribu tion  is covered. R egarding trends in  the open  sea the data 
for a specific assessm ent period  does n o t allow an evaluation o f trends, since a period  of at least ten  
years is n ee d ed  to ge t reliable results from  tren d  tests. This is due to the test statistics an d  the ability 
to separate short-term  variations from  changes in  the system. In  the  last assessm ent w ork the tren d  
analysis was therefo re  m ade for two differen t periods, one covering the whole period  of reliable data 
(e.g.,1970-93) an d  the  o ther covering the th ree  HELCOM  assessm ent periods from  1979 to 1993. 
For practical reasons trends in  the open  sea an d  in  the coastal zone are considered  separately.

6.3.3. Background/reference concentrations

W ithin the  HELCOM  fram ew ork no  specific back g ro u n d /re fe ren ce  values have been  set, since as 
stated  above, the natu ra l variations as well as regional differences are so big in the  Baltic Sea (e.g. 0 2  
situation ). Furtherm ore, it is very difficult to decide on  these values for heavy m etals since for 
exam ple the increase in  concentrations o f cadm ium  in organism s towards the n o rth  is, a t least partly, 
a consequence o f salinity on the bioavailablity of this e lem en t (the change in  salinity causes change in 
the chem ical spéciation o f cadm ium , w hich in  tu rn  may have an influence on the efficiency with 
w hich this e lem ent is accum ulated  by m arine organism s). In  case back g ro u n d /re fe ren ce  values able 
to be established they would m ost probably differ from  one sub-region to the other. It is equally
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difficult to decide w hat should  be the background  value for artificial com pounds (like PCB, or DDTs).

In  1990 the Baltic Sea E nvironm ent C onference decided  to elaborate w ithin the fram ew ork of 
HELCOM  a jo in t action program m e for the Baltic Sea aim ed a t reducing  po llu tion  decisively in 
o rd er to assure the  ecological restoration  o f the Baltic Sea, to ensure the possibility o f self-restoration 
o f the m arine environm ent an d  to preserve its ecological balance. T he defin ition  o f the ecological 
balance was, however, left open  and  has afterwards b een  in te rp re ted  as m ean ing  the environm ental 
status o f the Baltic Sea in  late 1940s o r early 1950s.

Nutrients as an exam ple o f  the situation

It shou ld  be rem em b ered  th a t the n u tr ie n t concentra tions do n o t d eterm ine the eu troph ication  b u t 
the biological response is im portan t. T he p ro n o u n ced  regional differences with respect to hydro
graphy, and  n u tr ie n t loads and  budgets, com plicate a general assessm ent o f the  eu troph ication  state 
o f the  Baltic Sea as a whole. O ne o f the m ain features involved in budget calculations for exam ple, 
the residence tim e, may vary from  weeks (estuaries) to a few m onths (e.g., K attegat and  Belt Sea), to 
years and  even decades (basins o f the Baltic P ro p e r) .

T he level o f the  prim ary p roduction  is m ainly con tro lled  by the concentra tions o f inorganic phos
pho rus and  n itrogen  com pounds and  o f silicate. T he m ajority o f the Baltic Sea areas is characterised 
by a surplus o f  phosphorus an d  the re fo re  the phytoplankton  p roduction  is mostly nitrogen-lim ited. 
Phosphorus lim itation plays an im p o rtan t if  n o t dom inating  role in  the B othnian  Bay, in  the western 
coastal areas o f the B othnian  Sea, in  the G ulf o f Riga and  in  som e local areas. Taking in to  account 
the additional loads o f n itrogen  from  the atm osphere and  by n itrogen  fixation, this n u tr ie n t is the 
variable o f h ighest concern  with respect to considerations on  eu troph ication  in  the Baltic Sea. 
Silicate exhibits p ro n o u n ced  seasonal concen tra tion  patterns b u t seems n o t to lim it the production .

Horizontal distribution - As the  dom inating  sources o f n itrogen  and  phosphorus are land-based, a 
generally decreasing tendency  o f n u tr ie n t concentra tions is found  with increasing distance from  the 
coast, and  from  the in n e r parts of gulfs and  bights towards the open  sea. T he atm ospheric 
deposition, i.e., mainly wet deposition  o f NOx and  N H 4, rep resen ts a m ore  'global' load. M arked 
regional differences occur; n itra te  concentra tions (winter-surface values) decrease from  h igh  levels 
in  the  K attega t/B elt Sea area (6-9 m ol dm"3) along a transect th ro u g h  the B ornholm  and  G otland 
Seas (a ro u n d  4 m ol dm"3), while phosphate  concentra tions are ra th e r un iform  (0.6-0.9 m ol dm"3) 
along the transect. Areas in fluenced  by coastal sources exhibit elevated concentrations, e.g., the 
M ecklenburg Bight, G dansk Bight, G ulf o f Riga, B othnian  Bay an d  Eastern G ulf o f Finland.

Vertical distribution - Vertical n u tr ie n t d istribu tion  depends strongly on the reg ional hydrography. In 
general, haloclines are also ‘nu tric lines’, separating  surface w ater with lower n u tr ie n t concentra tions 
from  bottom  water with en riched  concentrations. As the m ineralization  takes place m ainly in  the 
d eeper layers an d  at the bottom , the deep  layers rep resen t n u tr ie n t reservoirs. A t low oxygen 
concentra tions n itra te  is rapidly rem oved by dénitrification, while phosphate  is released from  the 
sedim ents in  the presence o f hydrogen  su lphide and  becom es enriched.

Seasonalities - T he annual p roduction  o f organic m aterial in  the euphotic layer is de term ined  by the 
am ounts o f nu trien ts  available at the start o f th e  p roduction  (spring-diatom  b loom ), an d  by the 
fluxes in to  the euphotic  layer from  deep er layers, inputs from  the land  and  from  the  atm osphere , as 
well as from  in te rna l n u tr ie n t cycles (turnover) du ring  the productive season. Except for som e local 
processes, the annual developm ent of the phytoplankton p roduction  is ra th e r sim ilar th ro u g h o u t the 
Baltic Sea, showing a b im odu lar curve, with a sho rt peak-spring-bloom  and  a b ro ad er m axim um  at 
the late-sum m er to au tum n bloom . T he spring bloom  is dom inated  by new  p roduction , while the 
p ro p o rtio n  of regenera ted  p roduction  is increasing du ring  sum m er and  autum n.

T he n u tr ie n t concentra tions observed in the productive layer are contro lled  th ro u g h o u t the course 
o f the p roduction  cycle. T here  is a rap id  decrease to low or zero levels du ring  the spring bloom . This 
low level is m ain ta ined  until au tum n  w hen the  fluxes o f regenera ted  nu trien ts in to  the photic layer 
exceed the productive consum ption. In term ediate  increases can be re la ted  to short-term  events as,
e.g., heavy rainfall and  run-off, upwelling an d  advective transport.

T rend studies o f these nu trien ts  in  th e  surface layer are therefo re restricted  to this widely accepted  
‘w inter p e rio d ’ before the sta rt o f the m ore p ro n o u n ced  annual biological activity, the spring bloom
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o f the phytoplankton. This happens abou t m id-February in  the Kattegat and  Belt Sea, and  as late as 
the en d  o f A p ril/b eg in n in g  o f May in  the N orthern  Baltic Proper. T herefore, the  w inter period  is 
restric ted  to 1-2 m onths only in  the  A rkona and  B ornholm  Basins, b u t to 2-3 m onths in the Eastern 
an d  W estern G otland Basins. In  coastal areas and  in  th e  w estern parts o f  the Baltic Sea, ‘w inter 
concen tra tions’ are m ore difficult to establish.

Long-term variations including trends- As already m entioned , the analysis o f long-term  trends for 
nu trien ts  in surface waters should  be based on  m easurem ents du ring  the less productive season, and  
m ust cover periods o f m ore  than  10 years to take in to  account intra- and  in ter-annual variabilities.

6.3.4. Assessment tools used in HELCOM  

Statistical techniques

For contam inants in b io ta the ICES approach  to tren d  analysis has been  applied. D uring the 
previous assessm ent w ork the possibility o f detecting  a tren d  o f  a specific m agn itude - the pow er - in 
tim e series o f con tam inan t levels in  b io ta was investigated by ICES. Since in  m ost cases tim e series o f 
at least 10 years o f annual sam pling is n ee d ed  to reach  a reasonable sensitivity, the  HELCOM  
co n tam inan t database is curren tly  inadequate  to assess tem poral trends in  the  whole Baltic Sea, 
except for a few analytes in  selected m atrices from  som e regions.

For nu trien ts  an d  biological data a m e th o d  for univariate tren d  analysis, com m only used in  N orth  
Am erica, was applied. T he advantages o f the  m e th o d  in  com parison with the o th e r m ethods are:

• it is in h e re n t in  the m ethod  to hand le  seasonal variation,

• the m eth o d  does n o t rely on  norm al assum ptions, and

• the m eth o d  is robust to outliers an d  missing data.

T he m ajor disadvantages are tha t it only tests for m onotonic trends an d  gives a m ed ian  slope 
estim ate; it is n o t possible, for exam ple, to test w hether a tren d  is linear.

Statistical analyses o f the pelagic param eters w ere found  to be difficult, i.a., due to the fact th a t m ost 
o f th e  pelagic param eters have h igh  seasonal variation th a t dom inates the variation over years and  
areas.

Modelling

M odelling is considered  an d  also used as one im p o rtan t assessm ent tool. It is difficult to give a 
com prehensive view o f various m athem atical m odels applied  due to the  fact th a t the m odelling  work 
is n o t m ade by the Com m ission b u t by all C ontracting  Parties. M ore details abou t th e  ecological 
m odels in  eu troph ication  studies could  be found , e.g., from  th e  T h ird  Periodic Assessm ent o f the
State o f the M arine E nvironm ent o f the Baltic Sea, 1989-1993 (Baltic Sea Environ. Proc. N o 64B).
T herefo re, in  the following only som e exam ples are highlighted .

To d eterm ine the response o f the m arine ecosystem to changing  inputs o f the eu trophic substances 
n itrogen  and  phosphorus, various ecological m odels have b een  applied. These m odels han d le  in p u t 
from  the land  an d  the  atm osphere, export-im port fluxes with ad jacen t sea regions (based on a 
bu d g et o r hydrodynam ic m o d u le ) , exchange o f nu trien ts with the seabed (sed im entation  and  
resuspension), an d  biogeochem ical cycling in the  w ater colum n (hydrodynam ic transports, 
biological consum ption  and  regenera tion  o f nu trien ts  w ithin the food web, sed im entation  o f organic 
m aterial, regeneration  o f  inorganic nu trien ts from  organic m aterial, den itrification).

Em pirical relationships betw een inpu ts o f nu trien ts  and  conditions in  the sea can be found  on the 
basis o f long-tim e series o f data. This allows for the  developm ent o f n u tr ie n t budgets an d  em pirical 
m odels for the  en tire  Baltic Sea, and  for sub-regions. Results from  em pirical m odels have been  used 
to develop m anagem en t strategies for the Baltic Sea. W hile such m odels have a good  analytical 
capability, the ir predictive pow er is ra th e r lim ited.

Predictive process-oriented ‘m echanistic’ m odels have also been  applied. In teg ra ted  m odelling  
approaches, com bining d iffe ren t m odels, are u n d e r  developm ent w ithin the EU-MAST3 pro ject 
BASYS.
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GIS

Several attem pts have been  m ade to develop the Baltic GIS. In  1994 a feasibility study was conducted  
together with several institutes an d  organisations. A ccording to the needs o f organisations involved 
at th a t tim e 14 d ifferen t data them es w ere envisaged. C urrently  a new  attem p t to ge t outside funding 
has been  m ade. T he possibilities to use GIS as one tool for analysis an d  display o f the data is 
acknowledged.

GIS as an in form ation  system could  be an im p o rtan t p a rt o f the fu tu re assessm ent work. W ithin the 
HELCOM  fram ew ork discussion on the developm ent o f an in form ation  system which could provide 
up-to-date in form ation  has been  initiated. C urrently  bo th  national and  regional approaches have 
been  m ade.

Other matters

Ecotoxicological reference values, ecological quality objectives and  ecotoxicological assessm ent 
criteria have n o t been  used in  HELCOM  assessments.

D ue to the fact th a t the whole Baltic Sea is considered  to be eu troph ied , no  com m on p rocedu re  for 
identification  o f eu troph ication  status o f the m aritim e area has been  m ade, b u t the discussion is 
focused on lim iting nutrien ts. T he eu troph ication  status is followed w ithin the m on ito ring  and  
assessm ent activities.

F u rtherm ore , no  sed im ent criteria has been  e laborated  or agreed.

6.4. The Arctic Monitoring and A ssessm ent Programme

6.4.1. Introduction

T he Arctic M onitoring an d  Assessment P rogram m e (AMAP) has recently  conducted  its first assess
m en t o f environm ental po llu tion  in  the  Arctic. In  th e  course o f this assessm ent various ‘assessm ent 
tools’ were used. In  addition , the assessm ent identified  ‘needs for fu tu re  assessm ent w ork’ which can 
be re la ted  to ‘research  needs to im prove assessm ent tools’. T he following com m ents sum m arise the 
views o f T he Arctic M onitoring an d  Assessm ent P rogram m e (AMAP) based on  this experience.

6.4.2. Available assessment tools

• at the scientific level, to facilitate assessm ent o f environm ental m on ito ring  data, two m ain  types of 
tools were em ployed:

(a) comparative analysis, whereby environm ental m on ito ring  data were com pared  with various 
effects th resholds or gu ideline values (see exam ple a ttached). T he purpose o f such assessments was 
essentially to provide a ‘meaningful context’ for data on environm ental con tam inan t levels, i.e. a 
basic in te rp re ta tio n  of the possible im plications o f observed levels. Given the num erous ‘caveats’ 
associated with this type o f com parison (see later com m ents), the (effects th resh o ld /g u id e lin e  
value) levels with which data  were com pared  were not, in te rp re ted  in  the sense o f ‘target values’ for 
the environm ent.

(b) a variety o f m odels w ere em ployed du ring  the assessment, including: long-range transport 
m odels - m ainly m odelling  atm ospheric transports to estim ate depositions w ithin th e  Arctic (e.g. 
sulphur, Pb) from  com piled  (global) emissions inventories (sulphur, n itrogen , Pb, Hg, H C H ); 
budget m odels (e.g. H CH , Toxaphene, PCB) to estim ate the (global) budgets in  rela tion  to the 
Arctic O cean; statistical m odels/analysis tools for assessm ent o f tem poral trends, etc.; food-chain/ 
web m odels to address issues such as biom agnification; box-models to describe in te rco m p artm en t 
pathw ays/transports, etc.

