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8. Water Stress
8. Water Stress

Europe and NIS as a whole abstracts annually a relatively small portion (7 %) of its total renewable water resources with 42 % being used for agriculture, and about 20 % each for industry (excluding cooling), urban use, and energy production. About 31 % of Europe’s population lives in countries which use more than 20 % of their annual water resource, this being indicative of a high water stress, particularly during drought or low river flow periods. In addition, about 71 % of the population lives in countries where annual water abstraction is more than 10 % of renewable freshwater resources.

Areas with high water stress have problems with over exploitation of groundwater aquifers with consequent water table depletion and salt-water intrusion in coastal aquifers.

Overall total fresh water abstractions fell during the last decade in most regions. In centrally located Western European countries, annual water abstraction for public water supply, agriculture and energy production decreased during the 1990s by about 10 %, and for industry by 28 %. In southern countries of Western Europe, where abstraction for agriculture is the dominant water use (70 % of total use), abstraction for irrigation increased by 5 % during the last decade. 

In the NIS and Central European EU Accession countries the decrease of industrial and agricultural activities during economic transition has led to a marked 50-70 % decrease in water abstraction for these uses. In the same period urban water use decreased by 10 % and 30 % in the NIS and Central European EU Accession countries, respectively. Cotton is a major crop in some of the NIS and the use of irrigation water for its production can exacerbate water stress. The general over-abstraction of water in these areas is reflected in the severe ecological damage being caused to major lakes such as the Aral Sea and Lake Sevan.

A major problem and concern in the NIS is the quality of drinking water, particularly in terms of microbiology and toxic substances. This reflects the relatively poor economic conditions in these countries and the deterioration or lack of the infrastructure for providing clean drinking water.

In WE and the Accession countries, river and lake water quality, in terms of phosphorus and organic matter, is generally improving, reflecting decreases in discharges, resulting mainly from improved wastewater treatment in WE and lower industrial and agricultural activities in the AC.  However there is little evidence of nitrate concentrations decreasing in the rivers and groundwater in these regions of Europe. Discharges of phosphorus and nitrogen to the Baltic Sea and North Sea from all quantified sources have fallen since the 1980s.Urban wastewater is the main source of phosphorus in the Baltic, and agriculture is the main source of nitrogen in the Baltic and North Sea. Accordingly, decreasing trends have been recorded only for phosphorus in the Baltic Sea and North Sea, but with no changes in nitrogen levels. Eutrophication effects, as indicated by high plankton pigment levels, are highest close to river mouths or big cities.

The quality of bathing waters in the EU has improved throughout the 1990s but there are frequent problems reported for the NIS.

Heavy metal concentrations in WE rivers, their direct discharges and atmospheric deposition into the NE Atlantic Ocean and the Baltic Sea have all  fallen as a result of emission reduction policies. These reductions are reflected in decreasing concentrations of heavy metals in mussels and fish, although concentrations in some estuaries, harbours or near industrial point sources are still above limit values for human consumption.

Though there is general lack of environmental monitoring and comparable data and information on the state of waters in the NIS, it is evident that many rivers, lakes, groundwater and coastal waters are highly polluted, often with toxic substances and oil. The pollution tends to be in ‘hot-spots' downstream of cities, industrialised and agricultural areas and mining regions. Away from these hot spots, river and lake water quality appears to be relatively good in terms of nutrients and organic pollution. 

Oil pollution from discharges from coastal refineries and offshore installations is decreasing in WE. Illegal discharges, mainly from ships, are however still a concern in the North Sea and Baltic Sea. From the available information it would appear that oil pollution is of major concern in the Black Sea, Caspian Sea, and the Mediterranean. Accidental oil spills add at irregular intervals to the chronic pollution from illegal discharges by ships and discharges by offshore installations. Russian rivers contribute to oil pollution in the Arctic Ocean.

8.1. Introduction

While few European citizens suffer from the devastating shortages of water and poor water quality experienced by people in so many parts of the world, water resources in many parts of the continent are under threat from a range of human activities and there are significant problems in some areas related to the quality of inland and marine waters.

Pressures result from economic growth, economic recovery in some of CEE and the NIS, demands for agriculture, particularly for irrigation, growing urbanisation, continuing inadequacies in wastewater treatment, and increasing leisure activities, as well as from natural changes or disasters such as floods and droughts.

The environmental consequences of over-stressed water resources, improper irrigation practices and poor water quality include salinisation, eutrophication, erosion and, in extreme cases desertification. Problems are generally highest near hot-spots resulting from a range of industrial and other activities. The situation is generally of greatest concern in some NIS, with the disastrous changes in the Aral Sea acting as an extreme example, but the environment and the health of humans and ecosystems are also threatened in other parts of Europe, for example by water contaminated by organic and inorganic pollutants such as pesticides and heavy metals at concentrations greater than those laid down in Directives, recommendations and target levels from the EU and other international organisations.

There has been significant progress in the management of water resources and water quality as a result of a number of policies and measures implemented in recent years as a result of international and regional agreements and Conventions, but problems remain. Some indicators of water quality show a slowing or even levelling-off of the rate of improvement and, particularly in some Eastern countries, there is a lack of capacity and financial resources for monitoring and for implementing essential measures and technical improvements.   

8.2. Water abstraction and use

8.2.1. Water abstraction

Total freshwater resources in Europe and NIS is around 8 600 km3/year, which means an average runoff of 317 mm. However resources are unevenly distributed across the continent. Kazakhstan, Turkmenistan, Cyprus, Tajikistan, Malta and Kyrgyzstan are the countries with the least available water, that is a runoff of less than 160 mm, and as little as 37 mm for Kazakhstan. The countries with the highest runoff, more than 1 700 mm, are the ones most dependent on external resources, such as Bulgaria, Yugoslavia, Croatia and the Netherlands. 

Overall, Europe and NIS abstracts annually a relatively small portion of its total renewable water resources. The total water abstraction in all countries is about 595 km3/year, which means that 7 % of the total freshwater resource is abstracted.

( The average water exploitation index in Europe is 7%. A total of 33 countries can be considered as non-stressed of which 20 countries have a water exploitation index of less than 10 %. However there are 14 countries that use more than 20% of their freshwater resources.

The water exploitation index (WEI), or withdrawal ratio, is defined as the mean annual total demand for fresh water divided by the long-term average freshwater resource. A WEI of more than 20 % is indicative of a water-stressed area particularly during drought or low river flow periods (Figure 8.1.). Using the 20 % criterion, about 31 % of the Europe’s population lives in countries suffering from high water stress, and 71 % in countries where water abstraction is more than 10 % of renewable freshwater resources. Even if a country has sufficient water resources at the national level there may be problems in dry regions or around large cities.
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As a consequence, the most highly stressed countries have problems with over exploitation of groundwater resources and consequent water table depletion and salt-water intrusion in coastal aquifers, which indicates the need for the reduction of water abstraction. 

Figure 8.2. Changes in water abstraction in European regions (Index 1990=100).
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	( Total fresh water abstractions have decreased over the last decade in most regions. 

( In southern countries of Western Europe, some of which have high water stress, water abstraction has been constant.


8.2.2 Water use by sectors 

Demand for water differs markedly between socio-economic sectors, and there are large differences across Europe in the scales of the main national socio-economic activities. 

On average, 42 % of total water abstraction in Europe is used for agriculture, 23 % for industry (excluding cooling), 18 % for urban use, and 18 % for energy production. 

Figure 8.3. Sectoral use of water per region
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	( Agriculture accounts for 50-70 % of total water abstraction in the Southern countries and the NIS. Cooling for electricity production is the dominant use in the Central and Balkan countries.
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Figure 8.4. Changes in sectoral water use a) Western central countries, b) Western southern countries, c) Central AC countries d) NIS.

Note: 

Western Central: AT, BE, DK, DE, FR,  LU,  NL, England & Wales 
Western Southern: ES, FR, GR, IT,  PT, 
Source:
	In Central Western Europe, water abstraction for public water supply, agriculture and energy production has fallen in the last decade by about 10 % (9 %, 10 % and 14 % respectively). For industry there has been a dramatic decrease of 28 % in the last decade.
	In Western Southern countries, where water abstraction for agriculture is the dominant water use (70 % of total use), abstraction for irrigation  increased by  5 %in the last decade. Abstraction for urban use and industry was relatively constant, and abstraction for cooling for energy production fell by 15 %.


	In the NIS and Central  European EU Accession countries (Central AC) the decrease in industrial and agricultural activities (see chapter 2.3 Agriculture) during economic transition led to a marked decrease in water abstraction for these uses. In AC central countries water use by industry and agriculture fell by 70 %, while in the NIS the reductions for agricultural use and industrial use were 74 % and 50 %, respectively, of abstraction in 1990.

However, in most of the NIS there are still unsatisfactory technical irrigation practices and water-distribution systems, wear of equipment, application of imperfect methods for watering and absence of water-saving technologies. Most of these countries are improving irrigation efficiencies in order to increase or maintain their agricultural production.

There was a 30 % decrease in abstraction for public water supply in the last decade in Central ACs. In the NIS there were also a 10 % reduction in urban water use. In most countries the new economic conditions made companies increase the price of water and install water meters in houses. This contributed to a reduction in the amount of water used. Industries connected to the public supply system also had decreasing production. Nevertheless in most countries the supply network is still obsolete and losses in distribution lead to still high abstractions to meet demand.
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Note: AC Central: BG, CZ, EE, HU, LT,  LV, PL, RO, SK, SI.
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Within the Southern AC, there has been a recent 35 % increase in irrigation water demand in Turkey because of new irrigation projects. In Malta, water abstraction for urban use has fallen and in Croatia there has been a 10 % reduction in water demand mainly because of the decline in industrial production (MZOPU, 2002). 

8.2.3 Agricultural water use

The major part (85 %) of irrigated land in WE is in the Mediterranean area. In the Accession Countries the major part (93 %) is in Romania and Turkey. In the NIS, the Aral Sea basin accounts for 51 % of the total. 
Traditionally, much of the irrigation in Europe has consisted of gravity-fed systems, where water is transported from surface sources through small channels and used to flood or furrow-feed agricultural land. However, in an increasing number of regions in the north and south, irrigation by sprinklers using pressure, often drawing water from subterranean aquifers, is the most common practice. It is often in these areas that the quantities of water used, and thus the impact on the environment, can be the largest.

In the 1990s there was a slight increase (1 %) in irrigated area in southern western countries, mainly due to increased cropping and irrigation of maize (see chapter 2.3 Agriculture). In the central AC countries and the NIS, the area under irrigation only decreased slightly during the 1990s, however, the water use for irrigation dropped markedly (Figure 8.4.). In many AC countries only a minor part of the area equipped with irrigation structures is actually irrigated, for example only 10-15 % in Romania. In many eastern countries and NIS, the water distribution networks, pumps, and sprinklers are badly maintained, leaks have increased and the pumping systems are highly energy-intensive. In Armenia, for example, the cost of electricity represents 65 % of the total maintenance cost and is hardly affordable.

In the coming years new water supply projects are planned in Europe (see table 8.1) and rehabilitation of the badly maintained irrigation structures in Eastern Europe and the NIS may increase the demand for irrigation water.

Table 8.1. Planned water supply projects in Europe.

	Greece
	The Acheloos river diversion project proposal aims to irrigate 380 000 hectares in the plain of Thessalia, on the eastern side of Mount Pindos watershed.

	Portugal
	The Alqueva water development project in the Guadiana basin (to be completed in 2024) is expected to have a strong irrigation component, expanding Portugal’s current total 632 000 ha of irrigated land by some 110-200 000 ha.

