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Abstract

To get meaningful data for pollution assessment dong the Jordanian coadtline, and in order
to avoid the ambiguities usudly associated with the analysis of seawater and sediments, cord
reefs were used as an environmenta indicator as their skeletons assmilate records of metas
over hundreds of years.

Two phases of reef sampling were carried out. The first included regular samples taken
dong the coadtline of Agaba (27km long) at depths of 415m, and used to determine spatia
digribution of pollution. The second phase included three 20cm-deep cores obtained from
within the indugtrid zone. These cores were drilled from pre-dated communities, where the
growth rate was determined earlier to be 10mm y*, therefore the core obtained represented  a
period of 20 years (i.e. 1980-2000). The cores were used to reconstruct the meta pollution
higory a the most heavily used dte dong the coast (industrid zone).All samples were
examined with respect to their metal content of Cd, Pb, Cu, Zn, Ni, and Cr.

Almog dl of them have shown records above the cadculated background vadues. Mean
vaues of Cd, Pb, Cu, Zn, Ni and Cr recorded aong the coast were 1,25; 4,26; 9,76; 11,40;
2,29 and 10,522, pg g* respectively, and for core samples 1.4; 4.2; 5.7; 6.4; 2.3 and 8.21 g

g respectively.

Spatid didribution of metd enrichment in reef samples have shown a generd and clear
increasing trend towards the ®uth. Same increasing trend was dso in core samples where the
sx metas have shown a prominent increesng trend towards the core surface indicating an
increase of coadtd activities during the last twenty years.

High and rdativdy high vaues were recorded a the oil port, the industrid area and main
port, and thus categorized as highly impacted aress. Intermediate metal content were recorded
in samples of the north beach, and thus classfied as being rdaively impacted, where the
lowest meta concentrations were observed at the marine reserve, the least impacted site aong
the coast.

The high enrichment of metd is atributed mainly to anthropogenic impects. The naturd
inputs of the sx metds dudied in the Gulf of Agaba are generdly very low, due to the
geographic positionsand the absence of wadi discharge and as aresult of low rainfal.

Severd potentid sources of heavy metds were investigated. The indudtrid-related activities,
port operations and phosphate dust were among the man sources curently thregtening the
marine ecosystem in Agaba.

Applying the Principle Components Analyss method (PCA) to al samples taken dong the
coadline has resulted in categorizing three different groups according to ther metd
enrichment, the firg is composed of samples taken from the north beach and the main port
with intermediate to high enrichment, the second joined the samples of the marine park and
the marine reserve with low and relatively low enrichment, and the last group joined samples
of theindustrid zone and the ail port with high enrichment.

The Principle Component Scores were aso utilized to confirm the spatia digtribution and
relationships of the examined heavy metds dong the coast. Two modes (interpolated by

SURFER ? 7.0 and ArcVien® 3.2a) were developed, the first was based on the PC scores of
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the firg component, and shows clearly the podtive anomaies in metd concentrations dong
the coast. The second modd was developed by plotting the second factor scores on a landuse
map of Agaba According to these modds, it has shown that the postive anomdies are
associated with three different zones; industrid area, the main port and the oil port.

The results have shown that cora reefs can be used as good environmentd indicator for
assessments and monitoring processes, and they can provide data and information on both the
gpatid digtribution of pollution and their history.

The present work isthe first to document the environmenta status along the whole coast of
Agaba and the first to use cora reef asatool/ indicator.

Zusammenfassung

Um aussgekréftige Daten zur Einschdzung der Umwdtverschmutzung  entlang  der
jordanischen Kige zu ehdten, und um die normdewese mit der Andyse des
Meeresvassers und den Sedimenten entstehenden Amlugintdten zu vermeiden, wurden
Kordlenriffe as Umwedtindikator benutzt, da dch in den Skeletten die Assmilation von
Metalle Uber Jahrhunderte nachweisen 18sst.

Die Riff-Probenahmen wurden in zwel Phasen durchgefihrt. Die erste Phase umfasste
regulére Proben, die entlang der Kiste von Agaba (27 km lang) in ener Tiefe von 4-15 m
entnommen wurden, um die rdumliche Vertelung der Verschmutzung zu besimmen. Die
zweite Phase umfaste dre 20 cm tiefe Bohrkerne, die im Bereich der Industriezone
enthommen wurden, um die Geschichte der Medlverunreinigung in dem am daksen
betroffenen Bereich entlang der Kiste (Industriezone) zu rekongtruieren. Diese Kerne wurden
in berdts friher datierten Riff-Kommunen mit ener Wachsumsrate von 10 mmvJahr gebohrt.
Die in enem Kern erfasste Periode betrégt somit etwa 20 Jahre (d.h. 1980-2000). Alle Proben
wurden auf den Metalgehdt von Cd, Pb, Cu, Zn, Ni und Cr gepriift.

Fast dle Proben weisen Werte auf, die hoher ds die berechneten Hintergrundwerte liegen.
Die verzeichneten Durchschnittswerte der regulaen Proben entlang der Kiste betrugen fir
Cd, Pb, Cu, Zn, Ni und Cr: 1,25; 4,26; 9,76; 11,40; 2,29 bzw. 10,522 ug g* und fir die
K ernproben betrugen die Werte: 1,4; 4,2; 5,7;: 6,4; 2,3 bzw. 8,21 pug g>.

Die raumliche Vetelung der Medlarecheung in den Riffen zegt enen deutlich
zunehmenden Trend in Richtung Siden. De gleche Trend findet dch auch in den
Kernproben wieder, wobel die sechs Medle zusitzlich auch enen deutlich zunehmenden
Trend von unten nach oben aufweisen, und somitie die zunehmenden anthropogenen
Aktivitaten im Klsgtenbereich wéhrend der |etzten zwanzig Jahre anzeigen.

Hohe und relaiv hohe Werte wurden im Olhafen, der Indudriezone und im Haupthafen
verzeichng und somit ds dak betroffene Bereiche eingestuft. Mittedmaddge Metdlgehdte
wurden in den Proben am Nordsrand ermittelt und somit ds reativ betroffen klassfiziert.
Die niedrigten Metdlkonzentrationen wurden im  Berech des Marineschutzgebietes
beobachtet, das somit das am wenigsten betroffene Aredl entlang der Kiiste darstdlt.

Die hohe Anrecherung der Maedle g hauptsschlich auf  anthropogene  Einflisse
zuriickzufthren. Der natirliche Eintrag in den Golf von Agaba be den sechs andyserten
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Metdlen ig im Allgemeinen recht niedrig, aufgrund der geographischen Postion, den kleinen
Niederschlagsmengen und folglich auch der geringen Schuttzufuhr aus den Wadis.

Veschiedene potentidle Herkunftsquellen der  Schwermetdle  wurden  untersucht.  Die
indudriebedingten ~ Aktivitdten, Hafenbetriecb und Phosphatstaub  konnten  hierbel  as
Hauptverursacher der akuten Bedrohung fir das Marine- Ecosystem in Agaba erkannt werden.

Eine Hauptkomponentenandyse (PCA) angewendet auf dle entlang der Kiste entnommenen
Proben ergab, dass dch dre  verschiedene Gruppen in Abhangigkeit von der
Metalanreicherung herausstdlen lassen: die erste Gruppe umfasst Proben vom Nord-Strand
und dem Haupthafen mit mittdméssger und hoher Anrecherung, die Zwete enthdt die
Proben vom Marine-Park und dem Marineschutzgebiet mit niedriger und rediv niedriger
Anreicherung, und die letzte Gruppe besteht aus den Proben der Industriezone und dem
Olhafen mit hoher Anreicherung.

Die Hauptkomponentenwerte (Principle Component Scores, PCS) wurden auch verwendet,
um die rdumliche Vertelung und die Beziehungen der getesdeten Schwermetdle entlang der
Kigte zu bestétigen. Es wurden zwel Moddle entwicket (interpoliert mit SURFER ® 7,0 and
Arc View ® 3.29). Das erste Moddl baserte auf den PCS der ersten Hauptkomponente und
zeigt klare podtive Anomdien der Meadlkonzentrationen entlang der Kuge. Das zwete
Modedl baset auf den PCS der zweten Hauptkomponente und ist in ener Kate im
Zusammenhang mit der Landnutzung von Ageba dargestelt. Danach zeigt Sch en deutlicher
Zusammenhang der podtiven Anomdien im Zusammenhang mit den dre  verschiedenen
Landnutzungszonen, namlich dem industridllen Areal, dem Haupthafen und dem Olhafen.

Die Ergebnisse zeigen, dass dch Kordleviffe ds Indikator fir die Bewertung und
Uberwachung von Umwelt prozessen eignet. Sie konnen Daten und Informationen, sowohl
Uber die réumliche Vertelung von Umwedtverschmutzungen, as auch Uber ihre Geschichte
liefern.

Die vorliegende Arbeit it die erste ihrer Art, die das Kordlenriff ds Insrument und Indikator
verwendet, um den Umwdtstatus entlang der gesamten K liste von Agaba zu dokumentieren.
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1 Gulf of Agaba
1.1 Physcal and Chemical Features

The Gulf of Agaba oriented NNE-SSW is the northernmost sea-flooded part of the Syrian+
African rift sysem. The gulf is a semi-closed basin, separated from the Red Sea by the Straits
of Tiran, a narrow passage about 250m deep, (Fig.1). The gulf extends over a length of 180
km and awidth of 5 to 26 km, and reaches amost 1800m depth.

Sea leve in the northern part of the gulf fluctuates during the year by up to one meter. The
leved is high from December through May and lower during the period July through October.
The difference is reportedly due to the influence of monsoon winds in the Indian Ocean
(Hulings, 1989).

Tides in the gulf are minima, with a range on the order of one meter or less They are sami-
diurnd (two high and two low tides every 24 hours).

Currents specificdly, and circulation generdly gopear to be largey wind-driven, with
additiond influence from tides, dendty gradients, and evaporation. Prevaling winds are from
north, and thus the predominant wave direction is from the north.

The gulf is characterized by a low rate exchange of water with the Red Sea due to the narrow
and shdlow passage of Straits of Tiran. The gulf dso acts like closed lake, with summer
grdification and biannua turnover. The lower mass of water is colder and nutrient-rich, and
has even less exchange with the Red Sea across the shdlow Straits of Tiran, than surface
water. This can lead to agd blooms on the reef following winter sorms, which cause
upwdlings. The residence time of water can exceed two years in the upper depths of the Gulf
and three years in the lower depths (ISPAN, 1992).

The water of the gulf is exceptionaly clear, the high transparency is rdaed in pat to the
absence of mgor rivers or streams flowing into the sea.

The relative isolaion of this desert-enclosed sea, coupled with exposure to an arid, hot
cdimate and high evapordion, cause temperaure and sdinity to be unusudly high as
compared to the average range for oceans. Surface water temperature approaching 28 °C may
occur during the summer months and fal to just aove 20 °C in the winter. Temperatures
within the water mass reflect a degree of dratification versus verticd and latera mixing by
water currents. Verticdly, temperature fdls within depth in the summer dthough there
appears to be an inverson at certain depths in winter months because the deep water mass has
atemperature reportedly above 20 °C.

The lack of regular fresh water input, and the high evaporation rate contribute heavily to the
paticulaly sdine conditions within the gulf. The <dinity is rdativdy high and ranges
between 40 and 459/ compared to an ocean’'s average sdinity of 35g/l. Verticd sdinity
differences are very smadl between 50-150m. In generd, the eastern dde of the Gulf is less
sdine, mogt likely dueto theinflux of Red Sea (ICRI, 1995).

Another prominent feature of the gulf is its great depth in proportion to its width. It has an
average depth of 800m increasing to about 1,800m as a maximum depth.

The gulf is a host to more than 1000 species of fish, 110 species of hard cord, 120 species of
soft cord in addition to sponges, snails, crabs and seaturtles, (Hulings,1989).
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Fig. 1. Space photo showing the Red Sea and both; the Gulf of Agabaand Gulf of Suez.

Twenty percent of molluscs and echinodermata as well as severa species of agae occurring
in the gulf may be endemic. Of between 300-350 species of fish which have been recorded in
Aqgaba, 7 are recognized as endemic, (ICRI, 1995).

These maine cregtures live in a complex ecosysem where a very fragile equilibrium
maintains dl these animds in a necessary co-existence, as part of the chain which creates the
cord reefs and their surroundings.

From dmog invisibe life-forms to huge fish or mammds, dl ae equdly important and
contribute to the food chain, thus creating the conditions for the building and the hedthy date
of the cordl resf.

Despite the fact that the Gulf of Agaba is one marine unit, there are Hill differences in
relation to its currents, temperature, sdinity and cord reef communities that make the
northern part different from the southern and the western part different from the esstern one.
Example of such differences is the presence of five species of sea grasses on the western
coast, only three have been recorded in the eastern coast, (Heiss et al., 1999).

In concluson, dl of the above specid combinaions of conditions makes the gulf especidly
vulnerable to the effects of pollution low rates of exchange, combined with high rate of
evaporation mean that introduced pollutants can affect the gulf for long periods of time.
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1.2  Geological Setting

The Gulf of Agaba occupies the southern part of the segment of the great valey that extends
from the Zagros- Taurus mountains in Turkey through the Red Seaand into East Africa.

In its greater depth and narrower width, the Gulf of Agaba graben differs from the Gulf of
Suez graben. The Gulf of Suez has experienced a least snce Early or Late Eocene time, and
snce tha time has been filled with sediments. By contragt, the Gulf of Agdba did not
originate until Late Pliocene or Early Pleistocene time and it lacks Neogene sediments. When
rifting began, the Gulf of Agaba was not connected to the Red Sea but extended as an isolated
trough from the Araba Vdley to the submerged ridge a the Straits of Tiran (Fig.1). The
graben could have resulted from ether movement in saverd dages dong a left-laterd wrench
fault, or from gravitationd and tendond effects with dip-dip movements, the last mgor being
of Middle Pleistocene age ( Friedman,1985 in Hulings,1989).

The laterd submarine dopes of Gulf of Agaba are fault planes and are virtud precipices, for
the most part the shores are equaly precipitous. Alluvid fans extend from the mountains to
the shore and into the guilf.

The carbonate depostion and recent sedimentological systems in Agaba, is very much a
result of the unique tectonic history and the present tectonic setting. The gulf is marked by
negative Bouguer gravity anomdies and minor magnetic anomdies, which suggest that the
graben it occupies is a reativedy dmple downfaulted basn. The gulf is the southernmost
active ssgment of the Dead Sea Rift. It is assumed thet this is a trandform plate-boundary. The
left-laterd dip dong the rift has dnce Miocene increesed to an amount of 105 km. It
separates the Sinal sub-plate in the west from the Arabian plate in the east. Boarding aress of
the rift are devated nearly 4 km. This eevation decreases northwards. The volcanic activities
are dl the same very minor. The rift connects the area of seafloor spreading beneath the Red
Seawith the area of Zagros-Taurus of continental collison.

The long subpardld faults of the gulf encdoses three big, degp and enlarged enechelon
sediment basins. These are o cdled pull gpart basins, fault bound depressons. The sediments
infill are as much as 5 km thick, (Heiss et al.,1999).

Bathymetry.

The Gulf is about 16 to 26 km wide. At its northernmogt tip its width decreases to about 5
km. Congdering its narrow width the gulf is very deep . The 400m-fathom contour defines
two basins, a northern and a southern, separated by swells. The Gulf of Agaba is separated
from the Red Sea by a sll which has been reported to ke 340 m deep. The wals of the Gulf of
Agaba are very steep. The norma gradient ranges from 60 to 70 percent, (ISPAN,1992).

It is practicaly non continenta shelves boarding the gulf. The coagtd plains are missng or
paticular tight. The continenta dopes are among the steepest in the world, (Hulings,1989).
The gulf profile is asymmetricd because the eastern dope can get as dseep as 25 to 30°
contrary to the western only getting as steep as 16°.

The deficit in water budget of the gulf resulting from high evgporation is baanced by the
inflow of water from the Red Sea. However, the inflowing current from the Red Sea is a less
sine surface flow, therefore the more sdine (denser) water resulting from the large
evaporation-precipitation ratio, snk and form a counter flow to the south, (Loya, 1988).
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Reefs

The reefs in the gulf are dl north of the 27° N latitude, they are some of the northernmost
refs in the Indian Ocean. Cords bedong under the phylum Cnidaria in the kingdom Animdia
The phylum include hydras, jelyfishes, sea anemones and coral animals (IUCN/UNEP 1988).
Details on the cord reef ecosystem of the gulf arein Chapter four.

1.3 TheJordanian Coastline; General Features

The 26.5 kilometer-long Jordanian shordine of the Gulf of Agaba provides the only access
to the sea for Jordan for ship transport, fishing, and industriad development that requires large
amount of cooling water.

The coast has been divided generdly into zones for development purposes, the city of
Agaba, the port area, the south tourist area including the marine park and the public beach and
the indudtrid zone area.

The fringing reefs dong the Jordanian coast is of extreme environmenta importance. It is
pat of the northern most reef in the northern Hemisphere. This reef system is considered the
most diverse within the Northern Hemisphere with many endemic species (IUCN,1993).

The north beach of Agaba consigts primarily of sand and gravel beaches. In the nearshore,
sedbed is sandy with few coras The dope of the nearshore seabed increases southward,
leading to very deep water rdlatively close to shore.

Further south adong the coast, more cord reef areas are evident. These reefs are found
scattered nearshore, where that of offshore is extending in a more continuous way, athough
such continuity isinterrupted by severa bays.

Morphologicdly, the resf of Agaba fringe the shordine, with the area offshore of the reef
zone dropping abruptly into deeper water. In most areas, a shdlow lagoon separates the
shoreline from a shallow, fringing ref flat.

On rare occasions, usudly separated by one or more years, extremely low tides occur in the
upper gulf during which the reef flat and part of the shdlow lagoon may be uncovered for up
to 20 minutes each low tide over a period of up to 2 days.

Severd sudies have reported the effects of such extreme low tides, (e.g., Fishelson,1973b,
Rawber,1974 both in Loya1988). It has been shown that most of the colonies are able to
regenerate after exposure if parts of the living tissue remain intact on the skeleton. It is clearly
here that the worgt time for any mgor source of pollution in this area would be during one of
these extreme low tides when cords on the reef flat could be exposed directly to such impact.

The Jordanian coast displays a bdt of discontinuous fringing reefs that are developed
preferentidly on smal capes and are separated by wide embayment. The postion of these
bays correspond to wadi mouths and they are characterized by a sandy sea bed colonized by
scattered cord heads and sea grass beds. The fringing reef lining the coast vary in thar
digribution. In exposed zones, an extendgve 2 to 10 m wide regf flat is formed, while in less
exposed aress, patch reefs may codesce to congtitute an irregular reef flat (Hulings,1989).

The beaches of the Gulf of Agaba are narrow and the sand is immature. These beaches are of
low relief with a gentle foreshore dope (5-15°), ( Abu Jaber,1991).
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14 Shoreine Classfication

The Jordanian shordline is highly varigble. The coast can be classfied on the bads of its

morphology into three distinct zones which differ congderably in ther morphology, sand
budget and their surrounding topogrephy. The zones were classfied according to severd
authorg(e.g., Abu Jaber,1991) as the northern sandy coadt, the northern eastern cliffed coast,
and the southern crenulated coast, (Fig. 2; Fig. 3).

1.4.1 The Northern Shordine

The northern shoreline has a cusped/bayed morphology and is lined offshore by an arcuate
bar sysem, where the offshore bar and the cusped/bayed shoreline are out of phase. The
longshore currents aong the northern coast is an oscillatory mation in which the wave set up
erodes an embayment on the coast and accretes an offshore cusp and the wave set down
accretes a cusp on the shore. The beach materid is composed entirely of fine sand.

1.4.2 The Northeastern Shordine

Unlike the northern beach, this dretch of shordine is utilized for port facilities . It is narrow
and built by angular, coarse, immaure rock fragments ranging in dze from pebbles to
boulders and by the finer fraction which is derived from adjacent mountains. The shoreline is
padlded by a sysem of discontinuous reefs that can dther act to buffer the high wave
energy resulting in an accretionary beach, or dse the channds between reef patches can
funne the wave energy in the form of strong directed rip currents and deplete the beaches of
their sediment. The lack of sand dong these four kilometers may be attributed to many factors
including the absence of dluvid fans, the funnd injection of waves in between naturd
channds of the reefs, and the various marn made development structures.

1.4.3 The Southern Shordine

The southern beaches are barren and comprise the largest portion of the Jordanian coastline,
It extends 14 km, from the Marine Science gation in the north to the Saudi border at the far
south.

The southern beaches are lined offshore by a buffer of live cord reefs, dternaing between
patchy cords and fringing corals. The sandy stretches dong the southern coast are patchy, the
magor sources of sand for these beaches are; the sediments carried from adjacent beaches by
long shore currents, the sediments produced as a result of the scouring of waves at the base of
the dluvid fans, and the sediments caried by flash floods during the rainy season. The
southern shordline is made up of a series of capes and embayment. The wide bays are
generdly located at the mouth of awadi outlet separated by narrow capes

Similar to the northern coast, the offshore cords serve dong this shordline as a protection to
the beaches by acting as a buffer to the incoming wave energy. The resultant waves
goproaching the beach are weak and incgpable of moving sediments into their system. Sandy
beaches are commonly protected offshore by a wide reef flat while beaches lined offshore by
patch reefs are made up of pebble to cobble size lag sediments.

However, the combination of large fetch and narrow continental shelf dong the southern
beach produces an exposed and eroding coast.
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Fig.2. The north and northeastern shorelines of Agaba.
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Fig.3. The south shoreline of Agaba
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15 General Review on the Quality of the Seawater and Bottom Sediments of the
Jordanian Gulf of Agaba

The present section describes the seawater and bottom sediments environmenta qudlity
dong the Jordanian coast. The information dtated below were obtaned manly from the
monitoring program of the Marine Science Station in 1999. Noteworthy is that heavy metd
concentrations in seawater and bottom sediments will be discussed in some details in Chapter
Seven.

1.5.1 Seawater
Magor and minor congtituents of seawater are summarized in Tablel.
Ammonia (NH3):

Mahasneh (1984) has reported relatively high values of ammonia in the surface water dong
the Jordanian coast. The annua mean ammonia concentration over the entire coastd
Jordanian section of the gulf presented by the author was 0.068 mg I, According to
Mahasneh, a sewage outfdl in the northern section of the gulf contributed sgnificantly to this
high mean.

Badran (1996;1998) and Rashid (1998) found higher ammonia concentrations in winter and
sring than in summer. The annua concentration range in the Jordanian coastal water
according to both authors was from 0to 0.01 mg I

Nitrate and nitrite (NOs; ,NO,)

Badran (1996) and Rashed (1998) reported outstandingly clear seasondity of both nitrate
and nitrite  concentrations in both coastd and offshore waters. Maximum nitrate
concentrations were recorded in deep waters, below 150m during summer. Nitrite had a
Lummer maximum & about 100m. In the open coasta water nitrate concentration was
minimum a 0.001 mg I* in summer and reached a maximum of 0.072 mg I* in winter. Nitrite
had a smilar pattern, but with about half the concentrations.

Phosphate (P20s)

According to Badran, (1996) and Rashed, (1998), phosphate concentration in offshore
waters had homogeneous vaues throughout the water column in winter and spring. Minimum
vaues were recorded in the upper 50m waters during summer. In coasd waters the
concentration range was between 0.001 to 0.002 mg I

No reports have mentioned a clear seasondity of the phosphate concentrations in the upper
water (0-400m) of the Gulf of Agaba Hulings and Abu-Hild (1983) identified some short
term seasondity patterns which were irregular and unpredictable with respect to the man
hydrographic seasons of the gulf.

Dissolved Oxygen(DO)

Dissolved oxygen concentration in the Jordanian coastd waters of the Gulf of Agaba ranges
between 6.0 and 7.5 mgl™. According to Klinker et al.,(1976), tere is a strong reationship
between oxygen concentration and both sdinity and temperature in the upper 200m of water
of the gulf. No detalls on such reaionship has been explaned by the author except
concluding that the oxygen saturation, in generd is a function of both water temperature and
sdinity, (Hulings,1989).
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Table (1): Chemicd characteristics of waters of the Jordan Coast, (M SS,1999)

Parameter Mean value
Alkainity 2.4-2.7 meg-HCl kg™
Ammonia 0.004-0.015mg I'*
Bicarbonate (HCO™) 167 mg I~
Bromine 85.0mg ™
Cadmium 0.024 mg ™
Cddum 0.425gkg™"
Cdcium/Chloride 0.019
Chlorinity 21.49 %/
Cobalt 1.06 ug kg™
Copper 3.11ug kg™
Fourine 1.4 mgkg™
Iron 4.07ug kg™
Magnesium 1.390 g kg™
Magnesum /Chloride 0.0647
Manganese 0.026g 1™
Nickel 6.95 ug kg™
pH 8384
Potassium 455 mg It
Sodium 1.29g1*
Sulfate 3.00gl™"
1.5.2 Sediments

Bottom sediments of the Gulf of Agdba in generd are typicdly loose unconsolidated reef
sadiments. They generate manly from reef rock, cacareous dgee, fragmented solid biogenic
materid, cacum carbonate skdletd remains such as foraminifaran tests and molluscan shdls,
beach rock fragments, fecd materid produced by sediment ingesting organisms and
terrigenous materid driven from the surrounding desert by wind or runoff, (Hulings, 1989).

A detailed investigation was carried out by Alrosan,(1998) on the compostion of the bottom
sediments of the Jordanian coast. He reported an annua average of cacium carbonate
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concentration of 74%, organic carbon of 0.35%, total nitrogen 0.05%, and total phosphorous
of 0.07%.

Tota phosphorous concentration in bottom sediments range between 87 to 460mg kg* (MSS
records). In general, carbonate sediments are known for adsorbing soluble phosphorous from
the seawater, this explains the high concentration might be recorded a some locations.
However, concentrations higher than 500 mg kg!  are attributed to anthropogenic activities,
(Jickells 1995).

Average concentration of organic nitrogen in bottom sediment 210 mg kg'. No seasona
property in the concentration was found. Organic carbon concentrations range between 0.9
to 2.9 g kg, with no regular or seasona pattern as well. All recorded vaues of both organics
cabon and organic nitrogen were reaively and compare farly well those sediments from
other parts of the gulf.

Monitoring programs along the coast show that the upper 5cm section of the bottom surface
sedimentsisfairly well oxygenated (M SS,1999).
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Chapter Two
General Background
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2 General Background
2.1  Judtification and Importance of the Study

More than a quarter of the world's reefs are at high risk, and just under a third of these habitats
ae a moderate risk from human disturbance. Of the broad categories of potentid threat to
cord redfs evduaed, overexploitation of marine resources, including dedructive fishing
practices, and coastal development present the greatest threat. Globdly, 58% of the world's
reefsare at risk, (WRI,1998).

The Gulf of Agaba represents a naturd resource of maor economic importance to the four
riparian countries;, Jordan, Egypt, Isradl and Saudi Arabia, in terms of development of tourism
and other industries and access to sea transportation. The 27 km of the Jordanian coadtline is
of paticular dgnificance to the national economy. This coadtd grip is consdered one of the
main foca points of the Jordan's economic activity; it has the fastest growing employment
opportunities, it is the recreationad area for hundreds of thousands of the country’s population
during autumn, winter and spring seasons, and it is a mgor attraction in an expanding tourist
industry.

The Gulf of Agaba has severd features that make it unique compared with any other
ecosystem (See Chapterl); it is biologicdly extremey diverse and contain rare and endemic
gpecies, the reefs a the northern end of the gulf have the digtinction that they are the most
northern reef in the world, they support a higher maine biodiversty than tha found a smilar
latitudes elsewhere, (Hulings,1989).It is dso reported that the reef of the gulf to have a higher
number of species per unit area than other reef areain the world (Loya,1988).

Development in the whole northern portion of the gulf has been a rgpid phenomenon. During
the last two decades the whole Jordanian coastline has been modified- and 4ill- from its
natura sate by a variety of development associated with economic growth. These include the
congruction of housing projects, buildings, roads, hotels, power dations, ports, storage
facilities, potash and fertilizer production industries.

An essentid requirement for naturd resources management and sudtainable development is
an improved understanding of these resources and the naturd and anthropogenic processes
affecting them. This must be founded on sound data and information gethered routindy. This
is actudly the man objective of the present work to edtablish a basdine for the metd
concentration and the pollution satus adong the coadline as a contribution towards an
integrated system of pollutionrelated database which in turn will contribute to sound
management of our unique natural resources.

In Jordan, it is important to conserve the cora reefs because they can provide Jordan
increesing economic  benefits  which, if succesfully managed, could be sudaindble
Sgnificant tourism development opportunities are avalable because of the fringing nature of
the reef. Corals are dso a good source of food and medicine, they dso provide a natura
protection to the coadtline. The seawould otherwise reclaim these coastlines.

Indudtries on the other hand, dso provide Jordan with increasng benefits. These indudtries
are the largest revenues generator in the Agaba Governorate with annual revenues of about $
400 million manly from fetilizer and minera processng (MoP,2003). Indudries in Agaba
are primarily associated with port operations, some adso need large amounts of cooling water,
hence their locations next to the sea is advantageous.
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Tourigm is a key factor in the growing economy of Jordan and the Agaba region (attraction
is made possble due to the exisgence of hedthy and beautiful cord reef). In this region
tourism generated estimated revenue of around $85 million (NIC, 2003).

Much worth to mention that the Government of Jordan has transformed the city of Agaba
into a Specid Economic Zone by the end of the year 2001. The zone is envisaged as a duty
free areathat will attract investment to Agaba and contribute to national economic growth.

It is clear here that the two sectors, tourism and industry depend on the same resources, the
maine environment, therefore a careful planning should be done to achieve effective
separation between them and to be sure that none of them will bring any sgnificant negative
impact on the other, especidly with the subgstantid future growth of both in Agaba Such
planning should aways congder the environmenta issues as pat of the any sound sugtainable
development.

Therefore, the integration of environmental issues within the devdopment plans must be
based on clear and accurate as much as possble on up to date data. In some cases, future
planning rely much on trends recorded in the padt, this is exactly what the present work has
tried to do and contribute to the exising efforts in documenting the environmental conditions
in Agaba in order to be integrated and consdered in any future development towards
maintaining the balance while usng our natural resources.

Additiondly, the present work comes dong with the  adready submitted Strategic
Environmental Assessment Plan submitted in 2001, (ASEZA,2001), which ams to identify
ggnificant environmental  issues, phydcd aess and condrants and assst in integrating
environmenta resources into Agabavision.

Agang the above, observations have shown that the status of some parts of the marine
ecosystem of Agaba have been affected by the release of leachable metas, (Abu-Hild,1993),
nitrate, (Hulings et al.,1983) and phosphate, (Abu-Hila,1985). The cord reef in particular has
suffered damage from human activities such as swimming, snorkeling, scuba diving, souvenir
and cord hunters and fishing. All these activities can leave a negative impact on the coras.

Findly, as the city of Agaba is a mgor resort area in Jordan, the study of the pollution
hisory of this area would provide a lesson, and the information obtained would be useful to
the city planers taking seps to prevent further deterioration of the environment, to the
environmental  professond who works on environmentd impact assessment, and to the
decisgon makers who st the priority for gpplying remedid actions.

2.2 ReasonsBeyond Using Coral Reef

To get meaningful data for pollution assessment by anadyss of seawater is difficult because
sea water is a dynamic flud medium and a ten fold difference in concentrations in samples
collected a one location is commonly observed ( Philips,1987).

In addition, the concentration of certain metals in seawater is 0 low that different methods
of andyss lead to different results. On the other hand, the record from sediments data could
be dtered by human activities such as dredging and processes like reminerdization and
recrysalizetion. In a study of heavy meds in seawater, marine sediments and cords,
Esdemort et al. (2000) noted that in some measurements, metal availability as represented by
meta in cord, may have been inadequately represented by sediment data, and therefore cords
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are deemed to be very useful indicators of pollution level because their skeletons assmilate
records of certain metals over hundreds of years.

Moreover, snce cords reman in the same place throughout their lifetime, they are ided
organisms for recording environmental changes as they precipitate their CaCO3 (aragonite)
skeletons directly from seawater. Therefore changes in seawater chemicad composition may
be recorded as a chemica record preserved within the internd growth bands of the cord
skeleton and as trapped samples of suspended particulate matter, ( Ledey et al. 2003).

Over the past two decade, the coastal water of Agaba has been extensvely used by the
community and industries for the disposd of domestic and various indudtriad wastes, therefore
increasing the levd of pollutants in coastd water. All previous work have focused manly on
seawater and sediments to detect pollution.

The present work is the first to use cord reef as a tool or indicator to document pollution in
the study area.

The study is envisaged dso be consdered as a new contribution for the documentation of
pollution, dong with other dmilar obsarvations, in which such scientific researches could
support sound decison making for planning and management of our naturd resources. In
addition, al of such studies and observations are important aso for the EIA processing ether
for conducting or reviewing, since they introduce invauable data and documentation for the
exigting condition of the ecosystem.

The present research comes dso dong with other efforts carried out (and being) to conserve
the marine environment in Agaba (e.g. MSS monitoring programs; Al Fargat,2002).

2.3 Redevant Literature Review

Detailed observations and measurements of cora reefs began only about 20 years ago. The
review during the present work has been made through a wide range of rdevant journds inter
alia,, Journd of Aquatic Ecosysems, Ecosysem, Hedth and Management; Environmenta
Pollution; Marine Pollution Bulletin; Journd of Experimentd Marine Biology and Ecology;
Cord Reef; Environmentd Monitoring and Assessment; and Bulletin  of  Environmenta
Contamination and Toxicology, in addition of course to the severd vists conducted by the
author to the concerned and relevant inditutions in the region for consultations, discussons
and advice when necessary.

The references list a the end of the thes's brings to the readers the main literatures that were
of great help to the author in conducting the present work. It will be noticed that most of the
literature are very recent (post 1990) due to increasing interest and understanding of usng
cord reef as environmental recorders.

Research on trace dements and other pollutants digtributions and background in biota, water
and sediments of the Gulf of Agaba are very limited (Abu-Hild,1987).

No previous smilar work has been done on documentation of the pollution history dong the
Jordan coadtline, however there were some works including some monitoring programs and
environmental  impact dudies that have been done manly in places where problems have
arisen, for example around the phosphate loading facilities.
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Some other scientific papers have described the pollution dtatus at specific spots dong the
coadt; the following summarizes the most rlevant ones:

Wahbeh (1990) and (1995):

The author has dudied example on the use of bioindicators to document pollution in the
aquatic ecosystems, in paticular the toxicity and accumulation of sdected heavy metas (Cd,
Cu, Zn inter alia.) in bivave species from the Jordanian coadtline of the Gulf of Agaba He
has reported high metal concentrations in some species at the phosphate-loading berth as well
as near the old sawage plant.

Badran and Foster (1998):

The authors have studied the environmentd qudity of the Jordanian coastd waters. Based
on records of long term (14 months) fine tempora resolution (weekly), monitoring of the
ambient water temperature, DO, the inorganic nutrients ammonia, nitrate, nitrite, phosphate
and dlicate and chlorophyll a was carried out. Modification in the coasta water quality were
assessed as the dfference between the magnitude of a specific parameter recorded a a coastd
gation and the concurrently recorded vaue of the parameter a the reference offshore dtation,
relative to the anual mean vaue a the reference offshore dation. The port of Agaba was
found to be acutdy modified with respect to dl measured parameters. The industrid area has
consgently pogdtive modification in phosphete concentration. In  addition, ammonia and
slicate concentrations were positively modified at al coasta dtations.

