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Background and introduction 

In 2004, the EEA established a core set of indicators (CSI’s) to fulfil three main purposes: to provide a manageable and stable basis for indicator-based reporting by the EEA; to prioritise improvements in the quality and geographical coverage of data flows, especially Eionet priority data flows; and, to streamline EEA/Eionet's contributions to other European and global indicator initiatives, for example, EU structural indicators, EU sustainable development indicators and OECD environment indicators. 

The chosen CSI’s were selected based on a number of criteria including ‘policy relevance’, ability to ‘monitor progress towards quantified targets’ and, be based on ‘readily available and routinely collected data’, see; http://themes.eea.europa.eu/IMS/whycsi
Five CSI’s are of relevance to the freshwater theme; 

● CSI 018 – Use of Freshwater Resources

● CSI 019 – Oxygen Consuming Substances in Rivers

● CSI 020 – Nutrients in Freshwater 

● CSI 022 – Bathing Water Quality (with respect to inland bathing water sites)

● CSI 024 – Urban Wastewater Treatment

This document collates recent first draft updates of CSI’s 019 and 020. These, currently, include all potential relevant information (including maps and figures) but it is anticipated that following a review process, a slimming down of material will occur, reducing the length of these draft versions. The choice of these particular draft indicators for presentation at the workshop relates to the recent adoption of improved methodologies and, the wish for feedback on these approaches. The recent developments include issues with respect to; 

● Aggregation of data to the river basin district (RBD) scale

● Statistical methods, including criteria for selection of time series and interpolation of missing values.

● Representativeness of stations within RBD’s (CSI019 only)

● The grouping of country trends into ‘sea regions’ to better link to the coastal and marine environment

CSI020 Nutrients in freshwaters - Surface Waters
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Are concentrations of nutrients in our freshwaters decreasing?

Key message

The average nitrate concentration in European rivers has decreased approximately 13 % since 1992 from 2.5 to 2.2 mg N/l, reflecting the effect of measures to reduce agricultural inputs of nitrate. Phosphorus concentrations in European rivers and lakes have also decreased during the last two decades, by more than 30% since 1992. This reflects the general improvement in wastewater treatment and reduced phosphate content of detergents over this period.
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Fig. 1: Average concentrations of nitrate and phosphorus in European surface waters in the period 1992-2009. Left panel: nitrate in rivers. Right panel: orthophosphate in rivers (green) and total phosphorus in lakes (red). Whole line: only stations with consistent series 1992-2007 are included; stipled line only stations consistent series 2000-2007 are included (see Methodology). 
Note: For more information on the data series, see the notes to Figures 3, 5, 8 and 11.
Data source: WISE-SoE Rivers and  WISE-SoE Lakes (Version July 2008)
Downloads and more info

Key assessment

Nitrate in rivers

See also WISE interactive maps: Mean annual Nitrates in rivers 
At the European level there has been a decrease in concentrations of nitrate in rivers, which is consistent with the recent EC report [2] on implementation of the Nitrates Directive [3]. Agriculture is the largest contributor of nitrogen pollution, and due to the EU Nitrate Directive and national measures the nitrogen pollution from agriculture has been reduced in some regions during the last 10-15 years, this reduced pressure is reflected in lower river nitrate concentrations. Also the European air emissions of nitrogen oxides have been reduced over the last 15 years [6] and the deposition of nitrogen on inland surface waters have decreased.
Phosphorus in rivers and lakes

See also WISE interactive maps: Mean annual Orthophosphate in rivers & Mean annual Total Phosphorous in lakes
The average concentrations of total phosphorus in European lakes is almost halved over the past 16 years. The concentrations of ortophosphate in rivers has also decreased during this period, although less markedly than for lakes. The decrease is due to the measures introduced by national and European legislation, in particular the Urban Waste Water Treatment Directive [4], which involves the removal of nutrients. Also the change to use of phosphate-free detergents has contributed to lower phosphorus concentration.

During the past few decades there has also been a gradual reduction in phosphorus concentrations in many European lakes. As treatment of urban wastewater has improved and many waste water outlets have been diverted away from lakes, phosphorus pollution from point sources is gradually becoming less important. Agricultural sources of phosphorus are still important and need increased attention to achieve good status in lakes and rivers, cf. the Water Framework Directive [5]. The improvements in some lakes have generally been relatively slow despite the pollution abatement measures taken. This is at least partly because of internal phosphorus loading from phosphorus stored in the lake sediments and because the ecosystems can be resistant to improvement and thereby remains in a poor state. Such problems may call for restoration measures, particularly in shallow lakes.
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Specific policy question: Are concentrations of nutrients in our surface waters decreasing? 
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Fig. 4: Present concentration of nitrate (mg N/l) in rivers in European countries. Upper: proportion of stations in each nitrate level per country. Lower: average nitrate level per river basin district. 
Note: Figures are based on the most recent year for which data are available, which is 2007 for most countries. Data on total oxidised nitrogen are used in cases where nitrate data are missing. Data from the following countries are included (number of stations): AL (52), AT (290), BA (18), BE (62), BG (111), CH (8), CY (22), CZ (73), DE (151), DK (42), EE (60), ES (824), FI (228), FR (1631), UK (189), GR (52), HR (45), HU (101), IE (80), IS (1), IT (1351), LI (1), LT (99), LU (4), LV (140), MK (20), NL (23), NO (46), PL (136), PT (54), RO (126), RS (77), SE (125), SI (30), SK (90), TR (5). Pie charts are not displayed for all countries, because WISE viewer does not allow overlapping pies.
Data source: WISE-SoE Rivers (Version July 2008)   Downloads and more info
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Fig. 5: Nitrate concentrations in rivers between 1992 and 2007 in different regions of Europe. 

Note: The upper panel includes all data series that are consistent for the whole period (1992-2007); the lower panel includes all data series that are consistent for the second half of the period (2000-2007). Left panel: stations aggregated by geographic region; right panel: stations aggregated by sea region. The data series consist of yearly mean values. Missing values for 1-2 years have been interpolated by the average of the values before and after the gap. "Consistent series" are series with no missing values after this interpolation. The number of stations included per country and region is given in parenthesis.
Period 1992-2007 (1281 stations): 
Eastern Europe (396): CZ (69), EE (51); HU (87); LT (26), PL (101), SI (14), SK (48); Northern Europe (175): FI (52), SE (113), NO (10); Southern Europe (128): ES (128); Southeastern Europe (80): BG (80); Western Europe (502): AT (144), BE (10), CH (6), DE (123), DK (39), FR (177), LU (3).
Period 2000-2007 (1928 stations): 
Eastern Europe (441): CZ (71), EE (53); HU (96); LT (26), PL (127), SI (15), SK (52), LT (27); Northern Europe (227): FI (102), SE (114), IS (1), NO (10); Southern Europe (327): ES (241), IT (86); Southeastern Europe (288): AL (17), BA (28), BG (106), MK (19), RO (118); Western Europe (645): AT (147), BE (37), CH (7), DE (148), DK (48), FR (231), IE (32), LU (3). 

