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Abstract 
The coastal region of the Suez Gulf, is one of the most densely industrialized zones in 
Egypt. In order to assess the quality of Suez Gulf coastal waters for the sustainable 
use and development, and consequently for the national income, 12 field campaigns 
were carried out in 3 years (2011-2013). The results of beach litter cleared out that 
the shoreline of the Suez Gulf, especially Ras Gharib area was subjected to many fac-
tors which undoubtedly affected the rate of man-made litter accumulation. The most 
abundant visible items were general litter as they represented 30.64% of the total 
items encountered. Oil, seaweeds as well as old and new tar constituted 15.41%, 
14.85% and 11.84%, respectively. The increase on the levels of water temperature, 
Chl-a, TSM, DO, BOD, DOM, COD, ammonium ion, nitrite, nitrate, total phospho-
rus, silicate and total nitrogen developed a eutrophic region. In general, dissolved 
inorganic nitrogen (DIN) species were almost 9 times higher in the northern parts 
compared to the southern ones revealing that the northern parts of the Gulf were 
more affected by human impacts compared to the southern area. Moreover, concen-
trations of most studied metals such as Zn, Mn, Ni, Cu, Cr, Cd, Pb, and Hg were 
higher in Northern parts compared to southern parts of the Gulf. The concentrations 
of dissolved metals in the northern and southern Suez Gulf followed the following 
order: Fe   Zn   Cu > Pb > Mn > Ni > Cr > Cd   Hg. Except for Hg, con-
centrations of metals were in the acceptable ranges recommended internationally. Hg 
concentrations especially in the northern Suez Gulf were slightly higher than the 
permissible levels. As the northern parts of the Gulf were more suffered from oil 
pollution, total petroleum hydrocarbons revealed higher concentrations in the 
northern parts compared to the southern parts of the Gulf. Seasonal variations, on 
the other hand, indicated higher levels of DO, BOD, DOM and COD, chloropyll-a, 
TSM, ammonia, nitrate, total nitrogen in winter compared to their corresponding 
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values in summer. In general, the majority of TN and TP in winter were in the form 
of organic-N (87.2%) and organic P (94.1%). These percentages were 77.8% and 
37.3%, respectively in summer. The surface coastal water of the Suez Gulf was prin-
cipally, P-limited for phytoplankton growth in different investigated regions. Fur-
thermore, the DIN/DIP ratio was higher (94.2:1) in winter season compared to 
summer season (6.3:1). Concentrations of Fe, Zn, Cd, and Hg in winter exhibited 
significantly higher values compared to their corresponding values in summer. On 
contrast, Mn, Ni, Cu, Cr, and Pb exhibited significantly higher values in summer 
compared to their corresponding values in winter. Furthermore, concentrations of 
petroleum hydrocarbons were significantly higher in winter than in summer which is 
mainly attributed to the increase in the rate of evaporation for petroleum hydrocar-
bons in summer due to the increase in water temperature and water salinity. In gen-
eral, the maximum concentration was much lower than the harmful concentrations 
reported for seawater. A stepwise multiple linear regression, analysis of variance 
(ANOVA), and principle component analysis (PCA) were applied. 
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1. Introduction 

Contamination of the Egyptian marine environment in the Red Sea is one of the envi-
ronmental crises that accompany with the rapid economic development and has be-
come a subject of great deal of research in recent years [1]-[14]. The coastal region of 
the Suez Gulf, is one of the most densely industrialized zones in Egypt. The sustainable 
use of coastal and ocean resources is linked to public health, food security, and eco-
nomic and social benefits, including cultural values and traditional livelihoods. More 
broadly, these elements are understood as decisive elements for the alleviation of po-
verty. Therefore it has been considered as the area the most at risk of pollution in the 
Red Sea, particularly oil pollution since the most important economic activities in the 
region revolve around the petroleum, petrochemical and fertilizer industries. The 
northern area is receiving a heavy load wastewater from industrial and sewage effluents 
that generate impacts that cumulatively affect the health of these critical marine eco-
systems and ultimately their economic development [15] [16]. Most of these pollution 
problems which lie mainly in the coastal zone are changing the configuration of the 
coastline [17] [18] [19]. It is now well accepted that the local impacts of these land- 
based sources are in synergy with the negative impacts of coastal tourism, ship-based 
sources including discharges of oily ballast water, tank washings by vessels, operational 
and accidental spills, leaks from vessels in addition to other forms of ship-generated 
wastes, i.e. oily sludge, bilge water, garbage and marine debris [20]-[29], as well as the 
improper resource management in conjunction with a lack of law enforcement, land 
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use practice taking advantage of the site location. The magnifying effect of all these 
types of stressors is considered a hindrance to sustainable development of the marine 
resources in the Gulf of Suez. There is compelling evidence that these pollutants and 
related synergistic effects, despite the significant progress made over the last decade 
through investments to control pollution from these sources, can cause disease and 
mortality in sensitive species, disrupt critical ecological functions, cause trophic struc-
ture and dynamics changes (i.e. eutrophic conditions), and impede growth, reproduc-
tion, and larval settlement [30] [31] [32]. 

