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Report of the meeting  

 

 

Introduction  

 

1. The meeting of the MED POL Focal Points was held on 17-19 June 2015 at Corinthia 

Hotel, Attard, Malta, with a pre-session on marine litter on 16 June 2015. A joint 

session with REMPEC Focal Points was held on 17 June 2015 and was dedicated to 

the draft Offshore Protocol Action Plan and the main elements of the Integrated 

Monitoring and Assessment Programme for Ecological Objectives 5 (eutrophication), 

9 (contaminants) and 10 (marine litter). 

 

2. The main objectives of the meeting were to review the progress in the implementation 

of the current MED POL programme of work (PoW) for the biennium 2014 ï 2015 

including some of the key reports and technical guidelines produced. The meeting 

also reviewed and provided feedback on the pollution prevention and control 

component of the UNEP/MAP Mid Term Strategy (MTS) and related MED POL 

PoW for the 2016 ï 2017 biennium. 

 

Participation 

 

3. The following Contracting Parties attended the meeting: Albania, Bosnia and 

Herzegovina, Croatia, Cyprus, Egypt, European Union, France, Greece, Israel, Italy, 

Lebanon, Libya, Monaco, Montenegro, Morocco, Slovenia, Spain, Tunisia and 

Turkey. Representative of Palestine participated as an observer. The meeting was 

furthermore attended by the representatives of International Atomic Energy Agency 

(IAEA), Basel Convention Regional Centre from Bratislava, Agreement on the 

Conservation of Cetaceans in the Black Seam Mediterranean Sea and Contiguous 

Atlantic Area (ACCOBAMS), European Environment Agency (EEA), Environment 

Agency Austria, Hellenic Centre for Marine Research (HCMR) and University of 

Piemonte/ DISIT. UNEP/ MAP and several Regional Activity Centres were 

attending, including Plan Blue (PB/RAC), Regional Marine Pollution Emergency 

Response Centre (REMPEC), Sustainable Consumption and Production centre 

(SCP/RAC), and Information and Communication centre (INFO/RAC). The full list 

of participants is included in Annex I of the present report.     

 

Pre-session on marine litter   

 

4. The pre-session on marine litter was conducted with the aim to enable preliminary 

expert discussion on the Updated MED POL Marine Litter Assessment Report and on 

the Guide on best practices for Fishing for Litter in the Mediterranean (documents 

UNEP(DEPI)/MED WG.417/13 and UNEP(DEPI)/MED WG.417/14).  

 

5. The presentation of the Marine Litter Assessment Report (UNEP(DEPI)/MED 

WG.417/14) highlighted the situation in the Mediterranean, including the sources, 

main impacts and the most substantial reduction measures, as well as some 

recommendations for the implementation of Marine Litter Regional Plan including a 

proposal to establish a coordination mechanism with the relevant regional partner 

organizations under UNEP/MAP leadership. The Secretariat explained the rationale 

for the update of the 2010 marine litter assessment based on Article 11 of the Marine 

litter Regional Plan according to which an assessment report should be prepared by 

the Secretariat 2 years after its entry into force and based on existing information. The 

focal points were invited to comment on all the elements of the report including 

appropriateness and relevance of data sources used. The meeting acknowledged the 

comprehensiveness and quality of the report.    
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6. Presentation of the Fishing for Litter guide (UNEP(DEPI)/MED WG.417/13) was 

followed by several comments made by the focal points for consideration during the 

formal meeting session of the MED POL FP meeting.  

 

7. The main comments and suggestions included the following: the need to add a 

definition of Fishing for Litter concept; recommend the passive rather the active 

approach to implementing the scheme; strengthen the health and safety section; and 

add a chapter on the key successful projects; The focal points also requested to 

Secretariat to supplement the guide with information on costs of implementing 

Fishing for Litter schemes.  

 

Agenda item 1. Opening of the meeting 

 

8. Mr. Habib N. El Habr, UNEP/ MAP Deputy Coordinator, opened the meeting making 

a reference to the 40
th
 anniversary of MAP and MED POL and emphasising high 

relevance of the MED POLôs work in the past as well as today. The importance of 

continued contracting party commitments to pollution prevention and control was 

also emphasised. Pointing out that the meeting agenda was comprehensive and 

demanding, he assessed that the work completed during the past one and a half years 

provided a solid ground for a productive and successful meeting. Review of the 

proposed Integrated Monitoring and Assessment Programme for pollution related 

EcAp ecological objectives was singled out as one of the most important tasks, 

accompanied with the analysis of the work of the online expert groups on pollution 

and litter cluster. A considerable number of technical guidance documents for the key 

NAP/ SAP-MED sectors were delivered for final review and validation from the 

MDPOL FP. NAP update process was another important agenda item, including 

discussion of steps to be undertaken until COP 19. Finally and importantly, the 

meeting was meant to review and provide feedback on the proposed Mid-Term 

Strategy (MTS) and 2016-2017 programme of work for the pollution component of 

UNEP/ MAP.  

 

Agenda item 2.    Election of officers 

 

9. In accordance with Rules of procedure for meetings and conferences of the 

Contracting Parties, the meeting elected a chair person, three vice-chair persons and 

one rapporteur as follows:  

 

Chair: Mr. Ilias Mavroeidis (Greece) 

Vice-Chair: Ms. Ghada Ahmed (Egypt)   

Vice-Chair: Mr. Samir Kaabi (Tunisia)  

Vice-Chair: Ms. Eda Bayar (Turkey) 

Rapporteur: Ms. Konstantinos Antoniadis (Cyprus) 

 

Agenda item 3.   Adoption of the Agenda and organization of work  

 

10. The provisional agenda contained in the document UNEP(DEPI)/MED WG.417/2 

was adopted as presented in Annex II to the present report. The meeting agreed to 

include presentation of ACCOBAMS on Ecological Objective 11 on underwater 

noise, as well as UNEP/ MAP briefing on the outcomes of the 6
th
 meeting of the 

H2020 Review and Monitoring Subgroup and presentation on the new GEF project 

proposal under Any other business agenda item and/or as appropriate, depending on 

availability of time.  
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11. It was agreed that the meeting would be held in plenary with English and French 

simultaneous interpretation.  

 

Agenda item 4.   Progress achieved regarding the implementation of the 

Programme of Work 2014-2015 including the status of the implementation of the 

technical aspects of the Land Based Sources (LBS), Dumping and Hazardous Waste 

Protocols (HW), Regional Plans (RP) adopted in 2009, 2012 and 2013 as well as 

marine pollution monitoring programmes  

 

12. The Secretariat presented UNEP(DEPI)/MED WG. 417/3 on the implementation of 

the PoW for the biennium 2014 ï 2015, focusing on the key achievements as well as 

challenges faced and lessons learned. A set of technical guidelines was completed 

during the biennium (on a range of topics including NAP update, mercury, PCBs, 

lead batteries, tannery and lube oils), important assessment conducted and/ or 

contributed to, and various trainings and meetings held on regional as well as on the 

national level. Efforts were also made to mobilise additional funding to support 

implementation of the PoW and achieve synergies with complementary policy 

frameworks, in particular with H2020 where UNEP/MAP acted as a co-chair of two 

sub-groups of H2020. Regarding the actions on the ground, safe disposal of PCBs in 

three countries was highlighted as an important contribution to achieving the SAP 

MED and the NAPs as well as the relevant global target under the Stockholm 

Convention.   

 

13. The meeting acknowledged extensive and highly relevant work and the results 

achieved, and expressed appreciation for the Secretariatôs efforts. A specific comment 

was raised regarding precision of information presented in Annex III of the progress 

report, suggesting that some reports actually sent by countries were not recorded. The 

Secretariat asked the countries to review the Annex III and communicate any 

mistakes or omissions spotted. 

 

14. Related to the work on strengthening quality assurance procedures for monitoring of 

contaminants, the representative of the International Atomic Energy Agency (IAEA) 

presented the results of two Proficiency Tests (PTs) organised in 2014. He noted that 

a significant number of laboratories did not send results for the PTs, although PT 

samples were sent to them in time following their nomination by the respective MED 

POL FPs. Furthermore, the results provided by a considerable number of participating 

laboratories didnôt meet the quality requirements for the PT and were rated as 

ñunacceptableò. The IAEA representative also presented the lessons learned from the 

two Training Courses organised in 2014 in Monaco on the analysis of trace elements 

and organic contaminants. The courses were highly appreciated, however the 

analytical experience of the trainees was not at the same level and some trainees were 

not involved in the marine pollution monitoring programme of their respective 

countries.  

 

15. The meeting called upon MED POL FPs to nominate appropriate candidates for the 

Training Courses and to encourage nominated laboratories to participate in the 

upcoming Proficiency Tests. The meeting also requested the Secretariat to send the 

laboratory results of the Proficiency Test to the respective MED POL FPs for 

information and action, as appropriate. 

 

Agenda item 7 (b).  Proposed environmental targets, assessment criteria and 

thresholds for the pollution and litter cluster of the Mediterranean EcAp-based 

ecological objectives (EO 5, 9 and 10)  
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16. Results of the work of informal working groups on ecological objectives 5, 9 and 10, 

as laid down in the UNEP(DEPI)/MED WG. 417/7, were presented by the chairs/ co-

chairs of the respective groups ï Ms Popi Pagou (Greece) for eutrophication, Ms 

Nevenka Bihari (Croatia) for contaminants and Mr Francois Galgani (France) for 

marine litter. The background report prepared by the groups was made available to 

the meeting as UNEP(DEPI)/MED WG.417/Inf.15. Recommendations of the 

informal groups were previously discussed at the last meeting of the EcAp 

Correspondence Group on Monitoring (CorrMon), which agreed with most of them, 

while as some recommendations were referred to the MED POL FP meeting for their 

further consideration.   

 

17. The following specific observations and recommendations were made by the 

meeting:   

The current work was commended and importance of its continuation emphasized, 

especially as regards further development of common assessment methods at the 

regional or sub-regional level. 

The need to point out that TRIX was not a mandatory assessment method was 

stressed; the countries can continue using the methods applied up to now. 

It was suggested to insert a clarification that all methods and criteria presented in the 

documents in relation to typology and chl-a reference and threshold values apply only 

to coastal areas. 

It was also suggested to include the list of the non-mandatory eutrophication 

assessment methods proposed to be used by the countries (including the OSPAR 

method) in the reportôs recommendations. 

It was requested to add an explanation to UNEP(DEPI)/MED WG.417/Inf.15 to 

clarify that the included chl-a reference and threshold values related to specific 

Spanish Mediterranean water types were not common with other EU countries and 

were presented as an additional information. 

With regard to contaminants, different views were expressed whether monitoring of 

both proposed biomarkers LMS and AChE should be mandatory (in fish and/ or 

mussels). However the meeting did not support the recommendation on compulsory 

monitoring of AChE. Importance of ensuring monitoring data quality assurance and 

control was re-emphasized and deemed necessary. The findings and work of the 

online group on contaminants were supported in general terms. The meeting did not 

agree on the proposed change in definition of CI 12 (Level of pollution effects of 

environmental contaminants on biological responses where a cause and effect can be 

explained).    

 

18. With regards to marine litter, the meeting had the following specific proposals:  

 

¶ Monitoring should adapt the whole Master list including the most frequent 

items to produce a shorter list, more useful and practical for the field work.  

 

¶ Values for the proposed baselines were agreed upon but a more precise 

calendar for their future adjustment was requested based on the new data to 

be delivered following the implementation of relevant monitoring 

programmes.  

 

¶ A deadline for beach litter reduction of 20% by 2024 received more support 

than by 2030.  
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19. Wrapping up the discussion on the agenda item 7 (b), the meeting agreed for the 

presented documents to be revised in line with provided suggestions and then 

submitted to EcAp coordination group meeting in September 2015 for further 

consideration in the process of preparing for the COP 19. The final version of the 

recommendations of online groups, as agreed by the meeting, are presented in 

appendix 1 of Annex III to the present report.  

 

Agenda items 5 and 6.  Proposed monitoring programme for the pollution and 

litter cluster of the Mediterranean EcAp-based ecological objectives (EO 5, 9 and 

10) and General review of the draft Action Plan to implement the Offshore Protocol 

of the Barcelona Convention 

 

20. In a joint session with REMPEC FPs, the Secretariat presented document 

UNEP(DEPI)/MED WG.417/6 containing proposed indicators for ecological 

objectives 5 (two indicators), 9 (5 indicators) and 10 (3 indicators).   

 

21. Regarding eutrophication indicators, the meeting pointed out that frequency of 

monitoring needed to be adjusted for specific areas. As for the CI 11 (concentrations 

of key contaminants) the meeting discussed appropriate frequency of sampling in 

relation to the rate of sedimentation. Use of a 4-6 year range was recommended, to be 

decided by individual countries. Regarding CI 12 the meeting noted that for the 

determination of biomarkers, fish sampling was not as convenient as mussel 

sampling. The agreement was that the countries could decide to use either molluscs or 

fish, or both; LMS was confirmed as the only mandatory biomarker. In relation to CI 

13, the meeting discussed the appropriate threshold for reporting on the oil spills: 100 

m
3
 was not deemed appropriate and a reference was made to MARPOL threshold of 

50 m
3
. The meeting concluded that spills of 50 m

3
 should be reported, whereas 

countries could also opt to report on spillages of lower amounts. For CI 16 on the 

amounts of marine litter on shore, the meeting suggested that the lower limit for 

marine litter items should be corrected from 2.5 to 0.5 cm (in line with 

recommendations of the online group). Another recommendation of the meeting was 

to ensure compatibility of the Master list for the Mediterranean with the EU list. The 

target of 20% reduction by 2024 or 2030 was assessed as appropriate (CI 16); the 

choice between the two proposed deadlines is to be made at the MAP FPs meeting in 

October 2015).   

 

22. REMPEC presented Draft Offshore Protocol Action Plan (UNEP(DEPI)/MED 

WG.417/5), focusing on the preparation process and providing general information 

on the comments received. The meeting asked REMPEC to integrated the received 

comments and circulate revised version of the Action Plan to the Offshore Working 

Group prior to submission to the MAP FPs meeting in October 2015.  

 

23. The discussion included topics such as new measures implemented in some countries 

towards Protocolôs ratification and implementation, willingness to cooperate on the 

Action Planôs implementation (in particular as regards impacts of underwater noise 

and accidents), the need to better address liability and compensation issues in the 

final version of the document, and similar.  

 

24. Following a wrap up of the joint session with REMPEC FPs, the meeting of MED 

POL FPs reconvened to finalise discussion on marine litter indicators.  

 

25. ACCOBAMS presented Strategy for underwater noise monitoring in the 

Mediterranean (UNEP(DEPI)MED WG.417 Inf./22) and proposed it for discussion at 

the next EcAp meetings together with the main elements of the integrated monitoring 

programme.  
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26. The final version of the Main Elements of the Integrated Monitoring and Assessment 

Programme is presented in appendix 2 of Annex III  to this report.  

 

Agenda item 7(d).  Updated Marine litter assessment report 

 

27. Following the initial presentation of the document UNEP(DEPI)MED WG.417/14 

during the marine litter pre-session on 16 June 2015,  the meeting was invited to 

continue the review of the draft updated Marine Litter Assessment Report focusing 

on recommendations and on the proposal for establishment of marine litter 

coordination group for the Mediterranean. The meeting welcomed the report and 

approved proposal for creation of a coordination group under the leadership of UNEP 

MAP and with participation of key experts and stakeholders (GFCM, ACCOBAMS, 

private sector, UNEP/MAP RACs, NGOôs, IGOs, etc.). The assessment was carried 

out in line with Article 11 of the Regional Plan on Marine Litter.  

 

28. The MED FPs were invited to propose amendments and corrections to the presented 

draft before July 10 2015 (the same applies to marine litter section of the document 

UNEP(DEPI)MED WG.417/7) for finalisation by the end of July and further 

consideration at the next MAP FPs meeting and the COP. The structure and proposed 

Terms of Reference for the marine litter coordination group were also open for 

comments and proposals until 10 July. Revised proposal will serve as a basis for a 

draft decision to be submitted to the COP. 
 

29. In a side event to the meeting, the Adaptive Marine Policy (AMP) Toolbox 

developed under PERSEUS project was presented. The toolbox is meant to serve as 

one-stop repository of principles, methods and resources to elaborate marine policies 

in a cyclical process based on best available scientific information and knowledge 

and stakeholdersô participation. Options offered by the toolbox (primarily targeting 

policy makers) were illustrated on the example of marine litter.  

 

Agenda item 7 (a).   Proposed updated list of priority contaminants in the 

Mediterranean  

 

30. The Secretariat presented chapter 1 of the document UNEP(DEPI)/ MED WG.417/4 

on the updated list of contaminants and explained the rationale behind the conducted 

analysis. The LBS Protocol and SAP-MED lists of contaminants were reviewed and 

compared with requirements/ lists of the relevant UN Conventions, OSPAR, 

HELCOM, EU WFD, MSFD, REACH as well as with available research results in an 

attempt to compile a more pertinent and up to date list of priority contaminants in the 

Mediterranean for further policy actions and monitoring.   

 

31. The meeting concluded that substances identified in almost all of the reviewed lists ï 

referred to as the Group 1 substances in the UNEP(DEPI)/ MED WG.417/4 ï merited 

strong attention and further actions by the CPs in the framework of the LBS Protocol 

implementation. For the other two groups (substances necessitating additional 

scientific information and those included in the WFD priority list of substances) the 

meeting concluded it was too early to require their inclusion in the monitoring 

programmes and recommended additional analyses to be carried out. The Secretariat 

was requested to follow relevant developments in the region and to provide periodical 

updates and feedback to the FPs.  

 

Agenda item 7(c).  Guide on Fishing for L itter best practices 

 

http://195.97.36.231/dbases/MembersArea/15WG417/English/InformationDocuments/WG%20417%20Inf%2014%2010%20Reference%20Methods%20on%20Contaminant%20Monitoring%20in%20the%20Marine%20Environment.pdf
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32. Revisions to the document UNEP(DEPI)/MED WG.417/13 made in line with 

suggestions tabled by the meeting during the pre-session on marine litter were 

presented. Both the work on integration of comments and the guide itself were 

commended, whereas the document was assessed as through, practical and simple. It 

was agreed that an effort will be made to amend the document with information on 

economic background of implementing the scheme for the next meeting of MAP FPs. 

The Guideline was developed in line with Article 10 of the Regional Plan on Marine 

Litter.  The final version of the Guide, as agreed by the meeting, is presented in 

appendix 3 of Annex III to the present report. 

 

33. The meeting noted and expressed appreciation of the overall good progress with 

marine litter management the Mediterranean. The Secretariat expressed intention to 

support pilot Fishing for Litter projects in some countries conditional to availability 

of resources.       

 

Agenda item 7(e).   Mercury decontamination best practices and guidelines  
 

34. The SCP/ RAC representative presented the document UNEP(DEPI)MED WG. 417/8 

titled Guidelines on best environmental practices for the management of mercury 

contaminated sites. The meeting assessed the document was extremely useful and 

already used in practice. Opportunities provided to the countries to contribute to the 

preparation of Guidelines were also highlighted as a very positive experience.  

 

35. Suggestions for amending the Guidelines included provision of information on how 

long should the monitoring of mercury at landfill sites be conducted as well as on 

description of procedures (packaging, safety measures, etc.) for transporting wastes 

contaminated with mercury to the disposal sites.  

 

36. The meeting approved submission of the Guidelines as slightly amended and 

presented in appendix 4 of Annex III to the present report to the MAP FP meeting 

and to the COP.  

 

Agenda item 7(f).  Guide for Environmental Sound Management (ESM) of 

Polychlorinated Biphenyls (PCB) in the Mediterranean  

 

37. The Secretariat presented the document Guide for Environmental Sound Management 

(ESM) of PCBs in the Mediterranean (UNEP(DEPI)MED WG. 417/9).  The Guide 

addresses the needs related to different categories of PCBs and aims to provide 

practical advices to competent authorities in the Mediterranean countries to comply 

with the Stockholm Convention commitments. The document was welcomed and 

endorsed by the meeting. Its submission to the COP was not deemed necessary 

whereas the meeting recommended publication in the MAP Technical series and 

invited the countries to use it.  The final version of the guide is contained in Annex 

IV to this report 

 

Agenda item 7(g).  Guidelines for environmentally sound management of 

used lead batteries in the Mediterranean  

 

38. The representative of the Basel Convention Regional Centre presented the Guidelines 

for environmentally sound management of used lead batteries in the Mediterranean 

(UNEP(DEPI)MED WG. 417/12). The meeting expressed appreciation for the work 

done and for usefulness of the guidelines and urged the Secretariat to provide further 

support to their implementation.  
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39. The meeting asked the Secretariat to consider reformulation of the recommendation 

(included in the reviewed version of the Guidelines) on landfilling of used batteries to 

suggest future banning of such an option and its use only as the last resort i.e. when 

there are no other options for final disposal of used lead batteries.  

 

40. The amended document (including a modified formulation on landfilling) was 

endorsed by the meeting and its publication in the MAP Technical series 

recommended, whereas the countries were encouraged to implement them. The final 

version of the Guidelines is presented in appendix 5 of Annex III to the present 

report. 

 

Agenda items 7(h).  Lube oil ESM Guidelines based on Sustainable 

Consumption and Production (SCP), Best Available Technology (BAT) and Best 

Environmental Practice (BEP)   

 

41. The SCP/ RAC representative presented the Guide for the environmentally sound 

management of used lube oils in the Mediterranean (UNEP(DEPI)/MED 

WG.417/10).  

 

42. The meeting expressed overall satisfaction with the existing version of the document 

while pointing out that an allowance should be made for positive national experiences 

and good practices to be reflected in the final version of the document. The countries 

were invited to provide relevant information/ case studies as well as comments on the 

draft Guide in the run up to the regional expert meeting that will be organized in a 

monthôs time for detailed review of both the Lube oil ESM guidelines and the 

document on best practices for a sustainable tannery sector in the Mediterranean (the 

latter to be discussed under the next agenda item).  

 

43. The Secretariat also asked the countries to complete and return disseminated 

questionnaires on used lube oil management to allow compilation of ñCountry Used 

Oil Factsheetsò as planned. These would be used to tailor further technical assistance 

and support based on specific situation, needs and priorities in different countries. 
 

Agenda items 7(i).  Guide towards a more sustainable tannery sector in the 

Mediterranean  

 

44. The SCP/ RAC representative presented the Guide towards a more sustainable 

tannery sector in the Mediterranean (UNEP(DEPI)/MED WG.417/11). An additional 

explanation was provided that the guide in a sense represented an extension of BAT 

and BEP approaches to introduce Sustainable Consumption and Production tools in 

the recommended management of the tanneries sector. Detailed review of this 

document is also planned for the next monthôs regional expert meeting.  

 

45. The meeting emphasized that national experiences with implementation of projects to 

improve environmental performance of tanneries should be included in the document. 

The initiative on developing the guide was welcomed and encouraged.    

 

Agenda item 7 (j).  National Action Plan (NAP) update roadmap until COP 

19 and implementation of respective guidelines  

 

46. The Secretariat presented the UNEP(DEPI)/ MED WG.417/4 ï chapter 2 ï on the 

NAP update roadmap and related Guidelines.  
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47. As for the proposed deadline for submission of NAPs to the Secretariat (November 

2015) majority of countries requested postponement due to different reasons, 

including alignment with the calendar for finalisation of the EU MSFD Programmes 

of Measures for the EU countries, and some difficulties faced in other countries. Few 

countries reported they were on track with the previously agreed timeline, as included 

in the Roadmap.  

 

48. The Secretariat explained that the fact COP 19 was deferred for February 2016 

allowed for some flexibility and asked to receive the NAPs by December 2015 at the 

latest in order to enable COPôs review and endorsement of the documents. To save 

the time and if proved necessary, the countries were asked to submit NAPs to the 

Secretariat prior to completion of the national approval process. However, approval 

of the NAPs on the national level was necessary before the COP. The Secretariat 

would analyse the NAPs to determine their compliance with the LBS Protocol and 

EcAp requirements.  

49. The meeting formally approved NAP update Guidelines (as contained in the 

document UNEP(DEPI)/ MED WG.417/Inf.6) and contained as Annex V to this 

report. 

 

50. In a side event to the meeting, NBB info system was presented and details of NBB 

reporting were discussed.  

 

Agenda item 8.   Mid -Term Strategy (MTS) 2016-2021 with particular 

focus on pollution prevention and control as well as the respective assessment and 

environmental governance aspects 

 

51. The Secretariat presented UNEP/MAP Mid-term Strategy (MTS) 2016 -2012 

(UNEP(DEPI)/ MED WG.417/15) and the process that led to the current version of 

the document ï starting from the issues paper to identification of priority strategic 

themes and revisions/ regrouping of the strategic themes following suggestions 

received by the MAP FPs. The final draft of the Strategy has to be prepared by mid-

August to enable timely dissemination for the next MAP FP meeting scheduled for 13 

ï 15 October 2015.  

 

52. The meeting agreed to proceed with presentation of the MED POL Programme of 

Work for the forthcoming biennium and then open for discussion of both documents.      

 

Agenda item 9.   MED POL Programme of Work 2016-2017 

 

53. The Secretariat presented MED POL Programme of Work 2016ï2017 (UNEP(DEPI)/ 

MED WG.417/16). The main elements that were elaborated in the document and 

proposed strategic lines of action for the next biennium include support to the 

countries with implementations of updated NAPs, strengthening of monitoring 

programmes and improvements of the information system, further work on the 

assessment methodologies and criteria, strengthening quality assurance and control, 

strengthening of partnership with H2020 and further development of synergies, 

marine litter and others.  

 

54. Substantial part of the discussion was dedicated to indicators proposed under the 

pollution prevention and control component of the MTS, including relevance and 

methodology for the proposed indictor on elimination of hot spots, the need to extend 

the proposed list to include underwater noise indicators, frequency of reporting i.e. 

time periods at which indicators should be set, inclusion of energy sector, and others.  
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55. The meeting confirmed relevance of the hot spots indicator while pointing out the 

need for its modification to show a share of eliminated hot spots (rather than their 

absolute number) and the need to allow for flexibility in hot spots assessment. A 

remark was made on the 6-year period being too short for elimination of hot spots. As 

for the inclusion of indicators on underwater noise, concern was raised by one focal 

point that the focus should be placed on harmonization of national monitoring 

programmes to produce more coherent and comparable results, including the need for 

capacity building; ecological objective on underwater is important, however priority 

should be given to other ecological objectives in areas where there are more data and 

where concerns are more clear.     

 

56. The countries were invited to submit proposals on indicators that were tabled during 

the meeting as well as potential new ones as appropriate to the Secretariat by 26 June 

2015 for further consideration and inclusion in final draft of the MTS. The overall 

idea in developing the MTS was to limit the number of indicators to 5 per each 

strategic theme.  

 

57. In general terms, the Programme of Work 2016ï2017 was evaluated as a good 

programming effort for the coming biennium. The meeting suggested timeline for the 

implementation of activities and levels of priority (low, medium or high) to be added 

to the PoW. It was also suggested to clarify the roles of MAP components (RACs) 

and to allow for possibility that there might be other RACs capable of contributing to 

the planned activities.  

 

58. The Secretariat invited the FPs to provide written proposals on the PoW to be sent 

within the next week. An attempt will be made to accommodate for all of them in the 

process of finalising the documents together with other UNEP/ MAP colleagues. The 

FPs requested that the revised PoW will be circulated to MED POL FPs before being 

sent to MAP FPs.      

 

Agenda item 10.  Any other business 

 

59. The Secretariat informed the meeting on the main conclusions of the 6
th
 meeting of 

the H2020 Review and Monitoring Subgroup, namely on the:  

 

60. Proposal that national MED POL FPs should participate in the work of the RM 

Subgroup together with a representative of the national State of the Environment 

(SoE) reporting team; and   

61. Possible merging of the forthcoming H2020 assessment report and UNEP/ MAP SoE 

report and preparation of a joint assessment in 2019.   

 

62. The Secretariat presented efforts to develop a new GEF project for the Mediterranean 

and the steps completed so far (i.e. current version of the concept note), and invited the 

countries to send inputs by mid-July to help with development of a consolidated 

project proposal.  

 

63. At the end agenda item 10, the MED POL FPs were reminded that preparations for 

the 2015 Proficiency Tests and training courses were underway and their timely 

reaction was sought to ensure successful implementation of these activities.  

 

Agenda item 11.   Conclusions and recommendations  

 

64. The participants reviewed draft conclusions and recommendations of the meeting and 

adopted them after proposing minor revisions. The final version of conclusions and 
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recommendations is presented as Annex III to the present report, with appendices 1 ï 

5 containing recommendations of online groups, main elements of the integrated 

monitoring programme, and guidelines on Fishing for Litter, management of mercury 

contaminated site and used lead batteries respectively.     

 

65. Agenda item 12. Closure of the meeting  

 

66. The participants expressed strong appreciation for a well-organized and productive 

meeting. In his closing remarks, the Chair thanked the participants for their 

contribution and declared the meeting closed at 17:00 hours on Friday, 19 June 2015.
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Annex II ï Provisional Agenda  
 

 

Pre-session on Marine litter (16 June 2015) 
 
 
 

17-19 June 2015 

 

 

Agenda item 1:  Opening of the Meeting 

 
Agenda item 2:  Election of Off icers 

 
Agenda item 3:  Adoption of the Agenda and Organization of Work 

 
Agenda item 4:  Progress achieved regarding the implementation of the 

Programme of work 2014-2015 including the status of the implementation of 

the technical aspects of the Land Based Sources, Dumping and Hazardous 

Waste Protocols, Regional Plans adopted in 2009, 2012 and 2013 as well as 

marine pollution monitoring programmes 

 

Agenda item 5: Proposed monitoring programme for the pollution and litter cluster of the 

Mediterranean EcAp-based ecological objectives (EO 5, 9 and 10) 

 
Agenda item 6: General review of the draft Action Plan to implement the Offshore Protocol of 

the Barcelona Convention 

 

Agenda item 7:  Specific issues: 

 
a) Proposed updated list of priority contaminants in the Mediterranean, 

b) Proposed environmental targets, assessment criteria and thresholds for the 

pollution and litter cluster of the Mediterranean EcAp-based ecological objectives 

(EO 5, 9 and 10); 

c) Guide on fishing for litter best practices; 

d) Updated Marine litter Assessment Report ; 

e) Mercury decontamination best practices and guidelines ; 

f) Guide for the Environmental Sound Management (ESM) of Polychlorinated 

Biphenyls (PCB) in the Mediterranean ; 

g) Guidelines for environmentally sound management of used lead batteries in the 

Mediterranean;  

h) Lube oil ESM Guidelines based on Sustainable Consumption and Production 

(SCP), Best Available Technology (BAT), and Best Environmental Practice 

(BEP); 

i) Guide towards a more sustainable tannery sector in  the Mediterranean; 

j) National Action Plan (NAP) update roadmap until COP 19 and   

implementation of respective guidelines. 

  

Agenda item 8: Mid Term Strategy 2016-2021 with particular focus on pollution prevention 

and control as well as the respective assessment and environmental governance 

aspects 
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Agenda item 9:  MED POL Programme of work 2016-2017 

 
Agenda item 10: Any other business 
 
Agenda item 11: Conclusions and recommendations 

 
Agenda item 12: Closure of the Meeting 
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Annex III ï Conclusions and Recommendations 

 
 

The meeting of the MED POL Focal Points was held on 17-19 June 2015 at Corinthia Hotel, Attard, 

Malta, with a pre-session on marine litter which was held on 16 June 2015 and a joint session with 

REMPEC Focal Points on 17 June 2015. The latter was dedicated to the draft Offshore Protocol 

Action Plan and the main elements of the Integrated Monitoring and Assessment Programme 

Ecological objectives on 5 (eutrophication), 9 (contaminants) and 10 (marine litter). 

 

The main objectives of the meeting were to review the progress in the implementation of the current 

MED POL programme of work (PoW) for the biennium 2014 ï 2015 including some of the key 

reports and technical guidelines produced. Moreover, the meeting was organized with the objective to 

review and provide feedback on the pollution prevention and control component of the UNEP/MAP 

Mid Term Strategy (MTS) and related MED POL PoW for the 2016 ï 2017 biennium. 

 

The meeting agreed on the following findings, conclusions and recommendations. 

 

Progress Report  

 

1. While acknowledging and expressing appreciation for the work carried out on implementing 

the PoW 2014 ï 2015, as presented in the document UNEP(DEPI)/MED WG.417/3, the Focal 

Points (FPs) paid particular attention to quality assurance/control and reporting of marine 

pollution monitoring data.  

 

2. In this respect, the meeting expressed strong concerns about data quality issues highlighted by 

the IAEA representative who reported on the results Proficiency Tests (PTs) carried out with a 

number of participating MED POL designated laboratories. The Secretariat was requested to 

send the results of the PTs to the respective MED POL FPs for information and action, as 

appropriate.  

 

3. As regards the future PTs and training courses that will be organised in cooperation between 

the IAEA and MED POL and with the view to enhance efficiency and quality of monitoring, 

the meeting called upon the MED POL FPs to: 

  

¶ review the list of nominated laboratories and make necessary changes in order to include 

only laboratories that are participating in the national marine pollution monitoring 

programme; 

¶ ensure, in collaboration with MED POL, that the national laboratories participating in the 

PTs submit the results accordingly; 

¶ nominate candidates who are actually working on the analysis of samples for the national 

marine pollution monitoring programmes for the training courses. 

 

4. Moreover, the meeting called upon the FPs to take necessary action to submit to the 

Secretariat all available pollution monitoring data up to 2014, if they have not done it yet. It 

was underlined that until a new format for submitting monitoring data is prepared and agreed 

by the FPs, the Contracting Parties shall submit their pollution monitoring data using the 

existing MED POL templates without delay. 

 

5. The meeting took note of document UNEP(DEPI)MED WG. 417/Inf.14 on updated 10 

Recommended methods for monitoring of contaminants in the marine environment prepared 

by IAEA for use as appropriate by the Contracting Parties. 
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Recommendations of the informal online working groups on eutrophication, contaminants, and 

marine litter  

 

6. The Focal Points reviewed UNEP(DEPI)/MED WG. 417/7 presented by the chairs/ co-chairs 

of the respective groups ï Ms Popi Pagou (Greece) for eutrophication, Ms Nevenka Bihari 

(Croatia) for contaminants and Mr Francois Galgani (France) for marine litter and commended 

the very good work done. The meeting encouraged the Secretariat to continue with efforts to 

strengthen collaboration and synergies with the process of the EU MSFD implementation, in 

particular as regards technical groups on marine litter and underwater noise. 

 

7. The meeting made several suggestions and approved the proposed recommendations of the 

online groups  as amended and presented in Annex I to these conclusions and requested the 

Secretariat to submit them to the EcAp coordination group meeting in September 2015 for its 

consideration and approval. 

 

8. With regards to the proposed thresholds, background and environmental assessment criteria, 

as well as marine litter baselines contained in the agreed recommendations of Annex I, the 

meeting noted they would be revisited and validated through collaborative efforts of the 

Secretariat and the CPs as additional data from the implementation of the relevant monitoring 

programmes would become available.   

 

9. The meeting took note of ACCOBAMS proposal that the Mediterranean Strategy on 

Underwater Noise monitoring (EO11) be discussed together with the main elements of the 

integrated monitoring programme  in the next EcAp meetings 

 

10. With regards to document UNEP(DEPI)/MED WG.417/Inf.15. containing background 

information collected and assessed by the online groups, the MED POL FPs were invited to 

provide feedback and inputs as appropriate by 10 July 2015 at the latest to allow the online 

groups to finalise them and submit to the EcAp Coordination group meeting in September 

2015.   

 

Integrated Monitoring and Assessment Programme 

 

11. Following the presentation by the Secretariat of the document UNEP(DEPI)/MED WG.417/6, 

the joint session of the MED POL and REMPEC FPs approved the main elements of the 

Integrated Monitoring and Assessment Programme related to Ecological Objectives 5, 9, 10 as 

presented in Annex II to these conclusions and requested the Secretariat to submit them to the 

EcAP Coordination Group meeting in September 2015 for further consideration and approval.  

   

Draft Offshore Protocol Action Plan  

 

12. Following the presentation of the Offshore Action Plan preparation process addressing in 

particular the comments received from a number of Contracting Parties, the meeting asked 

REMPEC to integrate the received comments so far, and initiate as soon as possible, a written 

procedure to all Contracting Parties for their review and comments. It was further agreed that 

a strict deadline should be fixed to reflect the comments of the Contracting Parties in the 

version to be submitted to the MAP Focal Points for further review. 

 

Marine Litter Assessment Report  

 

13. The updated Marine Litter Assessment Report (UNEP(DEPI)/MED WG.417/14) prepared by 

the Secretariat in line with Article 11 of the Regional Plan on Marine Litter (MLRP) was 

welcomed by the meeting as an effort to collect the existing and most up to date information 
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in the region on marine litter and its submission to MAP FP meeting/COP 19 as the first 

marine litter assessment report 2 years after the entry into force of the Regional Plan. 

 

14. The MED POL FPs were invited to provide inputs to the draft Assessment Report before July 

10, 2015 for finalisation by the Secretariat end of July 2015, final consideration by beginning 

of August 2015 by the MEDPOL FP and subsequent submission to the next MAP FPs 

meeting.  

 

15. The meeting encouraged the creation of a regional coordination group under the leadership of 

UNEP/MAP to facilitate and coordinate actions for the implementation of the MLRP to be 

composed of key stakeholders (GFCM, ACCOBAMS, private sector, UNEP/MAP RACs, 

NGOôs, IGOs, etc.). Structure and proposed Terms of Reference for the regional marine litter 

coordination group are also open for comments and proposals until 10 July 2015. The revised 

proposal will serve as a basis for drafting a decision on ML to be submitted to the MAP FP 

meeting in October 2015 (addressing the Fishing for Litter Guidelines, coordination 

mechanism, the proposed ML baseline and environmental targets). 

 

16. The Secretariat took note of the willingness of ACCOBAMS to continue supporting 

UNEP/MAP on marine litter and its involvement in the Coordination Group. 

 

List of contaminants  

 

17. Following the presentation of document UNEP(DEPI)/MED WG.417/4 ï chapter 1 ï on the 

updated list of contaminants, the meeting took note of the proposed categorization of 

contaminants in three groups as follows:   

 

¶ Group 1 ï Substances identified as present in almost all the reviewed lists including the 

SAP MED and substances for which LBS Protocol legally binding measures have been 

adopted as well as the lists of relevant MEA, WFD, REACH regulation, OSPAR and 

HELCOM ;  

¶ Group 2 ï Substances for which additional scientific information (sources, quantities) is 

needed;  

¶ Group 3 ï Substances included in WFD priority list of substances, for which preliminary 

screening might be needed for the Mediterranean.   

 

18. Following the discussion the meeting agreed on the proposed criteria for the categorization of 

contaminants and reconfirmed Group I as the group that should be given high attention by the 

CPs in the framework of the NAPs/LBS Protocol implementation while for the other groups as 

well as for those substances found through research studies in the Mediterranean sea, 

additional research were recommended as appropriate. The meeting asked the Secretariat to 

follow relevant developments and to provide periodical updates and feedback to the FPs.  

 

Guidelines 

 

19. The meeting took note of document UNEP(DEPI)/ MED WG.417/Inf.13 An updated list of 

priority contaminants for the Mediterranean and encouraged the FP to provide feedback and 

additional information by end of July 2015 at the latest with the view to finalize and publish 

the report in the on line MAP technical Series. 

 

20. Appreciating the high quality of the Fishing for Litter (FlF) guidelines (UNEP(DEPI)/MED 

WG. 417/13) and the work done on integration of comments raised during the pre-session held 

on 16 June 2015, the meeting approved the Guidelines as amended and presented in Annex III 
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for submission to MAP FP meeting and to the COP in line with Article 10 of the Regional 

Plan on Marine Litter.  It should be noted that the main points suggested by the meeting 

during the pre-session addressed the need to include a definition of the Fishing for Litter 

concept, better reflect a number of Mediterranean best practices and FfL projects, strengthen 

the chapter on health and safety and improve explanations on distinctions between active and 

passive approaches with regards to EIA. 

 

21.  In addition the meeting requested the Secretariat to prepare a short paper with information of 

the costs of implementation of the Guidelines for submission to the MAP FP meeting and the 

COP. 

 

22. Following the presentation by the representative of MAYASA Almaden (Ciudad-Real) on 

behalf of SCP/ RAC, the meeting expressed appreciation for the high quality of the Guidelines 

on BEPs for the management of mercury contaminated site (UNEP(DEPI)/MED WG. 417/8) 

as well as for opportunities provided to the countries to contribute to their preparation.  The 

meeting approved the Guidelines as amended and presented in Annex IV, for submission to 

the MAP FP and to the COP in line with Article 5 paragraph 5 of the RP on Mercury).  

 

23. Appreciating the quality of the PCB Guide as presented in document (UNEP(DEPI)MED 

WG. 417/9) the meeting endorsed their content and requested the Secretariat to publish them 

in the MAP Technical Series. The meeting invited the CPs to promote their implementation in 

line with global relevant standards and guidelines with a view to implement where appropriate 

relevant priority actions in the updated NAPs and SAP MED.  

 

24. The meeting commended the Guidelines on lead batteries (UNEP(DEPI)/MED WG. 417/12). 

The content of the document was endorsed as amended and presented in Annex V, including a 

modified formulation on landfilling of used lead batteries. The document was suggested for 

publication in the MAP Technical Series and for further promotion and implementation by the 

CPs.   

