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Indicator Fact Sheet 10 + 53 on hazardous substances

Cadmium input and concentrations in European Seas 1985-2001
KEY MESSAGE

· Estimated direct and riverine inputs of cadmium into the North-East Atlantic have decreased between 1990-1999, which shows the effects of emission reduction target setting in OSPAR and EU.

· Estimated atmospheric inputs of cadmium into the North Sea have decreased between 1987 and 1995, showing the effect of air pollution abatement policies in the countries surrounding the North Sea.

· Estimations indicate an inconsistent but decreasing trend for cadmium in mussels from both the North-East Atlantic and the Mediterranean Sea. 

· Estimations indicated no general trends were evident for concentrations in cod liver or herring muscle.

· Estimations for inputs and concentrations in mussels and fish have been derived from data that are unbalanced, incomplete or both.

	A) Direct and riverine inputs of cadmium into the North-East Atlantic and atmospheric input into the North Sea. Reported loads from Priority Point Sources in Romania shown for comparison, adjusted to 50 % in 1997.
	B) Cadmium concentrations in blue mussel (Mytilus edulis) from North-East Atlantic and Mediterranean mussel (M. galloprovincialis) from the Mediterranean.
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	C) Cadmium concentrations in cod liver (Gadus morhua) from the North-East Atlantic
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	Figure 1. Change (%) in cadmium in A) inputs into the North-East Atlantic, B) concentrations in blue mussels (M. edulis) in the North-East Atlantic, and Mediteranean mussel (M. galloprovincialis) in the Mediterranean, C) concentrations in Atlantic cod (Gadus morhua) in the North-East Atlantic and herring (Clupea harengus) in the Baltic 1985-1999. Data source: OSPAR, HELCOM, France and Greece.


	Results and assessment

Due to human activities inputs of cadmium into European coastal waters have increased especially in the seventies and early eighties. The presence of hazardous substances, increased inputs and concentrations of hazardous substances in coastal waters, estuaries, fjords and lagoons may negatively affect the ecosystem quality. European policies aim at reducing the inputs and improving the state of the marine and coastal environment. Inputs and atmospheric deposition of cadmium constitute a pressure indicator for marine and coastal water quality. Emission sources and emission patterns differ between various hazardous substances. Thus, in determining the results of pollution abatement policies, each substance should also be considered separately. Cadmium is on EU's list of priority substances (2455/2001/EC (Eu, 2001a)).

Policy relevance: target or objective for the indicator

The objective of indicators is to convey the levels and trends of hazardous substances of inputs and concentrations in European seas. The effect of hazardous substance load, especially 20-30 years ago, may be detrimental to marine ecosystems. Concentrations of hazardous substances in blue mussels and fish constitute time integrating state indicators for coastal water quality. An advantage to using biota concentrations as indicators, as opposed to using water or sediment, are that they are of direct ecological importance as well as to human health and economical factors due to consumption. Mussels are attached to the shallow-water surfaces, thus reflecting exposure at fixed point. The disadvantage of this aspect is that they are restricted to the coastal zone. Fish are exposed to pollution over wider areas and can in some cases reflect offshore conditions.

Policy context (relevance of the indicator with reference to specific policy processes)
Measures to reduce riverine inputs, direct discharges and atmospheric deposition of hazardous substances and to protect the marine environment are being taken as a result of various initiatives on different levels: UN Global Programme of Action for the Protection of the Marine environment against Land-Based Activities; Dangerous Substances Directive (76/464/EEC); Water Quality Framework Directive (2000/60/EU); OSPAR Convention 1998 for the Protection of the Marine Environment of the North-East Atlantic, Mediterranean Action Plan (MAP); Helsinki Convention 1992 on the Protection of the Marine Environment of the Baltic Sea Area (HELCOM); and AMAP, the Arctic Monitoring and Assessment Programme. The target of these initiatives is a substantial reduction of the input of hazardous substances to coastal waters, thereby improving the biological state. However, for the time being there is no specific management target for the input indicators.

In the OSPAR work continues towards the reduction of discharges, emissions and losses of hazardous substances which could reach the marine environment, to levels that are not harmful to man or nature with the aim of their elimination. The Commission will implement this strategy progressively by making every endeavour to move towards the target of the cessation of discharges, emissions and losses of hazardous substances by the year 2020 (OSPAR 1998a). As targets have been formulated for emissions and the current indicator presents input loads into the coastal waters, only an approximate comparison is possible between the measured input and the reduction target aimed at emissions. The Ministers at The Fifth International Conference on the Protection of the North Sea in March 2002 stressed that increased efforts are necessary in order to meet the OSPAR target. HELCOM has adopted the Recommendation 19/5 in May 2001 for cessation of hazardous substance discharge/emissions by 2020, with the ultimate aim to of achieving concentration in the environment near background values for naturally occurring substances and close to zero for manmade synthetic substances. No target could be found for MEDPOL.

