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TMAP Monitoring Handbook 

Pollutants

(version 15.12.2009, TMAG 09-3)

1. General introduction pollutants in sediment, blue mussel, flounder and bird eggs

The TMAP focuses on monitoring of non-polar hazardous substances and metals in sediment and biota because the concentrations in marine waters are often below the limit of quantification (LOQ). Taking into account the high variability in water as well, makes an assessment of temporal and spatial trends along the Wadden Sea coast unreliable, if not impossible. The same approach is followed by OSPAR and recommended by the WFD-CMA guidance for some non-polar substances and metals.

The WFD monitoring of (non-)polar hazardous substances in total water and metals in filtered water requires a risk analysis by the Member States for each analysis and for each water body, based on a list of Priority Substances (Environmental Quality Standard criteria) and River Basin Specific substances. Monitoring of WFD priority substances in water for reporting under the WFD, is done at the national level and depends on the risk analysis of individual water bodies. Trilateral parties are invited to inform each other on their monitoring strategy of the PS and River Basin specific substances in water. Monitoring in the water phase is not part of TMAP.
OSPAR (JAMP) uses a list of Hazardous Priority Substances and a set of Background (BAC) and Environmental (EAC) Assessment Criteria for some of the traditional chemicals. Monitoring of mandatory and voluntary substances is primarily in sediments and biota. OSPAR takes advantage of national monitoring programmes and surveys to complete the overall picture of assessed chemicals as published in the Quality Status Reports. 

The TMAP approach has been based on the OSPAR strategy and is now streamlined with the WFD requirements with regard to sampling locations and frequencies. Only substances, which occur in quantifiable concentrations in coastal waters, are included in the common monitoring program for the Wadden Sea. Sediment, blue mussel, flounder and bird eggs remain the prime monitoring matrices of TMAP, specific for non-polar, persistent, bioaccumulative and (eco-)toxic substances. (Total) water as a monitoring matrix follows the national WFD monitoring strategy.

2. Objectives of TMAP 

Trilateral policy and management aims “to achieve, as far as possible, a natural and sustainable ecosystem in which natural processes proceed in an undisturbed way” (Guiding Principle). 

With respect to the quality of “Water and Sediment” the following Target applies to pollutants (Wadden Sea Plan 2010):

· Background concentrations of natural micropollutants;
· Concentrations of man-made substances as resulting from zero-discharges.
The first target mainly concerns metals and some non-polar compounds like PAHs. The second target mainly concerns man-made non-polar compounds, like PCBs, DDTs. Recent development shows a shift to more polar substances of concern.

Monitoring of hazardous substances in biota in the Wadden Sea is carried out in order to detect and assess

· the response of natural processes in the ecosystem to changes in pollution levels. The processes concerned here are food chain fluxes, bioaccumulation and biomagnification of hazardous substances, and effects on reproduction (including recruitment). There are links with production and target organisms (e.g. birds, mammals) at higher trophic levels;

· the response of species to changes in pollution levels which may affect the abundance and physiological functioning of species leading to structural changes in the ecosystem. 

3. Monitoring requirements

Wadden Sea Plan

Targets on “Water and Sediment” 

· Background concentrations of natural micropollutants.

· Concentration of man-made substance as resulting from zero-discharges.

· A Wadden Sea ecosystem which can be regarded as eutrophication non-problem area.
· Improvement of habitat quality for conservation of species.
Habitats Directive (HD)

No specific requirements for chemical monitoring. The HD (Article 1) requires taking all measures to maintain or restore natural habitats and populations of wild animal and plant species in a favourable status, at any stage of its biological cycle. This points at no contamination by hazardous substances.

Water Framework Directive (WFD)

Article 8

Annex V, 

Annex VIII: Indicative List of Main Pollutants

Annex X: List of Priority Substances 

Objectives: Article 4: No deterioration, good status by 2015, reduction of pollutants, achievement of objectives set for protected areas in EC legislation. Good chemical status of surface water according WFD Annex V

WFD CIS Guidance on Chemical Monitoring (new version November 2009)

COMMISSION DIRECTIVE 2009/90/EC (31 July 2009) laying down, pursuant to Directive 2000/60/EC of the European Parliament and of the Council, technical specifications for chemical analysis and monitoring of water status 

OSPAR

The OSPAR Hazardous Substances Strategy sets the objective of preventing pollution of the maritime area by continuously reducing discharges, emissions and losses of hazardous substances, with the ultimate aim of achieving concentrations in the marine environment near background values for naturally occurring substances and close to zero for man-made synthetic substances.

