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ABSTRACT

Counts of litter pieces which were conducted on six beaches in Israel at
approximately monthly intervals showed that the overall mean was 3677
pieces of litter per 5-m-wide beach transect. More than 70% of the litter was
plastic and the remaining litter was made up of wood, metal. glass and other
materials. The results indicate that the litter pollution level is related to the
distance of a beach from a population center. During winter litter polution is
reduced due to storm waves which carry it landward. Clean-up operations
during summer help reduce litter on the beach but only for a few weeks.

The nature of the litter components ( containers of food, beverages and
cosmetics, plastic bags. garments, foam rubber mattresses and toys) indicates
that most of the litter is left by beach-goers. This impression is supported by
the lack of remnants of fishing nets and large food containers and by the
scarcity of containers of lavatory cleansers and household cleaners. This is in
contrast to findings on the castern shores of the Atlantic where used
containers of household cleansers discarded from ships constituted the most
abundant item of coastal litter.

INTRODUCTION

The first to raise concern about the presence of human refuse in the marine

environment was Heyerdahl (1971), who reported that during his Ra

expedition he observed significant quantities of tar and solid litter floating in

the ocean. Since then, reports on litter in the marine environment have come

from all over the world. Most of these have dealt with litter in the oceans and
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only a few have dealt with coastal litter. Some reports, such as those of
Carpenter et al. (1972), Gregory (1977, 1983), and Shiber (1979, 1987),
provided qualitative and quantitative information on the coastal garbage;
others showed the deleterious effect of the coastal rubbish on seals (Merrell,
1980) and sea birds (Schrey & Vauk, 1987), and others investigated the
sources and fate of the coastal litter (Dixon & Cooke, 1977; Merrell, 1980;
Dixon & Dixon, 1981; Vauk & Schrey, 1987).

The increase in marine litter is due mainly to the introduction of plastic
materials during the middle of this century. These materials became very
useful to man. but their resistance to natural degradation proved a menace
once discarded. On land, plastic debris is collected and treated as part of the
garbage. At sea. where garbage is discarded to the water without any
treatment, the persistance of plastics results in an increase of marine
garbage. ,

Persistent man-made litter on the coast consists of a large variety of
materials: plastics, metal. lumber, glass, rubber, Styrofoam, cloth, foam
rubber and others. Most rubbish originates from discarded containers and
packaging material, but fishing gear, construction refuse, tires, medical
waste and personal items such as pieces of garments, combs, toys, etc.. are
also found. Recent discoveries of disposable syringes, blood vials as well as
other medical related wastes on the beaches of New York, coupled with the
fear of the AIDS disease, caused wide public concern and led to the closure
of public beaches in New Jersey and New York (New York State DEC
Report. 1988). The litter components range in size from a few millimeters
(mostly plastic beads) to a few meters. Litter may reach a given beach from
the sea. as refuse from ships, or from neighboring beaches by littoral drift. It
may reach the beach from land either by beach-goers or by garbage
dumping; as occurs with construction refuse, or by drainage.

On land, marine litter concentrates on beaches where it is aesthetically
offensive. This is not a negligible problem, especially in the Mediterranean
Sea where coastal tourism is important, and coastal development for
tourism has been greatly increased in the last 20 years. This is especially
evident in Israel, which has long sections of wide sandy beaches, warm sea
water and clear weather for most of the year. Littered coastlines are a
potential serious deterrent to coastal tourism in Israel.

It is rather disturbing, therefore, to find that almost nothing is known
about beach litter in the Mediterranean Sea. To the authors’ knowledge, the
only studies on this matter are those of Shiber (1979, 1982, 1987), who
reported on the occurrence of plastic beads on the beaches of Lebanon and
Spain, Saydam et al. (1985) who reported on floating garbage off Turkey, and
Morris (1980) and McCoy (1988) who studied litter floating in the East
Mediterranean.
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The purposes of this study are to describe the composition of Israeli
coastal garbage, its spatial and temporal dis.cibution, its origins, and how it
may be controlled.