• in  connection  with the ‘decision-m aking’ process:

the AMAP assessm ent can be viewed as a two-level process involving (i) the scientific assessment, 
using tools as previously described, to evaluate the results o f environm ental m o n ito rin g /re sea rch  
program m es, and  (ii) the ‘advisory’ com ponen t, by which the outcom e o f the scientific assessm ent is 
in te rp re ted  in the form  o f conclusions an d  recom m endations which can be com m unicated  to
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M inisters, decision-m akers, m anagers, etc. in  an appropria te  form  (e.g. recom m endations on  
reduc tion  m easures, em erging problem s, advice at the regional and  local level, etc.). In  essence, the 
advisory co m p o n en t was addressed th ro u g h  the p rep ara tio n  o f repo rts  (e.g. the AMAP State o f the 
Arctic E nvironm ent R eport), p resen ta tion  o f this rep o rt in  relevant in te rnational fora, organisation 
o f a Symposium to b ring  together scientists an d  environm ental decision-m akers, representatives of 
ind igenous peoples, etc. In  this respect, it is im p o rtan t th a t the  ‘delivery tools’ em ployed are 
appropria te  to the d ifferen t objectives an d  target groups involved in  ensuring  the assessm ent is 
received in  a m an n er which achieves the  desired  results. For exam ple, tha t M inisters can use the 
assessm ent to support in te rnationa l negotiations on reduc tion  m easures, o r th a t advice concern ing  
h u m an  hea lth  issues is com m unicated  to ind igenous peoples in  a responsible m anner.

For specific issues, risk assessment tools are desirable. T he AMAP assessm ent is n o t considered  ‘an 
environm ental risk assessm ent’, however, certain  parts o f the assessm ent (e.g. radioactivity, h u m an  
health ) in tro d u ced  concepts re la ted  to risk assessm ent analysis and  m ade som e first attem pts at 
applying this type o f approach.

Risk assessm ent is seen as a viable tool in developing ‘h a rd ’ advice from  environm ental p rogram m es 
such as AMAP, b u t often  requires com prehensive data w hich may n o t be available from  basic 
environm ental m on ito ring  program m es.

Similarly, critical loads and levels, are concepts which will likely be developed in  the fu tu re AMAP 
program m es to provide targeted  advice on p ro tec tio n /re d u c tio n  m easures. Critical loads are 
discussed in  the AMAP assessm ent in  rela tion  to, e.g. acidification problem s, however, again, the re  is 
generally a n ee d  for includ ing  in form ation  which may n o t be available from  a typical regional 
environm ental m on ito ring  program m e.

6.4.3. Future needs of assessment took

All the tools m en tio n ed  above have the ir lim itations:

Comparative analysis: the scientific basis for developm ent o f applicable effects thresholds and  
guidelines is generally inadequate. For exam ple:

• effects th resholds typically involve ex trapolation  o f lim ited data from  laboratory  experim ents or 
field studies to environm ental situations which m igh t be very d iffe ren t an d  w here additional 
factors may play a significant ro le (e.g. species differ, exposure levels differ, th resholds for single 
con tam inan t exposures are applied  to situations w here com bined  con tam inan t ex p o su res/ 
env ironm ental stressors are at work, food-web characteristics differ, etc.).

U nder these circum stances, whilst comparative analyses are useful in gaining insight into 
environmental data and potential problem areas, they can only be applied  as w hat m igh t be term ed 
‘target values’ for environm ental m anagem ent to a lim ited extent, an d  only in well-defined situations.

Models: the various m odels described above are im p o rtan t assessm ent tools, with a variety of 
applications, especially in  areas such as the Arctic w here environm ental m on ito ring  will never 
provide good geographical coverage for log istical/cost reasons. However, m odels are also subject to 
in h e re n t lim itations (sophistication o f the  m odels, assum ptions and  uncertain ty  concern ing  
param eterisation  an d  boundary  conditions, lim ited quality o f in form ation  on inputs, etc., an d  lack of 
field data  for m odel calib ration /verification). Again m odels can easily be mis-applied, and  w ithout a 
good  un d erstan d in g  of the lim itations o f the m odels, the ir results can be given an unjustified 
significance in  the  assessm ent processes and  developm ent o f policy advice. C onsiderable progress in 
relevant m odelling  activities has taken place, b u t the n eed  for fu rth e r  im provem ents is well 
recognised; the  n ee d  for b e tte r in p u t data (e.g., emissions inventories) and  field data for verifying 
m odel results is also recognised, b u t this ‘less g lam orous’ aspect often  receives less attention .

D evelopm ent o f applicable critical loads/levels, w hich can be directly app lied  in environm ental 
m anagem en t and  policy developm ent, requ ire  appropria te  progress in  bo th  the areas o f  effects 
th resho ld  and  m odel developm ent n o te d  above. Such ‘target values’ are generally  n o t applicable 
over wide geographical areas such as the en tire  Arctic.

Risk assessm ent is a w ell-defined and  well-developed approach  in  certain  fields (e.g. radioactivity), 
an d  th e re  is no  reason why a sim ilar approach  could  n o t be applied  to o the r environm ental issues to
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a m uch  g rea ter ex ten t than  it is today. An exam ple could  be to conduct form al risk assessments in 
areas w here com parative analyses indicate th a t the po ten tia l exists for adverse effects. However, risk 
assessm ent requires availability o f detailed  in form ation  on a nu m b er o f factors which n ee d  to be 
taken into account, o f which ‘environm ental con tam inan t levels’ is only one; o thers m igh t include 
dem ographic in form ation, dietary in form ation , u nderstand ing  o f  food-webs a n d /o r  critical p a th  of 
exposure, and  the  re la ted  effects o f exposure. Full application  of the approach  involves, for exam ple, 
co s t/b e n efit analysis o f rem ediation  m easure, an d  in troduces additional data requirem ents. 
However, from  an environm ental m anagem en t/po licy  developm ent p o in t o f  view, such application  is 
re q u ire d / desirable.

Comparative analysis

T he features o f com parative analysis as applied  w ithin the AMAP assessment, its lim itations and 
needs are discussed above. Com parative analysis can be simply re la ted  to the concep t o f ‘indicators’ 
re la ted  to environm ental con tam ination , however, som e im p o rtan t points to no te are:

• indicators often  ‘in teg ra te ’ a nu m b er o f com plex issues, an d  the m ore generalised  they becom e 
the lower the scientific justification  for the ir application;

• even basic indicators such as ‘effects th resho lds’ are subject to so m any caveats th a t the ir 
application  is questionable in  any type o f ‘ta rge t’ setting;

• it is probably im possible to identify indicators based on environm ental levels tha t can be applied  
over wide geographical areas;

• generalised  socio-econom ic indicators (e.g. h u m an  b irth  ra te /d e a th  rate/life-expectancy, 
b reed ing  success o f  wild animals, etc.) can reflect ‘environm ental h ea lth ’, however, they also 
in tegrate  num erous o th e r factors an d  are n o t addressed in the  con tex t of this pap e r which 
focuses on the issue o f environm ental contam inants.

Thus, whilst som e ‘general ind icato rs’ o f e.g. hu m an  hea lth  status, such as life-expectancy, are 
discussed in  the AMAP assessment, indicators o f ‘environm ental/ecosystem  hea lth  status’ are largely 
quantitative and  considered  only in the form  o f exam ples relevant to specific areas, with full 
recognition  o f the ir lim itations a n d /o r  explanatory  circum stances. For exam ple, species m ay exhibit 
levels o f contam inants which exceed guidelines for p ro tec ting  aquatic b io ta which eat them , b u t 
these levels may be un re la ted  to the  environm ental situation in  the Arctic (e.g. contam inants may be 
accum ulated  during  m igrations to o th e r m ore con tam inated  areas). W ith regard  to identifying ‘1-2 
indicators for use in determ in ing  the (environm ental/ecosysytem ) hea lth  o f coastal areas’; it is 
difficult to envisage any such indicators w hich could  be generally applied  in  an Arctic regional 
context, le t alone a w ider context. Indicators based on hu m an  activity (e.g. tourism ) would n o t be 
applicable (except in  very lim ited areas); indicators based on  environm ental levels would n eed  to 
take in to  account (significant) specific sub-regional factors. T he derivation o f ‘target values’ from  
such indicators, and  the ir application in  term s of, e.g. setting ‘environm ental quality criteria’ 
possibly with legal/po litica l im plications for m eeting  such targets, w ould be extrem ely difficult. They 
w ould necessarily oversimplify com plex in teractions, w hich are often  n o t fully understood , an d  could 
easily be m isapplied in  a m anagem en t context, o r give rise to m isin terp reta tion  the general public if 
taken ou t o f con tex t a n d /o r  n o t com m unicated  in  an appropria te  m anner.

6.5. United Nations Environment Programme/Mediterranean Action Plan

6.5.1. Introduction

A ccording to the MED POT Phase III P rogram m e, in  the fram ew ork o f the Pollu tion  Assessment and  
C ontro l C om ponen t o f  the M edite rranean  A ction Plan (MAP), th ree  basic types o f m on ito ring  are 
organised: com pliance m onitoring , tren d  m on ito ring  and  m on ito ring  o f biological effects.

6.5.2. Trend monitoring

T he general objective of the  tren d  m on ito ring  is to provide an assessm ent o f a change with tim e in 
the environm ental levels o f chem ical contam inants. In  particular, a tren d  m on ito ring  program m e 
should  allow the  identification  of a specific tem poral tren d  in  the  con tam inan t level with a given 
confidence.



Inter-Regional Forum

Selection o f  monitoring stations

A n u m b er o f fixed coastal stations from  the national m on ito ring  program m es will be selected by the 
MED POL N ational C oordinators in  each country, to be used in  the tren d  m on ito ring  program m e.

T he following criteria will determ ine the sites to be selected for tren d  m onitoring:

• T he selection o f a site will satisfy the m anagerial objectives o f the program m e;

• the site will allow the detection  o f the change in  con tam inan t level th a t the tren d  m onito ring  
program m e is expected  to detec t th rough  the selection o f a realistic nu m b er o f samples;

• the site will allow the selection o f a sufficient n u m b er of b io ta req u ired  for the tren d  m onito ring  
program m e;

• the site will be suitable for sed im en t down-core analysis, particularly as regards sed im entation  
rates and  b io tu rba tion  intensity.

Contaminants to be measured

O n a M editerranean  scale an d  on  the basis o f the past MED POL m on ito ring  data  the following 
contam inants could be selected for m easu rem en t in  the tem poral tren d  m on ito ring  program m e:

a) - Total m ercury  in  sed im ent an d  b io ta

- Cadm ium  in sed im en t and  biota

T he above may be considered  as priority  contam inants, for which tha t tren d  m on ito ring  w ould be 
carried  o u t a t most, if  n o t all, selected stations.

b) - Total arsenic in  biota

- Zinc in sed im en t and  biota

- C opper in  sed im ent an d  b io ta

- H igh m olecu lar w eight h alogena ted  hydrocarbons in  sed im en t an d  biota

- Polynuclear arom atic hydrocarbons in  biota.

Selection o f  the sampling matrices

Biota an d  sedim ents are considered  as the prim ary m atrices for the sam pling of con tam inan ts for 
tren d  m on ito ring  purposes, p resen ting  the  advantage of in teg rating  contam ination  over time. B iota 
an d  sedim ents are prim ary m atrices for the  m easu rem en t o f total m ercury, cadm ium , zinc, copper 
an d  h igh  m olecular w eight h alogena ted  hydrocarbons.

Polynuclear arom atic com pounds are best m on ito red  for trends in  biota. Arsenic is a difficult 
con tam inan t to be m on ito red  for trends; sed im ent profiles w ere proven unsatisfactory while the use 
o f b io ta is still being  studied.

T he use o f  sedim ents and  b io ta for m arine po llu tion  tren d  m on ito ring  should  ideally be p a rt o f an 
in teg rated  m on ito ring  program m e which includes o tgher com partm ents o f the environm ent (e.g. 
SPM, seawater, interstitial w ater). This will help  in  the in te rp re ta tio n  o f the m on ito ring  data.

Biota

T he tren d  m on ito ring  p rogram m e will carry o u t m easurem ents for contam inants in  species m ost 
closely fulfilling the objectives o f the program m e while at the same tim e selecting species adhering  to 
the greatest ex ten t possible to the following criteria:

• A sim ple relationship  exists betw een con tam inan t concentra tions in  the species and  average 
concen tra tions in  the  su rround ing  environm ent;
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• T he species accum ulates the contam inant;

• T he species is sedentary  an d  thus represen ts the collection area;

• T he species is w idespread and  ab u n d a n t in  the study region, to allow com parisons am ong 
d ifferen t areas;

• T he species lives long  enough  so tha t m ore  than  one year-class can be sam pled, if  desired;

• T he species is large enough  to yield sufficient tissue for analysis;

• T he species is easy to collect and  hardy  enough  to survive unfavourable conditions or w ithin the 
laboratory;

• T he species exhibits h igh  bio-accum ulation factors, to allow analysis w ithout p reconcen tra tion ;

• T he species to lerates brackish water, to allow com parisons betw een estuarine and  offshore sites;

• T he species m ust be easy to identify with certainty.

T he following benth ic o r dem ersal species were used in  the past for MED POL m on ito ring  purposes:

• Bivalves (Mytilus galloprovincialis, or Mytilus edulis, or Perna perna, or Donax trunculus)

T he latter th ree  species were suggested as alternative species if M. galloprovincialis d id  n o t occur in 
the area

• Demersal fish (Mullus barbatus, or Mullus surmuletus, or Upeneus mollucensis)

T he la tter two species were suggested as alternative species if M. barbatus did  n o t occur in the area.

It m ust be stressed that, once decided, the sam e tissue should  be used at all tim es an d  a t all stations.

Sam pling o f b io ta for tren d  m on ito ring  o f  contam inants could  generally take place once every year, 
while sam pling of sedim ents for tren d  m on ito ring  of contam inants could  take place over a larger 
tim e fram e, dep en d in g  up o n  con tam inan t influx  and  environm ental physiochem ical considerations.

Carrying o u t sam pling o f b io ta du ring  a p e rio d  in  th e  year w hen con tam inan t concentra tions are n o t 
being significantly affected by changes in  physiological m echanism s, is essential for consistency of 
sam pling. Such periods o f m inim al change are generally re la ted  to periods outside the spawning 
cycle an d  w hen food  supply is relatively constant. In  o rd er to avoid such variations it is recom m ended  
th a t sam pling take place in  the pre-spaw ning period.

T he n u m b er o f specim ens n eed ed  to detec t im p o rtan t trends depends on  the type of the trend , the 
m agn itude o f the tren d  an d  the variability in  the  data. In  o rd er the re fo re  to choose an appropria te  
n u m b er o f specim ens, the statistical pow er o f the  m on ito ring  program m e shou ld  be considered 
th ro u g h  power studies which exam ine the types an d  m agn itude o f changes tha t will be detec ted  for a 
given n u m b er o f specim ens.

