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PREFACE 

Sixteen years ago the United Nations Conference on the Ht1nan Environment (Stockholm 5-16 June 
1972) adopted the Action Plan for the Ht1nan Environment, including the General Principles for 
Assessment and Control of "'1rine Pollution. In the light of the results of the Stockholm 
Conference, the United Nations General Assent>ly decided to establish the United Nations 
Environment Progranme (UNEP) to •serve as a focal point for environmental action and 
co-ordination within the United Nations system" [General Assenoly resolution 2997(XXVII) of 15 
Decenoer 1972). The organizations of the United Nations system were invited "to adopt the 
measures that may be required to undertake concerted and co-ordinated progranmes with regard to 
international environmental problems", and the "intergovernmental and non-governmental 
organizations that have an interest in the field of the envirorment• were also invited "to lend 
their full support and collaboration to the United Nations with a view to achieving the largest 
possible degree of co-operation and co-ordination". Subsequently, the Governing Council of UNEP 
chose "oceans" as one of the priority areas in which it would focus efforts to fulfi 11 its 
catalytic and co-ordinating role. 

The Regional Seas Progranme was initiated by UNEP in 1974. Since then the Governing Council of 
UNEP has repeatedly endorsed a regional approach to the control of marine pollution and the 
management of marine and coastal resources and has requested the development of regional action 
plans. 

The Regional Seas Progranme at present includes ten regionsY and has over 130 coastal States 
participating in it. It is conceived as an action-oriented progranme having concern not only for 
the consequences but also for the causes of environmental degradation and encoq,assing a 
c~rehensive approach to cont>ating environmental problems through the management of marine and 
coastal areas. Each regional action plan is formulated according to the needs of the region as 
perceived by the Goverrments concerned. It is designed to link assessment of the quality of the 
marine environment and the causes of its deterioration with activities for the management and 
development of the marine and coastal environment. The action plans promote the parallel 
development of regional legal agreements and of action-oriented progranme activitiesY. 

The Plediterranean Action Plan was the first one develo~ in the framework of the Regional seas 
Progranme. It was adopted in early 1975 in Barcelona-' and since then has shown a remarkable 
progress. 

Y Plediterranean, Kuwait Action Plan Region, West and Central Africa, Wider Caribbean, East 
Asian Seas, South-East Pacific, South Pacific, Red Sea and Gulf of Aden, Eastern Africa and 
South Asian Seas. 

Y UNEP: Achievements and planned development of UNEP's Regional Seas Progranme and coq,arable 
progr111111es sponsored by other bodies. UNEP Regional Seas Reports and Studies No. 1, UNEP, 
1982. 

~ UNEP: ftediterranean Action Plan. UNEP, 1985. 
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A centrally co-ordinated monitoring of the sources, levels and effects of pollutants, as well as 
research related to this mnitoring (PIED POL)~, ¥ ..as organised by UNEP as one of the 
cornerstones of the Action Plan. The contamination of the ~iterranean by petrole1111 
hydrocarbons ..as one of the early targets of PIED POL. 

This publication, prepared by Dr. A. Golik, was connissioned by UNEP and IOC to review the 
contamination of the ~iterranean basin by tar on the basis of results obtained through PIED POL 
and other progranmes. 

~ FAO/UNESCO/IOCIY«>llfl)/IAEA/UNEP: Co-ordinated ~iterranean 
Research Progranme (PIED POL) - Phase I: Progranme Description. 
and Studies No. 23, UNEP, 1983. 

Pollution flllonitoring and 
UNEP Regional Seas Reports 

¥ UNEP: long-term programie for pollution monitoring and research in the ~iterranean (PIED 
POL) - Phase II. UNEP Regional Seas Reports and Studies No. 28, Rev.1, UNEP, 1986. 
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SUMMARY 

Tar balls in the marine envirorwnent are a derivate of oil or oily compounds which were 
released into seawater, lost their volatile fraction by evaporation and turned into soft black 
l~s called tar balls. Due to the relatively high intensity of oil activity in the lllediterranean 
Sea, tar pollution became a problem in this area. The severity of this problem is accentuated by 
the fact that stranded tar on the beach is a serious nuisance to sea bathers, and the 
Plediterranean Sea is becoming more and more attractive to coastal oriented tourism. 

Measurements of pelagic tar have been carried out in the Plediterranean since 1969, but 
mostly in the western fllediterranean. The findings show that between 1969 and 1983, mean tar 
concentrations in the fllediterranean ranged from 0.6 to 130 rrg/~ and that, at least between 1969 
and 1975, the Ionian Sea was the most tar polluted area in the fllediterranean Sea. fllean quantities 
of stranded tar on flledi terranean beaches were found to range between 0.2 and 4388 g/m (grams per 
linear metre of beach front). On the basis of geographical considerations, it seems that the 
areas in the fllediterranean where deballasting of oily waters and release of oily CCJlll)Ounds into 
the sea were permitted until 1978 were foci for tar contamination. However, measurements of 
pelagic and beach-stranded tar whic~ were conducted after 1980 indicate that there might have been 
a reduction in tar quantity during the last few years. 

Examination of data and information relevant to oil transport rate in the fllediterranean Sea 
and outside of it shows that several factors camined in 1978/79 to cause a reduction in oil and 
as a result in tar pollution. In 1978, the 1969 amenanent to the International Convention OILPOl 
54 entered into force. This amendment permits release of oil only in restricted areas and even 
there only at certain rates and quantities. At about the same time, the oil crises of 1979 caused 
an increase in oil prices and a reduction in oil transport, and therefore encouraged tanker owners 
to reduce to a mininan the loss of oil through spillage or otherwise. The continuing grim 
economic condition of oil transportation facilities, high oil prices, the adoption of the 
fllediterranean Sea as a special area (into which no oil release with concentrations higher than 15 
ppm is permitted) in the fllARPOL 73/78 convention, and the enforcement of this convention caused a 
tighter control on oil pollution as well as development of innovative techniques and procedures 
aimed at preventing the waste of oil into the sea. It is suggested that these developments indeed 
reduced oil pollution, as indicated by a few ex~les of tar reduction in the fllediterranean Sea 
and beaches. 

As it is not yet certain that reduction in tar pollution is indeed a fact, and the recent 
reduction of oil prices and the new discoveries and exploitation of offshore oil in the 
Plediterranean constitute a threat for a new wave of tar pollution, it is reconmended to invest a 
multi-national, co-ordinated effort to determine a new baseline for tar level today in the 
Mediterranean. Old findings of tar pollution could be C001)ared to this baseline to determine the 
present trend of this problem. In addition, it is recmrnended that studies related to 
•fingerprinting• of tar as well as tar processes should be continued to ensure means of corrt>ating 
this type of pollution if it persists. 
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1. INTRODUCTION 

Tar in the marine enviro1111ent is formed as a result of the release of hydrocarbon c~nds 
into the sea. The sources of these hydrocarbon c~unds may be natural seeps from the sea bott011, 
accidental or intentional release fran oil tankers or ships, or release fr0111 land-based oil 
installations or industry. Once it is released into the marine enviro1111ent, the oil loses its light 
fraction by evaporation and its viscosity increases, until it becanes soft, sticky brownish black 
material often termed tar balls or siff1)1y tar. The specific gravity of the tar is usually lower 
than that of seawater and therefore it normally floats on the water. The dispersal of tar is thus 
affected by winds and currents. 

Very little is known about the effect of tar on marine organisms. In a study aimed at finding 
whether tar constitutes a threat to marine life, Zsolnay et al. (1978) examined concentrations of 
tar and of aranatic hydrocarbon, which is the irost toxic c~nent in crude oil, at the same 
stat1ons. They found that there h no relationship between the two, presllllilbly due to different 
dispersion mechanisms. However, there is no question that once tar lands on the beach, it forms a 
serious nuisance to bathers. It sticks to the body, ruins clothing, and it is very hard to get rid 
of it. Tar is therefore a serious threat to the tourist industry. This is especially so in the 
fltediterranean Sea, because this is a wann sea in which coastal oriented tourism is constantly 
growing. 

Systematic studies of tar distribution in the fltediterranean started in 1969 with san.»ling of 
pelagic tar by the RIV "Atlantic II" (Horn et al.. 1970). Since then, pelagic tar s_.,ling was 
conducted by several expeditions of various oceanographic vessels, irostly in western Plediterranean. 
Many studies on tar stranded on fltediterranean beaches were carried out between 1975 and 1978, most 
of them within the fltED POL Progranme (UNEP, 1980). These were conducted irostly in the eastern 
fltediterranean. At the same time, studies were made on the distribution of dissolved and dispersed 
petroleooi hydrocarbons, their chemical behaviour and their effect on the biosphere. These were 
recently reviewed in UNEP (1986). 

The fltediterranean Sea was considered to be the irost oil polluted sea in the world (U.S. 
National Academy of Sciences, 1975). This was because of the heavy oil traffic on it relative to 
its size, and because it is an enclosed body of water with very restricted passages to other 
oceans. During the last three decades, efforts were made, at national and international levels, to 
reduce the input of oil into the fltediterranean. There are signs that these, together with the 
increase in oil prices in 1979, have indeed caused reduction of oil and tar pollution in the 
lllediterranean. 

The purpose of this docooient is to review the available information on tar pollution in the 
fltediterranean Sea and its shores, to assess the magnitude of this pollution in terms of space and 
time, to examine the methods for monitoring this pollution, and to evaluate the feasibility of 
assessing oil pollution of the lllediterranean through monitoring tar contamination. 

