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Abstract

In order to assess the quality of the Aqaba Gulf coastal waters for the sustainable use
and development, and consequently for the national income, four field campaigns
were annually carried out during the period from 2011-2013 to monitor hydro-
graphic variables, ie. temperature, salinity, pH, etc., nutrients, some heavy metals,
Le. iron, lead, copper, cadmium, chromium, etc. in addition to petroleum hydrocar-
bons. Except for the area of Sharm El-Sheikh Harbor, the results for the density,
composition, and distributions of beach litter cleared out that the Egyptian shoreline
of the Aqaba Gulf is relatively not affected by man-made litter. The area of Sharm
El-Sheikh Harbor was subjected to many factors which undoubtedly affected the rate
of man-made litter accumulation, especially, oil contamination (oil and old or new
tar) which is a good estimator of levels of oil contamination and an effective means
of evaluating the potential threat of oil on coastal resources. The results of the
present study cleared out also that water temperature followed seasonal changes in
air temperature. Aqaba Gulf water is characterized by its high salinity and the pres-
ence of well oxygenated waters. Minor changes in the distribution of pH, BOD,
DOM and COD, revealed limited effects of human impacts. Low levels of Chl-a and
TSM concentrations and high transparency revealed also negligible effects for human
impacts. Significantly higher sea water temperatures, TSM, DO, BOD, DOM, COD,
NH,, NO,, PO, and TP were observed in summer season compared to their corres-
ponding values in winter season. On contrast, higher values of chlorophyll-a, NO,,
TN, and SiO, were observed in winter compared to summer season. Based on the
mean annual values, Aqaba Gulf coastal waters are classified as oligotrophic to me-
sotrophic state. The concentrations of dissolved inorganic nitrogen forms followed
the following order: NH, =NO, > NO,. In general, the majority of TN in winter
was in the form of organic-N (96.3%) compared to 91.7% in summer season. On the
meantime, TP exhibited more or less comparable organic-P percentage in summer
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(86.2%) and winter (81.2%) seasons. Moreover, the DIN/DIP ratio showed relatively
higher values in winter season (14.2:1) compared to summer season (12.4:1). This
indicates high nitrogen concentrations in comparison with that of phosphorous in
winter; yet it reflects the generally lower nutrient levels present in the coastal waters
of the Aqaba Gulf due to the lack of significant nutrient input or oceanic upwelling.
Concentrations of heavy metals were relatively low signifying that Aqaba Gulf Coast-
al waters are not yet seriously threatened in spite of the rapid recreational and hu-
man developments that are considered a challenge to the safety and viability of Aqa-
ba Gulf marine environment. Furthermore, concentrations of petroleum hydrocar-
bons were significantly higher in summer than in winter that are mainly attributed to
the increase in the levels of oil pollution that most probably resulted from the in-
crease in accidental, deliberate or operational discharges and spills of oil from ships.
In general, the maximum concentration was much lower than the harmful concen-
trations reported for seawater. A stepwise multiple linear regression, analysis of va-
riance (ANOVA), and principle component analysis (PCA) were applied.

Keywords

Physicochemical Properties, Nutrients, Heavy Metals, Petroleum Hydrocarbons,
Coastal Water, Gulf of Aqaba

1. Introduction

Several coastal areas in some Arab countries have been upgraded for housing, tourism,
and industrial purposes, and related infrastructure and service facilities have been de-
veloped leading to the degradation of environments, loss of their productivity and the
gradual decline of their services, which negatively impacts human livelihood and well-
being [1]-[13]. Concern has been raised over the environmental sustainability of these
projects and the capacity of fragile ecosystems to absorb them taking in consideration
that environmental protection should necessarily be included in all development strate-
gies. Probably the greatest challenge facing coastal areas and their natural environments
and urban structures is the adoption of an integrated coastal zone management ap-
proach that ensures reduction of pollution and treatment of its causes [1] [14]-[17].
Moreover, efforts should aim at creating opportunities for sustainable tourism and mi-
tigating climate change risks and the consequential sea-level rise which poses a real
threat to several coastal Arab areas. Undertaking quick measures and decisions and
mobilizing resources are essential for resolving these issues and ensuring sustainability
of resources.

The Red Sea, which contains globally unique ecosystems and biodiversity [18]-[24] is
threatened with serious degradation as a result of pollution, physical destruction and
unsustainable exploitation of marine and coastal natural resources [25]-[30]. The Gulf
of Aqaba, like the coastal waters of the Red Sea, is one of the world’s premier diving lo-

cations. The area is especially rich in coral and other marine biodiversity [31]. It also
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contains a number of underwater wrecks, some accidental shipwrecks, others vessels
deliberately sunk in an effort to provide a habitat for marine organisms and bolster the
local dive tourism industry. As a result of its semi-enclosed nature, the Gulf of Aqaba is
particularly susceptible to marine pollution and ecosystem degradation [18] [25]. The
Gulf serves as a connecting point for the African and Asian continents. The semi en-
closed characteristics of the Gulf of Aqaba have led to its rich biodiversity. The Gulf
hosts an extraordinary diversity of coral and related marine life [32]. However the Gulf
shows limited water exchange with the Red Sea and Indian Ocean [33]-[35]. Also the
semi enclosed nature of the environment of the Gulf of Aqaba causes the sea to partic-
ularly susceptible to pollution. Marine pollution sources include urbanization, indu-
strialization, aquatic tourism, oil spills, solid waste, waste oil contamination, phosphate
dust, air pollution from land transportation, chemical pollution from industries, ther-
mal pollution from power plant etc. [25] [36]-[39]. If these activities are not controlled
in an environmentally sound and sustainable manner environmental degradation will
worsen. A regional water-quality monitoring program has been established including
seasonally baseline testing at selected locations along the coast of the Gulf of Aqaba so
as to assess the marine pollution in the coastal area of the horizontal and vertical dis-
tribution of hydrochemical parameters such as temperature, salinity, dissolved oxygen,
turbidity, total solids etc. in addition to eutrophication parameters, ie. chlorophyll-a
and nutrients. Microbiological, heavy metals and total petroleum hydrocarbons pollu-
tion were also investigated. The program addresses priority threats to the Egyptian
coastal waters of the Gulf of Aqaba and Red Sea in a comprehensive manner. It facili-
tates development of an approach to halt and prevent marine pollution, and protect
globally important coral reefs throughout the Red Sea area.

The main objective of the present paper is to the environmental impact assessment of
the impacts of different human activities, massive commercial and industrial develop-
ment; including the creation of pleasure boat marinas, a protected coral reef nature re-
serve, and numerous hotels, restaurants and other tourist activities. These develop-
ments have seriously disturbed the Gulf’s coastal and marine ecosystems which are
important environmental, economical, and recreational areas in Egypt for their man-

agement and sustainable development.