The MSS Monitoring Program:

The Marine Science Station has sarted conducting an environmental monitoring program in
1998 dong the Jordanian coagtline in response to the Gulf of Agaba Environmenta Action
Pan; a project financed by the Globa Environment Fecility (GEF). The am of this program
was to assess the current conditions of the marine environment aong the Jordanian coast and
to devdop and implement priority messures to hdt currently exising and prevents further
pollution. The program was concerned with determining the qudity of seawater and sea
sediments in addition to conducting biologica surveys. Seawater was tested for temperature,
sinity, trangparency, pH, akainity, dissolved oxygen, ammonia, nitrate, nitrite, phosphate,
slicate and chlorophyll a. The sediments were tested for color, odor, sulphide, tota nitrogen,
tota phosphate, ignition loss, particle sze digribution, organic substances, Cu, Zn, Cr, Cd
and Pb, (MSS, 1998).

In the semiannud reports of this monitoring report, it was recorded that there was reatively
high nutrient and chlorophyll a concentrations, especidly in the northernmost Stations of the
coadt. It was attributed at that time to both natural factors such as the geographic setting and
wind regime and to anthropogenic factors such as incidentd uncontrolled discharges from
Agaba and sewage discharge as well as fish farming in Eilat. As for the qudity of sediments,
and in paticular in terms of trace metds tested in the monitoring program, it was nentioned
that in generd, the concentrations are in the normd range, but as one of these reports has
mentioned 13 out of 36 cases have recorded to be generdly high. Concentrations of lead and
zinc reldive to the other metals were high.

Abu-Hild and Badran (1990):

Abu-Hild and Badran (1990) have studied the concentration of Cd, Co, Cu, Fe, Mn, Pb and
Zn in sdiment cores teken from different dtes dong the Jordanian coast. They have
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described the main sources of metd pollution as locad ones, manly around the phosphate
loading berth and sawage outlet in the northern stations and near the cooling water outlet from
the industrial complex in the southern coast. The average range values reported were, 0.8-3.0,
8.0-28.0, 3.0-12.3, 6720-13110, 44-189, 9.3-27.7, 15-83, and16-135 ppm for Cd, Co, Cu, Fe,
Mn, Pb and Zn respectively. The authors have shown aso that the values reported in their
work (at that time) exceed the values reported 20 years ago (of Friedman 1970) for the smilar
sediments from the very near northwestern portion of the gulf, near the town of Eilat, and
compared with those vaues they indicated that the total concentrations of the measured
metds have increased many times within the 20 year (1970-1990).

24  Objectivesof the Study

The main objective was to identify potentiad environmentd indicators for heavy metd
contamination and pollution hot spots around the coagtline of Agaba

To document the metal content in the cora reef aong the coast of Agaba

Obtaining information about the extent and spreading of these anthropogenics.

Researching the chronologica pollution. (recongtruct the history of pollution for the
Jordanian coadline) and dudying the present additions of pollutants, metds in
paticular, into the marine ecosytem as wdl as determining the enrichment factor
during the period of 20 yearsin terms of meta content in selected reef cores.

The ultimate objectives:

It gives an dam —once a pollution is confirmed- towards more efforts to preserve this
ecosystem.

To sudtan the reef sysem in order to serve the tourist sector in Jordan i.e the
economic consderations.

25 The Study Area

In chapter one, the generd features of the Jordanian coastline which represent the sudy area
has been discussed (Fig.4). Six sampling dtes have been identified according to the potentid
pollution sources. The dites are (from north to south) the North beach area (NB), the Main
Port (MP), the Marine Science station (MSS), the Marine Park (MPK), the Qil Port (OP) and
the Industrid Area (12).The sampling dtes are shown in (Fig. 5). Chapter sSx contans
detailed description on the Sites and the activities used to take place there.

2.5.1 Climae Prevailing the Study Area

In generd, the climate of the sudy area is dry and hot. June, July and August are the hottest
months of the year. During these months the average monthly temperatures range between
30.6 and 321 °C. December, January and February are the months of winter. Mean
temperatures are ranging between 14.9 and 17.6 °C. The proximity to the Gulf of Agaba and
the changes in the topography play a noticed role in the variation of the temperaure in the
different locations of the city of Agaba The most moderate months of the year with regards to
the temperature are March-May and September- November. The tota annud precipitation
does not exceed 40-50 mm.
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Fig. 4. Location of the Study Area
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Fig. 6. The generd annud rainfall digtribution pattern in Jordan, showing aswdl thet of the
study area (DoM,1999).

Fig. 6. shows the rainfdl pattern in the sudy area as part of the generd didribution in the
whole country.

2.5.2 Locd Geology of the Study Area

The following describes in brief the man rock units present in and surrounding the study
area as has been described in the mapping survey of NRA, (1988).

Generdly, the area is dominated by rocks ranging in age from Pre-Cambrian to Recent. The
igneous rocks of Precambrian are represented in the area by the so cdled Agaba Granite
(Basement) Complex. This group of rocks range in compostion from the older highly
weathered Grey Granite — Granodiorite to the younger less-weathered red Granite. The
basement complex is dominated by many intrusves, both acidic and basic. Stratified rocks are
represented in some areas by  Paleozoic and Cenozoic (Quaternary) Sandstone.

Pdeozoic Sandstone are found in smdl aress in the surroundings unconformably overlying
faulted blocks of granite. They are composed of medium to coarse grained sandstone of
variable colours of reds and browns with some thickness of 40m.
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In the southern part of the study area these are unconsolidated, bedded, nearly flat lying
quaternary sediments. They are composed of gravel, sands and dlts which were derived from
the igneous rocks and Paleozoic sandstones.

The southern pat of the study area, nearby the industrial complex, outcrops of dluvid
terraces are found. Thicknesses are ranging from 5 to 50 meters.

They conss mainly of granite, granodiorite, quartz diorite and sandstone debris. The grain
Sze of the younger terrace sediments is usudly finer than that of the older terrace sediments.
The older terrace sediments are bedded and their grain sze ranges from very fine to boulder.
The Pliocene Pleistocene is suggested as the age of these sediments (NRA,1988).

Fossl cora reefs occur mainly well preserved, in four locdlities dong the shore east of
Marine Science Station; opposite to the national camp ste; opposte to the northern end of the
marine park and opposte to the Royd Diving Center. Three mgor cycles of fossl cord reef
development have been recognized in these locdlities. There were dtributed to the eudtatic sea
level changes as a correpond to glacid and interglacid episodes of the late
Pleistocene,(NRA,1988).

2.6 M ethodology
2.6.1 ReasonsBeyond Sdection Porites Species for Sampling

The use of Scleractinian cords (Platel) as proxy tool to record the environmenta changes
has increased over the last ten years, including parameters such as metds, isotopes, particulate
organic matter, hydrocarbons and climate, ( Bastidas, et al.,1999).

Porites are very useful indicator for environmenta monitoring, because their skeetons
assmilate records of certan metds over hundreds of years. Their annua growth bands alow
for the recongtruction of accurate chronologies. At the same time the thickness of these bands
themsdlves can serve as an environmentd proxy, (Heiss, et al.,1999).

2.6.2 Sampling

During the present work, two phases of sampling were caried out. The first; regular
samples, were taken for two purposes, to study the spatid digtribution of studied metals aong
the coast and to detect if there is dgnificant enrichment in their concentrations, where the
second phase included the core sampling and carried out to study the tempora varietion in the
concentration of these metds during the last 20 years.

The sdection of the sampling stes was made on the basis of possble pollutant sources in
case of the regular ones, and to determine —in core samples-as possble the higtorica pollution
at theindugtria area which the most area along the coadt that is heavily used.

The sampling stations for both the cores and the regular samples are those indicated in Fig.2.
2.6.2.1 CoreSamples

The sampling technique followed during this research has been suggested by many authors
(Heiss, et al.,1993; Kumarsingh et al.,1998).
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The cores have been obtaned by usng a diamond-tipped rock corer which is usudly
dtached to a pneumatic drill fed from SCUBA diving tanks (the ar is usudly supplied
through the firs stage regulator). The volume of such tanks is 15, and the ar indde is
pressurized to 200 bar, and can provide an air capacity of 3000l . The core cutter has a length
of 20cm and an outside diameter of 45mm.

The initid millimetres were drilled by turning the core barrd by hand severd times on the
cord surface. Drilling was done pardld to the growth axis, and a guide-plate constructed
from a 15cm*15cm*3cm maine ply-board through which a crcular hole was cut to
accommodate the corer, was used to prevent the corer tip from skidding over the cora surface
at the beginning of the core drilling.

Three 20 cm cores of porites sp. were used for conducting the second part of this research to
sudy the higtorica enrichment of metas over the lagt 20 years. Two of these cores were
drilled at the reef edge and the fore reef (5 m water depth: core A), (8m water depth: core B)
repectively. The third core (C) was provided gratefully by Peter Zolda from the University of
Vienna which was drilled only two weeks before, consequently further drilling and may be
some damage and disturbance to the reef community was avoided.

However the resulting cavities of the two cores were filled with cora rubble and capped with
cement to prevent invason and destruction of the colony by boring organisms.

2.6.2.2 Regular Samples

Regular reef samples were collected a different depths from the top 10 cm of the reef
colonies, in which these samples are containing a least the last 7 to 10 years of skeleton
growth based on an average growth rate of 8-11mm yr' (Dullo,1991). Sampling this part of
the colony of the same species is necessary 0 dl samples can be corrdated.  All regular
samples were collected in the period May 17" to July &, 2001. These samples have been
collected to study the genera digtribution of the heavy metd's dong the coast.

2.6.2.3 Laboratory Work

For both, the core and the regular samples, live tissues were later removed by soaking the
cores in fresh water for agpproximady lhour. After soaking, any remaning tissue were
removed with a light jet of water. The cores were then air-dried and kept in pre-cleaned
plagtic labdled-bags for further processing.

Core specimens were cut with a water |ubricated circular geological saw aong the cord’s
maximum growth axis to obtain dices of 1cm thickness representing the average growth rate
of the sampled communities . The upper topmost dice was roughly assgned to the year 2000
for the three cores; the core sampling was conducted on 25-28 March, 2001.

One gram dry weight from each sample (the sample here refers to one lomogenised sample
for each regular sample and one specimen section of 1cm thick for core samples) of skeleta
materid was taken for metd anadyss. The standard procedure for soil and biota from EPA (#
3050) was performed for the andyss, briefly 10ml of HNOs-H,O 1.1, 5ml of HNOs conc.,
Aml of H,O2 36% and 5ml of HCI conc., added and heated to 90°C. Then each sample was
filtered and didilled water was added until a find volume of 50ml, (Badtidas et d.,1999).
Meta content determinations were performed with a Perkin-Elmer 2380 atomic absorption
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gpectrophotometer using standard reference material (EM  Science, ot 80-36). All andyss
were donein duplicate.

All vadues were within +5% as determined from andyss of five replicates from the same
core (one) fraction. Recoveries from spiked samples and blanks were within 97 to 103%.

2.6.3 Growth Rate and Dating of the Core Samples

The growth rate of the same sampled colonies was determined shortly prior Sarting the
present research by Zolda, (2001). The researcher has measured the growth rate as part of
biological research on the carbonate production of the Agaba's reef. The methodology he has
followed is the same routine procedure described and used-according to him- by many
researchers (e.g., Le Tisser, et al., 1994; Dodge, 2000). Briefly, the procedure is as follows,

A dab gpproximatey 0.5cm thick is cut dong the axis of the reef core usng a drcular
geological saw. The reef dab is then xrayed on Agfa sruturix D4 X-ray film, with a MPCH
X-ray machine set at 40kVp for a period of 10sec., a a distance of 0.9m (determined
according to the dab thickness). The x-radiograph is subsequently used to obtain a postive
black and white print, which later is scanned and processed by the software Cord XDS - Cord
X-radiograph Denstometry System.

The average growth rate of the reef colonies caculated by the researcher was 10mm y?!,
with dmost no sgnificant varigion in the growth rate of the sudied colonies over the last 20
years.

Noteworthy to mention that in contrast a Porite-core taken from a colony growing in the
vicinity of the phosphate loading berth demondtrated a drastic decrease in growth rate over the
same time range, where it was determined to be 68mm y?, (Dullo,1991). Such decrease was
attributed to the excess of nutrients at the that area corresponded by phosphate.

2.6.4 Background Vaues

One of the problems raised during the present work is the absence of specific, defined and
well documented reference Background) vaues for the heavy metds in eef. Therefore it was
necessary to investigate severd sources and possibilities for reference vaues.

Some authors have used literature values to compare their data, this is might not support the
exact datus of the conclusons snce the vaues recorded in literature don not necessaily
reflect the low values, this is because each area and each ecosysem has its own
characterigtics. Offshore samples have been dso used in severd researches, but they might
not be dso the right choice. This is amply due to the high possbility that even the remote
areas could be affected by coastdl activities and shore pollution, specidly in closed and semi-
closed systems such as the Gulf of Agaba The third option to use as a reference point is
referring to vaues recorded in bottom layers of core samples. This option generdly might
look as the most gppropriate, specialy where cord reefs provide an accurate chronology, but
however the question is Hill ; does the bottommost layer of any core contain less pollutants?.
This is not aways true, as any core bottom might be underlad by older layer (not being
sampled) which might be enriched by heavy meds from old naturd or anthropogenic
SOUrces.
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Plate.1 One of the sampled Porite reef communities.

However, to avoid such problematic issue in the present work, and in order to get reasonable
assessment, the three references were considered but in one average vaue, (Table 2).

Moreover, researching and investigating more than one source for reference value gives a
wide vison on the extent of metd enrichment in the Agaba reefs. For examples studying the
literature vaues assgs in comparing the present work with other smilar ecosystem, and
provides aso an idea on the extent of the metd pollution in other parts of the world. Offshore
or deep water vaues for example might describe the extent of meta trangportation from
SOUIrcCes.

For the calculations of Enrichment factor (EF) in core samples during the period of 1982-
2001, the concentration of the core bottom horizons was used as a background vaue, as has
been suggested by severd authors (inter alia., Ruiz-Fernandez, et al., 2001; Ramos et al.,
2003, Beiras et al., 2003). however, the following describes the process of sdlecting reference
vaues

Three samples were aso taken from offshore, assuming that due to the low currents in the
Gulf this area has not been affected heavily by coastd activities. Literature vaues were taken
from researches on tropicd areas which encompass some sSmilar physicd and chemicd
characterigtics. In addition of course to the consderation of metal concentrations recorded in
core bottoms.

In Fg. 6, it is cear that the content of dl sx metd in offshore samples was the lowest
among the other two sats of samples Cadmium vaues from literature was extremedy high
(4.2uggt), where lead in the core bottom layers was high (3.09ugg™), compared with 0.77
and 0.13ugg?l) for the literature and offshore values respectively. Copper content was
rdatively high for both the core bottoms and the literature  samples (357 and 4.6ugg™
respectively ). The core bottoms have shown aso significant content of Cr (4.57ugg ™).

However, as there was some dgnificant differences for some metds among the three

proposed background values, this judtifies to get their average value in order to have more
meaningful and religble conclusions.
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Table 2. Background values (ugg?) of four different sources.

Core bottom Vaues Cd Pb Cu Zn Ni Cr
Core A 1,24 327 443 0,67 0,34 392
Core B 0,32 32 32 39 18 51
CoreC 0,27 28 31 43 19 47
Mean 0,61 3,09 357 2,95 134 457
Literature values (tropica areas)
Bastidas et al., 1999 42 103 33 0,82 0,21 0,79
David, C.,2003 32 05 71 12 11 1,85
Crylon, et al.,1998 52 0,8 34 28 08 3,85
Mean 42 0,77 46 16 0,7 2,16
Offshore vaues
Coordinates
X Y
146100 870500 0,14 0,11 0,32 0,92 0,42 0,92
146400 870430 0,16 011 041 0,83 0,88 0,65
146300 870520 0,21 0,18 043 11 0,78 0,32
Mean 0,17 0,13 0,38 0,95 0,69 0,63
Ovedl mean
Core bottom 0,61 309 357 295 1,34 457
Literature value 42 0,77 46 16 0,7 2,16
Offshore samples 0,17 013 0,38 0,95 0,69 0,63
Mean 1,66 133 285 1,83 091 245
5
4 -4
34 —+— Core Bottom
o — — Literature Value
3

2T / Offshore Samples
1+ NG

Cd Pb Cu Zn Ni Cr

Core Bottom 0,61 | 3,09 | 3,57 | 2,95 | 1,34 | 4,57
Literature Value 4,2 | 0,77 4,6 1,6 0,7 2,16
Offshore Samples| 0,17 | 0,13 | 0,38 | 0,95 | 0,69 | 0,63

Fig.8. Comparison of the investigated background average values.
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3 Aquatic Ecosystems
3.1 Introduction

Aquatic ecosystems are respongble for a large proportion of the planet's biotic productivity.
For example, about 30 % of the world's primary productivity comes from plants living in the
ocean (Apobka,2000;WHO,2000). Aquatic systems do not exist only completely under water.
However, they are dso found a the interface of land and water. These ecosystems include
wetlands located at lake shores, river banks, the ocean shoreling, and any habitat where the
s0il or vegetation is submerged for some duration. Thus, an aguatic ecosystem is generdly
defined as any system where the lifeforms are a least partidly submerged for a part of the day
or year (Adey and Loveland,1998).

When compared to terrestrid communities, aguatic communities are limited abicticdly in
sverd different ways Firdly, organiams in agudic sysems must be able to survive patid to
total submergence. Water submergence has an effect on the availability of amospheric
oxygen, which is required for respiration, and solar radiation, which is needed in
photosynthes's.

Secondly, some organisms in aguatic sysems have to ded with dissolved sdts in ther
immediate environment. This condition has caused these forms of life to deveop
physologicd adaptations to ded with this problem. Thirdly, aguatic ecosystems ae
nutritionaly limited by phosphorus and iron, rather than nitrogen. Lastly, aguetic ecosystems
are gengdly cooler than teredrid sysems. This condition limits metabolic activity, which is
generdly controlled by temperature (A pobka,2000).

3.2  Aquatic Ecosystem Types and Characteristics
3.21 Lakesand Resarvoirs

Lakes are naturd feastures formed from the accumulation of fresh water in depressons.

Sources for the water include precipitation, runoff, streamflow, and groundwater flow.
Reservoirs are bodies of fresh water that are artificidly crested by humans (Adey and
Loveland, 1998).

Lakes are often categorized by scientists according to ther nutrient status. Lakes rich in
nutrients, like nitrogen and phosphorus, are commonly caled eutrophic. These aguatic
ecosysems are usudly cloudy because of large populations of plankton and zooplankton,
have diverse populations of fish, and are often depleted of dissolved oxygen during periods of
warm temperatures.

Oligotrophic lakes are bodies of water that are nutrient poor. These lakes are often crystd
clear and have low bictic productivity. Humans have dtered the nutrient status of many lakes
through the addition of nitrates, urea, and phosphates. This process, which results in physicd,
chemica and biologica changesin the lake, is caled eutrophication (Cole,1994).

3.2.2 Riversand Streams

The accumulaion of runoff and groundwater water into low lying channds creates streams
and rivers. These important components of the hydrologic sysem move water from aress
where precipitation exceeds evapotranspiration to lakes and oceans. Humans use rivers for
recregtion, bathing, water consumption, transportation, and as a method of diluting sewage
and indugtrial waste into the environment (NRC,1992).
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3.2.3 Fresh Water Wetlands

Wetlands are terrestrid habitats that are partially submerged by fresh water. These habitats
support many different species of fish, birds, and animas. Ther high productivity make them
vauable sources of food for herbivores and carnivores. In the prairies, potholes are the home
to millions of migraing birds like waterfowl, and they support many species of unique
amphibians and reptiles. When associated with rivers and lakes, wetlands can act filters
removing nutrients, sediment and some pollutants from flowing water. Wetlands are,
however, under attack by development. In the prairies, wetlands are being filled-in to increase
the amount of land available for farming. In other areas, wetlands are being converted into
urban development, (OUC,2003).

3.2.4 Coastd Zone and Marine Ecosystems

The coastd zone is the area of the ocean where water depth is less than 200 meters. Within
the coastd zone are severd unique habitats including estuaries, tidal wetlands, and cord
reefs. EStuaries are coadtad aress where the sdine waters of the ocean meet with fresh water
from dreams and rivers. These habitats are usudly very productive because of the
accumulation of nutrients from fresh water runoff. In estuaries and dong coadtlines, tidd
movements of waters can create tidd wetlands like marshes or mangroves. Tida marshes are
common in temperate areas, and are dominated by sedges and grasses. Mangroves develop in
tropical areas and have trees as the dominant vegetation type. Warm shalow tropical water
can often support cord reefs. Cord reefs match tropicad forests in numbers of individuds,
species diversty, and types of lifeforms (Alongi,1997).

Marine ecosystems are a part of the largest aguatic system on the planet, covering over 70%
of the Eath's surface. The habitats that make up this vast system range from the productive
nearshore regions to the barren ocean floor. Important marine ecosystems are oceans
(including open sea which occupies aout 90 % of the tota surface area of the ocean, but
contains only 10 % of dl maine plant and animad species), edtuaries and sdt marshes,
lagoons, tropicd communities (mangrove forests and cora reefs), rocky subtida (kelp beds
and seagrass beds), and intertidal (rocky, sandy, and muddy shores) areas (WRI,2003).

Marine ecosystems are home to a host of different species ranging from tiny planktonic
organisms that comprise the base of the maine food web (i.e, phytoplankton and
zooplankton) to large marine mammads like the whades, manaees, and seds. In addition,
many fish gpecies resde in maine ecosysems including flounder, scup, sea bass, monkfish,
squid, mackerd, butterfish, and spiny dogfish. Birds are dso plentiful including shorebirds,
gulls, wading birds, and terns. Some marine animas are dso endangered including whales,
turtles, and many others In summary, many anima species rdy on marine ecosysems for
both food and shelter from predators (IUCN,1992).

Marine ecosystems contain several unique qudities that set them agpart from other aguetic
ecosysems, the key factor being the presence of dissolved compounds in seawater,
paticularly sdts. In generd 85% of the dissolved substances are Sodium (Na) and Chlorine
(Cl) in seawater. On average seawater has a sdinity of 35 grams per thousand grams (ppt) of
water. These dissolved compounds give seawater its diginctive "sdty" tadte, affect gpecies
compostion of particular marine habitats, and prevent oceans from freezing during the winter.
Daly changes in factors such as westher, currents, and seasons as wdl as vaidions in
cimate and location will cause dinity levels to vary among different marine ecosystems
(Schulz,2000).
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Like other aguatic ecosystems, marine ecosystems require nutrients and light to produce
food and energy. However, both nutrients and light are limiting factors in marine ecosystem
productivity. Like many other aguatic plants photosynthetic marine organisms (i.e,
phytoplankton) rely upon sunlight and chlorophyll a to absorb visble light from the sun as
well as nitrogen (N), phosphorus (P), and slicon (S) to generate food and promote growth
and reproduction.

However, the amount of light penetrating the ocean surface tends to decrease with increasing
water depth, therefore photosynthesis can only take place within a smal band near the surface
of the water (the photic zone). In addition, nutrient avalability often varies ggnificantly from
place to place. For example, in the open ocean, nutrient levels are often very poor causng
primary production to be very low. In contrast, nearshore waters such as estuaries and
marshes are often rich in nutrients, dlowing primary production to be very high (Porcella, et
al., 1995).

In some instances, nearshore ecosystems have an excess of nutrients due to runoff and other
terrestrial sources. Excess nutrients can cause an over-gimulation of primary production,
depleting oxygen levels and causing eutrophic conditions to occur in coasta habitats.

Marine ecosysems are very important to the overal hedth of both marine and terredtrid
environments. According to the World Resources Center (2003), coasta habitats aone
account for approximatey 1/3 of dl marine biologica productivity, and estuarine ecosysems
(i.e, st marshes, sea grasses, mangrove forests) are among the most productive regions on
the planet. In addition, other marine ecosystems such as cora reefs, provide food and shelter
to the highest levels of marine diveraty in the world.

The diversty and productivity of marine ecosysems are dso important to human survivd
and wdl-being. These habitats provide us with a rich source of food and income, and support
gpecies that serve as animd feed, fertilizers for crops, additives in foods (i.e., ice-cream) and
cosmetics, i.e, creams and lotions (Mcintyre1995). Areas such as mangroves, reefs, and
seagrass beds aso provide protection to coastlines by reducing wave action, and helping to
prevent eroson, while areas such as sat marshes and estuaries have acted as sediment sinks,
filtering runoff from the land.

Despite the importance of marine ecosysems, incressed human activities such as
ovefishing, coastd development, pollution, and the introduction of exotic species have
caused sgnificant damage and pose a serious threet to marine biodiversity, (Praagman,1999).

3.3 MarineLife

The oceans that cover 71 percent of the earth's surface provide a haven for a multitude of
biologicdly diverse life forms, ranging in Sze and complexity from the smdlest known, the
virus, to the very largest, the blue whae.

Although the basic building blocks of life are the same, the conditions under which marine
organiams live and propagate have influenced their evolution, in the process endowing them
with biochemica, biophysologicd and genetic characteridtics that are quite different from
those exhibited by terredtrid life. Information about these characteristics, and the organisms
that exhibit them, is mogtly lacking (IUCN/UNEP,1988). For example, scientists estimate that
less than 20 percent of terredtrid organism have been closdy investigated; the figure for
marine organismsis congderably less than 5 percent (WRI,2003).

The marine environment is critica to the naturd and culturd heritage of the world. Not only
do many marine areas support a grest diversty of plants, animals, and natural habitats, but the
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oceans play an essentia role in climatic cycles and other global processes. Marine ecosystems
and resources are fundamentd to the sustainable development of coastd countries regions,
providing food, minerds, pharmaceuticals, congruction materids, and vast range of other
products. The often support growing tourism and recregtion indudtries and play a vitd role in
transport and in the culture and lifestyle of coasta people.

However, marine ecosysems throughout the world face incressngly serious threats from

pollution, overexploitation, conflicting uses of resources, damage and destruction of habitat,
and other harmful consequences of human development. Biodiversity is especidly a risk.
Conserving marine biodiversity istherefore a priority.

34 Changeand Variation in the Coastal Zone

Coadd regions are some of the most sendtive and yet severely impacted environments in

both industrial and developing naions. Extendve efforts to monitor reef ecosystems ae
underway in regions that have been subjected to rgpid physcal and chemicd changes
affecting the land-sea margin.

Studies in recent years have examined trace metad concentrations in coras, usudly being
able to link this to a loca (or even globa) anthropogenic source of contaminants (Shen and
Boyle1987; Scott,1990; Linn et al.,1990; Guzman and Jmenez,1992; Esdemont,1999;
Bastidas and Garcia,1999; Falon et al.,2002).

The porite cora species is commonly used in these studies because it flourishes in the Greet
Barier Reef, the Caribbean, as wdl as in tropica Ada-Pacific regions. Meta concentrations
observed in Porites show a large range: Cu (n.d—37 ppm), Fe (n.d—210 ppm), Mn (n.d—
15 ppm), and Zn (0.8-122.1 ppm) (Howard and Brown,1987a; Bastidas and Garcia, 1999).
This is indicative of the extent of pollution to which reefs and coastdl regions in generd are
subjected in many parts of the world.

Cord reefs have been used by humans as recreation areas and as a source of food and other
products for thousands of years. The effects of humans on cord reefs are not wel understood,
especialy on aregiond or globd scae.

Important  transformations in the coastd environments due to anthropogenic action have
occurred during the last 150200 yr (Palanques et a,.1988).

3.5 Natural Variability

Coagtd marine ecosysems are not in deady date, but exhibit continuous changes in
production and gpecies compodtion of different trophic levels (Hodgson,1999). Our
awareness and scentific underdanding of this variability has increesed during the last
decades.

Cord reefs are complex ecosystems based around physica sructures built by cora and dgee

that are themsdves dependent on light. Globdly, cord reefs are undergoing change with
widespread impacts from human use and "naturd” influences of globa dimate dynamics
(Mclntyre, 1995).

Human impacts have been often described, both direct (eg. over fishing and
poisor/dynamite fishing, limestone mining, land reclamation, pollution) and indirect (eg.
tourism, coastd and caichment developments). Mot human impacts and changes can be
managed to ensure sustainable and economic benefits.
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Redf ecosysems have adapted and survived mgor globad changes in dimae through
geological time. For example, 16,000 to 22,000 years ago, sea level was some 100 m lower
than today. The sea level rose © fast about 14,000 years ago that coras were unable to follow
the sea level. This created a srong unconformity in the reef dructure al over the world
ocean(Hodgson,1999).

Science is judt dtarting to gain an understanding of these changes and the process and limits

involved. Apparently natural phenomena such as widespread  crown-of-thorns  Sarfish
outbreeks and cord bleaching events are under active evauation; human impacts can
exacerbate the effects but the degree of human causd influence remans uncertan. The
fundamental dructure of reefs depends on cords and agee usng carbon dioxide and
accumulating cacium carbonate (cacification). Recent findings (eg. Dullo et al., 1996,
Hodgson,1999) show that changes in the globa carbon dioxide are having sgnificant effects
on reef cdcfication by influencing the cdcium cabonate Sauration State. From pre-
indudtrid time (1800 AD) it is edtimated that cdcification has decreased by around 10% and
could decrease a further 20% by 2100 AD if atmospheric CO2 concentration doubles (the
current scenario).

The Red Sea, west central Pecific, the Caribbean and high latitude reefs such as Bermuda are
likdy to experience the grestest changes. The ramifications of a 30% decrease in reef
cdcification over this 300 years of indudridization need urgent atention and underganding,
both & a whole reef sysem scde and a the level of organism physology and reproduction
(IUCN,1993).

Degradation of water qudity and pollution reaching from point and nornrpoint sources
serioudy affects the qudity of coastd marine waters, paticulaly in enclosed and semi-
enclosed seas, most lakes, rivers, edtuaries and groundwater systems. Toxic chemicals,
nutrients, pathogens, oxygen demanding wadtes, sediments (sSlt), petroleum hydrocarbons and
litter are among the mogt relevant pollutants. Degradation of water quality due to pollution is
one of the main cause for degradation of water-related ecosystems. Polluted waters represent
adso consdeable threat to public hedth, for example by exposure during recrestiond
activities, by ingestion of contaminated water or eating contaminated seafood (WHO,2000).

Damage to ecosysems and loss of habitatls are quite common and widespread in dl
segments of coastd and marine environment exposed to pollution. The most affected systems
are those in marine waters adjacent to the coast.

However, pollution is not the only culprit. Physcd dteration and dedruction of naturd
coadlines (eg., by land reclamation, deforestation, coastal condructions), seabed mining,
dedructive fishing practices, atificidly changed water courses and hydrologicd regimes
(eg., by large scde irrigation schemes, erection of dams and creation of reservoirs, changed
land-use practices) often lead to serious physical degradation of coastd and marine habitats
with concomitant changes in their ecosystems. Mangroves and seagrass beds, and cord reefs
are paticulaly vulnerable. The increasing incidence of eutrophication of coastd waters with
toxic dga blooms frequertly associated with eutrophication, are teling sgns of spreading
ecosystem degradation (Grousseta et al.,1995).

3.6  Categorization of the Polluting Compounds in the Aquatic Ecosystem:
In generd, environmenta pollutants can be categorized as follows (GTZ,1991;2000):

Primary polluting compounds are those emitted and discharged into the environment
where they could be () degraded into harmless end products, such as water, carbon
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dioxide, etc., (b) transformed into resstant compounds, or (c) persstent during the
physica, chemica and biologica weethering processes.

Secondary polluting compounds are those breskdown/converson products, which are
produced during the environmenta wegthering of the primary polluting compounds,
they might be more toxic than their parents, such as some photo-oxidation products, or

a least temporarily resstant to further degradation and they can affect the fate of other
pollutants, and

Tertiary polluting compounds are those primary and secondar pollutants which are buried,
accumulated in the ecosystem in inactive, non-bicavailable form but become active,
bicavailable as a result of the presence of primary and secondary polluting compounds or
extreme change in environmentd conditions. Tertiary polluting compounds could be heavy
metas in the sediment mobilized by complexing agents produced during photo-oxidation of
petroleum compounds, or by dow dissolution, (Literathy,1993).
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Chapter Four
Coral Reef Ecosystem



Environmental Assessment, Documentation and Spatid Modelling 34

4 Coral and Coral Reef Ecosystems
4.1  Introduction

Appearing as olitary forms in the fossl record more than 400 million years ago, cords are
extremely ancient animals that evolved into modern reef-building forms over the last 25
million years. Cord reefs are unique (e.g., the largest structures on earth of biologica origin)
and complex sysems. Rivding old growth forets in longevity of ther ecologicd
communities, well-devel oped reefs reflect thousands of years of history (Kihimann,1988).

Cord is a <oft living organiam, cdled a polyp, which secretes a skeeton of cacium
cabonate. Some cords ae <olitary (only one polyp), but most species form colonies
composed of hundreds or thousands of polyps covering a stony skeleton of calcium carbonate
and cdled hard cords, or a soft skeleton composed of a protein/cacium carbonate materid
and cdled soft corads (Plate 2). This living tissue forms a very thin sheet of cdls over the
skeleton and measures less than 2mm in thickness, (Sorokin,1993).

4.1.1 Classfication, Growth Requirements and Digtribution

Cords ae anthozoans, the largest cdass of organisms within the phylum Cnidaria
Comprising over 6,000 known species, anthozoans adso include sea fans, sea panses and
anemones. Stony corads (scleractinians) make up the largest order of anthozoans, and are the
group primarily respongble for laying the foundations of, and building up reef sructures. For
the mogt part, scleractinians are colonia organisms composed of hundreds to hundreds of
thousands of individuas, caled polyps (Lali and Parsons, 1995).

Reef-building cords are redtricted in their geographic digtribution. This is because the dga-
cnidarian symbiotic machinery needs a narow and condstent band of environmentd
conditions to produce the copious quantities of limestone necessary for reef formation. The
formation of highly consolidated reefs only occur where the temperature does not fal below
18°C for extended periods of time. This specific temperature redtriction -18°C- does not,
however, apply to the cords themselves. In Jgpan, where this has been studied in detal,
approximately haf of al cora species occur where the sea temperature regularly fals to 14°C
an gpproximatey 25% occur where it fals to 11°C (Roesder,1986). Many grow optimdly in
water temperatures between 23° and 29°C, but some can tolerate temperatures as high as
40°C for limited periods of time. Most require very sdty (sdine) water ranging from 32 to 45
parts per thousand. The water must dso be clear to permit high light penetration. The corals
requirement for high light dso explans why mos redf-building species are redtricted to the
euphoatic (light penetration) zone, approximately 80 m (Lali and Parsons,1995).

The number of species of cords on a reef declines rapidly in deeper water, while high levels
of suspended sediments can smother cord colonies, clogging their mouths which can impair
feeding. Suspended sediments can adso serve to decrease the depth to which light can
penetrate. In colder regions, murkier waters, or a depths below 70 m, cords may dill exist on
hard substrates, but their capacity to secrete limestone is greetly reduced (Roesder,1986).