The importance of identifying the extent of and reducing these effects with the acce-
lerated public interest in preservation of the environment, and restoration of those 
areas has now become crucial. There has been increased activity in biological and eco-
logical research on the effects of pollution on the marine environment, particularly in 
coastal waters [18]-[21] [31]-[34]. The interest in preservation of the coastal environ-
ment has been reflected in various national and international workshops and confe-
rences that have taken place [5] [6] [17] [19] [25] [35]-[40]. 

It is now well accepted that the solution of these marine pollution problems is only 
achieved through legislative actions combined with strong backing by scientific re-
search and monitoring programs and due to the importance of the area for tourism, fi-
sheries, oil and other industries and the consequence importance for national income, 
and in order to assess pollutants and impacts of environmental changes in the coastal 
region of the Suez Gulf, an environmental information and monitoring program 
(EIMP) was established since 1998. The main objective of this paper is to assess the 
quality of Suez Gulf coastal waters for the sustainable use and development, and con-
sequently for the national income. 

2. Material and Methods  
2.1. Study Area 

The Gulf of Suez is a relatively young rift basin, dating back 40 million years. It 
stretches some 280 km to north, terminating at the City of Suez which is the entrance to 
the Suez Canal (Figure 1). It is relatively shallow, with a maximum depth of about 64 
m; outside its mouth the depth drops sharply to about 1255 m. It has a relatively flat 
bottom with a depth ranging between 55 and 73 m. Hence, the Gulf spreads a shallow 
basin filled with the surface water of the Red Sea. The climate is arid, with a yearly av-
erage net evaporation of 10 mm/day. Winds blow mainly from the north-northwest di-
rection throughout the year. Rainfall in the region is extremely sparse and localized.  

The sources and causes of water pollution in Suez Gulf Region can be categorized 
into: sewage, persistent organic solids, radioactive material, heavy metals, oils (hydro-
carbons), nutrients, sediment mobilization, and litter. The mid-western side is locating 
under the direct effect of sewage wastes and petrochemical effluents of Ras Gharib city. 
Whereas, the human impact on the eastern (Sinai Peninsula) and southern (El Tour 
city) sides are still insignificant due to the low population there. For this reason great 
and rapid development were taken place on these two sides as natural recreational areas  
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Figure 1. Locations of different samples collected from the study area. 
 
for tourist trades and consequently national income. 

2.2. Sampling 

Within the framework of EIMP, 12 field campaigns were carried out in 3 years (2011- 
2013). A total of 108 coastal water samples were seasonally collected, in duplicate, dur-
ing March, May, August and October of 2011-2013. Eight coastal sampling stations 
were selected to represent the different locations situated under the direct effect of hu-
man activities, public resort beaches, some protected and reference sites (Figure 1). The 
latitude and longitude of each station is given in Table 1. Duplicate water samples from 
each stations were collected at 50 cm depth below the water surface to avoid the floating 
materials using a high quality and Purified PVC Niskin’s bottle to estimate hydro-
chemical parameters, i.e., water temperature, salinity, pH, dissolved oxygen etc., eutro-
phication parameter, i.e., chlorophyll-a, nutrient salts, heavy metals, i.e., Zn, Mn, Ni,  
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Table 1. Locations of different samples collected from the study area. 

