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1. PREFACE.

Environmental measurements in the Baltic Sea date back to the beginning of 1900ies when single salinity measurements were done on a single cruises along the southern coast of the Baltic Sea. Most of the countries had started their present extensive time series from 1960ies and great deal of these time series are kept up to present day. At present Baltic Sea has to be one of the most “monitored” water bodies in the world in terms of stations, variables and frequencies. Monitoring programmes in the area have been developing in each country according to their own rules and strategies while in recent years international effort in form of HELCOM COMBINE programme had put a lot of effort in terms of unifying the sampling programme under common strategy and goal. 

Foreseen implementation of EU water policies in most of the countries around the Baltic Sea has a completely different requirements to the environmental monitoring compared to traditional approach used at the present moment and a big challenge is set in front of all environmental authorities involved to elaborate the best of the present experience in combination with new standards and knowledge available at present moment. 

Present report is a part of the work conducted towards the goal of developing new environmental monitoring strategies in the Baltic Sea marine area to be in accordance with EU Water Framework Directive and national and public needs. Current overview is composed basing on the contributions received from the participants in the project and available public literature and internet sources. The level and quality of public information concerning environmental monitoring in different countries around the Baltic Sea is due to obvious reasons quite different and this is reflected also in current report.   

According to received information in most of the countries marine monitoring programmes are at present moment in a state of change and transition so the information presented might be outdated in the closest future – so the list of original information sources is attached to the report in form of internet links and literature sources.

2. INTRODUCTION 

The Baltic Sea is an ecologically unique brackish-water sea area with a variety of very special marine and coastal environments. It is affected by natural, unfavourable conditions that makes it sensitive to the impact of pollution and overexploitation. It is also under pressure from municipalities, agriculture, industry, traffic, energy generation, fishery, shipping etc.of over 85 million people within the large drainage area.

History of the Baltic Sea.
The Baltic Sea is very old and very young at the same time. It is a depression in three billion years old primary bedrock, but also the creation of the last glaciation only about 14,000-12,000 years ago. During these thousands of years it has changed a number of times, from being a marine area to becoming a large lake and then again turning into a marine area. Finally, it became the brackish-water area it is today, but the changes will continue in this dynamic system.

For thousands of years, the Baltic Sea area has been transformed by the two simultaneous post-glacial processes – land elevation and sea level rise. Land that was pressed down by the ice began rising from the sea. This is still happening at a maximum rate of almost one metre per century in the northern Gulf of Bothnia and then gradually less the further south one gets. 

In the northern parts of the Baltic, the process of land elevation still creates unique, constantly changing 'young' coastal environments not to be found anywhere else in the world. Shallow sea bays are gradually transformed into lakes and eventually to mires and forests. In the south, the sea is making constant attempts to reconquer low-lying land. Erosion and flooding are the opposite processes to those in the north, but also creating their own typical coastal phenomena and habitats.


Baltic Sea - unique water body.
The very qualities and features that the Baltic Sea does have are what makes it a sea area like no other. The Baltic Sea is: 

1. the next largest brackish-water area in the world (next to the Black Sea); 

2. a generally shallow and almost stagnant inland sea with limited exchange of water with adjacent sea areas; 

3. characterised by: 

a. the shape of the seabed, with shallow sills and deep basins; 

b. the substantial input of freshwater from many and often large rivers; 

c. a clear salinity gradient from the south to the north; and 

d. a very strong water stratification due to differences in salinity and temperature. 


The Baltic Sea actually comprises a great number of different kinds of environments when classified according to salinity, hard or soft seabeds, coastal areas or open waters. The Kattegat to the west and the Bothnian Bay to the north are both parts of the Baltic Sea area, but they represent almost completely different worlds. The same goes for the very specific conditions in the many and extensive, rocky archipelagos of the central and northern Baltic compared to those of the sandy beaches and shallow seagrass meadows along the southern shores. It also holds true for the great differences between life in the coastal areas in general, and life throughout the open Baltic.


Ecological consequences.
The Baltic Sea is an ecologically young sea. Compared to, for example, the Mediterranean, where ecosystems and species have had millions of years to form and mature under conditions that have not changed very drastically, the Baltic has only had a few thousand years during which conditions have several times changed completely.

From an ecological point of view, it is not surprising that only a limited number of plant and animal species have yet succeeded in colonising the Baltic Sea. Thus, compared to other seas, it is not the home of very rich marine biodiversity, but the Baltic Sea harbours quite tough and adaptive plant and animal species. 

The number of plant and animal species is comparatively small in the Baltic Sea, although often with many individuals of each species. Many Baltic species occupy the periphery of their range. This means that they live their lives in border zones where more marine species must endure conditions that provide too low salinity, and freshwater species must tackle conditions of too high salinity. 


One sign of the naturally harsh conditions in the Baltic is the body size of animals. Species like herring and blue (common) mussel are smaller in the Baltic Sea than in, for example, the Skagerrak. 

The importance of salinity and temperature can be understood from the gradual decrease in number and diversity of species in the Baltic Sea. There are about 100 species of brown algae in the North Sea, but only  20 such species in the Baltic. The North Sea has 200 different species of bivalve molluscs, while there are only four on the Finnish coast. The number of macroscopic and microscopic animal species is roughly 2,200 at a depth of less than 100 metres in the North Sea, whereas there are only about 80 such species at those depths in the Bothnian Bay. The Kattegat has around 80 marine fish species, the Sound only some 55, the Archipelago Sea about 20 and the Bothnian Sea about 15.

The relative small number of species and their natural stress factors limit the possible links in food chains and disruptions can have more serious consequences than in sea areas with a more varied menue to choose from. There are usually no species – or only single ones – that can replace species, which for one reason or another disappear. New species are introduced to the Baltic system, but not necessarily as a healthy and strengthening addition to its biodiversity.

Ecological variability.
The brackish Baltic Sea is physically dominated by the freshwater input by rivers and precipitation on the one hand, and by the limited inflow of more saline water over the shallow entrances to the North Sea on the other. The annual freshwater inflow into the Baltic represents roughly two per cent of its entire water volume. 

Without the constant, usually small influx of saline water all the year around through the Danish Straits, the Baltic Sea would have been transformed into a gigantic freshwater lake long ago. Now, there is a clear salinity gradient from the almost oceanic conditions in the northern Kattegat to the almost freshwater conditions in the northern Bothnian Bay.

The stagnant conditions of the Baltic are understood from the fact that it takes about 25-35 years for the Baltic water volume as a whole to be exchanged. There are, however, wide variations within the area. In the south, over the shallow sills, water exchange can take place in a matter of months. In the Gulf of Bothnia, with its dynamic circulation, it is a question of 4-6 years.

Periodic and very important inflows of saline, oxygen-rich water of high density (which makes it more heavy than the brackish water) from the North Sea is the exception from the predominant input of freshwater. Major inflows that replace the water in the deepest basins can only take place under specific weather conditions, with strong westerly stormy winds created in areas of low pressure during the late autumn or winter months.


Horizontal and vertical variability of natural conditions.
The Baltic is characterized by different salinity and temperature in the bottom and surface water layers, which cause strong natural barriers to form in the water mass in the Baltic Proper. The barriers prevent the oxygenated surface water from mixing with the bottom water. For this reason, the bottom water gradually becomes more oxygen-poor. Similarly, the overall circulation of various other substances in the water – including nutrients and pollutants – is much impeded. In addition, the variations in salinity and the subsequent stratification of the water masses also profoundly influence the distribution of plant and animal species throughout the Baltic Sea area.

There is a marked stratification of salinity – lower salinity in the surface water, higher salinity in bottom water – throughout the Baltic Proper. In the south-western part one finds it at a depth of about 40 metres, whereas it occurs at a depth between 60 and 80 metres in the rest of the Baltic Proper. Both these depths are well below the level of the shallow entrance sills. 

Because the halocline is weak and the duration of the corresponding thermocline relatively short, two more or less complete mixings of the water mass of the Gulf of Bothnia occur in the spring and in the autumn. If that could happen also in the Baltic Proper, and in the enclosed coastal areas, the Baltic Sea would improve its odds considerably.

The fact that the halocline prevents oxygenated water from the surface layer from mixing downwards in the water mass is an important factor in the formation of bottom areas with oxygen deficiency or oxygen depletion. Differences in water temperature has the same effect; during the months of summer and early autumn a thermocline is formed between the warmer surface water and the colder bottom water. Unlike the halocline, however, the thermocline disappears in the winter when the surface water also gets cold.

The formation of a strong halocline at large depths in the Baltic makes it almost impossible for the surface and bottom water to mix. When the water cannot mix, it is also difficult for particulate and dissolved substances in the deep water layers to leave the system via the surface layers (except for nitrogen gas in the denitrification process). 

The drainage area.
About 140 million people live in the nine countries surrounding the Baltic Sea, i.e., in the so-called riparian states. However, the Baltic is affected by human activities and natural processes within the entire – and very large – drainage area. This means that activities within a land area 4.5 times as large as the area of the sea, and comprising parts of 14 countries, affects the environment of the Baltic. The sea is 377,400 km2 large; the surrounding drainage area is 1.7 million km2 large. In addition, the Baltic environment is affected by activities even beyond that. Airborne substances, including airborne nutrients, can be carried over distances even larger than the drainage area.

The four main categories of serious environmental problems in the Baltic Sea are supposed to be: 

1. eutrophication; 

2. pollution by persistent organic compounds, metals and oil; 

3. habitat destruction and other threats to biodiversity; 

4. overexploitation of living resources.


Eutrophication.

The concentration and turnover of nitrogen, phosphorus and silicon are decisive for the biological system in marine waters. Phytoplankton growth is generally limited by nutrient input from late winter to November. Enhanced nutrient input therefore leads to a higher concentration of planktonic algae. This increase in the concentration of planktonic algae subsequently negatively affects the aquatic environment. 