2. THE MEDITERRANEAN SEA 

Surrounded by Europe, Asia and Africa (see Figure 1), the lllediterranean is an enclosed sea, 
extending over an area of 3. 7 x 106 km2 with an average depth of 1,500 m and maxinun depth of 
5,092 m. Its passages to other oceans are restricted: through the Straits of Gibraltar (320 m deep 
and 20 km wide) to the Atlantic Ocean and through the man~de Suez Canal to the Red Sea and Indian 
Ocean. In addition, it is connected through the Bosphorus to the Black Sea. The time required to 
exchange the water of the fltediterranean is estimated at eighty years, iff1)lying that the average 
residence time of substances in the water in the fltediterranean is about eighty years. 
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Figure 1. The Mediterranean Sea. 
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The Straits of Sicily, with a 400 m deep sill, divide the Mediterranean into western and 
eastern basins. These basins are further divided into quasi-natural internal basins: the Alboran, 
Balearic, Ligurian and Tyrrhenian Seas in the western basin and the Adriatic, Ionian and Aegean 
Seas in the eastern basin. Many islands are found in the Mediterranean; the larger of them are 
Sicily, Sardinia, Cyprus, Corsica and Crete. In addition, many small islands are found in the 
Aegean Sea. The major rivers that eq>ty into the Mediterranean are the Ebro, Rhone and Po Rivers, 
and until the activation of the Aswan Dam, the Nile River as well. These rivers created large 
alluvial plains and deltas on the Mediterranean shores. 

The water circulation in the Mediterranean (see Figure 2) is determined by its geographical 
shape, evaporation-precipitation ratio, and wind system. Surface Atlantic water enters the 
Mediterranean through the Straits of Gibraltar and flows eastward along the coast of North 
Africa. Some of the water is deflected northward to form circulation in the Ligurian and 
Tyrrhenian Seas, where its density increases because of evaporation and cooling, and it sinks to 
form a deep water layer. The remaining water continues eastward through the Straits of Sicily, 
where again part of the water participates in a counterclockwise circulation in the Ionian and 
Adriatic Seas and the rest continues to the eastern part of the Mediterranean. There, the 
salinity and teq>erature of the water increase due to the excess of evaporation over precipitation 
and runoff. The water becomes denser and sinks. The outflowing water from the Mediterranean goes 
through the deeper part of the Straits of Gibraltar and sinks in the Atlantic Ocean to a depth of 
about 1,000 m. It spreads in the Atlantic Ocean but is still distinct, by its high salinity and 
teq>erature, at large distances from Gibraltar, towards the west and north. 

3. FACTORS CONTROLLING TAR CONCENTRATION IN THE MEDITERRANEAN 

Any discussion on tar ball concentration in the sea or the beaches ffl.lSt be related to the 
quantity and distribution of petroleum hydrocarbon discharge into the Mediterranean Sea. This 
subject has been described and discussed in a recent publication (UNEP, 1986). The following is a 
short soomary based on this as well as other publications. 

Figure 3, taken from Le Lourde ( 1977), shows the locations of the various activities in the 
l"lediterranean which are related to oil. Although this map needs updating, its basic elements are 
still valid today. Middle Eastern oil, which reaches the eastern shores of the Mediterranean via 
pipelines and the Suez Canal, is shipped from there westward. North African oil is shipped from 
the southern part of the Mediterranean to its northern shores. Concentrations of refineries are 
found in the northwestern part of the sea, with a smaller concentration in its southwestern part. 
Offshore oil discoveries were recently made in Algeria, Tunisia, Libya, Egypt, Greece, Italy and 
Spain, and in some of these oil exploitation has already started. 

Table l provides two estimates of petroleum hydrocarbon input into the world oceans according 
to various sources of input. The first estimate was published in 1975 by the U.S. Natfonal 
Acad~ of Sciences on the basis of 1973 data. The second estimate is an update based on data 
from 1982 (U.S. National Acad~ of Sciences, 1985). Comparison of the two shows a reduction of 
close to SO per cent between the first and second estimates. There is no information on the input 
of oil into the Mediterranean Sea, but various authors used the world estimates to relate it to 
the l"lediterranean. Le Lourde (1977) estimated that between 0.5 to 1.0 million tons of oil were 
released into the Mediterranean. Steirman et al. (1979) and also lllontford (1984), assuming annual 
oil transport through the Mediterranean to be 600 million tons, and introducing various 
corrections for the short distances between oil loading and unloading ports, reached an estimated 
1.1 million tons/year of oil release due to transportation and 0.6 million tons/year. It is not 
clear in the above mentioned studies what is the source of information for the volume of oil 
transport in the l"lediterranean. Table 2 is based on information published by Maritime Transport 
(1976-1984) which provides also a breakdown of the sources of the oil transported in the 
Mediterranean: North African, Suez Canal/Sumed and pipelines to the eastern Mediterranean. 
According to this information, the volume of oil transported in the Mediterranean is smaller than 
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Table 1. Input of petrole1.111 hydrocarbons into the oceans (in million tons/year) 

Source 

Natural seeps 

Sediment erosion 

Offshore production 

Transportation: 
Load-on-top tankers 

Non-load-on-top tankers 

Ory-docking 

Terminal operations 

Bilges-bunkering 

Tanker accidents 

Non-tanker accidents 

Transportation sub-total 

Coastal refineries 

Abnosphere 

Coastal 1111nicipal wastes 

Coastal non-refining 
industrial wastes 

Urban runnoff 

River runoff 

Ocean da...,ing 

Total 

U.S. National 
Academy of Science 

1975 

0.600 

0.080 

0.310 

0.770 

0.250 

0.003 

0.500 

a.zoo 

0.100 

z. 133 

a.zoo 

0.600 

0.300 

0.300 

0.300 

1.600 

6.113 

0.70 

0.03 

a.oz 

0.30 

0.40 

a.oz 

U.S. National 
Academy of Sciences 

1985 

0.20 

0.05 

0.05 

1.47 

0. 10 

0.30 

0.70 

0.20 

0.12 

0.04 

a.oz 

3.25 
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Table 2. Oil movement in the Plediterranean Sea (in million tons) 

Year 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

North Africa 

119.3 

147.2 

157.1 

161.0 

163.8 

140.2 

107.9 

106.3 

108.2 

East Pied. pipelines 

54.5 

10.3 

15.5 

22.2 

29.6 

34.9 

34.4 

35. 1 

36.5 

Source: Plaritime Transport (1976-1984) 

Suez Canal/Sumed 

11.0 

33.8 

38.8 

27.2 

71. 7 

53.4 

117 .2 

143.0 

146.0 

Total 

184.8 

191.3 

211.4 

210.4 

265.1 

228.5 

259.5 

284.4 

290. 7 

those quoted by the authors who c~ted oi 1 input into the Pledi terranean, and it is therefore 
probable that at least for the period 1975-1983, the rate of oil input was smaller than the 
estimates cited above. 

It is of interest to note_ the difference in trend between the rate of oil transport in the 
Plediterranean (Table 2) and the global rate of oil transport (Table 3). In 1979 the global oil 
transport reached a maxi11UR but not so for the Plediterranean, in which oil transport increased 
almost continuously until 1983. Percentage-wise the proportion of oil shipment in the 
Plediterranean in comparison to the world shipment has doubled between 1975 and 1983 (see Table 
3). Therefore, if tar ball concentration had a direct relationship to volume of oil traMport, a 
decrease in tar concentration should be expected in world oceans during the last seven years but 
not in the Plediterranean. 

However, two main factors caused a reduction in oil release into the Plediterranean Sea in 
spite of incre.Ke in oil activity. These are international regulations to control oil discharge 
and technological developaents leading to the same effect. 

The two most it11pOrtant international conventions for the control of oil release into the sea 
are OILPOL and MOPOL 73/78. The first, International Convention for Prevention of Pollution of 
the Sea by Oil 1954, prohibits. discharge of oil or oily mixtures into the sea in water closer than 
fifty miles from land. According to the 1969 amencnent, which entered into force in January 1978, 
beyond that distance, discharge was permitted only at certain rates and quantities. This 
convention was ratified by all the Plediterranean coastal countries except Turkey. According to 
OILPOL, there were two restricted areas in the Plediterranean, one east of Crete and the other west 
of it (see Figure 3), which were at distances larger than fifty miles from land in which 
deballasting of oily water and discharge of other fol"fflS of oil was permitted, at least until 1978, 
and restricted in quantity thereafter. The second convention is the International Convention for 
the Prevention of Pollution from Ships, 1972, as modified by the Protocol of 1978 (MAPOL 73/78). 
According to P'IARPOL 73/78, the Plediterranean is considered a special area in which any discharge 
into the sea of oil or oily mixture at concentrations above 15 ppm from any oil tanker or any ship 
of more than 400 grt is prohibited. P'IARPOL 73/78 entered into force in October 1983 but to date 
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has been ratified only by eight Plediterranean countries: France, Greece, Israel, Italy, Lebanon, 
Spain, Tunisia and Yugoslavia. 

Table 3. C001>arison between world and Plediterranean oil movement 
(in million tons) 

Year World 

1975 1,934.4 

1976 1,930.4 

1977 2,016.8 

1978 1,975.9 

1979 2,051.3 

1980 1,853.2 

1981 1,662.8 

1982 1,483.5 

1983 1,413.3 

Plediterranean 

184.8 

191.3 

211.4 

210.4 

265.1 

228.5 

259.5 

284.4 

290.7 

~diterranean 
per cent of 

world 

9.5 

9.9 

10.5 

10. 7 

12.9 

12.3 

15.6 

19. 1 

20.6 

Sources: World shipment from British Petroleum, 1985 (converted 
to tons/year); Plediterranean shipment fran Plaritime 
Transport, 1976-1984 

The entry into force of these conventions and the increase in oil prices resulted in two 
lines of action, both leading to a decrease of oi 1 input into the water. On the one hand, the 
rate of installation of coastal reception facilities increased, policing and enforcing regulations 
against oil spillages became stricter, and awareness of the impact of oil pollution on the marine 
environment increased. On the other hand, the industry developed new techniques and procedures of 
oil handling, such as equipping all new tankers with segregated ballast, developing a clean 
ballast system in new tankers, and developing a crude oil washing system which allows collection 
of the washed oil. All these help in saving the oil and at the same time stop its disposal into 
the sea. 