No. Area Latitude Longitude 

SU01 North Suez 29˚ 57− 0= 32˚ 32− 24= 

SU02 Middle Suez 29 55 12 32 28 48 

SU03 South Suez 29 52 12 32 28 48 

SU04 Mena Sukhana 29 10 12 32 38 40 

SU05 Ain Sukhana North 29 10 12 32 38 60 

SU06 Ras Garib City 28 22 12 33 4 48 

SU07 Ras Shukheir 28 8 24 33 16 48 

SU08 El-Tour 28 14 24 33 36 36 

 
Cu, Cd, Co, Pb, etc., and total petroleum hydrocarbons. 

2.3. Methods 
2.3.1. Hydrographic Parameters 
The hydrographic parameters (water temperature, salinity, pH, Transparency, dissolved 
oxygen (DO) were measured in situ at each station using CTD (YSI-6000) Transparen-
cy was measured by Secchi Disk. Dissolved oxygen was also measured using modified 
Winkler method [41]. Biological oxygen demand (BOD) samples were kept in incuba-
tor and fixed after 5 days and their DO contents were determined. Dissolved organic 
matter (DOM) was carried out using potassium permanganate according to the method 
described by [42], and chemical oxygen demand (COD) was determined by the dich-
romate closed reflux titrimetric method [41]. 

2.3.2. 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 µm filters. Chl-a was extracted using 90% acetone and measured spectro-
photometerically according to [43]. Ammonium ion concentrations were determined 
according to [44]. 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 [43] [44] by using HACH DR-2000 direct 
reading spectrophotometer. Total P and total N were estimated in unfiltered water 
samples following the procedure described by [45]. Total suspended matter (TSM) was 
collected from 3 L seawater samples by filtration through washed, dried and pre- 
weighed 0.45 µm 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-
pressed in mg/l [43]. Transparency was measured by Secchi Disk. Transparency was 
measured by Secchi Disk. The concentration of dissolved inorganic nitrogen (DIN as 
the sum of NH4-N + NO2-N + NO3-N) was calculated.  
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2.3.3. Heavy Metals 
Dissolved heavy metals, i.e. Fe, Mn, Cu, Zn, Cd, etc. were determined after pre-con- 
centration from seawater by using chelex-100 cation-exchange resins according to [46] 
[47]. Measurements were done by using the atomic absorption spectrophotometer 
(AAS)/flame mode (Shimadzu AA-6800). 

2.3.4. 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 [48]. 

2.4. 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.  

2.5. 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, i.e. communality, usually more than 85% was necessary. 

3. Results and Discussions 
3.1. Visual Observations 

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 magnitudes of pollution for respective 
items [15] are assessed by eyes according to: none, light, moderate and heavy, allocating 
respective scores ranging from “0” to “3” (Table 2). 

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 shore-
line of the Suez Gulf, especially, Ras Gharib (SU06) area was subjected to many factors  
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Table 2. The total scores of seven items stand for the pollution index. 

Item None Light Moderate Heavy 

Lumps of new and old tar 

Oil 

Faces 

Seaweeds 

General litter 

Harmful litter 

Sewage 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

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

Stations Respective years Av. 

No. Area 2011 2012 2013  

SU01 

SU02 

SU03 

SU04 

SU05 

SU06 

SU07 

SU08 

North Suez 

Middle Suez 

South Suez 

Mena Sukhana 

Ain Sukhana North 

Ras Garib City 

Ras Shukheir 

El-Tour 

0.68 

0.57 

1.0 

0.21 

0.18 

2.18 

0.36 

0.64 

0.68 

0.93 

1.04 

0.21 

0.21 

2.0 

0.50 

0.75 

0.54 

1.04 

1.04 

0.21 

0.04 

2.01 

0.61 

0.82 

0.63 

0.85 

1.03 

0.21 

0.14 

2.07 

0.49 

0.74 

 
which undoubtedly affected the rate of man-made litter accumulation including heavy 
shipping traffic, intensive commercial fishing, settlement and fast growing communi-
ties, etc. [20] [22] [23] [28] [49] [50]. Despite of that the northern parts of the Gulf were 
still more affected (0.84) by human impacts compared to the southern area (0.73). In 
fact, the beach tar has been found to be a good estimator of levels of oil contamination 
and an effective means of evaluating the potential threat of oil on coastal resources 
[26]-[29]. Stations with a higher pollution index are largely consistent with the areas of 
oil or natural gas field. In general, the most abundant visible items were general litter as 
they represented 30.64% of the total items encountered. Oil, seaweeds as well as old and 
new tar constituted 15.41%, 14.85% and 11.84%, respectively. On contrast, sewage, fac-
es, and harmful litter represented 9.77%, 8.08%, and 3.70%, respectively. Besides af-
fecting the fishing industry and scuba diving tourism, beach litter cause a destruction of 
living resources and reduces the recreational utility of coastal waters, especially the 
beaches through shore damage [20] [22] [23] [28] [29]. 

