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PREFACE

The better understanding of the changing problems facing the marine environment is a continuing goal
of UNEP'S Ocean programme, as it provides the necessary scientific background for shaping UNEP’s policy
towards the protection of the oceans.

The main sources of factual information used in the assessment of the state of the marine environment
are data published in open scientific literature, data available in various reports published as "grey literature”
and data generated through numerous research and monitoring programmes sponsored by UNEP and other
organizations.

Several procedures are used to evaluate critically the large amount of available data and to prepare
consolidated site-specific or contaminant-specific reviews.

GESAMP, the IMO/FAO/Unesco/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on Scientific
Aspects of Marine Pollution, is charged by its sponsoring bodies with preparation of global reviews. Reviews
dealing with several contaminants have been already published by GESAMP and others are being prepared
for publication. The first global review on the state of the marine environment was also published by GESAMP
in 1982, and the second global review was published in 1990 '

In parallel with the preparation of global assessments, the preparation of a series of regional
assessments, following the general format of the second global review of GESAMP, was initiated by UNEP
in 1986, with co-operation of the Food and Agriculture Organization of the United Nations (FAO) and the
Intergovernmental Oceanographic Commission (I0C). Fifteen task teams of scientists were set up, involving
primarily experts from the relevant regions, to prepare the regional reports under the joint overall co-ordination
of UNEP, FAO, and I0OC, and with the collaboration of a number of other organizations.

The present document is the product of the Task Team for the Mediterranean Region. The final text
of the report was prepared by L. Jeftic, as Rapporteur of the Task Team for the Mediterranean Region, with
collaboration of M. Bernhard, A. Demetropoulous, F. Fernex, G. P. Gabrielides, F. Gasparovic, Y. Halim, D.
Orhon and L. J. Saliba, whose contributions are gratefully acknowledged. A contribution to the report was also
received from R. Fukai, Monaco.

This report was edited and prepared for publication by Philip Tortell of Environmental Management
Limited, New Zealand.

! Publications of GESAMP are available from the organizations sponsoring GESAMP.
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1. CHARACTERISTICS OF THE REGION

1.1. GEOGRAPHIC SETTING

The Mediterranean Sea lies (46°N, 30°N, .6°W and 36°E) between Europe, Asia and Africa and
without the Black Sea covers about 2.5 million km?, with an average depth of about 1.5 km and a volume of
3.7 million km?. ‘

For the purposes of this report, geographic coverage basically foliows the definition from the
Convention for the Protection of the Mediterranean Sea against Pollution (Barcelona Convention) which in its
article 1 states:

“For the purposes of this Convention, the Mediterranean Sea Area shall mean the maritime waters
of the Mediterranean Sea proper, including its gulfs and seas, bounded to the west by the meridian passing
through Cape Spatell lighthouse, at the entrance of the Straits of Gibraltar, and to the east by the southern
limits of the Straits of the Dardanelles between Mahmetcik and Kumkale lighthouses."

Fig. 1 presents the Mediterranean Sea with its major interactive parts and adjacent areas.

About 30% of the surface area and 50% of the total volume is contained between a 2 and 3 km
depth contour. In contrast, the area with a shallower than 200 m contour constitutes more than 20% of the
total area of the Mediterranean Sea but contains less than 1.5% of the total volume (Menard & Smith, 1966).

The Mediterranean Sea consists of a series of interacting parts and adjacent seas, with two major
basins, Western and Eastern. In the Western Mediterranean (about 0.85 million km?) such parts are the
Alboran Sea, the Algero-Provengal basin, the Ligurian Sea and the Tyrrhenian Sea. In the Eastern
Mediterranean (about 1.65 million km?) such parts are the Adriatic Sea, the lonian Sea, the Aegean Sea and
the Levant (Fig. 1).

The Mediterranean Sea is connected with (and separated from) the Atlantic by the Strait of Gibraltar
(15 km wide and 290 m deep), with the Sea of Marmara by the Dardanelles (between 450 m and 7.4 km wide
and 55 m deep) and with the Red Sea by the Suez Canal (120 m wide and 12 m deep).

The maximum length of the Mediterranean Sea from Gibraltar to Syria is about 3,800 km and the
maximum distance in the north-south direction from France to Algeria about 900 km, yet one is never further
than 370 km from the coast, and most often, considerably less, with more than half of the Mediterranean Sea
being less than 100 km from the coast.

1.2 GEOLOGICAL AND CLIMATIC CHARACTERISTICS

The Mediterranean basin, situated at the centre of a very complex mosaic formed by the tectonic
plates sliding under one another, is subject to heavy seismic and volcanic activity whose consequences for
human life and society are a permanent feature of the region. The young relief and the close contact and
interpenetration of the sea and the mountains have had significant consequences: few large plains, little good
agricultural land, ports and harbours tightly hemmed in between sea and rock, few broad fluvial basins. With
the exception of the south-east and some 3,000 km along the Libyan and Egyptian coasts where the Saharian
platform directly meets the sea, there are mountains everywhere, sometimes virtually uninterrupted, plunging
in numerous places directly into the sea (UNEP, 1987).

In the North, the sea areas are surrounded by mountains from the Sierra Nevada ranges and the
Pyrenees in the northwest, the Alps and the Apennines in the north and the Balkan and Anatolian mountains
in the northeast. While there are large alluvial plains associated with the Ebro, Rhéne and Po rivers, the
Mediterranean is essentially bounded by mountainous coasts sloping steeply to the sea. In the southern
regions the African Atlas mountains are barriers along the Western Mediterranean, but the remainder of the
southern coast is deserts with no high barriers to affect air flow. This imbalance of geomorphology is an
external factor affecting the ecology of the Mediterranean (Miller, 1983).
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Fig. 1: The Mediterranean Sea

Major Mediterranean rivers (Ebro, Rhéne, Po and Nile) drain geological terrains far removed from
the present coastline. Although few in number, these major fluvial sources account for very large volume of
sediment (over 50 million tons annually) injected into the system. On the other hand, the highly irregular coast,
much of which is fronted by high mountain barriers, is distinguished by shor, often torrential rivers draining
small areas on a highly seasonal basis.

The Mediterranean is a transitional area climatically, with a temperate, damp climate in the north
and an extreme arid climate in the south. Qrographic rains on the European coasts contrast markedly with
minimal annual rainfalls in the southern regions of less than 100 mm. The disparity in the amounts and
occurrences of precipitation is influenced by the topography of the land and the climatic conditions of the area
(Miller, 1983).

The northern sectors of the basin, lying within the zone of prevailing westerly winds, are
characterized by spring and autumn showers that curtail the summer drought, and have a moderate climate.
Rainfall intensity and duration decrease both from west to east and from north to south. Temperature, on the
other hand, increases from north to south and from west to east. Rainfall throughout the region is seasonal,
with a marked minimum in summer.

Surface winds in the Mediterranean are generally from the north and west. The combination of dry
winds and sunny days, which occurs as often as 250 times a year, produces a strong evaporating influence
over the entire surface of the Mediterranean that counteracts the efiects of precipitation and runoff (Miller,
1983).

1.3 CIRCULATION

The surface current system of the Mediterranean shows a migration of Atlantic water, with salinity
slightly above 36, towards the east with numerous spin-off eddies along the way (Miller, 1983). The annual
thermal changes of surface waters are very large and control the density of surface waters and the basic
characteristics of the annual biocycle. There is no surface return system from the east to the west.

The return of Mediterranean water is by way of Levantine intermediate water and Mediterranean
deep water flowing from east to west and spilling over the sill of Gibraltar into the deep Atlantic. Such



intermediate and deep water is produced by very pronounced evaporation processes which gradually transform
surface water with salinity slightly above 36 into denser water with salinity of 38.4 or more. Deep sea water
in the Mediterranean has a temperature between 12.5° and 13.5°C in the west and between 13.5° and 15°C
in the east with salinity between 38.4 and 39.

The estimated turnover time for Mediterranean waters is 80 years. The basic nature of the
Mediterranean circulation system contains components of strong vertical convections which determine the
distribution of salinity and produce vertical recycling of nutrients and other dissolved substances (Miller, 1983).

When winter storms lower surface temperature in the western Mediterranean to 12°C, deep convection can
take place; in the Algero-Provengal basin it was traced to a depth of 2,000 m.

The Mediterranean is characterized by very weak tides, with tidal amplitudes which are very small
by world ocean standards. The Mediterranean is often considered a tideless sea; this however gives the wrong
impression since although the tidal elevations are almost insignificant, the energy of the tides is not (Hopkins,
1985).

Sea level in the Mediterranean is lower than in the Atlantic, progressively decreasing from Gibraltar
towards the North Aegean, with maximum differences of about 80 cm (Miller, 1983).

1.4 WATER BALANCE OF THE MEDITERRANEAN SEA

The Mediterranean Sea has a deficient hydrological balance, with loss through evaporation
exceeding the input of water through run-off and precipitation. This deficiency is mainly compensated by the
flow of Atlantic surface waters through the Strait of Gibrattar.

On the input side of the water balance are the net inflow through the Strait of Gibraltar, the net inflow
through the Dardanelles, river run-off and precipitation. On the negative side of the balance there is
evaporation.

The actual flow through the Strait of Gibraltar is about 1.5 million m®s™ in each direction with net
inflow representing only about 3% of the figure (41,000 m’s™”, (Table 1). The net inflow through the
Dardanelles is about 6,000 m’s™' (Table 1).

The river run-off in the Mediterranean is estimated at about 15,000 m*s™ of which 92% flows from
the northern shore and the rest from the southern shore. The Northwest Mediterranean and the Adriatic Sea
receive about 70% of the total Mediterranean river water input (Table 1).

The input of freshwater into the Mediterranean is estimated at about 31,000 m®™* (Table 1). Yearly
rainfall decreases from west to east and from north to south, varying between more than 1500 mm yr' (Alps,
Pyrenees and western part of Yugoslavia) to less than 100 mm yr.

The above figures bring the total input of water into the Mediterranean to approximately 93,000

Evaporation, which is the main factor of the negative balance is estimated at about 93,000 m®s™ for
the Mediterranean (Table 1). Most of the evaporation occurs during winter and spring, due to the prevailing
strong and dry continental winds and is closely associated with the process of deep water formation.

The precipitation and run-off contribution to the water balance is exceeded by evaporation by about
1 myr’. Since Gibraltar constitutes the only access for the renewal of sea water lost through evaporation, the
increasing salinity of the Mediterranean water is due to the evaporation of the lower salinity water introduced
from the Atlantic (Miller, 1983).

Within the Mediterranean Sea the Strait of Sicily (150 km wide and about 400 m deep) connects
the Western with the Eastern Mediterranean. It is estimated that the actual flow through the Strait of Sicily is
about 1 million m®s™' in each direction, with net inflow representing only about 4% of this figure (42,000 m’s™"
(Table 1).



1.5 CHEMICAL CHARACTERISTICS

Although the Mediterranean Sea is of a semi-enclosed nature, it does not have a chemistry of its
own. Since residence time of the Mediterranean waters is about 80 years, most of the elements have plenty
of time to tour the Mediterranean Sea. The most outstanding differential characteristic of the Mediterranean
when compared to the Atlantic is its high salinity, as a result of evaporation, which is only surpassed in the
Red Sea and Dead Sea (Cruzado, 1985).

Another well-known characteristic of the Mediterranean Sea is the relatively low concentrations, even
in the deeper waters, of some biologically important chemical constituents. This is caused by the continuous
wash-out through the Strait of Gibraltar which receives poor surface Atlantic water and exports relatively rich
deep Mediterranean water. After approximately 80 years, almost all the substances dissolved in this surface
water have undergone an increase in concentration of about 4.7% and then they flow back into the Atlantic
at depth.

A fundamental characteristic of Mediterranean water is its impoverished nutrient concentration. No
deep nutrient-rich Atlantic waters take part in the Mediterranean circulation. Since it is only the upper 150 m
or so of Atlantic water which provide replenishment for the Mediterranean Sea, the only increase in the
concentration of nutrients is due to river input and agricultural run-off or pollution (Miller, 1983).

Phosphate values in the Mediterranean vary from 0.1 to 0.5 ug at I with very few definitive patterns
other than the occurrence of higher values in deep water. The eastern Mediterranean has a smaller range of
phosphate content than the western (Miller, 1983).

1.6 BIOLOGICAL CHARACTERISTICS

The Mediterranean is relatively poor, not in variety, but in the quantity of organisms produced. In
a surface layer of water of about 100 m in depth phytoplankton change inorganic ions of nutrients into organic
matter. Phytoplankton react rapidly to any increase in available nutrients and growth is limited by the
concentration of nutrients. The principal nutrients, such as nitrogen and phosphorus, are often limiting and,
together with inorganic carbon, are the basic elements from which the synthesis of organic matter in the
natural environment takes place. It is commonly accepted that photosynthesis is slowed by the scarcity of a
specific nutrient and that there may be a surplus of others. One of the main causes for the low nutrient content
of the Mediterranean as compared with major oceans is that surface Atlantic waters, which are low in nutrients
enter through the Strait of Gibraltar to compensate for evaporative losses. At the same time the Mediterranean
loses deep water, which is rich in nutrients, to the Atlantic. Colder years tend to be more productive, partly
because mixing may reach a greater depth and incorporate more nutrients, and partly because the formation
of deep water may occur over a larger area.

Characteristically maximum bioproduction is at about 100 m depth in summer, just at the limit where
the dim light is matched by the increased concentration of nutrients. The surface of the Mediterranean receives
an average solar radiation of 1.5 million Kcal m?yr'. Average primary production, in the Western basin,
corresponds to an assimilation of 50 g C m®yr", which is approximately equal to 660 Kcal, i.e. only 0.04% of
the input. The water is full of light, but organisms can barely use it (Margalef, 1985).

Primary productivity can, however, be unusually high at the mouths of rivers and along the coasts
in winter time, at the arrival of layers of water produced by mixing in the Golfe du Lion, and in large eddies
where deep water comes close to the surface. Phytoplankton sink and many of the cells are grazed by
animals. The remainder die and decompose and together with faeces, moults, dead animals and material from
land, contribute to the detritus of the sea. Typical figures show that in the Mediterranean there are 25 mg I’
of dissolved inorganic carbon, 0.5 to 1.5 mg I'' of dissolved organic carbon, close to 1 mg I'' of particulate
suspended carbon and only 0.1 mg I'' of living carbon. Much of the organic dissolved matter comes from the
excretion of phytoplankton. Algae usually give off from 10 to 30% of the assimilated carbon in soluble form.
Part of it is used by bacteria (Margalef, 1985). Many marine sediments are anoxic. Natural conditions
favourable to the formation of sediments rich in organic matter are found in regions of upwelling or near
estuaries. In these areas, high primary production results in accumulation of detrital material on the sea floor
and in development of anaerobic conditions. Much organic matter can thus be preserved, in spite of ventilation
of the overlying waters (Cruzado, 1985).



Zooplankton basically eats phytoplankton. The animals are able to sweep up diluted food, consisting
of discrete particles suspended in a volume of water. These animals utilize between 20 and 90% of the
ingested food. The unused food, together with faeces, moults and excretory products, contributes to secondary
bacterial food chains. Up to one third of ingested food is used in growth and reproduction, the rest is respired.
Simple swimming around takes a considerable amount of energy. The oligotrophic character of the
Mediterranean Sea determines its low zooplankton biomass, compared with similar Atlantic areas. In the
Mediterranean, three different, and relatively isolated, subsystems can be identified (in terms of the structure
of phytoplankton and zooplankton communities, along with their production and fertilization characteristics):
the open sea, mainly influenced by enriching mechanisms which operate on a global scale, like the winter
mixing and deep water formation intensity; coastal waters, which are more affected by wind-induced upwelling,
rivers and land run-off; and embayments, in which the planktonic production is strongly influenced by urban
effluents and stability conditions.

The general trends of zooplankton distribution (in which the Mediterranean areas are not affected
by continental enrichment) show an increasing abundance toward the south-west end of the Western basin.
In the Alboran Sea the abundance of zooplankton contrasts with the low values of biomass observed on the
Atlantic side of the Gibraltar Strait, so the Alboran fertility probably depends more on local upwelling and the
effect of the cyclonic gyre than on the influence of the Atlantic waters entering the Mediterranean (Estrada et
al, 1985).

Benthic communities differ according to the nature of the bottom (soft or hard). The communities
found on, or within, shifting sediment have to be repeatedly regenerated. Thus food is easily exported, or lost
in old sediment. On a coherent substrate, the benthos grows slowly and maintains a significant biomass, more
important than the primary production or trapping of food elsewhere. Such benthic communities are, in fact,
comparable to terrestrial ones. Most benthic fishes are associated with long food chains, their contribution to
production and transfer of energy being low. However, the very nature of benthos adjusts fish biomass and
makes their food extraction relatively efficient (Margalef, 1985).

Although the Mediterranean Sea is relatively poor in the quantity of organisms produced, it is very
rich in variety; its fauna is characterized by many endemic species and is considerably richer than that of the
Atlantic coasts. The percentage of endemism is very high for the sessile or sedentary groups such as
ascidians with 50.4% (Pérés & Picard, 1964), sponges with 42.4% (Vacelet, 1981), hydroids with 27.1% (Péres
& Picard, 1964), echinoderms with 24.3% (Tortonese, 1985) but it is also considerable for the other groups
such as decapod crustaceans with 13.2% (Pérés & Picard, 1964; Pérés, 1967) and fishes with 10.9%
according to recent data given by Tortonese (1985). The great richness of the Mediterranean fauna with its
many endemic species vis-a-vis the Atlantic coasts, which have extremely low endemism, leads to the
conclusion (Briggs, 1974) that the Mediterranean basin has probably functioned as a primary centre for the
evolution and radiation of the eastern Atlantic warm temperate fauna. According to this hypothesis a large
contingent of the Atlantic coast species, possibly the majority, must have come from the Mediterranean (Sara,
1985).

