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1. Introduction

1.1. Background
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1.2. Hazardous substances
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2. Pressure indicators of hazardous 
substances

2.1. Methodology
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2.2. Data collection and data 
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The European coastal waters Figure 2.1.

Available data on direct and riverine inputs from OSPAR, Helcom and UNEP/MAP Table 2.1.

Substance Coastal water area and country 
contribution (1) to inputs

Time series (2) available in the 
period 1990–98

Cadmium OSPAR area:

• Belgium, Germany, Ireland, Netherlands, Norway, UK 1990–98

• Denmark 1990

• France 1990–96

• Portugal, Sweden 1990–95, 1997–98

• Spain 1993–95, 1997–98

Baltic Sea
(Denmark, Finland, Germany, Sweden)

1995

Mediterranean 
(France, Greece, Italy, Spain)

n.d.
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Mercury OSPAR area:  

• Belgium, Germany, Netherlands, Norway, UK 1990–98

• Denmark 1990

• France 1990–96

• Ireland 1990–95

• Portugal, Sweden 1990–95, 1997–98

• Spain 1997–98

Baltic Sea
(Denmark, Finland, Germany, Sweden)

1995

Mediterranean
(France, Greece, Italy, Spain)

n.d.

Lead OSPAR area:

• Belgium, Germany, Ireland, Netherlands, Norway, UK 1990–98

• Denmark 1990

• France 1990–96

• Portugal, Sweden 1990–95,1997–98

• Spain 1991–92, 1994–95, 1997–98

Baltic Sea
(Denmark, Finland, Germany, Sweden)

1995

Mediterranean 
(France, Greece, Italy, Spain)

n.d.

Zinc OSPAR area:

• Belgium, Germany, Ireland, Netherlands, Norway, UK 1990–98

• Denmark 1990

• Portugal, Sweden 1990–95, 1997–98

• Spain 1991–98

Baltic Sea 
(Denmark, Finland, Germany, Sweden)

1995

Mediterranean 
(France, Greece, Italy, Spain)

n.d.

Lindane OSPAR area:

• Germany, Netherlands, Norway, UK 1990–98

• Belgium 1990–95, 1997–98

• Denmark 1990–95.

• France 1990–96

• Ireland, Sweden) n.d.

• Portugal 1993–95

• Spain 1997–98

Baltic Sea 
(Denmark, Finland, Germany, Sweden)

n.d.

Mediterranean 
(France, Greece, Italy, Spain)

n.d.

PCB7 OSPAR area:

• Germany, Netherlands, Norway, UK 1990–98

• Belgium 1990–95, 1997–98

• Denmark 1990–95

• France 1990–96 (3)

• Ireland, Spain, Sweden n.d.

• Portugal 1992–95

Baltic Sea 
(Denmark, Finland, Germany, Sweden)

n.d.

Mediterranean 
(France, Greece, Italy, Spain)

n.d.

 TBT OSPAR area, Baltic Sea, Mediterranean n.d.

(1) Only EEA member countries are considered.
(2) n.d. = no data.
(3) Input data comprise only five congeners instead of seven.

Substance Coastal water area and country 
contribution (1) to inputs

Time series (2) available in the 
period 1990–98
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2.3. Aggregation and presentation
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2.4. Results of testing
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Figure 2.3.
Trend in sum of direct and riverine inputs into the north-east Atlantic including the North Sea in the period 
1990–98, averaged for cadmium, mercury, lead, zinc, lindane and PCB7, and based on OSPAR data 
(the input of each substance in 1990 is 100 %)
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Note:A curve using the actual OSPAR data is presented as well as a curve with tentative corrections of the data 
(the input of each substance for both cases in 1990 is 100 %).
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Trend in the sum of direct and riverine inputs into the north-east Atlantic including the North Sea in the
period 1990–98, aggregated for cadmium, mercury, lead, zinc, lindane and PCB7 Figure 2.4.

Trend detection for the sum of direct and riverine inputs, using actual and
corrected data and using different trend detection methods Table 2.2.