2. Material and Methods
2.1. Study Area

The Red Sea is 1930 km long and averages 280 km in width. It is a gulf or basin of the
Indian Ocean between Africa and Asia. In the north are the Sinai Peninsula, the Gulf of
Agaba and the Gulf of Suez. The Gulf of Aqaba is a large gulf of the Red Sea which is
located to the east of the Sinai Peninsula and west of the Arabian mainland. The Gulf of
Agqaba in the northern Red Sea is a warm water body, approximately 180 km long and
on average 8 km wide, and attains a depth of about 1355 m. It is a deep basin with nar-

row shelves, which comprises two isolated depressions separated by a submarine sill
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(Figure 1). The northern depression is about 1100 m deep and the southern depression
is about 1420 m deep. The maximum depth within the Gulf of Aqaba is observed near
the east coast with a depth of 1829 m. The Gulf of Aqaba is a marine environment en-
closed by arid lands that experience extremes of temperature and exceedingly low levels
of precipitation. These conditions have led to the evolution of unique, and hence inter-
nationally important, coral reef and marine ecosystems, which are particularly suscept-
ible to damage from pollution or other forms of environmental impact. The Gulf of
Aqaba also represents a natural resource of major economic significance to the Egypt in
terms of access to sea transportation and the development of tourism and other indus-

tries along its shores.

2.2. Sampling

Within the framework of the Environmental Information and Monitoring Program
(EIMP), 12 field campaigns were carried out in 3 years (2011-2013). A total of 72 sub-
surface coastal water samples were seasonally collected, in duplicate, during March,
May, August and October of 2011-2013. Six stations were selected along the Gulf of
Agqaba (Figure 1). The latitude and longitude of each station are given in Table 1.

Figure 1. Locations of sampling sites along the coast of the Agaba Gulf.
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Table 1. Locations of different sampling sites in the study area.

St. No. Area Latitude Longitude

AQO01 Sharm El-Sheikh Ras Mohamed 27° 47~ 40~ 34° 12° 517
AQO02 Sharm El-Sheikh Harbor 27 51 23 34 16 50
AQO03 Sharm EI Sheikh Na’ama Bay 27 54 39 34 19 47
AQ04 Dahab 28 28 39 34 30 44
AQO05 Nuweiba Harbor El Saiadin 28 58 15 34 39 12
AQ 06 Taba 29 29 17 34 53 34

2.3. Climatic Conditions in Gulf of Aqaba

Climatic conditions in the Gulf of Aqaba are described [40] [41].

2.3.1. Air Temperature

The climate is arid, with a yearly average net evaporation of 1 cm/day. The monthly
variations of air temperatures vary from 17.8°C to 20.3°C in winter, from 24.1°C to
31.7°C during spring, from 31.5°C to 32.7°C during summer, and from 20.4°C to
26.8°C during autumn.

2.3.2. Relative Humidity

The maximum values of humidity vary from 54.6% to 63.5% in the winter months
(November to April), which is a relatively high relative humidity. In the summer
months; from May to October; the maximum values of humidity vary from 47.5% to

55.6%, showing that the summer months are more arid.

2.3.3. Winds

Winds blow mainly from the north-northwest direction throughout the year. Winds
also reach the area from other directions but with lower frequency; from April to Oc-
tober, winds are prevailing either from southeast or northeast direction. From Novem-
ber through March, winds swing less frequently from east to west beside the dominant

northern winds.

2.3.4. Cloud Cover

The Red Sea is a very unclouded area. The cloudiest months are from December to
March when more than one-quarter cover is to be expected for 30% - 40% of the time.
For the rest of the year cloud cover is very small, 10% - 20%, with long cloudless period

from June to September.

2.3.5. Rainfall

Rainfall in the region is extremely sparse and localized. The rain is mostly in the form
of showers of short duration, often associated with thunderstorms and occasionally
with dust storms, resulting in poor visibility. All of the rainfall in the region occurs
within just a few days, mostly in December; during some years none falls. Measured

during a 20-year period, the average annual rainfall was about 25 mm for the Gulf of
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Aqaba. Climatological studies of the area document the large deficit between the
amount of precipitation and evaporation. Rainfall at the northern end of the Gulf of
Aqaba is normally 22 mm per year. Evaporation is 179 mm, eight times precipitation,
leaving a deficit of 157 mm per year. Inflow of waters from the Red Sea balances the
deficit.

2.3.6. Tide
Tides are semi-daily and it is about 70 cm at Taba and 90 cm near Sharm El-Sheikh. No
nodal point exists along the Gulf of Aqaba.

2.3.7. Water Movement and Current

The fundamental movements of surface water follow the winds, so a warm less saline
surface water current flows into the gulf from the Red Sea replacing waters lost by eva-
poration and by an out flowing deeper density current of more saline cooler waters.
Stormy winds in the Gulf of Aqaba accompanied by winds of up to 45 to 80 knots pro-
vide considerable bursts of energy to these currents. Because some of the high winds are
southerly, especially in winter, one can expect to find the normal long shore current’s
flow to be temporarily reversed. Currents in the southern part of the gulf are most af-

fected by strong southerly winds.

2.4. Methods
2.4.1. Hydrographic Parameters

The hydrographic parameters (water temperature, salinity, pH, Transparency, dissolved
oxygen (DO) were measured in situ at each station using CTD (YSI-6000). Transpa-
rency was measured by secchi disk. Dissolved oxygen was also measured using mod-
ified Winkler method [42]. Biological oxygen demand (BOD) samples were kept in in-
cubator and fixed after 5 days and their DO contents were determined. Dissolved or-
ganic matter (DOM) was carried out using potassium permanganate according to the
method described by [43], and chemical oxygen demand (COD) was determined by the

dichromate closed reflux titrimetric method [42].

2.4.2. Chlorophyll-a, TSM, Transparency, and Nutrient Salts

Chlorophyll-a (Chl-a) was measured in 3L water samples after collection and filtration
by using 0.45 um filters. Chl-a was extracted using 90% acetone and measured spectro-
photometerically according to [44]. Ammonium ion concentrations were determined
according to [45]. Nitrite, Nitrate, reactive phosphate and reactive silicate concentra-
tions were determined on pre-filtered seawater samples (Whatman GF/C) following the
sepectrophotometric techniques described by [44] [45] by using HACH DR-2000 direct
reading spectrophotometer. Total P and total N were estimated in unfiltered water
samples following the procedure described by [46]. Total suspended matter (TSM) was
collected from 3 L seawater samples by filtration through washed, dried and pre-
weighed 0.45 um membrane filter. The filters with the retained particles were washed
then air dried in the oven at 60°C for 24 - 48 hours until constant weight. The differ-
ence between the dry weight of membrane filters before and after filtration was ex-
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pressed in mg/l [44]. Transparency was measured by secchi disk. The concentration of
dissolved inorganic nitrogen (DIN as the sum of NH,-N + NO,-N + NO,-N) was cal-

culated.

2.4.3. Heavy Metals

Dissolved heavy metals, ie. Fe, Mn, Cu, Zn, Cd, etc. were determined after pre-con-
centration from seawater by using chelex-100 cation-exchange resins according to [47]
and [48]. Measurements were done by using the atomic absorption spectrophotometer
(AAS)/flame mode (Shimadzu AA-6800).