T he n u m b er o f specim ens in  each fish sam ple collection should  be sufficient to allow the sam ple to 
be collected in  a length-stratified m an n er (age-related), i.e., the size o f the fish shou ld  include as 
wide a length-range as possible and  the re  shou ld  be an equal n u m b er o f individuals in  each length- 
grouping.

It may be necessary to pool (bulk) fish tissues, particularly  in the case o f fish livers and  m ussel and 
o ther shellfish tissues, in  o rd er to provide sufficient quantities o f m aterial for chem ical analysis.

Sediments

Sedim ents have an im p o rtan t ro le in  environm ental m on ito ring  as they are considered  the  sink of 
m ost contam inants. M arine sedim ents are closely in ter-related  to several o th e r com partm ents o f the 
m arine environm ent. T herefo re, the ir use in  m on ito ring  shou ld  ideally be p a rt o f an in teg rated  
m on ito ring  program m e w hich includes o ther com partm ents o f the  m arine environm ent, such as, 
water, suspended  particu la te m atte r and  biota. In  addition , it is essential to enhance  the com para
bility o f results with o ther sedim entary  data sets for the sam e contam inants. Factors which can be 
considered  include water con ten t, organic carbon, total extractable lipid conten t, grain  size
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distribution , etc. A part from  th e  norm alization  techniques, harm onization  o f baseline studies as well 
as strict quality assu ran ce /co n tro l p rogram m e are also essential.

Quality assurance

Quality assurance o f the m on ito ring  program m e refers to those p rocedures which are developed to 
ensure tha t analytical results are valid, traceable, rep roducib le, representative, com plete and  
accurate, i.e. close to the true  value; as well as m easures developed to assess perfo rm ance. M ethods 
o f quality assurance collectively consist of m ethods for quality contro l and  quality assessment.

a. Q uality con tro l m ethods will involve the following:

b. S tandard  sam pling and  m easu rem en t procedures;

c. D ata h an d lin g  procedures;

d. Use o f  certified  reference m aterials (CRMs) o f iden tical or sim ilar m atrix;

e. R egular analysis o f  reference materials;

f. R egular m andatory  participation  o f the  laboratories involved in  th e  tre n d  m on ito ring  
prog ram m e in in te rcom parison  exercises;

g. R egular calibration , servicing an d  m ain tenance o f all the  equipm ent.

Quality assessm ent m ethods will be developed for the assessm ent o f the perfo rm ance o f individual 
laboratories participating  in  the m on ito ring  p rogram m e over tim e and  in  rela tion  to the o ther 
laboratories participating  in  the program m e.

6.5.3. Compliance monitoring 

Scope o f  activity

a. T h e  aims o f a p rogram m e to m o n ito r land-based sources o f m arine  po llu tion  for com pliance 
purposes should  be:

b. to com plete th e  baseline studies necessary to survey th e  types an d  am ounts o f po llu tan ts 
d ischarged  or du m p ed  in to  th e  coastal m arine  env ironm en t in  any given area;

c. to com pile and  regularly  up d a te  an inventory  o f land-based sources o f m arine pollu tion , 
inc lud ing  data  on  the  p robab le  fate o f the pollutants;

d. to carry ou t effluen t quality con tro l w here criteria  o r standards already exist an d  to assess the 
con tro l m easures being  im plem ented ;

e. to com pile data on  w hich to base decisions on  the p rom ulgation  and  im p lem en ta tion  o f contro l 
m easures w here such m easures do n o t already exist;

f. to draw  up  a database to be used for th e  env ironm enta l im pact assessm ent o f any fu tu re  coastal 
developm ent.

T he ou tline given in  F igure 1 could  be followed w hen p lann ing  an effective com pliance m onito ring  
program m e.

Monitoring area

P rior to establishing the program m e, the  im pact o f actual an d  po ten tia l po llu tion  on  the various uses 
o f the coastal waters in  question  shou ld  be de term ined  th rough  the acquisition o f relevant data  (area 
assessm ent). T he area assessm ent should  include bo th  landw ard an d  seaward descriptions o f the 
area, and  the data  ob ta ined  shou ld  be n o te d  e ither on  a fact sheet, or on  a descriptive m ap, o r on 
bo th , dep en d in g  on the  circum stances.
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Figure 1. S u g g e ste d  flow  diagram  o f  an e ffectiv e  com pliance m onitoring program m e

1. D eterm ination  o f  the a im  o f  the m onitoring  p rogram m e

I
2. P relim inary  su rvey  o f  the area

2.1 Identify  poin ts and types o f  pollu tan ts discharged
2.2. Inform ation  on possib le  in terferences
2.3. P revious studies conducted

os
Da

3. Selection  o f  p aram eters to  be determ ined  fo r the fu lfilm en t o f  the aim

Consider: a) E xisting m onitoring  p rogram m es
b) results

4. D eterm ination  o f  po in ts and frequency o f  sam pling
4.1. R equireem ents o f  representative sam ples
4.2. A ccessib ility  o f  the sam pling  point

5. Selection  o f  m ethods o f  sam pling  and analysis
5.1. Sam pling

5.1.1 T ype o f  sam ple
5.1.2. Q uantity  o f  sam ple required
5.1.3. S am pling equ ipm ent and containers required
5.1.4. Sam ple preservation

5.2. A nalysis
5.2.1. D eterm ination  o f  required  p recision  lim its
5.2.2. Possib ility  o f  continuous m onitoring  o f  selected 

param eters
5.2.3. A naly tical p rocedures
5.2.4. A pplicability  o f  recom m ended standard  m ethods 
5.2.5 Intercalibration  o f  results

6. Selection  o f  m ethod o f  da ta  p rocessing , storage and retrieval

i
7. H and ling  o f  inform ation

7.1. P reparation  o f  results
7.2 E valuation o f  results
7.3. Existence o f  m issing  data
7.4. Form at for d issem ination

•8. C ost analysis o f  m onitoring

Î
 Execution  o f  the m onitoring  program m e 

10 Evaluation o f  resu lts --------------------------

11. R em edial actions ---------------------------------------------- >

General design

Prior to actual im plem enta tion  of th e  com pliance m on ito ring  program m e, it is essential to decide 
on:

a. the m atrices to be m onito red ;

b. the param eters to be m o n ito red  in  each m atrix;

c. the n u m b er an d  location  o f sam pling points;

d. the frequency  o f sam pling.

T he ex ten t o f the program m e will d ep en d  entirely on  already-existing resources and  on ex tra 
resources th a t can be m ade available to m eet the req u ired  dem and. These resources consist of:

a. tra ined  m anpow er for sam pling an d  analysis;
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b. laboratory  facilities (apparatus, eq u ip m en t and  m aterials) ;

c. tran sp o rt facilities.

Sampling

Sam pling techniques shou ld  be de term ined  with g rea t care as even with the  m ost sensitive analytical 
techniques it is n o t possible to obtain  m ore accurate and  dependab le  results than  the collected 
sam ple can provide.

T he m ost im p o rtan t princip le  in  sam pling is to enable the  analysis to be m ade on sam ples th a t are 
"representative" o f  the water concerned . In  o th e r words, th e  sam ple an d  its source should  have the 
sam e com position. F u rtherm ore , the sam ple should  be a true  rep resen ta tion  o f the variations in  the 
characteristics o f the source over time. Sam pling should  be p erfo rm ed  in a systematic way in  o rd er to 
m inim ize discrepancies.

Matrices and locations

In  program m es aim ed at the de term ination  o f land-based po llu tion  an d  com pliance, details will have 
to be de term in ed  in  the ligh t o f the situation existing in  each particu lar locality. These will 
necessarily differ according to land  use and  rela ted  activities, as well as water use, in  the area in 
question

Point sources

T he following principles should  be ad h e red  to in  rela tion  to the d ifferen t types o f p o in t sources:

• Outfalls

a. u rb an  wastewater: collecting systems, discharges to receiving waters, reference m ethods, 
param eters to  be m easured, lim it values etc, necessary for com pliance control;

b. industria l effluents: lim it values, industria l sectors, frequency o f sam pling, quality objectives, etc. 
for cadm ium  in  effluents, as a guide for com pliance control.

• Rivers an d  stream s

M onitoring  stations on  rivers should  be established, provided th a t the river satisfies one o f the 
conditions below:

a. the  average flow exceeds 100 m 3/sec ;

b. the  w atershed exceeds 100 knE;

c. it is th o u g h t to be heavily po llu ted .

A m on ito ring  station on a river should  be located  outside the limits affected by tides and  waves, at a 
p o in t dow nstream  from  the last effluent discharge at a distance sufficient to obtain  hom ogeneous 
distribution . I f  the results indicate th a t th e  river is o f hom ogeneous character, one position for 
sam pling will be enough , otherw ise e ith er th e  location o f the sam pling p o in t should  be transferred  
to a location o f a hom ogeneous character o r sam ples shou ld  be taken from  several additional 
locations in  addition  to the original one selected so th a t the overall characteristics can be rep re 
sented . For m ajor rivers, even if they are hom ogeneous, it is advisable for m ore  than  one sam ple to 
be taken from  d iffe ren t dep ths on the sam e cross section, fo rm ing  a sam pling p o in t grid if necessary.

Solid waste and sludge disposal

A lthough  it is n o t recom m ended  practice, solid wastes and  sludge can, in  som e countries, be 
du m p ed  in to  a receiving w ater e ith er legally (with an au thorization) or illegally, directly from  the 
coast o r from  barges used for the purpose.

In  the  case o f au thorized  dum ping , the am o u n t o f waste should  be de term in ed  e ither by w eighing 
th e  load on specially allocated scales or, if  this is n o t possible, by estim ating the am oun t by volume.
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T he only possible way of contro lling  u n au th o rized  dum ping  and  estim ating the possible am oun t is 
source control. To achieve this, all sources o f hazardous wastes shou ld  be obliged to fill in a 
declaration  form  giving in fo rm ation  abou t the am ount, p roperties an d  place o f disposal o f 
hazardous wastes.

D iffuse sources

Sam pling from  diffuse sources is a very com plicated process for which a generally acceptable 
p rocedu re  is n o t available. In  such cases, the  following approaches are suggested:

a. collection o f a represen tative sam ple an d  estim ation o f the overall effect;

b. determ ina tion  o f the  concen tra tions o f selected  pollu tan ts in  various parts o f the  receiving 
m arine env ironm en t in  com bination  with salinity or o th e r tracers, ex trapolating  to zero salinity 
an d  flow estim ations;

c. u tilization o f in fo rm ation  ob ta ined  from  sim ilar situations for w hich accurate load calculations 
are available;

d. in  the  case o f u rb an  waste, calculation o f the  popu la tion  equivalent on th e  basis o f previous 
experience.

As can be seen from  the four possible m ethods ou tlined  above, only the first two requ ire  actual 
sam pling, while the o th e r two are based purely  on  estimates.

Selecting the location  of sam pling points in  the receiving m arine env ironm ent in  o rd er to apply 
approach  (b) above depends entirely on local conditions. However, the following general principles 
can still be applied:

a. grid  o f  sam pling points shou ld  be fo rm ed  covering all th e  m arine env ironm en t im m ediately 
affected;

b. the d ep th  from  w hich th e  sam ple is to be collected shou ld  be dec ided  accord ing  to local 
conditions. However, it is reco m m en d ed  that, a t po in ts w here the d ep th  exceeds 10m, a t least 
th ree  sam ples (one below  the surface, one at m id-depth , an d  one at lm  above the bo ttom ) 
shou ld  be collected.

Sampling frequency

T he following sam pling program m e shou ld  be followed, at least for m ajor sources:

a. hourly  sam pling du ring  one 24-hour period  in  each qu arte r (season) to  assess daily cyclic effects;

b. daily sam pling du ring  seven consecutive days in  each season, to d e term ine  any weekly cyclic 
effects;

c. weekly sam ples to  delineate seasonal effects an d  to de term ine  how  less fre q u en t sam pling w ould 
have affected the results.

6.5.4. Monitoring of biological effects

In  the initial phase o f the  b iom onito ring  program m e a set o f four sim ple, sensitive, reproducib le, 
an d  low-cost b iom arkers was selected. A m ong these, two biom arkers, lysosomal m em brane stability 
an d  DNA dam age, were used  as general stress indices. These b iom arkers reveal a syndrom e 
characteristic o f the anim al response to a wide variety of environm ental stressors i.e. they in tegrate 
the effects o f the po llu tan ts accum ulated  into the cells, taking also in to  account possible negative 
effects caused by variations o f environm ental param eters such as tem peratu re , oxygen, salinity, etc.

Two o f the biological tests selected are specific stress indices able to reflect the  response o f the 
organism s to a particu lar class o f contam inants: (i) M ixed Function  Oxygenase (M FO), evaluated as 
EROD (Ethoxyresorufin-O-deethylase) activity, a b iom arker showing th e  biological responses to 
xenobiotic arom atic com pounds such as PAHs, PCBs etc. (ii) M etallo th ionein  concen tra tion , usually 
considered  a good ind icato r o f the biological response to heavy m etal pollution.
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A fifth biom arker, the  stress on  stress response, was reco m m en d ed  to be used  in  countries w here 
mussels are available.

Initially, an o th er general stress index, th a t o f scope for growth, was proposed . This b iom arker is 
based on such param eters as feeding, digestion, resp ira tion  an d  excretion  rates to provide an  insight 
in to  the  growth process. Scope for growth provides a quantitative evaluation o f changes in the energy 
status o f the anim al, which reflects an in teg ration  o f a wide variety o f responses to environm ental 
pollutants. This param ete r has been  recently  dem onstra ted  to be o f g rea t sensitivity for the 
assessm ent o f environm ental po llu tion  levels, being  sensitive to low concentra tions (in the  range of 
ppb) o f  hydrocarbons and  heavy metals.

N otw ithstanding the  im portance o f this biom arker, d iffe ren t MED PO L laboratories have found  its 
use n o t easy for ro u tin e  applications. This im p o rtan t b iom arker was n o t inc luded  in  th e  battery  of 
tests selected to be u tilised in  the M edite rranean  B iom onitoring Program m e.

All the b iom arkers p roposed  are sensitive and  provide rep roducib le  data. Also the  p rocedu res for 
the ir de term ination  are sim ple, low cost an d  in tercom parab le. T he req u ired  eq u ip m en t (i.e. cryostat 
an d  m icroscope for lysosomal m em brane stability; cen trifuge and  spec tropho tom ete r for 
m etallo th ionein ; centrifuge an d  spectropho to fluorim eter for EROD activity; light m icroscope for 
m icronuclei) are m oderately  expensive b u t are com m on basic instrum ents found  in laboratories for 
biochem istry, cellular physiology, cytochem istry and  the re fo re  are presum ably p resen t in  m ost o f the 
research  centres participating  in  MED POL.