Method applied Decrease using actual 
OSPAR data

(%)

Decrease using corrected 
data
(%)

Simple and straightforward 42 39

Linear trend using method of least squares 42 48
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Table 2.3. Decrease in the direct and riverine input of hazardous substances in the period 1990–98, 
based on trend detection

Substance Decrease using actual OSPAR data
(%)

Decrease using corrected data
(%)

Cadmium 47 51

Mercury 66 66

Lead 34 40

Zinc 18 26

Lindane 37 42

PCB7 (1) 51 47

Average 42 39

(1) The PCB7 inputs of the UK are unreliable and probably overestimated. This may affect the results of the trend 
detection for this substance.

Figure 2.5.
Trends in the sum of direct and riverine inputs of hazardous substances into the north-east 
Atlantic including the North Sea in the period 1990–98, based on OSPAR data 
(the sum of input of each substance in 1990 is 100 %)
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Note:Time series of the input of PCB7 into the Bay of Biscay and the Iberian coast comprises only the period 
1992–95. Input data of Spain are lacking for zinc and lindane in 1990, while reported inputs in 1998 are relatively 
high. Due to this lack of data, no percentages of change of inputs into the Bay of Biscay and the Iberian coast are 
calculated for zinc, lindane and PCB7.

Percentage of change in the sum of direct and riverine input of hazardous substances into the north-east
Atlantic including the North Sea, between 1990 and 1998, based on OSPAR data Table 2.4.

Substance Arctic waters Greater North Sea Celtic seas Bay of Biscay and 
Iberian coast

Cadmium – 83 – 30 – 68 – 18
Mercury – 47 – 62 – 74 – 77
Lead – 46   – 9   – 3 – 91
Zinc    7  – 31 – 26 n.c.

Lindane – 76 – 39   – 9 n.c.

PCB7 – 95 – 40 – 61 n.c.

n.c. = not calculated, as time series for the Bay of Biscay and the Iberian coast are incomplete; blue: more than 
40 % decrease in the period 1990–98; green: between 40 and 20 % decrease in the period 1990–98; yellow: 
between 20 and 0 % decrease in the period 1990–98; red: increase in the period 1990–98.

Percentage of change in the sum of direct and riverine input of hazardous substances into the north-east
Atlantic including the North Sea between 1990 and 1998 (comparison of two years), based on OSPAR data Figure 2.6.
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Note:Input data for Denmark covers only 1990 and is not presented.

Figure 2.7. Contributions of countries to direct and riverine inputs of zinc into the north-east Atlantic including the 
North Sea during the period 1990–98, based on OSPAR data (total zinc input in 1990 is 100 %)
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Inputs of cadmium, mercury and lead from different sources into the North Sea (525 000 km2)
in 1995, based on deposition measurements in coastal stations surrounding the North Sea Table 2.5.

Input source Cadmium Mercury Lead

Tonnes % Tonnes % Tonnes %

Direct 2.5 3 0.6 3 61 3

Riverine 53 69 15.5 77 1 361 65

Atmospheric 22 28 4 20 670 32

Total 78 100 20 100 2 092 100

Source: OSPAR/ASMO 
1998, using average 
values for direct and 
riverine inputs.
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2.5. Conclusions and 
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Figure 2.8.
Trend in atmospheric inputs of cadmium, mercury and lead into the North Sea in the period 1987–95, based 
on OSPAR data derived from deposition measurements in coastal stations surrounding the North Sea 
(the atmospheric input of each metal in 1990 is 100 %)
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3. State indicators of hazardous 
substances

3.1. Methodology
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3.2. Availability of data on sediment 
concentrations
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3.3. Availability of data on 
concentrations in organisms
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3.4. Aggregation and presentation
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Trend analysis by OSPAR/MON (1998) performed on time series for concentrations of six hazardous
substances in organisms in the north-east Atlantic including the North Sea Table 3.1.