OSPAR List of Chemicals for Priority Action (Update 2006) (Ref 2004-12)

OSPAR Coordinated Environmental Monitoring Programme (CEMP) (Ref. 2008 -8)

4. TMAP Monitoring Strategy

The TMAP Strategy on monitoring of hazardous substances in sediment and biota is based on flexibility and ability to normalize trilateral data to comparable information. Harmonised analysis of co-variables (parameters) is essential. The ad-hoc working group hazardous substances (2006) prepared a proposal for chemical monitoring in the TMAP.

5. Monitoring locations

For each of the four regions (The Netherlands, Niedersachsen/Hamburg, Schleswig-Holstein, Denmark), at least one sampling location per WFD water body type should be established. The existing time series should be continued. 

6. Frequency and time 

Selection of frequencies has to be carried out separately for each substance, matrix and station taking into account short-term and long-term fluctuations and the specific objective. 

In general, intensive monitoring (high frequencies such as annually) should preferably be done in biota, whereas less intensive monitoring (such as every 3 – 6 years) is more suitable for sediment monitoring. For a short term trend analyses, higher frequencies are necessary e.g. annual measurements at selected stations (decreased geographical coverage and/or focus on “hot spots”).

7. Assessment

In the assessment procedure, a contaminant is followed from its riverine source to the accumulation in sediment and biota. The data should be evaluated visually or with statistical tools for temporal and spatial trends over a period of at least 6 years. The actual concentrations should be compared with Background (BAC) and Environmental (EAC) Assessment Criteria or Effect Concentration (EC), as accepted by OSPAR (2009). 

Changes in the abundance of biota may reflect natural fluctuations (including climate, weather, predation), and/or changes may be caused by fishing, nutrient loads and contaminant levels, or by combinations of these factors. The assessment therefore requires the monitoring information on these impacts. 

For the purpose of the assessment, the Wadden Sea was divided into 12 subareas consistent with the QSRs of 1993, 1999 and 2004 (Bakker et al., 2005). The boundaries and names of the subareas (subregions) have now been streamlined with the WFD waterbodies.

Area specific assessment criteria for contaminant concentrations have been developed in the Wadden Sea countries for WFD water bodies and will also be applied for the TMAP. 

8. Reporting

Data should be reported to the national TMAP data unit (according to the national regulations) to be available for trilateral assessments (see TMAP Data Handling Manual).
9. Quality assurance

Appropriate monitoring protocols should be developed on national level. Intercalibration exercises should be carried out nationally and in the framework of the TMAP.

Quality assurance information together with detection limits and levels of accuracy should be reported. 

The Quality Assurance (QA) procedures have to be carried out in according to the JAMP (see also QUASIMEME) and Commission Directive 2009/90/EC. 

10. Monitoring authorities 

Denmark
· Danmarks Miljøundersøgelser (DMU, NERI)

· Miljøministeriet, Miljøcenter Ribe

Germany
· Bundesamt für Seeschifffahrt und Hydrographie, Hamburg

· Landesamt für Natur- und Umweltschutz (LANU)

· Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten- und Naturschutz (NLWKN)

· ARGE Elbe, Hamburg

· ARGE Weser

The Netherlands

· Rijkswaterstaat Waterdienst Lelystad

11. Literature
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OSPAR, 1997b. Agreed background/reference concentrations for contaminants in sea water, biota and sediment (OSPAR 97/15/1, Annex 5).

OSPAR, 1997c. Agreed ecotoxicological assessment criteria for trace metals, PCBs, PAHs, TBT and some organochlorine pesticides (OSPAR 97/15/1, Annex 6).