	Spain
	The old infrastructure of most irrigation projects and their poor maintenance was the basis for the Spanish National Plan for Irrigation, approved in 1996, which affect 1.1 million ha. The measures are intended to improve the efficiency water use of, adapt crops to production and avoid aquifer over-exploitation and pollution.

The Spanish National Hydrological Plan (SNHP) from 2001 proposes to meet the country's water demands by transferring water from areas where it is in excess to other areas with a water deficit. Water transfer was envisaged as the most feasible solution for satisfying water demands across the country, after a rigorous cost-benefit analysis which took account of the environmental, socio-economic and technical variables. The Act does not allow, under any circumstance (art. 17.2), the use of the transferred resources either for new irrigation projects for widening existing ones. The main water transfer is planned from the Ebro basin to the South-East, where water resources shortage has been identified as “structural”.  

	Turkey
	The South-eastern Anatolia Project (GAP) aims to develop an area of more than 7 million ha within the basins of the Dicle (Tigris) and Firat (Euphrates). It includes 13 sub-projects, to be completed over a period of ten years and extra 1.7 million ha will be irrigated.


Source:
8.2.4 Urban water use

Increased urbanisation, population growth and higher living standards have been major drivers in the increase of urban water use in the past century. In Western and AC countries, urban use (households and industries connected to public water supply) of water per capita is around 100 m3/inhabitant/year. In some western countries, water use fell during the 1990s as a result of focus on water saving, increasing metering, and the use of economic instruments (water charges and tariffs). In other western countries, urban water use has continued to increase as a result of more people being connected to water supply systems, more households and changes to more water-consuming lifestyles (more washing machines, baths, swimming pools, etc.) 

In the AC and the NIS, urban water consumption around 1990 was in general very high, however, in some countries there was a large rural population not connected to public water supply. In the Central AC countries and the NIS there was a 30 % and 10 % decrease, respectively, in urban water use during the 1990s (Figure 8.4.). 

Figure 8.5. Changes in household water use and price of water in Hungary
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Whilst there has been a general trend towards higher water prices throughout Europe, water prices still vary considerably. Milan and major cities in Turkey have the lowest prices, about 75 % below the average. Many of the capitals and major cities in Mediterranean countries also have below-average prices, as do those in countries with abundant water supplies. In contrast, water prices are highest in northern European cities (about 75-100 % more than the average). Charging consumers for water is an economic instrument used by some countries to help to reduce water use. Other factors that influence water use patterns include climate variations, information campaigns, use of water-saving technologies, improved performance of networked water systems (reduction of leakages and mains pressures).

In many of the Eastern countries and NIS the water supply networks are in a poor condition due to faulty design and building, and lack of maintenance and ineffective operation as a consequence of the decline of the economic situation in the past decade. Leakages are generally high and in many cases 30-50 % of the water is lost. Many cities only have water for 2 to 6 hours a day.

8.2.5. Tourism water use

Tourism places severe, often seasonal, pressures on water resources at the regional and/or local level across parts of Europe, and is one of the fastest increasing socio-economic activities in Europe. The increase in water demand is often associated with recreational uses such as swimming pools, golf courses, and aquatic parks as well as consumption by a much increased population during holiday seasons.

	Box 8.1. Examples of the impacts of tourism on water resources.

Greece. The most serious shortages occur in the Aegean islands, particularly during the tourist season. Tourism’s heavy water demand sometimes leads to over-pumping of groundwater and salt intrusion into underground water lenses on islands. Water use for tourism activities, which averages 450 litres per day per tourist in deluxe hotels, is several times higher than average water use by Greek residents, placing a strain on water resources. The popularity of golf courses and swimming pools is a major factor in the high water intensity of the tourism sector. During the peak tourist season, tankers are used to transport drinking water to 14 islands in the Aegean, at an annual cost of GRD 500 million [OECD, 2000].

Turkey: In many tourist areas (and nearby residential areas) adequate drinking water, sewerage and water treatment services are still sorely lacking. Tourism’s heavy seasonal and geographical concentration results in over-pumping of groundwater and the discharge of large volumes of untreated wastewater to lakes, rivers and coastal waters. The development of golfing (land acquisition, high water use for sprinkling, fertiliser and pesticide use) also increases environmental pressures. [OECD, 1999]

Croatia: Due to the concentration tourists in space and time, there is often a shortage of freshwater, particularly on the islands and in the driest coastal regions. Existing sources of water are sufficient for most of the year but problems arise in the summer months, when water consumption is 4-5 times higher than in winter. The resulting shortage is resolved by bringing in water from the mainland. [UNECE, 1999]

Water demand per inhabitant in the Balearic Islands, Spain is estimated to be around 279 l/person/day. Most of the water (89.5 %) comes from groundwater, 2.5 % from surface water (reservoirs), 6.8 % is re-used water and 1.2 % comes from desalination plants. Salinisation as a consequence of the overexploitation of the aquifers is an issue in the islands. Most of the available water is used by agriculture and urban purposes, but irrigation of golf courses is becoming more important. Different policies had been implemented to control the increasing water demand, especially that derived from the tourist activity. These include the diversification of supply (e. g. desalination plants and wastewater re-use), water-saving campaigns and economic instruments (Ecotourist tax).


8.2.6 Impacts of water abstraction

Direct river abstraction decreases the amount of water flowing downstream and has a more pronounced effect on flow during the dry season. Many originally perennial streams (particularly in arid regions) have become intermittent due to various abstractions (Smakhtin, 2001). The rapid expansion in groundwater abstraction over the past 30-40 years has supported new agricultural and socio-economic development in regions where alternative surface water resources are insufficient, uncertain or too costly (EU, 2000). Over-abstraction leads to groundwater depletion, loss of habitats and deteriorating water quality.

Basins with higher exploitation indexes suffer the impacts of over-abstraction in many of their rivers or aquifers. The Mediterranean area is particularly affected by saline intrusion due to groundwater over-exploitation. The drying-up of the Aral Sea and Lake Sevan are examples of the consequences of intensive abstraction.

Irrigation is the main cause of the groundwater over-exploitation in agricultural areas, some examples are the Greek Argolid plain of eastern Peloponnesus, where it is common to find boreholes 400 m deep contaminated by sea water intrusion; the area between the Danube and Tisza in Hungary, and the aquifers of the Upper Guadiana River Basin in Spain, both having led to a lowering of the shallow groundwater table, threatening some natural wetlands.

In Central European regions, groundwater is the main source of drinking water, and aquifer over-exploitation has endangered water quality and ecosystems. An old tidal flat region, which has a special ecological value, close to the French-Belgian border between a recent and an old dune belt, has been used by a water supply company, lowering the water table and piezometric levels and altering the groundwater flow to the drainage canal as well as its drainage capacity (Camp et al., 2002). The Amsterdam Water Supply Dunes have become more and more desiccated because of the abstraction of water, since 1853, from the dune area, with negative effects on flora, fauna and landscape (EU, 2000a). 

However there are examples of how water resources can recover once over-exploitation has ceased. For example, in Hungary (OECD EPR 2000) the intensity of groundwater use has fallen by one-third since the mid-1980s. In Transdanubia, after over-exploitation of karstic groundwater by mining operations was halted in the early 1990s, the water table, which had fallen an average of 30 m, recovered. Intensive and non-balanced use of groundwater caused large underground depression fields, at Liepāja (1 000 km2) and Rīga (7 000 km2) in Latvia, but decreased water consumption during the 1990s led to a gradual rise in the water level (SoE, 2002) (Figure 8.6.). In the Amsterdam Dunes, a large-scale artificial recharge scheme made possible a large restoration of the freshwater store (EU, 2000a). The Spanish La Mancha Occidental in the Upper Guadiana basin was declared as over-exploited, since when abstractions have fallen from 600 million m3 per year at the end of the 1980s to the current 300 million m3, and there has been a marked recovery of the water stored in the aquifer, which also means a recovery of the valuable associated ecosystems (see Figure 8.7.).

Figure 8.6. Changes in the underground water level and water abstraction in Rīga and Liepāja, 1980-2000
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Figure 8.7. Annual abstractions from the aquifer (left) and water-level recovery (right) at representative borehole in La Mancha Occidental. 
Source:
Box 8.2. Impact of water exploitation on major water bodies, Aral Sea and Lake Sevan
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8.2.7 Drinking water quality

	( Drinking water quality in the NIS  is of major concern. All of the NIS for which information was available (8 of 12) have major problems with microbiological contamination of drinking water supplies. They suffer from ageing infrastructure and from the prohibitive cost of chlorine. These countries also have problems with contamination from toxics and metals and there were also some reports of nitrate pollution. 


The most common problem with drinking water in the EU countries identified from national reports is nitrate contamination (Figure 8.8). In addition at least 12 % of citizens in EU countries
 were potentially exposed to microbiological and some other undesirable contaminants that exceeded the maximum allowable concentrations laid down in the Drinking Water Directive, in the years reported. 

In Accession Countries and South East European countries, physico-chemical parameters of drinking water are most commonly failed, often because of contamination by salts. The percentage of samples failed in other categories also implies significant exposure of populations to other contaminants but the data are not available to calculate the proportion of the population affected.

Figure 8.8. Main Drinking Water Problems identified by national reports
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Source:
( The percentage of samples exceeding microbiological standards in the NIS is between about 5 and 30 %. Exceedances are higher in non-centralised drinking water sources. At least half the population of the Russian Federation is thought to be at risk from unclean water (OECD EPR Russia, 2000).

Figure 8.9. Samples exceeding microbiological parameters in the Newly Independent States
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Note: Data for Kyrgyzstan shows the range of percentage exceedances since the only regional data that was available could be aggregated.

Source: UNECEPRs
8.2.8 Groundwater quality

Groundwater is major source of drinking water all over Europe, and thus the state of groundwater in terms of quality and quantity is of vital importance. Groundwater is affected by human activities such as the use of nitrogen fertilisers and pesticides, water abstraction, and interventions in the hydrological cycle such as land sealing. 

8.2.8.1. Nitrates in Groundwater

Assessment of comparable time-series for nitrate in groundwater shows relatively high mean values without any significant changes (Figure 8.10.). Exceedances of the nitrate limit value (50 mg/l, defined in the EC Drinking Water Directive) were found in around a third of the groundwater bodies for which information is currently available. 

( In general, there has been no substantial improvement in the nitrate situation in European groundwater and hence nitrate pollution of groundwater remains a significant problem. 

Figure 8.10. Temporal development of nitrate mean values in groundwater bodies – comparison of 3 time series
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Note: Elevated NO3 mean concentrations in 1996, 1997 are mostly caused by single, very high nitrate concentrations.
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8.2.8.2. Pesticides in groundwater 

Pesticides in groundwater (and surface waters) arise from diffuse and point sources. They are used in agriculture, horticulture, fruit growing, viticulture and forestry, for public and private pest-control purposes, manufacturing and industrial activities. As groundwater is a major source of drinking water and also forms the base flow of many rivers, the presence of pesticides in groundwater is of concern from the point of view of human health and protection of aquatic ecosystems. The monitoring of pesticides is a challenging task due to the high number of registered pesticide substances, but the data suggest that pesticide pollution of groundwater is a problem in parts of Europe. 

( Analyses of national State of Environment reports indicate that pesticides are causing groundwater quality problems in many countries. Six of the EU15 countries, six of the accession countries and eight of the twelve NIS have indicated that there is a danger of pesticide pollution in their countries.