Data source: WISE-SoE Rivers (Version July 2008)
Downloads and more info
	River NO3 trends 1992-2007
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	River NO3 trends 2000-2007
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	River NO3 trends 1992-1999 (consistent 1992-2007)
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	River NO3 trends 2000-2007 (consistent 1992-2007)
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Fig. 6: Trends in nitrate concentrations in rivers between 1992 and 2007, shown as proportion of stations in different trend categories for each country.
Note: The upper left and the lower panel includes all data series that are consistent for the whole period (1992-2007); the upper right panel includes all data series that are consistent for the second half of the period (2000-2007). The lower panel shows trends for the first and second half of the period 1992-2007 (left and right panel, respectively).
For information on the trend analysis method: see the indicator specification.
For information on the data included: see Fig. 5.
Data source: WISE-SoE Rivers (Version July 2008)
Downloads and more info
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Fig. 7: Present concentration of phosphorus in rivers (ortophosphate) in European countries. Upper: proportion of stations in each nitrate level per country. Lower: average nitrate level per river basin district. 
Note: Figures are based on the most recent year for which data are available, which is 2007 for most countries. Data from the following countries are included (number of stations): AL (52), AT (290), BA (18), BE (62), BG (111), CH (8), CY (22), CZ (73), DE (151), DK (41), EE (60), ES (908), FI (223), FR (1631), UK (189), GR (69), HR (45), HU (101), IE (178), IS (1), IT (887), LT (99), LU (4), LV (140), MK (20), NL (23), NO (46), PL (136), PT (53), RO (126), RS (77), SE (125), SI (30), SK (90), TR (5). Pie charts are not displayed for all countries, because WISE viewer does not allow overlapping pies. 
Data source: WISE-SoE Rivers (Version July 2008)
Downloads and more info
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Fig. 8: Phosphorus concentrations in rivers (ortophosphate) between 1992 and 2007 in different regions of Europe.
The upper panel includes all data series that are consistent for the whole period (1992-2007); the lower panel includes all data series that are consistent for the second half of the period (2000-2007). Left panel: stations aggregated by geographic region; right panel: stations aggregated by sea region. The data series consist of yearly mean values. Missing values for 1-2 years have been interpolated by the average of the values before and after the gap. "Consistent series" are series with no missing values after this interpolation. The number of stations included per country and region is given in parenthesis.
Period 1992-2007 (830 stations): 
Eastern Europe (97): EE (51); LT (26), SI (14), SK (6); Northern Europe (169): FI (46), SE (113), NO (10); Southern Europe (69): ES (69); Southeastern Europe (59): BG (59); Western Europe (436): AT (115), BE (8), CH (6), DE (109), DK (41), FR (156), LU (1).
Period 2000-2007 (1421 stations): 

Eastern Europe (180): CZ (66), EE (53); HU (98); LV (47), LT (27), PL (104), SI (15), SK (19); Northern Europe (226): FI (101), IS (1), NO (10) , SE (114); Southern Europe (166): ES (105), IT (61); Southeastern Europe (260): AL (16), BA (21), BG (102), MK (19), RO (102); Western Europe (589): AT (142), BE (34), CH (7), DE (123), DK (42), FR (218), IE (20), LU (3), NL (9).

Data source: WISE-SoE Rivers (Version July 2008)
Downloads and more info
	River OP trends 1992-2007
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	River OP trends 2000-2007
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	River OP trends 1992-1999 (consistent 1992-2007)
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	River OP trends 2000-2007 (consistent 1992-2007)
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Fig. 9: Trends in phosphorus concentrations in rivers between 1992 and 2007, shown as proportion of stations in different trend categories for each country.

Note: The upper left and the lower panel includes all data series that are consistent for the whole period (1992-2007); the upper right panel includes all data series that are consistent for the second half of the period (2000-2007). The lower panel shows trends for the first and second half of the period 1992-2007 (left and right panel, respectively).
For information on the trend analysis method: see the indicator specification. For information on the data included: see Fig. 8.
Data source: WISE-SoE Rivers (Version July 2008)
Downloads and more info
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Fig. 10: Present concentration of phosphorus in rivers (ortophosphate) in European countries. Upper: proportion of stations in each nitrate level per country. Lower: average nitrate level per river basin district.
Note: Figures are based on the most recent year for which data are available, which is 2007 for most countries. Data from the following countries are included (number of stations): AL (5), AT (9), BA (8), BE (5), BG (18), CH (24), DE (20), DK (20), EE (9), FI (245), FR (33), UK (170), HR (9), HU (6), IE (30), IT (60), LT (15), LV (24), MK (2), NL (6), NO (148), PL (6), RO (16), RS (75), SE (74), SI (12). Pie charts are not displayed for all countries, because WISE viewer does not allow overlapping pies.

Data source: WISE-SoE Lakes (Version July 2008)
Downloads and more info
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Fig. 11: Phosphorus concentrations in lakes (total phosphorus) between 1992 and 2007 in different regions of Europe. 

The upper panel includes all data series that are consistent for the whole period (1992-2007); the lower panel includes all data series that are consistent for the second half of the period (2000-2007). Left panel: stations aggregated by geographic region; right panel: stations aggregated by sea region. The data series consist of yearly mean values. Missing values for 1-2 years have been interpolated by the average of the values before and after the gap. "Consistent series" are series with no missing values after this interpolation. The number of stations included per country and region is given in parenthesis.
Period 1992-2007: 
Eastern Europe (19): EE (2); HU (9); LT (3), LV (3), SI (2); Northern Europe (270): FI (130), SE (140);  Western Europe (43): AT (5), CH (10), DK (20), IE (8).
Period 2000-2007: 
Eastern Europe (29): EE (8), HU (11), LT (5), LV (3), SI (2); Northern Europe (374): FI (193), NO (1), SE (180); Southern Europe (13): CY (5), IT (8); Southeastern Europe (1): MK (1); Western Europe (71): AT (31), CH (11), DK (20), IE (9).
Data source: WISE-SoE Lakes (Version July 2008)
Downloads and more info
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	Lake TP trends 2000-2007
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	Lake TP trends 1992-1999 (consistent 1992-2007)

[image: image41.jpg]Legend
TP trends per country 1992-1999 (cons 92.07)

N

I table_MK_country_TP_2.NaVereg
I tzble_MK_country_TP_2.NoMarheg
[ table_MK_country_TP_2.NoZero
[ table_MK_country_TP_2.NoMarPos
I =bie_MK_country_TP_2.NoverPos
o





	Lake TP trends 2000-2007 (consistent 1992-2007)
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Fig. 12: Trends in phosphorus concentrations in lakes between 1992 and 2007, shown as proportion of stations in different trend categories for each country.
Note: The upper left and the lower panel includes all data series that are consistent for the whole period (1992-2007); the upper right panel includes all data series that are consistent for the second half of the period (2000-2007). The lower panel shows trends for the first and second half of the period 1992-2007 (left and right panel, respectively).
For information on the trend analysis method: see the indicator specification.
For information on the data included: see Fig. 11.
Data source: WISE-SoE Lakes (Version July 2008)
Downloads and more info



Specific assessment

Nitrate
Present concentrations per country (Figure 4). 