OSPAR, 2005. Synergies in Assessment and Monitoring between OSPAR and the European Union Analysis of synergies in assessment and monitoring of hazardous substances, eutrophication, radioactive substances and offshore industry in the North-East Atlantic. Volume 1. Ref-No. 2005/230.
Commission Directive 2009/90/EC. of 31 July 2009 laying down, pursuant to Directive 2000/60/EC of the European Parliament and of the Council, technical specifications for chemical analysis and monitoring of water status
Guidance on the chemical monitoring of sediment and biota under the water framework directive. Leaders of the Activity: France (Ineris), Italy (ISS/Min Env and CNR-IRSA), EC JRC.
OSPAR Coordinated Environmental Monitoring Programme (CEMP) (Ref. 2008 -8).
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1. Pollutants – Fish

Two fish species have been selected to monitor bioaccumulation of pollutants in fish: the flounder Platichthys flesus, and optionally the eelpout Zoarces viviparous, in order to detect and assess

•

the response of natural processes in the ecosystem to changes in pollution levels. The processes concerned here are food chain fluxes, bioaccumulation and biomagnification of hazardous substances, and effects on reproduction (including recruitment). There are links with production and target organisms (e.g. birds, mammals) at higher trophic levels.
•
the response of species to changes in pollution levels which may affect the abundance and physiological functioning of species leading to structural changes in the ecosystem.
Flounder (Platichthys flesus) is a bottom dwelling fish species which migrates between fresh and marine waters during the first ~3 years. The species feeds on zoobenthos.

Flounder is sampled in length classes (LC), which indicate the age and thus the exposure and accumulation period to pollutants present in water and bioaccumulated in the food.

The tissues used in monitoring are the liver (hepatopancreas) and muscle, which are separated from the body and homogenized. The soft-body tissue wet weight (WW) is an important co-variable.

The homogenized liver and muscle tissue are freeze-dried to a constant weight. This dry weight (DW), or the difference between dry and wet weight, being the moisture content (MC), are important co-variables. Finally the lipid weight (LW) can be determined as co-variable. 

The whole set of co-variables facilitates standardisation and normalisation procedures to harmonize pollution information of Flounder.

The Eelpout (Zoarces vivipareous) is a resident, non-migrating bottom-dwelling marine fish. The monitoring procedure for muscle tissue is identical to that in Flounder.

WW: (gram)

DW: (gram > % of WW)

MC: (gram > % of WW)

LW: (gram > % of DW)

Table 1: Chemical Monitoring in the revised TMAP – Matrix Biota: fish (flounder, optional: eelpout).
	Parameters Biota
	
	Location*
	Frequency
	WFD
	BHD
	OSPAR
	Remark

	Fish 

(flounder, eelpout)
	
	
	
	
	
	
	

	Metals


	Zn, Ni, Cu, Cd, Hg, Pb
	1-6 stations per region
	1/y or every 2 years
	X**
	-
	X
	Hg in muscle, other in liver

	PAH
	(CEMP, WFD-PS)
	1-6 stations per region
	1/y or every 2 years
	X**
	-
	X
	

	PCBs


	28, 52, 101, 118, 138, 153, 180
	1-6 stations per region
	1/y or every 2 years
	X**
	-
	X
	

	Organochlorines


	DDTs

HCHs

HCB
	1-6 stations per region
	1/y or every 2 years
	X**
	
	X
	

	Organotin


	TBT, DBT, MBT1),

TPT
	1-6 stations per region
	1/y or every 2 years
	X**
	
	X
	

	Brominated flame retardants
	(BDE 47, 99, 100, 153) 1) 
	1-6 stations per region
	1/y or every 2 years
	X**
	
	X
	

	Non-polar pesticides and pharmaceuticals 1)
	Dieldrin, Clotrimazole
	1-2 stations per region
	1/y February / September
	
	
	
	

	Perfluorinated compounds 1)
	PFOS, PFOA
	1-2 stations per region
	1/y February / September
	
	
	
	

	
	
	
	
	
	
	
	


* Number of stations per region depends on number of WFD water body typed to be covered. 

** According CIS Guidance on Chemical Monitoring / Netherlands: No WFD chemical monitoring in fish. 

1) on voluntary basis

2. Methods

The OSPAR and the WFD guidelines are also valid within the TMAP: 

· JAMP guidelines for monitoring contaminants in biota (Technical Annex 1 – determination of organic contaminants, Technical Annex 2 – determination of metals, Technical Annex 3 – determination of PAHs). 

· Guidance on the chemical monitoring of sediment and biota under the water framework directive. 

3. Parameters

Table 2: Monitoring of pollutants in fish shall consider the following parameters. 