The annual yield of marine animals, both pelagic and demersal, obtained by Mediterranean
fishermen amounts to 0.3 - 0.4 tons of fish per km? of sea. This is equivalent to about 40 mg of organic carbon
perm? yr'. It is, however, a long way down from the primary production and corresponds to less than 0.1%
of it. On the basis of the conventional loss of 10:1 for each food link, this means an average of three food
links. On a world basis the same proportion holds: a primary production estimated at 36 x 10° t of carbon,
yields an amount of fishes and other sea food equivalent to 8 x 10° t of organic carbon. Mediterranean
fishermen are as efficient as the best of their colleagues. It is sobering to compare the fish catch (40 mg C
myr’) with decomposable organic carbon that the Mediterranean gets from the neighbouring lands (close to
1,000 mg C m?%r') (Margalef, 1985).

The biological productivity of the Mediterranean Sea is known to be among the lowest in the world.
It is true that primary production in the central parts of the Mediterranean Sea, and in many of the coastal
areas away from the influence of major rivers or ‘urban agglomerations, is rather low and that nutrient
concentrations in the deep waters of the Mediterranean, especially of the Eastern basin, are also very low.
However, fishing activities in the Mediterranean Sea have been going on for centuries, adapting themselves
to the local conditions in such a way that a very high ratio catch/primary production exists. Several factors may
contribute to this high efficiency; among them, the distribution in time and space of the fertilizing mechanisms.



The present climate guarantees that for a long time to come the Mediterranean Sea will continue
to be an evaporating area. As long as this is so, Atlantic water will continue to flow in from the west,
replenishing the moisture lost by excess evaporation. This means that almost any substance introduced into
the surface environment of the Mediterranean Sea, unless it is volatile or miscible within the layer of water that
leaves the Mediterranean, will remain within its boundaries.

The introduction of substances foreign to Mediterranean waters is essentially, though not exclusively,
from land-based sources. Airborne particles can reach the sea by way of such atmospheric transport as dust
storms or fallout from precipitation.

Domestic sewage, industrial discharges and agricultural run-off are probably the major contributors
poliuting the Mediterranean. The uneven distribution of runoff and precipitation along the northern coasts of
the Mediterranean Sea, combined with the northern concentrations of population and industrial activity,
contributes a waste load of pollutants to Mediterranean waters that is confined first to the northern coasts and
then is spread and recirculated through the natural processes of advection and convection.

1.7 EUTROPHICATION

Eutrophication is one of the phenomena which are of particular interest for the Mediterranean.

The Mediterranean is well-adapted to avoid excessive eutrophication. It loses deep water, relatively
rich in mineralized or recycled nutrients, and receives surface Atlantic water, in which most nutrients have been
used before entering Gibraltar. The situation is exactly the opposite to that in the Baltic, where ecological
mechanisms tend to recycle and accumulate large amounts of nutrients.

The self-purifying capacity of marine waters is directly related to the processes that control oxygen
balance. This balance may be easily broken, giving rise to an oxygen-producing surface layer and an
oxygen-consuming bottom layer. This is further complicated by the fact that the oxygen produced in the
shallow euphotic zone is greatly reduced by turbidity and tends to escape to the atmosphere, while the organic
matter produced tends to settle, increasing the oxygen consumption of the deeper layers. Downward transport
of oxygen may be severely limited by restricted diffusion due to generally concurrent salinity gradients.

When sewage is continuously discharged, in excess of the self-purification capacity, into a coastal
zone with restricted circulation, the oxygen cycle is broken. The oxidation of organic matter then proceeds
through anaerobic pathways and the zone rapidly becomes a nuisance, turbid and foul-smelling and devoid
of natural life. Such a nuisance can be prevented by limiting the quantities or organic matter and nutrients
discharged, to below the self-purification capacity of the recipient water body.

Mediterranean waters are oligotrophic except perhaps in the neighbourhood of large rivers, and
sediments have in general a low organic carbon content due to the low biological production of the waters and
to the presence of high oxygen concentrations in deep waters. Therefore, local oxygen deficiencies are always
connected with eutrophication sources, mostly discharges of raw or treated urban effluents. Their distribution
around the region is uneven, with a maximum in the north-west and in the Adriatic Sea and a minimum on
the southern shores. Owing to the strong stratification of surface waters, eutrophication is more acute in
summer, when ambient nutrient concentrations are low and oxygen transport through the thermocline strongly
reduced. Winter mixing allows for the required vertical transport of oxygen to keep the deep waters and the
sediments oxidized all over the Mediterranean Sea (Cruzado, 1985).

1.8 BENTHIC COMMUNITIES

Mediterranean benthic communities in the coastal region are often strongly influenced by human
activities. Communities are diversified, principally on account of the infinite variety of environmental conditions
found in the Mediterranean - climatological, bathymetric, hydrodynamic, substrate, oligotrophic, local
contributions of terrestrial matter, etc.

Depending on whether they are established on soft-bottomed or on rocky substrates, benthic

communities are subjected to well-characterized and dominant environmental factors. Human modifications
result in immediate repercussions. The communities established on soft-bottomed substrates are dependent
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essentially on the nature of sediment and the processes of sedimentation, all of which are largely conditioned
by the quality and quantity of sediment influx, and by hydrodynamism, both of which could be modified directly
or indirectly by human activity. The communities established on hard-bottomed substrates are conditioned by
a group of factors of similar importance. This has resulted in a tremendous diversity in these communities, at
least at the fine level; it is thus more difficult to study and understand the mechanisms which govern their
distribution and evolution.

The conditioning factors are:

B hydrodynamism, which on a jagged coastline can alter within the space of a few metres;
B nature of the substrate: rock quality gradient, cavernous nature etc;
A illumination, which does not depend solely on depth.

These factors do not evolve independently of each other. Pollution, sedimentary influx and direct
human activity all interfere and could modify the community in a radical manner (Bellan, 1985).

2. MARINE CONTAMINANTS

21 CONCENTRATIONS (LEVELS AND DISTRIBUTION) IN WATER,
SEDIMENT AND BIOTA

211 Trace elements

A large number of trace elements potentially harmful to the marine environment and through seafood
to human was studied in the Mediterranean. Priority was, however, given during the planning of MED POL
phase | to mercury and cadmium, since preliminary surveys had shown that both occur in marine biota in high
concentrations and hence these two elements were considered especially harmful. Levels of mercury and
cadmium have recently been extensively reviewed in two documents on the assessment of the state of
poliution of the Mediterranean Sea (UNEP/FAO/WHO, 1987; UNEP/FAO/WHO, 1987a).

Sea water

Trace metals determined in sea water samples from the Mediterranean showed that Cd ranges from
<0.02t0 0.7, Cu from <0.04 t0 5.8 pug I'' and Zn from 0.02 to 10 ug I'' (Huynh-Ngoc and Fukai, 1979). Kremling
& Petersen (1981) found narrower ranges: Cu from 0.11 to 0.43 pg I'', Fe from 0.12 to 0.46 ug I, Mn from
<0.05 to 0.84 pg I'" and Zn from 0.2 to 0.76 pg I, but for Cd much higher levels from 3.2 to 30.5 ug I In
coastal waters, concentrations vary widely with Pb levels upto 20 ug I'', Cdupto 1.4 ug I', Cuup to 50 ug I,
Crupto 6.7 ug 1", Niup to 9 pg ' and Zn up to 36 pg I'' in very polluted areas (reviews: UNEP, 1985;
UNEP/FAO, 1986) (Tables 2 and 3). Recent preliminary data seem to show a difference in Cd and Pb
concentrations in waters from the Mediterranean and from the Atlantic in the Strait of Gibraltar and in waters
of the western and eastern basin in the Strait of Sicily (Copin-Montegut et al., 1985). Sea water concentrations
for arsenic range from about 1 to 4 pg As-T I''. "Reactive As" ranges between 1 and 3.5 ug As I'' (Stoeppler
et al., 1981). In other oceans As-T levels range from about 1 to 2 ug I’ (review: WHO, 1986). Due to the lack
of sea water standards for trace elements at the very low sea water concentrations, the accuracy of the sea
water data is uncertain (See section 2.3).

Sediments

Sediment concentrations are several orders of magnitude higher than sea water concentrations.
Data on trace element levels in sediments from open sea areas are rare. Whitehead et al. (1985) examined
coastal sediments taken during the Calypso cruise in 1977 and data from the literature. These authors
suggest the following levels (in mg kg' DW) as background: Cr = 15, Cu = 15, Zn = 50, Cd = 0.15, Pb = 25.
Concentrations for arsenic in coastal sediments can reach up to 10 ppm (DW) which compares well with
concentrations observed in other coastal sediments for which a range of 3 to 14 ppm (DW) are reported
(review: WHO, 1986). Deep sea sediments are reported to have higher levels of arsenic: up to 120 ppm (DW)
with a world average of 20 to 30 ppm. The data available show that higher levels are found in estuarine



sediments near discharges of industry and that the levels decrease towards the open sea. In several cases
multi-element analysis has been carried out. However, it is not just anthropogenic sources that can influence
sediment concentrations. The mineralogical composition of the marine sediments and the natural geochemical
composition of adjacent coastal terrestrial environments can increase trace element levels in coastal sediments
above background levels (reviews: UNEP/FAO 1986; Bernhard, 1983). In Tables 4 and 5 the levels for
several coastal areas are summarized.

Biota

Following the "mussel-watch" programme, the mussel M. galloprovincialis has been used as a
pollution indicator in the MED POL phase | programme. A wide range of concentrations has been observed.
Background concentrations for mussels are difficult to establish because they can reflect very local conditions.
Cu concentrations in mussels of four MED POL areas (Il IV, V, VIII) (Fig. 2) have a mean of all samples of
about 1300 nug kg FW with ranges comparable to those reported for the North Sea. The mean of all Cd
concentrations in mussels was 120 ug kg' FW (excluding 5% of the highest values). The mean of all Zn
concentrations in mussels was 27000 ug kg'' FW. These ranges are similar to those observed for the North
Sea and the mean of all Pb levels was 800 ug kg FW (review: UNEP/FAQ, 1986; ICES, 1974; ICES, 1977a).
Cd, Cu, Zn and Pb levels in M. barbatus, another pollution indicator of the MED POL programmes, are
considerably lower for Cd (mean of all samples in areas I, IV, VII, Viii, X: 46 ug kg'* FW), Cu (mean of all
samples in areas II, IV, VII, VIII, X: 600 ug kg FW), Zn (mean of all samples in areas ll, IV, VII, VIli, IX, X:
3900 ug kg’ FW) and Pb (mean of all samples in areas Il, X: 70 ug kg™ FW). Several other organisms have
been analyzed; their data together with details of the above mentioned data are shown in Tables 6 to 14. Total
arsenic (AS-T) concentrations in marine fishes from the Mediterranean range between 8 and 70 mg As-T kg™
FW with Sepia officinalis reaching up to 370 mg As-T kg' FW (Stoeppler et al., 1981). The same authors
observed levels up to 630 mg As-T in the flatfish Limanda limanda in the North Sea. "Typical levels" for fish
shouid be in the range of 1 to 10 mg As-T kg™ FW (review: WHO, 1986).

2.1.2 Mercury

Mercury is of special importance for the Mediterranean because several countries bordering the
Mediterranean have laws which set a limit for the Hg-Total concentration in seafood and, as will be shown
below, many fish and shellfish species caught in the Mediterranean exceed this limit. Therefore, if the laws
were enforced, large parts of the catch would be withheld from the market. For example, France has a legal
limit of 0.5 mg Hg-T kg FW and ltaly 0.7 mg Hg-T kg™ FW. The high intake of mercury through seafood is
reflected in higher Hg levels in the hair and blood of persons eating considerable amounts of seafood than
of those eating little or no seafood. Therefore, the high Hg levels in certain Mediterranean seafood species
present a legal and possibly a sanitary protection problem in addition to any effects these levels may have on
marine organisms and ecosystems.

Sea water

Sea water concentrations vary over a wide range and the use of different methods without
intercomparison or intercalibration with a sea water standard makes comparison of the data difficult, if not
impossible. Older data, i.e. prior to 1980, report means up to 120 ug Hg-T I'' and ranges even higher, but
recent data have also high means: total dissolved Hg may reach 8 ug I'' and reactive Hg or Hg determined
with anodic stripping voltametry can result in means of 10 ng I''. Levels of various Hg forms from other oceans
are in general lower than the Hg concentrations observed in the Mediterranean, but the accuracy of the data
cannot be ascertained until quality control with standards or intercalibrations has been carried out (Table 15).

Sediments

Not many data on open sea sediment concentrations have been collected in the Mediterranean Sea.
When considering these data one has to bear in mind that the analytical procedures differ among authors and
only few authors report on quality control. Different extraction procedures have been used and only few (e.g.
Robertson et al., 1972 and Kosta et al., 1978) have determined total Hg concentrations. The use of different
pretreatments (extraction methods) by the various authors makes the results not strictly comparable, but the
order of magnitude can be assumed to be right. The few data available today show that 0.05 to 0.1 mg Hg-T
kg' DW may be considered a typical background value for the Mediterranean.  Industrial sources and the
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frequent natural geochemical anomalies in the Mediterranean influence the Hg distribution in the marine
sediments adjacent to these sources. Near river mouths, due either to anthropogenic or natural sources,
sediments show higher levels. "Hot spots" (up to 5 ppm) have been observed near several coastal towns and
most probably more "hot spots" will be found in a systematic survey. Near chior-alkali plants and other
petrochemical industries, high concentrations (up to 200 ppm in the St. Gilla Lagoon, Cagliari, Sardinia) have
been determined but the extention of these high Hg levels is limited in space. After 10 to 20 km background
levels are reached again. High Hg levels are observed near geochemical anomalies and the high influence
of rivers draining geochemical Hg anomalies such as the Mt. Amiata and the Idrija region (up to about 50 ppm)
has been shown in the sediments adjacent to the river mouths (Tables 16 and 17).

Biota

Comparing general data on the Hg-T concentration in biological species which present typical
seafoods from the North Atlantic with those from the Mediterranean show that in general Mediterranean fish
have higher Hg levels (Tables 18 and 19).

in fact only the means of the Hg levels in plaice from the Atlantic are higher than 500 ng Hg-T kg
FW, while the means of several of the Mediterranean species do exceed this level. Since Hg is an
accumulative contaminant (i.e. the Hg concentrations increase with age of specimen) better comparisons are
obtained between Hg concentrations in specimens of the same species caught in the Western Mediterranean
and in the Atlantic. The first data, showing that mercury concentrations were higher in pelagic fish from the
Mediterranean than in the same species from the Atlantic, were published in the early seventies by Thibaud
and Cumont and collaborators (review: Bernhard and Renzoni, 1977). These data were later confirmed by data
obtained by other authors. In fact there exist now several sets of data for different species which compare
Hg concentrations versus weight of specimens. The clearest evidence comes from the Hg concentrations in
bluefin tuna; it shows two distinct populations: a "high-mercury" and a "low-mercury” population (Fig. 3). The
small tuna collected north of Sicily, the medium size tuna from the Adriatic and from the Ligurian Sea as well
as a part of the large tuna caught in the tuna traps situated in Sicily and Sardinia belong to the "high-mercury”
population. Another group of tuna belongs to the. "low-mercury" population. it is important to note that tuna
belonging to the "high-mercury” and the "low-mercury" populations were both caught off Sicily and off Sardinia,
but in the Strait of Gibraltar only tuna belonging to the "low-mercury" were caught. The migration pattern of
bluefin tuna can explain the origin of these two tuna populations. Fisheries biologists studying these migration
patterns have maintained for some time that Atlantic tuna enter the Mediterranean for spawning and leave
again through the Strait of Gibraltar (e.g. Sara, 1973). Recently Thibaud (1979) has analyzed several hundred
tuna from the French Mediterranean coast and found that, with two exceptions, all belonged to the "high-Hg
population”. In order to understand better the differences in mercury levels between the Mediterranean and
Atlantic biota Buffoni et al. (1982) and Bernhard (1985) constructed a very simple model of the mercury uptake
and the ioss of simplified tuna foodchain by using sardine data from the Western Mediterranean only. This
model shows that methylmercury (MeHg) increases with the age (size) of the marine organism. This is best
shown in the data on sardines (Fig. 4).

Comparing the dotted lines in Fig. 3 with those in Fig. 4 shows that the model predicts that the
percentage of MeHg increases in higher trophic levels (i.e. tuna). Recently the prediction that the percentage
of MeHg increases with age has been confirmed in muscle tissue of Norway lobster and bonito (Capelli et al.,
1986), sardines, mackerel and bonito (Cerrati, 1987). The model also suggested that the higher concentrations
in the Mediterranean fish should be due to higher Hg concentration in plankton and in sea water from the
Mediterranean. Bernhard & Renzoni (1977), Buffoni et al. (1982) and Bernhard (1985) suggested that the
higher Hg levels in marine organisms observed in different Mediterranean regions are principally due to the
inputs of mercury into the marine environment from the various Hg geochemical anomalies present in the
Mediterranean area and that anthropogenic sources have significant but only very local influence. However,
published data on sea water and plankton reveal no differences between samples collected in Mediterranean
and Atlantic areas. This is primarily due to the fact that the analysis of Hg in sea water still presents great
difficulties and hence the accuracy of the Hg determination is uncertain. These difficulties are evident from the
large variability of the data published (Table 15). The analysis of net plankton samples presents other
problems. These samples are mixtures of organisms of various ages which belong also to different levels of
the foodchain. The development stages caught and the species composition depend on the sampling
technique used (especially on the pore size and towing speed). Again the wide range of data illustrates these
difficulties (Table 20). In order to compare plankton organisms it is not sufficient to compare mixed plankton
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samples but, like in larger marine organisms, size versus Hg concentration relationships must be compared.
In fact, Fowler (1985) has shown with some very limited data that the Hg concentration of euphausids, as was
to be expected, increases with size (Table 21). Fowler (1985), Fowler (1985a), Aston & Fowler (1985) and
Aston et al. (1986), however, have criticized the prediction of the above mentioned model on the grounds that
the published data on sea water and plankton do not show the predicted differences. Although acknowledging
the analytical difficulties, the authors nevertheless maintain that the published data are sufficient to refute the
prediction.

