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Preface

At long last and contrary to all rumours, we have finally managed to complete the Second Baltic Sea
Pollution Load Compilation - PLC-2.

This report represents a new step within the Helsinki Commission in estimating the pollution loads
entering the Baltic Sea.

The initial material for the report was collected according to a unified methodology and provided a
reasonably substantial overview of the waterborne pollution that reached the Baltic Sea in 1990. We
present short descriptions of the sampling, analysis and calculation methodologies used by the par-
ticipating states and attention is drawn to the shortcomings that have been detected. In addition,
summarized information is given on the pollution loads on a sub-region by sub-region basis, as is an
overview of the problems to be solved before work can start on a third Pollution Load Compilation.

Data cannot be improved if samples are not taken properly or even not taken at all. For this reason we
chose only those three parameters which had been measured by all the Contracting Parties: Biochemical
Oxygen Demand within seven days (BOD,), Total Phosphorus (Tot-P) and Total Nitrogen (Tot-N).
Although these data sets were obtained using different methods (sampling, analysing or calculating),
we decided to display them in table and map form so that a rough idea could be gained about the
amount of substances discharged into the Baltic Sea. All other data contain too many gaps to present
them in graphic form.

The results are given as follows:

For technical reasons, the data in the tables are given to four decimal digits. The first criterion considered
when determining pollution loads was their source. For each sub-region, the loads via rivers are
presented first; the corresponding maps have blue captions. The pollution loads from urban areas are
given next; their charts have black captions. Finally, the discharges from industry are shown: captions
here are red.

The general map of the whole Baltic Sea Drainage Area (Figure 1) was prepared by the National Board
of Waters and the Environment of Finland in Helsinki. The other maps were produced using the
mainfraime computer at the Federal Maritime and Hydrographic Agency (BSH) in Hamburg. The
BSH’s  in-house programme for the illustration of coastlines was used to do so.

See the following explanations on how to use the maps.

They are drawn in Mercator Projection. To solve the technical problem of combining the data for the
three parameters for each source ( with their very different ranges) in one figure, the scales have been
equalized for each source. Different factors have been calculated for the parameters and they are found
in the legend of each map. The factors remain consistent within the same source.

Abbreviations are unavoidable. Please find attached in Annex II a list of abbrs. used in this report.

In the course of the work, from compiling the Guidelines to printing the final report in 1993, significant
political changes have taken place in the Baltic Sea region.

We are pleased to note that these changes have added to the complexity and accuracy of the report.
The new Contracting Parties quickly took their share of responsibility and became fully involved in
the work.
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1 Introduction

This Second Baltic Sea Pollution Load Compilation (PLC-2) has been an international project within
the framework of the Helsinki Commission implemented according to HELCOM IO/4 (1988).

The ultimate goals of Pollution Load Compilations (PLCs)  are

to compile the total load of important pollutants entering the Baltic Sea via rivers and from
point and non-point sources on the basis of harmonized monitoring methods

to follow up the longterm  changes in the pollution load from various sources

to determine the priority order of different pollution sources and pollutants

to assess the efficiency of measures taken to reduce the pollution load and

to provide information for periodic assessment work.

The task of PLC is carried out in stages. The results of PLC- 1 were published by the Commission in
January 1987 in the Baltic Sea Environment Proceedings (BSEP) series No. 20. That document was
a first attempt to compile very heterogenous data that had been submitted to the Commission on various
occasions. The collected data were often preliminary or based on very rough background information
and, therefore, the results of PLC- 1 should not be compared with the PLC-2 data.

In order to improve the quality of the compilation the Guidelines for the Second Pollution Load
Compilation (PLC-2) were developed in 198% 1989 (STC 15/ 16, Annex 12). PLC-2 was exercised as
a pilot programme comprising a limited number of parameters and pollution sources (Table 1.1) but,
nevertheless, aiming for a basic coverage of the major aspects concerned. The Guidelines defined the
aim of the PLC, provided the harmonized methodological basis for data collection and evaluation, i.a.,
measuring period (the year of 1990), definition of pollution sources, parameters to be controlled, main
principles for Bow measurements and sampling, methods of chemical analysis as well as calculation
and estimation methods and reporting formats.

In order to make the outcome of PLC comparable to the results of the periodic assessment of the state
of the marine environment and coastal zones, the list of chemical determinants used for PLC-2 was
harmonized to the most possible extent with the Baltic Monitoring Programme (BMP).

The compilation of the data was guided by the two Lead Countries Germany and the former Soviet
Union with support of the HELCOM Secretariat.

For PLC-2 purposes the Baltic Sea was divided into nine sub-regions :

Bothnian Bay
Bothnian Sea
Archipelago Sea
Gulf of Finland
Gulf of Riga
Baltic Proper
Belt Sea and Western Bays
The Sound
The Kattegat

- BOB
- BOS
- ARC
- GUF
- GUR
- BAP
- WEB
- s o u
- KAT

Introduction
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The Baltic Sea drainage area and sub-regions are presented in Figure 1. Pollution load data of countries
discharging into the same sub-region were summed up.