 

25. The meeting took note of the draft of Lube Oil and Tanneries Guidelines (UNEP (DEPI)/MED 

WG.417/ 10 and UNEP (DEPI)/MED WG.417/ 11) presented by the SCP/RAC and provided 

general feedback on their content. Pending the discussion at the forthcoming expert meeting, 

the CPs expressed satisfaction with the content and presentation of the draft guidelines as well 

as their willingness to provide comments in the run up to the expert meeting. The Secretariat 

invited the countries that have not already done so to send relevant information, complete and 

return relevant questionnaires to facilitate finalization of the guidelines.  

 

NAP update 

 

26. The meeting took note of the National Action Plans (NAPs) update Roadmap prepared by the 

Secretariat. Taking into consideration concerns and requests expressed by several CPs, the 

meeting agreed that the latest deadline for submission of updated NAPs to the Secretariat 

should be December 2015. In addition the meeting formally approved NAP update Guidelines 

as contained in the document UNEP (DEPI)/MED WG.417/ Inf.6, taking into account the 

need for revisitng them as appropiate in particluar its technical annexes following their 

application. 

 

NBB Reporting 

 

27. Due to the importance of submitting the NBB 2013 data, the meeting called upon the Focal 

Points to make a special effort and submit the data by October 2015 at the latest to the newly 

developed NBB infosystem either through PRTR XML files and/or MED POL template for 
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NBB data. To this aim the meeting requested the Secretariat to develop user guidelines and 

organize face to face or virtual training sessions. 

 

Programme of work and MTS 

 

28. The meeting appreciated the work done for the preparation of the MTS as well as of the 2016-

2017 programme of work and made several suggestions to further clarify the proposed 

indicators favorizing mainly the setting of indicators at 2-year level. It was agreed to provide 

comments to the Secretariat by 26 June 2015 at the latest addressing in particular the priority 

ranking of proposed activities in three categories (high, medium and low) as well as concrete 

suggestions on possible performance indicators.  

 

29. The meeting also requested the Secretariat while finalizing the progrmme of work to add 

timelines for their implementation. 

 

30. The Secretariat is requested to circulate the amended PoW to MED POL FP before the 

document is sent to the MAP focal points.  

 

Other Business 

 

31. Following the briefing of MAP deputy coordinator on the meeting of the Review and 

Monitoring (RM) Subgroup established under the H2020 held on 16 June 2015 back to back 

with MEDPOL FP meeting, it was agreed in principle to support the participation of national 

MEDPOL FP and another representative from SoE national reporting team as members of the 

RM subgroup with the view to enhance national coordination with regards to pollution 

assessment and reporting. 

 

32. In addition due to the fact that UNEP/MAP is planning to prepare in 2019 SoE Report as per 

the mandate by the Contracting Parties as well as contribute together with the EEA to the 

preparation of a joint report on H2020 implementation, the meeting recommended to bring to 

the attention of the MAP FP the need for streamlining their preparation and delivering if 

possible one common report. 

 

33. Following the presentation by the Sectetariat of a concept note for a future GEF project in the 

Meditterranean, the MED POL FP were invited to provide feedback and inputs by mid-July 

2015, with the view to enable the Secretariat to finalize a more consolidated project proposal 

and a Project Identification Form.  In addition, the FPs were invited to coordinate with the 

national GEF focal points to ensure that national priorities are taken into account.  

 

Side events 

 

34. The meeting appreciated the demonstration session by the Secretariat of the NBB information 

system which allowed an exchange of views on ways and means to ensure a timely reporting 

of loads of pollutants by the Contracting Parties to the Secretariat.  

 

35. The meeting also appreciated the presentation made by Plan Bleu with regards to marine 

policy toolbox developed in the framework of PERSEUS project as a useful tool to support 

EcAp application under UNEP/MAP Barcelona Convention and MSFD implementation. 
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Annex III, Appendix 1 

 

RECOMMENDATIONS OF THE ONLINE INFORMAL WORKING GROUPS  

 

 

I.  INFORMAL ONLINE WORKING GROUP ON EUTROPHICATION  

 

 

Proposed thresholds and methodological criteria for eutrophication assessment in 

Mediterranean. 

 

 

Typology scheme 
 

 

Typology is very important for further development of classification schemes of a certain area.The 

recommended water types for applying eutrophication assessment are based on hydrological 

parameters characterizing a certain area dynamics and circulation. The typological approach is based 

on the introduction of a static stability parameter (derived from temperature and salinity values in the 

water column). Such a parameter, on a robust numerical basis, can describe the dynamic behaviour of 

a coastal system.  It is accepted that surface density is adopted as a proxy indicator for static stability 

as both temperature and salinity are relevant in the dynamic behavior of a coastal marine system. More 

information on typology criteria and setting is presented in document UNEP(DEPI)/MED WG 

417/Inf.15. 

 

In the Mediterranean a considerable number of eutrophication experts have built a typology scheme 

for the Mediterranean coastal waters during the first inter-calibration phase for the EU Water 

Framework Directive implementation, which is still in use after their update according to Commission 

Decision 2013/480/UE and represents a very simple typology approach that could be easily applied 

Mediterranean wide for coastal waters (sensu WFD, i.e. 1nm), since these coastal waters have been 

intercalibrated.. In this context the e major water types have been defined on the basis of surface 

density and salinity values as presented in Table 1:  

 

Table 1 Definition of major coastal water types in the Mediterranean that have been 

intercalibra ted (applicable for phytoplankton only) according to EU Comission Decision 

2013/480/EU. 

 

 Type I 

Type IIA,  

IIA Adriatic Type IIIW Type IIIE 

Type Island-W 

ů t  (density) <25 25<d<27 >27 >27 All range 

salinity <34.5 34.5<S<37.5 >37.5 >37.5 All range 

 

 

The  different coastal  water types, in an ecological perspective, can be described as follows: 

 

Å Type I  coastal sites highly influenced by freshwater inputs 

Å Type IIA    coastal sites moderately influenced not directly affected by freshwater inputs  

   (continent influence) 

Å Type IIIW  continental coast, coastal sites not influencedaffected by freshwater inputs  

   (Western Basin) 
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Å Type IIIE  not influenced by freshwater input (Eastern Basin) 

¶ Type Island: coast (Western Basin) 

In addition, the coastal water type IIIwas split in two different sub basins, the Western and the Eastern 

Mediterranean ones, according to the different trophic conditions and is well documented in literature.  

 

Some examples of Water Types presence finally defined for the European countries, Party to the 

Barcelona Convention and LBS Protocol are shown in the Table 2. 

 
Table 2 Examples of coastal water types in some Mediterranean countries 

 

New types 

C
ro

a
ti
a

 

C
y
p

ru
s
 

F
ra

n
c
e 

G
re

e
c
e 

It
a

ly
 

S
lo

v
e

n
ia
 

S
p
a

in
 

 Description        

Type I 
Highly influenced by 

freshwater input 
  X  X   

Type II  
Moderately influenced by 

freshwater input 
X  X  X X 

X   

 

Type III WM  
Not influenced by freshwater 

input 
X  X  X  X 

Type III EM  
Not influenced by freshwater 

input 
 X  X    

 

 

 

Proposed recommendations 

 

1. Contracting parties are invited to agree on the proposed criteria for typology of coastal waters 

as presented in Table 1. 

 

2. Contracting parties are invited to apply the above criteria and define their coastal water types 

with the support from MEDPOL if needed, in the course of 2015.  

 

2. Thresholds and reference conditions for chlorophyll-a in the different water types 

 

Reference and threshold (Good/Moderate status) derived values (G-mean annual values based on long 

time series (>5 years) of monthly sampling at least) differ from type to type on a sub-regional scale 

and were build with different strategies. Summaries values are given in Table 3. 
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Table 3. Reference and threshold values of Chla in Mediterranean coastal water types 

(according to Commission Decision of 20 September 2013 establishing, pursuant to Directive 

2000/60/EC of the European Parliament and of the Council, the values of the Member State 

monitoring system classifications as a result of the intercalibration exercise and repealing 

Decision 2008/915/EC). 

 

Coastal waters Typology 
Reference conditions 

of Chla (ɛg L
-1
) 

Boundaries of Chla (ɛg L
-1
) 

for G/M status 

 G_mean 90% percentile G_mean 90% percentile 

Type I 1,4 3,33
1
 - 3,93

2
  6,3 10

1 - 
17,7

2
   

Type II-FR-SP  1.90  3.60 

Type II-A Adriatic 0.33 0.80 1.50 4.00 

Type II-B Tyrrhenian 0.32 0.77 1.20 2.90 

Type III-W Adriatic   0.64 1.70 

Type III-W Tyrrhenian   0.48 1.17 

Type III_W FR-SP  0.90  1.80 

Type IIIE  0.10  0.40 

Type Island-W  0.60  1.22 
Note 1: The 90

th
 percentile and the geometrical mean can be derived one from the other according to the 

following equation: 

Chl-a 90
th
 p. = 10^(Log10 (G_meanChl-a) + 1.28 x SD). 

Note 2: The MEDGIG exercise phase III is in progress, therefore an update of the above table may occur, which 

will be considered, accordingly. 

 

Proposed recommendations 

 

1. The Contracting Parties are recommended to rely on the classification scheme on chl-a 

concentration (ɛg/l) in coastal waters as a parameter easily applicable by all Mediterranean 

countries based on the indicative thresholds and reference values presented in Table 3. 

 

2. However, for a complete assessment of eutrophication and GES achievement, GES thresholds 

and reference conditions (background concentrations) are needed not only for chlorophyll-a, 

but such values  must be set,in the near future, through dedicated workshops and exercises  

also for nutrients, transparency and oxygen as minimum requirements.Nutrient, transparency 

and oxygen thresholds and reference values may not be identical for all areas, since is 

recognized that area-specific environmental conditions must define threshold values. GES 

could be defined on a sub-regional level, or on a sub-division of the sub-region (such as the 

Northern Adriatic), due to local specificities in relation to the trophic level and the 

morphology of the area. 

 

3. Following the evaluation of information provided by a number of countries and other 

available information, it has to be noted that the Mediterranean countries are using different  

eutrophication non mandatory assessment methods such as TRIX, Eutrophication scale, EI, 

HEAT, OSPAR ,etc. These tools are very important to continue to be used at sub-regional or 

national levels because there is a long term experience within countries which can reveal / be 

used for assessing eutrophication trends.  
 

4. However, in order to increase coherency and comparability regarding eutrophication assessment 

methodologies is recommended that further efforts should be made to harmonize existing tools through 

                                                           
1
  Applicable to Golf of Lion Type I coastal waters 

2
 Applicable to Adriatic type I coastal waters 
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workshops, dialogue and comparative exercises at regional/subregional/subdivision levels in 

Mediterranean with a view to further develop common assessment methods.. . 

 

II.  INFORMAL ONLINE WORKING GROUP ON CONTAMINANTS  

 

Specific Recommendations of the Contaminant Working Group  

 

1. Indicate   sampling and analytical methodology to follow and assess biological responses in 

the Main elements of the Draft Integrated Monitoring and Assessment Programme for 

Ecological Objectives 5, 9 and 10 (UNEP(DEPI)/MED WG 417/6) based where appropriate 

on the relevant methodologies used in OSPAR or other fora; 

2. Amend the UNEP/MAP Technical Report Series No. 120 with particular reference to the 

sampling period (case of fish) and sampling frequency (case of sediments) based where 

appropriate on the relevant methodologies used in OSPAR or other fora;  

3. Assess and test in the coming years the convenience of normalizing metal concentrations in 

samples from certain regions of the Mediterranean Sea when Aluminium, Iron and Organic 

content data from sediments would be available in MED POL database from possibly all 

Contracting parties); 

4. Recommend mussel and fish LMS as mandatory biomarker and establish an effective data 

quality assurance and control as a crucial step to ensure reliable assessments 

5. Follow the OSPAR approach of a ñtraffic lightò system for both contaminant concentrations 
and biological responses, where there are two ñthresholdsò T0 and T1 to be defined (OSPAR, 

2008; Davies et al., 2012); 

6. Adopt BCs and BACs of contaminants (for naturally occurring substances) in sediments 

obtained from the analysis of pre-industrial layers of dated sediment cores established for the 

Mediterranean region (UNEP(DEPI)/MED WG. 365/Inf.8) where appropriate based on data 

availability; 

7. Use for indicative purposes the existing EACs of contaminants in sediments and biota and of 

biological responses established by ICES/OSPAR until new ecotoxicological information is 

available including for Mediterranean species; (OSPAR, 2008; Davies et al., 2012); 

8. Request the Contracting Parties and MED POL to further work and develop as appropriate 

new BCs and BACs of contaminants in sediments obtained by using data from sediments 

sampled at sites/areas which Mediterranean contracting parties consider being reference 

stations/areas to be defined based on commonly agreed criteria; 

9. Request the Contracting Parties and ME POL to further work and develop new BCs and BACs 

of contaminants in biota (mussels and fish) obtained by using only data from organisms 

sampled at sites/areas which Mediterranean contracting parties consider being reference 

stations/areas to be defined based on commonly agreed criteria 

10. Use the existing BACs and EACs of LMS, SoS, MN frequency and AChE activity biomarkers 

established (Davies et al., 2012); and further work to develop and discuss new BAC by using 

data from organisms sampled at sites/areas which the Mediterranean contracting parties 

consider a reference stations/areas, to be defined based on commonly agreed criteria; 

11. Extend and amend the existing reporting formats used for contaminants and biological 

responses in MED POL database to avoid gaps of the information required and to facilitate the 

proper assessment of environmental criteria; 

12. Request the Secretariat (MED POL) to continue supporting the Online Contaminants Working 

Group for long term developments of activities dedicated to chemical pollution and 

development of assessment. 
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III.  INFORMAL ONLINE WORKING GROUP ON MARINE LITTER  

 
1. Proposed baselines values (Rationale for this proposal presented in document UNEP(DEPI)/MED 

WG 417/Inf.15 

Indicator  
minimum 

value 

maximum 

value 
mean value Proposed baseline 

16.Beaches 

(items/100 m) 
11 3600 920 450-1400 

17. Floating litter  

(items/km
2
) 

0 195 3.9 3-5 

17. Sea floor 

(items/km
2
) 

0 7700 179 130-230 

17. Microplastics 

(items/km
2
) 

0 892000 115000 80000-130000 

18. Sea Turtles 

Affected turtles (%) 

Ingested litter(g) 

14% 

0 

92.5% 

14 

45.9% 

1.37 
40-60% 

1-3 

 

ñIt must be noted that the amount of existing information is limited to set definitive baselines that may 

be adjusted once the national monitoring programs could provide additional data. Moreover, Average 

values over large areas are difficult to harmonize, in particular for beach litter. Then, the setting or 

derivation of baselines should take the local conditions into account and may follow a more localized 

approach. Finally, additional specific baselines may be decided by CPs on specific litter categories 

especially when they may represent an important part of litter found or a specific interest (targeted 

measures, etc.).ò. 

 
2. Categories of marine litter on the beaches  

Regarding the categories of marine litter on the beaches, the Marine Litter Working Groupsuggests 

that the CORMON should agree on a reduced list (desirably close to that in use in the others RSC), 

which would include the items more frequently found on the Mediterranean beaches, avoiding those 

that are found rarely. Moreover, the lists of litter categories considered in countries having monitoring 

programs dedicated to two RSC (e.g. Turkey, France or Spain) would need harmonization. For this, 

the MSFD derived MEDPOL list is now compatible with other RSC lists of beach litter categories.  

 

With regards to the MSFD form presented in the Marine litter chapter integrated monitoring 

programme document UNEP(DEPI)/MED WG 417/6, it is proposed to merge some types of beach 

litter (e.g. different types of plastic drink bottles or different types of caps/lids and rings, etc.), split 

glass and ceramic items categories, consider the sanitary and medical wastes as a separate category 

and not to include several specific items that have not appeared in the running Mediterranean countries 

monitoring programmes (e.g. Spanish Monitoring Program on beach marine litter, implemented from 

2013 in the Mediterranean). In addition, the online group proposes to use for surveys a minimum 

lower limit of particle size at 0.5 cm (upper size of microlitter); UNEP(DEPI)/MED WG 417/6. 
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3. Proposed Marine litter environmental targets:  

 

EcAp Indicators Type of Target Minimum  Maximum Recommandation Remark 

Beaches (EI16) % decrease significant 30 
20% by 2024 or 

[2030] 
Not 100% marine pollution 

Floatin Litter  

 (EI 17) 
% decrease - - 

Statistically 

Significant 

sources are difficult to 

control (trans border 

movements) 

Sea Floor Litter 

(EI 17) 
% decrease stable 

10% in 5 

years 

Statistically 

Significant 
15% in 15 years is possible 

Microplastics  

(EI 17) 
% decrease - - 

Statistically 

Significant 

sources are difficult to 

control (trans border 

movements) 

Ingested Litter  

(EI 18) 
    

Movements of litter and 

Animals to be considered 

Number of turtles 

with ingested litter 

(%) 

% decrease in 

the rate of 

affected animals 

- - 
Statistically 

Significant 
 

Amount of ingested 

litter 

% decrease in 

quantity of 

ingested 

weight(g) 

- - 
Statistically 

Significant 
 

 

4. Other recommendations  

 

SCALE 
Common baselines for the various EI (16, 17, 18) must be considered at the 

level of the entire basin (Mediterranean) rather than at sub regional level 

RESEARCH 

Need to define an adapted protocol for microplastics(< 5mm) in sediments  

Research to support the development of an indicator dedicated to 

entanglement 

BASELINES/ 

TARGETS 

Consider specific baselines and targets for litter categories that are 

individually targeted by reduction plans or measures by the Contracting Parties 

(cigarette butts, plastic bags, cotton buds, etc) 

CATEGORIES 

Consider the reduction of the number of items in MEDPOL monitoring 

protocol 

Adapt MEDPOL master list , MSFD derived, to harmonize with other RSC 

MONITORING  

Needs for adjustment of the monitoring guidance (more compatible 

definitions and wording, list of items/categories) 

Harmonization of the ECAP monitoring Guidance with the online group report 

and recommendations  

SUPPORT 

MONITORING  

Consider the relevance of ML for monitoring marine pollution (lower costs, 

possible harmonization, easy protocols), especially on beaches, when compared 

with other approaches (e.g. analysis of contaminants) 

Support evaluation/adjustments of baselines/targets on the basis of the first 

monitoring results 

Improve knowledge on experimental indicator EI 18, Support capacity 

building and monitoring experiment on sea turtles at a pilot scale 
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QUALITY 

ASSURANCE 

As the Mediterranean Action Plan on ML is based on measures and monitoring 

efforts should be shouldered by quality control/quality assurance (training, 

inter-comparisons, use of reference material for microplastics, etc.) to assist 

survey teams.  

DATA 

MANAGEMENT  
Data base is to be organized for the collection of data 

Secretariat 

Continue support for the ML  expert group for long term developments of 

activities dedicated to Marine Litter, trends analysis and analysis of data from 

countries (art 11 of the MLRP) 

Consider capacity building in long term, in support of the MLRP (training, 

inter-calibrations, etc.) 
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Main elements of the Integrated Monitoring and Assessment Programme  
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I. MONITORING AND ASSESSMENT METHODLOGICAL GUIDANCE ON 

EO5:  EUTROPHICATION  

1. Introduction  

 
Eutrophication is a process driven by enrichment of water by nutrients, especially compounds of 

nitrogen and/or phosphorus, leading to: increased growth, primary production and biomass of algae; 

changes in the balance of nutrients causing changes to the balance of organisms; and water quality 

degradation. The consequences of eutrophication are undesirable if they appreciably degrade 

ecosystem health and/or the sustainable provision of goods and services. These changes may occur 

due to natural processes. Management concern begins when they are attributed to anthropogenic 

sources. Additionally, although these shifts may not be harmful in themselves, the main worry 

concerns 'undesirable disturbance': the potential effects of increased production, and changes of the 

balance of organisms on ecosystem structure and function and on ecosystem goods and services. 

In the Mediterranean, the UNEP/MAP MED POL Monitoring programme included from its inception 

the study of eutrophication as part of its seven pilot projects approved by the Contracting Parties at the 

Barcelona meeting in 1975 (UNEP MAP, 1990a,b). The issue of a monitoring strategy and assessment 

of eutrophication was first raised at the UNEP/MAP MED POL National Coordinators Meeting in 

2001 (Venice, Italy) which recommended to the Secretariat to elaborate a draft programme for 

monitoring of eutrophication in the Mediterranean coastal waters. In spite of a series of assessments 

reviewing the concept and state of eutrophication, there are important gaps in the capacity to assess the 

intensity of this phenomenon, even more to compare or grade the various sites. Efforts have been 

devoted to define the concepts to assess the intensity and to extend experience beyond the initial sites 

in the Adriatic Sea admittedly the most eutrophic area in the entire Mediterranean Sea.        

GES with regard to eutrophication is achieved when the biological community remains well-balanced 

and retains all necessary functions in the absence of undesirable disturbance associated with 

eutrophication (e.g. excessive algal blooms, low dissolved oxygen, declines in sea-grasses, kills of 

benthic organisms and/or fish) and/or where there are no nutrient-related impacts on sustainable use of 

ecosystem goods and services. The conceptual model of eutrophication is presented in Figure 1 for 

information purposes. 

2. The choice of indicators for monitoring and assessing eutrophication 
 

Despite the great variability born by the water layers subject to active hydrodynamic processes, 

monitoring the characteristics of the seawater is still the most direct way of assessing eutrophication. 

A number of parameters have been identified as providing most information relative to eutrophication 

e.g. chlorophyll, dissolved oxygen, inorganic nutrients, organic matter, suspended solids, light 

penetration, aquatic macro-phytes,  zoo benthos, etc. They all may be determined either at the surface 

or at various depths. However even though these variables are routinely determined by most marine 

laboratories they may pose some problems to some less specialized institutions. Remote sensing may 

also be employed and with great success when eutrophication extends over large areas such as in the 

case of the northern Adriatic Sea.  
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Figure 1. Conceptual model of eutrophication. The arrows indicate the interactions between different 

ecological compartments. A balanced marine ecosystem is characterised by: (1) a pelagic food chain 

(phytoplankton Ʒzooplankton/zoobenthos Ʒfish), which effectively couples production to 

consumption and minimises the potential for excess decomposition (2) natural species composition of 

plankton and benthic organisms, and (3) if appropriate, a natural distribution of submerged aquatic 

vegetation. Nutrient enrichment results in changes in the structure and function of marine ecosystems, 

as indicated with bold lines. Dashed lines indicate the release of hydrogen sulphide (H2S) and 

phosphorus, under anoxic conditions at the sediment-water interface, which is positively related to 

oxygen depletion. In addition, nitrogen is eliminated by denitrification in anoxic sediment. 

If only limited means are available, determination of those parameters that synthesize the most 

information should be retained. Chlorophyll determinations for example, although not very precise 

representations of the system, are data which provide a great deal of information. Reliable data on 

nutrients are extremely useful indicators of potential eutrophication. Turbidity and seawater colour 

(Forell scale, Wernard and van der Woerd, 2010) may also be a good measure of eutrophication, 

except near the mouths of rivers where inert suspended solids may be extremely abundant. Dissolved 

oxygen is one parameter that integrates much information on the processes involved in eutrophication, 

provided it is measured near the bottom or, at least, below the euphotic zone where an oxycline 

usually appears. 

2.1. The choice of eutrophication indicators to be monitored under the LBS Protocol and   

the draft Integrated Monitoring and Assessment Programme (Common indicators 7 

and 8, Concentration of key nutrients in the water column and Chlorophyll-a 

concentration in the water column) 
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Decision 21/3 of COP 18 of the Contracting parties to the Barcelona Convention (Istanbul, December 

2013) provides for assessing eutrophication for the Ecosystem Approach by combining the 

information on nutrient levels, direct effects (specifically chlorophyll ï a concentration and water 

transparency for the 2016 ECAP monitoring activities) and indirect effects (oxygen concentration for 

the 2016 ECAP monitoring activities). These elements to be monitored reflect the short term 

eutrophication monitoring strategy of UNEP/MAP MED POL Phase III and IV (UNEP (DEC) 

WG.231/14) according to which pilot monitoring programmes were implemented in different 

Mediterranean locations to build capacity in setting up and implementing integrated eutrophication 

monitoring programmes, (in which phytoplankton total abundance, abundance of major groups and 

bloom dominance would also be monitored on a discretionary basis). It is considered that the aim 

would now be focused within the ecosystem approach framework towards developing complete 

coherent datasets at the entire regional sea level.    

In addition it is fundamental to link up to budgets of nutrient sources and loads (e.g. terrestrial, 

airborne) so the load can be associated with impairment and successful management measures can be 

developed from that relationship. Such an inventory of pollution sources and loads from land based 

activities (NBB) is prepared periodically by UNEP/MAP MED POL in the framework of the 

implementation of the LBS Protocol and the Strategic Action Programme (SAP-MED ) to Address 

Pollution from Land Based Activities (adopted in 1997 and launched in 2000). The third cycle of the 

NBB reporting is currently ongoing and expected to be finalized in early 2015.  

No single analytical tool is adequate to measure the degree of eutrophication of a given body of water. 

Instead, most experts believe the best approach is to measure many different parameters and to 

synthesize the results into a general model providing an overall, somewhat integrated degree of 

eutrophication for the water. Unless proper selection of the parameters to be measured is made, the 

amount of work required to assess the extent and intensity of eutrophication may be rather costly.  

Measurement strategy and sampling design are therefore keys to the success in monitoring eutrophic 

areas. It will certainly have to adapt to the morphological characteristics of the area to be monitored, 

its hydrodynamics and the sources of nutrients. It should be realized that simple measuring and 

sampling schemes will not provide much insight into an extremely complex phenomenon. Depending 

on the importance of the impact of eutrophication (plankton blooms, HABs, anoxic events) the amount 

of effort needed to be put into a monitoring plan can be assessed. 

3. Monitoring strategy 

 3.1. Considerations regarding eutrophication monitoring methods 

 

Traditional methods for eutrophication monitoring in coastal waters involve in situ 

sampling/measurements of commonly measured parameters such as nutrients concentration, 

chlorophyll 'a' concentration, phytoplankton abundance and composition, transparency and dissolved 

oxygen concentration. Concerning available methods for in situ measurements, ships provide flexible 

platforms for eutrophication monitoring, while remote sensing provides opportunities for a synoptic 

view over regions or sub-regions. Besides traditional ship measurements, ferry-boxes and other 

autonomous measuring devices have been developed that allow high frequency and continuous 

measurements. 

In situ measurements are more suitable: 

- In (sub) regions/areas/sites with an increasing eutrophication problem, 

- When a sub-region/area/site is close to or under GES for eutrophication 

- When the status with respect to eutrophication is still unclear 

- In sub-regions/areas/sites where for other reasons accurate and reliable data are needed (generally 

these are coastal sub-regions, in particular close to rivers). 
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Modelling and remote sensing should also be considered as alternatives or in addition to in situ 

measurements, depending on the requirements with respect to data. In general, in situ measurements 

always remain necessary to validate and calibrate the models and data calculated from satellite 

measurements.  

 

Model generated data are more suitable: 

- In (sub) sub-regions with a stable, predictable eutrophication status 

- In sub-regions in GES or where the eutrophication problem is decreasing 

- In offshore areas where taking in situ measurements is costly and where nutrient levels are 

correlated with  levels in the coastal zone (extrapolation) 

- In case satellite data are inaccurate or not available 

- Where there is a need for an average picture of the local eutrophication status; models are very 

good at calculating this average picture combining hydraulic models and in situ measurements of 

standard sampling sites (interpolation) 

 

As with models, remote sensing generally allows the production of data with a higher spatial and 

temporal resolution than in situ measurements. Thanks to the use of satellites it is possible to have 

synoptic measurements over large areas. This makes the satellite data particularly useful for large-

scale studies and observations and/or for studies of temporal trends.  

 

Satellite data are more suitable: 

- In (sub) sub-regions/areas/sites with a stable, predictable eutrophication status 

- In sub-regions/areas/sites in GES or where the eutrophication problem is decreasing 

- In offshore sub-regions/areas/sites where taking in situ measurements is costly and where nutrient 

levels  are correlated with levels in the coastal zone 

- In case models are inaccurate or not available 

- For comparisons of the eutrophication status over large sub-regions 

- For validation and calibration of the information on spatial distribution 

- In sub-regions/areas where funds are limiting 

- In sub-regions/areas where for other reasons the accuracy can be lower than provided by in situ 

 measurements (generally these are offshore areas) 

- In addition to in situ measurements 

 

However, satellite data need to be supported by ground truth data. 

A good strategy appears to be a combination of remote sensing and scanning of the area known or 

suspected to be affected with automatic measuring instruments such as thermo-salinometer, dissolved 

oxygen sensors and in vivo fluorometer and/or nephelometer. Sampling for the determination of ñin 

vitroò fluorescence and nutrient analysis may be carried out with relatively little effort if a proper 

pump and hose are mounted on the ship. The measurements may be done at the surface or just below it 

with a water intake on the hull of the vessel or at fixed or varying depths with a towed ñfishò and 

pumping system. 

Processing and evaluating the data should be carried out having a predefined model of the system 

under study. Models of the aquatic ecosystem may be good tools for monitoring eutrophication 

efficiently. Since none of the eutrophication indicators alone can provide an absolute account of the 

extent and /or intensity of eutrophication, numerical models in which quantitative relationships among 

the various characteristics are given, allow an overall assessment of the phenomenon to be made with 

a small number of field and/or laboratory measurements. 
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 3.2. The frequency of eutrophication monitoring and location of sampling sites  

 

The extent of eutrophication shows spatial variation, for instance coastal regions versus the open sea. 

The frequency and spatial resolution of the monitoring programme should reflect this spatial variation 

in eutrophication status and pressures following a risk based approach and the precautionary principle.  

The first factor promoting eutrophication is nutrient enrichment. This explains why the main eutrophic 

areas are to be found primarily not far from the coast, mainly in areas receiving heavy nutrient loads.  

However, some natural symptoms of eutrophication can also be found in upwelling areas.  

Additionally, the risk of eutrophication is linked to the capacity of the marine environment to confine 

growing algae in the well-lighted surface layer. The geographical extent of potentially eutrophic 

waters may vary widely, depending on: 

(i) the extent of shallow areas, i.e. with depth Ò 20 m;  

(ii)  the extent of stratified river plumes, which can create a shallow surface layer separated by 

a halocline from the bottom layer, whatever its depth  

(iii)  extended water residence times in enclosed seas leading to blooms triggered to a large 

degree by internal and external nutrient pools; and 

(iv) upwelling phenomena leading to autochthonous nutrient supply and high nutrient 

concentrations from deep water nutrient pools, which can be of natural or human origin.  

 

Sub-regions/areas that are in sub-GES status in terms of eutrophication, or that could be considered at 

risk of not achieving GES generally require more intense monitoring than regions shown to be 

achieving GES.  

 

Flexibility should be incorporated into the design of the monitoring programme to take account of 

differences in each marine sub-region/area. Furthermore in cooler regions winter is an optimal period 

for measuring nutrients since the data are not disturbed by (variable) uptake by algae/macrophytes. In 

those regions, spring/summer is an optimal period of the algal growing season and therefore for 

measuring effects of high nutrient availability. In warmer regions productivity continues during (a 

large part of) the winter period. In these regions, year round measurements of nutrients may be more 

appropriate. 

In brief the geographical scale of monitoring for the assessment of GES for eutrophication will depend 

on the hydrological and morphological conditions of an area, particularly the freshwater inputs from 

rivers, the salinity, the general circulation, upwelling and stratification. The spatial distribution of the 

monitoring stations should, prior to the establishment of the eutrophication status of the marine sub-

region/area, be risk-based and proportionate to the anticipated extent of eutrophication in the sub-

region under consideration as well as its hydrographic characteristics aiming for the determination of 

spatially homogeneous areas. Consequently, each Contracting Party would be required to determine 

the optimum frequency per year and optimum locations for their monitoring stations. Each Contracting 

Party is responsible for the choice of the most representative sampling stations in order to detect a 

change over a selected period.  

Salinity gradients can be a proxy for river discharge and salinity and nutrient concentrations are often 

strongly correlated. Salinity can thus be used to determine an optimal spatial distribution of sampling 

sites, in particular if a model is available to couple salinity and hydrodynamics to nutrient levels. 

Salinity and temperature are also important parameters supporting the interpretation of eutrophication 

indicators. Therefore, annual and seasonal temperature regime and, where relevant, spatial and 

temporal distribution of salinity should be measured in both GES and non-GES regions. 

The current national eutrophication monitoring programme implemented so far by the Contracting 

Parties in the framework of the UNEP/MAP MED POL programme should be used as a sound basis 

for monitoring under the EcAp complemented with the additional elements based on the above 

mentioned considerations and each country/sub region/area specificity. 
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3.3 Characterization of Ecological Quality Status of coastal marine waters 

with regard to eutrophication  
 

The TRIX index (Vollenweider et al., 1998) may be used for a preliminary assessment of the trophic 

status of coastal waters in relation to eutrophication providing that its advantages and shortcomings are 

taken into account (Primpas and Karydis, 2011). The adopted UNEP/MAP MED POL short term 

eutrophication monitoring strategy monitored parameters to support the TRIX index. This Index is 

widely used to synthesize key eutrophication variables into a simple numeric expression to make 

information comparable over a wide range of trophic situations: 

TRIX Index = (Log10 [ChAĿaD%OĿDINĿTP]+k)Ŀm 

where: 

ChA = Chlorophyll a concentration as Õg/L; 

aD%O = Oxygen as absolute % deviation from saturation; 

DIN = Dissolved Inorganic Nitrogen, N-(NO3+NO2+NH4) as Õg/L; 

TP = Total Phosphorus as Õg/L. 

k=1.5 

m = 10/12 = 0.833 

The parameters k and m are scale coefficients necessary to fix the lower limit value of the Index and 

the extension of the related Trophic Scale, i.e. from 0 to 10 TRIX units. Referring to the ChA and a 

DO% components, these factors are direct indicators of productivity, in terms of both the amount of 

phytoplankton biomass produced and the dynamic of that production, respectively. In other words, the 

TRIX Index summarises what the coastal system does (by including the contribution of the direct 

indicators of productivity, as ñactual productivityò) and what the coastal system could do (contribution 

of the nutritional factors components, as ñpotential productivityò). As a result of the Log 

transformation of the four original variables, the annual distributions of TRIX over homogeneous 

coastal zones are usually of normal kind, and show a fairly stable variance, with STD around 0.9. As 

for the interpretation of TRIX values, those exceeding 6 TRIX units are generally associated to highly 

productive coastal waters, where the effects of eutrophication are represented by frequent episodes of 

anoxia in bottom waters. Values lower than 4 TRIX units are typical of scarcely productive waters, 

while values lower than 2 are generally associated to the open sea. 

The TRIX index used for the assessment of trophic status of coastal waters has been applied in many 

European seas (Adriatic, Tyrrhenian, Baltic, Black Sea, and North Sea). However, all these waters are 

characterized by high nutrient levels and phytoplankton biomass; an index calibration based on 

systems that are principally eutrophic may introduce bias to the index scaling. In the work of Primpas 

and Karydis, 2011, the TRIX trophic index is evaluated using three standard sets of data characterizing 

oligotrophy, mesotrophy, and eutrophication in the Aegean (Eastern Mediterranean) marine 

environment. A natural eutrophication scale based on the TRIX index that is suitable to characterize 

trophic conditions in oligotrophic Mediterranean water bodies is proposed. This scale was developed 

into a five-grade water quality classification scheme describing different levels of eutrophication.   

It is recommended also that the contracting parties rely on the classification scheme on chl-a 

concentration (ɛg/l) developed by MEDGIG as an assessment method easily applicable by all 

Mediterranean countries based on the indicative thresholds and reference values adopted therein (see 

Table 2). 
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4. Development of assessment thresholds and identifying reference conditions for 

eutrophication in order to be able to monitor the achievement of GES  

 
Three approaches may be used for GES determination: 

a. In order to assess quantitatively the achievement of GES in relation to eutrophication, a 

measurable assessment threshold may be set, including the definition of reference conditions. 

GES assessment thresholds and reference conditions (background concentrations) may not be 

identical for all areas, especially where the marine environment is already disturbed by human 

presence for many years. In these cases a decision has to be made whether to set the threshold 

value for GES achievement independently to the setting of the reference conditions. The 

approach is based on the recognition that area-specific environmental conditions must define 

threshold values. A threshold value could include provisions to allow for statistical 

fluctuations (example: No nutrients and chl-a values exceeding the 90th percentile are present 

in a frequency more than statistically expected for the entire time series).  GES could be 

defined on a sub-regional level, or on a sub-division of the sub-region (such as the Northern 

Adriatic), due to local specificities in relation to the trophic level and the morphology of the 

area. 

b. A second approach to determine GES for eutrophication is to use trends for nutrients contents, 

and direct and indirect effects of eutrophication. When using the trend approach, a reference 

value representing the actual situation is needed, for comparison. In the case of nutrients and 

chl-a, such reference values exist due to data availability in most areas. Therefore, GES could 

be defined as no increasing trends in nutrient and/or chlorophyll-a concentrations over a 

defined period of time in the past (ex. 6 years), which are not explained by hydrological 

variability. For indirect effects, GES could ask for no decreasing trend in oxygen saturation 

beyond what would be statistically expected. 

c. GES thresholds and trends are recommended to  be used in a combined way, according to data 

availability and agreement on GES threshold levels. In the framework of UNEP/MAP MED 

POL there is experience with regard to using quantitative thresholds. It is proposed  that for 

the Mediterranean region, quantitative thresholds between ñgoodò (GES) and ñmoderateò (non 

GES) conditions for coastal waters could be based as appropriate on the work that is being 

carried out in the framework of the MED GIG intercalibration process of the EU Water 

Framework Directive (WFD), a project closely followed by the UNEP/MAP MED POL 

programme.  

 

In this context regarding the definition of subregional thresholds for chlorophyll a water typology is 

very important for further development of classification schemes of a certain area. Within the 

MEDGIG exercise the recommended water types for applying eutrophication assessment is based on 

hydrological parameters characterizing a certain area dynamics and circulation. The typological 

approach is based on the introduction of a static stability parameter (derived from temperature and 

salinity values in the water column): such a parameter, on a robust numerical basis, can describe the 

dynamic behaviour of a coastal system. 

On the basis of surface density and salinity values three major water types have been defined:  
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Table 1 Definition of major coastal typees in the Mediterranean that have been intercalibrated 

(applicable for phytoplankton only) according to EU Comission Decision 2013/480/EU (results of 

the 2nd phase of MEDGIG exercise). 

 Type I 

Type IIA,  

IIA Adriatic Type IIIW Type IIIE 

Type Island-W 

ů t  (density) <25 25<d<27 >27 >27 All range 

salinity <34.5 34.5<S<37.5 >37.5 >37.5 All range 

 

The different water types, in an ecological perspective, can be described as follows: 

Type I    coastal sites highly influenced by freshwater inputs 

Å Type IIA    coastal sites moderately influenced not directly affected by freshwater inputs  

   (Continent influence) 

Å Type IIIW  continental coast, coastal sites not influenced/affected by freshwater inputs  

   (Western Basin) 

Å Type IIIE  not influenced by freshwater input (Eastern Basin) 

¶ Type Island: coast (Western Basin) 

 

In addition, the coastal water type III was split in two different sub basins, the Western and the Eastern 

Mediterranean ones, according to the different trophic conditions and is well documented in literature.  

 

As sugested by the on line expert group on eutrophication established by the Contracting parties it is 

recommended that  with regard to nutrient concentrations, until commonly agreed thresholds have 

been determined, negotiated and agreed upon at a sub regional or regional level, GES may be 

determined on a trend monitoring basis.  

With regards to chlorophyll a, the on line Mediterranean eutrophication  group recommend the 

reference and threshold values of the MEDGIG approach to be used for assessing ewutrophication 

status as presented in  Table 2. (results of the 2
nd

 phase of MEDGIG exercise) 

Table 2: Reference and threshold values of Chla in Mediterranean coastal water types 

(according to Commission Decision of 20 September 2013 establishing, pursuant to Directive 

2000/60/EC of the European Parliament and of the Council, the values of the Member State 

monitoring system classifications as a result of the intercalibration exercise and repealing 

Decision 2008/915/EC) . 

Coastal waters Typology 
Reference conditions 

of Chla (ɛg L
-1
) 

Boundaries of Chla (ɛg L
-1
) 

for G/M status 

 G_mean 90% percentile G_mean 90% percentile 

Type I 1.40 3.93 6.30 17.7 

Type II-FR-SP  1.90  3.60 

Type II-A Adriatic 0.33 0.80 1.50 4.00 

Type II-B Tyrrhenian 0.32 0.77 1.20 2.90 

Type III-W Adriatic   0.64 1.70 

Type III-W Tyrrhenian   0.48 1.17 

Type III_W FR-SP  0.90  1.80 

Type IIIE  0.10  0.40 

Type Island-W  0.60  1.20 

Note 1: The 90
th
 percentile and the geometrical mean can be derived one from the other according to 

the following equation: 

Chl-a 90
th
 p. = 10^(Log10 (G_mean Chl-a) + 1.28 x SD). 

Note 2: The MEDGIG exercise phase III is in progress, therefore an update of the above table may 

occur, which will be considered, accordingly. 
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In conclusion it is recommended to rely on the classification scheme on chl-a concentration (ɛg/l) in 

coastal waters as a parameter easily applicable by all Mediterranean countries based on the indicative 

thresholds and reference values presented in table 2. 