Mussels (Mytilus galloprovincialis, Lam .), w here available, rep resen t a suitable sentinel organism . In 
fact, these lam m ellibranch molluscs are sessile, in tertidal, filter feeding organism s, able to 
accum ulate in  the ir tissues m ost o f  the po llu tan ts p resen t in  the  su rro u n d in g  water.

However, mussels are n o t the  best organism s for MFO determ ination  an d  therefo re  a fish should  
rep resen t a correct com plem ent to provide a b e tte r in fo rm ation  on  the  biological effects o f organic 
arom atic pollutants. Fish from  residen t populations, possibly with feeding habits re la ted  to ben th ic 
environm ents, shou ld  rep rese n t the best choice. As known, po llu tan ts ten d  to accum ulate in  the 
sedim ent, therefo re , the feeding h ab it o f the selected fish species could be im p o rtan t in  term s of 
chem ical com pound  accum ulation.

In  field experim ents Scilla cabrilla was used as the  sentinel organism  for studies on  wild population . 
However, it m ust be p o in ted  ou t tha t studies utilising caged animals seems to be m ore appropria te  to 
reduce  data variability an d  to ensure  th a t fish responses are strictly re la ted  with the po llu tion  o f a 
well defined  coastal area. For this approach , molluscs and  fish are usually ob ta ined  from  com m ercial 
farm s and  the u tilisation of mussels an d  fish o f th e  species Dicentrarchus labrax was suggested on the 
basis o f previous experience.

W here the suggested sentinel species were n o t available, d ifferent molluscs and  fish should  be utilised.

Quality assurance rep resen ts the pool o f activities devoted to guaran tee  contro lled  data o f high 
quality. T herefo re, quality assurance m ust be considered  an essential e lem en t in  a large, 
in te rnational, m on ito ring  program m e.

T he previous experience developed during  MED POL concern ing  the chem ical m on ito ring  o f the 
M edite rranean  sea clearly showed th a t an in tercalib ration  program m e is essential to ensure a good 
level o f the quality o f the data ob ta ined  in  the d iffe ren t laboratories involved in  the program m e, and  
to provide a correct com parison o f the results collected in  the d iffe ren t countries, in  d ifferent 
seasons or years.

For the sam e fundam ental reasons, before starting  the p ilo t phase of the MED POL b iom onitoring  
program m e, an in tercom parison  exercise was organised.

T hree  biom arkers, lysosomal m em brane stability, m etallo th ioneins concen tra tion  and  EROD activity 
(M FO), were in te rcom pared  am ong laboratories participating  in  the program m e.

G enetic stress indices such as DNA dam age (alkaline elu tion  an d  m icronuclei frequency) w ere n o t 
inc luded  in  the in te rcom parison  exercise because m ost o f the laboratories w ere n o t yet ready to start
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the application of these biom arkers, an d  m ore w ork was necessary before this test could  be applied  
widely.

A list o f very im p o rtan t po in ts m ust be taken into account in  the  fu tu re  developm ent o f the 
program m e.

1. For future activities, basic environmental param eters such as sea water tem perature at 
sampling time must be recorded; a clear indication of the position of the sampling sites is 
also needed.

2. The size, the num ber and the sex of animals utilised must be accurately described.

3. A standard procedure for organ extraction a n d /o r  the transport of the animals from the 
field to the laboratory must be accurately described and then utilised in all the laboratories 
involved.

4. Sample storage procedures in the different laboratories should be similar and always 
m entioned in the report.

5. Biomarkers for which an intercom parison is possible, should be preferred. Biomarkers 
which make use of living cells or animals should be added, as an  integration to other tests or 
utilised where n o t all laboratory facilities are available.

6. Intercom parison exercises are essential for a correct interpretation of the results on a large 
scale in the M editerranean area. In the future, the intercomparison exercise m ust be 
perform ed during the period of sample analyses to ascertain the accuracy and 
comparability of the results.

7. During the biom onitoring program m e both mussel and fish must be obtained from the 
same site and on the same days. Collection of the animals from different sites and in 
different periods of the year doesn’t allow a correct interpretation of the battery of stress 
indices employed.

8. The caging system is without doubt expensive and it may not always be utilised without an 
adequate financial support. However, when possible, the utilisation of this kind of approach 
should be adopted as good results were obtained in the RAMOGE pilot experim ent and in 
o ther studies in different countries.

9. An accurate choice of the animals to be utilised in the program me must be defined. In fact, 
the comparison and the interpretation of results will be simplified if the program m e utilises 
a minimal num ber of widespread different animal species.

10.It must be stressed that only few countries were able to reach the target in the first year of 
activity. Therefore, in the future, activities m ust be developed to ensure the involvement of 
m ore laboratories from other countries in this programme.

6.6. Black Sea Environment Programme. Design of a Monitoring Programme: Contami
nant Levels and Biological Effects1

6.6.1. Introduction/background

M uch o f the waste generated  by hu m an  activities finds its way in to  the  oceans w here som e o f it may 
p resen t a th rea t to m arine life and  possibly to m an as a consum er o f seafood. C onsiderable past

1. C o n t r ib u t io n  f ro m  a p a p e r w r i t t e n  by: M ichae l  N. M o o re ,  P ly m o u th  M ar in e  L a bora to ry ,  C i ta d e l  Hill, P ly m o u th  PL1 
2PB, U K , G r a h a m  T o p p i n g ,  M ar in e  L abora to ry ,  S O A F D ,  P O .  Box 101, A b e r d e e n  AB9 8DB, UK, P ia -E lena  M in h ea ,  
R o m a n ia n  M ar in e  R e s e a r c h  Ins t i tu te ,  B-dul  M a m a ia  300, 870 0  C o n s t a n t a ,  R o m a n ia ,  S e r g e i  Kiryanov, S t a t e  
O c e a n o g r a p h i c  Ins t i tu te ,  6 K ropo tk in sky  Lane,  119838 M o sc o w ,  Russ ia ,  a n d  Valeri Mikhailov,  Ukra in ian Sc ient i f ic  
C e n t r e  fo r  E c o lo g y  o f  t h e  S e a ,  89  Frantsuzki  Blvd., O d e s s a  270009 ,  Ukraine
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effort in  environm ental m on ito ring  has focused on  the de term ination  o f residue levels. 
U nfortunately, a large gap exists in  our ability to e ither quantify the exposure to toxic chem icals in 
the env ironm ent o r to assess the biological significance o f such exposure. Exposure canno t always be 
quantified  by m easuring  the concen tra tion  of contam inants in  tissues since m any toxic chem icals are 
m etabolised, especially in  fish. Elowever, this p rob lem  is considerably reduced  in  molluscs which 
have lim ited capacity for b io transform ing  organic chem icals and  thus ten d  to reflect exposure m ore 
closely. Even then , m easurem ent o f levels at one p o in t in  tim e tells us little abou t the pa tte rn  of 
exposure th a t resu lted  in  those levels. In  addition , the  relationship  betw een tissue concen tra tion  and 
toxic response is com plex, as is assessing the significance o f exposure to com plex m ixtures w here 
th e re  may be possible in teractions th a t can invalidate pred ic tions th a t are based on  the toxicity of 
individual chemicals.

A n approach  to the question  o f w hether or n o t m arine organism s and  ecosystems are being  
en d an g ered  has involved the  developm ent an d  deploym ent o f indices o f biological effect and 
exposure (known as “biomarkers”) as early w arning systems o f adverse environm ental change 
(M oore, 1985). B iom arkers can dem onstrate  th a t env ironm ental chem icals have en te red  an 
organism , reach ed  sites o f toxic action, an d  are exerting  harm fu l effects on the organism . In  fact, the 
organism s are function ing  as in tegrators of exposure, accounting for abiotic an d  physiological 
factors th a t can m odu la te  the dose of chem ical taken up. B iom arkers can be used  to quantify 
exposure to toxic chem icals an d  to detec t distress signals from  the organism s. Such m ethods are 
being  used in  com bination  with analytical chem istry on a rapidly increasing basis and  on  a world
wide scale (Bayne e tal ,  1988).

T he organism s o f choice for this type o f environm ental m on ito ring  have frequently  been  sedentary  
filter-feeding molluscs such as mussels and  oysters.

In  the Black Sea reg ion , m arine laboratories generally have the facility to carry o u t standard  lethal 
toxicity tests, with a m ore restric ted  capability to perfo rm  ecophysiological an d  o th e r sublethal tests 
(M ihnea, 1995, 1996; M ihnea e t al., 1990). L ethal toxicity testing using a variety o f anim als and 
p lants has been  used to determ ine water quality and  for effluent testing. W hile the dep loym ent o f 
b iom arker tests (biochem ical an d  cellular) is n o t w idespread in  the region, this capability is being 
actively developed with the assistance o f the U N ESC O -IO C /U N E P/IM O  G roup of Experts on  the 
Effects o f Pollutants (GEEP).

Details are provided h ere in  o f an  in teg rated  program m e which will allow scientists to m easure 
adverse biological effects an d  con tam inan t levels in  th e  Black Sea using biom arkers an d  sentinel 
organism s. In  designing this program m e, recom m endations for m on ito ring  and  associated quality 
assurance work developed by the In tern a tio n al Mussel W atch P rogram m e/C aribbean-A m erican  
Phase as well as work p erfo rm ed  from  o th e r In terna tional O rganisations like UNEP and  ICES has 
been  used (GESAMP 1994, UNEP 1992 and  1995; ICES, 1992; WGBEC Reports, 1995 & 1996).

6.6.2. Lessons Learned from other International Monitoring Programmes

T here  has been  a tendency to adop t and  im plem ent in te rnationa l m on ito ring  program m es with very 
b road  and  ill-defined objectives and, as a consequence, the results arising from  these program m es 
w ere frequently  difficult to evaluate. W ith the  exception  o f the m ost rec en t w ork in  the N orth  Sea, 
m ost o f the co-operative in te rna tiona l program m es were conducted  along sim ilar general lines and  
w ere n o t designed for specific sub-regional issues an d  characteristics. In  m ost cases, very little effort 
was devoted to the  design o f m on ito ring  by com parison with the effort devoted to the m on ito ring  
work.

O th e r  reasons for the lack o f  a successful outcom e o f m on ito ring  w ork have inc luded  the lack of 
ad h eren ce  to agreed  protocols for sam pling, quality assurance (QA) work an d  data assessm ent 
procedures. Such protocols are specifically designed to ensure th a t data collected by d ifferen t 
laboratories and  countries are com parable and  tha t th e re  is ag reem en t betw een participants at the 
ou tse t o f the m on ito ring  program m e on potentially  conten tious issues, e.g. “Do the data from  
individual participating  laboratories conform  to the req u ired  QA criteria  an d  if n o t shou ld  the  data 
be rejected  from  the set o f data to be assessed?” If  protocols are ignored , the  aims o f the  m onito ring  
p rogram m e are u n d erm in ed  an d  valuable resources are wasted. It is also clear th a t only du ring  the 
data  assessm ent stages were such deficiencies revealed. H ad  they b een  detected , and  co rrec ted  at an 
earlier stage in  the m on ito ring  program m e, it w ould have allowed the organisers to m eet the ir
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objectives and  en h an ced  the cost-effectiveness o f the program m e.

6.6.3. Proposed monitoring pro gramme for biological effects and contaminant levels in the Black Sea

Developm ent o f  a general programme

T he w orking g roup  considered  the question  o f th e  objectives, generic principles and  the 
im plem enta tion  o f a general p rogram m e designed to identify the  effects o f unknow n or unspecified 
contam inants. Som e general princip les em erged  from  the discussion, viz.

• in  such a program m e m ultip le m easures of effect are essential

• m easurem ents used shou ld  include those indicative o f bo th  exposure and  pathology

• h e  com bined  suite o f m easurem ents should  in tegrate  responses across organisational levels

• the com bined  suite o f m easurem ents should  be in te rp re tab le  in  term s o f cause an d  effect

• ecologically relevant an d  sensitive species shou ld  be used  as sentinels

It was clear from  the discussions th a t the re  was a n eed  to refine the objectives an d  im plem entation  
p lan  for this program m e. T he w orking group  discussed a strategy developed by the ICES W orking 
G roup on the Biological Effects o f C ontam inants (ICES/W GBEC R eport, 1996) for im plem enting  a 
general biological effects program m e. This incorporates all o f the  above points and  places them  
w ithin an environm ental m anagem en t p lan  which integrates scientific in te rp re ta tion  and  
m anagem en t decision-m aking. T he essence o f this p lan  is in  defin ing  the “real p ro b lem ” ra th e r than  
the “perceived p rob lem ” and  in  testing the ou tcom e at essential points o f the process in  o rd er to 
ensure w hether the prob lem  has been  defined  appropriately, an d  if so w hether it has been  solved 
(Figure 2).

This strategy can incorporate  biological effects m easurem ents at all organisational levels an d  is 
sufficiently flexible to accom m odate new  diagnostic tests for bo th  exposure and  pathology.

T he key fea tu re  o f this approach  is th a t biological effects m easurem ents are carried  ou t p rio r to any 
p rogram m e of intensive chem ical m onitoring . If  the initial biological effects m easurem ents identify 
a real p rob lem  then , in  addition to m ore  focused biological effects m easurem ents being  carried  ou t 
to fu rth e r investigate the  situation, the source o f this p rob lem  can be investigated th rough  chem ical 
m on ito ring  work. By w orking this way, the  investigating institu te focuses its lim ited resources to 
provide a b e tte r system for identifying ‘real p rob lem s’ from  a biological viewpoint ra th e r  than 
‘perceived p rob lem s’ which are often  based on  simply the presence o f chem ical substances in  the 
m arine environm ent.

Specific n eed s for a Black Sea program m e 

Objectives

1. To determ ine health status of organisms and ecosystems

2. To reflect exposure to selected pollutants

3. To provide an integrated approach for assessing the quality of com ponent parts of the 
ecosystem
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Figure 2.

PRO G RAM M E FO R G ENERAL BIOLOGICAL EFFECTS M O NITO RING

M anagem ent : 
existing data on 
inputs & quality 
status reports

Im plem entation 
D iscussed : 
scientists & 
managers

Interpretation of 
Data

P rob lem N ot 
Solved i

Holistic Evaluation 
of responses based 
on sensitivity and 

specificity

Outcom e

Outcom e

Tests for Ecological Dam age

M anagem ent Action  
to Solve Problem

Problem  Identified :
probable damage to individual 
health

Problem  Defined :
hypotheses and m odels developed

Biom arker Tests : e.g . EROD, 
Lysosom al Stability, H istopathology 
M etallothionein, Vittellogenin, 
Acetylcholine Esterase OR 
Bioassays when input known

A ction Plan 
H ypotheses Tested :
specific biom arkers
cellular pathology (health status)
chemistry
bioassays
exposure to fractions

Short term objectives

• To identify w hat can be d one  by every country  at this tim e, and  to agree a p rogram m e o f w ork 

Criteria

• All countries shou ld  use m ethods which p roduce  com parable data

• O ne country  w ould act as a focal p o in t for the o ther countries for each m ethod*

• All countries shou ld  agree on the relevant quality assurance procedures

(*This does n o t m ean  th a t each country  canno t develop m ethods to m eet the ir own needs for 
national m on ito ring  p rog ram m es).

