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UNEP (1985) provides a detailed description of a method for quantitative sampling of tar on
the beach. It emphasizes the importance of random selection of the sampled beach to avoid
erroneous results due to conscious or subconscious bias. According to that method, tar should be
collected from one metre strip of beach which is normally oriented to the coast from the waterline
to the foot of the cliff, dune or highest storm line at the back of the beach. Tar may be
collected by hand, or gently brushed by a long handled brush to form small mounds of sand and
tar. These mounds are transferred into a bucket, with the bottom replaced by a 2 mm mesh screen.
The bucket is carefully immersed 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. Ffrequency 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 from the rocks or separate it from the pebbles in a way that

reliable quantified information is obtained.
Measurement 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 MEDITERRANEAN SEA

Quantities of pelagic tar in the Mediterranean

The first systematic measurement of pelagic tar in the Mediterranean was carried out by Horn
et al. (1970), who collected floating tar lumps using neuston nets during a cruise they conducted

aboard the R/V "Atlantis II" from Rhodes to the Azores in 1969. They reported their findings in
terms of displacement volume of tar per unit area of sea surface. Of the 734 neuston tows, only
16 per cent were reported as clean from 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 mi/wl.
Morris et al. (1975) used the original data of Horn et al., converted them to mg/ln2 and provided
the statistics for various parts of the Mediterranean (see Table 4). According to them, the

average tar quantity found in the expedition of Horn et al. in the Mediterranean was 37 mg/mz.

Oren (1970) conducted two cruises in the eastern Mediterranean 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, terms. Nevertheless, his findings suggested that the
most polluted areas in the eastern Mediterranean 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 Mediterranean, was conducted on board the
R/V "Westward” in 1974/75 by Morris 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 Horn
et _al. (1970). A)1 of the tows contained tar ranging between 0.1 and 109.9 mg/mz with an
average of 9.7 mg/mz. The detailed results of that study are provided in Table 4.

Ros and Faraco (1979) conducted three cruises in the western Mediterranean in 1975, 1976 and
1977 aboard the R/V *Cornide de Saavedra®. They collected tar from one hundred and forty three
neuston nets and found that tar quantity ranged between 0-77.7 mg/mz with an average of 2.9
mg/mz; 13.3 per cent of their tows contained less than 0.1 mg/mz, 49.6 per cent between 0.)
andmzl. 25.2 per cent between 1 and S5, and 11.9 per cent of the samples contained more than S
mg/m".
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Table 4. Statistics of pelagic tar in the Mediterranean Sea (mghnz)

Area Period Range Arithmetic  Geometric Reference
mean mean
Alboran Sea
1969 6.5 Horn et al., 1970%
1974-15 0.35-45.11 n.o 4.4 Morris et al., 1975
1976 0.04-6.6 0.6 0.22 Ros and Faraco, 1979
1981-82 0.01-25.6 0.8 0.17 De Armas, 1985
Balearic Sea
1969 2.4 2.2 Horn et al., 1970*
1972-13 3.1 2.5 Polikarpov and
Benzhitsky, 1974*
1974-75 0.1-27.9 0.5 0.4 Morris et al., 1975
north 1975-77 0-77.7 5.4 1.06 Ros and Faraco, 1979
south 1975-11 0.05-26.8 3.9 1.18 Ros and Faraco, 1979
1981-82 3.6 0.63 De Armas, 1985
Tyrrhenian Sea
1969 1.5 Horn et al., 1970%*
1972-13 4.7 Polikarpov and
Benzhitsky, 1974*
1974-75 ' 0.2-14.7 3.2 1.4 Morris et al., 1975
1975-717 0-10 0.9 0.3 Ros and Faraco, 1979
Ionian Sea
1969 130.0 60.0 Horn et al., 1970*
1974-75 0.9-109.9 16.0 5.0 Morris et al., 1975
East Mediterranean .
Egypt 1970-71 0-58.3 S €Y Hehyawi, 1979
1977-19 0.2-1.33%* Wahby and E1 Deeb,
1981
1978-79 0-8.91 2.82 AbouT-Dahab and
Halim, 1981a
NE Mediterranean 1983-84 0-33.4 Saydam et al., 1985

* Values are those quoted in Morris et al., 1975
xR m/ma

De Armas (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 ug/mz in the Alboran and 3.6 ng/mz 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 ng/mz, reported by De Armas, were from intensive o0il tanker traffic lanes off the
Spanish and Algerian coasts.

El-Hehyawi (1979) collected pelagic tar in 1970-1971 using a neuston net from the
Mediterranean off the western coast of Egypt between E1 Sallum and Damietta as far as 150 km
offshore. Later, in 1974-1978, he collected samples 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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distance from shore and to season. At a distance of 100 km offshore, tar ranged from zero to 1.2

my/w?, at 60 km offshore from zero in the sumer to 18.6 mg/m® in the winter, and at 10 km
offshore from 2.9 in the summer to 58.3 mg/m in the winter. He also noted a general decrease °
in concentrations as one goes from E1 Sallum westward to Abu Qir Bay near Alexandria. El-Hehyawi
attributed the tar distribution described above to wind and current conditions that, during
winter, are from the northwest to the east. These bring the tar from the northern coast of Africa
to the Egyptian coast. Based on these findings and extraction of hydrocarbon from sand on the
beach, €)-Hehyawi estimated that 5,200 tons of pelagic tar existed in 1971 in the coastal waters
of the area of his study, and that about 150 tons of tar were at that time on the beach between E)
Sallum and Alexandria, a distance of some 600 km.

