QSR Thematic Report Hazardous Substances (draft version 2009-12-10)
page 2

QSR 2009

Thematic Report No. 5. Hazardous Substances 

	Version No. final draft version
Date: 10 December 2009 

	

	Author(s): 

Joop Bakker, Gerold Lüerßen, Harald Marencic, Kristine Jung



	Open Points:

1. Data check for metals, HCB; PCB and TBT,
2. Update of text/figures by J. Bakker accordingly,
3. Review by TMAG


	Editorial notes: 

Edited by CWSS 10.12.09,
To be done: technical editing (CWSS) language check,
Number of pages: 28 (excl. figures)
Number of word: 15,000


5.1 Trends in Heavy Metals, Natural and Xenobiotic Organic Compounds

5.1.1
Introduction

The Wadden Sea is monitored for chemicals under several monitoring programs. The Trilateral Monitoring and Assessment Program (TMAP) covers the entire Wadden Sea Area. The trilateral Wadden Sea Plan is the framework for management and policy for the Dutch-German-Danish Wadden Sea. For hazardous substances the targets are to reach background concentrations for natural compounds and as resulting from zero-discharges for man-made substances.
The Joint Assessment and Monitoring Programme (JAMP) of OSPAR, including the Coordinated Environmental Monitoring Programme (CEMP), the Riverine Inputs and Discharges (RID) and Chemical Atmospheric Monitoring Programme (CAMP), cover the entire North-East Atlantic Ocean and bordering seas. The national programs follow the delimitation of the Water Framework Directive (WFD) waterbodies and River Basin Districts (RBD), extending to the 12 nautical miles from the coastal base-line for priority compounds. The monitoring requirements of the Marine Strategy Framework Directive (MSFD) have to still be implemented (see also Box).
Assessment approach

The Wadden Sea is part of many national and international agreements and laws. The assessment approach was chosen in such a way that it harmonizes the information and makes it suitable to use between those platforms (Box 5.1).
Box 5.1 EU Directives, international and regional agreements relevant to the Wadden Sea (modified after HARBASINS, 2008).
	WFD - Water Framework Directive:

Establishing a framework for the protection of surface waters (rivers, lakes, transitional and coastal) and groundwater on an EU level. Targets are a Good Ecological Status (GES) and a Good Chemical Status (GCS) by 2015. The Water Framework Directive integrates current eutrophication aspects of the Urban Waste Water Treatment Directive and the Nitrates Directive into the classification system of “good ecological status” (GES). Hazardous Substances are partly assessed for GCS on exceeding Environmental Quality Standards (EQS) criteria by the Priority Substances (PS) daughter directive. As “other relevant / river basin specific substances”, additional hazardous substances are assessed under the GES. The EQS target has been revised by the Directive 2008/105 Priority Substances (December 16th, 2008) and defined mandatory for total water, filtered water (metals), biota for 33 + 8 substances, of which 20 Priority Hazardous Substances (Table 5.1.1). Optional EQS for sediment and/or biota may be defined by member states to replace those in Annex I for selected hazardous substances, offering the same level of protection. Maximum Allowable Concentrations (MACs) are defined by the Directive for peak concentrations. Annual Averages (AAs) are the long term EQS level. 

MSFD – Marine Strategy Framework Directive:

Aiming at a Good Environmental Status (GEnS) of European marine waters by 2021 to protect the resources (“ecological goods and services”) by demanding the cooperation between member states. The MSFD sets common objectives for EU marine regions and sub-regions as management units, selected hydro-morphological, oceano-graphical and bio-geographical features. The management targets are under development by the Marine Strategy Coordination Group, which met for the first time on May 15th, 2009.

BHD / NATURA2000 - Wild Birds and Species & Habitats Directives:

Protecting bird species within the European Union through the conservation of populations and their habitats, respectively contributing to biodiversity through the conservation of natural habitats and of wild fauna and flora. Maintenance or restoration of favourable conservation status, natural habitats and species of wild flora and fauna of community interest is assessed. The BHD areas form an ecological network known as NATURA2000, consisting of Special Protection Areas for birds and Special Areas of Conservation for habitats and species, both listed in the BHD. Hazardous Substances are not to contaminate water, sediment or biota. The provisions of the WFD and regional sea conventions, i.c. OSPAR, to abate pollution are to be followed as management target. 

ICZM –Integrated Coastal Zone Management:

Concerning the planning and management of resources within the coastal area, across the range of habitats and land use types, including land and water management. Management of resources and human activities (fishing, tourism, urban and industrial development) exerting particular pressures upon the conservation of natural habitats and species of the coastal zone. The EU Recommendations on ICZM want to improve management of the coastal zones as well as the implementation of other EU legislation and policies. Coastal Member States are encouraged to develop and implement a national strategy for integrated coastal zone management. The target is to raise awareness of all stakeholders on the increasing pressures on coastal areas, of which the Wadden Sea is particularly sensitive, and the importance of careful integrated planning.

OSPAR- Oslo and Paris Convention:

The International Convention for the Protection of the Marine Environment of the Northeast Atlantic is the main intergovernmental convention to regulate and control marine pollution in the North Sea and the North-east Atlantic. It covers all human activities that might adversely affect the marine environment. Fisheries regulations cannot be adopted under the convention although it now covers the health of habitats through the Annex V agreement. The recently re-negotiated EU Common Fisheries Policy now has a habitat protection remit. The strategy towards hazardous substances is to prevent pollution of the marine areas by continuously reducing discharges, emissions and losses. The target for hazardous substances is to achieve near-background for naturally occurring and close to zero for man-made synthetic substances in the marine environment. OSPAR (2007) updated the ‘List of Chemicals for Priority Action’. The assessment criteria by OSPAR are listed in Table 5.1.2 (sediments) and 5.1.3 (biota). 
TWSC-Trilateral Wadden Sea Cooperation:

A regional agreement on formal cooperation between The Netherlands, Germany and Denmark, underlining the Wadden Sea as one ecological entity where protection measures can be implemented more effectively and successfully by a common and coordinated management approach. The objective of the trilateral management is to safeguard the natural functioning of the ecosystem through proper regulation of human activities. Ecological Targets, defined as management targets, for hazardous substances are to reach background concentrations for natural compounds and as resulting from zero-discharges for man-made substances.


Assessment Procedure of QSR 2010 Monitoring Data

For the purpose of the assessment, the Wadden Sea was divided into 12 subareas, which deviates slightly from the QSR of 1993, 1999 and 2004, but improves consistency with the WFD waterbodies and river basin districts classification (Table 5.1.1). The WFD waterbodies division cross-cutting with the QSR areas was dealt with by grouping the data of monitoring locations within the waterbody transitional water, dominated by riverine water, and coastal water euhaline [CW-NEA1/26], dominated by coastal marine water [>30 psu], and polyhaline [CW-NEA3/4], mixing trajectory coastal marine and estuarine water [18-30 psu]). Areas will be referred to by their QSR code as shown in Table 5.1.1.
Before data evaluation, harmonized parameterization was checked and quality control of data performed. In the assessment procedure a contaminant was followed from its riverine source to the accumulation in sediment and biota. The data was evaluated visually for temporal and spatial trends over the total assessment period 1988-2007 and a ten years period from 1998-2007. The actual concentrations were compared with Environmental Quality Standards (EQS), as implemented by the WFD (2008) (Table 5.1.2), and with Background and Environmental Assessment Criteria (BAC and EAC respectively), as accepted by OSPAR (2009) (Tables 5.1.3, 5.1.4). The Effect Range 10 percentile (ERL), developed by US EPA to assess the quality of coastal and marine environments, was additionally used by OSPAR in the 2010 Quality Status Report to assess sediment quality for metals, PAHs and some pesticides. 
As for metals copper and zinc are not included in the WFD or OSPAR lists. Nickel is newly included in this QSR, following the Priority Substances (PS) daughter directive of the WFD. Nickel data were not available for all Wadden Sea subareas.

Quantitative differences in riverine metal loads into the Wadden and North Sea are mainly due to the diversity of river flows (Figure 5.1.1). What the rivers would contribute, if they were of the same size, is shown by calculating the loads at a ‘standard’ flow rate of 109 m3∙y-1. In fact this represents the difference in yearly-averaged concentration in river water. The ‘standard’ flow equals a river of the size of the Weser.
Riverine inputs of hazardous substances were supplied by annual reports to OSPAR. Atmospheric inputs were available from OSPAR modeling the JAMP/CAMP monitoring.  Monitoring data of metals and organic compounds in sediment and biota were taken from the TMAP data units and the German Environmental Specimen Bank. Denmark does not report riverine metal inputs.
Different methods used in monitoring, sample preparation and analyses of hazardous substances in sediment (ref. 2004 QSR) are still seriously hampering a full comparison of monitoring results. The issue has also being discussed for a number of years within OSPAR (see JMAP guidelines) which is the most appropriate fora for harmonization of marine chemical monitoring. 
For metals the main obstacle is the choice of sediment matrix, which is <63µm in Dutch and Danish data, and mostly <20µm in German data. To partly overcome this metals problem, the correction procedure of Koopmann et al. (1993) was applied to achieve inter-comparability between data obtained from <20 µm and <63 µm sediment grain size fractions. 

Other standardization methods to improve inter-comparability of metals results have been considered. 

The analysis in the <63µm fraction and standardisation of metal concentrations to 5% aluminum (5% Al) is common practice in OSPARs CEMP (Webster et al., 2008). Application of this approach is however strongly determined by sediment destruction methods prior to the metal (including aluminum) analysis, which differs between countries and is another source of variation. 
Total Organic Carbon (TOC) was introduced by Cato, 1977 and Johannesson et al., 2003. Though this method is not sensitive for differences in grain size, it is, however, quite sensitive to the accuracy of TOC measurements, especially in the lower TOC range (< 0.5%). 

This also affects the standardisation of organic compounds in sediment, which are normalized to 2.5% TOC containing sediments, following OSPAR (Webster et al., 2008).

For metals both 5% Al or <20 µm fractions would be a good choice, given a harmonized destruction and sieving method.

Concerning organic compounds 2.5% TOC or <63µm would be a good choice, where the fraction of 20-63 µm is particularly relevant for PAHs. 

For this QSR all data for metal concentrations in sediment were recalculated to mg∙kg-1 DW (dry weight) in the sediment fraction <63 µm. Organics concentrations were recalculated to mg (resp. µg)∙kg-1 2.5%TOC (2.5% TOC) in the <63 or <20 µm fraction.

Data in blue mussel (Mytilus edulis) were recalculated to mg (resp. µg)∙kg-1 DW (dry, homogenized tissue weight). The results of five lengths classes of blue mussel size were pooled, causing a larger within-year variation between maximum and minimum values. Average and maximum values were considered to be most informative in visual trend analysis as well as ecotoxic effects. Arithmetic trend analysis was not considered suitable for these data-sets.

5.1.2.1 Natural Contaminants: Metals

Target

Background concentrations of natural micropollutants in water, sediment and indicator species.
QSR 2004 
Main reductions in riverine inputs and concentrations in sediment and biota of the five metals took place in the late 1980s until the 1990s. The proposed background in sediments was exceeded by mercury, lead and zinc, and in blue mussels by cadmium, copper, mercury and lead and thus the Targets were not met. Nickel as a new compound of high priority in both OSPAR and Water Framework Directive, needs to be included in the monitoring of the Wadden Sea. Harmonization of monitoring methods to improve comparability, and also quality and availability of the data stored in databases has to progress to a further extent still.

Cadmium

QSR 2004 

All rivers showed a continuing decrease in cadmium loads, taking into account flow and precipitation rate related variations. Elbe and Weser generally return a factor of 4 higher than Lake IJssel, Ems and Eider, both in load and year averaged concentration. Atmospheric input of 158 kg∙y-1 is about 3% of the total riverine input (5,520 kg∙y-1). 
Reduction of cadmium in dredged material from the Elbe was consistent with the decrease in riverine input and concentrations in sediments. In the south-western Wadden Sea subareas sediment cadmium concentrations decreased from the early 1990s to 2002. North-western areas do not this trend due to relatively low cadmium levels all the time. Temporal trends in mussel tissue were obscured by highly variable concentrations. 

Ecological Relevance of Cadmium

Cadmium occurs naturally in ores and is found at background levels in the marine environment. Cadmium for industrial or commercial use is derived from mining, smelting and refining of zinc. Its main use in batteries has almost ceased in Europe. Cadmium and his salts are still used as intermediate and catalyst in electroplating, as pigment in paint, stabilizer of plastic, and in photographical processes and dyes. 