A risk assessment for cadmium (oxide) is currently being developed within the framework of EEC (RAR, 2001). Reporting country is Belgium. This risk assessment includes both terrestrial and aquatic ecosystems as well as human health.

EU legislation relevant to cadmium relate to, e.g.: general restrictions on emissions (Dangerous Substances Directive (76/464/EEC)), waste management (concerns disposal of batteries - 91/157/EEC, 93/86/EEC and 98/101/EC), limit values for discharges (83/513/EEC), concentration in foodstuffs (90/642/EC, EC466/2001, EC221/2002) and the Water Framework Directive (2000/60/EU).

Environmental context: (scientific soundness and choice and definition of the indicator)

Cadmium is widely present at low concentrations in the earth's crust, but human activities have caused a general mobilisation of the metal in aquatic and terrestrial environments. Cadmium is naturally found in seawater at levels of 5-26 ng/l (OSPAR, 2000) and all marine organisms accumulate cadmium even in areas with no local major inputs. Suggested high background reference concentrations is 0.1 mg/kg for blue mussels (OSPAR 1999) and 0.3 mg/kg wet weight for cod liver (Green & Knutzen, in press). Cadmium is not needed for any organism (it is not essential) and the metal is highly toxic. The metal affects vital biological processes such as ion exchange, energy production and protein synthesis, mainly through interaction with the metabolism of essential trace metals such as zinc and calcium. In marine ecosystems, secondary poisoning of seabirds (i.e. through eating contaminated blue mussels) has been identified as the possibly most sensitive component (OSPAR 1996).

Cadmium is referred to as "the lost metal" since recycling has been limited. Sources of the metal to the environment include mining, metal industry (including steel industry), coating/electroplating industry, production and deposition of batteries, burning of fossil fuels, the use of phosphate fertilisers, waste incineration, leaching from waste deposits and, finally, the use of cadmium salts as stabiliser and/or colouring agent. It will be clear from the above that there are many diffuse sources of the metal in addition to readily identifiable point sources. Inputs into marine ecosystems are pressure indicators. They can be estimated by two procedures: either by using discharge data to rivers from industry (either as reported, measured or discharge limits) or by summing up inputs from atmospheric deposition, river estuaries and direct discharges to coastal and marine waters. Both atmospheric and riverine inputs have to be modelled to some extent. The input data reported from different countries has mainly been calculated using OSPAR or HELCOM guidelines.

Mussels are attached and therefore concentrations of harmful substances reflect the local pollution. Also mussels are abundant, robust and widely monitored for hazardous substances concentrations in soft tissue in a comparable way. Atlantic cod is widely distributed and commercially important fish in the North Atlantic. It is a predator and as such will also to some extent reflect contamination levels in its prey. Concentrations are measured in the liver lipophilic contaminants such as Herring is commercially and ecologically important species both in the Baltic and the North-East Atlantic. 

The developed indicator is expressed as the percentage of change of inputs or concentrations of hazardous substances in a year compared to 1990, showing directly the successfulness of the reduction measures taken. A more detailed description of the development of the indicators on hazardous substances is under publication (Baan & Groeneveld, in press).

Assessment

An overall decreasing trend in the period 1990-1999 is observed in the sum of direct and riverine yearly inputs of cadmium into the North-East Atlantic (Fig. 1A, Table 3). Emission reduction measures in industry and political changes in Europe have presumably contributed to the reduction.

The sum of direct and riverine inputs of cadmium (about 109 tons in 1990 into the North-East Atlantic) is about halved in 1999 compared to 1990. UK contributed most to the input in 1990 and also strongly contributed to the total decrease in input observed in the period until 1999. 

North Sea Conference 2002 (NSC 2002) reports that 50% reduction have been achieved for cadmium based on data for five countries. For cadmium the largest sources in 1985 were industrial activities. In 1999 the importance of these sources had been reduced with waste disposal being now the most important source. (Fig. 2).

High cadmium inputs in 1994 and 1995 of the Netherlands probably are due to relatively high (and not representative) concentrations of suspended solids in the samples. Input data from Portugal have an irregular pattern over time. Inputs from Spain for 1997-1999 are relatively high compared to other countries. Spanish inputs values prior to 1997 are lacking or questionably low. These examples of gaps or poor data inhibit adequate assessment of temporal trends.

In general the concentrations of metals in Mediterranean rivers are less high than in most western European rivers (EEA/UNEP 1999). EEA/UNEP (1999) suggests that due to retention of metals in these rivers the inputs to the Mediterranean are stable for cadmium.
A decreasing trend in atmospheric input of cadmium into the North Sea is observed for the period 1987-1995. Cadmium has a comparatively short residence time in the atmosphere and is rapidly deposited, countries bordering coastal waters account for nearly all of this metal input. Due to the air transport characteristics, the relative contribution of atmospheric input varies between the sea regions studied. Emission reduction measures in industry and waste burning contributed to the reduction of atmospheric inputs of cadmium.