See also WISE interactive maps, which also display results for individual stations: Mean annual Nitrates in rivers 
Countries with the greatest agricultural land use and highest population densities (such as Denmark, Germany and the United Kingdom), generally had higher nitrate concentrations in rivers than those with the lowest proportion of agricultural area and population density (such as Norway, Finland, and Sweden).

Comparison among different regions of Europe (Figure 5).
Nitrate concentrations in inland surface waters vary between the different regions of Europe, particularly in rivers. The average nitrate concentration in rivers of eastern, southern, south-eastern and western Europe is 2-3 times the concentrations reported for northern Europe. The differences in nitrate levels in the regions reflect the differences in agricultural pressures,  which are highest in western countries and  lowest in the northern countries. The time series plots indicate that since 1992, nitrate concentrations have been declining weakly in eastern, south-eastern and western Europe, stable in northern Europe, and increasing in southern Europe
Trends in nitrate concentration (Figures 6, see also Figure 5).
Around 30 % of monitoring stations on Europe's rivers show a statistically significant decreasing trend of nitrate concentrations for the whole period between 1992 and 2007, indicating a partial success of legislative measures to reduce nitrate pollution. For the first half of this period, 14 % of the stations show an increasing decreasing trend while 6 % show an increasing trend. For the second half, the corresponding numbers are 10 % and 9 %. This is consistent with the the time series plots (Fig. 5), which indicate that the decrease in nitrate concentration is weaker from 2000 onward. The increase of stations with increasing trend is largely due the development in southern Europe.  

(Note: trend analysis for the whole period 1992-2007 is likely to give more significant trends than for the shorter periods 1992-1999 or 2000-2007, simply for statistical reasons (because the number of observations is higher). Therefore the results of trend analysis for the longer vs. the shorter series are not directly comparable.)

Phosphorus

Present concentration per country (Figures 7 and 10).  

See also WISE interactive maps, which also display results for individual stations: Mean annual Orthophosphate in rivers & Mean annual Total Phosphorous in lakes
Low concentrations of phosphorus in rivers and lakes are found in the northern countries and in the countries in the Alps, while the countries in central and southern Europe generally have a high proportion of rivers with high phosphorus concentration. Phosphorus levels are low in countries with low population density, and/or with high degree of waste water treatment with phosphorus removal. 

Comparison among different regions of Europe (Figures 8 and 11).

The northern European countries have low concentrations of orthophosphate (OP) in rivers and total phosphorus (TP) in lakes compared to the other European regions. The low concentrations in northern Europe is due to both the relatively low population densities, low agriculture intensity, and the high level of treatment of sewage effluents including the removal of phosphorus. 

During the 1990s, the phosphorus concentration of rivers and lakes was in general markedly decreasing (eastern and western Europe) or stable (northern), reflecting improvements in wastewater treatment with increasing proportions of sewage effluent subject to phosphorus removal. Also the change to phosphate-free detergents has contributed to lower phosphorus concentration. During the last decade, the decrease in phosphorus concentrations seems to have flattened out.

Trends per station (Figures 9 and 12). 

Around 44 % and 36 % of the selected monitoring stations for Europe's rivers and lakes, respectively, show a statistically significant decreasing trend of orthophosphate (OP) and total phosphorus (TP) concentrations for the whole period between 1992 and 2007. (The data series from lakes are sparser than for rivers, and dominated by lakes from the northern countries, therefore the trend analysis of these data may be less representative). Only 8 % and 10 % of the stations for rivers and lakes, respectively, show an increase in the same period. 

These trends reflect the success of legislative measures to reduce emissions of phosphorus such as those required by the Urban Waste Water Treatment Directive [4]. 

For the first half of period (1992-1999), 21-24 % of the river and lake stations show an increasing trend while 4-6 % show an increasing trend. For the second half, the corresponding numbers are 12-17 % and 8-10 %. This is consistent with the the time series plots (Figs. 8 and 11), which indicate that the decrease in phosphorus concentration is weaker from 2000 onward. The increase of stations with increasing trend is largely due the development in southern and south-eastern Europe.  

CSI020 Nutrients in Freshwater - Groundwater

Reference conditions of nutrients

Nitrogen and phosphorus are considered as the most important nutrients causing eutrophication of water worldwide. With respect to groundwater, nitrogen is the major pollutant of groundwater whereas phosphorus is not considered important nutrient deteriorating groundwater quality because municipal wastewaters rich in phosphorus usually do not pollute groundwater being directly discharged into surface water.  Nitrogen can be found in groundwater in three forms as nitrate, nitrite and ammonia. The most prevailing form of nitrogen in groundwater is nitrate. The main sources of nitrate are diffuse agricultural sources such as application of fertilizers. Nitrates are the most commonly found groundwater pollutants worldwide because they easily leach to groundwater. Nitrite is unstable and highly toxic form of nitrogen in groundwater that is formed either by reduction of nitrate or oxidation of ammonium and therefore is rarely found.  Ammonium is usually connected with point pollution sources such as leaking septic tanks, liquid manure tanks etc., but in case of anoxic conditions within an aquifer, nitrogen as a product of nitrate reduction can be also present as ammonia. Natural background value of nitrates in groundwater is usually less than 10 mg/l. High concentrations of nitrates (up to 100 times higher than background value) are found in groundwater. Background concentrations are monitored in areas with no or very little agricultural activities. 

Observed status and trends of nitrate concentrations 

Since observed concentrations of nitrates very often exceed the groundwater quality standard, programs of measures have been implemented under Water Framework Directive including “good agricultural practices” approach in order to prevent further contamination. Groundwater system dynamics is very slow, thus the response of groundwater to measures is also very slow. Any measures applied nowadays will result in years.    