Cadmium is toxic, particularly by causing kidney malfunction, bioaccumulates in plants and organs of animals. As such it is of concern for the marine environment and humans by consumption of fish and other seafood. Primary sources of cadmium are emissions to air from combustion processes. Releases to water are secondary sources. The main pathway of cadmium to the sea is via air by which it can be carried long distances from its source. Following the regulated closure of the cadmium refineries in Europe, the diffuse sources are gaining importance.

Cadmium Input

Riverine cadmium loads continue to decrease during the period 1986-2006. After correction for flow related variations the reduction amounts ~60% for the Elbe, Weser and Ems (Figure 5.1.2). Concentrations in Elbe and Weser water are a factor of 4 higher than in Lake IJssel, Ems and Eider. The decrease levels off between 2002 and 2006. 

The high river flows of 2002 caused a quantitative increase in cadmium input by Elbe and Weser, but not in the cadmium concentration in the water.

Atmospheric input is modeled at >0.022 mg Cd∙m-2∙y-1, which is almost uniform over the entire Wadden Sea. The modeled net deposition flux has significantly decreased between 1996 and 2006 with 60%. For the entire North Sea the riverine discharges and atmospheric input contributed 73% and 27% respectively to the total input (OSPAR, 2009).

Cadmium Concentrations in Sediment

Wadden Sea sediments cadmium leveled off to a basic level of 0.2 – 0.6 mg∙kg-1 dry weight <63µm (Figure 5.1.3). Highest levels are found in the south-western regions, lowest in the northern Wadden Sea, while high, but unexpected peaks were observed in North-Frisia (~0.83 mg∙kg-1 dry weight <63µm) and Sylt-Rømø (~0.95 mg∙kg-1 dry weight <63µm).

The OSPAR BAC value (Table 5.1.3) is 0.31 mg∙kg-1 5%Al, which is very near 0.3 mg∙kg-1 dry weight <63µm. Cadmium can not be considered as being near background in most subareas, exceedance being 3- to 4-fold. Deep-core Skagerrak sediment shows a background of 0.1 mg∙kg-1 dry weight <63µm (HARBASINS project, 2009). Cadmium does not exceed the risk level (ERL) for food web accumulation (OSPAR, 2009).
Cadmium Concentrations in Blue Mussel

The average concentrations in mussel tissue (Figure 5.1.4) increased in the long term trend over the period 1994 - 2007. In some areas the increase is considerable; up to 300%. The riverine inputs of the Ems and Eider do not point in this direction. The Elbe tends to slightly increase its cadmium input and levels off since 1999, peaking in 2002. This likely affects the increasing trend in blue mussel in 2004.
The geographical differences in mussel cadmium levels do not match those of the riverine concentrations nor the quantitative input. 

The concentrations in blue mussel are 3 – 4 times higher in Ems-Dollard, Weser, Elbe, Sylt-Rømø and Denmark regions and range between 1.5 – 2.5 mg∙kg-1 dry weight. Lowest levels of 2007 were found in the NL-West, NL-East, East-Frisia East and North-Frisia regions, ranging between 0.3 – 0.5 mg∙kg-1 dry weight.
The EAC of 2.8 mg∙kg-1 dry weight (OSPAR, 2009) was not exceeded in any of the regions, although getting close in some. The Low Concentration
 is exceeded in the Ems-Dollard, Elbe, Sylt-Rømø and Denmark regions by a factor of 3. The 2007 maximum levels exceeded the BAC background of 1.94 mg∙kg-1 dry weight in Sylt-Rømø, Elbe (2004), Weser and Ems-Dollard regions by less than a factor of 2. Generally cadmium levels in blue mussel can be considered as below or near background.
Copper

QSR 2004

The concentrations of copper in the Elbe remained at the reduced level of 1994. The reduction in riverine loads has been marginal since 1989, except for the Elbe, with a highly increased load in 2002 due to the flood. The riverine input was strongly related to river flow and thus precipitation. This implies that a period of reduction in water concentration, coinciding with an increasing riverine flow, covered up strong reductions. This situation occurred in Lake IJssel, the Ems and Weser between 1985 until 1987.

Copper concentrations in sediments varied greatly. Most concentrations were at the proposed background levels. Also no significant temporal trends in blue mussels could be discerned due to large interannual and sample variation.

Copper Input 
The major reductions in concentrations of copper occurred between 1986 and 1994. Concentrations in the Elbe and Eider gradually increase between 1996 and 2006 (Figure 5.1.5). 

The annually averaged concentration in Elbe water is a factor 4 higher than in Lake IJssel water, while Weser, Ems and Eider have intermediate levels.

Copper Concentrations in Sediment

Wadden Sea sediments copper leveled off to a basic level of 10 - 30 mg∙kg-1 dry weight <63µm (Figure 5.1.6). Highest levels are found in the south-western regions, lowest in the northern Wadden Sea. The OSPAR BAC value (Table 5.1.3) is 27 mg∙kg-1 5%Al, which is very near 27 mg∙kg-1 dry weight <63µm. Copper can be considered as being at background levels according to OSPAR, although deep-core sediment in the Skagerrak shows a background of 9 mg·kg-1 dry weight <63µm.
Copper Concentrations in Blue Mussel

Temporal trends in the western Wadden Sea are absent over the period 1990-2007. The Elbe, North-Frisian and Danish areas show an irregular pattern (Figure 5.1.7). Copper levels in blue mussel are occasionally consistent with the increasing riverine input.
Mercury

QSR 2004

Reduction in Elbe mercury loads and concentration in 1994 was followed by a continued, but smaller decrease until 2002. Uniquely, the Weser water concentration of mercury seemed to increase with the river flow rate, indicating that Weser mercury input depended on the atmospheric wet deposition rate. Year-averaged mercury concentrations, derived from OSPAR flux data, are over 10 times higher in the Elbe, Weser and Ems, than in Lake IJssel and Eider. Atmospheric input to the Dutch Wadden Sea is about 2% of the total riverine input into that area.
In all subareas in 2000/2003, sediment concentrations were within the range of the provisional ecotoxicological assessment criterion for mercury by OSPAR. In most subareas the mercury levels in blue mussels were higher than the prosposed background by OSPAR.
Mercury Input

The drastic reduction in Elbe mercury loads and concentration in 1994 was followed by a constant, only flow rate dependent input until 2006 (Figure 5.1.8). The Weser loads and concentrations peaked in the periods between 1991/1997 and 2000/2006. The Weser and Ems water concentration of mercury increases with increasing river flow rate. Both rivers are known to follow wet deposition rate and enhances the (re)mobilisation of mercury. This may imply that the input has its source predominantly in land run-off or erosion.

Year-averaged mercury concentrations in 2006, derived from OSPAR input data, are 20 - 10 times higher in the Elbe and Weser respectively than in Ems, Lake IJssel and Eider.

Mercury Concentrations in Sediment

In Wadden Sea sediments, mercury leveled off to a basic level of 0.1 – 0.4 mg∙kg-1 dry weight<63µm (Figure 5.1.9). Highest 2005/2006 levels are found in NL-West, East-Frisia East, Weser and Dithmarschen. The OSPAR BAC value (Table 5.1.3) is 0.07 mg∙kg-1 5%Al, which is very near 0.07 mg∙kg-1 dry weight<63µm. Mercury can not be considered as being near background according to OSPAR as it exceeds this up to 5-fold. Deep-core sediment in the Skagerrak shows a background of 0.01 mg.kg-1 dry weight <63µm (HARBASINS project). Mercury exceeds the risk level (ERL) for food web accumulation (OSPAR, 2009) in all sub-areas.
Mercury Concentrations in Blue Mussel

No trend is apparent in the south-western areas, except that highs tend to fade out and concentrations range between 0.1 – 0.3 mg∙kg-1 dry weight.

The initial reduction in the Elbe area between 1994 and 2000 to less than 0.1 mg∙kg-1 dry weight is followed by a continued increase in the 2003 and 2004 till 0.3 mg∙kg-1 dry weight. This may tentatively be the aftermath of the 2002 Elbe flood, remobilizing of Hg-contaminated sediments. No increase was measured in Elbe water (Figure 5.1.10).

In the Sylt-Rømø and Denmark areas, levels increased between 1998 and 2004 from ~0.2 till ~0.5 mg∙kg-1 dry weight. Between 2005 and 2007 levels seems to decrease again till ~0.3 mg∙kg-1 dry weight. The residual suspended sediment transport of contaminated Elbe-flood sediment may be in play in these areas, but does apparently not affect the North-Frisian area.
Mercury pressure in blue mussel is 2 – 3 times higher in the more contaminated Wadden Sea regions Ems-Dollard, East-Frisia West, Elbe (2004), Sylt-Rømø and Denmark. In these areas, maximum mercury levels were a factor 2 - 3 higher in 2006/2007 than the background assessment concentration of 0.14 mg∙kg-1 dry weight (OSPAR, 2009; Table 5.1.4). Food consumption safety levels were not exceeded.
The WFD EQS of 0.5 mg∙kg-1 dry weight (assuming 20% dry matter in blue mussel tissue) is not exceeded in any region, though the safety factor is less than 2 in the regions exceeding the OSPAR background level.

Mercury Concentrations in Bird Eggs

Mercury contents in eggs of the common tern (Sterna hirundo) and oystercatcher (Haematopus ostralegus) are reported by Becker and Dittman in chapter 5.2. Peak levels occur in the Elbe area, while trend peaks around 2003 also suggest a relation to the 2002 Elbe flood. The recent relative increase of mercury in common tern and oystercatcher eggs at Griend (NL West) in 2005 and 2006 co-occurs with relative maxima in flounder (2006) and blue mussel (2004). Only indirect food-web relations exist between blue mussel (phytoplankton), flounder, oystercatcher (all macrozoobenthos) and common tern (fish; later in the breeding season), according to their diet.
Lead 

QSR 2004

The drastic reduction in the Elbe input and concentration stabilized at the 1994 level, with a slight increase up to 2002. The load and concentration in the Weser were variable with a slight overall increase (1985 compared with 2002). An intermediate concentration and input peak (1991-1999) temporarily caused more than a doubling of concentration and input. Year-averaged concentrations of lead in Elbe and Weser water, derived from OSPAR flux data, were at the same level and 2-3 times higher than in Lake IJssel, Ems and Eider in 2002. Lead input and concentrations of Lake IJssel and Ems did not show a significant trend. 
Most subareas showed a downward trend of lead in sediment. Significant trends could not be determined due to large inter-sample variations; however both maxima and minima were decreasing. Only in the Dutch subareas the lead content in blue mussels was 2-3 times higher than in the other subareas of the Wadden Sea.

Lead Input

Major decreases in riverine input occurred till 1999 (Figure 5.1.11), whereas Lake IJssel input decreased further in 2005 - 2006. Elbe and Weser water concentrations of lead are 3 – 4 fold the concentrations in Ems, Eider and Lake IJssel. 

Lead Concentrations in Sediment

Wadden Sea sediments lead leveled off to a basic level of 20 – 85 mg∙kg-1 dry weight<63µm (Figure 5.1.12). Highest levels are found in the south-western regions, lowest in the northern Wadden Sea. The OSPAR BAC value (Table 5.1.3) is 38 mg∙kg-1 5%Al, which is very near 38 mg∙kg-1 dry weight<63µm. Lead can be considered as being near background according to OSPAR in 2005/2006, except for the peak levels in most regions. Deep-core sediment in the Skagerrak shows a background of 18 mg.kg-1 dry weight <63µm however (HARBASINS project). Lead exceeds or equals the risk level (ERL) for food web accumulation (OSPAR, 2009) in all sub-areas.
Lead Concentrations in Blue Mussel


Lead concentrations accumulated in blue mussel are relatively high in Ems-Dollard and Dutch Wadden Sea areas, ranging 2.5 – 6 mg∙kg-1 dry weight (Figure 5.1.13) The German and Danish areas range 0.6 – 1.6 mg∙kg-1 dry weight. The length class averaged concentration relatively increased between 1997 and 2007 in all areas north and east of the Ems-Dollard. This may be due to north-bound residual transport of sediments and suspended matter.
The OSPAR BAC of 1.52 mg∙kg-1 dry weight was exceeded in 2007 levels in the Ems-Dollard (factor 5) and NL-West/East (factor 2). In other Wadden Sea regions 2007 levels are near or below background concentration. >>>NOTE validity of data has to be checked<<<<
Zinc

QSR 2004

Period of reduction of zinc input by the Elbe ended by 1997. The Elbe and Weser had the higher zinc concentrations, being four- to eightfold the concentration in Lake IJssel, Ems and Eider. Recent trends are nearly absent and mainly flow-related. The atmospheric input of zinc to the Wadden Sea is about 1% of the summed riverine input.
Zinc levels in sediment fraction <63 µm were variable and no trend detectable. Despite the variable concentrations of zinc in the blue mussel, a distinct upward trend between 1989 and 1999 could be discerned for one subarea and to a lesser extent for another. On the other hand two subareas showed a decrease in concentration between 1996 and 2002.
Zinc Input

The period of drastic reduction of zinc input by the Elbe ended by 1997 (Figure 5.1.14). The Elbe and Weser had the higher zinc concentrations, being 4- to 8- fold the concentration in Lake IJssel, Ems and Eider. Recent trends are nearly absent and mainly flow-related. The 2002 flooding incident is evident in the Elbe input, but enhanced precipitations also increased the Weser input.