2.4.4. Petroleum Hydrocarbons

Petroleum hydrocarbons were extracted from seawater samples by using dichlorome-
thane. Sample extracts were concentrated by rotary evaporation to 5 ml. Finally, sam-
ples were concentrated under a gentle stream of pure nitrogen to a final volume of 1 ml,
then measured using UV -spectrophotometer at 410 nm emission after excitation at 360

nm and chrysene as standard [49].

2.5. Quality Control

Calibration curves for each variable of nutrient salts and heavy metals were constructed
of a blank and four or more standards (Merck Germany). Accuracy and precision were
confirmed using synthetic samples and/or reference materials of different nutrient salts

and metals and measured every five samples as quality control tools.

2.6. Statistical Analysis

A stepwise multiple linear regression to give insight about the relationships between the
independent variables and the dependent variables were calculated (n = 106, p < 0.05)
to test the relationship between variables. The correlation coefficient is significant at r >
0.195. Analysis of variance (ANOVA) was applied to test significant differences in the
measured variables and correlation matrices were constructed from the resulting coef-
ficients with the aid of STATISTICA 10 program. Cluster analysis was applied to or-
ganize the observed data into meaningful structures and general categories with the aid
of STATISTICA 10 program. Moreover, principle component analysis (PCA) and fac-
tor analysis as Varimax normalization rotated were applied with SPSS program version
15.0 for Windows. The number of factors was determined by the total variance ex-

plained, ie. communality, usually more than 85% was necessary.

3. Results and Discussion
3.1. Visual Observations

Marine litter includes any manufactured or processed solid waste material that enters
the marine environment from any source [50]. The main sources of marine litter at a
coastal site are 1) offshore sources which include industrial and domestic waste dis-

posed off at sea, fishing and shipping waste, and sewage related debris, and 2) land-
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based sources which include litter originating from visitors to the coast, or those origi-
nating from the unauthorized dumping of large items such as landfill materials [50]-
[55]. The presence of marine debris on the Egyptian coastal areas of the Aqaba Gulf is
parallel to the increase in urbanization, industrialization, shipping, fishing and tourism
activities, and population growth. Beach litter of lumps of new and old tar, oil, feces,
sewage disposal, general and harmful liters as well as seaweeds of coastal beach zones
especially those used for recreational purposes including pollution index and the mag-
nitudes of pollution for respective items [36] [37] [41] are assessed by eyes according
to: none, light, moderate and heavy, allocating respective scores ranging from “0” to “3”
(Table 2).

Besides affecting the fishing industry and scuba diving tourism, beach litter cause a
destruction of living resources and reduces the recreational utility of coastal waters, es-
pecially the beaches through shore damage [2] [4] [5] [36] [37] [56] [57].

Except for the area of Sharm El-Sheikh Harbor, the results of Table 3 of respective
years and annual average monitoring for the density, composition, and distributions at
different stations cleared out that the Egyptian shoreline of the Aqaba Gulf is relatively
not affected by man-made litter. The area of Sharm El-Sheikh Harbor (AQ 02) was
subjected to many factors which undoubtedly affected the rate of man-made litter ac-
cumulation, especially, oil contamination (oil and old or new tar) which is a good esti-
mator of levels of oil contamination and an effective means of evaluating the potential
threat of oil on coastal resources [7] [8] [56] [57].

In general, the most abundant visible items were general litter as they represented

Table 2. The total scores of seven items stand for the pollution index.

Harmful litter

Item None Light Moderate Heavy
Lumps of new and old tar 0 1 2 3
Oil 0 1 2 3
Faces 0 1 2 3
Seaweeds 0 1 2 3
General litter 0 1 2 3
0 2 3
0 2 3

Sewage

Table 3. Magnitudes of pollution of respective years and annual average monitoring stations.

Stations Respective years Averages
No. Area 2011 2012 2013
AQO01 Ras Mohamed 0.00 0.00 0.00 0.00
AQO02 Sharm El-Sheikh Harbor 0.64 0.89 0.89 0.81
AQO03 Sharm El Sheikh Na’ama Bay 0.04 0.21 0.18 0.14
AQO04 Dahab 0.25 0.43 0.36 0.35
AQO05 Nuweiba Harbor El Saiadin 0.39 0.21 0.32 0.31
AQ06 Taba 0.14 0.04 0.04 0.07
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43.6% of the total items encountered. Faces, on the other hand, represented 16.2% fol-
lowed by oil, seaweeds and harmful litter which constituted 14.8%, 11.3% and 10.6%;
respectively. On contrast, no sewage could be observed during the three respective
years (2011-2013).

3.2. Physicochemical Properties

The ranges and average values of water temperature, salinity pH, DO, BOD, DOM and
COD of the Aqaba Gulf surface coastal waters during 2011-2013 are listed in Table 4.
The maximum water temperature was 39.56°C in August, 2013 at AQ 02; while the
minimum temperature was 20.14°C in March, 2013 at AQ 04 following seasonal
changes in air temperature [58]-[62]. No significant regional variations in the distribu-
tion of water temperatures (Figure 2(a)). Seasonal variations revealed higher tempera-
tures in summer (39.32°C) compared to their corresponding values (22.51°C) in winter
season (Figure 2(b)) suggesting more pronounced variability and variations in water
temperature was normal and changed according to many variables such as season, day
time, depth, tide, wind, current, water inflow and turbidity [22] [27] [63] [64]. Based on
the distribution of surface salinity in the investigated area, the maximum regional value
(40.46 ppt) was observed at AQ 04 in August, 2012, while the minimum one (38.88 ppt)
was measured at AQ 06 in March, 2011 (Figure 2(a)). Due to the high temperatures
and no rivers flow into the Gulf, no significant increase in the water salinity of the gulf
area from the entrance of the Gulf in the south (39.24 ppt) towards the North (39.81
ppt) revealing a water mass with salinity > 39 ppt and occupying the whole Gulf area
(Figure 2(a)). Moreover, seasonal variations showed no differences between winter
(39.47 ppt) and summer values (39.92 ppt) of salinity (Figure 2(b)). pH values dis-
played no clear regional variations. It fluctuated between 8.14 at AQ 03 in March, 2011
and 8.30 at AQ 01 in August, 2013 with an average value of 8.24. The relatively ob-
served high average value was mainly attributed to the photosynthetic activity and long

light span and was accompanied by an increase in dissolved oxygen [26] [38] [64].

Table 4. Ranges and averages + standard division of the hydrographic parameters of the coastal water of Aqaba Gulf during 2011-2013.