When the input of nutrients increases very much, the basic living conditions for plants and animals in the water and on the seabed change. A new state is introduced in the marine environment. This can be detected by measuring different conditions:

· The nutrient pools in the water after the winter. This means the quantities of nitrogen and phosphorus available in the water after the winter, before the spring when algae begin to use these nutrients for their spring bloom. These pools are measured as concentrations of all forms of nitrogen and phosphorus in the water mass.

· The levels of dissolved oxygen in different areas of the deeper seabed, below the halocline. 


The levels of chlorophyll in the water, which indicate the quantity of phytoplankton in the water, can give information about changed living conditions. However, it can also be used as an impact indicator. This holds true also for decreased transparency in the water. In the coastal areas decreased transparency (vertical visibility) causes changes in the macroalgal belts - algae are forced up to lower depths = the macroalgal belts shrink.

If there is extremely much nitrogen in the water in the early spring, more than necessary for normal spring algal blooms, there is a high risk of abnormal algal blooms already very early in the year. 

Oxygen depletion leads to a series of processes in the deep bottom water and shallow sediments. Eventually, there will be no life in those areas and the toxic hydrogen sulphide gas will be formed.

Input of nutrients.
The nutrient concentration is the result of a complicated balance between input and loss, and it is important to include these elements when assessing the concentrations and their effects on biological structures. In general the potential nutrient availability is determined by the magnitude of inputs while the actual concentra​tion is largely dependent on the residence time and biological activity. 

When we speak of the nutrient load on the Baltic Sea we mean the direct and indirect input of airborne and waterborne nutrients to the sea from point sources and diffuse sources, as a result of land-based and sea-based activities (driving forces) within the drainage area. This total input from human activities as well as from natural sources constitutes the pressure of eutrophying substances on the sea.

The input pattern for nutrients has changed in recent decades. A larger proportion of the nutrients that reach the sea are now emitted or discharged as inorganic compounds, as nitrate, ammonia and phosphate ions. This implies that the nutrients reach the sea in already plant-available form. Consequently, these nutrients go straight into the primary production.

The input of nitrogen to the Baltic Sea, including the Kattegat, has increased about four times since the beginning of the 20th century. The corresponding input of phosphorus to the Baltic Sea has increased about eight times during the same period. 

The input of nutrients around the year 1900 has been estimated at approximately 240,000-30,000 tonnes of nitrogen and approximately 7,000-10,000 tonnes of phosphorus. The most substantial increase in nutrient input has taken place after 1945. 

It is estimated that 35-40 per cent of the nitrogen input to the Baltic Sea is atmospheric deposition, whereas less than ten per cent of the phosphorus input is airborne.

Sediment processes affect nutrient conditions in the water and hence the availability of nutrients for the primary producers. Nitrogen is lost by denitrification in the sediment, and both nitrogen and phosphorus are removed by “burial” of organic matter in the sediment. Upon mineralization of the sedimented organic matter, inorganic phosphorus and nitrogen are released that can migrate into the overlying water column. Nutrient turnover and the size of the fluxes depend on the type of sediment and the presence of submerged macrophytes (e.g. eelgrass) and algae (microalgae and algal mats) as well as bioturbating animals. Oxygen conditions also affect nutrient release, and poor oxygen ​conditions or oxygen deficit enhances the release of phosphorus. In the shallow Danish estuarine fjords and coastal waters phosphorus release from the sediment is consequently often high during the summer half year.

Nutrient limitation.

Usually, nitrogen is the limiting nutrient, but in some sea or coastal areas, and in many lakes, phosphorus is the limiting factor for algal growth. It has been scientifically agreed that nitrogen is generally the limiting nutrient in the open sea of the Kattegat, the Baltic Proper, and the Gulf of Finland. Consequently, additional input of nitrogen from human activities will result in increasing concentrations of nitrogen in the water and increased algal growth in these areas. In the case of the open sea areas of the Bothnian Sea and Bothnian Bay the situation is somewhat different. Phytoplankton production in the Bothnian Sea is predominantly nitrogen limited, but so far no serious eutrophication effects have occurred there. Because of its nearly freshwater conditions, the Bothnian Bay is the only part of the open Baltic Sea that can be classified as having phytoplankton production limited mainly by phosphorus. Large inputs of nitrogen will not have a clear biological effect in the Bothnian Bay as long as the input of phosphorus remains at the present level. The Baltic coastal zone generally represents a transitional zone between the conditions of nitrogen limitation and phosphorus limitation. Here, both nutrients can be limiting. 

It is difficult to assess the degree of nutrient limitation from measurements of concentrations in the water. This is attributable to two factors. One is that phytoplankton and especially macrophytes can store nutrients in their cells and hence can continue to grow even if the external concentrations are very low. The other is that phytoplankton can effectively take up nutrients in concentrations around or under the detection limit for measurement of nutrients. Measurements of inorganic nutrients will nevertheless reveal in which periods the concentrations are so low that nutrient limitation is a possibility. Similarly, they are important for calculations of nutrient transport and mass balances.

Silicate could also become a more generally limiting nutrient, particularly for diatoms, in the Baltic Sea in the future. Recent calculations of the concentrations of silicate demonstrate a steady decrease of plant-available silicate, and silicate is already partly limiting in the southern parts of the Baltic Proper. 

More plant-availabe nutrients in the water implies increased algal growth, i.e., primary production. 

Normal algal blooms in the Baltic consist mainly of diatoms in colder water in the spring (and also in the autumn), flagellates including dinoflagellates in warmer water in spring, summer and autumn, and cyanobacteria (blue-green algae) in the summer. 

Normal becomes abnormal when there are intense and prolonged algal blooms throughout the summer and autumn. Then it is a case of excess input of nutrients and over-stimulation of the system. Instead of peaks of normal blooms, followed by periods when phytoplankton are less noticeable (because they are efficiently consumed by other organisms in the sea), a eutrophicated marine system demonstrates almost continuous primary production.

There can also be a shift in the proportions between different nutrients in the water in an area with a heavy nutrient load. Changed species composition can be a result of increased input of nutrients. Conditions might deteriorate for species that were once dominating, and other species might then take over because the new conditions suit them just fine.

In the coastal areas decreased transparency causes changes in the macroalgal belts and seagrass meadows. As brown, green or red macroalgae in the Baltic Sea are not free-floating but attached to hard bottom surfaces like rocks or boulders, they cannot escape if living conditions deteriorate. The same holds true for important flowering plants like eelgrass. In turbid waters Macroalgae are forced up to lower depths. As a result, the macroalgal belts shrink and become more narrow. Instead of growing at depths down to 10-12 metres, bladder wrack plants today are found at depths several metres higher up. The so-called vertical distribution has been changed and that has repercussions for the whole system. 

Bladder wrack is a key species of macroalgae in the Baltic Sea, and is sometimes referred to as 'the rain forest of the Baltic Sea'. It can be found in the coastal zone from the Kattegat up to the Bothnian Sea. Bladder wrack belts form the basis for an ecosystem rich in species and are of great importance for the structure and function of the coastal zone and the Baltic Sea system as a whole. 

Increased nutrient concentrations and increased primary production is bad for perennial, long-lived macroalgae like Fucus but greatly benefits others. Green, red and brown filamentous, branched macroalgae (epiphytes) are short-lived and fast-growing. In eutrophicated areas they thrive under nutrient-rich conditions and overgrow perennial macroalgae and flowering plants like eelgrass. 

 
Following the high production of phytoplankton and zooplankton in the water, there is a high production of bottom-living animals and fish on shallow (above the halocline) and well-oxygenated bottoms. 

Above the halocline there is usually enough oxygen available for normal decompostion. It is more problematic on deeper bottoms with heavy sedimentation, below the halocline, and these bottoms are much at risk of developing a state of oxygen deficiency. The halocline stops oxygen-rich surface water from being mixed into the increasingly oxygen-poor deep-bottom water. The sedimentation continues, and so does the decomposition of that material. Sooner or later, however, there is very little oxygen left (a state called hypoxia) and finally there is no oxygen at all (anoxia). 

Anoxic means that there is no oxygen left or that the oxygen content in the seabed or the water above the seabed is so extremely low that no higher forms of life can survive. Some animals do not die until the oxygen content is below 0.5 ml/litre, whereas others cannot survive less than 2 ml/litre. 

At this stage, various forms of bacteria that can satisfy their needs for oxygen and energy by using nitrate and sulphate ions instead of oxygen molecules take over. Denitrification is a natural process and a way for the marine ecosystem to get rid of excess nitrogen. Denitrification process is the most important minus in the budget, where all kinds of input are on the plus side in the budget. Denitrification can only take place in a transitional zone – the redoxcline – between oxygenated and non-oxygenated layers in the water or the bottom sediment and through the activity of nitrate-using bacteria. Also, the denitrification process can only work to a certain extent. If oxygen conditions remain very bad, nitrogen conservation can be the next step instead.
 
When hypoxia or anoxia develops in the bottom water below the halocline, the lack of oxygen also seriously affects the bottom-living animals and the bioturbation process. 

Bottom-living animals play an important rule in the cycling of nutrients and oxygen in the marine environment. In well-oxygenated sediments these animals burrow, feed on sediments and move particles around. During their digging and shuffling, ingestion and shifting of material – bioturbation – the animals help oxygenate the sediments and enhance the normal decomposition of organic matter falling down to the bottoms. 

Hypoxic and anoxic bottom areas, some of them with hydrogen sulphide, are often referred to as dead bottoms. However, it is a reversible state. Therefore, such bottom areas should more correctly be called 'temporarily lifeless'.