In light of such gringent environmental redtrictions, reefs generdly are confined to tropica
and semitropical waters. The diversity of reef cords, i.e, the number of species, decreases in
higher latitudes up to about 30° north and south, beyond which reef cords are usudly not
found. Bermuda, a 32° north latitude, is an exception to this rule because it lies directly in the
peth of the gulf stream’ s warming waters (Barnes,1987 in Lalli and Parsons, 1995).
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Another factor that seems to affect the diversity of reef-building cords is the ocean in which
they are located. At least 500 reef-building species are known to exist in the waters of the
Indo-Pecific region. In comparison, the Atlantic Ocean contains gpproximaey 62 known
species. The fossl record shows that many species once found across the Atlantic, Pecific and
Indian Oceans gradudly went extinct in the Atlantic, where the affects of ice ages had strong
impacts on the Caribbean area wherein most of the Atlantic reefs resde. Following the
closure of the seaway between the Caribbean and the Pecific, severa species of cords became
restricted to the Caribbean (Roesder,1986).

The average annud growth rate of skeleton 0.3-1.9 cm per year. This rate depends of course
on many factors (Sumich,1996), some are dready listed above, but however this is beyond the
scope of the present work.

4.1.2 The Symbictic Algae; Zooxanthdlae

Microscopic dgae which lives in large numbers insde the cord tissue and represents one of
the mogt interesting aspects of cord biology. They live, divide and conduct photosynthess
within cdls of polyp and may represent up to 50% of polyp's body weight.

This is an example of a perfect symbictic rdationship; the association between two different
organisms in which there is a mutud benefit from the rdationship, the following section
contain more on the symbiatic relationship with cords.

4.2 Reef Formation and Types of Reefs
4.2.1 Reef Formation and Composition

Mog cords, like other cnidarians, contan a symbiotic dgae cdled zooxanthellage, within
ther gastro dermd cdls. Reef building depends on the mutudigtic reationship between the
cora and thistype of adgae, where both benefit.

The cord provides the agae with a protected environment and the compounds necessary for
photosynthesis. These include carbon dioxide, produced by cora respiration, and inorganic
nutrients such as nitrates, and phosphates, which are metabolic waste products of the cord. In
return, through photosynthess, zooxanthellae convert carbon dioxide and water into oxygen
and carbohydrates and hep dso the cord to remove wastes. The corad polyp uses
carbohydrates as a nutrient. The polyp adso uses oxygen for respiration and in turns, returns
cabon dioxide to the zooxanthdllae. Through this exchange, cord saves energy tha would
otherwise be used to eiminate the carbon dioxide.

Mog importantly, they supply the cora with organic products of photosynthess. These
compounds, including glucose, glyceral, and amino acids, are utilized by the corad as building
blocks in the manufacture of proteins, fats, and carbohydrates, as well as the synthess of
cacium carbonate (CaCOs). The mutua exchange of dgd photosynthates and cnidarian
metabolites is the key to the prodigious biologicd productivity and limestone-secreting
cepacity of reef building coras (Ldli and Parsons1995;  Sumich,1996; Banes and
Hughes, 1999).

Zooxanthellae adso promote polyp cdcification by removing cabon dioxide during
photosynthess. Under optimum conditions, this enhanced cadcification builds the reef fadter
than it can be eroded by physica or biologica factors.

Zooxanthellae often are criticd eements in the continuing hedth of reef-building cords. As
much as 90% of the organic materid they manufacture photosyntheticaly is transferred to the
hogt cord tissue (Sumich,1996). If these agd cdls are expdled by the polyps, which can
occur if the colony undergoes prolonged physologicd dress the host may die shortly
afteewards. The symbiotic zooxanthellae dso confers its colour to the polyp. If the
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zooxanthellae are expdled, the colony takes on a stark white appearance, which is commonly
described as “cord bleaching” (Ldli and Parsons,1995; Barnes and Hughes1999). Massive
reef structures are formed when each stony coral polyp secretes a skeleton of CaCOs.

Mogt gony cords have very smdl polyps, averaging 1 to 3 mm in diameter, but entire
colonies can grow very large and weigh severd tons. Although al cords secrete CaCO3, not
al are reef builders. Some cords, such as Fungia ., are solitary and have single polyps that
can grow as large as 25 cm in diameter. Other cord species are incgpable of producing
auffident quantities of CaCO3 to form reefs. Many of these cords do not rely on the dgd
metabolites produced by zooxanthellae, and live in deeper and/or colder waters beyond the
geographic range of most reef systems (Sumich,1996).

The skeletons of stony cords are secreted by the lower portion of the polyp. This process
produces a cup, cdled the cayx, in which the polyp dts. The wals surrounding the cup are
cdled the theca, and the floor is cdled the basd plate. Thin, cacareous septa (sclerosepta),
which provide structura integrity, protection, and an increased surface area for the polyp's
soft tissues, extend upward from the basd plate and radiate outward from its centre.
Periodicdly, a polyp will lift off its base and secrete a new floor to its cup, forming a new
basdl plate above the old one. This creates a minute chamber in the skeleton. While the colony
isalive, CaCO3 is depodited, adding partitions and e evating the cord, (Sorokin,1993).

When polyps are physicaly sressed, they contract into the cayx so that virtudly no pat is
exposed above the skeletal platform. This protects the organism from predators and the
eements (Sumich,1996). At other times, the polyp extends out of the cayx. The timing and
extent to which a polyp extends from its protective skeleton often depends on the time of the
day, as well as the species of cora. Most polyps extend themsdlves furthest when they feed on
plankton a night.

In addition to a substantial horizonta component, the polyps of colonid cords are connected
laerdly to their neighbours by a thin horizontal sheet of tissue cdled the coenosarc, which
covers the limestone between the calyxes. Together, polyps and coenosarc conditute a thin
layer of living tissue over the block of limestone they have secreted. Thus the living colony
lies entirely above the skeleton (Barnes and Hughes, 1999).

4.2.2 Typesof Regfs

At one time it was mistakenly thought that cord grew at the bottom of deep tropicd seas and
succeeding generations grew on top of the dead cacium carbonate skeletons. This idea was
dispelled by dredging operations that indicated that reef cords were able to grow only in
shallow water, (Sorokin,1993).

Three types of reefs are recognized (Kuhlmann,1988): the fringing reef, the barrier reef, and
the atoll (Fig.9).

a. The firg type is a fringing reef. Fringing reefs border shorelines of continents and idands
in tropicd sees. Finging reefs are commonly found in the South Peacific Hawaian Idands,
and parts of the Caribbean.

b. The next type is the barrier reef, which occurs farther offshore. Barrier reefs form when
land masses snk, and fringing reefs become separated from shordines by wide channds.
Land masses Snk as a result of eroson and shifting crusta plates of the earth. (Crustd plates
lift or ank the seafloor and adjacent land masses.) Barrier reefs are common in the Caribbean
and Indo-Pacific. The Great Barier Reef off northern Audrdia in the Indo-Pecific is the
largest barrier reef in the world. This reef stretches more than 2,000 km.



Chapter Four- Corel Reef Ecosystem 37

c. If he land mass is a amdl idand, it may eventualy disappear below the ocean surface, and
the reef becomes an atoll. Atolls are reefs that surround a centrd lagoon. The result is severd
low cord idands around a lagoon. Atolls commonly occur in the Indo- Pecific. The largest
atoll, named Kwajdein, surrounds alagoon over 60 miles (97 km) long.

Plate 2. Typeof cords, a Soft cords, b: hard coras and c: close up of a, (photos by Red Sea
Dive Center, Agaba)

R, -
Fringing reef Barier reef Atoll regf

Fig. 9. Typesof Reefs, (Kiihimann,1988).
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4.3 Importance of Coralsand Coral Reefs
Cord reefs are important for many different reasons:

1. Cords remove and recycle carbon dioxide. Excessve amounts of this gas contribute

to globa warming, (Sorokin,1993 ;Roesder,1986).

Reefs shelter land from harsh ocean storms and floods, (Roesder,1986; Salvat,1987).

3. Redfs provide resources for fisheries. Food items include fishes, crustaceans, and
mollusks, (Wells,1988; Sorokin,1993).

4. Cord reefsattract millions of tourists every year, (IUCN,1993).

5. The cora redf is an intricte ecosysem and contans a diverse collection of
organisms.  Without the redf, these organisms would die, (Sorokin,1993;
Roesdler,1986).

6. Some evidence suggests that the cora reef could potentidly provide important
medicines, induding anti-cancer drugs and a compound that blocks ultraviolet rays,
(Sumich,1996).

7. Cord skeletons are being used as bone subgtitutes in reconstructive bone surgery.
The pores and channels in certain coras resemble those found in human bone. Bone
tissue and blood vesses gradualy spread into the cord graft. Eventudly, bone
replaces most of the cora implant, (Sumich,1996).

8. The cord reef provides a living laboratory. Both students and scientists can study the
interrelationships of organisms and their environment, (Sorokin,1993).

N

44  Satusof Coral Reefs Classified by Potential Threat from Human Activities

Cord reef ecosystems are under increasng pressure, primarily from human interaction. Of
the approximate 600,000 km2 of cord reefs worldwide, it is estimated that about ten percent
have adready been degraded beyond recovery and another thirty percent are likely to decline
sgnificantly within the next twenty years (ICRI,1995). Unless more effective cora reef
management is implemented, more than two thirds of the world's cord reefs may become
serioudy depleted within two generations. The increase in populaion growth and migration to
the coastal aeas where cord reef ecosystems thrive exacerbate the problem. Coastd
congestion leads to increased competition for limited resources, to increased coasta pollution,
and to problems related to coastal congtruction .

Cord reefs are the most complex and probably the most senstive to pollution out of al
marine habitats primarily due to ther sdf-supporting characteristics. Factors that reduce light
penetration, such as a continuous thick film of ail, interrupts the photosynthetic cycle of
specific cord reefs, leading to secondary effects. Coras need sunlight because they depend
for thar survivd on tiny dgee that live in ther tissues As noted earlier, the lack of sunlight
aso upsats the relationship between the polyps and their dgae. When there is an ample supply
of nutrients in the water, the dgae no longer depend on ther hogt for these materids.
Although the dgee proliferate in the host cdls, they begin to withhold the products of
photosynthess from the polyp, which daves. Eventudly the dgee ether leave or ae
expdled by the host (Wells,1988).

According to the recently published report Reefs a Risk (WRI,1998) by the World Resource
Indtitute, land-based pollution from coasta development, inland pollution, and eroson are
among the greatest threats to reefs worldwide. Globdly, 36% of dl reefs were classfied as
threatened by overexploitation, 30% by coastd development, 22 %by inland pollution and
erosion, and 12 percent by marine pollution. When these threats are combined, 58 % of the
world's reefs are a risk ,defined as medium and high risk (Fig. 10). In the Caribbean and
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Atlantic Ocean, the andysis reports indicate that dmost two-thirds of the reefs are a risk,
with four of the five mgor threets from land-based sources of pollution.

The importance of addressing land-based sources of marine pollution was established by the

International Coral Reef Initiative (ICRI,1995), which noted that one of the three mogt
ggnificant thrests to reefs is "inadequate planning and management of coadtd land use,
including upland activities" ICRI further emphasized the importance of integrated coastd
management approaches for addressing land-based sources of pollution.

The latest classfication on the status of the world's reef, was made by the World Resources
Ingitute (WRI,1998). Reefs were classfied according to the Reefs a Risk Indicator. This
indicator flags problem areas around the world where, in the absence of good management,
coral reef degradation might be expected, or predicted to occur shortly, given ongoing levels
of human activity. Such degradation includes mgor changes in the species compostion,
relative species abundance, and/or the productivity of cora reef communities, attributable to
human disturbance.

This indicator categories the threats as, low, medium and high, based on a composite of four
separate risk factors, (Fig.11):

Coastd development
Marine-based pollution
Overexploitation, and
Inland pollution and erosion

In the Red Sea, dthough in the past most of the region's reefs have been reported to be in
good condition, about 60 percent of these habitats were assessed recently as at risk primarily
due to coastd deveopment, overfishing, and the potentid threat of oil spills in the heavily
trafficked Arabian Gulf and southern end of the Red Sea. According to the WRI, (1998),
amog two-thirds of the Arabian Gulf's reefs are a risk, largely because over 30% of the
world's oil tankers move through this area each year. Indudrid pollution and coadtd
development are threats in some areas as well.

Cords in many pats of the Gulf of Agaba have been degraded through indistrdization,
tourism impact and related devel opment.

Reefs in the northern Red Sea and the Arabian Gulf are especidly vulnerable to degradation
due to limited water circulation and temperature extremes. About 8% of the world's mapped
reefs are found in the Middle East,(IUCN/UNEP,1988).

Within the Gulf of Agaba, reefs were estimated to be gpproximately 70 percent under low
threat and 30 percent under high threat (Fig. 11.), largely from coastal development. This is
regarded as a potentid underestimate due to the threats posed by tourism and shipping
(WRI,1998).

However, once degraded, reefs can take decades or even centuries to recover. Scientists
believe that without additiond measures, globd cord reef cover will be subgtantially
reduced by the middle of the next century.

Studies show that 10% of the world's reefs have aready degraded beyond recovery, and that
20-30% will be serioudy threatened in the next two decades, (ICRI,1995).
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Fig. 10. Classfication of threats facing the world' s cord reef,(WRI,1998).

Fig.11. Estimeted threat to coral recfs: Bliow  mecium lllhigh, (WRI, 1998).
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45 TheAgaba'sCoral Reef Ecosystem

Occurring a close to cord’s northerly latitudind limit, Gulf of Aqgaba reefs have taken
advantage of clear, oxygen-rich water and cam conditions necessary for their growth.

However, thar didribution and development is limited by the severe marine terrain. Reefs
most commonly occur in depths above 50 meters, but few fla areas exis in the gulf with
aufficient light and other appropriate conditions. Along the Jordanian coast there are narrow
fringing reefs, which are atypicd of reefs in generd because they lack prominent lagoons. In
the northern Jordanian coast, near the town of Aqgaba there are rdatively few cord
communities and the near shore bottom is primarily sandy and rocky. Cora reefs occur on the
points or capes dong the southern section of the Jordanian coadt, in the area of the marine
pak, and are interrupted by perpendicular grooves where dluvid fans have deivered
sediments (Fig.12).

The reefs here extend gpproximately 30 meters offshore, at which point the sea bottom drops
off rather abruptly, yidding water degp enough for large oceangoing ships to navigate
without hitting bottom.

A gshdlow inner reef flat lies benesth less than one meter of water and reaches the shore in
some areas. The Gulf of Agaba reefs are home to a remarkable diversty of species. This
results from the relaive oceanographic isolation of the Red Sea, which provides a protected
and stable environment for many species not found in other parts of the world (Hulings,1989).

In the gulf, scientigs have identified 48 genera, including more than 120 different species of
hard corals and 110 species of soft coras. In a 10-meter dreich of reef it is possble to
encounter as many as 30 different species of cora, more than one would find in most other
aeas of the world. There are numerous other invertebrates, including anemones, hydroids,
bryozoa, crustacea, echinoderms, sponges, mollusks (80 species), worms, sea squirts, and a
plethora of uncatalogued microorganisms, (ISPAN,1992).

The Jordanian reefs are home to a large variety of fishes. These include smal reef-associated
species such as butterfly fish, triggerfish, blennies, cardind fish, sonefish, trumpet fish, putter
fish, and various pelagic fish such as mullets and mackere. Blacktip and hammerhead sharks
adso inhabit the region, as well as the plankton eater and world's largest fish - the whae shark.
From February to April, schools of larger peagic skipjack tuna and bonito pass through the
area. Hawksbill turtles have dso been seen in the Gulf. In the entire Red Sea marine region,
1% of the species are endemic, a higher proportion than in many other locaes,
(ISPAN,1992; ICRI,1995).

4.6 Threatsto Jordanian Coral Reefs

The oceanographic conditions in the Gulf of Agaba - partid enclosure, low levels of wave
action and litle mixing with the open ocean - leave Jordan’'s cord reefs particularly
vulnerable to human encroachment, as pollutants do not get flushed out. The man
environmental problems dong the Agaba coast, and actudly adong the whole Gulf of Agaba
are those induced by industries and port-based activities. Other problems include solid waste,
tourism and wastewater. The mgor threats are reviewed shortly below, noteworthy is tha al
of these threats have been andyzed and dedt with in more details in chapter nine as part of
this present work. This is because these threats are consdered dso as potential sources for
metd inputs into the gulf’ swater:
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Fig.12 Generd digtribution of cord reef communities aong the coast of Agaba
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4.6.1 Nutrients and Pollution from Coadgtd Industries

Jordan’s south coast industrial zone, adjacent to the Saudi Arabian border, contains the
primary industries dong the Gulf of Agaba coadline. The principa industries located within
this Zone are a large fertilizer manufacturing facilities, a sorage area and loading termind for
potash, the Solvochem tank fam for chemicas oils and solvents, and a 260 MW thermd
power station.

The related threats include both chemicd and themd pollution, specificaly within this
zone. Heated chlorinated cooling water discharges from the present and planned power
dations may have an impact on nearby cords and marine life. At the present facilities, over
45,000 cubic meters of cooling water per hour is discharged into the Gulf of Agaba from three
outlets around 200 meters from shore and some 20 meters below the surface.

The loading of fertilizer products onto ships and the unloading of some raw maerid
including sulphur and ammonia & the indudria port poses a serious risk to the marine
environment in case of accidentd Spills.

The other threat is the addition of nutrients into the gulf. According to officid reports, 4.0 to
7.0 million tons of raw phosphate is exported through the Gulf of Agaba, (PERSGA,2001).
During trangportation and loading a smal proportion of this enters the waters of the gulf. The
early estimated of the loss was 0.05 of the amount handled, (JPMC,1999). Phosphate dust has
been consdered a mgor source of nutrients loading to the Gulf, (Abu-Hilal,1985).

The environmental effects of the dust include reduction of water clarity, and rate of light
penetration. It includes dso sltation on the cora reef and depresson of cora growth rates.
Other possble effects are increasing the levels of dissolved phosphate nutrients, and other
toxic heavy metds such Cd and Zn, (Abu-Hilal,1985).

4.6.2 Shipping and the Port Facilities

The Gulf of Agaba is a vitd shipping lane for Jordan. Large port facilities exig in the city of
Agaba and support heavy ocean+going traffic.

The main port facilities near the town of Agaba have harmed reefs through chronic low leve
release of toxic substances, collisons between ship hulls and propdlers and the sibstrate, and
the agitation of bottom silt.

The other port facilities dong the coast ae didributed dong the southeastern shoreline
where the container port, cement loading berth and passenger termina are located, and at the
southernmost, nearby the Sudi border, where both the industrial and oil port are located. This
segmentation in the digtribution port facilities dong the coast has brought the damage to more
than one ste. This is in part due to the fact that some of these facilities have been constructed
prior the bilatera land exchange agreement between Jordan and Saudi Arabia in late 1960's,
in which Jordan has got an extra 12 km of shoreline on the Gulf of Agaba, so since then the
tota length of the Jordanian coastline become 27km.

4.6.3 Qil Pollution from Ships

Ship treffic in the Gulf of Agaba poses a mgor, sustained risk of damage to cord reefs and
rlated marine life from oil pollution. More than 2300 ships use the port of Agaba each year.
The ol spill occurs manly through, smdl spills thet caused by the accidentd or intentional
relesse of oil-contaminated bilge or balast water or medium spills caused by the rdlease of all
as a result of defective equipment or procedures a an oil termina or pipeline facility. Mgor
soills caused by the rupture of a bunker oil tank in a bulk/cargo vessdl collison (500 metric
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tons), shipwreck of a bulk/cargo vessel (1,500 metric tons), or a tanker collison causng the
rupture of asingle ail tank (7,500 metric tons).

Smdl to minor oil spills have occured frequently in the Gulf of Agaba Disastrous Soills
caused by the wreckage of a fully loaded oil tanker (100,000-150,000 metric tons) were not
recorded (APC,2001).

4.6.4 Sedimentation from Construction, Coastal Erosion

Agaba's reefs are dso vulnerable to the effects of poor planning in the congtruction of ports,
highways, marinas, and tourist facilities on the shore which destroy the natura sea bottom by
covering it with sediment.

Even condruction set back from the water can uproot land and increase the delivery of
harmful sediments into coastd waters. These sediments bury cords, inhibit therr reproduction,
and cloud the water, thereby reducing photosynthesis.

4.6.5 Tourist Development

The Aqgaba reef system is a mgor tourigt attraction. Unregulated tourism, however, can harm
reefs. Corads are very sendtive to physcad contact, as even the dightest disturbance can kill a
large number of individua cord polyps.

Studies in the Red Sea area reved discernible differences in cord dendties and fauna
abundance between reefs that experience low and high vigtor frequency rates (IUCN,1993).
Cardless tourists bresk off pieces of living cord, kill cords by stepping on them or scar them
by anchoring their boats recklesdy. Jordanian reefs have dready witnessed a subdantid
increase in reddentid debris, fish traps, and litter, al of which could increase with tourism.
Even well-regulated tourism can harm cord reefsif it exceeds their carrying capecity.

4.7  Environmental Indicators

Environmentd indicators are being incressingly used to emphasze the rdevance of
monitoring. However, indicators must dso be effective. In paticular, they must be able to
answer management questions, be accessible to the target audience and be sufficiently precise

There is a popular move towards condructing environmenta indicators to reflect different
aspects of the environment or environmental policy. Areas of interes include environmentd
quaity, the effectiveness of management drategies, and environmentd commitment (i.e the
resources made avalable for managing the environment). The term indicator is used in
severa ways. It can imply a conceptua framework (DETR,1999; EPA,1999), a measurement
or index, or an assessment datistic (EPA,1997). These are recognizable components of any
monitoring programme, but rephrasng them as indicators shapens the focus of
environmental monitoring, ensuring thet it is relevant.

48 Review of Corals as Geochemical Proxies

Cords have become potentidly viable proxy monitors of the environment following
recognition that cord skeletons record heavy metas in response to varying climate, and
pollution (Shen et al., 1987). Severd publications that describe environmentd heavy-metd
records in cora skeletons now exist €.9, Dodge and Brass,1984; Bastidas,1999; Fischer and
Wefer,1999).

Massive reef-bilding cords grow on the order of 1 cm yr! with most species producing
annua densty bands over a life span of severd centuries (Fig.13); because of this, dendgty
bands record growth over a long sequence of time. Coras generaly accrete one high- and
low-dengty skeletd band annually (Knutson et al.,1972 in David,2003).
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Dendity bands result from variations in cora growth, which reflect changing environmenta
conditions. The chronologica rdiability of dendty bands dong with the chemicd
composition of the cacium carbonate (CaCO3) skeleton provide vauable records for
recongructing past environmental and climatic conditions (Barnes and Lough 1989; Lin et al.,
1990; Helmle et al., 2000).

The skeleton formed in winter has a different dengty than that formed in summer because of
variaionsin growth rates related to temperature and cloud cover conditions.

During growth, cords incorporae trace eements and stable isotopes from the surrounding
seawater into their skeletons, which can be used for paeoenvironmenta studies.

Skeletal dendty has previoudy been shown to corrdae with light (Knutson et al.,1972,
Buddemeier, 1974; Widlington and Glynn, 1983 in David, 2003), temperature
(Highamith,1979; Lough et al. 1999 in Fischer and Wefer,1999), cloud cover, and ranfall
(Barnes and Lough,1989) on annua and seasond timeframes. Skeletd records aso reflect
growth responses to anthropogenic perturbations such as sedimentation (Dodge and
Brass,1984; Barnes and Lough,1999), oil dispersants (Hemle et al.,2000), and lead pollution
(Dodge and Gilbert,1984).

Cords are widdy used as environmenta indicators because of their gpparent sendtivity to
physcd and chemicd changes in the marine environment (Shen,1986). These changes are
reflected in the hedth and physiology of cord polyps, (Howard and Brown,1987) as wel as
in the physo-chemica characteristics of the aragonite exoskeleton (Lough and Barnes,1990;
Fdlon et al.,2002). Moreover, the skeletd growth bands tha massve scleractinian cords
accumulate have been recognized to be useful in timeseries gudies for tracing variations in
seawater properties, nutrient levels, and even pollutants entering the marine environment . A
vaduable dtribute of using coras as proxy indicators of these parameters lies in its capacity
for sub-annua dating resolution. Dating is accomplished by interpreting skeletd densty
banding (Banes and Lough,1999), cydlicity in its isotopic and geochemica compostion
(David,2003), and/or by invedtigeting other tracers defining particular historicd events eg.
fluorescent banding for terrestrid runoff, (David,2003).

Cords provide a continuous time-series record of the marine environment and have been
used to monitor past sea surface temperatures (SST) through chemicd (S/Ca, U/Ca, Mg/Ca,
B/Ca) and isotopic (d180) records preserved in their aragonite skeleta lattice €.g., Falon et
al.,2002). Smilaly, ranfal, runoff, and upwdling events have been identified through the
use of (@180), BalCa, Cd/Ca, and Mn/Ca (Shen et al.,1987; Fallon et al.,2002). Less well
developed is the use of cords as marine biomonitors of environmenta pollution based on
abundances of trace metals, such as Hg, Cu, Zn, Pb, Mn, Fe, V, Cd, and others (e.g., Howard
and Brown,1986; Shen and Boyle,1987; Hanna and Muir,1990; Bastidas and Garcia, 1999).

However, cords have been chosen as environmenta indicators as they meet the following
(Hannaet al.,1990; Allison,1996; Lough and Barnes, 1990):

1. Corals accumulate the pollutant without being killed by the rdatively high levels
encountered in the marine environment;

2. Cordsare sedentary, and therefore representative of the study area;

3. Cordsare acommon and widespread group of marine carbonate forming organisms
and have an important contribution to sedimentary and paeoenvironmenta studies,

4. Cordsare sufficiently long lived;

5. Cordsare of reasonable Sze, giving a adequate skeleton and tissue for anadyss,
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6. Cords has been shown to exist between the cora pollutant make-up and pollutant
concentrations in the surrounding water;

7. Cordshave skeletd chronological bands which preserve arecord of their
environmenta higory.

Cord skdetons are large storehouses of information and they have the potentia to provide a
wide range of proxy environmental records. Skeletons have been conddered as diaries in
which coras daly record information about themsdves and their environment (Barnes, 1972
in Taylor et al.,1995).

X-ray

Fig. 13. X-radiograph showing the growth bands of porite cora reef from Agaba, (Zolda,
2001).
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5 Heavy Metals, An Overview
5.1 General Background

Heavy metds are naturd congtituents of rocks and soils and enter the environment as a consequence
of weethering and eroson. They occur in very limited amounts of the earth’s crugt, with an average
concentrations of 50 mg kg* for copper (C#*), 0.2 mg kg for Cadmium (Cd?*) 15 mg kg* for lead
(Pb?"), 75 mg kg'* for nickd (N?*) and 70 mg kg for zinc (Zn?*) (Whitney,1990).

Many metds are hiologicdly essentid i.e have a role as activators and condituents of many
enzymes, (Bowen 1966 in Wahbeh,1990), but al have the potential to be toxic to biota above certain
threshold concentrations. Following indudridization, unnatural quantities of metds such as arsenic,
cadmium, copper , mercury , lead , nickd and zinc have been released, and continue to be released
into the aquatic environment through storm water and wastewater discharges.

As, Cd, Cu, Hg and Zn are the five metds with most potentia impact that enter the environment in

elevated concentrations as a consequence of agriculturd activity. Zinc and Cu ae used in smadl
amounts as fetilizers in some oils deficient in these dements, and As, Cd and Hg are congtituents
of some fungicides. Cu is aso used as an dgeecide, and Cd and Zn occur as contaminants of
phosphetic fertilizers (Organotin compounds), which have no naura counterparts and are generaly
introduced into the marine environment through biocide applications, principaly as condituents of
antifouling paints (Whitney,1990).

The mgor routes of environmental entry of heavy metas include atmospheric trangport of dust and
through sediment movement in overland flows ad in waterways (Bryan,1971). Additiond quantities
of metals ae dso added to the environment via the discharge of effluent and urban stormwater.
Paticulate metds in suspendon and in bottom sediments are not generdly directly available to
aguatic organisms. The exception to this are sediment bound metals which can be accumulated
following solubilization in the acidic juices of a sediment-feeder's gut (Ellen,1997).

The rates a which metds are solubilized from particulates is dependent on environmentd factors
including dissolved oxygen concentrations, pH, sdinity and temperature. Once dissolved in the water
column, metals may be accumulated by marine invertebrates from solution via passve upteke across
permesble surfaces such as gills and the digestive tract. Cdlular metd toxicity is primerily due to the
chemicd inactivation of cdlular enzymes responsble for normd organism survivd and function, and
organism growth, reproduction and behavior are potentidly effected by eevated environmenta
metal concentrations (Ellen, 1997).

In aguatic systems, heavy metals can be found in different forms, whereby influencing their toxicity
for fish and other bio-organisms, including free ions, organic and inorganic complexes, precipitates,
minerd patides and metds present in biota In addition, the toxicity of individud heavy metd
captions in water bodies depends on the presence of other metals or poisons as well as on water
characteristics such as temperature, PH  value, dissolved oxygen and sdinity (Rainbow,1995).
Furthermore, it depends on the water living organiams like stage of life and their behaviord response
(Fiakowski et al.,1998).

Potential impacts from heavy metds are generaly redtricted to locations adjacent to maor cities or
indudridized areas on the coadtd fringe and to dte draining areas of intendve agriculture. Once
introduced into the marine environment, heavy metas have the potentid to affect sediment nutrient
cyding, cdl growth and regeneration, as wel as reproductive cycles and photosynthetic potentid of
maine organians. Example on this is the results of Audrdian gudies of marine environmentd
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metal contamination, they indicate tha surficid sediments adjacent to most urbanized and
indugtridized estuaries are contaminated with metas, particularly Pb and Zn, (Koop et al.,2001).

Heavy metds and some hazardous  pollutants, which are discharged to the sea, are generdly
adhered to fine-grained paticles and settles with sediments on the sesbed. Some of these
contaminants can remain in the environment for a long time (such as DDT, PCB) and many of them
canot be degraded (heavy metds). They ae ultimatdy accumulated in the sediments or in
organisms. Heavy metds and persgtent lipophilic organic compounds are absorbed and accumulated
in organiams. This process is known as bioaccumulation (Suess and Erlenkeueser,1975; Taylor et
al.,1995).

Bioaccumulated substances may be passed up the food chain to predator species. This process,
which is known as biomagnification, is one of the ways that contaminants may become hazardous to

people, (Beiras,2003).

The following is a brief summary on the metas profiles sudied in this work and ther entry to the
mearine environment:

511 Cadmium (Cd)

Cadmium is widdy distributed in the Earth's crust at an average concentration of about 0.2 mg kg*
and is commonly found in associaion with zinc. Higher levels are present in sedimentary rocks
marine phosphates often contain about 15 mg kg*. Wesathering and erosion result in the transport by
rivers of large quantities of cadmium to the world's oceans and this represents a mgor flux of the
globa cadmium cycle, an annua gross input of 15,000 tonnes has been estimated, (Bryan,1971).
Volcanic activity is dso a mgor naturd source of amaospheric cadmium release. The globd annud
flux from this source has been estimated to be 100-500 tones (Wilson,1988).

Cadmium is non essentid eement for living organisms, but conddered the mogt toxic eement to
human life and is more toxic than CU**, Pb®*, Ni?*, Zn*" (WHO,1991 and1995).Cadmium shows
very high toxicity to both aguetic and terrestrid organisms even & low concentrations. For dissolved
cadmium, acute LCso vaues as low as 3.5 ug 1* have been demonstrated for planktonic organisms
(Muniz, et al.,2004).

The principa applications of cadmium fal into five categories

protective plating on sted!;

gabilizersfor PVC,;

pigmentsin plastics and glass,

€lectrode materid in nickd-cadmium batteries, and
as acomponent of various aloys.

The rdative importance of the mgor applications has changed condderably over the lagt 25 years.
The use of cadmium for eectroplating has decreased, with its share in 1985 less than 25%
(Wilson,1988). In contradt, the use of cadmium in batteries has grown congderably in recent years
from only 8% of the total market in 1970 to 37% by 1985.

Non-ferrous meta mines represent a mgor source of cadmium to the aguatic environment.
Contamination can arise from mine dranage water, waste water from the processng of ores,
oveaflow from the talings pond, and ranwater run-off from the generd mine area The rdease of
these effluents to local watercourses can lead to extensve contamination downsiream of the mining
operation. Disused mines can aso be a source of water contamination (Johnson and Eaton, 1980 in
Morley,1997).
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At the globd leve, the amdting of nonferrous metd ores has been edtimated to be the largest
human source of cadmium release to the aguatic environment . Discharges to fresh and coadtd
waters arise from liquid effluents produced by air pollution control (gas scrubbing), together with the
Ste drainage waters.

The manufacture of phosphate fertilizer results in a redigribution of the cadmium present in the
rock phosphates between the phosphoric acid product and gypsum wagte. In many cases, the gypsum
is digposed of by dumping in coastd waters, which leads to condderable cadmium inputs. The
amospheric fadl-out of cadmium to fresh and maine waers dso represents a mgor input of
cadmium at the gobd leve.

The average cadmium content of sea water has been given as about 0.1 pgl™? or less (Yim, 1981 in
Owen 2000). WHO, (1995) reported that current measurements of dissolved cadmium in surface
waters of the open oceans gave vaues of < 5 ng I*. The verticd distribution of dissolved cadmium in
ocean waters is characterized by a surface depletion and deep water enrichment, which corresponds
to the pattern of nutrient concentrations in these areas (Shen and Boyle1987). This didribution is
consdered to result from the absorption of cadmium by phytoplankton in surface waters and its
trangport to the depths, incorporation to biologica debris, and subsequent release. In contragt,
cadmium is enriched in the surface waters of areas of upwelling and this aso leads to elevated leves
in plankton unconnected with human activity . Oceanic sediments underlying these areas of high
productivity can contain markedly devated cadmium levels as a result of inputs associated with
biologica debris (Smpson,1981)

512 Lead (Pb)

Lead is a bluish or slvery-gray soft meta. With the exception of the nitrate, chlorate, and, to a
much lesser degree, chloride, the sdts of lead are poorly soluble in water. Lead dso forms sable
organic compounds. Tetraethyllead and tetramethyllead are used extendvely as fud additives. Both
are volatile and poorly soluble in water. Triakyllead compounds are formed in the environment by
the breskdown of tetradkylleads. These tridkyl compounds are less volatile and more readily soluble
in water. Lead is mined, most usudly as the sulfide, "gdend'. Lead is a non essentid dement for
living organisms and is an accumulative poison.

Hence, entry into the aguatic environment occurs through releases (directly or through atmospheric
depodtion) from the smdting and refining of lead, the burning of petroleum fuds containing lead
additives and, to a lesser extent, the smdting of other metals and the burning of cod and oil. Metdlic
lead deriving from shotgun cartridges or used as fishing weights is logt in the environment and often
remains available to organisms (WHO,1995; Schulz,2000).