THE ISRAELI COASTLINE

The Mediterranean coastline of Israel is 200 km long, extending from the
Egyptian border in the south to Akhziv on the Lebanese border in the north
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Fig.1. The Israeli coastline and station location map.
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(Fig. 1). It is a gently curving coastline with only one large indentation—
Haifa Bay. The coast may be divided in two sections: the southern section,
from the Egyptian border to Akko, consists of long beaches, 30-50 m wide,
covered by fine to medium quartz sand; and the northern section, from
AkKko to the Lebanese border, which is mostly a rocky coastline with pocket
beaches, covered by coarse, biogenic sand.

During the winter, alternating high and low barometric pressure systems
cross the East Mediterranean Sea from west to east, subjecting the Israeli
shoreline to storms at about 10-day frequency with winds blowing from the
west and southwest. During spring and autumn, winds are commonly from
the east (land) and in summer, the sea breeze changes from shoreward
between late morning and evening, to no wind at night, to seaward early in
the morning. The mean significant wave height during the winter is 1-1m,
during spring and autumn 0-5Sm, and in the summer 0-7m. The longshore
current during the winter storms is from south to north. whereas during the
summer it is mostly from north to south in the study area. The tidal range is
approximately 30cm, producing insignificant tidal currents (Goldsmith &
Sofer, 1983).

Some 70 declared swimming beaches are found on the Israeli coastline.
Declared beaches are operated by the various municipalities, which are
responsible for keeping these beaches clean during the swimming season.
Though most bathers go to declared beaches. undeclared beaches arc
popular too and visited by many during the summer. Once or twice a year,
the Office of Environmental Quality, together with the local councils.
conduct a clean-up of almost the entire coastline of Israel.

METHODS

Six beaches were selected for this study. They differ in their morphology,
sediments, and usage. Their locations are given in Fig.1 and their
characteristics are listed in Table 1.

On each beach, 5 to 8 transects were established. The transect locations
were determined randomly at each litter sampling. Each transect was S5m
wide, oriented normal to the beach, from the water line to the back of the
beach. The back of the beach was determined as the foot of the coastal cliff,
the dunes or the vegetated area. All pieces of litter found in the transect
larger than 2 cm were counted and recorded and are considered here as a
sample. Sampling started in May 1988 and continued until May 1989 at
approximately monthly intervals. In all, litter counts were conducted on 472

transects.
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TABLE 1
Beach Characteristics at Sampling Stations

Beach

Geomorphology

Sediments

Beach use

Akhziv

Haifa Bay

Carmel Beach

Neveh Yam

Dor

Beit Yanay

Rocky coastline. pocket

beaches in small bays

Straight beach backed
by low sand dunes
Straight wide beach
backed by low hills
Very wide beach
backed by dunes

Pocket beaches i bavs

Straight beach backed
by high cliffs

Coarse, biogenic sand,
cobbles and rocks

Finc to medium quartz
sand

Fine to medium quartz
sand

Fine to medium quartz
sand

Finc to medium quartz
sand and grit

Fine to medium quartz
sand

RESULTS

Litter composition

Scuba diving
Close to Haifa Port

Heavily visited by
bathers

Sparsely visited by
bathers

Visited by bathers
during summer
Visited by bathers

during summer

Figure 2 shows the relative abundance of the various constituents of the
litter according to their composition. Table 2 provides statistics of the
various items that were counted. Within the plastics, which constitute 70:9%
of the total litter. plastic fragments are the most abundant. Most of these are
from 2cm (the minimum size counted) to 30cm in size, and in most cases
could be 1dentified as fragments of plastic containers or bottles. In a few

Others (9.6 %)

Styrofoam (3.5%)
Glass (2.8%)

Metal (4.8%)

Wood (8.4%)

Fig. 2.