The impact of the above mentioned regulations and technological developments on tar quantity 
and distribution 1111st be noticed. One would expect higher quantitites of tar, pelagic and 
beached, before 1978 and in the vicinity of the areas where discharge of oily residues was 
permitted. From then on, tar quantities had to decrease if the above mentioned measures are 
indeed effective. 

4. PIETHOOOLOGY 

Determination of pelagic tar quantity 

Pelagic tar is sampled by neuston net, which is conmonly used for sampling organisms from the 
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quantitative results. r.orris (1971) iq,roved it to provide quantitative results. This saq,ling 
system (see Figure 4) consists of a sled which is built of two skis and keels connected to each 
other by cross menoers. A brass drum which holds a floi,metre and a plankton net is connected to 
the sled between the keels below water level. A dacron sleeve, with holes in its upper part, 
leads the surface water into the drum. When the sled is towed behind the boat, the sleeve skims 
the sea surface, the air escapes through the holes and the water activates the flownetre. In this 
way the volume of water entering the net is known and the area covered by the net may be 
coq,uted. It is reported that this system operates well at speeds of 2 to 4 knots in sea states 
to force 5 (Butler et al., 1973). 

An ill1)0rtant point to consider, while saq,ling pelagic tar, is the effect of the wind on the 
tar distribution. Persistent winds above 4-5 mis usually generate wind-rows causing floating 
items to be arranged along the wind-rows. To prevent biased saq,ling, it is reconmended to saq,le 
either in a circle or perpendicular to the wind-rows. The surface area skinmed by the net should 
be coq,uted (by the length of the tow times the width of the net or by the measured water flow if 
available). The results should be expressed in tenns of weight of tar per rrf. 

Determination of tar quantity on the beach 

Review of the literature on monitoring of tar ball quantities on the beach reveals, as Golik 
( 1982) pointed out, a confusion over the parameter which is monitored. One should distinguish 
between the rate at which tar lands on the beach and the standing stock of tar on the beach. The 
former, rate of tar landing from the sea, is very ill1)0rtant for understanding the dynamics of tar 
on the beach, which in turn is ill1)0rtant for the estimation of tar balance on a given beach. 
However, when an experiment is designed to measure this parameter, one lll.lSt realize that waves 
cause lateral movement of tar balls along the beach. Therefore, repeated saq,ling of a narrow 
beach strip yields the rate of tar accUlll.llation from both the sea and the beach on either side of 
the saq,ling strip. Golik (1982) demonstrated that even under conditions of calm sea, tar balls 
moved laterally by the small waves along the beach at a rate of several metres per day, and 
speculated that under stonny conditions this transport rate may reach even hundreds of metres per 
day. Therefore, monitoring of the rate of tar accUlll.llation from the sea on a beach requires a 
thorough cleaning from tar of a long section of the beach (a few hundreds of metres) and then 
collecting daily the tar balls which accUlll.llate on a narrow strip at the centre of that section. 
If the experiment continues for a long period of time, the beach on both sides of the saq,led 
strip should be repeatedly cleaned to prevent lateral movement of tar into the saq,led strip. 
This is, of course, a laborious and costly venture. 

Standing stock of tar is siq,ler to monitor but, of course, yields less infonnation than rate 
of tar accUlll.llation. Here, only the quantity of tar at a given moment is measured, and therefore 
if repeated saq,ling is made from the same beach at relatively short time intervals (weeks), care 
should be taken not to saq,le the same strip in order to give a true picture of tar quantity. 

Plany of the studies aimed at monitoring tar quantities on beaches in the 1'1editerranean Sea 
failed to distinguish between the two parameters mentioned above, and although measurements of tar 
were made on a narrow strip of beach (1-2 m) at a rate of once a week or once a month, the results 
are reported in units of tar quantity per unit length of beach (or unit area of beach) per unit 
time, iq,lying rate of accUlll.llation. Furthermore, in some of the studies, it is clearly stated 
that the same strip of beach was repeatedly measured, which makes the measured value a 
questionable one even for the purpose of standing stock evaluation. 

Techniques of saq,ling is another problem related to tar measurement on the beach. Two basic 
methods were er11>loyed in various studies: measurement of tar per unit area of beach, and 
measurement of tar per unit length of beach. In the former, tar from a unit area (in most cases 1 
m2) was collected and reported. In the latter, the tar from a strip (usually 1 m wide) 
perpendicular to the beach was collected. Here also there is confusion as to the length of this 
strip. Some select the strip from mean low water to mean high water, and some from the waterline 
to the back of the beach as defined by the foot of the cliff or dune or the highest storm mark. 
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Figure 4. Diagram of modified neuston net for quantitative SMl1)1ing. 
(Fran Morris, 1971). 
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UNEP (1985) provides a detailed description of a method for quantitative sampling of tar on 
the beach. It emphasizes the in.,ortance of randan selection of the sampled beach to avoid 
erroneous results due to conscious or subconscious bias. According to that method, tar should be 
collected fran one metre strip of beach which is normally oriented to the coast front the waterline 
to the foot of the cliff, dune or highest stonn line at the back of the beach. Tar may be 
collected by hand, or gently brushed by a long handled brush to fonn smal 1 mounds of sand and 
tar. These mounds are transferred into a bucket, with the bottan replaced by a 2 nm mesh screen. 
The bucket is carefully inmersed in seawater, washing out all the sand. The remainder, which 
contains tar and other material, is later spread on a tray in the laboratory. The tar is allowed 
to dry in open air and the foreign material is removed by hand. The remaining dry tar is then 
weighed. Frequency of sampling depends on resources available, but one should be careful to 
sample a new strip each time, especially if sampling frequency is high. 

This method may be used in sandy beaches but not in rocky or pebbly beaches. There is no way 
to remove effectively the tar fran the rocks or separate it fran the pebbles in a way that 
reliable quantified information is obtained. 

flleasurement of tar on the beach is very laborious, and only a few samples may be taken per 
day by a team of 2-3 persons. It is therefore proposed to attempt quantitative estimation of tar 
on the beach by the use of air photos and analysis using image processing equipment (Golik and 
Rosenberg, 1987). 

5. TAR POLLUTION IN THE fllEOITERRANEAN SEA 

Quantities of pelagic tar in the fllediterranean 

The first systematic measurement of pelagic tar in the fllediterranean was carried out by Hom 
et al. (1970), who collected floating tar l~s using neuston nets during a cruise they conducted 
aboard the RIV •Atlantis II" fran Rhodes to the Azores in 1969. They reported their findings in 
tem1S of displacement volume of tar per unit area of sea surface. Of the 734 neuston tows, only 
16 per cent were reported as clean fran tar. The largest concentration of tar was found in the 
Ionian Sea off Libya and between Libya and Sicily, where tar values were up to 0.5 ml;,;. 
fllorris et al. (1975) used the original data of Horn et al., converted them to ffrd/,il and provided 
the statistics for various parts of the fllediterranean (see Table 4). According to them, the 
average tar quantity found in the expedition of Horn et al. in the fllediterranean was 37 rwJlril. 

Oren (1970) conducted two cruises in the eastern fllediterranean in 1970 (between Israel and 
the Straits of Sicily) in which he collected floating tar using a neuston net. He provided his 
results in relative, rather than absolute, tem1S. Nevertheless, his findings suggested that the 
most polluted areas in the eastern fllediterranean were off the Gulf of Sirte, Libya and between 
Cyprus and Syria. Secondary foci of tar pollution were found between Sicily and Tunisia and in 
the southeastern Aegean. 

Another measurement of pelagic tar, in the western fllediterranean, was conducted on board the 
RIV "Westward• in 1974/75 by fllorris et al. (1975). They collected forty-eight neuston samples in 
the Alboran, Balearic, Tyrrhenian and Ionian Seas, fairly close to the sampling track used by Hom 
et al. (1970). All of the tows contained tar ranging between 0.1 and 109.9 ffrd/,il with an 
average of 9.7 mglril. The detailed results of that study are provided in Table 4. 