Substance Length of time series 
(years)

Number 
analysed

Number (1) of linear 
trends up

Number (1) of linear 
trends down

Cadmium 5–6
7+

34
36

0
1

2
3

70 1 5

Mercury 5–6
7+

32
64

0
1

3
8

96 1 11

Lead 5–6
7+

36
20

0
2

6
2

56 2 8

Zinc 5–6
7+

38
55

2
3

3
6

93 5 9

Lindane 5–6
7+

20
38

1
0

3
19

58 1 22

PCB7 5–6
7+

7
0

0
0

0
0

7 0 0

Total of six 
hazardous 
substances

5–6
7+

160
220

3
7

17
38

380 10 55

(1) Only temporal trends with a significant linear component (P < 0.05) and no significant non-linear component 
(7+ years time series) are reported.
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Table 3.2. Upper limit of BCR or EAC ranges for hazardous substances in blue mussel according to OSPAR/MON (1998)

Substance Upper limit of EAC 
ranges (1)

Upper limit of BCR 
value (1)

Unit

Cadmium 550 ng/g dry weight

Mercury 50 ng/g dry weight

Lead 950 ng/g dry weight

Zinc 150 000 ng/g dry weight

Lindane 40 ng/g fat weight

(1) The lower limit is about 10 times smaller.

Figure 3.1.
Ecological reference index value for cadmium in blue mussel in the north-east Atlantic 
including the North Sea in the period 1990–96 (minimum, average and maximum of median 
values observed in a year for all locations)

Figure 3.2.
Ecological reference index value for mercury in blue mussel in the north-east Atlantic 
including the North Sea in the period 1990–96 (minimum, average and maximum of median 
values observed in a year for all locations)
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3.5. Results of testing
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Ecological reference index value for lead (upper limit) in blue mussel in the north-east Atlantic
including the North Sea in the period 1990–96 (minimum, average and maximum of median

values observed in a year for all locations)
Figure 3.3.

Ecological reference index value for zinc in blue mussel in the north-east Atlantic
including the North Sea in the period 1990–96 (minimum, average and maximum of median

values observed in a year for all locations)
Figure 3.4.
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3.6. Comparison of pressure and 
state indicators for hazardous 
substances
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3.7. Conclusions and 
recommendations
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Figure 3.5.
Ecological reference index value for lindane in blue mussel in the north-east Atlantic 
including the North Sea in the period 1990–96 (minimum, average and maximum of median 
values observed in a year for all locations)
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Annex 1

Sum of direct and riverine inputs of hazardous substances into the north-east Atlantic
 including the North Sea in the period 1990–98

Average percentage (1) Aggregated values

Cadmium Mercury Lead Zinc Lindane PCB7 minimum maximum average

1990 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1991 89.8 73.3 70.2 85.8 85.5 53.5 53.5 89.8 76.3

1992 88.9 80.5 66.1 88.9 64.0 36.8 36.8 88.9 70.9

1993 55.6 65.7 75.4 90.3 85.6 65.2 55.6 90.3 73.0

1994 63.8 61.0 85.0 103.4 76.8 65.1 61.0 103.4 75.8

1995 67.6 53.2 76.9 114.2 84.7 58.5 53.2 114.2 75.9

1996 44.1 25.7 50.3 68.9 57.5 38.2 25.7 68.9 47.5

1997 48.1 33.3 44.4 86.9 76.9 23.5 23.5 86.9 52.2

1998 52.6 33.7 66.1 82.2 63.5 48.9 33.7 82.2 57.8

(1) Total input in 1990 for each substance is 100 %.
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Annex 2

Country contributions to direct and riverine inputs of hazardous substances into the north-east Atlantic 
including the North Sea in the period 1990–98 and in the Baltic Sea in 1995
(as % of total input of each substance in 1990)

Cadmium Belgium Denmark France Germany Ireland Netherlands Norway Portugal Spain Sweden UK % Baltic