Similar but not so marked differences in Hg levels have been observed in mackerel and anchovy
from the Mediterranean and the Atlantic. These species are also pelagic. In all three species the specimens
from Gibraltar, and for the mackerel also those from the North Sea (from Scheveningen and Helgoland), have
lower concentrations than the specimens from the Mediterranean. In the Adriatic Sea near Fano lower Hg
concentrations have been observed than in the Tyrrhenian Sea. The levels in specimens from
Sanremo-Monaco lie between the Fano and the Tyrrhenian Sea ones. Also for Sepia officinalis the
concentrations in specimens from the Tyrrhenian Sea are higher than concentrations in specimens from
Gibraltar and Scheveningen. However, the levels in Sepia from Chioggia (Adriatic Sea) are higher than the
ones from the Tyrrhenian. Kosta et al. (1978) and Majori et al. (1967) have shown that the anticlockwise
circulation in the Gulf of Trieste, which is due to the releases from the Idrija Hg anomaly, influences the Hg
concentration in mussels on the western shore of the Adriatic. Possibly Sepia from Chioggia receive higher
amounts of Hg than the pelagic sardines and anchovies from the more southern Fano.
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Fig. 3: Total mercury concentrations in Thunnus thynnus from the Strait of Gibraltar (O), Tyrrhenian
Sea ( ) and Spanish coast (x). The continuous line shows total Hg concentrations calculated by a
model; intermittent line shows inorganic Hg concentration calculated by a model. M: prediction for

Mediterranean tuna, A: prediction for Atlantic tuna (Bernhard, 1985)
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Fig. 4 Total mercury and concentrations in Sardina pilchardus from the Strait of Gibraltar, (0),
Tyrrhenian Sea ( ). The continuous line shows total Hg concentrations caiculated by a model;
Intermittent line shows inorganic Hg concentration calculated by a model. M: prediction for
Mediterranean tuna, A: prediction for Atlantic tuna (Bernhard, 1985).

Recent interesting data on mussels, show that the methylmercury (Najdek & Bazulic, 1986) and total
mercury (Tusnik & Planinc, 1986) in mussels from the Yugoslav coast decreased with dry weight. These
observations are different from those made in other marine organisms where generally the Hg concentrations
increase with weight.

The highest Hg concentrations have been observed in marine mammails (Table 22). A comparison
between animals of the same species and of about the same size shows that here also Mediterranean
specimens have higher Hg levels than Atlantic specimens.

Humans

Astier-Dumas & Cumont (1975) studied seafood consumption in four French regions. They found
that persons eating more than three meals week' had higher Hg levels in their hair (mean (5) = 7.60 + 3.4
ppm) than persons consuming less seafood (mean (6) = 1.1 + 0.6 ppm).

Paccagnella et al. (1973) selected the population of Carloforte (Sardinia) for an epidemiological
study, because its average consumption of seafood was about 4 times the national Italian average and
because, during the summer months, fresh tuna meat was consumed. From 6,200 residents 195 persons
chosen at random agreed to give information about their food habits, take a medical examination and allow
a blood and hair analysis. Based on mercury analysis of tuna and other seafoods and the seasonal seafood
consumption patterns it was estimated that the average weekly intake of mercury in the summer was 150 ug



and in the winter 100 ng. The group with the highest consumption (14 seafood meals _Per.week) had an
estimated weekly mercury intake of 700 pg in the summer and 460 pg in the winter. Their average hair
mercury level was Il mg Hg kg ™' (range: "not detected” to 60 mg kg'), which fits well with the (WHO, 1976)

estimate that of an average intake of 300 ug Hg week™ the hair level would be about 6 mg Hg kg

Riolfatti (I977) compared hair mercury levels in an inland town with a coastal town, where 3% of
the 52 persons examined had consumed more than four fish meals per week. One man in the coastal town
had hair levels which fell within the range of possible earliest effects (WHO, 1976), i.e. his hair concentration
was about 45 mg Hg kg™ and six others reached hair concentrations between 16 and 20 mg kg'. In the inland
town relatively high hair concentrations were also observed. One woman had about 30 mg kg'' and three had
levels between 16 and 25 mg kg™ despite the fact that none of the persons examined in the inland town had
consumed more than 2 fish meals per week. As no quality assurance of the analytical method was carried
out and the results are unusuaily high no conclusions can be drawn.

Bacci et al. (1976) studied the total and methylmercury concentrations in blood, urine, hair and nails
of 16 persons from the town of Vada, who consumed from 0 to more than 6 meals of seafood per week. The
fish came from the banks of the Vada river about 10 km west of the Solvay chior-alkali plant. As expected,
the mercury concentrations increased with the amount of seafood meals consumed. The concentration in the
hair ranged from 4 to 110 mg Hg kg™

Nauen et al. (1983) estimated the amount of mercury intake from a food consumption study on the
basis of a survey in three ltalian locations. Information on individual seafood consumption over a period of
20 days was matched with analytical data on Hg levels in the fish and shelifish consumed. Special attention
was given to fishermen and their families. Applying a consumer risk simulation model the authors found that
a high percentage of the persons interviewed exceeded their daily aliowance, among them many children.
In tact the maximum intake for an individual was estimated for a 3-year old child which reached 8.6 times the
daily tolerable allowance.

2.1.3 Halogenated hydrocarbons
Air

PCB concentrations in air averaged 0.23 ng m® in a 1975 and 0.07 ng m® in a 1977 cruise
(UNEP/FAO/WHO/IAEA, 1989). These levels are of the same order of magnitude as those found in the Central
Pacific (0.2 - 0.3 ng m), the Antarctic (0.1 - 0.25 ng m?) and Bermuda (0.2 - 0.65 ng m®). Over Rijeka the
dominant components were PCBs (1.3 to 12 ng I'' Aroclor equivalent), followed by DDT(0.6 to 1.7 ng I''), DDE
(0.1 to 1.3 ng I'), DDD (0.04 to 0.3 ng I')and Dieldrin (0.02 to 0.1 ng I'"). In the other regions, the PCBs
ranged from 0.03 to 1 ng PCBs m (Table 23).

Sea water

Sea water samples had a concentration range from 0.2 to 38 ng PCBs I'' (Table 23). The levels of
the other halogenated hydrocarbons were too low for a quantitative determination (Elder & Villeneuve, 1977).
Risebrough et al. (1976) found considerably lower PCB levels in sea water samples near the French coast
showing the difficulties inherent in comparing data from different authors without intercalibration. In the
Northern Adriatic coastal waters in 50 samples analyzed between 1977 and 1978 most concentrations were
below the detection limits of 0.05 ng DDT I'' and 0.1 ng PCBs I (Picer & Picer, 1979). Lindane levels
off-shore in the eastern basin ranged from 0.06 to 0.12 ng I. The higher concentrations were observed near
terrestrial run-off and river inputs. Particulate matter had higher concentrations than the sea water dissolved
phase.

Sediments

Concentrations of PCBs in the top centimeter of open sea cores sampled in the eastern and western
Mediterranean ranged from 0.8 to 9.0 ug PCBs kg 'DW (Table 23). So far in coastal sediments only exampies
for "hot spots” can be sited. In many other similar situations high concentrations are likely to be found. The

exa}mples concern high sediment concentrations near the sewage outfalls of Marseille (up to 16000 ng PCBs
kg“"DW) and Athens (up to 800 ng PCBs kg 'DW), near larger towns such as Nice (up to 1165 ug PCBs kg

DW), Naples (up to 3200 ug PCBs kg'' DW) and Augusta (up to 460 ug PCBs kg 'DW). However, in the case
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of the Marseille outfall, these high levels drop to background levels at about 10 km from the source (review:
Fowler, 1986). Coastal sediment concentrations from the Central Mediterranean had the following levels:

DDT total HCH total
mean range mean range
area IV 7.8 (0.6-26.9) 25 (0.1-27.4)
v 45 (NDc-47-8) 1.1 (0.2-4.6)
Y 11.5 (NDc-39.4) 0.9 (0.5-1.1)
Vi 12 (2.4-35.5) 0.1 (0.1-2.6)
VIl 245 (7.1-1895) 0.6 (0.4-0.8)
IX 12 (0.4-29) 0.2 (0.2-0.3)
X 390 (1-780) 0.7

The asymetric range about the mean indicates that "hot spots” were found in the surveys in the
areas such as the coast from Toulon to Marseille, the Neapolitan harbour, the Gulf of Venice, the Pula area,
the Rijeka Bay, the Saronicos Gulf, etc.

Biota

Means of PCBs available in marine organisms range from 1.5 to 815 ug PCBs kg’ FW. More
numerous data are available only for the mussel and the red mullet. Both in mussel and in mullet MED POL
area |l seems to have the highest concentrations, but there must exist "hot spots" since maxima are very high
despite relatively low means. In mullet the lowest level means and maxima are observed in areas X and X.
Means of pp DDT range from 0.1 to 343 ug kg'' FW with Thunnus thynnus having the highest levels. Again
high maxima indicate "hot spots”. pp DDD' means range from 0.4 to 325 pg kg"' FW and pp DDE from 1.5
to 600 ng kg'' FW; tuna always presents the highest mean. Asymetric distribution of minima and maxima about
the mean indicates a skewed distribution. Dieldrin means range from 0.4 to 6.2 ug kg'' FW, Aldrin means from
0.2 to 2 pg kg' FW, Hexachloro/cychlohexane from 0.7 to 20 ug kg'' FW and Lindane from 0.4 to 19 pg kg™
FW. Where data are available for several areas and the same organism, area X seems to have the lowest
mean and lowest maximum (Table 24).

2.1.4 Petroleum hydrocarbons
Sea water

in general, dissolved/dispersed petroleum hydrocarbons (DDPH) in water samples collected
off-shore have concentrations below 10 ug DDPH I, but very high concentrations have also been found
occasionally in off-shore waters (Table 25). GC-determination on open sea samples (Phycemed cruises)
showed that the petrogenic hydrocarbons’ aliphatic fraction ranged between 1.1. and 4.5 ug I'' and the
aromatic one from 0.1 to 0.8 pgI'. For instance, between Castellon and Cartagena in the Western
Mediterranean along 9 transects, station means varied between 0.06 and 8.25 pg I''. Near the shore,
particularly near industrialized areas or river mouths, concentrations can be well above 10 ug DDPH I'". In the
inner part of the harbour of Taranto (Mar Piccolo) concentrations varied between 0.1 and 36 ug I''. The data
from the Adriatic refer only to the Rijeka Bay, Sibenik and Split. In unpolluted areas, values are 0.5 pg I or
below. In polluted areas, up to 50 ug !’ have been determined (IR determinations gave much higher
concentrations: up to 1100 ug I). in the Central Mediterranean, recent offshore values ranged from 9.3 to 28
ug I, but older data had maxima up to 425 pug I''. Recent nearshore values had concentration ranges very
similar to the recent offshore concentrations (Libyan coast). In the Eastern Mediterranean along the Greek
coasts, concentrations varied from 0.1 to 2.6 ug I'" with the highest concentrations in harbour areas. in the
Aegean Sea concentrations ranged from 0.15 to 1.4 ug I'', but with some "hot spots” far from major land-based
sources with levels up to over 10 ug I In Greek harbours very high IR data have been obtained. Also along
the Turkish coast concentrations varied over a wide range (0.02 to 40 ug I'), with high off-shore concentrations
most probably caused by direct discharges from ships. In Israel, near harbours, oil refineries, river mouths,
etc. 10 to 20 g I'' were reported. Near Cyprus, concentrations ranged from 25 to 40 ug I''. Similar high
concentrations were also determined in coastal waters off Egypt. Obviously, discharges from ships can greatly
influence the concentrations in offshore waters (review: UNEP/IMO/IOC, 1987). In general, it appears that
recent concentrations are lower, but the data so far available are insufficient for a statistical treatment.
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The limited data on floating tar show arithmetic mean levels ranging from 0.5 to 16 mg m?
offshore areas and much higher concentrations in nearshore waters (10 to 100 mg m’ 3. The Eastern basm
appears most heavily contaminated. Also tar on beaches was relatively high but only data for the Eastern
Mediterranean exist (review: UNEP/IMO/IOC, 1987).

Sediments

Petroleum hydrocarbon data in sediments range from 1 to 62 pg aliphatics g’ sediment and 2
to 66 ug aromatics g ' sediment along the Spanish coast outside harbours, oil terminals and river mouths. Two
samples from the central part of the western basin suggest background levels in the order of 1.2 ug g’
aliphatics and 0.6 ng g'' aromatics. Offshore sediments from Cyprus (90 m depth) ranged from 0.114 to 1.35
ng g’ and somewhat lower values are reported from Iskenderun Bay, Turkey. Too few data are available to
obtain a distribution pattern of petroleum hydrocarbons in the Mediterranean sediments (review:
UNEP/IMO/IOC, 1987).

Organisms

Only very few studies on petroleum hydrocarbons in marine organisms are available. Mussels
collected near Palamos, Barcelona and in the Ebro Delta (8 to 3200 ug g' DW in the saturate fraction) are
much higher than in fish. Mullus barbatus (5.8 to 22 ug g') has somewhat higher concentrations than pelagic
fish such as Merluccius sp. Trachurus sp. and Engraulis encrasicholus (review: UNEP/IMO/IOC, 1987).

215 Microbial pollution of shellfish and shellfish-growing waters

The monitoring of 17 shellfish-growing areas by six collaborating laboratories, taking into
consideration only those stations where at least 10 analyses yr' were carried out, showed that during the
years 1976 to 1981 the application of WHO/UNEP interim criteria resulted in 63% of the stations being
evaluated as satistactory from the point of view of the microbiological quality of their waters and only 7% from
the point of view of the microbiological quality of the shellfish flesh itself. The WHO/UNEP criteria permit the
sale of shellfish for direct consumption when one gram of shellfish flesh does not contain more than 2 taecal
coliforms (FC) and less than 10 FC per 100 ml in 80% of the sample water taken in the shellfish-growing area
and less than 100 FC per 100 ml in the remaining 20% of the water samples. Although the areas, not chosen
at random, are not representative for the Mediterranean shellfish growing areas, the data nevertheless
demonstrate that the shelifish flesh analysis is more restrictive than the water quality analysis and only a very
small amount of the shellfish can be sold without further purification (review: UNEP/WHO, 1986) (Table 26).

2.1.6. Microbiological quality of recreational waters

From 1976 to 1981, thirty collaborating laboratories surveyed the microbiological quality of
recreational waters. The areas surveyed were located mainly on the ltalian western coast, the western
Yugoslavian coast and the Israeli coast. Hence conclusions drawn from the data cannot be extrapolated to
other areas we must also take into consideration the fact that the distribution of the indicator organisms may
be subject to very local conditions of hydrological parameters. Nevertheless 12500 samples were analyzed
and these data will give some indication on the microbiological conditions of the recreational waters of the
Mediterranean. The criteria for characterizing recreational waters as suitable for bathing are the following:
The faecal coliform (FC) concentrations of at least 10 water samples collected during the bathing season
should not exceed (UNEP, 1981):

a) 100 FC per 100 ml in 50% of the samples, and
b) 1000 FC per 100 ml in 90% of the samples

313 stations were surveyed during the period in question and 80% of the stations were found
acceptable for bathing (UNEP/WHO, 1985) (Table 27).

21.7 Radioactive substances

Excluding natural radionuclides which occur everywhere on the earth’s surface as well as in its
interior, the anthropogenic input of radioactive substances into the marine environment has been restricted



and controlled, except in the case of nuclear weapon testing and accidents. In fact, radioactive substances
resulting from nuclear installations are rare pollutants on which severe control and monitoring of their releases
have been exercised, although their data has not always been published.

The largest quantities of radioactive wastes are, in general, produced during the nuclear fuel
reprocessing, followed by those in nuclear power production, but at much lower levels; those from research
reactors, hospitals, etc. are normally negligible. Since there is no operating fuel reprocessing plant on an
industrial scale in the Mediterranean region, most of the intended radioactive releases into the marine
environment have originated from nuclear power plants, which are in operation only in four Mediterranean
countries on its northern coast (France, italy, Spain and Yugosiavia). Most of these power plants
(approximately 25 units) are located along large rivers, such as the Rhéne, Po, efc., so that radioactive effluent
released from these installations is transported to the Mediterranean by the various river systems. It has been
estimated, however, that the river input of artificial radionuclides, including soil erosion, is approximately 4%
of the total input during the pre-Chernobyt period, the major input being that through wet/dry atmospheric
fallout originated from nuclear explosion tests (Fukai et al, 1981). Thus, the anthropogenic radioactive
releases from nuclear installations constitute only a minor source of artificial radioactivity in the Mediterranean,
except for some special local situations.

The atmospheric fallout (wet and dry) resulting from the Chernobyl accident significantly affected
the Mediterranean inventories of some long-lived radionuclides like '*’Cs, etc., but not those of others. Most
of the radionuclides brought into the Mediterranean region by the Chernobyl fallout were short-lived fission
products such as *Zr, *Nb, '®Ru, *Te, '*'I, “'Ce, etc. which decayed quickly or in the course of 1986. Even
the levels of medium-lived radionuclides such as """Ag, '®Ru, '*Cs, '*'Ce, etc. in marine environmental
matrices became very low due to their dispersion within the environment and their physical decay during the
same period (Ballestra et al., 1987). In 1988 only a few radionuclides resulting from the Chernobyl accident
remain measurable in the marine environment.