In 1995 atmospheric input into the North Sea is estimated at 22 tons. The uncertainty margin in this input is relatively large (the input probably is overestimated). The sum of direct and riverine input into the North Sea amounts to 56 tons in 1995, showing that the estimated contribution of atmospheric inputs is about one third of this.

EU legislation has set foodstuff limits for cadmium in mussels and fish (466/2001/EC (EU, 2001b), 221/2002/EC (EU, 2002), Table 1). Of the 156 mussel stations in European coastal waters, the median values for 6 stations in the period 1995-1999 exceeded the EU limit. All 6 stations were from the Sørfjord, in western Norway (Map 1). The 1995-1999 median concentration in herring did not exceed the EU-legislation. Over 80% (129) of the mussel stations were above the "Low" limit suggested by OSPAR (OSPAR 1999) (cf. Table 1) which might indicate that this limit is set too low considering that many of the stations are remote from point sources.

Figures 1B and 1C show time trends of concentrations in mussels and fish for each region as average relative variation in median in time over locations with sufficient data for the period 1984-1999 (see Table 2 and Metadata for more details). The figures give visual indications of the general development; without any formal assessment of statistical significance. The trends are averages over monitoring stations with very different temporal coverage, and also with very different time change patterns. No attempt to weight the stations according to representativeness has been made, due to lack of information. However, a visual comparison with Maps 3 and 4 of time development for each time series indicate that Figures 1B and C are reasonable summaries of the development over a majority of the locations included. They indicate an inconsistent but decreasing trend for cadmium in mussels from both the North-East Atlantic and the Mediterranean Sea. No general trends were evident for concentrations in cod liver or herring muscle.

Of the 286 temporal trends (197 for mussels, 86 for fish) analysed only 27 were significant, 20 down and 7 up (Table 2, Maps 3 and 4). However, the analysis does not include overall assessments of development for whole regions. For cadmium, inputs are decreasing (OSPAR, 2000) but no clear overall trends were registered using mussel and fish indicators, although there is a certain dominance of decreasing trends over increasing trends - most of the stations show no significant trend. Previous assessments of non-spatially aggregated data sets showed that most non-aggregated and site specific time series on cadmium concentrations in organisms in the coastal waters of the North-East Atlantic show non-significant trends. This is also found in this assessment. It should be emphasised that this may be due to lack of sufficient data, there might still be substantial long-term trends. Statistically significant trends were found mainly at locations in estuaries and fjords, which are closer to the sources of land-based diffuse pollution.

Data for mussel (both Mytilus edulis and M. galloprovincialis) indicate that cadmium concentrations are elevated in the estuaries for large rivers (e.g. the Seine, northern France), in areas with point discharges (e.g. Sørfjord,  western Norway) and in some harbours (Map 1). In addition, blue mussels in some areas, e.g. along the Norwegian north coast, appear to be affected by local geology (natural high background concentrations). The only area from which mussels do not appear to be suitable for human consumption is Sørfjord, Norway and at the locations shown along the Romanian coast in the Black Sea. Although not necessarily representative for the remainder of European coasts, levels elsewhere appear low. Results from time trend analyses for cadmium in blue mussels are confusing. Levels in some contaminated areas, e.g. the Seine estuary and Sørfjord, appear to be decreasing. There also appear to be a general decreasing trend of cadmium in mussels from the French Mediterranean coast. One exception is the Marseilles area, possibly with influence from the river Rhône. Increasing levels elsewhere in Europe appear to be associated with harbour areas.

The effectiveness of using a single species as indicator for contaminant monitoring is hampered in part due to limited spatial distribution throughout European seas. Furthermore, comparing results from different species is difficult mainly due differences in bioaccumulation rates between species. The most comprehensive datasets available are for Atlantic cod (Gadus morhua). The data show that levels are low everywhere except in one area in northern Iceland. A possible reason is inputs of cadmium due to volcanic activity. Time trend analyses have been done with all fish species available (i.e. cod, herring and flounder). In general, cadmium levels in fish from the Skagerrak (the area between Norway, Sweden and Denmark) appear to decrease, although the picture is not clear. A similar contradicting picture is seen for the Rhine estuary (Belgium-Dutch border), where increases are seen for some fish species, but not others.

Emission trends are not necessarily reflected 1:1 in riverine inputs due in part to retention in river sediments and biota. Input trends are only partly reflected in mussel concentrations due mainly to retention in coastal sediments. Fish show least good trends due mainly to integration of pollution over wide areas because of fish migration and variability due to age and individual accumulation. OSPAR has addressed this difficult issue (MON, 2001).

For the Black Sea, there is too little data available to make assessments. The incomplete Romanian data in Fig. 1A indicate a strong reduction in inputs of Cadmium from 1996 to 2000 for the included Priority Point Sources, but the concentration in mussels appear to be high (Map 1). Much more data are needed as basis for an assessment on the environmental status and development in the Black Sea.