Station Temp. (°C) Salinity (S%o) pH DO (mg/1) BOD (mg/1) DOM (mg O,/1) COD (mg/l)
Adl 22.51 - 39.36 38.89 - 40.09 8.14 - 8.30 6.02 - 8.72 0.40 - 2.08 0.12 - 1.26 3.43 -9.64
4 27.05 +£4.44 39.57 £ 0.41 8.22 £0.04 6.83 £0.78 1.08 + 0.56 0.56 £ 0.37 7.98 +£1.98
Aq2 21.93 - 39.56 38.88 - 40.08 8.16 - 8.23 6.32 - 8.40 0.96 - 4.64 0.16 - 0.88 2.51-9.64
q 27.41 £4.60 39.48 + 0.40 8.20 £ 0.02 6.91 £ 0.55 2.15+1.17 0.53 £0.27 7.91 £2.29
Aa3 22.34 - 29.56 38.97 - 40.11 8.14 - 8.25 5.12-7.76 0.24 - 1.28 0.16 - 1.20 3.43 - 10.60
q 25.89 £2.37 39.51 £0.37 8.20 £ 0.03 6.62 £0.72 0.89 £0.30 0.58 +£0.39 8.06 £ 2.08
Agd 20.14 - 29.21 38.69 - 40.65 8.17 - 8.28 6.48 - 8.96 0.80 - 5.20 0.16 - 1.52 4.34 - 9.40
q 25.07 £2.99 3991 +£0.57 8.23 £0.03 7.28 £ 0.81 2.17 £1.35 0.62 £0.42 8.16 £ 1.67
AdS 21.68 - 28.47 39.21 - 40.37 8.18 - 8.23 6.32 - 8.24 0.80 - 2.00 0.08 - 1.84 5.26 - 11.32
4 25.32 £2.10 39.84 £0.40 8.22 £0.02 7.19 £0.52 1.51 £ 0.44 0.77 £0.58 8.60 £ 1.77
Ad6 21.48 - 28.02 38.88 - 40.76 8.14 - 8.23 6.24 - 9.84 1.12 - 10.72 0.16 - 2.80 5.26 - 15.62
q 24.53 £2.10 39.81 £0.52 8.20 - 0.03 7.20 £ 0.89 3.01 £3.19 1.35+ 0.85 10.35+3.21
Av. 25.88 + 1.14 39.69 = 0.19 8.21 £ 0.01 7.00 £ 0.26 1.80 £ 0.79 0.73 £ 0.31 8.51 £ 0.93
1419
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Figure 2. (a) Regional Variations of temperature (°C), salinity (ppt) pH, DO (mg/1), DOM (mg
0,/1), BOD (mg/1), and COD (mg/l) of the Aqaba Gulf coastal waters; (b) Seasonal Variations of
temperature (°C), salinity (ppt), pH, DO (mg/l), DOM (mg O,/1), BOD (mg/1), and COD (mg/1)
of the Aqaba Gulf coastal waters.
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Moreover, no obvious regional variations in the pH values were observed between dif-
ferent stations (Figure 2(a)) which is mainly associated with water temperature, dis-
solved oxygen, organic matter, chlorophyll-a etc. [1] [13] [19] [63]. In addition, pH
showed more or less comparable values in summer season (8.20) and winter season
(8.19) reflecting no seasonal variations (Figure 2(b)). The general distribution of DO
revealed high values and presence of well oxygenated waters in the investigated area. It
ranged from 5.12 mg/1 (72.85%) at AQ 03 in August, 2011 and 9.84 mg/l (140%) at AQ
06 in March, 2011 with a spatial average 7.70 mg/l (109.56%). No significant regional
and seasonal variations were observed in the distribution of dissolved oxygen (Figure
2(a) & Figure 2(b)). On the meantime, BOD fluctuated between 0.40 at AQ 01 in May,
2013 and 10.72 mg/l at AQ 06 in May, 2013 with a spatial average of 1.80 mg/l. Irregu-
lar regional distribution of BOD was observed (Figure 2(a)). Among all stations, AQ 02
(2.15 mg/l) and AQ 04 (2.17 mg/l) attained the high average values; while station AQ 03
exhibited the lowest (0.89 mg/l) average value. Slightly higher BOD values was observed
during summer season (1.99 mg/l) compared to their values (1.80 mg/l) in winter sea-
son (Figure 2(b)). On the meantime, DOM and COD showed higher values in summer
season (1.06 and 12.81 mg/l) compared to their corresponding values (0.79 and 6.39
mg/1) in winter season (Figure 2(b)). Except for station (AQ 06), minor changes in
these variables between different locations (Figure 2(a)) revealed that the effects of
human impacts on the distribution pattern of DOM and COD of the Aqaba Gulf coast-
al waters are still limited. Station (AQ 06) exhibited high average values of DOM (1.35
mg/1) and COD (10.35 mg/1) most probably due to relatively high population, especially

in the summer season [18] [19] [25].

3.3. Chlorophyll-a, TSM, Transparency, and Nutrient Salts

3.3.1. Chlorophyll-a, TSM and Transparency

Ranges and regional average values of Chl-a, TSM and Secchi Disk depth are reported
in Table 5. In general, low Chl-a and TSM concentrations and relatively high transpa-
rency were generally encountered at most stations revealing that the effect of human
impacts in on the Aqaba Gulf coastal waters is still not significant [18] [19] [22] [25]
[27] [65]. The levels of Chl-a were fluctuated between 0.014 ug/l at AQ 05 in August,
2012 to 2.38 pg/l at AQ 06 in May, 2012 with a spatial average of 0.40 pg/l. Total sus-
pended matter ranged from 12.09 mg/l at AQ 01 in March, 2011 to 31.98 mg/l at AQ 05
in May, 2013 with a spatial average of 16.53 mg/l. Secchi disk transparency, on the oth-
er hand, ranged from 5.40 m at AQ 02 in March, 2011 to 12.00 m at AQ 06 in July and
September, 2011 indicating the very limited impacts of human impacts due to the low
population in the region, and the limitation of land-based sources, ie., sewage, agricul-
ture and/or industrial effluents [18] [19] [25]. Irregular regional distributions (Figure
3(a)) of total suspended matter, secchi disk transparency and chlorophyll-a were ob-
served. The present study indicted higher total suspended matter (21.57 mg/l) at AQ
01, secchi disk transparency (12.0 m) at AQ 06, and chlorophyll-a (0.55 ug g/1) at AQ
03. On contrast, the lower values were (18.39 mg/l) at AQ 03, (6.0 m) at AQ 01 & AQ
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Table 5. Ranges and averages + standard division of the nutrients of the coastal water of Aqaba Gulf during 2011-2013.

Station

Aql

Aq2

Aq3

Aq4

Ag5

Aqg6

Av.