	ANALYTE GROUP
	Analyte
	Tissue

Flounder
	Tissue

Eelpout
	Co-variable

	Metals


	As, Cr, Zn, Ni, Cu, Cd, Hg, Pb
	Muscle: Hg

Liver: As, Cr, Zn, Ni, Cu, Cd, Pb
	Muscle
	LC, WW, DW, LW

	PAH
	(CEMP, WFD-PS)
	Liver
	Muscle
	LC, WW, DW, LW

	PCBs


	28, 52, 101, 118, 138, 153, 180
	Liver
	Muscle
	LC, WW, DW, LW

	Organochlorines


	DDTs

HCHs

HCB
	Liver
	Muscle
	LC, WW, DW, LW

	Organotin


	TBT, DBT, MBT1),

TPT
	Liver
	Muscle
	LC, WW, DW, LW

	Brominated flame retardants
	(BDE 47, 99, 100, 153) 1) 
	Liver
	Muscle
	LC, WW, DW, LW

	Non-polar pesticides and pharmaceuticals
	Dieldrin, Clotrimazole 1)
	Liver
	Muscle
	LC, WW, DW, LW

	Perfluorinated compounds
	PFOS, PFOA 1)
	Liver
	Muscle
	LC, WW, DW, LW


1) on voluntary basis

The interpretation parameters required for contamination monitoring in fish are the lipid content, and the age of specimens (optional).

The age structure of flounder and eelpout in a given area is determined by samples taken for abundance estimates. The age structure is the number of individuals per age-class over all age classes. Age may be determined firstly by the Peterson-Method, where age-classes are estimated from size classes, i.e. age structure corresponds to size composition, and secondly by interpretation of the otolith structure. Age analysis is recommended to be carried out by the laboratory which is in charge of the field surveys and the respective parameters.

For further details of the field surveys conducted on these fish species see the respective guidelines.
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1. Pollutants – Blue Mussel

Blue mussel Mytilus edulis is a fast growing sessile mollusc and has been chosen for monitoring of pollutants because of their ability to bioaccumulate and easy availability. The species filters surface water and separates the food, mainly algae, from other suspended particulate matter, mainly clay. The latter are compacted and excreted as pseudo-faeces, forming a suitable substratum for other endo-benthic species and bacteria.

The Blue Mussel is sampled in 5 length classes (LC), which indicate the growth rate, age and thus the growth dilution, exposure and accumulation period to pollutants present in water and adsorbed to suspended particulate matter, including phytoplankton and bacteria. The condition index (CI) is used to interpret the level of starvation. The sampling time prior to spawning (estimate) is relevant, since the spawning period (date) shifts from south to north.

The soft body is separated from the shell and homogenized. The total wet weight (TWW), the shell weight (SW) and the soft-body tissue wet weight (WW) are important co-variables.

The homogenized soft-body tissue is freeze-dried to a constant weight. This dry weight (DW), or the difference between dry and wet weight, being the moisture content (MC), are the following important co-variables.

Finally the ash-free dry weight (AFDW) and lipid weight (LW) can be determined as co-variables by measuring the loss on ignition (LOI). The whole set of co-variables facilitates standardisation and normalisation procedures to harmonize pollution information of Blue Mussel.

TWW (gram)

SW: (gram > % of TWW)

WW: (gram > % of TWW)

DW: (gram > % of WW)

MC: (gram > % of WW)

LOI: (gram > % of DW)

AFDW: (gram > % of DW)

LW: (gram > % of DW)

LC (length x-y mm)

CI (gram cooked meat / mm shell length)

Sampling Date - Spawning Date (Period)

Table 1: Chemical Monitoring in the revised TMAP – Matrix Biota: blue mussel.
	Parameters Biota
	
	Location*
	Frequency
	WFD
	BHD
	OSPAR
	Remark

	Blue Mussel
	
	
	
	
	
	
	

	Metals


	Zn, Ni, Cu, Cd, Hg, Pb
	1-6 stations per region
	1/y or every 2 years
	X**
	-
	X
	

	PAH
	(CEMP, WFD-PS)
	1-6 stations per region
	1/y or every 2 years
	X**
	-
	X
	

	PCBs


	28, 52, 101, 118, 138, 153, 180
	1-6 stations per region
	1/y or every 2 years
	X**
	-
	X
	

	Organochlorines


	DDTs

HCHs

HCB
	1-6 stations per region
	1/y or every 2 years
	X**
	
	X
	

	Organotin


	TBT, DBT, MBT1),

TPT
	1-6 stations per region
	1/y or every 2 years
	X**
	
	X
	

	Brominated flame retardants
	(BDE 47, 99, 100, 153) 1) 
	1-6 stations per region
	1/y or every 2 years
	X**
	
	X
	

	Non-polar pesticides and pharmaceuticals 1)
	Dieldrin, Clotrimazole
	1-2 stations per region
	1/y February / September
	
	
	
	

	Perfluorinated compounds 1)
	PFOS, PFOA
	1-2 stations per region
	1/y February / September
	
	
	
	


* Number of stations per region depends on number of WFD water body typed to be covered. 