 

However following the evaluation of information provided by a number of countries and other 

available information it has to be noted that the Mediterranean countries are using different  

eutrophication assessment methods such as TRIX, Eutrophication scale, EI, HEAT, OSPAR etc. These 

tools are very important to continue to be used as appropriate at sub-regional or national levels 

because there is a long term experience within countries which can reveal / be used for assessing 

eutrophication trends. 
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Indicators Monitoring Fact Sheets on Ecological Objective 5 : EutrophicationECOLOGICAL OBJECTIVE 05: Human - induced eutrophication is prevented, 

especially adverse effects thereof, such as losses in biodiversity, ecosystem degradation, harmful algal blooms and oxygen deficiency in bottom waters     

Common Indicator 

Description 

Description of 

Parameters 

and/or Elements, 

matrix  

Assessment Method Guidelines 

Reference Methods 

QA/QC 

Recommendations 

/Additional Data needed 

Common Indicator 7,  

COP18 Indicator 5.1.1 : 

Concentra-tion of key 

nutrients in the water 

column  

With Ecological Objective 

5.1 : 

Human introduction of 

nutrients in the marine 

environment is not 

conductive to 

eutrophication 

  

Pressure Indicator 

Total Nitrogen  

(N ɛmol/L),  

Nitrate  

(NO3-N 

ɛmol/L)*, 

 

Ammonium  

(NH4-N 

ɛmol/L)*, 

 

Nitrite  

(NO2 - N 

ɛmol/L)*, 

 

Orthophosphate 

(P-PO4 ɛmol/L),  

 

Total 

Phosphorus*,  

Silicate  

(SiO2 ɛmol/L) 

UNEP/MAP MED POL 

State and Temporal Trend 

Monitoring Programme  

 

For coastal stations minimum 

sampling 4/year, 6-12 /year 

re-commended  

 

For open waters sampling 

frequency to be determined 

on a sub-regional level 

following a risk based 

approach  

Guideline : 

Eutrophication Monitoring Strategy 

of UNEP/MAP MED POL 

UNEP(DEC) 

MED WG.231/14 

  

Reference Methods :  

Sampling and Analysis Techniques 

for the Eutrophication Monitoring 

Strategy of UNEP/MAP MED POL 

(MAP Technical Reports Series No. 

163) 

   

QA/QC :  

UNEP/MAP MED POL Inter-

calibration exercises in agreement 

with QUASIMEME   

*Units supporting the TRIX index, with 

Mediterranean sub-regional specifics 

Common Indicator 7,  

COP18 Indicator 5.1.1 : 

Concentra-tion of key 

nutrients in the water 

column  

Proposed Sub-indicator 

Si:N, N:P, Si:P  Nutrient monitoring under 

UNEP/MAP MED POL 

State and Temporal Trend 

Monitoring Programme  

 

For coastal stations minimum 

Guideline : 

Eutrophication Monitoring Strategy 

of UNEP/MAP MED 

POLUNEP(DEC)MED WG.231/14 

 

Reference Methods :   
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Common Indicator 

Description 

Description of 

Parameters 

and/or Elements, 

matrix  

Assessment Method Guidelines 

Reference Methods 

QA/QC 

Recommendations 

/Additional Data needed 

(COP18 Indicator 5.1.2) 

Nutrient ratios (silica, 

nitrogen and phosphorus) 

where appropriate  

 

sampling 4/year, 6-12 /year 

recommended 

 

Simple mathematical 

derivation of ratios of 

nutrient concentrations   

Sampling and Analysis Techniques 

for the Eutrophication Monitoring 

Strategy of UNEP/MAP MED POL 

(MAP Technical Reports Series No. 

163)   

Common Indicator 8, 

COP 18 Indicator 5.2.1 : 

Chlorophyll-a 

concentration in the water 

column 

 

With Ecological Objective 

5.2 : 

Direct effects of nutrient 

over-enrichment are 

prevented  

 

State,Impact indicator 

Chlorophyll ïa 

concentration in 

seawater (ɛg/l)* 

UNEP/MAP MED POL 

State and Temporal Trend 

Monitoring Programme  

 

For coastal stations minimum 

sampling 4/year, 6-12 /year 

recommended. 

 

Guideline :  

Eutrophication Monitoring Strategy 

of UNEP/MAP MED POL 

UNEP(DEC)MED WG.231/14 

 

Reference Methods : 

 

Sampling and Analysis Techniques 

for the Eutrophication Monitoring 

Strategy of UNEP/MAP MED POL 

(MAP Technical Reports Series No. 

163)   

 

UNEP/MAP MED POL Inter-

calibration exercises in agreement 

with QUASIMEME   

*Unit supporting the TRIX index, with 

Mediterranean sub-regional specifics 

 

The indicative boundaries values for 

chlorophyll-a  determined in the 

framework of MED GIG for the status 

classes required by the EU Water 

Framework Directive, namely between 

ñgoodò and  ñmoderateò status could be 

tested by non-EU Mediterranean 

countries to find out if they are relevant. 

 

Remote sensing techniques would be a 

useful tool for estimating chlorophyll 

concentrations.  On a regional scale the 

remote sensing tool could be useful to 

identify emerging problem areas   

 

Pilot programmes are recommended to 

be carried out at the sub-regional scale to 

test the integration of remote sensing 

with in situ data   
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Common Indicator 

Description 

Description of 

Parameters 

and/or Elements, 

matrix  

Assessment Method Guidelines 

Reference Methods 

QA/QC 

Recommendations 

/Additional Data needed 

Common Indicator 8, 

COP 18 Indicator 5.2.1 : 

Chlorophyll-a 

concentration in the water 

column 

 

With Proposed Sub-

Indicator of  

Water Transparency where 

relevant 

 

State,Impact Indicator 

Water 

transparency 

measured as i.e.. 

Secchi depth  or 

according to  ISO 

7027:1999 Water 

Quality-

Determination of 

Turbidity    

UNEP/MAP MED POL 

State and Temporal Trend 

Monitoring Programme  

 

 

Guideline : 

Eutrophication Monitoring Strategy 

of UNEP/MAP MED POL 

UNEP(DEC)MED WG.231/14 

 

Reference Methods :   

Sampling and Analysis Techniques 

for the Eutrophication Monitoring 

Strategy of UNEP/MAP MED POL 

(MAP Technical Reports Series No. 

163) 

 

ISO standard 7027:1999 Water 

quality -- Determination of turbidity 

 

Common Indicator 8, 

COP 18 Indicator 5.2.1 : 

Chlorophyll-a 

concentration in the water 

column 

 

With Proposed Sub-

Indicator 5.3.1 : 

Dissolved oxygen near the 

bottom, i.e. changes due to 

increased organic matter 

decomposition and size of 

the area concerned  

 

Pressure,Impact indicator 

Dissolved 

Oxygen 

concentration 

(mg/l) and 

Saturation (%)* 

 

    

 

 

UNEP/MAP MED POL 

State and Temporal Trend 

Monitoring Programme  

 

 

Guideline : 

 

Eutrophication Monitoring Strategy 

of UNEP/MAP MED POL 

UNEP(DEC)MED WG.231/14 

 

Reference Methods : 

 

Sampling and Analysis Techniques 

for the Eutrophication Monitoring 

Strategy of UNEP/MAP MED POL 

(MAP Technical Reports Series No. 

163) 

*Unit supporting the TRIX index as 

absolute % deviation form saturation, 

with Mediterranean specifics reflected 

on sub-regional level 

 

Daily variations of Dissolved Oxygen 

Profiles in the critical season along with 

T0  and Salinity, performed through 

specific buoy applications 
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II. MONITORING AND ASSESSMENT METHODLOGICAL GUIDANCE ON EO9: 

CONTAMINANTS  
 

1. Introduction  
 

In most Mediterranean countries, the monitoring of concentrations of a range of chemical 

contaminants in water, sediments and biota is undertaken in response to the UNEP/MAP Barcelona 

Convention, its Land-Based Protocol, UNEP/MAP MED POL monitoring programmes, international 

(e.g. WFD) or national drivers. The scope and scale of this monitoring varies, but should be 

considered as a base from which to introduce a greater degree of harmonisation between Contracting 

Parties and to ensure that contaminants and matrices of importance within assessment sub regions are 

covered by appropriate monitoring programmes. Biological effects monitoring is generally less widely 

established in both national or international programmes, and the number of countries undertaking 

such studies (and the intensity of the coverage) is much smaller. Therefore, it will be essential in 

coming years to expand and develop further the use of biological effects methods to cover properly the 

EO9. 

GES under Ecological Objective 09 is achieved when contaminants cause no significant impact on 

coastal and marine ecosystems and human health. As the type and quantities of emissions have 

changed and environmental legislation has led to reductions in pollution for certain substances and 

areas, the monitoring of contaminants needs to be adapted and focused to address present and 

upcoming risks that might affect the achievement of GES (GES). However coverage from current 

national programmes is limited. Therefore, for pragmatic reasons, initial assessments of GES under 

Ecological Objective 9 will probably be based upon data of a relatively small number of contaminants 

and biological effects, reflecting the scope of current programmes and the availability of suitable 

agreed assessment criteria. Important development areas over the next few years will include 

harmonisation of monitoring targets (determinands and matrices) within assessment sub-regions, 

development of suites of assessment criteria, integrated chemical and biological assesment methods, 

and review of the scope of the monitoring programmes to ensure that those contaminants which are 

considered to be important within each assessment area are included in monitoring programmes. 

Through these, and other, actions, it will be possible to develop targeted and effective monitoring 

programmes tailored to meet the needs and conditions within each assessment sub-region.  

A considerable amount of monitoring data from the past decades is available through the pollution 

monitoring and assessmenr component of UNEP/MAP MED POL Programme under UNEP/MAP-

Barcelona Convention. These data have been used e.g. for the identification of significant marine 

contaminants and the development of monitoring strategies and guidance. With respect to 

implementing the requirements of the Ecosystem Approach Process, there are considerable benefits to 

be gained from taking advantage of monitoring data and information developed through the 

UNEP/MAP MED POL Monitoring programme. Such actions include (1) the use of existing 

experience in the design of monitoring programmes, (2) the use of existing guidance on analytical etc. 

methods to inform technical aspects of ecosystem approach  monitoring, (3) the use of existing 

sampling station networks as a framework for ecosystem approach sampling networks, (4) the use of 

existing statistical assessment tools and work on assessment criteria as the basis for assessments of 

ecosystem approach data, (5) the use of existing data to describe the distributions of contaminants and 

effects in the sea, and (6) the use of existing time series as the basis of monitoring against a ñno 

deteriorationò objective. The availability of quality assured data with confirmed quality is of 

importance for the assessment of trends in pollutant concentrations. 

Monitoring the pressure deriving from chemical contaminants over time and space is a basic 

requirement for a quantitative assessment of the environmental status of the seas. Baseline assessments 

are necessary in order to monitor trends and prevent deterioration. Monitoring plans need to be 

proactive, not reactive and combined with risk assessments. Monitoring instruments and assessment 

criteria need to be sensitive and comparable.  
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While all Land Based Sources and Activities (LBS) Protocol substances should ideally be considered, 

their monitoring in the marine environment might not be performed for all, due to the absence of 

sources or the physicochemical characteristics of the substances. The availability of source 

information is crucial to the selection of substances for monitoring.  

In view of the adoption in COP19 of the UNEP/MAP Barcelona Convention Offshore Protocol
3
 

Action Plan, the development and adoption of Mediterranean monitoring procedures and programmes 

for offshore activities, is envisaged to take place in 2016 - 2017, building, inter alia, on the Integrated 

Monitoring and Assessment Programme of the EcAp.  

Sampling a particular environmental compartment should be based on the anticipated pathway, fate 

and effect of each pollutant. Each compartment of the marine environment (water, sediments, biota) 

provides specific information about the pollution status, trends and sources of toxic substances. 

The identification of pollution sources and how their associated inputs change over time is also 

fundamental to assess the effectiveness of the pollution mitigation strategies and to direct the further 

efforts needed to achieve GES. UNEP/MAP MED POL implements a periodic inventory of pollution 

sources and loads from land based activities, in the framework of the LBS Protocol and the Strategic 

Action Programme (SAP) to Address Pollution from Land-based Activities (adopted in 1997 and 

launched in 2000). The pollution sources database of UNEP/MAP MED POL holds 12,500 records of 

pollutants loads from industrial and municipal sources reported by the countries on a 5-year period 

(Data reported on 2003 and 2008). Each record indicates the emission of a substance for a given 

activity sector and sub-sector, in an administrative region and country. The database covers about 100 

different substances or groups of substances and parameters according to national legislation and 

country development specificities. However a restricted number of substances are common to almost 

all national pollutant releases. 

 

1. Monitoring Strategy for contaminants and effects (Applicable to all contaminants 

related indicators, ie Common Indicators 11-15) 

 

1.1. The risk approach and precautionary principle 

 

According to the risk approach monitoring needs to be carried out in coastal and marine areas where 

chemical contaminants have been found to represent significant risks to the marine ecosystems, and 

the data provided by the monitoring should serve the needs posed by the Ecosystem Approach process. 

Monitoring should allow the necessary statistical data treatments and long-term time-trend data 

analysis. Early warning of upcoming issues, such as emerging contaminants, should eventually 

become an integral part of the future monitoring systems.   

The precautionary principle requires that, in doubt, protective measures should be implemented. In 

particular the marine environment is vulnerable due to possible accumulation of contaminants in the 

specific food chains and the irreversibility of impact on its ecosystems. 

1.2. Selecting locations for environmental monitoring of contaminants and biological effects 

 

The grid of monitoring stations will depend on the purpose of the specific campaigns. Most 

monitoring stations will be part of the UNEP/MAP MED POL monitoring schemes. It has been 

recognized that the open and deep sea is much less covered by monitoring efforts than coastal areas. 

                                                           
3
 The Protocol for the Protection of the Mediterranean Sea against Pollution from the Exploration and 

Exploitation of the Continental Shelf and the Seabed and its Subsoil (Offshore Protocol).  The Protocol entered 

into force on 24 March, 2011 and according to the Offshore Action Plan Contracting Parties that have not 

already done so should endeavor to ratify the Protocol by 2017. 
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There is a need to include within monitoring programmes also areas beyond the coastal areas in a 

representative and efficient way, where risks warrant coverage. 

A joint strategy for monitoring should include master stations, distributed spatial spread and other 

approaches, such as transect sampling, if applicable. 

The selection of sites for the monitoring of contaminants and biological effects in the marine 

environment is a direct function of the assessment of risks and the monitoring scope:  

Å Areas of concern identified on the basis of the review of the existing information and linked to 

UNEP/MAP MED POL and WFD assessments. 

Å Areas of known past and/or present release of chemical contaminants. 

Å Offshore areas where risk warrants coverage (aquaculture, offshore oil and gas activity, 

dredging, mining, dumping at sea...). 

Å Sites representative in monitoring of other sea-based (shipping) and atmospheric sources. 

Å Reference sites: For reference values and background concentrations. 

Å Representative sensitive pollution sites/areas at sub regional scale. 

Å Deep-sea sites/areas of potential particular concern 

 

The selected sites should allow the collection of a realistic number of samples (e.g. be suitable for 

sediment sampling, allow sampling a sufficient number of biota for the selected species during the 

duration of the programme). Modelling tools can provide information for the best placement of 

monitoring stations with respect to ocean currents and input pathways. 

Contracting Parties should provide their proposed sampling locations and the reasons for monitoring. 

It is essential that the monitoring strategies are being coordinated at regional and/or sub regional level. 

Coordination with monitoring for other Ecological Objectives is crucial for cost-effective approaches. 

The organization of cruises as a joint effort from different Contracting Parties might be an effective 

option. 

1.3    Geographic scale of monitoring and assessment 

The geographic scale of monitoring for the assessment of GES for contaminants and their effects 

depends on the specific conditions of an area that may influence the background concentration of 

contaminants, including local mineralogy, inputs from rivers, hydrodynamic conditions, sediment 

texture, etc. A risk based approach should be used in order to follow a screening procedure to decide 

the areas to be assessed and monitored more frequently.  

The areas where greater pollution pressure occurs could be divided into smaller areas for assessment 

purposes and could be monitored more frequently than remote and non-affected marine waters.  

Monitoring for the assessment of GES for totally anthropogenic contaminants such as organochlorine 

compounds, could be carried out on a regional scale, since the background concentration for these 

contaminants is zero. However, local specificities in the production and use of these compounds 

(pesticides and industrial compounds) have created a difference between the sub-regions that has to be 

considered.  

Furthermore, although coastal levels of pollutants are mainly influenced by local processes (river 

runoff, coastal hot spots), open-sea biota and sediments are mainly influenced by regional or even 

super-regional pathways (atmospheric transport and deposition of pollutants emitted from remote 

areas). The latter is also true for PAHs.  
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Based on the above, it could be appropriate to consider monitoring for assessing a regional GES 

threshold for open sea and a different one for coastal zones.  

For naturally occurring contaminants such as heavy metals in addition to the previous remarks, as 

local mineralogy plays an important role in the definition of the GES threshold, since metal deposits 

are present in different Mediterranean locations, monitoring for the assessment of GES for heavy 

metals may need to be carried out on a subdivision of the sub-region according to local characteristics.  

For contaminants biological effects and occurrence of oil spills, monitoring for the assessment of GES 

could be carried out on sub-regional or even regional level, provided appropriate information is 

available.  

Also, for pathogenic microorganisms in bathing water, monitoring for the assessment of GES could be 

carried out on a sub-regional or even local level due to the nature of microbiological contamination 

(the impact is restricted to a relatively short distance from the pollution source due to the short 

survival time of microorganisms in seawater).  

1.4 Monitoring frequency 

Monitoring frequencies will be determined by the purpose of the sampling effort. They can range from 

shorter time scales for seasonally variable input, to large time scales for sediment core monitoring. For 

trend determination the timescales will depend on the ability to detect trends considering the 

variability in the whole analytical process and the number of replicates. It can be possible to decrease 

the monitoring frequency in cases where established time series show concentrations well below levels 

of concern, and without any upward trend over a number of years. For multiannual parameters, 

opportunities for joint organization between Contracting Parties and between or within Regional Seas 

Conventions should be considered.  

3. Development of assessment criteria for the definition of threshold limit values for 

 chemical environmental status monitoring of contaminants in order to be able to 

 determine the achievement of GES. 
 

Report UNEP(DEPI)MED WG.394/Inf.3 on the development of assessment criteria for hazardous 

substances in the Mediterranean presents a methodology to develop assessment criteria for the 

definition of threshold limit values for contaminants, in order to assess the achievement of GES in the 

Mediterranean marine environment in relation to the Ecological Objective EO9, in the framework of 

the gradual application of the ecosystem approach for the management of human activities in the 

Mediterranean, by MAP. 

The report follows a relevant methodology developed by OSPAR, which proposes two threshold limits 

to be defined in sediments and biota: T0 to define the threshold at ñpristineò sites and T1 to define the 

threshold between acceptable (GES) and unacceptable environmental conditions. 

Using Mediterranean data from the UNEP/MAP MED POL database and applying the OSPAR 

methodology, the report presents an evaluation of the background concentrations (BCs) and the 

background assessment concentrations (BACs)
4
 of trace metals (mercury, cadmium and lead) and 

organic contaminants (chlorinated hydrocarbons and PAHs) in sediments and biota in the 

Mediterranean basin. 

Regarding the definition of BACs in Mediterranean sediments, the report states that it should be noted 

that limited data was available and therefore more dated sediment cores from different areas are 

needed in order to increase the confidence of the proposed values. Additionally, in order to further test 

                                                           
4
 Background assessment concentrationsò (BACs) are statistical tools defined in relation to the background 

concentrations (BCs), which enable statistical testing of whether observed concentrations can be considered to be 

near background concentrations. Observed concentrations are said to be ónear backgroundô if the mean 

concentration is statistically significantly below the corresponding BAC 
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if normalization is convenient for sediment particle variability, aluminum (Al) and organic carbon 

(OC) should be considered as mandatory parameters in the new MAP integrated monitoring 

programme. There are already evidences from certain regions of the NW Mediterranean where it is 

well demonstrated that normalization is not convenient as these environmental factors are not well 

correlated with contaminant concentrations (Le·n et al. et al, 2014).   It will be also necessary to 

further investigate sub regional differences on sedimentation rate and geocomposition of the 

sediments.  

In order to define the relationship between BC and BAC, the report states that a statistical test is 

required, taking into consideration the data variability of reported data on Certified Reference 

Materials (sediment and biota) used by Mediterranean laboratories in proficiency tests and in inter-

calibration exercises. At this stage a statistical test, as described in the text of the report, on the 

UNEP/MAP MED POL monitoring programme is not yet available. Alternatively the report states that 

OSPAR defined relationships between BC and BAC for metals in sediments, fish and shellfish to 

assess the BACs levels could be adopted. Thus, for sediments and shellfish BAC = 1.5 x BC, for fish 

BAC = 2 x BC. However, that report states that it is recommended to perform a statistical test to 

evaluate the precision of UNEP/MAP MED POL monitoring programmes (on a country basis). 

Furthermore, the report states that considering the statistical evaluation of the UNEP/MAP MED POL 

database performed in the report, and the large variability in the concentration levels, it is essential to 

perform a quality control examination of the datasets in order to better assess BAC values. 

As regards the definition of Mediterranean Assessment Criteria for biota using the UNEP/MAP MED 

POL database, the report underlines that it is biologically inappropriate to evaluate absolute BC, BAC 

and Environmental Assessment Criteria (EAC) metal levels in one species from the parallel levels of 

even a close relative species. Therefore, BCs and BACs levels were calculated / assessed in the report 

generally according to OSPAR procedures.  

The report states that in OSPAR assessments, some EACs have not been used mainly because they are 

less than the OSPAR BACs. The EACs for Cd and Pb in sediment, Hg in mussels and Hg and Cd in 

fish are below the corresponding BACs. In addition, the BCs and BACs for trace metals in sediments 

are normalized to 5% aluminum whilst proposed EACs are normalised to 1% organic carbon. It has 

been concluded by OSPAR that EACs for PAHs or trace metals in sediment and for metals or CBs in 

biota cannot be used to describe the threshold (T1) between acceptable (GES) and unacceptable 

environmental conditions. Therefore, in cases where the EACs have not been recommended, 

alternative approaches to appropriate criteria for the assessment of data on contaminant concentrations 

in sediment and biota were applied (as shown in Table 9.1.):  

Å For the Transition (T0) which represents an assessment that concentrations should be at, 

or close to, background concentrations, BACs are used by OSPAR.  

Å For the Transitions (T1), the assessment criteria were the ERLs (Effects Range Low
5
) for 

PAHs and trace metals in sediment.  

Å It is a demanding task to determine real EAC levels, generally and also according to 

OSPAR documents. Therefore, until an appropriate approach becomes available for the 

assessment criteria for metals in biota, the EC maximum acceptable dietary levels 

                                                           
5
 Effects range low (ERL) and effects range median (ERM) are specific chemical concentrations that are derived 

from compiled biological toxicity assays and synoptic sampling of marine sediment. These numerical values are 

sediment quality guidelines that were developed by Long and Morgan for the National Oceanic and Atmospheric 

Administration's (NOAA) National Status & Trends programme as informal tools in screening sediment. ERL 

and ERM are considered guidelines to help categorize the range of concentrations in sediment at which effects 

are scarcely observed or predicted (below the ERL) and the range above which effects are generally or always 

observed (above the ERM). These guidelines are used for screening sediments for trace metals and organic 

contaminants 
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(Commission Regulation (EC) No 1881/2006) were used by OSPAR (QSR 2010 

assessment).   

 

In addition, it has to be noted that there are experiences in the Mediterranean according to which ERL 

has been adopted as threshold for T1 as it was not possible to normalize for TOC in sediment due to 

low TOC content. 

Table 3. Transition points for assessing contaminants in sediments and biota applied by 

  OSPAR (OSPAR 2009). 

Contaminant Transition Point Sediment Biota 

Hg, Cd, Pb T0 BAC BAC 

Hg, Cd, Pb T1 ERL EC 

PAHs T0 BAC BAC 

PAHs T1 ERL EAC 

PCBs (individual 

congeners) 

T0 BAC BAC 

PCBs (individual 

congeners) 

T1 EAC EAC 

S7CBs ICES To BAC - 

S7CBs ICES T1 ERL - 

Lindane To BAC BAC 

Lindane T1 ERL EAC 

HCB To BAC BAC 

HCB T1 ERL - 

pp-DDE T0 BAC BAC 

pp-DDE T1 ERL  

Ŭ-HCH T0 - BAC 

Ŭ-HCH T1 ERL - 

Dieldrin T0 BAC - 

Dieldrin T1 ERL  

 

 

3.1.  Forward procedure for monitoring the achievement of GES for contaminants in 

the Mediterranean marine environment. 
The recommendations and information presented in the report are proposed to be followed up/utilized 

to establish a forward procedure for monitoring the achievement of GES for contaminants. This inter 

alia would imply further work in separate Contracting Party allocated expert groups, particularly for 

updating the current BACs and setting EACs for contaminants in biota on a sub-regional level. 

Until EACs are defined for the major substances of concern, a two-fold approach could be adopted to 

support monitoring for the assessment of GES: i) a threshold value for GES (BAC) could be set using 

concentrations from relatively unpolluted areas on a sub-regional level and ii) a decreasing trend 

should be observed from values representing the actual level of contaminants concentrations that are 

above the background assess concentrations (BACs).. Thus, GES could be defined for toxic metals 

(Hg, Cd, Pb), chlorinated organic compounds and PAHs, for which monitoring data exist as a result of 

running monitoring programmes. 
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Temporal trend monitoring  

Marine monitoring implies the repetitive observing for defined purposes, of one or more elements of 

the marine environment, according to prearranged spatial and temporal schedules using comparable 

methodologies. The temporal trend monitoring starts with the objective to detect trends in 

concentrations with the aim of monitoring the effectiveness of control measures taken at polluted sites. 

Trends in pollutant or contaminant levels, in general, are also considered as ñstateò indicators of 

pollution and are included in most of the regional monitoring programmes to provide inputs to the 

assessments of the state of the marine environment. 

Surface sediments and biota can be used for recognizing possible temporal trends of trace metals, 

organochlorine compounds, PAHS, and those that are accumulated in these matrices in the marine 

environment and, thus, can be an important tool for the assessment of the effectiveness of control 

measures taken at the polluted sites and also for state assessment. However, data variability can be 

influenced by several factors other than contaminant inputs, namely those associated with sampling 

and the representativeness of the collected samples. In any case, the first requirement is the availability 

of data series long enough, so that long-term monitoring programmes are maintained in time. 

In the 2005 review and analysis of UNEP/MAP MED POL Phase III Monitoring Activities (UNEP 

(DEC)/MED WG 282/3) consisting of an evaluation of the UNEP/MAP MED POL database for the 

trend monitoring of contaminants it was concluded that the UNEP/MAP MED POL Phase III 

programme objectives preliminarily set, were not sufficient to achieve the temporal trend of any 

selected contaminant for a selected site. The major reason for this was the various difficulties in data 

analysis, especially when normalization was intended for reducing the variance of the data set by 

taking into account the differences in morphology (e.g. sediment grain size) or composition (e.g. tissue 

fat content) of the samples. Both the selected trace metals and the organic contaminants will co-vary 

strongly with such factors
6
.  

A second aspect to be considered is the time span necessary for trends assessment. 

In general, the first temporal trend evaluation using sessile marine organisms can be performed with 

data sets of more than five years ongoing programmes. The use of sediments still require a longer time 

span (>10yr) for evidencing and assessing significant variations. However, after ten years of the 

monitoring programme, certain countries still did not have valid and continuous data covering at least 

five years.  

The 2011 analysis of the trend monitoring activities and data for UNEP/MAP MED POL Phase III and 

IV (UNEP (DEPI) MED365/Inf.5) concluded that though substantially improved after the last trend 

data evaluation in 2009, some problems were identified mainly dealing with the lack of maintaining 

the declared sampling strategy. The weakest part of the programme remains the data transfer and 

manipulation. To overcome these problems, the report states that involved countries are encouraged to 

write a detailed programme manual where all issues regarding a successful programme achievement 

would be addressed. Such a manual would include the programme objectives and a detailed 

methodological approach to successfully maintain the programme over time (positioning, sampling, 

methods, and data elaboration, exchange and presentation). 

From the trend monitoring point of view the report states that the best sampling strategy always leads 

with attaining the best information on the sampling variance and with that a valuable determination of 

the underlying trend. While it is advisable to avoid pooling whenever possible, the suggested strategy 

for smaller organisms, mainly molluscs that are not always sufficient for all analyses, is to use 3-5 

samples with 15 pooled specimens or in any case a number of pooled specimens that guarantees the 

necessary amount of sample to conduct all the chemical analyses. If one sampled organism, mainly 

                                                           
6
 A revised manual for sediment sampling and analysis was adopted in 2006 (UNEP (DEC) MED 

WG.282/Inf.5/Rev.1.) 
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fish, provides enough sample for all analyses the use of from 15 to 25 (preferred) samples is suggested 

if the underlying variances are not known. The sample should be collected in a length stratified 

manner: divide the size distribution in three or five classes (log scale and depending on size: MG -1 

cm; MB - 2 cm.) and sample the central one; the same size class should always be sampled.   

4. Monitoring Biological Effects 
 

Biological effects monitoring is considered as an important element in programmes which aim to 

assess the quality of the marine environment, since such monitoring aims to demonstrate links 

between contaminants and ecological responses. Biological effects monitoring can thus be used with 

the intention to indicate the presence of substances, or combinations of substances, not previously 

identified as being of concern and to identify regions of decreased environmental quality. 

Biomarkers include a variety of measures of specific molecular, cellular and physiological responses 

of key species to contaminant exposure. A response is generally indicative of either contaminant 

exposure or compromised physiological fitness. The challenge is to integrate individual biomarker 

responses into a set of tools and indices capable of detecting and monitoring the degradation in health 

of a particular type of sentinel organism.  

The use of biomarkers is relatively new when compared to traditional chemical monitoring. Even 

today  those biomarkers which are considered well understood often still lack historic track records 

and simple data management adequate for routine risk assessment and monitoring. Some results were 

produced in the last twenty years through individual research projects national or international 

programmes in marine waters (BIOMAR, BEEP, IOC-IMO UNEP funded programme of Global 

Investigation of Pollution of the Marine Environment).  Despite the important principle underlying the 

biomarker concept, that is, response should lead to ecological effects, there are still few examples 

where biomarker measurements have been directly linked to community level responses. However, 

many examples revealing environmental problems, that is, acting as warning signals of potential future 

problems, have been demonstrated in the past decades (Demetrio et al., 2003; Mart²nez-G·mez et al., 

2010; Fern§ndez et al., 2011)..  

Biological effects monitoring should be coordinated with the monitoring of chemical contaminants in 

a cost-effective manner, conducting field sampling, whenever possible, within the same time-frame.   

 

The integrated assessment (biological effect and chemical measurements) should comprise only a 

limited number of stations including at least: 

¶ Reference sites: For reference values and background concentrations 

¶ Areas of concern identified on the basis of the review of the existing information linked to 

MED POL, WFD and MSFD assessments 

¶ Representative sensitive pollution sites/areas at subregional scale 

 

Strategy for sampling and analysis should include, whenever possible: 

¶ Sampling and analyses of the same tissues and individual/populations than chemical 

monitoring 

¶ Sampling of individuals for biological effects from the same site/area as that used for chemical 

analyses at a common time 

¶ Sampling sediments at the same time and location as collecting biota (i.e. fish) 
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For all stations, biometrics (size/length, age), biological supporting parameters such as condition index 

(mussels), condition factor, gonadosomatic index, hepatosomatic index (fish) and data on temperature, 

salinity and oxygen dissolved of the ambient water should be also registered. 

For an integrated biomarker data management, an Expert System has been developed at the University 

of Piemonte Orientale, Italy (DiSAV) in the framework of the BEEP (Biological Effects of 

Environmental Pollutants) EU programme. The function of the Expert System is to rank the level of 

the pollutant-induced stress syndrome by integrating the data obtained from: 

Å Early warning biomarkers: i.e. sensitive biomarkers of stress, or of exposure, revealing the 

effects of pollutants at the molecular and/or cellular level. 

Å Biomarkers of stress, suitable to reveal the development of the stress syndrome at the 

tissue/organ level: i.e. histological biomarkers, but also biochemical biomarkers such as the 

GST (Glutathione Transferase) test recently developed (i.e. evaluation of the GST released 

from the cells and present in molluscan haemolymph). 

Å Biomarkers of stress at the organism level: i.e. biomarkers able to show that the stress 

syndrome has decreased the musselôs capacity of survival and/or growth and reproduction 

(such as stress on stress response, scope for growth, gonad and gamete alterations, survival 

index). 

 

A good interpretation of the development of the stress syndrome by the expert system depends on the 

possibility to utilize control samples for each assessment and biomarkers of stress able to integrate the 

toxic effects of pollutants over a sufficient caging period. Among these, are those biomarkers that 

show a trend characterized by a continuous increase or decrease in the value of the selected parameter 

(such as lysosomal membrane stability, lysosomal lipofuscin accumulation, lysosomal neutral lipid 

accumulation, micronuclei frequency) in relation to an increase in toxicity. Moreover, the expert 

system takes into account possible interferences among the different biomarkers. However, the 

representation of the assessment does not maintain all of the supporting information, and it is not easy 

to identify the causative determinands that may be responsible for the final result on the level of stress 

syndrome. In addition, different stages of the assessment cannot be readily unpacked to a previous 

stage to identify either contaminant or effects measurements of potential concern or sites contributing 

to poor regional assessments.  

Besides of expert system, different indexes have being developed to assess contaminant-related 

biological responses by combining results from different biomarkers such as Integrated Biomarker 

Response (IBR) (Belaieff and Burgeot, 2002), the Health Assessment Index (HAI) (Adams et al., 

1993), the Bioeffect Assessment index (Broeg at al., 2005), and the Integrative Biomarker Index 

(Marig·mez et al., 2013). Furthermore, different models are becoming available in the Mediterranean 

region to elaborate various typologies of data with the 5 classes approach, and to aggregate them in a 

final evaluation, still based on the 5 classes discrimination (Benedetti et al., 2012). 

 

Molluscs (mainly mussels, Mytilus sp.) and fish (Mullus sp., Platichthys flesus L., Zoarces viviparus, 

Perca sp.) from natural populations have both been widely employed as sentinel organisms in routine 

biomonitoring programmes, both at a national and an international level (UNEP/MAP UNEP/MAP 

MED POL Biomonitoring Programme; OSPAR Convention, RAMOGE, etc.), although some 

subregional and national research projects have also been conducted in the past years using caged 

mussels (RINBIO; MYTILOS, MYTIMED Project, etc). Exposure periods lasting  several months are 

generally required to assess bioaccumulation of most persistent organic contaminants and to reveal 

more subtle chronic effects on organisms. Although caged musseld can be used to assess certain early 

biological effect responses, they cannot substitute the pollution biomonitoring programmes based on 

the sampling of mussels from natural populations. As the experience have demonstrated, the use of 

caged mussels for large-scale biomonitoring programmes involves a higher-cost monitoring strategy 
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than the use of mussels from natural populations because at least, two field sampling campaings have 

to be organised, and  recovery of the cages is not guaranteed. The use of caged mussels for effect 

monitoring can however be useful in short-term exploratory environmental studies, e.g. around hot 

spots. 

While the use of fish in biological effects monitoring programmes, building on the key position of 

these organisms in the trophic chain and their high commercial value is well established, their usage 

already in the initial stage of the monitoring programme on a regional level would present some 

problems, including the difficulties encountered in caging experiments with fish as well as more 

importantly the cost of sampling, caging, transportation. However, field sampling to assess 

contaminants levels in fish tissues could  be integrated and coordinated with sampling of other fish 

tissues (liver, blood, gonads, brain, etc) to implement in future the use of biological effects in fish 

from natural populations instead of caging fish. Their inclusion in the integrated monitoring 

programme thus is not foreseen in the initial phase, but could be envisioned afterwards.. 

Molluscs have been taken as the bioindicators of choice on the basis of their wide geographic 

distribution, their straightforward availability in the field and through aquaculture, and their suitability 

for caging experiments along coastlines. In the framework of UNEP/MAP MED POL Phase IV, it was 

decided to apply a 2-tier approach, using caged molluscs: 

Å the first tier would include a single biomarker, namely, lysosomal membrane stability, and 

mortality; 

Å the second tier would include a whole set of biomarkers including acetyl cholinesterase 

activity, micronuclei frequencies, lipofuscin accumulation, neutral lipid accumulation, , 

oxidative stress, metallothionein content, peroxisome proliferation, lysosome to cytoplasm 

ratio, and stress on stress. 

 

An intercalibration exercise financed by UNEP/MAP MED POL was organised in 2010 by DiSAV 

with the participation of 11 Mediterranean laboratories from 8 countries (Croatia, Egypt, Greece, Italy, 

Slovenia, Spain, Syria and Tunisia) and 3 non-Mediterranean laboratories (Norway and UK, from the 

OSPAR region). The results of the intercalibration exercise showed excellent performance of all 

laboratories for the measurement of lysosome membrane stability and very good performance for the 

measurement of metallothionein content. Also a Training course on the measurement of two 

biomarkers (lysosome membrane stability and micronuclei frequency) was organised in Alessandria, 

Italy by DiSAV in 2010, with the participation of 15 scientists from 10 countries (Algeria, Croatia, 

Egypt, Greece, Italy, Morocco, Slovenia, Spain, Tunisia, Turkey) and with the contribution of 

scientists from ICES-OSPAR (UK).  

Based on the work already carried out, the results of the intercalibration exercises and the publication 

of relevant papers by Mediterranean scientists involved in the UNEP/MAP MED POL programme on 

biological effects monitoring, there is a network of laboratories in the Mediterranean region with the 

capacity to carry out biomonitoring activities, in line with the new monitoring requirements to be 

defined in the framework of the Ecosystem Approach for the management of human activities in the 

Mediterranean. 

Of the second tier biomarkers proposed, only the micronuclei frequency biomarker is able to indicate 

the presence of genotoxic chemicals in the environment, especially in sites heavily polluted by 

polycyclic aromatic hydrocarbons, and in organisms that may also be considered as seafood. With 

growing concern over the presence of genotoxins in the sea, the application of cytogenetic assays to 

ecologically relevant species offers the chance to perform early tests on health in relation to exposure 

to contaminants. Acetylcholinesterase activity is a cost effective biomarker of neurotoxic effects of 

pollutants, especially pesticides, applicable with instrumentation available in the Contracting Party 

laboratories. Its responsiveness has been demonstrated also to various other groups of chemicals 

present in the marine environment, including heavy metals, and hydrocarbons. Laboratory and field 

studies have demonstrated the applicability of anoxic/aerial survival as an early warning indicator of 
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contaminant-induced stress. The reduction of survival in air, or stress on stress (SoS), is a simple, lowï

cost, whole-organism response and can show pollutant-induced alterations in an organismôs 

physiology that render the animal more sensitive to further environmental changes. Bivalve molluscs 

can survive for a long time in air, but individuals stressed by pre-exposure to pollutants show greater 

mortality than controls or individuals collected from a reference location. The method for determining 

SoS in mussels has been applied routinely to both toxicant-exposed mussels in laboratory studies and 

mussels collected in national monitoring programmes from polluted environments and along pollution 

gradients. Taking into account the number of samples to be analyzed and available facilities in the 

Contracting Party laboratories, the best number of further to these biomarkers to be gradually 

introduced into the biological effects monitoring programme could be determined.  

While recognizing that contaminant-specific techniques that cannot guarantee that measuring 

responses within marine organisms from natural populations are cuased to the exposure of single 

specific contaminants, the most widely used specific technique is the measurement of TBT effects 

(imposex) on gastropods, where a cause and effect relationship has been established. There is a 

possibility to use available information for TBT thresholds for GES from other regions (Davies and 

Vethaak, 2012) in order to propose similar effects thresholds for the Mediterranean. 

In general the monitoring of contaminant-related biological effects should be coordinated with the 

monitoring of chemical contaminants in a cost-effective manner, conducting field sampling, whenever 

possible, within the same time-frame.    

 4.1. Assessing Biological Effects  

 

In a similar manner to contaminant concentrations, ICES/OSPAR has proposed two/three categories to 

assess the biological effects observed, by using two assessment criteria: BAC and EAC (Davies et al., 

2012). Assessing biomarker responses against BAC and EAC allows establishing if the responses 

measured are at levels that are not causing deleterious biological effects, at levels where deleterious 

biological effects are possible or at levels where deleterious biological effects are likely in the long-

term. In the case of biomarkers of exposure, only BAC can be estimated, whereas for biomarkers of 

effects both BAC and EAC can be established. However, unlike contaminant concentrations in 

environmental matrices, biological responses cannot be assessed against guideline values without 

consideration of factors such as species, gender, maturation status, season and temperature. 

It is expected that in the forthcoming years, the scope of experts groups would be to prepare an 

adapted manual establishing the BAC and when possible, the formulation of EAC for selected 

biomarkers in Mediterranean species.  

One of the challenges in assessing the health status of organisms using assessment criteria is precisely 

the strategy by which to integrate the multivariate results obtained. The approach recently developed 

by ICES was based on an assessment of single responses by assessment criteria, then scoring them in a 

multi-step process to arrive at a final risk assessment (Davies and Vethaak, 2012). 