TSM
(mg/)

12.09 - 29.96
21.58 £ 6.57

13.37 - 30.02
19.66 * 4.65

12.33 - 27.28
18.39 £ 4.29

11.78 - 31.98
20.80 +£6.09

13.29 - 30.71
19.70 £ 5.09

13.86 - 28.29
19.43 +4.90

19.92 £1.12

Chl-a
(ug/D)

0.10 - 29.45
9.20 +£13.14

0.10 - 23.34
7.43 +10.58

0.09 - 24.14
6.82 £9.70

0.10 - 24.87
6.91 +10.01

0.09 - 24.51
7.20 +£10.31

0.15-21.81
6.64 +9.19

7.37 £ 0.94

NH,
(ug/)

4.05 - 68.23
16.12 +17.97

4.66 - 92.95
23.18 £25.78

5.13 - 86.06
18.05 +22.41

4.27 - 81.74
17.69 + 21.37

3.72-77.95
16.20 +20.39

3.72 - 64.98
17.67 +16.84

18.15 +2.59

NO,
(ug/)

0.50 - 26.89
4.67 £7.29

0.50 - 8.40
2.80 £ 2.08

0.50 - 11.12
2.83 £2.86

0.70 - 10.38
3.51+£2.88

0.36 - 11.37
2.61 £2.87

0.53 -13.47
3.18+£3.41

3.27 £0.76

NO,
(ng/)

1.81 - 33.01
15.66 +9.71

3.75 - 48.20
24.17 £ 15.51

3.89 - 41.37
18.81 +11.42

2.39 - 39.70
15.13 £10.97

3.38 -27.86
12.56 £ 8.12

3.17 - 48.20
21.98 + 13.66

18.06 + 4.42

TN
(ug/)

36.27 - 2537.92
477.81 + 673.27

32.09 - 2627.52
513.61 £ 695.59

24.58 - 2446.08
449.52 + 65172

35.93 - 2540.16
475.51 + 673.46

37.12 - 2311.68
508.34 + 629.90

36.78 - 2495.36
568.15 + 702.47

498.82 + 41.31

PO,
(ug/)

0.00 - 15.07
2.46 +£4.13

0.60 - 12.05
3.38 +£3.51

0.00 - 25.34
4.31+7.19

0.60 - 27.87
3.71 £7.67

0.60 - 15.07
2.77 £4.01

0.60 - 28.63
4.16 +7.78

3.47 £0.74

TP
(ug/)

10.97 - 65.13
30.05 +15.55

10.42 - 62.97
31.28 £15.55

9.37 - 59.26
33.63 £16.29

13.54 - 57.66
34.23 £15.17

10.97 - 54.79
29.73 £13.91

9.29 - 55.83
32.53 + 14.67

3191 +£1.86

Sio,
(ng/D

31.69 - 72.77
44.12 £11.41

38.73 - 206.45
78.06 + 48.51

28.87 - 73.56
48.15 + 14.79

19.78 - 280.51
77.31 £73.81

18.98 - 81.77
51.53 + 18.47

36.39 - 441.78
111.01 + 111.6

68.36 + 25.58

02, and (0.0.26 pg-g/1) at AQ 02; respectively. Seasonal variations cleared out that higher
total suspended matter (22.03 mg/l) in summer than in winter (17.20 mg/l) which is
mainly related to the increase in the number of visitors and aquatic tourism during
summer season (Figure 3(b)). Worth mentioning that TSM values were lower than the
maximum permissible limit of the Egyptian law 4\94 that TSM 25 mg/l. On contrast,
higher values of chlorophyll-a (0.50 ug/l) were observed in winter season compared to
their corresponding values (0.40 pg/l) in summer season (Figure 3(b)). The relatively
high values of chlorophyll-a, especially in the winter season are due to the higher values
of oxygen saturation percentages (110%), total nitrogen (911.6 ug/l), reactive silicate
(76.3 pg/l) and reactive phosphate (7.75 pg/l). These nutrient salts contribute for the
growth of phytoplankton expressed in high levels of Chl-a [19] [27] [38] [66]. Secchi
Disk transparency exhibited more or less comparable values during summer (8.0 m)

and winter (8.12 m) seasons.

3.3.2. Nutrient Salts

Ranges as well as regional average values of different nutrients are listed in Table 5. The
results indicated that dissolved inorganic nitrogen concentrations were relatively low.
Over most of the basin, Gulf of Aqaba surface waters are exceptionally clear and low in
nutrients because the hot, and arid climate. On the meantime, there is little nutrient
input from soil, agriculture and pollution on land. It also creates a permanent surface
layer of warm, nutrient-poor water, which does not mix with nutrient-rich deeper wa-
ter in a process called stratification [67] [68]. They ranged from 3.72 pg/l NH,-N at AQ
05 & AQ 06 to 92.95 pg/l NH,-N at AQ 02 for ammonium; 0.36 pg/l /1l NO,-N at AQ 05
to 26.89 ug/l /1 NO,-N at AQ 01 for nitrite; from 2.49 pg/l /1l NO;-N at AQ 0 to 97.67
ug/l NO,-N at AQ 0 for nitrate and from 20.16 to 2878.40 ug/l N at AQ 0 and AQ 0,
respectively for total nitrogen. In general, dissolved inorganic nitrogen constituted
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Figure 3. (a) Regional variations of chlorophyll-a, transparency, TSM, and nutrient salts of the
Aqaba gulf coastal waters; (b) Seasonal variations of chlorophyll-a, transparency, TSM, and nu-
trient salts of the Agaba gulf coastal waters.

7.92% of the TN in the investigated area revealing that the majority of TN content were
in the form of organic-N which constituted more than 92% of TN. Based on the mean
annual values, the concentrations of dissolved inorganic nitrogen forms followed the
following order: NH, = NO, = NO,. [69] [70] reported that seawater with concentra-
tions of 7.0 pg/l for each NH, and NO,is classified as oligotrophic. Whereas, in eu-
trophic waters the concentration of these nutrients are usually in order of 28.0 pg/l for
NH, and 56.0 pg/l for NO,. According to their classification, Aqaba Gulf sea coastal
waters are classified as oligotrophic to mesotrophic state. On the meantime, PO,,
ranged from ND pg/l PO,-P at AQ 01 & AQ 03 to 28.63 ug/l PO,-P at AQ 06, with an
average value of 3.47 pg/l (Figure 3(a)). TP ranged from 9.29 pg/l PO,-P at AQ 06 to
65.13 pg/l P at AQ 0, with an average value of 31.91pg/l. An increase of PO, concentra-
tion of 4.31 & 4.16 ug/l PO,-P were observed at stations AQ03 & AQ 06; respectively
compared to other stations (Figure 3(a)). The high phosphorus concentrations at AQ
03 & AQ 06 were accompanied with increase in ammonia, nitrite and nitrate concen-
trations and were most probably due to allochthonous effluents enriched with phos-
phate from the main shipping. On contrast, the relatively low PO, concentrations at
other stations could be mostly related to their short life cycle, sorption and deposition
on iron born dust conveyed to the basin from the surrounding deserts. [71] reported
the effect of composition and physicochemical characteristics of natural particles on
phosphate adsorption-desorption processes under various aquatic environment. The
typical concentrations for eutrophic coastal waters are above 4.65 pg/l and for highly
eutrophic system will be beyond9.3 pg/1 [70]. Accordingly the obtained results are con-
sistent with the oligotrophic characteristics of the Aqaba Gulf coastal waters [35]. The
geographic and temporal distribution pattern of SiO, displayed a large variability dur-
ing the investigation period. They fluctuated between 18.98 pg/l SiO, at station AQ 05
and 441.78 pg/1 SiO, at AQ 06, with an average value of 68.36 ug/l SiO, (Figure 3(a)). A
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remarkable increase in SiO, concentration (111.01 pg/l SiO,) was observed at AQ 06 of
Aqaba Gulf coastal water which most probably due to the organic matter decomposi-
tion and the partial dissolution of quartz particle transported to the sea from the sur-
rounding desert during sand storms. The cycles of the key nutrient elements nitrogen
(N) and phosphorus (P) have been massively altered by anthropogenic activities [72].
In coastal marine systems, nitrogen has historically been considered to be the predo-
minant limiting nutrient [73]. However, sequestration of P in calcareous sediments is
thought to drive P limitation in the tropics [74], while constraints on planktonic
N-fixation caused by insufficient light [75] or trace metal supply [76] [77] are thought
to influence the predominance of N or P limitation offshore. In order to understand
weather the phytoplankton growth in the coastal waters of the Aqaba Gulf is, or is not,
limited by N or P, The DIN/P ratio has been calculated. In the present study, DIN/DIP
ratio regional average value of (16.6:1) for Aqaba Gulf coastal waters. This N/P ratio for
the Aqaba Gulf agrees well with the stoichiometric ratio of Redfield (N:P = 16:1) re-
vealing that this proportion agrees with those actually found in various members of the
plankton community [78]. Seasonal variations (Figure 3(b)) showed average concen-
trations of ammonia (22.65 pg/l), nitrite (20.35 pg/l), phosphate (7.75 pg/l), and total
phosphorus (41.2 ug/l) which were significantly higher in summer compared to their
corresponding values (8.4, 14.0, 3.15, 22.8 ug/l; respectively) in winter. On contrast,
seasonal distributions of nitrate (22.3 pg/l), TN (911.6 pg/l), and SiO, (76.3 ug/l) exhi-
bited significantly higher values in winter compared to their corresponding values
(16.90, 517.2, 50.4 pg/l) in summer. In general, the majority of TN in winter was in the
form of organic-N (96.3%) compared to 91.7% in summer season. On the meantime,
TP exhibited more or less comparable organic-P percentage in summer (86.2%) and
winter (81.2%) seasons. Moreover, the DIN/ DIP ratio showed relatively higher values
in winter season (14.2:1) compared to summer season (12.4:1). This indicates high ni-
trogen concentrations in comparison with that of phosphorous in winter, yet it reflects
the generally lower nutrient levels present in the coastal waters of the Aqaba Gulf due