** According CIS Guidance on Chemical Monitoring 

1) on voluntary basis

2. Methods

The OSPAR guidelines are also valid within the TMAP: 

· JAMP guidelines for monitoring contaminants in biota (Technical Annex 1 – determination of organic contaminants, Technical Annex 2 – determination of metals, Technical Annex 3 – determination of PAHs),  OSPAR CEMP assessment manual, revision 2008, and 

· Guidance on the chemical monitoring of sediment and biota under the water framework directive.  

Critical methods, which largely influence the comparability of the assessed information, are:

- The dry-weight and lipid analysis. The preferred method is freeze-drying and methods by OSPAR.
- The extraction method of the metals.

3. Parameters

Table 2: Monitoring shall consider the following parameters.
	ANALYTE GROUP
	Analyte
	Tissue
	Co-variable

	Metals


	As, Cr, Zn, Ni, Cu, Cd, Hg, Pb
	homogenized soft body tissue
	LC, WW, DW, LW, CI

	PAH
	(CEMP, WFD-PS)
	homogenized soft body tissue
	LC, WW, DW, LW, CI

	PCBs


	28, 52, 101, 118, 138, 153, 180
	homogenized soft body tissue
	LC, WW, DW, LW, CI

	Organochlorines


	DDTs

HCHs

HCB
	homogenized soft body tissue
	LC, WW, DW, LW, CI

	Organotin


	TBT, DBT, MBT1),

TPT
	homogenized soft body tissue
	LC, WW, DW, LW, CI

	Brominated flame retardants
	(BDE 47, 99, 100, 153) 1) 
	homogenized soft body tissue
	LC, WW, DW, LW, CI

	Non-polar pesticides and pharmaceuticals
	Dieldrin, Clotrimazole 1)
	homogenized soft body tissue
	LC, WW, DW, LW, CI

	Perfluorinated compounds
	PFOS, PFOA 1)
	homogenized soft body tissue
	LC, WW, DW, LW, CI


1) on voluntary basis

The interpretation parameters required for contamination monitoring in blue mussels are the fat content and the condition index. The shell length is determined for documentation and comparability.

The shell length is measured according to standard procedures from the umbo to the anterior margin of the shell to the nearest mm.

The condition index at a given blue mussel bed is determined using subsamples taken during sampling for blue mussel abundance as described under 5.5.4.2. The sampling period in spring is used when the water temperature is below or near 4°C in order to record the condition before spawning. The condition index is the ratio of cooked meat vs. shell length. The mussels are cooked for 5 minutes to separate the meat from the shell. It is measured to obtain an estimate of the nutritional status and viability at a given location (and to record the reproductive effort of the blue mussel population in a given area). For further details of the field surveys conducted on blue mussel see respective guideline on blue mussel. 
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1. Pollutants – Sediment

Sediments are mainly composed of weathered minerals (sand and clay), biogenic minerals (silicate, carbonates), organic and mineral carbon. The sediment fractions mostly used in sediment monitoring are the < 63 µm grain-size fraction and the < 20 µm grain-size fraction.

Metals are both part of the crystalline components of sediments, as well as adsorbed mainly to the clay (< 16 or <20 µm grains) or carbon fraction, or as metal (oxy-hydr)oxide (in oxic sediments), sulphide (in anoxic sediments) or organometal.

Non-polar organic substances as well as undissociated polar organic substances are more less strongly adsorbed to organic carbon, either organic matter or crystalline carbon (like soot, charcoal). The organic carbon is present mainly in the <2 µm and < 20 µm grain-size fractions. 