5. Monitoring acute pollution events for the quantification of acute chemical spills, 

specifically of oil and its products, but not excluding others (Common Indicator 

13 Occurrence, origin and where possible extent of acute pollution events)  

 

The UNEP/MAP-Barcelona Convention and its Prevention and Emergency Protocol aimat the 

protection of the environment against oil and chemical spills with a coherent coverage and equal level 

of protection for the entire Mediterranean Sea.. The Regional Marine Pollution Emergency Response 

Centre for the Mediterranean Sea (REMPEC) is responsible for the prevention of, preparedness for 

and response to marine pollution. In this regard, the Centreôs database on alerts and accidents in the 
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Mediterranean Sea contains data on accidents causing or likely to cause pollution of the sea by oil 

(since 1977) and by other harmful substances (since 1989). 
7
 

While there should be no overlap or double work with existing provisions, the guidance on integrated 

monitoring should here ensure that all aspects are being covered under the various frameworks, that 

monitoring information is exchanged between the networks and that potential for a cost effective 

integrated monitoring is used.  

The operational objective contains two different criteria: 

Å Occurrence, origin, extent. 

Å Impact on biota physically affected. 

Å Monitoring efforts can therefore use the following methods for quantification: 

Å Quantification of oil and other chemical spills and their size by observation and reporting. 

Å Satellite radar images, plane observation and imaging approaches. 

Å Backtracking of oil spills to their source by hind cast modelling. 

Å Fingerprinting using chemical analysis (GC-MS) and comparison with possible sources. 

 

The organizational framework under which the monitoring of oil and other chemical spills is being 

dealt with under the UNEP/MAP Barcelona Convention is REMPEC. Mediterranean coastal States, 

contracting Parties to the 2002 Prevention and Emergency Protocol to the UNEP/MAP Barcelona 

Convention, committed themselves (Article 9 of the Prevention and Emergency Protocol) to inform 

each other, either directly or through the Regional Centre (i.e. REMPEC) on: 

Å all accidents causing or likely to cause pollution of the sea by oil and other harmful substances 

Å the presence, characteristics and extent of spillages of oil or other harmful substances 

observed at sea which are likely to present a serious and imminent threat to the marine 

environment or to the coast or related interests of one or more of the Parties; 

Å their assessments and any pollution combating actions taken or envisaged to be taken 

Å the evolution of the situation. 

 

In relation to their obligations under the abovementioned Article 9 of the Prevention and Emergency 

Protocol, at their Fifth Ordinary Meeting, the Contracting Parties to the UNEP/MAP Barcelona 

Convention adopted the Guidelines For Co-operation In Combating Marine Oil Pollution In The 

Mediterranean (UNEP/IG.74/5, UNEP/MAP, 1987) which recommend Parties to report to REMPEC 

at least all spillages or discharges of oil in excess of 100 cubic metres.
8
 

Article 18 of the UNEP/MAP Barcelona Convention Protocol for the Protection of the Mediterranean 

Sea against Pollution Resulting from Exploration and Exploitation of the Continental Shelf and the 

Seabed and its Subsoil, states that in cases of emergency the Contracting Parties shall implement 

mutatis mutandis the provisions of the Emergency Protocol. 

 

While Contracting Parties are under the obligation for the above monitoring, data submitted to 

REMPEC is stil scarce. Thus the main aim during the Initial Phase of the Integrated Monitoring is to 

strengthen monitoring efforts towards this already existing obligation.  

 

At the same time, for the further development of the Integrated Monitoring and Assessment 

Programme, it is recommended to analyse closer the links in between acute pollution events and their 
                                                           

 

 
8
 . http://www.rempec.org/admin/store/wyswigImg/file/News/Forthcoming%20Meetings/MEDEXPOL2013/E-

%20Reference%20Documents/E-%20REMPEC%20-%20Guidelines%20for%20co-

operation%20in%20combating%20marine%20poll%20in%20the%20med.pdf  

http://www.rempec.org/admin/store/wyswigImg/file/News/Forthcoming%20Meetings/MEDEXPOL2013/E-%20Reference%20Documents/E-%20REMPEC%20-%20Guidelines%20for%20co-operation%20in%20combating%20marine%20poll%20in%20the%20med.pdf
http://www.rempec.org/admin/store/wyswigImg/file/News/Forthcoming%20Meetings/MEDEXPOL2013/E-%20Reference%20Documents/E-%20REMPEC%20-%20Guidelines%20for%20co-operation%20in%20combating%20marine%20poll%20in%20the%20med.pdf
http://www.rempec.org/admin/store/wyswigImg/file/News/Forthcoming%20Meetings/MEDEXPOL2013/E-%20Reference%20Documents/E-%20REMPEC%20-%20Guidelines%20for%20co-operation%20in%20combating%20marine%20poll%20in%20the%20med.pdf
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effects on biota and develop specific assessment criteria for this latter (see Mart²nez-G·mez et al., 

2010). 

6. Monitoring of contaminants in fish and other seafood used for human consumption 

(Common Indicator 14 Actual levels of contaminants that have been detected and 

number of contaminants which have exceeded maximum regulatory levels in 

commonly consumed seafood) 
 

Substances to be monitored 

Monitoring of contaminants in biota used for human consumption only measures contaminants in fish 

and other seafood for which regulatory limits have been set in national and international regulations 

for public health reasons
9
..The significance of an increase for specific contaminants in the marine 

environment through trend analysis should be regarded as an important element for inclusion in 

seafood monitoring. Similarly, when results from monitoring of contaminants in the marine 

environment indicate a very low likelihood for elevated levels in fish and seafood for human 

consumption, additional monitoring on these commodities is not justified.  

Monitoring should at least consider the following contaminants for which regulatory levels have been 

laid down: Heavy metals (lead, cadmium, and mercury), polycyclic aromatic hydrocarbons, dioxins 

(including dioxin-like PCBs). Additionally, further contaminants of relevance should be identified.  

Species 

The selection of the species to be used for monitoring should consider the following criteria: 

Å Species more prone to biomagnify/bio-accumulate specific classes of contaminants 

Å Species representative of the different trophic levels or habitats 

Å Species representative for entire (sub) region 

Å Species representing consumer habits 

 

Moreover, in order to make monitoring results more comparable between (sub) regions, it would be 

advisable to select a limited \number of target species from the most consumed species of fish and 

other seafood.  

Sample collection 

Only unprocessed products should be sampled for this purpose. A key element will be to analyse 

seafood in the sea from known locations. The monitoring of contaminants in seafood is executed by 

the responsible authorities in charge, which often are different from the authorities implementing the 

EcAp and its associated monitoring. Here, cooperation with authorities and environmental institutions 

in charge of health monitoring is strongly encouraged. Topics for coordination are: 

Å Providing information on the origin of the samples: Sampling of fish and seafood at retail 

stage shall only be done when all necessary conditions (e.g. avoid cross contamination, 

traceability to (sub) region) can be guaranteed 

Å Exploring synergies in the monitoring of marine top predators 

Å Exchanging information on data, approaches and methodologies between environmental 

monitoring institutions and human health risk related monitoring institutions  

 

                                                           
9
 A list of maximum levels for contaminants  in foods set by the FAO/WHO Codex Alimentarius Commission 

can be found at ftp://ftp.fao.org/codex/Meetings/cccf/cccf7/cf07_INFe.pdf 

ftp://ftp.fao.org/codex/Meetings/cccf/cccf7/cf07_INFe.pdf
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7. Monitoring microbiological pollution (Common Indicator 15: Percentage of 

intestinal enterococci concentration measurements within established standards) 
 

Taking into consideration that the Mediterranean Sea continues to attract every year an ever increasing 

number of international and local tourists that among their activities use the sea for recreational 

purposes, the issue of monitoring for potential microbiological pollution is of particular importance. 

Although the general situation has improved considerably in several parts of the region through the 

establishment of sewage treatment plants and the construction of submarine outfall structures, the 

matter is still of major concern in a number of areas and the quality of recreational waters needs 

regular monitoring. 

Revised Mediterranean guidelines for bathing waters were formulated in 2007 based on the WHO 

guidelines for ñSafe Recreational Water Environmentsò and on the EC Directive for ñBathing 

Watersò. The proposal was made in an effort to provide updated criteria and standards that can be used 

in the Mediterranean countries and to harmonize their legislation in order to provide homogenous data.  

The values agreed for the Mediterranean region in COP 17 (Decision IG.20/9 Criteria and Standards 

for bathing waters quality in the framework of the implementation of Article 7 of the LBS Protocol, 

(UNEP/MAP, 2012) are presented in Table 4 and could be used to define GES for the indicator on 

pathogens in bathing waters.  

By definition monitoring for the assessment of GES for bathing waters is expected to be close to the 

shore, but the threshold is valid on a regional level. Therefore, the category A or B values could be 

defined as a GES threshold for intestinal enterococci in bathing waters in the Mediterranean. 

 

Table 4.  Water quality criteria for intestinal enterococci in bathing water 

 

 

 

 

 

 

 

 

* 95th percentile intestinal enterococci/100 mL (applying the formula 95th Percentile = antilog (ɛ + 

1,65 ů) 

** 90th percentile intestinal enterococci/100 mL (90th Percentile=antilog (ɛ + 1,282 ů), ɛ=calculated 

arithmetic mean of the log10 values; ů= calculated standard deviation of the log10 values. 

8. Quality Assurance and Quality Control of contaminants monitoring 
 

The accuracy and comparability of the data collected is a key requirement for the assessment and 

description of environmental status and for the assessment of anthropogenic influences and required 

measures. Quality assurance (QA) and quality control (QC) measures ensure that monitoring results of 

stated quality are obtained across the Mediterranean Region and at any time.  

 

Category A B C D 

     

Limit 

values  

<100*  101-

200*  

Up to 185**  >185**(1)  

     

Water 

quality  

Excellent

quality  

Good 

quality  

Sufficient  Poor quality/ 

Immediate 

Action  
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Much effort has been made by the MAP Secretariat so that the Contracting Parties would be in a 

position to generate accurate data on marine contaminants. UNEP/MAP MED POL will continue to 

collaborate with the International Atomic Energy Agency and the specific Marine Environmental 

Studies Laboratory (MESL), based in Monaco. 

The MESL produces Certified Reference Materials (for trace elements and organic compounds in 

sediment and marine biota) and develops fit-for purpose Recommended Analytical Methods for the 

analysis of contaminants in marine samples. Also, in collaboration with Regional Organisations and 

national authorities, MESL organises Proficiency Tests and Training Courses on the analysis of 

contaminants of concern. 

 

9. Reference methods and guidelines for marine pollution monitoring under 

UNEP/MAP MED POL  
 
In the framework of the LBS Protocol, UNEP/MAP is assisting Mediterranean Contracting Parties in 

the assessment of the state of the marine environment and of its resources, of the sources and trends of 

pollution and the impact of pollution on human health, marine ecosystems and amenities. In order to 

assist the countries and to ensure that the data obtained through this assessment can be compared on a 

world-wide basis and thus contributing to the Global Environmental Monitoring System (GEMS) of 

UNEP, a set of reference methods and guidelines for marine pollution studies, covering technical 

aspects of monitoring, sample selection, preservation and analysis, have been developed and 

recommended to be adopted by Governments participating in the Regional Seas Programme. The 

methods and guidelines have been prepared in cooperation with the relevant specialised bodies of the 

United Nations system (WHO, FAO, IAEA, IOC) as well as other organisations and are tested by 

competent experts. The Methods and Guidelines are periodically revised taking into account the 

development of our understanding of the problem, of analytical instrumentation and the actual need of 

the users. The Marine Environment Laboratory of the International Atomic Energy Agency (IAEA ) in 

Monaco is responsible for the technical co-ordination of the development, testing and intercalibration 

of Reference Methods.  

The Reference Methods for the analysis of pollutants in water, sediment and biota, in the framework 

of the UNEP/MAP-UNEP/MAP MED POL, can be found at www.unepmap.org (Document and 

publications; Library Resources; Reference Methods). UNEP/MAP has recently updated selected 

recommended methods to be used as appropriate for monitoring of contaminants in the marine 

environment.  
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ECOLOGICAL OBJECTIVE 09: Contaminants cause no significant impact on coastal and marine ecosystems and human health 

 

Common Indicator 

description 

 

DESCRIPTION 

Parameters and/or 

Elements, 

matrix  

Assessment 

Method 

Monitoring Guidelines, data and existing 

QA/QC 

Sampling and Analysis Reference Methods 

Recommendations 

/Additional work, data needed 

Common Indicator 

11, COP18 indicator 

number 9.1.1: 

Concentrations of 

key harmful 

contaminants in the 

relevant matrix 

(biota, sediment, 

seawater) 

 

With Operational 

Objective of 

(9.1. in COP18 

Decision): 

Concentration of 

priority contaminants 

(as listed under the 

UNEP/MAP 

Barcelona 

Convention and LBS 

Protocol) is kept 

within acceptable 

levels and does not 

increase  

 

Pressure indicator 

Hg, Cd, Pb, PCBs, 

halogenated 

pesticides (aldrin, 

dieldrin, HCB, 

lindane, ɆDDTs), 

PAH.  

 

In sediment and 

representative biota 

(bivalves i.e Mytilus 

galloprovincialis, 

fish i.e. Mullus 

barbatus). PAHs in 

fish are not 

considerd 

representative. 

 

 

 

Aluminum (AL) and 

Organic 

Carbon(OC) 

measurements in 

sediment  for testing 

normalization 

purposes 

 

pH in seawater to 

measure 

UNEP/MAP MED POL State 

and Temporal Trend 

Monitoring Programme  

 

At least annually, for biota 

(for mussels at the pre-

spawning period and for fish 

at the non-spawning period) 

and every 4-6 years for 

sediments in low 

sedimentation areas,  

(annually for sediments in 

high sedimentation areas 

including estuaries and 

harbours), at the most stable 

hydrographic conditions.  

UNEP/MAP MED POL Programme for the 

Assessment and Control of 

Pollution in the Mediterranean Region 

MAP Technical Reports Series No. 120   

 

QA/QC through UNEP/MAP MED 

POL/IAEA MESL 

 

Sampling Analysis Reference Methods are 

listed in the Integrated Monitoring Guidance 

document.  

Further contaminants may be added 

following countries specificities and/or 

regional importance following a review 

and assessment of LBS Protocol Priority 

List of substances [such as another trace 

metals, TBT, PBDE, etc.] 

 

Specification of EAC required for trace 

metals in sediment and biota and PAH in 

sediments. Online expert group established 

to develop BAC and EAC as appropriate 

 

First estimates of background 

concentrations for trace metals in 

sediments and biota and PAHs in 

sediments are available from CP National 

Monitoring Programmes.  

 

Common decision needed on whether to 

develop methodology in order to include 

monitoring of oil affected seabirds 

(quantification, aimed at chronic oil 

pollution events not acute ones). 

 

Common decision needed on whether the 

indicator only covers (a) the period since 

the cut-off from data used for the 

UNEP/MAP MED POL initial assessment; 

(b) only the period from the start of the 
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Common Indicator 

description 

 

DESCRIPTION 

Parameters and/or 

Elements, 

matrix  

Assessment 

Method 

Monitoring Guidelines, data and existing 

QA/QC 

Sampling and Analysis Reference Methods 

Recommendations 

/Additional work, data needed 

acidification  

 

Monitoring of 

contaminants in 

seawater presents 

specific challenges 

and therefore 

recommended to be 

carried out on a 

country by country 

decision basis  

ECAP monitoring programme; or (c) a 

longer time period, e.g. in view of the 

interest to show the overall changes in the 

marine environment 

Common Indicator 

12, COP18 indicator 

number 9.2.1: 

Levels of pollution 

effects of key 

contaminants 

where a cause and 

effect relationship 

has been 

established   

 

With Operational 

Objective of 9.2  

Effects of released 

contaminants are 

minimized 

 

Impact indicator 

Lysosomal 

Membrane Stability 

(LMS) Tier 1 

mandatory 

biomarker on the 

basis of the 2-Tier 

approach 

 

Reduction of 

survival in air or 

Stress on Stress 

(SoS) Tier 2 

optional biomarker 

on the basis of the 

2-Tier approach. 

 

ȷcetylcholinesterase 

(AChE) assay as a 

method for 

assessing neurotoxic 

UNEP/MAP MED POL State 

and Temporal 

Trend Monitoring Programme 

 

Sampling minimum annually 

Or semi-annually in  

pre-spawning period (case of 

mussels) and in non-spawning 

period (in case of fish) 

MTS 120 

UNEP/MAP MED POL State and Temporal 

Trend Monitoring Programme  

 

Sampling minimum annually or semi-annually 

in the pre-spawning period in case of mussels. 

 

UNEP/RAMOGE: Manual on the Biomarkers 

Recommended for the UNEP/MAP MED POL 

Biomonitoring 

Programme. UNEP, Athens, 1999. 

 

UNEP/MAP, 2005. Fact sheets on Marine 

Pollution Indicators. WGUNEP(DEC) / MED/ 

WG.264 / Inf.14.  

 

Background document: stress on stress (SoS) 

in bivalve molluscs. Concepci·n Mart²nez-

G·mez and John Thain. In ICES Cooperative 

Research Report No 315.      

Further biomarkers may be added 

following countries specificities and/or 

regional importance recommendation list 

established by experts   

Ache and Micronucleus assay 

recommended to build the capacity of 

UNEP/MAP MED POL designated 

laboratories for a period of 3-4 years after 

which consideration whether adopted as 

mandatory components of the UNEP/MAP 

MED POL ECAP Monitoring Programme. 

 

 

For AChe BAC and EAC should be 

estimated for different geographical 

regions and include the differences in 

seawater T
0    

 

Several studies have demonstrated that 

Micronuclei baseline frequencies depend 
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Common Indicator 

description 

 

DESCRIPTION 

Parameters and/or 

Elements, 

matrix  

Assessment 

Method 

Monitoring Guidelines, data and existing 

QA/QC 

Sampling and Analysis Reference Methods 

Recommendations 

/Additional work, data needed 

effects in aquatic 

organisms.  Tier 2  

optional biomarker 

on the basis of the 

2-Tier approach. 

 

Micronucleus assay 

as a tool for 

assessing 

cytogenetic/DNA 

damage in marine 

organisms. Tier 2 

optional biomarker 

on the basis of the 

2-Tier approach. 

In bivalves (i.e. 

mussels Mytilus 

galloprovincialis) 

 

 

Background document: Acetylcholinesterase 

assay as a method for assessing neurotoxic 

effects in aquatic organisms  

Thierry Burgeot, Gilles Bocquen®, Joelle 

Forget-Leray, L½cia Guilhermino, Concepci·n 

Mart²nez-G·mez, and Kari Lehtonen. In  ICES 

Cooperative Research Report No 315. 

 

Background document: micronucleus assay as 

a tool for assessing cytogenetic/DNA damage 

in marine organisms  

Janina Barġienǟ, Brett Lyons, Aleksandras 

Rybakovas, Concepci·n Mart²nez-G·mez, 

Laura Andreikenaite, Steven Brooks, and 

Thomas Maes. In ICES Cooperative Research 

Report No 315. 

 

 QA/QC through UNEP/MAP MED POL 

Inter- 

calibra-tion exercises in agree-ment with 

University of Piemonte Orientale Italy 

(DiSAV) 

   

 In  ICES Cooperative  

on water temperature. 
 

Common decision needed on whether to 

develop methodology (including deciding  

on sentinel species) in order to  include 

monitoring for imposex in gastropods  for 

the effect of TBT. Decission  should be 

taken after a period of several years when 

imposex data are starting to be available 

for Mediterranean Region. 

Common Indicator 

13, COP18 indicator 

number 9.3.1 

Occurrence, origin 

All accidents 

causing or likely to 

cause pollution of 

the sea by oil and 

Quantification of oil and other 

chemical spills and their size 

by observation and reporting. 

 

UNEP MAP Emergency Protocol Reporting 

Guidelines available through REMPEC  

 

Report available through REMPEC (POL 

Contracting Parties would need to improve 

reporting of information to REMPEC as 

part of their commitments under the 

Emergency and Prevention and Emergency 
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Common Indicator 

description 

 

DESCRIPTION 

Parameters and/or 

Elements, 

matrix  

Assessment 

Method 

Monitoring Guidelines, data and existing 

QA/QC 

Sampling and Analysis Reference Methods 

Recommendations 

/Additional work, data needed 

(where possible, 

extent of significant 

acute pollution 

events (e.g. slicks 

from oil, oil 

products and 

hazardous 

substances) and 

their impact on 

biota affected by 

thispollution  

 

With Operational 

Objective 9.3 

Acute pollution 

events are prevented 

and their impacts are 

minimized  

 

Pressure, Impact 

indicator 

other harmful 

substances 

 

The presence, 

characteristics and 

extent of spillages 

of oil or other 

harmful substances 

observed at sea 

which are likely to 

present a serious 

and imminent threat 

to the marine 

environment or to 

the coast or related 

interests of one or 

more of the Parties; 

 

Their assessments 

and any pollution 

combating actions 

taken or envisaged 

to be taken 

 

The evolution of the 

situation. 

Optional utilization of:  

¶ Satellite radar images, 

plane observation and 

imaging approaches  

¶ Backtracking of oil 

spills to their source 

by hind cast 

modelling; 

¶ Fingerprinting using 

chemical analysis 

(Gas 

Chromatography-

Mass Spectrometry) 

and comparison with 

possible sources 

REP) for reporting   to REMPEC spills in 

excess of 50m
3 
For lower levels reporting 

should be at the discretion of the countries. 

Sampling analysis, reference methods are 

available through REMPEC/IMO. 

Protocols.  

 

Common indicator 

14,  

COP18 Indicator 

9.4.1: 

Actual levels of 

At least the 

following 

contaminants for 

which regulatory 

levels have been 

Assessment of the results of 

monitoring 

executed/commissioned by the 

pertinent authorities 

responsible for health 

Monitoring executed/commissioned by the 

authorities responsible for health monitoring, 

of contaminants in fish and other seafood used 

for human consumption.  

 

This type of monitoring was not included 

under UNEP/MAP MED POL Phase IV.  

 

It is recommended that to connect the 

required monitoring data to the 
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Common Indicator 

description 

 

DESCRIPTION 

Parameters and/or 

Elements, 

matrix  

Assessment 

Method 

Monitoring Guidelines, data and existing 

QA/QC 

Sampling and Analysis Reference Methods 

Recommendations 

/Additional work, data needed 

contaminants that 

have been detected 

and number of 

contaminants which 

have exceeded 

maximum 

regulatory levels in 

commonly 

consumed seafood 

 

With Operational 

Objective 9.4: 

Levels of known 

harmful 

contaminants in 

major types of 

seafood do not 

exceed established 

standards  

 

Pressure, Impact 

indicator 

laid down: Heavy 

metals (Pb, Cd, Hg), 

PAH, dioxins 

including dioxin-

like PCBs)  

 

monitoring  for cases for 

which monitoring of 

contaminants under indicator 

9.1.1 (and possibly 9.2.1) 

show cause for concern 

.   

 UNEP/MAP MED POL Database by the 

Contracting Parties. 

 

In order to make monitoring results more 

comparable between sub- regions it would 

be advisable to select a limited number of 

target species from the most consumed 

species of fish and other seafood. 

 

A list of maximum levels for contaminants 

in foods set by the FAO/WHO Codex 

Alimentarius Commission can be found at: 

ftp://ftp.fao.org/codex/Meetings/cccf/cccf7/ 

cf07_INFe.pdf 

Common indicator 

15,  

COP 18 Indicator 

9.5.1: 

Percentage of 

intestinal 

enterococci 

measurements 

Intestinal 

enterococci in 

seawater in bathing 

and other 

recreational areas  

 

UNEP/MAP MED POL/WHO  

 

Bathing and Recreational 

Water Monitoring Programme 

 

Sampling fortnightly in spring 

and summer to autumn 

Criteria and Standards for Bathing Waters in 

the Mediterranean Region. COP 17 Decision 

IG 20/9  

QA/QC available through UNEP/MAP MED 

POL/ WHO 

ISO 7899-2 based on membrane filtration 

technique or any other 

approved technique 
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Common Indicator 

description 

 

DESCRIPTION 

Parameters and/or 

Elements, 

matrix  

Assessment 

Method 

Monitoring Guidelines, data and existing 

QA/QC 

Sampling and Analysis Reference Methods 

Recommendations 

/Additional work, data needed 

within established 

standards 

With Operational 

Objective 9.5: 

Water quality in 

bathing waters and 

other recreational 

areas does not 

undermine human 

health  

Pressure, Impact 

indicaotr 
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III. MONITORING AND ASSESSMENT M ETHODLOGICAL GUIDANCE ON EO10: 

MARINE LITTER  
 

1. Introduction  
 

In the UNEP/MAP Barcelona Convention/LBS Protocol system, the monitoring of marine litter is 

regulated both through the Regional Plan on Marine Litter management (herein after referred to as 

MLRP ), adopted by COP 18, 2013 and the COP18 EcAp Decision. The latter specified the key 

relevant marine litter ecological and operational objectives as well as a set of three  ML state 

indicators. 

 

Article 12 of the MLRP provides for a Mediterranean Marine Litter Monitoring Programme, which 

will be in synergy with the relevant international and regional guidelines including the relevant work 

carried out under the EU MSFD.  

The EcAp CorGest meeting held in February 2014 adopted EcAp marine litter common indicators 

(common indicators 16-17) and one candidate indicator (candidate common indicator 18).  

Special attention was paid to two key relevant documents on marine litter monitoring namely the 

UNEP Operational Guidelines for Comprehensive Beach Litter Assessment (Cheshire et al. 2009) and 

the ñGuidance on Monitoring of Marine Litter in European Seasò produced between 2012 and 2013 by 

the European Union Task Group on Marine Litter (TSG ML ). Both aforementioned documents were 

presented as information documents UNEP DEPI (MED) WG 394. Inf.4 and UNEP DEPI (MED) WG 

394. Inf.5 for the EcAp Coordination Group in September 2015. 

The recent overviews by UNEP (Cheshire et al, 2009), and by NOAA, (Opfer et al. (2012), are the 

most comprehensive and useful overviews for monitoring methods on the coast. The UNEP overview 

includes a comprehensive comparison of existing marine litter survey and monitoring methods and 

protocols in which beach surveys were assessed. Much of the information included in the TSG ML 

report for the monitoring of beach litter is taken from the UNEP Operational Guidelines for 

Comprehensive Beach Litter Assessment (Cheshire et al., 2009) and the NOAA Marine Debris 

Shoreline Survey Field Guide (Opfer et al., 2012).  

The objective of the ñGuidance on Monitoring of Marine Litter in European Seasò is to provide EU 

Member States with recommendations and information needed to implement harmonized monitoring 

programmes for marine litter. The report describes specific protocols and considerations to collect, 

report and asses data on marine litter, in particular beach litter, floating litter, seafloor litter, litter in 

biota and micro-litter.  

The TSG ML monitoring guidance document was developed through a collaborative programme 

involving the European Commission, all EU Member States, the Accession Countries and Norway, 

international organisations, including all the Regional Sea Conventions and other stakeholders and 

Non-Governmental Organisations. The document should be regarded as presenting an informal 

consensus position on best practice agreed by all partners. Dealing with a topic under development 

through research efforts and by fast growing experience this guidance is regarded as a living document 

to be regularly reviewed.  

All the protocols suggested by TSG-ML are aimed mainly at assessing environmental status and 

environmental targets. All protocols can supply quantitative data, and allow the assessment of trends. 

The beach litter protocol is also designed to identify sources by using a detailed list of identifiable 

items, while other protocols can do this to some extent through their lists of items, but also by 

modifying the sampling strategy (where and when to sample) to match the likely effects of specific 

measures. 

In their analysis of the protocols, the issue of compatibility and coherence has been important. Most of 

the protocols proposed can be applied across the Regional Seas scale. However, some of the protocols 
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for litter in biota cannot be identical, for the simple reason that the proposed species do not all occur 

across the Regional Seas.  

A complete analysis of risk should ideally include quantitative knowledge of harm. An analysis of 

harm will be a focus area for future work. In the event of insufficient quantitative data availability on 

harm, the risk-based approach is chosen to be addressed by an assessment of where the amounts of 

litter are likely to be highest or the type of litter which has the largest impact (e.g. microplastics). 

Already in the selections of protocols a degree of risk-based approach is used. For example, it is 

proposed to measure litter on the sea surface rather than in the whole water column, because pilot 

studies indicate that litter quantities are higher on the sea surface. Similarly, the protocols for 

monitoring on the sea floor propose to assess where litter tends to accumulate (e.g. through pilot 

studies or oceanographic modelling), and then to direct monitoring towards such areas. While there 

may be problems to generalize the results from this kind of monitoring to other areas, such strategies 

are in line with a risk-based approach.  

As  mentioned above in the document, due to lack of experience on marine litter monitoring within the 

UNEP/MAP MED POL programme, the Secretariat has developed the present working document 

drawing largely  on the above mentioned UNEP Operational Guidelines for Comprehensive Beach 

Litter Assessment and on the Guidance on Monitoring of Marine Litter in European Seas. 

 

2. Establishing a monitoring framework for marine litter in the Mediterranean  
 

The COP18 EcAp Decision includes definitions of GES and targets for marine litter indicators. These 

indicators refer to litter washed ashore or deposited on coastlines, litter in the water column, including 

microplastics, and on the seafloor and litter ingested by or entangling marine organisms, especially 

marine mammals, seabirds and marine turtles.   

Fulfilling the monitoring requirements under the Regional Plan on Marine Litter and under EcAp is a 

major undertaking, and resources for monitoring can be limited. Contracting Parties are, therefore, 

faced with the decision of what to monitor, and whether it is essential to assess litter amounts, in all of 

the environmental compartments mentioned above. It is then important to remember that these 

different compartments can indicate different pathways and sinks for marine litter, and do not 

necessarily substitute each other.  

Our present understanding of litter in the marine environment, which is based on information for only 

a subset of these compartments, is not sufficient to draw conclusions about the trends and amounts of 

litter, in the various size categories, in the total marine environment. Biota indicators have a different, 

but not less important, function: they give an indication of possible harm. Furthermore, the 

compartments selected for monitoring should also provide information for the identification of 

sources, not only in terms of the nature and purpose of the items, but also their original source (which 

can be related to unsuitable or accidental disposal), and the pathway through which the item entered 

the marine environment. Again, this may vary among the different environmental compartments. At 

the same time, it is acknowledged that the protocols/methods such as those listed in the TSG-ML 

report have different degrees of maturity, i.e. to what extent they are tested in the field, and are in 

common use.  

It is strongly recommended that Contracting Parties, which currently have plans to monitor only in a 

subset of environmental compartments, to start with small pilot research or development projects in 

other compartments. This would provide baseline data to make an informed decision about future, full-

scale monitoring programmes.  Without information on trends and amounts, in all the marine 

compartments, a risk-based approach to litter monitoring and measures is not possible. 

A considerable number of citizens, communities (NGOs, civil society initiatives) and environmental 

protection associations and institutes across the Mediterranean are already taking part in activities to 

tackle marine litter. The aim would be to enable them to participate in a Mediterranean regional 



UNEP(DEPI)/ MED WG.417/17 

Annex III, Appendix 2 
Page 40 

 

 

attempt to address marine litter issues as envisaged through the MLRP and to empower citizen 

networks to help improve the evidence base needed to reach the EcAp main objectives. 

 

 2.1. Some general considerations on spatial distribution of survey sites: site selection 

  strategies 

 

The strategy used to select sites is partly a statistical/technical issue but foremost it is related to the 

purpose of monitoring, a decision to be taken when a monitoring strategy is defined. The site selection 

strategy has fundamental consequences for the monitoring analysis, as has the selection of the survey 

method. Monitoring programmes are not compatible or comparable if they use the same survey 

methods, but different site selection strategies (e.g. special site selection on the basis of litter pollution 

levels, or a randomised selection of sites.)  

 

Sites can be chosen individually because they have certain characteristics and they represent what is 

needed for the CPs (maritime pollution, characterization of sources, etc.). This may be because they 

are considered to have certain environmental or societal values. For example, a beach that has a high 

number of visitors, because the beach is situated in a certain area, or simply because the site has heavy 

litter loads.  Usually, the site is revisited during subsequent surveys to assess trends.  The advantage of 

this approach is that if several sites are chosen for sharing the same characteristics, the litter load they 

receive is expected to be more similar than those chosen randomly and, therefore, the variation will be 

less than those chosen randomly. With this in mind, the ability to detect statistically significant trends 

will be increased. The main disadvantage of the strategy is that, as individual sites are chosen 

deliberately for special features, they are therefore different from other sites. Hence they may be less 

suitable for drawing conclusions about average litter levels etc. for a given region. It may add 

difficulty in interpreting statistical results for technical and philosophical reasons. 

Sites may be chosen randomly from a large number of possible sites, meeting certain criteria based 

upon the method and the monitoring purpose. Sites may be revisited or chosen for each monitoring 

occasion; the important issue is how they were selected in the first place, e.g. a random selection from 

many possible sites. The main advantage of this strategy is that results can be extrapolated to other 

possible sites, i.e. we can use the results to draw conclusions about larger areas. Nevertheless, the 

variation among sites can be high, making it difficult and costly to find statistically significant trends.  

In practice, these two strategies are rarely used in their pure form. Instead a combination is used which 

is sometimes referred to as, ñstratified randomised sampling strategyò. Sites meeting certain criteria 

are (more or less) randomly chosen. The criteria may include geographic, environmental, societal and 

other factors. An example would be to choose sites that are close to harbours, to monitor effects of 

pollution from harbours, and/or sites that are situated in relatively remote areas, to monitor large-scale 

pollution levels without strong influence from local sources. This is compatible with a risk-based 

approach. Priority should be given to monitoring programmes that measure environmental status and 

trends, in sites where the risk of harm is greatest. The criteria for the site selection should then be 

based on prediction of potential harm. Prediction of potential harm could be based on practical 

knowledge of which environmental values are most sensitive to harm. However, the current 

understanding of how different species or biotopes react to litter is insufficient, and should be further 

researched. Another approach to harm may be based on aspects that are particularly ñvaluableò to 

society for other reasons e.g. economically, socially or environmentally. A third approach is to assume 

that harm is more likely to occur in areas/environments where there is a lot of litter and select sites 

based on screening monitoring to identify them. While this option may be practical and make sense in 

terms of societal needs, it is important to remember that we do not know if statistical trends from such 

sites are representative of other sites (probably not), but represent a ñworst caseò scenario.  

One way to make best use of limited resources is to take advantage of other studies and programmes 

where litter monitoring can be integrated (what is called ñopportunities to reduce costsò). An example 

is to combine monitoring for litter on the sea floor with scientific trawling for fish stock biomass 
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estimation (such as under the Mediterranean International Trawl Survey, MEDITS). In such a case, the 

selection of sites is designed for the original monitoring programme purpose, and representation of 

other areas are already defined. Where use of such a scheme is made, it is important to analyse the 

sampling strategy to assess if this is suitable for litter monitoring too. 

For marine litter, a stratified, randomised sampling strategy where possible is advocated. Also, that the 

purposes of the monitoring programmes define the criteria for selecting sites. Simplification is 

necessary when resources are limited, and concentration of monitoring effort is the logical result. 

 

Monitoring for trend analysis: Statistical power or how many sampling stations are  needed to detect a 

change? 

The ability of a monitoring programme to show a statistically significant trend or difference is called 

statistical power. Statistical power is influenced by the magnitude of the trend, the variation among 

replicates, and the number of replicates. 

The magnitude of the trend is a characteristic of the combined effect of the environment and our (miss) 

handling of litter. In that sense, the magnitude of the trend is dependent on the action we take against 

litter. When designing a monitoring programme an important decision is related to the magnitude of 

change we wish to detect. It is of course easier to detect a large trend than a small trend. The smaller 

the magnitude we want to detect, the more comprehensive the monitoring programme needs to be. If 

the action plans to tackle marine litter aim at reducing litter amounts significantly, then monitoring 

programmes can detect real changes. 

The number of replicates is something that is easy to change given sufficient resources. Replicates, in 

the case of litter trends, are a combination of monitoring sites and monitoring occasions. Using the 

same amount of sites, the ability to detect a significant trend increases with time. In monitoring 

programmes, which often are complex with multiple temporal and spatial layers, the actual number of 

replicates is less easy to define. 

The variation among replicates is a characteristic of the system studied. All biological systems tend to 

be very variable. To a certain extent, we can influence this by having well defined monitoring 

protocols and quality assessments, to minimize the added variation due to handling. More important, 

however, is the ability to decrease variation among sites, by introducing criteria for the sampling, as 

described in the section on site selection strategies above. This is not cutting corners or cheating, but it 

is important to realize that the possibility to extrapolate to un-sampled sites decreases.  

Common to all three factors influencing statistical power is that they are case specific. It is not 

possible to give general advice on how many replicates are adequate, except to say the more the better. 

Firstly, decisions about the purpose of a specific monitoring programme, and what the sites should 

represent have to be made. Then some estimate of variation is necessary. The data on variation should, 

ideally, come from a pilot study using the same sites. Otherwise data from similar programmes can be 

used. Only then can calculations of statistical significance be made, and thus the required number of 

sites for the monitoring programme be arrived at. 

An important and encouraging fact is that it is of value to start a monitoring programme even if the 

initial resources are limited. The initial data from monitoring can nevertheless be used for subsequent 

trend analysis (albeit with reduced statistical power), but more importantly, the data collected can be 

used to refine the design of the programme, including power calculations. 

Power calculations for litter monitoring, using methods suggested in this report, have been made for 

some protocols, e.g. the Sea-bird litter ingestion protocol applied to Fulmars. 

 



UNEP(DEPI)/ MED WG.417/17 

Annex III, Appendix 2 
Page 42 

 

 

A possible challenge in monitoring of time trends of microparticles 

Microparticles in the marine environment may enter directly as such from synthetic textile fragments, 

plastic particles used in cosmetic, or industrial cleansers, etc.), but they can also result from the 

progressive fragmentation of larger pieces or items already present in the sea. If the former source is 

the dominant, conclusions may be drawn from fluctuation of trends. If the latter is the main source it is 

more problematic. Then it is possible to interpret increasing or decreasing trends as a net input of 

fragments or microparticles into the marine environment, when the increase may be caused by changes 

in the rate of breakdown of larger particles, i.e. not caused by a change in the overall amount of marine 

litter. 

 2.2. Some general considerations regarding Quality Assessment/Quality Control  

  approaches and requirements  

 

Since important decisions will be taken, based on the results obtained by monitoring programmes, it is 

important that the data generated is of acceptable quality. In order to ensure the quality and integrity of 

marine litter monitoring data, investment must be made in the capacity-building of national, regional 

and local survey coordination and management.  

The use of quality control and assurance measures, such as inter-calibrations, use of reference material 

where appropriate, and training for operators should accompany the implementation of adopted 

monitoring protocols. These approaches should be developed in the context of dedicated research. 

The value of the monitoring programmes results can be enhanced where a standard list of litter items 

is used as a basis for preparing assessment protocols. A master-list of categories of litter items has 

been prepared by TSG-ML. The use of appropriate field guides with examples of each litter type will 

assist survey team members (particularly volunteers) to be consistent in litter characterization. Such 

field guides should be coupled to the master list of litter items, and be made available over the web to 

increase consistency between survey teams working at remote locations. 

The use of standard lists and definitions of items will enable the comparison of results between regions 

and environmental compartments. Items can be attributed to a given source e.g. fisheries, shipping etc. 

or a given form of harm e.g. entanglement, ingestion etc. The value of monitoring results can be 

increased further by identifying the main sources of marine litter pollution, and the potential level of 

harm that marine litter may inflict. This will enable a more target-orientated implementation of 

measures. Throughout the period 2013-2014, the TSG-ML will further elaborate on approaches to link 

detailed categories of items to the most probable source, and to other important strategic parameters 

which can help design and monitor measures and UNEP/MAP may also benefit from this work. 

 

3. Monitoring of litter washed ashore and/or deposited on coastlines (Common 

indicator 16, Trends in the amount of litter washed ashore and/or deposited on 

coastlines, ie Beach Litter)  
 

 3.1. Introduction to Beach Litter  

 

The recent overviews by UNEP, in Cheshire et al. (2009), and by NOAA, in Opfer et al. (2012), are 

the most comprehensive and useful overviews for monitoring methods on the coast. The UNEP 

overview includes a comprehensive comparison of existing marine litter survey and monitoring 

methods and protocols in which beach surveys were assessed (Cheshire et al., 2009). 

Much of the information included in the Final Report of TSG ML is taken from the UNEP Operational 

Guidelines for Comprehensive Beach Litter Assessment (Cheshire et al., 2009) and the NOAA Marine 

Debris Shoreline Survey Field Guide (Opfer et al., 2012).  
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When designing marine litter surveys it is necessary to differentiate between standing-stock surveys, 

where the total load of litter is assessed during a one-off count, and the assessment of accumulation 

and loading rates during regularly repeated surveys of the same stretch of beach with initial and 

subsequent removal of litter.  

Both types of survey provide information on the amount and types of litter, however, only the 

accumulation surveys provide information on the rate of deposition of litter and trends in litter 

pollution.  As the ECAP requires an assessment of trends in marine litter recorded on coastlines only 

methods for the assessment of accumulation would be recommended.  

The type of survey selected depends on the objectives of the assessment and on the magnitude of the 

pollution on the coastline. A single survey method has been recommended by TSG-ML with different 

spatial parameters for light to moderately polluted coastline and for heavily polluted coastlines 

 3.2. Requirements of a harmonised protocol 

 

The comparison of beach litter data between assessment programmes is the primary aim of a 

harmonised protocol. Comparison is difficult if different methods, different spatial and temporal 

scales, different size scales of litter items and different lists or categorisation of litter items recorded on 

beaches are used within the Regional Seas  

The type of survey selected depends on the objectives of the assessment and on the magnitude of the 

pollution on the coastline. A single survey method is recommended by the TSG-ML, with different 

spatial parameters for light to moderately polluted coastline and for heavily polluted coastlines. 