to the lack of significant nutrient input or oceanic upwelling [34].

3.4. Heavy Metals

Within rapid industrialization and economic development in coastal areas around the
world heavy metals are introduced to the coastal environment [3] [6] [66] [79]-[81].
Heavy metals are one of the most common pollutants which have severely deteriorated
the aquatic ecosystems and can be hazardous to the local population which uses the
coast area for fishing and recreation activities [3] [6] [15] [66] due to the toxicity, ab-
undance, persistence, and subsequent bio-accumulation. Their release in aquatic eco-
system is triggered by both natural and anthropogenic processes [82]-[85]. Because of
the non-degradability of heavy metals, toxic effects are often observed at points far
away from the sources [86]. Variations of dissolved metal concentrations, Ze. Fe, Zn,
Mn, Ni, Cu, Cr, Cd, Pb, and Hg in sea water samples from the investigated area re-

vealed quite low concentrations (Table 6). The results of the present study indicated
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Table 6. Range, averages + standard division of the metals and Petroleum hydrocarbons of the coastal water of Aqaba Gulf during

2011-2013.

Station

Fe ug/l

Mn pg/l

Cu pg/l Zn g/l Cr pg/l Ni pg/l Cd ug/l Pb ug/l Hg pg/l PHCs g/l

Aql

Aq2

Aq3

Ag4

Ag5

Aqg6

Av.

19.31 - 44.43
29.31 £8.97

29.65 - 55.32
4341 +9.97

15.19 - 63.25
32.95 + 14.49

19.19 - 46.92
31.81 £10.48

28.39 - 46.05
35.95 +6.49

12.99 - 52.51
31.24 £ 14.63

34.11 £5.05

0.74 - 2.56
1.60 £ 0.67

0.53-3.33
1.87 £0.95

0.72-11.23
2,97 +£3.44

0.53 - 5.02
2.88 = 1.66

1.09 - 5.30
2.93 +1.69

0.39-1.97
1.20 £ 0.52

2.24+0.78

0.80-545 4.51-13.11 0.20-1.31 0.65-2.00 0.17-0.55 1.82-4.00 0.03-0.12 0.18 - 5.50
262+1.59 894+285 0.69+044 1.18+046 0.38+0.14 3.29+0.70 0.07+0.04 1.22+1.83

1.17-833 9.95-29.62 0.71-1.70 0.89-2.38 0.18-0.60 2.80-9.74 0.03-0.12 0.36 - 2.86
394+2.74 1651+698 1.18+0.35 1.36+0.46 0.36+0.16 4.37+226 0.07+£0.02 1.04+0.80

1.11-544 9.00-20.55 0.69-1.66 0.26-2.05 0.17-1.08 2.06-515 0.02-0.17 0.36-1.43
3.02+1.53 1435+446 1.15+0.39 1.20+0.57 0.42+0.30 3.21+£0.99 0.06+£0.05 0.72+0.46

0.94-10.08 10.24-2146 0.73-1.57 0.43-257 021-1.65 240-479 0.00-0.04 0.33-2.14
447 +3.14 1395+3.77 1.14+0.38 1.365+0.63 0.68+0.48 3.46+0.94 0.03+£0.02 0.79%0.59

136 -7.51 10.14-27.17 0.75-1.88 0.86-8.87 0.18-1.02 3.15-5.55 0.00-0.15 0.21 -2.50
342+2.01 17.68+6.45 1.17+0.38 3.37+3.14 0.50+0.27 4.01+0.74 0.06+0.04 0.67+0.75

0.95-13.41 6.14-22.72 0.65-2.56 0.41-2.70 0.19-2.39 2.12-437 0.00 - 0.06 0.36 - 3.57
3.19+4.19 13.74+£5.87 129+061 121+0.74 0.61+0.73 3.21+0.78 0.03+£0.02 1.03+1.10

344 +0.67 14.19+3.01 1.10+£021 1.61+0.86 0.49+0.13 3.59+049 0.05+0.02 091+0.22

that concentrations of dissolved metals were in the order: Fe (34.11 pg/l) > Zn (14.19
pg/l) > Cu (3.44 pg/l) > Pb (3.59 pg/l) > Mn (2.24 pg/l) > Ni (1.61 pg/l) > Cr (1.10
pg/l) > Cd (0.49 pg/l) > Hg (0.05 pg/l). Generally, the concentrations of the ex-
amined metals were more or less comparable to the previously published papers and
indicated lack of riverine input, the absence of major local impacts of any land-based
sources and/or any major negative impacts of coastal tourism in the investigated area
[18] [19] [25] [27] [79]. Although, station AQ 01 attained the lowest concentrations of
Fe (29.31 pg/l), Cu (2.62 pg/l), Zn (8.94 pg/l), Cr (0.69 pg/l), Ni (1.18 pg/l), and Hg
(0.07 pg/l), and AQ 06 was characterized by its highest concentrations of Cr (1.29 ug/l),
and Hg (0.06 ug/l), irregular regional variations were observed in the distribution pat-
terns of most metals (Figure 4(a)). Seasonal variations, on the other hand, showed
higher concentrations for Fe (40.84 pg/l), Mn (3.18 pg/l), Zn (15.55 pg/1), Cr (1.19 pg/l),
Cd (0.82 pg/l), Pb (3.50 pg/l), and Hg (0.065 ug/l) in winter season compared to their
corresponding values (34.42, 2.27, 11.56, 1.06, 0.32, 3.40, and 0.05 pg/l) in summer sea-
son (Figure 4(b)). The higher concentrations in winter season are most probably re-
lated to impacts of any land-based sources in the investigated area. On contrast, Cu
(4.72 pg/l), and Ni (1.82 pg/l) exhibited higher concentrations in summer season than
their values (2.82 and 1.82; respectively) in winter season (Figure 4(b)). The higher
concentrations of Cu and Ni during summer season may be due to negative impacts of
coastal tourism. The present study revealed that all water samples had acceptable metals

concentrations.