Number of stations reporting nitrate concentrations vary significantly from year to year, see Fig 13.   
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Fig. 13. Number of reported stations

Nitrate concentrations throughout the Europe vary from background concentrations to hundreds of milligrams per litre. Highest concentrations (> 500 mg/l) were reported for Belgium, Netherlands, Bulgaria, Romania and Cyprus. On the other hand lowest concentrations (< 30 mg/l) were reported for Iceland, Sweden, Finland and Liechtenstein. Iceland is the only country where reported concentrations were less than 10 mg/l (background value). Generally speaking the Nordic countries report lowest nitrate concentrations in Europe.  Maximum reported concentrations within each region are shown on Fig. 14.  Average annual concentrations for each region are shown on Fig. 15. The lowest average concentrations were reported for northern region and the highest were reported for southern region. Maximum concentrations reported by countries are shown in Tab.1. The highest concentration of 970 mg/l was reported for Romania in 2006. The second highest concentration of 840 mg/l was reported for Belgium in 2003. More than 50% of stations monitored concentrations at background value (< 10 mg/l) in 2007 see Fig.16. The majority of reported stations with annual concentrations at background value are located in Nordic and Baltic countries comparing to other countries see Fig. 17. 
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Fig. 14. Maximum concentrations within each region
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Fig. 15 Average annual concentration within each region
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Fig. 16. Ratio of stations at background value and stations exceeding groundwater quality standard 
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Fig. 17. Percentage of stations with annual average value within given concentration class per country in 2007
[image: image49.emf]Region CountryCode 2001 2002 2003 2004 2005 2006 2007

FI 6.6 19.9 26.6 22.6 9.3 9.7

IS 0.0 0.1 1.2 0.3

NO 0.1 26.0 93.7 78.0 79.2 67.8

SE 10.0 8.0 8.9 9.2 3.7 6.4 32.1

NE MAX 10.0 19.9 26.6 93.7 78.0 79.2 67.8

CZ 201.5 196.0 195.0 184.0 197.0 245.0 285.0

EE 35.9 53.3 52.8 59.3 58.2 70.9 70.9

HU 83.7 83.0 65.0 391.0 40.5 26.0 28.0

LT 41.0 38.0 36.7 27.6 34.2 68.7 113.6

LV 0.8 8.3 27.0 28.0 62.0 15.1 123.1

PL 64.0 59.9 57.4 66.4 63.5 47.2 32.8

SI 106.1 139.0 106.3 137.3 110.0 130.0 100.0

SK 153.0 152.0 257.0 192.0 137.0 228.0 286.0

EE MAX 201.5 196.0 257.0 391.0 197.0 245.0 286.0

CY 305.7 440.0 606.0 512.0 371.7 465.2 290.0

ES 276.2 194.0 393.0 405.0 396.2

GR 205.0

IT 304.0 470.0

ME 96.2 97.2

MT 125.8 96.6 93.9 118.7 124.9 115.2

PT 132.3 221.8 222.4 163.9 236.1

SE MAX 305.7 440.0 606.0 512.0 393.0 465.2 470.0

AL 28.0 23.2

BA 12.8 26.1

BG 550.2 492.0 472.5 513.5 618.0 137.0 166.0

RO 970.0 700.0

RS 54.9 20.8 36.3 59.3 64.6

TR 7.4 31.9 50.3

SEE MAX 550.2 492.0 472.5 513.5 618.0 970.0 700.0

AT 162.0 247.0 183.0 185.6 159.0 169.0

BE 97.8 75.7 843.3 810.9 804.1 740.5 669.0

DE 217.7 50.0 337.0 348.0 385.0 361.0 358.0

DK 130.0 154.0 150.0 150.0 200.0

FR 162.0 137.2 149.0 160.0 247.0

GB 293.6 296.7 318.9 296.3 53.9

CH 40.1 41.7 41.2 57.4 40.6 45.9 46.1

IE 62.0 67.1 88.5 72.5 75.5 75.1 85.5

LI 10.4 9.8 10.7 11.6 9.6

LU 46.0

NL 509.1 448.0 604.5 472.0 669.0 549.5 268.8

WE MAX 509.1 448.0 843.3 810.9 804.1 740.5 669.0

SEE

WE

Year

NE

EE

SE

 

Tab. 1 Maximum reported concentrations

Evaluation of exceeding the objectives for nitrates

Comparison of total reported stations with number of stations exceeding groundwater quality standard shows that highest portion of stations exceeding the objective are located in western and southern regions. From 9 to 19 % of reported stations in Europe exceeded the groundwater quality standard within 2001-2007 period, see Fig. 18. The highest number of stations (1677) exceeding groundwater quality standard was reported for western region in 2004, see Fig. 19. 
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Fig. 18. Percentage of stations exceeding groundwater standard value for NO3.
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Fig. 19. Number of stations with concentrations exceeding groundwater standard value 
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Is pollution of rivers with organic matter and ammonium decreasing?

Key message
Concentrations of BOD and total ammonium have decreased in European rivers in the period 1992 to 2007, corresponding to the general improvement in wastewater treatment (Figure 1).
EEA water quality indicators have up to now presented European and regional overviews and country comparison. However, water quality data at national level may not be relevant or sufficient for some countries, and EEA will in the coming years change its indicators to reflect concentration levels and trends at River Basin District (RBD) level to duly reflect local and regional differences in water quality.

See also WISE interactive maps: Mean annual BOD in rivers and Mean annual Total Ammonium in rivers 
[image: image53.emf]0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

BOD5 [mg O

2

/l]

0

100

200

300

400

500

600

700

800

900

Total ammonium [µg N/l]

BOD5 (1723) Tota ammonium (2342)


Fig. 1: BOD5 and total ammonium concentrations in rivers between 1992 and 2007
Note: Number of river monitoring stations included in analysis noted in brackets. 

BOD5 data from AT (111), BA (1), BE (40), BG (92), CZ (72), DK (39), ES (333), FR (373), IE (45), IT (56), LU (3), MK (2), NL (2), PL (122), RO (91), SI (14), SK (55), UK (29).

BOD7 data from EE (53), FI (48).
BOD5 and BOD7 data from LT (64), LV (56) and HU (93). BOD7 data from 1996 to 2007 for Lithuania (LT) and from 1996 to 2001 for Latvia (LV). BOD5 and BOD7 data on different stations for 2007 in Hungary (HU). 

BOD7 data have been recalculated into BOD5 data. 

Total ammonium data from AL (18), AT (148), BE (40), BG (109), DE (148), DK (37), EE (53), ES (487), FI (180), FR (345), HU (35), IE (32), IS (1), IT (35), LT (64), LU (3), LV (63), MK (19), NL (4), NO (10), PL (130), RO (108), SE (114), SI (24), UK (176). 

Concentrations are expressed as the weighted mean of the annual mean concentrations on the number of stations per country. 

Stations with time series consisting of minimum seven years in the period of 1992-2007 are included (see Methodology section for further details). The number of annual mean concentrations per country differs, except for a few countries with equal number of mean concentrations per year. The missing concentrations are not interpolated or extrapolated. 

Data source: Waterbase - Rivers (version 9)
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Fig. 2: BOD5 concentrations in rivers between 1992 and 2007 in different regions of Europe

Note: Number of river monitoring stations included in analysis noted in brackets. 
Northern Europe: FI (12).