5.1.3 Copper (Cu)

Uses of copper include dectricd wiring and eectroplating, the production of aloys, copper piping,
photography, antifouling paints and pedticide formulations. Mgor indudtria sources include mining,
andting, refining and cod-burning indudtries. Certain of these anthropogenic sources may led to
ggnificant concentrations entering the aguatic environment (ether directly via sewage or indudtrid
discharges or through amospheric deposition) but copper will dso enter the aguatic environment
through natural sources, eg. from the weathering of or the solution of copper minerds
(CCREM,1987).
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5.1.4 Zinc(Zn)

Zinc is one of the most ubiquitous and mobile of the heavy metds and is transported in naturd
waters in both dissolved forms and associated with suspended particles (Mance and Yates,1984) In
river water, zinc is predominantly present in the dissolved form. In estuaries, where concentrations of
suspended particles are greeter, a greater proportion of the zinc is adsorbed to suspended particles
(CCREM,1987). In low <dinity areas of eduaries, zinc can be mohilized from particles by microbid
degradation of organic matter and displacement by cacium ad magnesum. In the turbidity
maximum, zinc asociated with suspended sediment will be deposited with flocculated particles
where it can accumulate particularly in anagrobic sediments (Schulz,2000). In seawater, much of the
zinc is found is dissolved form as inorganic and organic complexes. However, zinc (and nickd) are
less toxic metds. Zinc is the most abundant trace dement in human body. It functions as a cofactor
where many enzymes depends upon it aswell as body cdls.

Zinc isused in coating to protect iron and sted, in dloysfor die casting, in brass, in sripsfor dry
batteries, in roofing and in some print processes. It may enter the aquatic environment through
natural or anthropogenic sources, including sewage and industrid discharges

Zinc is an essentid dement for many marine organisms and, as such, is reedily bioaccumulated.
Severd species of crustacean are able to regulate the uptake of zinc but, a higher concentrations, this
process appears to breakdown leading to an influx of zinc(Schulz, 2000).

5.1.5 Nickd (Ni)
Entry into the marine environment

Nickel is a ubiquitous trace meta and occurs in soil, water, ar, and in the biogphere. The average
content in the Earth's crust is about 0.008%. Leves in natura waters have been found to range from
2 to 10 pg I* (fresh water) and from 0.2 to 0.7 pg 1 (marine). The prevaent ionic form is nickd (1)
(WHO,1991).

Mogt nickd is used for the production of sainless sted and other nickel dloys with high corrosion
and temperature resstance. Nickd dloys and nickd platings ae used in vehicles, processng
mechinery, amaments, tools, eectrica equipment, household appliances, and coinage. Nickd
compounds are adso used as cadyds, pigments, and in batteries. The primary sources of nicke
emissons into the ambient air are the combustion of cod and oil for heat or power generation, the
incineration of waste and sewage dudge, nickd mining and primary production, sted manufacture,
eectroplating, and miscdlaneous sources, such as cement menufacturing. Nickd from various
industrial  processes and other sources finaly reaches waste water. Resdues from waste-water
treetment are digposed of by deep wdl injection, ocean dumping, land treatment, and incineration
(WHO, 1991).

Entry into the aguaic environment is by removad from the atmosphere, by surface run-off, by
discharge of indudrid and municipd waste, and dso following natura eroson of soils and rocks. In
rivers, nickd is manly transported in the form of a precipitated coating on particles and in
association with organic matter(Schulz, 2000).

5.1.6 Chromium (Cr)

Chromium occurs ubiquitoudy in nature with naturd levels in uncontaminated waters ranging from
fractions of 1 pg to a few pg I*. Sea water contains less than 1ug ™t chromium (US NAS,1974), but
the exact chemicd forms in which chromium is present in the ocean, and surface water is unclear.
Theoreticdly, chromium can pess in the hexavdent dae (Cr IV) in water with a low organic
meatter content. In the trivalent form (Cr II1), chromium will form insoluble compounds a the natura
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pH of water, unless protected by complex formation. The exact didtribution between the trivadent and
hexavdent gate is unknown, (Wilson,1988).

Almog dl the hexavdent chromium in the environment arises from humaen activities Chromium
compounds are used in ferrochrome production, eectroplating, pigment production, and tanning.
These indudries, the burning of fossl fuds and waste incineration are sources of chromium in ar
and water, (Owen and Sandhu,2000). In the hexavdent oxidation Sate, chromium is rdatively sable
in ar and pure water, but is reduced to the trivdent state when it comes into contact with organic
matter in biota, soil, and water. There is an environmentd cycle for chromium, from rocks and soils
to water, biota, air, and back to the soil. However, a substantiad amount (estimated at 6.7 x 10° kg per
year) is diverted from this cycle by discharge into streams, and by run-off and dumping into the sea
(Schulz,2000).

Cr has been conddered a metd with low biogeochemica mobility which should reduce its toxicity
potentid(Muniz et al.,2004)

5.2 Heavy Metal Content in Coastal Areas

Heavy metd contamination of the coasta area is a serious problem in many parts of the world, a
selected list showing the heavy metd content in estuary and coastad sediments is given in Table 3 to
illugtrate the extent of the problem in selected developed and devel oping countries.

5.3 Mechanism of Taking Up Heavy Metals by Corals

During the formation of CaCOg3, meta ions are taken up by the aragonite lattice, according to an
ion-exchange reaction, i.e. CaCOs+Me®* ¥MeCOz+Ca®*. The metd-to-cdcium (Me/Ca) ratio of
cord aragonite is mainly controlled by three factors. (1) the didtribution coefficient of the metd ion
between aragonite and seawater, (2) the Me®* /C&" ratio of the surface oceanic water, and (3)
biologica (Howard and Brown,1984; Brown,1987; Schulz,2000).

Some researchers usudly refer to the Me/Ca* ratios in cords to evauate aguatic envirormentd
conditions in which the coras grew. Pb/Ca ratios in cords, for example, has been used as a chemica
tracer to evaduate the avallability of lead. Shen and Boyle (1987) showed that Pb/ Ca in cord
skeleton increased in the 1940s due to the use of leaded fuds for motor vehicles. Bastidas and
Garcia, (1999) have aso confirmed that Pb/Ca ratio can be applied as a recorder of marine pollution
from anthropogenic activities. In order to assess lead contamination due to rapid development near a
coastd area, Medina- Elizdde et al.,(2002) measured lead chronology in the coastd environment
using Pb/Ca ratio in scleractinian cord. Similarly, other Me/Ca ratios in cords may be used to extend
the pollution assessment to other metas present in the ambient scawater.

On the other hand, however, most of the researchers prefer to use the content apart from the Me?*
/Ca?*  snce the metd concentration eventudly is the same and will show the same results and
tendencies (Druffd,1997;Ramos et al.,2004).

However, soluble metds in seawater probably represent the most obvious and direct route of meta
upteke available to cords dthough this pathway may not be the primary contributing factor to their
meta Satus.

In summary, trace metds can be incorporated into cords by a variety of mechanians subgtitution
of dissolved metd species into the crystd lattice (eg., subgtitution for Ca), trapping of particulate
(detritus) matter within skeletal cavities, uptake of organic matter from cora tissue, or cord feeding
(Barnard et al.,1974). Regardless of the incorporation mechanism, cords have been shown to be
good tracers of pollutants in the marine environment (Howard et al.,1987; Shen and Boyle, 1987,
Badtidas, et al.,1999). Fig.14 shows the possible direct and ndirect pathways of meta incorporation
into coras.
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Fig. 14. Direct and indirect pathways of meta incorporation into sclertinian coras. (Howard et al.,

1987)



Environmental Assessment, Documentation and Spatid Moddling

Table 3. Heavy meta content (mg kgt in selected estuary and coastal sediments (Fung and Lo, 1997).

Description Cd Cr Cu Ni Pb Zn
Surficial sediment
From reviews. L 001-5 - - 2-3A 2-98 5-135
(Fowler,1990; Snodgrass,1980; U | 021-99 - - 10.3-63 | 125-280 75 -2800
Y oung et al.,1980;Hungspreugs and M
Y uangthong,1983)
Australia (south), Spencer Gulf, R 15-24 _ _ _ 50 - 967 _
(Dossis and Warren,1980) BG 0.15 _ _
15
Brazil, Patos Lagoon Estuary, 0.1-20 8- 337 08-20 _ 8- 267 20- 214
(Baisch et al. 1988)
Hong Kong,Victoria Harbor, 0.8 100 401 -800 _ 100 251 - 300
(HKEPD,1988)
Ausgtrdia, Fly River Delta, _ _ 28 _ 13 91
(Dossis and Warren,1980)
Austraia, Torres Strait, _ _ 8.2 _ 2.8 23
(Baker and Harris 1991)
Ireland,Cork Harbor, <01 6-11 913 LL- 13 14-23 59-75
(Berrow,1991)
Spain, Pasgjes Harbor, 29-6.4 | 61-165 112-372 43-99 159-346 | 650-1390
(Legorburu and Canton,1991)
MaaysaEstuary, 24-2.7 _ 322-501( 16.4204| 423-459| 228-310
(Mat et al.,1994)
Cor e sediment
Thailand:Upper Gulf T 1.25 21 8 - 175 20
(Hungspreugs and Y uangthong,1983) B 0.15 16 6.25 - 8 14
EF 8.3 1.3 12 - 2.2 1.4
Italy: Tyrrhenian Sea T - 194 46 161 85 170
(Leoni and Sartori,1991) B - 190 36 166 36 113
EF - 1.0 1.3 0.97 24 15
CaliforniaNewport Bay T - NR NR - 45 129
(Legorburu and Canton,1991) B - NR NR - 7 41
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EF - 2 ABOVE 2 - 6.4 31
Washington: T - 50 60 50 80 110
Sinclair Inlet (Schell,1982) B - 43 15 28 9 58
EF - 1.2 4.0 1.8 8.9 19
Great Barrier T - - 16 - - 50
Reef (Brady et al.1994) B - - 2 - - 40
EF - - 8 - - 125
England and Wales T - 18-100 - - 3.1-110 15-153
(Rowlatt and Lovell,1994) B - 45 - - 12 22
EF - 0-2.2 - - 0-9.2 0-7.0
Continental Crust 0.10 83 35 45 15 69
(Wedepohl,1991)
Shales, 0.13 0 45 68 22 95
(Wedepohl ,991)
Granitic Rocks, 0.09 12 13 7 32 50
(Wedepohl,1991)

Table 3 Cont.

U: Upper concentration ranges

L: Lower concentration ranges

M: Mean

T: Topmost layer

B: Bottommost layer

EF. Enrichment factor calculated by T/B
NR: Not reported

IP: Irregular profile

BG: Background

R: Range

55



Environmental Assessment, Documentation and Spatid Modelling

Chapter Six

Environmental Overview of the Existing Activities along the Coast of
Aqgaba
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6 Environmental Overview of the Existing Activities along the Coast of Agaba
6.1 Spatia Distribution of Coastal Activities and Pollution Sources

The coast of the Gulf of Agaba is subjected to severd sources of pollution due to severd activities
occurring a the coastd area. The activities vary between indudrid, touri and other development
aspects. The main sources of environmenta concerns on the coastd are the fallowing (Fig.15).

6.1.1 The North Beach

Adjacent to the borders of Israel, the north beach is subjected to intermittent sources of pollution
coming from the town of Eilat, especidly the sewage network which lesks frequently causng negative
hygienic effects on the hedth of swimmers. The latest of these ‘outbresks occurred in October 1998,
(ASEZA,2003). However, the area of north beach is used mainly for recregtiond activities, where
different hotels and other services facilities are located

The public beaches on the north produce solid waste which are dumped into the water by tourists and
locals using the beach, specidly in weekends and officid holidays.

6.1.2 TheMain Port

The main port aea has one mgor pollution dement which is the “phosphate dust”. The problem was
a big concern in the past, but after the inddlation of secondary choke feeders in 1994 the amount of
dust was reduced significantly, (APC,2002).

However, the problem remains in moderate magnitudes where phosphate dust is dways present when
loading and unloading activities are performed. The past has its toll on the present though, the cord
communities in the area are in a damaged date due to phosphate sedimentation with no adequate
regrowth occurring.

A dretch of about 1.2 km between the main port and the rice and cement loading facility maintains an
intact and hedthy cord community. This is an area of specid concern which requires the maintenance
of this community. The other ports area comprise the cement port, the rice port, the passenger termind
and the Agaba Centrd Power Plant which was discharging cooling water directly to the sea before
stopping operation lately in 1997.

6.1.3 South Coast ( the tourist area and the marine park)

This area comprises the Marine Park and the Royad Diving Center, which are subjected to varied
tourig activities induding diving, swvimming and snorkeling. Known for the rich and hedthy cords
found dong the shoreline, as well as for the presence of large sea grass beds, the Agaba Marine Park
was established in 1996 as a multi-use park to preserve the nearshore marine environment of the south
coast while dlowing for certain uses a sustainable leves.

The park extends gpproximately 7 km from the northern boundary of the Marine Science Station to
the Royd Diving Center in the south. On the terredtrid Sde, the park extends 50m east of the mean
high water mark, and on the marine Sde, it extends to ether 70m bathymetric contour line or b the
350m westward from the mean high water mark., whichever is greastest (see dso Fig.3).
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6.1.4 Thelndudrid Area

This is the mogt heavily polluted segment of the coast due to various input of indudrid activities to
the seawater. Loading/unloading operations play a mgor role in the input of pollutants to the marine
environment. Cooling water outlets are other sgnificant sources as wel as condruction activities. The
aea contans an ol termind, a potash dorage facility, a mixed fertilizer manufacturing fadlity and a
new chemicd related facility .

6.2 Overview of the Existing Industrial Activitiesin Agaba

Being Jordan's only outlet to the sea, the Gulf of Agaba has a mgor role to perform in the heart of
Jordanian economic development. Consecutive growth and expanson of the Jordanian industries has
led to an increase in the exploitation of Agaba as a heavy-medium indudtrid center.

Jordan’'s three gigantic industries (Phosphate, Potash and Cement) dl export ther products from
Agaba and have port terminds and storage facilities. In addition to that, the Jordan Phosphate Mines
Company has edtablished a fertilizer complex in 1980 that produces and exports large amounts of
fertilizers to severd world markets. A heavy oil-based therma power dation with a capacity of 520
MW isfunctiond in Ageba

Recently, by the year 2001 three other heavy industries have been established, two of them; Jordan
Bromine Company and Jordan Magnesa company have only storage and export facilities dong the
coast ( a the oil port and the industrid port), where the third one; Kemira Arab Potash Company
(KEMAPCO) has its own indugtrid complex where it is used for the production of severd fertilizers as
well as sorage and export activities. This new established industry is dso - in addition the power plant
and the phosphate industrid complex —using seawater for cooling To add to this collection of heavy
indudries, about ten other medium indudrid facilities are present ranging from the production of
fertilizers to the storage of solvent chemicds The following gives detailed overview on some of these
magor industrid activities,

6.2.1 The Phosphate Industrid Complex

The complex is divided into five operation units the phosphoric acid unit, Aluminum fluoride unit,
DAP-fetilizer unit, sulfuric acid unit and the utilities unit. The complex was designed to produce
fertilizers and other intermediary industrid chemicas. Table 4 provides an overdl inventory of waste
types generated in the five man units of the complex. The wastes are divided into air and gaseous
emissions, liquid wastes and solid wastes (JPMC,1999).

6.2.2 Thelndustrid Port

The indudtrid port is the last port termind in the Jordanian coastd dretch. It lies on the southern
border of Jordan and is used for bulk cargo handling (loading-unloading) and export of fertilizers,
phosphoric acid, sdt and potash. On the reverse route, severd chemicas are imported through the
indugtrid port (sulfur, duminum hydroxide and ammonia).

The mgor environmenta concerns in the indudtrid port are the dust emisson of imported and
exported chemicas (sulfur, potash) despite the indalation of dedusting equipments on each junction
point of the conveyor bet system. Sulfur dusts are produced due to the continuous falure of the chain
bucket and the conveyor system which is not spill proof.
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Fig.15. Land use map showing the main activity zones dong the coast of Agaba, (ASEZA, 2002)
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Table 4. Aninventory of wastes generated from the Fertilizer Industrid Complex. (JPMC,1999)

Unit Air Emissons Liquid Wastes Solid Wastes
Phosphoric | Vent gases containing particulate Washwater of gaseous 1- Gypsum transported by conveyor
Aad dugt and fluoride emissions scrubbers, recycled bdts to Gypsum dump(12 million
within the facility or disposed ton/yr).
to evaporation lagoon 2- Dug paticulates due to loading and
unloading of phosphate rock.
SulfuricAdd | 1. SO,+SO3; and acid mist 1- Hot Seawater a. Elementd ulfur (bet,
2. Paticulate ar emisson may 2- Steam condensate (having loading and unloading)
contain heavy metlas from dementa H,S and SO, dissolved b. Impurities produced a the
ulfur recycled in utilities) filter unit of mdted sulfur
3. Minor H,S (7tondday)  disposed  a
gypsum dump.
Aluminum C0O,C0O2,NOxand SOx Excesswater from Silicaproduced at arate of 30-40
Fuoride cryddlizaion unit disposed to tong/day disposed at gypsum dump
evaporation pond or recycled.
DAP (Di- 1. Gaseous ammoniaand fluoride Washing water from scrubbers
Amino from reactor. mixed with diluted phosphoric
Phosphate) | 2. Fluorideand phosphate penfoxide | acid at arate of 200nt/day | -m-meeee-
recycled to scrubbers.
Utilities CO, CO2, NOx and SOx Domedtic dudge from WWTP (6-7
ton/yr) disposed a gypsum dump.
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Ydlow sulfur dugt is dways present in the indudtrid port and the roads and around conveyor belt.
Conseguently high amount of this sulfur reaches the sea floor and covers corals.

In addition, some incidents were reported — but not well documented- where water becomes saturated
with white powders thought to be spilled fertilizers. One particular incident occurred in July 1998
where surface sea water (close to the beach) had a white coloration that lasted for five days,(
ARA,2001).

6.2.3 The Phosphate Berth a the Main Port

The phosphate company operates at the main port storage houses and two berths for loading
phosphate rock on exporting ships. This is used to be environmenta foca point in Agaba where huge
amounts of phosphate dust used to escape this operation and pollute the ambient air reaching to the
town of Agaba Maximum amount of deposition was estimated by JCA in 1996 to be 21.6g/nt in
hourly values. Maximum dust dispersion on the sea site was predicted to be 2.13kg/n? while that on
the ground site was estimated to be 0.42kg/n?, (JICA,1996).

6.2.4 Agdba Therma Power Plant

This dation is located 20km south of the man port of Agaba (in the indudtriad zone). The plant
operates on a conversonal seamproducing therma power plant sysem, where dectricity is
generated through a series of energy conversng stages. fud is burned in boilers to convert the cooling
water to high-pressure steam which is used to drive a turbine to generate eectricity. The fud used is
ha/%/ and high-sulfur fud. It is trangported to the dation via tanker fleet of around 100-120 tankers
day~. The water required for cooling is seawater abstracted from the sea, used once and returned back,
chemicaly unchanged. Only 0.15-0.20 ppm of resdud chlorine is present in the water to disnfect it
and remove bacteria and agae. The return cooling water is dill discharged directly in an open tunnd
into the sea, (plate 3).

Another source of environmenta concern  regarding the operation of the plants is the oil pollution
coming from the tanker fleet energizing the plant with heavy ail. The tanker drivers usudly empty the
excess oil from the tanks on the land adjacent to the facility and on the right and left Sde of the coastd
road (some are actually very closeto the beach).

6.2.5 Jordan Cement Factories (Aqgaba Facility)

The facility is used for dorage and export via the cement termind. Cement is trangported from the
main factories (outsde Aqgaba) by tankers to Agaba ste and pumped by closed pipes to the storage
domes. The cement is trangported through a fabric filter to the conveyor belts leading b the port. The
main environmenta concern in this dte is the dust generated when loading and unloading the cement
to the domes and in the termindl.

6.2.6 The Arab Potash Company

The Agaba facility of this company is a sorage Ste for potassum chloride prior to exporting via the
industrid port. The potash is transported from the main factory, 200km north of Agaba via trucks. It is
unloaded into hoppers and transported by a closed conveyor bet system into the warehouses for
storages. It is exported through the indudria port after being transported to the berth through a
conveyer system.
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Pate3 Arid photograph to show one of the intake and discharge cands for seawater used in cooling
process at the Agaba Therma Power Plant.

The man environmenta concern at the dte is the domestic wastewater pipe which opens to the sea
directly discharging the effluent of the partidly treated (prdiminary separation) domestic wastewater
coming from the facility. Monitoring of seawater qudity in the area of this pipe by the concerned
authorities in Agaba show a clear sgn of pollution coming from the sewage pipe (M SS,1999).

The extremdy high vaues of ammonia (20.23 mg I.: pipe outlet, 0.306 mg I*.and 0.026 mg I*. 10m
and 50 m south of the pipe respectively, reference sea vaue is 0.004 mg I'Y) are indicative of the
discharge of untrested sewage waste into the sea. The values of ammonia decrease in a datidticaly
dgnificant, but environmentdly unsatisfactory rate, which shows the dilution with sea water does not
improve the conditions to the extent required,(ARA,1998). Cord formations near the shore have been
markedly affected by pollution, and the non-seasond growth of atached adgee indicates a date of
“cultura eutrophication” caused by anthropogenic factors (persona observation,1998).

One other environmental concern at the potash gte is the potash dust emitted during loading and

unloading. Potash trucks are exposed for accidenta and/or dediberate dumping and discharge of some
potash during loading or transport.

6.2.7 Agaba Centra Power Plant

This plant has stopped systematic operation and production of eectricity since 1997. The plant
works now as an emergency back up for the Agaba Therma Plant. For maintenance and fitness
reasons, the plant operates once a month. Since the plant stopped operation, the stream of returning
cooling sea water stopped discharging into the sea. Other liquid wastes (used oil and dudge, boiler
wash water and drainage water) have adso been hdted. In addition to that, the sanitary wastewater
septic tank has not been emptied yet since the plant dsarted in 1977 (ARA,1998). Danger of
contamination of seawater by sawage seepage Hlill exists.
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6.2.8 Solvochem

Located adjacent to the oil jetty (see Fig.3), the facility serves as a Sorage unit for imported
chemicas, oils and solvents. no processing occurs at the facility. the stored chemicas include Xylene,
Toluene, Ethanol, Isobutanol, Acetone, Methanol and Hexane. The chemicds are stored in tanks
unlined with cement basins which increase the potentia of contamination .

Other minor indudries include the Indo-Jordan Chemicd Company (storage facilities),the Nationd
Ammoniax Company, Jordan Kuwat Company for Agriculture and Food Products.
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7 Heavy Metals Content and Spatial Distribution along the Coastline:
Assessment and Documentation of the Current Trend

7.1 Heavy Metalsin the Gulf of Agaba
7.1.1 Introduction

The increase in the levels of trace metds in the marine environment is a worldwide problem and the
discharge of trace metd wastes has many obvious impacts on the marine environment such as the
increese in resdue levels in water, sediments and biota, decreased productivity, and increase in
exposure of humans to harmful substances. In the Red Sea region which is one of the most arid
regions of the world, typicd sources of metd contamination are represented by oil industry, offshore
ol platforms, oil terminds and ships in addition to danless ded, power dations and cement
indudtries. Although scientific interest on the Red Sea and its adjoining marine environments, i.e. the
Gulf of Suez and the Gulf of Agaba began long ago, very little is known about the levels and
digributions of trace metas in this region. Therefore, the determination of trace metds is important
and will fill agap in the present knowledge of this area.

The heavy metals in seawater, sediments and biota of the Gulf of Agaba (the Jordanian portion) is
beyond the scope and objectives of thiswork, but in order to give a comprehensive and deep insight to
the environmenta condition prevailing the coastline as well as for comparison purposes and of course
supporting the documentation presented in this work, the following sections include a brief review of
most of the work conducted on metd pollution in Agaba.

7.1.2. Heavy Metdsin Seawater

Meta concentrations in coastd waters are generdly higher than a intermediate and offshore Stes.
This is interpreted as being a direct consequence of ther proximity to inputs either the naturd or
anthropogenic.

The ealy reviewing of literature and reports avalable on the concentrations of trace metds in the
Gulf of Agaba (in paticular the Jordanian’ waters) has shown that most of these metals have
concentration significantly higher by afactor up to 3 in surface compared to deeper layers (Table 5).

Among the very little data avalable on the concentration of trace metas in the Agaba's seawater, the
data obtained by the Environmenta Monitoring Program of the Marine Science Station, (1999)
represent the most recent investigations (Table 6). The results were based on samples taken from three
sdlected dations dong the Agaba coastline. However, the range of the mean concentrations of Cd, Cu,
Pb, Ni and Zn was 0.07-0.13; 0.74-2.28; 0.73-1.43; 6.92-11.09 and 5.71-11.55 ugi™ respectively. No
further data were available.

However, investigations of the correlation between trace eements recorded in seawater reveded the
presence of srong and dSgnificant relationships between severd pars of trace dements in the gulf.
Most of the dgnificant relationships between metas were postive indicating that the gppearance of
local high concentration for one metd by possble contamination correlaes with high vaues for other
metals.
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Table 5. Concentrations of trace metals (ug L) in the northern Red Sea and the Gulf of Agaba compared to other vaues in different regions

(Modified after Shriadah et al., 2004).

Metals
L ocation
Zn Ni Cu Cd Pb
Red Sea (Off shore waters, Egypt) 0.13-1.17 | 0.05-052| 0.07-0.29 | 0.02-0.78| 0.02-0.68

Red Sea (Coast, Egypt) - - 5.1 - -

Red Sea (Jeddah, KSA) 6-14 - 3.5-4.0 0.3 1.1-27
Eastern harbor and - - 4.9 1.88 0.5
El-Mex Bey, Egypt
Eastern harbor and 112.8 0.44 - - -
El-Mex Bey, Egypt

Oporto coast,NW Portugal - - 0.524.2 0.4-35 0.484.1
Santa Cruz de Tenerife, 0.50- 0.50-13.67| 0.50-40.10| 0.08-0.31| 0.20-116.88
Canary Idands 110.90
0.03-11.25 | 0.13-0.53 | 0.03-0.38 | 0.03-0.38| 0.03-0.23
Bahrain (Arabian Gulf)
South Aegean, Greece 0.13-29.12 | 0.55-15.98| 0.16-15.21| 0.018-1.6 | 0.227-9.218
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It might dso reflect amilar sources and/or Smilar biogeochemica behaviours (Saad and
Kandedl,1988). Comparing the concentrations found here with those reported in the literature
(Table 6), it is concluded, on the whole, that the concentrations of heavy metds observed in
the Gulf of Agaba of Jordan are relatively higher than those compiled by most workers in the
Mediterranean Sea and are relatively higher than the typica open ocean water (Hamza and
Amierh,1992; Shriadah and Emara, 1991; Emaraand Shriadah,1991; Led et al.,1997).

Table 6. Mean concentration of heavy metds (ugl™) in waters at three different sites dong
the Agaba coastline; measured on August, 1998 and in reference Ocean Waters. (M SS,1999).

Parameter Station M ean
1 0.11
Cadmium 5 007
3 0.13
Ocean Waters 0.11
1 2.28
Copper 2 113
3 0.74
Ocean Waters 2.00
1 1.09
Lead
2 1.43
3 0.73
Ocean Waters 0.03
1 8.65
Nickel 2 11.09
3 6.92
Ocean Waters 2.00
1 571
Zine 2 1155
3 11.32
Ocean Waters 2.00
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Results from a recent regiona survey on the trace metas in the water column of the Red Sea
and Gulf of Agaba (Shriadah et al.,2004) reveded a smdl range of variation and regiond
irregularities. It indicated sgnificant higher concentrations for Fe, Cd and Pb compared to
other metals. Compared to the northern Red Sea, significant higher concentrations for Ni and
Cd are measured in the Gulf of Agaba

7.1.3. Heavy Metdsin Sediments

Smilar to seawater, researches on trace edements and other pollutant distributions and
background levels in  sediments of the Gulf of Agaba are very limited (Abu-Hilal, 1985,1987,
1993; Whabeh,1987; Abu-Hila and Badran,1990).

Sediments can act as a mgor pollutant reservoir because metals and other contaminants can

bind to the sediments and become biocavalable to the rest of the food chain. Severd
organisms such as filter feeders take in low levels of heavy metds which then bicaccumulate
through the food chain. Bioaccumulaion is the accumulation of food contaminant by ord
upteke and digetion. Heavy metds, in paticular, have a high affinity for fine sediment
particles.

Sediment is a matrix of materids which is comprised of detritd, inorganic, or organic
paticles, and is reatively heterogeneous in terms of its physicad, chemicd, and biologicd
characterigtics. It is often dtated that sediments have a marked ability for converting nputs of
metals from various sources into sparingly soluble forms, ether through precipitation as
oxides or carbonaes, or through formation of solid solutions with other minerds, (Li et
al.,2000).

Thus, aquatic sediments conditute the most important reservoir or sink of metals and other
pollutants. However, due to various diagenetic processes, the sediment-bound metds and
other pollutants may remobilize and be released back to overlying waters, and in turn impose
adverse effects on aquatic organisms.

In sediments, heavy metds can be present in various chemicd forms and generdly exhibit
different physcd and chemicd behavior in tems of chemicd interactions, mohility,
biologica availability and potentia toxicity.

It is necessary to identify and quantify the forms in which a metd is present in sediments to
gan a more precise undersanding of the potentid and actua impacts of eevated levels of
metas in sediments, and to evauate processes of transport, depostion and release under
changing environmental conditions.

Numerous extraction schemes have been described in the literature Inter alia., Tesser et
al.,1979; to evduate the possble chemicd associations of metds in sediments and soils (Li et
al.,2000).

In Agaba, the heavy metd concentrations in sediment cores as reported by Abu-Hild and
Badran (1990) at different depths of five coastd dations aong the Agaba coastline, (Table?)
show that these sediments contain high Cd, Co, Cu, Fe, Mn, Pb and Zn concentrations
originated from meta pollutants discharged into the water of the gulf from permanent sources
of pollution.
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The heavily polluted stes were the port area and near the sewage outlets (the old one). At
these two dtes, the surface and verticd didribution of trace metas are gmilar to the
digtribution of organic carbon, tota phosphate-phosphorous and fluoride which were derived
over the past years from local release from deposited phosphate rock particle, raw sewage and
boat and ship activities in addition to the indudtrial activities.

Table 8 shows dso the concentrations of some sdected metds in bottom sediments
investigated as part of amonitoring program in 1998.

7.1.4. Heavy Medsin Organisms

Toxic metds rdeased into the marine environments tend to accumulate in sediments and
subsequently are taken up by filter-feeding organisms. Some Marine animas have adepted to
live with raised levels of heavy metds They do this ether by removing the metds from their
bodies, or by soring them in a nonpoisonous form. By doring; metal compounds can be
bound to specid proteins called metdlothioniens. This makes the metals less toxic and dlows
the animasto tolerate a certain leve of pollution.

By removd: metalic compounds can be secreted (put into) the shell, scales, fur or feathers,
gills or eggs of marine animads In this way they are removed from the body via naturd
processes of excretion and renewal, (Kumar,1988).

Thee animas have adapted to live in an environment that contains low leves of heavy
metals. However adapting to live under these conditions takes energy and the animds will
often be dow to reproduce, grow and develop. They may have reduced lifespan. It is
important to remember that the level of pollutants present makes a big difference. In extreme
cases some organisms (such as oysters) can undergo a sex change, with the entire population
becoming single sex and dying out within a generation, (Kumar,1988).

Example on such organisms is bivaves. Maked vaidions in the bivaves heavy metd
concentrations demondrated that bivaves such as oysers and mussds ae vauable
biomonitoring tools for ng the chemicd pollution of the coastd environments

Oyders and other bivalves accumulate metals such as copper and zinc and can tolerate very
high metd concentrations without apparent dgns of any detrimentd effect,(Lauengein et
al.,1990; Predey et al.,1990 and Goldberg et al.,1983 in Wahbeh et al.,1995).

However, it is true that marine organisms do need very smdl quantities of heavy metds. For
indance copper forms pat of haemocyanin, the respiratory pigment of Crustacea (crabs,
prawvns etc.). Large quantities of copper, however, as wel as of other heavy metds, will
inhibit their vitd functions in other words, will severdy impar or kill them. In generd, the
effects —worthy to mentionof heavy metas toxicity can be dasdfied into three man
categories:

the blocking of essentia function groups of the biomolecules (e.g. proteins, enzymes)

the displacement of ametd ion from abiomolecule

the modification of the gructure of the biomolecules in space which is very important
for their function, (Shen,1986).
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Table 7. Concentration of
Jordanian coagtline of the Gulf of Agaba, (1) acid leachable (2) total conc.,

Hila and Badran (1990).

some heavy metds (ppm dry wt) in sediment cores from the
U=upper cores
section (0-5cm), M=middle cores section (5-10cm), L=lower cores section(10-15cm). Abu

Station | Depth Core Cd Cu Ni Pb Zn

= Q| Al O A @] @ (D | (2
U | 12| 20| 40| 80 | 120| 190| 230| 850 | 240/ 330
5 M | 06| 20| 30| 85| 80 | 190| 140| 90 | 120]| 320
L | 07| 20| 30| 90 | 80 | 190| 130| 780 | 120 210
Mean | 08| 20| 33| 85 | 93 | 190| 167 840 | 160| 320
U | 17| 30| 40| 100| 160| 260| 280| 1050| 240 410
; 10 M | 14| 25| 40| 90 | 140| 250| 240 950 | 230 400
L | 14| 25| 50| 100| 140| 200| 250| 950 | 230 400
Men | 15| 27| 47| 97 | 147| 267| 257| 980 | 233 | 403
U | 20| 25| 40| 90 | 170| 280| 330| 1130 40.0

20 22,0

M | 15| 30| 30| 85 | 130| 230| 240 90 | 160| 360
L | o8| 25| 20| 65 | 70 | 190]| 140| 730 | 120 300
Mean | 14| 27| 30| 80 | 123| 233| 237| 920 | 167 | 353
U | 14| 25| 40| 85 | 140| 220| 230| 750 | 220 410
30 M | 13| 30| 40| 95 | 140| 220| 230| 850 | 220 420
L | 12| 25| 40| 80 | 130| 220| 230 880 | 200 370
Mean | 13| 27| 40| 85 | 137| 220| 230 830 | 213 | 400
U | 14| 40| 50| 80 | 140| 200| 200| 80 | 230 390
S M | 14| 40| 50| 80 | 130| 300| 200| 930 | 240 430
) L | 14| 40| 50| 80 | 150| 30| 200| 950 | 260 480
Mean | 14| 40| 50| 80 | 140| 300| 200| 920 | 243 | 433
U | 26| 40| 40| 85 | 130| 300| 200| 980 | 230 420
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10 M | 15| 40| 60| 85 | 150| 310| 200| 950 | 27.0| 500
L | 16| 40| 60| 90 | 160| 470| 220| 1050| 280 480

Mean | 16| 40| 53| 87 | 147| 393| 207| 990 | 260 | 467

U | 23| 55| 70| 100| 220| e40| 360| 1180| 31.0| 60.0

20 M | 30| 60| 60| 100| 250| 630| 47.0| 1380| 250 | 540
L | 36| 70| 50| 90 | 27.0| 740| 530| 1630| 240| 470

Men | 30| 62| 60| 97 | 247| 67.0| 453 | 1400| 267 | 537

U | 22| 45| 60| 95 | 180| 71.0| 31.0| 1150| 260 540

30 M | 19| 45| 60| 90 | 160| 660| 280 1150| 260 540
L | 16| 45| 50| 90 | 170| 760| 290| 1000| 280 | 530

Mean | 19| 45| 57| 92 | 170| 700| 293 | 1100| 267 | 537

U | 18| 40| 40| 65 | 140| 480| 210| 1180| 270 430

5 M | 20| 40| 50| 80 | 180| 730| 230| 1150| 310 560
L | 18] 40| 50| 80 | 180| 850| 220| 1100| 320 570

Mean | 19| 40| 47| 75 | 167| 69.0| 220| 1140| 300 520

U | 20| 45| 50| 80 | 220| 820| 280| 1200| 320 560

10 M | 20| 45| 50| 80 | 210| 840| 260 1130| 320 560
L | 22| 50| 70| 90 | 230| 940| 280 1200| 410| 630

Men | 21| 47| 57| 83 | 220| 87.0| 27.3| 1180| 350 580

U | 30| 55| 70| 100| 240| 980| 300| 1300| 400 66.0

20 M | 20| 45| 60| 90 | 220| 870| 240 1150| 380 610
L | 16| 40| 50| 80 | 210| 840| 190| 1150| 300 | 56.

Men | 22| 47| 60| 90 | 230| 200| 243| 1200| 360 | 610

U | 22| 40| 50| 80 | 160| 750| 21.0| 1050| 280 460

30 M | 13| 40| 40| 70 | 120| 680| 140| 960 | 210| 400
L | 09| 35| 40| 55| 70 | 500| 100| 750 | 200| 290

Mean | 15| 38| 47| 68 | 93 | 640| 150| 910 | 230 380
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Table 8. Concentration ((ug g*') of sdected heavy metas in bottom sediments at 40 m &t
two dation at the industria area.(MSS, 1999).