Plastic (710%)

Relative abundance of coastal litter constituents.
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TABLE 2
Litter Composition®
Litter type Number of items Per cent
Counts  Subtotals Counts  Subtorals

Plastics

Plastic fragments 5319 306

Plastic bags 3557 20-5

Containers and bottles 1655 9-5

Caps and covers 1735 10-0

Others 51 03

Subtoral 12317 709
Wood (including driftwood) 1459 84

Subroral 1459 &4
Metal

Cans 587 34

Acrosol containers 111 0-6

Other containers 135 08

Subtotal 833 3-8
Glass

Bottles 421 24

Others 62 0-4

Subroral 483 28
Miscellaneous

Cartons 637 3.7

Ropes 487 2-8

Styrofoam 603 35

Garments 362 2-1

Foam rubber 174 -0

Subrotal 2263 131
TOTAL 17355 100-0

aBased on all litter pieces counted in 472 samples from the 6 beaches between
Mayv 1988 and May 1989 (Table 3).

cases these also included straps that are used for packing large crates. The
second group in abundance within the plastics are plastic bags and plastic
sheets which constitute 20-5% of the total rubbish. The third group is the
plastic containers. These include containers ranging in size from a few
centimeters to a few decimeters, having a great variety of shapes and a large
spectrum of uses. Although no special count was made as to the original
content of the plastic containers and bottles, the clear majority contained
beverages, food and cosmetics (mostly sun tan lotion). Only a small fraction of
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the plastic containers were related to household or industrial activities, e.g.
cleansers, detergents or various types of oil. Plastic and metal caps were
counted separately but they are clearly related to the plastic containers and
bottles and were included under the plastics category.

After the plastics, wood is the most abundant group. Here no
differentiation was made between driftwood and lumber. Most of the metal
components were tins used for beverages: the rest were either food cans or
aerosols. In a similar way. the glass fraction contained mostly soft drink
bottles and, in small numbers, other glass items such as light bulbs. Under
the “others’ category cartons, Styrofoam pieces, ropes. shoes, garments,
rubber, foam rubber mattresses, and children’s toys were included.

Items of foreign origin (as indicated by inscription or imprinting) were
found in negligible numbers. Most of these were from Lebanon but a few
items with Turkish, Greek and Spanish inscription were found as well.
Although foreign items were found in most of the sampling stations, the
station in Alhziv, close to the border of Lebanon, contained most of these.

Geographical distribution

Table 3 provides statistics of the total litter counts in all the samples that
were collected during the monitoring period. Examination of the data
showed that they are not normally distributed, that the variances in the
various beaches are not homogeneous. and that there is a dependency of the
variance on the mean. Because of this, only non-parametric tests could be
used to analyze these data. The Wilcoxon Test (Steel & Torrie. 1960) showed
that beaches differ significantly from one another, but this test cannot show
which are the different beaches. For that purpose, the data were ranked and
the Duncan Test (Steel & Torrie, 1960) was used on the ranked data to
examine which beaches differ from each other. The results are given in Table
4, which shows that the beaches of Akhziv and Carmel are significantly more
polluted by garbage than Dor, Beit Yanay and Neveh Yam, whereas Neveh
Yam is the least polluted beach and significantly so compared with Akhziv,
Carmel Beach and Haifa Bay.

Seasonal variations

Figure 3 shows the fluctuations of the mean litter quantities with time for all
stations during the monitoring period. Two minima are observed: one in
July 1988 and one between December 1988 and February 1989. A ranked
Duncan test shows that both minima are significant. June and August 1988
differ significantly from July 1988 but not between themselves. The same test

B



IR

Abraham Golik, Yaron Gertner

Y

WONRIAMD pIRpUR]S = 0 (W g, 1311 Jo $3001d) ueaw = v (w g/10n] jo sa001d) (10} = { tsojdwes jo soquunN = u