Floating tar 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 samples were

collected, but they conmented that they used a plankton rather than a neuston net because of the
lack of a boat, which indicates that sampling was carried out in very shallow water. They found
that floating tar quantities ranged between 0.2 - 1.22 mg/m3. Tar quantities were higher east

. of the Sumed oil pipeline than to the west of it. Since the wind and current regime is directed

from west to east, the authors implied, 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 Halim (1981a), who collected floating tar balls between September 1978 and. June

1979 on a monthly basis from seven fixed stations off Alexandria. They found that the average tar

quantity was 2.82 ug/nz. with values ranging from zero to 8.91 lng/mz. It was found that
during the winter months, quantitites of tar were higher than in the summer months, and the

authors attributed this phenomenon to the water temperature. According to them, the higher water

temperature during summer enhances evaporation and degradation of tar. They also found that high
tar values were recorded in the vicinity of the oil terminal west of Alexandria, and attributed
this to leakages from the pipeline.

Off Turkey, Saydam et al. (1985) collected pelagic tar aboard the R/V "Bilim" in 1983. He
collected ten samples in coastal waters and in five of them no tar was found. In the remaining
five, one sample contained 33.4 lug/llz and the rest between 0.01 and 1.5 mg/mz. In the
offshore, five samples were collected with a mean content of 0.6 g/lnz.

Spatial _and temporal distribution of pelagic tar

Table 4 provides a summary of all the statistics available on pelagic tar in the
Mediterranean. Comparison between results of various studies does not require any assumptions
except, of course, that measurements (of length of tow, of area skimmed by the neuston net, of
weight of tar) were done accurately. Comparison of tar quantitites between various parts of the
Mediterranean presents several difficulties:

(a) The sampling coverage of the Mediterranean is poor and geographically imbalanced. During the
nineteen years that passed since the expedition of the R/V "Atlantis [I* (Horn et al., 1970),
only six studies on pelagic tar took place and five of them in the western Mediterranean. In
the eastern Mediterranean the only studies on this subject were that of Oren (1970), which
produced only relative values of tar, and that of Saydam et al. (1985), which is restricted
to the northeastern corner of the Mediterranean and consists of a few stations only. The
rest of the studies in the eastern Mediterranean are only in coastal waters.

(b) The spatial distribution of tar does not follow the pattern of normal distribution, but
rather that of a log-normal distribution. Handling data with this type of distribution is

rather 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 Horn et al. (1970) and
Morris et al. (1975) were from the Ionian Sea. Oren (1970) also reported 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 Mediterranean. 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. Many students in this field (Butler et al., 1973; Morris et al.,
1975; Ros and Faraco, 1979) have noticed that concentrations of tar balls have normal or close to
normal distribution on a logarithmic scale. Therefore the central tendency of tar samples is
better expressed by the goemetric mean rather than by the common arithmetic mean. Morris et al.
(1975) uses this statistic and its 90 per cent confidence limits to determine 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/m (arithmetic mean) or from 60 to S mg/m? (geometric mean). Morris
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 Mediterranean Sea to the Indian and Atlantic Oceans.

Another significant decrease in tar concentration was found by Morris 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
ma/m2 in 1974/7S. 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/m?, dropping again in 1981/82 to 0.63 mg/m (De Armas,
1985).

If data for all of the western Mediterranean are compared, we obtain the following results
(in arithmetic mean):

1969 37.0 mg/m  Horn et al. (1970)
1974775 9.7 mg/m  Morris et al. (1975)
1975/71 2.9 mg/m®  Ros and Faraco (1979)
1981/82 1.6 my/m®  De Armas (1985)

which indicate a reduction in tar pollution in that part of the Mediterranean 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 most polluted, whereas in the earlier studies, those of Horn et al. (1970) and Morris et al.
{1975) were included.

6. TAR POLLUTION ON MEDITERRANEAN BEACHES

Table 5 provides tar quantities on various Mediterranean beaches. The table clearly reflects
the great variability in approach to sampling and sampling techniques. Some authors report their
findings in terms of tar weight per area of beach, implying measurement of standing stock. Others
provide their results in terms of weight of tar per unit area per unit time, therefore implying,
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. Some express their results in terms of tar quantity per unit length of frontal
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beach (usually 1 m), whereas others per unit area (1 mZ); some provide rates of tar accumulation
in terms of one day and others in terms of fifteen days. In some cases, tar was measured every
nine days but reported in terms of monthly accumulations. It is obvious that these data do not
permit analysis of the results in terms of space and time for the whole Mediterranean. A search
for the factors which 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, E1-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 terminals in the Gulf of Sirte were a secondary contributor of tar to that region; (c)
domestic activity created oi) residues which flow out to the sea from the beach, as may be seen by
the high values of tar near Tripoli. It must 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 poliution along the
Libyan coast. E1-Ghirani estimates that 2,000 tons of tar contaminate the Libyan coastline.