In Fig. 5 typical activity concentration ranges of *’Cs and #*#°Py in Mediterranean seawater,
sediments and biota during the pre-Chernobyl period are given. At Monaco, for example, the activity
concentration of '¥Cs in surface seawater increased from 3 mBq 1" to a maximum of 50 mBq 1" on 7 May
1986 after the Chernobyl accident. The mean residence time of the Chernobyl '¥Cs in the seawater was only
9.5 days. Similarly, in various species of seaweed the '¥’Cs activity concentrations increased from 0.5-1 Bq
kg to 10-50 B, kg’ dry weight with a mean residence time of 70-350 days; an increase from 1 Bq kg™’ to 30
Bq kg' dry weight with a mean residence time of 20 days was observed in mussels. On the contrary no
detectable change in the activity concentration of ****°Pu was observed during the same period (Holm et al.,
1988; Whitehead et al., 1988).

Although available data are too scarce for covering the entire Mediterranean, rough estimates for
inputs of '¥Cs through various routes can be estimated by extrapolating existing data. The estimated values
of cumulative inputs of '¥’Cs for the past 25 years in 1985 (Holm et al., 1988a) are as follows:

Atmospheric Input 10 PBq
River Input 0.4 PBq
Inflow from the Black Sea 0.1 PBq
Inflow from the Atlantic 1.5 PBq

Totalk: 12.0 PBq

Although the errors associated with the extrapolation are hard to quantify, these are probably in
a range of 20-30%.

Another approach can be made to estimate the inventory of '*Cs in the Mediterranean on the
basis of measurements of '*’Cs on depth profiles of water column and sediment cores. Again, the coverage
of these data for the entire Mediterranean is not sufficient for deducing a precise inventory. Nevertheless taking
the average values for these profiles and area of the Mediterranean, one can caliculate the water column and
sediment inventories as 11.4 PBq and 0.5 PBq respectively, which amount to the total inventory of 11.9 PBq
in 1985 (Holm et al., 1988a). Considering the errors associated with these estimates, an excellent numeral
agreement between the cumulative input for 25 years and the existing inventory is likely to be coincidental.
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However, the agreement in the order of magnitude indicates that the general approaches adopted are not
grossly wrong. The accuracy of these estimations will be substantially improved when more data will have
been made available for a better coverage of the entire Mediterranean region.

The total deposition of '¥’Cs and '*Cs from the Chernobyl fallout at Monaco was 1400 Bq m and
720 Bq m™® respectively in 1986 (Ballestra et al., 1987). Since the deposition was very uneven over the
Mediterranean region and was determined only at a few locations, it is difficult to extrapolate these data to the
entire Mediterranean. A rough estimate, however, indicates that the Mediterranean inventory of ¥Cs was
increased by 25-40% through the Chernoby! fallout.

The above example of the inventory estimates for '*’Cs demonstrates that the releases of radioactive
substances from nuclear installations in the Mediterranean region represent only a minor fraction of the total
input and inventory.

Dumping of radioactive substances is not foreseen for the Mediterranean Sea and the release of liquid
low-level radioactive wastes is severely restricted hence only very small amounts will reach the marine
environment from normal operations of nuclear reactors installed near the coast and those which release
radionuclides into rivers discharging into the Mediterranean.

In order to obtain further information on the behaviour and fate of radionuclides introduced into the
marine environment, the existing control and monitoring of radioactive releases should be continued and, if
necessary, strengthened in the future depending on the development of the nuclear industry in the
Mediterranean region.

2.2 TRANSPORT AND FLUXES ACROSS BOUNDARIES

Inputs from land-based sources classified according to "domestic”, “industrial", "agriculture” and
“carried by rivers" into the ten Mediterranean regions and into the entire Mediterranean have been estimated
very approximately by the MED POL X project (UNEP/ECE/UNIDO/FAO/UNESCO/WHO/IAEA, 1984).
Estimates were made for: Total discharged organic matter (BOD, COD), nutrients (phosphorus and nitrogen),
specific organics (detergents, phenols, mineral oil}, metals (Hg, Pb, Cr, Zn), suspended matter (TSS),
pesticides (organochlorines) and radioactivity (T, other nuclides). Estimates for the entire Mediterranean
showed that 60 to 65% of the total load comes from coastal sources. Of this percentage half originates in
industry and about a quarter each from domestic sewage and agriculture. Phosphorus and nitrogen are
derived 75 to 80% from riverine inputs. One third of the detergents stem from coastal sewer outfalls and
two-thirds are discharged from rivers. Hg is mainly discharged through rivers and only about 8% from coastal
sources. However, data on industrial discharges are limited. 50% of the Cr and two-thirds of the Zn is
introduced from rivers. Most of the metal loads in the coastal zone come from industry and lesser amounts
are contributed by domestic sewage. Considerable amounts of metals are transported naturally into the
Mediterranean. The loads of persistent pesticides derived from surface run-offs with one-third being DDT
compounds, HCH compounds and from other organochlorines. Cyclodienes account for only about 5%. These
regional inputs of pollutants have to be integrated with studies of local depositions, since the latter will be
mainly responsible for effects on marine ecosystems and on the amounts transported via seafood to the
human population.

2.2.1 Trace elements

Atmosphere transport was studied during the Etna and Phycemed cruises in the Western
Mediterranean (Arnold et al., 1983). From the anomalous enrichment of Ag, As, Au, Cd, Cr, Hg, Sb, Se, Pb
and Zn the authors concluded that anthropogenic aerosols mainly from the industrial areas ot Western Europe
are the main atmospheric deposition of trace elements. Only for Se the contribution from volcanic activity of
Mt. Etna appears predominant. The results obtained for Pb, Zn, Cr, and Hg indicate that the atmospheric flux
to the entire Western Mediterranean is of the same order of magnitude as the rate of riverine and coastal
inputs in the dissolved form. These regional atmospheric deposits of trace elements have to be integrated
with studies of local depositions, since the latter will be mainly responsible for effects-on marine ecosystems.
Some examples exist for particular areas of the Mediterranean. Palumbo & lannibelli (1985) compared
atmospheric deposition and “hydric" input from run-off and outfalls into the Bay of Naples. They estimated
that the following amounts are received by the bay:
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in metric tons month™

Fe Cu Zn
atmospheric deposition 23 1.2 1
"hydric" input 73.9 11.4 8.7
atmospheric in % of "hydric” 31 10.5 11.5

Another example is supplied by the discharges received by the lagoons of Venice (Bernardn et al,
1985) The Northern, Central and Southern lagoons received a total of 415 Mtons of Fe yr', 4 Mtons of Ni
yr', 5.5 Mtons of Pb. Hg estimates were not given since the situation prevalent during measurements was
considered too extreme for an estimation.

2.2.2 Halogenated hydrocarbons

Atmospheric transport into the sea was deduced from PCB determinations in air and wind direction
at Monaco. Winds from non-industrialized areas (north) had lower PCB concentrations than winds coming from
the western industrialized part of France (UNEP/FAO/WHO/IAEA, 1989). Other sources consist of agricultural
run-off, discharges with river water and direct releases from industries and sewage systems. In river waters
(Po, Rhéne) PCBs had concentrations around 0.1t0 0.3 ug PCBs I ' In 1976-77 MED POL X made some very
approximate estimates on the total load of chiorinated pesticides, i.e. excluding PCBs, from land-based
sources and these were 50 to 200 t yr', with higher levels in the MED POL areas !l to V than in the other
areas.

2.2.3 Petroleum hydrocarbons

The atmosphere receives petroleum hydrocarbons from volatilization of the petroleum hydrocarbons
present in the sea and from various land-based anthropogenic sources; it exports petroleum hydrocarbons
onto the sea surface through deposition. Ho et al. (1983) have estimated the annual input of hydrocarbons
(HC) into the Western Mediterranean:

in mg HC m2 yr*

wet dry
aromatic HCs 0.04-0.44 0.03-0.3
total HCs 0.8-6.7 0.5-9.4

An estimation of the flux of petroleum hydrocarbons in the sea was attempted with sedlmentatlon
traps nearshore of Monaco. Zooplankton faeces should under these conditions transport 8 to 9 ug cm?yr’.
At 100 meters depth, the flux should be 0.8 to 1 and at sediment level (250 m depth) about 0.9. This indicates
that only 10 % of the petroleum hydrocarbons transported downwards reach the sediments. Biodegradation
by microorganisms is responsible for this diminished flux and only the most refractory part of the HC will reach
the sediments. Residence time of HCs in surface waters was estimated to be about 0.6 years and the
residence time calculated from faeces and sediment trap materials suggested one year.

2.3 QUALITY ASSURANCE, DATA VALIDATION AND MANAGEMENT

The IAEA International Laboratory for Marine Radioactivity in Monaco prepares and distributes, in
the framework of the MED POL programme, biological and sediment samples for intercalibration exercises.
Based on these exercises certain data on heavy metals and halogenated hydrocarbons in marine organisms
were excluded from processing.

2.3.1 Trace element

In the absence of any intercalibration exercise or reference sample, all sea-water measurements



must be interpreted with caution. Different methods for the determination of trace elements in sea water and,
especially, different extraction methods used in sediment analysis make comparison of the data reported
difficult. In particular the very low levels of trace elements in sea water increase the hazard of sample
contamination. Trace element levels may be too low as well as too high and they are not representative of
coastal pollution since from many polluted areas no samples have been taken and analyzed. Levels in biota
must be more reliable since the laboratories participating in the MED POL programme have carried out
extensive intercalibrations with biological matrices supplied by the International Laboratory for Marine
Radioactivity in Monaco (e.g. Fukai et al,, 1978; Fukai et al., 1979; IAEA, 1978; IAEA, 1980; IAEA, 1985). The
results of these intercalibrations were used to exclude dubious data in the compilation of the concentrations
of Cu, Zn, Pb and Cd shown in Tables 6 to 13.

23.2 Halogenated hydrocarbons

Inthe framework of a world-wide intercalibration of an oyster sample (Ma-M-1/oc) the Mediterranean
laboratories achieved a standard deviation of about 30% from the "probable concentration” estimated by 7
experienced laboratories (Fukai et al., 1979). Considering in particular the difficulties involved in matching the
different pikes of PCBs with a commercial standard solution, this standard deviation can be considered
acceptable. Data in Table 24 do not include data from laboratories which produced bad intercalibration results.

23.3 Petroleum hydrocarbons

Intercalibration for DDPH (Dissolved/Dispersed Petroleum Hydrocarbons) was held in Barcelona and
resulted in a standard deviation of 33 % at a concentration of 1.65 g I'' of chrysene equivalent (two outliers
were excluded) which was considered satisfactory. However, the significance of fluorescence measurements
is questionable since the method responds also to biogenic compounds and therefore it is only useful for the
identification of “hot spots" (UNEP/IMO/IOC, 1987).

2.3.4 Microbiological methods

Six intercalibration exercises have been carried out comparing results obtained by the membrane
fitration method and the multiple-tube method (UNEP/WHO, 1986a). The experience obtained during these
intercalibrations showed that the dilution of the samples before analysis and the identification and counting
of colonies or positive tubes are the two factors mainly influencing the precision of the two microbiological
methods. Careful conducting of the test will result in microbial concentrations whose 95% confidence interval
is defined by 1.15 times above and below their mean values.

3. HUMAN ACTIVITIES AFFECTING THE SEA
3.1  DISPOSAL OF URBAN AND INDUSTRIAL WASTE WATERS

The Mediterranean Sea serves, at a steadily growing pace, as the recipient of a multitude of waste
discharges from residential areas, tourist complexes and industrial activities. In fact, records show a substantial
increase in recent years, both in volume and composition of liquid wastes discharged into the Mediterranean
Sea. Especially, there is enough evidence that municipal wastewater has changed during the last several
decades in composition, not only through the increased amount of household chemicals, but also through the
discharge of varying amounts of industrial waste into public sewers. Direct discharges of domestic and
industrial wastes in the coastal zone is not the only concern. Agricultural run-off and rivers flowing into the
Mediterranean Sea are also responsible for substantial waste loads of organic and inorganic origin.

In the past, the most common system of waste water disposal into the Mediterranean coastal zone
has been by marine outfalls without any prior treatment. This system of disposal is based on the processes
of initial dilution and waste water dispersion with simultaneous biochemical self-purification in the sea water.
This approach has been subject to criticism, because of the potential danger of local ecosystem disturbances
and of the bioaccumulation of toxic substances in sea organisms. Consequently, there is an increased trend
among Mediterranean countries to install waste water treatment plants along the coastal zone. There are no
recent data to indicate the coastal population currently served by treatment plants. Table 28 reflects the



situation on the basis of a questionnaire survey conducted in 1978 (UNEP, 1987b). The table indicates that
only 50% of the 78 Mediterranean municipalities responding to the questionnaire possessed a treatment facility
prior to 1978. Table 29 (UNEP, 1987b) shows development in the period from 1975 to 1980 of access of urban
and rural population to sanitary services (sewer connections, septic tanks and adequate sanitation). Table 30
shows a recent evaluation of a similar nature for the Turkish Mediterranean area (Kavasogullari et al., 1987).
The survey identifies 22 population centres of 10,000 inhabitants or more along the coastal zone and 11 towns
situated on 6 rivers discharging into the Mediterranean totalling 5,295,000 inhabitants. This figure is very likely
to increase at least threefold due to touristic activities during half the year. Accordingly, a waste water
discharge of 4.8 X 10° m® yr' is computed from domestic sources only, contributing a BOD load of 1.5 X
10°t yr'. As shown on the Table, around half the population is served by a sewerage system and a much
smaller fraction by a marine outfall or a treatment facility. Recently, the establishment of sewage treatment
plants in all cities around the Mediterranean with more than 100,000 inhabitants and appropriate outfalls and/or
treatment plants in all towns with more than 10,000 inhabitants has been adopted as a matter of priority by
all Mediterranean countries (UNEP, 1985a). Consequently, new installations of waste water disposal are
expected to involve biological treatment. It should be pointed out however that the problem of waste water
disposal is not seen along the same lines in all Mediterranean countries. Especially in countries with a dry
climate, land treatment prevails since waste water discharge is considered primarily within the framework of
the total water balance of individual regions.

As regards the magnitude of poliution from land-based sources, all data available so far refer to a
survey made in 1977 (UNEP/ECE/UNIDO/FAQ/UNESCO/WHO/IAEA, 1984) (Table 31). In this survey, an
approximate Mediterranean assessment of the pollution load is made by categorizing major contributing
sources, namely, domestic wastes, industrial waste water, agricultural run-off and river discharges. The total
input budget is computed for volume, organic matter, nutrients, specific organics, metals, suspended matter,
pesticides and radioactivity. The evaluation is effected through indirect estimates, on the basis of country
surveys, statistical information and other data sources. The geographical distribution of pollution loads is also
taken into consideration on the basis of 10 regional entities into which the Mediterranean Sea is subdivided
according to UNEP’s monitoring and research programme.

For domestic sewage, population centres of 10,000 inhabitants or more are selected for study under
the assumption that smaller settlements are usually not sewered and would contribute only marginal amounts.
Per capita rates of 82-550 | caput™' day'* for wastewater flow and 27-70 gr caput'' day "' for BOD load are used
for polluting load assessment. Similar computations are made for other pertinent parameters. The computed
domestic load is then reduced to account for:

B the fact that only about 50 percent of the population is connected to a sewerage system and
non-sewered populations would not contribute to direct discharges to the sea;

B the fraction of the sewered population not discharging directly into the sea but elsewhere;
B waste reduction due to existing sewage treatment facilities.

As far as water volumes are concerned, contribution from coastal sources is minimal in comparison
to river discharges: a total of 420 x 10° m® yr" is discharged from rivers and 2 x 10° m® yr' and 6 x 10° m’
yr'' from domestic and industrial polluters respectively. Tourist activities in the region are evaluated as yielding
around 350 x 10° m® yr' of waste water which is roughly one sixth of the total domestic sewage discharge
(UNEP, 1987). For the load of organic matter expressed in terms of biochemical and chemical oxygen
demand, the opposite was observed: about 60 to 65 percent of the total load is generated from coastal
sources while the rest was due to river discharges. Of the 1500 x 10° t yr" of biochemical oxygen demand in
the coastal area, 900 x 10° t yr' is associated with industrial sources, only 500 x 10° t yr' is found to be of
domestic origin and the rest is attributed to agricultural run-off. The latter and the river discharges are the
major sources for phosphorus and nitrogen loads totalling 1400 t yr'. The detergent load of 60 x 10° t yr'is
largely due to household uses. Approximately 1/3 of this total input derives from coastal zones and 2/3 from
inland zones via rivers. Industrial sources are primarily responsible for heavy metal discharges, significant for
their toxicity and bioaccumulation. Data evaluated for mercury, lead, chromium and zinc show that inputs are
largely due to river discharges. In addition, considerable amounts of metals are transported naturally into the
Mediterranean Sea, as background contributions.

21



Another issue of concemn is the discharge of pesticides. The survey computes the total load of
persistent organochlorine compounds carried out by surface run-off directly or through rivers into the
Mediterranean Sea as 90 t yr". In a similar FAO study carried out in 1977, a total load of 148 t yr'' is given
for the same group of pollutants. In this study, the discharges of the most significant groups of pesticides are
evaluated as shown on Table 32 (UNEP, 1987).

Pollution by petroleum hydrocarbons is of special importance for the area. Major sources of oil
pollution in the Mediterranean may be listed as follows (UNEP/IMO/IOC, 1987):

natural seeps and erosion of sedimentary rocks;

spills and operational (produced water) discharges from offshore petroleum production facilities;
refinery and oil storage wastes;

marine transportation, including:

o=

(a) operational discharges from tankers (ballast, slop tanks and tank washing water);

(b) terminal and bunkering operations (e.g. spillages, pipeline or storage tank ruptures);

(c) dry-docking;

(d) bilges and fuel oil from ships (machine space bilges, fuel oil sludges, oily ballast from fuel
tanks); and

(e) accidental spills from tankers and other ships.

pleasure watercraft;

ocean dumping;

precipitation from the atmosphere;
municipal waste waters;

. industrial waste waters (non-refinery);
0. urban runoff;

1. river-borne pollution.

~2ooNOO

As this list shows, input of petroleum hydrocarbons in the Mediterranean, ranges from diffuse chronic
inputs (terrestrial runotf and natural seeps) to large point source releases (e.g. tanker spills).