Ros and Faraco (1979) conducted three cruises in the western fllediterranean in 1975, 1976 and 
1977 aboard the RIV "Cornide de Saavedra". They collected tar fran one hundred and forty three 
neuston nets and found that tar quantity ranged between 0-77.7 rwJlril with an average of 2.9 
mglril; 13.3 per cent of their tows contained less than 0.1 mglril, 49.6 per cent between 0.1 
and 1, 25.2 per cent between l and 5, and 11.9 per cent of the samples contained more than 5 
mglrrf-. 
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Table 4. Statistics of pelagic tar in the Mediterranean Sea (rnglm2) 

Area 

Alboran Sea 

Balearic Sea 

north 
south 

Tyrrhenian Sea 

Ionian Sea 

East Plediterranean 
Egypt 

NE PledHerranean 

Period 

1969 
1974-75 

1976 
1981-82 

1969 
1972-73 

1974-75 
1975-77 
1975-77 
1981-82 

1969 
1972-73 

1974-75 
1975-77 

1969 
1974-75 

1970-71 
1977-79 

1978-79 

1983-84 

Range 

0.35-45.11 
0.04-6.6 
0.01-25.6 

0. 1-27 .9 
0-77. 7 

0.05-26.8 

0.2-14.7 
0-10 

0.9-109.9 

0-58.3 
0.2-1.33** 

0-8.91 

0-33.4 

* Values are those quoted in Morris et al., 1975 
** mg/m3 

Arithmetic Geometric Reference 
mean mean 

6.5 Horn et al., 1970* 
11.0 4.4 Morris et al., 1975 
0.6 0.22 Ros and Faraco, 1979 
0.8 0.17 De Annas, 1985 

2.4 2.2 Horn et al., 1970* 
3. l 2.5 Polikarpov and 

Benzhitsky, 1974* 
0.5 0.4 Morris et al., 1975 
5.4 1.06 Ros and Farac.o, 1979 
3.9 l. 18 Ros and Faraco, 1979 
3.6 0.63 De Annas, 1985 

1.5 Horn et al., 1970* 
4.7 Polikarpov and 

Benzhitsky, 1974* 
3.2 1.4 Morris et al., 1975 
0.9 0.3 Ros and Faraco, 1979 

130.0 60.0 Horn et al., 1970* 
16.0 5.0 Morris et al., 1975 

5 El Hehyawi, 1979 
wahby and El Deeb, 
1981 

2.82 Aboul-Oahab and 
Halim, 1981a 
Saydan et al., 1985 

De Annas (1985) reports the results of pelagic tar collected on board the R/V "Cornide de 
Saavedra• in October 1981 and May 1982 in the Alboran and Balearic Seas. The arithmetic means of 
tar concentrations for both seas, 0.8 rng/m2 in the Alboran and 3.6 rng/m2 in the Balearic, were 
very close to the results of Ros and Faraco (1979) collected in 1975/77. The two highest values, 
19.8 and 25.6 rnglm2, reported by De Annas, were fran intensive oil tanker traffic lanes off the 
Spanish and Algerian coasts. 

El-Hehyawi (1979) collected pelagic tar in 1970-1971 using a neuston net fran the 
Pledfterranean off the western coast of Egypt between El Sallum and Danietta as far as 150 km 
offshore. Later, in 1974-1978, he collected Safll)les from five shallow water stations in the 
vicinity of Alexandria. He found distinct differences in tar quantitites which were related to 
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dist•nce fn111 shore •nd to season. At • distance of 100 km offshore, tar ranged from zero to 1.2 
fltJ/,,;., at 60 Ian offshore fron zero in the s111111er to 18.6 ffWJ/,,; in the winter, and at 10 Ian 
offshore fn111 2.9 in the s.-.er to 58.3 nr:Jlwl- in the winter. He also noted a general decrease 
in concentrations as one goes from El ~11111 westward to Abu Qir Bay near Alexandria. El-Hehyawi 
•ttributed the tar distribution described •bove to wind and current conditions that, during 
winter, •re fra1 the northwest to the east. These bring the tarfrcn the northern coast of Africa 
to the Egyptian coast. Based on these findings and extraction of hydrocarbon from sand on the 
beach, El-Hehywi esti1111ted th.t 5,200 tons of pelagic tar existed in 1971 in the coastal waters 
of the •re. of his study, and th.t about 150 tons of tar were at th•t time on the beach between El 
~llua •nd Alexandria, a distance of sane 600 km. 

Floating ur in the coastal waters of Alexandria, Egypt, was measured by wahby and El Deeb 
(1981) between May 1977 and April 1979. They did not report how far offshore s.nples were 
collected, but they cClllllented that they used a plankton rather than a neuston net because of the 
lack of a boat, lllhich indicates that s-.,ling was carried out in very shallow water. They found 
that floating tar quntities ranged between 0.2 - 1.22 ffJJ/,.1. Tar quantities were higher east 
of the SUllled oil pipeline than to the west of it. Since the wind and current regime is directed 
frm west to east, the authors i-.,lied, though did not state it clearly, that spills from this 
pipeline cause pollution of floating tar. 

In another study in the coastal waters off Alexandria, Egypt, pelagic tar was measured by 
Aboul-Dahab and tt.li■ (1981a), who collected floating tar balls between Septamer 1978 and. June 
1979 on a ■onthly basis fn111 seven fixed stations off Alexandria. They found that the average tar 
quntity was 2.82 ~. with values ranging from zero to 8.91 ffWJ/,,;.. It was found that 
during the winter ■onths, quantitites of tar were higher than in the s111111er months, and the 
authors attributed this phencnenon to the water t~rature. According to them, the higher water 
t-.,erature during s._r enNnces evaporation and degradation of tar. They •lso found that high 
tar values were recorded in the vicinity of the oil terminal west of Alexandria, and attributed 
this to leakages fn111 the pipeline. 

Off Jurtcey, ~ et •1. (1985) collected pelagic tar aboard the RIV •eili111• in 1983. He 
collected ten saples in coastal waters and in five of thea no tar was found. In the remaining 
five, one saple contained 33.4 ~ ~ the rest between 0.01 and 1.5 ffWJ/,,;. In the 
offshore, five saples were collected with a 111ean content of 0.6 #. 

Spttial and UllpM"al distribution of pelagic tar 

Jlll,le 4 provides a s ..... ry of •11 the statistics available on pelagic tar in the 
fllediterr11nean. CCllllparison between results of various studies does not require any ass~tions 
except, of course, that ... sure111e11ts (of length of tow, of area skinad by the neuston net, of 
•ight of t•r> were done Kcurately. COlllparison of tar quantitltes between various parts of the 
fllediterranean presents several difficulties: 

(a) Jhe sapling cover• of the Plediterranean is poor and geographically incalanced. During the 
nineteen ynrs that passed since the expedition of the RIV •Atlantis Ir (Horn et •1., 1970), 
only six studies on peliigic t•r toot place and five of thal in the western Plediterranean. In 
the eastern Plediterr11nean the only studies on this subject were that of Oren (1970), which 
produced only relative values of t•r, and that of Sayda et al. (1985), whteh is restricted 
to the northeastern corner of the Plediterranean and consists of a few stations only. The 
rest of the studies in the eastern "ecUterranean are only in coastal waters. 

{b) fhe spatial distribution of tar does not follow the pattern of nonnal distribution, but 
rather that of a log-n<>ral distribution. Handling data with this type of distribution is 
r11ther difficult, especially if the original data are not available and the author did not 
provide the suitable statistics. 
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In spite of these difficulties, the data suggest that the Ionian Sea was the most polluted by 
tar balls. The highest values for tar concentration in the studies of lt9rn et al. ( 1970) and 
Plorris et al. (1975) were fnn the Ionian Sea. Oren ( 1970) also reportE!d this area as highly 
polluted by tar balls. Other areas of large concentrations of tar were the Alboran Sea and, 
probably, off the eastern coastline of the "8diterranean. The reasons for this tar pollution 
pattern were the heavy traffic of oil from North Africa to Europe and the deballasting area in the 
Ionian Sea which, at least during the time that the above mentioned studies were conducted, was 
still a legitimate area for disposal of oily residues. It is possible that the heavy pollution in 
the Ionian Sea influenced also the coastal waters of Egypt where, as El-Hehyawi (1979) reported, 
the pelagic tar concentration was high near the border with Libya, gradually decreasing eastward 
to Damietta. 

An attempt to detect changes in tar concentration as a function of time suffers from the same 
difficulties mentioned above. "'1ny students in this field (Butler et al., 1973; Plorris et al., 
1975; Ros and Faraco, 1979) have noticed that concentrations of tar balls have nonnal or close to 
nonnal distribution on a logarithmic scale. Therefore the central tendency of tar sai-.,les is 
better expressed by the goemetric mean rather than by the cmmon arithmetic mean. Plorris et al. 
(1975) uses this statistic and its 90 per cent confidence limits to detennine changes in tar with 
time. In the Ionian Sea there was a significant reduction in tar quantities between 1969 and 
1975, from 130 to 16 mg/.,,/- (arithmetic mean) or from 60 to 5 mg/.,,/- (geanetric mean). Plorris 
et al. (1975) attributed this reduction to the closing of the Suez Canal that caused a shift in 
the routes of the oil traffic from the "8diterranean Sea to the Indian and Atlantic Oceans. 

Another significant decrease in tar concentration was found by Plorris et al. (1975) in the 
Balearic Sea. There, the geometric mean has decreased from 2.2 in 1969 and 2.5 in 1972/73 to 0.4 
mg/,rl. in 1974/75. However, in a later study in 1975/77 by Ros and Faraco (1979), this mean has 
increased again to 1.06 and 1.18 mg/.,,/-, dropping again in 1981/82 to 0.63 mg/,,;. {De Annas, 
1985). 

If data for all of the western "8diterranean are coq,ared, we obtain the following results 
(in arithmetic mean): 

1969 

1974/75 

1975/77 

1981/82 

37.0 mg/,,;. 

9 . 7 mg/.,,/-

2. 9 mglm2 

1 . 6 rwy.,,/-

Horn et al. (1970) 

Plorris et al. (1975) 

Ros and Faraco (1979) 

De Annas (1985) 

which indicate a reduction in tar pollution in that part of the "8diterranean for the period 
1969/82. This trend of reduction is distorted and probably not as sharp, because the data of Ros 
and Faraco (1979) and De Armas (1985) do not include the Ionian Sea which, as mentioned above, was 
the 1110st polluted, whereas in the earlier studies, those of Horn et al. (1970) and Plorris et al. 
(1975) were included. 