Parameter Stationl Station 2

September October September October
Cadmium 1.00 2.00 5.00 5.00
Chromium 3.00 2.00 6.00 6.00
Copper 3.00 3.00 7.00 8.00
Nickel 2.00 3.00 16.00 13.00
Zinc 11.00 10.00 10.00 21.00

Table 9. Mean concentration (ug gt dry wt) of three trace metds in soft whole tissue of
severd types of mollusks (Wahbeh,1990).

Species Zn Cu Cd
Acanthopleura 199.6 26.2 6.1
hedoni
Celanaradiata 93.3 26.8 55
Neritaforskdlii 88.4 BDL 11.3
Neritapolita 116.5 BDL 10.0
Mesdesma 537.5 82.3 53
glabrum

*BDL : bdow detection limit.
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Literature on using certain organisms as indicators for metd pollution in the Gulf of Agaba
are scarce, in paticular in the Jordanian portion of the Gulf. Wahbeh, (1990) has researched
the level of Zn, Mn, Cu,Cd, Fe and Mg in soft tissue of some intertidal mollusks from Agaba
He concluded that there is significant concentration differences between different species, and
gmilar ggnificant differences were dso found between concentrations of different metas in
each species. The author has concluded aso that bivalve ( M. Glabrum) appears to be possible
candidate indicator of metals pollution. It has high metd concentration factor, a sedentary
burrowing existence and abundant occurrence in Agaba.

However, dthough the author has not related the high content of metds found in the
mollusks to pollution sources, he mentioned that the data obtained in his work was relatively
above what is consdered usudly as normd rates in those organisms.

It would be good eventudly if such work is updated and integrated in other smilar surveys
S0 each can support the outputs of the others. Table 9 shows the results of Wahbeh, (1990).

7.2 Assessment of Heavy Metal Content in the Coral Reef along the Coastline

The assessment of metal pollution in Agaba was carried out through two parale rounds of
sampling and andyss. The fird was based upon regular samples collected from six well-
aurveyed Stes, in which the am was to sudy the geographicd digribution of meta pollution
aong the whole coast of Agaba. The second was through obtaining three core samples from
what could be consdered the most polluted sStes; the oil port and the industrid zone. It was
meant by sudying the verticd digribution of metal content in these core is an attempt to
congruct the history of meta input and trend during the last twenty years. This period of time
represents the beginning of real and extensive development in Agaba

However, the following will describe the obtained results, while some detalled interpretation
will be discussed in the next chapters.

7.2.1 Spaid Didribution of Anthropogenic Pollutants aong the Agaba Coast

As pat of the early stages of this research, which was launched by 2001, sixty five (65) reef
samples were collected a six different locations covering the whole coast of Agaba darting
from the northern end with the Isragli borders to the southern border with Saudi Arabia As
mentioned above, the am at that stage was to research the spatial didribution of-if exising-
anthropogenic pollutants. The six dtes have been sdected according to the different activities
used to be carried out within their boundaries.

The six locations are: the north beach, the main port, the Marine Science Station (MSS), the
marine park, oil port and the indudtrial area. These locations were described earlier in chapter
1 and 2 and depicted in Fig. 5.

It is worthy here to mention again that the MSS dte is completely protected and it is
described as No-activity zone, the area is only designated for scientific research purposes. On
the other hand, the marine park is another protected area but with activitiy-controlled zones,
some aeas are only dedgnated for example for swimming and not for boating, other zones
desgnated for skiing and so on, therefore sampling these Stes with its different zones gives
an ideamight assg in explaining the sources of pollution.

The measured concentrations of heavy metals in reef samples obtained aong the coast are
depicted in Fig. 1 6.
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The following description of the meta digribution dong the coast is based on the same
grouping of the Ix sampling dtes, therefore discussng the results will describe the generd
trend of each metd and then detals are made for the gtes individualy when necessary.
Figure 17 shows the detals of the digtribution of the sx metas together aong the coadt, S0 it
is possible to compare the content of certain meta with another a the same site.

Cadmium (Cd)

The Cd content showed very high vdues in  samples taken from the industrid area, where
the highest value was 5.1ug @', this is 3 to 5 fold higher then the other sampling sites. A very
clear decreasing trend in concentrations is observed when moving northward and offshore
(Fig. 16 and17).

Except of three samples where Cd was not detected, the lowest concentrations (Ave. 0.15ug
g') are observed mainly opposite b the Marine reserve of the Marine Science Station and the
deeper samples of the north beach.

Compared to the other metds, the Cd is the only metd that shows high digtinctive increasing
trend (enrichment) southward.

The concentration of cadmium in the rorth beach was in the range N.D-0.27ug g, with an
average of 0.15+ 0.09ug g . The samples of this site show the lowest concentration (except
MSS samples) with respect to Cd among al of the collected samples. Figure 16 shows aso
that the Ste has approximately a concentration close to that recorded a the MSS dte,
revealing -when compared to this wdl consarved dte- tha some sound environmentd
conditions with respect to Cd are prevailing the area.

The cadmium content in the main port area showed wide range of 0.11 to 0.98 ug g, with
an overdl mean of 0.39+ 0.28ug g-. This wide range is due to low concentrations observed in
offshore samples (deeper) of the man port faciliies compared with the high content in
samples taken close to the main jetties In addition many different activities and operations
ae uadly teking place a this man fadlity, to which such vaiaion in Cd concentrations
might be attributed.

The lowest concentrations of Cd, which were recorded a the marine resrve of MSS have, a
mean vaue of 013+ 0.13ug g', where the range was N.D-0.31ug g*. Such a low
concentration is expected as the dte is wdl protected, but it is ill believed that the reative
high (unexpected for such dte) vaues found in few samples were dtribued to the current
activities of the nearby passenger termind where there are vessds operated by the Arab
Bridge Maritime Company.

The Marine Park, unexpectedly showed aso some relative high concentrations of Cd with an
overdl average of 0.67+0.15ug g, this was (in some samples)even higher than that of the oil
port (0.56 + 0.16 pg g'), however regardless the fact that the high mean vaue of the marine
park samples is due to sample MPk4 (0.9ug g*) and the low mean vaue of the oil port values
is due to low concentration of sample OP1 (0.26pg g%), the samples of the Marine Park are
dill consdered to have high vaues compared to what could be expected for such protected
areas with least human activities.

The highest value of Cd was recorded a the industrid areg; with a maximum of 5.1ug g,
and amean concentration of 2.35+0.8ug g'*. This mean va ue represents something like
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five fold tha of the MSS dte which has the lowest concentration of Cd, reveding how the

dte is being impacted. This dte has shown higher variations in Cd concentrations compared
with the other dtes indicated by the reaively high standard deviation, however severd
sanples in this dte have been taken from deep water (offshore) which might explan some
low vaues.

Chapter nine includes more interpretation on the enrichment of Cd and the other metals .
Lead (Pb)

With the exception of a few samples a the north beach and Marine Science Station+ which
showed non-detected to very low concentrations of lead- al of the other locations aong the
coast showed some significant values with an overall mean of 4.26+2.9 pg .

Fig. 16 and 17 show clearly, the high concentration dong the coast and how big is the
difference compared with the MSS ste (Aveg. 0.18 +0.2ug ¢g1) and the north besch ste
(Aveg. 0.21 +0.2ug g).

Maximum vaues were dominating two dtes; the main port and the indudria area with an
individua meen of 5.6+3.25ug gtand 5.99+1.92 pg g'respectively. The two sites have dso a
common fegture in terms of Pb concentrations, both have a wide range (1.1-11.2 and 2.3-11.1
Hg glrespectively). The samples have been taken from different depths a these two sites ; the
thing tha might explan such large variaions in concentrations, however compaing the
vaues recorded with the geographica locations of the samples showed that deeper samples
generdly have rdatively lower concentrations.

The oil port ste was the third in &rms of Po content after the main port and the indudtrid
area with an average of 3.81 + 2.1ug g'and wide range of 0.3-6.6pg g*. The samples taken
from nearby the main jetty have the highest values among dl samples.

Wide range of lead concentrations were aso observed at marine park location (N.D-6.2 g
gl) with an overdl average of 2.43+2.4 pg g, this is due manly to the different zones
esablished for various activities (i.e boating, svimming, skiing, camping, .ec.), the thing
which leads to a difference in the type and extent of impact. However, prior to the current
park’s regulations which include preventing car accessng very close to the sea-land interface
(50m setback), people used to drive within this narow and sendtive zone, which in turns
bring an impact specialy where dmost dl vehicles use leaded gasolinein Agaba.

Copper (Cu)

The Cu profile aong the coast  shows two mgor pesks; a the indudria area and a the main
Port, (18.27+5.4 and 7.08+3.09ug g'respectively). Not much vaiaions have been noticed
adong the other stes where the mean concentration a the north beach and MSS were the
lowest (0.97+1.19, 0.45+ 0.38ug g') and Marine Park and il port (2.21+2.1, 2.68 +0.64ug ¢
1Y respectively.

The mean concentration of Cu aong the north beach would be much lower when excluding
the only ssmple with relative high value3.0ug g, where the range becomes 0.06-0.9 pg g

Zinc (Zn)

Zinc profile dong the coast showed greet amilarities with, that of lead, however a very wide
range of concentration can be seen dlearly (0.25-22ug g'), high content of zinc were observed
mainly in the main port, indudriad area and oil port. Samples taken from the MSS location
were the lowest in their content of Zn (Aveg. 0.53+0.04ug g1).
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Nickel (Ni)

Compared with the other metas, Nickd showed some homogenety but with two different
groups of values, the first represent concentrations of Ni from the north beach to the oil port
where the average is 1.09+0.84 pg gland the second group of values represent the area
garting from the oil port south to the Saudi borders, an area which encompass the industria
zone. The average valuein this strip is 3.87+1.02 ug g™

Chromium (Cr)

Chromium concentrations aong the coast ranged between N.D to 28.2ug g. It follows, in
generd, like the other metals the same trend of increase towards south. Some notices can be
pointed out on the Cr concentrations when dedling with the Stes individudly. 1t was noticed
that the highest value was observed a the oil port (28.2ug g* ), but in tems of individuad
mean concentrations a each site, the industria area has the highest mean of 18.04ug g'. This
is much higher (> 10 fold) of individuad mean concentrations recorded a the marine park,
north beach and marine resaerve (1.6; 0,14; 0.36 ug g?), and even that of the oil port area
(10.56ug g).However, more conclusions on the spatia distribution of the Cd, Cr, Pb, Cu, Ni
and Zn dong the coast can be made by referring to Fig.18 which shows gradudly the
fluctuations in metal concentrations between the sampling Sites.

The corrdation (Table. 10) among dl of the studied Ix metds has shown an interesting
pogtive corrdation (dmost >0.5). Such datigtica output confirms the results just discussed
above, in which the overdl concduson was on the dgnificant genera  increasing trend
southward of dl of the meta group, excluding of course the Ste of the marine reserve where
the lowest metal content was recorded.

This podtive and sgnificant corrdation has dso another meaning. It implies that dl of these

metals have been introduced into the ecosysem by admost smilar sources The dight
differences in the correation among the whole group indicate dso tha there is a vaiety of
activities being carried out along the coast (Ramos et al., 2004; Bastidas and Garcia, 1999
Kumarsngh, et al.,1998). In chapter eight, this Satidticd relationship is discussed in more
details.

7.2.2 Heavy Metas Content and Trends in Reef Cores

The accumulation of selected heavy metads (Cd, Cu, Zn, Pb, Cr and Ni) was studied in reef
cores collected from three different sites within the industriad zone (see Fig. 5).

The chronology of the reef growth dong the Jordanian coast has been previoudy estimated
by severd authors (Dullo et d.,1993 and Dullo et al.,1996) to be in 611mm/yr in average.
However the studied cores were collected from colonies (3 colonies) that have been studied
shortly before sampling process by Zolda (2001). He has determined the growth rate for these
cores to be 10mm/y. This rate was then used to dice the core samples where the surface most
layer was roughly assigned to the year 2000 and the bottom most of the core (20cm depth)
corresponds to the year 1980.

The three studied cores have been collected from the same zone; the indudtrid zone which
includes both the industrid area and the oil port. The sdection of the cores Stes was based on
the results we have obtained from the regular samples in which it was clear that this zone is
more enriched by heavy metas, and therefore it has been decided to get the cores from within
it asfor further and pronounceable historica documentation of pollution.
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Table 10. Correation among the six metals along the Agaba coast

Cd Pb Cu n Ni Cr
Cd 1
Pb 0,3672 1
Cu 0,7644 0,5293 1
Zn 0,4626 0,6445 0,6478 1
Ni 0,6532 0,5493 10,8284 0,6226 1
Cr 0,6597 0,5315 0,7142 0,7656 0,7438 1

Genedly, high variability in metd distribution and content between core A and cores B and
C was obsarved. Except for Cr al metas recorded in core A of the oil port were higher than
those of B and C (3 to 4 folds). The following describes these concentrations and trends in
detalls.

7221 Core A

Core A has been sampled directly oppodte to the indudrid port (plate 4). The meta
concentrationsin this core are listed in Table 11 and their profiles are presented in Fig. 19.

All of the sdected metds have showed fluctuating concentrations with generd increasing
trends where the lowest concentrations found at the bottom of the core (the period of 1980-
1985) and the topmost having peak values.

Nickel and Cr showed highest concentrations at the surface of the core (1998-2001); 4.22
and 18.37ug g respectively, implying thet the fluxes of these metals have been progressively
augmented with time. Mean values for both were 2.07+1.2 and 10.9+5.07 g g respectively.

All profiles generdly  exhibited increasing tendency during the last 20 year, the exception
(steady dtate) is that for Zn and Cu but anly during the period of 1992-1995 and 1988-1993
respectively.

Cadmium in this core shows a rdative high concentration (1.92+0.96pg g'*).Cadmium and
lead have shown high and pogtive corrdation (r=0.73). Same ggnificant corrdation  aso
exists between Cr and Cu, Zn and Ni (r= 0.78, 0.72 and 0.77 respectively).

The records obtaned from this core indicate that anthropogenic input has began
smultaneoudy for al the metas around 1986, in other words the Sgnificant increase in
heavy meta concentrations has begun as the figure indicates, around the year 1986 as a
consequence of the expansion in industries and the associated operations.

It should be noticed that these concentrations have increased most importantly between
1990-2000. A detailed explanation and interpretation for such excess are in the next sections.

The concentrations of Cd, Cu, Pb, Ni, Cr and Zn found in this core (Table 11)are comparable
to that found in severa cores from different regions (eg.. Badtidas et al., 1999, Ramos et al.,
2003) thet areinfluenced by industria pollution.
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Industrial Port

Plate4 The northern boundary of the indudtrial port. In the background aso, agd growth
covering the beach area and severd types of solid wastes exist just meters from the shoreline.

7.2.2.2 CoreB

Tablel2 shows the metal concentrations of core B which was sampled directly opposite to
the discharge canad of the Power Plant (used to discharge the return cooling water). The
concentration of Cd and Pb have shown identical profile and trend adong the core depth, (Fig.
20). The chart shows aso that the concentrations of both have been at least doubled dong the
lower part of the core starting from the bottommost up to 5cm. The next upper layers show
high variation where the concentration for both metas goes successvely high and low. The
surface layer of the cores which represent the last five years show relative increase in the
concentration but they are not the highest with respect to the Cd and Pb. The mean
concentration of Cd caculated aong the @re depth was 0.79+0.36ug g and the range was
0.19-1.62ug g*, and for the Pb was 3.49+1.57ug ¢ * and the range was 0.9-6.6ug g .

Ni and Cr both have prominent increase towards the top layers of the core. The topmost
layer (surface) is maked by the highest concentration of Ni and Cr. Nicke mean
concentration aong the core axis was 2.7+1.01ug g* with a range of 1.3-5.2ug g*, where Cr
has a mean vdue of 8.17+ 3.7ug g* and a wide range 2.9-17.3ug g*. With these figures it is
clear that both metds have high variation and dgnificant enrichment towards the top surface
of the core.

Except for one layer ( @ 10cm depth), Cu concentrations show no sgnificant variaion aong
the core axis, (Fig. 17). The mean concentration of Cu was 3.41+1.32ug g and arange
(excluding the mentioned layer)1.9-4.2ug g*.

The mean concentration of Zn in this core is 8.2+3.6pg g* with a range of 2.2-12.5ug g'.
There is a genera increasing trend towards the top layers, but the most prominent enrichment
iséa depth 4-11cm.

7.2.2.3 CoreC

Fig. 21 shows the metd profiles in core C which was taken from an area close to the oil port.
Compared with profiles we have obtained from Core A, the metas in this core showed more
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fluctuations in concentration, but if we condder —for corrdation purposes- the records
obtained from the bottom of the core; early 1980's layers as a background values, we can see
that there is a generd reative incressing trend in concentration towards the top layers,
observed clearly in Zn, Cr and Ni in the layers of 1990 and onward.

The Cd and Ni average values are (0.81+ 0.47) and (2.30+0.84)ug g* respectively. A distinct
peek is observed in the Pb, Cu, Zn, and Cr profiles which represent the layers of 1984-1989,
this enrichment is much probably atributed to the heavy use of the port during the firsg Gulf
Wa where it has been used intensvely for the export of Iragi oil, more detals will be
discussed in the following sections.

The fluctuations in the concentrations (the decrease in particular) and the redivey low
concentrations of these metals present in this core (Table 13) compared with Core A
(industrid area) can be explained on the bass that the port area is relaively sheltered zone;
not affected by other nearby polluting sources in addition to the exiging of northward-
prevailing winds force any pollutants to move southward.

Another factor might explain the drop in the concentration of the metal concentrations which
is the nonoperationa periods;(APC,2002) the port has stopped operation severa times during
the lagt 15 years and aso been used for other purposes than ail, like the botanicd ail.

7.2.3 TheResults Againg Background Vaues
7.2.3.1 Along the Coast

As has been discussed earlier in this chapter, dl metds recorded dong the coast have shown
a generd increasing trend towards the south. Except Cd, dl metals measured in samples at the
main port, oil port and the industrid area were dl above the averaged background vaue (Fig.
16). The difference was determined to be 34 fold higher than the areraged background, and
actudly up to 6 fold higher than the individud vaue for some offshore samples (Appendix 1).
However, the reason beyond having values for Cd lower than that of the background in al
dtes (except the industrid area) was due to the high vdues reported in literature
(Aveg.=4.2uggt) which was used among the other suggested reference values (i.e. offshore
samples and core bottom). Excdluding such high vaue from the background average vaue will
definitely show that the recorded concentration of Cd at dl Stes are much higher.

Among dl profiles, the indudria  area has shown the highest enrichment with respect to the
sx metds. Lead, Zinc and Chromium at the main port and the oil port have shown very close
values to that recorded at the industrial area. The samples of the MSS and the north beach
were the closest to the background vaues regarding their content of metas. The marine park
samples have dgnificant enrichment of Cd and Pb when compared with the average and
individual background values.

Comparing the concentrations of the sx metas at both; the main port and the oil port shows
that they are dmogt very cose, despite the operations a the main port is much higher than
that of the ail port.
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Table 11.Metal concentration (ugg™) in reef core A.

Depth/cm| Year Cd Pb Cu Zn Ni Cr
1 2000 2,84 7,94 | 1322 | 114 3,8 18,2
2 1999 2,63 7,45 | 1841 | 6,83 4,22 | 18,37
3 1998 3,81 9,82 9,45 8,45 2,9 14,7
4 1997 1,65 3,44 | 19,66 34 2,96 | 16,46
5 1996 2,11 7,66 | 2245 | 7,45 3,17 16,1
6 1995 1,14 8,12 17,5 17,6 2,54 18,9
7 1994 1,92 8,67 12,2 2,78 1,98 9,73
8 1993 2,82 | 1161 | 8,62 1,95 3,56 13,5
9 1992 11 5,6 14,12 2,17 1,74 11,84
10 1991 3,62 7,33 6,56 1,36 0,92 12,3
11 1990 3,42 8,71 6,84 4,67 3,54 9,8
12 1989 2,21 4,81 6,24 6,23 1,88 8,68
13 1988 1,56 4,88 6,92 1,64 2,27 8,7
14 1987 1,1 3,6 6,74 0,94 0,68 4,84
15 1986 0,98 2,94 6,91 3,41 1,12 8,4
16 1985 1,42 3,84 0,98 0,61 0,93 9,74
17 1984 0,68 4,12 3,21 0,39 0,52 7,55
18 1983 1,31 3,23 6,25 1,14 1,24 2,94
19 1982 0,92 4,1 2,84 1,1 1,14 3,5
20 1981 1,24 3,27 4,43 0,67 0,34 3,92

Table 12. Metd concentration (ugg?) in reef core B
| Depth/cm| Year| Cd Pb Cu Zn Ni Cr
1 2000, 0,49 2,1 3,8 74 5,2 17,3
2 1999 0,53 19 3,8 7,9 3,8 11,7
3 1998 0,49 2,8 3,9 9,6 3,3 12,4
4 1997| 0,44 34 3,1 12,5 3,1 15,4
5 1996| 0,69 55 3,1 12,4 2,1 11,1
6 1995 0,78 5,6 4,2 12,3 19 7,5
7 1994| 0,94 2,8 3,9 12,2 2,5 7,7
8 1993| 1,62 51 34 8,5 2,1 7,8
9 1992| 0,95 6,6 2,2 12,2 3,8 7,5
10 1991| 0,98 4,1 8,2 12,3 3,1 7,1
11 1990 11 3,6 19 12,5 34 2,9
12 1989 0,72 3,1 2,1 4,6 4,3 6,4
13 1988 0,71 1,3 34 5,2 2,7 4,2
14 1987 0,61 2,9 3,6 7,7 2,1 5,7
15 1986 1,2 4,8 2,1 2,4 19 8,2
16 1985 0,19 4,8 2,8 5,6 1,3 6,9
17 1984 0,81 4,1 2,5 2,2 1,6 6,2
18 1983| 0,88 1,3 3,8 4,2 19 8,2
19 1982| 1,52 0,9 3,2 9,1 2,3 4,1
20 1981] 0,32 3,2 3,2 3,9 1,8 51

88
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Tablel3. Metal concentration (ugg™?) in reef core C

Depth/cm| Year Cd Pb Cu Zn Ni Cr
2000 | 0,62 | 121 | 47 5,6 4,3 13,21
1999 | 0,62 2,3 3,2 9,8 2,3 12,4
1998 | 0,82 3,8 33| 152 | 28 115
1997 | 0,28 34 21| 174 | 2,7 13,3
1996 | 0,78 5,7 28| 115] 19 9,1
1995 | 0,66 6,7 3,9 9,6 2,5 3,2
1994 | 2,34 2,1 49| 132 | 26 6,5
1993 | 0,94 4,3 34 5,6 1,3 94
1992 1,1 7,6 15| 118 | 41 8,4
1991 | 1,31 3,8 65| 143 | 21 6,3
1990 | 0,81 3,8 21| 115 | 28 34
1989 | 0,51 2,1 1,1 2,8 3,1 4,6
1988 | 0,58 | 0,92 | 47 55 1,2 3,9
1987 | 0,54 2,8 4,2 6,7 1,6 3,9
1986 1,1 59 1,1 1,3 1,3 6,2
1985 | 0,23 5,7 3,3 4,1 15 74
1984 | 0,61 3.2 2,4 2,9 1,9 6,2
1983 | 0,92 0,8 3,1 3,6 2,1 6,4
1982 | 1,21 1,1 2,9 8,4 2,1 2,9
1981 | 0,27 2,8 31 4,3 19 4,7
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7.2.3.2 In Cores

In core C of the ail port, Zn, Ni and Cr concentrations were amost above the background
vaues, where Cd, Pb and Cu concentrations were above the background vaues only in the
upper parts of the core indicating recent enrichment.

Core B has the same trend againgt the background vaues for, Ni, Zn and Cr (except one
layer in the middle) where they dl have concentrations through the core profile higher than
the cal culated background.

Core A was obsarved to have the higher enrichment againgt the background compared with
the other two cores. Except for the Zn, dl examined layers dong the core show values above
that of the background, and actudly much higher (3-4 fold) in top layers, (Fig. 19).

Lead in core A was clearly double of that recorded in core B and C, the high concentration
was not only marked in the upper layers, but rather dong the whole profile. Mean vaues was
6.05+2.5 ug g’

Cadmium in core A has dso didinctive concentrations and trend smilar to that of lead. It
has a mean vaue of 1.92+ 0.92ug g, compared with 0.79+0.36 and 0.81+ 0.47ug g* for core
B and core C respectively. The high corrdation ( r=0.736) between Cd and Pb in this core
confirms this trend, (Table 14). Cr on the other hand is highly postively corrdated with Cu,
Znand Ni (r=0,781; 0,728 and 0,771 respectively).

Copper concentration in Core B and C (Fig. 20, 21) has the same profile variations
(increesing and decreasing againg the background value) adong the core layers, and very close
mean value for both cores ; 341+ 1.32 and 3.21+1.35ug g* respectivdy. The maximum vaue
recorded for Cu in both cores were recorded at the same layer (10cm depth), an interesting
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notice that reveds a dgnificant metd influx into the ecosysem a the time reflected in this
layer.

Copper concentration in core A on the other hand shows a difference to that recorded in core
B and C since dmost the content of the metal in whole core profile was above the background
vaue with prominent increasing trend towards the surface where concentrations are 3-4 fold
higher than lower layers.

However, it can be eadly noticed that dl metds observed in Core A share one clear
increesng trend towards the surface (i.e. sgnificant enrichment during the period of 1980
2000, more markedly in the last 5-7 years) supported by highly (and reatively high) postive
correlations ( Table 14).

7.24 Enrichment Factors (EF)

The enrichment factor (EF) was cdculated for the metd content in the three reef cores
(Tablel5,16,17). It is defined as the ratio between the metd concentrations found a a given
horizon and the concentration found at the bottom of the core (Ruiz-Fernandez et al., 2001).
When EF >1 for a paticular metd, it means tha an enrichment (contamination) exists,
otherwise, if EF < 1, there is no metd enrichment of naturd or anthropogenic origin, (Soares
et al.,1999). For classfication purposes, the EF was divided into three categories of pollution:
low from EF >1 up to 2; intermediate from 2 to 3; and high for EF larger than 3, taking into
congderation of course the highly elevated concentrations a the middle and top layers.
However Table 15,16,17 show the EF for the three cores, A,B,C respectively. Each table
describes the metal enrichment a each horizon -in the Site where the core has been taken- so
it gives detailed idea on the higtory of metd input to the system.

In order to describe the metd enrichment in the whole area of the industrid zone, the
enrichment factor was cdculated as the ratio of the mean surficid concentration of the three
cores and mean concentration of the bottom three cores, (Tablel8).

The cdculated EF for Cd, , Cu and Zn is >2, suggest that the area has an intermediate tatus
of pollution with respect to these metdls The EF of Ni and Cr were >3 indicaing high
enrichment and therefore pollution by these two metds. This concluson is made clear in Fig.
22; where Pbisthe less enriched (EF=1.21), Cr is the highest enriched.

The reasons for such high content of meta can be eadlly interpreted as the area is occupied
by severd indudries, and continuoudy subjected to development, in addition it is heavily
navigated, however more eaboration is discussed in the next chapters.
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Table 14. Corrdation among Sx heavy metds in the reef cores; AB, and C ( 1982- 2001),
al corrdation is sgnificant P<0.05.
CoreA
Cd Pb Cu Zn Ni Cr
Cd 1
Pb 0,736484 1
Cu 0,165686 0,36509 1
Zn 0,2635 0,469353 0,59458 1
Ni 0,597222 0,699316 0,668064 0,577728 1
Cr 0,472635 0,610283 0,781497 0,7283 0,771678 1
CoreB
Cd Pb Cu Zn Ni Cr
Cd 1
Pb 0,07667 1
Cu -0,00764 -0,11839 1
Zn 0,135468 0,288117 0,320223 1
Ni -0,11304 -0,21138 0,047776 0,26259 1
Cr -0,38385 -0,01443 0,13612 0,194442 0,465869 1
CoreC
Cd Pb Cu Zn Ni Cr
Cd 1
Pb -0,04073 1
Cu 0,28236 -0,3058 1
Zn 0,292498 0,179724 0,245587 1
Ni 0,094576 0,03159 -0,12035 0,350576 1
Cr -0,12908 0,041997 -0,00735 0,36176 0,37233 1
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Fig. 22. Comparison of Enrichment factors (EF) for the six metds.
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Table 15. Enrichment Factor (EF) in Reef Core A.

Depth/cm Year Cd Pb Cu Zn Ni Cr
1 2000 2,29 2,43| 298| 17,01 | 11,18| 4,64
2 1999 | 2,12 | 2,28| 4,16| 10,19 | 12,41 | 4,69
3 1998 | 3,07 | 3,00 2,13 | 12,61 8,53 3,75
4 1997 | 1,33| 1,05| 4,44 5,07 8,71 4,20
5 1996 | 1,70| 2,34| 5,07 | 11,12 9,32 | 4,11
6 1995| 0,92 | 2,48| 3,95| 26,27 7,47 | 4,82
7 1994 | 155| 2,65| 2,75 4,15 5,82 2,48
8 1993 | 2,27 | 3,55( 1,95 2,91 10,47 | 3,44
9 1992 | 0,89 | 1,71| 3,19 3,24 5,12 3,02
10 1991 | 2,92 | 2,24| 1,48 2,03 2,71 3,14
11 1990 | 2,76 | 2,66| 1,54 6,97 10,41 | 2,50
12 1989 | 1,78 | 1,47 | 1,41 9,30 5,53 2,21
13 1988 | 1,26 | 1,49| 1,56 2,45 6,68 2,22
14 1987 | 0,89 | 1,10( 1,52 1,40 2,00 1,23
15 1986 | 0,79 0,90| 1,56 5,09 3,29 2,14
16 1985 | 1,15| 1,17| 0,22 0,91 2,74 2,48
17 1984 | 0,55| 1,26| 0,72 0,58 1,53 1,93
18 1983 | 1,06| 0,99 1,41 1,70 3,65 0,75
19 1982 | 0,74| 1,25| 0,64 1,64 3,35 0,89

20 1981 | 1,00| 1,00| 1,00 1,00 1,00 1,00

92
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Table 16. Enrichment Factor (EF) in Reef Core B.

Depth/cm| Year| Cd Pb Cu Zn Ni Cr

2000[ 1,53 0,66 1,19 1,90 2,89 3,39

1999 1,66 0,59 1,19 2,03 2,11 2,29

1998| 1,53 0,88 1,22 2,46 1,83 2,43

1997] 1,38 1,06 0,97 3,21 1,72 3,02

1995 2,44 1,75 1,31 3,15 1,06 1,47

1994| 2,94 0,88 1,22 3,13 1,39 1,51

1
2
3
4
5 1996, 2,16 1,72 0,97 3,18 1,17 2,18
6
7
8

1993| 5,06 1,59 1,06 2,18 1,17 1,53

9 1992 2,97 2,06 0,69 3,13 2,11 1,47

10 1991| 3,06 1,28 2,56 3,15 1,72 1,39

11 1990 3,44 1,13 0,59 3,21 1,89 0,57

12 1989 2,25 0,97 0,66 1,18 2,39 1,25

13 1988 2,22 0,41 1,06 1,33 1,50 0,82

14 1987 1,91 0,91 1,13 1,97 1,17 1,12

15 1986 3,75 1,50 0,66 0,62 1,06 1,61

16 1985/ 0,59 1,50 0,88 1,44 0,72 1,35

17 1984| 2,53 1,28 0,78 0,56 0,89 1,22

18 1983 2,75 0,41 1,19 1,08 1,06 1,61

19 1982 4,75 0,28 1,00 2,33 1,28 0,80

20 1981 1,00 1,00 1,00 1,00 1,00 1,00

Table 17. Enrichment Factor (EF) in Reef core C.

Depth/cm| Year Cd Pb Cu Zn Ni Cr

1 2000 2,30 0,43 1,52 1,30 2,26 2,81

1999 2,30 0,82 1,03 2,28 1,21 2,64

1998 3,04 1,36 1,06 3,53 1,47 2,45

1997 1,04 1,21 0,68 4,05 1,42 2,83

1995 2,44 2,39 1,26 2,23 1,32 0,68

1994 8,67 0,75 1,58 3,07 1,37 1,38

1993 3,48 1,54 1,10 1,30 0,68 2,00

2
3
4
5 1996 2,89 2,04 0,90 2,67 1,00 1,94
6
7
8
9

1992 4,07 2,71 0,48 2,74 2,16 1,79

10 1991 4,85 1,36 2,10 3,33 1,11 1,34

11 1990 3,00 1,36 0,68 2,67 1,47 0,72

12 1989 1,89 0,75 0,35 0,65 1,63 0,98

13 1988 2,15 0,33 1,52 1,28 0,63 0,83

14 1987 2,00 1,00 1,35 1,56 0,84 0,83

15 1986 4,07 2,11 0,35 0,30 0,68 1,32

16 1985 0,85 2,04 1,06 0,95 0,79 1,57

17 1984 2,26 1,14 0,77 0,67 1,00 1,32

18 1983 3,41 0,29 1,00 0,84 1,11 1,36

19 1982 4,48 0,39 0,94 1,95 1,11 0,62

20 1981 1,00 1,00 1,00 1,00 1,00 1,00
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Table 18. Enrichment Factor Calculated for the Industrial area

Suficial layer

Cd Pb Cu Zn Ni Cr
Core A 2,84 7,94 13,22 11,4 3,8 18,2
Core B 0,49 2,1 3,8 7,4 52 17,3
Core C 0,62 1,21 4,7 5,6 4,3 13,21
Mean 1,32 3,75 7,24 8,13 4,43 16,24

Bottom layer

Core A 1,24 3,27 4,43 0,67 0,34 3,92
Core B 0,32 3,2 3,2 3,9 1,8 51
Core C 0,27 2,8 3,1 4,3 19 4,7
Mean 0,61 3,09 3,58 2,96 1,35 4,57

Enrichment Factor (EF)

EF 2,16 1,21 2,02 2,75 3,29 3,55

Maximum and Minimum Values

Core A

Minimum | 0,68 2,94 0,98 0,39 0,34 2,94
Maximum | 3,81 11,61 22,45 17,6 4,22 18,9
Core B

Minimum | 0,19 0,9 19 2,2 1,3 2,9
Maximum | 1,62 6,6 8,2 12,5 5,2 17,3
Core C

Minimum | 0,23 0,8 11 1,3 12 2,9
Maximum | 2,34 7,6 6,5 17,4 4,3 13,3
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Chapter Eight

Multivariate Statistical and Gl S-Based Approach to | dentify the Heavy
Metal Sourcesand Distribution
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8. Multivariate Statistics; Principle Component Analysis
8.1 Introduction

Meta associations and factor contralling their variability have been assessed using the Principd
Component Analyss (PCA). The main am of PCA is to reduce the number of varidbles that need to
be conddered into a smaler number of indices (principa components, PCs) that can be more easly
interpreted (Einax et al.,1997).