Zinc Concentrations in Sediment

Wadden Sea sediments zinc leveled off to a basic level of 50 – 250 mg∙kg-1 dry weight <63µm (Figure 5.1.15). Highest levels are found in the north-eastern regions, lowest in the south-western Wadden Sea. The OSPAR BAC value (Table 5.1.3) is 122 mg∙kg-1 5%Al, which is very near 122 mg∙kg-1 dry weight<63µm. Zinc can be considered as being near background according to OSPAR in 2005/2006 in the south-western regions, North-Frisia and Denmark. Exceedance is up to 2-fold in Dithmarschen, Sylt-Rømø and possibly Elbe (2003 latest data). Deep-core sediment in the Skagerrak shows a background of 61 mg.kg-1 dry weight<63µm (HARBASINS project).
Zinc Concentrations in Blue Mussel

It is well known that blue mussels are capable of regulating specifically their internal zinc concentrations through the formation of metallothioneines. Nevertheless, distinct regional differences and trends are apparent. Relatively high concentrations, increasing in the period 1994 – 2007 with 270% to over 160 mg∙kg-1 dry weight, occur in the Ems-Dollard. All other Wadden Sea regions show no trend and zinc concentrations of 80 – 100 mg∙kg-1 dry weight (Figure 5.1.16).
Nickel
Nickel Concentrations in Sediment

Wadden Sea sediment nickel in the south-western regions is at a basic level of 20 – 30 mg∙kg-1 dry weight<63µm (Figure 5.1.17). Higher levels are found in the north-eastern regions, 30 – 50 mg∙kg-1 dry weight<63µm. The OSPAR BAC value (Table 5.1.3) is 36 mg∙kg-1 5%Al, which is very near 36 mg∙kg-1 dry weight<63µm. Nickel can be considered as being near background according to OSPAR in the south-western regions. Nickel is above background in the north-eastern regions where an increasing trend is manifest as well. Deep-core sediment in the Skagerrak shows a background of 35 mg.kg-1 dry weight<63µm (HARBASINS project).
Nickel Concentrations in Blue Mussel

Nickel concentrations in blue mussel in all Wadden Sea regions is at a basic level of 2 – 4 mg∙kg-1 dry weight. Except the Ems-Dollard region, which is over twice as high, with an increasing trend over the period 1990 – 2007 (300 – 400% increase) up till 8 mg∙kg-1 dry weight.
Summary of metal trends and target evaluation 

· Major reductions in input and concentration of metals in the Wadden Sea mainly occurred in the late 1980s till 1990s.

· The Elbe region is an exception, where levels of cadmium, mercury, lead and, only in blue mussels, zinc decreased in the period 1994-1998.

· The OSPAR background assessment criterion in sediments was exceeded by cadmium (factor 1 - 3), mercury (factor 1 - 5) and lead (factor 1-2), mainly in the south-western regions. Zinc and nickel exceeded the background in the north-eastern regions (factor 2). The targets are not fully met yet, but progressing over the past 5 years.
· The OSPAR background assessment criteria of blue mussel are exceeded for mercury (factor 2-3) and lead (factor 2-5) in some regions. The target for these metals has not been reached yet. The target for Cadmium has been reached over the past 5 years.
· The WFD EQS for mercury in biota is not exceeded in 2007 in any region, although some regions are at a less than factor 2 safety margin.

· Climatic incidents, most obvious after the Elbe flood of 2002, show short-term effects on riverine load of contaminated resuspended sediments and increase metal levels for cadmium, mercury and lead (in case of the 2002 Elbe flood) in blue mussel in the coastal marine region. This effect could not be demonstrated in sediment by absence of data for this matrix.

· Harmonization of methods to improve comparability and quality of information, as well as the quality and availability of data stored in the TMAP data units requires further progress. Examination of the database by experts familiar with all aspects of monitoring as well as data analysis and standardization (data users) in cooperation with database experts is advised.


5.1.2.2 Organic micropollutants (PAHs)

PAH Data

The availability of data for polyaromatic hydrocarbons (PAHs) is limited to concentrations in sediments and blue mussels (Mytilus edulis) reported for Dutch and Danish Wadden Sea regions only. The sum 6 of Borneff PAH could not be completed for the Danish regions, because the PAH BbF and BkF were missing. The PAH Fluoranthene (Flu) was taken as the example PAH, which has amongst the highest PBT (persistency, bioaccumulative, toxic) properties of the 6 of Borneff PAHs (ref. QSR 2004). Where available, OSPAR 2010 QSR data have been used for additional analysis.
PAH Inputs

No data is available for riverine inputs, in part because PAHs dissolve poorly in water. Recent data on atmospheric deposition of PAHs were not available.
PAH Concentrations in Sediment

OSPAR sediment data indicate that the 6 of Borneff PAHs are mainly above the ERL
. Exceedance is caused mainly by Benzo-ghi-Perylene and to a lesser extent Indeno[123-cd]pyrene. InP concentration in a Skagerrak deep-core sediment, dated at ~1811, was valued at 79 µg∙kg-1 dry weight 5%Al (HARBASINS project). 
PAH Concentrations in Blue Mussel

Recent trends in the sum of 6 Borneff PAH (Fluoranthene, Benzo b- and k- Fluoranthene, Benzo-a-Pyrene, InP and Benzo-ghi-Perylene) concentrations are downward, while periodically fluctuating in all examined regions (Figure 5.1.19). The periodic amplitude and concentrations of 6 Borneff PAH in the Ems-Dollard is pronounced and might be related to dredging events. Fluoranthene (data not shown) was taken for OSPAR BAC and EAC check. 2007 concentrations in blue mussel are above OSPAR Background Assessment Concentration (BACFlu = 12.2 µg∙kg-1 dry weight, OSPAR 2009), a factor 2 in Sylt-Rømø and Denmark regions, a factor 4-5 in the Netherlands and Ems-Dollard regions. The Environmental Assessment Concentrations (EAC) is exceeded no where (at ~ 50 – 60%).
The 6 Borneff PAHs from the Jade area show a decreasing trend between 1990 and 2006 as well (Figure 5.1.20, NB! wet weight concentrations). No recent data were available for NL-West and NL–East, none for the remaining areas. 
Flu (data not shown) was taken for OSPAR BAC and EAC check. 2007 concentrations in blue mussel are above the OSPAR Background Assessment Concentration (BACFlu = 12.2 µg∙kg-1 dry weight, OSPAR 2009), a factor 2 in Sylt-Rømø and Denmark regions, a factor 4-5 in the Netherlands and Ems-Dollard regions. The Environmental Assessment Concentrations (EAC) is exceeded no where (levels are at ~ 50 – 60 %) (Table 5.1.3).
Summary of Trends and Target Evaluation

The available data on natural organic micropollutants do not indicate a significant trend.

PAHs exceed the OSPAR background in all examined areas.

Target Assessment and Recommendations for Naturally Occurring Contaminants

Metals (Cd, Cu, Hg, Pb, Zn
) in the period 1996-2007 remained at the same level as in 1995, decreasing further at a moderate rate both in input and concentrations. Elevated water discharges result in significantly higher river loads, like in 2002 in the Elbe and Weser. In decreasing order of importance, Elbe, Weser and Lake IJssel, are the three quantitatively most important contributors of metals to the Wadden Sea. Sediment concentrations of mercury and lead exceeded OSPAR (2009) BAC background concentrations. Additionally in the north-eastern regions do zinc and nickel exceed the background levels.

Concentrations of mercury and lead blue mussels exceed the OSPAR (2009) BAC background values. 

In eggs of oystercatcher and common tern, mercury levels generally decreased further. Exceptions, however, are recently increasing mercury levels in the western Dutch Wadden Sea.
Polyaromatic hydrocarbons (PAHs) riverine input and atmospheric deposition are poorly known. Trends in concentrations in sediment, taken from the OSPAR QSR2010, of the 6 PAHs of Borneff in blue mussel are not significant and often periodically fluctuating.
A summary of trends and most recent concentrations in monitored matrices is provided in Table 5.1.4 and 5.1.5
5.1.2.3 Natural Micropollutants: Target Assessment and Recommendations
Target

· Background concentrations of natural micropollutants in water, sediment and indicator species. 

Target evaluation

· For metals in sediment, the target was reached for copper in all subareas of the Wadden Sea. For cadmium, mercury, lead, and in the north-eastern regions also zinc and nickel, the target has not yet been reached. Enhanced concentrations occur in areas influenced by climatically enhanced river discharges and concomitant (re)suspended sediment transport.
· For metals in blue mussels, the target for copper, zinc and nickel has been reached. Cadmium, mercury and lead require more effort to reach the targets in most of the sub-areas.
· Mercury in bird eggs does not yet meet target levels.
· Regarding the effects range level (ERL) (OSPAR, 2009), mercury and lead concentrations in the sediments do pose a risk to the Wadden Sea ecosystem in the majority of sub-areas. 
· Regarding the effects range level (ERL) (OSPAR, 2009), concentrations of cadmium, lead and mercury in Wadden Sea biota (blue mussel) do not pose a risk to the ecosystem.
· Regarding the effects range level (ERL) (OSPAR, 2009), concentrations of PAHs in Wadden Sea biota (blue mussel) do not pose a risk to the ecosystem.
Conclusions

· For metals, riverine input is quantitatively the most important input to the Wadden Sea.
· Input of metals continued to decrease or remained unchanged. In some years enhanced loads were due to high river discharge; for organic micropollutants no trend was evident.
· The River Elbe flood of August 2002 may have caused short-term and regional increase of cadmium and mercury levels bird eggs.
· The progress regarding harmonization of methodology of standardization, data quality control and database storage, allowing reliable comparison of data, either in JAMP or in TMAP, is not satisfactory and can still be improved further. 
Recommendations

· Continued attention on reduction of metal discharges through rivers debouching into the Wadden Sea.
· Continued effort regarding harmonization of methods of analysis and of standardization, both being necessary to enable reliable comparisons at a geographical scale.
· Continued effort on improving the data quality and communication between monitoring data analysts, database and monitoring experts is fundamental.
5.1.3 Xenobiotics 

 Introduction
Compounds which are not of biogenic or geochemical origin and usually solely man-made are referred to as ‘xenobiotics’, unknown to nature as we know it. A large variety of xenobiotics are on the ‘List of chemicals for priority action’ (OSPAR, 2007) and the ‘Priority Substances’ list of the Water Framework Directive. Most of the PBT criteria (persistent, bioaccumulative, and toxic) apply to classical xenobiotic compounds, making them environmentally hazardous. An important, newly emerging mode of ‘toxicity’ of many xenobiotics is disruption of internal physiological (endocrine and hormonal) and ecological (selection and competition) processes (refer to section 5.1.4). This group of compounds includes also many medium-polar compounds like pharmaceuticals and herbicides.

Several groups of xenobiotics are being phased out in the temperate zone of the northern hemisphere. Their physico-chemical properties enable atmospheric long-range transport, concentrating these compounds to the polar region (OSPAR, 2009).

Ecological Target

Concentrations of man-made substances as resulting from zero discharges 

The 2004 QSR summarized that, in general, riverine inputs and concentrations in sediment and biota of most of the investigated xenobiotics had decreased, but that for some compounds elevated concentrations could still be observed, especially with regard to Tributyltin (TBT).

