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Introduction

Eutrophication is a process where bodies of water, such 
as seas, lakes, estuaries, or slow-moving streams, receive 
excess nutrients. The most important nutrients in this 
context are nitrogen (N) and phosphorus (P). Dissolved 
in the water, the nutrients act as fertilizers and thereby 
enhance plant growth.

Both nitrogen and phosphorus are ‘natural’ substances 
that normally exist in the Baltic Sea. They are necessary 
for normal life in the sea. What has happened over the 
last 100 years or so is that human activities have added 
excess amounts of these substances to the sea. The Baltic 
Sea now contains four times as much nitrogen and eight 
times as much phosphorus as it did in the early 1900s. 
Although a small decline in the nutrient loading has been 
observed in recent years, little change in eutrophic effects 
has been recorded.

The imbalance caused by the abundance of nutrients 
has led to numerous changes in the ecological composi-
tion and state of the Baltic Sea. Certain plants and ani-
mals thrive, enabling them to increase in number and geo-
graphic spread, frequently at the expense of other species.  
 

Some of the negative effects of the nutrient overload of 
the past century are:

•	 Excessive growth of plants and algae. There has been 
an increase in primary production by 30-70% in dif-
ferent parts of the Baltic Sea. 

•	 Annuals such as green and brown filamentous algae 
have grown at the expense of the perennial bladder 
wrack, which in turn has had severe impacts on the 
littoral ecosystem.

•	 So called “algal blooms”, some of them toxic, are 
frequent phenomena in the Baltic Sea every summer.

•	 Water transparency has been decreased by 2.5-3 me-
ters as a result of the increase in biomass. 

•	 There are changes in fish species composition. 
Economically less valuable freshwater fish species 
are thriving while the cod is severely affected.

•	 There has been a decrease in numbers and spread of 
predatory fish, such as pike, in coastal waters.

•	 Due to the high plant production that later decom-
pose, oxygen is consumed at the sea bottom, resulting 
in oxygen-low or oxygen-free areas with little or no 
life – so called “dead zones”.
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Cod – Not Only a Victim of Overfishing
Eutrophication, in combination with the poor water ex-
change in the Baltic Sea deep basins, is also a threat to the 
reproduction of Baltic cod. Fertilized cod eggs need water 
of rather high salinity (12-15‰) to remain floating. Such 
salinity concentrations are only found at great depths, for 
example in the Bornholm Basin. The problem is that at 
those depths, the supply of oxygen is insufficient due to 
eutrophication. Newly hatched cod larvae require more 
oxygen in the water (> 2 mg/liter) than hitherto believed. 
Optimal periods for successful cod reproduction might, 
thus, become shorter, or even non-existing, in the Baltic 
Sea. With a decrease in inflow of high-salinity water, and 
increased oxygen-consuming processes in the deep wa-
ters of the Baltic, two vital components are in jeopardy. 

Algal Blooms
Algal blooms are mass developments of microscopic al-
gae, called phytoplankton. These blooms are actually a 
natural phenomenon in the sea. Due to the eutrophication 
process, however, phytoplankton blooms have become 
more frequent and intense. Today, harmful blooms occur 
annually in the Baltic Sea. During the summer when large 
quantities of these microscopic, free-floating algae per-
form photosynthesis, multiply and lump together, we see 
them as a greenish, yellowish, brownish or reddish layer 
on the sea surface, or as a thick ‘soup’ in the water – an 
algal bloom. In most of the Baltic Sea, there are two ma-
jor annual blooms, the spring bloom and the cyanobacte-
rial (also called blue-green algae) bloom in late summer 
(Figure 6.1). In the southern Baltic Sea, autumnal blooms 
are regular, too. Additionally, exceptional blooms formed 
by various species can occur locally. Exposure to an algal 
bloom might cause nausea, irritated skin and eyes, gas-

trointestinal problems and fever. The toxins can linger in 
the water for some time after the algae have disappeared. 

Where do the Nutrients come from?
Both nitrogen and phosphorus exists naturally in the envi-
ronment surrounding us. But while nitrogen has a natural 
cycle phosphorus the excess of P is an limited resource. 
The natural amount of P is caused by erosion while the 
excess is due to mining of P rich minerals.

About half of the nutrients that enter the Baltic Sea 
originate from agriculture in the nine countries around the 
sea. The rest originate from poorly treated sewage, indus-
trial processes, traffic and other combustion processes.

In agriculture, nutrients are both added from the out-
side, as mineral fertilizers, and produced on the farm, 
as manure. When the manure and fertilizers are stored, 
transported, and used on the fields, some of the nutrients 
will leak to the environment. How much is depending on 
soil composition, soil management, crops and weather 
conditions. Nitrogen is easily dissolved in water and 
transported with groundwater and rivers, while phospho-
rus is mainly “washed away” as particles and transported 
on the surface as run-off from the fields. Sooner or later 
most of these nutrients will reach the sea.