In the light of load assessment results summarized above and data related to pollution monitoring in
the receiving waters, it may be concluded that the main water body of the Mediterranean Sea is relatively
clean and poliution is of concern locally in highly populated coastal areas. This statement is illustrated by a
recent survey on the Gulf of Trieste (Olivotti, et al., 1986). The Gulf receives the sewage of nearly 400,000
people. Evaluations of possible impairment of beneficial uses such as bathing and shelffish cultivation have
shown that only less than 20% of the Gulf shoreline and less than 5% of the Gulf surface is polluted on the
basis of criteria contained in EEC directives and WHO/UNEP recommendations, although in certain zones
floatables and oil pollution pose serious problems. In the Mediterranean, the region where the heaviest
pollution loads are discharged is the north-western basin, bordered by 3 industrialized countries and also
receiving major river discharges. In addition to the considerable amounts of organic matter and suspended
solids, industrial waste discharges are also responsible for the release of significant loads of other types of
pollutants, such as heavy metals, phenols, mineral oils and hydrocarbons. From among the consequences of
industrial activities, the greatest concern is for mineral oil and heavy metal pollution.

Although the Mediterranean Sea is on the whole a clean water body, effective action needs to be
decided upon and undertaken in order to fight serious local pollution problems. Direct monitoring of marine
waters is now carried out to identify possible sources of pollution with a view to taking appropriate measures.
This approach should be coupled with comprehensive quantitative waste surveys on significant polluting
sources, in order to obtain more reliable data and come up with more effective measures to control pollution
at source.

3.2 DEVELOPMENT OF COASTAL AREAS AND OTHER LAND USE PRACTICES

The Mediterranean region can in general be regarded as one of the more developed regional seas
in spite of fairly pronounced differences between the northern and the southern parts.
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The perspective of Mediterranean development has been studied in the frame of the Blue Plan, one
of the components of the Mediterranean Action Plan. Development scenaria of the Mediterranean for the year
2025 were prepared. Such scenaria concerning environment and development and their mutual relations have
been prepared according to consistent sets of hypotheses on population, economic growth, environmental
policies and cooperation among the various coastal states. The findings of these scenaria highlight a number
of salient points, both warnings and challenges for the future of the region. Most of the information contained
in this section was collected and published by Blue Plan Regional Activity Centre (UNEP, 1987; UNEP, 1987a;
UNEP, 1987b; UNEP, 1988b).

Eighteen countries lie on the shores of the Mediterranean, and their littoral regions are under the
immediate influence of the Mediterranean Sea and also directly influence the sea environment. This region,
together with the coastal sea belt represent the Mediterranean coastal area or region (Fig. 6) (UNEP, 1987b).
Some of the countries lie almost entirely within this Mediterranean region (ltaly, Albania, Greece, Lebanon,
Cyprus, Malta) while others also lie on the shores of other seas (Spain, France, Turkey, Israel, EQypt and
Morocco). Some of the countries are, via their interior, linked with confluences of rivers tlowing into other seas
(Yugoslavia, Syria). Libya, Tunisia and Algeria have interiors drawn deeply to distant desert regions, but these
countries are, in general, linked with the coast of the Mediterranean Sea.
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Fig. 6: The Mediterranean regions (UNEP, 1987b)

In the global regional breakdown and statistics, the region of the Mediterranean countries is located
in several regions linked primarily with the continent within which they are located. This, to a major extent,
makes the gathering of statistical data for the Mediterranean region difficult. A similar or even greater difficulty
lies in the demarcation between coastal areas and the interior, so that the collection of data on development
and the environment of the coastal area of the Mediterranean is, for the most part, an exercise which only
began in recent years.



The length of the Mediterranean coastline is about 46,000 km of which about 19,000 km is the
coastline of Mediterranean islands. The contact between the land and the sea is very intensive. The ratio
of the straight coastline with respect to the real coastline is very high (Greece and Yugoslavia) and frequently
exceeds 1:5. In some countries the length of the coastline of islands with respect to the coastline of the
continent exceeds 50% (Greece, ltaly, Yugoslavia). The shores of the countries in the south and east of the
Mediterranean are far less developed than in the countries on the northern coast of the Mediterranean (Fig. 7
and Table 33) (UNEP, 1987b).

The total number of inhabitants of all 18 states surrounding the Mediterranean Sea amounted to 351
million in 1985, and 132 million of this number live directly in the coastal area (Table 34) (UNEP, 1987a).

As much as 37.2% of the total number of inhabitants of the Mediterranean countries live in the
Mediterranean coastal regions and these coastal regions cover an area of 1,491,977 kn¥?, or 17.5% of the total
area (88,528,914 km?) of all Mediterranean countries (Table 35) (UNEP, 1987a).

The tendency of growth in the number of inhabitants on the shores of the Mediterranean is very
pronounced in eastern and southern Mediterranean countries. According to one average projection, the
population in the Mediterranean can be expected to grow from 323 million in 1980 to 433 million in the year
2000 and 547 million inhabitants in 2025 (Fig. 8) (UNEP, 1987a). This phenomenon will lead to a shift in the
centre of concentration of the Mediterranean population from the northwest (Spain, France, italy) to the eastern
and southern parts of the Mediterranean (Egypt, Turkey, Algeria).

The characteristic feature of the age-group structure of the population is a very high share of the
younger age groups in the south and the east of the Mediterranean (37-49% in the south and the east and
21-26% in the north), and this fact indicates the difficulties arising in the securing of education and the creation
of new jobs for this population.

Life expectancy at birth in 1985 was close to or over 70 years in the countries in the northern part
of the Mediterranean, and close to or somewhat below 60 years in the countries of the east and the south.
Among the countries in the eastern part of the Mediterranean, Israel has all the features of the countries from
the northwest (Table 36) (UNEP, 1987a).

The population density of the coastal regions is, as a rule, greater than in the interior and amounts
to between 250 inhabitants per km? to as much as 1,000 inhabitants per km? in the Nile delta.

In the post-war period the development of the Mediterranean region has been extremely pronounced
and it was accompanied by an intensified industrialization and the development of tourism. This has intensified
the otherwise pronounced trends of the strengthening of urban agglomerations lying in the coastal areas or
in the immediate hinterland. This resulted in the creation of great urban agglomerations on the coast, the
immediate interior or in the region of the flows of the major Mediterranean rivers, as for example Alexandria,
Algiers, Athens, Barcelona, Beirut, Genoa, ismir, Marseille, Naples, Rome and Tunis.

Out of the total population of the Mediterranean coastal regions in 1980 the majority was made up
by the urban population, with an average share of 57% and a growth tendency with the existing trend up to
almost 76% in 2025 (UNEP, 1987).

Increased urbanization will to a significant extent be reflected in an increase of household and
industrial poilution. In the countries of the southern Mediterranean almost the entire increase of the urban
population will take place in the cities in the coastal regions (Table 37) (UNEP, 1987a).

The wide variation in natural political and economic systems (both past and present) within the region,
as well as the variation in disposable resources have resulted in great differences in the level of development
of Mediterranean countries. The context of highly developed industrial countries in the northwest (France,
italy, Spain), countries on the way to completing their industrialization (Greece, Yugoslavia, Turkey), as well
as developing countries in the east and south regions of the Mediterranean (Israel, as an industrial country,
represents an exception in the east) represents in the global regional economic pattern an illustration of the
North-South relationship. Despite the great links with Europe and the pronounced expansion of the European
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Economic Community, the infuences of other strong economic centres have a significant impact on the further
course of the development of Mediterranean countries.

The state of development of the Mediterranean countries is illustrated in Table 38 with the level of
Gross National Product per capita (GNPC) (UNEP, 1987a). From the GNPC figures it is clear that in 1984
the gross national product per capita varied between US $ 670 (Morocco) and US $ 9,760 (France).

A GNPC greater than 4,000 dollars has been recorded in France, ltaly, Israel and Spain while the
other countries (except Libya) have recorded values between US $ 1,200 and 2,500. As a result of a major
production of oil, Libya's GNPC of US $ 8,520 represents an exception; however, in spite of this fact, other
indicators clearly show that it belongs to the group with all the characteristics of developing countries. Table
39 (UNEP, 1987a) represents the structure of employment in individual Mediterranean countries.

In the majority of Mediterranean countries the coastal regions (including the regions of the
confluences of rivers flowing into the Mediterranean Sea) represent the focal points of development and
construction. This is particularly pronounced in the southern countries, where all the efforts aimed at the
development of the interior have come across great difficulties (the exception here being Morocco).

in European countries of the Mediterranean which stretch far into the interior of the continent, to the
shores of other seas or to the confluences of rivers flowing into other seas (Spain, France, Yugoslavia, Turkey,
Morocco), the centres of development lie outside the coastal belt of the Mediterranean. Nevertheless, even
in these countries we find that the process of the littoralization of the coastal regions is becoming all the more
pronounced.

The development and construction in the coastal region manifest themselves mainly in the vicinity of
cities and ports, so that the coast which has not been developed as ports or towns has been utilized for
tourism.

The Mediterranean region is a relatively poor source of raw material. Several countries can be
classified among the medium output petroleum producing countries (Libya, Algeria, Egypt), (Table 40) (UNEP,
1987a) and Morocco is the world’s third largest producer of phosphates, Albania the third largest producer of
chrome, while Spain is the world’s second largest producer of mercury. The natural gas reserves in Algiers
rank fourth in the world.

The exploration for petroleum and natural gas in the sea-bed of the Mediterranean have so far given
optimistic results with regard to the reserves of natural gas, and less so with regard to petroleum reserves.
The layers of coal in the coastal area of the Mediterranean are insignificant.

Out of the total world reserves of petroleum, amounting to 94,853 megatons, 4,887 megatons lie in
Mediterranean countries (Libya 2,959; Algeria 644; Egypt 531; Tunisia 232; Syria 223; ltaly 114 megatons),
(Table 41) (UNEP, 1987a), and out of the total world reserves of natural gas amounting to 96,553 billion cubic
metres 4,571 billion cubic metres lie in Mediterranean countries (Libya 728; Algeria 3,000; Egypt 235; Tunisia
85; Syria 124; Italy 210). The transport of petroleum and natural gas has necessitated the construction of
numerous pipelines. As a result of relatively significant but nevertheless limited reserves it is estimated that
the energy requirements in the period after the year 2000 will to a large extent need to be met by thermal
power stations fired by coal or powered by nuclear reactors.

The Mediterranean region is the greatest tourist destination region in the world. The total number
of international (107 million, Table 42, UNEP, 1987a) and domestic tourists in the Mediterranean countries as
a whole in 1984 amounted to some 213 million realizing a total of 4,209 million overnight stays. Receipts and
expenditure due to such flow of tourists is shown in Tables 43 and 44 (UNEP, 1987a).

Inthe coastal region in 1984 the number of domestic and international tourists amounted to 97 miillion
persons (52 million international and 45 million domestic) realizing 1,400 million overnights and according to
the various scenarios, these figures will increase to between 121.4 and 184.3 million tourists by the year 2000
with a corresponding number of overnights of between 1,712 and 2,731 million. The estimates for the year
2025 range from a low of 173 million tourists and a high of 341 million, with the number of overnights ranging
between 2,081 and 4,838 million (UNEP, 1987).



Tourism is the greatest user or "consumer” of the Mediterranean coast despite the fact that there
exists a tendency of powerful concentrations even in tourist development.

These tourists are accommodated in 5,082,000 hotel beds and 28,223,000 beds in other forms of
accommodation facilities. All these accommodation facilities take up 2,187,890,000 m? of space on the coast.
Water consumption in 1984 amounted to 569 million me,

According to all estimates and elaborated scenarios, it is expected that the number of tourists in the
Mediterranean countries could amount to between 268 million and 409 million in the year 2000. In the year
2025 the number of tourists could amount to between 379 and 758 million (UNEP, 1987).

Such an increase in the number of tourists is necessarily accompanied by the taking up of
undeveloped coastal areas, an increase in water consumption and increases in the amount of solid and liquid
wastes. Pressure for tourist development in many countries has been focused on sandy beaches. As aresult,
sandy beach and adjacent sand-dune habitats have been greatly disturbed and animals and plants dependent
on them have been endangered, e.g. turtles.

Existing tourist facilities have been constructed for operations in the peak season covering two
summer months (July and August) and can, in the future, receive the entire increase in the number of tourists
with the provision that these tourists be evenly distributed all year round.

The differences in the level of development of the closer and more distant hinterland have influenced
the development of transport in the Mediterranean region. The main flow of traffic in these forms has been
concentrated in the northwest region of the Mediterranean (Spain, France, Italy), followed by the northeast
region (Yugoslavia, Greece, Turkey).

Out of the total 2,155 trading ports in the world, 183 lie in the Mediterranean. However, only 18 of
these ports account for some 90% of the total maritime transport of goods on the Mediterranean (Table 45)
(UNEP, 1987a). Some 22% of the total world petroleum traffic transits through the Mediterranean
(UNEP/IMO/IOC, 1987).

The road and railway transport and infrastructure is developed on the European coast of the
Mediterranean, and less so on the eastern and southern shores of the Mediterranean Sea. The modernization
of road transport in the east-west direction has taken place in the northwest region of the Mediterranean, but
remains undeveloped in the northeastern, eastern and southern regions. There is a deficiency in the
communications between the coastal regions of the Mediterranean by means of modern road links with the
more distant interior, particularly in the eastern European region, which is the starting point for the linking of
the European part of the Mediterranean with the regions in Asia Minor and Africa. In this region plans are
being made and construction is being undertaken with respect to the building of modem road links between
the Baltic and the Middle East and Africa. Considerations concerning the great projects of the linking of river
communications (the Danube) with the Mediterranean are also taking place, as well as those concerning the
linking of Europe with Africa either by means of a tunnel or a bridge.

Railway and road communications built in the past have frequently been constructed in the immediate
vicinity of the coast and they frequently cut across high quality beaches. Air traffic is fairly developed but
mainly in the north-south direction. The coastal links in the east-west direction are, as a rule, very poor, so
that an airplane journey of only several hundred or even several tens of kilometres can be very complicated
(e.g. as between Sicily and Tunisia).

Private car traffic is greatly on the increase and the number of cars is rapidly growing in almost all
countries (Tables 46 and 47) (UNEP, 1987b).

In the coastal region of the Mediterranean there is a relative scarcity of agricultural land, but the
existing agricultural land is of a very high quality (Table 48) (UNEP, 1987b).

In the Mediterranean region majority of the countries have a food production deficit and are thus
forced to import a significant amount of food, mainly from non-Mediterranean countries. The natural conditions
in many Mediterranean countries are such that they need to take into account the existence of a permanent



deficit in their foodstuffs balance. The number of the total and active agricultural population is constantly
declining (Table 49) (UNEP, 1987a). The deficit of the basic foodstuff, wheat, has frequently led to such a
state in the countries in the south where some high-grade areas are being used for the cultivation of wheat
instead of specific Mediterranean crops.

There is an increasing use of fertilizers and insecticides and pesticides which pollute the land and
the water and drain from the coastal areas into the Mediterranean Sea (Table 50) (UNEP, 1987a).

The water resources are relatively powerful in the northern part of the Mediterranean and weak in the
eastern and southern regions (with the exception of Egypt). The basic water problem manifests itself, in
principle, in two ways: towards a search for new resources (tectonic water in the south) and towards a rational
utilization of existing resources (a proper distribution among various users: the prevention of the loss of and
the pollution of water: multifaceted utilization and recycling of water: the introduction of new, economically
justified sources - from seawater, use of solar energy) (Tables 51-53) (UNEP, 1987b).

The forests in the coastal region have in the majority of cases a limited economic significance, but
are very important for the preservation of soil; they also play a significant role with respect to the landscape
and recreation.

In the forests of the Mediterranean region forest fires are frequent. Their causes include changes
in the culture of the soil, a stronger concentration of the population (including tourists) in the narrow coastal
belt, the depopulation of the immediate coastal region, summer drought, carelessness, and in recent times
speculative and criminal motives (Tables 54 and 55) (UNEP, 1987b). :

The realized development of construction and urbanization of the Mediterranean has not been
accompanied by corresponding measures for the protection of the environment from pollution, from inadequate
development of land on the coast, the protection of the coast from erosion (Table 56) (UNEP, 1987b) as well
as from the effects of development in the interior.

According to some estimates, some 1-2% of the agricultural land is lost annually as a result of the
development of towns, ports and industries. Statistics on land use practices in the Mediterranean countries
are given in Table 57 (UNEP, 1987b). Changes in land use patterns in two areas in the Mediterranean are
given in Figs. 9 and 10 (UNEP, 1987b).

Some 85% of the waste water from the larger cities is drained untreated into the sea. This figure
does not take into account the polluters from the Ebro, Rhéne, Po and other rivers, whose share amounts to
some 40% of all polluters. A significant share of modern equipment for the purification of waste water does
not function properly. The solid wastes from cities and industry are not dumped or treated properly and thus
cause the pollution of underground waters and aquifers.

The growth of cities and the development of industry, particularly tourist development, has taken up
an enormous percentage of the coast. Transport corridors on the coast either invade the coast or prevent
access to it. The taking up of the coastline in some regions amounts to as much as 90% (the French Riviera,
the regions around Alexandria, Athens, Barcelona, Istanbul, Marseille, Naples).

Tourist development in the Spanish continental and insular coast amounts to 42% of the coast. The
taking up of the coast suitable for the development of tourism and cities in Yugoslavia amounts to some 20%.
The Catalonian coast, with a total length of 580 kilometres, has suffered from tourist development of 337
kilometres and urban, port and industrial development along a further 50 kilometres.

in recent decades a growing amount of attention has been paid to the protection of individual land
and sea areas with the aim of preserving the natural and cultural heritage, as well as the balance in natural
systems. Protected areas in the Mediterranean region are presented in Fig. 11 (UNEP, 1987b) and Table 58
(UNEP, 1987b). Information on national parks in the Mediterranean countries is given in Fig. 12 and Table
59 (UNEP, 1987b). Information on wetlands of international importance, MAB biosphere reserves and
UNESCO world heritage sites is given in Fig. 13 (UNEP, 1987b).