Subindicator: change in discharge/releases of cadmium to water from some North Sea countries 1985 and 1999

Fig.2 Main sources of cadmium to water in North Sea countries in 1985 and 1999 
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Subindicators: overview of cadmium levels and their temporal trends

	TABLE 1. Limit values (Low/High concentration) for cadmium in marine organisms for spatial assessment

	Name
and tissue
	Latin name 
	Low/
High
	mg/kg wet weight
	Ref.
	Comment

	Mussels
	Mytilus sp.1
	Low
	0.1
	OSPAR, 1999
	Value rounded down from original BRC 2  of 0.11 mg/kg wet weight; low compared to 0.4 mg/kg wet weight (Green & Knutzen, in press)

	Mussels
	Mytilus sp.
	High
	1.0
	EU, 2001b
	Foodstuffs limit for "bivalve molluscs"

466/2001/EC

	Atlantic cod, liver
	Gadus morhua
	Low
	0.3
	Green & Knutzen, in press
	Based on 90 percentile of 1184 individuals from reference areas

	Atlantic cod, liver
	Gadus morhua
	High
	0.5
	Tema Nord, 1994
	Danish limit for "fish liver"

	Herring, muscle
	Clupea harengus
	Low
	0.01
	Knutzen, 1987
	Upper limit to proposed range in background level

	Herring, muscle
	Clupea harengus
	High
	0.05
	EU, 2002
	Foodstuffs limit for fish muscle

221/2002/EC


1) Blue mussel (Mytilus edulis) for the North-East Atlantic, Mediterranean mussel (M. galloprovincialis) for the Mediterranean and the Black Sea (Romania only).

2) BRC=Background Reference Concentration

3) Concerns only Sørfjord in western Norway

4) Only along Romanian coast

	TABLE 2. Spatial variation and temporal trends of cadmium concentrations

	
	
	Spatial variation (Map 1 and 2)
	Time trends (Map 3 and 4)

	Sea
	Subindicator
	Total no. of stations
	Number over Low
	Number over High
	Total no. of stations
	Number

Down
	Number

Up

	NE Atlantic
	Mussels
	119
	102
	6 3
	160
	10
	3

	
	Fish
	25
	2
	0
	59
	2
	1

	Baltic
	Mussels
	1
	1
	0
	1
	0
	0

	
	Fish
	10
	0
	0
	30
	2
	0

	Mediterran.
	Mussels
	36
	26
	0
	36
	6
	3

	
	Fish
	0
	
	
	0
	
	

	Black Sea 4
	Mussels
	3
	3
	3
	0
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Map 1. Cadmium (Cd) in mussels (Mytilus edulis - North-East Atlantic; M. galloprovincialis - Mediterranean and Black Sea), median mg/kg wet weight for 1995-1999 (2001 for Black Sea). See Table 1 for basis of classification. EU-legislation limit for cadmium in foodstuffs "bivalve molluscs is 1 mg/kg wet weight (EU, 2001b). (Based on data from OSPAR and EEA-member countries (Mediterranean), and data reported by Romania, see also Table 4). NB: larger symbols may obscure other symbols.
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Map 2. Cadmium (Cd) in liver of cod (Gadus morhua) and muscle of herring (Clupea harrengus), median mg/kg wet weight for 1995-1999. See Table 1 for basis of classification. EU-legislation limit for cadmium in foodstuff muscle of fish is 0.05 mg/kg wet weight (EU, 2001b). (Based on data from OSPAR and HELCOM, see also Tables 5 and 6). NB: larger symbols may obscure other symbols.
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Map 3. Cadmium (Cd) time trend in blue mussel (Mytilus edulis) in the North-East Atlantic and the Mediterranean mussel (M. galloprovincialis) 1985-1999 (cf. Table 4).
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Map 4. Cadmium (Cd) time trend in cod liver, herring liver/muscle, flounder liver, 1986-1999. (cf. Table 5-7).

DATA

Table 3. Relative changes (%) in cadmium for direct and  riverine inputs (DRI), atmospheric inputs (AI) and concentrations in mussels (Mytilus edulis - Me; M. galloprovincialis - Mg), liver of Atlantic cod (Gadus morhua - Gm), and muscle of herring (Clupea harengus- Ch)  (1990 = 100%).

	Sea
Medium
	1985
	1986
	1987
	1988
	1989
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	NE Atlantic
	DRI
	
	
	
	
	
	100
	90
	89
	56
	64
	68
	44
	48
	53
	54

	North Sea
	AI
	
	
	129
	138
	97
	100
	85
	68
	97
	65
	65
	
	
	
	

	NE Atlantic
	Me
	
	96
	93
	86
	101
	100
	94
	96
	80
	70
	77
	67
	66
	59
	77

	Mediterranean.
	Mg
	91
	130
	102
	120
	100
	100
	105
	99
	89
	82
	89
	83
	98
	87
	96

	NE Atlantic
	Gm
	
	215
	267
	76
	71
	100
	84
	131
	132
	144
	114
	179
	167
	112
	190

	Baltic
	Ch
	
	426
	538
	494
	519
	100
	97
	107
	115
	
	261
	235
	
	
	


Table 4. Cadmium in mussels (Mytilus spp.), number of stations included in indicator calculations (median and/or trend).