PCBs

QSR 2004 
The Elbe input reduced drastically between 1988 and 1991. Relative peak concentrations of PCB input and in water concentration were highest in the Weser and Ems. PCB inputs have not been reported for Elbe since 2000 and Eider since 1997.
PCB concentrations in mussel show variable trends and non-explainable variations in some subareas. A significant decrease occurred in the Northern Wadden Sea between 1994 and 2003. In flounder liver PCB concentrations show a consistent decrease between 1986 to about 1998 in subarea NL3; for other areas no overall trend could be detected. Long term data for PCB concentrations in bird eggs show a rather strong decrease until 1992, after which trends were not clear any more.
Ecological Relevance of PCBs
PCBs cause endocrine disrupting effects, are extremely persistent and biomagnify in the food web. PCBs are transported by long-range transport, causing relatively high levels in higher trophic levels, mammals and birds, of remote areas like the Nordic regions. As such PCBs are on the list of the Stockholm Convention. As PBT compound group PCBs are Chemicals of Priority Action (OSPAR, 2007).
PCB Input

Riverine inputs of PCBs as reported by OSPAR are shown in Figure 5.1.21. The Elbe shows the most remarkable decrease in PCB input between 1988 and 1999, at which time reporting ends. 
The relatively dry year 1996 rendered a peak in PCB input and water concentration, except Lake IJssel. The peak concentration was highest in Ems and Weser. A correlation may exist between relative peaks in concentration and lower flows for rivers with a direct run-off (cf. de Jong et al., 1999). Only Lake IJssel has no direct run-off and a hydrology that favors settling of PCBs in Lake IJssel sediments. 
Weser and Ems water concentrations were amongst the highest. In the absence of Elbe and Eider data, Lake IJssel shows highest input and concentrations in 2006.

Atmospheric input in deposition is monitored and modeled by OSPAR-CAMP, reporting a significant 74% reduction for the North Sea region between 1998 and 2006 (OSPAR, 2008).
PCB Concentrations in Sediment

(Figure 5.1.22 and text to be included by Bakker)
PCB Concentrations in Blue Mussel and Eelpout
Σ6PCB values show variable, but generally downward trends (Figure 5.1.23 and Figure 5.1.24 [wet weight]). In the northern Sylt-Rømø Wadden Sea an upward trend occurred between 1998 and 2007, but levels are still at the lower end. In the East-Frisia East region (Elbe river) an increase occurs in 2003 / 2004 which can be attributed to the 2002 flood incidence. Einsporn et al. (2004) noted enhanced toxic effects in blue mussel attributed to the Elbe flood.

Northern Wadden Sea levels are ~ 18 µg kg-1 dry weight, compared to ~ 80 µg kg-1 dry weight in Dutch, Jade and Elbe regions. 

The concentrations of Σ6PCB in blue mussels exceed the OSPAR (2008) Background Assessment Criteria by a factor of 4 (Denmark) to 18 (Dutch, Jade and Elbe regions).
PCB Concentrations in Bird Eggs

The long-term data for concentrations of PCBs in eggs of the common tern (Sterna hirundo) and oystercatcher (Haematopus ostralegus) show a rather strong decrease until 1993. After an unexplained peak in 1994 concentrations continued to decrease again. 
The concentrations of Σ6PCB congeners in the eggs of the common tern are about twice those of the oystercatcher. This can be attributed to the higher trophic level, and therefore a higher biomagnification factor, of the common tern, as a fish eater, compared to the oystercatcher, as a benthos eater. Concentrations in the Ems-Dollard and Elbe areas are amongst the highest in both bird species and about twofold compared to the other locations. The concentrations in oystercatcher eggs compared to blue mussel (on a dry weight basis) are ~ 40 times higher, pointing at biomagnification.
Lindane (γ-HCH)

QSR 2004 
Lindane input by the Elbe and water concentrations drastically increased between 1996 and 2000, followed by a similar dramatic decrease in 2001. Other rivers showed an ongoing decrease throughout the assessment period.
Most subareas show a downward trend in Lindane concentrations in the blue mussel. During recent years, Lindane concentrations in blue mussels were at the same level in all subareas of the Wadden Sea, while the contents of flounder liver have been rather variable. Concentrations of Lindane in bird eggs showed a steady decrease in the most subareas. 
Ecological Relevance of HCHs

Lindane is a neurotoxin and energy metabolism inhibitor. Crustaceans are especially sensitive; the inhibiting effect on carbohydrate metabolism affects winter survival. The compound is carcinogenic and active as an endocrine disrupter in birds and mammals. Metabolism is impeded by presence of chlorobenzenes. Lindane is still used in creams and shampoos to control lice and mites (scabies). Lindane was adopted as an Annex C chemical at the Stockholm Convention conference in May 2009, which includes regulation and long range transport of POPs (Persistent Organic Pollutants) from the tropics to the Nordic regions.
Lindane is one of the hexachlorocyclohexane isomers and most frequently used, but is in fact the one of least environmental concern. The β-HCH isomer, always occurring in the technical Lindane mixture, is considered a larger problem, since it was observed as the predominant environmental pathway of the relatively well water-soluble HCHs (Deutch et al., 2002) and was found more frequently in human blood and breast milk (WWF, 2004). The available data for the Wadden Sea do not show accumulation of HCH isomers other than Lindane in blue mussels and flounder liver.

Lindane Input

The Lindane input and water concentrations generally decrease in all rivers in the period 1986 - 2006 (Figure 5.1.25).

Lindane Concentrations in Blue Mussel and Eelpout
Most subareas of the Wadden Sea show a downward trend in blue mussel (Figure 5.1.26) and eelpout muscle tissue (Figure 5.1.27; wet weight). A 97% reduction occurred between 1988 and 2005 in the Ems-Dollard area, though more recently they slightly increase.

Anomalously high concentrations were observed in the Jade and Weser areas. 2004 levels are 10 – 40 times higher than in Elbe and Ems-Dollard areas respectively. We have no explanation for this phenomenon.
In the Elbe area concentrations in blue mussel increased between 2002 and 2004, which is reflected in the upward trend in Oystercatcher eggs at Trischen (Elbe area). This might be related to the Elbe flood of 2002 and related transport of Lindane contaminated from areas like Bitterfeld (Joziasse et al., 2007).

Lindane Concentrations in Bird Eggs

Between 1999/2000 and 2008, concentrations of Lindane in eggs of the common tern and oystercatcher decreased in most subareas of the Wadden Sea, except the Elbe (Hullen, Neufelderkoog, Trischen) area.  
An intermediate peak appeared in the Elbe area 2004/2005, consistent with enhanced levels in blue mussel. The same picture occurs with other organochlorines, suggesting that the source of the increased Lindane, DDT and HCB originates from downstream transported sediments, remobilized during the 2002 Elbe flood. This would imply a ~2 year lag between the upstream incident and the occurrence in biota of the estuarine and coastal waters. The transfer in the food web is direct, where it is known for Oystercatcher eggs that contaminants are directly transferred from the mothers’ food into the eggs (Wendeln, 2000).
The 2008 geographical distribution of Lindane concentrations is slightly higher in Common Tern eggs in the eastern Wadden Sea (Elbe and Dithmarschen areas).
 DDT, DDD, DDE (DDTs)
Ecological Relevance of DDTs

DDT (Dichloro-Diphenyl-Trichloroethane), and its metabolites DDD (Dichloro-Diphenyl-Dichloro​Ethane) and DDE (Dichloro-Diphenyl-dichloroEthylene), are persistent, biomagnifying chemicals. They cause endocrine disruption in birds and mammals and are neurotoxins (a.o. to insects) by cholinesterase inhibition. DDT is still used in malaria dominated areas today.
DDT is regulated under the Stockholm convention, which includes long range transport of POPs (Persistent Organic Pollutants) from the tropics to the Nordic regions.

DDTs Input 

Atmospheric transport and deposition are an important source of DDTs in the temperate and Nordic latitudes. Dichlorodiphenyldichloroethylene (DDE), as the end product of DTT breakdown, primarily accumulates in the environment at higher trophic levels, such as in humans (Polder et al., 2002; WWF, 2004). The DDT/DDE ratio in humans was typically around 0.14 and is decreasing, indicating a reduced DDT input in the environment.
DDTs Concentrations in Blue Mussel and Eelpout
In blue mussel, concentrations of DDT (not shown), DDD (Figure 5.1.28), and to a lesser extent also of DDE (not shown), decreaseed between 1988 and 2007. The reduction in the Ems-Dollard area was 85% in this period. Sum of DDTs in eelpout muscle tissue shows a downward trend as well in the Jade and Dithmarschen regions (Figure 5.1.29).
DDD and DDE levels are typically twice as high as the DDT. ΣDDTs (sum of DDT, DDD, DDE) is relatively high in Ems-Dollard and Elbe regions.
The increase in DDD in the Elbe region between 2003 and 2005 is probably caused by the Elbe flood of 2002. This is in accordance with the observed increase of concentrations of DDD and DDE in Elbe suspended matter in August 2002 (CWSS, 2002) and the behavior of Lindane. Such an increase was however less conspicuous in eelpout muscle tissue in the Ditmarschen region (Figure 5.1.29).
DDTs Concentrations in Bird Eggs

Between 1998 and 2008, concentrations of (sum of) DDTs in eggs of the common tern and oystercatcher decreased in most subareas of the Wadden Sea, except the Ems-Dollard (Delfzijl) area, where a positive trend occurs.  

Intermediate peaks appear in the Elbe area in several years. The peak of 2004, which lower than the one of 2007, is consistent with enhanced levels in blue mussel. As mentioned, the same picture occurs with other organochlorines and originates from downstream transported sediments, remobilized during the 2002 Elbe flood. This would imply a ~2 year lag between the upstream incident and the occurrence in biota of the estuarine and coastal waters. The transfer in the food web is direct, where it is known for Oystercatcher eggs that contaminants are directly transferred from the mothers’ food into the eggs (Wendeln, 2000).

In 2008, DDT concentrations are highest in Common Tern eggs in the Elbe area (factor 4 - 10 compared to other areas) and relatively high in the Ems-Dollard area (factor 3 compared to other areas).

Hexachlorobenzene (HCB)

QSR 2004

HCB was widely used as pesticide and in the synthesis processes until it was banned in most applications in 1988. It is highly persistent and bioaccumulative and levels found in human blood are amongst the highest of organochlorines. Low levels in Danish Wadden Sea, but showing large variations.
Average HCB content in sediments decreased in the Netherland parts of the Wadden Sea. Though not significant, it constitutes a 50% reduction. HCB levels in blue mussels are higher in the Lower Saxon parts and in Schleswig-Holstein, as compared to other subareas in the Wadden Sea. This may be related to residual south to north transport along the North Sea coast. HCB concentrations in oystercatcher eggs at Delfzijl showed a decrease of approximately 80% between 2001 and 2003.
Ecological Relevance of HCB

HCB is predominantly hazardous because of its bioaccumulative and persistent properties. The toxicity of HCB consists of interference with the immune system and increased incidence of tumors and functional disorder in metabolically active organs like thyroid, liver and kidney. HCB is toxic from algae up to mammals (a.o. Chaufan et al., 2006; Eggesbø et al, 2009).
As a volatile POP (Persistent Organic Pollutant), HCB tends to migrate to the Nordic regions by long range atmospheric transport and is banned globally under the Stockholm Convention.
HCB (Hexachlorobenzene) was widely used as a pesticide and in synthesis processes until it was banned in most open applications in 1988. HCB, however, is still a by-product of the production of chlorinated organic solvents, though strictly regulated. HCB is highly persistent and bioaccumulative. HCB levels found in human blood are amongst the highest of organochlorines together with DDE (metabolite of DDT), β-HCH and PCBs (WWF, 2004).

HCB Concentrations in Blue Mussel

The 1998-2007 trends are downward or absent in all Wadden Sea regions (Figure 5.1.31). The previously most contaminated regions, Ems-Dollard and East-Frisia East, have reached levels comparable to the average Wadden Sea after an 97% respectively 95% reduction. The major source, contaminated sediments, has been reduced, although extraordinary erosion causes slight enhancements. The 2002 Elbe flood has already been shown as an example.

Geographically most recent 2007 data show a minimal difference between regions and vary between 0.3 – 0.9 µg kg-1 DW.
HCB Concentrations in Bird Eggs

Trends in HCB concentrations in eggs of the oystercatcher and common tern are downward with the exception of HCB in Oystercatcher eggs at Delfzijl (Ems-Dollard region) . Refer to chapter 5.2 for a more extensive description.
Geographically HCB levels are highest in the Elbe and Dithmarschen regions, followed by the Ems-Dollard and East-Frisia East regions. 
Organic Tin compounds (TBT, TPT)

QSR 2004

Tributyltin (TBT) Acts as a hormone disruptor, causing mollusks to develop female sterility (imposex), finally leading to extinction. The marine source is mainly from ships. TBT accumulates in sediments and biota. Highest concentrations were found in marinas, up to 100 fold the levels in more remote reference areas. Intercomparison between Wadden Sea regions was hampered because of methodological differences in both sampling and analysis.