Selection o f  study areas

• W ater colum n

• S edim ent

• Surface sed im ent 

Choice o f  organisms
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• Mussels (Mytilus) - water column

• Unicellular algae - water column

• Clams (Mya) - sedim ent

• Snails (Rapana) - surface sedim ent 

Selection o f  biomarkers ( Table 1)

Table 1. D iagnostic and prognostic  value o f  biom arkers o f  harmful e ffec t and exposure

Biomarker Information value

L y s o s o m a l  s ta b i l i ty *  ( e .g .  in m o l l u s c a n  b l o o d  ce lls  a n d  
u n ice l lu l a r  a lg a )

R e d u c t i o n  in h e a l t h  s t a t u s ,  p r o g n o s t i c  f o r  p a t h o l o g y  a n d  w a t e r  
q u a l i t y

ß - C a r o t e n e  a n d  V i t a m i n s  A ,  E a n d  C  ( a n t i o x id a n t s ) P r o t e c t i o n  a g a i n s t  o x i d a t i v e  d a m a g e  b y  o x y r a d i c a l s

M e t a l l o t h i o n e i n E x p o s u r e  t o  C u ,  C d ,  Zn a n d  H g  ( a l so  p r o t e c t i o n  a g a i n s t  rad ica ls )

I n h ib i t i o n  o f  a c e t y l c h o l i n e  e s t e r a s e * E x p o s u r e  t o  o r g a n o p h o s p h a t e s  a n d  c a r b a m a t e s

Fish l iver h i s t o p a t h o l o g y I n t e g r a t e d  b i o m a r k e r  o f  e x p o s u r e  ( a l t e r e d  cell  foci)  a n d  
p a t h o l o g i c a l  c h a n g e

*Relatively sim p le , rap id  an d  low co st.

Sampling

• Time o f  sampling: - avoid periods o f active rep ro d u ctio n  (known for mussels b u t n o t for the 
o th e r species)

• S ize/age o f animals to avoid problem s due to ageing effects (e.g. mussels should  be 3-4 cm shell 
length)

• Sample size (m inim um  10 anim als)

• Tissues archived for detailed  chem istry in  the event th a t a prob lem  is iden tified  (whole anim al, 
liver o r digestive gland)

• A ccount m ust be taken o f possible effects caused by differences in  salinity a n d /o r  tem peratu re  

Analysis

• B iom arker tests n ee d  to be used according to the appropria te  protocols

• Quality assurance p rocedures n ee d  to be established and  followed

• O ne laboratory  shou ld  be designated  to organise regular in tercalib rations for purposes o f quality 
contro l

Interpretation o f  results

• A statistician fam iliar with the analysis o f biological data  should  be consulted

• Have the  data been  checked for norm ality  and  will param etric  o r nonparam etric  analysis be 
used?

• Have m ultivariate analysis been  considered?

• Have the  data been  p lo tted , and  does the an ticipated  analysis m ake sense?

• Has all the in form ation  n eed ed  for in te rp re ta tion  been  collected and  analysed?

• Are the results consistent with the an ticipated  outcom e?

• How do the results com pare with any previous studies?

Reporting o f  data

A single laboratory  should  act as focal p o in t for the collation o f the results
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R egular reports would be p rep a red  by this laboratory  on b eh a lf o f the in teg rated  in te rnational 
p rogram m e

Recom mendations

T he recom m endations for a m on ito ring  program m e for the Black Sea are as follows:

• Establish a Black Sea Mussel Watch as a p ilo t study

• H arm onisation  o f appropria te  elem ents o f the national m on ito ring  program m es for the region

• C on tinued  train ing  in  analytical chem istry and  biological effects p rocedures th rough  the 
U N E S C O /IO C  GIPME expert groups GEMSI and  GEEP, with additional su p p o rt from  TACIS 
an d  PHARE

• Establish collaborative research  projects betw een the  laboratories involved in  m on ito ring  to 
facilitate the creation  o f a regional netw ork

• Form  links with research  groups involved in  the M EDPOL program m e, EERO Environm ental 
Toxicology and  Pathology N etw ork and  in  ICES re la ted  activities, in  o rd er to encourage capacity 
bu ild ing  in  the  Black Sea region

6.6.4. Appendix: The present state of toxicity tests in Black Sea Laboratories.

M arine Laboratories o f the  Black Sea countries m ainly developed Lichfield-W ilcoxon and  Bliss lethal 
toxicity testing or in  very few n u m b er a n d /o r  ecophysiological studies (MIHNEA, 1996).

In  Turkey only at Erdemli Institute, th a t is n o t a Black Sea laboratory, acute toxicity tests in  static 
conditions to d eterm ine LC 50 (em bryon) and  Mac-5 (for phytoplanktonic species) values were 
perfo rm ed . Very recently  it was in troduce DNA alterations in  fish as a long term  exposure testing.

T he o th e r Black sea countries had  specialised laboratory  b u t the  toxicity was app roached  by 
conventional le thal m ethods.

Russian Federation Centre for Meteorology and Environmental Monitoring o f  Black Sea and Azov
from  Sochi developed m ainly screen ing  toxicity testing.

Ukrainian Scientific Centre o f  Ecology o f  Sea-Odessa p erfo rm ed  m ethods for water quality 
evaluation using bo th  un icellu lar algae an d  m arine animals.

Ecophysiological studies were done by the Institute o f  Biology o f  Southern seas Odessa Branch 
(Ukraine). T he adverse effects p ro d u ced  by the d iffe ren t pollutants, nu trien ts o r m icro-nutrients 
w ere assessed in sho rt and  long exposure experim ents. U nicellu lar algae and  a very large variety of 
anim als (protozoans, ctonophora , coalontorata, worms mollusks, crustaceans, fish) were used as 
biological models.

The Georgian Scientific Research Institute o f  Sea Ecology and Fish Industry focused efforts on  two 
types o f le thal toxicity testing: water quality an d  effluen t m on ito ring  tests. They established 
environm ental standards by toxicity assessments in  acute and  chronic exposure.

The Romanian Marine Research Institute p erfo rm ed  bo th  lethal an d  sublethal toxicity testing on a 
n u m b e r of organism s: un icellu lar algae, mussels, soft clams, crabs, shrim ps, gobiides, grey m ullet, 
flounder, etc.

In  R om ania ecophysiological studies in  le thal and  sublethal exposure w ere m ainly developed on 
un icellu lar algae C haetoceros, Skeletonem a, Cyclotella, Platym onas, C hlam ydom onas, 
C hroom onas, etc., using d iffe ren t toxicants p resen t in to  the  discharges, o r in tegral sewage or 
industria l wastes.
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6.7. European Environment Agency

6.7.1. Introduction

W ithin the E uropean  E nvironm ent Agency (EEA), a study on In teg rated  E nvironm ental Assessment 
(IEA) has been  conducted  (RIVM, 1995), w hich p roposed  a defin ition  for IEA (which also includes 
the two levels o f  assessment) :

“IEA is the interdisciplinary process o f  identification, analysis and appraisal o f  all relevant natural 
and human processes and their interactions which determine both the current and future state o f  
environmental quality, and resources, on appropriate spatial and temporal scales, thus facilitating 
the framing and implementation o f  policies and strategies.”

In  this context, an IEA covers as m uch  as possible the cause-effect rela tionsh ip  (vertical in tegration) 
as well as the  cross linkages an d  in teractions betw een d ifferen t issues (horizontal in tegration).

6 .7.2. Objectives for environmental assessment

T he EEA aims for the  assessm ent o f the condition  o f th e  E u ropean  env ironm ent are based up o n  its 
m andate  as stated  in  the Article 3 o f its found ing  E uropean  Council R egulation 1210/90:

“to p roduce objective, reliable and  com parable in form ation  for those co ncerned  with fram ing, 
im plem enting  and  fu rth e r developing E uropean  E nvironm ental policy, and  for the w ider E uropean  
public;”

In  particular, in  the contex t o f  ETC /M C E, the  focus is on  the hea lth  o f coastal ecosystems and  
m arine water quality.

T he objectives for environm ental assessm ent n ee d  to be adap ted  in  accordance with the  ongoing 
rep o rtin g  activities o f the EEA.

T he update  o f the 1995 re p o rt (EEA, 1995) on  o f the  pan-E uropean  E nv ironm ent (E u rope’s 
Environm ent: T he Second  Assessment, EEA, 1998), w hich will p resen t th e  state o f the  environm ent, 
the pressures th a t are responsible for the  changes in  its quality, an d  the driving forces p roducing  
these pressures, takes in to  particu lar consideration  a series o f m arine  env ironm en t issues connected  
with:

• L and  use

• N u trien t en rich m en t

• Chem ical po llu tion

• Over-fishing.

T he aim o f the State o f the E nvironm ent R eport 1998, to be published  by EEA in 1999, has been  
stated as “to assess the state o f the environm ent, to focus on  specific p roblem s an d  include hotspots 
in  the EEA countries and  the ten  Accession coun tries”. T he re p o rt will also deal with environm ental 
trends from  the past up  to the p resen t day and, taking in to  account changes in societal developm ent, 
will try to give an environm ental ou tlook  for the year 2010”.

W ithin the  repo rt, several issues with relevance to the  m arine  an d  coastal env ironm en t are covered, 
e ith er in  the chap te r on Global Issues or in  the In teg ra ted  Regions -  Coastal, such as: nu trien ts, 
heavy m etals in  the m arine environm ent, wastes, erosion, loss and  degradation  o f habitats, fishing 
etc.

Som e o f these issues are also covered in  the “Ind icator R epo rt” from  the ETC-MCE (RIKZ and 
LNEC, 1997) i.e.: eu tro p h ica tio n /sap ro b ia tio n , heavy m etal pollu tion , fishing, fragm entation  and 
destruction  o f habitats.
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6.7.3. Assessment took 

Descriptive tools and instruments

EEA GIS Developm ent

EEA, th ro u g h  its E u ropean  Topic Centres, is developing a series o f databases which contain  
environm ental data at the E uropean  level. This data is a selection and  aggregation o f the  data 
collected by n ational m ed ia  an d  source-oriented  m on ito ring  systems. T he topics covered are m arine 
an d  coastal environm ent, air emissions, air quality, in land  waters, land  cover, n a tu re  conservation, 
soil and  waste.

M any o f the  datasets in  the  ETC databases have a geographical com ponent. EEA uses the basic 
reference data p rovided by CISCO as a com m on fram ew ork for geographical data. This fram ew ork is 
the base for the  geographical data used by the  E u ropean  Com mission. It is therefo re  possible to 
com bine data from  each o f the environm ental databases for in teg rated  spatial analysis an d  for 
p resen ta tion  in m ap form at. T he com patibility o f the adm inistrative an d  socio-econom ic datasets 
from  EUROSTAT ex tend  the range an d  scope o f the analyses tha t can be m ade.

C urrently  EEA is p roducing  the  spatial in form ation  on air emissions for a 50km grid  covering the 
pan  E uropean  area as req u ired  by EMER It is also suppo rting  DG VII on the strategic environm ental 
assessm ent o f th e  TENS. A CD-Rom will be p ro d u ced  in 1999 to m ake data, in fo rm ation  and  
assessm ent on  land  cover and  n a tu re  conservation available to a wide range o f users (NATLAN).

U sing copies o f selected data  from  the  existing databases at ICES and  M EDPOL (and  Black Sea?) it 
w ould be possible to develop a sim ple system which would ho ld  data with significance a t E uropean  
level organised in  a standard  way. T he process would be analogous to th a t which exists betw een the 
o th e r environm ental databases and  national data. Such a system would be com patible with the  EEA 
databases and  could  be used  toge ther with them  for the purposes o f in teg rated  analysis. 
F u rthe rm ore  the  resu lt o f these applications, based on  EEA databases, could  be used directly by the 
Regional C onventions to add  value to the  w ork already done.

T he system would contain  the following ‘layers’:

Basic data

T he geographic location  o f the Conventions an d  the ir respective areas covered.

For each convention area:

In te rn a l regions e.g. Arctic W aters or G reater N orth  Sea w ithin OSPAR, socio-econom ic data, m ajor 
river ca tchm ent areas, p ro tec ted  areas, rem edial action areas, digital Elevation M odel o f land  areas, 
bathym etric data if available from  the  C onvention

Meta data

For sampling points: Locations, m ethods used, legal basis 

Measurement data

For sampling points: Substance, tim e series 

Derived data

Areas showing results o f existing them atic assessments, locations o f iden tified  ‘hot-spots’

I f  the analytical applications which are used to p roduce the them atic assessments and  to identify 
‘hot-spots’ are m ade available, it w ould be possible to p roduce  up-to-date m aps as soon as data 
becom es available from  the  countries (maybe a regu lar cycle like the CORINAIR reports o r O zone 
re p o rts ) .
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A second  stage application would be to identify areas o f vulnerability an d  eventually to sim ulate 
E uropean  level responses to m ajor accidents.

Tools to judge environmental conditions and developm ents

A system of indicators, with the associated reference and  objective values for each environm ental 
variable, is an assessm ent tool in  itself, as well as a way o f synthesising data. A prelim inary  list o f a set 
o f indicators to use in  the E u ropean  con tex t was p roposed  in  the re p o rt from  the  ETC previously 
m en tio n ed  (RIKZ and  LNEC, 1997).

Table 2 . The fo llow ing tab le  sum m arises th e  p rop osed  indicators.

Environmental issues Pressure indicators S ta te  indicators

E u t r o p h i c a t i o n  S a p r o b i a t i o n - T o ta l  l o a d  o f  N +  P
- t o t a l  l o a d  o f  B O D

- T o t a l  c o n c e n t r a t i o n  of
- 1’ N  in  w i n l e r  (pirnol/1)
- %  D O  s a t u r a t i o n
- C o n c e n t r a t i o n  o f  c h lo r o p h y l l
- T r a n s p a r e n c y

H e a v y  m e t a l  p o l lu t i o n - T ota l  L o a d s  o f  P b ,  C d ,  H g . - C o n c e n t r a t i o n  o f  (Pb,  C d ,  Hg) in s e d i m e n t s  
a n d  o r  b i o t a

F ish in g -F ish in g  m o r ta li ty - S p a w n i n g  s t o c k  b i o m a s s

F r a g m e n t a t i o n  a n d  d e g r a d a t i o n  
o f  h a b i t a t s

- Land  u s e  c h a n g e  in c o a s t a l  z o n e
- a rt i f i c ia l iz a ti on  o f  c o a s t  l in e

A c c e l e r a t e d  s e a  level  r ise 
R e c e s s i o n  o f  s h o r e  in M /y e a r .