Denmark Finland Germany Sweden

1990  3.9 0.5 4.3 7.8 3.1 9.5 14.9 8.3 - 0.6 47.1 100.0

1991  3.6 - 3.0 6.6 3.1 6.4 7.6 13.8 - 0.3 45.3 89.8

1992  6.1 - 4.1 9.7 2.1 5.2 7.3 22.0 - 0.5 31.8 88.9

1993  3.1 - 2.9 8.4 1.6 4.3 6.6 1.6 0.1 0.1 26.9 55.6

1994  3.2 - 2.9 7.5 2.2 11.7 8.5 3.6 0.1 0.4 23.7 63.8

1995  3.5 - 2.5 6.9 2.0 24.4 8.3 0.2 0.1 0.2 19.6 67.6

1996  2.7 - 2.0 5.2 3.6 7.7 5.4 - - - 17.5 44.1

1997 2.4 - - 5.8 2.3 3.7 4.8 1.2 13.3 0.4 14.1 48.1

1998 2.2 - - 5.7 3.2 8.9 7.1 0.6 6.2 0.5 18.1 52.6

Baltic 1995 0.40 2.19 0.17 1.22

Mercury Belgium Denmark France Germany Ireland Netherlands Norway Portugal Spain Sweden UK % Baltic

Denmark Finland Germany Sweden

1990  9.9 0.3 14.0 25.9 6.0 7.8 2.1 12.0 - 0.3 21.6 100.0

1991  2.8 - 6.6 24.6 6.0 8.1 1.2 4.3 - 0.3 19.3 73.3

1992  1.7 - 21.4 27.1 5.9 8.0 1.3 0.1 - 0.3 14.7 80.5

1993  6.4 - 2.0 24.7 5.9 8.5 1.2 0.6 - 0.3 16.1 65.7

1994  7.6 - 2.7 13.9 5.9 15.7 0.9 2.1 - 0.2 11.9 61.0

1995  1.5 - 2.0 11.4 5.9 19.8 1.3 0.9 - 0.4 10.1 53.2

1996  0.1 - 1.2 7.2 - 8.1 1.2 - - - 8.0 25.7

1997 0.6 - - 4.8 - 6.6 1.0 2.8 6.4 0.2 10.8 33.3

1998 1.5 - - 5.3 - 5.3 7.0 1.8 1.0 0.3 11.5 33.7

Baltic 1995 0.80 2.43 0.26 1.22

Lead Belgium Denmark France Germany Ireland Netherlands Norway Portugal Spain Sweden UK %

1990  1.2 0.3 6.8 9.6 2.9 15.7 5.5 30.8 - 0.4 26.8 100.0

1991  1.7 - 6.8 13.5 2.9 10.4 4.7 3.6 0.3 0.2 26.1 70.2

1992  1.5 - 5.0 14.3 3.7 10.0 3.2 5.4 0.1 0.2 22.7 66.1

1993  1.7 - 4.5 17.1 2.5 17.8 2.7 0.3 - 0.1 28.6 75.4

1994  2.2 - 7.7 11.2 3.6 31.8 3.7 0.3 0.1 0.5 23.9 85.0

1995  2.0 - 2.5 8.4 2.9 39.5 3.7 0.1 0.1 0.4 17.4 76.9

1996  2.0 - 3.0 5.7 5.2 17.3 2.8 - - - 14.1 50.3

1997 1.8 - - 6.9 5.5 10.6 2.9 1.9 0.8 0.4 13.7 44.4

1998 2.3 - - 8.2 6.5 11.7 6.8 0.2 2.4 0.6 27.2 66.1
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Zinc Belgium Denmark France Germany Ireland Netherlands Norway Portugal Spain Sweden UK % Baltic

Denmark Finland Germany Sweden

1990  2.5 0.7 2.0 15.5 7.3 17.5 14.7 3.3 - 2.1 34.3 100.0

1991  3.2 - 2.0 15.2 7.3 11.1 9.1 1.3 2.3 1.8 32.5 85.8

1992  2.2 - 2.0 22.1 7.1 11.6 7.6 0.1 0.6 1.5 34.1 88.9

1993  2.2 - 2.0 22.0 7.5 14.6 8.3 0.6 3.7 1.4 28.0 90.3

1994  2.3 - 2.0 16.7 9.2 31.8 7.8 1.0 0.8 1.6 30.0 103.4

1995  3.8 - 2.0 13.1 12.2 48.3 8.5 0.4 0.1 1.4 24.3 114.2

1996  3.2 - 2.7 9.5 8.2 16.9 8.8 - 1.1 - 18.5 68.9

1997 3.4 - - 9.4 6.1 10.8 8.0 1.8 26.9 1.0 19.5 86.9

1998 4.4 - - 11.3 6.1 12.3 11.1 0.6 11.3 1.5 23.6 82.2

Baltic 1995 0.16 5.62 0.17 11.33

Lindane Belgium Denmark France Germany Ireland Netherlands Norway Portugal Spain Sweden UK %