Fig. 1 . Drainage Basin of the Baltic Sea
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Three sources of pollution were distinguished: rivers, urban areas and industries. The parameter sets
to be measured contained organic matter, nutrients, suspended solids and heavy metals (Table 1.1).

Table 1.1

The parameters measured for PLC-2 according to the Guidelines

Source

Rivers
Q>Sm’ls

Urban areas
> 10 000  PE

Industries

obligatory parameters for urban areas > 50 000 PE
alternative

The report contains information about pollution sources compiled according to the agreed sub-regions.
Generalized data characterizing the pollution sources and loads as well as general maps are published
in this report.

The airborne pollution load is not included in the report because the evaluation of deposition data
prepared by EUEGAP followed different sub-regions, timetables and list of basic parameters. The
report on the airborne pollution load 1986- 1990 was published separately in BSEP series No 39.

The presented national information and pollution data are written on tloppy disks which enables their
reconstruction and use in different model calculations. The contents of the disks is listed in Annex I,
and the disks can be obtained from the HELCOM Secretariat.

Despite the adopted Guidelines, the monitoring programme was not fulfilled in all parts and the data
about all substances are, therefore. not complete. In order to fill in the gaps, the responsible authorities
in some cases had to apply approximate calculation methods, e.g. Tot-N and Tot-P were often calculated
from the contents of mineral nitrogen and orthophosphateand BOD, was calculated by using conversion
factors etc. The most incomplete data concern heavy metals.

However, even with all the afore  mentioned shortages, the report of PLC-2 is a progress in the evaluation
of the pollution load of the Baltic Sea Area and serves as a new step to the long-term comparable
monitoring and reporting system.

Introduction



2 Description of the Baltic Sea Drainage Areas

6

The Baltic Sea drainage area comprises 1 733 850 km’. The division of the drainage area between the
states and sub-regions is presented in Table 2. I. This table is compiled on the basis of the information
which have been presented by the Contracting Parties (CPs) and compared with previously printed
information (BSEP No. 16, Chapter 2.2.2; and BSEP No.3SB,  Table 1). The latter contains many
mistakes and is, therefore, not taken into account. The total sub-region drainage areas presented in
BSEP No. 16 do not correspond to the relevant figures which were calculated for PLC-2, evidently
due to different cartographic materials used by the Contracting Parties. These differences are not
essential but should be eliminated for future use.

Table 2.1

Division of the Baltic Sea Drainage Area
between the Baltic States and the Baltic Sub-regions

km*

including Norwegian drainage area

The drainage areas of the Baltic Proper and the Gulf of Finland range in the same order between
400 000 and 500 000 km’. The Archipelago Sea and the Sound have the smallest drainage areas.
Sweden is the country with the biggest territory in the Baltic Sea drainage area. The next ones are
Poland, Russia and Finland with drainage areas a bit larger than 300 000 km’. Germany has the smallest
drainage area with 23 550 km’. The drainage area outside of the Contracting Parties is > 92 200 km’.
Exact information concerning the Norwegian part is lacking. The pollution load carried from these
countries via rivers is comparably small - taking into account the retention time and the self purification
in the rivers. The division of the drainage areas between Czechoslovakia, Norway, Belarus and Ukraine
is presented in Table 2.2.

Description of the Baltic Sea Drainage Arcas
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Table 2.2.

Division of the Baltic Sea Drainage Area between the Non-Contracting Parties

State Sub-region

Belarus (BY) I- ~Gulf of Riga

Belarus Baltic Proper

Ukraine (UA) Baltic Proper

Norway 1 Bothnian Bay

Discharge
through

Latvia

River basin

Daugava

Drainage
area, km’

25 800

Lithuania
Russia

Nemunas
Pregel

46 900

Poland
Lithuania

Vistula
Nemunas

11 000

Poland Vistula, Oder 8 500

Sweden 1 n.i. I n.i.

Sweden
Finland

n.i. n.i.

Much of the pollution load is introduced to the Baltic Sea via rivers. However, due to the lack of
information about the anthropogenic part of the river load and the fact that PLC-2 deals only with the
direct load into the Baltic Sea, the questions of river load formation are not addressed in this report.

Furthermore, the pollution load discharged by several Contracting Parties includes also the load
originating from other countries located upstream or on the other side of the border rivers. PLC-2 does
not deal with these questions either.

For a better understanding of the load origin in different sub-regions, general information about the
land use in the Baltic Sea drainage area are presented in Table 2.3. A remarkably big part (60-70%)
of the territory is covered by agricultural land in Germany, Denmark and Poland. The part of the land
used in Estonia, Latvia and Lithuania is 30-50%,  while Sweden, Finland and Russia have only 10%
of arable lands. Forests, swamps and waterbodies comprise more than 6590%  in Finland, Russia,
Sweden and Estonia. In Poland, Lithuania and Latvia they cover 30-50%  of the territory whereas in
Denmark and Germany they cover only 19-25%.

Table 2.3

Use of land in the Baltic Sea drainage area by countries
+ %

Description of the Baltic Sea Drainage Areas
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More detailed descriptions of the national drainage areas are given below, in geographical order.