	Mussels
	
	1985
	1986
	1987
	1988
	1989
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Atlantic
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Belgium
	
	
	1
	
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	1
	1
	
	

	France
	
	
	8
	13
	13
	8
	16
	7
	7
	8
	11
	11
	11
	6
	6
	
	
	

	Germany
	
	
	5
	4
	1
	5
	8
	2
	9
	7
	9
	3
	3
	
	
	
	
	

	Iceland
	
	
	
	
	
	
	3
	9
	9
	
	
	
	9
	11
	9
	7
	
	

	Ireland
	
	
	
	
	
	
	
	
	6
	11
	10
	9
	9
	
	
	
	
	

	The Netherlands
	
	
	3
	2
	2
	2
	3
	2
	2
	2
	2
	2
	1
	2
	2
	2
	
	

	Norway
	
	
	8
	13
	13
	13
	19
	22
	24
	26
	27
	30
	26
	20
	18
	18
	
	

	Spain
	
	
	
	
	
	
	8
	8
	7
	7
	7
	10
	7
	7
	7
	7
	
	

	Sweden
	
	
	1
	2
	2
	2
	2
	2
	2
	1
	2
	2
	1
	
	
	
	
	

	United Kingdom
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mediterranean
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	France
	
	15
	17
	16
	16
	16
	18
	18
	18
	18
	18
	18
	18
	18
	16
	16
	
	

	Greece
	
	
	
	
	
	
	
	
	
	4
	3
	5
	11
	15
	5
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Black Sea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Romania
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3


Table 5. Cadmium in cod (Gadus morhua), number of stations included in indicator calculations (median and/or trend)

	Cod
	
	1985
	1986
	1987
	1988
	1989
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	Belgium
	
	
	1
	1
	1
	1
	
	1
	1
	1
	1
	1
	1
	
	1
	

	The Netherlands
	
	
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	

	Norway
	
	
	2
	4
	4
	4
	7
	7
	7
	6
	9
	11
	8
	8
	8
	8

	Poland
	
	
	
	3
	3
	1
	2
	2
	1
	1
	
	
	
	
	
	

	Sweden
	
	
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	1
	
	
	


Table 6. Cadmium in herring (Clupea harengus), number of stations included in indicator calculations (median and/or trend)

	Herring
	
	1985
	1986
	1987
	1988
	1989
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	Finland
	
	
	5
	5
	5
	4
	5
	5
	4
	5
	
	3
	4
	
	
	

	Poland
	
	
	
	3
	3
	5
	3
	3
	1
	1
	1
	1
	
	
	
	

	Sweden
	
	
	5
	5
	4
	5
	5
	5
	5
	5
	5
	5
	2
	1
	1
	1


Table 7. Cadmium in flounder (Platichthys flesus), number of stations included in indicator calculations (median and/or trend)

	Flounder
	
	1985
	1986
	1987
	1988
	1989
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	Belgium
	
	
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	1
	1

	Denmark
	
	
	2
	2
	2
	1
	1
	1
	2
	2
	1
	
	1
	1
	
	

	France
	
	
	1
	1
	1
	1
	1
	1
	1
	1
	
	1
	1
	
	
	

	Germany
	
	
	4
	3
	
	6
	4
	
	8
	8
	4
	
	2
	
	
	

	The Netherlands
	
	
	3
	3
	3
	3
	3
	4
	5
	3
	3
	3
	2
	3
	3
	3

	Norway
	
	
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2
	3
	2
	3
	2

	Sweden
	
	
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	


More detailed information can be found in EEA file:  HS-Fact-Sheet-Cd-011102

	Meta data
Technical information
1. Data source

The input data (1990-1999) are taken from the 1998 OSPAR Summary Report on Riverine Inputs and Direct Discharges (RID) supplemented with data provided by OSPAR for the years 1997-1999, and concern the North-East Atlantic. The CAMP data on atmospheric inputs (1987-1995) are taken from the same report but only cover the North Sea. No comparable data are available from other European Seas. 

Not all contributions of the EU member states to the inputs of hazardous substances into coastal waters are available for the period 1990-1999. For the North-East Atlantic including the North Sea, annual data of OSPAR on inputs are the ‘best’ data available and are used for trend detection. But even the OSPAR data set is incomplete. Also irregular and questionable regular time series are observed. For the Baltic Sea, HELCOM (1998) only has data on 1995 inputs. According to the recent report of EEA/UNEP (1999) no input data and time series are available for the Mediterranean Sea. For the North-East Atlantic, OSPAR (1998b) has data for the period 1990-1996 in the workshop report. OSPAR (1998b) has also an integrated assessment of inputs in comparison to biological contaminants and supplementary input data for 1997-1999. For the Baltic Sea, HELCOM has data from 1995 from the Third Baltic Sea Pollution Load Compilation. There is no input data or time series data available for the Mediterranean.