The existing trends of development could lead to a situation whereby the Mediterranean countries

29



(92861 J3INN) (saimaid dyjja1es 1YSANYT JO UOSIEdWOD WOI)) 086L-GL6L ‘ISBOI 8y} WOl Wy G-0 JO
yidap e 19A0 asn pue| diis [BISEOI INZy.p 8100 Sad|Y-99UdAOld pue uojjissnoy-oopanbue] ayp uo suoeslipow :6 bi4

(861 ‘@oukl4 JUBLILONAUT BU} j0 ANSIUIWN 8Ul WOoly) ueld anig :80In0S

0861 Ul B3lY =By OV.L |V

(x 0)
Y 080°2
Y 080'L
paTIUNqJn
Atyamay
€9118 XJon
pue sIjLIENY (L BN 9 R
[ svaav veamnors®y Y7777, oy 0914 (T 'L »)
ﬁ\‘ cesse [WJNIOY Y4 L60°6C
LA 314 M1
SpuUBTIaN |——— oy 01 pazjusqun £1B10
y <
Czzmmzd 1
w W 721
%
[ seaae yuanyiooyady L7777 ey S_E
0 swedw (wunyey V777704 oq.unnmw (1 €€ &)
spusTIapn | q ﬂo_mnva v oore et
o e TR, el
uequq
w5} W 5 =4

1€U3J8 pITJUP]IN JO UOFIN{0A]

G/6} Ul B3)Y =By 022V . Aoy
N\\N\\\\\\\N\\\\\\\\\\\N\N\\\N\N\N\\\\\\\\\\\\\\\\\\\\N\\k\\\h\ﬁ
. (et =)
- v . -
(x t'o -) {(Tyol v (x t'o -) v ooritls
vy 002°'€L L1 IV vy 050°9C " orLLy
LU 1Y 44 %4 Yy ¢S T 08Y°'S "y € vy 07797 ceous 4019A
€183404 1jos ieq spuURYIoN
pus B8IJTJ JUIIY \H
,@ LRI "y S 00y
"4 ¢S .
CAED) q 6t
wor9s il (X 9'7 +)
. .
4 ocved 7| s
sealu [94NI8U JIYIO Y 9§ *q 069°¢$
pusl pazjuequqn
O )
r70208 21 2 "y 62099 7 v ot
" 081 "y 0£$' 99
pus{ ye4nytnofaPy

LAY

wag




(a2861 ‘d3INN) (seimdyd syjjianies 1YSANY'T JO UOS|IBAWOD B WOJ)) £86L-2L6)

JSBOD 8y} Wolj wy S-0 4O yidep e JoA0 esn pue| diiis [BISROD UBIISI0D 8y} UO SUONBIIIPOW :0L "Bid

saVues pue pustyisay ‘pue(qruyg

(G861 ‘@ouelq ‘JuswuOIAUT By} JO ANSIUIN 8Y) WOl ueld 8njg :82inog

£861 Ul Baly = BY 0S.'9

2.6l Ul ALY = BY G28'9 Koy
7,
Y 00
/]
L ]
"y o5t _ (1 1's -) (X 5756 )
ey 0§z o¢t oy QQN.Qu -
. . "y STy Cl
TR) N 00y 6L oy cicL
sa%uea pue pue MHMH “Lc“u?.v
. /
u“ MMM purtyIsay ‘puriqniyg L LED IS CET LY [TRRTITLY,
pazjuRqQIn
Argasan \ i ﬁ
7 TRHIE) *4 o5y
/ * 010°¢ T
K . (xe¢g'e -)
. Y 09L°¢
%Y ¢ :.c e +) \\\ (pus] uwqun) *y o0z 12
E‘ " 0g— u“ MMM.M 2 s20ejune epve-usy [ oy o¢ 4 00L°12
Leroae teaminotudv — ey og—Npazjuequn £1ausin \\\\ " L 1 189403
% A’
coJuss pue puryIeay ._.c._p?zn_ 4089 (9% ) \\ (x 6701 ) (x ' =)
I 9'¢ e ’
124 % Y 060°LC Y 0$¢L°9
E " o f ”c oon.é "y 001 *q 06L°CC TRY] 0y S28°9
FM\os. [eanytrotafy vy g2 ac-hruﬁwworo pusny SUIAE JIen
147 & ueq.() [s4ny[noJaPy J0 epuuiag
1683JT pazfueqan JO UOJIN[OA] r

Yy 0S4

a4



(q2861 ‘dINN) 9961 ‘1SBOD UBBUEBLIBYPIW By} UO S8R pojdo)oid 11 “bi4

L861 NV1d 3Ind

aNVTIL3IM

ANTHVH

TVLSVOD

TVLSVOD
ANV INIHVHW

$3uviI3H
0000S 0008 00§ oS

VAR

Quo0E 000€ 0O0S o¢

O (o] o o

000UsS 000 o©O0s oS

DD o 0

laYal



; Blue Plan (from national repcrta on the enviromnment

State of the Environment

ourc

33

Flg. 12: National parks (1980-1985) (UNEP, 1987D)



(q2861 ‘d3INN) (9961) sals ebeysay
PLOM OOS3INN pue SoAlosol GVYIN .mo:&toss jeuopeulsaul jo spuepom £l .91

(od6aup pue NINI wOJJ) ueld en{g : I3Jnog

83}1yS #Fejjuaay praop ooseun W
§9a035834 suaydsolg gvH O

Pouelsodul [RUOTIBULIIUT JO SPUB[IIN o

34



will, between the years 2000 and 2025, have a total of 545 million inhabitants in comparison with the present
total of 335 million, a consumption of 1000 million tons of petroleum equivalents in comparison with the
present consumption of 500 million tons, the use of 150 miillion cars in contrast to the present number of 50
million, to an overall urbanization of the coast of 95%, as well as to an increase in the number of tourists from
the present 100 million to between 200 and 250 million tourists on the Mediterranean (UNEP, 1987).

Such an increase in the population, the shift in the centre of population (the number of inhabitants)
from the northwest (Spain, France, Italy) to the south and east (Turkey, Egypt, Algeria, Morocco) will lead to
increased energy needs, particularly electric energy, so that it will probably become necessary to build some
150-200 thermal energy stations, primarily fired by coal and to a lesser extent by nuclear reactors. In view
of the need for vast quantities of water for the cooling of these thermal power stations, these will, particularly
in the south, need to be built in the coastal region. The need for the creation of new jobs will require heavy
industrialization which, in the southern regions of the Mediterranean, will be concentrated in the coastal areas.

3.3 MANIPULATION OF HYDROLOGICAL CYCLES

Estimates of the total riverine input of water vary between 16,000 m®s™ and 14,000 m’s™. The
largest part between 10,500 m® s™' and 9,000 m® s™', flows into the eastern basin, (Table 1) (IHP/MED/3, 1978).

This table also shows the water balance, clearly demonstrating the importance of evaporation in the
Mediterranean Basin and drainage area. There is also a great difference between northern and southern river
inputs, with most of the flow entering in the northern parts.

Time variability of the inflow is related to evaporation, climatic variability and human interferences to
flow. Two types of human interference have influenced the amount of water reaching the coast, namely
irrigation and increased evaporation through dam construction. This is demonstrated in the case of the Nile.

The natural flow of the Nile was approximately 2,800 m® s at Cairo. After construction of several
dams and, in particular the Aswan dam, the flow of the river at Cairo was reduced to about 1,500 m®* s™. In
fact, much of that water does not reach the Mediterranean, due to the intense irrigation. One of the two
branches of the Nile is closed. It is very difficult to determine precisely the delivery of Nile water to the
Mediterranean; this is also the case of many other rivers, because of the very considerable use of the water
for irrigation purposes.

There is a general tendency in Mediterranean countries to reduce the flow of rivers into the
Mediterranean Sea, through dam construction and diverting of river branches. This has also been done in
Spain (Tage-Segura), in ltaly (Sinni), in Israel (Yarkon-Neguev) and through irrigation which is very
considerable in Israel.

There is a large imbalance between run-off from the northern shore, draining 92 per cent of the water
that flows into the Mediterranean Sea, and the southern shore, draining only the remaining 8 per cent. This
difference arises mainly from differences in yearly precipitation since the size of the areas drained is quite
similar. The area of the Mediterranean that receives the largest input through river runoff is the Adriatic Sea,
followed by the Northwest Mediterranean, receiving between them nearly 70 per cent of all the river
discharges. These two areas are followed by the Aegean, the Tyrrhenian and the lonian Seas (20%). The
North African coast, including runoff from the Nile, receives less than 10%.

Main Mediterranean rivers with their watershed are shown in Fig. 14 and Table 60 (UNEP, 1987h).
A list of rivers draining into the Mediterranean with the respective flow and drainage areas is given in Table
61 (UNEP/ECE/UNIDO/FAO/UNESCO/WHO/IAEA, 1984).

The influence of large changes of the river flow and input to the coastal zone is noted both on the
coastal zone dynamics and on the ecological system, and especially the bio-production. The dynamics are
influenced by the density changes which in turn give rise to changes in the system of currents and the mixing
conditions. This can also have a great influence on the biological system. The changes in biological production
are due to changes in the input of nutrients and suspended matter. The suspended matter carries considerable
amounts of substances influencing production and its conditions (Table 62) (UNEP, 1987b).
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Again, the most drastic effects have been observed in the Nile. The oceanographic properties of the
South-eastern Mediterranean and the productivity of living resources in the Nile Delta and associated areas
have changed considerably (see section 4.3).

3.4 DISPOSAL OF CONTAMINATED SEDIMENTS, MINE TAILINGS AND SOLID
INDUSTRIAL WASTES

Among the many types of waste generated by industrial activities, solid waste and sludge have a
particularly important place. The amount of solid waste increases greatly as industrial production expands and
diversifies. Furthermore, there exists sufficient evidence to show that some of the industrial waste is toxic to
humans. Finally, legislation providing directives for a cleaner environment by more stringent effluent limitations
has made treatment and disposal of industrial waste more important, difficult and costly. Indirectly, higher
levels of liquid waste treatment produce an increased mass and volume of contaminated sludge to be
managed, so that solid waste disposal systems must not only handle more material, but must be operated
much more efficiently.

Solid waste and contaminated sludge of industrial origin are difficult to define and subdivide more
specifically. Specific properties of the waste involved, the sources, treatment and disposal options as well as
hazard can all be given priority while attempting such an inventory. In a general sense, a global classification
may be offered as shown in Table 63. Sludge from wastewater treatment facilities of industrial installations is
conventionally grouped into biological sludge and physical chemical sludge. Biological sludge is to some extent
similar to its counterpart generated by domestic plants. However, biological treatment units must be protected
by necessary physical/chemical pretreatment units from industrial wastewater that contains toxic elements
adversely affecting biological degradation. This aspect makes the quantity and quality of physical/chemical
sludge from industries considerably different from those of primary sludge from domestic plants. In this context,
several industry-specific sludges may be cited. '

Considering the necessary link between solid waste disposal and the envisaged common measures
for regulating industrial wastewater discharge, there is a need to re-classify industrial waste and contaminated
sludge into hazardous and non-hazardous waste in the Mediterranean region. This need stems from the fact
that a significant portion of waste generated through industrial activities presents:

B short-term acute hazards, such as acute toxicity, corosivity or risk of fire or explosion; or
B long-term environmental hazards, including chronic toxicity, carcinogenicity, resistance to
biodegradation, and potential to pollute the environment by irreversible and cumulative processes.

The concept of hazardous waste is not entirely recognized and implemented in the Mediterranean
region. In some areas, most hazardous residues such as solvents, organic chemicals, acids, alkalies, spent
catalysts and inflammable solids are currently discharged directly to the sewerage network or disposed of
through open dumping. In most countries however, there is substantial effort to fully incorporate this concept
in the existing waste management policy. For example, a recent survey in Turkey (Watters, 1982) identified
significant hazardous waste generation in the Istanbul Metropolitan Area, requiring special coliection and
disposal technology (Table 64). ‘

One of the most illustrative attempts to classify and quantify industrial waste and contaminated sludge
in the Mediterranean region is a study conducted for the Alexandria Metropolitan Area in Egypt (Hamza &
Gallup, 1983). The industrial waste classification scheme consisted of 4 major classes, divided into 28
subcategories as shown in Table 65. The data presented on the table show that inorganic and food residues
represent 10.8 percent and 3.3 percent respectively, while the hazardous wastes are only in the order of 0.4
percent of the total industrial waste potential of the Alexandria Metropolitan Area.

As may be noted from Tabie 63, most wastes, such as wastepaper, residues from batteries, canneries
and poultry plants, among others, do not represent a direct hazard to the environment as they have no harmful
constituents. Hazardous wastes, however, contain specific pollutants of known toxic effects to the environment.
The primary origin of specific poliutants in the Mediterranean region is the chemical industry, including:

B heavy chemicals, with fertilizers, primary plastics, rubber etc.,
B other bulk materials such as non-ferrous metals and pulp,
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B speciality chemicals,
B chemical preparations.

Economic production of heavy chemicals and other bulk materials, as may be typified by
petrochemicals, requires large installed capacities on relatively few sites. Furthermore, as feed stocks and
chemical reactions used are well defined, the qualitative and quantitative assessment of non-recovered
materials is relatively easy to establish, enabling an effective monitoring of waste control. The monitoring of
speciality chemical plants however, such as pharmaceuticals, fine chemicals, dyes, paints and glues, poses
significant problems because the production processes are very complex and the number of non-utilizable
by-products in certain cases considerable.

One of the most important pollutants that Table 65 does not cover is lubricating oils. The importance
of lubricating oils can be associated to their serious adverse effects on the environment but more so to the
difficulty of defining and implementing a management programme that will adequately cover their assessment,
collection, re-use or safe disposal. Lubricating oils are usually of lubricant base stocks, a fraction of crude
petroleum and synthetic chemical additives. They are essential for many industrial and transportation purposes,
as well as for many other uses. The industries that generate the most used oil are the primary metals,
fabricated metal products, machinery, electrical equipment, transportation equipment, chemical products and
rubber and plastics products industries. Automobiles, trucks, buses and heavy machine equipment all use oil
and therefore dealerships, service stations and garages all generate used oils. Both railroads and airplanes
also use lubricants. Used lubricating oils may be either re-used or disposed of: They may be re-used as
lubricants and as fuel or fuel supplements and for miscellaneous other purposes. Disposal possibilities range
from indiscriminate dumping to hazardous waste management. At this stage there are no data to show the
quantity and sources of lubricating oils discharged in the Mediterranean area. Serious efforts are noted
however on a regional scale, suggesting progressive national measures concerning the definition, source
assessment, control of lubricating oils and industrial used oit policies (UNEP/UNIDO, 1987).

Another important source of specific pollutants for the Mediterranean area is the extraction and
processing of minerals and fuels. Most ore mining sites generate effluents or spilis which, without preventive
measures, severely upset ambient water quality. Typical pollutants from ore mining are toxic metals and
sulphuric acid from weathered sulphidic ores, sulphuric acid and certain organic chemicals from pyritic coals
and alkaline earths, metal sulphates and chlorides from rocksalt deposits. Extraction of a particular mineral
is often confined to a few sites. Similar pollution is generated by plants for processing and upgrading ores,
generally located near the extraction site.

In the extraction of certain minerals, large amounts of spoil are produced, requiring considerable
areas of land for disposal. Currently used or abandoned spoil deposits may generate polluted drainage waters
which pose particular control problems both from a technical and legal standpoint.

In certain industrial activities, large amounts of residues of different type and nature are generated.
in cases where the amount of generation is too large, it becomes difficult if not impossible to store them on
land and often sea dumping disposal methods are practised. Most of the solid residues or slurries are of
inorganic nature and the impact of this type of practice on the receiving environment, not so noticeable in the
short range, still remains a controversial issue among practitioners and scientists. The discharge of
"Cassidaigne” in the French coastal zone may be cited as one of the most remarkable examples of this kind.
There, more than 10° t yr' of residues from the treatment of bauxites, often called "red sludge”, is discharged
into the Cassis Canyon at a depth of 350m, by means of a pipeline system 7.7 km away from the shore. The
material contains around 300 g I'' of solid matter, principally composed of iron oxides, aluminium, silicon and
to a lesser extent titanium oxide. A number of studies conducted around the discharge zone and especially
in the water body in the vicinity of the discharge revealed no signs of appreciable pollution, as measured levels
of possible important contaminants did not exceed natural background concentrations (Courau et al., 1973;
Fernex & Added, 1982).

Discharge of dangerous organic substances such as aromatic hydrocarbons, phenols and sulphur
containing compounds is of importance for the area, due to extraction of petroleum resources and processing
of crude oil. Severe risks are encountered from time to time due to accidental spills at well sites or during
transportation.
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Although recognized with its full importance, there is an evident lack of data to quantify the magnitude
of the problem created by industrial waste, contaminated sludge and ore tailing in the Mediterranean area.
Despite this, a number of methods are currently used for their treatment and disposal. The disposal options
defined for municipal solid waste also apply to non-hazardous solid waste of industrial origin. It is commonly
agreed that special care should be taken when dealing with hazardous waste because of the potential
consequences arising from disposal operations. In this context, it has been recommended that the
programmes and measures to be developed in the Mediterranean region to control liquid wastewater
discharges should be accompanied by complementary measures dealing with the treatment and disposal of
solid and especially hazardous waste, mainly arising from the primary activities themselves (WHO, 1986).

There are many legal procedures adopted by different countries in accordance with their waste
disposal practices in the Mediterranean area. These differences may be explained by different cultural,
constitutional and economic backgrounds. As regards the dumping of waste in the Mediterranean Sea, a prior
authorization by national authorities is required, under the terms of the 1976 Protocol for the Prevention of
Pollution of the Mediterranean Sea by Dumping from Ships and Aircraft.