8.2.8.3. General groundwater quality in the Newly Independent States

For several countries, in particular the NIS, there is a substantial lack of comparable groundwater quality data. However, an assessment of State of Environment Reports and other sources has provided some information. In Armenia and Azerbaijan the groundwater resources are reported to be of high quality [2, 3] However, Armenia has some local problems with high natural mineral content and also the threat of heavy-metal pollution from mine tailings. Belarus reports an improvement in the overall quality of groundwater [12]. However, shallow wells in rural areas of Belarus are seriously affected by nitrates. In Georgia there are around 500 sites where groundwater pollution is found and in Kazakhstan there is extensive contamination with a number of toxic substances and most areas do not comply with drinking water standards. In Kyrgystan increased nitrate concentrations have been observed at depths of 150 m in aquifers and serious groundwater contamination was reported in a region which provides 60 % of the drinking water for the capital [13]. Approximately 75 % of deep aquifers of Moldova have high natural mineralisation and so the water requires pre-treatment, and about 57 % of shallow rural wells have severe nitrate pollution. In Russia one of the main pollutants of groundwater is nitrate and in the Ukraine there is major pollution from industry, mining and agriculture. Uzbekistan has a number of contaminated aquifers, particularly where the use of agricultural chemicals is high and close to large industrial enterprises.

8.3 Water pollution

8.3.1 Nutrient and organic pollution

8.3.1.1.Water quality in rivers

( The levels of phosphorus and organic matter have generally been decreasing in rivers in Western and Accession countries over the past decade reflecting the general improvement of sewage treatment and in the EU the success of policies such as the Urban Waste Water Treatment Directive in reducing pollution of rivers. 

( In contrast levels of nitrate have remained relatively unchanged and above background levels in Western and AC countries. Levels of orthophosphate are also above background levels.

High organic matter concentration (measured as BOD) has several effects on the aquatic environment including reducing the chemical and biological quality of river water, the biodiversity of aquatic communities and the microbiological quality of waters. High BOD is usually a result of organic pollution, caused by discharges from wastewater treatment plants, industrial effluents and agricultural run-off. A decrease in BOD in rivers illustrates general improvements in river water quality in terms of the chemical and microbiological properties of the river.

Large inputs of nitrogen and phosphorous to water bodies (including rivers) can lead to eutrophication causing ecological changes that result in a loss of plant and animal species, and have negative impacts on the use of water for human consumption and other purposes. In many catchments the main source of nitrogen pollution is run-off from agricultural land, though discharges from waste water treatment works can also be significant. For phosphorous, industry and households are often the most important sources. 

Figure 8.11. 
BOD5 (a) Orthophosphate (b), and Nitrate (c) concentrations in rivers of Western and Northern countries of Western Europe and Accession countries, 1990 to 2000. 

(Note number of stations in brackets and dotted line upper limit of the range of background concentrations)

	BOD5 concentrations have fallen in rivers in AC and Western countries during the 1990s with concentration in AC rivers being generally higher than those in Western rivers.


	a) Organic matter (BOD)
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	Orthophosphate concentrations are similar in rivers in Western and AC countries and have fallen during the 1990s. Concentrations are much lower in Northern rivers and are around background levels.
	b) Orthophosphate
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	Nitrate concentrations are considerably higher in Western than in AC countries reflecting the more intensive agricultural practise in the Western countries, for example the greater usage of nitrogenous fertilisers (see box “The problem of nitrate in groundwater”). Concentrations in Northern countries are much lower and below the upper limit of background  levels. Nitrate concentrations have remained fairly constant during the 1990s in Northern, AC and Western rivers.
	c) Nitrate
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Source: 

In the central Accession and Balkan countries, industrial production and pollution discharges decreased in the 1990s and there was a drastic reduction of pesticide and fertiliser use in agriculture. Consequently pollution pressures on waters have eased considerably and in many places river quality has improved. However, there are still many polluted river stretches, in particular downstream from cities, industrial regions and in mining areas.

There is limited comparable data available from the NIS. What data there are indicate that phosphorus and nitrate levels in rivers are low compared to western countries, and orthophosphate levels lower than those in AC countries. BOD5 is also generally low except for Tajikistan. Eight of the twelve NIS countries identified nitrate levels as being of major concern in their rivers. Five countries and four countries reported ammonium and microbiological quality, respectively, to be a major concern. The latter is consistent with the reported high levels of microbiological contamination in drinking water in these countries.

8.3.1.2. Hot spots in rivers 

( The quality of rivers in the NIS is hard to quantify because of the lack of monitoring information. However, it is clear that many water bodies are heavily contaminated by hazardous substances. These hot spots are often downstream of major cities and/or major installations (e.g. industry or military) and/or mines.

Table 8.2 summarises information on the general status, main pressures and ‘hotspots’ in rivers in the NIS, obtained from examination of national State-of-Environment reports and other sources. Some of the NIS, such as Kyrgyzstan, Moldova and Tajikistan, reported that their surface waters are generally of good quality away from identified hotspots whilst others such as Azerbaijan, Belarus, Russia and Ukraine indicated higher levels of pollution. Two countries (Ukraine and Moldova) indicated that smaller rivers are more polluted than larger rivers. Limited monitoring is also reported to be a problem in Armenia and Kyrgyzstan though it is likely that this is also a problem in all the NIS. A common theme is the decline in economies leading to some industries closing but also to poor levels of treatment of effluents for those that remain. Also some countries have low levels of sewage treatment and connection to sewerage systems. The main sectors that affect water quality are reported to be industry, urban populations, mining, agriculture (particularly livestock), oil refining and military bases (including nuclear weapons testing sites). 

Table 8.2.
Summary of main hot spots and pressure in rivers in the NIS. Source national SoE reports

	Armenia
	The main pollution problems in Armenia’s rivers originate from agriculture and municipal waste generation. Monitoring of water pollution is not well developed and will have to be extended as water management is improved.

Water quality has improved in recent years as a result of the economic crisis and the reduction in industrial and agricultural activities. Regions where mining took place or continues have high concentrations of heavy metals.

	Azerbaijan
	More than half of the larger rivers are considered to be contaminated. Many lakes are in a critical state.

	Belarus
	Most rivers in Belarus are moderately polluted. The most polluted tributaries of the Dnieper are the Svisloch, which carries discharges from the Minsk sewerage system, and the Berezina that receives discharges from several heavily industrialised cities.

With the decline of industrial production, the pollution load of water bodies has dropped significantly in recent years A major polluter is a potash mine near Soligorsk in southern Belarus. 

	Georgia
	There are several polluted rivers in Georgia, where concentrations of phenols, hydrocarbons, copper, manganese, zinc and nitrogen are considerably higher than the national and international standards. Most water treatment plants are not operating or work at a very low level of efficiency; pollution by fertilisers and pesticides is also important.  

	Kazakhstan
	Most water bodies suffer from serious environmental problems. Some of the most seriously polluted rivers are the Ural (phenols, petroleum by-products, boron), the Irtysch (ammonium nitrate, zinc, phenols) and the Nura (mercury). The main polluters are industrial, mining, metal and refinery enterprises, and farms.

	Kyrgyzstan
	It is difficult to have a clear picture of the quality of surface waters, as monitoring is scarce and increasingly unreliable. In general it is said that the water bodies suffer only low levels of pollution. However, the quality of river water deteriorates near urban, agricultural and industrial centres. Pollution from mine tailing dumps also occur in several places, for example contamination with radioactive materials, cadmium and other heavy metals (copper, zinc and lead).

	Moldova
	The water quality of the Dniester and Prut rivers, as well as of the lakes and reservoirs, is generally satisfactory. In comparison with the 1950s, the mineralization of Dniester water has increased by 50 %. During the past two decades, concentrations of nitrogen and phosphorus have increased to 10 mg/l and 0.2 mg/l, respectively. The water of most small rivers falls between ‘polluted’ and ‘strongly polluted’.

	Russia
	All the major rivers are classified as ‘polluted’ and their main tributaries as ‘heavily polluted’. Lakes and practically all reservoirs are also significantly polluted.

The main sources of pollution are wastewaters discharged by industrial and agricultural enterprises, communal services, and also surface run-off. The most common surface water contaminants include oil, phenol, easily oxidised organic substances, metal compounds, nitrates and nitrites.

	Tajikistan
	The quality of surface and ground water in Tajikistan is high and only in separate regions does it tend to deteriorate. Huge pollution comes from housing and municipal sectors.  Mining enterprises greatly influence the state of surface and ground water reservoirs. Sometimes, unexpected industrial water discharges result in five to ten-fold increases in the concentrations of toxic substances such as mercury, zinc or phosphor in watercourses.

	Turkmenistan
	The Amu Darya River is one of the most polluted water bodies of the Central Asian region. The salt content of the river is marked increased as a result of drainage from irrigated areas. 

	Ukraine
	The main water-quality problems are related to municipal waste, diffuse sources of pollution and eutrophication. Almost all river basins in Ukraine are classified as polluted or very polluted. The large rivers (Dnieper, Dniester, Southern Bug) are all polluted with oxygen-consuming substances, nutrients, heavy metals, oil and phenols. The smaller tributaries are more heavily polluted than the main rivers, however, there are also many unspoiled water bodies, particularly in the mountainous areas.

	Uzbekistan
	The majority of waterways are either moderately or heavily polluted. 

The principal sources of water pollution are industry, agriculture and human settlements. 


Source:
8.3.1.3.Water quality in lakes and reservoirs

	( The eutrophication of European lakes is generally decreasing. 

( However, there are still many lakes and reservoirs with high concentrations of phosphorus due to human influence. Phosphorus concentrations are highest in the Eastern European countries and lowest in the Nordic countries.


It has been recognised since the 1970s that anthropogenic discharges of nutrients are causing eutrophication in many European lakes. Eutrophication contributes to a number of water quality problems such as phytoplankton blooms, reduced recreational aesthetics, oxygen depletion, reduced transparency and fish kills. Some algal blooms produce toxins and also tastes and odours that make it unsuitable for water supply. 

Figure 8.12. 
Average summer phosphorus concentrations (µg/l) in lakes: a) changes 1981-2001, b) in parts of Europe.

	The proportion of lakes and reservoirs with low phosphorus concentrations (< 25(g/l) has increased and the proportion with high concentrations (> 50(g/l) has decreased in the past 20 years. This indicates that eutrophication in European lakes is decreasing. 

In the past urban waste water has been a major source of nutrient pollution but recently treatment has improved and outlets have been diverted away from many lakes. Diffuse pollution, particularly from agriculture continues to be a problem.
	a) 
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	Phosphorous enrichment in lakes is a greater problem in Accession countries and WE than in the Nordic countries. This is because the Nordic countries (Iceland, Norway, Sweden and Finland) have lower population densities and lower agricultural intensities.
	b)
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( Agriculture can be a significant source of phosphorus in some eutrophic lakes. Thus diffuse agricultural as well as point sources of phosphorous will have to be reduced if the quality of some lakes is to be improved.

Source:
Figure 8.13. Trends in total phosphorus concentrations in some large [image: image37.wmf]0
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At many large European rivers, cascades of reservoirs have been constructed during the last century. The rivers Volga and Dnieper, for example, have six major reservoirs, each located on their main course, mostly downstream of large cities such as Moscow and Kiev. The reservoirs are heavily affected by nutrients and other pollutants discharged in the catchment.