8T 11-61 01-¢1 6y ¥C 6601 €671 90-¥1 P18l
LL9E L8-6S 0L-8¢ (R84 6581 LY91 9L-6 I-0p
GeE Ll 998 | 43 A £10¢ 889 80L 19¢ Sov |
Ly It LE LE LE 194 LY LE
£8-61 80-C1 089 8¢S 08-R L3¢ 0s-$ yY-Cl
Sl-l¢ L1-08 ££9C £e-8¢ £8-C1 £89 L9y £ 1T
0ty ¢ 10t 861 0s¢ LL Iy 8¢ 8¢
8L 9 9 9 9 9 9 9
vh-{C L6C1 1291 9T¥¢ 89-0C Pl-£l €8 0¢-L1
[1€¢ OF-6¢ 09-8C 08-Sy 0997 08¢l 0C8 08-0t
611¢ Lye 1341 6CC cel 69 Iy PSl
¥9 S S S g ¢ S S
9L-L] £9-L LOPI L1-1 1T LOC 6%t
L1-6C £8:C¢ 12RY 4 £8-¢l 0l L9T 0S-LY
SLTT L61 LT £y 09 0l 1Y
8L 9 9 9 9 9 9
L81T L6 L1 8ECI (443 74 [A%4l LTl 90-€ | 219
001y £8-19 £e-6¢ £€-09 £8-CC 00-0¢ L6 £8-0r
1244% ILE 9¢C 9t Lt 0] 74 §¢ St
¥8 9 9 9 9 Cl 9 9
Yh-1C L6L I€-9 £6-6 SL-8 S1-01 pe1l c86l
9¢-LE €269 L9SYy 00-tv L1-61 £861 ty¥l L1-CY
£89¢ 91y vLC 86T Sl 611 68 tLE
L 9 9 9 9 9 9 9
L9-6C 9¢-LT GS-Cl 9+t 069 65-L1 4’04 6091
88-SY ¢1-¢9 00-¢§ SL:L9 LYL] LE-TC 0591 ST9Y
Yoy ¥ 18 174% (4749 13 41 6L1 (45! 0Lt
96 8 3 8 8 3 8 8

6861 6861 6861 686/ 686/ §86/1 §861
oy RV ady D "y unyp a(]

ON

8Lt
LTLY
6L¢ ]
LE
96§
0S-LT
¢91
9
1289
09-0¢
€<
¢
665
LY-CY
961
9
LTI
0S-61
L6T
9

SL9I
0S-9¢
6l1¢

9
§6-¢l
9ty

6pt

8
§861

0

€O-11 €481  10L1 1687  8L-TT o
€80  Th6b  TOIE  LS6S  OLOp X

6cr1 €65 90L1  POTT  l6¥1 K¢

S¢ 2l $S L€ Lg u [e10 ],
60-S S¥-€l SS11 88€1 67T o
L9658 €865  LI1TE  L9SE  L96T X

86T 6S€ €61 At 8Ll ¢

9 9 9 9 9 u Aeug A 1199
€LY LO¥1 €907  +LOT 0
£Cbb SP€T  OPS9  Obop x

el 85 L€ €t ¢

¢ 1 S S u loq
9p-€1 ST 8961 909 o
0Sv€ €897  LIbb  LISP X

LOZ £8p 874 1LZ K

9 81 9 9 u 113 QIETEIN|
LTEl 88L1  Tevl 98Tl STl 0
0087  00-6€  €€Lv  €80L  00SH X

887 bET Y87 Y47 0LT <

9 9 9 9 9 u yorag [ouLie)
e I§-L €67 L98 0
LISY LI€T  €E8%  000C X

1LT 6¢1 062 0z1 ¢

9 9 9 9 u Aeg ejiey
L86 LT 1798 LTIE 0
0S-9¢ £9€v  8€S8  0S-TS X

767 6v¢ €89 0Ty <

8 8 8 8 u AIZYYY
8861 $861  S861  §861  §861
ydog any anr aungp Ay yovaog

[ORIS] UL JONIT YOordg Uuo SONsnels
£ 1dv.L

SR}

S

i

-




Mo SO

Litrer on the Israeli coastline 9

TABLE 4
Comparison of Litier Level between Beaches in Israel using the Duncan Test

Beach No. of Mean litter Duncan
samples Counts grouping”
Akhziv 96 45-88 A
Carmel Beach 84 41-00 A
Haifa Bay 72 3726 A B
Dor 64 3311 B C
Beit Yanay 78 31-15 B C
Neveh Yam 78 2617 C

“Beaches with the same letter arc not significantly different from one another.

verator of monthly means ¢ro standard dewviations of hiter guantity {counts/sample
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Fig. 3. Variation of monthly means and standard deviations of litter quantity on all beach
stations.

was used to find out whether there are any differences between the three
following periods:

(1) August, September, October and November 1988;
(2) December 1988, January and February 1989;
(3) March, April and May 1989.

The results showed that these periods are significantly different from each
other, that the second period has the least litter, and that the third one has
the most litter.