In Egypt, off Alexandria, Wahby (1979), Aboul-Dahab and Halim (1981a) and Wahby and E1 Deeb
(1981) found that tar concentrations were higher during winter than during susmer. Wahby (1979)
and Wahby and E1 Deeb (1981) proposed that this seasonal distribution was caused by the winter
storm winds which drive the floating tar balls from the open sea to the beaches. Aboul-Oahab and
Halim (1981a) also observed a direct relationship between wind intensity and tar accumulation on
the beach. In addition, they suggested that during summer, quantities of pelagic tar are smaller
due to the higher water and air temperature which enhances tar degradation. In another paper,
Aboul-Dahab and Halim (1981b) tried to relate pelagic tar, the rate of tar accumslation 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 from different origins. The tar resulted from tanker ballast, whereas dissolved and
dispersed hydrocarbon resulted from coastal waste discharge. On the other hand, they found a good
correlation (see Figure 68) between pelagic tar and the rate of tar accumulation on the beach, and
reached the conclusion that both of them are from the same sources, and that the distribution of
both depends on the same factors, such as winds and temperature.

Golik (1982) found that in 1975/76 the beaches in the northern and central part of Israel were
significantly more polluted than those in its southern part and Sinai (see Figure 7). He
attributed this distribution to several factors: (a) for seven years prior to the study, the Suez
Canal was closed and there was no oil traffic in the vicinity of Sinai: (b) most of the ofl
traffic at that time took place between the oil terminals in the eastern Mediterranean (Israel,
Lebanon and Syria), thus affecting the northern beaches of Israel; {(c) Oren (1970) and Burman and
Oren (1973) found high concentrations of pelagic tar between Cyprus, Israel and Lebanon. There
are indications (S. Brenner, personal communication, 1986) that an eddy exists in that location.
If this is proven, tar would accumulate in the no-motion centre of that eddy, to feed the Israeli
northern coast with tar.

In Cyprus, a comparison between the western side of Cyprus (Paphos) and its eastern side
(Limassol) for the period of 1976/78 shows that the western side of the island was more polluted
by tar than its eastern side by about ten times (UNEP, 1980). In a similar way, the beach on the
western side of Malta (Anchor Bay) contained ten times as much tar as those on its eastern shores
(UNEP, 1980). The reason for this difference between both sides of the two islands is probably
the wind, which is generally a western one. Most of the tar lands on the exposed, western side of
the island, whereas the lee, eastern side of the island remains relatively clean.
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(From Golik, 1982).



- 21 -

A drastic reduction in tar contents on the beaches of Israel between 1975/76 and 1984 was
found by Golik (1985) in Haifa. Although the sampling frequency in Golik's study in 1984 was
daily in comparison to the bi-weekly sampling in the study of 1975/76, the results reported in
Table S for the 1984 study are only from newly sampled 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 Israe)l at various periods between 1975 and 1985 (Golik and Rosenberg, 1987) clearly
shows the gradual and drastic reduction in tar concentrations, as may be seen in Figure 8.

A similar reduction in tar quantity between 1976/78 and 1983 was reported (UNEP, 1980;
Demetropoulos, 1985) from Paphos, Cyprus. During that period, mean tar concentration was reduced
from 268.4 g/w? to 67.3 g/wl.

Golik (1982) made an attempt to compare tar quantities on various beaches in the
Mediterranean. For that purpose he had to re-compute reported values from various studies so that
all 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 comparison is valid. Also,
most 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 Mediterranean at that time. The
result of this comparison is given in Table 6. According to the comparison, Paphos, Cyprus and
Alexandria, Eqypt were the most polluted beaches at that time (1975-78). 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 (E1-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 Mediterranean was forbidden, the effect of the deballasting area
certainly still persisted in that area.

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

Country Beach Period of study Sampling rate Mean tar
quantity
(g m2)
Malta Anchor Bay . Apr. 71 - Sep. 18 Every 15 days 62.3%
Maltab Marsaxlokk Bay Apr. 77 - Sep. 18 Every 15 days 6.32
Cyprnsb Limassol Nov. 77 - Nov. 78 Every 9 days 31.5
Cyprusb Paphos Nov. 77 - Nov. 18 Every 9 days 360.3
EqyptP Alexandria Apr. 78 - May 19 Every 15 days 132.0
Lebanon? Ramlet Apr. 77 - June. 78  Monthly 4.0
Lebanon® Sidar Apr. 77 - Jun. 78  Monthly 3.8
Turkey? Erdeml 1977 - 1978 Only 3 samplings 24.3
Israel€ Mean of six beaches Apr. 15 - Jun. 76 Every 15 days 14.6

2 values are reported as g m—2 day'] and recalculated here back to g m2 (15 days")
to permit comparison

b ynep, 1980

€ Golik, 1982




