8.3.1.4. Wastewater treatment

Wastewater from households and industry represents a significant pressure on the water environment. As well as containing organic matter and nutrients, it can also contain hazardous substances. The level of treatment of the wastewater before discharge and the sensitivity of the receiving waters will affect the impact it has on the aquatic ecosystem. EU countries have to implement Directives such as the Urban Waste Treatment Directive, which prescribes the level of treatment required before discharge. 

(.The levels of wastewater treatment in WE and CEE has improved significantly since the 1970s

( However the percentage of population connected to waste water treatment is relatively low in CEE

( In the NIS there is very low level of treatment of wastewater in terms of population connected to treatment works, treatment levels applied and the operational efficiency of those treatment plants that do exist.

There has been marked improvement in the level of treatment and proportion of the population connected to treatment plants in Western Countries since the 1970s. In the North and Central Western countries most of the population is now connected to wastewater treatment plants, many to tertiary plants which efficiently remove nutrients and organic matter.  In Belgium and Ireland, wastewater treatment is comparable to that in southern Western Europe in that currently around half of the population is connected to wastewater treatment plants, with 30-40 % of the population connected to secondary or tertiary treatment plants (removal of organic matter and nutrients).

In Central and Eastern countries on average 25 % of the population is connected to waste water treatment plants, with most of it receiving secondary treatment (removal of organic matter). In some countries like Estonia more than 70 % are connected while in countries like Hungary and Turkey only 26 % and 12 % are connected. There are still many large cities that discharge their waste water nearly untreated  (e.g. Bucharest).

There is no comparable or recent information for the NIS but the available information indicates that the level of wastewater treatment is low. At present only a small part of the population is connected to operating wastewater treatment plants and the existing plants are generally in a bad condition. There are high leakage levels in the networks, which leads to direct releases of raw wastewater to the environment. Many plants often operate only a mechanical treatment, due to technical reasons or economic conditions and the high price of electricity.

Figure 8.14. Changes in wastewater treatment in regions of Europe between 1970s and late 1990s.
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Figure 8.15. Discharge of organic matter (BOD) from urban waste water treatment plants in Denmark, Finland, the Netherlands and the UK (England and Wales only)

	The percentage of the EEA population that is connected to wastewater treatment plants increased between 1970 and 1990 but then remained fairly constant to 1999. However, despite an increased population being connected, BOD levels have declined due to improvements in wastewater treatment. Organic matter discharged from urban wastewater treatment plants has decreased in Denmark, Finland, the Netherlands and the UK.
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Figure 8.16. Discharge of organic matter (BOD) from point sources in AC5 (CZ, EE, LV, LT & SK). Source: Eurostat

	Organic matter discharged from point sources in the accession countries decreased dramatically during the 1990s. This may be due partly to the deep economic recession in the first half of the 1990s and the consequent decline in heavy highly-polluting industry. Although economies have since improved and industrial output has increased, there has been a shift towards less-polluting industries
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Figure 8.17. Discharge of organic matter (BOD) from selected industries

	Several industrial sectors, which in the 1970s and 1980s had large emissions of organic matter, have now markedly reduced their discharges by the introduction of cleaner technology and improved wastewater treatment.

The move towards cleaner technologies is driven partly by EU Directives such as the Integrated Pollution Prevention and Control Directive, which requires large facilities to use the Best Available Technology to make radical environmental improvements. 
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Figure 8.18. Changes in discharge of phosphorus and nitrogen (index 1990=100) from urban wastewater treatment plants and percentage of population connected to tertiary treatment.
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8.3.1.5. Discharge of nutrients to the seas

There is a direct relationship between riverine and direct discharges of nitrogen and phosphorus and the concentration of nutrients in coastal waters, estuaries, fjords and lagoons which in turn affect their biological state. Measures to reduce the input of anthropogenic nutrients and protect the marine environment are being taken as a result of various initiatives at all levels  (global, regional conventions and Ministers Conferences, European, national): UN Global Programme of Action for the Protection of the Marine environment against Land-Based Activities, Mediterranean Action Plan (MAP), Helsinki Convention 1992, OSPAR Convention 1998, Black Sea Convention and Caspian Sea Environmental Programme.

( Discharges of both phosphorus and nitrogen from all quantified sources to the North Sea and Baltic Sea have decreased since the 1980s.

( Agriculture is now the major source of nitrogen and phosphorus discharges into the North Sea, whereas for the Baltic Sea agriculture is the main source of nitrogen pollution and urban wastewater treatment the main source of phosphorus pollution. 

( Data for the Black Sea and Caspian Sea are less comprehensive than for the Baltic and North Sea, but indicate that riverine discharges are the largest sources of nitrogen and phosphorus for both seas.

( Comprehensive data is also not available for the Mediterranean but all coastal cities discharge their (treated or untreated) sewage to the sea and only 4 % have tertiary treatment, indicating that the nutrient input from this source maybe high. Agriculture is also intensive in the region and 80 rivers have been identified as contributing significantly to the pollution of the Mediterranean (EEA 1999). 

Figure 8.19. Source apportionment of nitrogen and phosphorus discharges to Europe’s Seas and percentage reduction 
	North Sea – Phosphorus

[image: image46.wmf]Phosphorus

0

10

20

30

40

Riverine

Domestic

Industrial

mio. tonnes


	Baltic Sea  - Phosphorus

[image: image47.wmf]Nitrogen

0

100

200

300

400

500

600

700

800

900

Rivers

Muncipalities

Industry

mio. tonnes



	North Sea - Nitrogen
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Source North Sea Progress Report 2002
	Baltic Sea - Nitrogen
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Source: Finnish Environment Institute – Lääne et al 2002.

	Black Sea - Nitrogen in 1996
	Black Sea - Phosphorus in 1996
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Source Black Environmental Programme 1998
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	Caspian Sea - Nitrogen (unknown year)
	Caspian Sea - Phosphorus (unknown year)
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There were significant reductions in phosphorus discharges to the North Sea from urban wastewater treatment works (UWWT), industry and other sources between 1985 and 2000. The reduction from agriculture has been less and this source was the largest in 2000. Nitrogen discharges to the North Sea have decreased significantly from all four sources between 1985 and 2000 with agriculture being the major source in 2000. However some countries such as Norway, Sweden and UK reported increases in riverine discharges (and direct discharges for the UK) of nitrogen to the North Sea between 1985 and 2000 whereas the other states reported reductions (North Sea Progress report 2002). 

Even though the data for the Baltic Sea are less recent (late 1980s to 1995) they give a similar picture for the North Sea with significant reductions in discharges of nitrogen and phosphorus from agriculture, UWWT, industry and aquaculture. In 1995 the major source of phosphorus and nitrogen to the Baltic Sea was UWWT and agriculture, respectively. Regarding point sources, the 50 % HELCOM reduction target was achieved for phosphorus by almost all the Baltic Sea countries, while most countries did not reach the target for nitrogen (HELCOM 2000, http://www.vyh.fi/eng/orginfo/publica/electro/fe524/fe524.htm)
The information from the Black and Caspian Seas is less comprehensive in terms of source apportionment and how loads have changed with time. In 1996 the most significant sources of phosphorus and nitrogen to the Black Sea were riverine inputs. The major rivers in the Black Sea catchment are the Danube, Dnieper, Don, Southern Bug, and Kuban covering an area of around 2 million km2 and receiving wastewater from more than 100 million people, heavy industries and agriculture areas. The Danube contributes about 65 % of the total nitrogen and phosphorus discharges from all sources. The information for the Caspian also shows riverine inputs contributing to the greatest proportion of nutrient loads. The Volga, Ural, Kura and Araks are the main rivers discharging into the Caspian Sea. The Volga’s contribution to pollution loads is more than 80 %.  
8.3.1.6. Quality of coastal waters

As well as the policies and initiatives described in the previous section, there are EU Directives the implementation of which will affect nutrient concentrations and eutrophication in coastal water. The Nitrate Directive and Urban Wastewater Treatment Directive aim at reduction of nitrate load mainly from washout from agricultural soils and nutrient load from point sources, respectively. The recent EU Water Framework Directive aims, among other things, at obtaining good ecological quality of coastal waters. 

( Winter surface nitrate concentrations in the Greater North Sea are not changing. Concentrations are generally not changing in the Baltic Sea Area, except for a fall at a few Danish, Finnish and Swedish stations. In the Black Sea, a slight decrease of nitrogen concentrations in the Romanian coastal waters and a steady decline in Turkish waters at the entrance of Bosphorus is reported (Black Sea Commission 2002).

( Decreases are observed in winter surface phosphate concentration at a number of stations in the Belgian, Dutch, Norwegian and Swedish coastal waters of the North Sea and Skagerrak, and in the Danish, German, Lithuanian and Swedish waters of the Baltic Sea Area. 

( Increases are observed at two Finnish coastal stations in the Gulf of Finland due to hypoxia and upwelling of phosphate rich bottom water in the late 1990s, and at a few Belgian and German coastal North Sea stations. 

( No general changes are observed at the majority of the coastal and marine stations. In the Black Sea a slow decrease in Turkish waters at the entrance of Bosphorus is reported (Black Sea Commission 2002).

Figures 8.20. and 8.21. illustrate the mean winter surface concentrations (January-February/March, 0-10 m) of nitrate and phosphate, based on data from the Baltic Sea Area, Greater North Sea, Celtic Seas, Mediterranean and Black Sea. In winter biological uptake and turn-over of nutrients is lowest and the concentration of nutrients highest. There is a relationship between riverine discharges of nitrogen and phosphorus and the winter concentration of nutrients in lagoons, fjords, estuaries and coastal waters. Generally the nutrient concentrations decrease from fjords and estuaries through coastal waters to the open sea. Background nitrate concentrations in river water are between 0.1 to 1mg N/l (7-70 (mol/l) and background phosphate concentrations are around 10(g P/l (0.3(mol/). The nutrient concentrations illustrated should be assessed against what is considered to be background levels of nutrients, which are quite different for the European seas. Background nitrate and phosphate concentrations in the North Sea are considered to be around 9.2 µmol/l and 1.3 µmol/l, respectively, and for the Baltic Sea 4.6 µmol/l and 0.68 µmol/l, respectively (EEA 2001 – Topic Report 7/2001). The Mediterranean Sea is naturally oligotrophic and background nutrient levels would be expected to be lower than in the North or Baltic Seas (0.5 µmol/l nitrate and 0.03 µmol/l phosphate (Gesamp 1990). Nutrient concentrations at most stations have not significantly increased or decreased and levels at most stations in the Baltic, Mediterranean and Black sea are generally at low (<20(mol/l). Some high nitrate and phosphate concentrations occur in the Greater North and Celtic Seas, particularly in estuaries, and there are some high phosphate concentrations on Italy’s west coast. At most of the stations for which there are enough data, no changes in nutrient concentrations are apparent. However, nitrate and phosphate is decreasing at a number of Danish and Swedish stations and decreases have also been reported in Turkish waters at the entrance of Bosphorus (Black Sea Commission 2002). Decreases in phosphate were also seen at some Belgian, Dutch, German and Lithuanian stations. However some Belgian and German North Sea stations showed phosphate increases. In two Finnish stations, increasing phosphate concentrations were also observed due to hypoxia and upwelling of phosphate rich bottom water in the late 1990s. 
Figure 8.20. Mean (1995-2000) winter (Jan.-Feb./Mar.) surface (0-10 m) concentrations of nitrate + nitrite in sea water The results of trend analyses of time series 1985-2000 (with at least 3 years data in the period 1995-2000) are shown for each country by a pie diagram. (Note these 4 maps will be combined as one by the EEA map service)
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Note: classification not related to background values

Source: OSPAR, HELCOM, ICES, BSC and EEA member countries compiled by ETC/Water

Figure 8.21. Mean (1995-2000) winter (Jan.-Feb./Mar.) surface (0-10 m) concentrations of phosphate in sea water. The results of trend analyses of time series 1985-2000 (with at least 3 years data in the period 1995-2000) are shown for each country by a pie diagram. (Note these 4 maps will be combined as one by the EEA map service)
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Source: OSPAR, HELCOM, ICES, BSC and EEA member countries compiled by ETC/Water

8.3.1.7. Eutrophication effects

In summer phytoplankton primary production and chlorophyll-a concentration is in most areas nutrient limited, and dependent on the general availability of nutrients (eutrophic level) in the specific area. The phytoplankton biomass expressed as chlorophyll-a determines the light conditions in the water column and the depth distribution of benthic vegetation, as chlorophyll-a might shadow the light necessary for growth of benthic vegetation. Secondary production of benthic fauna is most often food limited and related to the input of phytoplankton settling at the bottom, which in turn is related to the chlorophyll-a concentration (Borum, 1996). Adverse effects of eutrophication include low oxygen and hypoxic/anoxic conditions caused by the bacterial degradation of phytoplankton. Oxygen consumption is therefore high when phytoplankton biomass is high due to enhanced nutrient availability. Benthic animals and fish die if oxygen concentrations fall below 2mg/l. Eutrophication often leads to the disappearance of benthic vegetation in deeper coastal waters and the occurrence of harmful algae blooms. 