No input data available from monitoring. In 2002, ecotoxicological assessment criterion by OSPAR was exceeded by a factor of 400 in sediments of the Dutch Wadden Sea. Similarly, was exceeded by a factor of 15 in blue mussels.
Ecological relevance of Organic Tin compounds
Tributyltin (TBT) acts as a hormone disruptor, causing molluscs to develop female sterility (imposex), finally leading to the extinction of the population. For further information see section 5.7.1.

Triphenyltin (TPT) compounds were not addressed in the 1999 QSR. TPT is mainly applied as biocide for potato crops, and is as toxic as TBT.

The use of TBT as active component in anti-fouling paints has been banned by th IMO in September 2008, although the use already decreased from 2001 (OSPAR, 2009).

TBT and TPT Inputs

No input data is available from monitoring. Models have been developed to estimate leaching out of applications, showing that this process is an important diffuse source (in: Bellert et al., 2004).
Organic tin compounds have been extensively monitored in The Netherlands. Some results will be shown.

TBT and TPT Concentrations in Water 

The Water Framework Directive requires monitoring of TBT in a 1 liter sample of total water. The current analytical methods are not sensitive enough to detect significant levels of TBT in such samples, although high suspended matter concentrations favor the limit of quantification. No monitoring data in total water were available from the TMAP data-units.
TBT and TPT Concentrations in Blue Mussel

Organotin (TBT and TPT) concentrations in blue mussels (Figures 5.1.33 and 5.1.34) strongly reduced between 2001 and 2006, probably as a result of the reduced application in shipping anti-fouling. The reduction was around 80 to more than 90% in all regions where monitoring data were available (NL-West, NL-East, Jade, North-Frisia, Sylt-Rømø, Denmark). Geographically highest levels occur in NL-West and Jade in both past and present at ~60 µg kg-1 DW.
Summary of Trends

Most of the well known persistent and non-polar xenobiotics have reached a basic leveled-off concentration in the sediments and biota of the Wadden Sea. Trends are sometimes changing due to residual south to north transport in the Wadden Sea and remobilization from old deposits e.g. by climatic incidents like the Elbe flood 2002. 

The less persistent, non-polar organic tin (TBT) compounds show a drastic reduction in recent period, attributed to the ban on TBT containing anti-fouling paints used on ship hulls.

PCBs are still wide-spread, but concentrations have decreased considerably over the past 20 years. They still, however, exceed agreed background levels many-fold.

Lindane and DDTs further decreased, though being sensitive to erosion of old deposits, e.g. by extreme floods, the concentrations tend to fluctuate.

HCB is at a basic level in all subareas of the Wadden Sea.

The target ‘concentrations …as resulting from zero discharges’ is not reached completely as diffuse sources are still present. Concentrations of the well-known PBT compounds do not continue to show decreasing trends, which may be considered as getting close to the target.
A summary of trends and most recent concentrations in monitored compartments is provided in Table 5.1.4 and 5.1.5.
5.1.3.2 Newly emerging xenobiotics

New compounds are being developed continuously, some to replace the ones that has been banned, mostly for new purposes in applications. The EC regulation on chemicals and their safe use (REACH, EC 1907/2006) aims to guarantee environmental safety from the source. Diffuse emission from applications and consumer products is an uncontrollable source of many compounds. Alternatively many of the compounds exert their environmental effect by synergism.
Compounds disrupting Endocrine Processes

Brominated Flame Retardants (BFRs)

Ecological Relevance of BFRs

BFRs are widely produced and used throughout the world to reduce the flammability of materials, mostly synthetic polymers. Flame retardants (FRs) slow down the initial burn rate, thereby increasing the time span to ‘flash-over’, the moment that the generated heat sets all combustible materials on fire instantly.

The compound group belongs to the (halogenated) flame retardants ((H)FRs) and can be split into four different types (BSEF, 2000):

· Tetrabromobisphenol-A (TBBPA)

· Hexabromocyclododecane (HBCDD)

· Polybrominated Biphenyls (PBBs)

· Polybrominated Diphenyl Ethers (PBDEs)

The production of PBBs was stopped in September 2000 and its use in the EU has been restricted since 2006. Octa-BDE and Penta-BDE have been banned by the EU in 2004. The use of poly-BDEs in electrical and electronic appliances has been restricted since 2006. Deca-BDE (BDE 209) was exempted from this restriction until 2008 and is currently in the process of REACH registration. The use of HBCDD and TBBP-A is currently not regulated and most widely used. Three major HBCDD isomers, as well as Octa- and Penta-BDE, are included for phase out under the Stockholm convention in 2009 and currently placed on the “Candidate List of Substances of Very High Concern” under the REACH regulation (2008). They fulfill the PBT (persistent, bioaccumulative, toxic) criteria of both OSPAR and the EU REACH. HBCDD is suspected reprotoxic.
Monitoring of BFRs
BFRs are only recently part of national monitoring programs and data are not yet available. Adoption of BFRs in the trilateral monitoring program, like has been decided for the OSPAR JAMP program, would enable review of the progress of environmental measures. Monitoring of the Poly-Brominated-Diphenyl-Ethers (PBDE-penta mix) is required under the WFD in the total water matrix (water including suspended particulate matter).
No actual data on BFRs are available in the trilateral monitoring program

PerFluorinated Octane Sulfonates (PFOS)

Ecological Relevance of PFOS and PFOA

Perfluoroctane sulfonate (PFOS) and perfluoroctanoic acid (PFOA) belong to the group of perfluorinated chemicals (PFCs). PFOS and PFOA are synthetically produced or (PFOA) the break-down product of PFCs. The heat stable, persistent and both hydro- and lipophobic properties of these compounds have found extensive application in repellents (a.o. fire-fighting foam, insecticides), coatings (a.o. metal plating, fabrics, carpet, paper, floor polish) and cleaners (a.o. shampoos). The most extensive sources currently in Europe are fire-fighting foams and metal plating. 
The largest producer in the USA (3M) announced to phase out PFOS and PFOA in May 2000, due to revealed wide distribution of these compounds in wild life and humans (WWF, 2004). The compounds are considered bio-persistent, bioaccumulative and toxic as endocrine disruptors of the thyroid functioning. PFOS accumulate in active protein-rich organs (e.g. liver) and blood. PFOS was decided for restricted use under Annex B (specific exemptions for production and use) under the Stockholm POP convention in its meeting in Geneva (October 2009).
PFCs are extremely persistent, accumulate in animal and human proteins and interfere with hormone-controlled physiological processes.

Inputs of PFOS
The sources of PFCs to the water environment are open applications (e.g. fire-fighting foams) and the waste phase of consumer products in waste water treatment effluents and sludge and leachates from landfills. Losses to the atmosphere by combustion and during application are of particular concern because of the long-range transport of PFCs to remote, natural areas.
Monitoring of PFOS
Monitoring data of PFCs were not available at a trilateral level. Some national monitoring programs started recently. These data indicate that bioaccumulation occurs at all food web levels, bioconcentrating in liver tissues of fish and mammals and bird eggs (OSPAR, 2010). The accumulating PFOS is PerFluoralkylated Acid (PFA), which is extremely persistent and found toxic mainly to birds and mammals
 (Vos et al., 2008).
PFOS are under review for possible identification as priority substance under the WFD.

No actual data on PFOS are available in the trilateral monitoring program.
Alkylphenols

Ecological Relevance of Alkylphenols

Alkylphenols (APs, e.g. Octylphenol, Nonylphenol, moderately polar) and their Ethoxylates (APEs, e.g. Triton X-100, polar) are used as additives in plastics and as the active ingredient in industrial non-ionic detergents and emulsifiers. 

Alkylphenols are of environmental concern due to their persistency and hormonal disruptive action (xeno-estrogens).

Input of Alkylphenols
The production and use of alkylphenols and its industrial sources are regulated by EC law. Diffuse applications and sewage constitute remaining sources to the environment. No data on alkylphenols were available from monitoring.
Monitoring of Alkylphenols
The alkylphenols Octylphenol and Nonylphenol are to be monitored under the WFD Priority Substances list in total water (water including suspended particulate matter).
No actual data on alkylphenols are available in the trilateral monitoring program.
Bisphenol-A 

Ecological Relevance of Bisphenol-A

Bisphenol-A (BPA) is an important intermediate in the production of epoxy resins, polycarbonate (a.o. used in bottles) and flame retardants. The global production of BPA increased from 1.1 million ton in 1993 to an estimated 2,6 million ton in 2002. Its chemical properties make BPA relatively hydrophilic (Groshart et al., 2001a).

BPA is toxic to fish and invertebrates (at 1-10·103 µg·l-1) and readily degradable (Staples et al., 1998). Toppari et al. (1995) report estrogenic potential, which is why BPA is included in the list of suspect endocrine disruptors. Canada put BPA on the list of toxic compounds for human applications in 2009. 

Input of Bisphenol-A
Major emission sources to surface waters estimated by Groshart et al. (2001a) are thermal paper recycling (~72 %) and production and use of plastics (PVC, Phenoplast, ~21 %). BPA in consumer products, particularly polycarbonate bottles and drinking beakers, have lead to a ban in Canada in 2009. 
Monitoring of BPA
Older data from Vethaak et al. (2002) report high concentrations of BPA (100-320 ng·l-1) in surface water of the Dutch Wadden Sea and Ems-Dollard estuary in 1999. These high concentrations may be related to the industrialized area of Delfzijl, and compare to levels in polder ditches and the rivers Rhine and Meuse. Concentrations found in other Dutch coastal waters range from below detection limit (North Sea) to 80 ng·l-1 (Western Scheldt) (Vethaak et al., 2002).

BPA was not found in sediment of the Dutch locations investigated (Vethaak et al., 2002), but BPA did occur in Wadden Sea flounder (Platichthys flesus) muscle tissue (1.2-2.6 µg·kg-1 wet weight [24% dry weight]) and blue mussel (Mytilus edulis) tissue (18-22 µg·kg-1 wet weight [~20% dry weight]) (Vethaak et al., 2002).
BPA is under review for possible identification as priority substance under the WFD. No actual data on BPA are available in the trilateral monitoring program

Phthalates

Ecological Relevance of Phthalates
Phthalates are a large group of ‘softeners’ widely used in many plastics. In some plastics, such as flexible PVC, phthalates constitute 50% of the total weight which are not chemically bound to the material. Alternative applications are phthalate additions to heat-exchange fluids, ink, paint, adhesives, pesticides (Vethaak et al., 2002). About 2.7·109 kg·y-1 of phthalates are produced globally (van Wezel et al., 1999), the major part of which is used in PVC (WWF, 2004).

In the marine environment Di(2-ethylhexyl)phthalate (DEHP) is predominant. Due to its high hydrophobicity (Kow = 7.5; Staples et al., 1997) DEHP adsorbs to sediments and suspended matter (Furtmann, 1999) and bioaccumulates. Due to their bi-polar structure, phthalates may form micelles in water, increasing their apparent solubility (Staples et al., 1997).

Biodegradation of phthalates occurs, with a reported half-life of 20-40 days for DEHP. DEHP, however, is found in North Sea sediments in high concentrations (Åkerman et al., 2004).

Due to the wide spread use of phthalates, specifically of DEHP, in plastics, uncontaminated sampling is a tedious job.
Three priority phthalates (OSPAR
) are suspected of endocrine disruption and have been classified in the EU as carcinogenic, mutagenic and reprotoxic. As such DEHP has been placed on the “Candidate List of Substances of Very High Concern” under the REACH regulation (October 2008). The high production and use volumes in consumer products cause a relatively high flow to the environment. Though moderately biodegradable, this causes a high flow and hence a relatively high level of particularly DEHP in the food web (OSPAR
).
Input of Phthalates
Because of the classification of DEHP under REACH, the industrial consumption of DEHP and Dibutyl (DBP) and Benzylbutyl Phthalata (BBP) is declining. Due to the vast amounts used in the production of long-life consumer goods, the diffuse releases of phthalates can be expected to continue for decades.
There are indications that phthalates behave like long-range transported POPs, although currently not considered for adoption in the Stockholm convention (OSPAR
).

Input of phthalates is not monitored trilaterally. 
Monitoring of Phthalates
DEHP is reported to be widespread in blue mussel, fish and sediments since 2000. The compound is to be monitored as priority substance under the WFD in total water.

No actual data on phthalates are available in the trilateral monitoring program. 
Compounds disrupting Ecological Processes

IRGAROL

Ecological Relevance of IRGAROL and other Herbicides

Herbicides are compounds that disrupt hormonal processes in plants or (reversibly) block photosynthesis. They are selective to kill certain plants (plant hormone imitation), or non-selective (photosynthesis inhibitors).