2.1 Finland

The whole territory of Finland is 338 000 km’, whereof 300 000 km’ belong to the Baltic Seacatchment
area. About 43% of the total Finnish area belong to the catchment area of the Bothnia Bay, 12% to
the catchment area of the Bothnian Sea, 3% to the catchment area of the Archipelago Sea and 33% to
the catchment area of the Gulf of Finland. About one half of the latter part discharges through the Lake
Ladoga via the River Neva into the Gulf of Finland.

The drainage area in Finland is characterized by a big number of lakes and rivers. There are about
56 000 lakes in Finland, with a surface area of at least one hectar.  As the lakes are shallow, the mean
depth being only about seven meters. their total volume is only 230 km’. The total river flow into the
Baltic Sea is 1980 m3/s.

The length of the coastline, including islands, is 4 400 km at the Bothnian Bay, 6 600 km at the Bothnian
Sea. 20 100 km at the Archipelago Sea and 8 000 km at the Gulf of Finland..

The land is dominated by forests (5 1 %I), wetlands (27%) and lakes (10%). The agriculture (7%) is
located in the south-western part of Finland. Urban areas cover 2% of the land, rocks 3%.

The Finnish surface waters are basically oligotrophic and contain very little mineral salts. A typical
feature of some of the waterbodies is their brown colour, which is caused by the abundance of peat
bogs. Many lakes form parts of long water systems, whith slow water exchange. Therefore. the pollution
load is partly assimilated in the water systems before it reaches the Baltic Sea. On the other hand, due
to the chainlike water systems and the long period of ice-cover (5-7 months), oxygen deficiency in
the near-bottom water layers of the lakes is a very common phenomenon. However, 80 o/G of the total
lake area is of excellent or good quality.

In most of the Finnish coastal rivers the waterflow is small. They are characterized by great variations
in flow and water quality. The variations can be caused by changes in the state of nature, use of land
and, e.g.. by the flow regulation and wastewater loading. The water of small rivers is often turbid due
to clay and the contents of humic  substances is high.

70% of the total Finnish catchment area are monitored hydrologically and hydrochemically and
additionally 20% are monitored hydrologically only. There are six rivers with a flow exceeding 100
m3/s,  15 rivers with a mean flow between 5 and 100 m3/s and 10 rivers with a mean flow less than 5
m3/s  but also monitored.

2.2 Russia

The Russian part of the Baltic Sea catchment area is divided into three parts, one draining to the Gulf
of Finland. one to the Gulf of Riga and one to the Baltic Proper.

The catchment area of the Gulf of Finland within the borders of Russia is 276 100 km’. This area
includes practically all the territory of the St. Petersburg district, eastern part of the Pskov district,
almost all of the Novgorod district, north-west parts of the Tver and the Vologda districts, western
part of the Archangelsk  district and southern part of Karelia. 80% (2 15 600 km’) of the area are drained
by the River Neva. The total population of the drainage area in Russia is 8.24 million inhabitants. 80%
of them are living in the St. Petersburg district. The catchment area is low and swampy. The main
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rivers flow through the lakes Ladoga, Ilmen and Chudskoe where the retention time is several weeks.
It means that a significant part of pollutants is accumulated in these lakes. The River Neva drainage
area includes urban areas (2%), forests (55%),  arable land ( 12%), swamps ( 13%), lake surface ( 17%)
and others ( 1%). A part of the catchment area (39 000 km’) is drained by the River Narva into the Gulf
of Finland. At the same time 56 200 km’ of the Finnish catchment area is drained through the River
Neva into the Gulf of Finland.

Approximately 23 700 km’ of the Russian Baltic Sea catchment area are drained by the River Daugava
into the Gulf of Riga. This area is situated west of the Valday Uplands. Seven tributaries of the River
Daugava originate there. The largest of them are the River Meza and the River Drissa. The area is low
and swampy without any big industrial centres and cities. Forests and agricultural areas are dominating.

The Russian part of the drainage area of the Baltic Proper (Kaliningrad region) is 15 100 km’. The
main rivers are the River Pregel and the River Nelma. The total population is 878 000 inhabitants. The
whole catchment area is monitored hydrologically and hydrochemically. The biggest part of the
drainage areas of the rivers Pregel and Nelma are situated in Belarus and Lithuania.

The catchment area of the Gulf of Riga within the borders of Russia is 24 000 km’.

2.3 Estonia

The whole territory of Estonia is 45 100 km’. The land area of islands is 9% (- 4 060 km’) and the
area of inland waters 6.2% (- 2 800 km’). The coastline is 3 780 km long, of which I 240 km run
along the continent and 2 540 km around the islands.

About 63% of the territory belong to the catchment area of the Gulf of Finland, 34% to the catchment
area of the Gulf of Riga and 3% to the catchment area of the Baltic Proper.

The drainage area of the Gulf of Finland in Estonia covers 26 400 km’ and is populated by I .265
million inhabitants.

On average, 30% of the catchment area consists of arable land, 39% are covered by forests and 20%
by swamps.