3.5. Petroleum Hydrocarbons

Total petroleum hydrocarbons in the investigated area ranged from 0.18 pg/l at AQ 01
and 5.50 pg/l at AQ 01, with an average of 0.91ug/l (Table 6). Among all studied loca-

tions, AQ 01 at Ras Mohamed area exhibited the maximum average concentration (1.22
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ug/l) of petroleum hydrocarbons. AQ 05 at Neweiba Harbor El Saiadin area showed the
minimum average one (0.67 ug/l). The coastal waters at AQ 01 (Ras Mohamed), AQ 02
(Sharm El-Sheih Harbor), and AQ 06 (Table 6) areas were much suffered from oil pol-
lution compared to the other areas (Figure 4(a)) which is mainly due to accidental,
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Figure 4. (a) Regional variations of heavy metals and petroleum hydrocarbons of the Aqaba Gulf
coastal waters; (b) Seasonal variations of heavy metals and petroleum hydrocarbons of the Agaba
Gulf coastal waters.

deliberate or operational discharges and spills of oil from ships [2]-[5] [7] [8]. Fur-
thermore, seasonal variations showed concentrations of petroleum hydrocarbons rang-
ing from 0.18 to 1.07 ug/l, with an average value of 0.50 ug/l which were significantly
lower in winter compared to their corresponding values (0.41 - 6.31 ug/l, av. 1.20 pg/l)
in summer (Figure 4(b)). The higher concentrations of petroleum hydrocarbons in
summer are mainly attributed to the increase in the levels of oil pollution that most
probably resulted from an increase in accidental, deliberate or operational discharges
and spills of oil from ships [2]-[5] [7] [8]. In general, the maximum concentration was
much lower than the harmful concentrations reported for seawater. On the other hand,
the reported concentrations are very far below the accepted level given by EEAA of

Egypt and that recorded by the International level of 500 ug/l.

3.6. Statistical Analysis

3.6.1. Correlation Analysis

Pearson correlation matrix was studied on the present data for all investigated envi-
ronmental parameters (26 parameters) during the study period (n = 72, p < 0.05). The
correlation analysis confirmed the significant interrelation among studied parameters
(Table 7). It was showed that, water temperature represents a positive significant cor-
relation with each of NHj; (0.40), NO, (0.32), PO?{ (0.35) and a negative significant
correlation with each of DO (-0.25), chl-a (-0.33), as well as a positive significant cor-
relation between Chl-a and DO (0.26). The correlations among the nutrients illustrated
that there was a positive significant correlation between TN and each of NO, (0.50),
NO; (0.26), SiO, (0.28) and TSM (0.55). Also, a positive significant correlation between
TP and POi’ (0.67) as well as, between SiO, and each of NO, (0.25) and NO;
(0.45). The positive correlations among the nutrients may mean that, there are all
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Table 7. Pearson correlation matrix on the present data for all investigated environmental parameters (26 parameters) during the study

period (n =96, p < 0.05).

°C Salinity pH DO Chla TSM NH, NO, NO, TN PO, TP SiO,BOD OMCOD Fe Mn Cu Zn Cr Ni Cd Pb Hg PHBs

‘C  1.00
Salinity 0.05 1.00
pH 0.12 0.06 1.00
DO -0.25 0.09 -0.23 1.00
Chla -0.33 —-0.09 -0.16 0.26 1.00

TSM 0.12 0.08 0.05 0.05 -0.03 1.00

NH, 040 0.25 -0.02-0.22-0.35 0.15 1.00

NO, 0.32 -0.07 0.07 0.19 0.08 0.45 -0.15 1.00

NO; -0.09 -0.14 -0.09-0.05 0.09 0.16 —0.06 0.10 1.00

TN -0.09 -0.42 0.10 0.04 0.07 0.55-0.09 0.50 0.26 1.00

PO, 0.35 0.09 0.03 -0.05-0.20-0.04 0.02 0.12 —0.01-0.17 1.00

TP -0.04 0.20 -0.06 0.00 0.05 0.14 —0.26 0.13 0.25 —0.10 0.67 1.00

Si0, -0.18 0.14 -0.02-0.11 0.06 0.21 —0.04 0.25 0.45 0.28 —0.19 0.00 1.00

BOD 0.07 0.07 -0.18 0.14 —0.06 0.21 0.07 0.25 0.10 0.24 0.17 0.13 0.62 1.00

OM -0.27 0.03 0.03 0.02 —-0.01 0.01 —-0.37 0.22 0.21 0.26 0.29 0.40 0.34 0.29 1.00

COD 0.23 0.09 -0.10 0.01 0.19 0.19 —-0.03 0.21 —0.44 0.23 0.08 —0.01 0.02 0.29 0.24 1.00

Fe -0.18 0.04 -0.38 0.29 0.06 0.11 —-0.22-0.10 0.02 —0.01-0.26—0.01-0.15 0.05 —0.14-0.02 1.00

Mn -0.14 -0.06 —0.07 0.16 —0.17 0.09 —0.25 0.09 0.00 0.09 0.08 —0.01-0.02 0.01 0.10 —0.18 0.24 1.00

Cu 0.20 -0.09 -0.01 0.10 —0.13 0.07 —-0.07 0.08 —-0.16 0.19 0.11 0.00 —0.19-0.02-0.02 0.15 0.21 0.24 1.00

Zn -0.15 -0.17 -0.17-0.08-0.12-0.29-0.10-0.07 0.06 0.08 —0.06-0.27 0.26 0.13 0.26 —0.15 0.02 0.40 0.08 1.00

Cr -0.23 0.16 -0.340.10 0.09 0.05 0.08 0.02 0.15 0.22 —0.24 0.03 0.17 0.13 -0.05 0.05 0.39 0.11 0.09 —0.07 1.00

Ni 0.05 0.00 0.08 0.13 -0.13 0.20 —0.12 0.18 0.03 0.26 —0.02 0.00 —0.09 0.01 0.29 0.10 0.18 0.44 0.20 0.31 0.07 1.00