The compound N’-tert-butyl-Ncyclopropyl-6-(methylthio)-1,3,5-triazine-2,4-diamine (IRGAROL 1051 or Cybutryne) is used as the active ingredient of marine anti-fouling agents and paints. Its application is world wide and the compound is found in coastal and estuarine waters and sediments. Few measurements on IRGAROL are available. IRGAROL is not recognized as a ‘chemical of priority action’ (OSPAR, 2002) nor subject to ‘ecotoxicological assessment criteria’ (OSPAR, 2003). It has been shown to reversibly reduce the growth rate of marine algae at concentrations found in marine coastal waters (Buma et al., 2009). Although it does not kill the algae, the discriminatory species sensitivity could affect the competition process of algal dominance in coastal marine waters like the Wadden Sea and North Sea.
Input of IRGAROL
Anti-fouling paints containing IRGAROL were introduced on the European market around 1985, being solely produced by Ciba Specialty Chemicals Inc. (Rasenberg and van de Plassche, 2002). Main sources of environmental contamination are located at maintenance sites (shipyards) and harbours (leaching). IRGAROL leaches out of the paints at about 2.6-5 ng·cm-2·day-1 (Rasenberg and van de Plassche, 2002). 
Monitoring of IRGAROL
In the few measurements available, IRGAROL ranges from 28 (in marinas) to 0.2 (open Dutch Wadden Sea) ng·l-1 in water and was not demonstrated in sediments (Bellert and van de Ven, 2003). Ecotoxicological effects are not expected at concentrations of up to 0.24 ng·l-1 (van Wezel and van Vlaardingen, 2001), implying that IRGAROL exceeded this upper limit by a factor of more than 100. Although IRGAROL is considered as hardly biodegradable, bioaccumulation does not readily occur due its quick elimination and relatively low Log Kow of 3.95.

Ecotoxicological Risks of IRGAROL
IRGAROL acts on the photosynthetic capacity by blocking the photosystem II (Holt, 1993), implying main toxicological risk to algae, macrophytes and photosynthetic bacteria. Scarlett et al. (1997) reports 50% effect levels (EC50) on photosynthetic activity of the green alga Enteromorpha intestinalis at 2.5 µg·l-1. Chronic toxicity on growth of the diatom Skeletonema costatum was reported at concentrations higher than 0.14 µg·l-1 (Jongbloed and Luttik, 1996). Reduction of species specific growth rates of marine algae are reported between 0.011 and 0.604 µg∙l-1 (Buma et al, 2009). The concentrations found in literature are in the range of IRGAROL concentrations in coastal water and may thus affect algal species competition and dominance.
Polycyclic Musk Fragrances

Polycyclic musk xylene compounds such as Galaxolide (HHCB) and Tonalide (AHTN) are used as substitutes for the more expensive original musk in personal care products. In contrast to the original fragrance, synthetic musks are persistent in the environment and accumulate in aquatic organisms. Synthetic musk compounds are only slightly toxic but are long-term inhibitors of the cellular defense system (multixenobiotic resistance), which may aggravate adverse effects of other pollutants.

Perfume and consumer product companies began to phase out their use of polycyclic musks in Europe in the mid of 1990s, and a slow decrease in the concentrations in marine organisms can be observed (Wenzel et al., 2003).

There are no monitoring data available and also OSPAR assigns no high priority to adopt these compounds in monitoring. OSPAR promotes exposure and risk assessments to investigate reasons for concern. Musk xylenes are currently under REACH evaluation to review possible identification as priority substance under the WFD.
Pharmaceuticals

Ecological Relevance of Pharmaceuticals
The attention given to pharmaceuticals, including bacteriocides, and their effects in the environment is limited. The use of pharmaceuticals, both human and veterinary, is increasing and includes the use in marine fish farming and personal and household care products. Studies indicate that a broad range of medicines – antibiotics, cytostatics, psychiatric, anti-inflammatory, beta-blocker drugs – and bacteriocides – like triclosan - are found in sewage treatment effluent and reach the marine environment. Just one example is Clotrimazol, which exerts adverse dioxin-like effects in low concentration. It is advised to support the note by OSPAR to enhance the evidence base for Clotrimazol and other pharmaceuticals and their risk for life in the Wadden Sea.
5.1.3.3 Man-made Substances (Xenobiotics): Target Assessment and Recommendations
The xenobiotics monitored in the TMAP are classical pollutants like PCBs, HCB, DDTs, TBT compound, Lindane and other pesticides.
Monitoring of riverine input of the xenobiotic compounds is restricted to PCBs and Lindane. The inputs show a strong decrease until 1999, continuing more moderately until 2006. Monitoring of riverine input of xenobiotics is not sufficient to draw conclusions on the success of measures on the other classical xenobiotics. Focus on source control alone misses diffuse sources by applications in consumer products, which may have a long usage life-time. 
The persistency of some xenobiotics constitutes the main environmental problem, which property is the fundament of biomagnification and thus the expression of the toxic effects.  The Elbe flood (August 2002) showed how old deposits may be remobilized and transported to the Wadden Sea causing an increase of DDT and DDE levels in blue mussels.

Alternatively, high production and application volumes, which maintain high levels in the environment while not being that persistent, cause another environmental problem. The strong reduction of TBT concentration in the blue mussel after the start of the phase-out in 2002 is an example. TBT is metabolized under oxygen-rich conditions, but survives much longer in the deeper sediments due to anoxic conditions there.
Generally speaking, the monitoring data show a decrease of xenobiotic concentrations in all monitored compartments. Unexplained peaks continue to occur as well, however, which may be related to old deposits, Altogether these fluctuations still have effects on the sensitive biota. This implies that efforts to further reduce diffuse and also global emissions and losses need to continue.
Newly emerging xenobiotics, such as brominated flame retardants, perfluorinated octane sulfonates (e.g. PFOS), Irgarol (anti-fouling agent), alkylphenoles, Bisphenol-A and phthalates are no monitored in the framework of the TMAP. Some of these compounds are monitored at a national level. 
The ecotoxicological effects of some of these compounds are not well known. Many other compounds besides the classics like PCBs, have proven to cause disruption of hormone-regulated endocrine processes in marine animals. They have been demonstrated to occur in the Wadden Sea, but so far there is little indication of hormonal disruption among fish and invertebrates, in contrast to findings in estuarine and coastal waters in the UK and the southern Baltic Sea. They still should be a reason for concern, more so because the increasing complexity of xenobiotic mixtures hampers timely recognition of biological effects.
Bioassays, biological indicators of toxic chemicals in environmental samples, in combination with Effect Directed Analysis (EDA) and Toxicity Identification Evaluation (TIE) have been developed as biological effect assessment techniques to assist in determining truly hazardous chemicals in time. These techniques could be used to identify river basin and Wadden Sea specific priority substances before they exert larger scale biological effects interfering with the Ecological Status.

Target

· Concentrations of man-made substances as resulting from zero discharges
Target Evaluation

· For a number of xenobiotic compounds discharges to and concentrations in the Wadden Sea have continued to decrease. However, the target has not been reached due to the remaining diffuse losses and numerous hazardous substances still being in use in the consumer goods and products.
· TBT concentrations strongly decreased in blue mussel during the last 5 years probably as a result of the reduced application in shipping anti-fouling.
Conclusions

· Further reduction has occurred of riverine discharges and of environmental concentrations, however, with exceptions for certain compounds and localities and the very poor data set on xenobiotics in riverine discharges;

· The ban and phase-out of TBT anti-fouling paints explicitly showed its successful effect in rapidly decreasing contamination of blue mussel in the Netherlands; TBT effects on sensitive species, like marine snails, are still observed because the effect level was exceeded many fold. This may improve as well in future.
· PCBs are still wide-spread, but concentrations have decreased considerably over the past 20 years. They, however, still exceed agreed background levels; HCB is at a basic level in all subareas of the Wadden Sea
· Lindane and DDTs further decreased, though being sensitive to erosion of old deposits, e.g. by extreme floods, the concentrations tend to fluctuate and contribute to temporary increase of xenobiotic inputs and concentrations;
· Concentrations of the well-known PBT compounds do not continue to show decreasing trends, which may be considered as getting close to the target.
· Many newly developed xenobiotics, including hormone disruptors, have a wide occurrence in the Wadden Sea ecosystem, but are not monitored in the TMAP framework;

· The progress made in biological effects assessment techniques could be considered as an additional tool in tracing the cause of a problematic Ecological Status. 
Recommendations

· More attention for emerging compounds, in concerted action with OSPAR and EU Directives, which give rise to concern due to high persistency, high production volumes and application in consumer goods (e.g. personal care products);

· More attention and ecotoxicological research into the combined effects of ever more complex chemical mixtures in the marine (coastal) waters and seas, particularly the sensitive and long-range migrating species;

· To review inclusion in TMAP of priority substances among the newly developed xenobiotics and hormone disruptors in connection with the requirements of the EC Water Framework Directive and in concerted action with OSPAR. This includes the (total) water compartment. 

· Pilot in Trilateral application of biological effects assessment techniques (bioassays, EDA, TIE) as a management and monitoring tool.
· Pilot in Trilateral application of new monitoring techniques (like passive sampling) as time-integrating method to monitor bioavailable substances
Newly Emerging Compounds and Alternative Monitoring Approaches 

Newly (e.g., Water Framework Directive) emerging compounds are not yet part of the TMAP, while certain matrices may efficiently be analyzed for some of those compounds.

It is recommended to update the TMAP by considering additional chemical analyses in bird eggs, mussels, flounder and sediment, especially organotins, brominated flame retardants, perfluorinated surfactants, alkylphenols, musks and pharmaceuticals/bacteriocides. New types of monitoring methods (like e.g. passive sampling) and warning instruments (e.g. bioassays and effect directed analysis) may be explored to enhance effectiveness of (chemical) monitoring programs to derive eco-functional information from the field and enable adaptive management as an element of the ecosystem-based approach.
In the Water Framework Directive compound levels negatively influencing the chemical and ecological targets are of priority importance. This demands a different type of assessment of chemical monitoring data, e.g. by looking for those locations where contaminant levels deviate from the average.
Data Management and Quality Assurance

Data management and quality assurance of chemical data (heavy metals and xenobiotics) in different matrices (except for bird eggs) is still a problematic issue in the Trilateral Monitoring and Assessment Program, which is rooted in existing national monitoring programs. On one hand, this ensures cost effectiveness, but on the other it hampers intercomparability of methods, which are not well harmonized. Full harmonization between countries of the method selected is more relevant than to determine which method is the better one. Further dialogue between the coordinators of national monitoring programs, TMAP and CEMP has to solve this harmonization and standardization aspect to gain reliable and comparable information.
During the preparation of this QSR problems were encountered regarding, for example, grain-size correction of concentrations in sediment, switched wet/dry weight data in blue mussels, unclear tissue definition in flounder, incomplete or wrong co-variables and possibly sample contamination.

It is therefore strongly recommended to regularly execute a thorough quality screening of Wadden Sea database data, based on the experiences of this QSR preparation and carried out by personnel trained to check and evaluate chemical monitoring data. Communication between experts in the field of monitoring, database configuration and data evaluation is indispensable.

References

Aarts, J.M.M.J.G., Denison, M.S., de Haan, L.H.J., Schalk, J.A.C., Cox, M.A. and Brouwer, A., 1993. Ah receptor-mediated luciferase expression: a tool for monitoring dioxin-like toxicity. Toxicology, 361-365.

Åkerman, J.E., Klamer, J.C., Schipper, C., Bakker, J.F., Bellert, B. and Pijnenburg, A.M.C.M., 2004. Newly emerging compounds in the North Sea and Dutch Coastal Zone in 2003. (in Dutch, English summary). RIKZ report RIKZ/2004.040, December 2004.
Åkerman, J.E. and Smit, T., 2003. Effect directed assessment in the water phase of Wadden Sea and Ems-Dollard: a pilot study. (in Dutch). Internal document RIKZ/AB/2003.607x.

Allen, Y., Balaam, J., Bamber, S., Bates, H., Best, G., Begnell, J., Brown, E., Craft, J., Davies, J.M., Depledge, M., Dyer, R., Feist, S., Hurst, M., Hutchinson, T., Jones, G., Jones, M., Kadtsiadaki, I., Kirby, M., Leah, R., Matthiessen, P., Megginson, C., Moffat, C.F., Moore, A., Pirie, D., Robertson, F., Robinson, C.D., Scott, A.P., Simpson, M., Smith, A., Stagg, R.M., Struthers, S., Thain, J., Thomas, K., Tolhurst, L., Waldock, M. and Walker, P., 2002. Endocrine Disruption in the Marine Environment (EDMAR). Final report (www.defra.gov.uk/environment/chemicals/hormone/pdf/edmar_final.pdf).