The total Estonian river flow into the Baltic Sea is 495 m3/s.

About 8 1% of the catchment area is monitored hydrologically and 85% hydrochemically. The River
Narva with the long term mean flow ( 1956- 1982) of 10.9 km3/a  is the main river. About 39 000 km’
(70%) of the watershed of the River Narva belong to Russia.

The northern part of the catchment area of the Gulf of Finland within the borders of Estonia belongs
mainly to the karst region. South Estonia mainly belongs to the catchment area of the Lake Chusdskoe,
discharging via the River Narva into the Gulf of Finland.

The sub-soil of South Estonia is consisting of sandstone from the devon era. The landscape is covered
with small hills, lakes and bogs.

TheEstonian  catchment areaof the Gulf of Rigais I7 600 km’ and it is populated by 295 000 inhabitants.
About 20% of the drainage area are covered by arable lands, 44% by forests and 26% by swamps. The
basis of West Estonia is clay. The land is low, with bogs and marches.

Estonia



The main rivers are the River Kasari and the River Parnu. About 48% of the drainage area is monitored
hydrologically and 56% hydrochemically.

A small part of South Estonia discharges its river waters via the Latvian river Gauja to the Gulf of
Riga.

The western parts of the Islands Saaremaa and Hiiumaa belong to the Baltic Proper catchment area.
The territory of that drainage area is 1 100 km’ and it is populated by 10 000 inhabitants. The territory
can be characterized by 14% of arable lands, 55% forests and 25% swamps. There are neither rivers
nor direct pollution sources related to the PLC-2 control programme.

2.4 Latvia

The territory of Latvia is 64 600 km’. Approximately 95% (6 1 000 km’) of the Latvian territory belong
to the drainage area of the Gulf of Riga and the Baltic Proper. The territory is populated by 2.6 million
inhabitants i.e. 98% of the total Latvian population.

More than half (77 000 km’) of the area drained by the Latvian rivers is situated on the territory of
Russia, Belarus, Lithuania and Estonia. Hereby, the Latvian rivers serve as transit collectors for a
remarkable amount of riverwater and, consequently. of pollution from other countries to the Baltic
Sea.

The territory of Latvia is even and low. The rivers are not regulated, except the River Daugava.

About 64% of the catchment area of the Gulf of Riga are monitored hydrologically and 79% hydro-
chemically. For the drainage area of the Baltic Proper these figures are 54% and 43% respectively.

The territory of Latvia is used in the following way: urban areas 6.2%,  forested areas43.2%, agricultural
areas 39.8%, bushes 1.9%, wetlands 4.9%~~  lake surface I .5% and others 2.5%.

2.5 Lithuania

The territory of Lithuania is 65 300 km’ and it belongs totally to the drainage area of the Baltic Proper.
The length of the coastline of Lithuania is 99 kilometers. The population of Lithuania is 3.7 million
inhabitants.

The main river is Nemunas, which is discharging to the semiclosed Kursiu marios Lagoon. The retention
time of Nemunas discharges in Kursiu marios Lagoon in case of full mixing is four months. The rivers
discharging to the Baltic Proper from the Lithuanian territory drain the areas in Belarus (46 900 km’),
in Poland (2 405 km’) and in Russia (880 km’). On the other hand, 10 500 km’ of the Lithuanian
territory belongs to the drainage area of rivers falling into the Baltic Sea through the Latvian territory.

The Lithuanian territory is dominated by agriculture (49.2%) and forests (27.9%),  2.5% are urban
areas, 1.5% lake surface(water  bodies), 6.4@b wetlands and 12.5% under other different usages.

2.6 Poland

Almost the whole territory (99.7%) of Poland belongs to the drainage area of the Baltic Proper. This
area covers 3 I 1 900 km’ and is populated by over 38.0 million inhabitants; 61.6% of this population
concentrate in urbanized agglomerations. The remaining part of the population are farmers on 60.1%’
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of the land, (45.9% of the area belongs to arable land, I .O% to orchards and 13.2% to grasslands). The
entire catchment area consists of 28.4% of forests, 2.6% of waterbodies, 3.0% of inhabited area and
3.2% of communication pathways. The drainage area of Polish rivers includes also some 38 530 km’
of Germany, Czechoslovakia, Belarus and Ukraine, populated by about 3 million of inhabitants. On
the other hand, 1 1 300 km’ of Poland, inhabited by nearly 1 million of inhabitants, is located in the
drainage area of rivers flowing into the Baltic Sea within the borders of Russia and Lithuania. The
length of the coastline of Poland, together with the Hel Peninsula, is 524 km.

Over 35% of the monitored river waters and 40% of the wastewaters flow through lagoons and coastal
lakes before entering the sea. These reservoirs with retention times of several weeks are influenced
by periodic inpourings of the sea waters. Therefore, monitoring of the pollution load in outflow to the
sea is impossible. On the other hand, processes of degradation and pollution accumulation resulting
from the long retention time in these reservoirs, cause significant decrease of the pollution load in
comparision with the monitored load.

In Poland 80-95%  of the total pollution load is discharged to the Baltic Sea via rivers. For this reason
the river monitoring was carried out very carefully.