For the Black Sea, a short series of input loads from Priority Point Sources in Romania have been found, reported in the report of the Black Sea Commission (2002).

For assessment of concentrations in biota, OSPAR and HELCOM data submitted via the ICES database to EEA provided data for the North-East Atlantic and Baltic. France and Greece provided data for the Mediterranean Sea. The assessment of concentrations in biota (1985-1999) is based on unbalanced and inconsistent contributions from OSPAR, HELCOM and EEA countries due to incomplete reporting to ICES (cf. Tables 4-7). For the supplementing data submitted by countries, more work is needed on ensuring reporting quality before they can be used in assessments. Assessment for the Mediterranean was based on data from only two countries (France and Greece). Supplementing data have also been received from other countries, but more work on quality assurance in the reporting of these data needs to be done before they can be used in the assessments. The issues relate in particular to incomplete meta-information about basis of measurements (wet/dry/lipid) and about observations below detection limit. 

There was insufficient data available to make a minimal assessment of levels and trends in sea water and sediment.

2. Description of data

OSPAR input data are available for the period 1990-1998 and HELCOM data for 1995. Reliable data on inputs before 1990 are not available. Georeferenced data were not available to create accurate maps of inputs.

A short input load time series from Selected Priority Sources in Romania has been included from the Black Sea Commission Report (2002).

Blue mussel data is from 10 North-East Atlantic countries, 2 Mediterranean countries and 1 Black Sea country (Table 4 and Map 1). Atlantic cod data were available from 5 North-East Atlantic countries (Table 5, Map 2). Herring data were available from 3 Baltic countries (Table 6, Map 2). Flounder data was available from 7 North-East Atlantic countries (Table 7). 

3. Geographical coverage

Riverine input data are available for the North-East Atlantic and Baltic (Denmark, Finland, Germany and Sweden) for period 1990-1999. Time series on atmospheric inputs are available for the North Sea (525,000 km2).

Data on concentrations in the blue mussel in the North-East Atlantic were available for every country  bordering this sea area except Denmark and Portugal and data on concentrations in the Mediterranean mussels were available for France and Greece (Table 4).

Data on concentrations in cod from the North-East Atlantic that were used are from Belgium, The Netherlands, Norway, Poland, Sweden and United Kingdom. (Table 5). Data for herring are from Finland, Poland and Sweden. (Table 6), and for flounder from Belgium, Denmark, France, Germany, The Netherlands and Sweden (Table 7).

From Newly Independent States and Eastern Europe in general, it has not been possible to include much data. Concentrations in mussels in 2001 have been reported from three locations on the Romanian coast, and these data have been included, although they do not necessarily give a representative picture of conditions in the Black Sea.

4. Temporal coverage

OSPAR has riverine input data for the period 1990-1999. For Denmark there is no data for cadmium input for the period 1991-1999. For France no data are available on inputs of hazardous substances at all for the years 1997 and 1999. For Portugal there is no available input data on heavy metals for the year 1996. For Sweden there is no available data on metal inputs in the year 1996. HELCOM has input data only for 1995. Data on atmospheric deposition in the North Sea are available for 1987-1995 only.

Temporal trend data for biota generally covers the period 1985-1999, but most series are far from complete. Many series cover only a small part this period, for others, there are large gaps, up to 9 years, of missing observations. In some areas, different stations were sampled in different years. The available data for each time series have been used for trend detection. Number of stations for each country and year are shown in Tables 4-7, and for a country varied from 0 to 30 stations monitored annually. For the Mediterranean, the French data covers the period 1985-1999, while Greek data are from 1993‑1999.

The incomplete input data from the Black Sea covers the years 1997-2000, and the concentrations in mussel are only from 2001. 

5. Methodology and frequency of data collection.

Generally, annual high and low input values are provided to OSPAR from member states. Input calculations follow agreed OSPAR protocols. Atmospheric inputs into the North Sea were estimated using Method III from the CAMP (Comprehensive Atmospheric Monitoring Programme) Principles (OSPAR, 2001). 1995 assessment loads to the Baltic were estimated by HELCOM guidelines. No periodic assessment of loads for the Mediterranean is available.

For monitoring mussels and fish, member countries have applied different guidelines.