3.5 DISPOSAL OF SOLID MATTER (LITTER)

Sources of municipal solid waste in the Mediterranean area generally relate to land use and zoning.
For an accurate assessment of the problem, a rational source classification differentiates between residential,
commercial, open areas and agricultural sources. Food wastes, rubbish, ashes and residues, demolition and
construction wastes are generated to a different extent. The semi-solid waste and sludge from water and
wastewater treatment facilities are sometimes included in this classification. Since their collection is not the
responsibility of most municipal agencies for solid waste management and their nature is such that it involves
a totally different approach of handling and treatment before disposal, however, a separate consideration
appears to be more appropriate for these two types of wastes.

A number of factors influence the quantity of municipal solid waste, including geographic location,
season of the year, frequency of collection, the use of home grinders, the habits and economic status of the
people. Marked differences occur in the amounts of waste produced in the countries of the region. Table 66
illustrates the approximate quantity of the solid waste generated and method of disposal in a few
Mediterranean countries (UNEP, 1987). It has been estimated that municipal solid waste generation varies
within a range of 0.5-2.0 kg caput™ day™, with an average of 1.0 kg caput™” day'. Making allowance for the
expected increase in ash content, a specific output of 0.8 kg caput™ day™ is considered for the solid waste
management study of Istanbul (Watters, 1982). The above average figure yields a global daily generation rate
of 44000 t day™' for the area, not considering sludge from treatment works. Table 67 shows the differences
observed in the municipal solid waste composition, generated by two cities of apparently similar size. The
differences may be explained by the noticeable trend towards a wider use of solid fuel for domestic heating
in one of the cities.

The problem of sewage treatment is successfully solved only if the sludges are disposed of without
endangering the environment. The approximation that a municipal sewage plant treating the sewage from a
medium-sized town with a population of 100,000, with an additional industrial load of 100,000 population
equivalent produces 400 m® day™' of sludge containing 12 t day” of dry matter may give an idea of the
magnitude of the problem in the area (EEC, 1984).

Different treatment and disposal methods are currently practised for municipal solid waste. The
number of treatment methods available is normally limited by the type of the final disposal. For example,
compaction of the raw waste to reduce its volume is desirable if landfill is to be the final disposal method, but
the same process will reduce the efficiency of incineration. Separation of materials such as glass, metals,
plastics and paper is another form of pretreatment, either for reclamation of these materials, or because they
would not react properly to the subsequent disposal treatment method. Another consideration for treatment
is to use a method for size reduction, providing not only smaller volumes but also uniformity and better
suitability to the disposal option. In this connection, the fact that the major incentive in solid waste handling
is resource recovery becomes more and more recognized in the Mediterranean region; namely, recovery for
re-use, recovery for heat and recovery for other purposes where the waste material recovered has changed
its character but, nevertheless, may be used in another process. Disposal of sludge from treatment works is
generally evaluated along the same concepts as those for solid waste. However, because of the former's high



water content and potential environmental incompatibility, a totally different sequence of appropriate treatment
methods is currently used before final disposal. Sludge volume must be reduced and its degradable
constituents stabilized so that it can eventually be used or stored without damage to the environment.

Landfill disposal of solid waste and sludge is frequently practised in the area. Leaching often presents
a problem. In most landfills, the leachate is composed of the liquid produced from the decomposition of the
wastes and liquids entering the landfill from external sources. Depending on ambient conditions many
contaminants of organic and inorganic origin, reaching high concentrations, may be found in leachates. In
general, it has been found that the quantity of leachate is a direct function of the amount of external water
entering the landfill. Leachate formation and movement is often a threat for groundwater quality and may
sometimes reach surface waters causing extensive local pollution problems. There is a tendency to eliminate
this problem with proper siting and construction of sanitary landfills.

Sea disposal of solid wastes has always been a controversial issue. Within the past few years, the
idea that the sea is a gigantic sink, in which wastes of all types can be dumped has been discarded. One of
the main reasons is that many solid waste components, including paper, wood, plastic and rubber, will float
to the surface. In connection with beneficial uses currently practised along the shores of the Mediterranean
Sea, the presence of large quantities of floating solid wastes is unacceptable from an aesthetic and
environmental standpoint.

3.6 MARINE TRANSPORT OF OIL AND OTHER HAZARDOUS SUBSTANCES

Oil poliution is not a new phenomenon in the Mediterranean. Natural seeps have existed over
geological times, particularly in the northeastern ports. However, the oil pollution of anthropogenic origin is
substantial and considerable amounts are frequently observed. The Mediterranean has so far been spared
from major oil spills. However, a large number of minor accidental or deliberate spills occurs each year in
connection with oil transport activities within the region. Pollution is observed along tanker routes, particularly
in the eastern ports of the sea (IOC, 1981).

Deliberate release of oil into the world’s oceans from marine operations or land-based activities is
relatively more important than accidents involving single massive input of oil (Table 68). Although there is an
almost total absence of data for the relative importance of the different sources in the Mediterranean,
deliberate chronic oil pollution is considered far more important compared to accidental poliution (Jeffery, 1974;
Le Lourd, 1977).

In 1979, Le Lourd estimated that the amount of oil released into the Mediterranean was between 0.5
and 1 million tons yr', with half discharges from the coast and half in the open sea. These represent about
a fifth of the global marine oil inputs (around 4 million tons), which are released in a region representing no
more than 1% of the total world oceans' surface. Other authors (Longé, 1980) evaluated this quantity to 1.7
million tons, which is probably an overestimate.

Le Lourd's estimate was based on local tanker practices and remains a reasonable figure. The
amount of oil transported over the world’s oceans has increased considerably (Table 69) but despite this there
has been a significant reduction of the quantity of oil discharged into the sea during transportation, due to the
entering into force of the MARPOL Convention. Based on these estimates and on the 350 million tons of oil
crossing the Mediterranean each year (Smith, 1975) it can be assumed that oil entering the Mediterranean
by these practices is around 330 x 10° tons (Table 70). Even a figure of 500 x 10° tons has not been
considered unreasonable by IMO (UNEP/IMO/IOC, 1987).

The international Convention for the Prevention of Pollution from Ships, 1972, as modified by the
Protocol of 1978 (MARPOL 73/78) entered into force on 2 October 1983. MARPOL 73/78 lays down discharge
criteria for all oil tankers of 150 gross tons and above.

Table 71 shows Mediterranean states which are Contracting Parties to the Barcelona Convention with
number of tankers above 10,000 dwt and their percentage of world fleet by carrying capacity at 31.12.83.

Since there are eight Barcelona Convention States which are not Contracting Parties to MARPOL
73/78 and there have been reports of inadequate facilities in the ports of some of the Contracting States, it



must be assumed that not all the Mediterranean ports meet the reception facility requirements prescribed for
special areas by MARPOL 73/78.

However, nations responsible for over 80% of the carrying capacity of the world tanker fleet and 75
% by number of tankers are parties to MARPOL 73/78, which means that all those states accept that the
Mediterranean Sea is a special area and that it is an offence under their national law for ships of their flag to
fail to comply with the requirements of the Convention.

3.7 EXPLOITATION OF NON-LIVING MARINE RESOURCES
Oil and gas prospecting and production

The main non-living resources which are exploited in the Mediterranean Sea are oil and gas. A vast
portion of the Continental Shelf has been thoroughly prospected and several oil wells have been bored for
research purposes. Oil search in the Mediterranean has been going on for almost twenty years (Fig. 15),
(Table 72).

In North Africa, prospecting and exploitation of oil concessions represent about 8% of the Continental
Shelf’s total area (0-200 m) (Michel, 1986).

Only a few prospecting bores have been attempted off the coast of Morocco. At the present time, no
concessions have been granted by Algeria. However, Tunisia’s fields off the Gulf of Sousse and Gabés are
exploited in a relatively intensive way. During 1985, nine exploratory wells were drilled, three of them
encountered gas and oil shows. Seven development wells have been put info production.

In Libya five exploratory wells were drilled during 1985, two of which leading to oil discoveries.
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Fig. 15: Mediterranean areas with oil drilling activities
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In Egypt, the Abuqir Gas Field yields almost 1.5 x 10° m® yr'. Several dozen exploratory or
development wells are bored each year. During 1985, three exploratory wildcats discovered oil. Furthermore,
115,800 t of condensate oil were extracted.

In the Mediterranean Middle East countries, only Turkey does any prospecting, particularly in the Gulf
of Iskenderun, where a wildcat well was drilled in 1985 (Hemer & Gohrbandt, 1986).

Several areas of the Mediterranean are producing oil and gas. In Greece, in the province of Thrace
(near the Turkish border) one particular oil field yields 1.5 million tons yr''. Research in the lonian Sea is very
advanced (Yarbrough, 1986).

Prospecting has been carried out in the Yugoslav portion of the Adriatic, mainly in the northern part,
near Rijeka. During 1985, offshore exploration drilling yielded quite significant discoveries out of 12 wells. On
the Italian side, several deposits of oil and especially gas are being exploited. During 1985, five new offshore
bores have reached gas. Calabria (Taranto Gulf) and Sicily (Sicilian Channel) have fields which are also being
exploited. Here, development drilling progressed during 1985, and AGIP discovered oil. The Italian offshore
oil production may reach 10° t yr' and the gas production 14 x 10° m”.

There is also very active prospecting in the Gulf of Valencia, in the area adjoining the Ebro delta.
Production in the Spanish region of the Mediterranean could exceed 2 million tons of oil. Four development
oil wells were completed during 1985, and one oil discovery was made.

Oil pollution coming directly from these prospecting and production fields is, at present, negligible in
comparison with other sources (Le Lourd, 1979; Pasquet, 1980; UNEP, 1988).

The exploitation of sand and gravel

It is very difficult to obtain information concerning the exploitation of sand and gravel in the sea. In
most cases, it refers to only smali exploitations, the duration of which is necessarily limited in time.

However, in several places of the Mediterranean, banks are subjected to the phenomenon of erosion.
Where tourist zones are concerned, the rebuilding of beaches is sometimes done with sand extracted from
an area adjoining the continental shelf. Such is the case of certain beaches in Continental Spain or the
Balearic Islands. A similar project has been set up for the Northem Adriatic. In particular, for the
Emilia-Romagna region an important geological, financial and legal study (Preti et al., 1985) has shown that,
in a chosen area at 40m deep, 40 km in the East of Ravenna, it is possible to exploit 10°m® of sand yearly
without major ecological damage.

Survey studies have been carried out in France. Resources off the Céte d’Azur (between Toulon and
Cannes) have been estimated at 150 million m®. However, for ecological reasons, the exploitation project has
been abandoned. The reserves of sands and gravel in the Gulf of Lion are undoubtedly bigger, but studies
aimed at evaluating them have not yet been made (Augris and Cressard, 1981; Blanc, 1977).

A large scale exploitation is in progress in Tunisia. A large quantity of sand (approximately 10,000
m® day") is extracted from the Gulf of Tunis for the purpose of partly filling up the Lake of Tunis. One should
hope that damages to the littoral zone as well as to the herbaceous plants of the Gulf (Posidonia) will not be
too severe.

In Israel, the extraction projects have been abandoned because of coastal erosion risks (Rhorlich &
Goldsmith, 1986).

Salt production

The world salt consumption is 200 x 10° t yr"', more than 50% of which is for human consumption use
(Bergier & Hahling, 1982). About 50 or 60% of this amount is extracted from fossil deposits, 20 to 30% from
sea water by solar evaporation, 20 to 25% by refining (Mollat, 1966; Multhauf, 1978). The average human
consumption is 3 to 5 kg caput’ yr'. Other salt uses may average 6 or 7 kg caput’. Salt is also employed
for the production of solvents, plastics, pesticides (chlorinated hydrocarbons), soda, sodium etc. in addition
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to common salt, other dissolved substances are simultaneously extracted (by sequential evaporation): sulfate,
bromine, magnesium (Balas, 1984).

Production of the leading salt-producing Mediterranean nations/ (1978):

France 7.2 x 10° t (6 in 1973); about 30% of sea salt;
Industry employs 60% of the production;

Italy 4.6 x 10° t; about 35 to 40% is sea salt;

Spain 3.5 x 10% t; about 90% is sea salt;

Egypt about 10° t (mainly from lagoons).

The production of other Mediterranean countries is smaller (the Dead Sea production has not been
taken into account).

It is obvious that sea water must be unpolluted for salt to be suitable for human consumption.
3.8 EXPLOITATION OF LIVING MARINE RESOURCES

The Mediterranean fisheries produce about 800,000 tons of fish or 1.0% of the world’s fish production.
The value of this production is however high, reaching about 5% in terms of value of the world catch.

The exploitation of fish resources of the Mediterranean is very intensive in most areas and demersal
resources in particular are often overfished. The production of fish in the Mediterranean has been increasing
slowly (Table 73). This increase is the result mainly of increases in the production of small pelagic fish while
the production of demersal fish is more or less constant.

The management of fisheries in the Mediterranean in general has not kept pace with the development
and better management of fisheries, including the limitation of fishing activities and the proper implementation
of fishing seasons. Such regulation is likely to result in substantially higher catches as has been proven by
the implementation of such measures in Cyprus where production practically doubled by the introduction of
measures protecting juveniles (Garcia & Demetropoulos, 1986).

Fishing operations are sustained in many areas by the high prices of fish as demand for fish exceeds
the Mediterranean production significantly.

Fishing is often on a small scale basis and consequently the number of persons dependant on fishery
resources is high, although there are few statistics available on manpower and none for the region as a whole.

Fishing operations are often on a "hand to mouth" basis and socioeconomic pressures as a
consequence have hindered the introduction of rational management measures. Many administrations are now
aware of the need to introduce stricter management measures especially measures that relate to the limitation
of fishing activities, fishing seasons etc. The introduction of such measures has been promoted by the FAO
General Fisheries Council for the Mediterranean and although much work has been carried out by various
bodies of the Council, tangible results on the national level are few.

It is clearly apparent that the level of overexploitation is such that many fisheries depend on the
zero-class of fish and often on juvenile fish that are just being recruited (resulting in a loss of potential yield
by catching fish when they are too young). This is particularly the case in the Adriatic and Central
Mediterranean. It has been estimated that in the sea around ltaly the standing biomass is about 20% of that
of comparable waters (e.g. Tunisian waters) as a result of heavy overfishing (FAO, 1987). Under these
conditions it is obvious that increases in production and in particular of demersal fishes can only be achieved
through the rational management of resources and not through heavier exploitation.

The fishing fleets vary in size and composition from country to country reflecting the nature and size
of the resources exploited. Generally, the fleets have excess fishing capacity. The overall size of the fishing



fleets exploiting the Mediterranean, in the absence in many cases of even basic statistics, isto a large degree
subject to conjecture. This is particularly so in the case of the small scale fisheries which form a large part of
the fleet of many Mediterranean countries.

Trawling in the Mediterranean has been one of the major, if not the main, activity that has led to
overexploitation of the limited demersal resources available on the generally narrow continental shelf that
characterizes most of the Mediterranean Sea (FAQ, 1978). This intensive trawling and the efforts to extend
the trawling grounds have led to legal, but more often illegal, encroachments on nursery grounds. This is very
apparent in the destruction of the Posidonia (Posidonia oceanica) meadows (Ardizzone & Pelusi, 1984). These
extensive sea grass belts start at about 5-10 metres depth, though in some areas they start practically from
the shore, and extend down to about 30-40 metres. They are important areas for breeding and as nursery
grounds for many fish, molluscs and crustacea and a valuable habitat for many other species for the whole
of their lifespan. The rhizome systems of Posidonia form sizable hills underwater, several metres high in some
instances. Trawling on the border of these meadows and sometimes on them with special devices has resulted
in their degradation in several areas of the Central and Western Mediterranean in particular. Although the
degree to which this has happened is under study there is little doubt, on the evidence so far available, that
the concern shown for the protection of the Posidonia meadows is justified. Legislative measures aimed at
protecting nursery grounds from trawling, within a set distance from the shore or above a certain depth, exist
in several countries and their more general adoption and the stricter implementation of the relevant legislative
provisions would also protect the Posidonia habitats. Damage is also caused by shore seines and other
scratching gear deployed sometimes on these grounds.

Trawling exploits demersal resources in some cases practically from the shore down to about 800
metres. There is little documentation to suggest that serious damage is caused to habitats by trawling in
deeper waters though undoubtedly this has some impact on benthic species especially sedentary ones.

Other forms of fishing activity also have, though on a more local level, an impact on marine habitats.
Blocks and stones for example used in the "canizatti" fishing for Dolphin fish (Coryphaena hippurus) are
systematically cut off and "litter" large areas of sea bed. Whether the impact of this is detrimental e.g. by
physically prohibiting trawling, or beneficial by doing so, is debatable.

Drift nets, fortunately not as yet widely used in the Mediterranean, are often lost and continue
fishing, thus destroying resources and at times catching endangered species such as the Leatherback, Green
and Loggerhead turtles. These are also caught during normal fishing operations with floating long lines
commonly used for catching swordfish in several countries (ltaly, Greece and Cyprus among others).

The expansion of fishing activities for small pelagics, which can support increases in fishing activities
(FAO, 1978; FAO, 1987) and higher levels of exploitation, is hindered by consumer preferences and for as
long as the marketing of these fish faces problems dramatic increases in production are not likely. Most small
pelagics, like all demersals, are used for human consumption in the Mediterranean and the quantities and
concentrations available are such as to prevent or limit their use towards fishmeal production. Consumer
preferences do not change rapidly and are unlikely to do so in the foreseeabie future. As a result of the state
of the stocks of small pelagic fish any impact on sea birds, which to a large degree depend on these stocks,
is likely to be small for the time being.

The impact of the fishing fleet on the direct pollution input into the Mediterranean, though not
quantified as yet, is expected to be small if we take into consideration the probable size of this fleet in relation
to the volume of merchant shipping and pleasure craft in this sea.

The direct pollution from the fishing fleet consists mainly of bilge waters, solid waste (mainly
garbage), synthetic netting, twines and ropes and lost "make do" buoys (often empty containers and
polystyrene blocks), which are often washed up on beaches.