6. TAR POLLUTION ON PIEOITERRANEAN BEACHES 

Table 5 provides tar quantities on various "8diterranean beaches. The table clearly reflects 
the great variability in approach to sai-.,ling and sai-.,ling techniques. Some authors report their 
findings in terms of tar weight per area of beach, iq,lying measurement of standing stock. Others 
provide their results in terms of weight of tar per unit area per unit time, therefore iq,lying, 
and sometimes even stating, measurement of rate of tar landing on the beach. These authors failed 
to recognize that lateral movement of tar along the beach does not permit a true measurement of 
this parameter. Furthermore, there are even differences in the units of area, or time, used by 
various authors. Sane express their results in terms of tar quantity per unit length of frontal 



Table 5. Tar concentrations on fllediterranean beaches 

Country leacl\ s-.,ling S-.,ling Plean tar Range Units Reference 
period frequency 

Libya - 3180-3/81 Once 1228 - g/m El Ghirani 1981 

Egypt Alexandria 4/77-4/78 15 days 133.8 3.5-380 g/m2/15 days Wahby 1979 
4/77-10/79 15 days 135.5 21-347 g/rn2/15 days Wahby and El Deeb, 1981 
4178-9/79 7 days 97.6 2.85-405.7 g/rn2/7 days Aboul-Dahab and Halim, 1981b 

El Arish 4/75-6/76 l'lonthly 884 30-2055 g/m Golik, 1982 

Israel Ashkelon 4/75-6/76 15 days 3014 391-11, 133 g/m Golik, 1982 
Ga'ash 4/75-6/76 15 days 4186 254-12, 150 g/m Golik, 1982 
Set Yanay 4/75-6/76 15 days 4114 375-14,759 g/m Golik, 1982 
At lit 4/75-6/76 15 days 4388 678-13,052 g/m Golik, 1982 
Rosh Haniqra 4/75-6/76 15 days 3902 481-13,502 g/m Golik, 1982 ;: 
Haifa 7/81-8/84 Daily 26.2 0-662 g/m Golik, 1985 

Lebanon R•let 4/77-6/78 l'lonthly 4 0-14.8 g/m2 UNEP, 1980 
Sidar 4111-8/18 Pllonthly 3.4 0-33.6 g/m2 UNEP, 1980 

Turkey Erdemli 6/77-7/78 3 saq,lings 26.7 17 .9-34.3 glm2 UNEP, 1980 

Cyprus Paphos 10/76-11/78 Every 9 days 268.4 13.9-967. 1 glm2 UNEP, 1980 
1/83-12/83 l'lonthly 67.3 29.2-99.7 g/m2 Demetropoulos, 1985 

Limassol 10/76-11/78 Every 9 days 23.0 1. 1-102.0 g/,n2 UNEP, 1980 
l'lakronisos 1/83-12/83 8 s~les 33.0 13.9-61.0 glm2 Demetropoulos, 1985 

l'lalta Anchor Bay 4/77-9/78 l'lonthly 4. 15 0.9-10.0 glm2/day UNEP, 1980 
l'larsaxldele 4/77-9/78 l'lonthly 0.42 0-1. 7 g/m2/day UNEP, 1980 
Qawra 4/77-9/78 l'lonthly 0. 19 0-1.0 g/m2/day UNEP, 1980 

Yugoslavia - 12/77-4/78 10 saq,les 0.91 0-8.6 glm2 UNEP, 1980 
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beach (usually 1 m), whereas others per unit area (1 nf); some provide rates of tar a.cclllll.llation 
in terms of one day and others in temis of fifteen days. In some cases, tar was measured every 
nine days but reported in. terms of nonthly acclllll.llations. It is obvious that these data do not 
pen11it analysis of the results in temis of space and time for the whole lllediterranean. A search 
for the factors llhich control tar distribution on the beach may be conducted for some of the 
studies quoted in Table S but hardly for all of them. 

In Libya, El-Ghirani (1981) reported large quantities of tar along the coast of Cyrenaica and 
in the vicinity of Tripoli (see Figure 5). El--Ghirani explained this distribution: (a) the 
deballasting area off the Gulf of Sirte, in his opinion, was the Major contributor of tar balls to 
the area. These are carried by winds and currents to the northwestern coast of Cyrenaica; (b) the 
oil tenwinals in the Gulf of Sirte were a secondary contributor of tar to that region; (c) 
dallestic activity created oil residues llhich flow out to the sea from the beach, as 1111y be seen by 
the high values of tar near Tripoli. It -,st be noted that at least in 1980 (one year before the 
study of El--Ghirani), in four out of five oil ports in Libya, no reception facilities for oil 
residues existed (UNEP, 1986, table 3). This must have contributed to the tar pollution along the 
Libyan coast. El-Ghirani esti1111tes that 2,000 tons of tar cont•inate the Libyan coastline. 

In Egypt, off Alexandria, Wahby (1979), Aboul--Oahab and Halim (1981a) and Wahby and El Deeb 
(1981) found that tar concentrations were higher during winter than during s&aaer. Wahby (1979) 
and Wahby and El Deeb (1981) proposed that this seasonal distribution was caused by the winter 
stol"II winds llhich drive the floating tar balls froa the open sea to the beaches. Aboul--Oahab and 
Hali11 (1981a) also observed a direct relationship between wind intensity and tar acc--,tation on 
the beach. In addition, they suggested that during s1.a111er, quantities of pelagic tar are S1111ler 
due to the higher water and air ten.,erature llhich enhances tar degr.tation. In another paper, 
Aboul--Oahab and Hali11 (1981b) tried to relate pelagic tar, the rate of tar acc--,tation on the 
beach and the concentration of dissovled and dispersed hydrocarbon. They found that there was no 
correlation between floating tar and dissolved hydrocarbon (see Figure 6A), and reasoned that 
those two are fran different origins. The tar resulted froa tanker ballast, whereas dissolved and 
dispersed hydrocarbon resulted fr0111 coastal waste discharge. On the other hand, they found a good 
correlation (see Figure 68) between pelagic tar and the rate of tar acc--,lation on the beach, and 
reached the conclusion that both of than are fl"'OIII the sae sources, and that the distribution of 
both depends on the sa11e factors, such as winds and teaperature. 

Golik (1982) found that in 1975/76 the beaches in the northern and central part of lsrHl were 
significantly mre polluted than those in its southern part and Sinai (see Figure 7). He 
attributed this distribution to several factors: (a) for seven yors prior to the study, the Suez 
Canal was closed and there was no oil traffic in the vicinity of Sinai; (b) IIIKt of the on 
traffic at that tiae took place between the oil te,-inals in the Nstern fllediten-anNn (lsrHl, 
Lebanon and Syria), thus affecting the northern beaches of Israel; (c) Oren (1970) and Burwn and 
Oren (1973) found high concentrations of pelagic tar between Cyprus, lsrHl and Lebanon. There 
are indications (S. Brenner, personal CC1111Unication, 1986) that an eddy exists in thllt location. 
If this is proven, tar would acc11N1late in the no----.,tion centre of thllt eddy, to feed the lsr•li 
northern coast with tar. 

In Cyprus, a c~rison between the western side of Cyprus (Paphos) and its eastern side 
(Li1111ssol) for the period of 1976/78 shows that the western side of the island was .,... polluted 
by tar than its eastern side by about ten ti11es (UNEP, 1980). In a si■ilar way, the beach on the 
western side of Malta (Anchor Bay) contained ten ti11es as •ch tar as those on its Nstern shores 
(UNEP, 1980). The renon for this difference between both sides of the two islands is prolNbly 
the wind, which is generally a western one. Nost of the tar lands on the exposed, western side of 
the island, whereas the lee, eastern side of the island ra11ins relatively clean. 
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Figure 6. Dissolved and dispersed petroletn hydrocarbon concentrations as a function of pelagic 
tar (A) and far deposition rate as a function of pelagic tar (B) off Alexandria, Egypt. 
(Fran Aboul-Oahab and Halim, 1981b). 
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A drastic reduction in tar contents on the beaches of Israel between 1915/16 and 1984 was 
found by Golik (1985) in Haifa. Although the saq,ling frequency in Golik's study in 1984 was 
daily in cmparison to the bi-weekly saq,ling in the study of 1915/16, the results reported in 
Table 5 for the 1984 study are only from newly saq,led beach strips, and therefore a comparison 
between the two studies is valid. Table 5 shows that the reduction in tar quantity between 
1975/76 and 1984 was of two orders of magnitude. A comparison of low flying air photos from 
beaches in Israel at various periods between 1915 and 1985 (Golik and Rosenberg, 1981) clearly 
shows the gradual and drastic reduction in tar concentrations, as may be seen in Figure 8. 

A similar reduct ion in tar quantity between 1916/78 and 1983 was reported (UNEP, 1980; 
Dellletropoulos, 1985) fran Paphos, Cyprus. During that period, mean tar concentration was reduced 
from 268.4 glril to 67.3 glril. 

Golik (1982) made an attempt to compare tar quantities on various beaches in the 
Plediterranean. For that purpose he had to re-coq,ute reported values from various studies so that 
an of them were expressed in the same units. This procedure has undoubtedly introduced some 
error into the comparison, but still, for an order of magnitude, this coq,arison is valid. Also, 
mst of the compared studies were carried out at about the same period, 1975-1978, and therefore 
provide the state of beach tar pollution at some parts of the Plediterranean at that time. The 
result of this cmparison is given in Table 6. According to the comparison, Paphos, Cyprus and 
Alexandria, Egypt were the most polluted beaches at that time (1975-18). These two beaches were 
both closest to and downwind of the deballasting area which existed at that time between Crete, 
Cyprus and Egypt (see Figure 3). This geographical relationship indicates the role of the 
deballasting area on the pollution of seawater and nearby beaches by tar. The geographical 
relationship between the highly polluted coast of Cyrenaica in Libya (El-Ghirani, 1981) and the 
nearby deballasting area in the Ionian Sea (see Figure 5) supports this conclusion. Although the 
study of El-Ghirani (1981) was conducted in 1980/81, 2-3 years after deballasting and releasing of 
oily water into the whole Plediterranean was forbidden, the effect of the deballasting area 
certainly still persisted in that area. 