A large number of researchers (nter alia., Juishamn et al.,1996; Rubio et al., 2000; Spencer, 2002,
Banerjee, 2003; Muniz et al.,, 2004) have ussd PCA in the evduation of environmentad data,
obtaining interesting conclusions that are not immediately obvious.

The PCA was agpplied on the entire data by usng STATISTICA 6.1, StatSoft Inc. USA. In addition a
fully-functiona demo-verson of XL Miner, QuantLink Inc.; was dso used dong for demondrations
purposes.

In the present work, Principd Components Anayss was performed in order to characterize spatia
regions within the study area and utilizing the outputs of the PCs to support the early conclusions.

8.2 Principal Component Analysis
8.2.1 Overview of PCA

Principal component anadlysis (PCA) involves a mathematical procedure that transforms a number of
(possibly) correlated variables into a (smdler) number of uncorrdated variables caled principal
components. Each principle component is a linear combination of the origind variables. All the
principle components are orthogond to each other so there is no redundant information. The principd
components as a whole form an orthogonad basis for the space of data The first principle component
andyss is a dngle axis in space, when projecting each obsarvation on this axis, the resulting vaues
form a new vaiable The second principle component is another axis in space perpendicular to the
fird (Einax et al.,1997).

The full set of principle components is as large as the origind set of variable. But it is commonplace
for the sum of the variances of the first few principle components to exceed 80% of the tota variance
of the origind data (Liu et al., 2003).

The firgt principd component accounts for as much of the variability in the data as possble, and
each succeeding component accounts for as much of the remaining variability as possble.

Algebraicdly, the PCA is obtaned by finding the so cdled egenvdues and egenvectors. The
egenvdue indicates the amount of variance in the origind variables accounted for by each
component.

PCA is applied for two main objectives, to discover or to reduce the dimensiondity of the data set
and to identify new meaningful underlying variables (Einax, et al.,1997).
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8.2.2 Standardization of Dataset

Standardization refers to the transformation of data by subtracting each vaue from some reference
vaue, typicdly a sample mean and dividing it by the sandard deviation, typicdly a sample SD
(Einax et al.,1997).

This important transformation has been applied to bring dl vaues (regardiess of ther distributions
and origind units of measurement) to competible units from a didribution with a mean of 0 and a
dandard deviation of 1. This trandformation has a wide variety of gpplications because it makes the
digtributions of values easy to compare across variables and/or subsets. If gpplied to the input data,
standardization aso makes the results of a variety of datistica techniques entirdly independent of the
ranges of vaues or the units of measurements.

To get more confidence in the outputs of PCA for the present work’s data, the PCA was calculated
for the raw data and their standardized set in order to notice any difference. However, as been
expected snce dl the of variables are in the same units, no much pronouncesble difference was
recorded. The output of the computation of the sandardized dataset is depicted in (Appendix 5) and
included in this chapter for comparison purposes , and dso because some columns have shown some
relative substantid variance.

8.2.3 PCA Output

Table 19 shows PC loadings and the eigenvaues of dl factors computed for our dataset, ranked
from the highest to the lowest and are related to the amount of variation explained by the axis, and as
shown, the sum of the eigenvauesis 6, which is dso the number of variables.

Components 1 and 2 explain “extract” a variance of 4.187 and 0.7585 which is 69.786 and 12.643 of
the total variance of the Six variables respectively .

About 8242 of the total variance in the variables set is dtributed to these two components. The
remaining 4 components together account only for 17.571 of the total variance.

8.24 Number of Componentsto Retain

Severd criteria are usudly used in practice for sdecting the gppropriate number of components for
interpretetion; the amplest is to use as many factors as the number of eigenvaues that are greater
than 1. The other common method isthat of Cattell, (Einax et al., 1997).

According to Caite’s method, the number of components to retain is determined by congructing the
so-cdled Scree plot (Fig. 23). Scree is a geologica term referring to the debris that collects on the
lower pat of a rocky dope In this method, the magnitude of the eigenvalues (vertical axis) are
plotted againgt ther ordind numbers, and the successve eigenvadues will be shown in a smple line
plot.

Firg the place/point where the smooth decrease of eigenvaues appears to leve off to the right of the
plot must be defined. To the right of this point, presumably, one finds only "factorid scree”. Thus, no
more than the number of factors to the left of this point shoud be extracted i.e. in the present case
two factors are found left of the leve-off point, (Fig. 23); eigenvaue 1 and 2 (corresponding variance
69.786 and 12.643).

In the present work and according to the firsd method, there is only the firs eigenvdue which is
greater than 1, (Table 19), accounting for approximately 69.7 of tota variation, where the screeplot
reveds that the second eigenvalue which account for gpproximately 12.6 could be aso consdered.
However, several workers on environmental assessment usudly prefer the Caitd’s method as it might
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include more eaboration on the interpretation (Spencer, 2002; Liu et al., 2003; Banerjee, 2003),
therefore the fird two components will be conddered throughout the following discusson and
interpretation.

Table 19. Eigenvaues of the correlation matrix (data set) and related Satistics.

Vdue Eigervalue %Totai Cumulative Cumuldive
Number Variance Eigenwdue %
(Component)

1 4,187202 69,78670 4,187202 69,7867

2 0,758583 12,64305 4,945785 82,4297

3 0,416341 6,93902 5,362126 89,3688
4 0,308244 5,13741 5,670370 94,5062
5 0,213602 3,56003 5,883973 98,0662
6 0,116027 1,93379 6,000000 100,0000

Principal Component Loadings
Vaide PC1 PC2 PC3 PC4 PC5 PC6

Cd 0,382876 0,558506 0,196267 0,625215 0,016037 -0,334373
Pb 0,346061 -0,652482 0,606813 0,2156/1 0,184902 0,074727
Cu 0,441182 0,259295 0,193614 -0,224033 -0,530361 0,607589
Zn 0,404031 -0,415748 -0,518673 0,110993 -0,507862 -0,353054
Ni 0,432980 0,149178 0,144822 -0,700146 0,246315 -0,467361

Cr 0,433928 0,002184 -0,515534 0,099391 0,604711 0,412762
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Fig. 23. Scree Plot of the obtained eigenvaues.
8.25 Reallts

The firgt two factors (PC1 and PC2) identified usng the above mentioned method, are explaining
amost 83% of the data variance dong the coadt; the firg factor spanning the greater amount of
variance (69.79%). The dggnificant corrdation determined earlier (see Table 10) between metd
concentrations, being in agreement with the PC andyds results, indicates that dl metas might have
some common sources. This is reflected in  the firgt principle component PC1 (Table 19), where al
of the six variable have pogtive loadings.

PC2 shows however some very dight different trend than the rest of metds explaned by the
negative loadings of Pb and Zn (-0.652 and -0.415 respectively). This could be consdered as a
secondary trend in the overal digtribution of the metals in the study area where Pb, and Zn have been
introduced together to the marine ecosystem by other common sources. Projection of the variables on
the PC plot (Fig.24) confirms this concluson where Pb and Zn are grouped on opposite postion to
that of the rest of metals.

Moreover, the importance of the trace dements (variables) for the digtribution of the samples can be
assesed from their postion on the projection plane, (Fig. 24). The influence of the dements is given
by their podtion in the plot, where both disance and direction from the origin are important
(Julshamn and Grahl-Nielsen, 1996; Soto-Jmenez, et al., 2003; Muniz et al.,2004).

The projection plane shows that dl metds have rdaively the same disance from the origin,
suggesting that dl these metds vary in a Smilar amount among samples, and consequently have the
same importance for the PCs. The projection shows adso the rdationship among the metds as
described above, where Cd, Cu, Ni and Cr are highly correlated and clustered at one side on the
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positive plane as shown in the plot, and the Pb and Zn show another high correlaion to each other by
clustering together on the opposite Sde of the plane.

The naturd inputs of metas into the Gulf of Agaba is very rare due to the absence of mgor streams

and dso to the very low ranfdl in the area. Consequently, the enrichment by naturd sources is
excluded. The firs component spanning the greater amount of variance (69.79%) includes the sx
metals with very close podtive loadings (which are relaied to their abundance in the samples)
definitely represent anthropogenic input.

8.2.6 The Component Scores

Table (20) shows the data in the new coordinate system defined by the principa components where
the output is the same Size as the input data métrix.

In order to get more dHtails and interpretation of the metal digtribution, the PC scores of the firgt two
components for al samples collected dong the coast were depicted in (Fig.25).

The plot shows that the PC scores are clustered into three main groups. These groups represent
actualy the collected samples, therefore and since the samples are georeferenced, it was easy to
identify each group and its geogrgphicd location by referring to the samples it includes. The first
group was found to join samples taken from the marine park and Marine Science Station (marine
reserve). The second group was formed of samples from both the north beach area and main port, and
the third included dl samples taken from and around the industrid area and the oil port.

According to the metd concentrations discussed in Chapter 7, the three groups were categorized by

the meta content of the entire samples, and hence these three groups reflect the different
environmental qudity of the dudy dtes Fg26 shows a conceptuad modd describing the
geographica digtribution of the three clustered groups.

Congdering this new categorization of PCA, and the overal conclusons of the former chapters the
coast of Agaba can be divided (after georeferncing) into three man zones with respect to its
environmental quality in a descending order: Zone A corresponds to group B; the area is redively
not polluted. The Zone included the area of marine pak and Marine Science Station. Zone B,
corresponds to group A, the area is intermediate to heavily polluted. The zone includes the area of
north beach and the man port. Zone C, the most heavily polluted, corresponding to group C. The
zoneincludes theindustria areaand the oil port.
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Table 20. Principle components Analysis- Scor es

'SampleNo, PC1 | PC2 | PC3 | PC4 | PC5 | PC6

| NB1 | -3,00500 | 056587 | 0,02365 | -0,06981 | -0,00296 |-0,066774
| NB2 | -2,83901 | 055145 | 0,11236 | -0,10446 | 0,15616 |-0,075179
| NB3 | -281802 | 064787 | 013385 | -0,42214 | 0,07860 |-0,160789
| NB4 | -2,89141 | 0,67010 | 0,08887 | -0,17830 | -0,18332 | 0,185081
| NB5 | -2,94096 | 0,46019 | 0,04019 | -0,18216 | 0,09156 | 0,117908
| MPL | -013113 | 001488 | -146157 | -0,07494 | -0,81486 | 0512674
| MP2 | 066418 | -2,44573 | 0,83860 | 0,11847 | -0,03814 |-0,115301
| MP3 | 002515 | -0,94378 | -0,60829 | 0,26232 | 0,20148 | 0,004558
| MP4 | 006352 |-2,26966 | 095309 | 0,09620 | -0,42227 |-0,235827
| MP5 | 1,11931 | -1,41169 | -0,31778 | 0,29631 | -0,43737 |-0,070413
| MP6 | 029981 | -0,97249 | 0,82864 | -0,21886 | 0,64105 | 0,235902
| MP7 | -1,31905 | -0,57637 | -0,21503 | -0,23526 | -0,40553 |-0,319437
| MP8 | -0,83682 | -0,37572 | -0,21884 | -0,52550 | -0,29178 |-0,213440
| MP9 | -1,13356 | -0,98470 | 0,24566 | 0,05383 | -0,04741 |-0,251169
| MP10 | -0,98807 | -0,55526 | -0,05510 | -0,51920 | -0,37479 |-0,413309
| MP11 | -0,81529 | -0,1659 | -0,08812 | -0,81470 | -0,04457 |-0,677549
| MSSL | -2,88756 | 0,61215 | 0,05988 | -0,30237 | 0,15903 |-0,139887
| MSs2 | -2,87912 | 0,60960 | 0,11675 | -0,08243 | 0,12342 |-0,078508
| MSS3 | -3,08599 | 0,60810 | 0,04145 | -0,01575 | -0,01578 | 0,046131
| MS4 | -3,07005 | 054176 | -0,01359 | -0,13866 | 0,00160 | 0,151787
| MSS5 | -2,98850 | 044842 | 0,13639 | -0,20390 | 0,01984 | 0,056184
| MPK1 | -2,78746 | 0,79083 | -0,02913 | 0,20003 | 0,04210 | 0,066409
| MPK2 | -2,39872 | 090924 | 0,19950 | 0,02385 | -0,03349 | 0,220261
| MPK3 | -2,23618 | -0,03880 | 053354 | 0,18980 | 0,03732 |-0,232058
| MPK4 | -2,56913 | 0,88381 | 0,33000 | 0,09877 | 0,15339 |-0,227045
| MPK5 | -2,23823 | -0,12456 | 093644 | 0,17126 | 0,40004 |-0,110054
| MPK6 | -1,45599 | -0,64294 | 0,86887 | 0,81608 | 0,01189 | 0,438406
| OPL | -1,99206 | 0,00245 | -1,09475 | 0,32996 | -0,34065 | 0,081753
| OP2 | -1,03600 | -0,37655 | -1,78713 | 0,71264 | -0,50089 |-0,025772
| OP3 | 009068 |-0,95809 | -0,42954 | 0,40354 | 1,06568 | 0,103324
| OP4 | 043535 | -052330 | -1,82981 | 0,18465 | 1,54494 | 0,451344
| OP5 | -0,16935 | -1,33079 | -0,27838 | 0553608 | 0,29787 |-0,299553
| OPla | -1,49665 | -0,45030 | -0,17038 | 0,52620 | -0,30453 | 0,151030
| OP2a | -2,05713 | -0,01445 | -0,01648 | 054779 | -0,08039 | 0,161041
| OP3a | -1,26394 | -0,45701 | -0,17811 | 0,16400 | 0,31482 |-0,052302
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| OP4a | -1,07156 | -1,20410 | 0,38881 | 0,34291 | -0,23519 |-0,366421
| OP5a | -1,28572 | -0,52031 | 0,15575 | 0,27841 | 0,19959 |-0,093023
| IC1 | 296469 | -0,07790 | -0,49845 | -0,83502 | 0,66538 |-0,848593
| 1C2 | 292034 | 057594 | -0,66525 | 0,05563 | 0,65884 |-0,658648
| IC3 | 2,28810 | 026694 | 0,10697 | -1,12535 | 0,52412 | 0,209466
| 1C4 | 193177 | -0,01426 | -1,23357 | -0,38799 | -0,07263 | 0,136837
| IC5 | 167592 | -0,62064 | -0,50293 | -0,40048 | -0,28712 |-0,290025
| IC6 | 151360 | 153442 | -0,39192 | 0,12303 | 0,37425 |-0,153821
| IC7 | 099900 | 0,23375 | -0,91423 | -0,95168 | -0,54787 | 0,044783
| IC8 | 157422 | 021085 | -0,47337 | -0,81690 | -0,63099 | 0,204595
| 1C9 | 1,43607 | -0,01769 | 091237 | -0,78357 | 0,20208 | 0,822180
| IC10 | 1,84200 | 0,54480 | 0,65086 | -0,87216 | 0,07685 | 0,208422
| IC11 | 318319 | -1,28424 | 0,61023 | -0,16626 | 0,20167 |-0,008839
| 1C12 | 1,76006 | 0,65514 | 0,27896 | 0,65750 | 0,04009 |-0,205012
| IC13 | 253254 | 1,05521 | -0,13294 | 1,89876 | -0,00563 | 0,038826
| 1C14 | 344409 | 1,61988 | 0,63993 | 0,81298 | -0,47422 |-0,782492
| 1z1 | 1,77056 | 0,86085 | -0,46163 | 0,22653 | -0,01003 |-0,124931
| 1zZ2 | 236100 | -0,66919 | -0,05169 | -0,03824 | 1,00663 |-0,033518
123 | 1,74472 | 1,62335 | -0,39750 | 0,22478 | 0,63892 | 0,459037
| 1z4 | 1,87185 | -0,65413 | -0,45480 | -0,08846 | -0,24490 | 0,733934
| 1z5 | 142531 | -048918 | 0,19795 | 0,33380 | -1,06778 | 0,663950
| 1z6 | 055912 | -0,34335 | 0,76900 | -0,89510 | 0,50561 | 0,060079
| 1z7 | 1,64304 | 008330 | 003261 | -0,08832 | -0,89182 |-0,459504
| 1Z8 | 2,06745 | 0,32401 | -0,01916 | -0,76382 | -0,93441 | 0,342291
| 1Z9 | 1,38555 | 0,80355 | 1,28495 | -0,75805 | 0,15992 | 0,707497
| 1210 | 2,20584 | 2,08442 | 1,10497 | 0,02472 | -0,19032 |-0,435111
| 1z11 | 2,00455 | -0,83188 | 0,74440 | 0,60633 | -0,15592 | 0,177774
| 1z12 | 091728 | 045732 | 013217 | 0,78218 | -0,05956 | 0,334676
| 1z13 | 3,08060 | 0,64441 | 0,78931 | 1,35460 | -0,01274 | 0,229283
| 1z14 | 2,88720 | 045018 | -0,29746 | -0,39414 | -0,43486 |-0,133124
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PC2 12.64 %

Fig. 26. A modd showing clustering the measured samples into three groups, using the results of
PC1 and PC2.
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8.3 Modedling the Resultsand Evidencing Spatial Relationship:

One of the purposes of the present work was to study the spatiad distribution of this kind of meta
pollution dong the coast of Agaba. The data obtained and discussed in the former chapter have shown
that there is undoubtedly a status of pollution described as high and medium in some places and low
in others. Another ultimate goad aso to motivate the concerned parties by presenting a well-defied and
clear results. Therefore it was useful to utilize the data obtained throughout this work, more
specificaly from the PCA to establish models that describe and summarize briefly these results.

According to PCA, PC1 was determined to be representing and reflecting mgor anthropogenic
sources, based on the postive and highly corrdated vaues for the Sx metds. In other words, PC1
represent the Sx meta's that have been introduced into the ecosystem via common Sources.

As shown and discussed in chapter Sx severd activities aong the coast are known to contain and
include Cd, Pb, Cu, Ni, Cr, Zn-contained materid in their processes and operations, for examples, the
oil spills, the port operation particularly at the oil berth, the discharge cooling water and the vessds
codings and painting in addition of course to dredging.

On the other hand PC2, by clustering Pb and Zn together suggests another secondary source where
these two dements are being discharged together, most probably shipping and boating through their
exhaugt emissons and the discharge of balast water and the on-board sewage.

By utilizing the PC1 and PC2, two models were suggested. The development of these models was
based mainly on the geostatistic approach, where both the raw data and factor scores (Table 20) were
interpolated by kriging method using SURFER 2 7.0 for Windows and ArcView? 3.2a for Windows.

The first model F1 scores were plotted on a map evidencing the coast of Agaba (Fig. 27). The results
of a PCA peformed on sx heavy metds, identified three areas with postive anomdies. The spatid
relationship between these anomalies and the type of coastd activities showed that the areas include:
the main port areq, the oil port and the industrid zoneThis is exactly the same thing concluded earlier
in chapter saven.

To confirm such didribution, the second model was developed by using this time the score of PC2
which were composed over georeferenced land use map of the sudy area (Fig.28). Almost the same
digribution was obtained, three main areas with podtive anomdies represent the same identified in
Fig. 27. The only minor difference noticed here is that the marine park area and the surroundings were
dominated by PC2 contours with low vaues (<0.5) more than the PC1 low-vaue contours. This is in
agreement of what has been mentioned above that Pb and Zn have shown dgnificant corrdation over
the other dements in PC2, which was attributed to secondary common source that has impacted this
area in paticular. However, the landuse map included in this mode provides a detall on the nature of
the exigting activities dong the sudy area

Concluding on the above, it is now very clear that there are some areas suffer increasingly impacted
by uncontrolled activities, which in turn affect the nearby fragile cord reef sysem, therefore these
area should be tackled as priority in any given development and management plans, in addition, of
course of the need, to some urgent actions for monitoring and mitigations.
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9 Identification and Assessment of Main Potential Sour ces
9.1 Introduction

It is estimated that gpproximately 6.1 million metric tons of petroleum products are relessed to globa
oceans annudly, the mgority of which is derived from anthropogenic sources and which pass through
the coastad zone before being @rried out to sea (Capone and Bauer,1992). Worldwide, mgor inputs of
petroleum into the marine environment occur via indudria discharge and urban runoff (36%), ves
operaions (33%), tanker accidents (12%), amospheric deposition (9%), natura resources (8%) and
exploration production (2%) (Queendand Transport,1997).

The fate of petroleum hydrocarbons once they enter the marine environment is dmilar to tha of
many organic pollutants. The bulk of the petroleum initidly introduced into the water column rgpidly
becomes associated with hydrophobic organic matter and suspended particulates, the volatile
compounds then evaporate and the non-volatles are deposted into the sediment (Capone and
Bauer,1992). The component of petroleum left, the emulson or ‘'mousse, is not likdy to disolve,
adsorb, evaporate or be rapidly biologicaly degraded and will eventualy sink to the bottom and settle
in the sediment. While the lighter fractions are suspended in the water column, the most damaging
impacts are on larvae and low moatility organisms that cannot escape the ail.

The effects are most notable in changes in feeding or reproductive cycles that ultimady affect
population size and fecundity. Once the PAHs have settled in the sediment, filter feeders and benthic
organisms ae affected with the biocaccumulation of toxic compounds in their tissues, genetic
mutations and cell atrophy often occurring (Peters et al.,1997).

Metds are ds0 srongly associated with particulates and enter the marine environment in a Smilar
fashion to organochlorine compounds. The mgor routes of environmental entry include atmospheric
trangport of dust and through sediment movement in overland flows and in waterways. Additiond
quantities of metals are dso added to the environment via the discharge of effluent and urban
dormwater. Paticulate metads in sugpenson and in bottom sediments are not generdly directly
avalable to aguatic organisms, the exception to this are sediment bound metds which can be
accumulated following solubilization in the acidic juices of a sediment-feeder's gut (Waldichuk,1985).

The rates a which metds are solubilized from particulates is dependent on environmentd factors
including dissolved oxygen concentrations, pH, <dinity and temperaure (Wadichuk,1985). Once
dissolved in the water column, metals may be accumulaied by marine invertebrates from solution via
passive uptake across permesble surfaces such as gills and the digestive tract . Cdlular metd toxicity
is primarily due to the chemicd inactivation of cdlular enzymes responsble for normd organism
aurvivd and function (Forstner,1989), organism growth, reproduction and behavior are potentidly
effected by eevated environmental metal concentrations (Langston,1990).

It is known that rivers and wadis are the most important sources of heavy metas in the agudtic
systems and they carry much larger quantities of the dements as particulates than they do as solutes,
(Guzman. and Jmenez,1992).

The absence of mgor rivers or streams flowing into the Gulf of Agaba, departing the conclusion that
any reported metd enrichment is atributed to such source, therefore there is a need to identify the
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anthropogenic sources that contribute to this enrichment, so as to hdt any further degradation of the
ecosystem through basicaly conservative measures and actions.

In Agaba, dthough it was impossible to determine the metal input into the coast water from each
source, due to many existing sources contributing to the continuous discharge of these metas into the
seq, the present work at least tried to investigate and identify their sources by reviewing the obtained
results and surveying dl potentil sources and activities dong the coadlline that might contribute to
the metd budget reaching the ecosystem.

However, in generd, the input of heavy metds into aguatic sysems originated principdly from two
main sources, namely naturdly or nonpoint sources and point sources by human's activities. The
former incdludes manly geologicad weethering of the eath's crust or thelr ore deposts, while point
sources is usudly congdered the one which is responsble mainly for weater pollution with heavy
metals. Such point sources include for example domestic- and industrial wastewater effluents.

Theandydsof dl types of activities dong the coast have shown the following as contributing to the
meta enrichment in the system considering of course & first that of natural ones:

9.2 Natural non-Point Sources
9.2.1 Atmospheric Inputs of Metals to the Coastal Waters.

There have been few number of dudies of the atmospheric input to coasta waters, and amogt dl of
what has been done was particularly in North America and Europe, where in most other regions of the
world it has largely been ignored, (Jickells1995). Traditiondly, budgets and resdence time estimated
for trace metals in the ocean have ignored amospheric inputs. However, for most mgor and minor
components of seawater the atmosphere has generdly been assumed to be a secondary source. The
continuous atempts to estimate such input are hampered by uncertainties.

In the present work the atmospheric input was ignored for the same purpose mentioned above and
dso for the fact that any amospheric input by al mean will not make an enrichment as much as what
has been recorded here. In addition, this issue requires the interaction of a wide range of disciplines
including meteorologists, geologists, chemids, biologits and modeers in order to be sudied in
details.

9.2.2 Surface Water Inputs

The average totd amount of ranfdl during the rany months of the year in Agaba do not exceed
50mm. Due to this low precipitation amounts and the high infiltration rates in the study area, runoff
does not exigt often, but only when an intensive rainfall event sweeps the area (ISPAN,1992).

Rare frequent thunder storms sweep the area carrying casud intense precipitation in  rainy months
resulting in high annua rainfdl. However, when there is heavy ranfdl, chances of runoff are being
enhanced by the exigence of the impermesble rocks and steep dopes of the highlands (Plate5) which
provide good conditions for runoff (Al-Fargat,2002).
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Paeb. the picure shows pat of the noth coet and the surrounding granite mountains in
which they-in heavy rainfal sessons- contribute to the metal inputsto the gulf.

The ranfdl daa ae avaldde for the la 20 years Daly beds-daa (Fig.29), show dealy
tha there is a paten whee 4-5 years of dryness ae folowed by a we period. The figure
shows do tha some pesks have been recorded, and the highest daly vaue wes in the year
1980. This condudon dong with that of conddeing the runoff as a source of metds both hdp
in interpreting some enrichment found in bottom cores (1980-1985).

According to Al Faga, (2002), one of the potentid pollutant sources heavy meds in
paticular is the granite mountans ovelooking the man pot. These mountans retard wind
trangportetion, and hence causng dugt patides to setle on suface The accumulated deposits,
once raining, will be flushed downward into seawater of the main port.

9.2.3 Groundwater Inputsinto the Gulf of Ageba

Al-Faga (2002) hes edimated the annud subsurfece discharge of groundwater into the Gulf
of Agaba from the northen region (where the northern portion of the coagt is pat of) is 7.1
*10° nfly , dong a shordine of 75km with an average flow veodty of 3¢10° (mvs), while
lessr amount from the southen region (induding the southern coest)  of 326 *10° nily dong
ashordine of 11 km long with an average flow velodity of 9.4+10 " (m/s).

However, the man concan of this condudon is tha awy contamingtion of ground-weter
would ultimady dfect the maine ecosydem through this subsurface dischage in which
different chemica condtituerts induding heavy metaswill be introduced to seawaer.

Moreover, The southern region according to the resarcher possesses rddivey  deeper
groundwater levels compared to the northern region, therefore expected to be less impacted by
any pallution sources. where the northern portion of the coadt is part of.
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Fig.29. Dally rainfal and evaporation distribution in Agaba 1980- 1999, (diagram modified by Al-
Fargat, 2002 based on data obtained from Dept. of Meteorology-Jordan in 1999)

Table 21. Concentrations(mgl™}) of heavy metds in groundwater; messured in wells in northern and
southern areas of Agaba (Al Fargat, 2002)

Well Location Zn Ni Cu Cr Cd |PB

157637(886429| 0.014 {0.0002|0.0008(0.0043| 0.00 | 0.002
Winds Hedges P.|150644|887976( 0.014 {0.0016{0.0013({0.0141| 0.00 | 0.002
S.0.S 150454(884411| 0.171 | 0.001 |0.0012(0.0056| 0.00 |0.0016
Isamic Hospital |150109|883639| 0.015 |0.0008| 0.001 | 0.009 |0.00014(0.0041
Horseclub 2 |148387|884423| 6.595 | 0.002 | 0.003 |0.0028/0.00001|0.0072
(Racing club)
Children School |150074{884518| 0.141 {0.0013|0.0012{0.0103|0.00003|0.0017
Palm P. N. Well { 149088| 886289| 0.014 | 0.001 | 0.001 |0.0083|0.00004|0.0013
King H. Mosque | 150026(882023( 0.026 {0.0003|0.0014|0.0042|0.00001|0.0013

J. Dahdd 149099| 883900| 0.047 {0.0004/0.0011(0.0068|0.00002(0.0011
Plantation

M. Yaseen [150193|884043| 0.013 |0.0003{0.0012(0.0078| 0.0001 (0.0011
T. Kholi Farm 149171/884471( 0.014 | 0.001 |0.0013|0.0108|0.00004|0.0017
Al Kasar Hotel |149812|882843| 0.048 |0.0005|0.0023|0.0057{0.00018|0.0012
S. AgabaGas |150098|880692( 0.018 {0.0011|0.0038|0.0095(0.00038|0.0028

Station
H.Bin Ali 149872(882237| 0.238 |0.0005|0.0026|0.0043{0.00017|0.0025
Mosque
HafiraWdl 1 |149872|881405| 0.041 | 0.00 [0.0016/0.0051|0.00014(0.0026
Southern coast

Industria 147571{864241|0,0590(0,0020|0,0014(0,0044|0,00006|0,0148
complex well
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Table 21 shows the measured concentration of heavy metds in groundwater. However, these
concentrations reflect the norma content of the sx measured metas in groundwater, which usudly
show very low content, but in case of intruson of any contaminants rich in heavy metd, this
amount will be definitely severd fold higher than this norma concentration.

Therefore, the caculated vaues of the annual amount of metal reaching the gulf via the naturd
subsurface flow of groundwater is just to show the contribution of such source.

Based on the results of Al-Fargat (2002), (Table 21) and the estimated subsurface discharge
towards the gulf, the annua amount of meta discharged into the sea was caculated (Table 22)
where, theoreticdly it is the average concentration of certain meta a certan dte (wdl) multiplied
by the annua input of the groundwater into the guif a that dte. It is mentioned here tha nor the
chemica or the physical process which might affect the trangportation (or the rout) of heavy metas
via the groundwater subsurface flow have been consdered in these cdculation, hence such
cdculation is for demondration purpose only. Further invedigaions are therefore highly
demanded.

Table 22.  Annua amounts of heavy metds (kg y!) discharged into the sea by subsurface flow of
groundwater in the northern coast area. Annua groundwater input into the Gulf =7.1¥10° n? y* for
the northern region and 3.26* 10° n /y for the southern region, Al- Farjat,(2002)

X Y
Zn Ni Cu Cr Cd Pb
Northwen Region

157637 | 886429 | gg 4 1,42 568 | 3053 | 0.0 14,2
150644 | 87976 | 994 | 1136 | 923 | 10011 0.00 14,2
150454 | 84411 | 15141 72 852 | 3976 | 000 | 11,36
10109 | 883639 | 1065 | 568 7.1 639 | 0994 | 29,11
148387 | 884423 | 4o 14,2 213 | 1988 | 0071 | 51,12
150074 | 84518 | 10011 | 923 | 852 | 7313 | 0213 | 12,07
149088 | 886289 | 994 7,1 71 | 5893 | 0284 | 9723
150026 | 882023 | 1846 | 213 | 994 | 2982 | 0071 | 923
149099 | 883900 | 3337 2,84 71 48,28 | 0,142 7,81
150193 | 884043 | g5 3 2,13 852 | 5538 | 071 7,81
149171 | 884471 | g4 7.1 923 | 7668 | 0284 | 1207
149812 | 882843 | 34ng 355 | 1633 | 4047 | 1,278 8,52
150098 | 8806%2 | 1978 | 781 | 2698 | 6745 | 2698 | 1988
149872 | 882237 | 16898 | 355 | 1846 | 3053 | 1,207 | 17,75
149872 | 831405 | 5974 0.00 11,36 | 3621 | 0994 | 18,46
Southern Region

larorl | 864241 | 195 34 651 4564 14344 0,956 48,248
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As Table 22 shows, the amount of metas discharged into the sea by groundwater is negligible for
most of the metas presented here, 0 it is confirmed here again that we should congder in future that
such seepage of groundwater as a potential source of pollutants carried out into the sea once the
groundwater itself have got polluted.

However, the naturd inputs of heavy metds into the ecosystem —once occur- are very low, and lower
than the concentrations dready presented in this work and that vaues reported in the avalable
literature (Badtides and Garcig1999; Facchindli et al., 2001, Ramos et al.,2004). Consequently,
atributing the existing enrichment in reef samples to naturd sources is excluded.

9.24 Slidion

Sltation of the corad reefs occurs from resuspenson of inorganic and organic sediments in the
nearshore region by currents. Corad species have varying abilities to shed partides of different gze
and minerdogy. There agppears to be no dudies on the reative amounts of organic and inorganic
material contributing to the reduced water darity in the gulf.

It was widdly reported that water clarity decreases dramatically during windy periods, yet it is not
known whether the resuspended materid in the nearshore regions by cord reefs is primarily organic;
that is detritus from excessve nutrient loading, or whether the resuspended materid is actudly fine
sediments, perhaps from winnowing of the beach materid and other condruction materids. If the
resuspended materid is organic, then the concern is the nutrient input, if however the resuspended
materid is primaily fine inorganic sediments, and therefore contains heavy metds dther from the
origind beach materid or any associated materid, for examples vehicle wadte oil then this source to
be considered.

9.3 Anthropogenic Sources

9.3.1 Point Sources
9.3.1.1 Phosphate Dusts from Port Activities

According to officid reports, 4.0 to 7.0 million tons of raw phosphate is exported through the Gulf of
Agaba via the phosphate berth a the main port. Phosphate dust generated during ship loading is
condgdered as important environmenta problem in Agaba because high percentage of this dust is logt
and settled on the Gulf's water. The environmental effects of the dust include reduction of water
clarity, and rate of light penetration. It includes dso dltation of the cord reef and depresson of cord
growth rates. Other possble effects are increasng the levels of dissolved phosphate nutrients, and
other toxic heavy metds such Cd and Zn (Praagman,1999).

The ealier edtimates of the phosphate dust lost during transportation and loading by the Jordan
Phosphate Mines Company (JPMC) was 0.05 of the amount handled, (Abu-Hila, 1985). Recent
communications with IPMC assured that this figure has been minimized sgnificantly after ingaling
new efficient filter systems by 1996, and the continuous and strict monitoring by the company itsdf,
however, it is well known now that the company is not dlowed to load the phosphate into ships while
there is strong winds (JPM C,2003).

