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The most important polluting factors in the Black Sea are land-based sources which account for more than 70%. These 
sources are tributary rivers (either national or international) and point sources (domestic and industrial discharges). The 
dumping of different materials, including dredge spoils, is also a contributory factor. 
River transport is by far the most important source. In 1995 a region-wide assessment of the land-based sources of 
pollution was performed by one of the former Activity Centres of the Black Sea Environmental Programme. According 
to this and to the Transboundary Diagnostic Analysis performed also in the BSEP, of the total of 1,035,635 tons of 
Biological Oygen Demand (BOD) introduced into the Black Sea per year, 882,257 tons (97%) come via rivers. For 
Total Suspended Solids, of 53,976,963 tons 99% belongs to rivers. In the case of total pollution, the annual quantity of 
51,726 tons per year is composed of 42,601 ton (83%) from rivers and only 8,675 ton from land-based sources. 
The most important rivers from the point of view of pollution are the north-western ones - the Danube, Dnieper and 
Dniester. The Danube counts for 87.8% of BOD, 70.7% TSS, 94% total nitrogen and only 35% total phosphorus for 
riverine transport. Annually, the Danube alone discharges into the Black Sea about 1,000 tons of chromium, 900 tons of 
copper, up to 60 tons of mercury, 4,500 tons of lead, 6,000 ton of zinc and 50,000 tons of oil. 
The most important environmental problems in the Black Sea are chemical pollution, eutrophication, and changes in 
marine ecosystems. 
 
Chemical pollution 
 
A large amount of data has been gathered on the heavy metals content of the Black Sea. The data comes from different 
laboratories in the coastal states or from international programmes such as COMSBLACK, EROS 2000 and NATO. 
Some of them have been analysed by means of normalising parameters (aluminium and organic content) some have 
not. The conclusion is that the trace metal contamination is generally limited to areas where high concentrations occur, 
well defined source-related hot-spots, and is not a basin-wide phenomenon. Those hot-spots are in front of deltas or 
estuaries, commercial ports or industrial water discharges. Unfortunately these are the coastal waters where the most 
important biological processes take place. 
Concentration of pesticides and polychlorinated biphenyls are relatively low. Non-organophosphorus compounds were 
determined in marine organisms in an analysis performed in 1991-1993 in Romania and some higher concentrations of 
organochlorine compounds were found near the Danube Delta and Sinoe lagoon. In order to assess the effects of heavy 
metals and chlorinated pesticides a 'mussel watch' programme has been developed. 
 
Oil pollution 
 
It was estimated that 111,000 tons of oil enter the Black Sea each year. Of this quantity, the Danube accounts for 48%. 
Most of the remainder comes from land-based sources (wastewater without proper treatment and accidents in handling 
oil or oil products). A considerable amount of oil reaches the Black Sea from ballast water discharged by ships but an 
accurate figure is unknown. A report by a Russian scientist published in 1985 shows high levels of oil products along 
the navigation route from the Danube or north-western part of the Black Sea to the Bosphorus. There are inadequate 
port reception facilities in the Black Sea and deballasting activities are reported to occur especially in the north-western 
part where Economic Exclusive Zone boundaries have not yet been agreed upon. 
 
Radionuclides 
 
The concentration of artificial radionuclides in various components of the Black Sea environment is well studied by 
scientists from all coastal states as well as from other western countries. As a result of the accident at Chernobyl there 
was an increase in the values of some radionuclides (Cs-137, Cs-134 and Sr 90) but they remained within acceptable 
limits for human intake and it is estimated that the Cs-137 will be normalised in the Black Sea surface waters by the 
year 2000. 
 