Table 6. Tar quantities on various Plediterranean beaches (from Golik, 1982) 

Country Beach Period of study 

Nalta Anchor Bay. Apr. 11 - Sep. 18 
Naltab Narsaxlokk Bay Apr. 11 - Sep. 78 
Cyprush Limassol Nov. 11 - Nov. 18 
Cyprusb Paphos Nov. 11 - Nov. 18 
Egyptb Alexandria Apr. 78 - Nay 19 
lebanc,nb Raalet Apr. 11 - June. 18 
Lebanonb Sidar Apr. 11 - Jun. 78 
Turteyh Erdanli 1911 - 1918 
Israelc flllean of six beaches Apr. 15 - Jun. 16 

Saq,ling rate 

Every 15 days 
Every 15 days 
Every 9 days 
Every 9 days 
Every. 15 days 
ii.onthly 
l't>nthly 
Only 3 saq,1 ings 
Every 15 days 

flllean tar 
quantity 
(g m-2) 

62.~ 
6.3a 

31.5 
360.3 
132.0 

4.0 
3.8 

24.3 
14.6 

a Values are reported as g m-2 day-1 and recalculated here back tog m-2 (15 days- 1) 
to pen11it cmparison 

b UNEP, 1980 

c Golik, 1982 
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Figure 8. A series of air photographs of the sae 25 m beach section at different dates showing 
the change in tar concentration on the Israeli coast between 197S and 1985. Frmt Golik 
and Rosenberg ( 1987) . 
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7. TAR PROCESSES 

The chemical changes that petroleooi hydrocarbon undergoes until it bec0111es a •tar ball•, the 
movement of tar balls on the sea surface and in the water colOOll, the landing of tar on the beach 
and its final fate, are defined here as •tar processes". A good understanding of these processes 
may help in coping with the tar problem. For exaq>le, the chemical c~sition of tar may 
indicate its source and thereby the agent causing oil pollution. The chemical c~sition may 
also indicate the age of a tar ball and thereby provide insight into the tar balance on a beach, 
which in turn is i~rtant for feasibility evaluation of cleaning tar from beaches. Infonnation 
on degradation of tar may help in designing methods to hasten this process~ llsfortunately, only 
very few studies were conducted on tar processes in the "editerranean; these will be reviewed here. 

Sources of tar in the "editerranean 

Shekel and Ravid ( 1977) investigated the origin of tar balls that land on the beaches of 
Israel. They carried out gas chromatographic (GC) analyses as well as analyses of the ratio of 
vanadiooi to nickel and sulphur content of 788 tar saq,les collected fortnightly from eight 
stations along the Israeli coastline between September 1973 and January 1975. O" the basis of the 
GC analyses, the authors classified their saq,les into four categories as follows: 

GC 1 weathered crude oil 
GC 2 crude oil sludge 
GC 3 weathered fuel oil 
GC 4 highly weathered oily residues 
Unidentified saq,les 

Tota 1: 788 saq,les 

149 saq,les 
451 saq,les 
139 saq,les 
32 saq,les 
17 saq,les 

100 per cent 

19 per cent of samples 
57 per cent of s-,,.les 
18 per cent of saq,les 
4 per cent of saq,les 
2 per cent of saq,les 

To evaluate the results of the V/Ni ratio and S content, Shekel and Ravict prepared a log-log 
chart of the content of these elements in oils from Algeria, Libya, Egypt, Stnai, and the Persian 
Gulf (see Figure 9A). It can be seen that the "iddle Eastern oil differs g,eatly from the Morth 
African oils, with the oil of Egypt and Sinai found between them. The results of the,analyses of 
the tar balls were plotted on this chart, and it was found that 96 per cent of" the tar balls 
originating from crude oil or crude sludge originated from "iddle Eastern oil (Figure 98). Since 
fuel oil is an artificial refinery product, with which ships load their tanks at a great variety 
of places, there was no sense in attempting to find its geographical source. 

Using the first n-hydrocarbon appearing in the chromatogrn, Sheket -,.. Ra¥id- tried to 
determine the degree of the tar weathering. They found that in 46 per cent of the tar balls 
originating from crude oil or crude oil sludge, the first n-hydrocarbon was t12-C14, indicating an 
age of about two weeks, and in 41 per cent degradation reached C15-17, indicating an age of about 
two months. It was also found that tar with low n-hydrocarbon was more abundant in st11111er than in 
winter, but no explanation was offered for this phenomenon. 

Albaiges et al. (1979) analyzed forty-two saq,les of floating tar collected in the western 
Mediterranean between Spain and Italy in order to detennine their source. The analyses consisted 
of gas chromatography as well as analytical chemistry to detennine sulphur, vanadiooi and nickel 
content in the tar. It was found that almost all the saq,les were already subjected to 
degradation - in 75 per cent of the saq,les Cl3-C14 n-paraffins were present and in the rest n-C15 
was always present. There was no- evidence of biological degradation nor of a difference between 



- 24 -

S% A 

MIOOLE EAST 01.. ... 
-- 4'k •• -~· ♦ 

......................... ..· : .. ~ ~ •♦ 
0 ........ _ II- • 

0 0 ............. __ .. 

0 0 ............. ..... 
0 ............ 

LIBYAN OL • -........._ ..... ..... 
0 ...... 

O.l a ALGERIAN 01.. 
a 

o.1.__ _ __._.j,.......__._ ..... .u...___~,,--...... _._, ....... .,...6..4'..,.. 
OJ Cl.I Cl4 o.e CIII IO RD "° eo ao IO 'f'Ni 

Not1h African oll: a Algerian, 0 Libyan. d Egyptian. Middle Eastern oil: e h­
nlan, X Kuwait. + Saudi Arabian, A Sinai 

S'11'. 
000 
10 GC - I 
•o 

:: -----......................... :. ---~t#~(~ 
1.0 

•• •-• 
04 

•• 
o, 
1.0 

•-• 
4.0 

1.0 

•• ... 
0.0 

._4 

OJ! 

....... -.... .. ,· , 
. ....... , 

• ..... -- .......... 

GC-2 

..... ..... ...... ..... 

..... 

GC-3 

....... 
........ .......... 

................ ··. :· _ .. _ . 
......... 

~':--.- . 
:-::::"'"-~-~ ......... 

GC-4 

....... ."' ... ..... ..... ..... _ - ...:. 
..... ..... . ..... ..... 

B 

-- ..... ..... 

-- ..... 
---
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the inner part and outer part of the tar ball. It was concluded that the tar s-.,led originated 
from crude oil, weathered marine fuel oil and weathered crude oil sludg1::s; 82 per cent of the 
s-.,les were the result of discharged oil tanker washings. ,The S, Ni, and V content of the 
s-.,les indicated that the tar originated from "iddle Eastern oil. 

The significance of these studies is that at the time they were conducted, the origin of the 
tar which polluted the eastern l'ledi terranean must have been oi 1 which reached the area from oil 
tenninals in the eastern l'lediterranean and not from great distances in the ftediterranean. Sti 11 
it is surprising that the origin of tar in the western l'lediterranean was also from "iddle Eastern 
oil and did not show traces of North African oil, which was shipped in large quantities to 
European ports in the ftediterranean. Albaiges et al. (1979) suggest that the NorUF Mrican oil is 
low in asphaltane and paraffin content and evaporates without leaving solid c:Offtent. This 
explanation is not satisfactory in view of the large quantities of tar found by El-Ghirani (1981) 
on the Libyan coast. This problem ffllSt be further investigated. 

In a later paper, Albaiges (1980) points out that conmon analytical procedures for 
determining S, Ni and V content in s~les, as well as the hydrocarbon 91s dwanatography, 
including the phytane/pristane ratio, are not enough for •fingerprinting• of oil residues in the 
l'lediterranean. This is because of two reason: (a) a large ntlli>er of types of oil .-e transported 
in the l'ledi terranean, and some of them show great similarity in terms of the al)ove mentioned 
parameters; (b) in many cases the above mentioned parameters change with the degradation that oil 
undergoes after it has been released into the marine evironment. This would especially affect tar 
analysis. Albaiges reconmends making use of multi-fingerprinting using selective detectors (FP 
and NP detectors) on the GC, which provide profiles of sulphur and nitrogen compounds. With the 
aid of these p1,,ofiles, a better differentiation of the oil compound is obtained. However, these 
are good cnly for detection of a chronic source of oil pollution but not for degraded, old oil 
residues. For these, the author reconmends the use of mass-fra!JQentation of petrole111 biological 
mark!!rs such as acyclic isoprenoids, steranes, rearranged steranes and hopanes. These cmpound 
are hardly changed during degradation of the oil and preserve their original fingerprinting even 
in old tar balls. 

Dispersion of tar 

Very little is known on the transport of tar in the sea. Floating tar is affected mostly by 
winds and to a lesser extent by currents. However, tar is found also suspended in the water 
column as well as on the seabed. Balkas et al. (1982) tried to find whether sunken tar differs 
chankally or physically from floating tar. They analysed floating and sunken tar ball samples 
using Infra-red (IR), H-Nuclear Plagnetic Resonance (H-IW"), gas chromatogr•y (GC) and GC1"ass 
Spectrometry (PIS) techniques. They found that it is very difficult to separate the floating from 
the sunken tar on the basis of their chemical or even physical properties. In 111ny cases the 
density of the sunken tar was higher than that of the floating tar but not always. Usually the 
density of the tar is very close to that of the water. Therefore, the water t~rature is 
probably the factor that controls whether the tar will sink or not. An ex-.,le was brought of oil 
released from a tantcer which caught on fire ;n the Bosphorus. A few weeks later, when the weather 
grew colder, the tar floated in a matter of hours. 