In  the  sam e rep o rt a m ethodology to estim ate the trends on the pressure an d  state indicators and  the 
criteria to define reference and  objective values for the selected indicators were included.
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.9. Q uestions to  be answered

W hat k ind  o f assessm ent tools do we n ee d  to assess the state o f the m arine environm ent?

W hat do the C onventions need?

W hat does EEA have to offer?

Elow are the Ecological quality and  the Fram ew ork Directive connected?

Tools like the C om m on P rocedures o f the OSPARCOM may be used by the o th e r Conventions. 
Can we all agree an d  develop the  same principle?

Can the CIS system developed in  the EEA, toge ther with o th e r environm ental in form ation  help  
in  this direction? How?

CIS was n o t used for assessing the  m arine environm ent. C ould it be done? I f  yes, how  could  it be 
developed? Are the C onventions able to use it? Do they have the capacity? If  no t, how can EEA 
help? Could EEA /ETC  an d  the C onventions discuss the  co llaboration  o f the CIS in  a m ore 
form al workshop?

W hat are the param eters th a t define the Ecological quality in  the d ifferen t R egional Seas? Could 
these param eters (or p a rt o f them ) give the sam e p ic tu re for each o f the regional seas? S hould  it 
be in  close connection  with the  Fram ew ork Directive from  DGXI?

C ould the EEA/ETC, use the data  from  the Conventions to im prove the  indicators tha t have 
b een  developed as a tool?

W hat else do the C onventions w ant from  EEA? Tools can be identified  for the  coastal issues 
(indicators, them atic m aps etc.). W hich tools can be identified  for the m arine waters th a t needs 
m ore w ork to be done? Priorities have to be applied.

T here  is a n ee d  for im proving cooperation . How can this be done? T h ro u g h  sm aller m eetin g s/ 
workshops? T h rough  larger m eetings, like this Forum?

If the answer to the  p o in t above is to have sm aller action o rien ted  m eetings, EEA is ready to 
provide the g ro u n d  for this. It could  assist the C onventions an d  invite them  all for specific needs 
to small w orkshop. W here? W ould th a t be enough?

Are th e re  differences in  assessm ent tools betw een the Conventions, b u t which can lead  in to  the 
sam e result?

They are often  used for each one on the basis o f the ag reem ent th a t they have with the M em ber 
States. W ould it be possible to agree on  com m on tools?

Can EEA take the responsibility to identify these com m on tools for the Conventions? W ould th a t 
im prove m on ito ring  capacities?

R eporting  o f EEA will be based on  yearly indicators. Every 5 years a R eport on  the  EU State of 
E nvironm ent R eport will be p roduced . Can these assessm ent tools be used in  the n ex t 5 year 
rep o rtin g  phase from  EEA? Big issue: H arm onisation  o f R eporting.
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7. Major research needs to improve 
assessment

A uthors/C on tribu to rs:

H ein  R une Skjoldal, IMR & Tor Bokn,ETC/M C E/N IV A , Lead A uthors; Eeva Liisa P outanen , 
HELCOM ; Ben Van de W etering, OSPARCOM; G abriel P. Gabrielides, UN EP/M A P; Lars O tto 
Reiersen, AMAP; Lawrence Mee - BSEP

7.1. Introduction

7.1.1. Basic challenges

E nvironm ental assessm ent involves assessing the state, condition  and  hea lth  o f  m arine ecosystems. 
This requires an overall holistic approach  with focus on  the structural an d  functional in tegrity  o f the 
ecosystem on the one hand , an d  the sum  of effects from  the totality o f hum an  uses or im pacts on  the 
other. T he m arine ecosystems undergo  na tu ra l changes an d  fluctuations in  response to e.g. climatic 
variations. A basic req u irem en t o f an environm ental assessm ent is to be able to distinguish changes 
due to an th ropogen ic  in fluence from  changes which are due to na tu ra l variability. I f  this can be 
achieved a fu rth e r req u irem en t is to be able to distinguish changes due to a particu lar hu m an  
activity, e.g. fishing, from  those from  o th e r hu m an  activities, e.g. eu troph ication . This w ould be 
req u ired  as a basis for decisions on rem edial actions.

A th o rough  environm ental assessm ent is a g rea t challenge w hich requires a h igh  level o f general and  
detailed  knowledge. A t p resen t the know ledge base is fragm ented  an d  insufficient, an d  th e re  is 
therefo re  a g rea t and  long-term  research  n ee d  to im prove the situation. Priority areas of research  to 
im prove the assessm ent work o f the in te rna tiona l C onventions are identified  and  discussed in  this 
docum ent.

7.1.2. Main existing European-level research activities to improve assessment

T here  are extensive research  activities in research  program m es u n d e r DG-XII o f the E uropean  
Com m ission with varying degrees o f relevance to environm ental assessments. Two m ajor 
program m es are M arine Science and  Technology (MAST-III) an d  E nvironm ent and  Climate.

T he MAST-III p rogram m e has program m e areas on  m arine  systems research , regional sea projects, 
coastal an d  she lf sea research, generic technologies, and  opera tional oceanography. Two o f the 
regional sea projects deserve special m ention . T he M edite rranean  Targeted P ro ject phase III aims to 
exam ine the function  of the  M edite rranean  Sea in all its aspects, applying a strong  m ulti-disiplinary 
approach . T he results can be used to m o n ito r the whole M editerranean  env ironm ent and  provide a 
basis for b e tte r env ironm ental assessment. T he Baltic Sea System Study (BASYS) applies a system 
approach  an d  has as its goal to help  und erstan d  the susceptibility o f the Baltic Sea to na tu ra l and 
m an-m ade causes.

E nvironm ent an d  Clim ate has four p rogram m e com ponents:

a. A. Research in to  the na tu ra l env ironm ent, env ironm ental quality and  global change.

b. B. E nvironm ental technologies.

c. C. Space techniques applied  to environm ental m on ito ring  an d  research.

d. D. H um an  dim ensions of environm ental change.

T he area o f E nvironm ental technologies addresses the following th ree  issues:

1. Instruments, techniques and m ethods for m onitoring the environment.

2. Technologies and m ethods for assessing environmental risk and for protecting and 
rehabilitating the environment.
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3. Technologies to forecast, prevent and reduce natural risks.

7.2. Research activities carried out by the Conventions

OSLO A N D  PARIS COMMISSION (OSPAR)

OSPAR is in  a sim ilar situation as HELCOM  in th a t it does n o t carry o u t or co-ordinate research. 
S upporting  activities are however carried  o u t m ainly in  co-operation with ICES. OSPAR requests 
scientific advice on specific topics from  ICES in an annual w ork p rogram m e. Topics for advice have 
inc luded  guidelines an d  p rocedures for sam pling an d  analyses o f contam inants in  m onito ring  
program m es, nu trien ts  an d  eu troph ication , an d  environm ental im pacts by fishing activities and  
m ariculture.

HELSINKI COMMISSION (HELCOM)

D ue to the fact tha t HELCOM  is n o t a research  organisation, no  real research  activities are co
o rd in a ted  by it. Som e o f the activities may, however, be considered  as supporting  activities.

• HELCOM  has acknow ledged the im portance o f quality assurance (QA) issues, an d  two IC E S/ 
HELCOM  Steering G roups on QA o f Chem ical an d  Biological M easurem ents in th e  Baltic Sea 
have been  w orking since 1990 an d  1991, respectively, with the aim:

• to co-ordinate the  developm ent and  im plem enta tion  o f a Q A -program m e for laboratories 
partic ipating  in  the Baltic M onitoring Program m e,

• to give guidance on practical questions rela ting  to QA and  how  QA data shou ld  be used in  
relevant assessm ent work, and

• to give advice on the revision o f the  m on ito ring  program m e an d  to p rep are  relevant QA 
guidelines for m easurem ents.

Several w orkshops on  specific topics have been  arranged  du ring  the past years and  all these activities 
are seen as an essential sup p o rt for the m on ito ring  and  assessm ent work. Since the  chem istry sector 
is som ew hat ahead  o f the biology, the m ain em phasis has been  du ring  the  last years on  biological QA 
aspects.

A pplication o f the best possible analytical m ethods does no t, however, guaran tee  th a t the  m onito ring  
data  is good  for assessm ent purposes. Sam pling strategy an d  selection o f param eters to be m on ito red  
are also extrem ely im p o rtan t for a successful m on ito ring  program m e. In  the rec en t revision o f the 
Baltic M onitoring P rogram m e (BMP) special em phasis has been  given to these issues. T he old 
strategy o f the BMP was based on  sam pling at fixed stations using research  vessels. This resu lted  in  a 
very low frequency for data collection bo th  in  space and  tim e. In  the  highly fluctuating  and  patchy 
Baltic Sea this has caused severe problem s in. e.g., tren d  analysis o f the biological variables.

In  the  revised program m e au tom ated  systems such as au tom ated  buoys, ship-of-opportunity 
technique, and  rem ote sensing are em phasised. N um erical and  statistical m odels shou ld  becom e an 
elem ental p a rt o f the m on ito ring  system on equal term s with the actual field m easurem ents. 
O bservations m ust be closely coupled  to m odelling  in an  iterative way. M odels could  be used  to 
efficiently d irec t an d  in te rp re t observations. M odels could also be used to in te rpo la te  and  
extrapolate  observations bo th  in  space an d  tim e. C oupled observational m odelling  strategies o f this 
k ind  have b een  well developed in  the In tern a tio n al GLOBEC and  CO O S program m es.

As a special service the  u pdating  and  ru n n in g  o f the HELCOM  Bibliography could  be m en tioned . 
Since 1975 bibliographic m aterial has been  collected an d  distribu ted  to the  C ontracting  Parties. First 
th e  d istribu tion  was m ade th rough  pap e r copies an d  m icrofiches b u t la ter on  th ro u g h  on-line or 
In te rn e t services, (h t tp : / /o ta tr ip .h u t.f i /v t t/b a ltic /in tro .h tm l or, h ttp ://w w w .helcom .fi/specia l.h tm l 
-HELCOM h o m e p ag e ).

C o-operation with ICES, which is based on  a M em orandum  o f U nderstand ing  betw een ICES and 
HELCOM , is im p o rtan t for HELCOM . In  practise HELCOM  agrees annually  u p o n  a set o f specific 
requests which are forw arded to ICES. T he advice by ICES is delivered by the  ICES representative to

http://otatrip.hut.fi/vtt/baltic/intro.html
http://www.helcom.fi/special.html
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the appropria te  m eetings o f the subsidiary bodies o f HELCOM  as well as in  the repo rts  o f  the ICES 
Advisory C om m ittee o f M arine Environm ent. For this co-operation HELCOM  pays annually  an 
agreed  am oun t o f money.

T he actual scientific w ork is carried  o u t by the C ontracting  Parties. HELCOM  is n o t involved in  the 
p lann ing  and  possible selection o f the research  topics o f the C ontracting  Parties.

ARCTIC M O N IT O R IN G  A N D  ASSESSM ENT PROGRAMME (AMAP)

T he aim o f the first phase o f the AMAP program m e was to p roduce a QSR for the Arctic reg ion , and  
for tha t purpose a m on ito ring  program m e was designed bu ild ing  on existing m on ito ring  activities 
with em phasis on  levels and  geographical trends o f contam inants. A lthough lim ited research  has 
been  carried  o u t o r co-ordinated  by AMAP, the  results from  research activities have provided an 
im p o rtan t source o f in form ation  for the environm ental assessm ent in  the QSR.

A phase II o f AMAP is now  being  p lan n ed  with stronger em phasis on  research  to allow better 
descrip tion  an d  evaluation o f tran sp o rt rou tes and  biological and  ecological effects o f contam inants.

U N IT E D  NA TIO N S ENVIRO NM ENT PROGRAMME /M EDITERRANEAN A CTIO N PLAN  
(UNEP/M AP)

M onitoring is the  m ain  assessm ent tool used w ithin MED POL. Phase III o f MED POL, which now  is 
being im plem ented , provides for the  in itiation  o f m on ito ring  program m es of tem poral trends of 
levels o f chem ical contam inants mostly in  biota, an d  o f biological effects o f po llu tan ts in  m arine 
organisms.

Very little research  is sup p o rted  directly by MED POL. A nu m b er o f laboratories have b een  assisted 
to develop the  suite o f b iom onito ring  techniques w hich have been  recom m ended  provisionally on  a 
regional basis. Since this is a new  field, research  is carried  ou t to test the ir suitability. In  parallel, a 
n u m b er o f species are tested  especially for EROD activity to identify the m ost suitable ones for 
inclusion in  m onitoring.

In  the field o f tren d  m on ito ring  som e w ork is going on to identify suitable species an d  also to test 
d iffe ren t designs o f m on ito ring  schem es. W ork on  eu troph ication  continues and  the em phasis now 
is on  the p ro p e r  trea tm en t o f  the data  to assist decision m aking. M icrobiological w ork on  testing of 
m ethodologies, survival an d  degradation  o f m icrobial contam inants will continue, b u t em phasis will 
be given to factors affecting the discharge p a tte rn  o f wastewater, as well as to the developm ent of 
environm ental quality criteria and  com m on m easures for m icrobial pollution.

BLACK SEA ENVIRO NM ENT PROGRAMM E (BSEP)

A m on ito ring  program m e has been  proposed , focusing on biological effects an d  con tam inan t levels 
in  the Black Sea. T h e  p roposed  program m e draws u p o n  experiences gained  in  o th e r in te rnational 
m on ito ring  program m es an d  is based on  a strategy developed by ICES for im plem enting  a general 
biological effects p rogram m e. T he objectives are to d eterm ine hea lth  status o f organism s and 
ecosystems, to reflect exposure to selected pollutants, and  to provide an in teg rated  approach  for 
assessing the quality o f com p o n en t parts o f the  ecosystem.

A research  co m p o n en t to the m on ito ring  program m e has been  suggested. Since the program m e is
still u n d e r  developm ent, this research  com p o n en t has n o t yet been  specified and  im plem ented .

7.3. Priority research fields

7.3.1. General research needs 

Ecosystem properties

An assessm ent o f the  condition , state o r hea lth  o f a m arine ecosystem requires basic knowledge 
abou t the  p roperties o f  such ecosystems. This includes know ledge abou t the structu re  an d  function  
o f m arine ecosystems, the ir biodiversity an d  stability properties, includ ing  resistance an d  resilience
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to ex ternal stress and  driving forces for ecosystem variability. Such know ledge is generally scarce at 
p resen t and  th e re  is a n ee d  for research  activities to im prove the basic level of knowledge. W hile this 
research  area is intellectually challenging, encom passing, an d  resource dem anding , specific research  
efforts could  be d irec ted  at the  following item s to im prove the basis for environm ental assessments at 
the regional and  E uropean  levels.