Amounts of litter on the shore can be relatively easily assessed during surveys carried out by non-

scientists using unsophisticated equipment. Coastal surveys are thus a cost effective way of obtaining 

large amounts of information.  The litter deposited on the coastline can vary greatly between sites and 

seasons, affected by hydrographical and geomorphological characteristics of the area (e.g. prevailing 

winds and currents, exposure of the beach to the sea) but also depending on the use of the coast (e.g. 

larger amounts can be deposited during the tourist season or during special events). Therefore, coastal 

surveys should focus on fixed sites, which fulfil the requirements of the protocol, and the timing of the 

survey (i.e. season) should take into account the potential sources of litter to the site (e.g. flooding in 

rainy seasons may increase the amounts). Sites can be placed far from known sources, in order to 

better reflect reference values for background litter pollution levels, or close to potential sources. By 

using temporal trends for assessments, both of the survey strategies give important information for 

managers. 

 

  3.2.1 Amounts, composition, distribution and sources of Beach Litter 

Amounts of litter on the shore can be relatively easily assessed during surveys carried out by non-

scientists using unsophisticated equipment. Coastal surveys are thus a cost effective way of obtaining 

large amounts of information.  The litter deposited on the coastline can vary greatly between sites and 

seasons, affected by hydrographical and geomorphological characteristics of the area (e.g. prevailing 

winds and currents, exposure of the beach to the sea) but also depending on the use of the coast (e.g. 

larger amounts can be deposited during the tourist season or during special events). Therefore, coastal 

surveys should focus on fixed sites, which fulfil the requirements of the monitoring protocol, and the 

timing of the survey (i.e. season) should take into account the potential sources of litter to the site (e.g. 

flooding in rainy seasons may increase the amounts). Sites can be placed far from known sources, in 

order to better reflect reference values for background litter pollution levels, or close to potential 

sources. By using temporal trends for assessments, both of the survey strategies give important 

information for managers. 
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Trends in amounts of litter 

The variation in the amount of litter present on a given beach between surveys and the variation 

between beaches, even in the same region, can be extremely large. This makes the identification of 

trends difficult, especially taking into account seasonal variations. Moreover, as litter accumulates on 

beaches, surveys should be carried out at regular intervals in time so that the accumulation periods are 

approximately of the same length. 

Composition of litter 

The assessment of composition of litter is one of the great strengths of coastal assessments. A detailed 

assessment of litter composition provides information on potential harm to the environment and in 

some cases on the source of the litter found. The assessment of composition must follow commonly 

agreed categories in order to provide results which are comparable over larger regions. 

Spatial distribution 

Amount and composition of marine litter varies over geographical scales and reflects hydrographical 

(e.g. currents, wave exposure, wind directions) and geomorphological (e.g. steepness of a shore, 

amounts of inlets islands) characteristics of the coast. Hydrographical characteristics determine the 

amount of litter accumulating in waters adjacent to the coast, whereas geomorphological 

characteristics determine how much of this litter becomes washed ashore.   

Sources of marine litter 

The source of litter found on the coast can be clearly identified for some litter items. These are mostly 

items which originate from fisheries, or debris flushed down sewerage systems. Even with these items 

some caution is needed e.g. a fish box may originate from a fishing vessel or from a fishing port.  

A comprehensive master list of items and categories has been developed within the TSG-ML. The 

sources for some items need to be designated at a regional level, because initial assessments of litter 

on coastlines show that sources for a given item can be different between regions.  

The master list will enable at least a rough estimate of the sources of litter found on coastlines, but it 

should be evaluated in survey sites against known local sources. If detailed information is required it 

will, be necessary to carry out detailed research into the sources involved e.g. to identify between litter 

deposited directly on the beach by tourists and litter arriving on the beach from adjacent waters. In 

addition drift analysis of litter in adjacent waters could provide valuable information on its 

geographical origin.  

 

  3.2.2 Strategy for monitoring beach litter 

 

Selection of survey sites 

 

Ideally the selected sites should represent litter abundance and composition for a given region. Not any 

given coastal site may be appropriate, as they may be limited in terms of accessibility, suitability to 

sampling (sand or rocks/boulders) and beach cleaning activities. If possible the criteria below should 

be used: 

Å A minimum length of 100m; 

Å Clear access to the sea (not blocked by breakwaters or jetties) such that marine litter is not 

screened by anthropogenic structures; 

Å Accessible to survey teams year round, although some consideration needs to be; 

Å Ideally the site should not be subject to any other litter collection activities, although it is 

recognized that in many parts of Europe large scale maintenance cleaning is carried out 

periodically; in such cases the timing of non-survey related beach cleaning must be known 

such that litter flux rates (the amount of litter accumulation per unit time) can be determined. 
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Å Survey activities should be conducted so as not to impact on any endangered or protected 

species such as sea turtles, sea birds or shore birds, marine mammals or  sensitive beach 

vegetation; in many cases this would exclude national parks but this may vary depending on 

local management arrangements. 

Within the above constraints, the location of sampling sites within each zone should be stratified such 

that samples are obtained from beaches subject to different litter exposures, including: 

Å Urban coasts may better reflect the contribution of land-based inputs; 

Å Rural coasts may better reflect background values for litter pollution levels  

Å Coasts close to major rivers, if downstream from the prevailing drift, may better reflect the 

contribution of riverine input to coastal litter pollution. 

 

Number of sites 

At present there is no agreed statistical method for recommending a minimum number of sites that 

may be representative for a certain length of coast. This depends greatly on the purpose of the 

monitoring, on the geomorphology of the coast and how many sites that meet the criteria described 

above are available. The representativeness of survey sites should be assessed in pilot studies, where 

initially a large numbers of beaches are surveyed. Subsequently, selection of representative beaches 

from these sites should be made on the basis of a statistical analysis. 

Frequency and timing of surveys 

At least two surveys per year in spring and autumn are recommended and ideally 4 surveys in spring, 

summer, autumn and winter. However, because of the large seasonal variation in amounts of litter 

washed ashore, initially a higher frequency of surveys may be necessary in order to identify significant 

seasonal patterns, which can then be considered when treating raw data for long-term trend analyses. 

Preferably, the surveys for all participating beaches in a given region should be carried out within the 

shortest timeframe possible within a survey period. Coordinators within these regions should try and 

coordinate the survey dates between beaches. Furthermore a given beach should be surveyed on 

roughly the same day each year if possible.  

It should be kept in mind that circumstances may lead to inaccessible and unsafe situations for 

surveyors: heavy winds, slippery rocks and hazards such as rain, snow or ice, etc. The safety of the 

surveyors must always come first. Dangerous or suspicious looking items, such as ammunition, 

chemicals and medicine should not be removed. Inform the police or authorities responsible. If 

working on remote beaches it is recommended to work with a minimum of two people.   

Documentation and characterisation of sites 

It is very important to document and characterise the survey sites. As surveys should be repeated on 

exactly the same site the coordinates of the site should be documented. 

Sampling unit 

Once a beach is chosen sampling units can be identified. A sampling unit is a fixed section of beach 

covering the whole area between the water edges (where possible and safe) or from the strandline to 

the back of the beach. 

Å At least 1 section of 100m on the same beach, optimum 2 sections, are recommended for 

monitoring purposes on lightly to moderately littered beaches 

Å At least 2 sections of 100 m for heavily littered beaches (exceptionally 50m section with a 

normalisation factor of up to 100m to ensure coherence)  
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Permanent reference points must be used to ensure that exactly the same site will be monitored for all 

surveys. The start and end points of each sampling unit can be identified by different methods. For 

example numbered beach poles could be installed at the site or easily identifiable landmarks could be 

used. Coordinates obtained by GPS are useful for identifying the reference beaches especially where 

easily identifiable landmarks are lacking.  

 

Units (quantification) of litter 

Counts of items are recommended as the standard unit of litter to be assessed on the coastline.  

 

Collection and identification of litter items 

All items found on the sampling unit should be entered on survey forms. On the survey forms, each 

item is given a unique identification number. Data should ideally be entered on the survey form while 

picking up the litter. Collecting the litter first and identifying it later may alter numbers as collected 

litter tends to get more entangled or broken. 

Unknown litter or items that are not on the survey form should be noted in an appropriate ñother item 

boxò. A short description of the item should then be included on the survey form. If possible, digital 

photos should be taken of unknown items so that they can be identified later and, if necessary, be 

added to the survey form. 

A master list of litter categories and items is included in the TSG-ML Final Report. This master list 

includes a list of categories and items to be recorded during beach litter surveys. A reduced list for the 

Mediterranean, MSFD and OSPAR compatible (see annex), that  includes the most frequent items 

found in Mediterranean beaches may be considered and more useful and practical for the field work. 

This will also enable a coordinated and harmonized monitoring when operated by NGOs. 

It has been strongly recommended to produce regional photo guides including pictures of all litter 

items on the regional survey protocol. This will assist in the correct identification and allocation of 

recorded items.  

Size limits and classes of items to be surveyed 

There are no upper size limits to litter recorded on beaches. 

The lower limit of detection, when walking a beach, is probably somewhere around 0.5 cm (plastic 

pellets), however, it is doubtful that such small items can be monitored effectively using the standard 

protocol for Marine Litter and in a repeatable fashion during beach surveys.  

A lower limit of 0.5 cm in the longest dimension is recommended for litter items monitored during 

beach surveys. This would ensure the inclusion of caps & lids and cigarette butts in any counts.  

 

Removal and disposal of litter 

Removal of litter should be carried out at the same time as monitoring the litter. Coupling removal 

with monitoring ensures better accuracy of reporting and enables comparison of litter accumulation 

over time; It also has the added advantage of leaving a clean beach. It is important to note that only the 

100m ref section(s) need to be monitored and cleaned. Further areas of a beach can be cleaned without 

monitoring if surveyors/volunteers wish to do so.  

The litter collected should be disposed of properly. Regional or national regulations and arrangements 

should be followed. If these do not exist local municipalities should be informed. 

Larger items that cannot be removed (safely) by the surveyors should be marked, with for example 

paint spray (for marking trees) so they will not be counted again at the next survey. 
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Many municipalities will have their own cleaning programme, sometimes regularly, sometimes 

seasonal or incident related. Arrangements should be made with the local municipalities so that they 

either exclude the reference beach from their cleaning scheme or they provide their cleaning schedule 

so surveying can be carried out a few days before the municipality will clean the beach.  

Preferably a set time should be established for each beach between the date when the beach was last 

cleaned and the date when the survey is carried out. It is advisable to contact the municipality before 

starting a survey to obtain the latest information on beach cleaning activities. Sometimes an incident, 

for example a storm, will alter their cleaning programme. 

 3.3. Quality Assessment /Quality Control  for beach litter 

 

Based on the UNEP Guidelines (Cheshire et al., 2009), any long-term marine litter assessment 

programme will require a specific and focussed effort to recruit and train field staff and volunteers. 

Consistent, high quality training is essential to ensure data quality and needs to explicitly include the 

development of operational (field based) skills. Staff education programmes should incorporate 

specific information on the results and outcomes from the work so that staff and volunteers can 

understand the context of the litter assessment programme. 

Quality assurance and quality control should be primarily targeted at education of the field teams to 

ensure that litter collection and characterization is consistent across surveys. Investment in 

communication and the training of the country/regional and local survey coordinators and managers is 

thus critical to survey integrity. 

The quality assurance protocol of Ocean Conservancyôs National Marine Debris Monitoring Program 

(USA) required a percentage of all locations to be independently re-surveyed immediately following 

the scheduled assessment of litter (Sheavly, 2007). The collected litter from the follow-up survey 

could then be added to that of the main collection and could be used to provide an estimate of the error 

level associated with the survey.  

 3.4. Conclusion 

 

In order to enable temporal and spatial comparisons within and across regions, standard litter survey 

methods should, where possible, be applied at all levels (local to regional) and the assessment of its 

composition follows agreed categories of items. 

4.  Monitoring of litter at sea (Common Indicator 17 Trends in the amount of litter 

in the water column including microplastics and on the seafloor, so-called 

Floating Litter ) 
 

Note: Because of the low occurrence of litter in midwater,  it is recommended that the indicator focus 

on surface and seafloor litter 

            4.1. Introduction to floating litter  

 

There exists early documentation of the occurrence of man-made objects, mainly plastic, floating at 

sea (Venrick 1972, Morris, 1980). While significant actions in waste management and disposal have 

been taken, floating litter is still a concern. It poses a direct threat to fish, marine mammals, reptiles 

and birds. Harm can occur through ingestion of whole items or pieces or by feeding on larger litter 

items. Entanglement can occur by floating bags, nets and other fishing gear. It can be assumed that 

marine macro litter is a precursor of marine micro litter.   
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 4.2. Scope and key questions to be addressed 

 

Monitoring of litter at open sea and on long transects, is not currently addressed as this requires 

different approaches, in particular regarding the observation conditions provided by the ships used for 

the surveys and regarding the possibility to monitor smaller items. 

The fraction of litter under discussion, includes floating items in the water column close to the surface, 

as caused e.g. by the temporary mixing of floating particles under the water surface due to wave 

action. Litter in the deeper water column is currently not recommended for routine monitoring and 

should be subject of research efforts. 

 4.3. Existing approaches for visual ship-based observation of floating litter  

 

HELMEPA (Hellenic Mediterranean Protection Association) uses a fleet of ocean going member 

vessels on a voluntary basis to obtain monitoring data through a reporting sheet. The EcoOc®an 

Institut is performing monitoring of floating litter in parallel with monitoring of marine mammals in 

the north-western Mediterranean Sea. UNEP guidance considers both sampling of an area through a 

dedicated observation pattern and transect sampling for monitoring of surface floating litter (UNEP, 

2009).  

  4.3.1. Discussion of observation protocol elements 

The observation of floating marine litter from ships is subject to numerous variables in the observation 

conditions. They can be divided into operational parameters, related to the ship properties and 

observation location.  

The processing of the collected information, starting from the documentation on board, its 

compilation, elaboration and further use should be part of a protocol in order to derive comparable 

final results. The format should allow a compilation across different observing institutes and areas or 

regions. This would allow a plotting of floating litter distribution over time and thus finally allow the 

coupling with oceanographic current models. 

 

 4.4. Strategy for monitoring of floating litter  

 

  4.4.1 Source attribution of floating marine litter 

Due to the observation methodology, the source attribution for floating litter is challenging.  The type 

of marine litter objects can only be noted during very short visual observation. Therefore, in difference 

to beach litter, it is likely that only rough litter categories can be determined. 

The spatial distribution of floating marine litter instead gives, in combination about currents, and river 

information indications about the physical source, i.e. the litter input zone and its pathway, which is 

very valuable information about source strength and may help to design appropriate measures and 

check their efficiency. 

The monitoring of floating litter is very likely to be an iterative process during which in an initial 

phase hot spots and pathways are determined, while in an evolving monitoring programme selected 

transects help with the quantification of trends. 

  4.4.2. Spatial distribution of monitoring 

The monitoring of floating marine litter by human observers is a methodology indicated for short 

transects in selected areas. In a region with little or no information about floating marine litter 

abundance it might be advisable to start by surveys in different areas in order to understand the 

variability of litter distribution. The selected areas should include expected low density areas (e.g. 

open sea) as well as expected high density areas (e.g. close to ports). This will help to obtain 

maximum/minimum conditions and train the observers. Other selected areas (e.g. in estuaries), in the 
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vicinity of cities, in local areas of touristic or commercial traffic, incoming currents from neighbouring 

areas or outgoing currents should be considered.  

Based on the experience obtained in this initial phase, a routing programme including areas of interest 

should then be established. 

  4.4.3. Timing of floating marine litter monitoring    

The observation of floating marine litter is much depending on the observation conditions, in 

particular on the sea state and wind speed. The organization of monitoring must be flexible enough to 

take this into account and to re-schedule observations in order to meet appropriate conditions. Ideally 

the observation should be performed after a minimum duration of calm sea, so that there is no bias by 

litter objects which have been mixed into the water column by recent storms or heavy sea. 

The initial, investigative monitoring should be performed with a higher frequency in order to 

understand the variability of litter quantities in time. Even burst sampling, i.e. high sampling 

frequency over short period, might be appropriate in order to understand the variability of floating 

marine litter occurrence. 

For trend monitoring the timing will depend on the assumed sources of the litter, this can be e.g. 

monitoring an estuary after a rain period in the river basin, monitoring a touristic area after a holiday 

period.  

The timing of the surveys will also depend on the schedule of the observation platforms. Regular 

patrols of coast guard ships, ferry tracks or touristic trips may offer frequent opportunities which thus 

also allow the use during the needed calm weather conditions.  

 4.5. Visual monitoring of floating litter  

 

The reporting of monitoring results requires the grouping into categories of material, type and size of 

litter object. The approach for categories of floating litter is linked with the development of a ñmaster 

listò with the categories for other environmental compartments such as the ñmaster listò prepared by 

the TSG-ML. This allows cross comparisons.  

The categories of items for floating litter should be, as far as practical, consistent with the categories 

selected for beach litter, seafloor litter and others. There are limitations to this, but in principal the 

derived data should allow a comparison across different environmental compartments, in particular 

between beach and surface floating litter. Therefore the list of item categories that should be adopted 

for floating litter corresponds to the Master List of items. For the practical use during the monitoring 

the list has to be arranged by object occurrence frequency so that the data acquisition can be done in 

the required short time. Tablet computer applications for facilitating the data documentation are under 

development. 

As floating litter items will be observed but not collected, the size is the only indicative parameter of 

the amount of plastic material that it contains. The size of an object is defined here as its largest 

dimension, width or length, as visible during the observation. 

The lower size limit for the observations is determined by the observation conditions. These should be 

harmonized so that a lower limit of 2.5 cm can be achieved. That size appears to be reasonable for 

observation from ñships-of-opportunityò and is in line with the size for beach litter surveys. This 

denotes that observations not achieving this minimum size limit cannot be recommended. 

For reporting purposes size range classes must be introduced as visual observation will not permit the 

correct measuring of object sizes. Only the estimation of size classes is feasible.  
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The size determination/reporting scheme should enclose the following classes: 

¶ 2.5 ï 5 cm 

¶ 5 - 10 cm 

¶ 10 ï 20 cm 

¶ 20 ï 30 cm 

¶ 30 ï 50 cm 

 

While also wider size range classes (e.g. 2.5ï10cm, 10ï30cm, 30ï50 cm) could be utilized, it will be 

important that a common approach is used, as the data will be combined in common data bases. The 

test phase of implementing a monitoring protocol should allow the determination of overall accepted 

and final size range classes. The upper size limit will have to be determined by statistical calculations 

regarding the density of the object occurrence in comparison to transect width, length and frequency. 

In coherence with the beach litter surveys an upper limit of 50 cm is here provisionally proposed. It 

has to be evaluated in experiments and from initial data sets if items larger than 50 cm should be 

reported, as their relevance in the statistical evaluation of data from short and narrow coastal transects 

might be questionable.  

 

 4.6. Visual monitoring of floating litter  

 

A harmonized approach for the quantification of floating marine litter by ship-based observers has 

been developed by the TSG-ML. It has the scope to harmonize the monitoring of floating marine litter: 

¶ In the size range from 2.5 to 50 cm, 

¶ Observation width needs to be determined according to observation set-up, 

¶ It is planned for use from ships of opportunity, 

¶ It is based on transect sampling, 

¶ It should cover short transects, and 

¶ Also record necessary metadata. 

 

 4.6.1. Observation 

The observation from ships-of-opportunity should ensure the detection of litter items at 2.5 cm size. 

The observation transect width will therefore depend on the elevation above the sea, the ship speed 

and the observation conditions. Typically a transect width of 10 m can be expected, but a verification 

should be made and the width of the observation corridor chosen in a way that all items in that transect 

and within the target size range, can be seen. Table 10.1 below provides a preliminary indication of the 

observation corridor width, with varying observation elevation and speed of vessel (kn = knot = 

nautical mile/h). The parameters need to be verified prior to data acquisition. 

The ideal location for observation will often be in the bow area of the ships. If that area is not 

accessible, the observation point should be selected so that the target size range can be observed, 

eventually reducing the observation corridor, as ship induced waves might interfere with the 

observations. An inclinometer can be used to measure distances at sea (Doyle, 2007). 
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Table 5: Width of ñobservation corridorò based on observation height and ship speed (to be  

 reviewed) 

Observation 

elevation above sea 

Ship speed 2 knots = 

3.7 km/h 

6 knots =11.1 km/h 10 knots = 18.5 km/h 

1 m 6m 4m 3m 

3m 8m 6m 4m 

6m 10m 8m 6m 

10m 15m 10m 5m 

 

The protocol will have to go through an experimental implementation phase during which it is applied 

in different sea regions by different institutions, its practicality is tested and feedback for definition of 

observation parameters is provided.  

The observation, quantification and identification of floating litter items must be made by a dedicated 

observer who does not have other duties contemporaneously. Observation for small items and 

surveying intensively the sea surface leads to fatigue and consequently to observation errors. The 

transect lengths should therefore be selected in a way that observation times are not too long. Times of 

1 h for one observer could be reasonable, corresponding to a length of a few kilometres. 

 

  4.6.2. Reporting of monitoring results 

A harmonized reporting of monitoring results is crucial for the comparison of data. The data output 

from the application of the protocol, when using a computer interface, is a list of geo-referenced 

objects according to a list of categories. The use of a portable computer device for documenting 

marine floating litter has clear advantage over paper documents. A specific application, based on the 

TSG -ML protocol for the monitoring of floating macro litter will be developed by JRC and field 

tested within the PERSEUS project. 

It is not uncommon that floating litter items appear grouped, either because they have been released 

together or because they accumulate on oceanographic fronts. The reporting system should 

acknowledge this and foresee a way to report such groups. The occurrence of such accumulation areas 

needs to be considered when evaluating the data. 

For floating marine litter the unit of reporting will be: items/kmĮ. The data will be available for the 

different categories and size classes. They can then be aggregated at different levels for providing 

overview data. 

Along with the litter occurrence data, a series of metadata should be recorded, including geo-

referencing (coordinates) and wind speed (m/s). This accompanying data shall allow the evaluation of 

the data in the correct context. 

  4.6.3. Quality assessment/Quality control 

 

The widespread acquisition of monitoring data will need some kind of inter-comparison or calibration 

in order to ensure comparability of data between different areas and over time, for trend assessments. 

Approaches for this should be developed and implemented. This can be hands (eyes)ïon training 

courses with comparisons of observations. Such events should be organized at Regional level with 

further implementation at national scale.   
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A methodology for calibrating observation quality by artificial targets may be devised through 

research efforts.  

  4.6.4. Equipment 

The equipment used for the monitoring of floating litter is very limited. Besides the transportation 

platform some instruments may facilitate the work: 

Å A system for visually marking the observation area, 

Å GPS for determination of ship speed and geographical coordinates, 

Å A tablet PC (with GPS) for documenting the results (including a dedicated 

 application/program), 

Å A system for training and calibrating size classification. 

 

  4.6.5. Implementation of the TSG-ML Protocol 

The finalization and wide acceptance of the protocol proposed by TSG ïML will require an 

experimental testing period during which observation parameters and reporting approaches are being 

studied on a wide range of ships and conditions, covering different regional seas. This can be achieved 

through the ECAP implementation process and through dedicated activities in research projects, such 

as PERSEUS. Resulting data can be used for adjusting the protocol. Once the protocol parameters, 

such as standardized size ranges, categories and observation conditions are confirmed, a final version 

can be prepared. The final protocol should be widely disseminated and accompanied by activities for 

its implementation. Training courses and workshops can contribute to the harmonized acquisition of 

comparable datasets. 

 4.7. Other methodologies 

 

Open sea surveys 

While the proposed protocol is aiming at coastal surveys, there are also approaches for monitoring of 

litter from large, seagoing vessels. While covering large areas, these surveys face considerably 

different observation conditions and therefore different observation protocols.  

Aerial surveys 

The opportunistic use of aerial surveys (e.g. for marine mammal observation/monitoring) has been 

considered. The minimum size of observed objects is at ca. 30 cm, therefore this approach might be 

adequate to the size fraction above 30 cm considered by the TSG-ML.  

Net tow surveys for macro litter 

Physical sampling of floating macro litter requires large net openings operated at the sea surface. 

Given the density of larger macro litter items occurrence this would require significant dedicated ship 

time and specific equipment. This method is applicable for floating micro litter. There should be 

methodological research on how to cover the size range between 5 mm and 2.5 cm, which is very 

relevant to ingestion by marine biota. 

Riverine litter monitoring 

While not envisaged in the current litter monitoring framework,   the TSG ïML protocol is equally 

well applicable for the monitoring of floating litter on rivers as an indication of a potential source of 

loads of litter to the marine environment, by observation from bridges or similar platforms.  
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New methodologies  

Closely related to the monitoring by human visual observation is the monitoring through image 

acquisition by digital camera systems and their subsequent analysis by image recognition techniques. 

Such is the Sealittercamera, which is being developed by the EC JRC, a system being temporarily 

deployed on Costa Crociere cruise ships in the Western Mediterranean Sea (Hanke, 2011, publication 

in preparation). 

 4.8. Conclusions 

 

Key messages to the ECAP implementation process:  

Å The monitoring of floating marine litter in selected coastal transects is recommended 

Å Monitoring Marine Litter suspended in the middle water column is not recommended 

Å Monitored size categories should include a range covering relevant small items 

Å Monitoring of floating litter should follow a specific protocol agreed on a Regional scale 

 within the ECAP/UNEP/MAP MED POL monitoring implementation process 

 

 

5.  Seafloor Litter (Common Indicator 17, Trends in the amount of litter in 

the water column including microplastics and on the seafloor) 
 

5.1.       Introduction to seafloor litter  

 

The most common approaches to evaluate sea-floor litter distributions use opportunistic sampling. 

This type of sampling is usually coupled with regular fisheries surveys  (marine reserve, offshore 

platforms, etc.) and programmes on biodiversity, since methods for determining seafloor litter 

distributions (e.g. trawling, diving, video) are similar to those used for benthic and biodiversity 

assessments. The use of submersibles or Remotely Operated Vehicles (ROVs) is a possible approach 

for deep sea areas although this requires expensive equipment. Monitoring programmes for demersal 

fish stocks, undertaken as part of the Mediterranean International Bottom Trawl Surveys (MEDITS), 

operate at large regional scale and provide data using a harmonized protocol, which may provide a 

consistent support for monitoring litter at Regional scale on a regular basis and within the ECAP 

requirements. 

5.2. Scope and key questions to be addressed 

 

For shallow waters, the monitoring of litter on the seafloor may not be considered for all coastal areas 

because of limited resources. In these areas the strategy is to be determined by each contracting Party 

at national level, depending on the priority areas to be monitored. Opportunistic approaches may be 

used to minimize costs. Valuable information can be obtained from on-going monitoring of benthic 

species in protected areas, during pipeline camera surveys, cleaning of harbours and through diving 

activities. Additional   monitoring might have to be put in place to cover all areas creating a consistent 

monitoring network. The sampling strategy should enable the generation of good detail of data, in 

order to assess most likely sources, the evaluation of trends and the possibility of evaluating the 

effectiveness of measures. The TSG-ML proposes simple protocols based on existing trawling surveys 

and two alternative protocols based on diving and video imagery which fit with the ECAP 

requirements and support harmonisation at Regional level, if applied trans-nationally. 

Trawling (otter or beam trawl) is an efficient method for large scale evaluation and monitoring of sea-

floor litter. The monitoring strategy for sea-floor can efficiently be based on on-going monitoring 

already developed at Regional level. It must be noted, however, that the geomorphology may impact 
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the accumulation of litter in the seafloor and some sampling restrictions in rocky areas (incompatible 

with trawling) may lead to underestimation of the quantities present.  Designing and developing an 

adequate monitoring programme will have to take account of these limits. Existing fisheries stock 

assessment programmes are covering most Regional Seas.  

Only some countries will have to consider deep sea areas in terms of monitoring of sea-floor litter. The 

strategy is to be determined by each Contracting Party at national level, depending on affected areas 

but previous results indicate that priority should be given to coastal canyons. Protocols based on video 

imagery are the only approaches to monitor deep sea areas. These protocols are based on the use of 

(ROVs)/submersibles. As litter accumulates and degrades slowly in deep sea waters, a multiyear 

evaluation will be sufficient. 

 

 5.3 Monitoring the shallow sea-floor (<20m) 

 

The most commonly used method to estimate marine litter density in shallow coastal areas is to 

conduct underwater visual surveys with SCUBA/snorkelling. These surveys are best based on line 

transect surveys of litter on the sea-floor, which is derived from UNEP (Cheshire, 2009). The protocol 

is actually in use for evaluation of benthic fauna. It requires SCUBA equipment and trained observers. 

Only litter items above 2.5 cm are considered, between 0 and 20 m (to 40 meters with skilled divers).  

 

  5.3.1. Technical requirements 

Frequency 

The minimum sampling frequency for any site should be annually. Ideally it is recommended that 

locations are surveyed every three months (allowing an interpretation in terms of seasonal changes).  

Transects 

Surveys are conducted through 2 line transects for each site. Unbiased design-based inference requires 

allocating the transects randomly in the study area or on a grid of systematically spaced lines randomly 

superimposed. However, with a model-based approach like density surface modelling (DSM), it is not 

required that the line transects are located according to a formal and restrictive survey sampling 

scheme, although good spatial coverage of the study area is desirable. Line transect are defined with a 

nylon line, marked every 5 meters with resistant paints, that is deployed using a diving reel while 

SCUBA diving. 

Individual litter within 4 m of the line (half of the width ïWt - of the line transects) are recorded. For 

each observed litter item,  when possible, the corresponding line segment of occurrence and  its 

perpendicular distance from the line (yi - for the estimation of detection probability, measured with the 

use of a 2 m plastic rod), and litter size category  (wi) are recorded. The nature of the bottom/habitat is 

also recorded. The length of the line transects vary between 20 and 200 m,  depending on the depth, 

the depth gradient, the turbidity, the habitat complexity and the litter density (Katsavenakis, 2009). 

Results are expressed in litter density (items/m
2
 or items/ 100 m

2
). 

Detectability 

In distance sampling surveys, detectability is used to correct abundance estimations (Katsavenakis, 

2009). The standard software for modelling detectability and estimating density/abundance, based on 

distance sampling surveys, is DISTANCE (Thomas et al., 2006). 
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  5.3.2. Use of volunteers in shallow waters surveys 

Recreational and professional scuba divers can provide valuable information on litter they see 

underwater and they are uniquely positioned to support benthic litter monitoring efforts. They can 

access, have the skills and the equipment needed to collect, record, and share information about litter 

they encounter underwater. Many dive clubs and dive shops organize underwater clean-ups, often in 

partnerships with NGOs or local governments. Many of these events, when managed, can be a 

valuable source of information and possibly be a part of a regular survey, monitoring or even 

assessment efforts while using volunteers.  

For some Contracting Parties use of volunteer divers might be a good opportunity for shallow-water 

litter monitoring but standardization and conformity with common methodologies and tools such as 

those propose by TSG-ML should be achieved. Fixed sites, common frequency and sampling 

methodology can be easily established by each Contracting Party and training, material distribution 

etc. can be achieved relatively easily when partner NGOs or research institutions are involved.   

5.4 Monitoring the Sea-floor (20-800m) 

 

From all the methods assessed, trawling (otter trawl) has been shown to be the most suitable for large 

scale evaluation and monitoring (Goldberg, 1995, Galgani et al., 1995, 1996, 2000). Nevertheless 

there are some restrictions in rocky areas and in soft sediments, as the method may be restricted and/or 

underestimate the quantities present. This approach is however reliable, reproducible, allowing 

statistical processing and comparison of sites. As recommended by UNEP (Cheshire, 2009), sites 

should be selected to ensure that they (i) Comprise areas with uniform substrate (ideally sand/silt 

bottom); (ii) consider areas generating/accumulating litter, (iii) avoid areas of risk (presence of 

munitions), sensitive or protected areas; (iv) do not  impact on any endangered or protected species.  

Sampling units should be stratified relative to sources (urban, rural, close to riverine inputs) and 

impacted offshore areas (major currents, shipping lanes, fisheries areas, etc.). 

General strategies to investigate seabed litter are similar to methodology for benthic ecology and place 

more emphasis on the abundance and nature of items (e.g. bags, bottles, pieces of plastics) rather than 

their mass. The occurrence of international bottom trawls surveys such as MEDITS 

(Mediterranean/Black Sea) provide useful and valuable means for monitoring marine litter. These are 

using common gears depending on region (MEDITS net in the Mediterranean) and provide some 

harmonized and common conditions of sampling (20 mm mesh, 30-60 min  tows,  large  sampling 

surface covered) and hydrographical and environmental information (surface & bottom  temperature, 

surface & bottom salinity, surface & bottom current direction &  speed,  wind  direction &  speed, 

swell direction and height). More than 20 sampling units are sampled within each region as 

recommended by UNEP (Cheshire, 2009).  

Therefore, the TSG-ML strongly recommends using these on-going and continuous programmes to 

collect data on marine litter in the sea-floor. This will enable to compare data from one country to 

another and   to evaluate transnational transportation. 

5.5 Technical Requirements 

 

The protocol of the TSG-ML for sampling and trawling margins (20-800m) has been standardized for 

each region:  

Mediterranean and Black Seas 

For the Mediterranean Region, the protocol is derived from the MEDITS protocol (see the protocol 

manual, Bertran et al., 2007). The hauls are positioned following a depth stratified sampling scheme 

with random drawing of the positions within each stratum. The number of positions in each stratum is 

proportional to the surface of these strata and the hauls are made in the same position from year to 

year. The following depths (10 ï 50; 50 ï 100; 100 ï 200; 200 ï 500; 500 - 800 m) are fixed in all 
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areas as strata limits. The total number of hauls for the Mediterranean Sea is 1385; covering the 

shelves and slopes from 11 countries in the Mediterranean.  

The haul duration is fixed at 30 minutes on depths less than 200m and at 60 minutes at depths over 

200m (defined as the moment when the vertical net opening and door spread are stable), using the 

same GOC 73 trawl with 20 mm mesh nets (Bertran et al, 2007) and sampling between May and July, 

at 3 knots between 20 and 800 m depth.  

Detecting trends 

Consistency of results is based on sampling strategy and monitoring efforts. Long term monitoring of 

litter on the sea floor has been performed in Spain and France. In some cases such as the margins of 

gulf of Lion (France), trends studies (70 Stations, depth 40-800m,) indicated a statistically significant 

decrease [Abundance (10-4) = 0.038 x (Year) + 1.062 (R2 =0.36)] enabling the measurement of 15% 

decrease in 15 years.  

However, Power Analysis of IBTS related sampling by Cefas indicates that detection of a 10% change 

over 5 or 10 years is unlikely without massive sample sizes. However, 50% changes over 5 or 10 years 

look to be readily detectable with current designs based on fish stock surveys such as IBTS.  

Data recording and Management 

Templates for data recording have been integrated in MEDITS Manuals . Data on litter should be 

collected on these templates using items categories such as those listed for Sea-floor prepared by TSG-

ML. Other elements from the haul operations should be also recorded ï See MEDITS for the 

Mediterranean/Black Sea. 

Data on litter should be reported as items/ha or items/km2 before further processing and reporting.  

5.6 Litter categories for Sea-floor 

 

As marine litter degradation is affected by light, oxygen and wave action, the persistence of marine 

litter on the sea floor and deep sea floor is increased with notable outcomes on the nature of litter 

found. Another important factor influencing the composition of benthic litter is related to the type of 

activity. Typically, the analysis of sources indicated the importance and differences between ship 

based litter, as in the Southern North Sea, and land based litter such as in the Mediterranean. The 

definition of categories will have to take this in account when defining a protocol. Although marine 

litter is strongly affected by transportation, fishing has been shown as a main source of litter in some 

fishing or aquaculture grounds. Similarly specific types of marine litter were also found in areas 

affected by tourism, around beaches, as in the Mediterranean Sea. This may affect the strategy for 

monitoring selected areas, such as shallow waters.  

A standardized litter classification system has been defined for monitoring the sea floor by TSG-ML. 

The categories were defined in accordance with types of litter found at regional level, enabling 

common main categories for all regions. The main categories have a hierarchical system including sub 

categories. It considers 4 main categories of material for the Mediterranean (wood, paper/cardboard, 

other, unspecific). There are various subcategories for a more detailed description of litter items. Other 

specific categories may be added by Contracting Parties and additional description of the item may 

provide added-value, as long as the main categories and sub-categories are maintained. Furthermore, 

the weight, picture and note of potential attached organisms may further complement the classification 

of items. 

Other parameters 

Site information and trawling sampling characteristics such as date, position, type of trawl, speed, 

distance, sampled area, depth, hydrographical and meteorological conditions should be recorded 
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Data-sheets should be filled out for each trawl and compiled by survey. If multiple counts 

(transects/observers) are run at any given site then a new sheet should be used for each trawl shot. 

After each survey data must be aggregated for analysis and reporting. 

5.7. Complementary sea-floor monitoring ï Video camera 

 

Large-scale evaluations of marine litter in the deep sea-floor are scarce because of available resources 

to collect data. Special equipment is necessary including ROVs and/or submersibles that may be very 

expensive to operate, especially in deep sea areas.  

Towed video camera for shallow waters (Lundqvist, 2013) or ROVs for deeper areas are simpler and 

generally cheaper and must be recommended for litter surveys. There are some available protocols 

where litter is counted on routes and expressed as item/km, especially when using submersibles/ROVs 

at variable depths above the deep sea floor (Galgani et al., 1996) however technology enables the 

evaluation of densities trough video-imagery using a standardized approach especially for shallow 

waters.  

5.8.   Quality Assessment /Quality Control for sea-floor litter  

 

Several Contracting Parties from UNEP/MAP MED POL have indicated they will use their fish stock 

surveys for benthic litter monitoring. This is considered to be an adequate approach although 

quantities of litter might be underestimated, given restrictions in some areas. The adoption of a 

common protocol will lead to a significant level of standardization among the Contracting Parties 

countries that apply this type of sampling strategy.  

Data on litter in shallow sea-floor are collected through protocols already validated for benthic species.  

Until now, no quality assurance programme has been considered for litter monitoring on the sea-floor. 

For MEDITS, sampling data are collected in the DATRAS database and participate in data quality 

checking for hydrographical and environmental conditions. This process may also support quality 

insurance for data on litter. Currently, there are on-going discussions on how to organize and 

harmonize a specific system to collect, validate and organize data through a common platform, 

enabling the review and validation of data. MEDITS has included litter data to be analysed within a 

specific sub-group.  

5.9. Conclusions 

 

Considering opportunities to couple monitoring efforts may be the best approach to monitor litter on 

the sea-floor.  

There may be other opportunities to couple marine litter surveys with other regular surveys 

(monitoring in marine reserves, offshore platforms, etc.) or programmes on biodiversity.  

 

6. Litter ingested by or entangling marine organisms, especially mammals, marine 

birds  and turtles (Litter in Biota, Candidate Common Indicator 18, Trends in 

the amount of litter ingested by or entangling marine organisms focusing on 

selected mammals, marine  birds and marine turtles)  
 

Note: Due to the  availability of  protocols and the state of knowledge,  it is recommended that the 

indicator focus on the sea turtle Caretta caretta 

 

 



UNEP(DEPI)/ MED WG.417/17 

Annex III, Appendix 2 
Page 58 

 

 

6.1. Scope and key questions to be addressed 

 

In the North Sea, an indicator is available, which expresses the impact of marine litter (OSPAR 

EcoQO). It measures ingested litter in Northern Fulmar and it is used to assess temporal trends, 

regional differences and compliance with a set target for acceptable ecological quality in the North Sea 

area (Van Franeker et al., 2011). A combined protocol is proposed by TSG-ML which can be used for 

seabirds in general, e.g. to be applied in regular monitoring for shearwaters in parts of the 

Mediterranean.  

However alternative tools are needed for the Mediterranean Sea. On the basis of available information 

and expertise, a monitoring protocol for marine litter in sea turtles with focus on relevant parameters 

for application in the Mediterranean is proposed by TSG-ML The approach taken for the development 

of the protocols for ingestion consists of the application of the same categorization of marine litter for 

all ingestion studies of vertebrates. The applied standard categories follow the existing fulmar 

methodology, in which a number of plastic categories is counted, and weighted as a unit.  

Additionally further knowledge is being compiled on the occurrence of entanglement events in marine 

organisms. Based upon these findings a harmonized protocol for the assessment of the use of plastic 

litter as nesting material and associated entanglement mortality in birds breeding colonies including 

shearwater is proposed by the TSG-ML for immediate application.  

Entanglement in beached animals, entanglement in live animals (others than in relation to seabird 

nests), ingestion of litter by marine mammals, ingestion of litter by marine invertebrates and research 

on food chain transfer are reflected in the final report of the TSG-ML. However only ingestion of and 

entanglement in marine litter by marine mammals are considered by the TSG-ML for further 

development whereas the other aspects are crucial issues for research but not suitable to be 

recommended for wide monitoring application at this stage.  