Abu-Hild, (1985) has studied the phosphate pollution in the Gulf of Agaba of Jordan. He reported
that the phosphate pollution is located mainly near the phosphate loading berth and the sewage outfall.
The conclusons was made based on the determination of the didribution of tota phosphorous,
fluoride, cdcium and cdcium cabonate and their association with each other in seven sampling
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gations dong the coast. The tota phosphorus in the sediment core collected from a dation nearby the
berth was 613 times higher than any of the samples from other stations aong the coast, (Table 23).
This @norma high values decrease with incressing distance from the berth. He concluded also that
phosphate pallution is manly locdized in the vidnity of the loading berth dthough its influence may
be detected in other areas adong the coast. The abnormdly high concentrations of fluoride and totd
cacium specificaly at gation 3 of the main port (Table 23) supports this concluson aswell.

The grong corrdation (r=0.99) between sedimentary phosphorous and both fluoride and cacium at
dation 3 indicate that phosphate particles are the main source for sedimentary phosphorous a this
dation (Phosphate berth). In addition, results of the other stations have shown adso that the pollution
seems to reach other areas dong the coast, but it was clear that the closer Sites to the phosphate berth
a the main port were more affected. Other reports have shown aso that the phosphate with this high
level were enough to affect the corals in main port area adversely and many species of stony cords
have been killed, leaving predominantly one species (Stylophora pistillata) which itsdf is suffering a
mortdity rate 4-5 times higher than that in a controlled areato the south (MSS, 2002).

Although that one of the dgnificant environmenta and competitive aspects of Jordanian phosphate
rock is its relaively low concentration of heavy metds such as cadmium, lead, mercury, arsenic and
zinc (Cd,10-18, Cr,50-125, Cu,19-59, Zn,190-510 and Ni >20ppm; inter alia., Okur, 1993, Abu
Hild, 1993 ) dl of which are conddered to be environmentaly hazardous, its heavy metd content is
dill thregtening the Gulf congdering the millions of tons exported annudly via the man port of
Agaba, having in mind the esimated 5% (or even an order less) dust loss rdeased during loading in
which it will eventudly be accumulaied with time and would incresse the metd budget in the
ecosystem.

However, consdering both the results of Abu-Hila (1985) and the evaduation of the this problem
supports and confirms the conclusion that phosphate a least a the main port (indicated from the high
concentration of Ca) is one of the point sources that contribute to the metd enrichment through its
content of heavy meta's which reach the seawater viathe blew dust.

Table 23. Ranges and means of demental concentration (percent, dry weight) in sdiment cores from
the Jordan Gulf of Agaba ( Abu-Hild, 1985)

Station* | Depth %P as P,Os % F % Ca % CaCOs;
(m) Range Mean| Range Mean | Range Mean | Range M ean
5 16.7-19.7 1862 | 2.40-2.88 2.65 29.76-30.40 | 29.93 16.66-20.9( 19.04

10 0.71-5.99 3.05 | 0.19-0.70 0.48 3.22-8.78 5.54 571-809 | 7.26

3 20 0.85-4.26 247 | 0.13-0.75 0.38 349-11.45 | 642 6.6-12.85 | 9.03

30 0.69-3.33 147 | 0.08-0.75 0.32 4.04-11.56 | 6.33 857-1523| 10.71

5 0.07-0.11 0.096 | 0.010-0.013 | 0.012 | 251-6.20 5.08 532-822 | 713

4 10 0.07-0.10 0.080 | 0.011-0.015 | 0.013 | 4.30-7.50 5.73 7.25-10.15| 841

20 0.06-0.09 0.076 | 0.009-0.011 | 0.010 | 3.80-4.50 4.08 483-7.14 | 611

30 0.07-0.09 0.080 | 0.010-0.012 | 0.011 | 3.10-5.10 4.20 4.76-857 | 643

*Seven stations have been sampled in this survey, the only presented here are the results of station 3 (the phosphate
berth) and station 4 (6km south of station 3) for correlation purpose.
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9.3.1.2 Dredging

It iswell documented in literature (Brown,1987; Savat,1987; Mclntyre,1995 Cheevaporn et d.,1995;
Alongi,1997) that dredging a harbors and marinas is associated with releasing and remobilization and
then re-entering of trace metds into the aguatic systems.

Dredging was a frequent activity at the harbor basins in Agaba, in particular the main port. There are
no sudies that indicate whether or not the deposited harbor sediments have re-entered the harbor
basins the gulf. However during the last 20 years, three mgor norma expansons have taken place a
the main harbor (APC,2002) and one magor dredging was within the area of the marine park for the
Taba-Agaba underwater high-voltage cable; (a joint eectricity project between Jordan and Egypt).
This high-voltage cable is indaled between the two regions across the Gulf down to depth of 850m.
The project was launched by the end of 1995 and was completed in April 1999. No studies have been
conducted to assess the impact resulted by this project, but however, unpublished and non-available
Environmenta Impact Assessment study (EIA) was conducted by an internationd firm for this
project.

The samples obtained from the nearby colonies a the marine park have shown unexpectedly a
relative incresse of their metal content. The uncontrolled dredging a that Ste was probably one of the
metal sources. The concluson is made based on the period represented in the reef samples obtained
at that Ste and the year of amgjor failurein huge reef block as a consequence of dredging in 1998.

9.3.1.3 Harbor Areas and Marina

Gengdly, dl maina and harbor aress recave inputs from vessd activities. There is a vaiety of
activities associated with vessdls that could contribute trace metas including antifouling pant hull
coatings, motor exhaust, and hazardous materid spills.

Of dl the vessH reated activities antifouling bottom paints are amongst the largest source of trace
metals, in particular copper at harbors and marinas (Schiff et al., 2004).

At the harbors, it was not possible to track what kind of such products or ingredients are being used,
as the bottom panting is caried out manly by the crew of vigting vessd (usng the pants they
dready have) and not by aloca contractors.

At the Royd Yacht Club the only exigting marina in Agaba used for smdl leisure boats and yachts,
current day hull coatings are impregnated with copper and sometimes co-biocides whose god is to
retard the growth of dgae and other encrusting organisms, there is no specific paint type is being used
and no control over the use of such materid by the authorities (Qusous,2003).

However, no samples have been taken from this area as there was not any reef community around,
but even if there is any pollution recorded at the basin, it would not extend outside its boundaries. This
is due to two reasons, the firgt; the marina is inherently protected which redtricts circulation therefore
inhibit  the movement of pollutants outsde, and second dl of examined samples taken from the
nearby gStes did not show unexpectedly values for metds, specidly for copper. Noteworthy is that this
matter does not depart the possibility of the nearby areas to be impacted by the routine activities of the
boats that use the yacht club.
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One more thing of concan is the exiding submaine dructures a& the man harbor which ae
more than 30 years old. Such dructues may contribute to the heavy med contet in the
seawater asthey suffer chronic corroson and lesks or even rupture.

9.3.1.40il Port

The aea oppodte to the ol pot has shown gdgnificat fluctuation in the concentration of Al
metads. Thee flududion ranged from extrendy high to rdaivdy low. The interpreaion
beyond such vaidions (dthough the port is congdered as a point source of meds) is tha the
operdions were hdted for sevad times during the lagt twenty years However, two mgor
peeks of metd concentrations were obsarved for samples taken from the ol port aea They
could be atributed to the increase in uang the tarmind during the firg Gulf war 1980-1988 as
a man route for the export of Irag ol. Smila intendve use was d0 prevaling during the
ssoond Gulf war.

Noteworthy is that during periods of no-operation the port was being used for importing the
botanicd ail. Theefore even if high potetid of polution was dsant during that time, there is
dill apotentia but lesser for pollution from routine operations & the port.

9.3.1.5Cooling Water

Currently, there are three lage fadlities that use ssawaer for cooling. The inteke is operated

through an open cand, while the discharge is through pipes extending some 200m from the
beach a depth of ~10m (Pae 6). Although the exiging operaing coodling sysems in Agaba
ae based on the common known noncontact sysem, there is dill an impact assodated  with
the discharged. Open redrculaing cooling waer sydems ae subject to metd corrodon, scde
formation, and bidlogicd fouling, which has adirect effect on the ecosystem .

Commonly there ae sverd chemicd products usudly used for trestment purposes. Among
these products ae the additives which contan copper, zinc, hexavdent chromium, tributyltin
and other oganomddlic compounds contribute to  evironmenta  pollution, (Fakowsk and
Newman,1998).

Seved meds induding copper, zinc, drvome and tributyltin can be found in the dischage
from coding wae sydems Coppa ad zinc ae common maeids found in coding water
sydem components and piping; both are susceptible to corroson. They ae the most common
metds ussd as coding wae treatment chemicads (GTZ,1991). Andyses of samples collected
from indudrid ooding sydems have sown tha rdaivdy high levds of these mdds ae
often found, (the author).

9.3.1.6The Byproduct Gypsum

Another point source but might be indirect one is the gypsum  (CaSO4.2H,0). Gypaum is
produced a the indudrid complex of Jordan Phogphate Company as byproduct of Phosphoric
add. The ewironmentd oconcern beyond the presnce of this gypsum in huge quanttities
which isusudly collected nearby the factory wherethe dumping areais being known asthe
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Plate 6. One of the discharge points of cooling water on the southern coast.

Fate7. The Gypsum Dumping Site, nearby the industria complex.

mountain of Gypsum, (Plate?) isthat gypsum posses high solubility in weter, thus lowering pH in the
s0il, leading to increase the mobility of any avalable heavy metals which in turn will be transported
eventualy into the sea once there is consderable rainfal, either directly by washing floods or via
traveling with groundwater downwards to the shoreline.

9.3.1.7 Coastd construction

In generd coadtd condruction bring much damage to the marine ecosysem. Thisisather
through dredging, blowing of dust and/or solid wastes accumulated dose to the coast (PlateB).
During the last 20 years coastd condructionsincluded  road congtruction and expangon, a
both the north and the south coasts Severd expangon have taken place & the dready exising
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PlateB. Coastd construction and the associated materia, dust and wastes.

coadd facilities hotels, harbors, camp stes, oil and indudrid ports. In addition to improving the
infragtructure dong the north coast. There was aways no control on the disposa of both solid and
liguid wastes generated from such congructions. Construction materid such as sand, dlinker, paints
and others if not disposed properly will eventudly reach the seawater adding an extra load of
pollutants in generd and metds in paticular to the ecosystem, specidly when such materid are
ingaled very close to the beach.

9.3.1.8 Jordan Cement Storage Facility

The facility is used for storage and export via the cement termind. The cement is trangported through
afabric filter to the conveyor belts leading to the port.

The invedtigations carried out at the site did not show any impact to be considered. The cement is
normaly transported by tankers from the main factories located outsde Agaba and pumped by closed
pipes to the storage domes. Therefore, the facility could be considered as potentid source when only
the wdll-controlled conveying system has become damaged or dilapidated.

However, there might be ill some little concern in this Ste during loading and unloading the cement
to the domesand the termind asthe dust is usudly generated during this operation.

9.3.1.9 Sewage Input

Sawage is no longer routindy discharged into the gulf by the city of Agaba or the city of Eilat
(Isradd). The input of sewage from Agaba is based on leskage through groundwater (ISPAN,1992) and
the input from Eilat are from sawage overflows (Mol,2001). However, what should be considered
here is that prior congtructing the new waste water treatment plant in Agaba in1987, the waste water
of Agaba was disposed through nonrsedled ground septic holes resulting in infiltration of large
quantities down to the groundwater.
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The sewage produced a resdentiad aress, a that time and collected in such holes were usudly
brought by trucks to the old treatment plant south of the main port. Moreover, during the same period
of time, patidly treated sewage was being discharged from this old plant into the gulf (Wahbeh,1990;
ISPAN,1992). Now, this old plant is no longer used. Even sawage produced at the port is now brought
by trucks to the new treatment plant as well.

Based on that sewage is consdered therefore as a source that had contributed to the metal budget
reaching the sea. This was through two routes, the first via the direct discharge of the partidly trested
waste water from the old plant and the second (which is classfieds as nonpoint source, but discussed
here generdly) istransported by the subsurface groundwater flowing towards the gulf.

9.3.2 Non -Point Sources
9.3.2.1 Ol Sills

Ship traffic in the Gulf of Agaba like dsewhere poses a risk of ol pollution from the following
sources (IUCN,1993; Marine SAC, 2003; WRI,2003):

1. Smdl spills caused by the accidenta or intentiond release of oil-contaminated bilge or ballast
water from freighters (O-2 metric tons).

2. Minor spills caused by the reease of oily balast water from an oil tanker or the release of
bunker ail during termind operations (2-20 metric tons).

3. Medium spills caused by the release of oil as a result of defective equipment or procedures at
anoil teemina or pipdine facility (100 metric tons).

4. Major spills caused by e rupture of a bunker oil tank in a bulk/cargo vessd collison (500
metric tons), shipwreck of a bulk/cargo vessd (1,500 metric tons), or a tanker collison
causing the rupture of asingle oil tank (7,500 metric tons).

5. Disagtrous spills caused by the wreck- age of a fully loaded oil tanker (100,000-150,000
metric tons).

Over 2,300 ships pass through the Port of Agaba annudly, but the port has no reception facility for
oil- contaminated bilge or balast water.

Smdl to minor oil soills have occurred frequently in the Gulf of Agaba In 1990, some twenty-two
smndl to minor spills were reported in Isragli waters done (Mol,2001). In Agaba, forty-nine samdl to
minor spills were reported in the period 1993-1996, sxteen spills in 1993, deven spills in 1994,
seventeen Fills in 1995, and five sills in 1996, in addition to one medium soill in 1995 in which
about 54 metric tons of fud oil spilled into the sea and was most devadtating spill in Agaba
(PERSGA,2001).

Noteworthy that there is no officia detailed record for il spills occurred in the Jordanian Gulf of
Aqgaba, prior to 1996, the date of establishing Prince Hamzeh Centre for Qil Pollution Combat.

9.3.2.2 Land Traffic

During the last twenty years there has been non-gradud increase in car traffic around the Gulf which
certainly contributes to an increasing output of gases and particulates. However, there are no estimates
avalable to us on the dimension of ar pollution.
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Truck traffic, in particular in the Agaba region aso generates air and noise pollution. Although levels
of exhaust gases have not been monitored, visud levels indicate high pollution concentrations and
noise levels in urban areas adjacent to truck routes. The concern in Agaba is that the most proportion
of the coastd road that links the city of Agaba with the port and indudtrial aress is located very close
to the shoreline, which increases the possibility of reaching the generated gases and particulates the
nearby scawater (Plate 9).

The problem of waste oil disposd is particulaly acute in the Agaba region because of the high
volume of bulk/cargo transportation via truck to and from the Agaba Port and the industrid facilities
on the south coast. An estimated 1,200 haulage vehicles enter or leave the Port of Agaba each day,
and severa hundreds additiona trucks make ddiveries or pickups from the indudtria zone, resulting
in over 400,000 truck trips each year along locd roads (PERSGA,2001).

Inadequate provison for waste oil collection and recovery pose a hazard to both the marine an
terrestrid  environments. Despite an officid prohibition barring trucks from entering beach aress, truck
drivers commonly drive heavy haulage vehides to off-road areas within a few meters of the waters
edge. Waste oil has been discharged from trucks in sendtive tidd areas, posng a direct hazard to
near-shore cord and rdaed marine life. At few points dong the coasta truck route, prominent
signage prohibiting trucks from entering unpaved beachfront areas can be seen, but this ban remains
to be enforced.

In samples obtained from the maine pak dte, Pb was recorded to have a reaivey high
concentrations compared with the nearby marine reserve. The area used to be designated only for
recregtiond activities, therefore lead is thought to be introduced to the ecosystem by such non-point
SOUrces.

In Jordan, in generd and Agaba in paticular most of the motor vehicles, if not dl are usng the
leaded gasoline, (more available and much chegper than the unleaded gasoline). Before establishing
the marine park on 1997 and adopting the management plan, al beach comers used to drive their
vehides jus very dose to the coadt; only four to five meters from the high water mark, resulting in
exhausting gases that would contribute to the metal content of the system.

9.3.2.3 Agricultura Activities

Although the study aea is not known to contan any red agriculturd activities smal-scde framing
aong the northern portion of the coast (locadly known as Al Hafyaer ared) should be consdered as a
possible source of contaminants.

The area usudly planted is Stuated directly on the beach, less than 20m from the water mark, the
potential contamination might take place when famers use pedicides which might contan heavy
metads in this area, which however will be reaching groundwater and eventualy transported dong into
the sea. No data or any related information are available on thisissue.
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9.4 Unpredictable and Unforeseen Sources

In the former section, it was attempted to investigate the most probable sources of meta input to the
ecosystem. Although it was difficult to determine such sources quantitatively due to many factors
including the variaion in the type of activities dong the coadt, so the sources mentioned earlier were
identified based upon the investigetion of al type of activities in Agaba. The literature collected on
gmilar topics were very ussful in identifying such sources

However, snce heavy metds are condituents of many products and materid, it was necessary aso to
consder some sources which might seem to be not so important in terms of the quantities of metals
that they might introduce to the ecosystem. Such sources, would be significant when their little impact
be congdered on the long run, asthey accumulate with time.

Among such unforeseen sources is the bioeroding of older reef sections. The results of the present
work, has shown that there is dgnificant enrichment of metds in the cord reef of Agaba Therefore,
these reefs have become in turn a source of metals through the chronologicd accumuletion over time.
Bioeroding is a common ecologica process, and the reefs are subjected to such process, therefore
once takeing place, it would release metds into the ecosystem again and contribute to the metd
budget.

Another source is the sewage being discharged by vessds. An undetermined proportion of cargo
vesels usng the ports of Agaba have on-board sewage treatment systems, but none of the Gulf-
bordering states employ measures to ensure the effective operation of these systems while ships are in
port. On the other hand, vessds with no such sysems are discharging their sewage into the gulf’s
water. This is agan a monitoring-related issue by the concerned authorities to ensure zero discharge of
vessH s sawage into the gullf.

Example on this are the three vessdls operated by the Arab Bridge Maritime Company, which is
savicing the AgabaNuweba (in Egypt) ferry route. They have no onboard sewage treatment
systems and, hence, untreated sewage generated from the 1.2 million passengers who trave this route
annudly is dumped directly into the gulf (ABMC, 2001).

The location of the Jordanian coastline to the south of Wadi Araba, makes the area exposed to the
desat dust caried by the prevaling northerly winds. This dust might bring copper minerd, which
could be consdered as a source of metd input. However, it can not be decided weather such source is
amagor secondary one unlessthe amount of dust and the its content of copper is determined.
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The coast Highway fe

_Shallcnw coral Reef I

Pate 9. Showsthe closenessof the highway to the adjacent cord reef.



Environmental Assessment, Documentation and Spatid Modelling

Chapter Ten
Future Trend, Discussion and Conclusons



Chapter Ten. Future Trend, Discussion and Conclusion 125

10 Future Trend, Discussion and Conclusions
10.1 Future Trend and the Basis of Prediction

Jordan has made progress over the lagt decade in creating and enhancing mechanisms for
environmental protection in Agaba region. Severd new laws, sandards and inditutions, both
governmental and non-governmental have been established. The present challenge is to assure
that they are enforced s0 as to have the maximum pogtive effect. On the nationd leve, this
chdlenge is clearly addressed in the 1995's Law of Environmentd Protection, (later of the
Environmentd Law of ASEZA (2002) which explicitly cdls for removing adminigtretive
overlgp and ambiguity in enforcement authority. In addition, cooperation with neghbouring
countries in the Gulf of Agaba in the areas of oil spill response and cord reef protection are
critica to Jordan’s ability to address these two environmenta protection priorities.

The bads of predicting the future trend depends on reviewing and andysing the past and the
current Stuation (development), but however this should be done while consdering some of
the following features which have significant effect on determining such trend:

The physiographic features of the Gulf of Agaba creste a unique and diverse
ecosysem, but one particularly susceptible to damage from pollution. The mgor
pollutants and pollution threats in the region discussed earlier in the former chapters
ae maine ol ills and discharges, indudria pollutants, uncontained  disposd  of
used motor oil, municipd and ship based sewage, and solid waste from marine and
land based sources. Tourism development activities on the other hand may intengfy
exising sewage and solid waste pollution concerns and may dso heighten the risk of
direct physica damageto cord reefs.

The dow, circular currents of the gulf provide abundant nourishment without
endangering cora polyps, ad the high dissolved oxygen in the wam waters dlow
luxuriant cord growth. In the absence of high leves of human activity in the region, it
could be safdly sad that the gulf would remain one of the world's most productive
and diverse cord reef ecosysems. But however, dl indicaors (eg.,
UNEP;1997;PERSGA, 2002 and present work) are showing that the cord reefs of
Agaba are increasngly threatened because of anthropogenics entering the gulf and
aso due to the isolation from other oceanic processes, snce the northern section of the
Gulf of Agaba is far from the flushing dynamics of open ocean circulation patterns,
which means that pollutants and sediments accumulate rgpidly and have nowhere to
go.

The potentid hazard to the marine environment of pollutants depends mostly on their
concentration and perdstence. Persgtent pollutants, such as heavy metds, can remain
in the environment unchanged for years and may thus pose a threst to man and other
organisms, (Howard, and Brown, 1984).

However, the term “Future” which is used in this chapter corresponds to the year 2002 and
onward. This is because in that year, Agaba region was transformed into a special economic
zone, which means that most imported merchandise, mainly capital goods, are not subjected
to declaration. The purpose was to dtract more investments to the region utilizing the
geographica location of the city and the existence of marine access. Such investments include
of course wide varieties, industrid, tourist and other routine commercia ones.

It should be noted here tha the following reading of the future trend is only a descriptive one.
Quantifying such prediction will be needing some cdculations, datisicad andyss, moddling
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and would include identifying of gpecific indicator for further assessment and monitoring, the
thing which could be a purpose of further researches in the future,

Reviewing of both the human impact on the marine ecosystem during the last 20 years and
the potentid impacts from recent development (2002-2004) including some of planned
projects were the base of identifying the future trend.

10.1.1 Human Impact on the Marine Ecosystem: the Past, the 1980s and Beyond

Human activities in the Gulf of Agaba used to be minimd until the 1960's, when Jordan and
the other surrounding countries; Egypt, Saudi Arabia and Israel began to develop ther ports at
the northern Gulf. Although the ports of Agaba and Eilat in particular became economicaly
sgnificant, they gill remain minor ports on a larger scade. Jordan reies on Agaba as its only
outlet to the sea, while Isradl imports the mgority of its petroleum through Eilat ports.

Development in the Jordanian sector of the Gulf of Agaba has taken place mainly in the last
three decades and more intensvely during the last two decades. During this ratively short
period, maritime activities have increased subgtantidly. However, the rhythm of development
has not been steady. In 1993, the World Bank published a report stating that “ during the last
25 years the nutrient levels, turbidity, and productivity of the seawater have increased”.

The developments included the congtruction of port and Storage facilities, power generaion
dations, fertilizer production indudtries, hotels and restaurants. However, agpproximately 30
percent of Jordan’s coadtlineis currently occupied by port-related facilities.

In chapter nine, al potentid sources of pollution and threats were liged. It is dways
necessary to remember that these thrests have become increasingly more sdient in recent
years, asthere is an exponentia growth in the usage of coast for different purposes.

An associated day-to-day bass impact of such exponentid development, include smdl,
recurrent lesks from cargo and pleasure boats, land-to-sea trandfers, and the discharge of aily
balast water produce more pollution and do more environmental damege overal than one-
time eventslike alarge spill.

Indudtridization around the Gulf of Agaba adds sgnificantly to the pollution of the marine
environment. The exportation of phosphate from Jordanian indudries is a mgor type of
pollution from the port of Agaba. Approximately one percent of phosphate is logt into the
amosphere during the loading process. The dust settles in the Gulf of Agaba, incressng the
water born phosphate concentration. The increase of phosphate in the sea leads to severd
possble consequences, the most serious being "phosphate poisoning.” Phosphate dust can
bring about the death of cords through stress caused by reduced light intensity and increased
sediment load .

Indudries in the Gulf of Agaba often use water for cooling and other manufacturing
processes. Power generation and fertilizer production are currently the primary sources of
heated effluents released into coastd marine water from the city of Agaba Severa thousand
cubic meters of water are released per hour in the form of jets 200 meters off shore and a a
depth of 20 meters. A consequence of the discharge into the Gulf is that the water is 3C°
higher than tha of the surrounding weater, which has an average temperature of 23.1C°.
Congdering that the Gulf of Agaba marine organisms live within a few degrees of their upper
thermd limits, an increase in temperature of about one or a few degrees can have profound
affects on these organisms .

Indugtrid discharges into the gulf aso contain suspended particles. Identifying the effects of
these contaminants on the marine environment is important; any factor that reduces light
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penetration, such as a continuous thick film of ail, interrupts the photosynthetic cycle of
gpecific cord reefs, leading to secondary effects, (Literath,1993). Cords need sunlight
because they depend for thar survivd on tiny agee that live in ther tissues. The
photosynthetic algae provide the polyps with carbon, and benefit in return from nitrates and
phosphates produced as waste by the polyps. The lack of sunlight also upsets the relationship
between the polyps and their dgae. When there is an ample supply of nutrients in the water,
the dgae no longer depend on their hogst for these materids. Although the agae proliferate in
the hogt cdls, they begin to withhold the products of photosynthesis from the polyp, which
daves. Eventudly the dgee dther leave or ae expeled by the host (Guzman and
Jmenz,1992). Heavy metds adso pose a serious threst to the environment in the Gulf of
Agaba.

10.1.2 Potentiad Impacts from Recent Development

Since the date of transforming Agaba into specid economic zone in 2002, doors were
opened for more investments. Nothing was mentioned on the capacity of the region to host
such investments. No figures on the numbers or the type of the investment that are alowed to
take place in Agaba.

The following is a briefing of the mgor invesments launched in Agaba snce the
transformation into free zone, provides an idea that would help to envisage the future trend.
This is the only method which could be used to predict the future, smply by modifying the
what so caled; “the present isthe key to the past” into “the present isthe key to the future “.

A) The new Kemira Arab Potash Company KEMAPCO; a joint venture between Jordan
and Finland which is consdered now as Jordan's largest fertilizers and anima feed
production plant. This industry utilizes the phosphate and potash raw materid to
produce different kinds of fertiliz)s and other relaed products. The mgor
environmenta concern here is that the plant is udang the seawater for cooling. The
heated return water is being discharged again into the gulf. Right now, things seem to
be controlled; at the discharge area (persona observation and survey).

B) Two new big storage facilities have been condtructed dong the coast since 2002; the
firg belongs to the Jordan Bromine Company, and the Second is of the Jordan
Magnesa company. Both have been subjected to environmental impact assessment
studies, and supposed to be monitored by the concerned authorities.

C) A lage lagoon (maring) is being condructed dong the south coast within the marine
park boundary. The lagoon will be part of a big resort, and his lagoon will serve the
leisure boats and other marine-sport activities.

D) A dorage facility is dso being condtructed for glass sand, which is supposed to be
exported via Agaba main port.

E) Fndly, the huge and the well-known Red Sea-Dead Sea Conduit project. This project
Is gill being proposed, but dl indications reved that it is right on the way in the
coming two years, Snce dl of the concerned parties are negotiating over its fesshility
and other related issues and some prdiminay environmenta dudies are being
conducted nowadays (MWI, 2004 and person. comm.). However, as this project might
be of gpecid interest and condderation from an environmenta point of view and aso
as it provides a milestone for any proposed scenario for the future of the gulf , we
provide a brief summary below:
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E1l. Genera Background to the Project

The Dead Sea basin is a unique ecosystem to the world. The Dead Sea, a termina lake, is the
lowest place on earth and the sdtiest large water body on the planet. Over the last forty years
however, the Dead Sea water level has dropped by some 25 meters. The current yearly water
level decline is by over one meter in depth, due to both water diverson and industrid activity.
The building of a conduit for the purposes of bringing marine waers from the the Gulf of
Agaba/Red Sea to fill the Dead Sea, has been proposed by the governments of Jordan and
Isradl asthe solution to the declining Dead Sea water level.

The Red-Dead Conduit is a water conduit that would convey sufficient water from the Red
Sea to the Dead Sea. The conduit represents the only viable measure to mitigate dl the
negative environmenta impacts of the declination of the Dead Sea

The project is bold and visonary. It needs to be bold in order to solve the enormous Dead
Sea dtuation. It condsts of a water conduit (a combinatiion of tunnd arid cand sections) to
convey dmog 1.8 hillion cubic meters per year of sea water some 180 kilometres from the
Gulf of Agaba to the vicinity of the Dead Sea. The project itsdf would reverse the decline in
the Dead Sea and gradudly promote an increese in the leved back to higtoric levels,
(MWI1,2004)

The Conduit implementation unlocks the ability to develop power/desdindion projects. The
1.8 cubic billion meters per year of seawater brought from the Red Sea will utilize the 400 -
meter devation difference to generate a renewable source of power This power will be used to
operate reverse 0Smosis units that will transform seaweter to fresh water

There will be two enormous products from the fully redized project. A portion of the water
(1.00 hillion cubic meters per year) will be directed to the Dead Sea This quantity will be
aufficient to reverse the decline of the Dead Sea level and restore it a an ecologicdly prudent
rate.

A great quantity of fresh water: (850million cubic meters per year) will be produced and
directed to satidfy the fresh water demands in Jordan, Isradl and Pdestine. The quantity would
be sufficient to meet the region’s needs for fresh water for the foreseeable future.

E2. Future Environmenta Effects of the Conduit on the Gulf of Agaba

Although discussing such topic is totaly beyond the objectives of the present research, it
was necessary while talking about the future trend regarding the environmental conditions in
the Gulf of Agaba to include this project as an example which is expected to affect the gulf's
pysochemica characteritics. However, what is included dready under this section is the
more related issues to the metd inputs which is ultimately the main concern and scope of the
present work.

The extent to which congruction and operation of the proposed conduit might affect the gulf
depends upon a number of variables, which might include one or more of the following:

Magnitude and frequency of operation or activity,

Presence of sengtive habitats and species and their proximity to the site,
Hydrodynamic conditions (tidal range, depth, tides, currents),

Sediment characterigtics (Sze, densty and qudity),

Background environmental quality (seawater and sediments),

Seasond variability,

Channd sze and depth,
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Characterigtics of the intertidal area,
Proximity of the marine feature to the activity.

The large number of variables that need to be consdered in determining whether an
operation or activity is likdy to have an adverse effect on marine environment, means tha
this judgement will have to be made on an area by area (within the Ste) basis, and will often
be specific to individud habitets.

Prediction of the potentid effects that might be caused by the construction works cannot be
made with any degree of confidence if these parameters are not known .

However, the main concern of congructing this conduit which might be related to the meta
inputs indude the fallowing:

Once operding, the waer flow from the gulf will hep in fadlitating the movement of
pollutants when occur offshore specidly from the non-point sources like oil saills, or
the discharged bdlast water, therefore any exiging pollution in the gulf will be
eventudly withdrawn to the shore of Agaba

Dredging and operations may under certain conditions have adverse effects on
releasing heavy metds that have dready sunk and trapped by sediments.

Congruction and operdions in intertidal areas usudly associated with changes to
hydrodynamic regime and geomorphology which usudly have an impact and effects
on shordine wave action, tidd range, tidd currents, suspended sediment load. This
will ultimatdy affect any possble diffuson of pollutants induding metd inputs that
might enter the coadtal area.

The expectations which could be made based on the outcomes of the present work reved
that dl the problems associated with heavy metd pollution will incresse congderably in the
yearsto come if measures for control and management are not created.

Among dl of the literature and reports reviewed, it was clear that many authors were
admitting that cora reefs are threstened worldwide by anthropogenic, in particular heavy
metals, but it seems tha the effects of such pollution on the ecosysem ae ill not well
understood. This however might affect passng and daifying the rdevant message to the
decison makers.

10.1.3 The Expected Scenarios

All records of heavy metals have shown that concentrations have been a least doubled at
some gtes during the last 20 years. Accordingly, the first scenario which comes up is, if the
development continues with the same trend and momentum observed in the last 20 years,
automdticaly the magnitude reported here will be doubled. This prediction is consdering the
physcd and chemicd characteridics of the Gulf of Agaba Being semi-closed system, low
ranfdl and absence of dreams discharging means that any pollutants enter the sysem will
not be flushed away or even diluted. The ultimate route is to dnk ether in sediments or in
cord reefs and in turns taken up by organisms eventudly reach the human beings. The other
direct consequence is the deterioration of the marine ecosystem including death of coras and
the associated marine life which will on long run afect the tourism indudry in the region.
Thisin fact summarizes the first scenario.

Second Scenario, is the devdlopment (in dl different fields;, indudtry, tourism, infrastructure)
to continue taking place, and this is the most probable, but dong, a rasng in awvareness,
understanding and appreciation of the sendtivity of the ecosystem by decisons mekers and
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public exist. The thing will lead to a sound management and control over such development.
This of course indude drict enforcement for environmenta regulations for example, the
dandards that controlling discharging of cooling water into the gulf, or that contralling
discharging bdlast waer by large vesss in the regiond water. However this definitely will
not diminate the impact totaly, but & least as3ss in minimizing and mitigating the potentia
impacts.

The third scenario, which is unthinkable to consder by the authorities. This option
hypotheszes to hdt the ongoing devdopment for the ske of conserving the maine
environment dlowing and desgnaing the coastd aess only for tourig industry. Many
examples worldwide have shown that tourism revenues generated by cora reefs are
sgnificant. For example, according to the reports by internationad concerned agencies, tourists
vigting the Horida Keys generate & least US3 hillion dollars in annud income, and the Gresat
Barrier Reef well over USL hillion dollars per year (UNEP1998).

10.2 Discussion and Conclusions

The present work represents the first detaled geochemicd —heavy metd- survey of the
Jordan’s Gulf of Agaba It provided basdine data on both verticad and laterd varigbility in
metal concentration across the coastline.

10.2.1 Benefit of Usng Cord Reef as Environmenta Indicator

The cord reef can function as environmental indicators for heavy meta. A comparison with
a natural background of the area can then provide the basis for identifying influences of locd
human activities on cord reefs.

The results obtained here by using cord reef coincide with other conclusons made by many

authors who have used other different methods (i.e. sediments, seawater or organisms),with
repect to the identification of potentia sources of pollution, (Abu-Hilal,1985,1987,1993;
Abu-Hila, and Badran,1990, Wahbeh,1990).

The modds edablished usng the daa of the present work have dso confirmed the
usefulness of cord reef in detlermining the gpatid didribution of meta pollution, this of
course is benefiting from the origind good digribution of reef communities dong the
Agaba s coast.

Studying reef cores dso has another benefit, since it helps in identifying the historica input
of certain pollutants, in turn, this hep in establishing a basdine to be used while planning and
Setting management and landuse plans.

Findly, it is noteworthy here that researchers should focus their efforts in the future to
edablish gpecific guidelines for metd content in cord reef, because till now no such
guiddines exig.