(
Generally no changes are observed in summer surface chlorophyll-a concentrations in the Baltic Sea Area, Greater North Sea or Greek coastal waters. Reductions have been observed at a few stations in Danish estuaries, and increases at a few stations in Belgian, Finnish, Lithuanian and Swedish coastal waters. The chlorophyll-a concentration is generally highest in estuaries and close to river mouths or big cities, and lowest in open marine waters.

Map 8.1
 Mean spring summer concentrations of chlorophyll-like pigments in European Seas determined from satellite observations (note for designer: only 2000 picture should be used)
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The map shows clear differences in the geographical distribution of concentration levels of chlorophyll-like pigments, especially in the eastern and southern North Sea and in the Baltic Sea. There are also relatively high concentrations seen in the Black Sea close to the Danube delta. The following Table summarises the areas where enhanced chlorophyll levels were observed from the satellite imagery.

Table 8.3 Coastal areas with apparently enhanced chlorophyll levels compared to neighbouring seas from the satellite spring-summer mean chlorophyll images

	Baltic Sea
	North-eastern part and eastern coast of Bothnian Bay; the Quark area; Coastal areas of Bothnian Sea; Gulf of Finland; Gulf of Riga; Coastal areas off Kaliningrad and Lithuania; Gulf of Gdansk; Pomeranian Bight; Swedish Baltic Proper coast

	Belt Sea and Kattegat
	Especially coastal and shallow areas of the Belt Sea and Kattegat

	Skagerrak
	North-Eastern and South-Western parts and coastal areas of Skagerrak.

	North Sea
	Eastern North Sea; German Bight; Wadden Sea; Southern Bight; UK coast and estuaries

	channel
	Coastal areas, especially Baie de Somme, Baie de Seine and Baie du Mont St. Michel

	Celtic Seas
	Bristol Channel; Liverpool Bay with associated estuaries; Solway Firth; Firth of Clyde; Ireland’s coast to the Irish Sea 

	Bay of Biscay and Iberian Coast
	French coastal areas and estuaries in Bay of Biscay, especially in the vicinity of the Loire and Gironde estuaries; Spanish and Portuguese Atlantic coasts

	Mediterranean Sea
	Costa del Sol; Vicinity of the Ebro delta; Gulf of Lyon; Italian west coast, especially Gulf of Gaeta, Napoli Bay and in the vicinity of the rivers Tiber and Arno; Northern Adriatic Sea, especially Gulf of Venice and the areas influenced by the river Po; Northern Aegean Sea, especially Bights of Thessaloniki and Thermaikos and in the Limnos area with inflow from the Black Sea through the Marmara Sea. Outside EU-countries enhanced chlorophyll concentrations are found along the south-east coast of Tunisia and the Egyptian coast from Alexandria to Gaza

	Black Sea, Marmara Sea and Sea of Azov 
	Marmara Sea, especially close to Istanbul and southern coastal areas; The north-western Black Sea, especially along the Ukrainian and Romanian coasts influenced by the large rivers Danube, Dnipro, Dnister and Southern Bug, and less along the Bulgarian and Turkish coasts; The Sea of Azov.


Source:
Eutrophication is also a problem in the Caspian Sea, which is currently undergoing increasing anthropogenic pressures. However, chlorophyll-a is not routinely measured and so the extent of the problem is difficult to assess but appears to be greatest in the shallow waters off the Volga delta (http://www.caspianenvironment.org/pollution/levels.htm). 

In the Arctic Ocean, eutrophication is not great problem since human population densities in the area are low and the duration of seasonal phytoplankton production is short due to the physical conditions (low temperatures and limited light during the winter). 

8.3.1.8. Bathing water quality

Directive 76/160/EEC on Bathing Water Quality was designed to protect the public from accidental and chronic pollution discharged in or near European bathing areas. The Directive requires Member States to designate coastal and inland bathing waters and monitor the quality of these waters throughout the bathing season (May to September in most European countries). The Directive sets both minimum standards (mandatory) and optimum standards (guideline).  

( The quality of water at designated bathing beaches in Europe (coastal and inland) has improved throughout the 1990s. In 2001, 97 % of coastal bathing waters and 93 % of inland bathing waters complied with the mandatory standards.

( Despite this improvement, 10 % of Europe’s coastal bathing waters and 28 % of Europe’s inland bathing beaches still do not meet (non-mandatory) guide values even though the bathing water Directive was adopted almost 25 years ago. In addition studies 

have shown that even meeting guide values does necessarily protect public health.

( There are frequent problems with the quality of bathing waters reported for the NIS.

Figure 8.22. Compliance of EU coastal and inland bathing waters with the Bathing Water Directive 
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Note: The Directive sets both minimum standards (mandatory) and optimum standards (guide). For compliance with the directive, 95 % of the samples must comply with the mandatory standards. To be classified as achieving guide values, 80 % of the samples must comply with the total and faecal coliform standards and 90 % with the standards for the other parameters.

Source: The European Commission from annual reports by EU Member States

Other European countries do not yet have to comply with the EU Directive, although the Accession countries have started its transposition into national law. In Romania there was an improvement of bathing water quality between 1996 and 2000. In Turkey in 1993, three of the 28 beaches along the Black Sea coast were unsuitable for bathing because the WHO standard for faecal streptococci was exceeded. (OECD 1999). Within the NIS there are frequent closure of beaches on the Black Sea coast of Ukraine, mainly because of the poor bacterial state of the water (UNECE 1999). One of the major causes of increased microbiological pollution in Ukrainian bathing waters is the lack of adequate systems for treatment of storm waters. In Georgia some beaches were closed in 1997 because of bacteriological pollution but since then there have been no closures despite the inadequate sanitary and epidemiological conditions of the beaches in summer seasons.
8.3.2 Pollution by hazardous substances

8.3.2.1. Hazardous substances in rivers

The new Water Framework Directive (WFD) defines hazardous substances as: “substances or groups of substances that are toxic, persistent and liable to bio-accumulate; and other substances or groups of substances which give rise to an equivalent level of concern". Hazardous substances include heavy metals, pesticides and other organic micropollutants. Their presence in rivers above certain concentrations represents a potential risk to drinking water quality (and hence human heath) and to the aquatic ecosystem. In the EU hazardous substances are regulated by a number of Directives including the Dangerous Substances Directive. More recently the Water Framework Directive has identified a Priority List of Substances that require action at the EU level to reduce the pollution surface and groundwater by hazardous substances.

( The concentrations of cadmium and mercury have decreased in selected rivers in EU rivers since the late 1970s, reflecting the success of measures to eliminate pollution of these two List I substances under the Dangerous Substances Directive.

( Though there is evidence that concentration of some hazardous substances have been decreasing in some EU rivers, pesticides and other hazardous substances still occur at levels that are of potential concern in terms of supplies for drinking water and adverse effects on aquatic organisms.

( Though there is very limited information on the presence and levels of hazardous substances in their rivers, most NIS identify the presence of hazardous substances as a major concern.
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Figure 8.23. Annual average concentration (µg/l) of cadmium and mercury at monitoring stations included in the EU Exchange of Information Decision between late 1970s and 1996
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Note: the EU environmental quality standards for cadmium and mercury in inland waters are 5 µg/l and 1 µg/l as annual averages, respectively 

Source: EU Member State returns under the Exchange of Information Decision (77/795/EEC)
Environmental Quality Standards are set for some hazardous substances for application at an EU level (List I substances) under the Dangerous Substances Directive, whilst others are set nationally (e.g. List II substances). There are also standards for the levels of these substances in drinking water. These are to be complied with the point of supply to the consumer (e.g. less than 0.1 µg/l for individual pesticides) but they are also useful for assessing concentrations in untreated water. For example Figure 8.25. shows the trends in occurrence of some commonly found pesticides in England and Wales – the data show no definite trends but indicate that some pesticides occur at concentrations that would be of concern if the water was drunk untreated. Figure 8.25. shows the number of monitoring sites failing standards for Dangerous substance Directive in England and Wales between 1994 and 2000. In terms of List I substances, compliance has improved over this period whilst there is no clear trend in terms of List II substances.
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Figure 8.24. Occurrences of some commonly found pesticides in England and Wales, 1993 to 2000 (percentage of samples greater than 0.1 µg/l), and non-compliance with List I and List II Dangerous Substances Directive Environmental Quality Standards (EQS) in England and Wales, 1994 to 2000 (Source EA of England and Wales Web page)
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Source:
There is generally little comparable information at the pan-European level on the presence and concentrations of hazardous substances in surface and groundwaters. Thus information from the NIS was obtained through an assessment of National State of Environment reports (SoE). Ten of the twelve NIS countries identified heavy metals as a major problem in their rivers in their most recent state of the Environment reports, with zinc, copper and cadmium being the metals most often reported as being of concern. In terms of organic micropollutants, oil/oil products was identified as a major concern by eight of the twelve countries, follows by phenol (7) and pesticides (3). Radioactivity was also reported to be a major concern in three NIS. Ukraine and Kazakhstan reported the most ‘major concerns’. More detailed information can be found in the ‘hot-spots’ section of this chapter.

Box 8.4. Pressures caused by cotton production

Cotton is an economically important crop for a few south-European and several central-Asian countries. Cotton growers use large and increasing amounts of dangerous pesticides, and large quantities of irrigation water, both of which give rise to a range of health and environmental problems. Cotton production has become increasingly associated with severe negative environmental impacts which include reduced soil fertility, salinisation, loss of biodiversity, water pollution, adverse changes in water balance, and pesticide-related problems including pollution and resistance. Cotton production has played a big role in the degradation and drying-up of the Aral Sea (see box “Impact of water exploitation on major Water bodies, Aral Sea and Lake Sevan”). Cotton receives more pesticide (insecticides, herbicides, fungicides, defoliants) applications per season than any other crop, and accounts for at least one quarter of all agricultural insecticides used in the world. Banned pesticides (DDT, forms of HCH, Aldrin and Dieldrin) are associated with cotton-growing areas in several countries. For example, in Uzbekistan (the largest producer in central Asia), there are reported to be 12 000 tonnes of banned pesticides, including DDT and the HCH group, in various places. 