Western Europe: AT (7), BE (2), DK (12), FR (90), LU (3), UK (25).

Eastern Europe: CZ (49), EE (45), HU (11), LT (24), LV (39), SI (1), SK (1).

Southern Europe: ES (195), IT (18).

Southeastern Europe: BA (1), BG (47), HR (22), RO (91).
BOD7 data from Estonia (EE), Finland (FI), Lithuania (LT) (1996-2007), Latvia (LV) (1996-2001) and Hungary (part of stations for 2007) have been recalculated into BOD5 data. 
Concentrations by regions are expressed as the weighted mean of the annual mean concentrations on the number of stations per country. 
Consistent time series trends between 1992 and 2007 (Northern, Western and Eastern Europe), between 2000 and 2007 (Southern Europe) and between 2001 and 2007 (Southeastern Europe) have been calculated using only stations that have recorded concentrations for each year included in the time series with an exception to countries having one or two year missing concentrations that have been interpolated or extrapolated: Bosnia and Herzegovina (BA) and Luxembourg (LU) (both 2003), Bulgaria (BG) (2006), Denmark (2007), Croatia (HR) (2001 and 2002), Latvia (LV) and the United Kingdom (UK) (both 2006 and 2007). 
Data source: Waterbase - Rivers (version 9)
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Fig. 3: Total ammonium concentrations in rivers between 1992 and 2007 in different regions of Europe

Note: Number of river monitoring stations included in analysis noted in brackets. 
Northern Europe: FI (39), NO (10), SE (104). 
Western Europe: AT (34), BE (8), DE (99), FR (25), LU (3), UK (3).
Eastern Europe: EE (41), HU (3), LT (24), LV (32), PL (71), SI (13).
Southern Europe: ES (245), IT (2).
Southeastern Europe: AL (17), BA (8), BG (105), HR (28), MK (18), RO (108), RS (24). 
Concentrations by regions are expressed as the weighted mean of the annual mean concentrations on the number of stations per country. 
Consistent time series trends between 1992 and 2007 (Northern, Western and Eastern Europe), between 2000 and 2007 (Southern Europe) and between 2001 and 2007 (Southeastern Europe) have been calculated using only stations that have recorded concentrations for each year included in the time series with an exception to countries having one or two year missing concentrations that have been interpolated or extrapolated: Luxembourg (LU) (2003), Germany (DE), Macedonia, FYR (MK) and Spain (ES) (all 2007), Croatia (HR) and Serbia (both 2001 and 2002), Hungary (HU) (1992 and 1993), Bosnia and Herzegovina (BA) (2003 and 2004), Latvia (LV) and the United Kingdom (UK) (both 2006 and 2007).
Data source: Waterbase - Rivers (version 9)
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Fig. 2a: BOD5 concentrations in rivers between 2001 and 2007 in European countries
Note: Number of river monitoring stations included in analysis noted in brackets. 
Concentrations by countries are expressed as the mean of the annual mean concentrations for the period 2001 to 2007. The figure shows the same countries as Fig. 2 with stations that have recorded concentrations for each year included in the time series between 1992 and 2007 (Northern, Western and Eastern Europe), between 2000 and 2007 (Southern Europe) and between 2001 and 2007 (Southeastern Europe) with an exception to Belgium (BE), Slovenia (SI) and Slovakia (SK) with time series from 2001 on. 

Countries with shorter time series as given in Fig. 2 are added in this figure. 

Western Europe: DE (2005-2006), IE (2001-2007), NL (2001-2002).

Eastern Europe: PL (1997-2007). 

Southern Europe: GR (2000-2003), PT (2006-2007).

Southeastern Europe: AL (2006-2007), MK (2001, 2007), RS (2004-2007), TK (2005-2007).
In the brackets, the periods for which time series trends have been calculated using only stations that have recorded concentrations for each year included in the time series are noted. 

The missing concentrations are not interpolated or extrapolated. 

Mean concentrations of Albania (AL) and Turkey (TR) are higher than the figure maximum (5 mg O2/l): 13.26 (2006), 18.05 (2007) for AL, 6.52 (2007) for TR.   

Data source: Waterbase - Rivers (version 9)
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Fig. 3a: Total ammonium concentrations in rivers between 2001 and 2007 in European countries
Note: Number of river monitoring stations included in analysis noted in brackets. 
Concentrations by countries are expressed as the mean of the annual mean concentrations for the period 2001 to 2007. The figure shows the same countries as Fig. 3 with stations that have recorded concentrations for each year included in the time series between 1992 and 2007 (Northern, Western and Eastern Europe), between 2000 and 2007 (Southern Europe) and between 2001 and 2007 (Southeastern Europe) with an exception to Hungary (HU), Italy (IT) and the United Kingdom (UK) with time series from 2001 on. 

Countries with shorter time series as given in Fig. 3 are added in this figure. 

Northern Europe: IS (2001-2007).

Western Europe: DK (1992-2004), IE (2001-2006), LI (2002-2005), NL (2001-2002).

Eastern Europe: CZ (2004-2007), SK (2005-2007).

Southern Europe: GR (2000-2004), PT (2006-2007).

In the brackets, the periods for which time series trends have been calculated using only stations that have recorded concentrations for each year included in the time series are noted. 

The missing concentrations are not interpolated or extrapolated. 

Mean concentrations of Belgium (BE) are higher than the figure maximum (1100 µg O2/l): 1118 (2002), 1442 (2003), 1117 (2004). 
Data source: Waterbase - Rivers (version 9)
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Fig. 2b: BOD5 concentrations in rivers between 1992 and 2007 in different sea regions of Europe

Note: Number of river monitoring stations included in analysis noted in brackets. 
North Sea (national RBDs of AT, BE, CZ, DK, FR, LU, UK).
Atlantic Ocean (national RBDs of ES, FR, UK).
Baltic Sea (national RBDs of CZ, DK, EE, FI, LT, LV, SK).
Black Sea (national RBDs of AT, BA, BG, CZ, HR, HU, RO, SI, SK).
Mediterranean Sea (national RBDs of BA, BG, ES, FR, IT, SI).
BOD7 data from national RBDs of Estonia (EE), Finland (FI), Lithuania (LT) (1996-2007), Latvia (LV) (1996-2001) and Hungary (part of stations for 2007) have been recalculated into BOD5 data. 
Concentrations by regions are expressed as the weighted mean of the annual mean concentrations on the number of stations per national RBD. 
Consistent time series trends between 1992 and 2007 (Atlantic Ocean, Baltic Sea, North Sea), between 2000 and 2007 (Mediterranean Sea) and between 2001 and 2007 (Black Sea) have been calculated using only stations that have recorded concentrations for each year included in the time series with an exception to national RBDs having one or two year missing concentrations that have been interpolated or extrapolated. 