1990  5.7 1.5 9.8 19.1 - 0.9 30.0 - - - 32.9 100.0

1991  6.2 1.5 9.8 10.5 - 0.4 14.6 - - - 42.5 85.5

1992  4.6 1.5 9.8 11.6 - 0.6 5.5 - - - 30.4 64.0

1993  4.5 1.5 9.8 10.7 - 20.2 5.1 0.2 - - 33.7 85.6

1994  4.2 1.5 9.8 14.6 - 12.9 4.9 0.8 - - 28.1 76.8

1995  3.1 1.5 9.8 16.3 - 20.7 6.0 0.2 - - 27.1 84.7

1996  - - 5.6 13.4 - 16.8 4.2 - - - 17.5 57.5

1997 3.7 - - 20.7 - 16.8 4.4 - 11.4 - 19.8 76.9

1998 6.2 - - 14.6 - 14.5 4.7 - 0.8 - 22.6 63.5

PCB7 Belgium Denmark France Germany Ireland Netherlands Norway Portugal Spain Sweden UK %

1990  1.0 1.0 3.2 4.6 - 4.8 15.6 - - - 69.7 100.0

1991  0.8 1.0 5.2 2.9 - 4.2 1.2 - - - 38.2 53.5

1992  0.9 1.0 4.2 1.4 - 3.2 1.3 0.2 - - 24.7 36.8

1993  6.8 1.0 4.2 1.7 - 4.2 0.7 0.8 - - 45.8 65.2

1994  7.2 1.0 5.2 3.1 - 9.7 1.8 2.7 - - 34.5 65.1

1995  1.5 1.0 4.2 4.7 - 15.2 0.9 0.8 - - 30.3 58.5

1996  - - 3.2 4.1 - 6.5 0.5 - - - 23.9 38.2

1997 2.1 - - 3.5 - 5.5 0.7 - - - 11.6 23.5

1998 4.4 - - 2.8 - 5.8 0.7 - - - 35.2 48.9
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Annex 3

ERI values of hazardous substances in the blue mussel
(aggregated over all locations)

Cadmium 1990 1991 1992 1993 1994 1995 1996

Average 3.20 3.29 2.48 2.85 2.07 2.28 1.94

Minimum 0.76 1.13 0.95 1.00 0.40 0.70 0.84

Maximum 6.73 9.62 4.35 8.02 3.58 5.93 2.91

Mercury 1990 1991 1992 1993 1994 1995 1996

Average 3.68 7.45 5.14 3.75 3.28 3.38 2.41

Minimum 0.75 0.95 0.79 0.64 0.96 0.67 0.77

Maximum 14.20 60.20 19.52 24.40 7.04 13.58 7.30

Lead 1990 1991 1992 1993 1994 1995 1996

Average 1.96 1.84 2.18 1.93 1.86 1.90 1.64

Minimum 0.66 0.78 0.83 0.90 1.09 0.53 0.66

Maximum 3.52 3.87 4.16 4.98 3.03 5.33 2.33

Zinc 1990 1991 1992 1993 1994 1995 1996

Average 1.32 1.17 1.22 0.79 0.87 0.96 0.82

Minimum 0.21 0.43 0.64 0.17 0.48 0.49 0.54

Maximum 3.81 3.19 2.79 2.59 1.41 1.93 1.64

Lindane 1990 1991 1992 1993 1994 1995 1996

Average 4.61 1.76 1.25 0.59 0.54 0.46 0.62

Minimum 0.26 0.36 0.17 0.19 0.12 0.12 0.11

Maximum 37.50 11.75 6.25 1.55 2.50 2.75 2.75
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