The amount of nutrients that actually reach the sea de-
pends on:
•	 How the manure is handled and stored on the farm. 

Open systems more easily lead to leakage both to air 

A Vicious Circle

Tonnes of phosphorus eventually sink to the sea bottom and 
bind to the bottom sediments. When oxygen depleted sea bot-
toms become dead zones because of eutrophication, the lack 
of oxygen leads to chemical reactions in the sediments causing 
phosphorus to be released back to the water a consequence. 
This phenomenon is called “internal loading” and scientists do 
not yet know how much phosphorus is added to the Baltic Sea 
through this process.

Figure 6.1. Satellite image of algal blooms in the Baltic Proper. Photo: 
ESA/Envisat.
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and to water, while closed systems keep the nutrients 
contained.

•	 How and when manure and mineral fertilizers are 
spread on the field. Fertilizers that are spread in the 
growing season with equipment that can spread exact 
amounts help to reduce leakage.

•	 Which crops are planted and when. By keeping the 
fields covered with growth all year round, the farmer 
can keep the nutrients in the ground.

•	 How and when the land is tilled. The more the soil is 
cultivated, the more nutrients it will leak.

•	 The composition and quality of the soil. Sandy soils 
leak more than clay soils.

•	 The physical landscape around the field where the 
manure or mineral fertilizers are spread. With protec-
tion zones around fields and along water courses, 
phosphorus run-off can be caught.

•	 The physical landscape in and around the rivers and 
streams that transport the nutrients towards the sea. 
Naturally flowing and meandering water course to-
gether with wet-lands catch a lot of nutrients and act 
as natural treatment plants.

Emission Terminology

Emissions of nutrients are described and categorized in 
many different ways:

Airborne or Waterborne Nutrients?
Nutrients can enter the Baltic Sea either as gases or parti-
cles transported by winds through the air, or as dissolved 
substances or as particles transported with groundwater, 
streams and rivers.

Land- or Sea-based Sources of Emissions and Discharges?
Sea-based means that the activity or source is located at 
sea, like shipping, offshore oil drilling or other activities 
to extract resources from the seabed.

Anthropogenic or Natural Sources?
Anthropogenic sources are human activities (as opposed 
to natural processes) that cause emissions or discharges 
of airborne or waterborne pollutants or nutrients.

Point Sources or Diffuse Sources?
Point sources can be either stationary or mobile. One 
could say that point sources have some kind of construct-
ed outlet, like a discharge pipe or a chimney. They can be 
clearly singled out – a factory, a power plant, a sewage 
treatment plant, an industrial complex, a vehicle – and 
subjected to specific conditions and requirements for the 
operation. One can, at least theoretically, shut a point 
source down from one day to the next.

Diffuse sources are much more difficult to delimit and 
do something about. It can be a soil that due to natural 
processes continues leaching nutrients for decades al-
though no new fertilizers are added. Examples of diffuse 
sources are land run-off and leaching of nutrients from 
arable land and forest land, leaching of various substanc-
es from landfills and mining wastes, the joint emissions 
from combustion (although each individual vehicle or 
power plant is a point source). Single households in rural 
areas and villages are besides agriculture a major source 
for diffuse pollution. Measures against diffuse sources 
must be directed towards practices and handling of vari-
ous substances in agriculture, forestry, transportation, 
energy generation, waste handling etc. The most cost 
effective (per kg P) measure to reduce phosphorus is to 
ban P in detergents. Poorly treated sewage still remains a 
problem some cities but due to EU directives and invest-
ments also in Russia this is a decreasing source. Waste 
and wastewater also contributes and can locally be a ma-
jor source. Nitrous Oxide (NO2) is a gas that is released 
into the atmosphere in combustion processes, in industry 
and in vehicles, for example. Through rain the nitrogen 
gets deposited on land and in the sea, where it acts as a 
nutrient for algae. 

Global Warming a Contributor

Global warming is also stimulating eutrophication as 
higher amounts of precipitation will increase leakage and 
runoff from land-based sources. Higher temperatures in 
the Baltic Sea region will also increase the decomposi-
tion rates of the algae, compounding the effects of the 
nutrients. The most widely predicted consequences of 
climate change in the Baltic Sea catchment area are rises 
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in average temperatures and increases in rainfall. These 
changes are expected to be most pronounced during the 
winter months. Increasing rainfall will change the hydro-
logical balance of the Baltic Sea. Coastal waters will re-
ceive increased fresh water inputs, lowering their salinity, 
and this trend may have an effect on the whole Baltic 
Sea basin. At the same time, inputs of dissolved materials 
including eutrophying nutrients from the catchment area 
will also tend to increase.

Conclusions

The imbalance caused by the abundandance of nutrients, 
primarily P and N, has led to numerous changes in the 
ecological composition and the state of the Baltic Sea. 
Certain plants and anmals thrive, enabling them to in-
crease in number and geographic sprea, frequently at the 
expense of other species.
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