6.2. Seabirds 

 

The methodology of the tool proposed by the TSG-ML follows the OSPAR Ecological Quality 

Objective (EcoQO) methods for monitoring litter particles in stomachs of northern fulmars (Fulmarus 

glacialis). The stomach contents of birds beached or otherwise found dead are used to measure trends 

and regional differences in marine litter.  Background information and the technical requirements are 

described in detail in documents related to the fulmar EcoQO methodology. A pilot study evaluating 

methods and potential sources of bias was conducted by Van Franeker & Meijboom (2002). Bird 

dissection procedures including characters for age, sex, cause of death etc. have been specified in Van 

Franeker (2004). Further OSPAR EcoQO details were given in OSPAR (2008, 2010a, b) and in Van 

Franeker et al., (2011a, 2011b).  

Related marine compartments: 

Seabirds like fulmars or shearwaters are feeding on the surface of the sea. Therefore the water column 

and especially the water surface is the marine compartment addressed when quantifying litter in the 

stomachs of fulmars.  

  6.2.1. Technical requirements 

 

Bird corpses are stored frozen until analysis. Standardized dissection methods for Fulmar corpses have 

been published in a dedicated manual (Van Franeker, 2004) and are internationally calibrated during 

annual workshops. Stomach content analyses and methods for data processing and presentation of 

results were described in full detail in Van Franeker & Meijboom (2002) and updated in later reports. 

The methodology has been published in peer reviewed scientific literature (van Franeker et al., 2011a, 

b). For convenience, some of the methodological information is repeated here in a condensed form. 
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At dissections, a full series of data is recorded to determine sex, age, breeding status, likely cause of 

death, origin, and other issues. Age, the only variable found to influence litter quantities in stomach 

contents, is largely determined on the basis of development of sexual organs (size and shape) and 

presence of Bursa of Fabricius (a gland-like organ positioned near the end of the gut which is involved 

in immunity systems of young birds; it is well developed in chicks, but disappears within the first year 

of life or shortly after). Further details are provided in Van Franeker 2004.  

After dissection, stomachs of birds are opened for analysis. Stomachs of Fulmars have two 'units': 

initially food is stored and starts to digest in a large glandular stomach (the proventriculus) after which 

it passes into a small muscular stomach (the gizzard) where harder prey remains can be processed 

through mechanical grinding. For the purpose of most cost-effective monitoring, the contents of 

proventriculus and gizzard are combined, but optional separate recordings should be considered where 

possible. 

Stomach, contents are carefully rinsed in a sieve with a 1mm mesh and then transferred to a petri dish 

for sorting under a binocular microscope. The 1 mm mesh is used because smaller meshes become 

easily clogged with mucus from the stomach wall and with food-remains. Analyses using smaller 

meshes were found to be extremely time consuming and particles smaller than 1 mm seemed rare in 

the stomachs, contributing little to plastic mass. 

If oil or chemical types of pollutants are present, these may be sub-sampled and weighed before 

rinsing the remainder of stomach content. If sticky substances hamper further processing of the litter 

objects, hot water and detergents are used to rinse the material clean as needed for further sorting and 

counting under a binocular microscope.  

Litter Categories ï source related information 

In the Fulmar EcoCO, stomach contents are sorted into categories, and this categorisation is followed 

for marine biota monitoring ingestion in seabirds, marine turtles and fish. 

The fulmar categorisation of stomach contents is based on the general ómorphsô of plastics (sheet-like, 

filament, foamed, fragment, other) or other general rubbish or litter characteristics.  This is because in 

most cases, particles cannot be unambiguously linked to particular objects. But where such is possible, 

under notes in datasheets, the items should be described and assigned a litter category number using as 

master list, such as the ñMaster Listò developed by the TSG ML group.  

For each litter category/subcategory an assessment is made of: 

1) incidence (percentage of investigated stomachs containing litter);  

2) abundance by number (average number of items per individual), and  

3) abundance by mass (weight in grams, accurate to 4th decimal) 

 

Because of potential variations in annual data, it is recommended to describe ócurrent levelsô as the 

average for all data from the most recent 5-year period, in which the average is the ópopulation 

averageô which includes individuals that were found to have zero litter in the stomach. 

As indicated, EcoQO data presentation for Northern Fulmars is for the combined contents of glandular 

(proventriculus) and muscular (gizzard) stomachs. Results of age groups are combined except for 

chicks or fledglings which should be dealt with separately. Potential bias from age structure in samples 

should be checked regularly. 

Size range 

In the fulmar monitoring scheme, stomach contents are rinsed over a sieve with mesh 1 mm prior to 

further categorisation, counting and weighing. The size range of plastics monitored is thus Ó 1 mm. 

Unpublished data on particle size details in stomachs of fulmars show that a smaller mesh size would 

not be of use because smaller items have passed into the gut. 
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Spatial coverage 

Dead birds are collected from beaches or from accidental mortalities such as long-line victims; 

fledgling road kills etc. (for methodology see Van Franeker, 2004).  

Survey frequency  

Continuous sampling is required. A sample size of 40 birds or more is recommended for a reliable 

annual average for a particular area. However, also years of low sample size can be used in the 

analysis of trends as these are based on individual birds and not on annual averages. For reliable 

conclusions on change or stability in ingested litter quantities, data over periods of 4 to 8 years 

(depending on the category of litter) is needed.  

Maturity of the tool 

The method is mature and in use.  

Regional applicability of the tool 

 

The tool is applicable to the regions where fulmars occur; for similar seabird species such as any of the 

family of the tubenoses, the methodology can follow this approach. This could for example be applied 

to shearwater species occurring in the Mediterranean Sea. 

 

  6.2.2. Quality Assessment /Quality Control   

The methodology referred to in this tool is based on an agreed OSPAR methodology which has been 

developed over a number of years with ICES and OSPAR and which has received full quality 

assurance by publication in peer reviewed scientific literature (Van Franeker et al., 2011a).  The 

EcoQO methodology has been fully tested an implemented on Northern Fulmars Fulmarus glacialis, 

including those from Canadian Arctic and northern Pacific areas. All methodological details can be 

applied to other tubenosed seabirds (Procellariiformes) with no or very minor modifications. Trial 

studies are being conducted using shearwaters from the more southern parts of the north Atlantic and 

Mediterranean.  In other seabird families, methods may have to be adapted as stomach morphology, 

foraging ecology, and regurgitation of indigestible stomach contents differ and can affect 

methodological approaches. 

Trend assessment 

In the Fulmar EcoQO, statistical significance of trends in ingested litter, i.e. plastics, is based on linear 

regression of ln-transformed data for the mass of litter (of a chosen category) in individual stomachs 

against their year of collection.  óRecentô trends are defined as derived from all data over the most 

recent 10-year period.  The Fulmar EcoQO focuses on trend analyses for industrial plastics, user 

plastics, and their combined total.  

 6.3. Sea turtles 

 

The stomach contents of stranded Loggerhead sea turtles Caretta caretta (Linnaeus, 1758) are used to 

measure trends and regional differences in marine litter.  A recent pilot study evaluating methods and 

potential sources of bias was conducted during 2012 by ISPRA, CNR-IAMC Oristano, Stazione 

Zoologica Napoli; University of Siena, University of Padova, ArpaToscana.  

Related marine compartments 

Caretta caretta feeds in the water column and at the seafloor. Therefore these two marine 

compartments are addressed when quantifying litter in the stomachs of stranded Loggerhead sea 

turtles. 
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  6.3.1. Technical requirements 

The Loggerhead sea turtle Caretta caretta is a protected species (CITES Appendix I), therefore only 

authorized people can handle them. 

Upon finding the animal, its discovery should be reported to the main authorities and the operation of 

coordinated with the local authorities (depending on national law). Based on initial observations and if 

possible still at the place of discovery, some data should be recorded on an ñIdentification Dataò 

Sheet. The animal should be transported to an authorized service centre for necropsy. In case the body 

is too decomposed, the integrity of the digestive tract should be assessed before disposal at the 

licensed contractor. If the necropsy cannot be carried out immediately after recovery, the carcass 

should be frozen at -16 Á C, in the rehabilitation facility. 

Before the necropsy operation, morphometric measurements should be collected and recorded on an 

appropriate Data Sheet. External examination of the animal should be conducted, including inspecting 

the oral cavity for possible presence of foreign material. The methodology suggested in the TSG ML 

report  could be followed to carry out a dissection of the animal to expose the gastrointestinal system 

(GI).    

The following sampling procedure of GI contents can be applied to any section of the GI: the section 

of the GI should be placed in a graduated beaker of adequate size, pre-weighed on electronic balance 

(accuracy of Ñ 1g). The section of GI should be open and the contents emptied into the beaker with the 

help of a spatula, followed by the record of the net weight and volume of the content. The section of 

the GI should be observed and any ulcers or any lesions caused by hard plastic items should be 

recorded. 

The contents should be inspected for the presence of any tar, oil, or particularly fragile material that 

must be removed and treated separately. The liquid portion, mucus and the digested unidentifiable 

matter should be removed, by washing the contents with freshwater through a filter mesh 1 mm, 

followed by a rinse of all the material collected by the filter 1mm in 70% alcohol and finally again in 

freshwater. The retained content should be enclosed in plastic bags or pots, labelled and frozen, not 

forgetting the sample code and corresponding section of the GI. Finally, the contents can then be sent 

for analysis. 

NOTE: If the contents are stored in liquid fixative, note of the compound and the percentage of 

dilution should be noted and communicated to the staff in charge of further analysis. 

For the analysis of the contents of the GI, the organic component should be separated from any other 

items or material (marine litter). The fraction of marine litter should be analysed and categorised with 

the help of a stereo-microscope, following the approach used in the protocol for ingestion in birds 

(Van Franeker et al., 2005; 2011b; Matiddi et al., 2011) and using a Standard Data-Sheet. 

The fraction of marine litter should be dried at room temperature and the organic fraction at 30ÁC. 

Both fractions should be weighted, including the different categories of items identified within the 

marine litter fraction. The volume of the litter found should also me measured, through the variation of 

water level in a graduated beaker, when the items are immersed without air. If possible, different 

categories of ñfoodò should also be identified. Otherwise, the dry contents should be kept in labelled 

bags and sent to an expert taxonomist. 

An optional methodology for application for sampling litter excreted by live sea-turtles (faecal pellet 

analysis) in case of finding a specimen alive is recommended by the TSG-ML.  

Extraction of data 

Following the protocol for seabirds, abundance by mass (weight in grams, accurate to 3th decimal) is 

the main information useful for the monitoring programme. 



UNEP(DEPI)/ MED WG.417/17 

Annex III, Appendix 2 
Page 62 

 

 

Data entry is carried out using a Standard Form. 

Litter Categories - source related information 

For turtle analyses, stomach contents are sorted into the same categories as for birds. Following the 

method for seabirds, abundance by mass (weight in grams, accurate to 3th decimal) is the main 

information useful for the monitoring programme. Other information such as the colour of items, 

volume of litter, different type of litter, different incidence of litter in oesophagus, intestine and 

stomach, incidence and abundance by number per litter category, are useful for research and impact 

analysis. 

Size range 

 Ó1 mm (stomach contents are rinsed over 1 mm mesh sieve)  

Spatial coverage 

Dead sea turtles are collected from beaches or at sea from accidental mortalities such as victims of 

long-line fishing (by catch) or of boat collisions.  

Survey frequency 

Continuous sampling is required. Minimum sample population size for year and period of sampling 

must be established for reliable conclusions on change or stability in ingested litter quantities. 

Maturity of the tool 

The tool is not considered mature at this stage. Specific monitoring programmes are required. 

Regional applicability of the tool 

The tool is applicable to the Mediterranean Sea region. 

 

  6.3.2. Quality assurance/quality control 

There is a lack of quality assurance/quality control (QA/QC) due to lack of long-term monitoring 

programmes. More publications in peer reviewed scientific literature are required. 

Trend assessment 

Specific long-term monitoring programmes are required. 

Target definitions 

Specific long monitoring programmes are required. 

 6.4. Considerations on further options for monitoring impacts of marine litter on 

  biota 

 

  6.4.1. Entanglement rates among beached animals 

Direct harm or death is more easily observed and thus more frequently reported for entanglement than 

for ingestion of litter. This applies to all sorts of organisms, marine mammals, birds, turtles, fishes, 

crustaceans etc. 

It is, however, difficult from simply looking at the outside appearance of an animal to identify whether 

a particular individual has died because of entanglement in litter rather than from other causes, mainly 

entanglement in active fishery gear (by-catch). Nevertheless it is possible to differentiate between 
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animals that have died quickly due to entanglement and sudden death in active fishing gear and those 

suffering a long drawn out death after entanglement in pieces of nets, string or other litter items, 

because entangled birds, which have been entangled for a time before death are emaciated. 

Proportions of sea birds found dead with actual remains of litter attached as evidence for the cause of 

mortality are extremely low. The possible use of entangled beached birds as an indication of mortality 

due to litter will be further investigated by the TSG-ML.  

In marine mammals, numbers of beached animals and especially cetaceans are often high and many 

have body marks suggesting entanglement, although remains of ropes or nets on the corpses are 

mostly rare. Given that in a number of places well working stranding networks are already in place, 

dead marine mammals should, whenever possible, become subject to pathologic investigations which 

need to include an assessment for the cause of disease and death and the relevance of marine litter in 

this connection.  

This issue will be further investigated and the development of a dedicated monitoring protocol for the 

entanglement of marine mammals in marine litter will be considered in the next report of the TSG ML. 

 

  6.4.2.  Ingestion of litter by marine mammals and entanglement. 

Ingestion of litter by a wide range of whales and dolphins is known.  Although known rates of 

incidences of ingested litter are generally low to justify a standard ECAP monitoring recommendation 

at this point, it can also be argued that the number of pathologically studied animals is low as well. 

Dead marine mammals should, whenever possible, become subject to pathologic investigations which 

need to include an assessment for the cause of disease and death and the relevance of ingested marine 

macro- and microlitter in this connection.  

The development of a monitoring protocol for the ingestion of marine litter in the different size 

categories by marine mammals will therefore be considered in the next report of the TSG ML. 

Opportunistic monitoring of marine mammals is envisaged under the population demographic 

characteristics component of the EcAp biodiversity common indicators.   

 

7.  Microlitter (with special reference to microplastics) 

 7.1. Introduction to microlitter  

 

In effect microparticles consist of similar materials to other types of litter; they are merely pieces of 

litter at the very small end of the size spectrum. Microparticles of a range of common material types 

including glass, metal, plastic and paper litter are undoubtedly present in the environment. The focus is 

on microplastics, implying that   they are considered to be the most significant component of the 

microlitter in the environment. This statement is partly  based on the frequency of reports of 

microplastics (Hidalgo-Ruz et al. 2012, but relative proportions of material types will be influenced by 

the physical conditions of the habitat sampled, for example metal and glass microlitter is not likely to 

be found at the sea surface.  

When first described the term microplastic was used to refer to truly microscopic particles in the 

region of 20 Õm diameter (Thompson et al. 2004. The definition has since been broadened to include 

all particles < 5 mm (Arthur et al. 2009. Microplastics are widely dispersed in the environment and are 

present in the water column, on beaches and on the seabed.  

Under EcAp, it is considered that in order to achieve GES that the quantities of microplastics in the 

environment should not result in harm. When defining methodological criteria it is essential to 

recognise that our understanding of the potential impacts of microplastic on organisms and the 
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environment (i.e. the óharmô that they might pose from the perspective of EcAp) is still not fully 

understood. 

An upper size bound of 5mm has been widely (but not exclusively) adopted and for the purpose of 

EcAp it is suggested that the upper bound to be taken to as items <5mm in their largest dimension as 

recommended by the TSG-ML. Current definitions do not explicitly state a lower size limit and lower 

size limits have seldom been reported for microplastic concentrations in the environment. The lower 

size limit is perhaps assumed to be the mesh size of the net or sieve through which the sample passed 

during the sampling, sample preparation or extraction. The size limits of microplastic particles that can 

be reported are also dependent on the method of detection, in many cases microscope-aided visual 

inspection. When identifying microparticles there are also size limits imposed by the analytical 

techniques employed (e.g. minimum sample intake requirements for detection and analysis). Hence an 

important part of establishing standard methods and protocols within EcAp will first be to define the 

appropriate size range, and this aspect is considered in the report of the TSG-ML. 

After an initial period of discovery, microplastics research now finds itself at a stage of development 

where there is a lack of quality assurance/quality control (QA/QC) instruments available:  e.g. no 

organisations yet offer proficiency training or testing, there have been no inter-laboratory studies, no 

certified reference materials are available, no standardized sampling and analysis protocols have been 

published, no accreditation certificates have been issued and  some procedures in use have not yet 

been validated. Approaches for QA/QC will therefore be very useful for evaluating sources of 

variability and error and increasing confidence in the data collected.  

Microplastics comprise a very heterogeneous assemblage of pieces that vary in size, shape, colour, 

specific density, polymer type, and other characteristics. For meaningful comparisons and to answer 

the specific questions and to test hypotheses through monitoring, it is important to define 

methodological criteria to quantify such metrics as for e.g. the abundance, distribution and 

composition of microplastics and to ensure sampling effort is sufficient to detect the effects of interest. 

Protocols to monitor microplastic in sediments,  sea surface, and  biota have been prepared by the 

TSG-ML. At present our understanding of the sources, distribution and fate of microplastics in the 

environment are very limited, as is our understanding of any associated effects on wildlife. As a 

consequence it is not possible to present fully validated standard operating procedures.  Instead the 

TSG-ML presents recommendations for monitoring supported by a discussion of considerations and 

limitations according to the knowledge base at the time of writing. It considers monitoring design, 

sampling, analysis, reporting. The aim of the TSG-ML text is to maximise consistency and 

comparability of future data collection by recommending approaches. 

 

 7.2. General Sampling Methods 

 

Sampling of microplastics in different main marine environments (sea surface, water column, 

sediment and biota) has been approached using a variety of methods: samples can be selective, bulk, 

or pre-treated to reduce their volume (Hidalgo-Ruz et al., 2012). 

Most studies use a combination of these steps after which a purification step is required to sort the 

micro litter from natural particulates. Visual characterisation is the most commonly used method for 

the identification of microplastics (using type, shape, degradation stage, and colour as criteria). 

Chemical and physical characteristics (e.g., specific density) can also be used. However, the most 

reliable method is to identify the chemical composition of microplastics by infrared spectroscopy 

(Hidalgo-Ruz et al., 2012). This approach requires equipment that may be considered relatively costly 

compared to sampling of large items of debris. 

In all four compartments (sea surface, water column, sediment and biota) the TSG-ML recommends 

quantifying microplastics in the size range 20Õm to 5mm. Since the lower size limit is perhaps 
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assumed to be the mesh size of the net or sieve through which he sample passed during the sampling, 

sample preparation or extraction, for sampling purposes this  could in the majority of cases taken to be 

330 Õm. Microplastics should be categorised according to their physical characteristics including size, 

shape and colour. Categories used to describe microplastics appearance are available in the TSG M-L 

report. To achieve the greatest efficiency regarding sampling frequency it is recommended that 

microparticles be sampled alongside other routine sampling programmes. Sampling of the sea surface 

could be incorporated into routine monitoring programmes. 

 

Sampling seawater for microplastics 

Seawater samples have mostly taken by nets, the main advantage being that large volumes of water 

can be sampled quickly, retaining the material of interest. Most studies from surface waters have used 

Neuston nets and from the water column, zooplankton nets. Another instrument, that is deployed on a 

global scale and that has also been used for microplastic sampling is the continuous plankton recorder 

(CPR). The most relevant characteristics of the sampling nets are mesh size and the opening area of 

the net. Mesh sizes used for microplastic sampling range from 0.053 to 3 mm, with a majority of the 

studies (rather than individuals samples collected) ranging from 0.30 to 0.39 mm. The net aperture for 

rectangular openings of neuston nets (sea surface) ranged from 0.03 to 2.0 m
2
. For circular-bongo nets 

(water column) the net aperture ranged from 0.79 to 1.58 m
2
. The length of the net for sea surface 

samples has varied from 1.0 to 8.5 m, with most nets being 3.0 to 4.5 m long. Techniques using 

apparatus to collect seawater and pass it through a filter on-board ship are being developed where the 

ship water inlet is used, collecting seawater from the side at specified depths, mostly ranging between 

4m and 1m depth. The seawater is passed through sieves or nets in closed containers after which these 

can be removed and analysed for microplastics.  

A key consideration in collecting seawater samples is the cost of ship time. Hence the advantage to 

sample during existing cruises or from existing monitoring programmes such as the Continuous 

Plankton Recorder. Manta and bongo nets have been used at the sea surface. With nets it is important 

to deploy the trawl out of the wake zone as turbulence inside the wake zone does not allow for a 

representative sample to be collected.  A spinnaker boom or óAô frame may be used to deploy the trawl 

away from the side of the vessel. A close eye on the net while trawling would need to be kept to 

observe its performance and adjust speed and cable length if necessary. Sampling at the peak of 

plankton blooms should be avoided as this may clog the net. 

Since most plastics are buoyant they are likely to accumulate at the sea surface. Surface sampling 

techniques can be used close inshore, but are restricted to calmer weather conditions, whereas CPR 

and other sub surface approaches can be used in rougher weather. High speed Manta trawls can be 

deployed in a range of sea states, but CPR is the least sensitive to sea state and samples at an average 

depth of around 6m. Manta trawls can be used to sample large volumes of surface water, but are 

relatively insensitive to smaller size fractions (< 1mm) which can be difficult to separate or sort form 

the large surface area of the net. CPR has a very much smaller aperture (around 1.6cm
2
) and hence 

samples smaller quantities of water per km but can be deployed for much longer periods (distances) 

than the Manta trawl without clogging. With the CPR the entire filter is sealed automatically and then 

transferred to the laboratory for examination under the microscope. Preliminary data indicate CPR and 

Manta nets collect similar quantities of debris per unit volume of water sampled; however because of 

the larger aperture of nets such as Manta the quantity of debris collected per distance towed is 

substantially greater than CPR. During trawls it is important to maintain a steady linear course at a 

constant speed. A hi-speed manta trawl can be deployed up to 8 knots, building up the speed slowly 

towards maximum speed. Higher speeds reduce the ability to sieve seawater, creating a bow wake in 

front of the trawl. For surface samples, results are most often expressed as items/ meter square, 

because the vertical movements of neuston  and manta nets do not enable estimations of net opening.   

At present it is not appropriate to recommend one approach over all others. Each approach has 

advantages and disadvantages and may be preferable according to local availability / sampling 
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opportunities, the characteristics of the area to be sampled. The recommendation of the TSG-ML is to 

obtain samples from sea water and to ensure the following details are recorded to accompany each 

sample: type of net, aperture, mesh size (preferably 333 Õm mesh, 6m length for greatest inter-

comparability among sampling programmes). It is not possible to specify standard haul duration as at 

some times of year, for example during a plankton bloom, nets may readily become clogged with 

natural material rendering them inefficient ï a duration of 30 min is suggested and the duration of the 

trawl and the estimated water volume must be recorded. Samples from nets should be stored in glass 

jars taking care to rinse material as thoroughly as possible from the sides of the net using filtered sea 

water. Microparticles are recorded as the total quantity of such captured by the net during the period it 

is deployed.  

 

The TSG-ML report provides detailed information on Laboratory analyses of microplastics samples 

collected in the field and detailed protocol for sampling surface waters. 
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ECOLOGICAL OBJECTIVE 10: Marine and coastal litter do not adversely affect the coastal and marine environment 

 

Common 

Indicator  

description 

DESCRIPTION 

Parameters and/or Elements, matrix 

Assessment Method Guidelines 

Reference 

Methods 

QA/QC 

Recommendations 

/Additional Data 

needed 

Common 

indicator 16,  

COP 18 

Indicator 

10.1.1.: 

Trends in the 

amount of 

litter washed 

ashore and/or 

deposited on 

coastlines, 

including 

analysis of its 

composition, 

spatial 

distribution 

and, where 

possible, 

source. 

Counts of litter items minimum lower limit 0.5 cm in the longest 

dimension on at least 1 section of coastline of 100m on lightly to 

moderately littered beaches (optimum 2 sections) and 2 sections of 

100m on heavily littered beaches (exceptionally 50m section with a 

normalization factor of up to 100m to ensure coherence),  

UNEP/MAP MED 

POL Trend 

Monitoring 

Programme  

 

At least 2 surveys 

per year in spring 

and autumn (Ideally 

4 surveys per year 

in spring, summer, 

autumn and winter)   

As Guideline, with 

reference methods: 

UNEP DEPI (MED) 

WG 394. Inf.5    

 

QA according to 

recommended 

Quality Assurance 

Protocols (i.e. Ocean 

Conservancy 

National Marine 

Debris Monitoring 

Programme (Sheavly, 

2007, see text of 

ECAP monitoring 

guidelines) 
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With 

Operational 

Objective10.1.: 

The impacts 

related to 

properties and 

quantities of 

marine litter in 

the marine and 

coastal 

environment 

are minimized 

 

Pressure, 

Impact 

indicator 
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Common 

indicator 17,  

COP 18 

Indicator 

10.1.2: 

Trends in 

amounts of 

litter at sea, 

including 

micro-

plastics* and 

on the 

seafloor 

 

With 

Operational 

Objective of 

10.1: 

The impacts 

related to 

properties and 

quantities of 

marine litter in 

the marine and 

coastal 

Litter in the water column: 

Items of floating litter, 2.5 to 50cm, per km
2 

 

Litter on the seafloor shallow coastal waters(0-20m): visually 

surveyed litter items size above 2.5cm   

 

Litter on the seafloor 20-800m: items/ha or items/km
2
 

of litter collected in bottom trawl surveys  

 

  

For floating litter 

visual ship-based 

monitoring of 

floating litter 2.5cm 

to 50cm as 

items/km
2  

 

For litter on the 

seafloor shallow 

coastal waters (0-

20m): minimum 

annual, maximum 

quarterly  

underwater visual 

surveys with 

SCUBA/snorkelling 

based on line 

transect surveys in 

use for evaluation 

of benthic fauna  

 

For seafloor 20-

800m collection of 

litter data through 

on-going and 

continuous bottom 

For Guideline and 

reference methods: 

UNEP DEPI (MED) 

WG 394. Inf.5    

 

For floating litter: 

approaches for inter-

comparison and 

calibration are to be 

developed at regional 

level  and 

implemented 

 

For shallow seafloor: 

Data on litter in 

shallow sea-floor are 

collected through 

protocols already 

validated for benthic 

species.    

 

For Litter on the 

seafloor 20-800m, the 

adoption of a 

It is recommemded 

to focus on surface 

and sea floor litter 

 

 *For microplastics 

at the surface, 

samples taken by 

zooplankton nets 

(333ɛm mesh, 6m 

length, sampling 

for 30 minutes) or 

by Continuous 

Plankton Recorder 

(CPR). Minimum 

size 330 ɛm 

 

Collection of data 

on microplastics is 

costly and it will be 

critical to identify 

monitoring 

approaches (and 

associated 

metadata such as 

QA/QC) that 

directly support the 
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environment 

are minimized 

Pressure, 

Impact 

trawl fish stock 

survey programmes 

(such as MEDITS)   

common fish stock 

survey benthic- trawl 

protocol will lead to a 

significant level of 

standardization 

among the countries 

that apply it as their 

benthic litter 

sampling strategy.   

aims of the 

indicator.  

 

Because of the 

relative infancy of 

microplastics 

research it is 

essential that 

existing proposed 

approaches would 

need to be re-

evaluated and 

refined as new 

information 

emerges.   

Candidate 

Indicator 18, 

COP18 

Indicator 

10.2.1.: 

Trends in the 

amount of 

litter ingested 

by or 

entangling 

marine 

Quantities of ingested litter (minimum size 1mm), by mass (weight in 

grams) from stomach contents of seabirds (any of the family of the 

tubenoses - Procellariiformes  i.e. shearwater species) 

 

Quantities of ingested litter (minimum size 1mm) by mass (weight in 

grams) in the stomach contents of stranded Loggerhead sea turtles 

(Caretta caretta) 

 Continuous 

sampling of dead 

birds collected from 

beaches or 

accidental 

mortalities such as 

long line victims, 

fledgling road-kills 

etc., to obtain a 

sample size of 40 

birds or more for a 

reliable annual 

For Guidelines and 

reference methods: 

UNEP DEPI (MED) 

WG 394. Inf.5    

 

For seabirds the 

methodology is based 

on OSPAR 

methodology which 

has received full 

For seabirds, the 

tool  works only 

locally  

For sea turtles the 

tool require a 

validation (long 

term data, 

QA/QC).  

 

Specific 
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organisms, 

especially 

mammals, 

marine birds 

and turtles  

 

With 

Operational 

Objective: 

10.2. Impacts 

of litter on 

marine life are 

controlled to 

the maximum 

extent 

practicable 

Impact 

average for a 

particular area or 

lower sample sizes 

for the analysis of 

trends based on 

individual birds 

 

Continuous 

sampling of dead 

sea turtles collected 

from beaches or at 

sea from accidental 

mortalities such as 

victims of long-line 

fishing (by-catch) 

or of boat 

collisions.   

quality assurance by 

publication in peer 

reviewed scientific 

literature. 

 

For sea turtles there is 

a lack of QA/QC due 

to the lack of long-

term monitoring 

programmes 

monitoring 

programmes are 

required to 

commence as 

pilots, to establish 

minimum sample 

population size for 

year and period of 

sampling, for 

reliable 

conclusions on 

change or stability 

in ingested litter 

quantities. 

 

This issue of 

entanglement 

requires further 

investigation for 

the  development 

of a dedicated 

monitoring 

protocol for the 

entanglement of 

marine organisms 

in marine litter 
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ANNEX: MEDPOL Form for 100 m beach monitoring   

 
    

ID  PLASTIC/POLYSTYRENE  Nº units  

G1  4/6-pack yokes, six-pack rings     

G3  Shopping bags incl. pieces     

G4  Small plastic bags, e.g. freezer bags incl. pieces     

G5  
Plastic bag collective role; what remains from rip-off 

plastic bags     

G7/G8  Drink bottles     

G9  Cleaner bottles & containers     

G10  Food containers incl. fast food containers     

G11  
Beach use related cosmetic bottles and containers, 

e.g. Sunblocks     

G13  Other bottles & containers     

G14  Engine oil bottles & containers <50 cm     

G15  Engine oil bottles & containers >50 cm     

G16  Jerry cans (square plastic containers with handle)     

G17  Injection gun containers (including nozzles)     

G18  Crates and containers / baskets     

G19  Car parts     

G21/24  
Plastic caps and lids (including rings from bottle 

caps/lids)     
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G26  Cigarette lighters     

G28  Pens and pen lids     

G29  Combs/hair brushes/sunglasses     

G30/31  Crisps packets/sweets wrappers/ Lolly sticks     

G32  Toys and party poppers     

G33  Cups and cup lids     

G34/35  Cutlery and trays/Straws and stirrers     

G36  Fertiliser/animal feed bags     

G37  Mesh vegetable bags     

G40  Gloves (washing up)     

G41  Gloves (industrial/professional rubber gloves)     

G42  Crab/lobster pots and tops     

G43  Tags (fishing and industry)     

G44  Octopus pots     

G45  Mussels nets, Oyster nets including plastic stoppers     

G46  Oyster trays (round from oyster cultures)     

G47  Plastic sheeting from mussel culture (Tahitians)     

G49  Rope (diameter more than 1cm)     

G50  String and cord (diameter less than 1 cm)     

G53  Nets and pieces of net < 50 cm     

G54  Nets and pieces of net > 50 cm     
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G56  Tangled nets/cord     

G57/58  Fish boxes - plastic or polystyrene     

G59  Fishing line/monofilament (angling)     

G60  Light sticks (tubes with fluid) incl. Packaging     

G62/63  Floats for fishing nets/ Buoys     

G65  Buckets     

G66  Strapping bands     

G67  Sheets, industrial packaging, plastic sheeting     

G68  Fibre glass/fragments     

G69  Hard hats/Helmets     

G70  Shotgun cartridges     

G71  Shoes/sandals     

G73  Foam sponge     

G75  Plastic/polystyrene pieces 0 - 2.5 cm     

G76  Plastic/polystyrene pieces 2.5 cm - 50 cm     

G77  Plastic/polystyrene pieces > 50 cm     

G91  Biomass holder from sewage treatment plants     

G124  
Other plastic/polystyrene items (identifiable) 

including fragments     
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Please specify the items  

included in G124        

         

      

ID  RUBBER  Nº units  

G125  Balloons and balloon sticks     

G127  Rubber boots     

G128  Tyres and belts     

G134  Other rubber pieces     

Please specify the items  

included in G134     

      

   

   

      

ID  CLOTH  Nº units  

G137  Clothing / rags (clothing, hats, towels)     

G138  Shoes and sandals (e.g. Leather, cloth)     

G141  Carpet & Furnishing     

G140  Sacking (hessian)     

G145  Other textiles (incl. rags)     
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Please specify the 

items included in G145  

   

     

      

      

ID  PAPER / CARDBOARD  Nº units  

G147  Paper bags     

G148  Cardboard (boxes & fragments)     

G150  Cartons/Tetrapack Milk     

G151  Cartons/Tetrapack (others)     

G152  Cigarette packets     

G27  Cigarette butts and filters     

G153  Cups, food trays, food wrappers, drink containers     

G154  Newspapers & magazines     

G158  Other paper items,including fragments     

Please specify the items  

included in G158    

      

   

   

      

ID  PROCESSED / WORKED WOOD  Nº units  

G159  Corks     
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G160/161  Pallets / Processed timber     

G162  Crates     

G163  Crab/lobster pots     

G164  Fish boxes     

G165  Ice-cream sticks, chip forks, chopsticks, toothpicks     

G166  Paint brushes     

G171  Other wood < 50 cm     

Please specify the items  

included in G171    

     

   

   

G172  Other wood > 50 cm     

Please specify the items  

included in G172    

      

   

   

      

ID     METAL  Nº units  

G174  Aerosol/Spray cans industry     

G175  Cans (beverage)     

G176  Cans (food)     

G177  Foil wrappers, aluminium foil     

G178  Bottle caps, lids & pull tabs     
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G179  Disposable BBQ's     

G180  Appliances (refrigerators, washers, etc.)     

G182  Fishing related (weights, sinkers, lures, hooks)     

G184  Lobster/crab pots     

G186  Industrial scrap     

G187  Drums, e.g. oil     

G190  Paint tins     

G191  Wire, wire mesh, barbed wire     

G198  Other metal pieces < 50 cm     

Please specify the items included in G198       

         

G199  Other metal pieces > 50 cm     

Please specify the items  

included in G199       

         

      

ID  GLASS  Nº units  

G200  Bottles incl. pieces     

G202  Light bulbs     

G208  Glass fragments >2.5cm     

G210a  Other glass items     



UNEP(DEPI)/ MED WG.417/17 

Annex III, Appendix 2 
Page 79 

 
  

Please specify the items included in G210a  

      

   

   

      

ID     CERAMICS  Nº units  

G204  Construction material (brick, cement, pipes)     

G207  Octopus pots     

G208  Ceramic fragments >2.5cm     

G210b  Other ceramics items     

Please specify the items included in G210b  

      

   

   

      

 

ID     SANITARY WASTE  Nº units  

G95  Cotton bud sticks     

G96  Sanitary towels/panty liners/backing strips     

G97  Toilet fresheners     

G98  Diapers/nappies     

G133  Condoms (incl. packaging)     

G144  Tampons and tampon applicators     

   Other sanitary waste     
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Please specify the other sanitary items     

         

      

ID  MEDICAL WASTE  Nº units  

G99  Syringes/needles     

G100  Medical/Pharmaceuticals containers/tubes     

G211  

Other medical items (swabs, bandaging, adhesive 

plaster etc.)     

Please specify the items included in G211  

      

   

   

      

ID  FAECES   Nº units  

G101  Dog faeces bag      

       

ID  PARAFFIN/WAX PIECES   Nº units  

G213  Paraffin/Wax      

    

  

    

 

Presence of industrial pellets?      YES  

    NO         
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Presence of oil tars?      YES  

    NO         

      

      

      

ADDITIONAL COMMENTS     
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Background 
 

Marine litter has been acknowledged at global level as an emerging threat with significant implications 

for the marine and coastal environment. Its impacts are environmental, economic, health and safety 

and cultural, and are rooted in our prevailing production and consumption patterns. The problem 

originates mainly from land-based activities as well as from sea-based activities. The limited 

governmental financial resources, the poor stakeholders understanding of their co-responsibility in 

generating and solving the problem, and the weak enforcement of laws and regulations are among the 

main factors that the problem of marine litter has not been addressed effectively. 

 

Marine litter has been an issue of concern in the Mediterranean since the 1970s. The LBS Protocol of 

the Barcelona Convention recognised the importance of dealing with the problem of marine litter. The 

amended LBS Protocol, 1996 and entered into force in 2008 provides for litter as any persistent 

manufactured or processed solid material which is discarded, disposed, or abandoned in the marine 

and coastal environment. 

 

The Mediterranean was designated a Special Area for the purposes of Annex V (Prevention of 

pollution by garbage from ships) of the MARPOL 73/78 Convention. 

 

In December 2013 COP 18 of the Barcelona Convention adopted the Regional Plan on Marine Litter 

Management in the Mediterranean (hereinafter MLRP) that represents among others a set of legally 

binding measures to prevent and reduce marine litter generation and improve its management with the 

view to achieve the ECAP GES and targets on marine litter also adopted by COP 18. Thus, the 

Mediterranean Sea is the first regional sea to have a plan in dealing with the issue of marine litter. In 

the MLRP the following marine litter definition is provided: ñMarine litter, regardless of the size, 

means any persistent, manufactured or processed solid material discarded, disposed of or abandoned in 

the marine and coastal environmentò. 

 

Fishing for Litter (hereinafter FfL) is referring to the removal of marine litter from the sea by the 

fishermen. 

 

The MLRP provides for FfL as one of the most important measures that has the potential to reduce the 

amounts of marine litter at sea by involving one of the key stakeholders sectors, the fishing industry. 

Apart from removing litter from the sea, mainly from the seafloor, these practices substantially 

contribute to raising awareness on the problem within the sector and the need for better waste 

management. 

 

In 2011 the Honolulu Strategy, developed in the course of and after the 5
th
 International Marine Debris 

Conference, organised by UNEP and the US National Oceanic and Atmospheric Administration 

(NOAA) Marine Debris Programme, stated FfL in its strategies C4 and C5. 

 

FfL initiative has demonstrated on a limited scale that the objectives and aims of the scheme can gain 

the support of the fishing industry, harbour authorities and local authorities. Furthermore, it can 

contribute to changing practices and culture within the fishing sector, provide a mechanism to remove 

marine litter from the sea, and raise awareness among the fishing industry, other sectors and the 

general public. 

 

FfL initiative integrates several benefits: environmental, social, economic and scientific. 

 

The MLRP has two provisions addressing FfL: explore and implement to the extent possible by the 

year 2017 the FfL environmentally sound practices (Art. 9.6) and the need to consider EIA and 

environmental impacts of implementing FfL drawing the attention that the best environmental 
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practices and techniques should be used for this purpose due to the fact that such interventions may 

also have a very negative impact on marine environment and ecosystems (Art. 10.e).  

 

In the Convention on Biological Diversity Expert Workshop to Prepare Practical Guidance on 

Preventing and Mitigating the Significant Adverse Impacts of Marine Debris on Marine and Coastal 

Biodiversity and Habitats held in Baltimore, USA in December 2014, ñEncourage fishing for litter 

initiativesò is included on the list of suggestions made for marine debris mitigation and management 

(predominantly plastic) of the Draft Background Document
10

. This document also provides an update 

to the review of the impacts of marine litter undertaken by the Scientific and Technical Advisory Panel 

of the GEF in collaboration with the Secretariat of the Convention on Biological Diversity, and jointly 

published as CBD Technical Series 67 in 2012. 

FfL activities have been widely applied mainly in NE Atlantic Ocean, and specifically in the North 

Sea; FfL actions in the Baltic Sea and in the Mediterranean Sea have been undertaken more recently 

while no such actions have been initiated yet in the Black Sea. At global level, one project is under 

development in the United States with energy recovery from the fishing gear removed. 

In the Mediterranean, five projects are currently being implemented: Ecological bags on board 

(Spanish East Coast), Ecopuertos (Andalusian Coast, Spain), DeFishGear (Adriatic Sea), Port of San 

Remo (Ligurian Coast, Italy) and Port of Rovinj (Northern Adriatic Sea, Croatia). A summary of these 

projects are presented in Annex 2. 

Despite FfL is mainly considered at local scale, marine litter is a transboundary problem and therefore 

a coordinated, harmonised and coherent approach is the best way to tackle it. 

At all levels, cooperation in FfL practices should be based on the exchange of relevant information 

and on addressing significant transboundary marine litter issues. Agreements should be made so that 

any vessel involved in the FfL practice can land non-operational waste at participating harbours in 

Mediterranean countries and other neighbouring countries. 

Cooperation between Regional Seas Conventions will be more effective if the work undertaken within 

these conventions following their regulatory framework takes the same approach.  

In this context, in accordance with UNEP/MAP Programme of work on pollution assessment and 

control thematic priority and the objectives of the project on ecosystem approach funded by the EC the 

following ñGuide on best practices for Fishing for Litter in the Mediterraneanò are developed to be 

commonly agreed at the Mediterranean level and implemented accordingly. 
 

1. Introduction  
 

There are two types of FfL practices: active and passive. Active practices are specifically performed to 

remove marine litter and fishermen involved are paid; passive practices are carried out by fishermen 

during their normal fishing activities without financial compensation. 

 

Regarding to active ones the following practices can be considered: 

 

1. Marine litter removal practices during specific fishing trips to remove litter from hotspots 

(marine litter accumulation) or from protected areas with financial compensation of the 

fishermen involved. 