Data source: Waterbase - Rivers (version 9)
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Fig. 3b: Total ammonium concentrations in rivers between 1992 and 2007 in different sea regions of Europe

Note: Number of river monitoring stations included in analysis noted in brackets. 
North Sea (national RBDs of AT, BE, DE, FR, LU, NO, SE, UK).
Atlantic Ocean (national RBDs of ES, FR).
Baltic Sea (national RBDs of DE, EE, FI, LT, LV, PL, SE).  
Black Sea (national RBDs of AT, BA, BG, DE, HR, HU, RO, SI; international RBD in RS).
Mediterranean Sea (national RBDs of BG, ES, FR, IT, SI; international RBDs in AL and MK; part of AL and MK).

Barents Sea (national RBD of NO).

Norwegian Sea (national RBDs of NO).

Concentrations by regions are expressed as the weighted mean of the annual mean concentrations on the number of stations per national or international RBD or part of country not covered by RBDs.  

Consistent time series trends between 1992 and 2007 (Atlantic Ocean, Baltic Sea, North Sea, Barents Sea, Norwegian Sea), between 2000 and 2007 (Mediterranean Sea) and between 2001 and 2007 (Black Sea) have been calculated using only stations that have recorded concentrations for each year included in the time series with an exception to national or international RBDs or part of countries not covered by RBDs having one or two year missing concentrations that have been interpolated or extrapolated. 

Data source: Waterbase - Rivers (version 9)
	BOD trends 1992-2007
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	BOD trends 2000-2007
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Fig. 4: Percentage of river stations per country with significant increasing, stable or decreasing BOD trend between 1992 and 2007 
Note: Number of river monitoring stations included in analysis noted in brackets. BOD5 data used for all countries except Estonia (EE) and Finland (FI) where only BOD7 data used. BOD7 data from Lithuania (LT) (1996-2006), Latvia (LV) (1996-2001) and Hungary (part of stations for 2007) have been recalculated into BOD5 data. Time series trends calculated, using only stations that have recorded consistent time series after interpolation of one or two year missing concentrations and extrapolation of one year missing concentrations in the beginning or the end of series. MannKendall test then applied to determine statistically significant trends in the data (see Methodology section for further details). Blue and green colours show very significant and marginaly significant decrease, white shows no significant trend, whereas red and yellow show very significant and marginaly significant increase.

Data source: Waterbase - Rivers (version 9)
	NH4 trends 1992-2007
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	NH4 trends 1992-2007
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Fig. 5: Percentage of river stations per country with significant increasing, stable or decreasing total ammonium trend between 1992 and 2007 

Note: Number of river monitoring stations included in analysis noted in brackets. Time series trends calculated, using only stations that have recorded consistent time series after interpolation of one or two year missing concentrations and extrapolation of one year missing concentrations in the beginning or the end of series. MannKendall test then applied to determine statistically significant trends in the data (see Methodology section for further details). Blue and green colours show very significant and marginaly significant decrease, white shows no significant trend, whereas red and yellow show very significant and marginaly significant increase.

Data source: Waterbase - Rivers (version 9)
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Fig. 6: Frequency distribution of concentration of BOD5 (mg O2/l) in rivers in European countries, 2007 or the latest year with available data

Note: Number of river monitoring stations included in analysis noted in brackets. BOD7 data from Estonia (EE), Finland (FI), Lithuania (LT), Sweden (SE) and part of stations from Hungary (HU) have been recalculated into BOD5 data. The number of stations with annual means within each concentration band are calculated for the latest year for which data are available. The latest year is 2007 for all countries except the Netherlands (NL) (2002), Greece (GR) (2003), the United Kingdom (UK) (2005), Gemany (DE), Denmark (DK) and Sweden (SE) (all 2006).  
Data source: Waterbase - Rivers (version 9)
See also WISE interactive maps: Mean annual BOD in rivers  
	Concentration of BOD5 (mg O2/l) in rivers per European Countries

[image: image69.png]e rmnE L mena i 1 Reommane 1

Mean annual BOD in rivers for the latest reported year
Overview map Mapview  Mapexplanation  Relatedlinks  About the data
o H+++++++ ©
Map legend 2. szqwj

Mean annual BOD in rivers by cou
B <m0z

1.4 <20 mafl 02

2.0< 3.0 mafl 02
5.0 4.0 mafl 02

4.0 mafl 02

REDS with less than 10 stations

// Country border
I Large Lakes
 Rivers

EU and EEA Member and Coll.

Summary map

Atlarge scales summary L
information can be displayed
a

_ Classified RBDs
(&) Country-level piecharts

Zoom in'to the map to see the
indiidual stations.






	Concentration of BOD5 (mg O2/l) in rivers per national River Basin Districts of Europe
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Fig. 7: Frequency distribution of concentration of total ammonium (mg N/l) in rivers in European countries, 2007 or the latest year with available data

Note: Number of river monitoring stations included in analysis noted in brackets. The number of stations with annual means within each concentration band are calculated for the latest year for which data are available. The latest year is 2007 for all countries except the Netherlands (NL) (2002), Denmark (DK) and Greece (GR) (both 2004), Lichtenstein (LI) and the United Kingdom (both 2005), Germany (DE), Spain (ES) and Macedonia, FYR (MK) (all 2006). 

Data source: Waterbase - Rivers (version 9)
See also WISE interactive maps: Mean annual Total Ammonium in rivers 
	Concentration of total ammonium (mg N/l) in rivers in European countries
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Key assessment

Introduction

Organic matter, measured as Biochemical Oxygen Demand (BOD) and ammonium, are key indicators of the oxygen content of water bodies. Concentrations of these determinands normally increase as a result of organic pollution caused by discharges from waste water treatment plants, industrial effluents and agricultural run-off. Severe organic pollution may lead to rapid de-oxygenation of river water, a high concentration of ammonia and the disappearance of fish and aquatic invertebrates.

The most important sources of organic waste load are: household wastewater; industries such as paper industries or food processing industries; and silage effluents and manure from agriculture. Increased industrial and agricultural production, coupled with a greater percentage of the population being connected to sewerage systems, initially resulted in increases in the discharge of organic waste into surface water in most European countries after the 1940s. Over the past 15 to 30 years, however, the biological treatment (secondary treatment) of waste water has increased, and organic discharges have consequently decreased throughout Europe. See also CSI 024: CSI 024: Urban waste water treatment.
Overall trend in BOD and ammonium (Figure 1)

Concentrations of BOD and total ammonium have decreased in European rivers in the period 1992 to 2007, corresponding to the general improvement in wastewater treatment. The decrease is due mainly to improved sewage treatment resulting from the implementation of the Urban Wastewater Treatment Directive. The economic recession of the 1990s in central and eastern European countries also contributed to this fall, as there was a decline in heavily polluting manufacturing industries.