3. HELCOM (COMBINE)

Monitoring is since long a well established function of the Helsinki Convention. Monitoring of physical, chemical and biological variables of the open sea started in 1979, monitoring of radioactive substances in the Baltic Sea started in 1984. 
Until 1992 monitoring of coastal waters was considered as a national obligation and only assessment of such data had to be reported to the Commission. However, under the revised Helsinki Convention, 1992, it is an obligation to conduct also monitoring of the coastal waters and to report the data to the Commission. This programme will also cater for the needs of monitoring in the Baltic Sea Protected Areas (BSPA). 
The Environment Committee of HELCOM decided that for management reasons the different programs should be integrated into a common structure and thus the Cooperative Monitoring in the Baltic Marine Environment - COMBINE - was instituted in 1992. 
The official version of the Manual for Marine Monitoring in the COMBINE Programme of HELCOM is always available electronically via the HELCOM home page (www.helcom.fi). The validity of copies must always at all times be controlled against the official version by end users.
The updating of the manual is made once a year by HELCOM secretariat. 

3.1. AIMS OF THE MONITORING 
The aims of COMBINE, as decided by HELCOM (HELCOM 14/18, Paragraph 5.27) and further elaborated by BMP-WS 2/96, are:

· To identify and quantify the effects of anthropogenic discharges/activities in the Baltic Sea, in the context of the natural variations in the system, and 

· To identify and quantify the changes in the environment as a result of regulatory actions. 

This general statement, which is equally valid for monitoring of inputs as well as monitoring of environmental conditions, is then converted into more specific aims for the different types of monitoring. More specifically the aims of COMBINE are: 

For the open sea and coastal area monitoring: 
Hydrographic variations: to set the background for all other measurements related to the identification and quantification of the effects of anthropogenic discharges/activities, the parameters providing an indication of natural fluctuations in the hydrographic regime of the Baltic Sea must be monitored on a continuous basis.

Problems related to eutrophication: 

· To determine the extent and the effects of anthropogenic inputs of nutrients on marine biota, the following variables must be measured: 

· a) concentrations of nutrients, 

· b) the response of the different biological compartments and 

· c) Integration and evaluation of results 

For contaminants: 

· To compare the level of contaminants in selected species of biota (including different parts of their tissues) from different geographical regions of the Baltic Sea in order to detect possible contamination patterns, including areas of special concern (or ´hot spots´).

· To measure levels of contaminants in selected species of biota at specific locations over time in order to detect whether levels are changing in response to the changes in inputs of contaminants to the Baltic Sea. 

· To measure levels of contaminants in selected species of biota at different locations within the Baltic Sea, particularly in areas of special concern, in order to assess whether the levels pose a threat to these species and/or to higher trophic levels, including marine mammals and seabirds. 

For the effects of contaminants: 

· To carry out biological effects measurements at selected locations in the Baltic Sea, particularly at sites of special concern, in order to assess whether the levels of contaminants in sea water and/or suspended particulate matter and/or sediments and/or in the organisms themselves are causing detrimental effects on biota (e.g., changes in community structure)." 

In more explicit terms this requires several types of investigations. 

For the study of eutrophication and its effects:

· long-term trend studies, 

· studies with the budget approach (i.e. budgets or "mass balances" for main nutrients), 

· studies of effects on biota,

· studies providing 'online' information on sudden events,

· studies giving background information including baseline studies and joint studies. 

For the study of contaminants and their effects:

· studies of temporal trends of contaminants,

· studies of spatial variations in contaminant concentrations and patterns,

· studies providing information on episodic events,

· studies of effects on biota as well as risk evaluations for target species, 

· studies of environmental fate of contaminants 

3. 2. NATIONAL COMMITMENTS TO COMBINE PROGRAMME

Given that the data obtained in the monitoring programme are needed to conduct periodic assessments of the state of the Baltic marine environment, the variables included in the programme have been classified into three categories to ensure that basic information is obtained for all regions of the Baltic Sea, but that specific regional requirements are taken into account as well as resource levels, different competences available, and the desirability and necessity of sharing the workload among the Contracting Parties. The categories also take account of the need for different types of supporting studies on an occasional basis. The three categories are: 

Category 1: Core variables 

Explanation: Core variables comprise measurements that have to be carried out on a routine basis to produce comparable and accurate results from all regions of the Baltic Sea as a basic information for an assessment. 
  

Category 2: Main variables 

Explanation: Main variables are of equal importance as the core variables for the Baltic Sea Periodic Assessments and have to be measured on a regular basis. 

However, for reasons of regional requirements as well as of competence and/or resources not all CPs will be required to carry out all measurements but all measurements will need to be covered on a work-sharing basis. 

Category 3: Supporting studies 

Explanation: Supporting studies provide information that facilitates the interpretation of monitoring data collected in Category 1 and Category 2 or provide additional information as required. 

These investigations are carried out by individual CPs or groups of CPs often in a project- or campaign-like manner. These investigations include, e.g. baseline studies, special monitoring studies, process studies and tests of new methods and techniques. 

The success of the monitoring programme depends entirely on the willingness of Contracting Parties to commit themselves to carry out the various parts, particularly variables in Category 1 and Category 2, and that they allocate the resources needed. In this context the following table explaining the regional responsibilities for the Contracting Parties should be considered. 

The main responsibilities are as follows: 

Baltic Proper:
Estonia, Finland, Germany, Latvia, Lithuania, Poland, Sweden and Russia

Gulf of Bothnia:
Finland and Sweden

Gulf of Finland:
Estonia, Finland and Russia

Gulf of Riga:
Estonia and Latvia

Sound and the Kattegat:
Denmark and Sweden

Great Belt:
Denmark

Bay of Kiel and Bay of Mecklenburg:
Germany

Apart from their main responsibilities, however, the Contracting Parties are encouraged to participate in the programme in other regions of the Baltic Sea Area whenever practicable.
Each Contracting Party has offered to carry out a certain combination of variables, sampling stations and frequencies as regards to Category 1 and Category 2, and often also offered special studies as in Category 3. These contributions are regarded as mandatory for the Contracting Party in question with the understanding that future national decisions on priorities and resource allocation may change their contributions to the programme.  

The monitoring programme on eutrophication and its effects considers short and long term variations in hydrographic conditions and in chemical and biological variable. 

More specifically the aims of COMBINE mean: 

For 
Hydrographic variations: 

aim: to set the background for all other measurements related to the identification and quantification of the effects of anthropogenic discharges/activities, the variables providing an indication of natural fluctuations in the hydrographic regime of the Baltic Sea must be monitored on a continuous basis 

Core variables: 
    * temperature, salinity, oxygen and hydrogen sulphide 
    * light attenuation 

Main variables: 
    * current speed and direction 

For 
Problems related to eutrophication (chemical and biological variables): 

aim: to determine the extent and the effects of anthropogenic inputs of nutrients and organic matter on marine biota, the following variables must be measured: 

a) Concentrations of nutrients 

Core variables: 
    * phosphate, total phosphorus, ammonia, nitrite, nitrate, total nitrogen and silicate, to quantify the changes in the nutrient pool. In coastal stations nitrate and nitrite may be measured together. 

Main variables (In coastal stations supporting studies): 
    * particulate and dissolved matter (carbon, nitrogen and phosphorus). These parameters are all essential for budget calculations and the contracting parties are recommended to include these in their programmes in all areas. 
    * Humic matter is an important source of nutrients in the Baltic Sea, especially in the Gulf of Bothnia and in its estuaries and should be incorporated into the programme there. 

b) The response of the different biological compartments: 

Core variables: 
    * chlorophyll-a, as an equivalent of the standing stock of phytoplankton; 
    * phytoplankton species composition abundance and biomass, to indicate a response in the biodiversity and a possible change in the food chain composition (e.g., introduction of alien species or increase in toxic species that are harmful to other organisms), and to indicate changes in the stock of primary producers; 
    * zoobenthos species composition, abundance and biomass and species composition (reduced species diversity). Excessive levels of eutrophication can result in low concentrations of oxygen in the bottom waters, resulting in damage to or death of zoobenthos. 

Main variables (In coastal stations supporting studies, except zooplankton and phytobenthos): 
    * to measure the change in the rate of production, i.e. the first response of phytoplankton to the nutrient loading; 
    * zooplankton species composition, abundance and biomass, as changes can result, e.g. from changes in phytoplankton biomass and species composition. Especially in coastal waters zooplankton indicates different water masses, salinity fronts and other hydrological events. 
    * sinking rate of particulate matter; 
    * vertical profiles of chlorophyll a fluorescence, to give detailed information on vertical distribution of phytoplankton; 
    * phytobenthos, response to light climate and nutrient concentration results in depth distribution and species composition. 

Supporting studies: 
    * Bacterial numbers and production are important in the cycling of nutrients in the Baltic Sea ecosystem. Especially in the Gulf of Bothnia, the role of bacteria is of major importance in the energy cycle, since the ratio of pelagic primary production to inputs of allochtonic organic matter is high. At least these bacteria should be a part of the high frequency sampling programme. However, bacteria are also of major importance in other areas of the Baltic Sea. 
    * Semi-quantitative analysis of phytoplankton can be used in addition to quantitative analysis to reveal temporal and spatial changes in phytoplankton communities. 
    * Microzooplankton plays a dominant role in certain shallow regions, and gives additional information on the functioning of the ecosystem. 
    * satellite imagery, as a tool for monitoring the spatial distribution of phytoplankton biomass in the surface layer, especially the accumulations of blue-green algae; 
    * annual primary production studies: important in assessing the changes in cycling of organic matter; 
    * fast repetition fluorometry, to record primary productivity with high resolution; 
    * flow cytometry, to describe the plankton community with an automatic method; 
    * HPLC pigment analysis, to get fast information of the phytoplankton pigment composition as indicator of the taxonomical composition; 
    * grain size distribution of sediment in relation to studies of macrozoobenthos; 
    * denitrification and nitrogen fixation, to describe the processes in the biological nitrogen cycle. 

c) Integration and evaluation of results: 

    * Numerical and statistical models: It is essential that different kinds of models become part of the monitoring system, on equal terms with actual field measurements. The use of models also provides an opportunity to test the reliability of data. There are several uses of models; 

- Real-time evaluations: if the monitoring should function as some kind of early-warning-system it is only with models in connection with measurements that we can assess the real time conditions. 
- Budget calculations: models are necessary when interpolating/extrapolating measured data and are thus indispensable when making budget calculations. 