• Research into climatic driving forces for ecosystem variability at the regional and European level. We
know  th a t for m any Large M arine Ecosystems (LMEs) physical forcing th ro u g h  climatic 
variability is a p rim ary driving force for ecosystem variability (Sherm an 1994). Focused research  
on the ro le o f climatic variability for the variability in  the regional m arine ecosystems of the 
E uropean  seas would greatly benefit the  difficult task o f d istinguishing im pact by m an from  
natu ra l variability. R esearch on  the  clim ate system at the E u ropean  level would provide basic 
in fo rm ation  for the environm ental assessments carried  o u t by the  reg ional conventions. T here  
would also be a n eed  for research  to lay the foundation  for a harm onised  system for m onitoring , 
assessing, an d  forecasting th e  ocean clim ate o f the E uropean  seas. This w ould be o f relevance n o t 
only for environm ental assessments b u t also for the assessm ent and  m anagem en t o f living m arine 
resources, coastal zone m anagem ent, an d  m aritim e operations. This shou ld  be seen as a 
E uropean  level com p o n en t o f GOOS w hich would provide a fram ew ork for co-operation to fulfil 
the  needs of the regional conventions an d  o ther in te rna tiona l organisations such as ICES.

• Research onfoodwebs, interactions and dynamics of marine ecosystems. Several aspects o f 
environm ental assessments, e.g. effects o f contam inants, eu troph ication , fishing activities, and  
in troduc tion  o f alien species requ ire  know ledge abou t foodwebs an d  biological in teractions in 
m arine  ecosystems. T h ere  is a n ee d  for ecosystem focused research  on  the  m arine ecosystems of 
the E uropean  seas. O ne system o f n ee d  for such research  is the  N orth  Sea. D espite being  perhaps 
the m ost stud ied  sea area in  the world, it is still only fragm entarily u ndersto o d  as an  ecosystem as 
is qu ite ap p a ren t from  the  N orth  Sea QSR 1993 (NSTF 1993). T he N orth  Sea is a strongly 
explo ited  an d  stressed ecosystem. It shou ld  be a priority  research  area to provide the necessary 
insight in to  the p roperties o f the N orth  Sea LME to provide the scientific basis for an  ecosystem 
approach  to its fu tu re m anagem ent. W hile achieved results would provide specific insight into 
the N orth  Sea ecosystem, they w ould also provide general know ledge transferable to o ther 
reg ional seas in general an d  com parative contexts. Ecosystem focused research  shou ld  also be 
carried  o u t in  o the r E u ropean  seas. Priority could  be given to o th e r areas such as the Black Sea 
w hich is an  im pacted  and  distressed ecosystem.

• Research into methods for characterising and expressing the changing states or health of marine 
ecosystems. This could  include theoretical considerations o f the  in form ation  requ ired , 
harm onised  collection an d  m anagem en t o f in fo rm ation  an d  data from  a n u m b er of national and  
reg ional institutions, an d  the expression o f ecosystem state o r hea lth  based on  this in form ation  
by e.g. statistical and  m ultivariate techniques or by the use o f indicators. W ork carried  ou t by the 
ETC-MC u n d e r  the 1995 and  1996 Subventions provide relevant background  in form ation  to this 
research  area.

Species and habitats

P rotection  o f species an d  habitats is an overall aim for the w ork on environm ental assessments by the 
C onventions. Biological effects, im pacts an d  disturbances by d iffe ren t h u m an  activities affect species 
an d  habitats in  the m arine ecosystems. T he OSPAR JAMP (Joint Assessm ent and  M onitoring 
P rogram m e) issues 6.2 an d  6.3 address the  roles o f d ifferen t habitats for the function ing  o f m arine 
ecosystems an d  the ir areal extent, connectedness an d  rarity w ithin the ecosystems. T here  are 
im p o rtan t issues re la ted  to species diversity an d  roles o f d ifferen t species w ithin ecosystems. Going 
from  an era  with em phasis on flows o f energy an d  m atte r in  ecosystems, th e re  is now a recognised 
n ee d  to move towards g rea ter em phasis on  species popu la tion  dynamics, habitats, an d  m arine 
"landscape" ecology. This is a vast research  area w hich will requ ire  extensive and  long-term  research 
com m itm ents. Som e specific research  areas are iden tified  which could  benefit th e  w ork o f the 
Conventions:

• Research on methods for mapping and producing inventories of marine habitats. T h e  seafloor consists to 
a lesser degree o f  un iform  m u d  an d  sandflats than  is often  conceived, b u t contains a nu m b er of 
geological an d  sedim entary  structures th a t p roduce  a mosaic o f sm aller o r larger bio topes or 
habitats. T here  is a n eed  to m ore thoroughly  m ap th e  seafloor o f the E u ropean  seas in  an 
ecologically m eaningful m a n n er as a basis for p roducing  distribution  m aps o f species and  maps
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of biotopes or habitats. This is an extensive an d  long-term  task. T here  is a research  n ee d  to 
develop strategies and  cost-efficient m ethods and  technologies to survey and  m ap benth ic 
habitats.

• Research on rare habitats and rare species. T he revealed species richness of an area depends on  the 
ex ten t o f sam pling and  the size o f  th e  sam pled area. O ften  th e re  is a considerable selection 
involved in  the types of habitats and  species which can be sam pled with conventional ben th ic 
sam pling gear. We may therefo re  have biased in form ation  and  im pression o f the species and  
species richness in  m arine ecosystems. H abitats o f restricted  spatial ex ten t may contain  special 
b io ta which may n o t have been  revealed in  conventional sam pling. Such habitats and  the ir biota 
may be particularly vulnerable to im pact by h u m an  activities due to the ir restric ted  spatial extent. 
T here  is a n ee d  for research  o f bo th  theoretical and  practical n a tu re  to explore the  issue o f rare 
habitats an d  rare  species.

Transport pathways and processes in marine ecosystems

M arine ecosystems are open  systems with considerable flows an d  transports o f water an d  associated 
transports o f organism s, organic m aterial, sedim ents, an d  contam inants. Such transports are 
im p o rtan t with regard  to descriptions an d  un d erstan d in g  of the  function ing  an d  variability o f the 
na tu ra l ecosystems. They are also im p o rtan t for assessm ent o f fates and  effects o f in p u t o f 
contam inants to the m arine ecosystems. T here  is a wide range o f research  topics o f a bo th  general 
an d  contam inant-specific natu re . These include physical tran sp o rt o f contam inants by water, 
suspended  solids and  sedim ents; biological uptake, bioaccum ulation , b iom agnification and  
b io transform ation  o f contam inants in  m arine  food chains an d  food webs; and  con tam inan t transport 
m echanism s, pathways, and  cross-media interactions.

• Basic research on the topics of transport pathways and processes. Such research  may be co-ordinated  
and  conducted  at the E uropean  level w ithout a specific reg ional focus. T he gained  knowledge 
may be applied  at the reg ional level o r provide the basis for fu rth e r m ore  focused research  to 
apply it to reg ional problem s, taking in to  account as req u ired  the specific regional conditions.

• Research on transport models. In p u t o f persisten t con tam inants to m arine areas follows to a 
considerable degree atm ospheric transpo rt rou tes as well as transpo rt with seawater and 
suspended  m atte r from  one reg ional sea to another. T here  is therefo re  a strong  case for co
opera tion  an d  co-ordination am ong the C onventions and  o th e r in te rnationa l organisations 
dealing  with con tam inan t tran sp o rt and  environm ental assessments. R ather than  in d e p en d e n t 
m odel developm ent for each region, generalised  tran sp o rt m odels a t the  E uropean  or 
hem ispheric  scales could  be developed, using consistent sets o f  con tam inan t in p u t data. Such 
m odels could  th en  be fu rth e r re fined  by e.g. increased resolution  for application  at the  regional 
level. T here  is a research  n ee d  in  the  fu rth e r developm ent and  refinem en t o f such con tam inan t 
tran sp o rt m odels and  in  the ir validation.

Biological effects o f  contaminants

T here  is a m ultitude o f contam inants with d iffe ren t p roperties with regard  to transport, toxicity, and  
biological an d  ecological effects in  m arine ecosystems. Assessm ent o f the effects of contam inants is 
therefo re  a difficult an d  challenging task. D evelopm ent and  use o f ecotoxicological assessm ent 
criteria rest on  the accum ulated  evidence from  experim ental studies trying to establish relationships 
betw een exposure levels o r body b u rdens of contam inants on one side and  biological effects on  the 
other. C ontam inants can occur in  d ifferen t form s and  in te rac t with o th e r chem ical substances. T here  
is a range o f exposure ways and  a m u ltitude o f d iffe ren t species an d  life stages o f species which may 
have d ifferen t sensitivities and  responses to contam inants. C ontam inants occur com m only in 
com plex m ixtures which are likely to cause com bined  effects by d ifferen t contam inants. Establishing 
relationships betw een concentra tions or doses o f exposure o f contam inants and  biological o r 
ecological effects is an im p o rtan t b u t very dem anding  task.

Basic research  on biological and  ecological effects o f contam inants is a prim e area w here 
in te rnationa l and  inter-regional co-operation can be developed. Results gained  from  experim ental 
w ork will typically be o f a general n a tu re  an d  con tribu te  to the in form ation  basis for establishing and 
refin ing  ecotoxicological assessm ent criteria. Research instigated w ithin one organisation an d  region 
can generally be utilised in o th e r regions. Som e specific research  topics w hich could  be priority  areas 
o f co-operation are listed below.
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• Research on Quality Assurance (QA) of biological effects techniques. Several biological effects 
techniques have been  iden tified  as potentially  useful for inclusion in  environm ental m onito ring  
program m es (ICES ACME 1995 rep o rt) . R elated to chem ical m easurem ents in  m onito ring  
program m es th e re  has been  a special EU -supported  QA program m e (QUASIMEME) to ensure 
com parability o f results. T here  is now  a g rea t n ee d  for a sim ilar in te rna tiona l QA pro jec t for the 
biological effects techniques which have been  identified  and  recom m ended  for use in 
m on ito ring  program m es. T he QA requ irem en ts have been  ou tlined  in  the ICES ACME 1996 
repo rt, and  a p ro jec t p roposal to im plem ent a program m e to develop details o f these QA 
procedu res and  co-ordinate in tercom parison  activities will be subm itted  to EC DG-XII.

• Research on further development of biological effects techniques and bioindicators. A nu m b er of 
biological effects techniques have been  iden tified  as potentially  useful for application  in 
m onitoring . T here  is a n ee d  for fu rth e r research  to clarify the ir usefulness an d  evaluate the ir 
lim itations and  strengths. T here  is also n ee d  to explore new  techniques to w iden the suite o f 
m ethods which should  be available for fu tu re  applications to streng then  the basis for assessments 
o f ecological effects o f contam inants.

• Research on combined effects of contaminants. C ontam inants may have additive, synergistic or 
antagonistic effects. T he typical environm ental situation is one of long-term  exposure to low 
levels o f a range o f contam inants. Assessment o f possible effects o f single contam inants are done 
by com parison with ecotoxicological criteria o r concen tra tions which have or have n o t p roduced  
effects in  experim ental studies. T here  is now  a n ee d  to start addressing the com bined  effects o f 
m ultip le contam inants. This is an issue o f com m on in te rest an d  relevance to all regional 
program m es and  C onventions. T here  is m uch  to benefit from  close co-operation as th e re  is 
lim ited expertise available and  since basic knowledge would be applicable to all regional 
program m es. It is suggested th a t this research area should  be given h igh  priority, an d  th a t a jo in t 
w orkshop of experts should  be convened to fu rth e r assess the state o f know ledge and  to m ake 
specific research  plans.

7.3.2. Priority research areas for the Conventions 
OSLO A N D  PARIS COM M ISSION (OSPAR)

OSPAR has n o t p rep a red  any separate list o f priority  research  needs for m on ito ring  and  assessment. 
Research needs are however iden tified  in  the assessm ent process. In  the  N orth  Sea 1993 Quality 
Status R eport a n u m b er o f  gaps in know ledge were iden tified  w hich are candidates for research  
activities. In  the Jo in t Assessment and  M onitoring Program m e (JAMP) a n u m b er o f environm ental 
issues have been  iden tified  u n d e r the  categories o f contam inants, eu troph ication , litter, fisheries, 
m aricu lture , an d  ecosystem hea lth  an d  habitats. For each issue a w ork program m e has been  m ade 
which outlines the activities to be undertaken . For som e o f the issues research  is iden tified  as the 
appropria te  activity. JAMP there fo re  provides an overview o f research  needs for the OSPAR w ork on 
environm ental assessment.

O ne item  can be singled o u t as a priority  issue for concerted  action. This is the topic o f quality 
assurance for biological effects m on ito ring  techniques. Several techniques have now  been  
recom m ended  by ICES ACME and  by ASMO for inclusion in  m on ito ring  an d  assessm ent work. 
T here  is a n ee d  to develop adequate QA p rocedures for these techniques to ensure com parable 
results from  the ir use in  m on ito ring  an d  research  program m es.

H ELSINK I COM M ISSIO N (HELCOM)

T he quality o f an assessm ent re p o rt depends very m uch on the quality o f the data  itself and  on  the 
quality an d  design of the  m on ito ring  program m e. To im prove the quality o f the data, m ain  atten tion  
has been  paid, by trad ition , to analytical QA (developm ent of m ethods, in te rca lib ra tio n s /in te rco m 
parisons, etc.). ICES has had  an im p o rtan t role in  this analytical w ork over the past decades. Between 
1993 and  1995 the E uropean  U n ion  sup p o rted  the  developm ent o f a holistic quality assurance 
p rogram m e for m arine environm ental m on ito ring  in form ation  in  E urope (QUASIMEME), which 
has afterwards expanded  from  this initial EU pro ject to include additional determ inands and  is now 
o pen  to all laboratories which m ake chem ical m easurem ents in  the m arine env ironm ent th ro u g h  a 
subscrip tion  schem e. M ore recently  a QA p rogram m e o f sam pling an d  sam ple h and ling  (QUASH) 
has been  set up. Som e o f the “HELCOM  laboratories” (for sea m oni-toring  as well as for po llu tion  
load m onitoring) have been  able to benefit from  the Europe-wide activities b u t unfortunate ly  several 
o f th e  C ontracting  Parties to the H elsinki C onvention have always been  left out.
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A lthough m on ito ring  program m es are revised periodically, th e re  is an insufficient am oun t o f data to 
allow adequate assessm ent o f th e  state o f the Baltic Sea. This could  m ost probably be im proved by 
applying biological effects techniques w hich can in tegrate  the  effects o f a wide range o f stress factors. 
For the  Baltic Sea th e re  is an increasing n eed  to develop a co h e ren t m on ito ring  p rogram m e on the 
biological effects o f changing  environm ental conditions (contam ination , eu trophication) on 
organism s. Presently, the  studies have been  m ore  or less sporadic, o r m ere case studies.