10.2.2 Med Pdlutionin Smilar Ecosysems

It was necessary to compare the outputs of the present research with other smilar cases, o it
becomes easer to undersand the magnitude of the impact and the pollution status in Agaba
Severd examples and case studies as well as reports have been reviewed during this research
(see Ligt of References). However, a mgor diginct for the study area is that it is not
influenced by rivers or wadi influx. Therefore one can expect that the ecosystem; in case of
continenta influx, has adgpted the existence of such conditions.

Among the reviewed cases, the interesting results of Guzman et al.,(1992) is briefly
discussed here.
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The authors studied the contamination of cord reefs using heavy metds aong the Caribbean
coast of Centrd America Besdes sediment samples, cord samples were collected from the
top of the colonies where the subsamples of corad skeleton contained & least the last 4 years
of skeletal growth, based on growth rates of 5-6mmy2.

The authors concluded that most of metad levels measured in cord skeletons aong the
Caribbean were higher than the range observed in cords from Thalland and Hong Kong with
which they were compared.

According to the results obtained, the meta concentrations observed adong the Caribbean
showed no consgstent differences among dl study reefs. Even the remote reefs are influenced
by metd pollution, athough a lower levels than the other reefs This suggeds that a wide
range of pollution sources, both naturd and anthropogenic are probably influencing the entire
region.

Severd pollution sources have been identified through the research. According to the
authors, possible point sources were refineries, oil terminds, power plants, ports and domestic
and indudtrid sewage. Non-point sources include agriculturd activities and soil eroson. The
concentrations range in the reef samples of Cr, Cu, Zn, Cd, Pb and Ni were, 6.3-32.4, 1,7-
19.6, 5.3-26.2, 18.6-40.5, 65.4-141.8 ppm respectively.

The overdl concluson of the authors was, the area is exposed to larger range of metd
pollution, naturd and anthropogenic as a rexult of the increesing environmentd contamination
from sewage discharges oil spills the misuse of agriculturd chemicals and fertilizers and
topsoil erosion.

10.2.3 Veification of Results and Conclusions Obtained Throughout the Present Work:

It was dated earlier that few <udies and investigation have been caried out on the
environmenta quality of the Agaba coast environment . But however, each was conducted
based on different method and/or indicators ( see literature review and chapter seven).

With dl of these different method-based sudies, it was noticed that some of them have

common conclusons and results that are very interesting and in agreement with the man
outputs of the present work concerning the identification of hot spots (impacted Stes) aong
the coast. The following summarizes briefly these studies where Fig.30 depicts both the
outputs of the present work and that of the mentioned previous works.

Badran and Foster,(1998): Through fine temporal resolution monitoring of the ambient water

temperature, dissolved oxygen concentration and percent saturation, the inorganic nutrients
ammonia, nitrate, nitrite, phosphate and chlorophyll a concentrations were generated to assess
seawater quality. Four coastd dations were designated for sampling. According to their
results, the area of the man port and the indudriad area both show sgnificant postive
modification with respect to the measures parameters.

In the present work, the area of the main port has shown ggnificant enrichment with respect
to the metal content which has been identified as highly impacted area (Fig. 27 and 28).

Abu-Hild,(1987) has dudied the didribution of trace eements in nearshore sediments aong
gx sampling dations. He concluded that the area opposte to the old sawage plant is highly
impacted. Concentrations of Cd, Co, Cu and Pb recorded a that ste were higher (3-9times)
than the other dations. The dgnificant corrdaion between these trace dements and the
organic carbon suggests that such high content of metd is most probably attributed to the
discharge of untrested swege effluent from the treatment plant into the Gulf’'s water in tha
area
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Comparing this concluson with the present work, it is totaly in agreement when compared
with samples taken from around the old sewage plant. For example, Cd, Pb and Zn recorded
to have concentration of 0.78,6.2 and 8.9 ug g1 respectively.

The same concluson was dso made by Wahbeh,(1990), who investigated the concentrations
of Zn, Mn, Cu, and Cd in soft body tissues of some Intertidd molluscs in Agaba. The results
indicated that species collected from the intertida area opposte to the old sewage plant have
higher concentration than other dtes. He attributed this to the discharge of untreasted water
into the sea.

Abu-Naseer, (2004) in a quditative study to detect pollution and damage of the cord reef by
usng remote sensing technique as a tool has concluded tha the reef south of the Marine
Science Station (MSS) suffer from changes in its area and spectrd characterigtics in last
decade (from 1990 to 2000). He attributed such deterioration in cora hedth to the pollution
hypothesis. However, this concluson coincides partly with the conclusons made out of this
present work. The aea south of MSS, described by Abu-Naseer as being suffering
deterioration is geographicadly pat of the marine park in Agaba According to the present
work, this areawas considered as lessimpacted compared with the other parts of the coast.

Noteworthy is to mention that the concluson of AbuNaseer explans not only the
deterioration of cord reef that result from pollution but dso -as understood from the method
he has used- the physicd damage that is common by boat anchoring and bresk down of reefs
by tourigts.

10.2.4 Discussion and Conclusion on the Meta Concentrations adong the Coast

The concentration of metds observed showed consstent differences among al sudy dtes.
Even what could be described as prigine reefs were influenced by meta pollution. This
suggests that wide range of pollution sources (naturd and anthropogenic) and probably
sometimes an  effective mechanian for didributing metds southward are influencing the
entire area.

All records have shown that there are ggnificant fluctuations when moving southward with
generd increasing trend in concentrations, this is due to the fact that the coast is not wdll-
segmented in terms of land use system. For example the main port is located between the
protected areas of the marine park and the marine reserve and the north recreationd beach.
South of these protected area, the oil port and the industrid area are located. This is attributed
mainly to the fact that the main port was condructed prior to getting the extra 12 km from
Saudi Arabia in 1966 through a land-exchange agreement between the two dtates. Before this
agreement, the whole coast of Agabawas only for about 15km in length.

Studying the didribution of al metas in the collected samples have shown that the offshore
and deeper samples have in generd lower concentrations of metds. This indicates that the
closr dtes ae being more impacted by the metd discharge as wdl as indicating that
pollutants had not the chance to move further as the gulf is characterized by low tide ad
week currents. The exception was in few offshore samples which showed some rdatively
high and unexpected concentrations of metals. This is in principle attributed to non-point
sources including oil spills and the discharge of ballast weter by vessels navigating the gulf.
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Furthermore, investigations of the correation between heavy metds recorded in this work
revedled the presence of drong and dgnificant relationships between several pars of trace
eements in the gulf. All metds were pogtively corrdated to each other, indicaing that the
gopearance of loca high concentration for one metd by possble contamination correlaes
with high vaues for other metds Such rdaionship might reflect amilar sources and/or
smilar biogeochemica behaviors (Saad and Kandedl,1988).

The presence of metd enrichment in some samples taken from gStes assumed to be protected
and not exposed to human activities, reflect the fact that not only the closeness to the
indugriad and other main facilities (i.e. ports, marina, €., ), determines the sample metd
concentration but dso the daly human routine activities might adso contribute to the metd
enrichment such as  boating, skiing, littering and driving close to the shordine. Such minor
sources could be sorted among the other non+point sources.

As for the high metd content observed in the area of the oil port, the postive and strong
corrdation among these metds, suggests obvioudy that they were introduced by mainly, one
common source. The port is mainly used for crude oil (and some other derivatives products)
loading and unloading. Therefore, this high concentration of metds is attributed to ether
gills or leskages during loading and unloading processes. This cdls for more drict
controlling and patrolling on the operations t this Site.

In contrary to what could be expected, the results of netal content recorded at the north
beach, have confirmed a datus of rdatively intermediate impact, but, however, there is dill a
need to explan some reaive high content of metals recorded in some samples. Reviewing
and researching dl activities usudly taking place a that area have raised the following:

The beaches and near-shore reef and sea grass areas of Jordan's Gulf of Agaba ,in
particular that of the north beach are heavily polluted by discarded plastic and other
refuse maerid. This is in principle due to the fact that most of the area is accessible
by foot, so it receives thousands of locd and nationa tourigts specidly in weekends
and naiond holidays and —due to lack of awarenesss much solid wastes are being
dumped close to the beach and eventudly carried by winds and tides into the gullf.

As pat of the extensve deveopment in the whole area of Aqgaba, congruction of
new hotels and tourigt facilities close to the north beach area has increased over the
last 10-15 years. The inappropriate digposng of both solid and liquid wastes from
these condructions has, undoubtedly  contributed to metd enrichment in this dte
Congructions and generated solid and liquid wastes have been confirmed to be among
metal sources (Led et al., 1997, Gunzmean, et al.,1992).

The area of the north beach is the closest to the city center and to the recreationd
feacilities in the town of Agaba and Eila. The hotds of Agaba which are locaed
mainly aong the north beach are connected to the main sewer sysem which does not
drain into the sea. However, the possbility of uncontrolled sewage discharge from
either Eilat or Agaba reaching the sea could not be ruled out.

Prior1986, treated waste water was being discharged into the gulf through the north
beach areq, therefore the building and growth of some reefs was associated with this
discharge, this explains, at least some of the enrichment found in this area.

Although not much is avalable on the environmentd conditions a the exising
nearby Isadi in-sea fish farms, some reports have confirmed eutrophication due to
excess of nutrients usudly added to the seawater through fish-feed (Mol,2001). Such
pollutants are drove to the Agaba coast by the prevailing north winds, and the whole
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issue is being negotiated by the locd authorities in Agaba and Eilat. The posshility
for some metdsto travel dong, much probably exists.

The seasde opposite to the north beach is used during rush-time a the main port as a
waiting zone for vessds usudly waiting to load/unload the cargo. These vessdls, in the
of absence of any control would discharge or dump their wastes.

Ancther comment concerning the north beach area, is the very low recorded
concentration of lead. The interpretation beyond this, is that bedsdes that there are no
indudtries there, the area is not accessble by vehicles and the shordine is located at
leest 200m from the main roads and hence the possbility of being impacted by traffic
exhaudsis limited.

10.2.5 Discussion and Conclusions on the Resf Cores

Concerning the metal content and distribution in the three studied cores, AB, and C at the
indugtria area, the following can be pointed out:

It was easily noticed, that al metds in the three cores share one clear increasing trend

towards the surface, where dgnificant enrichment during the period of 1980-2000,
more markedly in the last 5-7 years has taken place. This is supported by high (and
relatively high) pogtive corrdations among most of these metds (Table 14). This
eventudly indicates thet the overadl activities usudly teke place at the indudrid zone,
induding shipping, ail porting and manufacturing which are dl contributing to this
enrichment and should be continuoudy monitored and controlled.

The available records have shown that there two maor oil spills have occurred. The
firgt in 1995, but no detals are available, and the second in 1998, where 20 tones of
oil were released into the gulf opposite to the industrid area, (APO,2002). Therefore,
and snce high concentrations coincide with the period of the importantly increase of
metd content (1993-2000) when these events occurred, this suggests that at least part
of this enrichment is due to these two mgor spills.

Studying the whole profile of metds in Core C of the ail port, common distinct pesks
were observed for Pb, Cu, Zn, and Cr in layers representing the period of 1984-1989.
These relaive high vadues are much probably attributed to the heavy use of the port
for the export of Iragi oil during the first Gulf War (APC, 2002).

Meta pesks observed in the bottom layers of the three cores corrdate with years of
high and upnorma precipitation (Fig.29) which resulted in increased sediment
transport into the sea, but comparing such high vaues with the other reference vaues
(offshore or literature), suggests that there might be a pronouncesble enrichment
which has been taking place even before 1980's, the year corresponding to the core
bottom.

The overdl concluson on the metd digtribution in core samples and hence the datus
of pollution in the indusgtrid area can be made based on the EF cdculated for these
cores (Tablel8). Since EF for Cd, Pb and Zn is >1, the area is consdered as
intermediately polluted with respect to these metals and highly polluted by Ni and Cr
where EF for both is >3. Among the whole group; Pb is the less enriched, Cr is the
highest enriched. This conclusion is made clear in Fig. 22.

However, the direct reasons and interpretation for such high content of meta can be
eadly interpreted, as the area is occupied by severd indudtries where severd and
different varieties of raw materids are being used and transported to this area, and on
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the other hand some other products are being exported via this area, which means that
the area is heavily navigaed by large vessds In addition, dl fadlities in this are
continuoudy being subjected to development and expansion.

10.2.6 Conclusion on the Metd Sources

There was an attempt to identify the potentid sources (both; point and no-point) that
contribute to the enrichment of metds in the gulf ecosysem. However, in generd, point-
sources can be identified and some actions can be taken to manage the problem, but as for that
of non-point sources, more research and continuous monitoring should be carried out aong
with enforcing the exising regulations, as wel as to work on conserveive principle rather
than reacting on certain event. The following represent some main points and conclusons on
the meta sourcesidentified earlier:

The issue of vessals sewage is usudly raised while taking about pollution sources.
Condderable amounts of sewage ae, however, beng discharged into the gulf
Seawater from cargo vessds, tour boats, ferries and private yachts. This is in addition
to the vessals operated by the Arab Bridge Maitime Company, servicing the Agaba
Nuweba ferry route, which have no on-board sewage treatment systems. Untreated
sawage generated from the 1.2 million passengers who trave this route annudly is
dumped directly into the gulf. This issue to be immediately considered and controlled
by the concerned authorities.

The other issue of concern is the unpredictable amount of pollution caused by the
discharging of ballast water into the regiona weater of Jordan. Balast water is defined
as water used to maintain sability during transit dong coasts and on the open ocean,
and is taken from coastd port areas and trangported with the ship to the next port of
cal where the water may be discharged or exchanged. Such type of waste water is
admog oily and rich in pollutants, in paticular heavy metds. Two man sub-issues are
related to this firg is the absence of reception facility for such type of water a the
port, and the second is the regulations controlling such process of the discharge and
the exchange of thistype of weter.

Qil spills on the other hand is one of the main sources of pollution in the Gulf of
Agaba. Oil is known to be the most important cargo poses a catastrophic threat to
reefs. Severa concerns can be pointed out here:

A lage ol soill would decimate the reefs by blocking sunlight and disabling
the symbiotic relationship between the photo-synthetic algae and the cord. Ol
a so impedes reproduction, growth and regeneration of corals (Salvat,1987).

Although mogt of oil and toxic pollution spills usudly occur around port aress
and decrease with distance from there, their effects are preading nonetheless.

The seasond tidd changes in Agaba ae an important condderation in
determining oil spill digribution and sengtivity and cdculating spill risk. In
addition, low summer tides have sgnificance with respect to the thermd dress
in intertida/shalow water cords (Hulnigs,1989).

Large amounts of fertilizers are shipped from the Agaba Port facility, posng threats
of large spills or series of minor accidents. Although there have been no mgor spills
to date, gpproximately 0.1% of phosphate dust coming through the port blows away as
dugt into the immediate marine environment during loading and shipping, (PERSGA,
2001).Between 1978 and 1985 phosphate pollution increased by a factor of ten
(UNEP, 1999). This pollution has caused a gradud deterioration in water qudity in
the vicinity of the Port that could worsen as phosphate exports increase. The mgor
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concern related directly to the present work is the meta content in this phosphate,
which will continue to reach the maine ecosysem as long as the dust of the
phosphate raw materia (and fertilizers) gill exists.

Regarding the lead exhausted by vehicles, severd authors (inter alia Smith, 1976 in
Facchindli et al.,2001) have demonstrated that Pb derived from car exhausts does not
extend agppreciably beyond 30m from the road. This is actudly in agreement of the
earlier concluson on the high content of lead in some samples of the marine park area
which was attributed to such exhausts. In Agaba, people used to drive very close to
the beach, just few meters from the land-water mark, and this has lasted for many
years until the marine park authority has prohibited and blocked any access to the
50m-zone from the water mark, only three years ago. The fringing reef type of Agaba
is digributed widdy in shdlow waters close to the beach (Plate 9), therefore any
pollutants will have very short rout before snking into the gullf.

Furthermore, lead aerosols and indudtrid fames can be carried over longer distance,
where they ultimatdy snk into the secawaer (Facchindli et al.,2001). This is
applicable adso in the present case of industries in Agaba, but however such
mechanism for lead trangport if exists would affect the nearby dtes further south, since
the prevailing wind in Agaba comes from north. This of course does not imply by any
mean to neglect such source. The gulf is eventudly one ecologicd unit, and any
impact at one Ste will autorreticaly affect the others.

The ealy concluson made regarding the area of the man port and the pollution
datus was adso in agreement with the results of (Badran and Fogter, 1998). The
authors have recorded high concentration of NO-3, NH+4 a different dtes of the
main port. They have atributed these high vadues to accidentd spillage from ships
and geographic isolation due to the desgn and orientation of the harbor jetty. The jetty
is a solid concrete pavement that isolates the water behind it over the entire depth
(~10m) from the open water body. It is about 200m long and projects from south to
north. Currents dong the Jordanian coast move manly agang the jetty projection,
from north to south (Hulings,1979 in Badran, 1998) forming the area into a trap. The
capture and the subsequent decomposition of trapped materid were the most likely
reeson for the devated vaues Tidd flushing counter baances the current action and
hel ps prevent complete water stagnation.

The accederated economic growth in Agaba consequently promoted demographic
expanson in which the population increased from 45000 in 1980 to 85000 by the year
2002 (ASEZA,2002). Part of the increasng meta concentration could be attributed to
the increments in population, in which such increesng is met with expandgon of the
infrastructures and consequently in raw domestic wastes that were used to be
discharged (after primary trestment) directly to the sea

10.2.7 Contamination (Enrichment) of Specific Heavy Metds

Although, al metas recorded dong the coast have shown both dSgnificant and redive
enrichment over the background, no signs that specific metd was enriched over another (or
over the whole set) was observed.

However, some generd notices and comments can be made while consdering the genera
digribution (trend) of al metds dong the coadt.

Both Cd and Cu have shown rdativdly more prominence in ther increesng towards the
south than the others, (Fig.30). The trend darts relaively low a the northmost of the coadt,
and increase a the main port area, Where it goes down at around the marine park before it
continues its sharp increase southward.
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In core samples it was a bit difficult to figure out enrichment of specific metd over another.
In core A al metd profiles were very smilar and the enrichment rates aong the core as well.

The only fact that can be noticed in that same regard is the mean concentrations of Cd and
Pb in this core when compared with other cores. Both were dmost doubled, therefore the core
could be considered rdatively enriched specificaly with respect to Cd and Ph.

Core B and C show somewhat a dight difference, where Pb and Cu can be considered less
enriched in these cores compared with the other metas, indicated from the reative low EF
aong the core axis, and when compared with their mean concentrationsin core A.

10.2.8 Overdl Concluson:
Congdering together dl results of the present work, the following are pointed out:

Comparing the concentrations found here with those reported in the literature, it is
concluded, on the whole, that most of the samples examined were higher than the
range observed of metds in many other places, eg.; Cu, Zn in Thaland, (Brown et
a.,1987); Cu, Zn, Ni, Cd in the Red Sea ( Hanna et d.,1990) and Cd, Pb in Hong
Kong (Scott,1990), they are dso rdatively higher than those compiled by most
workers in the Mediterranean Sea and are relatively higher than the typicd open
ocean water (Hamza, and Amierh,1992; Shriadah, and Emara1999; Emara, and
Shriadah,1991; Led et d.,1997).

The dramatic increases in heavy metas are relaed to anthropogenic  resources. The
measured metal concentrations are many times higher than what natura fluxes would
aoply to the various environments. This is very dear in this work as there is no
condderable and continuous naturd influx due to the absence of rivers and the low
ranfdl in the sudy area

Noteworthy is that, even in areas that contain severa pollution sources i.e. industries,
refineries or power plants and expected to be described as heavily polluted, some
literature found that some of these areas have reatively moderate and not severe
pollution. Researchers have atributed this to the high assmilation capacity of the
cord regf ecosysem and maine sysems in generd, (Lough and Barnes,1990).
Although cords as they are wdl known to be very fragile and ddicate for the externd
disurbance, but ill they do have high capability to adgpt such big changes in the
surrounding environment. This of course does not imply/judtify ignoring the long term
changes, and to go ahead towards the non-sustainable devel opment.

The sources of pollution were generdly identified and discussed in chapter nine. It is worthy
to note here that each of these sources above should be investigated in details asto get details
on their actua contribution(in terms of quaity and quantity) to the meta budget in the
ecosysem. Thisisin turn would be of great help to enhance the decison making on land use
planning and management aspects.
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Appendix 1. Metal concentration in coral reef grouped by samples (in pg ).
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| OPla 1146435 1866200 [ os3 | 35 [ 43 [ 102 [ 02 | 56
| OP2a 1146435 1866520 loe2 | 25 | 25 [ 59 | o | a2
| OP3a 1146450 1866220 o045 | 38 | 21 | 89 | 12 | 84
| OP4a 1146445 866165 lo42 | 62 | 26 | 125 | 11 | 33
| OPsa 1146450 1865820 | o0s8 | 45 | 25 | 84 | 11 | 64
| Ic1 1144850 1864950 22 | 62 |19 | 211 | 62 | 223
| ICc2 1144850 864870 | 32 | 52 | 142 | 199 | 51 | 241
| IC3 1145000 864950 | 31 [ 24 [ 152 | 118 | 38 | 186
| IC4 1146100 870500 o9 [ 23 [ 167 [ 181 | 37 [ 144
| ICs 1144845 865000 | 13 | 38 | 203 | 182 | 39 | 148
| IC6 1144845 864850 | 12 | 72 [ 209 [ 88 | 39 | w7
| Ic7 1144845 862825 | 19 || 58 | 208 [ 112 | 48 | w5
| Ic8 144845 864415 | 19 | 11 | 188 | 213 | 47 | 196
| 1C9 1144845 864570 | 32 | 57 | 155 | 144 | 32 | 154
| IC10 1145150 865115 | 46 | 58 | 176 | 175 | 21 | 212
| IC11 1145150 870170 | 51 | 59 | 232 | 185 | 48 | 155
| 1Z1 1146000 1864950 | 28 | 37 | 162 | 162 | 35 | 181
| 1Z2 1146000 1864870 19 | 84 | 123 | 168 | 43 | 233
| 123 1146000 865650 | 31 || 28 | 179 | 98 [ 35 | 227
| 124 1146150 864510 12 | 66 | 192 | 194 | 28 | 198
| 1Z5 1146050 1864700 16 [ es [ 214 [ 187 | 19 | 119
| 126 1146220 864950 [ o7 | 66 | 12 | 85 | 4 | 112
| 127 1147000 870500 22 | 52 | 176 | 201 | 36 | 102
| 128 1145050 865000 17 [ a8 [ 249 [ 184 | 41 | 137
| 129 1145050 864850 | 19 [ 62 | 26 | 53 | 42 | 125
| 1210 1145100 1856825 (a2 [ 43 [ 24 [ 93 | a9 | u3
| 1Z11 1145775 864415 |22 [ 96 [ 168 | 175 | 28 | 146
| 1212 1145215 1864570 25 | 51 | 147 | 122 | 19 | 15
| 1213 1145370 865115 43 [ 85 [ 21 [ 16 [ 31 [ 195
| 1Z14 1146600 870170 |26 | 53 [ 25 [ 211 | 48 | 187

*NB= north beach, MP= main port, MSS= Marine science station, MPK=marine park, OP=
oil port, IC= area between oil port and industrid area, and [Z=industrial area. X-vauesin blue

refer to deeper samples ~>11m.
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Appendix 2. Descriptive statistics calculated by sampling site (basic unit pg g2).
Site Cd Pb Cu Zn Ni Cr
North beach
Mean 0,152 0,218 0,972 0,782 0,596 04
Standard Deviation 0,099 0,218 1,197 0,190 0,301 0,552
Range 0,27 05 294 0,46 0,72 11
Minimum 0,01 0,01 0,06 0,64 0,38 0,01
Maximum 0,28 051 30 11 11 111
Main port
Mean 0,392 5,616 7,088 14,43 2,045 8177
Standard Deviation 0,283 3,237 3,093 3984 0,582 4334
Range 087 101 10,3 130 19 104
Minimum 0,11 11 29 90 1,2 38
Maximum 0,98 11,2 13,2 22 31 14,2
Marine Science Station
Mean 0,13 0,186 0454 0,538 0,486 0,36
Standard Deviation 0,132 0,217 0,389 0,046 0,283 0,328
Range 011 043 08 01 0,7 05
Minimum 0,20 0,05 01 048 02 01
Maximum 031 0,48 09 058 09 0,6
Marine park
Mean 0,676 243 2,213 1,963 0,561 1,676
Standard Deviation 0,1493 2484 2,106 2,088 0,376 1,422
Range 0,38 6,2 48 515 0,89 38
Minimum 0,52 0,01 04 0,25 0,03 04
Maximum 09 6,21 52 54 0,92 42
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Appendix 2. cont.
Site Cd Pb Cu Zn Ni Cr
Qil port
Mean 0,567 381 2,68 11,82 091 10,56
Standard Deviation 0,160 2,182 0,647 3,791 0,808 7,645
Range 0,56 6,3 22 12,7 21 249
Minimum 0,26 03 21 59 0,01 33
Maximum 0,82 6,6 43 18,6 211 282
Indudtrial area
Mean 2,35 599 18,75 14,95 352 15,85
Standard Deviation 1,01 1,92 4,06 498 0,946 441
Range 354 6,8 129 15,8 3 13,1
Minimum 0,76 28 12 53 19 10,2
Maximum 43 9,6 249 211 49 23,3

Appendix 3. Showing descriptive statistics of the Sx measured metal's dong the whole coast
(basic unit ug gl).

Cd Pb Cu Zn Ni Cr
Mean 1,252 | 4,266 | 9,767 | 11,408 | 2,290 | 10,522
Standard Deviation 1,236 | 2,957 | 8,104 | 7,376 | 1,667 | 7,787
Range 5,0 11,2 | 249 21,75 6,1 28,2
Minimum 0,1 0,08 | 0,06 0,25 0,1 0,4
Maximum 51 | 11,28 | 24,96 22 6,2 28,2
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Appendix 4. Descriptive tatistics caculated for core samples.

Cd Pb Cu Zn Ni Cr
Core A
Mean 1,92 6,05 9,67 4,20 2,07 10,90
Standard
Deviation 0,963 2,583 6,056 4,399 1,203 5,077
Range 3,13 8,67 21,47 17,21 3,88 15,96
Minimum 0,68 2,94 0,98 0,39 0,34 2,94
Maximum 3,81 11,61 22,45 17,6 4,22 18,9
CoreB
Mean 0,7985 3,495 3,41 8,235 2,71 8,17
Standard
Deviation 0,368 1,576 1,321 3,677 1,015 3,707
Range 1,43 5,7 6,3 10,3 3,9 14,4
Minimum 0,19 0,9 1,9 2,2 1,3 29
Maximum 1,62 6,6 8,2 12,5 5,2 17,3
CoreC
Mean 0,8125 3,55 3,21 8,25 2,30 7,145
Standard
Deviation 0,476 1,984 1,354 4.680 0,846 3,374
Range 2,11 6,8 5,4 16,1 31 10,4
Minimum 0,23 0,8 1,1 1,3 1,2 29
Maximum 2,34 7,6 6,5 17,4 43 13,3
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Appendix 5. Standardized dataused in  PCA (tranformation of data was made by subtracting each
vaue from mean and dividing it by the sandard deviation).

OP5

SampleNo| cd ] Pb | cu | zn [ Ni | Cr

| NB1 |-0,851227084 | -1,41537679 |-1,19780887 | -1,44430718 | -1,13391371 | -1,35119947
| NB2 |-0,794619612 | -1,27337096 |-1,19287345 | -1,4980472 |-0,983961744 | -1,2356296
| NB3 |-0,899747774 | -1,40523352 |-1,09416493 | -1,50735336 |-0,714048202 | -1,35119947
| NB4 |-0,891660992 | -1,44242552 |-0,835055072| -1,48493694 | -1,14590987 | -1,35119947
| NB5 |-1,01296272 | -1,30718187 |-1,10650349 | -1,50875439 | -1,10392332 | -1,2009474
| MPL  |-0,560102942 | -1,07050549 |0,423478521 | 0,923427176 |-0,654067415 | 0,408030789
| MP2 | -0,83505352 | 2,34439662 |-0,255142534 | 0,923427176 |0,00572124432| -0,208341856
| MP3 |-0,471148344 | 0,349552813 |-0,514252392| 0,643221927 | -0,354163479 | 0,472236273
| MP4 |-0,924008119| 2,0062875 |-0,316835358| 0,783324552 | -0,234201904 | -0,811873405
| MP5 |-0,220458111| 1,09339288 |0,189045793 | 1,48383767 |-0,0542595429 | 0,382348595
| MP6 |-0,471148344 | 1,33006926 |-0,107079759-0,337496446 | 0,30562518 | 0,16404995
| MP7 |-0,915921338 |-0,360476338 |-0,699330861 0,110831953 | -0,474125053 | -0,863237792
| MP8 | -0,83505352 |-0,360476338 -0,366189616|0,0968216908 |-0,0542595429 | -0,567892566
| MP9 |-0,818879957 | 0,383363725 |-0,847393637 -0,0572911964| -0,53410584 | -0,747667921
| MP10 |-0,891660992 | -0,22523269 |-0,526590956| 0,138852478 |-0,0542595429 | -0,850396695
| MP11 |-0,705665013 |-0,461909074 |-0,625299474 -0,0432809339| 0,485567542 | -0,696303534
| MSSL |-0,891660992  -1,40861461 |-1,20521201 | -1,51716055 | -0,834009776 | -1,27415289
| MSS2 |-0,762272485| -1,32408733 |-1,18423645 | -1,52136362 | -1,01395214 | -1,27415289
| MSS3 |-0,859313866 | -1,44242552 |-1,15585775 | -1,53117081 | -1,25387529 | -1,35119947
| MS4 | -1,01296272 | -1,44242552 |-1,09416493 | -1,52836876 | -1,22388489 | -1,27415289
| MSS5 | -1,01296272 | -1,28013314 |-1,10650349 | -1,51716055 | -1,08592908 | -1,35119947
| MPK1 |-0527755816 -1,44242552 |-1,05714924 | -1,46252052 | -1,25387529 | -1,12005973
| MPK2 |-0,430714435| -1,28689533 |-0,637638038| -1,50875439 | -1,00195598 | -1,06869534
| MPK3 |-0,576276506 | -0,39428725 |-1,09663264 | -1,08004036 | -0,9119848 | -1,29983508
| MPK4 |-0,285152364 | -1,23279787 |-1,08182637 | -1,56339441 | -0,858002091 | -1,27415289
| MPK5 |-0,592450069 -0,0223672187 | -1,15585775 | -1,48353592 | -0,822013619 | -1,24076604
| MPK6 |-0,382193745 0,65385102 |-0,56360665 |-0,841865894 | -1,37383686 | -0,811873405
| MPK7 | 1,57480743 | 0,48479646 |0,707265508 | 0,419057727 | 0,545548329 | 0,626329434
| MPK8 | 2,70695687 | 0518607372 |0,966375365 | 0,853375864 | -0,11424033 | 1,37111305
| MPK9 | 3,11129595 | 0,552418284 | 1,65733498 | 0,993478489 | 150524092 | 0,639170531
| OP1 |-0,802706394 | -1,34099278 |-0,93376359 |-0,0572911964| -1,37383686 | -0,439481598
| OP2 |-0,511582252| -1,13812731 |-0,810377943| 1,00748875 | -1,37383686 | 0,228255434
| OP3  |-0,349846618 | 0,687661932 |-0,884409331| 0,124842216 | -0,234201904 | 0,985880144
| OP4 |-0,495408689 |-0,259043602 |-0,884409331| 0,419057727 | -0,11424033 | 2,26998982
|

-0,422627653 | 0,789094668 |-0,93376359 | 0,643221927 | -0,474125053 | 0,176891047
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| OPla |-0,584363287 |-0,259043602 |-0,674653732|-0,169373296 | -1,25387529 | -0,63209805
| OP2a |-0,511582252 |-0,597152722 |-0,896747896 -0,771814582 | -1,37383686 | -0,811873405
| OP3a |-0,649057541 |-0,157610866 |-0,946102154 -0,351506708 | -0,654067415 | -0,27254734
| OP4a |-0,673317886| 0,65385102 |-0,884409331 0,152862741 |-0,714048202 | -0,927443276
| OP5a |-0,543929379 0,0790655172 |-0,896747896| -0,42155802 | -0,714048202 | -0,529369276
| IC1 |0,766129258 | 0,65385102 |0,509848473 | 1,35774531 | 2,34497194 | 1,51236511
| 1C2 | 1,57480743 | 0,315741901 |0,546864167 | 1,18962216 | 1,68518329 | 1,74350485
| IC3  |0,280922355 | 0552418284 | 1,20080809 | 0,292965365 | 1,86512565 | 1,22986098
| IC4 |0,200054538 |-0,157610866 |0,818312589 | 1,37175558 | 0,845452265 | 1,44815963
| IC5  |0,0383189041 0518607372 |0,546864167 | 1,3997761 | 0,905433052 | 0,652011628
| 1C6 | 1,49393961 |-0,630963634 |0,670249814 |0,0547909034 | 0,905433052 | 1,03724453
| IC7  |-0,285152364 | -0,664774546 |0,855328283 | 0,937437439 | 0,845452265 | 0,497918466
| IC8  |0,0383189041 -0,157610866 | 1,29951661 | 0,951447701 | 0,965413839 | 0,549282853
| IC9  |-0,042548913 | 0,99196014 | 1,373548 |-0,365516971 | 0,965413839 | 0,536441757
| IC10 | 0,523525807 | 0,518607372 | 1,36120943 -0,0292706714| 1,50524092 | 0,510759563
| I1C11 |0,523525807 | 2,31058571 | 1,11443814 | 1,38576584 | 1,44526014 | 1,1656555
| 1z1 | 1,25133616 |-0,191421778 | 0,79363546 | 0,671242452 | 0,725490691 | 0,973039047
| 122 0523525807 | 1,39769108 |0,312431439 | 0,755304027 | 1,20533699 | 1,64077608
| 1Z3 | 1,49393961 |-0,495719986 | 1,00339106 |-0,225414346 | 0,725490691 | 1,5637295
| 1z4  |-0,042548913 0,789094668 | 1,1637924 | 1,11957085 | 0,30562518 | 1,19133769
| 125 |0,280922355 | 0,856716492 | 1,43524082 | 1,02149901 | -0,234201904 | 0,176891047
| 126 |-0,398367308 | 0,789094668 |0,275415745 |-0,407547758 | 1,02539463 | 0,0870033695
127 |0,766129258 | 0,315741901 |0,966375365 | 1,21764269 | 0,785471478 |-0,0414075982
| 128 |0,361790172 | 0,180498253 | 1,86709058 | 0,979468226 | 1,08537541 | 0,408030789
| 129  |0,523525807 | 0,65385102 | 1,5833036 |-0,855876157 | 1,1453562 | 0,253937628
| 1210 | 2,3834856 0,0114436933 | 1,55862647 |-0,295465658 | 156522171 | 0,0998444663
| 1Z11 | 0,766129258 | 1,80342203 |0,867666848 | 0,853375864 | 0,30562518 | 0,52360066
| 1z12 | 1,00873271 | 0,281930989 | 0,60855699 | 0,110831953 |-0,234201904 | 0,510759563
| 1213 | 2,46435342 | 1,43150199 | 152161077 | 0,643221927 | 0,485567542 | 1,1528144
| 1214 | 1,08960053 | 0,349552813 | 1,57096503 | 1,35774531 | 150524092 | 1,05008563