An assessment of the results from the programme should be able to detect regional trends in hydrographical parameters, in nutrient concentrations, in phyto-, mesozooplankton, phytobenthos and macrozoobenthos abundance and species composition (where potentially toxic and/or alien species should be of particular concern) and in oxygen/hydrogen sulphide concentrations. For the assessment of the eutrophication status it is also important that the programme can resolve anthropogenic and climatological effects. 

In order to meet the requirements of the strategy identified, the programme for the open sea, within each separate sub-basin, must be able to account for: 

(i) the winter pool of nutrients, 
(ii) annual cycles of hydrographical parameters, 
(iii) regional distribution and long-term changes in phyto- and zooplankton populations, 
(iv) the spatial distribution of oxygen/hydrogen sulphide concentrations in the bottom water (in critical areas, especially during late summer/autumn), 
(v) spatial and long-term variability of macrozoobenthos, 
(vi) occurrence of alien species which might have marked effects on the ecosystem, 
(vii) events (e.g. toxic algal blooms) of importance for human health, recreational values or other economically important sectors, and 
(viii) water exchange and nutrient fluxes between the Baltic Sea basins and between the Baltic Sea and the North Sea. 

3. 3. SAMPLING STATIONS 

To be able to fulfil these requirements, the programme should at least consist of; 
    * mapping of the winter pool of nutrients at least once per year before the onset of the phytoplankton growth period; 
    * mapping of oxygen/hydrogen sulphide and nutrient conditions in the near bottom waters a few times per year. It is important that this is carried out in late summer or autumn in certain critical areas. 
    * mapping of zoobenthos at least once a year; 
    * high frequency sampling which is needed especially for the pelagic variables and for monitoring water exchange between the various basins and between the Baltic Sea and the North Sea. This is obtained by visiting selected open sea or coastal stations frequently (preferably weekly measurements during the vegetative period). Optimally the ships-of-opportunity and automatic fixed stations can be used. Automatic fixed stations are also needed for measurement of sinking rate of particulate matter. 

Thus the COMBINE programmes comprises mapping stations and high-frequency stations. 

Mapping stations 

1. Hydrography and nutrients: 

The choice of stations during mapping surveys should be governed by the objectives of the survey, except that the frequent stations in each region always should be included in a mapping. Consequently, a fixed network of mapping stations is not considered since the need will vary due to varying physical/biological/chemical conditions. However, the objectives with the different mapping surveys should be identified and clearly stated. 

Sampling frequency: 

A few times per year; 
- mapping the winter pool of nutrients 
- mapping the oxygen/H2S conditions, particularly in critical areas and season (e.g. the late summer/autumn). 

Core variables: 

temperature and salinity 
O2 and H2S 
PO4 and Tot-P 
NO2, NO3, NH4 and Tot-N 
SiO2 

2. Macrozoobenthos 

For studies of spatial and long term variations in macrozoobenthos, abundance biomass and species composition. 

Sampling frequency: 

Once or few times per year; 

Core variables: 

macrozoobenthos 

Main variables: 

temperature and salinity, O2 and H2S in the near-bottom water 
weight-loss of ignition, smell (H2S), depth of oxygenated layer in the sediment 
Note: grain-size is listed on p. 2 of Part C 

High frequency sampling 

1. Cruise stations 

Sampling frequency on sample stations should be >12 times per year (basically monthly sampling but weekly in the vegetative period) 

Core variables: 

temperature and salinity 
O2 and H2S 
PO4 and Tot-P 
NO2, NO3, NH4 and Tot-N 
SiO2 
Chlorophyll-a 
Phytoplankton 

Main variables: 

Primary production 
pH and alkalinity 
Zooplankton 

2. Ship-of-opportunity sampling 

Unattended recording and sampling on ferries and other commercial ships with regular schedules gives a possibility to collect data with high temporal and spatial resolution in the surface layer of the sea with large spatial extent. These kinds of measurements supply information important especially for the real time monitoring, and early warning system of, e.g. toxic algal blooms, and can also serve as reference and calibration for satellite images. 

Sampling frequency: 

The sampling frequency should be about every 200 m and every 1-3 days for temperature, salinity and chlorophyll a fluorescence. For phytoplankton and nutrients about every 10 km and every 1 - 3 weeks. 

Core variables: 

Temperature and salinity 
chlorophyll a 
PO4 and Tot-P 
NO2, NO3, NH4 and Tot-N 
SiO2  - is it possible at all with ships of opportunity to obtain these parameters? And are ships of opportunity part of COMBINE manual. If not they do not belong here but rather to countries own activities. 
phytoplankton 

3. Automatic fixed stations: 

These stations make it possible to collect high frequency data on temperature, salinity, oxygen, light attenuation and current speed/direction. Data from such stations are essential in frontal areas as e.g. the Belt Sea for evaluation of the water exchange. These stations also give access to real time data as input to numerical models (dispersion models) and are thus an important part of a system giving on-line information on certain events (e.g. inflows of North Sea water, potentially toxic algal blooms, oil spill accidents). Automatic stations with high sampling frequency will also improve our understanding of the dynamics of the marine system. High-frequency sample stations should be located close to the fixed stations. 

Sampling frequency: 

Temporal sampling frequency range between minutes and hours (days and weeks for the sinking rate of particles) 

Core variables: 

Temperature and salinity 

Main variables: 

current velocity and direction 
sinking rate of particles 

3. 4. HELCOM COMBINE SAMPLING PROGRAMME AS COMMITTED BY THE CONTRACTING PARTIES 

Following is the list of sampling stations, variables and frequences as they are commited by HELCOM states.

Denmark 

    * 2 automatic stations to record current speed and direction as well as temperature and salinity; 
    * 7 high-frequency hydrography/hydrochemistry stations where measurements are made annually 30-47 times. Additionally 4 high frequent stations are temporarily established in the Sound area as part of the control monitoring programme for the construction of the link across the Sound; 
    * 3 high frequency pelagic biology stations (annual sampling 26 times). Plus 1 frequent station (BMP-K2) in the Bornholm Basin; 
    * 27 mapping stations: the existing BMP hyrdography/hydrochemistry stations in the Kattegat, Sound and the Belt Sea already included in the Danish monitoring programme (15 st.), 2 BMP-stations in the Kiel and Mecklenburg bights, respectively. Plus some national stations (10 st.). Mapping of winter nutrients in February (1 cruise). Mapping of oxygen each month August-November (4 cruises). The cruises will be coordinated with Sweden and Germany. At all cruises and stations hydrography, hydrochemistry, oxygen and chlorophyll-a will be measured. 

Estonia 

    * January (or February) - 30 stations covering whole area; measured variables: nutrient concentrations (PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si), temperature, salinity, Secchi depth, O2 (or H2S), chlorophyll-a; 
    * June - 20 stations, measured variables: macro-zoobenthos, temperature, salinity, Secchi depth, O2, nutrient concentrations (PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si) and chlorophyll-a; 
    * October-April once a month, May-September every second week - 7 stations covering 2 high-frequent areas, measured variables: temperature, salinity, Secchi depth, O2, nutrient concentrations (PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si), chlorophyll-a, primary production, phytoplankton (species composition and semi-quantitative abundance), zooplankton (biomass and species composition) and colony-forming bacterioplankton. 
    * August - phytobenthos observations at chosen transects in each high-frequent area and at additional reference areas. 

Finland 

    * large number of stations with low sampling frequency (normally once a year) to map the winter pool of nutrients and the oxygen conditions in the near bottom water. The number and the positions of the mapping stations may vary slightly from year to year. The variables are temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N and SiO2-S; 
    * large number of fixed stations for one annual (May-June) macrozoobenthos sampling including basic hydrography. The number of stations may vary slightly from year to year; 
    * high frequency sampling using ship-of-opportunity technique for temperature, salinity, chlorophyll-a, phytoplankton species composition and their semi-quantitative abundance as well as for PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, and SiO2-Si. Additionally, phytoplankton is determined quantitatively with lower frequency. 
    * satellite imagery to monitor the extent of the blue green algal blooms; 
    * several fixed near coastal stations in each sub-basin with a sampling frequency of ca 20 times per year. The variables are temperature, salinity, turbidity, colour, pH, O2, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si, alkalinity and chlorophyll-a; 
    * about 100 near coastal or coastal mapping stations where temperature, salinity, turbidity, colour, pH, O2, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si, alkalinity are measured in March and July-August and chlorophyll-a in July-August. 

Germany

A. fixed sampling stations in the open sea for measuring:

* nutrients and oxygen conditions. The variables are temperature, salinity, Secchi depth or light attenuation, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N and SiO2-Si. PH and dissolved as well as particulate carbon and nitrogen are supplementary variables.

* the pelagic biology variables chorophyll-a, phytoplankton species composition, abundance and biomass as well as mesozooplankton species composition and abundance.

* the macrozoobenthos variables species composition, abundance and biomass.

* the sinking rate of particulate matter with atomated sediment traps.

* hydrographic variables temperature, salinity, O2 and current speed and direction at autonomous mooring stations.

B. a larger number of fixed near coastal sampling stations for measuring:

* nutrients and oxygen. The variables are temperature, salinity, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N and SiO2-Si.

* the pelagic biology variables chlorophyll-a, phytoplankton species composition, abundance and biomass.

* the macrozoobenthos variables species composition, abundance and biomass.

C. supporting studies to develop novel, efficient monitoring techniques at selected stations for:

* HPLC determination of pigments, particle counting by flow cytometry and shipborne bio-optical and video techniques for use in phytoplankton and benthos analyses in the open sea.

* autonomous nutrient measurements at different depths at one of the mooring stations (FB).

· phytobenthos investigations along the coastline on selected transects.

D. 4 automatic stations to record temperature, salinity, oxygen, currents in several depth levels: Fehmarn Belt, Darss Sill, Arkona Basin, Pommeranian Bight. The first one is maintained by BSH, the other 3 by IOW.