In European rivers, the oxygen demanding substances measured as BOD and total ammonium have decreased for 47 % and 59 % respectively from 1992 to 2007 (Figure 1).The decrease of BOD was equal in the period of 1992-1999 and 2000-2007 (24 %), while the decrease of total ammonium was higher before 2000 (42 %). In 2007, concentrations of BOD reached the level of 2004 (2.19 mg O2/l) after a slight increase compared to the lowest concentrations in 2006. The total ammonium concentrations have been fluctuating with peaks in 1995, 1999, 2002 and 2005 (above 400 ug N/l). In 2007, the concentrations decreased below 300 ug N/l for the first time. 

BOD and ammonium trend per geographic regions (Figure 2-3) 

The largest decrease of BOD from 1992 to 2007 occurred in the western European rivers (50 %) (Figure 2). From 2003 onwards, their concentrations have fallen below the concentrations of the northern European rivers (Finnish rivers, respectively) and eastern European rivers. The concentrations in the northern and eastern European rivers have decreased by 22 % and 32 % respectively. For northern and western European rivers, the decrease was higher from 2000 to 2007 (11 % and 33 % respectively), while the decrease in the eastern European rivers concentrations was higher from 1992 to 1999 (29 %). The concentrations in the northern European rivers decreased significantly from 2005, while concentrations in the western European rivers increased from 2006. Consequently, in 2007, the fluctuating concentrations of the northern European rivers reached the concentrations of the western European rivers. The concentrations in the southern European rivers have decreased by 35 % from 2000 to 2007 being quite stable since 2005. After reaching the lowest level of BOD among European rivers in 2003, the concentrations increased above the levels of the northern and western European rivers in 2007. In the south-eastern European rivers with the highest (outstanding) concentrations, the decrease has been only 4 % from 2001 to 2007 since the concentrations increased after a dip in 2004. 

The decrease of total ammonium from 1992 to 2007 was significant both in the western and eastern European rivers (75 %), especially before 2001 and 1998 respectively (Figure 3). The concentrations decreased by 60 % and 56 % respectively from 1992 to 1999. However, in 2007, the concentrations were still 172 and 132 µg N/l higher than the low concentrations in the northern European rivers with 11 % decrease. The concentrations in the eastern European were slightly higher than the ones in the western European rivers from 2001 to 2006. In 2007, the concentrations in the eastern European rivers fall below the western European rivers concentrations after a significant decrease from 2006. In the southern and south-eastern European rivers, the concentrations have decreased by 56 % and 32 % respectively from 2000/2001 to 2007. The concentrations in the southern European rivers have been fluctuating substantially with peaks in 2002 and 2005, while being stable for the last two years. In the south-eastern European rivers, the concentrations decreased significantly from 2001 to 2005. However, later, their concentrations have increased significantly from 2006 to 2007 when rising above the concentrations in the southern European rivers.  

BOD and ammonium trend per country by geographic regions (Figure 2a-3a)

The declines in the level of BOD between 2001 and 2007 are observed in the majority of countries (Figure 2a). These are: Finland (12) and Austria (7), Denmark (12), France (90), Luxembourg (3) and the United Kingdom (25) (western European countries), Hungary (11), Lithuania (24), Latvia (39), Poland (95), Slovenia (3) and Slovakia (2) (decrease since 2001, but increase compared to 2006) (eastern European countries), Spain (195), Greece (8) and Italy (18) (southern European countries), Bosnia and Herzegovina (1) (decrease since 2002, but increase compared to 2006), Croatia (22), Macedonia, FYR (1) and Romania (91) (decrease since 2001, but increase compared to 2006) (south-eastern European countries). 
Ireland (22) (drop in 2003), Germany (65) and the Netherlands (1) (data for both only for 2006 and 2007) (western European countries), the Czech Republic (49) and Estonia (45) (eastern European countries) and Serbia (32) (peak in 2006) have quite stable concentrations. 

The concentrations have increased in Albania (22) (from 2006 to 2007), Bulgaria (47) and Turkey (2) (south-eastern European countries), Belgium (29) and Portugal (32) (from 2006 to 2007). 
The lowest latest concentrations (below 1.5 mg O2/l) are observed in Austria (7), Denmark (12), Ireland (22) and the United Kingdom (25) (western European countries) and Slovenia (3). 

The highest latest concentrations (above 3 mg O2/l) are evident in Albania (22), Bulgaria (47), Romania (91) and Turkey (2) (south-eastern European countries), Belgium (29) and Portugal (32).
The highest fluctuations are found in Belgium (29) and Luxembourg (3) (Benelux countries), Bosnia and Herzegovina (1) and Bulgaria (47) (south-eastern European countries) and Slovakia (2). 

As for BOD, the decline in the level of total ammonium between 2001 and 2007 is evident in the majority of countries (Figure 3a). These are: Austria (34), Belgium (8), Denmark (28), Germany (99), Lichtenstein (1) and the Netherlands (8) (from 2006 to 2007) (western European countries), the Czech Republic (68), Estonia (41), Hungary (8), Lithuania (24), Poland (71), Slovenia (13) and Slovakia (18) (eastern European countries), Spain (245) and Italy (3) (southern European countries), Bulgaria (105), Croatia (28), Macedonia, FYR (18), Romania (108) and Serbia (24) (south-eastern European countries). In south-eastern European countries, except for Serbia, the concentrations increased compared to 2006. 
Quite stable concentrations are observed in Finland (39), Iceland (1) (peak in 2003), Norway (10) and Sweden (104) (northern European countries), Ireland (19) and the United Kingdom (6) (drop in 2002) (western European countries) and Latvia (32) (peak in 2003). 

Increase in total ammonium concentrations has occurred in France (25) (peak in 2003) and Luxembourg (3) (peak in 2006) (western European countries), Greece (6) and Portugal (44) (from 2006 to 2007) (southern European countries), Albania (17) and Bosnia and Herzegovina (8) (south-eastern European countries).
The lowest latest concentrations (below 100 µg N/l) are observed in all northern European countries, Austria (34), Ireland (19) and Lichtenstein (1) (western European countries), Estonia (41), Hungary (8), Lithuania (24) and Slovenia (13) (eastern European countries), Italy (3) and Serbia (24).
The highest latest concentrations (above 500 µg N/l) are evident in Albania (17), Bulgaria (105) and Romania (108) (south-eastern European countries), Belgium (8) and Portugal (44). 

The highest fluctuations are found in Belgium (8), Luxembourg (3) and France (25) (western European countries), Albania (17), Bulgaria (105) and Romania (108) (south-eastern European countries), Poland (71) and Spain (245). 