Ankley, G. T.; Schubauer-Berigan, M. K.; Dierkes, J. R., and Lukasewycz, M. T., 1991. Sediment toxicity identification evaluation: phase I (characterization), phase II (identification) and phase III (confirmation) modifications of effluent procedures. EPA 600/6-91/007. National Effluent Toxicity Assessment Center, Duluth, MN.
Belfroid, A, van Velzen, M, van der Horst, B., and Vethaak, D., 2002. Occurrence of bisphenol A in surface water and uptake in fish: evaluation of field measurements. Chemosphere 49: 97-103.

Bellert, E.G., Åkerman, J.E., Koopmans, M.P. and van de Ven, C.L.M., 2004. Anthropogenic inputs by shipping and atmospheric deposition into the Dutch Wadden Sea and Ems-Dollard. RIKZ report RIKZ/AB/2004.612. July, 2004; in Dutch.

Bellert, E.G. and van de Ven, C.L.M., 2003. Survey on IRGAROL in the western Dutch Wadden Sea. RIKZ report RIKZ/AB/2003.615x. July 2003.

Bellert, E.G. and van de Ven, C.L.M., 2003. Monitoring of TtriPhenylTin and TriButylTin in the Dutch Wadden Sea area. RIKZ report RIKZ/AB/2003.611x. March 2003, (in Dutch).

Boon, J.P., Lewis, W.E., Tjoen-a-choy, M.R., Allchin, C.R., Law, R.J., de Boer, J., ten Hallers-Tjabbes, C.C. and Zegers, B.N., 2002. Levels of polybrominated diphenyl ether (PBDE) flame retardants in animals representing different trophic levels of the North Sea food web. Environ. Sci. Technol. 36: 4025-4032.

Bleeker, A. and Duyzer, J.H., 2002. Inputs of contaminants to the surface waters of the Sanitation Board of the Holland Islands and Forelands. (in Dutch: Belasting van het oppervlakewater in het beheersgebied van het Zuiveringschap Hollandse Eilanden en Waarden). TNO Report: R2002/231.
Boer, J. de, Wester, G.P., Klamer, H.J.C., Lewis, W.E. and Boon, J.P., 1998. Do flame retardants threaten ocean life? Nature 394:28-29.

Boon, J.P., Lewis, W.E., Tjoen-a-choy, M.R., Allchin, C.R., Law, R.J., de Boer, J., ten Hallers-Tjabbes, C.C. and Zegers, B.N., 2002. Levels of polybrominated diphenyl ether (PBDE) flame retardants in animals representing different trophic levels of the North Sea food web. Environ. Sci. Technol. 36: 4025-4032.

Brack, W., 2003. Effect-directed analysis; a promising tool for the identification of organic toxicants in complex mixtures? Anal. Bioanal. Chem. 377: 397-407.
Brink, P. van den and Kater, B.J., 2000. Bioassays and chemical contents: is there a relation? Multivariate analysis of chemical and biological assessment in sediments of the Wadden Sea and sea harbour channel. (In Dutch). Report Alterra 186, ISSN 1566-7197. November 2000.

BSEF, 2000. An introduction to brominated flame retardants. BSEF – Bromine Science and Environmental Forum, 19 October 2000, www.bsef.com.
Buma et al. 2009. J.Sea Res. 61: 133-139 (include complete reference)
Burgess, R.M., Cantwell, M.G., Pelletier, M.C., Ho, K.T., Serbst, J.R., Cook, H.F. and Kuhn, A., 2000. Development of a toxicity identification evaluation procedure for characterizing metal toxicity in marine sediments. Environ. Toxicol. Chem. 19(4): 982-991.

Cato, I., 1977. Recent sedimentological and geochemical conditions and pollution problems in two marine areas in southwestern Sweden. Striae 6, Uppsala, 158 pp.

CEC, 1999. Community strategy for endocrine disruptors: a range of substances suspected of interfering with the hormone systems of humans and wildlife. Commission of the European Communities 706, 17 December 1999.

Chaufan G, Juárez A, Basack S, Ithuralde E, Sabatini SE, Genovese G, Oneto ML, Kesten E, del Camen Rios de Molina M. 20006. Toxicity of hexachlorobenzene and its transference from microalgae (Chlorella kessleri) to crabs (Chasmagnathus granulatus). Toxicology 227 (3): 262-270.
CWSS, 2002. Status reports on the Elbe Flood 2002. Common Wadden Sea Secretariat, Wilhelmshaven.
DeCarlo, V.J., 1979. Studies on brominated chemicals in the environment. Annals of the New York Academy of Science 42: 561-565.

Deutch, B., Pedersen, H.S., Bonafeld-Jørgensen, E. and Hansen, J., 2002. The AMAP human health program for Greenland 1999-2001: organic pollutants, lifestyle, dietary composition and blood lipids. Poster at the Second AMAP International Symposium on Environmental Pollution of the Arctic, Rovaniemi, 1-4 October 2002.

Duyzer, J.H. and Vonk, A.W., 2002. Atmospheric deposition of pesticides, PAHs and PCBs in The Netherlands. TNO report R2002/606 (in Dutch). 

Eggesbø M, Stigum H, Longnecker MP, Polder A, Aldrin M, Basso O, Thomsen C, Skaare JU, Becher B, Magnus P. 2009. Levels of hexachlorobenzene (HCB) in breast milk in relation to birth weight in a Norwegian cohort. Environmental Research 109 (5): 559-566.
Einsporn S, Broeg K, Koehler A. 2004. The Elbe flood 2002 – toxic effects of transported contaminants in flatfish and mussels of the Wadden Sea. Mar. Poll. Bill. 50 (4): 423-429.
Eltink, W.D., 2004. Organotin and seals in the Dutch Wadden Sea. Report RIKZ/AB/2004.611w, National Institute for Coastal and Marine Management / RIKZ, Haren, Gn (NL).

EPA. 2002. Environmental Protection Agency (US), Mid-Atlantic Integrated Assessment (MAIA) estuaries 1997-1998. Summary Report, 2002, EPA/620/R-62, 115 pp.

Fan, A., Howd, R. and Davis, B., 1995. Risk assessment of environmental chemicals. Annual Review of Pharmacology & Toxicology 35: 341-368.

Frederiks, B, van Hoorn, M.K. and van de Ven, C.L.M., 2004. Survey of problematic compounds in the Dutch Wadden Sea and Ems-Dollard. RIKZ Internal document RIKZ.2004.616w (in Dutch), (Inventaristaie probleemstoffen Waddenzee en Eems-Dollard). Rijkswaterstaat.
Furtmann, K., 1999. Personal communication in Vethaak et al., 2002.

Gercken, J. and Sordyl, H., 2002. Intersex in feral marine and freshwater fish from northeastern Germany. Mar. Environ. Res. 54: 651-655.

Gezondheidsraad, 1999. Hormoonontregelaars in ecosystemen (Endocrine disruptors in ecosystems). Gezondheidsraad (Health Council), Rijswijk, Rapport nr.1999/13, 105 pp. (in Dutch).

Groshart, C.P., Okkerman, P.C., Pijnenburg, A.M.C.M., 2001a. Chemical study on Bisphenol-A. RIKZ Report 2001.027, Nat. Inst. Coast. and Marine Management (RIKZ), The Hague, The Netherlands.

Groshart, C.P., Okkerman, P.C., Wassenberg, W.B.A. and Pijnenburg, A.M.C.M., 2001b. Chemical study on Alkylphenols. RIKZ Report 2001.029, Nat. Inst. Coast. and Marine Management (RIKZ), The Hague, The Netherlands.

HARBASINS, 2008. Steps towards a harmonized transnational management strategy for coastal and transitional waters. Overall final report of the INTERREG IVB project “HARBASINS” (www.harbasins.org).
HARBASINS project. 2008. WP3 deliverable 3.4/D4.2 Historical Record of Contaminants in Skaggerrak deep core.
http://www.harbasins.org/fileadmin/inhoud/pdf/Final_Products/WP3/3.4/D_4.2_-_Historical_Record_of_Contaminants.pdf  

Hardy, M.L., 2004. A comparison of the fish bioconcentration factors for brominated flame retardants with their non-brominated analogues. Environ. Toxicol. Chem. 23(3): 656-661

Hoekstra, E.J. and de Leer, E.W.B., 1995. Organohalogens: the natural alternatives. Chemistry in Britain, February 1995.
Hollert, H., Dürr, M., Olsman, H., Halldin, K., van Bavel, B., Brack, W., Tysklind, M., Engwall, M. and Brainbeck, T., 2002. Biological and chemical determination of Dioxin-like compounds in sediments by means of a sediment TRIAD approach in the catchment area of the river Neckar. Ecotoxicol. 11: 323-336.

Holt, J.S., 1993. Mechanisms and agronomic aspects of herbicide resistance. Ann. Rev. Plant Physio. Plant Mol. Biol. 44: 203-229.

Johannesson, L., Stevens, R., Eriksson, K., 2003. The influence of an urban stream on sediment geochemistry in Göteborg Harbour, Sweden Environmental Geology 43 (4): 434-444.

Jong, F. de, Bakker, J.F., van Berkel, C.J.M., Dankers, N.M.J.A., Dahl, K., Gätje, C., Marencic, H. and Potel, P. (Eds.), 1999. 1999 Wadden Sea Quality Status Report. Wadden Sea Ecosystem No. 9. Common Wadden Sea Secretariat, Trilateral Monitoring and Assessment Group, Quality Status Report Group. Wilhelmshaven, pp. 259.

Jonker N., Laane R.W.P.M. and de Voogt, P., 2004. Sources and fate of nonylphenol ethoxylates and their metabolites in the Dutch coastal zone of the North Sea. Mar. Chem., in press.

Jongbloed, R. and Luttik, R., 1996. 2-methylthio-4-tertbutylamino-cyclopropylamino-s-triazine (Irgarol 1051). RIVM/CSR Advisory Report No. 4351

Joziasse J, Heise S, OenA, Ellen GJ, Gerrits L. 2007. Sediment management objectives and risk indicators. In: Heise, S. (ed.), Sustainable management of sediment resources. Sediment Risk Management and Communication. Elsevier. Pages 9-44.

Kater, B., Hannewijk, A. and Schout, P., 2000. Bioassays in seven sediment samples of the Sea harbour channel. Internal document RIKZ/OS/2000/x, (in Dutch).

Klamer, J.C., Jorritsma, J., van Vliet, L., Smedes, F. and Bakker, J.F., 2004. Dioxin-type toxicity in harbour dredging material of the sea harbour channel of Delfzijl (The Netherlands). RIKZ report 2004.013 (in Dutch).

Klamer, J.C., Leonards, P.E.G., Lamoree, M.H., and Bakker, J.F., 2002. Chemical and toxicological risk assessment of North Sea surface sediments. Brominated flame retardants and dioxin-type toxicity. Organohal. Comp. 59:111-114.

Koopmann, C., Faller, J., Bernem, K.-H. van, Prange, A. and Müller, A., 1993. Schadstoffkartierung in Sedimenten des deutschen Wattenmeeres Juni 1989-Juni 1992. GKSS 88.156.
Legierse, K., 2001. In vitro bioassays. Vision, profile and status within RIKZ-projects WT*2-CBI and WB*2-BIOSYST. Internal document RIKZ/OS/2001.856x, (in Dutch).

Leeuwen, C.J van and Hermens, J.L.M. (Eds.), 1995. Risk assessment of chemicals: An introduction. Dordrecht, Kluwer Academic Publishers, pp. 374.

Maguire, R.J., 1999. Review of the Persistence of Nonylphenol and Nonylphenol Ethoxylates in Aquatic Environments. Water Qual. Res. J. Canada, 34: 37-78.

McGee, B.L., Fisher, D.J., Yonkos, L.T., Ziegler, G.P. and Turley, S., 1999. Assessment of sediment contamination, acute toxicity, and population viability of the estuarine amphipod Leptocheirus plumulosus in Baltimore harbor, Maryland, USA. Environ. Toxicol. Chem. 18 (10): 2151-2160.

Metcalfe, C.D., Hoover, L. and Sang, S., 1996. Nonylphenol Ethoxylates and their use in Canada. Report to the World Wildlife Fund Canada, Toronto.