Saydam et al. ( 1985) found high concentrations of pelagic tar in the Gulf of lskadrun. 
Associated with the tar, anthropogenic litter was found as well, which consisted, among others, of 
plastic bags. These carried conmercial writings on them indicating that this material, and 
pres\lllilbly the tar too, was swept with the l'lediterranean counter-clockwise current from as far 
~th as Egypt along the eastern shores of the Mediterranean (Israel, Lebanon, Syria and Turkey) 
to that Gulf. There, the tar was trapped by two eddy systems which are usually located there. 
fhe authors attributed another area of tar concentration, east of Cyprus and south of Turkey, also 
to eddy currents found there. It has already been mentioned that another permanent eddy system is 
probably located south of Cyprus, which may be the reason for the high tar concentration reported 
there by Oren ( 1970). 



Fate of tar 

Eventually, the tar is swept to the beach and lands there. Once it lands, sand grains are 
attached to it, increasing the specific gravity of the tar ball and preventing it from floating. 
The tar may sink to the sea bottom, but the net transport of particles in the breaker zone is such 
that these are always carried shoreward. At times, they may be carried by rip currents back to 
the sea and start their voyage shoreward again. Therefore, the tar is -destined to land on the 
beach. 

On the beach, the tar balls are spread along the waterline, and each successive wave drives 
the tar to the back of the beach. With the fluctuation of sea level due to tide or stonns, 
elongated strips of tar, parallel to the waterline, are fonned (see Figure 8). The further a 
strip of tar is on the back of the beach, the older this strip is, indicating a higher sea 
elevation. Golik (1982) observed that during stonns, the waves push the tar as far to the back of 
the beach as to the foot of the cliff. Longshore currents cause the tar to move along the beach 
until it reaches a section of the coast which is not cliffy and where the beach is wide. In a 
stonn, the waves may carry the tar to a distance of 200-300 m landward on a flat beach, but then 
the water percolates into the sand and the tar remains behind on the beach. The result of this 
process is that in flat beaches, such as near river outlets, large deposits of tar may be found. 

Golik (1982) conducted observations on a fresh tar 11111> on the beach for several months, and 
reports that during that period the 11111> developed a hard skin, then started to shrink, fonning 
fissures in the skin, and later broke into small particles 1-3 nm in size. These are blown easily 
by the wind. It is not known as yet how long it takes for the average tar ball to disintegrate in 
this way. 

8. HAS THERE BEEN ANY REDUCTION OF TAR POLLUTION IN THE fllEDITERRANEAN? 

The period 1978/79 may be considered as a milestone in the history of marine oil pollution. 
The oil crisis that occurred at that time caused a sharp increase in oil prices (see Figure 10), 
which caused a chain reaction of reduction in oil cons1111>tion (see Table 3), reduction in marine 
transportation and a decline in tanker fares. At the sane time, the 1969 anendment to OILPOL 54 
entered into force, restricting oil disposal into the sea. 

As •ntioned earlier, these brought about a series of activities, technological and legal, 
which caused a reduction of oil release into the sea and increased the awareness of marine 
pollution by oil. Indeed, recent infonnation indicates, as shown in Table 7, that the nllllber of 
oil spill incidents is decreasing. In some cases, e.g. Israel (Y. Cohen, personal comoonication), 
systematic cleaning of long (scores of km) beach sections has been undertaken since 1984 and is 
conducted at least once a year. 

To examine the iq,act of these developments on the state of tar pollution in the 
fllediterranean, one must compare data of tar concentration prior to 1978/79 to those after that 
year. Examination of Tables 4 and 5 shows immediately that almost all of the data were collected 
prior to 1978/79, and in only two or three locations is a coq>arison possible. The only studies 
that were conducted after 1978/9 are those of De Armas ( 1985) on pelagic tar in the western 
11editerranean in 1981/82, Oemetropoulos (1985) on beach tar in Cyprus in 1983, Saydam et al. 
(1985) on pelagic tar off Turkey in 1983/84, Golik (1985) on beach tar in Israel in 1984, and 
Golik and Rosenberg (1987) on comparison of beach tar content during the period 1975-1985. With 
the exception of the work of Saydam et al. (which cannot be coq>ared to any previous one), all 
these works show reduction in tar quantity in comparison to data collected prior to 1978/79 and, 
as demonstrated earlier, in some cases the reduction is quite dramatic. 
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Table 7. Incidence of oil spills over 5,000 barrels 
from tankers worldwide (1974-1985) 

No. of Oi 1 spi 11s 
spills attented on-site 

1974 26 s 
1975 23 1 
1976 25 1 
1977 20 3 
1978 24 8 
1979 31 13 
1980 T3 9 
1981 5 14 
M82 '3 10 
1983 1t 17 
1984 1 13 
1985 8 13 

Total 202 119 

From: International Tanker Owners Pollution Federation Ltd. 
(1986). 

It is of interest to find whether similar examples of tar reduction are found outside of the 
l'lediterranean. One example is the stranded tar on the beaches of Bermuda. Three tar studies were 
conducted on these beaches: in 1971/72 by Butler et al. (1973), in 1978/79 by Knap et al. (1980), 
and in 1982/83 by Robertson Smith and Knap (1985). The results of these studies show that between 
1971/72 and 1978/79 there was an increase in tar content, but a statistical test was not conducted 
becavse different beaches were sampled each time. A comparison between 1978/79 results and those 
of 1982/83 (for the same beaches) showed a decrease of 59 per cent and 78 per cent in the 
arithmetic mean, and 79 per cent and 87 per cent for the geometric mean. 

Though encouraging, the described cases are very few and could be considered only as signs of 
tar reduction. Only if similar comparisons in other parts of the Plediterranean show the same 
trends, may one conclude that the tar problem is indeed decreasing. 

9. ASSES5"ENT Of OIL POLLUTION THROUGH MONITORING TAR CONTAPIINATION 

The rationale that marine oil pollution and tar concentrations are quantitatively related is 
basically valid because tar is a derivate of oil. However, this is true only in general tenns 
lllhen comparing two geographic areas, or two periods, which greatly differ from one another in oil 
pollution. The reduction in tar concentration during the last seven to ten years, presented 
above, may be considered as an example for the relationship between oil and tar pollution. As 
mentioned above, this still needs proof. 

At the present state of our knowledge, direct, quantitative correlation between the two types 
of pollution is iq,ossible. This is because: 

(a) The exact process by which tar is fonned from oil is not yet fully understood. How much tar 
is formed from a given quantity of oil? Of what kind of oil? How much time is required for 



- 29 -

this process? These and similar questions must be answered before such a correlation may be 
atten.,ted. 

(b) The dispersion mechaniS111 of oil in the sea is different from that of tar. The daninant agent 
for oil dispersal is currents, whereas wind is the daninant agent for tar dispersal. 
Therefore, tar may move 1111.1ch faster than the oil slick which generates it, making a 
correlation between them impossible. 

Indeed, the few atten.,ts that were made to find a relationship between oil and tar showed 
that there is none. It was mentioned above that Zsolnay et al. (1978) searched for a relationship 
between tar concentration and aromatic hydrocarbons in the same water samples, and concluded that 
there was none. Aboul-Oahab and Halim ( 1981b) also showed that there was no relationship between 
dissolved/dispersed hydrocarbons and pelagic tar, as may be seen in Figure 68. Si•ilarly, Faraco 
and Ros (1979), working on pelagic tar as well as on dissolved/dispersed hydrocarbons in the 
western lllediterranean, reported that they did not find any relationship between the two. 

Intensive field and laboratory work is required to verify a quantitative relationship between 
tar and oil pollution. This should include many expeditions to various geographical areas under 
various climatic and sea conditions, in which sin,ltaneous tar and water sampling is carried out 
and later chemically analyzed in the laboratory. The few examples brought above, though not 
conclusive, indicate that such an effort may be in vain. 

10. CONCLUSIONS 

As mentioned earlier, during the period of 1976/18 many studies of tar pollution were 
conducted in the lllediterranean as part of the l'IED POL progrannie (UNEP, 1980). These provided a 
baseline to which one could refer later. The reduction in tar concentration in Cyprus and in 
Israel in the early 1980s would not have been noticed if it were not for the studies carried out 
there in the mid 1970s. These findings raise the question whether similar reductions in tar 
quantities have not occurred in other areas in the lllediterranean. 

We are now at a time when a similar concentrated effort must be made to provide data which 
will help to decide whether the signs of tar reduction are real or not. Furthermore, the trend of 
reduction in oil cons~tion which the world has experienced since 1979 may be reversed in the 
future with the recent reduction in oil prices. Another threat is the discovery and exploitation 
of offshore oil in the lllediterr.nean Sea which, as 111entioned above, is now in fast progress. Will 
those cause a new wave of oil and tar pollution? Plonitoring of oi 1 and tar pollution n,st 
therefore continue. 

l'lany oceanographic vessels conduct studies in the lllediterranean. It is reconnended that a 
central agency (preslllllbly UNEP) should undertake the mission to encourage the research 
institutions sending these ships to conduct pelagic tar samplings on their way between the 
stations they occupy for their missions. This may cost an extra day or two of shipti■e but the 
reward is great, because it will provide data from all over the lllediterranean in a short ti•. 
Efforts should be made to carry out these studies si1111ltaneously all over the lllediterranean. 