The five Central Asian States together represent a significant group of cotton-producing countries. Spain and Greece produce less cotton but the common feature of all these countries is that cotton production goes on against a background of water stress. Water resources are used for irrigation of the crop and the remaining resources are further stressed because of contamination by pesticides and fertilisers. Excessive irrigation leads to salinisation of soils and further environmental deterioration.

8.3.2.2 Input of hazardous substances to the seas 

In the OSPAR area there was a target of a 50 % reduction in emissions of several hazardous substances between 1985 and 1995 and for zero emissions by 2010. An action arising out of the 4th North Sea Conference in 1995 was to continue to aim to achieve by 2000 the reduction targets set by the previous conference, which included a target of 50 or 70 % for specified substances. The Ministers at the 5th North Sea Conference in March 2002 stressed that increased efforts are necessary in order to meet the OSPAR target. HELCOM adopted Recommendation 19/5 in May 2001 for cessation of hazardous substance discharge/emissions by 2020, with the ultimate aim of achieving concentrations in the environment near to background values for naturally occurring substances and close to zero for man-made synthetic substances. The Mediterranean Action Plan (MAP) has three Protocols, which control pollution to the sea including the input of hazardous substances. The Dumping Protocol lists a number of hazardous substances for which dumping is prohibited and sets out what must be considered before a dumping permit is issued for other substances. The Emergency Protocol details what national states must do when a harmful substance accidentally gets discharged and the Land-based Sources Protocol requires parties to eliminate pollution from certain hazardous substances and strictly limit pollution from others. The Black Sea Environment Programme aims to prevent pollution by hazardous substances and matter under article VI of the Bucharest Convention. The Convention contains three Protocols; the control of land-based sources of pollution, dumping of waste and joint action in the case of accidents. 

( Direct and riverine inputs of cadmium, mercury, lead and zinc into the North-East Atlantic fell between 1990 and 1999, which shows the effects of emission reduction target setting in OSPAR.

( Atmospheric inputs of cadmium, lead and mercury into the North Sea fell between 1987 and 1995, showing the effect of air pollution abatement policies in the countries surrounding the North Sea.

( Discharges of many hazardous substances to the Baltic Sea have been reduced by at least 50 % since the late 1980s.

( There is very limited information on discharges to the Mediterranean, Black and Caspian Seas, and how these have changed over recent years.

Figure 8.25. Direct and riverine inputs (a) and atmospheric inputs (b) of some heavy metals into the North-East Atlantic. Loads relative to 1990 (Source: OSPAR)

a)





b)

Source:
Figure 8.26. Main sources of some metal discharges to water in North Sea countries in 1999 (Source: progress report to 5th North Sea Conference 2002)

Note: Waste disposal includes municipal wastewater

discharges to water based on: 
	Mercury
	Cadmium

	DK, DE, NO, NL, SE
	DK, DE, NO, NL, SE


Source:
Discharged of many hazardous substances to the Baltic Sea have been reduced by at least 50 % since the late 1980s - mainly as a result of the effective implementation of environmental legislation, the substitution of hazardous substances with harmless or less hazardous substances, and technological improvements. In Estonia, Latvia, Lithuania, Poland and Russia, reductions have been due mainly to fundamental socio-economic changes (Source Helcom web page). In the Mediterranean there is no available information of how discharges of hazardous substances have changed over time. MAP (1996) has estimated that riverine discharges to the Mediterranean are the largest source of mercury (92 %), lead (66 %), chromium (57 %) and zinc (72 %) although direct industrial discharges from the coastal zone are also significant (around 30 % of total) for chromium and lead. The Caspian Regional Thematic Centre for Pollution Control has estimated that 17 tonnes of mercury and 149 tonnes of cadmium are discharged into the Caspian Sea each year (Caspian Environmental Programme web page). The largest source of both metals is rivers although there are also contributions from industry and municipalities. The Arctic Ocean also receives considerable quantities of hazardous substances from rivers. For example, Eurasian rivers transport 10 tonnes of mercury each year to the Arctic Ocean although the main source of mercury is atmospheric deposition (Arctic Pollution 2002, AMAP). Both atmospheric deposition and riverine inputs contribute equally to the proportion of cadmium pollution. POPs also reach the Arctic Ocean via the atmospheric and riverine pathways with the Russian rivers, the Ob, Yenisey and Pyasina having the largest inputs (POPs factsheet 1, AMAP 2000). 

8.3.2.3. Hazardous substances in seas

Hazardous substances may affect human health through consumption of marine organisms and have deleterious effects on marine ecosystem function. Lethal and sub-lethal effects are known to occur. The long-term effects of these persistent substances in the European marine environment are not adequately known. Measures to reduce input of hazardous substances and protect the marine environment are being taken as a result of various initiatives at different levels. These are described in the previous section. More recently within the EU, Member States will have to achieve good ecological and chemical status in transitional and coastal waters. Chemical status will be defined in terms of standards for a Priority List of the most hazardous substances.

( The levels of some hazardous substances are decreasing in marine organisms at some monitoring stations in the Mediterranean and Baltic Seas, and the NE Atlantic Ocean in response to measures to reduce the inputs of these substances to these seas.

( However, contaminant concentrations above limits for human consumption are still found in mussels and fish, mainly from estuaries of major rivers, near some industrial point discharges and in some harbours.

Figure 8.27 Concentrations of selected metals and synthetic organic substances in marine organisms in the Mediterranean and Baltic Seas, and in the NE Atlantic Ocean (Source: complied by ETC/WTR from OSPAR, HELCOM and EEA Mediterranean member countries data).


Source:
The aggregated results indicate falling concentrations of cadmium, mercury, lead, DDT, lindane and PCB in mussels and fish from both the North-East Atlantic and the Mediterranean Sea. Of the 178 (DDT) to 286 (cadmium) time series analysed for mussels, 8-15% showed significant trends, mostly of concentrations decreasing. Only 25 time-series for lindane were available. All of these concerned mussels from the Mediterranean and seven showed decreases.

Contaminant concentrations above limits for human consumption are found mainly in mussels and fish from estuaries of major rivers (e.g. cadmium and PCB in the Seine of northern France, lead in the Elbe and PCB in the Scheldt, Rhine of the Belgium-Dutch border area and Ems of northern Germany, cadmium possibly from the River Rhône), near some industrial point discharges (e.g. cadmium and DDT in the Sørfjord, western Norway) and in some harbours (e.g. lead and PCBs in the inner Oslofjord). Some areas remote from point sources may, however, have elevated concentrations of some hazardous substances (e.g. cadmium in northern Iceland, mercury in northern Norway).

On a local scale in the coastal regions of North-East Atlantic, the available data indicate few significant trends but most of these show decreasing concentrations of cadmium, mercury, lead, DDT and PCB. In the Baltic the levels of cadmium, mercury and lead in herring muscle appear to be low and generally no trends were detected. The one area where mercury increased in this species was at the estuary of the river Oder (near Stettin). Concentrations of DDT and PCB in fish generally decreased although PCBs in NE Atlantic cod increased. In the Mediterranean (only French and Greek data) concentrations of cadmium, mercury and lead are generally above background but below levels of potential concern. The results also suggest that concentrations are generally decreasing. The results for lindane (only French data) indicate low and decreasing concentrations. 

The analysis of the concentrations of hazardous substances in water, sediment and biota in the Caspian Sea is so far inadequate to provide a comprehensive overview. It is, however, known that the greatest concentrations are found close to major coastal industries (e.g. the Absheron peninsular in Azerbaijan) and the mouths of rivers with industrialised catchments (Caspian Environmental Programme web page).

Hazardous substances also affect wildlife in the Arctic. Much of the pollution is from long-range transport of persistent chemicals and is a legacy from previous emissions although significant pollution is still occurring. Biomagnification of POPs up the food chain is particularly evident in the Arctic food web as the top predators, e.g. seals and polar bears, have large fat reserves where lipid-soluble compounds accumulate. There is also some evidence that mercury concentrations in marine mammals are increasing (Heavy Metals fact sheet 3, AMAP 2001). Local metal pollution is very severe in some areas, for example in Russia on the Kola Peninsula and near Norilsk due to copper-nickel smelting (Arctic Pollution, 2002 AMAP).

8.3.2.4. Oil pollution 

The main sources of oil pollution in the marine environment include maritime transport, coastal refineries and offshore installations, land-based activities (either discharging directly or through riverine inputs) and atmospheric deposition. No reliable data sources exist at present for marine oil pollution from land-based activities and atmospheric deposition. Within the EU, the Dangerous Substances Directive 76/464/EEC includes targets on oil pollution discharges with reference to persistent and non-persistent mineral oils and hydrocarbons of petroleum origin. The OSPAR and HELCOM Conventions set targets for oil pollution from land-based sources and offshore installations (for example PARCOM decisions 2001/1 sets a target for reducing inputs of oil in ‘produced’ water (i.e. that brought up from wells along with the oil) by 15 % by 2006 and sets a new target standard of 30 mg/l for individual installations by the end of 2006). In accordance with the MARPOL 73/78 Convention established by the International Maritime Organization (IMO) for the prevention of pollution from ships, aerial surveillance maintain a presence allowing a control of observed slicks in "special areas" where discharges are prohibited.

( Despite increased oil production, oil discharges from offshore installations and coastal refineries in the EU are decreasing as a result of an increased application of cleaning technologies and improved wastewater treatment before discharge. Additional improvements are expected as a result of new (OSPAR) regulations, which entered in force in 2000.

( Illegal oil discharges from ships and offshore platforms are regularly observed at sea. The number of illegal oil spills is slowly decreasing in the North Sea, but remains constant in the Baltic Sea.

· Despite the fact that pollution from oil spills on a world-wide scale has been reduced by 60 % since the 1970s, major accidental oil tanker spills (i.e. greater than 20 000 tonnes) still occur at irregular intervals in European seas.

Figure 8.28. a) Total discharges of oil from refineries and offshore installations in EU and b) annual number of observed oil slicks discharged mainly from ships in the North and Baltic Seas from aerial surveillance 

a)





b)
Source:
There are a large number of installations over marine oil fields. For instance, OSPAR has published a database on offshore installations including more than 900 different installations producing from some tonnes to 800 000 tonnes per year. However, the assessment of discharges from refineries and offshore installations in the Mediterranean and Black Seas are lacking.  There are extensive oil refining and petrochemical industries operating in the Mediterranean region (EEA Environmental assessment No. 5 1999) with 40 major refineries in 1997. The amount of oil discharged into the sea from 13 of these refineries was estimated in 1995 to be 782 tonnes (UNEP 1996). 

Map 8.2. Location of offshore oil installations 

There is also a large sea-borne trade of oil in the Mediterranean Sea. The risk of shipping accidents in the Mediterranean is very high and some of these cause oil pollution. Between 1987 and the end of 1996 an estimated 22 000 tonnes of oil were spilled as the result of shipping incidents. The figures for individual years vary from some 12 tonnes in 1995 to 13 000 tonnes in 1991 (EEA Environmental assessment No. 5 1999). 

Oil spills from accidents at sea in the Black Sea are relatively small compared with the inputs of oil from domestic and industrial land-based sources and from the river Danube. 

Commercial oil and gas exploration and production have taken place in the Caspian Sea for nearly 15 years. There is, as a result, oil pollution in the Caspian from flooded wells (particularly in Azerbaijan, Kazakhstan and Turkmenistan due to rising water levels in the sea) offshore production, accidental releases and discharges of oil, natural seepages and the major rivers. The Caspian Regional Thematic Centre for Pollution Control (2001) estimated that 160 000 tonnes were discharged each year into the Caspian Sea, with rivers being the most important source (47 %). Oil industry activities contributed only 5 % of the total whilst natural seepage and erosion and other industry contributed 13 % and 21 %, respectively.