Cd -0.43 0.05 -0.19 0.56 0.12 —0.01-0.36 0.06 —0.02 0.09 —0.04 0.13 0.16 0.23 0.24 —0.09 0.21 0.38 —0.01 0.13 0.10 0.06 1.00

Pb 0.05 0.08 -0.28-0.03—0.28 0.21 0.58 —0.13—0.12 0.04 —0.22—-0.29-0.08 0.00 —0.25-0.11 0.17 0.15 0.12 0.12 0.27 0.12 —0.061.00

Hg -0.04 -0.18 -0.24 0.04 —-0.07 0.24 0.02 0.02 0.01 0.05 -0.01-0.10-0.21-0.06 0.02 —0.26 0.27 0.51 0.05 0.21 —0.04 0.36 0.00 0.36 1.00

PHBs 0.23 0.21 0.02 -0.25-0.28 0.15 0.62 —0.24-0.02-0.15-0.08-0.22-0.06—0.07-0.31-0.09-0.07-0.21-0.14-0.21 0.01 —0.11-0.250.43 -0.07 1.00

have the same source. It was observed that, there are strong relationships among the
metals in the coastal water of Aqaba Gulf during the present study. There is a positive
significant correlation between Fe and each of Mn (0.24), Cr (0.39) and Hg (0.27), and
a positive significant correlation between Mn and each of Cu (0.24), Zn (0.40), Ni
(0.44), Cd (0.38) and Hg (0.51). PHC was showed a negative significant correlation with
each of OM (-0.26), NO, (-0.24), Chl-a (-0.28) and a positive significant correlation
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with each of NH; (0.62), DO (0.23) and Cr (0.27). Metals give a negative significant
correlation with each of nitrogen and phosphorus forms, TP was negative correlated
with each of Zn (-0.27) and Pb (-0.29). PO}  was negative correlated with each of Fe
(-0.26) and Cr (-0.24). NH; was negative correlated with each of Cd (-0.38), Mn
(=0.25) and significant positive correlated with Pb (0.58). A positive significant correla-
tion between SiO, and Zn (0.26) was deduced. The relationships between PHC and
metals were weak except for a positive significant correlation with Cr (0.27). It was no-
ticed that, PHC was strongly correlated with each of NH, (0.62), NO, (-0.24), OM
(-0.31) and water temperature (0.23).

3.6.2. Principal Component Analysis (PCA)

PCA is an application for assessment of water pollution. PCA is a multivariate statistic-
al technique employed to reduce the dimensionality of dataset while attempting to pre-
serve the relationships present in the original data. The Eigen values were computed for
the standardized data using specialized statistical software package (SPSS version 16).
PCA is applied for multivariate data derived from the water analysis of 72 coastal water
samples of Aqaba Gulf using 26 variables: water temperature, salinity, pH, DO, BOD,
OM, COD, Chl-a, TSM, NH;, NO,, NO;, TN, PO, TP, SiO,, Fe, Mn, Ni, Zn,
Cd, Cr, Pb, Cu, Hg and PHC. The output data revealed that ten factors (PC1-PC10) af-
fected parameters distributions, association and sources, with cumulative covariance of
78.53%. Varimax rotation components matrix is given in Table 8 to give an overview
on the nature of loading among the parameters.

PC1 represented loading for water temperature 0.39, salinity 0.42, Chl-a —0.49, OM
—0.42, Pb 0.70 and positive high loading for NH; 0.86 and PHC 0.76. PC2 represented
positive loading for metals: Mn 0.74, Zn 0.55, Ni 0.75 and Hg 0.70. PC3 represented
high positive loading for TSM 0.84, NO, 0.74 and TN 0.75. PC4 represented loading
for BOD 0.75, OM 0.50 Zn 0.47 and high positive loading for SiO, 0.86. PC5
represented loading for OM 0.38 and high positive loading for PO 0.83 and TP 0.90.
PC6 represented loading for COD 0.66 and Cr 0.84. PC7 represented high positive
loading for DO 0.83 and Ni 0.80. PC8 represented high positive loading for COD 0.88
and high negative loading for NO; -0.74. PC9 represented loading for water temper-
ature 0.52, Cu 0.77 and Chl-a —0.43. PC10 represented negative loading for salinity
—0.44, pH -0.80 and positive loading for Hg 0.44.

Statistical analysis of the results for different investigated parameters revealed that
there are several commutative and correlative relations between several physicochemi-

cal parameters, nutrient salts, heavy metals and petroleum hydrocarbons.

3.7. Conclusions and Recommendations

This study provides data to make baseline information’s on the anthropogenic impacts
and natural inputs related to oceanographic characteristics of sea water of the Aqaba
Gulf marine environment. The most important conclusions of the present study can be

summarized as follows:
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Table 8. Varimax rotated component matrix.

Parameter

PC1

PC2

PC3

PC4

PC5

PCé6

PC7

PC8 PC9 PC10

Temp. (°C)
Salinity (S%o)
pH
DO
Chl-a
TSM
NH,
NO,
NO,
TN
PO,

TP
Si0,
BOD
oM
COD

Fe

Hg
PHC
Variance%

Cumulative %

0.39

0.42

-0.49

0.27

0.86

-0.42

0.70

0.76

11.22

11.22

-0.29

0.36

0.74

0.55

0.75

0.30

0.70

9.37

20.59

0.84

0.74

0.25

0.75

0.24

-0.34

9.10

29.59

0.29

0.27

0.86

0.75

0.50

0.47

-0.27

38.42

0.36

0.83

0.90

0.38

-0.28

-0.24

46.69

-0.35

0.25

-0.37

-0.33

0.66

0.84

0.24

53.99

-0.25

0.23

0.83

0.80

61.18

0.52
0.26 -0.44

-0.80

-0.43

0.25

-0.74

0.24

0.88

0.77

6.24 5.59 5.34

67.60 73.19  78.53

1) Except for the area of Sharm El-Sheikh Harbor, the results of respective years and

annual average monitoring for the density, composition, and distributions at different

stations cleared out that the Egyptian shoreline of the Aqaba Gulf is relatively not af-

fected by man-made litter.

2) No significant variations for each of salinity and pH values.

3) The concentrations of pollution indicators such as BOD, DOM and COD are low.

4) Based on the annual average of the three years, low Chl-a and TSM concentrations
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and high transparency were generally encountered at the coastal water of the Aqaba
Gulf.

5) Low levels for each of Chl-a, TSM, nitrogen, phosphorus and reactive silicate were
deduced. Accordingly, it can be classified between oligotrophic to mesotrophic state.

6) The levels of heavy metals displayed remarkable variations during the three years
and still under the permissible levels for all elements.

7) The concentration of petroleum hydrocarbons was much lower than the harmful
concentrations reported for seawater and are very far below the accepted level given by
EEAA of Egypt and that recorded by the International level of 500 pg/l.

8) Therefore, it is safe to conclude that, the main body of the Aqaba Gulf coastal re-
gions of Egypt is not yet seriously threatened in spite of recently rapid recreational and
human development taken place on its coast.

9) There are several commutative and correlative relations between physicochemical

parameters, nutrient salts, heavy metals and petroleum hydrocarbons.
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