It is very important to determine the origin of beach-stranded tar. Such information will 
indicate whether the focus of pollution is in the coastal water or in the open sea. In the former 
case, treatment should be local and on the responsibility of the country controlling the pollution 
source; in the latter, international action would be required. Therefore, each coastal State 
should carry out studies on the chemical constituents (GC, S, V/Ni, etc) of the tar landing on its 
coast. In addition, a central reference •library• of as many oil samples as possible should be 
established to permit such studies. 

Although monitoring is of higher priority at a time when changes in the oil industry are 
taking place, other studies aimed at understanding the transfonnation of oil into tar, tar 



- 30 -

dynaics, qe of tar, tar degradation and its final fate, 111Ust go on and be supported, because 
these will provide the tools to cont>at the tar probl• if it continues to exist. 

1 

At the present 1111J11ent, tar is not an efficient tool to assess the degree of oil pollution, 
and it seas that it wi 11 not be one in the future. Both oi 1 and tar are a menace to the Nri ne 
enwironaent, uving their own deleterious effects on various aspects of the envirotnent and on the 
~- Both should be n>nitored, studied and handled, each in its appropriate way. 

11. RECOfllEtmA T IONS 

1. Co-«'Clinate a Plediterranean •lti-national effort to collect pelagic and beach stranded tar 
all ower the Plediterranean in order to evaluate the present state of tar pollution in this 
sea. 

2. Encourage each State to carry out cheaical analyses («, S, Y/NI, etc.) to deteraine the 
soun:e of tar landing on its coast. 

3. Establish a central •library• of oil saples with their cheaical characteristics to allow 
effici~ •fingerprinting• of tar. 

4. Support and encourage studies which investigate -,.rious aspects of tar processes. 

12. BIBLIOGRAPHY 

Aboul-Olhab, O. and Y. Hali■. (19811). Oil pollution of the •rine en,ironaent in the area of 
Alexandria. Ves Jour. Etud. Pollut., CIESN, Clgliari, pp. 201-208 

MNNll-Olhab, 0. and Y. Hali■. (1911b). Relatiot1ship beween dissohed and dispersed petroleu■ 
~ and floati119 tar i11 Aleaandria coastal tMters. Yes Jour. Etud. Pollut., CIESII, 
c.gl iarl, pp. 209-214. 

Alblltn, J. O•). Fi...,..tntlng petrol- pollutants in the PlediterranNn Sea. In: 
AM1ytla1 Tec:INI~ in Enll"Ollletttal Chalfstry (Ed. J. Albaiges), ,.,,.._.. Press, 69-81. 

A1bll,es, J., J. lorbon, and J. Ros. (1919). Source identification of tar balls fro■ the western 
flldltMTIMIII. IV Jour. Etud. Pollut., CIESII, Antalya, pp. 103-109. 

Illus, T.I., I. Salll1D1l1, A.F. lillnes, fl. s-.y, and J. Nit._.. (1982). Characterization of 
fle1tt111 _. sllllll119 tar bills in the •rlne enwlron1111t. fllr. Pollut. Bull. 13(6): 202-205. 

lritlstl flt9tro1-. (ltlS). • Statistical rewi• of wrld energy. 

a.,_., T. and O.N. Oreft. (1913). Tar pollution in the Levant Basin and along the Plediterranean 
cont of lsrMl. Jour. Etud. Pollut., CIESN, Athens, pp. 49-51. 

Mier, J.N., I.F. Norris, and J. Sass. (1913). Pelagic tar fro■ Be....cla and Sargasso sea . 
..,.... llol. Sta. lies. Spec. Publ. (10): 346 pp. 

Dlwid, P.fl. (1965). The neuston net: a de,ice for sapling the surface f.una of the ocean. J. 
fllr. llol. Ass. U.IC. 45: 313-320. 



- 31 -

De An111s, J.D. (198S). Pelagic tar in the western Plediterranean 1981-82. VIies Jour. Etud. 
Pollut., CIESII, Lucerne, pp. SSS-5S9. 

Dllletropoulos, A. (1985). Long-tera progra1111e for pollution 1110nitoring and research in the 
Medi terranean Sea. flED POL - PHASE II . 2nd Ann. Rep. 

El...Qirani, A. (1981). Occurrence of tar balls on the Libyan beaches. Bull. Plar. Res. ~ent., 
fripoli, Libya, (2): 1-14. 

El-Hehyawi, N.l. (1979). New data on the distribution of pollutants and their effect on s0111e 
hyponeuston constituents in the S.E. Mediterranean. IVes Jour. Etud. Pollut., CIESII, Antalya, 
pp. 301-305. 

Faraco, F. and J. Ros. (1979). Pollution par les hydrocarbures des eaux superficielles de la 
fllediterranee occidentale. 2. Hydrocarbures dissous. IVes Jour. Etud. Pollut., CIESII, Antalya, 
pp. 117-121. 

Golik, A. (1982). The distribution and behawiour of tar balls along the Israeli coast. Estu.r. 
Coast Shelf Sci. 1S: 261-276. 

Golik, A. (1985). Acc1a11lation of tar balls on the beach. Israel Oceanogr. lilllft01. Res., Haifa, 
Rep. H 3/85, 10 pp. 

Golik, A. and N. Rosenberg. (1987). Quanthatiwe ewalu.ation of bNc:h str.nded tar balls by auns 
of air photographs. Nar. Pollut. Bull. 18(6): 289-293. 

Horn, ... H., J .... Teal, and R.H. Backus. (1970). Petrolea lUIIIPS on the surf.ce of the sea. 
Science 168(3928): 245-246. 

International Tanker Owners Federation ltd. o•>- Oil spill trends in the 1980s. Newsletter, 
International Tanker Owners Pollution Federation Ltd., No. ll, April 1•. 

Knap, A.H., T.pt. Iliffe, and J.N. Butler. (1980). Has the aount of tar on the open coast changed 
in the pa1t decade? Nar. Pollut. Bull. 11: 161-164. 

Le Lourd, P. (1917). Oil pollution in the Plediterranun SN. Mblo 6: 317-321. 

Plaritl• Transport. 1976-1984. Annual Reports, 1916-1984. OECO, Parts. 

l'lontford, C.l. (1984). Presentation of the outcaae of the 111>/UNEP fNSibility study on Naptlon 
facilities in a special ffel - Nediterranean (1919). In: Proc. IPIOIIIIJP l11ternatlonal saiurs 
on reception facilities for wastes. 

fllorris, 1.F. (1911). Petrole1111: tar quantities f1oati119 In the northwest At1111tlc taka with 1 
new quantitative nueston net. Science 173: 430-432. 

fllorris, l.f., J.N. Butler, Ind A. Zsolnay. (1975). Pel19ic tar In the fllditerrlnNft SN, 
1914-JS. En,iron. Conserw. 2(4): 215-281. 

Oren, O.H. (1970). Tar pollutes the Le,1nt llsin. Nar. Pollut. lull. 1(10): 149-150. 

Polik1rpoy, G.G. Ind A.G. lenzhitsky. (1914). Naphtic 199"91tes - biotope of neustonic 
Periphyt1. (in Ukranian). Yisnik Mad. Nault Ukrain RSR, Kie,, (4): 89-92. 

Robertson S.i th, S. and A.H. Knap. (1985). Significant decreue in the aount of tar strandi119 
on Bennuda, Nar. Pollut. Bull. 16: 19-21. 



- 32 -

Ros. J. and F. Faraco. (1979). Pollution par les hydrocarbures des eaux superficielles de la 
ftediterranee Occidentale - premiere partie: boules de goudron. IVes Jour. ftud. Pollut., CIES", 
Antalya, pp. 111-115. 

Sayd•, C., I. Salihoglu, "· Sakarya, and A. Yilmaz. (1985). Dissolved/dispersed petroletJR 
hydrocarbon, suspended sediment, plastic, pelagic tar and other litter in the northeastern 
ftediterranean. VIies Jour. Etud. Pollut., CIESft, Lucerne, pp. 509-518. 

Shekel, Y. and R. Ravid. (1977). Sources of tar pollution on the Israeli Plediterranean coast. 
Environ. Sci. Technol. 11(5): 502-505. 

Steinman, G.C., ".P. Guerin, J.P. Longe, and C.L. Plontfort. (1979). Report on feasibility study 
on reception facilities for selected ports in a special area - Plediterranean. Vol. 1. General. 
IMC0:93. 

UNEP. (1980). Sunnary reports on the scientific results of PIED POL Part I. UNEP/IG. 18/INF.3, 
202 pp. 

UNEP. (1985). Plonitoring of tar on marine beaches. Reference fl'ethods for "'1rine Pollution 
Studies, No. 15, 13 pp. 

UNEP. (1986). Assessment of the present state of pollution by petroletJR hydrocarbons in the 
Plediterranean Sea. UNEP~. 144/9, 108 pp. 

U.S. National Academy of Sciences. (1975). PetroletJR in the marine envirorwnent. Workshop on 
inputs, fates and effects of petroletn in the marine envirorwnent, "'1y 21-25, 1973, NAS, 
Nashington, D.C., 107 pp. 

U.S. National Academy of Sciences. (1985). Oil in the sea: Inputs, fates and effects. NAS, 
washington, o.c., 601 pp. 

Nahby, S.0. (1979). Pollution by petroletn hydrocarbons along Alexandria coast. IVes Jour. Etud. 
Pollut., CIE5", Antalya, pp. 93-97. 

Nahby, S.O. and K.Z. El Deeb. (1981). A study of the state of pollution by petroletJR 
hydrocarbons along Alexandria coast. Yes Jour. Etud. Pollut., CIES", Cagliari, pp. 257-262. 

Zsolnay, A., 8.F. Plorris, and J.N. Butler. 
and pelagic tar in the Plediterranean Sea. 

(1978). Relationship between aranatic hydrocarbons 
Environ. Conser,. 5(4): 295-297. 