Sewage 
 
Sewage is an important source of organic substances (dissolved or particulate), heavy metals, persistent organic 
pollutants, detergents and pathogenic bacteria. The principal sources of sewage contamination of the Black Sea coastal 
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are rivers contaminated by up-stream sewage discharges and direct discharges as well as direct discharges from coastal 
settlements into the sea. 
The total waste water discharges from communities in the Black Sea coastal area, estimated at 55m3 per year per 
resident, is: 
Country  Sewage discharge m3/year 
Bulgaria  36,300,000 
Georgia  26,675,000 
Romania 22,000,000 
Russia  44,000,000 
Turkey  237,600,000 
Ukraine  204,600,000 
Total  571,175,000 
 
144,572,500 m3 untreated sewage are discharged in the Black Sea annually, 88,385,000 in the shallow north-west shelf 
where dilution effects are less and where there is extensive tourism. 
 
Eutrophication 
 
Anthropogenic eutrophication of coastal waters has been the most damaging of all the many harmful human influences 
on the oceans and seas, both in terms of its scale and its consequences. 
During the last three decades, among other man-induced changes, increased eutrophication has considerably changed 
the structure and functioning of the Black Sea ecosystems, mainly in the north-western corner. 
There are sufficient historical data to demonstrate that there has been an enormous increase in nutrient load to the Black 
Sea in the past 25 years. In the 1950s the Danube, the Dniester and the Dnieper annually carried 14,000 tons of 
phosphates, 155,000 tons of nitrates and 2,350,000 tons of organic matter into the north-western Black Sea. By the 
1980s the rivers were carrying an annual average of 55,000 tons of phosphate (about 4 times more), 340,000 tons of 
nitrates (about 2 times more) and 10,700,000 tons of organic matter (about 4.5 times more). 
Recent estimates for the Danube basin and its tributaries have revealed that about half the nutrient load comes from 
agriculture, a quarter from industry and a similar amount from domestic sources. 
For the Romanian coastline, which is under the direct influence of the Danube, the larger quantities of nutrients 
represented an increase of more than 20 times for phosphorus at the last period of the 1980s compared with the 
beginning of the 1960s and about five times for nitrates. 
The immediate consequences of increased nutrient supply was the intensification of phytoplankton blooms, particularly 
on the shallow north-western continental shelf. Under the new conditions the development of almost monospecific, 
dense blooms of phytoplankton (especially Dinoflagellates) was encouraged and between 1981 and 1990, 46 algal 
blooms produced by 15 species were registered in Romanian littoral waters. For this period, Prorocentrum cordatum 
reached the enormous density of 807.6 million cells 1-1 compared to 50.8 million cells in the period from 1960 to 1970. 
In the Romanian sector of the Black Sea, the average biomass of phytoplankton reached 4105 mg. m-3 from1983 to 
1990, eight times higher than the average of 495 mg. m-3 recorded in the period from 1959 to1963. For the Odessa bay 
the increase was even more important: biomass increased 26 times in 30 years. For the whole of the Black Sea, 
maximum values of phytoplankton increased from 52 to 800 mg.m3 during the last three decades. 
Such phenomena were initially beneficial to the marine food chain but the longer term effects have proved to be 
devastating. There has been a severe decrease of water transparency; Secchi depth measurements have decreased from 
50-60 metres in the early 1960s to values of 15-16 metres in the open sea or a maximum 3-5 metres in coastal waters 
(20-30m isobate). 
As a direct consequence of decreased light penetration, a massive loss of macrophytic algae has been registered. The 
only algae adapted to dim sunlight survived at depths of over 15-20 metres. Beside limiting the species composition 
and reducing the biodiversity it has to be considered that some of those algae represented a major economic resource. 
This is the case of Zernov's field of Phyllophora in the central part of the Black Sea. In the 1950s Phyllophora covered 
an area equal to 10,000km2 with a total biomass reaching about 10,000,000 tons. Towards 1980, it was reduced to 
3,000 km2 in area and 1,400,000 tons in biomass. In 1990, these values had declined to 50km2 and 300,000 to 500,000 
tons. 
Apart from its economical value (it was harvested for the agaroids), Phyllophora was an important source of oxygen. 
According to some data (Zaitsev), it produced up to 12,000,000 m3 of oxygen per day. The associated fauna of the 
Phyllophora field disappeared, especially sponges, sea anemones, isopods, shrimps, crabs plus more than 40 species of 