Latvia 

The Latvian marine monitoring programme for monitoring the eutrophication and its effects includes: 

The Gulf of Riga 

- mapping stations 

    * winter pool of nutrients - 7 stations once in February. 
    * oxygen/hydrogen sulphide and nutrient conditions - 12 stations once in August. Measured variables are: temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si. 
    * pelagic biology - 4 stations once in August. Variables are: chlorophyll-a, phytoplankton (species composition, abundance, biomass), mesozooplankton (species composition, abundance, biomass). 
    * macrozoobenthos species composition, abundance and biomass - 19 stations once in August. 

- frequent stations 

 hydrography and nutrients - 9 stations sampled 6-9 times per year (February - November). Measured variables are: temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si. 
    * pelagic biology - 7 stations sampled 7-8 times per year (February - November). Variables are: chlorophyll-a, phytoplankton (species composition, abundance, biomass), mesozooplankton (species composition, abundance, biomass), bacterioplankton. 

- high-frequency stations 

    * 2 stations sampled 20-21 times per year (February - December). Variables measured are: temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si; chlorophyll-a, phytoplankton (species composition, abundance, biomass), mesozooplankton (species composition, abundance, biomass), bacterioplankton (1 station). 

Eastern Gotland Basin 

- mapping stations 

    * hydrography, nutrients, oxygen/hydrogen sulphide - 7 stations sampled 3 times per year (February, May, August). ). Measured variables are: temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si. 
    * pelagic biology - 4 stations sampled 3 times per year. Variables are: chlorophyll-a, phytoplankton (species composition, abundance, biomass), mesozooplankton (species composition, abundance, biomass). 
    * macrozoobenthos species composition, abundance and biomass - 13 stations once in August. 

- frequent stations 

    * hydrography, nutrients, pelagic biology - 6 stations sampled 5 times per year (May - September). Measured variables are: temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si; chlorophyll-a, bacterioplankton. 

Lithuania 

In the BMP Lithuania will investigate hydrography, hydrochemistry and hydrobiology as follows: 

    - 4 BMP stations (J1, J2, K1, L1) and 10 open sea (deep water) stations (46, 46a, 2c, 64a, 5b, 5c, 6b, 6c, D6, 43); sampling 4 times per year, 
    - 15 coastal zone stations (1, 1b, 2, 2b, 3, 4, 4c, 16, 64, 5, 6, 7, 20, 20a, 20b);sampling frequency 6 times per year, 
    - 3 "hot spot" stations (1K, 4K, 7K); sampling frequency 16 times per year 

Poland 

The Polish monitoring programme comprises of the following measurements: 

In the hydrological programme the variables are: 

- water temperature and salinity, Secchi depth, O2, H2S, and sea currents 

In the hydrochemical programme the variables are: 

- PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si 

The biological programme comprises microbiology (in the coastal zone), chlorophyll-a, primary production, phyto- and zooplankton species composition, abundance and biomass, zoobenthos species composition, abundance and biomass and fish species composition, size distribution and diseases in selected area of the coastal zone. 

The Polish monitoring programme is to be carried out on the basis of the following number of the stations: 

* open sea stations (sampling at least 6 times per year, except macrozoobenthos - once a year), including: 

    - hydrology, hydrochemistry - 4 stations 
    - biology (pelagic and benthic) - 3 stations 

* 22 coastal stations including: 

    - hydrology and hydrochemistry - 21 stations 
    - microbiology - 10 stations, 2 times a year 
    - pelagic biology - 12 stations, 4 times per year 
    - macrozoobenthos - 5 stations, once a year 
    - macrophytobenthos - 4 stations, 2 times per year 

* - 4 high frequency stations including hydrology, hydrochemistry and pelagic biology - 12 times a year 

In the Polish programme reference points for each sampling area have been defined. Three stations (SK, L7, R4) are located within the identified BSPA areas while two other (ZP 6, P 102) lay close to the BSPA. 

Sweden 

    * 52 stations with low sampling frequency (1-2 times per year) to map the winter pool of nutrients and the oxygen conditions in the near bottom water, especially in late summer or autumn in the Kattegat, the Arkona, Bornholm and Gotland basins. The variables are temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N and SiO2-Si; 
    * 19 stations with a sampling frequency of at least 12 times per year. The variables are temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N and SiO2-Si. At a subset of stations alkalinity, pH, chlorophyll, humic matter and phytoplankton abundance and biomass will be measured; 
    * 5 (2 coastal and 3 open sea) stations with high sampling frequency (20-30 times per year) with weekly sampling during the vegetative period. The variables are temperature, salinity, Secchi depth, O2, H2S, PO4-P, tot-P, NO2-N, NO3-N, NH4-N, tot-N, SiO2-Si, alkalinity, pH, chlorophyll a, phytoplankton abundance and biomass, primary production. Zooplankton should be a supplementary variable at the high sampling frequency stations. In addition, supplementary variables are included depending of the local needs. These include particulate and dissolved carbon and nitrogen, bacteria, sedimentation and humic substances; 
    * one automated buoy station to monitor fluxes of water, salt, and nutrients between the Baltic Sea and the Skagerrak (North Sea); 
    * 139 soft bottom macrofauna stations are collected annually (May-June) from off-shore areas and in the coastal zone including basic hydrochemistry and sediment description; 
    * phytobenthos samples are collected annually once a year (August) from Baltic Proper (one area from coastal zone and one area from open sea which is further divided into 4 subareas). Totally 26 stations are visited. Variables to be measured are abiotic, plants and animals. 

Complete list as well as map of the station network under HELCOM COMBINE programme is avaialble from http://www.helcom.fi

Table 1. Number of stations with certain frequency of different monitored variables as committed to HELCOM COMBINE programme for 2003 (number of stations/monitoring frequency per year).

Country
hydrography
nutrients
particle matter
Humic subst
Chl-a
phytopl
zooplankton
zoobenthos
microbiol
Prim.prod
buoy

DK
19/5
19/5


19/5
1/3
1/5
5/1

1/3



1/6
1/6


1/6
4/26
1/6


4/26



4/30
4/30


4/30
1/22
4/26






5/47
5/47


5/47

1/4





EST
25/1
25/1


5/1
5/1
5/1
6/1

3/12



5/2
5/2


6/12
6/12
6/12






6/12
6/12










FIN
100/1
82/1


12/15
24/10
9/1
68/1





12/2
4/4


36/25
8/15
1/12






4/4
7/6



12/25
1/15






6/6
36/12











1/7
14/20











14/20












36/100











GER
9/1
9/1
½

7/5
7/5
9/5
6/1


3


6/2
¾
1/3

2/7
2/7

5/2





16/3
11/5
16/5

7/10
7/10

16/3





¼
1/6


2/12
2/12







11/5
5/7


1/15
1/15







1/6
4/8


1/17
1/17







4/7
11/10


1/20
1/20







4/8
2/13











12/10
6/15











2/13
2/22










Country
hydrography
nutrients
Particle matter
Humic subst
Chl-a
phytopl
zooplankton
zoobenthos
microbiol
Prim.prod
buoy


6/15












2/22












3/365











LV
10/2
10/2


10/2
2/3
2/3
20/2
4/2




7/3
7/3


7/3
2/5
2/5

5/5




11/7
11/7


11/7
2/6
2/6






2/21
2/21


2/21
1/7
1/7











2/21
2/21





LT
7/4
7/4


9/4
5/4
22/2
20/1

6/3



15/6
15/6


11/6
9/6







3/16
3/16


3/16
3/16






PL
27/6
27/6


15/6
15/6
15/6
8/1
8/2
14/6



2/12
2/12


2/12
2/12
2/12


2/12


SWE
52/1
52/1

17/1
2/6
1/6
2/8
10/1
1/6
1/6



6/6
6/6

13/6
12/10
4/10
1/10

2/18
1/10



14/10
14/10

2/18
2/18
2/18



1/15



2/12
2/12


3/25
3/25



2/18



3/25
3/25







2/25


4. OVERVIEW OF CURRENTLY RUNNING NATIONAL MONITORING PROGRAMMES.

Current information is based on the results of the questionnaire distributed among the participants of the project as well as information gathered from available literature and internet sources. Though most of the monitoring activity is designed and is in accordance with existing HELCOM COMBINE requirements several countries have station networks/parameters that are not reported to the HELCOM database. These mostly are the stations belonging to the former CMP (Coastal Monitoring Programme).

Denmark

The marine monitoring is undertaken to determine the developmental trend in the physical, chemical and biological condition of Danish marine waters, especially the inner Danish marine waters.

The results have to be able to demonstrate the effects of the measures that have been and possibly will be implemented to improve the quality of the marine environment. Furthermore, the results are to provide a basis for decisions on the need to implement further measures to limit pollution of the marine environment.

The objective of the marine monitoring under NOVA-2003 is:

· to follow the development in the physical conditions, including hydrographic conditions and oxygen deficit,

· to follow the development in occurrence and concentration of nutrients in the water phase and sediment,

· to follow the development in the biological conditions, and

· to determine water and nutrient transport to Danish marine waters.

The monitoring strategy for the estuarine fjords, coastal waters and open marine waters has been amended relative to the previous programme to a combination of a nation-wide extensive monitoring at selected stations and intensive investigations in selected waters. 

The background for introducing intensive investigations is the complex causal relationships in the marine environment. In order to be able to assess these, it is necessary to include all significant variables. In some cases this necessitates the application of special sampling strategies (e.g. high sampling frequency). A limited number of estuarine fjords (ty​pe areas) and stations in open marine waters (intensive ​stations) have therefore been selected at which intensive investigations are carried out. The intensive investigation programme concentrates on the physical and chemical conditions, while sediment and biological conditions in the type areas are included in the ordinary monitoring programme. In addition, the inten​sive investigations encompass modelling of water and nutrient transport in the open marine waters and type areas. In both the estuarine fjords, coastal waters and open marine waters, sampling will continue at a number of stations that have been investigated for a large number of years so as to enable statistical analysis of the long-term developmental trends. 