2.7 Germany

The rivers of the Federal Republic of Germany discharge their waters into the Baltic Proper and the
Western Baltic.

The main part of the area of Mecklenburg-Vorpommern (12 625 km’) belongs to the catchment area
of the Baltic Proper. The length of the coastline along the open sea is 134 km, whereas the bodden
coastline is 1 100 km long.

Bodden is a specific term in Germany for shallow bays, seperated by spits of land or islands extended
in front of the coast. The bodden coastline is typical for Mecklenburg-Vorpommern.

Owing to changing water levels and currents and the effect of waves, the coastline is always changing.
The open sea coastline in particular is affected - 90% of it recedes by 0.2 to 0.4 m per year.

The main rivers in the Baltic Proper area are the Uecker with a drainage area of 2 149 km’, and Peene
with a drainage area of 5 1 IO km’.

The total area of lakes larger than 10 000 m’ in the drainage area of the Baltic Proper is 142.2 km’.

In the Baltic Proper area of Germany, 928 900 inhabitants have been estimated, that means a population
density of 73 inhabitants per km’. Stralsund,  Greifswald and Neubrandenburg are the centres of
population there. Land use is characterized by agriculture, forestry and food production. About 70%
of their combined areas are fields and grasslands, 17% are covered by forest and nearly 4% are taken
up by water.

The eastern third of the Federal State of Schleswig-Holstein and the western part of the Federal State
of Mecklenburg-Vorpommern belong to the Western Baltic Area. The drainage area is a postglacial
moraine landscape and drains to the southern part of the highly structured Western Baltic Sea with its
subbasins namely the Kiel Bight, the Bay of Mecklenburg, the Bay of Liibeck  and the Fehmarn Belt.

Germany



The total length of the coastline is 615 km of which 145 km is open sea coastline belonging to
Mecklenburg-Vorpommern and 470 km bodden coastline from which 330 km is situated in Schle-
swig-Holstein.

Descending from sandy marl as the main soil material, the following types of soil prevail in the
catchment area: stagnic or other gleysoils. cambisoils and agrisoils; humic  gleysoils and fluvisoils  in
lowlands and along watercourses.

The total population of the runoff area amounts to about 2.4 million inhabitants. About 1.3 million
inhabitants are living in Mecklenburg-Vorpommen area. The main centers  of population are Restock,
Wismar and Schwerin with about 438 000 inhabitants. In Schleswig-Holstein the total population of
the runoff area amounts to about 1.1 million inhabitants. 50% of them live in cities with more than
80 000 inhabitants. The largest population and industry centres are Kiel, Liibeck,  Flensburg and
Schleswig.

The drainage area in Schleswig-Holstein contains 9% forests, 6% built areas, 5% inland waters and
nearly 80% is used agriculturally.

2.8 Denmark

The whole territory of Denmark is 43 080 km’. whereof about 3 1 100 km’ belong to the Baltic Sea
catchment area. The area is mainly covered by Pleistocene tluvio-glacial sedimentary deposits. The
relief is low and slopes steeper than 6% only occur in about 3% of the total land mass. The soil type
is generally loamy soils in the eastern Denmark while sandy soils dominate in western and northern
Jutland.

Denmark has catchments in four sub-regions of the Baltic Sea Area, namely 1 200 km’ in the Baltic
Proper, 12 400 km’ in the Western Baltic. 15 800 km’ in the Kattegat and 1 700 km’ in the Sound
sub-region. The Danish Baltic Sea catchment area is populated by about 4.4 million inhabitants of
5.1 million total Danish population.

In whole Denmark the arable areas comprise about 60% of the total area, in 1989 56% of the arable
area was used for cereals. Forests cover about 12%, while meadows, moorlands and lakes etc. cove]
about 13% so that nature and cultivated areas cover nearly 90% of the Danish land. The remaining
part are consolidated areas, i.e. roads, villages and towns.

The length of the Danish total coastline, including the North Sea coast, is nearly 7 500 km. Presently
one third of the coastline is occupied by areas with housings. leisure and recreational facilities, industrial
grounds or windmill parks.

More than 60% of the Danish drainage area is intensively monitored with numerous stations in the
streams and lakes. In 1990 the input of freshwater from the rivers in the Danish Baltic Sea catchment
area to the marine areas was about 8 700 million m3/a equivaling an area specific discharge of about
300 mm. This was nearly 10% more than the average for the preceding decade. Denmark has no really
big rivers as none of the three biggest relevant Danish rivers transport more than 20 m’/s  on a yearly
average.
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2.9 Sweden

The Swedish drainage area of the Baltic Sea is devided between the Bothnian Bay, the Bothnian Sea,
the Baltic Proper, the Sound and the Kattegat.