DISCUSSION

Temporal and spatial distribution of litter

From the results obtained in this study, it seems that the factors which most
dominantly affect the litter distribution on the Israeli coastline are proximity
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of a given beach to a population center, and winter storms. The geographical
distribution of the litter shows that Akhiv and Carmel Beach are the most
polluted beaches. Of all the stations, Carmel Beach is the closest to a major
city, Haifa, and is therefore visited by a large number of beach-goers. In
contrast, Neveh Yam is the least frequented beach because access by the
public 1s difficult.

The high concentration of garbage on Akhziv cannot be explained in
terms of the large number of visitors to the beach. However. Akhziv is very
close to the border with Lebanon, and according to many reports, the
municipal garbage dumps of Tyre and Sidon in Lebanon are located on the
shoreline. These continuously pollute the coastal water, and when the wind
or coastal currents are from the north, this rubbish lands on Israeli beaches.
Akhziv, being the closest to Lebanon, is greatly affected by this
phenomenon. The relatively large number of litter items with the inscription
‘made in Lebanon’ found at Akhziv supports this hypothesis. Akhziv.
therefore, may also be considered as close to a population center.

A similar relationship between litter quantity and proximity to a
population concentration was also found in Sicily, Italy. Gabrielides er al.
(1991) report that litter counting on a beach near Palermo. the largest cityin
Sicily. yielded values which were more than 20 times larger than those
counted on the beach of Eraclea. Sicily. which is a remote and little-
frequented beach. This evidence leads the authors to propose that beaches
near population centers are susceptible to intensive litter pollution which is
contributed either by large numbers of bathers or by domestic litter which
reaches the beach due to an inadequate removal system.

The seasonal distribution of the litter clearly indicates a relationship
between the winter storms and and the litter quantity on the beach (see
Fig. 3). During December, January and February the high waves (the highest
significant wave ever recorded in Israel was more than 6 m high) drive the
litter to the back of the beach and even into the dunes which back the beach.
In this way, at the end of the winter, the beaches are relatively clean. The
results also show minimum litter in the month of July. In order to test
whether the July minimum is a result of the beach cleaning operation,
conducted by the Ministry of Environmental Quality, the sampling program
for three beaches (Beit Yanay, Dor and Neveh Yam) was extended until
August. The results, shown in Fig.4, indicate that this operation indeed
reduces litter quantity on the beach but only for less than a month.

Litter composition and sources

Examination of the litter components shows that most of the garbage on the
Israeli coastline results from beach recreational activity. This is indicated by
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Fig. 4. Litter level before and after clean-up operations on three beaches.

the original contents of most of the containers. bottles and cans which were
beverages. food and cosmetics. by the plastic bags which are used by beach-
goers to carry their food and other belongings, by Styrofoam fragments
which are used mostly as floats for children who go into the water. by
remnants of rubber foam mattresses which are brought for lying on the
beach. and by the various garment pieces of which some. such as rubber
sandals. are good indicators of beach-users. Mixed with this. in a much
smaller quantity. is garbage that originated from other sources. This fraction
1s represented by wood. ropes. bottles and containers that did not contain
food or drink. and plastic and metal straps.

The total absence of remnants of fishing gear and large containers. and
food packaging materials, which are characteristic of ship litter. supports
the hypothesis that most of the coastal litter originates from land. The
sparsity of foregin garbage pieces is further evidence leading to the same
conclusion. The relative abundance of foreign litter on Akhziv beach is a
result of the longshore current which flows during summer mostly from the
north and carries the garbage from Lebanon to Israel, thus affecting mostly
the northern beaches. Had it been ships’ litter it would have affected the
whole coastline in the same manner.

Comparison with litter from other coastlines

A comparison between the characteristics of the coastal litter in Israel with
those of other coasts in the world sheds light on the means for controlling the
problem of coastal litter, at least in Israel. Merrell (1980, 1984, 1985), who
studied the coastal litter in Amchitka Island, Alaska, between 1972 and
1982, found that of the most frequent 24 litter items, 12 were used in
commercial fishing. These constituted 65% of the litter by counts in 1974
and 34% in 1982. Merrell attributes the rest of the litter to garbage that was
discarded from the fishing fleets in the Pacific Ocean.
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Vauk and Schrey (1987), who investigated the litter on the beach of
Helgoland Island in the German Bight, rerort that 99-2% of the 8539 waste
items found on the beach were identified as ships™ waste.