Oil exploration and production is also significant in the Arctic and is a major source of oil pollution. For example, produced water accounted for 76 % of oil pollution of the sea on the Norwegian shelf between 1990 and 1995 (State of the Arctic Environment Report, http://www.amap.no/). Oil pollution is also evident in a number of Russian rivers. For example, the lower part of the Ob is severely contaminated. Oil pollution from accidents in the region have also occurred, for example in the Komi Republic in 1994 when a dike containing oil from a leaking pipeline collapsed. The spill reached the Kolva River, a tributary of the Pechora River and tar balls from the spill were found at the mouth of the Pechora.

Map 8.3. Large accidental oil spills from tankers
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8.4 International co-operation for water management 

8.4.1.Trans-boundary inland water courses 

There are now 150 major trans-boundary rivers in Europe that form or cross borders between two or more countries, some 25 major trans-boundary and international lakes, and some 100 trans-boundary aquifers.

Cooperation to manage trans-boundary waters requires an effective institutional structure such as a river commission based on an international agreement or other arrangement (Table 8.4). It is important that joint bodies interact closely with each other and with joint bodies established to protect the marine environment. The UNECE Convention on the Protection and Use of Transboundary Watercourses and International Lakes
, which was adopted in Helsinki in 1992, supported by soft-law recommendations, guidelines and specific action plans, has proved to be a useful tool for institutional co-operation on trans-boundary waters. The Convention has been signed and/or ratified by 32 countries of Europe including the Russian Federation and Azerbaijan, Kazakhstan, Moldova and Ukraine from the NIS. The remaining NIS have not signed the Convention.

Table  8.4.  Examples of some international co-operation on inland surface waters. 

	River – lake – basin
	Commission 

	Danube
	International Commission for the Protection of the Danube River (ICPDR)

http://www.icpdr.org/pls/danubis/DANUBIS.navigator

	Rhine
	Internationalen Kommission zum Schutz des Rheins (IKSR) 

http://www.iksr.org/

	Elbe
	Internationale Kommission zum Schutz der Elbe

http://www.ikse-mkol.de/html/ikse/ikse/deutsch/index_d.htm

	Dnieper
	ECO DNIPRO Web Site 

http://greenfield.fortunecity.com/hunters/228/toppage1.htm 

	Bodensee/ Lake Constance
	Internationale Gewässerschutzkommission für den Bodensee

http://www.igkb.de 

	Lake Geneva/Lac Leman
	CIPEL (Commission Internationale pour la Protection des Eaux du Léman contre la pollution) http://www.cipel.org 

	Lake Peipsi
	A bilateral agreement between Estonia and Russia has been established regarding Lake Peipsi and its outlet, the Narva River. Regular exchanges of monitoring data, of scientific information and information of public interest now take place through the sub-groups that were established under the joint commission.

	Ohrid
	On the basis of the UNECE Convention, Albania and the former Yugoslav Republic of Macedonia have an agreement on the common management of Lake Ohrid. There are several projects which aim at establishing sound environmental management of the lake and monitoring its quality.

	Kura-Araks river
	There are no common management systems or environmental agreements on these rivers. Negotiations have started between Armenia, Azerbaijan and Georgia on a joint project to clean up point sources of pollution.

	Aral Sea Basin – 

Inter-State Commission for Water Coordination (ICWC)


	Water ministers of the five States in the basin, Kazakhstan, Kyrgyzstan, Turkmenistan, Tajikstan and Uzbekistan, signed the Agreement on Water Resources Management in the Aral Sea Basin on February 18, 1992 and the Inter-state Commission for Water Coordination (ICWC) was established being joint responsible for water management together with the two river basin agencies (Amu Darya & Syr Darya). The main functions of the ICWC include: allocation of annual consumptions for each country, definition of regional water management policy, and coordination of large projects.


Source:
8.4.2. Marine Conventions

Table 8.5 summarises the Marine Conventions covering Europe’s Seas. The future role of the Marine Conventions is currently under review as part of the process of developing and implementing the European Commission’s strategy to protect and conserve the marine environment. All regional marine conventions have established monitoring and assessment programmes. However, when seen in a European context, the programmes are not coherent in terms of scope, content, approach and detail. In addition there are problems including inadequate spatial coverage and/or sampling frequency, which lead to lack of harmonisation between data sets making their scientific analysis and comparability nearly impossible. The view of the European Commission is that activities carried out for the implementation of the Water Framework Directive could act as a stimulus for integration of the activities of the regional Marine Conventions. The Inter Regional Forum set up by the EEA could well be the framework under which integration takes place.

Table 8.5.  Summary of Marine Conventions in Europe

	OSPAR - The Convention for the Protection of the Marine Environment of the North-East Atlantic – Paris 1992 – entered into force 1998
	The Convention has been signed and ratified by all of the Contracting Parties to the Oslo or Paris Conventions (Belgium, Denmark, the Commission of the European Communities, Finland, France, Germany, Iceland, Ireland, the Netherlands, Norway, Portugal, Spain, Sweden and the United Kingdom of Great Britain and Northern Ireland) and by Luxembourg and Switzerland. http://www.ospar.org/


	HELCOM  - is the governing body of the "Convention on the Protection of the Marine Environment of the Baltic Sea Area" - more usually known as the Helsinki Convention.


	Signatory or contracting parties are: Denmark, Estonia, the European Community, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden. http://www.helcom.fi/


	Convention for the protection of the Mediterranean sea against pollution - Barcelona 1976 and protocols (1980, 1982) entered into force 1978 


	Signatory or contracting parties are: Albania, Algeria, Bosnia and Herzegovina, Croatia, Cyprus, Egypt, France, Greece, Israel, Italy, Lebanon, Libyan Arab Jamahiriya, Malta, Monaco, Morocco, Slovenia, Spain, Syrian Arab Republic, Tunisia, Turkey 



	Convention on the Protection of the Black Sea Against Pollution (Bucharest Convention); adopted 1992, in force 1994 and protocols (1992,) 


	Signatory parties are the Black Sea States: Bulgaria, Georgia, Romania, Russian Federation, Turkey and Ukraine. http://www.blacksea-commission.net or http://www.blacksea-environment.org/ 


	AMAP - Arctic Monitoring and Assessment Programme is an international programme established in 1991 to implement components of the Arctic Environmental Protection Strategy (AEPS) of the Arctic Council for the Protection of the Arctic Marine Environment, 
	Member countries (the eight Arctic rim countries): Canada, Denmark/Greenland, Finland, Iceland, Norway, Russia, Sweden, United States

http://amap.no/


Source:
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A total of 20 countries, mainly in Central and Northern Europe, can be considered as non-stressed (WEI<10 %)


Thirteen countries can be considered as having low-moderate water stress (10 %<WEI<20 %). These include some central Accession countries, Southern Western countries and some of the NIS. 


There are fourteen countries with a WEI greater than 20 %, including Germany, Moldova, Armenia, Italy, Uzbekistan, Spain, Bosnia and Herzegovina, Cyprus, Belgium, Azerbaijan, Macedonia, Turkmenistan, Tajikistan and Malta.























In many eastern countries, water prices were heavily subsidized before 1990 but there was a marked increase in prices during transition, resulting in lower water use.





In Hungary, for example, water prices increased 250-fold after subsidies were removed which led to a reduction in water use during the 1990s of about 50 % (Figure 8.5.).
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Most of the catchment is salinized because of irrigation, the salt content of soils and pastures being 0.5-1.5 %. It has been estimated that at least 73 Km3 /year of water would have to be discharged to the Aral Sea for a period of at least 20 years to recover the 1960 level (53 m above the sea level).





Lake Sevan in Armenia (1,256 km2) is another lake affected by the over-exploitation of water resources. It is one of the oldest lakes in the world and has an important endemic flora and fauna. The surface of the lake has shrunk by 11 % over the past 60 years because of water over-exploitation. Since 1981, there has been a tunnel transferring water from the Arpa River, which is in another catchment, to compensate for the loss of water. 





The lake’s water has traditionally been used for irrigating crops on the Ararat plain. The reduction in water levels and surface area has had detrimental consequences on the ecology of the lake: fish populations have decreased and the aquatic habitat has deteriorated. Fishing, tourism, irrigation, hydropower production and drinking-water supply have all been badly hit. In response, the Lake Sevan Environmental Action Programme was initiated by the Armenian Government in 1995 to solve or mitigate the problems.


Source: UNEP/GRID-Arendal, Saving Aral Sea Fund, and Armenia SoE Web Page





The Aral Sea was the fourth largest inland water body in the world before 1960 but the sea has been drying up since then. Central Asia uses almost 67 % of its freshwater resources and almost 100 % in the Aral Sea basin, mostly for irrigation of cotton and rice;  this has caused the sea level to fall by 17 m and the surface area to diminish by 75 %. As a consequence water salinity increased from 10 g/l in 1965 to 40-50 g/l in 2000 and the sea lost its fishery importance. In the late 1970s, several species of fish failed to reproduce. Marshes and wetlands which covered around 550 000 ha in 1960 have almost disappeared (only 20 000 ha left in 1990). More than 50 lakes have dried up. 
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NON-CENTRALISED SOURCES








Box 8.3 The problem of nitrate in groundwater


Agriculture is the main source of nitrogen input to water bodies. The current usage of nitrogenous fertiliser per unit of arable land is highest in WE and lowest in the NIS (except for Uzbekistan) .The agricultural use of commercial nitrogen fertilisers fell in nearly all of Europe in the 1990s (see chapter 2.3 agriculture). This decrease has been most marked in the NIS with current and past usage being much less than in other regions, reflecting the less intensive agriculture and depressed socio-economic situation in the NIS compared to other parts of Europe.








In many lakes, which were previously highly polluted by phosphorus, the phosphorus concentration has steadily decreased in recent decades in response to control of point sources such as urban wastewater treatment with phosphorus removal (e.g. Bodensee and Ijsselmeer). 





In two examples (Lough Neagh and Erne) concentrations have steadily increased. This is the result of a steady build-up of a surplus of phosphorus (arising from fertilisers) in the soils in the catchments draining into these lakes





In several countries in north-western Europe there was a marked increase in the percentage of population connected to tertiary waste water treatment (removal of nutrient) during the  1990s. In the countries included in figure the percentage of population connected to tertiary treatment increased from 40 % to 80 %. In the same period the discharge of phosphorus and nitrogen from waste water treatment decreased by 30 % and 60 % respectively. Reflecting that nearly all the tertiary treatment plants have phosphorus removal while only some of the plants, in particular the large plants, have nitrogen removal.





Note:  Denmark, Finland, The Netherlands, Norway (no time series on nitrogen) and Sweden





Note. Mean spring-summer (April-September) concentrations of chlorophyll-like pigments in European seas as determined from SeaWiFS satellite observations. The concentration scale ((g/l) is valid only for oceanic waters and overestimate to a large and variable degree the chlorophyll concentrations in coastal seas and the entire Baltic Sea as a result of high concentrations of coloured dissolved organic material (gelbstoff).





Source: Joint research Centre, compiled by EEA





North Sea States have met the 50 % reduction target for a large number of the 37 North Sea Conference priority substances, and most also achieved the 70 % reduction target for mercury, cadmium, lead and dioxins. However for some other substances such as copper, tributyltin and some pesticides targets were not consistently met. For mercury and cadmium the largest sources in 1985 were industrial activities. In 1999 the importance of these sources had been reduced with waste disposal now the most important source for both metals.