In order to ensure that the monitoring contributes to a nation-wide description of marine environmental state and developmental trends a number of more extensive activities are being established. These stations are geographical dispersed, located in the inner Danish marine waters, the North Sea and the Skagerrak. At these stations samples are to be collected at a relatively low frequency for analysis of water chemistry conditions, benthic fauna and the vegetation on stone reefs. In addition, samples are to be collected for determination of the sediment content of hazardous substances and heavy metals. 

Finland

Objectives of the monitoring programme are:

- to produce information on the quality of and pressure to the Finnish coastal waters, and on the state of the biological communities, for use by the national administration for research and also by the international community and monitoring programmes for decision‑making in environmental control

- to study spatial and temporal variations in the state of water areas and to investigate factors influencing them

- to provide background data for use in other investigations concerning brackish water problems

- to record the levels and changes  in concentrations of harmful substances in water, sediments and biota

Current sampling frequency: 

The thirteen intensive stations are sampled 16 to 20 times per year. The strategy is to follow the annual cycle of the water ecosystem of the main water bodies. The other 94 stations are sampled only twice a year, at  times when the water body is in steady state in February/March and in July to September; biological variables are measured only in the open water period. This makes it possible,  with the aid of the other programmes, to obtain a comprehensive areal picture of water quality.

National zoobenthos monitoring has continued annually at the two fixed stations in Tvärminne since 1964, but the first records from exactly the same points are available even from the 1920s and the late 1930s. This is the oldest biological time series in the Baltic Sea. Samples are taken twice a year. The autumn records reflect actual population quantities and the spring samples allow estimating of production capacities. National phytobenthos monitoring started in 1999 in 7 localities and the programme was expanded with 2 new locations in 2000. This programme is carried out once  a year in July.

The river discharge monitoring covers 30  main rivers. The monitoring was started in 1970 for nutrients and organic matter and in 1982 for heavy metals. However, comparable and reliable analyses for heavy metals were not available until the introduction of ICP (Inductively Coupled Plasmama Spectrometry) in 1994. Since 1985 the sampling has been arranged according to the variation in the water flow of each river, sampling frequency of water quality variables usually being 12 times per year. Water flow is measured daily from each of the rivers. The annual material loads via rivers are obtained by multiplying the mean monthly concentrations by the monthly flow and summing up the monthly loads.

Monitoring of harmful substances has shown that trends in concentrations of harmful substances in biota develop very slowly. This fact and the heavy costs of analysing organic compounds have resulted in the present frequency of sampling. Samples are taken in autumn and analysed annually by a rolling system of three years: benthic specimens are sampled in the first year, coastal fish in the second and open sea fish in the third year.

Atmospheric deposition on lakes is measured from thirty background stations, which are located in the river catchment areas. Nutrient concentrations are analysed from integrated monthly samples of rain water. Precipitation measurements are obtained from the Finnish Meteorological Institute. Atmospheric deposition on lakes is calculated by multiplying specific deposition by the surface area of lakes.

In Finnish coastal monitoring, the methods are adapted from HELCOM guidelines with some exceptions, e.g. chlorophyll a which is analysed using Finnish standard methods.

Geographical coverage 

The national network of coastal monitoring stations covers the entire area of the Finnish territorial waters. Thirteen intensive stations are situated in the outer archipelago waters, not directly influenced by wastewater. The distance between individual stations may be some hundreds of kilometres. Two principles have been followed when locating the stations: 1) the station should represent a large coastal water body, which is quite clean and 2) sampling must be possible without unreasonable efforts. 

The other 94 coastal stations are located more or less evenly throughout the territorial zone. Most of them are at sites not directly influenced by wastewater. It is planned that this program, together with local pollution monitoring based on the Water Act and supervised by the RECs, and the open sea monitoring carried out by FIMR, will provide a basis for evaluation of water quality throughout the full range from the vicinity of pollution sources to open sea areas.

National monitoring of zoobenthos is carried out at two stations, which are located in Tvärminne on the SW coast of Finland, where local pollution is very low. The strategy is to analyse natural fluctuations in populations of the most important benthic species. These provide background information for evaluating trends in zoobenthos in polluted areas, which is included in recipient control monitoring programmes. Biological material is collected at eight areas along the Finnish coast. The areas represent both polluted and clean areas.

Regarding the coverage in the riverine monitoring, the whole area gathering the rain waters to rivers must be taken into account.  The catchment’s area of the Finnish coastal waters totals about 250 000 kmADVANCE \u 32ADVANCE \d 3, of which monitored rivers comprise about 90%. However, the river Vuoksi Basin is not included in this figure because it discharges via Russia to the Gulf of Finland. The areas of large river basins (more than 10 000 kmADVANCE \u 32ADVANCE \d 3) account for  75% of the total catchment area whereas the reminder comprises coastal rivers with catchment areas less than 5 000 kmADVANCE \u 32ADVANCE \d 3.  

Organisation of coastal monitoring

The Finnish Environment Institute (SYKE) coordinates the national coastal water‑monitoring programme. Regional Environmental Centres (RECs) carry out field observations and sampling. The analyses are performed mainly by the laboratories of the RECs, but in some cases by the Research Laboratory of SYKE. The zoobenthos monitoring is carried out in co‑operation with the Finnish Institute of Marine Research (FIMR) and the University of Helsinki. The samples for the monitoring of harmful substances are taken by the RECs and analysed by the Research Laboratory, University of Jyväskylä. Both SYKE and the RECs are responsible for reporting.

Estonia

Monitoring of coastal sea waters is an independent programme within National Monitoring Programme.

It has four Sub-programmes: 

1. Monitoring of seawater eutrophication: the Gulf of Finland, including the Gulf of Narva, Gulf of Riga; 

2. Monitoring of phytobenthos in the coastal sea; 

3. Monitoring of dangerous substances in the coastal sea; 

4. Monitoring of coasts 

The first National Programme for Sea Monitoring took primarily into account the requirements of the Baltic Sea Monitoring Programme (BMP) valid at that time and it was aimed at preserving the continuity of the monitoring activities carried out by the Hydrological and Meteorological Service in the earlier years. The Sea Monitoring Programme was divided into two parts: one of them dealt with eutrophication of the marine environment and the related problems (Sub-programme “Eutrophication”) and the other with the problems related to pollution of the marine environment with oil products, phenols, heavy metals and toxic substances (Sub-programme “Dangerous Substances”). In 1995, the third sub-programme was added to the National Programme “Monitoring of Biota of the Coastal Sea” of which, due to the lack of financial resources, mainly only one part “Phytobenthos” has been implemented. Since 1998, when a new Baltic Sea Monitoring Programme was approved (COMBINE, includes monitoring of open seas and the coastal sea), the major part of the National Programme for Sea Monitoring has been included in information exchange carried out via HELCOM. 

The general objective of sea monitoring is to determine the impact of human activities on the marine environment and biota of the Baltic Sea, and to determine the range of influence of these activities in the context of natural changes, including qualitative and quantitative assessment of the effectiveness of the measures applied. 

Eutrophication 

For assessing the eutrophication phenomena, the following output is ensured: 

· Determination of the maximum quantities of winter nutrients in basins; drawing up the substance balance sheets; 

· Monitoring of long-term changes in the spatial distribution of zoobenthos and of the oxygen regime in the water layer near the seabottom; 

· Monitoring of a seasonal cycle of phytoplankton and zooplankton and registration of uncharacteristic phenomena; 

· On the basis of the data collected, the state of the marine environment, the changes that have occurred there and the reasons therefore are assessed; 

· Making the monitoring and information systems indicating the changes in the environmental state of the Baltic Sea available via the Internet, in co-operation with the relevant agencies of Finland. 

Hazardous substances: 

For studying the problems caused by hazardous substances, the following output is ensured: 

· Monitoring of long-term changes of the concentrations of dangerous substances and assessment of pollution levels; 

· Localisation of the problematic areas in the coastal sea of Estonia. 

Marine biota: 

Monitoring of marine biota ensures the output below: 

· monitoring of long-term and short-term changes in the species composition and structure of the benthos communities; 

· finding relationships between the monitored changes and the dynamics, caused either by natural conditions or human activities, of other environmental parameters. 

Monitoring of coasts 

Monitoring of coasts ensures the following output: 

· Monitoring of changes in the geographic areas where geological activity of the sea can cause considerable damage, i.e. destroy buildings, rest areas, etc.; 

· Assessment of the extent of damage in the case of large-scale damage caused by storms. 

 

Latvia

Marine monitoring sub-programme includes monitoring of coastal, transitional, marine water, sediment and its biota; the aim of monitoring is to identify and quantify the effects of anthropogenic pressures/activities in the Latvian territorial waters of the Riga Gulf and the Baltic Sea, within the context of natural changeability of the system.

Monitoring objectives:

· to make an assessment of hydrographical changes – to establish variables, that are necessary to identify fluctuations of the natural system and to define the hydrographical regime on the Latvian territorial waters of the Riga Gulf and the Baltic Sea;

· to make an assessment of eutrophication problems – to carry out measurements of nutrient concentrations and the response of various biological organisms or objects; to assess the amount and the effect of anthropogenic nutrient discharges on marine biological organisms;

· to carry out regular observations of the spread of radioactive substances (mainly of anthropogenic origin) in the water, sediments and organisms (fish, molluscs and aquatic plants) of the Baltic Sea and the Riga Gulf.

Poland

Marine monitoring is designed as a part of the National Monitoring Programme incl. surface water monitoring following the guidelines of the HELCOM COMBINE. Hence, it covers the national and international obligations. In specific situations, e.g. the monitoring of the impact of waste water outfall in the Gulf of Gdansk, special local monitoring programme was implemented. In a regional scale, different monitoring programmes are conducted in accordance to the requirements of Local Authorities.

The overall aims of the monitoring programme are: to identify and quantify the effects of anthropogenic discharges/activities in the Baltic Sea, in the context of the natural variations in the system, and to identify and quantify the changes in the environment as a result of regulatory actions. 