The newly established but fast growing marine aquaculture sector, having to a large degree
overcome the hatching and larval rearing problems, is likely to have several effects on the environment. it may
have a direct but limited impact as far as pollution goes. Its effiuents (or input into the sea in the case of
cage-culture) contain mainly organic material caused by intensive feeding and are unlikely to have more than
a local effect. More important will be the added competition for space along the already pressed Mediterranean




coastline. This is particularly so in the case of extensive cultures encroaching on coastal lagoons, salt marshes
and coastal wetlands. These are in themselves endangered habitats on which for example many species of
waterfoul depend.

The introduction of exotic species suitable for marine aquaculture and their accidental escape into
estuaries, lagoons and the sea may result in introducing into the Mediterranean new species; the desirability
of this is questionable and it should be carefully studied. Exotic species such as Penaeus monodon and other
penaeids are already being experimented with in the Mediterranean.

These introductions combined with the migration of Red Sea species through the Suez canal can
potentially have a very significant effect on the biota of the Mediterranean. The migration through the Suez
canal has already had an impact on the Eastern Mediterranean with Red Sea species such as Siganus spp,
Holocentrus ruber, Upeneus mollucensis, Sphyraena obtusata, Penaeus spp and Portunus pelagicus. More
incipient changes in communities are also to be expected.

Red coral and Sponges

Red coral is collected from depths of about 30 to 130 metres in the west basin. Though official
statistics are not available, a figure of 67 tons is mentioned (Bouvier & Content, 1986). Collection of red coral
is carried out by divers who cause no other damage than to the resource itself. Fishing for red coral is
undertaken also with scratching apparatus (ltalian cross or St. Andrew’s cross). This has been documented
as causing damage on deeper reefs (on gorgonians etc.) where it is mainly used. Some countries have
already banned scratching gear while others that are tolerating it have introduced stricter control measurers
(Charbonnier & Garcia, 1984).

Scratching gear (Gangava) has also been banned for similar reasons for the collection of sponges
in traditional sponge fishing countries (Greece, Cyprus, Turkey).

It is apparent that although the living resources of the Mediterranean are the potential victim of
poliution and environmental degradation, the activities that relate to the exploitation of these resources
themselves cause environmental degradation. This is most apparent in the case of the destruction of the
Posidonia beds by trawling. It is also apparent that the damage caused to reefs by scratching apparatus in
fishing for red coral and to turtle stocks by floating long lines is of concern, as are the problems posed by the
fast developing marine aquaculture sector on coastal lagoons and wetlands and by the introduction of exotic
species into the Mediterranean.

4. BIOLOGICAL EFFECTS
41  EUTROPHICATION AND ASSOCIATED PHENOMENA

The term "eutrophication” is borrowed from limnological terminology. In the marine environment, the
term in its broad sense is used to designate the primary and secondary impacts of excessive enrichment with
nutrient salts. The concept should only apply to marine environments showing the following symptoms:

K& the rate of plant production (macro-algae, phytoplankton) exceeds that of consumption by
herbivores;

B dissolved oxygen is abnormally low or depleted, often with formation of hydrogen sulphide;

B the ecosystem structure is disrupted, showing abnormal diversity and dominance indices and a
change in the species composition.

Land-based sources discharging nutrients into the Mediterranean basin are of three types, river
input, agricultural run-off, and domestic-industrial waste water input. The respective impacts of river input and
domestic industrial waste water inputs on the ecosystem are basically different. River discharge, when not in
a confined coastal zone, usually spreads over vast sea areas, enhancing productivity, while becoming
gradually diluted. Domestic-industrial waste water contributes a negligible 2% to the total fresh-water input to
the Mediterranean basin (Table 31), but its concentration in nutrients is one order of magnitude higher.
Domestic-industrial effluents appear to contribute about 20% and 17% respectively to the total nitrogen and
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phosphorus inputs. Domestic waste waters in the Mediterranean usually remain restricted to the vicinity of the
outlets of effluents, their heavy load of suspended materials rapidly settling to the bottom. Their impact on both
pelagic and benthic ecosystems, therefore, is more localized but more severe.

Eutrophication, as reported for embayments and estuaries around the Mediterranean, is mostly
associated with the release of untreated domestic-industrial waste water (UNEP/Unesco/FAO, 1988). The
symptoms range from mild to severe: alterations of the ecosystem structure involving the biomass, the specific
diversity, the dominance of indicator species, outbursts of heavy, often almost monospecific, blooms or "red
tides"”, the development of anoxic and azoic conditions. Such symptoms are either sporadic or seasonally
recurrent. Some representative examples are outlined below.

The "lac de Tunis", a salt water lagoon receiving municipal water from the city of Tunis, exhibits
extreme symptoms of eutrophication in summer. Massive growth of the chlorophyte Ulva covers a third of the
lagoon surface, and the water column (1m in depth) becomes anaerobic, with blooms of red sulfur-reducing
bacteria. A vigorous release of hydrogen-sulphide follows and fish-kills may amount to 10% of the total lagoon
yield. Nearly a third of the lagoon is occupied by the reef-building, detritus-feeder polychaete Ficopomatus
(Mercierella) enigmatica. The reefs harbour epizoan invertebrates, epiphytic algae and a rich microbial flora.
This association releases large amounts of ammonia to the water. The heavy discharge of nutrients and
organics from the city accompanied by a rapid turnover of nitrogen and a very slow flushing rate, create one
of the most severely eutrophied Mediterranean environments (Unesco, 1984).

The north Adriatic environment is predominantly governed by the discharge of the river Po and a
number of smaller rivers, approximating 15% of the total fresh-water input to the Mediterranean basin. Heavy
phytoplankton blooms are historically known to occur in the North Adriatic ("mare sporco") during spring or
autumn. Severe eutrophic conditions, however, appear to be restricted to semi-closed bays receiving domestic
waste water and to the area downstream from the Po outlet, along the Emilia-Romagna coast (Figs. 16
and 17) (Table 74). The Central and South Adriatic remain poorer in nutrients than the lonian Sea (Stirn et
al., 1974; Stirn, 1988, Marchetti et al., 1988).
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Fig. 16: Surface chlorophyil values measured between October 22 and 27 in coastal waters of Emilia
Romagna and Marche. Values are expressed in mg I' of chlorophyil a. (Marchetti et al., 1988)
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Fig. 17: Dissolved oxygen values measured in deep coastal waters of Emilia Romagna
during August 1982 (Marchetti et al., 1988)

~ On the other hand, the increased nutritional input into the North Adriatic has had beneficial effects
on some commercially exploited species. During the last 20 years, the mediolittoral and the infra-littoral along
the entire coast of the Istrian peninsula became covered with dense populations of the filter-feeding sheilfish
Mytilus sp. and Crassostrea sp. The stocks of small pelagic fish (anchovy and pilchard) are steadily increasing
per unit fishing effort (Stirn, 1988).

Kastela Bay, which receives waste waters from Split in the North-east Adriatic, has developed
distinct symptoms of eutrophication. Primary productivity nearly doubled from 1962 to 1977 (from 115 to 206
g C m?® and the phytoplankton standing crop increased by a factor of ten in the meantime. Its composition
shows the dominance of small diatom species which were inexistant before 1972: Nitzschia seriata,
Skeletonema costatum and Leptocylindrus danicus. In summer 1980, a red tide of Gonyaulax polyedra
reached 18 x 10° cells 1. This outbreak lasted for a few days and was followed by near anoxic conditions
in the bottom water layer and mass mortality of fish (Pucher-Petkovich et al., 1978).

Pronounced summer eutrophication is recurrent in Elefsis Bay in the North of Saronikos Gulf near
Athens. This results from the impact of the Keratsini outfall, draining domestic waste water from the city, and
from thermohaline stratification. The Bay remains strongly stratified from June to October. in winter, dissolved
oxygen is relatively high in the bottom water, dropping to depletion in summer. The average ratio of total
nutrients to background open water values is slightly over 10. An intense growth of diatoms and dinoflagellates
develops in the Bay, abruptly declining towards the open sea. The zooplankton biomass drops to zero from
August to October, recovering the normal values in January-April. Acartia clausi makes up 90-99% of the
population. A parallel seasonal trend is shown by the benthic macrofauna. In summer, the central azoic zone
of the bay widens in area and the benthic invertebrates become restricted to the shallow coastal belt
(Yannopoulos, 1976; Zarkanella, 1979).

A distinction must be made between abnormally dense multispecies phytoplankton blooms and "red
tides", caused by the proliferation of a dinoflagellate species. Several features confirm the significance of "red
tides" and abnormal blooms as symptoms of eutrophication. In all instances, such abnormally dense outbreaks



can only be sustained by abnormally massive inputs of nutrient salts and organics. The outbreaks are triggered
by the onset of stable stratification, quiet weather and rising temperature. Most of the reported cases from the
Mediterranean are recurrent phenomena, reappearing in the same season, at the same localities in successive
years, lasting from a few days to several weeks.

There are abundant records of "red tides" along the coasts of the Mediterranean basin (Table 75):
from Castellon and the coast of Spain, from Banyuls/mer and Juan-les-Pins in France, from the coast of
Emilia-Romagna and Kastela bay in the North Adriatic, from Izmir Gulf in Turkey, from the East harbour in
Alexandria, Egypt, and from Malta. Abnormally heavy blooms due to mixed populations occur at the Rhéne
and Po outlets; they also used to occur along the Nile delta. Chloromonadine species are also responsible for
some of the outbreaks. Similar outbreaks occur in salt and brackish lagoons and estuaries, such as the lagoon
of Venice and several other Italian lagoons, the "lac de Tunis", the lakes on the Island of Mijet in the Adriatic
and the two Nile estuaries.

Secondary effects follow the outbreak and subsidence of red tides and abnormal blooms. The
sinking of massive amounts of senescent cells that follows and their subsequent decay in the deeper water
layer result in a rapid depletion in dissolved oxygen. Fish mortality, following the development of red tides has
been reported from some Mediterranean localities: Izmir Bay, Kastela Bay, Emilia-Romagna, Tunis lagoon.
Since no transmissible toxins through the food chain have been reported, it is likely that such mortalities result
from oxygen depletion in semi-closed embayments, the release of H,S and possibly from the smothering of
fish gills by the sinking cells.

Eutrophication is a local rather than a regional problem in the Mediterranean Sea. It is frequent in
the North Adriatic, Izmir Bay, Elefsis Bay, the lagoon of Tunis and in all such areas where the rate of input
of domestic-industrial waste water exceeds that of the exchange with the open sea. The main symptoms
consist in the disruption of the community structure, the excessive macro- and micro-algal production and the
development of anoxicity in the subsurface layer. The open sea oligotrophic Mediterranean waters, however,
remain in sharp contrast with the conditions prevailing in its peripheral embayments.

4.2 PUBLIC HEALTH EFFECTS

The impact of marine pollution on human health can be broadly classified into the following
cause/eftect categories:

(a) ingestion of microbiologically polluted sea water (mainly during bathing in coastal areas affected by
sewage discharge), which may result in disease or disorder of the gastro-intestinal tract, caused by
bacterial or viral pathogens having a relatively low infective dose.

(b) contact with microbiologically polluted sea water or sand (again in coastal recreational areas
similarly affected) which may result in disease or disorder affecting parts of the body other than the
gastro-intestinal tract, mainly caused by bacterial or fungal pathogens.

(c) consumption of polluted seafood which, in the case of microbiological contamination due to the
effect of sewage discharge on the area of harvest, may result in acute gastro-intestinal disease or
disorder, caused by bacterial or viral pathogens, including those having a relatively high infective
dose. In the case of chemical contamination, mainly originating from industrial effluents affecting
fishing or culture areas, a variety of adverse health effects may result from relatively long-term
exposure, depending on the particular chemical contaminant involved, the amount and frequency
of intake, the duration of the total exposure period, and the results of interaction with other chemical
contaminants taken in through any route from both marine and other sources of origin.

In very general terms, the public health problems arising from marine poliution that affect the
Mediterranean region can be described as basically of the same nature as those prevailing elsewhere.
However, a number of problems are accentuated to various degrees. In the first place, the intrinsic
characteristics of the Mediterranean Sea itself make it particularly prone to pollutant retention in general. The
prevailing hydrodynamic characteristics also lead to pollutant accumulation in the coastal zone, thereby leaving
the bulk of such pollutants where they can be most conducive to adverse effects on human health.
Socio-economic conditions, including industrial development and the impact of tourism, create special health




problems originating from marine pollution when coupled with the fact that the sea constitutes a major
recreational amenity throughout most of the coastal zone of the region. In addition, relatively high levels of
certain pollutants are known to occur, in some cases originating from natural as well as anthropogenic sources.

The risks to public health arising from bathing in microbiologically polluted coastal recreational
waters in the Mediterranean have been well documented, and most countries currently possess legislation or
administrative measures to control the microbiological quality of such waters. The degree of control, including
both the standards and criteria laid down and the frequency of regular monitoring to ensure the observance
of statutory requirements, varies from country to country, and the only minimum common denominator currently
agreed on at joint regional level is a standard based on only one bacterial indicator organism (faecal
coliforms). In many countries, this is not the only parameter but, by and large, the main microbiological
parameters on which quality standards and criteria are based, are still the orthodox indicator bacteria which
were originally developed for drinking water (as opposed to sea water) quality.

Research carried out over the last few years within the framework of the Long-term Programme of
Poliution Monitoring and Research in the Mediterranean Sea (MED POL Phase Il) has provided substantial
information on hazards to public health through bathing in microbiologically contaminated waters, and has
similarly identified a number of problems which are not easily solved through the application of what can be
termed standard orthodox methodology. Furthermore, a number of prevailing differences within the region
itself, as well as their possible impact on the evaluation of health risks, have also been brought to light
(WHO/UNEP, 1988).

As a result of epidemiological studies performed in an attempt to find a definite correlation between
coastal recreational water quality and health effects, correlations previously established between the
microbiological quality of the water in terms of levels of bacterial indicator organisms and the incidence of
gastro-intestinal diseases and disorders have been generally confirmed. However, most studies were only,
out of necessity, performed on a pilot scale, and their number and range of geographical distribution do not
necessarily make their results applicablie to the whole of the Mediterranean area. In addition, they have
pin-pointed the need for comparatively large scale studies, involving large population samples to improve
control over a miscellany of confounding factors which make it difficult to prove a definite cause/effect
relationship. The situation as regards diseases other than those involving the gastro-intestinal tract is more
complicated. In many Mediterranean countries, a certain proportion of bathers (both local populations and
tourists) suffer from infections of the ear, eye, skin and upper respiratory tract immediately or shortly after
bathing. It has similarly been confirmed that a number of diseases, mainly fungal dermatoses, can be
contracted through contact with polluted sand on beaches, and this matrix has therefore also been identified
as an important one in preventive and control programmes. However, no definite correlation has been
established so far between levels of the commonly used bacterial indicator organisms in coastal recreational
waters (which provide an index of the degree of sewage pollution of such waters) and the incidence of
non-gastrointestinal diseases among bathers. In most studies, no correlation at all could be established and,
furthermore, in many cases, the relative pathogens could not be detected in the sea water (even when
sampling was performed during or immediately after peak beach population densities) (WHO/UNEP, 1986).

The public health risks arising out of pollution of coastal recreational waters in the Mediterranean
are also complicated through evaluation difficulties. The standard methods for determination of bacterial
concentrations in current use were originally developed for drinking water. Sea water in various parts of the
Mediterranean has been shown to have a naturally occurring bacterial flora, some species of which give
identical reactions to those given by indicator organisms, thus leading to inaccurate counts and, eventually,
to incorrect evaluation of the situation at any given time.

The position regarding bathing waters can be summarized as follows: An increasing awareness
about public health risks has led the relevant authorities of the countries of the region to step up their control
measures, or to introduce them when not already existent. Countries have agreed on a common minimum
standard which, though temporary, at least provides a beginning. The general situation which emerges from
country reports (some of which are published by the national authorities) shows an upward trend in the
proportion of acceptable beaches (EEC, 1988). Various problems have come to light regarding the
establishment of proper quality criteria and standards and the methodology for proper evaluation, and steps
are being taken towards their eventual solution. A proper correlation between water quality and health effects
must still, however, be established through the performance of carefully controlied epidemiological studies.
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One major factor to be taken into account when determining the reliability or otherwise of coastal
recreational water quality standards in the Mediterranean region is the normally long exposure period of
bathers, as compared to other, more temperate regions where the water temperature is lower. This factor
renders it inadvisable to rely on international standards developed primarily on the basis of conditions
prevailing in other regions where this particular risk factor is not so pronounced.

Public health problems in connection with the consumption of raw shellfish still arise regularly in the
Mediterranean region, though no major epidemic has been reported for a number of years. Legislation
controlling the quality of shellfish waters has improved over the last five years and, while control measures
in the various countries differ in both scope and degree of enforcement, the main shellfish-producing countries
in the region currently have strict legislation controlling the quality of both shellfish areas and the shellfish
themselves at the post-harvest marketing stage either specifically, or as part of general food quality and safety
regulations. While some countries demand compliance with limit values for several microbiological parameters,
others base their evaluation mainly on one bacterial indicator organism (faecal coliforms)(UNEP/WHQ, 1985;
UNEP/WHO, 1986a) and, though perhaps to a lesser extent, the methodological and related problems as
described for coastal recreational waters would also apply to shellfish waters.

Of the main public health problems caused by chemical pollution of the Mediterranean marine
environment, mercury poisoning can still be described as the major hazard originating practically exclusively
from contaminated seafood. In this particular case a significant proportion of mercury originates from natural,
as opposed to anthropogenic sources. In the first assessment of the state of pollution of the Mediterranean
Sea by mercury (UNEP/FAO/WHO, 1983), the conclusions reached after considering general mercury levels
in seafood and consumption figures based on annual catches was that, by and large, populations in general
did not appear to be at risk. On the other hand, there was evidence that specific population groups,
particularly fis