3.2. Hydrography 

The results of water temperature, salinity dissolved oxygen and pH (Table 4), measured 
at each station by using the CTD (YSI-6000) revealed that the maximum water temper-
ature was 32.21˚C in August, 2012 at Mena Sukhna (Su04); while the minimum  
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Table 4. The average and mean values of different hydrochemical characteristics of Suez Gulf coastal waters during 2011-2013. 

Region Code Temp. (˚C) S %o pH DO DO% BOD DOM COD 

A 

Su1 19.03 29.81 40.4 42.23 8.12 8.24 6 10.3 85.37 144.56 0.64 4.72 0.64 3.6 9.16 12.75 

 
25.38 41.6 8.17 7.36 106.86 2.13 1.38 10.4 

Su2 17.89 29.76 37.65 41.67 8.12 8.2 5.18 11.44 76.26 171 0.72 7.36 0.72 3.28 9.37 15.38 

 
25.16 40.81 8.16 7.4 107.73 2.69 1.75 11.51 

Su3 19.09 28.96 41 41.81 8.15 8.23 5.76 9.27 81.95 137.1 0.84 3.84 0.6 3.84 9.04 13.47 

 
24.99 41.43 8.18 7.57 109.83 2.24 1.58 10.99 

B 

 
18.67 29.35 39.68 41.83 8.14 8.21 5.71 9.83 81.2 144.77 1.4 4.03 0.72 3.57 9.4 13.19 

Av. 25.18 41.28 8.17 7.44 108.14 2.35 1.57 10.96 

su5 19.19 32.21 41.04 43.19 7.6 8.23 5.52 7.84 78.54 122.9 0.4 3.12 0.28 3.12 8.09 11.68 

 
26.23 42.06 8.14 6.75 98.5 1.27 1.14 9.7 

su5a 18.74 30.82 40.1 42.18 8.17 8.26 4.56 8.08 64.88 118.3 0.44 3.6 0.32 3.6 8.21 11.56 

 
24.57 41.34 8.21 6.61 96.11 1.34 1.15 9.72 

Su7 17.56 27.45 38.27 41.06 8.09 8.19 5.12 10.82 72.85 151.8 1.2 6.48 0.16 3.2 7.73 16.82 

 
22.98 40.18 8.14 7.62 108.73 2.69 1.51 10.79 

Su9 18.45 28.18 40.15 42.05 8.13 8.28 5.6 10 79.68 142.28 0.32 2.4 0.12 2.32 6.63 10.36 

 
23.08 40.96 8.19 7.15 102.82 1.54 0.89 8.95 

Su13 20.06 27.21 39.51 41.69 8.06 8.22 5.76 7.68 81.95 109.27 0.8 3.12 0.16 1.6 4.54 12.03 

Average 
17.56 - 32.21 38.27 - 43.19 7.60 - 8.28 4.56 - 1.82 64.9 - 15.8 0.32 - 6.48 0.12 - 3.60 4.54 - 16.82 