� Data from 9 countries: Belgium, Germany, Greece, Spain, France, Ireland, Italy, the Netherlands and the UK


� � HYPERLINK "http://www.unece.org/env/water/" ��http://www.unece.org/env/water/� 
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North Sea P1 

		

				Agriculture		UWWT		Industry		Other sources

		North Sea - 1985		23.731		72.954		28.563		9.6493		134.8973

		North Sea - 2000		22.524		16.856		5.533		3.587		48.5
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				Agriculture		UWWT		Industry		Aquaculture

		Baltic Sea - late 80s		17.33		45.71		6.02		0.849		69.909

		Baltic Sea - 1995		13.49		28.77		2.93		0.4721		45.6621

				22%		37%		51%		44%		35%
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Baltic Sea N1

		

				Agriculture		UWWT		Industry		Aquaculture

		Baltic Sea - late 80s		565.6		302.9		41.1		6.565		916.165

		Baltic Sea - 1995		348.9		218.9		20.7		4.11		592.61

				38%		28%		50%		37%		35%
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North Sea N1

		

				Agriculture		UWWT		Industry		Other sources

		North Sea - 1985		615.279		363.58		182.174		48.777		1209.81

		North Sea - 2000		485.185		207.729		39.16		27.344		759.418

				21%		43%		79%		44%		37%
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		Progress reports 2002.

		http://www.dep.no/md/html/nsc/progressreport2002/hoved.html

										Tabel 6.1		Table 6.2		Table 6.3		Table 6.4		Table 6.5		Table 6.6

										Total		Diffuse anthropogenic		Sewage		Scattered dwelling		Aquaculture		Industry direct

		Belgium		4		14670		1985		100820		39580		31960						29280

		Denmark		12		27763		1985		75151		59600		10000				2351		3200

		France		8		64741		1985

		Germany		4		264112		1985		763700		364200		245500		31800				122200

		Netherlands		4		37181		1985		168245		101825		38410		8481		0		19529

		Norway		5		98990		1985		38889		20802		10510		1779		2		5796

		Sweden		41		76495		1985		31393		17660		9200		3288		76		1169

		Switzerland		1		9500		1985		31612		11612		18000		1000				1000

										1209810		615279		363580		46348		2429		182174		1209810

		Belgium		4		14670		2000		81902		45560		30614		*(1350)		84		5728		81986		*

		Denmark		12		27763		2000		42991		38167		1981		1254		1106		484

		France		8		64741		2000

		Germany		4		264112		2000		469800		304300		119700		20700				25100

		Netherlands		4		37181		2000		94148		57852		31000		665		0		4631

		Norway		5		98990		2000		26631		17033		6688		1299		49		1562

		Sweden		41		76495		2000		17458		9100		5446		1995		62		855

		Switzerland		1		9500		2000		26403		13173		12300		100		30		800

										759333		485185		207729		26013		1331		39160		759418



http://www.dep.no/md/html/nsc/progressreport2002/hoved.html



North Sea P

		North Sea

		Progress reports 2002.

		http://www.dep.no/md/html/nsc/progressreport2002/hoved.html

										Tabel 6.1		Table 6.2		Table 6.3		Table 6.4		Table 6.5		Table 6.6

										Total		Diffuse anthropogenic		Sewage		Scattered dwelling		Aquaculture		Industry direct

		Belgium		4		14670		1985		17800		2470		9870						5460

		Denmark		12		27763		1985		5875		600		1900				275		3100

		France		8		64741		1985

		Germany		4		264112		1985		73365		13507		46858		6854				6146

		Netherlands		4		37181		1985		31618		5623		10800		1773		0		13422

		Norway		5		98990		1985		2122		723		964		271		0.3		164

		Sweden		41		76495		1985		996		390		262		216		10		118

		Switzerland		1		9500		1985		3121		418		2300		250				153

										134897		23731		72954		9364		285.3		28563		134897.3

		Belgium		4		14670		2000		7429		2313		4319		*(204)		14		797

		Denmark		12		27763		2000		1605		987		207		288		85		38

		France		8		64741		2000

		Germany		4		264112		2000		25018		12943		8139		2832				1104

		Netherlands		4		37181		2000		11638		5183		3000		72		0		3384

		Norway		5		98990		2000		910		543		134		121		10		102

		Sweden		41		76495		2000		668		270		157		143		9		88

		Switzerland		1		9500		2000		1218		285		900		10		3		20

										48486		22524		16856		3466		121		5533		48500
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		Baltic Sea

		The Finnish Environment 524, international cooperation

		Evaluation of the implementation of the 1988 Ministerial Declaration regarding nutrient load reductions in the Baltic Sea catchment area

		http://www.vyh.fi/eng/orginfo/publica/electro/fe524/fe524.htm

						Municipal		Industrial		Fish farms		Point sources		Agriculture

		Denmark		1995		7100		1700		1700		10500		53800

		Estonia		1995		2700		2100		40		4840		12600

		Finland		1995		14900		4300		1250		20450		37000

		Germany		1995		8600		1100		110		9810		26100

		Latvia		1995		3600		700		10		4310		17100

		Lithuania		1995		6900		700		300		7900		35500

		Poland		1995		119800		4900		400		125100		94600

		Russia		1995		30300		*(4600)				30300		24000

		Sweden		1995		25000		5200		300		30500		48200

						218900		20700		4110		243710		348900		592610

		Denmark		late 1980s		15500		4200		2600		22300		79000

		Estonia		late 1980s		6500		12500		160		19160		30200

		Finland		late 1980s		14500		5800		1550		21850		45000

		Germany		late 1980s		16100		1900		160		18160		35200

		Latvia		late 1980s		11000		1400		100		12500		33800

		Lithuania		late 1980s		9700		2000		1300		13000		59500

		Poland		late 1980s		157700		5900		400		164000		135100

		Russia		late 1980s		46300						46300		82700

		Sweden		late 1980s		25600		7400		295		33295		65100

						302900		41100		6565		350565		565600		916165
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		Baltic Sea

		The Finnish Environment 524, international cooperation

		Evaluation of the implementation of the 1988 Ministerial Declaration regarding nutrient load reductions in the Baltic Sea catchment area

		http://www.vyh.fi/eng/orginfo/publica/electro/fe524/fe524.htm

						Municipal		Industrial		Fish farms		Point sources		Agriculture

		Denmark		1995		1030		120		140		1290		580

		Finland		1995		260		360		160		780		2600

		Sweden		1995		420		480		52		952		360

		Germany		1995		590		50		20		660		640

		Poland		1995		20400		1580		50		22030		6650

		Estonia		1995		240		50		10		300		250

		Latvia		1995		730		120		0.1		850.1		510

		Lithuania		1995		920		170		40		1130		890

		Russia		1995		4180		*(560)				4180		1010

						28770		2930		472.1		32172.1		13490		45662.1

		Denmark		late 1980s		3910		1010		290		5210		670

		Finland		late 1980s		450		830		210		1490		2650

		Sweden		late 1980s		1040		770		36		1846		390

		Germany		late 1980s		2750		440		30		3220		600

		Poland		late 1980s		26310		2300		50		28660		7390

		Estonia		late 1980s		570		130		30		730		360

		Latvia		late 1980s		1220		240		3		1463		1010

		Lithuania		late 1980s		2210		300		200		2710		1810

		Russia		late 1980s		7250						7250		2450

						45710		6020		849		52579		17330		69909
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		Finland

		Source: The state of the Finnish coastal waters in the 1990s

		www.vyh.fi/eng/orginfo/publica/electro/fe472/fe472.htm

		Table 3.1. Loads of P and N (t a-1) to Finnish coastal waters in 1986–90, 1991–96 and 1997.

		Total to coastal waters		1986–90				1991–1996				1997

				P		N		P		N		P		N

		Municipalities		321		9710		188		10949		175		9332

		industry + traffic		435		3143		268		2987+24		164		2286

		fish-farming2		97		704		89		669		86		665

		fish-farming1		.		.		165		1043		163		1063

		agriculture		1686		24000		1270		19660		.		.

		forestry		.		.		559		1440		.		.

		scattered dwellings		.		.		370		2970		.		.

		atmosphere		.		.		133		7080		.		.

		natural leaching		.		.		1133		27740		.		.

		background		2307		41406		.		.		.		.

		total		4846		78963		4086		73903		3424		69430

		Footnote: Nutrient loads from fish-farms were estimated by mass balance calculations based on the amount and nutrient content of the feed, the amount of produced fish and the type of the plant. On the basis of the recent information on the amounts of feed
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Load from Norway

		Norske menneskeskapte tilførsler av fosfor (P) og nitrogen (N) til hele Norskekysten. 1985-1999

		Enhet: Tonn.

				1985		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999

		FOSFOR

		Totale tilførsler		4,809		3,958		3,988		3,919		3,973		3,855		3,697		3,639		3,447		7,677		7,572

		- antropogent 1)		3,563		2,711		2,742		2,673		2,727		2,609		2,450		2,392		2,200		6,431		6,326

		Jordbruk		744		719		713		697		677		664		659		662		662		663		662

		Kommunalt avløp		2,490		1,728		1,794		1,753		1,745		1,713		1,562		1,489		1,281		1,310		1,201

		Industri		600		464		464		464		304		230		229		240		257		233		245

		Akvakultur 2)		..		..		..		..		..		..		..		..		..		4,225		4,217

		Bakgrunnsavrenning		1,246		1,246		1,246		1,246		1,246		1,246		1,246		1,246		1,246		1,246		1,246

		NITROGEN

		Totale tilførsler		101,680		101,599		101,450		100,065		101,680		101,599		101,050		101,450		100,065		117,933		117,942

		- antropogent 1)		46,664		46,584		46,435		45,049		46,664		46,584		46,034		46,435		45,049		62,918		62,927

		Jordbruk		22,470		22,020		21,992		21,992		22,470		22,020		21,959		21,992		21,992		21,992		21,992

		Kommunalt avløp		20,788		21,503		22,768		22,485		21,253		21,358		20,855		20,534		18,495		18,265		17,383

		Industri		2,939		3,205		3,908		4,562		2,939		3,205		3,220		3,908		4,562		2,375		3,371

		Akvakultur 2)		..		..		..		..		..		..		..		..		..		20,286		20,180

		Bakgrunnsavrenning		55016		55016		55016		55016		55016		55016		55016		55016		55016		55016		55016

		1) Antropogene (menneskeskapte) kilder omfatter jordbruk, kommunalt avløp, akvakultur og industri.

		2) Utslipp fra akvakultur er ikke beregnet før 1998.

		Kilde: Norsk institutt for vannforskning (NIVA).
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		Year		Total Abstractions		Unit demand per irrigated area		Groundwater level

		1974		150		100

		1975		248		100

		1976		271		102

		1977		325		115

		1978		315		987

		1979		352		95

		1980		350		92		-200

		1981		360		90		-500

		1982		400		88		-750

		1983		400		89		-750

		1984		425		90		-750

		1985		475		92		-750

		1986		525		92		-1070

		1987		585		92		-1390

		1988		550		91		-1710

		1989		560		88		-2030

		1990		525		90		-2350

		1991		375		84		-2500

		1992		350		80		-2800

		1993		350		78		-2800

		1994		300		75		-3400

		1995		325		67		-3500

		1996		325		68		-3250

		1997				63		-2225

		1998				57		-2050

		1999				52		-2000
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