The catchment areas of the Bothnian Bay (130 600 km’, including the catchment area of the River
Torne) and of the Bothnian Sea (180 100 km’) are similar in many ways: they are situated in the
northern part of Sweden, are rather sparsely inhabitated, are heavily forested and only small areas are
agricultural areas (BOB 390 000 inhabitants on 0.2% urban area and BOS 1. I23 million inhabitants
on 0.6% urban area; BOB 43% and BOS 53% forested area; BOB 0.8% and BOS I .9% agricultural
area). Furthermore, both areas are rich in wetlands (BOB 17% and BOS 15%) and in lakes (lake surface
area - BOB 5.9% and BOS 6.4%). Other areas, including mountains, cover for BOB 33% and for BOS
23%. There are some fairly large rivers with a mean flow exceeding 400 m3/s in the two regions, e.g.
Lule $lv, Ume ;ilv,  AngermaCilven, Indalsglven.  Altogether there are about twenty rivers in the two
catchment areas with a mean flow  above 5 m”/s.

The catchment area of the Baltic Proper, 84 900 km’, is also heavily forested (52%),  but more densely
populated than the northern parts (4.109 million inhabitants on 2.6% urban area). The agricultural area
is larger than up north and covers 16% of the catchment area. Wetlands and lakesurface area cover
3.2% and IO%, respectively. Other areas, including mountains. cover 16%. The major river in the area
is Norrstriim,  the outlet of Lake Mtilaren  in Stockholm. The mean flow  is 156 m-‘/s. There are about
ten rivers in the catchment area with a mean tlow above 5 m3/s.

The smallest area (2 600 km’) belongs to the Sound. The catchment area is clearly different from the
others as it comprises an extensive part of agricultural area (64%). Also the population density differs,
as there are no less than 625 000 inhabitants in this small area. The urban area is 6.2%. Small areas
are covered by forests (IO%),  wetlands (0.77~) and lake surface (I .30/c). Other areas, including
mountains. cover 18%. Five rivers have a mean flow above 2 m3/s. The major river is K$vlinge?m  with
a mean tlow  of 12 m3/s.

The catchment area of the Kattegat is in most ways similar to the one of the Baltic Proper, except for
the size (7 1 600 km’). It consists of 1.8% urban area and has 2. I36 million inhabitants. The forested
area is 45% while the agricultural area is 12%.  Wetlands and lake surface area cover 7.3% and 14.2%
respectively. Other areas including mountains cover 20%. The major river (largest in Sweden) is Giita
tilv (mean tlow 53 I m3/s).  About five more rivers have a mean now exceeding 20 m’/s.
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3 Description of Measurement and Calculation Methods

Reliability and comparability of the presented data provide for similar or comparable monitoring, i.e.
methods of measuring flow rates, frequencies of sampling. analyses and calculation methods. However,
the methods used in the different states are not very similar and thus the comparability is just possible,
restricted to the order of magnitude. Below, a review of the measuring methods used by different states
is presented.

3.1 Measurement and calculation of pollution load via rivers

3.1.1 Flow measurements and sampling frequency

In the PLC-Guidelines there is only one requirement concerning the position of the flow measurement
stations: they should be established on the river mouth but above the mixing zone of fresh and saline
water. For the hydrological measurement it is important that the river flow is not influenced by the
sea water level.

The flow measurement should be organized according to the international hydrological practices.

As it is indicated in the PLC-Guidelines, the sampling frequency should preferably be 12 times per
year. but at least 8 times per year with one extra sample during the highest flow.

The representativeness of the samples must be checked. Special sampling devices have to be used,
e.g. for heavy metals. On the basis of national reports all sampling is carried out manually. The
following sampling frequencies in I990 were used in different countries:

Finland

Sampling frequency at rivers with a mean flow exceeding 5 m3/s normally is 12 times per year, for
the rivers Oulu, KokemZen,  Karjaan and Kymi I3 times per year. However, the frequency has been
extended during autumn and spring so that the total number of samples from twelve rivers in 1990
was 14 to 30. Exceptionally, only 7 samples were taken from Tornionjoki in 1990.

Russia

Sampling frequency for the river Neva and Luga  was 12 times per year, for the river Seleznyevka 4
times per year. For the rivers falling into the Vistulan Bay, the sampling frequency for the River Nelma
was 5 times per year and for the River Pregel it was 12 times per year.

Estonia

In 1990 the sampling frequency for the River Narva, Purtse and Kroodi was I2 times per year, for
the other rivers the frequency was 4 or 5 times per year, for the rivers Kasari and Parnu. flowing into
the Gulf of Riga, the sampling frequency was 5 times per year.
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Latvia

Samples were taken 12 times per year, only from the River Barta they were taken 6 times per year.

Lithuania

Samples were taken 12 times per year.

Poland

The samples were taken manually, at random, from the main riverine stream. Sampling frequency for
the rivers Vistula and Oder was 2 times a week, for the other rivers 1 time per week.

Germany

Samples were taken manually, sampling frequency has been 12 times per year.

Denmark

The sampling frequency varied between 12 and 32 times per year, depending on the annual runoff
pattern.

Sweden

Samples are taken once per month.

3.1.2 Methods for calculation and estimation of river discharges

For calculating the annual load discharged to the Baltic Sea via rivers the following methods were
mostly used:

1. Mean annual concentration and yearly runoff:

L - load
W - yearly runoff
C - measured concentration
II - number of measurements.