6. Methodology of data manipulation.

Inputs

The OSPAR data set contains high and low input values as tonnes per year per region. The lower estimate in the data base is calculated in such a way that any result below the detection limit is considered equal to zero, while for the upper estimate, the value of the detection limit is used. For the indicator, of all inputs the average is calculated of the high and low annual input values per station. Using these average values for all stations and measurement locations the sum of direct and riverine input into the coastal waters of the North-East Atlantic in 1990 is calculated and set equal to 100 %. Next, yearly inputs and contributions to the inputs in the period 1990-1999 are expressed as percentages of the 1990 input (Fig. 1A). 

The same procedure is applied for atmospheric input (Fig. 1A).

Concentrations in mussels and fish

Data for mussels and fish are reported on different bases (wet weight, dry weight, lipid weight), and with varying amount of information for converting between bases. The available data were inspected, and data were converted, using sample-specific information, to the basis that seemed to give the best coverage over stations and time, considered separately for species/tissue and parameter group.  In cases where basis varies over time within station, data that could not be converted to the chosen basis from sample-specific information were discarded in the statistical analysis.  Thus, it was chosen not to use data that had to be converted by general factors, as this might introduce artificial time trends in many cases.

Some data sets were discarded because of insufficiently reported observations below detection limit that might bias the estimates. In such cases, whole data sets were discarded and not just below detection limit values.

Time series were identified by station code where available, otherwise by location coordinates. Because of this, some data that constitute parts of the same time series may have been separated into different data series in the analysis because coordinates may vary for a station.

Raw data were aggregated into yearly median values within each time series for the statistical analysis. The stations have varying amount of replicate samples per date, and varying number of dates per year. For each data series (species, tissue, location and contaminant), simple median values per year were calculated. For the French Mediterranean data on Mytilus galloprovincialis, log-transformed concentrations were analysed by variance analysis, using Station*Year and Season (1-4) as factors. The Seasons 1-4 were: day 30-70, 120-170, 210-250 and 300-340). Most of the samples were collected in February, May, August or September, respectively, but also from the following months. Up to 1991, the sampling is more evenly distributed between all 12 months, but still with concentration about the 4 periods mentioned above. For all years, the sampling is distributed more or less equally over all 4 seasons. The extracted yearly values for the French Mediterranean data represent autumn levels. The yearly estimates from this analysis, with seasonality removed, was used for trend analysis. For Greek data on metals in M. galloprovincialis, the trend tests were done using individual sample dates, as there were 2-4 sampling times a year, with seemingly little seasonality or serial correlation.

For all data, observations reported as below a defined detection limits were handled as ranges (0‑detection limit), giving low-high ranges also for sums over parameters and for median values for several observations.

Monotone time trends were tested using Mann-Kendall statistics (ICES, 1999), modified by taking low-high ranges explicitly into account in counting concordant, discordant and tied observation pairs. Time trends are based on all available data from 1985 to 1999 for each time series - the time coverage is very variable between series. However, some of the trends shown may be based on mainly older data. Significance of trends is based on two-sided test with a nominal 5 % significance level, separately for each time series, without regard to serial correlation. Assessments of 'No trend' (i.e. no statistically significant trend) may be due both to actual lack of trend and to insufficient data.

The median of the available data 1995-1999 were calculated as measures of recent contaminant levels shown in the maps. Stations without any data after 1994 are not included in the maps. Medians were compared to "Low" and "High" concentrations (Table 1).

The general changes in concentrations for each sea (Fig. 1B and 1C) are based on the yearly aggregate values (averages) for each combination of location, year, species and tissue. Details of the calculation of these yearly averages are given in the text above. The overall time trends have been extracted from these aggregates for each species, tissue and region. Only series with data for at least 3 years, and with data at least up to 1994 have been used. To diminish the effect on apparent time trends of changing geographical coverage between years, overall yearly average values have been extracted by variance analysis (general linear model - GLM) with location and year as factors. The aim of this is to separate the variation due to stations from the change over time, and achieve yearly averages that are adjusted for differences in geographical coverage between years. Some apparent changes in time may still be due to changes in geographical coverage between years. The analysis has been done using scaled values with the average value of each series, to get a representative average of relative variation over time, regardless of absolute levels at each station.

Figures 1B and 1C show concentrations as % of the average value, based on upper limits of estimated yearly aggregates, for the year 1990. The regional trends only show the trends based on upper limits of yearly average ranges. The differences between lower limits and upper limits are large for Atlantic cod in 1992-1993, but otherwise are of no importance.




	Quality of information

Lack of consistent or reliable data from the marine conventions or EEA member countries inhibit adequate assessment levels and trends of cadmium in European marine waters. Aggregated data does not necessarily convey the uncertainty these problems cause, however, in general terms the more data that are used the more certain the results and the less sensitive the analysis is to missing data and unreliable data. 

1. Strength and weakness (at data level): 

OSPAR input database is updated annually, except for atmospheric input data which is done at irregular intervals. HELCOM database is also regularly updated, however no data for the Mediterranean is available.