D ue to the special env ironm ental and  biological characteristics o f the Baltic Sea, studies perfo rm ed  
in  o th e r sea areas canno t directly be applied  in  this area. F u rtherm ore , regard ing  the Baltic Sea 
organism s th a t are potentially  suitable for m onitoring , relatively little in fo rm ation  exists on  the basic 
characteristics an d  suitability o f the physiological param eters. Thus, a jo in t p rogram m e involving 
several Baltic Sea countries on  the applicability o f these param eters is called for.

Taking in to  accoun t the results o f the period ic assessments the following issues are considered  as 
priority  research  fields w ithin HELCOM:

1. Biological effects of contaminants, in m ore detail, in ter alia:

• bioassays, b iom arkers, liver histopathology, com m unity  structure , fish diseases;

• oil hydrocarbons in  sea water, b io ta and  sedim ents;

• survey o f TBT concentra tions in  potentially  en dangered  areas;

• con tam inan t b u rd en  o f salm on tissue an d  salm on feed, and  linking the con tam inan t levels to 
possible effects;

• studies aim ing to give in form ation  on effects o f contam inants on Baltic top predators;

• m easurem ents o f contam inants in  seawater an d  suspended  particu la te m atter.

2. Remote sensing and autom ated systems, in m ore detail, in ter alia:

• satellite imagery, as a tool for m on ito ring  the spatial d istribu tion  o f  phytoplankton  biom ass in  the 
surface layer, especially the accum ulations o f  b lue-green algae, d istribu tion  o f water masses etc;

• developm ent o f au tom ated  systems, such as au tom ated  buoys and  ship-of-opportunity technique;

• developm ent o f new techniques to estim ate prim ary p roduction  (e.g. fast repe tition  fluorom etry, 
to reco rd  prim ary productivity with h igh  resolution;

• flow cytometry, to describe the p lankton  com m unity with an autom atic m ethod , HPLC p igm ent 
analysis, to get fast in form ation  o f the phytoplankton  p igm en t com position as ind icator o f the 
taxonom ical com position.

3. Development of models

• O bservations m ust be closely coup led  to m odelling  in  an iterative way. M odels could be used  to 
efficiently d irec t and  in te rp re t observations. M odels could also be used to in te rpo la te  and  
extrapolate observations bo th  in  space and  time;

• application o f new  tools for in form ation  spread ing  (inform ation data base linked  with www- 
p resen ta tions).

ARCTIC MONITORING AND ASSESSMENT PROGRAMME (AMAP)

In  AMAP assessm ent w ork a n u m b er o f gaps in  know ledge an d  deficiencies in  d iffe ren t approaches 
have been  identified. O n this basis the  following priority  research  fields in  n eed  o f additional 
research  are suggested:

• Basic research  on  effects o f contam inants (both  laboratory  and  field studies) to im prove the 
know ledge base for establishing effects thresholds an d  environm ental guidelines. Especially there 
is a n ee d  for research  concern ing  ‘com bined  effects’ (both  effects o f com binations o f d ifferen t 
con tam inan ts/types o f contam inants, and  com binations o f contam inants an d  o ther 
environm ental stressors such as UV-B).
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• M odel re la ted  research  including: im proved data on  sources; im proved m odels for specific 
regions (e.g. the Arctic w here special env ironm ental conditions such as low tem peratures, ice, 
etc. are n o t taken in to  account in  existing m odels); research  in to  con tam inan t transpo rt 
m echanism s/pathw ays an d  cross-media in teractions w hich are poorly understo o d  at p resen t (e.g. 
sea ice); food-web research  an d  re la ted  topics associated with biological pathways m odelling.

Basic research  on the effects o f contam inants on  the env ironm ent and  ecosystems is a p rim e area 
w here in te rnationa l an d  inter-regional co-operation  can be developed, an d  w here research  
instigated w ithin one forum  can be u tilised in  others.

Similarly, all regional program m es face sim ilar p roblem s in  rela tion  to the  issue o f ‘com bined  
effects’. C om bined effects are effectively ignored  in  cu rren t assessments due to the  com plexity o f the 
p rob lem  an d  lack of basic research  in to  this topic. Situations lead ing  to acute exposure to 
contam inants (e.g., industrial exposures) are n o t the  m ain focus o f m ost regional environm ental 
program m es, as these situations are largely covered by national regulations and  bodies. In  m ost 
areas, the typical environm ental situation is one o f long-term  chronic exposure to low levels o f 
environm ental contam inants. W hilst regional assessments are beg inn ing  to consider ‘single 
con tam inan t effects’ in  th e ir  assessments (e.g. com paring  levels with effects thresholds, assessm ent o f 
data  from  biological effects m onitoring , single co n tam inan t tren d  studies) the im plication o f the 
‘com bined  effects’ issue is th a t it can change the  conclusions from  such assessments.

In  the fu ture w ork o f AMAP there  is a strong  desire to begin  to tackle the prob lem  o f com bined 
effects an d  the ir relevance to environm ental assessments. AMAP would like to p ropose th a t the in ter
regional forum  adopts the subject o f com bined  effects o f contam inants as a prim ary focus for a co
o rd ina ted  and  jo in tly-sponsored activity. This is because:

• the prob lem  shou ld  be o f considerable com m on in te rest/re lev an ce  to all reg ional p rogram m es 
(OSPAR, HELCOM , EEA, etc.);

• basic research /know ledge is equally applicable to all such program m es;

• lim ited expertise on  this subject exists (in term s o f accessibility to a given regional p rogram m e) 
an d  this could  be m ore effectively utilised by b ring ing  together experts who w ould norm ally work 
in  isolation.

This would be an area w here a priority  research  n ee d  is strongly linked to its d irect relevance to 
environm ental m on ito ring  an d  assessm ent needs. A jo in t workshop on  this topic would be an 
appropria te  activity to b ring  together relevant experts, assess the status o f existing know ledge, and 
initiate a p rogram m e for co-ordinated  fu tu re developm ent o f the research  an d  its application .

U N IT E D  NA TIO N S EN V IR O N M E NT PROGRAMME /M EDITERRANEAN A C TIO N  PLAN  
(UNEP/M AP)

A t a m eeting  o f MED POL N ational C o-ordinators (20-23 May 1997) it was ag reed  th a t du ring  MED 
PO L Phase III the following subjects should  be given priority  as far as target-orien ted  research  for 
po llu tion  assessm ent an d  contro l is concerned:

a. eu troph ication

b. b iom on ito ring  techniques

c. atm ospheric deposition

d. b iogeochem ical studies

e. evaluation o f  the  standards applied  an d  establishm ent o f quality criteria for recreational waters, 
and

f. m ethods and  techniques for po llu tion  prevention  

BLACK SEA EN V IR O N M ENT PROGRAMME (BSEP)

T here  will be d istinct advantages to be gained  if the  Black Sea m on ito ring  program m e contains a 
research  com ponent. This will help  m aintain  the scientific in te rest o f the scientists involved in
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im plem enting  the m on ito ring  program m e. F u rtherm ore , such a research  co m p o n en t will help  to 
develop the regional technical capability for fu tu re m on ito ring  and  also stim ulate an d  m otivate the 
scientists. Studies on  o th e r  organism s (both  animals an d  plants) with regard  to an tiox idan t defences, 
lysosomal m em brane stability, histopathology, an d  histochem istry would also be appropria te , in 
o rd er to be able to derive in form ation  from  several levels o f organisation  w ithin the ecosystem.

An im proved research  capability will also provide additional tools which will help  to address the 
prob lem  defin ing  an d  solving elem ents o f the program m e for general biological effects m onitoring.

A fu rth e r consideration  th a t falls w ithin the area o f research  is h u m an  hea lth  concerns. In  the 
con tex t o f the Black Sea the m ain  identifiable issues are as follows:

• Persistence o f cholera;

• po ten tia l o f som e algae to p roduce  toxic bloom s re la ted  to ecological changes an d  interventions;

• b ioaccum ulation  o f toxic contam inants which may be transferred  th rough  the food chain  to 
hum ans (e.g., cadm ium , PAHs an d  organochlorines).

An active cu ltu re o f research  in  con tam inan t chemistry, biom arkers and  microbiology, linked  with 
mussels, w ould facilitate the eventual inclusion o f a m odule for h u m an  hazard  identification and  risk 
assessm ent in  the m on ito ring  program m e for the Black Sea.

7.4. Q uestions to  be answered

• T he pap e r is too am bitious, b u t it is m ean t to be am bitious. Focusing down, which research  issues 
shou ld  be tackled?

• W hich are the concrete  actions to be taken from  this exercise?

• Can we p rep a re  a pan-E uropean  project? O n what? Biological Effects M onitoring?

• W hat are the priorities for m onitoring? How  can these com ply with the specific head ing  from  the 
pap e r (Ecosystem properties, species an d  habitats, T ransport pathways, Biological Effects).

• W hat can be d one  in  short, m edium  and  long term ? How  can the ETC be involved?

• How can we perfo rm  a m ore concise m on ito ring  program m e using the sam e b u t fewer 
param eters? W hich issues should  be involved? W hat k ind  o f research  is n eed ed  for this? W ho is 
going to perfo rm  it?

• How can we organise it? W orkshop with experts on  the specific issue to be identified  by the 
Conventions? Proposals by the ETC partners?

• P rogram m e u n d e r EU? ESF? C oncerted  actions o f specific p rogram m e to start the process? 
MAST? Environm ent? UN?

• W orking groups from  countries (ETC partners? O thers?) to address the  following issues:

* Size o f  a p ro jec t

* N um ber o f countries from  the  d iffe ren t regions to participate. P ilot Study?

* A reas to be covered

* F inancing possibilities

• Could the  p ilo t study be on  a pan  E u ropean  Program m e on e.g. Biological Effects M onitoring 
from  all the C onventions involved b u t only 2 to 3 countries p e r  each region (including countries 
from  Black Sea from  the so u th ern  and  eastern  M editerranean  an d  PHARE countries from  the 
Baltic)? (12 countries could  be involved in  the p ilo t study)

• W hat w ould be the benefit o f im proving m onitoring? First step on harm onisation  o f data, first 
approach  to solving com m on problem s.



Annex 1. Reporting requirements and linkages to the political agendas of regional conventions/action plans 
and the EEA

Regional C onventions 
and EEA

1997 1998 19 9 9 20 0 0 2001 20 0 2 2 0 0 3  20 0 4 20 0 5

H E L C O M
A n n u a l  r e p o r t i n g  o f  d a t a  f o r  t h e  
BMP, A i r b o r n e  P o l lu t io n ,  
R a d i o a c t i v e  S u b s t a n c e s ;  PLC 
r e p o r t i n g  o f  a g g r e g a t e d  d a t a  (5 
y e a r s )

R e p o r t i n g PL C3 ( b a s e d  o n  1 9 9 5  d a t a )
3 rd P e r i o d i c
A s s e s s m e n t  a v a i l a b l e  e a r ly  1 9 9 7

R e p o r t  o n  i m p l e m e n t a t i o n  of 
M D  o f  1 9 9 8  o n  5 0 %  
r e d u c t i o n  g o a l

4 th P e r io d i c  
A s s e s s m e n t  
(1 9 9 4 -9 8 )

5 th P e r io d i c  
A s s e s s m e n t  
( 1 9 9 9 - 2 0 0 1 )

L i n k a g e s M C

O S P A R C O M R e p o r t i n g Hol i st ic
a s s e s s m e n t  f o r  5 
r e g i o n s

H ol i s t ic
a s s e s s m e n t  b a s e d  
u p o n  t h e  5 
r e g i o n a l  
a s s e s s m e n t s

L i n k a g e s M M C M M C  (to  b e  
a g r e e d  u p o n  
a t  M M C  1998)

M A P R e p o r t i n g Final R e p o r t  o n  M E D P O L  
P h a s e  II

S t a t e  o f  
E n v i r o n m e n t

S t a t e  of  
E n v i r o n m e n t

L i n k a g e s M C P  1 9 9 9 M C P  2 0 0 3

BSEP R e p o r t i n g GIS P a c k a g e  - M o n o g r a p h s  
B io lo g ica l  D iv e rs i ty  in t h e  BS 
R e p o r t

S t a t e  o f  P o l lu t io n  o f  t h e  BS 
R e p o r t
N a t io n a l  BS A c t i o n  P lans

P u b l i c  P r o g r e s s  
R e p o r t s

S t a t e  o f  BS 
E n v i r o n m e n t

L i n k a g e s S t e e r i n g  C o m m i t t e e  M e e t i n g  
BS C o m m i s s i o n  M e e t i n g

BS Basin I n t e r s e c t o r i a l  
W o r k s h o p

A M A P R e p o r t i n g A M A P  A s s e s s m e n t  
R e p o r t
T h e  S t a t e  o f  A r c t i c  
E n v i r o n m e n t  R e p o r t

P r o g r e s s  R e p o r t  o n  2 nc* 
P h a s e  o f  A M A P

P r o g r e s s  R e p o r t  
o n  M o n i t o r i n g  
a n d  A s s e s s m e n t  
A c t iv i t i e s  of 
A M A P

P r o g r e s s  R e p o r t  
o n  M o n i t o r i n g  a n d  
A s s e s s m e n t  
A c t iv i t i e s  of 
A M A P

L i n k a g e s M in is te r ia l  M e e t i n g  ( J u n e  ' 9 7 -  
A l t a - N o r w a y )

M in is te r ia l  M e e t i n g  ( C a n a d a )

EEA R e p o r t i n g A n n u a l  R e p o r t  
M o n o g r a p h s

3  y e a r s  R e p o r t i n g  ( D o b r i s + 3  
EU 98)

A n n u a l  R e p o r t  
M o n o g r a p h s

A n n u a l  R e p o r t  
M o n o g r a p h s

A n n u a l  R e p o r t  
M o n o g r a p h s

A n n u a l  R e p o r t  
M o n o g r a p h s

5 y e a r s  A n n u a l  R e p o r t  
R e p o r t i n g  M o n o g r a p h s

A n n u a l  R e p o r t  
M o n o g r a p h s

L i n k a g e s A a r h u s  P a n  E u r o p e a n  M C

KEY:
MC: M inisterial C o n feren ce
MD: M inisterial. D eclaration
MMC: M inisterial M eetin g  o f  th e  C om m ission
PLC: Pollution Local C om pilation
MCP: M eetin g  o f  C o n trac tin g  P arties
TDA: T ransb o u n d ary  D iagnostic  Analysis
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