(U
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2. Method of linear interpolation:

L = 2 cc,; . WC,,
i=l

C,, - arithmetic mean concentration of two following samples
W,, - runoff between two samples

3. Daily flow and daily concentration regression:

L = ; 2 Q, . C,.;
i=l

c,_~ = ; + b + c . Q;

Q - daily flow (measured)
C,. - the regression value of concentration for the stream flow
m - conversion factor of units

a, b, c - coefficients typical of each quality parameter, observation station and time series.

4. Mean monthly concentration and mean monthly flow:

L = c Wk;.  Ck;
i=l

w - monthly runoff
C, - mean monthly concentration.

5. Representative concentration and flow values for short hydrological period:

L = m i c;
n . 4;

i=l

C - measured concentration

CI - measured flow
II - number of measurements

I?2 - conversion factor of units

(2)

(3)

(34

(4)

(5)

Depending on the data and especially on the pattern of the annual runoff and concentration, one of the
methods is used. Load computation by means of annual average values of the concentration and flow
leads to uncontrolled large errors. This method is not recommended.

On the basis of the national reports presented on the Baltic Sea Pollution Load Monitoring Symposium
(April, 1988) and formats with load data the following review about calculation methods is compiled.

Description of Measurement and Calculation Methods



17

Finland

Annual river loads were calculated by multiplying mean concentrations by the monthly mean flows
of the rivers (4). Missing values of a month were interpolated linearily with consideration of the season
and the geographical zone of the river. The loading estimates for the four sea sub-regions (GUF, ARC,
BOS and BOB) were obtained by summing up the loads from each of the rivers of the respective
catchment area and by adding the estimated (by interpolation) load from the respective coastal zone
to this sum.

Russia

Pollution load from the Russian rivers is calculated on the basis of regression of the daily flow and
daily concentration (3).

Estonia

Mean annual concentration and mean annual flow for calculation the pollution load has been used in
Estonia (I). The frequency of measurements organized by the Estonian Hydrometeorological Board
is low and the results do not allow the use of other calculation methods.

Latvia

Pollution load from the Latvian rivers is calculated on the basis of (3) or (5), depending on the
measurement.

Lithuania

Pollution load from the Lithuanian rivers is calculated on the basis of (3) or (5), depending on the
measurement method.

Poland

On the basis of extensive data sets the annual loads were calculated from the momentary loads (5),
assuming the linear dependence between two measurements of water quality.

Measurement and calculation of pollution load via rivers



IX

Germany

In Mecklenburg-Vorpommern (BAP and eastern part of WEB) the pollution load from rivers is
calculated in accordance with (5). In the western part of the Western Baltic the riverine load was
calculated according to the equation as recommended by STC lY16 Annex 12, B.6 :

L _ CC;  Qi-
CQ;

. Q,, (6)

L - Load
C - Concent ra t ion
Q - Flow

Q,, - annual flow

Denmark

In Denmark the following methods for calculation of pollution load are used:

% correlation analysis and continuous integration;
# interpolation methods (2);
* integrative regression methods (3).

The common trapezium-integration method is not recommended, as the error by using this method
can be as large as 30-500/o.

Sweden

The load of the larger rivers is calculated as the sum of the product of daily measured runoff and daily
concentration. That concentration is based on linear interpolation between the results of the samples
taken once a month.

The calculated load of the small rivers is based on the monitoring results of the “neighbourhood” rivers.

The calculated load of the minor rivers (=coastal  zones) is also based on the monitoring results of the
“neighbourhood” rivers.

3.2 Measurement and calculation of pollution load from urban areas and in-
dustries

3.2.1 Flow measurement from urban areas and industries

In all the municipal and industrial wastewater treatment plants both the internal operation control and
the discharge control are necessary to ensure that plants operate well and up to standards.

As a rule, the operation control system is based on the continuous tlow measurements and registration.
Flow measurements are made in open or closed systems. An open system includes channels, tlumes
or wells. In a closed system the measurements take place in pipes using the different measurement
devices like electromagnetic, ultrasonic etc.
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Measurement accuracy e.g. in open systems is dependent on the measurement equipment, level
measurement method and linearization method. Measurement accuracy for a properly selected and
calibrated measurement equipment is & 5%.

Measurement accuracy for electromagnetic and ultrasonic equipment is also + 5%. However, the
equipment is not always calibrated according to the real flow.  As a rule, the error is bigger the bigger
the variation of the flow is. Errors up to 20% are still common. With an annual calibration at the main
plants the statistical error would not be significant.

The overview of flow measurements used in the Baltic Sea countries, which is presented below, is
based on the information submitted officially the Contracting Parties.

Finland

The main methods for measuring the flow rate are open channel measurement with Venturi channel
(big plants) or overflow weir (usually V-notch weir). The measuring equipment is usually either a
weighing cell or an ultrasonic echo device.

In most cases there is an indication of instant flow recorder and a totalizer to give the cumulative flow.
In big plants computers are used to gather the flow rate data so as to give an opportunity to analyse
the flow rates more deeply.