BOD and ammonium trend per sea regions (Figure 2b-3b)

The largest decrease of BOD from 1992 to 2007 occurred in the rivers flowing into the Atlantic Ocean (46 %) (Figure 2b). The concentrations in the rivers flowing into the North Sea and Baltic Sea have decreased by 31 % and 19 % respectively. From 2003 onwards, the concentrations in the rivers flowing into the Atlantic Ocean have fallen below the concentrations of the rivers flowing into the Baltic Sea. Since then, their concentrations have been staying between the rivers flowing into the North Sea and the Atlantic Ocean. For the rivers flowing into the Atlantic Ocean, the decrease was higher from 2000 to 2007 (22 %). In contarary, for the rivers flowing into the Baltic Sea, the decrease was higher before 2000 (14 %), while the decrease in the rivers flowing into the North Sea was equal in the period of 1992-1999 and 2000-2007 (17 %). The concentrations in the rivers flowing into the Mediterranean Sea have decreased by 55 % from 2000 to 2007. After a significant drop from 2000 to 2004 their concentrations reached the lowest level of BOD among European rivers. Since then, the concentrations have been increasing toward the levels of the rivers flowing into the Atlantic Ocean. The highest concentrations are found in the rivers flowing into the Black Sea. Their concentrations have decreased by only 7 % from 2001 to 2007 since the concentrations increased after a dip in 2004. The increase from 2006 to 2007 occurred in the rivers flowing into all seas, except for the rivers flowing into the Baltic Sea. 

The largest decrease of total ammonium from 1992 to 2007 occurred in the rivers flowing into the Atlantic Ocean (78 %) with the highest and very fluctuating concentrations (Figure 3b). The decrease has been similar in the rivers flowing into the Baltic Sea (73 %) and North Sea (71 %) having higher decreasing rate from 1992 to 1999 (55 % and 59 % respectively). In contrary, for rivers flowing into the Atlantic Ocean the decrese was higher from 2000 to 2007 (54 %). In 2007, concentrations in the rivers flowing into the North Sea reached the level of 2001 after an increase in 2003 and 2004. The concentrations in the rivers flowing into the Mediterranean Sea have decreased by 23 % from 2000 to 2007. After a drop in 2004, the concentrations increased again above the low levels of the rivers flowing into the Baltic Sea. In 2007, the increase has stopped. In the rivers flowing into the Black Sea, the decrease has been 33 % from 2001 to 2007. After a significant decrease from 2001 to 2006, their concentrations have increased again above the concentrations in the rivers flowing into the North Sea. The lowest concentrations with decreasing rate are found in the rivers flowing into the Norwegian Sea and Barents Sea (both only 3 µg N/l in 2007), but the number of included stations is very low (two and one station respectively). 

Stations with significant trend in BOD and ammonium concentration (Figure 4-5)
BOD and total ammonium concentrations have decreased at 57.8 % and 54.9 % of all stations on the European rivers between 1992 and 2007. Increasing trends in BOD and total ammonium have occurred only on 3.4 % and 5.7 % of all stations over the same period. 

Only two out of 14 countries have decreasing BOD concentrations at less than 50 % of the stations (Figure 4). Countries having more than 60 % of the stations with significant downward trend are France (171; 62.0%), Luxembourg (3; 66.7%) and Belgium (2; 100.0%) (western European countries), Slovenia (5; 60.0%), the Czech Republic (64; 64.1%) and Slovakia (26; 88.5%) (eastern European countries). 

7 countries (50 %) have no stations with upward trend in BOD concentrations. Three out of 7 countries with significant upward trend (43 %) face increasing BOD concentrations at less than 4 % of all stations. Countries having more than 7 % of stations with increasing BOD concentrations are Finland (14; 7.1 %), Denmark (35; 11.4 %) and Baltic countries: Lithuania (25; 12.0 %) and Estonia (51; 15.7 %). 

Approximately one-third of the countries (6 out of 16) have decreasing total ammonium concentrations at less than 50 % of the stations (Figure 5). Countries with more than 60 % of the stations with significant downward trend are Germany (118; 80.5 %) and Belgium (10; 90.0 %) (western European countries), Poland (102; 65.7 %), Lithuania (26; 88.5 %) and Slovenia (14; 100.0 %) (eastern European countries), Bulgaria (75; 60.0 %) and Spain (132; 62.9 %). 

8 countries (50 %) have no stations with upward trend in total ammonium concentrations. 5 out of 8 countries with significant upward trend (63 %) face increasing total ammonium concentrations at less than 4 % of all stations. Countries having more than 4 % of stations with increasing total ammonium concentrations are Spain (132; 4.5 %), France (110; 5.5 %) and Sweden (113) with outstanding high percentage (29.2 %). 

Compared to the period 1992-2007, the decreasing trends in BOD and total ammonium occured in fewer stations between 2000 and 2007: 22.1 % and 19.9 % of all stations on the European rivers. Increasing trends in BOD and total ammonium have occurred on 6.2 % and 6.8 % of all stations over the same period.
BOD and ammonium latest levels per country (Figure 6-7)

Countries with more than 50 % of all stations with the lowest BOD concentrations (class 1) are Bosnia and Herzegovina (14; 50.0 %) and Croatia (40; 55.0 %) (south-eastern European countries), Latvia (49; 57.1 %) and Slovenia (17; 64.7 %) (eastern European countries), Cyprus (9; 66.7 %) and Spain (459; 69.5 %) (southern European countries), Austria (56; 73.2 %) and Ireland (131; 77.1 %) (western European countries) and Sweden (2; 100.0 %) (Figure 6). 
Countries with more than 20 % of the stations with the highest BOD concentrations (class 5) are Belgium (51; 23.5 %) and Luxembourg (3; 33.3 %) (Benelux countries), Cyprus (9; 22.2 %), Italy (1234; 24.4 %) and Portugal (33; 45.5 %) (southern European countries), Bulgaria (87; 23.0 %), Romania (118; 26.3 %), Turkey (2; 50.0 %) and Albania (23; 65.2 %) (south-eastern European countries).   

Countries with more than 50 % of all stations with the lowest total ammonium concentrations (class 1) are Sweden (118; 66.9 %), Finland (135; 82.2 %), Norway (46; 97.8 %) and Iceland (1; 100.0 %) (northern European countries), France (1065; 50.1 %), Austria (65; 60.0 %) and Lichtenstein (1; 100.0 %) (western European countries), Bosnia and Herzegovina (18; 50.0 %) and Serbia (61; 65.6 %) (south-eastern European countries), Spain (365; 53.2 %) and Slovenia (19; 63.2 %) (Figure 7).
Countries with more than 20 % of the stations with the highest total ammonium concentrations (class 5) are Greece (13; 23.1 %) and Portugal (47; 25.5 %) (southern European countries), Macedonia, FYR (19; 21.1 %), Romania (118; 24.6 %), Albania (51; 29.4 %) and Bulgaria (107; 34.6 %) (south-eastern European countries), Ireland (5; 20.0 %) Luxembourg (4; 25.0 %), the Netherlands (12; 41.7 %) and Belgium (55; 65.5 %) (western European countries including Benelux countries). 
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