2. Retrieval of derelict (abandoned, lost or otherwise discarded) fishing gear at sea where 

individual fishermen are contracted to retrieve nets. 

                                                           
10

 Background Document (Draft) on the Preparation of Practical Guidance on Preventing and Mitigating the 

Significant Adverse Impacts of Marine Debris on Marine and Coastal Biodiversity (Document 

UNEP/CBD/MCB/EM/2014/3/INF/2). 
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In both cases, expertise is needed to undertake marine litter removal actions. This removal involves 

fishermen and qualified divers locating and removing marine litter and derelict fishing gear 

(hereinafter DFG). They use various technologies to locate litter, such as side-scan sonar for sea-bed 

surveys, map locations on the basis of interviews with fisherman, or in the case of DFG information 

systems that track lost gear, and remove the litter from the marine environment using specialist 

equipment. 

 

The removal of marine litter requires specific skill sets and experience from the fishermen ïespecially 

when bulky or heavy items and nets are retrieved. It is recommended to work with active fishermen 

that have good knowledge of techniques and the targeted areas (i.e. of the level of activity of the 

various fisheries in these areas, now and in the past). 

 

Divers might be used to support retrieval operations, depending on the depth and the topography of the 

seafloor. Working with divers can help to minimise the impact of marine litter and DFG removal on 

the marine environment and to increase its efficiency and effectiveness. Marine litter and DFG 

retrieval requires a thorough understanding of the safety and environmental issues of working with 

marine litter and DFG. Only qualified divers with appropriate experience and training should attempt 

marine litter and DFG retrieval. 

 

In this sense, and for marine litter removal practices in protected areas, operations using specific 

fishing gear and divers should be licensed. Therefore relevant permits should be requested to the 

competent authority (managing body of the protected area). In these cases, due to the sensitivity of 

these areas environmental impact assessment of the removal practice should be developed. 

 

There are many environmental benefits of retrieval actions of marine litter, these benefits increase 

when developing in sensitive areas where protection and conservation of marine biodiversity are 

priority but the precautionary principle should be applied. 

 

Last, regarding to passive FfL practices, marine litter removal initiatives undertaken by fishermen 

during their normal fishing activity can be considered. Fishing vessels are given free bags to collect 

any marine litter they catch in their nets during fishing operations and are provided with free disposal 

facilities in harbour. Operational or galley waste generated on board, and hence the responsibility of 

the vessel, continues to go through the established harbour waste management system.  

 

All types of marine litter are targeted depending on the gear type used. Most amounts are from 

seafloor litter collected with bottom-contacting gear. Full bags are deposited on the quayside where 

the participating harbours monitor the waste before moving the bag to a dedicated skip for disposal. 

Normally, litter is weighed and, where possible, composition recorded, providing data that may be 

useful in subsequent policy development and management. Participation of fishermen is voluntary and 

without financial compensation but they should be motivated with indirect benefits to achieve their 

engagement. 

 

This practise reduces the volume of debris washing up on our beaches and also reduces the amount of 

time fishermen spend untangling their nets. Therefore FfL is one of the most innovative and successful 

concepts to tackle marine litter at sea based on cooperation with fisheries associations. 

 

This last type of practices, i.e. passive FfL practices, will be those considered in this guide and 

therefore their aspects related will be described accordingly. 

 

2. Objective 
 

The objective of this guide is two-fold: to provide technical guidance on the mechanism to remove 

litter from the sea in an environmentally friendly manner ensuring negative impacts on marine 

environment and ecosystems are avoided, and to provide guidance on the process of involving the 
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stakeholders responsible for the implementation and coordination of FfL practices. As stated above, 

the FfL practices considered within this guide are the passive FfL ones. 

 

These practices are expected to be implemented in local areas at small-medium scale due to the 

specific characteristics of the Mediterranean trawling fishing fleet. FfL practices are described in areas 

where fishermen are able and allowed to fish. 

 

3. Implementing a Fishing for Litter practice step by step 

The steps of a FfL practice are presented in the following scheme (blue colour) and are elaborated in 

the chapters that follow. Where possible to implement, additional steps are also provided (orange 

colour). 

 

 

 

 

3.1. Selection of fishing harbours and vessels 

 

For the selection of fishing harbours and vessels that will participate in the FfL practice it is 

recommended to contact with fishermenôs associations (both national and local) to explore the 

possibilities of collaboration. It is also recommended to contact with ports and harbours authorities 

because the point to collect waste will be located in the harbour area and other harbour facilities could 

be used for the purposes of the FfL practice. To complete the establishment of contacts with relevant 

stakeholders it is recommended to contact with waste management authorities and companies for the 

involvement of these sectors into the FfL practice.  

 

Selection of fishing harbours and vessels 

Marine litter collection 

Marine litter reception 

Marine litter management 
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3.2. Marine litter collectio n 

For marine litter collection, bags solid enough will be needed. The size of bags used will depend on 

the vessel size to ensure enough free space on board during fishing activities. Typical bags, called big 

bags, used for FfL practices measure L90 x W90 x H90 cm and have a weight capacity of 200 

kilogrammes, and a volume of 100 litres. The bags are usually made of polypropylene, for greater 

strength, and can be reused several times. 

The following guidelines to collect marine litter should be followed by the fishermen to ensure the 

smooth running of the FfL practice: 

¶ Marine litter should only be collected in the bags. 

¶ Only marine litter caught in your nets should be collected in the bags. Ordinary galley and 

operational waste should still be disposed of through existing procedures. 

¶ Garbage including plastics, domestic wastes, cooking oil, operational wastes and fishing gear 

should never be thrown overboard in the Mediterranean. 

¶ Objects of natural origin (e.g., submerged and drifting shrubs, trees, their branches, etc.) 

which could be entrapped by fishing gear can be subsequently discharged back to the sea. 

¶ Drums of fluids, chemicals or oil and hazardous items such as batteries are considered special 

waste under waste regulations and should be dealt with through the harbours existing special 

waste procedures. 

¶ No items of marine litter should be brought onto or retained on board the vessel if the master, 

in his opinion, considers that doing so would have an adverse effect on the stability and 

seaworthiness of the vessel. 

¶ Number of bags and approximate weight of marine litter collected in every fishing trip should 

be recorded. 

 

3.3. Marine litter reception  

 

The bags of marine litter should be unloaded and placed safely on the quayside in order to no marine 

lit ter losses occur and no marine litter may return to the sea. The bags will then be taken to the existing 

waste reception facilities in the harbour. Permanent and large containers that are emptied on regular 

basis and made available at the shortest possible distance from fishing boats will facilitate handling of 

both wastes and bags. Either fishermen will take the bags to reception facilities themselves or staff 

from the harbour authority or waste management company will take the bags to the reception facilities.  

To ensure the smooth running of the FfL practice appropriate waste reception facilities in the harbour 

should be available. Marine litter will be disposed in closed containers with lids, large enough to 

receive the amounts and sizes of items removed. 

Who takes the bags to the waste reception facilities will depend on what is agreed with the harbour 

authority during the FfL practice and the normal arrangements for handling waste from vessels in the 

port. It is recommended that the arrangements for handling marine litter are the same as the normal 

arrangements for handling the fishing vesselsô own waste. 

 

3.4. Marine litter management 

 

Once ashore, marine litter removed has to be properly managed in order to not return to the sea. In this 

sense, in addition to appropriate waste reception facilities, appropriate waste treatment facilities should 

be available. 

 

Waste management should ensure that waste is segregated and recycled conveniently prioritising the 

recovery (both material and energetic) from the deposit. Thus, ideally the management system should 

apply the following waste hierarchy as a priority order: recycling, energy recovery and disposal. 
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If the final destination of the waste is landfilling, waste disposal will take place in a controlled facility. 

 

As indicated above, the management system of marine litter collected could be integrated in the 

harbour existing waste management system, could establish an independent management system based 

on collecting it by an authorised waste manager that ensures its subsequent separation and recovery or 

could consist of a combined system of the two previous options. Agreements between waste 

management authorities and private sector could be made to put into the market segregated materials. 
 

3.5. Additional  steps 

When possible, depending on available resources for the FfL practice the following steps could be 

implemented. 

 

3.5.1. Appointment of a coordinator 

FfL practice coordinator at national or regional level might be appointed. The coordinator might be in 

charge of these tasks: 

¶ Searching for resources 

¶ Involving fishing harbours and vessels: contact with fishermen's associations, ports and 

harbours authorities, waste management authorities and companies 

¶ Developing of the public relations campaign 

¶ Reporting monitoring data 

From the experiences, the FfL practice coordinator could belong to a scientific or academic institution, 

NGO or a local authority as appropriate. 

 

3.5.2. Public relations campaign and other incentives 

A public relations campaign might be developed with the aims to encourage fishing industry to 

participate in the FfL practice and to inform general public about the FfL practice. The success of this 

kind of practices is the high engagement and involvement of fishermen and a good public perception 

could strengthen the fishermen support to the FfL practice. 

Specific objectives of the campaign are outlined below: 

¶ Raise awareness of the FfL practice within the fishing industry 

¶ Highlight the role of the funding bodies 

¶ Demonstrate good practice within the fishing industry to the general public 

¶ Change attitudes and behaviour within the fishing industry 

¶ Influence policy makers 

The main aspects public relations campaign should cover are summarised below. 

 

3.5.2.1. Key messages of the campaign 

Three are the key messages that the campaign needs to disseminate during the FfL practice: 

¶ Marine litter is a problem that can be solved if everyone takes responsibility for their actions.  

¶ Marine litter damages fishermenôs livelihood (decrease of catches because fish can get caught 

in litter, time span spent cleaning nets) as well as the environment and it is in everyoneôs 

interest to solve the problem. 

¶ Marine litter is a resource
11

, not a waste. 

                                                           
11

 The increasing scarcity of resources and rising commodity prices is encouraging producers to find new ways 

to recover used products and to turn waste into a resource. Many end-of-life products, including plastics and 
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3.5.2.2. Practical objectives of the campaign 

Practical objectives of the campaign are listed below: 

¶ Develop corporate image for the FfL practice (logo, colours, etc.) 

¶ Develop A4 information leaflet on the FfL practice aimed at fishermen
12

 

¶ Develop identification flags of the FfL practice for participating vessels 

¶ Develop specific equipment for participating fishermen 

¶ Develop display material for exhibitions  

¶ Official launch of the FfL practice  

¶ Develop Fishing for Litter content on a website 

¶ Press launch of first new harbour in the FfL practice 

¶ Coverage of the FfL practice on a rural affairs television programme 

¶ Press launch for final harbour in the FfL practice 

¶ Publication of the report on the analysis of the monitoring programme  

 

3.5.2.3. Media contacts 

Local agencies should have extensive contacts with the Trade Media and National Press. These should 

be utilised throughout the FfL practice to gain the maximum amount of coverage. 

 

3.5.2.4. Crisis management 

The risk of bad publicity from a FfL practice is very low however there are some situations that could 

impact adversely on the press coverage. For example, if a participating vessel is caught disposing of 

marine litter at sea. In such a situation the FfL practice coordinator should immediately release a press 

release condemning the action and reaffirming their commitment to eradication of such behaviour. It 

should also state their intention to enter into a dialogue with the vessel and master to ensure there was 

not a repeat incident. However as a last result if there was no cooperation the vessel in question should 

be removed from the FfL practice.  

Another possible scenario is that one of the vessels involved in the scheme is caught fishing illegally. 

In this situation the coordinator would not comment unless directly approached by the press and then 

only to state that they are only involved in waste management issues and fisheries management is 

outside their remit.  

 

3.5.2.5. Other incentives to promote fishermen engagement 

The following incentives may be taken into account to promote fishermen engagement in the FfL 

practice: 

¶ increasing self-esteem by agreements with food banks to donate a part of the catches 

¶ giving them visibility in communication media and to the Authorities 

¶ encouraging them to constitute companies for fish commercialisation and subproducts 

elaboration, providing them with contacts with commerce 

¶ studying engineering solutions to save fuel (such as hybrid engines) 

 

                                                                                                                                                                                     

packaging are increasingly being seen as sources of valuable secondary materials which are lost forever if 

disposed of. 
12

 Threats and impacts of marine litter should be highlighted on the leaflets developed. 
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3.5.3. Monitoring of the collected litter 

The monitoring might be implemented to ensure adequate collection, sorting, recycling and/or 

environmentally sound disposal of the fished litter. 

For monitoring marine litter brought ashore as part of the FfL practice a marine litter collected form 

might be filled in. With regards to seafloor litter, this form is based on the Master List of main 

categories of Litter Items as agreed in the UNEP/MAP Integrated Monitoring and Assessment 

Programme. The number of items will be recorded according to the categories defined 

(Plastic/Polystyrene, Rubber, Cloth/Textile, etc.) as well as the total weight of marine litter caught (see 

Table 1 in Annex 1). 

However, this Master List may be adjusted and shortened for the purpose of the implementation of the 

Guide on FfL based on the most frequent items found in the course of implementation. 

The tasks of recording composition and weight of waste brought ashore might be developed daily on 

the quayside by qualified personnel and monthly data might be reported to the FfL practice 

coordinator accordingly. The staff responsible for the characterisation of marine litter (composition 

and weight) should ensure that no items are lost during this process. Composition is recorded in order 

to identify sources of marine litter and the weight to ensure the final waste management. 

Annually, monthly tons and composition of marine litter collected in each of participating harbours as 

well data related to harbour details (number of participating vessels, main vessel type) might be 

reported to the National Competent Authority for the protection of the marine environment (see Tables 

2 and 3 in Annex 1). 

 

3.5.4. Monitoring and evaluation of the Fishing for Litter practice 

Data collected (number of vessels and harbours participating, amounts and composition of litter 

collected, etc.) might be periodically reviewed by the competent authority to evaluate the success of 

FfL initiatives, and might look at such factors as costs, benefits and governance. It may also enable to 

locate accumulation areas and support an optimised strategy to further focus on hot spots 

Regular FfL practice monitoring and evaluation might help to assess the impacts of the practice and to 

identify lessons that can be used to improve future initiatives. It might also help to prove to any 

organisations providing funding or other support that the practice is on track to achieve what it plans 

to achieve. 

 

4. Health and safety implications 

The experience of FfL projects in the North Sea developing since 2000 indicates that there have been 

no instances of accidents or injuries directly related to the collection, storage or transfer to shore of 

marine litter collected as part of these projects. 

The UK Maritime and Coastguard Agency (MCA) undertook a Feasibility Study for the Conduct of a 

Pilot Project for Offshore Marine Debris Analysis, Project 496 (Day) that identified some of health 

and safety implications. The study suggested that the health and safety aspects of implementing these 

types of initiatives would be the same as normal fishing activities (operations) and therefore there 

would likely not be any additional implications. 

The stability and seaworthiness of the vessel may be affected by the items of marine litter brought 

onto or retained on board. Thus, no object of marine litter will be collected if there is suspicion of 

hazard, adverse effect or risk jeopardizing the stability of the vessel. The master and crew of the vessel 

have the responsibility for effective operational risk assessment. It is recommended to consider 

elements provided in Annex 3 for health and safety risk assessment. 

Fishermen should maintain litter on board in a manner that should avoid any possible fish cross 

pollution from marine litter. 
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5. Environmental impact assessment including transboundary impacts 
 

FfL passive practices are carried alongside normal fishing operations therefore there are no, in 

principle, potential adverse effects on the marine environment. However, the MLRP highlights the 

need to consider EIA and environmental impacts of implementing FfL and draws the attention that the 

best environmental practices and techniques should be used for this purpose due to the fact that such 

interventions may also have a very negative impact on marine environment and ecosystems in 

particular regarding the FfL active practices. 

 

The main potential environmental impacts of FfL practices may be related to the harm to the seafloor 

and the associated benthic communities, In addition, pollution with marine litter will happen in case of 

exceed the capacity of the harbour waste reception and storage facilities together with human health 

and safety risks. Best practices established in this guide could be considered as mitigation measures of 

potential negative impacts of FfL practices on marine environment. 

 

[An environmental impact assessment for active FfL practices should be considered taking into 

account the aspects listed below: 

1. Characteristics of the FfL practice: (a) the size and design of the whole FfL practice; (b) 

cumulative effects with other existing and/or approved FfL practices; (c) the use of natural 

resources, in particular land, soil, water and biodiversity; (d) the production of waste; (e) 

pollution and nuisances; (f) the risk of major accidents and/or disasters which are relevant to 

the FfL practice concerned, including those caused by climate change, in accordance with 

scientific knowledge; (g) the risks to human health. 

 

2. Location of the FfL practice: environmental sensitivity of geographical areas affected by the 

FfL practice with particular regard to marine protected areas. 

 

3. The transboundary nature of the potential impacts.] 
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Annex 1
13

. Monitoring forms  

Table 1. Marine litter collected form. 

Harbour   

Vessel  

Date  

Number of bags  

Total weight (Kg)  

Observations  

 

 

 

ID  PLASTIC/POLYSTYRENE  Total No. 

G2 Bags  

G6 Bottles  

G10 Food containers incl. fast food containers  

G18 Crates and containers / baskets  

G20 Plastic caps and lids  

G27 Cigarette butts and filters  

G39 Gloves  

G48 Synthetic rope  

G51 Fishing net  

G55 Fishing line (entangled)  

G59 Fishing line/monofilament (angling)  

G61 Other fishing related  

G66 Strapping bands  

G67 Sheets, industrial packaging, plastic sheeting  

G93 Cable ties  

G124 Other plastic/polystyrene items (identifiable)  

ID  RUBBER Total No. 

G125 Balloons and balloon sticks  

G127 Rubber boots  

G128 Tyres and belts  

G132 Bobbins (fishing)  

G134 Other rubber pieces  

ID  CLOTH/TEXTILE  Total No. 

G136 Shoes  

                                                           
13

 This Annex is prepared for indicative purposes. Its final version will be based on the agreed list under the 

Integrated Monitoring and Assessment Programme of UNEP/MAP. 
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G137 Clothing / rags (clothing, hats, towels)  

G141 Carpet & Furnishing  

G142 Rope, string and nets  

G145 Other textiles (incl. rags)  

ID  PAPER/CARDBOARD Total No. 

G146 Paper/Cardboard  

G148 Cardboard (boxes & fragments)  

G158 Other paper items  

ID  PROCESSED/WORKED WOOD Total No. 

G160 Pallets  

G170 Wood (processed)  

G173 Other (specify)  

ID  METAL  Total No. 

G175 Cans (beverage)  

G176 Cans (food)  

G180 Appliances (refrigerators, washers, etc.)  

G182 Fishing related (weights, sinkers, lures, hooks)  

G185 Middle size containers  

G187 Drums, e.g. oil  

G193 Car parts / batteries  

G194 Cables  

G196 Large metallic objects  

G197 Other (metal)  

ID  GLASS/CERAMICS Total No. 

G200 Bottles incl. pieces  

G201 Jars incl. pieces  

G208 Glass or ceramic fragments >2.5cm  

G209 Large glass objects (specify)  

G210 Other glass items  

ID  SANITARY WASTE  Total No. 

G95 Cotton bud sticks  

G96 Sanitary towels/panty liners/backing strips  

G98 Diapers/nappies  

G133 Condoms (incl. packaging)  

ID  MEDICAL WASTE  Total No. 

G99 Syringes/needles  

TOTAL   
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Table 2. Reporting format-Monthly tons of marine litter collected. 

 

Harbour  Number of vessels Main vessel type Observations 

    

    

    

    

    

 

 Tons of marine litter collected 

Harbour  Jan Feb Ma

r  

Apr  Mai Jun Jul Au

g 

Sep Oct Nov Dec Tota

l 

              

              

              

              

Total              
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Table 3. Reporting format-Monthly composition of marine litter collected. 
 

Harbour   

Number of vessels  

Main vessel type  

Observations  

 

 

 
 

 Total No. of items 

ID PLASTIC/POLYSTYRENE  Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G2 Bags              

G6 Bottles              

G10 Food containers incl. fast 
food containers 

             

G18 Crates and containers / 

baskets 

             

G20 Plastic caps and lids              

G27 Cigarette butts and filters              

G39 Gloves              

G48 Synthetic rope              

G51 Fishing net              

G55 Fishing line (entangled)              

G59 Fishing line/monofilament 
(angling) 

             

G61 Other fishing related              

G66 Strapping bands              

G67 Sheets, industrial packaging, 
plastic sheeting 

             

G93 Cable ties              

G124 Other plastic/polystyrene 

²tems (identifiable) 

             

ID RUBBER Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G125 Balloons and balloon sticks              

G127 Rubber boots              

G128 Tyres and belts              

G132 Bobbins (fishing)              

G134 Other rubber pieces              

ID CLOTH/TEXTILE  Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G136 Shoes              

G137 Clothing / rags (clothing, 

hats, towels) 

             

G141 Carpet & Furnishing              

G142 Rope, string and nets              

G145 Other textiles (incl. rags)              
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ID PAPER/CARDBOARD Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G146 Paper/Cardboard              

G148 Cardboard (boxes & 

fragments) 

             

G158 Other paper items              

ID PROCESSED/WORKED 

WOOD 

Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G160 Pallets              

G170 Wood (processed)              

G173 Other (specify)              

ID METAL  Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G175 Cans (beverage)              

G176 Cans (food)              

G180 Appliances (refrigerators, 
washers, etc.) 

             

G182 Fishing related (weights, 

sinkers, lures, hooks) 

             

G185 Middle size containers              

G187 Drums, e.g. oil              

G193 Car parts / batteries              

G194 Cables              

G196 Large metallic objects              

G197 Other (metal)              

ID GLASS/CERAMICS Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G200 Bottles incl. pieces              

G201 Jars incl. pieces              

G208 Glass or ceramic fragments 

>2.5cm 

             

G209 Large glass objects (specify)              

G210 Other glass items              

ID SANITARY WASTE  Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G95 Cotton bud sticks              

G96 Sanitary towels/panty 

liners/backing strips 

             

G98 Diapers/nappies              

G133 Condoms (incl. packaging)              

ID MEDICAL WASTE  Jan Feb Mar  Apr  Mai  Jun Jul Aug Sep Oct Nov Dec Total 

G99 Syringes/needles              

TOTAL               
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Annex 2. Summary of the FfL projects 

 

PRACTICE / PROJECT IMPLEMENTING 

ORGANISATION  

SCOPE PERIOD LITTER 

REMOVED  

ACTIVITIES 

UNDERTAKEN  

ADDED VALUE  

Ecological bags on board Villajoyosa 

fishermenôs association 

Alicante Coast 

(E Spain) 

2012- Seabed and 

floating 
¶ 1 harbour, 38 boats (30 

trawls, 8 trammels) 

¶ Fishermen initiative 

Ecopuertos RELEC Chair 

(University of Cadiz, 

Spain) 

Andalusian 

Coast 

 

(port of Motril, 

Granada) 

August 

2013-

December 

2014 

Seabed ¶ Until 30th September 

2014: 41701 items of 

seabed litter collected 

and 17603 kg of fish 

donated 

¶ On average 5 vessels 

participating each month 

(trawling fishing vessels) 

¶ Integrated waste 

management system 

¶ Fishing discards of 

the participating fleet 

provide food to 

charity canteens 

through Granada 

Food Bank 

Foundation 

¶ The project finalised 

at the beginning of 

December 2014 but 

the continuity of this 

initiative is assured 

thanks to funding 

from the port of 

Motril  

DeFishGear Lead partner: National 

Institute of Chemistry 

(Slovenia) 

 

Project countries: 

Slovenia, Italy, Greece, 

Croatia, Bosnia and 

Herzegovina, 

Montenegro and 

Albania 

Adriatic Sea 

 

Beginning 

of 2014-

ongoing 

Seabed and 

fishing gears 
¶ Fishing for litter pilot 

actions started in 

October and will last 

from 6 to a maximum of 

12 months 

¶ Implementation of a 

Derelict Fishing Gear 

Management System 

in the Adriatic 

Region ï DeFishGear 

¶ Recovering and reuse 

fishing nets 

 Lead partner: OLPA Ligurian Coast 2015- Seabed ¶ 11 trawlers of San Remo ¶ The objectives of the 



UNEP(DEPI)/ MED WG.417/17 

Annex III, Appendix 3 
Page 18 

 

 

Port of San Remo (The Ligurian 

Observatory on Fishery 

and Environment) 

 

Partners: Liguria 

region; ARPA Liguria; 

Municipality of San 

Remo; fishery 

cooperatives 

(LegaPesca, 

Federcopesca, AGCI 

Pesca), port authority 

of San Remo; FLAG 

(Fisheries Local Action 

Group) 'Il mare delle 

alpi'; waste 

management 

companies (AIMERI 

SpA); Accordo Pelagos 

and RAMOGE; 

tourism industry 

(Consorzio 

Mediterraneo; Costa 

Crociere Foundation); 

ARPA Toscana;  

University of Genova; 

Institut RuĽer 

Boġkoviĺ 

 

(Port of San 

Remo, Italy) 

are involved project are: improve 

the marine 

environment and in 

particular the 

environmental status 

of the sea bottom by 

reducing marine 

litter; promote 

behavioural change 

among stakeholders 

and raise awareness 

on marine litter 

issues; provide 

evidence on marine 

litter hot-spots in 

Liguria 

Port of Rovinj Lead partner: Center 

for Marine Research of 

the RuĽer Boġkoviĺ 

Institute 

 

Partners: fishermen of 

Rovinj; Port authority 

of Rovinj; Komunalni 

Northern 

Adriatic Sea, 

Istrian Coast 

 

(Port of Rovinj, 

Croatia) 

2015- Seabed ¶ 20-25 vessels are 

involved in the first stage 

of the project 

¶ The objectives of the 

project are: Remove 

marine litter and 

contribute to the 

implementation of 

the Marine Strategy 

Framework Directive 

in Croatia and to 
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servis d.o.o (municipal 

waste management 

company); NGO 

Zelena Istra (Green 

Istria); Chamber of 

Commerce of Istria; 

Municipality of Rovinj 

achieving good 

environmental status; 

Collect data on 

marine litter in the 

Northern Adriatic 

Sea; Raise awareness 

on the problem of 

marine litter 
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Annex 3. Elements for the health and safety risk assessment 

 

 

Persons affected Crew and Project Staff 

  
Hazard no: Hazard severity Likelihood of occurrence Risk factor 

1 High / mod risk Low likelihood Severe 

2 High / mod risk Low likelihood Severe 

3 Low risk Low likelihood Medium 

4 Low risk Low likelihood Medium 

5 Moderate risk Low likelihood Minor 

6 Moderate / low risk Likely Medium 

7 Low risk Unlikely Medium 

 

Likelihood / 

Consequence 

Severe Major  Medium Minor  

High likelihood Very high risk High risk Moderate risk Moderate risk 

Likely High risk Moderate risk Moderate / low risk Low risk 

Low likelihood High / mod risk Mod / low risk Low risk Negligible Risk 

Unlikely Moderate/low risk Low risk Negligible Risk Negligible Risk 

 

To assess the risk arising from the hazard: 

1. Select the expression for likelihood which most applies to the hazard 

2. Select the expression for degree of harm which most applies to the hazard 

3. Cross reference using the above table to determine the level of risk 

 

Existing Control Measures                                                         Re-assessed 

Hazard Control Measures Risk Factor 

1 Vessel survey, trainee staff, good safety equipment Medium 

2 Vessel survey, trainee staff, good safety equipment Medium 

3 Survey the quay Minor 

4 Vessel survey, staff familiar with equipment Minor 

5 Survey the quay Minor 

6 Issue of safety equipment (gloves, boots, hard hat) Minor 

7 Staff to be familiar with craning procedures Minor 

 

Hazards 

Hazard no:  

1 Working on fishing boat (MOD, collision, fire and flood 

2 Working with fishing gear on dock (ropes, wires, trawls and winch gear) 

3 Ladders on quayside (ladders on vessel) 

4 Landing debris (using landing derricks) 

 The fish quay (slippery surfaces, mooring ropes, blocks and bollards) 

6 Handling debris (cutting hands on sharp objects) 

7 Emptying skips (injury if craned from pontoon) 



UNEP(DEPI)/ MED WG.417/17 

Annex III, Appendix 4 
Page 1 

 

Annex III, Appendix 4 

 

Guidelines on Best Environmental Practices for the environmental sound 

management of mercury contaminated sites 
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Note by the Secretariat 
 

These Guidelines have been commissioned by the Programme for the Assessment and Control of 

Marine and Coastal Pollution in the Mediterranean Region (MEDPOL) and the Regional Activity 

Center for Sustainable Consumption and Production (SCP/RAC) of the Mediterranean Action Plan 

(UNEP/MAP) to the Spanish National Technological Center for Mercury Decontamination 

(CTNDM), which counts with a vast technological experience in mercury management and offers 

scientific and technological support to eliminate the hazards related to the presence of mercury in 

products, emissions and wastes. 

  

The Guidelines have been prepared by Manuel Ramos, Javier Carrasco, Ana Conde and Engracia 

Delacasa, from the CTNDM and from Minas de Almad®n (MAYASA), with collaborations of Marc 

Pujols and Gracia Ballesteros from ACUAMED; Antoni Malet and Antonio Caprino from SOLVAY 

IB£RICA, and Josep Maria Chimenos from the University of Barcelona.  

 

The Directorate General for Risk Prevention (Service of Technological Risk, Management of 

Contaminated Sites) of the French Ministry of Ecology, Sustainable Development and Housing, the 

Institute for Environmental Protection and Research (ISPRA) of the Italian Ministry for the 

Environment and the Protection of Land and Sea, and the Waste Agency of Catalonia have 

contributed with comments and suggestions. 

 

The coordination and technical supervision was ensured by SCP/RAC. 

 

The Guidelines were discussed at the MED POL Focal Points Meeting in March 2014 and have been 

updated to accommodate the comments received by the Focal Points. 
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1. Introduction  
 

In general, a contaminated site is a place where there is an accumulation of toxic substances or 

residues which may affect the soil, groundwater, sediments and, in the case of mercury, even air to 

levels that pose a risk to the environment or human health or be above the safe limits recommended 

for a specific use.  

 

Metallic mercury is a liquid at room temperature, the only metal with this property and also 

evaporates at room temperature. Mercury is one of the most problematic toxic substances that may be 

found at contaminated sites: the special physical and chemical characteristics of mercury make a 

challenge the management of mercury contaminated sites, especially when it comes to remediate 

large industrial sites and mercury mining sites. Due to its properties, once mercury has entered the 

environment, it remains there adopting different physical and chemical forms reaching all of the 

environmental compartments to a greater or lesser extent: air, soil, water, sediments and even the 

buildings used for the activity.   

 

Inorganic mercury can be transformed by bacteria into methylmercury in sediments and soils, at a rate 

depending of the physic-chemical characteristics of the soil. Methylmercury (CH3Hg+ ) is a highly 

toxic bioavailable form of organic mercury and cumulative throughout the food chain. Consumption 

of fish and shellfish poisoned by direct dumping of methylmercury in the wastewater from a chemical 

factory in the Minamata bay (Japan) during decades was the cause of one of the worst episodes of 

chemical pollution recorded in the past century. 

 

The three major forms (speciation) that can be found in the environment are: 

 

Á Metallic mercury (HgÁ), in liquid and gas equilibrium depending of the temperature. 

Á Inorganic mercury (Hg
2+

, HgO, HgCl2, HgClé) 
14

 

Á Organic mercury (CH3-Hg-CH3, CH3-Hg-NH2, CH3-Hg-SHé) 

 

Various activities have led historically to mercury-contaminated sites, generally as a result of lack of 

environmental regulations, use of pollutant technologies and poorly waste management practices. 

These activities mainly include: mercury mining and quarrying
15

; the chlor-alkali industry; coal-fired 

power-plants; cement industry; production of pig iron, steel and non-ferrous metals; the waste sector; 

the production of chemical substances, chemical fertilizers, pharmaceutical products and catalysers; 

batteries and fluorescent lights.  

 

Currently the most important source of emission of mercury in the Mediterranean region are the coal-

fired power plants
16

. 

 

                                                           
14

 Mercury can easily change its chemical state in the environment because of the low Hg2+/HgÁ standard 

potential, thus causing drastic changes in its mobility and toxicity. 
15

 The most common ore form of Hg is cinnabar (HgS). It has been exploited in the Mediterranean region 

mainly in Spain and also in Algeria, Slovenia, Turkey and Italy.  
16

 ñDiagnosis of Mercury in the Mediterranean Countriesò. CP/RAC, 2010.  
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Remediation of a contaminated site is a corrective measure to mitigate or eliminate the pollution. The 

first step towards achieving this is to thoroughly examine the origin, extent, type and amount of 

existing contamination. Once these parameters have been defined, the next step is to determine how 

and to what extent the environment and human health is or may be affected. Finally, and only after 

having investigated the aforementioned aspects, corrective measures should be proposed and adopted 

to remediate safely the environmental damage and limit or eliminate the risk of the contamination to 

any environmental vector and to the human health. 
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2. International Legislation 

 

2.1 Minamata Convention on Mercury 
17

 

 

The Minamata Convention on Mercury provides for control and reductions across a range of 

products, processes and industries where mercury is used, released or emitted.  

 

With regard to contaminated sites, the global Convention on mercury shall adopt guidance on 

managing contaminated sites, but does not pose an obligation on remediation of contaminated sites. 

 

The parties are encouraged to cooperate in the formulation of strategies and the execution of activities 

to identify, measure, classify depending on priorities, manage and, as appropriate, remediate 

contaminated sites. 

 

2.2. Convention for the Protection of the Marine Environment and the Coastal Region of the 

Mediterranean (Barcelona Convention) 

 

2.2.1 Common Measures, adopted in the 5
th
 Conference of the Parties (1987) of the Barcelona 

Convention.   

 

¶ The maximum concentration of mercury in effluent before dilution in the Mediterranean 

Sea is 50 Õg/l.  

¶ New outlets for mercury-containing effluents in the Mediterranean Sea should be 

designed and constructed to prevent an increase of mercury concentration in the biota and 

sediments to above 50% of the background level in a 5 km radius from the discharge 

point.  

 

2.2.2 Regional Plan on the reduction of inputs of Mercury (2012). 

 

 In the framework of the implementation of article 15 of the Protocol of Land Based Sources of 

pollution, the Mediterranean Action Plan (MAP) of the Barcelona Convention adopted in 2012 

a legally binding text in order to reduce Mercury pollution, by which the Parties should 

establish limits of emission (ELVs) to different industrial sectors, among other measures. 

 

An inventory of contaminated sites - including mercury mines and chloralkali facilities 

which use or have used in the past mercury cells-, has to be forwarded to the Secretariat of the 

Barcelona Convention. The countries have also to identify and envisage appropriate 

measures for these sites.  

  

                                                           
17

 Open for signature in 2013 and enters into force in 2018 
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2.3. European Union Legislation 

 

2.3.1 Surface water and Groundwater  
 

2.3.1.1 Council Directive 98/83/CE of 3 November 1998, on the quality of water intended 

for human consumption. Sets a limit for Mercury of 1 microgram per litre.  

 

2.3.1.2  Directive 2006/118/EC of 12 December 2006, on the protection of groundwater 

against pollution and deterioration.  

¶ Indicates criteria for assessing good chemical status of groundwater. 

¶ Set the threshold values of the analytical parameters. 

¶ Mercury is included in the minimum list of pollutants or groups of pollutants and 

indicators of pollution that member states should establish. 

 

2.3.2 Soils 

 

2.3.2.1 Council Directive 86/278/EEC of 12 June 1986 on the protection of the 

environment, and in particular of the soil when sewage sludge is used in agriculture. 

 

2.3.2.2 Council Directive 91/156/EEC of 18 March 1991 establishes the obligation to draw 

up inventories of contaminated sites.  

 

2.3.2.3 The thematic strategy for soil protection, Communication COM[2006]231-final , 

includes concepts like:  

 

- the establishment of a legal framework to protect and use the soil sustainably; 

- the integration of protection policies; 

- the identification of risk areas 

- the inventory of contaminated land and facilities 

- the restoration of degraded soils.  

 

2.3.2.4 The implementation of the Strategy and ongoing activities since 2006 were presented in 

document COM (2012) 46 final. 

 

2.3.2.5  Directive 2010/75/EU on Industrial Emissions (IPPC). The industrial activities dealing 

with hazardous substances will have to establish through a baseline report the state of 

soil and groundwater before the start of activities and after the cessation of the activities. 

 

2.3.2.6 Directive 99/31 on landfill of waste. The operator shall be responsible for the 

maintenance, monitoring and control in the after-care phase for as long as may be 

required by the competent authority, taking into account the time during which the 

landfill could present hazards. In some countries this period is not inferior to 30 years. 
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2.3.3 All media 
 

 

2.3.3.1 Regulation EC no.166/2006, concerning the establishment of an European pollutant 

release and transfer Register (E-PRTR), setting as compulsory to inform on emissions to 

air, water and soil above given limits. 

 

2.3.4 Health and safety at work 
 

2.3.4.1 Commission Directive 2009/161/EU establishing a list of indicative occupational 

exposure limit values. 

 

2.3.5 Transport of hazardous waste  
 

2.3.5.1 European Agreement concerning the international carriage of dangerous goods by road 

(ADR)  

 

2.3.5.2 Regulation EC 1013/2006 on shipments of waste, specifies the procedures for 

controlling waste shipments to improve environmental protection. 

 

2.3.5.3 Directive 2008/98 on waste (Framework Directive), includes the conditions for 

transportation of waste, including minimum standards of transporters. 
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3. Identification of mercury -contaminated sites  

 

The first step is to produce a census of current and former industrial sites that hosted industrial 

activities likely to have used - intentionally or unintentionally - mercury in the process or be emitted 

or dumped into the environment (see list of activities in the introduction). To this list, sites can be 

added for which analyses and diagnoses revealed the presence of significant mercury anomalies in the 

soil, air, water, sediments. To detect these anomalies, it is necessary to compare the results found on 

the site with those of natural or anthropogenic geological background. 

 

The realization of studies on the site to characterize the pollution in its breadth and scope is a critical 

phase to define the actions to undertake cleanup activities later. 

 

To characterize the pollution it should be established: 

Á What are the forms of mercury present (metallic mercury, methyl mercury é); 

Á The amount of mercury; 

Á What are the environmental compartments impacted; 

Á What is the extent of the contaminated area; 

Á The behavior of mercury in environmental compartments; 

Á What are the consequences of the pollution, both in and out of the site. 

 

Several tools can be implemented on the site: 

o Historical studies, literature and recollection of memories from workers may reconstitute 

industrial and environmental practices in the site to target potentially polluted areas and type 

of pollutants potentially present.  

o The hydro-geological studies will show the soil characteristics (granulometry, composition of 

soil and rock, fragmentation areas..) and underground hydrological networks (flow direction 

of the water, connection between groundwater tables, depth, variation in levels of the 

groundwater table..). This helps to identify potential transfer and the possible pollution 

extent. 

 

Information gathering will also seek to identify issues to protect in the site and if the pollution exits 

the site: local population, uses of the environment (orchards, fishing, water consumption, swimming 

areas, walking areas ...), media exposure, and the protection of natural resources. 

 

The program of investigations conducted on the site defines environmental compartments and study 

samples to be taken in order to ultimately develop the conceptual site layout. The latter can map the 

relationships between the sources of pollution, the various transfer media and issues to protect. 

 

The environmental compartments to be studied are water (surface, groundwater); biota (fish, 

plants,..); soil, soil gas and sediments and air. 

 

The sampling and analyzes have to be performed according to the protocols and standards. In the case 

of mercury pollution, it is convenient to associate each sampling with a collection of field 
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observations and measurements of parameters to be able to assign bias indices to the results. These 

observations or parameters taken into consideration may be: 

 

¶ In the air:  temperature and internal pressure, temperature and pressure of the outside air. 

 

¶ In the soil: environment in the area of sampling (sub-slab, bare soil, grassy floor, soil with 

nearby trees...), soil type (natural, backfills, lithology, homogeneity/ heterogeneity, 

granulometry, moisture, etc.) soil temperature, ambient air temperature, pH, Eh, dissolved 

oxygen, organic content (TOC), iron, sulfates, major element and/or traces characterizing the 

geochemical background, chlorinated solvents (HVOC, chlorinated monocyclic aromatic 

compounds, total hydrocarbons, etc.), types of bacteria present in the soil (anaerobic, aerobic ...) 

 

¶ In the soil gas: temperature and pressure of the soil, temperature and air pressure outside. 

 

¶ In the water: pH, Eh, dissolved oxygen, electron acceptors (nitrates, nitrites sulfates, iron and 

manganese), content of chlorides, COD. 

 

¶ In sediments: pH, Eh, sulfides / sulfates, Total Organic Carbon (TOC), granulometry. 

 

If there are droplets of mercury in soil or sediments, the results may be biased depending if the 

droplet is taken or not in the sample, especially if the weight of the sample is very small. Sampling 

sizes should be carefully considered in this case to minimize this risk. A good safety measure to 

validate the results is to include also sampling and measurements of soil gas. 

 

During analysis of mercury in the sample, it is necessary to perform mercury speciation, which will 

let to have a precise evaluation of the toxicity, lability and the associated risks. The speciation will 

distinguish the different forms of mercury present: total mercury, dissolved elemental mercury, 

dissolved reactive mercury, gaseous mercury Hg Á, particulate and colloidal mercury.  

 

Taking into account that metallic mercury is the most present form (99%) in the air and soil gas, the 

speciation in the samples should preferably be carried out in water - groundwater and surface water -, 

soil and sediments. 