24.22 41.14 8.17 7.03 102 1.71 1.17 9.79 

 
temperature was 17.56˚C in March, 2011 at Ras Gharieb (Su06). Water temperatures 
showed slightly higher values in the northern parts (25.18˚C) than southern parts 
(24.18˚C) of the Gulf (Figure 2(A)). Seasonal variations revealed higher temperatures 
in summer (27.61˚C) compared to their corresponding values (20.38˚C) (Figure 2(B)) 
suggesting more pronounced variability. In general, 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 [6] [8] [51] [52]. Pronounced variations 
in the water salinity of Suez Gulf was noticed (Table 4). Regionally, the salinity, in gen-
eral, showed noticeable local variations according to the distance of the different sites 
from the effluents [17] [19] [53]-[55]. Based on the distribution of surface salinity in 
the investigated area, the maximum regional value (42.23 ppt) was observed at Suez 
North (Su01), while the minimum one (37.65 ppt) was measured at Suez Middle (Su 
02). No significant increase in the water salinity of the gulf area from the entrance of 
the Gulf in the south (40.36 ppt) towards the North (41.51 ppt) revealing a water mass 
with salinity > 40 ppt and occupying the whole Gulf area (Figure 2(A)). Moreover, 
seasonal variations showed no differences between winter (41.04 ppt) and summer val-
ues (41.34 ppt) of salinity (Figure 2(B)). The distribution of pH values at the surface 
water in summer showed values ranging from 7.60 to 8.22. In winter, pH values were more 
or less comparable to that measured in summer with a variation range of 8.09 to 8.24,  
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Figure 2. Average values of different hydrogrophic parameters in the Suez Gulf. (A) Re-
gional; (B) Seasonal. 

 
reflecting less variation. The observed higher pH values at surface water in summer 
(8.14) and winter (8.17) seasons could be attributed to the photosynthetic activity and 
long light span [3] [4] [52]. No obvious variations in the pH values were observed be-
tween the southern (8.17) and northern (8.17) parts of the Suez Gulf which is mainly 
associated with water temperature, dissolved oxygen, organic matter, chlorophyll-a, etc. 
[7] [17] [51] [53] [54]. It seems that the relative high pH-value, especially at Suez mid-
dle (Su02) which is affected by waste waters could be attributed to the phytoplankton 
bloom and was accompanied by an increase in dissolved oxygen [7] [17] [52]. Dissolved 
oxygen concentration in the surface water of the Suez Gulf showed concentrations 
ranging from 4.56 to 7.58 mg/l with an average value of 6.36 mg/l in summer. However, 
oxygen distribution in winter showed significantly higher values (5.64 to 10.82 mg/l) 
with an average value of 8.13 mg/l than that of summer which may probably attributed 
to lower temperatures [16]-[18] [34]. Horizontal distribution of dissolved oxygen con-
centrations showed higher concentrations in Northern parts (7.44 mg/l) compared to 
southern parts (6.83 mg/l) of the Gulf (Figure 2(A)) probably due to the higher photo-
synthetic activity [51] [52] [54] [56], and consequently indicated a well oxygenated 
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condition (7.14 mg/l) in the whole investigated area. The saturation values are in the 
range of 72.85% to 171.0% of oxygen depending on temperature and salinity values 
(Table 4) revealing that the Gulf is nearly super-saturated by oxygen with some ten-
dency towards a slight decrease in oxygen contents with increasing depth. The results 
of BOD, DOM and COD (mg/l) showed remarkable regional variations (0.64 - 4.72), 
(0.64 - 3.60), and (9.16 - 12.75) with more or less similar patterns of distribution (Table 
4) and revealing higher concentrations depending on the amounts of biodegradable 
organic matter and impacts of land based sources and/or human activities [16]-[18] 
[51] [53] [54] [56]. Figure 2(A) cleared out that BOD, DOM and COD levels were 
higher in Northern parts (2.35, 1.56, and 10.97 mg/l, respectively) compared to south-
ern parts (1.68, 1.14, and 9.71 mg/l, respectively) of the Gulf. Seasonal variations 
showed concentrations ranging from 0.32 to 4.72, with an average value of 1.75 mg/l, 
from 0.32 t0 3.2, with an average value of 1.29 mg/l, and from 8.21 to16.82 mg/l with an 
average value of 9.42 mg/l, respectively in summer (Figure 2(B)). However, BOD, 
DOM, and COD distribution in winter showed significantly higher values (1.52 - 6.48) 
with an average value of 3.27 mg/l, (0.64 - 3.84) with an average value of 2.04 mg/l, and 
(4.54 - 12.27) with an average value of 9.52 mg/l, respectively than that of summer. 
DOM and COD seasonal variations in coastal surface waters of Suez Gulf were mimic 
to their corresponding of BOD (Figure 2(B)). According to the Environmental Egyp-
tian law (92/2013), the permissible COD discharge limits (100 mg/l) are much higher 
than the measured concentrations. 