fish. Phyllophora biocoenocis consisted of 118 species of invertebrates and 47 species of fish with special adaptations - 
protective red colour - to match the colour of Phyllophora. With the disappearance of Phyllophora the entire 
biocoenosis collapsed. 
Another algal representative, the brown alga Cystoseira barbata, began disappearing along Romanian and Ukrainian 
coasts in the 1980s. This large perennial alga, the most important one on the rocky coasts, cannot endure eutrophic 
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marine waters and was replaced by filamentous green algae. Cystoseira used to be the specific and support organism for 
a typical bicoenosis composed of dozens of species of coastal invertebrates and fish. 
The exuberant growth of phytoplankton during the last decades has had serious consequences on the zoobenthos. Algal 
blooms generate enormous quantities of dead organic matter in the water column. As a result, because of the amount of 
oxygen consumed during its decomposition on the shelf regions, hypoxia and anoxia began to appear. This was first 
observed in the Black Sea in 1973. After this year, oxygen depleted zones on the north-western corner were noted every 
year in summer-autumn seasons, their scale, duration and consequences increasing year by year. For the benthos, one of 
the most damaging effects of eutrophication is the creation of those zones in the bottom layers with reduced or no 
oxygen. 
Different species of bottom organisms react differently to low oxygen concentrations. For most of them an oxygen 
concentration below 1.5-2 ml per litre is lethal. Only some polychaetes are more tolerant to hypoxia being capable of 
living for some time in water with oxygen concentration below 0.5 ml per litre. Bottom and near-bottom invertebrates 
and fishes fell victim to hypoxic conditions, especially those that were not very fast swimmers. The qualitative and 
quantitative structure of benthic communities has changed, sensitive populations have diminished while those resistant 
to alteration of the environment conditions have proliferated. On the Romanian coast, the macrofauna from the sandy 
bottoms consisted of 69 species at the beginning of the 1970s; in the middle of the 1980s only 14 species were 
identified. 
In some years, the area depleted in oxygen reached 30,000 to 40,000 km2. The biological losses due to hypoxia and 
anoxia on the north-western corner are estimated at 100 to 200 tons of animals per square kilometre of seabed. The total 
biological losses over 18 years (1973-1990) are estimated at 60 million tons, including 5 million tons of fish (Zaitsev). 
Very often in summer, in the shallow water near the shore, huge quantities of dead or near dead fish and invertebrates 
are thrown out on the beach by the waves. On the Romanian coastline alone, a single event of anoxia in 1991 
eliminated an estimated 50% of the remaining benthic fish. The same thing had happened to molluscs. The total losses 
induced by anthopogenic influences (hypoxia and silting) across the 3,300km2 seafloor in this area has been estimated 
at 800,000 tons of biomass, the majority of which were mussels. 
The death of vast quantities of animals in the benthic zone does not just mean the disappearance of valuable 
commercial resources with resulting economic losses. The ecological damage is enormous including the consequences 
of mass mortalities of mussels and other filter-feeding organisms. Research into filtration activity of mussels has shown 
that 1 km2 of mussel biocoenosis can filter an average of 15-20 million m3 of sea water every 24 hours. In the 1960s, 
mussel biocoenosis on the north-western shelf covered an area of about 10,000 km2. It is difficult to assess the 
ecological impact of the loss of such a huge number of active filter-feeding organisms in conditions where the amount 
of phytoplankton, bacterioplancton and detritus has increased in such a manner, but it must have been significant and 
for some years serious efforts have been made in Romania to increase the lost natural biofilter with artificial reefs and 
intensive mussel cultures. 
Another change in the Black Sea ecosystem which occurred as an effect of eutrophication and has important biological 
and economical consequences is the introduction of new species.The most spectacular although unpleasant one was the 
exotic ctenophore Mnemiopsis leidyi. Mnemiopsis feeds on planktonic crustaceans, mollusc larvae and pelagic fish 
eggs and larvae and its presence contributed to the sharp decline in anchovy stocks in the Azov and Black Sea. The first 
specimens were reported in 1982 and by the late 1980s it had reached a total biomass considered to be close to one 
billion tons. 
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