MinVenW
 (1998) Fourth Note on Water Managemenr. Gouvernmental Decision. Ministry of Traffic and Water Management, December 1998. In Dutch (Vierde Nota Waterhuishouding, Regeringsbeslissing).
Murk, A.J., Legler, J., Denison, M.S., Giesy, J.P., van de Guchte, C. and Brouwer, A., 1996. Chemical-activated luciferase gene expression (CALUX): A novel in vitro bioassay for Ah receptor active compounds in sediments and pore water. Fund. Appl. Toxicol., 33: 149-160.

Nies, H., Gaul, H., Oestereich. F., Albrecht, H., Schmolke, S., Theobald, N., Becker, G., Schulz ,A., Frohse, A., Dick, S., Müller-Navarra, S. and Herklotz, K., 2003. Die Auswirkungen des Elbehochwassers vom August 2002 auf die Deutsche Bucht. Abschlussbericht Juni 2003. Berichte des Bundesamtes für Seeschifffahrt und Hydrographie Nr. 32/2003, pp. 81.

Oehlmann, J, Schulte-Oehlmann, U., Tillmann, M. and Markert, B., 2000. Effects of endocrine disruptors on prosobranch snails (Mollusca: Gastropoda) in the laboratory. Part I: Bisphenol A and octylphenol as xeno-estrogens. Ecotoxicology 9(6): 383‑97.

OSPAR (2009). Status and trend of marine pollution. OSPAR Quality Status Report of the North-East Atlantic Ocean. Assessment to Chapter 5: Hazardous Substances. Publication Nr: ###
/2009. ISBN ####.
OSPAR (2009b) Co-ordinated Environmental Monitoring Programme: 2008/2009 Assessment of  trends and concentrations of selected hazardous substances in sediments and biota. CEMP report. Publication Nr: ###/
2009. ISBN: ###.
OSPAR, 2008. Trends in atmospheric concentrations and deposition of nitrogen and selected hazardous substances to the OSPAR maritime area. OSPAR Publication Number: (DRAFT).

OSPAR, 2007. OSPAR List of Chemicals for Priority Action – Update 2007. OSPAR Reference number 2004-12.

OSPAR, 2004. Progress report on the organisation of the OSPAR/ICES workshop on BRCs and EACs. 8-13 February, 2004, The Hague, The Netherlands.
OSPAR, 2003. Strategies of the OSPAR Commission for the Protection of the Marine Environment of the North-East Atlantic (Reference number: 2003-21).

OSPAR, 2003. An Overall Assessment of the Dumping of Wastes at Sea from the mid-1980's to 2001 in the OSPAR Area. Biodiversity and Dumped Material Series, OSPAR Commission 2003, ISBN 1-904426-09-3.
OSPAR, 2002. OSPAR List of Chemicals for Priority Action (Update 2002). OSPAR Meeting, Amsterdam 24-28 June, 2002.

OSPAR, 1997. Annex 5: Agreed Background/Reference concentrations for contaminants in sea water, biota and sediment. Annex 6: Agreed ecotoxicological assessment criteria for trace metals, PCBs, PAHs, TBT and some organochlorine pesticides. Joint meeting of the Oslo and Paris Commissions, Brussels, 2-5 September 1997.

Pachur, H.-J., Ricking, M., Sommerfeldt, B., Varlemann, R., Bakker, J.F. and Smedes, F., 1995. Geoaccumulation of environmental contaminants in sediments of the lower Ems river in the framework of the European project ‘Chemical Time Bombs’. Report no. 107 01 016/17 of the Federal Environmental Agency (UBA), Berlin.
Pessala, P., Schultz, E., Nakari, T., Joutti, A., Herve, S., 2003. Evaluation of wastewater effluents by small-scale biotests and a fractionation procedure. Ecotoxicol. Environ. Safety 59(2): 263-272.

Peters, R.J.B., 2003. Hazardous chemicals in precipitation. TNO report R2003/198.

Polder A., Savinova, T.N., Skaare, J.U., 2002. Temporal changes of PCBs and Chlorinated Pesticides in Human Milk from Murmansk, Russia. Poster at the Second AMAP International Symposium on Environmental Pollution of the Arctic, Rovaniemi, 1-4 October 2002.

Pul, A van, Swaluw, E van der, Grimvall, A, Barrett, K, Moxon, R. 2009. Trends in atmospheric concentrations and deposition of nitrogen and selected hazardous substances to the OSPAR maritime area. OSPAR Publication number ###/
2008 (DRAFT)

Rasenberg, M. and van de Plassche, E., 2002. Factsheet IGAROL. Series ‘Factsheets’ by RIKZ.
Roddie, B.D. and Thain, J.E., 2001. Biological effects of contaminants: Corophium sp. sediment bioassay and toxicity test. ICES Techniques in Marine Environmental Sciences, No. 28. International Council for the Exploration of the Sea, Copenhagen, Denmark.

Rüdel, H., Lepper, P., Steinhanses, J. and Schröter-Kermani, C., 2003. Retrospective monitoring of organotin compounds in marine biota from 1985 to 1999: Results from the German Environmental Specimen Bank. Environ. Sci. Technol. 37: 1731-1738.
Scarlett, A., Donkini, M.E., Fileman, T.W. and Donkin, P., 1997. Occurrence of the marine antifouling agent Irgarol 1051 within the Plymouth Sound locality; implications for the green macroalgae Enteromorpha intestinalis. Mar. Poll. Bull. 34: 645-651.

Schrap, M.S., Pijnenburg, A.M.C.M. and Geerdink, R.B., 2004. Perfluorinated compounds in Dutch surface waters: a screening of PFOS and PFOA in 2003. RIZA report 2004.025; RIKZ report 2004.037 (in Dutch with English summary). ISBN 903695682, December 2004.

Scott, A., Hecht. S., Gunnarson, J.S., Boese, B.L., Lamberson, J.O., Schaffner, C., Giger, W. and Jepson, P.C. 2004. Influence of sedimentary organic matter quality on the bioaccumulation of 4-nonylphenol by estuarine amphipods. Environ. Toxicol. Chem. 23:865-873.

SCTEE, 1999. Opinion on human and wildlife health effects of endocrine disrupting chemicals, with emphasis on wildlife and on ecotoxicology test methods. Report of the working group on endocrine disruptors of the Scientific Committee on Toxicity, Ecotoxicity and the Environment (SCTEE) of DG XXIV, Consumers Policy and Consumer Health Protection.

Servos, M.R., 1999. Review of the aquatic toxicity and bioaccumulation of Alkylphenols and Alkylphenol polyethoxylates. Water Qual. Res. J. Canada 34: 123-177.

Staples, C.A., Peterson, D.R., Parkerton, T.F. and Adams, W.J., 1997. The environmental fate of phthalate esters: a literature review. Environ. Health Persp. 92: 167-173.

Staples, C.A., Dorn, P.B., Klecka, G.M., O’Block, S.T. and Harris, L.R., 1998. A review of environmental fate, effects, and exposures of Bisphenol-A. Chemosphere 36: 2149-2173.
Stronkhorst, J., Schipper, C., Brils, J., Dubbeldam, M., Postma, J. and van de Hoeven, N., 2003. Using marine bioassays to classify the toxicity of Dutch harbour sediments. Environ. Toxicol. Chem. 22 (7): 1535-1547.

Thomas, K.V., Thain, J.E. and Waldock, M.J., 1999. Identification of toxic substances in United Kingdom estuaries. Environ. Toxicol. Chem. 18 (3): 401-411.

Toppari, J., Larsen, J., Christiansen, P., Giwercman, A., Grandjean, P., Guilette, L., Jégou, B., Jensen, T., Jouannet, P., Keiding, N., Leffers, H., McLachlan, J., Meyer, O., Müller, J., Rajpert-De Meyts, E., Scheike, T., Sharpe, R., Sumpter, J., Skakkebæk, N., 1995. Male reproductive health and environmental chemicals with estrogenic effects. Miljøprojekt no. 290, Danish Environmental Protection Agency, Copenhagen, Denmark. ISBN 87 7810 345 2.

Vethaak, A.D., Rijs, G.B.J., Schrap, S.M., Ruiter, H., Gerritsen, A. and Lahr, J., 2002. Estrogens and xeno-estrogens in the aquatic environment of The Netherlands. Occurrence, potency and biological effects. Directorate-General for Public Works and Water Management, Den Haag/Lelystad, RIZA/RIKZ-report no. 2002.001, pp. 292.

Vethaak A. D., Lahr, J., Schrap, S.M., Belfroid, A. C., Rijs, G.B.J., Gerritsen, A., de Boer, J., Bulder, A.S., Grinwis, G.C.M., Kuiper, R.V., Legler, J., Murk, T.A.J., Peijnenburg, W., Verhaar, H.J.M. and de Voogt. P., 2005. An integrated assessment of estrogenic contamination and biological effects in the aquatic environment of The Netherlands. Chemosphere (in press)
.

Vethaak, A.D., Rijs, G.B.J., Schrap, S.M., Ruiter, H., Gerritsen, A. and Lahr, J., 2002. Estrogens and xeno-estrogens in the aquatic environment of The Netherlands. Occurrence, potency and biological effects. Directorate-General for Public Works and Water Management, Den Haag/Lelystad, RIZA/RIKZ-report no. 2002.001, pp. 292.

Vos, J. G., Bossart, G., Fournier, M. and O'Shea, T., 2003. Toxicology of marine mammals. National Institute of Public Health and Environment (RIVM); Division of Marine Mammal Research and Conservation Harbor branch Oceanographic Institution. CRC Press, pp. 656, ISBN 0415239141.

Webster L, Fryer G, Davies I, Roose P, Moffat C. 2008. Proposal for Assessment Criteria to be Used for the Assessment of Monitoring Data for the Concentrations of Hazardous Substances in Marine Sediments and Biota. OSPAR document, 2008.
Wendeln H. 2000. Transfer of contaminants from the ragworm (Nereis diversicolor) to the eggs of the Oystercatcher (Haematopus ostralegus). Report of the Institute for Bird Research, Wilhelmshaven.
Wenzel, A., Müller, J., Böhmer, W., Bernhardt, T. and Lepper, P., 2003. Verfolgung von Umweltbelastungen durch Moschusverbindungen in repräsentativen Umweltproben. www.umweltprobenbank.de/Publications/ESB Research Reports (in German with English abstract).

Wenzel, A., Böhmer, W., Müller, J., Rüdel, H. and Schröter-Kermani, C., 2004. Retrospective Monitoring of Alkylphenols and Alkylphenol Monoethoxylates in aquatic biota from 1985 to 2001: Results from the German Environmental Specimen Bank. Environ. Sci. Technol.,38: 1654-1661.

Werkman, G., Eggens, M.L. and van de Ven, C.L.M., 2000. Water quality and eider ducks in the Wadden Sea. Report RIKZ/AB/20000.607x (in Dutch).
Wezel, A.P. van, Posthumus, R., van Vlaardingen, P., Crommentuijn, T. and van der Plassche, E., 1999. Maximum permissible concentrations and negligible concentrations for phthalates (dibutylphthalate and di(2-ethyl-hexyl)phthalate, with special emphasis on endocrine disruptive properties. RIVM report, no. 601501, July 1999.

Wezel, A.P. van and van Vlaardingen, P., 2001. Maximum permissible concentrations and negligible concentrations for anti-fouling substances: IRGAROL 1051, dichlofluanid, ziram, chlorothanil and TCMTB. RIVM report 601501008.
WWF, 2004. Chemical check up: An analysis of chemicals in the blood of members of the European Parliament. DETOX campaign. World Wildlife Fund, www.panda.org/news_facts/newsroom/press_releases/news.cfm?uNewsID=12622.
Zegers, B.N., Lewis, W.E., Booij, K., Smittenberg, R.H., Boer, W., de Boer, J. and Boon, J.P., 2003. Levels of polybrominated diphenyl ether flame retardants in sediment cores from Western Europe. Environ. Sci. Technol. 37, 3803-3807.
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� ERL: Effect Range Low (10th percentile), as published by Environmental Protection Agency US (2002)
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�There seems to be a problem with lead in blue mussel. NL and Ems-Dollard data (NL-data) appear to be a factor of 10 higher than the other data. Could there be a mistake in the data??


�Has this problem already been solved? >>JB: not that I know of. Gerold, could you check the BM data in general. There is a general problem with the correct matrix indication. Refer to the Anorganics BM source file.


�And Ni?


�How about WFD EQS?


�Year?


�Year?


�Year?


�in press or printed 2004?


�wirte out the name of the ministry.


�complete citation >>JB: ther are no details known yet. We could choose to denote: ‘in press’


�see above


�see above


�in press or printed 2005?