For the study of eutrophication and its effects the monitoring strategy is formulated as follows: 

a. 'online' information on sudden events;

b. long-term trend studies;

c. effects on biota, mainly changes in community structure, biomass and abundance;

d. background information including baseline studies and joint studies. 

For the study of contaminants and their effects: 

e. spatial variations in contaminant concentrations and patterns, regarding selected organisms and marine sediments;

f. information on episodic events;

g. temporal trends of contaminants; 

h. environmental fate of contaminants. 

Germany

The monitoring programme is organized on national base under the umbrella of the BLMP (Bund-Länder-Meßprogramm – combined measuring programme of the federal state and the counties bordering the Sea). The programme unifies activities in the Baltic Sea as well as in the North Sea.The main players in the Baltic Sea are the respective bodies in the counties Mecklenburg-Vorpommern (LUNG) and Schleswig-Holstein (LANU), the IOW for the HELCOM Monitoring and the  Bundesamt füür Seeschiffahrt und Hydrographie (BSH -The Federal Maritime and Hydrographic Agency).  Beside these institutions several others are involved. 

The ARGE BLMP is the coordination body in general. The continuous work is done by the secretariat and a QA-body. The specialists from all institutions involved in  the monitoring programme are doing their job in the working groups North Sea, Baltic Sea and Quality Assurance.

The counties are performing the monitoring programme in their respective coastal areas in front of their costs and are producing annual reports about the state of art. The IOW performs the monitoring programme in the open Baltic Sea and produces also several annual reports about the state of the Baltic Sea in the previous year (f.e. hydrographical-hydrochemical situation, biological situation, reports on the contamination with heavy metals and organic pollutants). Both, the data from the counties as well as from IOW are going into the HELCOM/ICES data base and are used there for the Periodic assessments of HELCOM.

The overall aims of the monitoring activities are formulated as follows: 

i. Evaluation of the actual contamination of sea water, sediments and organisms with pollutants

j. Influence of non-pollutant substances (f.e. nutrients) on the marine environment

k. Determination of long-term trends of these sunstances

l. Summarization of the collected data in a common data base (MUDAB)

m. Quality assurance of all laboratories involved in the monitoring programme to secure the comparibility of all data on a national and international base

n. Summarization of the results and documentation

o. Evaluation of the results on national base as well as on the international scale (reports)

Of course also the general HELCOM goals are taken into consideration

· Continuous international monitoring of:
- natural fluctuations in the marine environment
- the amounts and effects anthropogenic nutrients 
-  the levels and effects of contaminants in ecosystems 

With the aims

· to evaluate the influence of human activity on the Baltic Sea, with regard to the effects of environmental policies. 

·  to identify serious ecological problems and geographical "hot spots".
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Monitoring variables

Country

Inventory

Biota

Parameter

HELCOM

Denmark

Sweden

Finland

Estonia

Latvia

Lithuania

Poland

Germany

Bacteria

Density

s

s

X

Biomass

X

X

s

Production

s

X

X

s

BOD

X

Ecoli MPN

X

Phytoplankton

Chlorophyll 

a

X

X

X

X

X

X

X

X

Species composition

X/s

X

X

X/s

X

X

X

X

Semi-quantitative composition (pigment composition)

Biomass

X

X

X

X

X

X

X

X

Vertical profile fluorescence

X

X

Primary production

x/s

X

X

X

Limiting factor (bioassay)

s

Harmful (toxic) species

s

s

s

X

Harmful (non toxic) species (Phaeocystis)

x

X

Macrophytobenthos

Biomass or biomass of dominating sp.

X

X

X

X

X

Species composition

X

X

X

s

X

X

Coverage of species

X

X

X

s

X

Area distribution

X

X

s

Max. depth indicator species

X

X

X

s

X

X

Depth distibution of species

X

X

X

s

X

X

Epiphytes

X

Primary production

Distribution of drifting species

X

s

Mesozooplankton

Species composition

X

X

X

s

X

X

X

X

Abundance

X

X

X

s

X

X

X

X

Biomass

X

X

X

s

X

X

X

X

Secondary production

s

Macrozoobenthos

Species composition

X

X

s

s

X

X

X

X

Spatial distribution

X

X

X

X

X

X

Species composition

X

X

X

X

X

X

X

X

Presence indicator species

X

X

X

X

X

Abundance

X

X

X

X

X

X

X

X

Biomass

X

X

s

X

X

X

X

Mussell coverage 

s

Periphyton

Alien species

X/s
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X/s

biomass

Fish

X

X

s

Birds

X

X

X

Mammals

X

X

X

Satellite images (surface layer blue-greens)

s

s

Abiotic indicators

Nutrient concentrations

winter max./summer min.

X

X

X

X

X

X

X

Phosphorous

X

X

X

X

X

X

X

X

Nitrogen

X

X

X

X

X

X

X

X

Silicate

X

X

X

X

X

X

N/P-ratio

X

X

X

Temperature

X

X

X

X

X

X

X

X

Alkalinity

X

X

X

X

X

X

X

X

Salinity

X

X

X

X

X

X

X

X

Sediment

X

Chl -a

X

X

Dryweight

X

Patogene bacteria

X

Clostirium monitoring in sediment

X

X

Nutrients

X

Hypoxia

Late summer minimum

Oxygen

X

X

X

X

X

X

X

H2S

X

X

X

X

X

X

X

Turbidity

Secchi depth

X

X

X

X

X

X

X

Light attenuation coefficients

X

X

Sinking rates of particulate matter

X

s

Mass

s

Drymatter

X

s

Carbon and nutrients

s

Chl a

s

Data handling

Modelling

numerical

x

x

x

s

statistical

x

x

x

s

Other research

fast repetition fluometry, flow cytometry, HPLC, denitrification, nitrogen fixation

X = core variables

x = main variables

s = supporting studies

? = unknown parameters



5. QA REQUIREMENTS AND PROCEDURES IN COUNTRIES. 

QA procedures are in general in compliance with international standards but there are differences in compulsory accreditation in the countries.

Finland

Many laboratories involved in the coastal monitoring have accredited their analytical methods. In the area of coastal and open sea monitoring, FIMR (Finnish Institute of Marine Research) has also accredited sampling procedures. Accreditation, based on internationally agreed criteria, is an instrument to provide confidence in the technical competence, impartiality and integrity of the bodies. Personal certification of the individuals in charge of sampling is in progress according to international recommendations and will soon be completed (Niemi et al. 2000). The aim is that in the near future all the laboratories involved in sampling and analysis of data will have certified individuals in charge of sampling and accredited methods in analytical work.

The Finnish Environment Institute prepares and maintains tools for standardization of

environmental data. http://www.ymparisto.fi/eng/orginfo/database/envistan/harmon.html
Estonia

According to Estonian legislation all laboratories participating in monitoring activities have to be accredited. Currently the accreditation process is in progress for laboratories participating in marine monitoring activities. In-house QA procedures are established for several years already but formal accreditation is in process. Participation in international intercallibrations and ring tests has been practice for last decade.   

Latvia

QA procedures are set by national accreditation laws, i.e. monitoring of water must be carried out in accredited laboratories, and are in accordance with HELCOM recommendations. Marine Monitoring Centre of Institute of aquatic Ecology, currently responsible for marine monitoring, has accredited sampling procedures and analytical methods, and regularly participates in international ring tests.

Poland

The Department of Oceanography and Baltic Sea Monitoring does not hold the national accreditation, however QA system has been implemented in the marine chemistry laboratory and operates since 1994. According to the HELCOM recommendations the lab subscribes annually to the QUASIMEME Laboratory Proficiency Testing scheme for nutrients in estuarine water; the results of the tests form the attachment in the annual statistical reports to HELCOM. The marine biology laboratory and trace contaminant laboratory operate using the principles of good laboratory practice. Subscription to QUASIMEME LPS extends to trace metals in sediments and biota and OCPs in biota.  

Germany

In all laboratories a complex internal QA programme is running. On an external base all laboratories involved in the monitoring programme have to take part in the Quasimeme intercomparison exercises. Data are accepted in the data base only, if they are accompanied by positive Quasimeme results.

For special compounds f.e. heavy metals, organic pollutants additional international intercomparison are performed.

Under the BLMP there is a specific working group QA which is subdivided in a chemical and biological branch initiating esp. in the biological field several training courses and ring analysis.

6. REPORTING OF MONITORING RESULTS IN COUNTRIES.

Finland

The regional environmental Centres produce annual  quality assessment report which is dealing the area that they are operating. Every 10 years FEI produces an assessment report, which covers the whole coastal area of Finland. http://www.ymparisto.fi/eng/orginfo/publica/electro/fe472/fe472.htm 

FEI participates in the HELCOM assessment projects, both covering eutrophication and nature conservation. FEI provides data to EEA and thus is participating in EEA assessment reports.  (http://themes.eea.eu.int/all_indicators_box)
Estonia

Based on the results of monitoring activities annual reports are compiled for Ministry of the Environment. Public report is prepared based on annual reports.

Latvia

The end product is extensive yearly report/assessment (www.vdc.lv). Data are also reported to HELCOM/ICES data base and to EEA. They are used in producing HELCOM assessments and thematic reports, and in corresponding reports produced by EEA. Every year Environment Agency of Latvia publishes comprehensive environment report where one chapter is dedicated to marine issues. Report is in Latvian, however lately it is translated also to English.

Germany

The preliminary information/assessment of the monitoring data is presented in the form of “Cruise Reports”. The Cruise Reports are published about a week after each monitoring cruise at the web site of IOW.

Annually hydrographical and hydrochemical as well as hydrobiological assessments of the state of the Baltic Sea are published in Mar. Sci. Rep., Warnemünde.

Under the umbrella of the BLMP, it was also started to publish biannual assessments. At present the report for 1997/1998 ist available. These assesments include the evaluation of the open sea area as well as of the coastal areas. Assessments are prepared jointly for the Baltic Sea and the North Sea.