Table 1: Chemical Monitoring in the revised TMAP – Matrix Sediment.
	Parameters Sediment
	
	Location*
	Frequency
	WFD
	BHD
	OSPAR
	Remark

	Metals


	As, Cr, Zn, Ni, Cu, Cd, Hg, Pb
	1-6 stations per region
	3 – 6 years

(1/y at few stations) 
	X**
	-
	X
	

	PAH
	(CEMP, WFD-PS)
	1-6 stations per region
	3 – 6 years

(1/y at few stations) 
	X**
	-
	X
	

	PCBs


	28, 52, 101, 118, 138, 153, 180
	1-6 stations per region
	3 – 6 years

(1/y at few stations)
	X**
	-
	X
	

	Organochlorines


	DDTs

HCHs

HCB
	1-6 stations per region
	3 – 6 years

(1/y at few stations)
	X**
	-
	X
	

	Organotin


	TBT, DBT, MBT1),

TPT
	1-6 stations per region
	3 – 6 years

(1/y at few stations)
	X**
	-
	X
	

	Brominated flame retardants 1)
	(BDE 47, 99, 100, 153) 1) 
	1-6 stations per region
	3 – 6 years

(1/y at few stations)
	X**
	-
	X
	

	Non-polar pesticides and pharmaceuticals 1)
	Dieldrin, Clotrimazole
	1-2 stations per region
	1/y February / September
	
	
	
	

	Perfluorinated compounds 1)
	PFOS, PFOA
	1-2 stations per region
	1/y February / September
	
	
	
	


* Number of stations per region depends on number of WFD water body types to be covered. 

** According CIS Guidance on Chemical Monitoring / Netherlands: No WFD chemical monitoring in sediment 

1) on voluntary basis

2. Methods

The OSPAR guidelines are also valid within the TMAP: 

· JAMP guidelines for monitoring contaminants in sediments (Technical Annex 1 – statistical aspects, Technical Annex 2 – determination of CBs, Technical Annex 3 – determination of PAHs, Technical Annex 4 – determination of TBT, Technical Annex 5 – normalisation of contaminant concentrations, Technical Annex 6 – Determination of metals – analytical methods). OSPAR CEMP assessment manual, revision 2008. 

· Guidance on the chemical monitoring of sediment and biota under the water framework directive. 

Critical methods, which largely influence the comparability of the assessed information, are:

- 
the grain-size separation method and choice of grain-size fraction. The preferred method is wet-sieving with station-sampled water over a 63 µm sieve (OSPAR).

- 
the analysis of co-variable TOC, particularly in the range < 0.5%. It is preferred to analyse TOC in the sieved fraction.

- 
the destruction method of the metals and the co-variable metals Al and Li, which are used as a normalisation matrix (OSPAR). Partial destruction using nitrous acid provided the best results correlating to the < 2 µm grain fraction of sediment.

3. Parameters

Table 2: Monitoring shall consider the following parameters and co-variables.
	ANALYTE GROUP
	Analyte
	Sediment fraction
	Co-variable

	Metals


	As, Cr, Zn, Ni, Cu, Cd, Hg, Pb
	OSPAR: < 63 µm

Optional: <20 µm
	TOC

Al, Li

Grain size distribution < 20; 20-63 µm

	PAH
	(CEMP, WFD-PS)
	OSPAR: < 63 µm

Optional: <20 µm
	TOC

Grain size distribution < 20; 20-63 µm

	PCBs


	28, 52, 101, 118, 138, 153, 180
	OSPAR: < 63 µm

Optional: <20 µm
	TOC

	Organochlorines


	DDTs

HCHs

HCB
	OSPAR: < 63 µm

Optional: <20 µm
	TOC

	Organotin


	TBT, DBT, MBT,

TPT
	OSPAR: < 63 µm

Optional: <20 µm
	TOC

	Brominated flame retardants
	(BDE 47, 99, 100, 153) 1) 
	OSPAR: < 63 µm

Optional: <20 µm
	TOC

	Non-polar pesticides and pharmaceuticals
	Dieldrin, Clotrimazole 1)
	OSPAR: < 63 µm

Optional: <20 µm
	TOC

	Perfluorinated compounds
	PFOS, PFOA 1)
	OSPAR: < 63 µm

Optional: <20 µm
	TOC


1) 1-2 stations / y / region; denser distribution and time scale at voluntary basis

In order to allow comparison of samples collected at different locations and/or collected at different times, a compensation for the natural variability on geochemical characteristics by a normalization procedure is necessary. 

Additional co-variables should be measured, which are required for the normalisation of contaminant concentrations in sediments (see OSPAR guidelines, Technical Annex 5): grain size distribution, TOC, Al, Li. 