Some time series for biota are long with fairly good QA, while others have incomplete temporal coverage, or lacks important information. Inadequate reporting of observation below detection limit is a problem in some data sets. This is particularly important for contaminants where delectability have improved over time due to analytical developments. Incomplete information about basis of measurement (wet weight, dry weight, lipid weight) is another important deficiency in some data sets. For some data sets, the basis has changed in time, without adequate information about conversion factors for each sample. This limits the use of the data for time trend analysis. 


2. Reliability, accuracy, robustness, uncertainty (at data level):

Input data: 
These elements of quality information depend on sampling and analysis procedure, and on variations in both freshwater run-off and suspended solids content. Determining riverine inputs is complex and laborious. For each river inflow this includes frequent flow measurements, frequent sampling and analysing for (often hardly detectable) hazardous substance concentration, and calculating yearly input loads from this information. As a consequence, the data in the OSPAR and HELCOM data bases are incomplete and the data on riverine inputs are not always reliable and comparable to each other. Also some data on inputs in the databases are estimated. Data on inputs before 1990 are still less reliable and therefore are not used. The difference between the high and low values in the data base (dependent on the detection limit) and the average values used here gives an indication of the reliability of the data. For direct and riverine inputs, these differences amount to about 20-30% for cadmium.

Atmospheric deposition:
Determining atmospheric inputs is complex. The atmospheric input data are estimated using wet deposition measurements, probably leading to overestimated values (OSPAR 1998b).

Concentrations in biota:
For mussels and fish the quality of information depends on the choice of time series. The characteristics of this information depend on the choice of sampling strategy, completeness and duration of sampling, and the chemical analytical quality of data. For example, concentrations of hazardous substances in organisms may be sensitive to seasonal variations, age and sex of the organism (AMAP 2000). Sampling strategies generally aim to control the influences of these variables and how well these strategies are followed are paramount to the quality of the results. Due to relatively long half-life times of some hazardous substances in organisms, the often slow change in expected exposure, and large natural variability, long time series may be needed to clearly determine trends. 

Temporal trend test:
The Mann-Kendall test is a robust and widely accepted approach, but it has been applied here only on a series-by series basis. For independent observations within and between time series, about 5 % of trends will be deemed significant if in fact there is no trend. The time series analysed here may have both serial correlation in time and spatial correlation between locations, so the overall significance of trends cannot without reservations be based on the frequency of significant individual trends.


3.
Overall scoring (give 1 to 3 points: 1=no major problems, 3=major reservations): 2


Relevancy: moderate (see below) 


Accuracy: poor - no overall estimate of certainty of assessment - insufficient investigation of serial of spatial correlation of data. No consideration of power or confidence limits in determining trends.


Comparability over time: moderate - inconsistent sampling - incomplete information


Comparability over space: poor - lacking knowledge of representativeness (hot spots vs. locations representative of larger areas)




Further work required (for data level and indicator level)

Effort has to be put into the set-up of a database for atmospheric inputs (at the same geographical scale as for direct and riverine inputs). For each regional coastal water, the total sum of atmospheric, direct and riverine input should be presented in future. 

At the European level a monitoring strategy for load calculations should be developed leading to standardised and harmonised sampling and analysing procedures, and yearly reporting (on sampling conditions and on the representativeness of the samples). Apart from data completeness data quality should be given more attention. 

More effort has to be put into getting comparable and representative data on concentrations of hazardous substances in organisms from all European regional seas, with sufficient additional information about the data. The protocols and procedures for reporting and collecting data into Marinebase should be revised, based on the experience from the present work, and in consideration of the concerns discussed above, in collaboration with the various data sources. The procedures should ensure that sufficient information is given about reported data for a valid assessment of spatial and temporal development. More work should be done to identify data belonging to a single time series despite minor variations in coordinates.

The methods for time trend assessments should be further developed, taking into account serial correlation in time, as well as spatial correlation between locations, to make regional assessments. A broader spectrum of methods should be considered (smoothers, parametric models). It should be investigated further how missing or incomplete data can be taken into account.

Furthermore, there is a need at country level to report more intensive spatial and temporal trend monitoring of cadmium. At the European level a monitoring strategy should be developed leading to standardised and harmonised sampling and chemical/statistical analytical procedures and yearly reporting (inter alia on sampling conditions and the representativeness of the samples) (ICES, 2000). Long-time series from fixed stations, representing the area or region in question, will be of great importance. Sampling the same stations each year will best ensure comparability among different years.

Temporal trend assessment can be greatly improved by applying knowledge of local influences and consistent monitoring of representative stations where appropriate sampling strategies have been applied. More information about the purpose and context of monitoring at the different locations would help in targeting the statistical analysis towards answering defined questions. For instance, locations strongly influenced by a point source, and with possible event-dominated variations in levels, should be considered separately from locations representing a general regional development.

Development of management tools such as food limit values, background/reference concentrations (BCR) or ecotoxicological assessment criteria (EAC) would enhance and speed up the evaluation process of hazardous substances.
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