The monitoring results have been used in all HELCOM assessments of the state of the Baltic Sea environment

Poland

- The preliminary information/assessment of the monitoring data is presented in the form of “Cruise Report of r/v Baltica”. The Cruise Reports are published about a week after each monitoring cruise at the web site of the Department of Oceanography and Baltic Sea Monitoring: http//baltyk.imgw.gdynia.pl/cruises/report 
since 2001 (before that they were circulated according to the HELCOM mailing list). 

- The annual assessment of the monitoring data – the assessment of environmental situation in the sea is presented in the annual publication: “Warunki środowiskowe w polskiej strefie południowego Bałtyku w xxxx roku” (Environmental conditions in the Polish zone of the southern Baltic Sea in xxxx), published (with 1 year delay) by the Maritime Branch of the Institute of Meteorology and Water Management, Gdynia. The bulletin is published since 1987. The bulletin is published in Polish but it contains an extended summary, table of contents and the lists of figure and table captions in English. 

- An extended summary of monitoring results is also published (in Polish) in the annual bulletin of the State Inspectorate for Environmental Protection: “Stan czystosci polskich rzek, jezior i Baltyku” (Water quality in the Polish rivers, lakes and the Baltic Sea). 

- Special reports have been published following the incidents of the summer floods:

p. in 1997: Trzosińska A., Andrulewicz E. (eds.), 1998. Doraźne skutki powodzi 1997 roku w środowisku wodnym Zatoki Gdańskiej i Pomorskiej (Short-term effects of 1997 flood on the marine environment of the Gulf of Gdansk and Pomeranian Bay). Wydawnictwo Morskiego Instytutu Rybackiego, Gdynia 1998, 76 pp. (in Polish)

q. in 2001: Raport z rejsu (Cruise Report), Instytut Meteorologii i Gospodarki Wodnej, Oddzial Morski w Gdyni, r/v Baltica, 7-8 sierpnia 2001, 13 pp. (in Polish).

- The monitoring results have been used in all HELCOM assessments of the state of the Baltic Sea environment; http://www.helcom.fi/helcom/publications.html.

- The monitoring data are also the basis for numerous scientific articles; e.g.: 

7. REQUIREMENTS OF WFD AND PRESENT STATE OF MARINE MONITORING ACTIVITIES IN THE BALTIC SEA MARINE AREA.

As present monitoring programmes in the Baltic Sea area have developed mostly country wise, according to national needs and available resources. There are obvious differences in monitoring strategies and sampling performance between countries. Implementation of EU water policies in almost all Baltic Sea countries will force to the coordinated changes in both management and monitoring of water resources. Following are listed main foreseen contradictions between present, operating monitoring programmes and future system following the demands of EU water policies.  

Monitoring strategy

At present moment all existing monitoring programmes were designed, or at least had an aim to reflect the changes in the environment caused by human activity. These changes could be “negative” – increase in pollution, extension of exploitation of resources etc. or “positive” – results of regulatory measures. The assessment of the changes is made based on trend analyses and is based on keeping long time series. So the main aim of the monitoring programme is detect change in the environment and after the change has been detected – the conclusion has to be made on the cause of this change – either natural variability or human induced process. The potential drawback of this strategy is that a success of the programme depends on the design of the monitoring programme made many years ago (long time series) and level of understanding of natural processes having an influence on the variability of monitored parameters. In the future monitoring has to give the possibility to assess the state of the environment in any particular moment regardless of presence or absence of long time series.

Variables

At present moment the monitored variables are in general the same in all of the countries performing marine monitoring in the Baltic Sea (Table 1 and 2). The variable set has been developed mostly through HELCOM monitoring programme. The need to jointly report on the state of the sea has forced the acceptance of more or less the same variable sets together with sampling methodology. Besides several parameters as microbiology, coastal fish communities, primary production, phytobenthos are not monitored in all countries. 

Station network

At present moment 571 stations are listed in the HELCOM COMBINE station list for the Baltic Sea marine area. Historically there have been two directions in developing of the station network in Baltic Sea countries. One strategy was connected to the open parts of the Baltic Sea where the monitoring was coordinated by HELCOM already from 1970 ies. This station network covers the whole open sea area and is sampled by different countries and institutions. The other direction was local, so called CMP (Coastal Monitoring Programme) where monitoring station network was developed in countries following national needs. Different countries have different coverage of their national waters by monitoring station network depending on their coastline, aims and resources available. Here the “hot spot” approach is widely used where the higher density of stations is devoted to the problematic areas in terms of eutrophication or pollution while other coastal areas are covered by less frequent sampling. In future the proper quality assessment of all coastal waters has to be ensured so the obvious development has to be expansion of monitoring stations to all coastal areas.  

Frequencies

At present moment sampling stations are usually divided into mapping, low frequency stations and extensive or high frequency stations. In many countries high frequency stations are mostly located in “hot spot” areas while mapping stations represent less affected areas. There is obviously need in revision of sampling frequency when the need will arise to assess at the similar level all the coastal waters.

Reporting

At the present moment the reporting and assessment of the monitoring results is based on trend analyses. In several countries the set of environmental quality standards is currently developed what will enable to simplify the reporting and assessment procedures.

8. INTERNET SOURCES OF ADDITIONAL INFORMATION CONCERNING MARINE MONITORING ISSUES IN THE BALTIC SEA.

Denmark

http://www.dmu.dk/1_Viden/2_Miljoe-tilstand/3_vand/default_en.asp
Sweden

http://www2.ecology.su.se/dbbm/index.shtml
Finland

http://www.ymparisto.fi/eng/orginfo/publica/electro/fe472/fe472.htm 

http://www.helcom.fi
http://www2.fimr.fi/fi.html
Estonia

http://www.seiremonitor.ee
http://www.sea.ee
Latvia

http://www.vdc.lv/eng
Lithuania

http://www.corpi.ku.lt/
Poland

http://baltyk.imgw.gdynia.pl/english
Germany

http://www.bsh.de/Meeresumweltschutz/BLMP/2295.htm
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ANNEX

Maps of location of monitoring stations in the Baltic Sea.
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Figure 1. Location of monitoring stations in Finnish coastal waters.
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Figure 2. Location of water quality monitoring stations in Finnish coastal waters.
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Figure 3. Location of river monitoring stations in Finland. 
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Figure 5. Location of monitoring stations in Latvian coastal waters. P – transitional waters, T – trend stations, PP – crosborder stations, I – impact stations, K – coastal stations.
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Figure 6. Swedish national marine monitoring network.
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Figure 7. Location of swedish phytobenthos monitoring stations. 
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		Table 2. Inventory of marine eutrophication monitoring variables in the Baltic Sea area.

		Monitoring variables						Country

		Inventory

		Biota		Parameter		HELCOM		Denmark		Sweden		Finland		Estonia		Latvia		Lithuania		Poland		Germany

		Bacteria		Density		s						s								X

				Biomass				X		X		s

				Production		s		X		X		s

				BOD								X

				Ecoli MPN								X

		Phytoplankton		Chlorophyll a		X		X		X		X		X		X				X		X

				Species composition		X/s		X		X		X/s		X		X				X		X

				Semi-quantitative composition (pigment composition)

				Biomass		X		X		X		X		X		X				X		X

				Vertical profile fluorescence		X		X

				Primary production		x/s		X		X		X

				Limiting factor (bioassay)				s

				Harmful (toxic) species				s		s		s										X

				Harmful (non toxic) species (Phaeocystis)		x																X

		Macrophytobenthos		Biomass or biomass of dominating sp.		X		X		X				X								X

				Species composition		X		X		X		s		X								X

				Coverage of species		X		X		X		s		X

				Area distribution				X		X		s

				Max. depth indicator species		X		X		X		s		X								X

				Depth distibution of species		X		X		X		s		X								X

				Epiphytes						X

				Primary production

				Distribution of drifting species						X		s

		Mesozooplankton		Species composition		X		X		X		s		X		X				X		X

				Abundance		X		X		X		s		X		X				X		X

				Biomass		X		X		X		s		X		X				X		X

				Secondary production								s

		Macrozoobenthos		Species composition		X		X		s		s		X		X				X		X

				Spatial distribution				X		X		X		X		X				X

				Species composition		X		X		X		X		X		X				X		X

				Presence indicator species		X		X				X				X						X

				Abundance		X		X		X		X		X		X				X		X

				Biomass		X				X		s		X		X				X		X

				Mussell coverage								s

		Periphyton		Alien species								X/s
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				Chl a								X/s

				biomass

		Fish						X		X		s

		Birds						X		X		X

		Mammals						X		X		X

		Satellite images (surface layer blue-greens)				s						s

		Abiotic indicators

		Nutrient concentrations		winter max./summer min.				X		X		X		X		X				X		X

				Phosphorous		X		X		X		X		X		X				X		X

				Nitrogen		X		X		X		X		X		X				X		X

				Silicate						X		X		X		X				X		X

				N/P-ratio				X		X		X

		Temperature				X		X		X		X		X		X				X		X

		Alkalinity				X		X		X		X		X		X				X		X

		Salinity				X		X		X		X		X		X				X		X

		Sediment								X

				Chl -a						X		X

				Dryweight						X

				Patogene bacteria						X

				Clostirium monitoring in sediment				X				X

				Nutrients								X

		Hypoxia		Late summer minimum

				Oxygen		X		X		X		X		X		X				X

				H2S		X		X		X		X		X		X				X

		Turbidity		Secchi depth		X		X		X		X		X		X				X

				Light attenuation coefficients						X		X

		Sinking rates of particulate matter				X						s

				Mass								s

				Drymatter				X				s

				Carbon and nutrients								s

				Chl a								s

		Data handling

		Modelling		numerical		x		x		x		s

				statistical		x		x		x		s

		Other research		fast repetition fluometry, flow cytometry, HPLC, denitrification, nitrogen fixation

						X = core variables

						x = main variables

						s = supporting studies

						? = unknown parameters





Sheet2

		





Sheet3

		