Dixon and Dixon (1981, 1983) reported on a series of coastal litter surveys
which were conducted on the shores of UK, Western Isles of Scotland,
Cherbourg Peninsula, France, West Jutland. Denmark and Portugal. In all
of these they found that the most abundant discarded containers were those
of lavatory cleansers and household detergents. Plastic and carton
milk containers were also abundant, but their relative abundance was not
the same in all of the mentioned coasts. Containers of mineral water. wine
and soft drinks were also found but only amounted to a small percentage of
the total litter. The geographical origin of the containers indicated that a
large percentage of the containers were foreign to the beach on which they
were found. All these factors indicate that most of the litter on the beaches of
western Europe landed on the beach from the sea and was not brought by
people who came to the beach for recreational purposes.

The difference between the coastal litter found on the Israeli shore and
those quoted above is clear—most of the waste in Israel is of local origin and
is related to beach recreational activity. whereas in the discussed examples a
major proportion of it is foreign and is related to commercial fisheries and
ship traffic. The reasons for this difference are obvious. Certainly. in the cases
of Amchitka and Helgoland. which are islands. the litter production of the
island inhabitants is negligible in comparison to litter which lands from the
sea. In the western European shores. the intensive ship traffic and
commercial fisheries produce a lot of marine-based litter which is spread to
great distances by the strong winds, currents and tides. The input of land-
based litter by beach-goers, on the other hand, is rather limited due to the
short beach recreational periods in these countries. The situation in Israel 1s
the opposite. The beach recreation period is long (April-November). ship
traffic in the east Mediterranean is much smaller than in the North Sea,
English Channel and East Atlantic, and driving forces which may bring
garbage from the sea are moderate (see above).

Control of coastal litter in Israel

The composition of the coastal litter and the relationship between litter
abundance and concentration of people on the beach may lead to the
conclusion that the garbage on the Israeli coastis land-based and is brought
to the beach by beach-goers. This is not entirely true. During the sampling of
16 March 1989, a new concentration of fresh litter was noticed on the
foreshore in all of the stations. At some stations, two litter concentrations
were present on the beach: one, at the back of the beach, was litter from the
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previous summer. consisting mostly of beverage cans bearing local
inscriptions; the other, on the foreshore, consisted mostly of fresh-looking
containers of household detergents and cleansers with a lot of inscriptions
indicating that they came from Lebanon. This finding is a result of a
combination of the winter storms effect which swept the summer litter to the
back of the beach. and an event which brought foreign litter from the sea to
the beach. From the available data. it is impossible to tell whether this litter 1s
a single event of garbage dumping into the sea from a ship. or whether this is
garbage that was carried by littoral drift from garbage dumps located on the
beach in Lebanon. The fresh look of the litter and the fact that it was found
on an extensive part of the beach indicate the first possibility.

It seems that most of the garbage on the Israeli coast is brought by beach-
goers to the beach and only a minority is from the sea and, or from Lebanon.
Although this conclusion requires further verification. its significance is that
the control of solid waste on the Israeli shore is less of a problem than in
other coastlines. Most researchers working on coastal and marine litter
problems admit that there 1s little hope of controlling disposal of garbage
from ships in the near future (Dixon & Dixon. 1981: Beane, 1987). As this
source of garbage is limited in the case of the Israeli coastline. attention there
should be focused on those who pollute the beach. namely the beach-goers.
This 1s @ matter of culture. and has to be treated with the classical tools of
cducation. legislation and law enforcement. Indeed various programs to
educate bathers to keep the beach clean are underway. Plastic bags are
distributed to beach-goers by youngsters who request that the beach-goers
put all therr refuse in the bags. and classes of school children are called for
voluntary beach-cleaning operations. The idea is that these activities will not
only help to clean the beach but will also educate young people to keep the

Fig. 5. Garbage wrapped by beach-goers in a plastic bag.
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beach clean in the future. There are signs that this approach will be
successful. Figure 5 shows a plastic bag that was filled with garbage by
conscientious beach-goers but was left on the beach because of lack of trash

bins for disposal of the bag.
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