 

Sampling is described in more detail in chapter 5. 

 

3.1  Stage I: Preliminary report on the situation  

 

The preliminary report should contain a theoretical model of the mercury-contaminated site that 

draws on all of the previously known information. Data on the following aspects will be gathered 

during this stage:  

V The location, surface area, and details of the physiographic region of the site.  

V Historical records of the site and the surrounding area (climatology, etc.). 

V Past, current and future uses of the place.  
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V Analytical data from previous studies. 

V A survey of the site and the nearby area. 

 

One important tool that helps to identify, quantify and characterize the contamination is a list of the 

activities and processes that have taken place on the site associated with mercury use and the 

estimated amount of mercury-containing wastes.  

 

Once these factors have been identified, stage II should be carried out. This stage involves the 

drafting of a more detailed additional report to assess the degree of mercury contamination. 

 

3.2  Stage II: Additional report 

 

This report will contain the information required to draw conclusions and determine whether or not 

a more in-depth analysis is needed.  

 

It is advisable to carry out a preliminary site inspection to meet three specific objectives: a) describe 

the site, b) examine the type of contamination produced by the mercury and c) define the 

mechanisms of mercury mobility and the points of exposure. 

 

 If detailed studies of the site are required, the environmental characterization stage will be carried out 

(Chapter 5).  

 

The three specific objectives are discussed in more detail below. 

 

3.2.1 Description of the site 

 

This should include generalities on the location of the site, climatology, hydrology, hydrogeology, the 

demography of the area (size and distance from the nearest population), and potential environmental 

affection. 

 

The report should include at least the following data: 

o Location. A complete description of the location of the site and access to it. Geographic 

information on the site. Potential movement of the material deposited there, the production 

processes carried out, the source of mercury waste, amounts of waste, etc. 

 

o Form and structure of any facilities. Geometric characteristics, the building system and 

sequence, an estimation of the volume of material, the boundaries of the site and the uses of 

the immediately adjacent area. 

 

o Climatology. A complete description of the climate using all available data, the average 

seasonal temperature, the annual rainfall and its distribution, the maximum precipitation, the 

predominant wind direction and seasonal wind patterns. 
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o Geology of the area, to discover the geological formations and the rocks found at the site, 

along with their characteristics. 

 

o Edaphology and land uses. A complete description of the kinds of soil at the site, along with 

the soil characteristics and the land uses: industrial, agricultural, livestock farming, forestry, 

crop types, etc. 

 

o Surface drainage network. A description of the fluvial flow throughout the year, permanent 

or seasonal rivers. 

 

o Socioeconomic aspects. The demography and economy of the area. 

 

3.2.2 Type of contamination  

 

Unless chemical analyses have been carried out, it is difficult to accurately determine which 

contaminants are present at a site. However, during a site visit, it is possible to define with sufficient 

clarity the type of mercury contamination that has taken place. To achieve this, it is essential to find 

out about the activities and processes carried out in the area of interest, through interviews with the 

local authorities and with the population of the surrounding area. Information that is gathered in this 

way must always be summarized and filtered, particularly if the polluting activity was halted a long 

time ago. 

 

The site should be defined in as much detail as possible in relation to the geometric and physical 

characteristic of the structure or structures that could potentially produce the contamination. 

 

3.2.3 Identify the mechanisms of mercury mobility and points of exposure 

 

A description of the site and of the type of contamination will enable us to predict the mechanisms of 

mercury mobility and the environmental compartments that are affected, where applicable. A good 

selection of points of exposure is extremely important, as environmental sampling should be 

comprehensive.  

 

During the first site visit, the specialist in charge of the study should also define the areas in which 

there is no evidence of contamination. These areas will be used to take reference samples, which will 

serve to establish the natural or background level of mercury in the study area. 

 

A preliminary precautionary decision can be made to limit access and uses of the potentially 

contaminated area if knowledge of points of exposure gained in this first visit leads to the 

conclusion that there may be an exposure risk for people or animals. The relevant local authority must 

be informed of this decision. The advisability of the measure can be reviewed later when the results 

of the analyses are available. 
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4 Identification of environmental impacts 

 

National environmental safety and protection criteria should be used as a reference to identify 

environmental impacts at the contaminated site.  

 

If no specific regulations exist, the principle of prudence should be considered in the study of the 

mercury-contaminated site. In this case, applicable published data, recommendations and 

international guidelines should be used as a reference. The conclusions obtained in this way and the 

decision of the relevant authority/ies will enable future actions to be evaluated. 

 

As mercury is mobile, environmental impacts should be assessed in the various environmental 

compartments to determine the following risks. 

 

Hydrological risk: 

Á Alterations in natural surface drainage and contamination of river beds due to runoff and 

leachate from the contaminated site. 

Á Changes in the courses of streams adjacent to the site due to the accumulation or piling up of 

material in the beds, which may cut off the natural flow or be washed away in a flood and 

pollute the downstream. 

 

Atmospheric risks: 

Á Resuspension or reemission of particles of dust from the mercury-contaminated site that are 

carried by the winds. 

Á Regasification and release of mercury present in piled up or contaminated materials, due to 

seasonal changes in temperature. 

 

Changes in soils: 

Á Occupancy by accumulation of materials. 

Á Nearby soil affection by dispersion of materials from the contaminated site, the deposition of 

dust or the runoff of rainwater.  

 

Impact on vegetation and wildlife: 

Á Affection of plant species from the area and movement of wildlife to adjacent habitats. 

 

Morphology and landscape: 

Á Visual impact on the main basins in the natural landscape due to the effect of piling up of 

material, lack of vegetation or colour changes. 
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5 Environmental characterization of mercury-contaminated sites  

 

The selection of the environmental compartments that should be sampled will depend on the 

characteristics of the contaminated site or location: each site is different, so criteria that apply to one 

might not be applicable to another. In some places, surface water and sediment should be sampled; in 

others soil sampling may be sufficient; and in yet others emissions should be measured and soil, 

surface water and groundwater should be sampled. 

 

Sampling and analyses are essential elements in the assessment of mercury-contaminated sites: it will 

determine the extent of soil contamination with environmental damage, and the precise boundaries of 

contaminated areas. 

 

When mercury contamination is detected at a site, it should also be sought in the surrounding area. 

Sampling should be carried out both óinsideô and óoutsideô the site, to assess the possibility that the 

contamination affects adjacent surroundings. 

 

In all cases, it is essential to obtain a reference sample to determine the background levels of mercury. 

If the site is in a mining area, a great deal of caution must be taken in defining the reference level. 

The mineral deposits could extend beyond the limits of the mine, due to the continuation of the 

geological formation that contains the deposit. Thus, high metal content results could be obtained that 

are not strictly due to the mining activity. In these cases, special attention should be paid to soils and 

aquifers. 

 

Sampling 

 

The tasks of sampling, analysis and monitoring should be carried out by qualified professionals, in 

accordance with a well-thought-out plan, using widely accepted methods. The same methods should 

be used throughout the programme. 

 

It should be stressed the importance that sampling has on a decontamination project. Sampling errors 

or deviation from the standard operating procedures could produce data detrimental to the 

programme, which is why the samples must be representative and must conform to the desired levels 

of reliability. Samples should be preserved and stored in the shortest time possible after collection. 

The time elapsed between the taking of samples and their preparation for analysis should be the 

minimum, and is recommended to maintain the samples refrigerated untill delivered to the 

Laboratory. 

 

In addition, rigorous quality assurance and control measures should be applied.  

 

Sampling may be selective, systematic and random, including all matrices (soil, sediment, water):  

¶ Selective sampling 

The sample collection points are determined by the experience of the sampler, and usually 

include factors such as the visibility of the area of a chemical spill, changes in soil color, 
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areas of previous physical disturbance or areas with no vegetation or dead vegetation. In 

environmental studies, selective sampling is often the basis of an exploratory investigation.  

 

¶ Systematic sampling 

It is useful at sites with chemical spills or aerial deposition of pollutants, this method is useful 

to document probable concentration gradients and is often used in monitoring programs. The 

points of sampling can form various patterns in the soil: zigzag, diagonal, grid, sinuous, etc. 

Subsamples should also be taken at each vertex where the direction of the pattern changes. 

 

¶ Random Sampling  

Allows every possible combination of sample units to be selected and the number of possible 

combinations is limited only by the size of the sample. 

 

Analyses 

 

In order to obtain significant, acceptable results, the analytical laboratory should have the required 

infrastructure and proven experience with the matrix and type of mercury to be analyzed. One 

excellent way to verify the validity of results is the participation in an inter-laboratory comparison 

programme. 

 

In addition, procedures such as homogenization and acceptance criteria for handling and preparing 

samples in the laboratory should be established. Chapter 6 deals with sample preparation and 

analytical considerations. For further considerations about the pretretment of the samples, consult the 

standard NEN-EN-16179: 2012 ñSludge, treated biowaste and soil: Guidance for sample 

pretreatmentò 

 

The methods to analyse the various matrices of mercury may assess the total mercury content or the 

speciation of mercury. Some have been defined by the International Organization for Standardization 

(ISO) and the European Committee for Standardization (CEN). Other national methods have been 

drawn up, such as those of the United States (EPA) or Japan. 

 

The following criteria must be met to obtain high quality results: 

 

a) Specification of the analytical technique.  

b) Presentation of reports, according to the established quality procedure  

c) Maintenance of the analytical equipment. 

d) Validation of all of the methods used (including the laboratoryôs own methods). 

e) Training of laboratory staff. 

 

In addition, procedures such as homogenization and acceptance criteria for handling and preparing 

samples in the laboratory should be established. 
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5.1 Characterization of surface water and groundwater 

 

Analysis of water samples is usually carried out in the lab rather than in the field. However some field 

testing is possible. Use of Teflon bottles washed with HCl acid is recommended as a good means of 

preventing cross contamination. Ensure the acid used is mercury-free, as acids can serve as a source 

of various contaminants, including Hg. 

 

Speciation in water is an important topic for the understanding of mercury behavior in the 

environment and for the treatability of water contaminated with mercury. Various forms of Hg arising 

from various means of treatment of the water sample have to be distinguished (e.g. filtration of 

sample and treatment with BrCl yields information on HgD = HgÁ+ HgR + HgC; however acid 

digestion followed by analysis yields information on HgT = HgP+HgD):  

 

Å HgT = total  

Å HgP = particulate  

Å HgD = dissolved Hg  

Å HgR= reactive  

Å Hg
o
 = gaseous  

Å HgC = colloidal / residual  

 

Analysis of water samples for methyl-Hg may be accomplished with the use of isotopic tracers and 

GC-ICP-MS analysis. 

 

5.1.1 Surface water 

 

The mercury content of surface water at the contaminated site and in the surrounding area should be 

studied, as water may act as a pathway for the dispersal of contamination by leaching from the site. 

 

To determine the impact of the contaminated site on surface water, an analysis will be carried out 

upstream of the supposed mercury point source and downstream of all the possible points of 

exposure. This analysis should focus on points at which the water is used for human consumption, 

recreation, cleaning clothes, etc. 

 

Unfiltered samples are generally used to analyse surface water. In addition, mercury sampling must 

be carried out in all of the seasons, that is, in periods of rain and drought, heat and cold.  

 

Whenever a body of surface water is analysed, information should be gathered on the sediments. For 

this purpose, simple and surface samples (0-5 cm) should be taken at places upstream and 

downstream of the pollution point source.  

 

In areas where contamination is found in water, it is important to know if the aquatic fauna is fished 

for food, in order to assess the possibility of fishing restrictions. 
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Once the drainage network has been defined in the additional report, a sampling campaign should be 

designed for liquids and solids (sediments). The aim is to assess:  

 

1- the water quality in the area surrounding the site; 

2- the sediment quality in stream beds in the area; 

3- whether sediments are affected by contaminated material or by the contaminant itself carried 

by the water. 

 

The following tasks should be carried out to design the sampling campaign: 

 

¶ Inventory of surface water points. 

¶ Field survey of all the types of water points. 

¶ Selection of sampling points and the period (or periods) most suitable for carrying 

out the sampling, depending on the climate. 

¶ Establishment of background mercury levels in the area. Sampling points should be 

selected upstream of the study area, to assess the levels of mercury present before the 

water reaches the polluted area. 

 

Mercury levels in surface water that are above the limits established for water for human 

consumption (1 Õg/l) should generally be sufficient to merit an in-depth analysis of the source. Such 

levels could be proof of contamination or due to natural enrichment. 

 

5.1.2 Groundwater 

 

Aquifers are one of the media that are most vulnerable to contamination in hazardous sites. Therefore, 

they should be monitored not only by means of man-made wells, but also through samples collected 

from springs and other natural underground water sources.  

 

Hydrogeological studies should be carried out in the study area, and should include some of the 

following activities: 

 

a) The design of a preliminary scheme for hydrogeological conditions in the area, including 

the creation of an inventory of water points (water catchment points and springs in the 

area). 

b) Field survey of all the water points. The following data should be gathered: construction 

characteristics, extraction capacity, piezometric level and physicochemical characteristics 

of the water. 

c) Selection of sampling points and the period or periods that are most suitable for carrying 

out the sampling, depending on the climate.  

 

When required by the size and complexity of the situation, additional information may need to be 

gathered through the following activities: 
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d) Test drilling around the site through structures and formations of hydrogeological or 

hydrochemical interest. This will reveal changes in the piezometric level and enable the 

detection of vertical gradients. 

e) Hydraulic characterization tests in areas not investigated by the test drilling, to determine 

the permeability of the main structures in the area through the different rocks. 

f) Hydrochemical sampling along the test drill holes by clogging stretches to reveal the 

chemical characteristics of the underground flow at different depths of water upstream 

and downstream of the pollution point source. 

 

Due to the natural variability in aquifers, they should be analysed at least three times a year, 

depending on the local climate. 

 

The following parameters should be measured in the water: 

 

¶ Parameters measured in situ: 

 

Å Temperature 

Å Conductivity (salinity) 

Å pH (acidity) 

Å Dissolved oxygen 

Å Eh (redox potential) 

¶ Concentrations of metals: 

Å Mercury 

Å Arsenic 

Å Barium 

Å Chromium 

Å Iron 

Å Nickel 

 

In addition to these analytical determinations, other tests can be carried out according to the type of 

production process that generated the mercury deposit, and the expected composition of the pollution 

point source.  

 

Likewise, other measures can be implemented to determine the presence of anions such as sulphates, 

nitrates, nitrites, carbonates and ammonium. 

 

Mercury levels in aquifers can only be compared with reference values (for example, those of the US-

EPA) when the analysed samples have not been filtered. The analysis should also include samples 

from domestic taps, as the concentration of contaminant in taps could be different from the values 

found in a well or spring. 

 

 In all cases, mercury levels above the reference levels for human consumption (1 ɛg/l) should be 

analysed to determine their source. 
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5.2 Soils and sediments 

 

Before the soil sampling campaign is designed, a site survey should be carried out to take into 

account various factors, including: 

 

¶ Geomorphology of the site. 

¶ Topographical and geological characteristics, land uses, identification of escarpments, slopes, 

steeply sloping hillsides, instability, etc. 

¶ Accessibility of the site and sampling areas. 

¶ Identification of areas of natural ground and areas formed by backfill due to the movement of 

deposited materials. This point is of particular interest in the sampling of urban areas, where 

it is important to determine whether soil has been removed or mixed up by urban 

development works. 

¶ Historical site uses (industrial process, tanks, pipelines, waste storage, landfill areasé) 

 

On the basis of this information and data from the additional report, guidelines will be established for 

the sampling campaign. Contamination is mainly dispersed by wind, through resuspension and 

sedimentation of fine materials (generally the distribution is marked by the directions of the main 

winds in the area), and by surface water. 

 

Taking into account the distribution of the winds and the surface water that runs through the site, a 

rhombus-shaped sampling grid should be established with sides measuring 50 by 50 metres. The grid 

should be symmetrical about the direction of the prevailing winds direction, as it is considered a 

priori that these winds will have the maximum concentration of suspended particles in the gradient of 

contamination. In addition to the aforementioned grid, a series of regularly spaced points should be 

sampled in a concentric pattern around the boundary of the contaminated site to compare and assess 

the impact of non-prevailing winds on the movement of solid particles. 

 

Surface soil sampling will be carried out by removing a thin layer of earth and then taking the sample 

with a clean spatula. The deep soil sample will be taken at the same point as the surface sample using 

appropriate sampling equipment (auger).  

 

In particular for soil/sediment, the sampler cylinder should be used, since this allows a sample unaltered in 

which it can be seen the profile and the depth of contamination. 

 

The hydrogeological test drill holes can be used for sampling, which should be preferably of 

continuous recovery of core. 

 

Each sample can weigh approximately one kilogram, to ensure the representativity of the sample, of 

which a homogenized portion of around 100 ml will be taken later on in the Lab for analysis. The rest 

of the sample will be kept referenced and storaged for further tests, if necessary. For sediment 

sample, the weight could be less according to the analyses to carry out. 
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In the case of mining activities, the soil samples should be taken at three levels: simple surface (0-5 

cm), at a depth of 0.5 m, and from rock samples obtained in test drill holes, if applicable. The aim of 

sampling at the first two levels is to discover potential variance between surface and deep soils due to 

mercury enrichment caused by migration from soil and concentration in the contact surface with the 

bedrock. The in-depth network sampling can be done at half of the points and alternating them.  

 

5.3 Characterization of air and food  

 

5.3.1 Air  

 

Mercury levels in ambient air should be considered because of the high dispersion and ease of 

evaporation of this metal. As mentioned above, sampling points should take into account industrial 

activities within and outside the site, as well as meteorological conditions.  

 

There may be many sources of mercury in ambient air. However, high levels naturally indicate that 

there is mercury in the area. The measurement of mercury concentration in air is a rapid way to 

confirm the presence of the metal. This is because contaminants are commonly dispersed in air, but 

do not remain in it. As a result, levels drop once the source of contamination has been removed or 

reduced.  

 

In its Air Quality Guidelines for Europe, the World Health Organization (WHO) established a 

guideline value of 1000 nanogram/m
3 
 (1 microgram/m

3
) as an annual average for mercury in ambient 

air. 

 

The United States Environmental Protection Agency (EPA) selected a reference concentration of 

mercury of 300 ng/m
3
 for exposure in residential areas. 

 

European Directive 2009/161/EU establishes maximum occupational exposure (8 hours per day) at 

20,000 ng/m
3
.  

 

Modelling can be carried out to identify the most likely pollution point sources (samples of ambient 

air should always be taken). Air samples can be collected in 24-hour periods according to a schedule 

that takes into account the meteorological conditions throughout the year.  

 

A detailed record should be kept of the meteorological conditions and all the activities that were 

being carried out in the area at the time of each sampling. 

 

5.3.2 Food 

 

The mercury content should be determined in plant and animal samples of the food produced in the 

area and other food that is frequently consumed by the population. Food generated by fishing and 

hunting should be included, as well as those from agricultural sources.  
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When sediments are contaminated, sampling should include species that are bottom feeders in rivers, 

streams and lakes. It is not as important to include fish that feeds in the water column. 

 

According to the principle of precaution, the intake levels described in World Health Organization 

(WHO) recommendations should not be surpassed. In 2008, WHO published a guidance document 

http://www.who.int/ipcs/assessment/public_health/mercury/en/ to provide information on the potential 

impact of mercury exposure and to help, as much as possible, to identify at-risk populations. 

 

In the guidance document, WHO indicates that two groups are particularly vulnerable to the effects of 

mercury. Fetuses are particularly sensitive to the effects of mercury. Intrauterine exposure to methyl 

mercury due to maternal consumption of fish (especially Tuna, Swordfish, Shark.. ) or seafood may 

damage a babyôs brain and nervous system. The main consequence of methyl mercury is potential 

disorders of neurological development. As a result, exposure to this substance during the fetal stage 

may affect a childôs cognitive ability, memory, concentration ability, language, fine motor skills and 

spatial and visual skills. Therefore, particular attention should be paid to pregnant women, 

breastfeeding women and women of childbearing age.  

 

The second group is that of people who are systematically exposed (chronic exposure) to high levels 

of mercury. This group includes people with fish as staple food (subsistence fishing) or those 

individuals occupationally exposed. 

 

As the populationôs eating habits could mean that their mercury intake approaches the limits, it is 

advisable to restrict access to affected foods and even to regulate the use of the land and/or the types 

of crops that can be grown in the affected area, to ensure that the health of the surrounding population 

is protected. 

 

  

http://www.who.int/ipcs/assessment/public_health/mercury/en/
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6 Sample preparation and analytical procedures 

 

A well-contrasted methodology is described in the following section, taking into account that other 

different techniques may be used depending on each specific case, the expertise of its analysts and the 

technical means available. 

 

A. SAMPLE PREPARATION 
 

a) Soils saturated with water and Sediments  
 

Two alternative procedures are described, the drying of the sample at room temperature and 

the lyophilization. 

 

a.1 Drying at controlled room temperature (max. 20-22 Á C) 

 

1- If the sample is saturated with water, it should be filtered to separate the liquid phase. If 

the original sample is dry enough, then proceed directly with the homogenization phase 

(point 3). In any case, the humidity content of a sub-sample shall be determined in 

parallel in a kiln or in a thermobalance (see footnote
6
). 

 

2- The solid part is put over absorbent paper at controlled room temperature (not above 20-

22 Á C), and it is weighed periodically until the weight becomes constant. 

 

3- Homogenize the sample. 

 

4- If no prior information about the approximate concentration of mercury is available, an 

option could be to run an ESCHKA
18

 analysis for guidance on the most suitable 

technique to determine the Hg content of the sample.  

 

5- Perform the analysis depending on the expected concentration, with the guidance given 

later on in point B. For this, except when using the technique of pyrolysis, it will be 

necessary a prior dissolution of the sample. The most common procedure is the aqua 

regia attack, but there are other alternative methods depending on the characteristics of 

the sample 

- ISO 11466.3 (aqua regia)  

- EPA 3050B (HNO3-H2O2-HCl). 

- MICROWAVE ASSISTED ACID DIGESTION EPA 3015, 3051, SW 846 
 

6- Give the result referring to dry matter, with the moisture correction formula (see note
19

) 

                                                           
18

 The method ESCHKA is based on the mercury amalgamation process on a gold plate. The soil sample is 

introduced in a porcelain crucible and covered first with a layer of iron powder and later with a layer of zinc 

oxide. Then, the porcelain crucible is covered with a gold plate. After that, the crucible is subjected to a 

calcination process and it leads to the formation of gaseous mercury which is fixed to the gold plate. The 

difference on the weight of the gold plate let us to determine the mercury contained in the soil sample. The 

measured range of mercury can be from around 0.2% to more than 30%.  
19

 Moisture correction : The resulting concentration of mercury in the original sample, expressed on dry sample 

will be: 
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a.2 Lyophilization 

Lyophilization (freeze drying) is a method that minimizes the loss of volatile components, such 

as mercury, in the drying process of samples with humidity, being also very convenient for 

organic tissues (fish, shellfish, algae, etc). The result is a sample with a very low moisture 

content that can be directly analyzed. Lyophilization is especially suitable for small amounts of 

sample. 

 

Laboratory device for lyophilisation 

 

b) Dry soil sample 
 

1 - Dissolution of the sample, usually in aqua regia, except when using a pyrolisis technique.  

2 - Make the corresponding analyses.  

3 - Reference the results on a subsample dried at 105 Á C, as described above. 

 

c) Determination of Hg in liquid samples 
 

For the analysis of mercury in liquid samples, the measurement is made directly (prior to vacuum 

filtering with filter size of 0.20 microns) depending on the expected range of mercury (see point 

B). 

 

 

                                                                                                                                                                                    

 
 

R: concentration of mercury on dry solid sample mg/kg (ppm)  

L: mercury concentration in the solution analyzed (micrograms/liter ) 

b: final digestion volume in mililiters.  

F: dilution factor of the digestion, if any  

M: weight of original solid sample digested, in grams.  

H: value of loss at 105 ÜC, in % of original sample. 
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B. MOST COMMON ANALYTICAL PROCEDURES 
 

1. For solid samples with mercury concentrations above 300 ppm, the exact concentration of 

mercury can be determined directly following the ESCHKA method (see footnote
5
) 

 

2. For solid samples with a mercury concentration between 20 and 300 ppm, the exact 

concentration of mercury can be directly determined by pyrolysis of the sample (ie the RP-

91C attachment from LUMEX company is intended for decomposition of a sample and the 

reducing of mercury from the bound state into an atomic state using the pyrolysis technique) 

and subsequent analysis by atomic absorption spectrophotometer.  

 

3. For samples with a mercury concentration between 0.05 to 20 ppm, the exact concentration 

can be determined by ICP-AES (Inductively Coupled Plasma-Atomic Emission 

Spectrometry), also referred to as Inductively Coupled Plasma Optical Emission 

Spectrometry (ICP -OES), performing a pre-digestion of the sample in an acid mixture. 

 

4. Alternatively, for more than 1 ppm of Hg, the technique of cold vapor system (CVAAS) with 

subsequent measurement by atomic absorption spectrophotometry (based on ISO 

12846:2012), which is the most extended in the Laboratories, or its equivalents FIAS and 

FIMS can be used. Problems that may arise are that organo-mercury compounds will not 

respond to the cold vapor atomic absorption technique and possible interferences may appear 

with chlorides, iodides, sulfides, copper and VOCs. It is recommended first to eliminate 

organic bonds with aqua regia in solid samples and with digestion with nitric acid in liquid 

samples followed by an oxidization of all mercury to its bivalent state with permanganate or 

dichromate, and finally reduce as usual with borohydride or stannous chloride. A safe option 

would be the use of the method of standard additions to confirm the results, or to change the 

technique if the problems persist. 

 

5. Solid samples with a concentration of less than 0.05 ppm mercury - although it can also be 

used for higher concentrations- can be analyzed directly without dissolution from the original 

solid sample by thermal decomposition (i.e. the RP-91C attachment from LUMEX company 

is intended for decomposition of a sample and reducing the mercury from bound state into an 

atomic state using the pyrolysis technique), then amalgamation with atomic absorption 

spectroscopy (ie the equipment AMA-254). The method is based on norm EPA 7473 SW 

846.  

 

In any case, when the pyrolitic process is used and mercury is suspected to be bound in 

silicates or other matrices that may not thermally decompose, validation of direct analysis of 

the solid should be confirmed with total acid digestion with an appropriate method (such as 

method EPA 3052), followed by analysis with AMA-254 or other equivalent mercury 

analytical techniques. 
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7. Risk assessment  

 

The Environmental Risk Assessment (ERA) will help to answer the following questions: 

 

- Does the site represent a real or potential risk to the human population and/or to the biota? 

- What is the magnitude of the risk?  

- Should the site be restored to reduce the risk?  

- If the site is not restored, could the risk increase and/or spread? 

 

ERA is a process that assigns magnitudes and probabilities to the adverse effects of contamination. 

Consequently, it is an instrument that can help to define whether or not environmental measures 

should be implemented at a contaminated site. Risk assessment can establish the urgency to act: the 

greater the risk of the contamination affecting living beings, the greater is the need to implement 

restoration programmes. 

 

Risk assessment can be used to define remediation objectives for a site, which may be to reach (a) the 

maximum acceptable limits established by current legislation or relevant authorities or (b) specific 

limits set for the site on the basis of the assessment. 

 

ERA constitutes a tool for deciding whether to carry out corrective actions at the contaminated site 

and for setting the final remediation objective, thus selecting the best clean-up strategies. The ideal 

objective is to restore the site and its uses with concentrations to the levels found in the environment 

prior to contamination through techniques described in point 7.1. However, this may be economically 

unfeasible and other options should be considered, as it is mentioned in that point. 

 

The establishment of a target clean-up level on the basis of a risk assessment means that the 

contamination will be reduced to its maximum accepted level, which may be not necessarily zero 

(speciation, lability and biodisponibility of mercury are parameters that can be taken into account). 

Thus, at the end point, the residual concentration of the contaminant will not constitute a risk to the 

human population and biota.  

 

Risk assessment can be carried out in four clearly defined stages with specific objectives: 

 

1. Identification and characterization of what is at risk. All analyses of these characteristics 

should help to assess the risk to human health and to ecosystems. 

2. Analysis of the hazard level and toxicity. The aim of this stage is to identify elements or 

compounds that may be critical; to characterize the kind of effects they may have; and to 

evaluate dose-effect relationships, in order to predict the response to the contaminant for a 

wide range of doses. This analysis is based on contaminant data and characteristics, referring 

to its environmental and toxicological behavior. 

3. Analysis of exposure. The aim is to estimate the rate of contact with the identified 

contaminants. The analysis is based on a description of exposure scenarios, as well as 

characterization of the nature and extent of the contamination. 
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4. Analysis of risks. The results of the previous stages are combined to objectively estimate the 

likelihood of adverse effects on the protected elements under the specific conditions of the 

site. 

 

Other contaminants besides mercury may have an impact. Therefore, if there is evidence that other 

contaminants are present at the site, the responsible of the process must take the decision to include 

them in the study and assessment.  

 

7.1 Characterization of toxicological effects  

 

This section of the risk assessment evaluates and describes the effects of the significant contaminant 

(mercury) on the receptors identified through the different exposure routes. 

 

Contamination receptors that are frequently at risk in mercury-contaminated sites are: 

 

7.1.1 Humans 

 

In humans and some animals, the potential effects and symptoms of mercury intoxication vary 

according to the chemical form of mercury, the exposure route (inhalation or ingestion) and the 

exposure dose, including the exposure time and the concentration of the mercury.  

 

For all the inhabitants of an area where a mercury-contaminated site is located, the main potential 

exposure routes are as follows: 

 

- Breathing (absorption by inhalation) of mercury and/or dust.  

- Eating (absorption by ingestion). It is considered that mercury ingested in food is mainly 

in the form of methylmercury (an organic compound of mercury). 

- Dermal contact. 

 

7.1.2 Terrestrial animals  

 

In general, the symptoms of intoxication reported in animals for cases of mercury poisoning are not 

specific and depend on the exposure route, as in humans.  

 

7.1.3 Aquatic biota 

 

Many factors influence the potential toxicity of mercury in aquatic biota. These include the form of 

mercury, the developmental stage of affected organisms, and the chemistry of the water.  

 

Changes in temperature, salinity and the hardness of the water also alter the toxicity of mercury to the 

biota. 
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It is widely accepted that the most toxic form of mercury is methylmercury. Reducing conditions 

(i.e. low-oxygen concentration) are needed for methylation to occur. It is well known that bacterial 

action promotes methylation, which is the main process responsible for the transformation of 

inorganic mercury to an organic formulation able to enter throughout the food chain. 

 

In aquatic systems, fish are the main receptors of mercury through ingestion, as they are exposed to 

mercury both in water and through the ingestion of plants and macroinvertebrates.  

 

Fish and macroinvertebrates like shellfish can also absorb mercury through the gills.  

 

Macroinvertebrates may also be exposed to mercury in sediments, as are species of fish that feed on 

material deposited on top of the sediments. Due to their position at the top of the food chain in aquatic 

systems, it is assumed that fish have the highest concentration of mercury of all kinds of aquatic 

biota. 

 

7.1.4 Plants 

 

Plants are generally not sensitive to inorganic forms of mercury (i.e. elemental mercury and ionic 

mercury), probably due to the high level of absorption of the metal by soil particles. This largely 

prevents the absorption of mercury and toxicity in plants, which normally do not concentrate heavy 

metals
20

, but show greater access to organic forms of mercury, such as methylmercury, than to 

inorganic forms.  

 

7.2 Evaluation of exposure 

 

By this stage, we know the exposure routes, the receptors, the concentrations and the toxicity. 

 

The evaluation of exposure consists in combining the results of the risk assessments for humans and 

ecosystems with dispersion studies to assess the degree of mobility of contaminants and to analyse 

concentrations in the different media that are affected. 

 

The exposure sources that should be considered at a mercury-contaminated site are the media 

analysed in the environmental characterization, i.e: particles in suspension (PS), gas emissions, 

surface water, groundwater, soil and sediments. 

 

7.3 Risk characterization 

 

Risk characterization is the final stage in the risk assessment. During this stage, the probability of the 

occurrence of adverse effects due to mercury exposure is evaluated, and the bases are established for 

future actions.  

 

                                                           
20

 Preventive Measures against Environmental Mercury Pollution and its Health Effects. Japan Public Health 

Association, 2002. 
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In addition, data and conclusions from the stages in which the toxicological characteristics and the 

effects of the significant contaminant were reviewed are analysed together, along with the evaluation 

of exposure. All of these data are combined with the reasoning behind the proposed conceptual 

model. 

 

For human health, the contaminant dose received by an individual (calculated on the basis of the 

characterization of the exposure scenario) is compared with the toxicological reference values set for 

this substance and population strata. 

 

The following results should be obtained: 

 

a. Conclusions on the actual risk of contamination at the site for human and ecosystem 

receptors, as well as the risk of dispersion (future risk).  

b. Estimation of the level of uncertainty in the risk analysis, in order to accurately evaluate the 

conclusions of the characterization. 

 

This stage can be carried out with the help of validated software to simplify the calculations, taking 

into account that its suitability should be justified for the specific characteristics and conditions of the 

site. Otherwise another method of calculation should be used. If software is used, screenshots of the 

process should be provided to confirm the values that were entered and the conclusions obtained. 

 

Different approaches have been developed for the risk characterization stage, each one with its 

dedicated commercial software available, like: 

 

-Risk-based corrective action (RBCA)  

-Probabilistic risk assessment (PRA)  

-Biotechnology-based direct toxicity assessment  
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8. Remediation of mercury-contaminated sites 
 

Remediation measures for mercury-contaminated sites depend on various factors associated mainly 

with the location itself and with the potential impact on the environment and human health.   

 

One or more remediation technologies can be considered, taking into account the results of the site 

study, the target clean-up levels, the capacity of the available remediation technologies, and the 

intended future use of the site. 

 

The main factors that influence the selection of an initial set of treatment technologies are: 

 

a) Receptors (surface water and / or groundwater, soil, air, biota, human..). 

b) The (potential) mobility of mercury in the hydrological system. 

c) The possibility of leaching of mercury from soil or sediments. 

d) The pollution point source. 

e) Mercury concentrations in human, animal and plant receptors, which indicate exposure 

levels. 

f) The chemical states of mercury at the contaminated site. 

g) Bioavailability to the aquatic biota, invertebrates and edible plants. 

h) The amount of mercury released during the operations. 

i) The possibility of mercury methylation. 

j) Background mercury contamination, regional atmospheric deposition of mercury that is not 

associated with local sources. 

k) The local/national clean-up regulations for water, soils/sediments and air. 

l) In the case of mining operations, it is important to know precisely the geological formations 

that led to mercury extraction in order to not to include them as polluted soil due to the 

mining activities. 

 

Once these factors have been evaluated, a more comprehensive analysis of the appropriate 

remediation techniques can begin. 

 

Depending on the gravity, magnitude, degree and type of contamination by mercury and other 

pollutants and on the receptors, the recovery plan is likely to involve various remediation techniques 

or measures to reduce or contain the amount or toxicity of the contamination as effectively and 

efficiently as possible.  

 

Below, some of the treatment options for mercury-contaminated media are described. These 

techniques can be used ï alone or in combination - in the remediation of a contaminated site. In 

general, the aim of the techniques listed below is to recover the area by removing the mercury. 

 

As mention in point 3.2.3, there is the possibility to restrict use of the contaminated area and limit 

access to it, at least until work can be started on recovery of the site.  
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Alternatively, a site can be contained by making it impermeable using natural materials such as clays 

or geosynthetic materials such as high density polythene sheets to prevent the evaporation and 

leaching of mercury. 

 

In addition, waste can be transported for safe storage in landfills engineered for this purpose.  

 

Another option is to propose different treatments for each area or product in a mercury-contaminated 

area. 

 

8.1 Treatment of mercury-contaminated effluents and soils
21

  

 

Numerous techniques can be used to treat mercury-contaminated effluents. Some processes are 

merely physical (sedimentation), others are physicochemical (coagulation-flocculation, adsorption, 

etc.), yet others are chemical (oxidation-reduction, precipitation, etc.). The appropriate choice 

depends on various factors, mainly the speciation of the element and the presence of other agents.  

 

Point 8.1.1 treats specifically groundwater and surface water remediation  

 

a) Precipitation 

 

Precipitation of mercury in the form of insoluble salts is one of the most common practices in effluent 

treatment. 

 

The main precipitant is sulphide. Mercury sulphide is one of the most insoluble salts and is the form 

in which most of the mercury on the earthôs crust is found (cinnabar). 

 

The optimum pH for the reaction is 7. The precipitate that is formed is then subjected to a 

sedimentation process, which can be assisted by the addition of flocculants. Mercury concentration 

values after sulphide precipitation are between 10 and 100 Õg/litre. 

 

This process has some disadvantages, such as the formation of high volumes of sludge that require 

subsequent treatment, and the formation of soluble species due to an excess of sulphide. Therefore, it 

is not the most suitable treatment for mercury-contaminated effluents. 

 

b) Adsorption  

 

Treatments involving adsorption produce lower mercury concentration levels than those obtained by 

precipitation. As the concentration of the adsorbent increases, the levels of remaining mercury 

decrease. Other factors that affect this process are pH and mercury speciation. 

 

                                                           
21

 (Source EPA 1997)  
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The most commonly used adsorbent is activated carbon. This is generally in the form of granular 

activated carbon, in which the carbon has a relatively large particle size and can be used to fill 

columns.  

 

c) Ion exchange 

 

This is one of the main treatments for mercury-containing effluents. A wide range of resins can 

capture the different species of mercury. The technology is primarily designed to bind ionic mercury. 

It is not highly effective for organomercury compounds or elemental mercury. 

 

The process is carried out in columns or tanks filled with the corresponding resin and equipped with 

systems for intake and outlet of the effluent, as well as clean water for rinsing, and regenerating 

solution. 

 

Ion exchange systems have several advantages: they operate as needed, they are relatively insensitive 

to variability in effluent, they can produce zero concentration values, and a wide range of resins is 

available. The disadvantages include sudden exhaustion of the capacity, which means that the process 

must be monitored continuously, generation of a saline water effluent containing mercury, which 

must be treated, and potential problems when the process is used with water that contains a high level 

of total dissolved solids. 

 

d) Oxidation ï reduction 

 

In some cases, oxidation and reduction processes are used to change the oxidation state of the 

mercury and thus promote its dissolution or decantation.  

 

Oxidation is used in effluents that contain metallic mercury or organometallic compounds to 

transform them into the ionic form or to dissolve them as mercury halide. The process can take place 

in batch or plug flow reactors. Mercury salts separate from the matrix of waste materials and are then 

sent for further treatment, for example acid extraction or precipitation.  

 

The most common oxidants are: sodium hypochlorite, ozone, hydrogen peroxide, chlorine dioxide 

and chlorine gas. 

Reduction is used as a method for removing mercury in solution in the form of metallic mercury and 

then to sediment, filter or centrifuge it, for example. The most common reducing agents are: 

aluminum, iron, zinc, hydrazine, stannous chloride and sodium borohydride. 

 

The decontamination rate is high in reduction processes when the mercury concentration is relatively 

high (up to 2 g/l). However, the efficacy of the process drops when the levels of mercury are low. In 

this case, further treatment is required. 
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e) Others 

 

Other methods for treating mercury-contaminated effluents have given good results like membrane 

separation processes (such as ultrafiltration and reverse osmosis). 

 

Others, some in the experimental stage, are biological treatments (microorganisms that can absorb 

mercury or reduce it), liquid emulsion membrane extraction and solar photocatalysis with titanium 

dioxide. 

 

8.1.1 Technology for groundwater and surface water remediation (Biester, 2013) 

 

In many cases, contaminant removal may not be possible and hydraulic containment may be 

necessary to protect the surrounding environment. In these cases, the most currently applied 

technology for groundwater and surface water remediation is Pump & Treat (P&T). Basically, P&T 

systems involve the installation of extraction wells below the water table within or slightly down-

gradient from the zone of contamination. As the mass of contamination remains in the subsurface, 

P&T systems must operate in perpetuity to prevent off-site migration. As extracted water must be 

treated at the surface, well placement and pumping rate should be chosen to ensure capture of 

contaminated groundwater and limit recovery of clean water. Monitoring wells have to be installed 

around the contaminant plume to assess containment and evaluate hydrogeochemical conditions. 

 

For high concentrations of mercury, the treatment technologies are similar to mercury recovery 

processes of industrial liquid effluents as described before (mercuric brine of chlor-alkali waste water, 

etc,.). The treatment from bulk contaminated water enabling to reach concentrations below the 

remediation goals encompasses several treatment steps which may include for example: sulphuration, 

chemical reduction (hydrazine), co-precipitation and adsorption, ion exchange. These technologies 

are efficient for high concentrations (over 1 mg/L) and low flow rate (less than 10 m
3
/hour). It is often 

applied in batch processor. It has to be considered that this low flow rate treatment may reduce the 

ability of the pumping to capture the contamination plume. 

 

For low concentrations (< 10 Õg Hg/l), the most advisable treatment technique is groundwater 

filtration with sulphur-activated granular carbon (see table below). 

 

Most frequently applied filtration technologies to remove mercury from water (HPC AG Freiburg, 

2011): 

 

 
Modified activated 

granular carbon 

Sulphur impregnated 

granular activated 

carbon 

Ion exchange resins (e.g. 

Ambolite) 

Source of information Supplier Supplier Supplier 

Principle Sorption 
Ion exchange and 

sulphuric sorption 

Ion exchange on thiol 

group (-SH) 

Efficiency (Õg Hg/l) <1 <1 <1 


























































