The flow measuring techniques applied for the industrial wastewaters are similar to those applied at
the municipal sewage works. At big industries continuous measuring with recorders and totalizers are
applied for the control of effluents. More than 90% of the total industrial effluents is recorded con-
tinuously. The remaining part is mainly measured periodically. Only at very small plants estimates
are based on water consumption. Estimates based on pump effects are mainly used for clean cooling
waters.

Russia

In the big municipal and industrial wastewater treatment plants, as a rule, a continuous flow
measurement is organized in open channels using Venturi or Parshall  flumes. At the same time the
continuous registration of results is not always guaranteed. Measurement accuracy is normally higher
than -t 5%. Unfortunately, there are more than 50% of wastewaters discharged without treatment into
the coastal zone. It is impossible to organize the flow measurement control for such kind of discharges.
Usually the amounts of discharged wastewaters are estimated on the basis of water consumption,
calculated on the basis of pumping time or are calculated on the basis of temporary measurements.

Control of overflows is lacking.

Measurement and calculation of pollution load from urban areas and industries



Estonia

Corresponding to the Soviet standards all industrial and municipal purification plants and outflows
must be equipped with flow measurement devices. Open flow measurement systems with continuous
registration of the flow are designed only and have partly been built already. Unfortunately, the reg-
istration systems are not working well, and, as a rule, the flow is calculated on the basis of the pumps
parameters and the pumping time. For industries the wastewater flow is often determined on the basis
of water consumption.

Overflow frequency is not registered and load is not controlled.

Latvia

Flow measurements should be carried out with the continuous tlow measurement and registration
equipment. If the tlow measurements in industrial and municipal wastewater purification plants are
more or less working, the control of unpurified wastewater outlets are only temporary and as a rule,
the flow is determined on the basis of water consumption.

Control of overflows is lacking.

Lithuania

Flow measurements are organized on the same level as in Estonia and Latvia. The flow rate is mainly
determined on the basis of water consumption or calculated on the basis of pump parameters and
pumping time.

Control of overflows is lacking.

Poland

Municipal wastewater treatment plants are supplied with fixed flow measuring devices. Parshalls or
Venturi open channels are generally used.

In those urban areas without treatment plant. the amount of wastewater is estimated from the water
consumption or from pump efficiency and pumping time.

The industrial wastewater amount is determined directly from the water consumption or from pump
efficiency and pumping time.

Control of overflows is lacking.

Germany

In all municipal and industrial sewage treatment plants in Schleswig-Holstein exceeding IO 000 PE
the wastewater volume is recorded continuously by means of Venturi channel measurements and
displayed as paper records which are available for further evaluations.

In Mecklenburg-Vorpommern the tlow rate of the industrial and municipal treatment plants is
calculated on the basis of pumping time and pump efficiency.

Description of Measurement and Calculation Methods
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Stormwater overflows are usually not measured. Specific overflow measurements are available only
from the investigation programmes in a few confined areas.

Denmark

The Danish monitoring programme includes the discharges from municipal wastewater treatment
plants above 30 population equivalents (PE). Both industries and housholds are connected to the plants.

Most Danish industries discharge to the municipal wastewater treatment plants, but some industries
have established wastewater treatment plants on the location and discharge the purified water into the
local marine or fresh water.

The Danish monitoring programme includes those industries with a discharge above 30 PE (PE for
industries are defined as 4.4 kg Total Nitrogen per year or 1.5 kg Total Phosphorus per year).

The reported data include nearly all direct inputs of wastewater to the sea. Stormwater overflows are
measured separately but have been included in the input values from the wastewater treatment plants
in the Baltic Sea area. In 1990 the amount of water from the wastewater treatment plants to the Baltic
Sea catchment was about 405 million m3, of which 65 million m3 were stormwater overflows.

Sweden

All the treatment plants with more than 2000 PE are said to have equipment for the automatic
measurement and registration of the flow. For measurement in open channels mainly flumes and weirs
are used.

As it is mentioned in the Swedish National Report for the PLC- 2, all presented industrial and municipal
treatment plants included into the Report have continuous flow measurements. Information about
overflows is lacking.

Summary

In Denmark, Finland, Germany (Schleswig-Holstein) and Sweden the main industrial and municipal
wastewater Bows are principally measured and registrated continuously with the accuracy of + 5%.
The frequency of overflows is controlled and the amount of discharged wastewaters are estimated on
the basis of different methods.

In Estonia, Latvia, Lithuania, Poland, Russia and Germany (Mecklenburg-Vorpommern) the industrial
and municipal wastewater purification plants, as a rule, are equipped with measurement devices, but
continuous measurement and registration is not always guaranteed.

The amounts of industrial and municipal wastewaters discharged into the Baltic,Sea without purifi-
cation are usually estimated on the basis of water consumption or calculated on the basis of pumping
time and pump effect.

3.2.2 Sampling procedure and frequency

Sampling shall be carried out in such a manner that the samples are representative for the water to be
analysed. The following types of sampling are often used:

Measurement and calculation of pollution load from urban areas and industries












































































































































































































































