3.3. Chlorophyll-a, TSM, Transparency, and Nutrient Salts  
3.3.1. Chlorophyll-a and TSM, Transparency  
In general, the results of Chl-a and TSM in the Suez Gulf showed remarkable regional 
variations (Table 5). The levels of Chl-a were fluctuated between 0.11 μg/l in March 
(2011 & 2012) at Su07 and 9.85 μg/l in August 2012 at Su02. On the other hand, the le-
vels of TSM varied between 0.97 mg/l in March 2011at Su09 and 105.61mg/l in August 
2012 at Su02, with more or less similar patterns of distribution. On the meantime, see-
chi disk fluctuated between 2.0 in March, 2011 at Su01 and 12.0 m in July, 2011 at Su04 
(Table 5). Figure 3(A) cleared out that Chl-a and TSM levels were higher in the 
Northern parts (2.22 μg/l, and 38.69 mg/l, respectively) compared to southern parts 
(0.67 μg/l and 22.92 mg/l, respectively) of the Gulf. On contrast, seechi disk measure-
ment were higher in the southern parts (6.6 m) compared to the northern parts (4.39 
m). In general, secchi disk transparency reached bottom depth at most stations. Sea-
sonal variations (Figure 3(B)) showed concentrations of chlorophyll-a ranging from 
0.12 to 9.85 μg/l with an average value of 1.96 μg/l and from 6.99 to 105.61, with an av-
erage value of 33.86 mg/l, respectively in summer. However Chl-a and TSM distribu-
tion in winter showed significantly lower values (0.11 - 5.32) with an average value of 
1.50 μg/l, and (2.81 - 42.75) with an average value of 21.20 mg/l than that of summer. 
The pronounced increase in water temperatures that results in an increase in the rate of 
phytoplankton growth in addition to the discharge of wastewater are the main factors 
responsible for such increase in both chlorophyll-a and TSM in summer. In general, the  
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Table 5. Ranges and average values of chlorophyll-a (μg/l), total suspended maters (mg/l) nutrient salts (μg/l) of coastal surface waters of 
Suez Gulf during 2011-2013. 

Region Code Chll-a TSM NH4 NO2 NO3 TN PO4 TP SiO4 

A 

Su01 0.78 4.09 5.44 59.83 24.47 94.03 1.58 46.38 12.44 157.07 237.88 3151.34 0.6 8.29 15.48 70.3 15.03 176.05 

 1.59 35.26 52.39 9.38 66.05 1385.05 2.69 38.52 99.87 

Su02 1.09 9.85 4.16 105.61 71.55 334.35 9.15 123.43 121.92 926.35 304.64 6701.35 0.6 6.35 26.84 84.78 45.59 223.85 

 3.28 45.33 227.78 46.02 349.53 2609.32 3.06 47.38 125.14 

Su03 1.23 8.96 11.89 56.77 90.97 287.09 9.6 98.18 82.79 445.2 394.24 6160.31 0.6 9.79 14.45 86.84 25.33 280.01 

 3.97 35.49 194.89 29.91 222.23 2086.67 2.64 43.64 94.1 

B 

Av. 1.03 5.57 7.16 70.92 63.8 223.08 7.03 80.33 107.25 464.43 330.77 5331.34 0.6 6.78 18.93 73.4 52.72 172.97 

 2.95 38.69 158.35 28.44 212.61 2027.01 2.8 43.18 106.37 

Su04 0.13 1.91 2.81 39.02 6.78 70.25 1.21 10.01 4.04 128.02 190.4 2712.64 0.46 11.3 15.48 61 35.21 136.05 

 0.88 21.76 26.98 2.77 35.69 1145.59 2.63 30.61 62.96 

Su05 0.12 0.83 1.71 35.78 3.99 59.44 0.53 9.88 3.34 25.07 174.72 2458.43 0.3 6.03 15.36 52.73 55.15 223.85 

 0.58 18.12 18.23 2.7 13.44 1038.22 2.14 29.34 101.61 

Su06 0.24 5.32 12.07 44.84 31.07 696.99 1.71 18.53 9.26 111.3 192.64 3955.79 1.3 36.99 21.22 198.5 18.98 309.54 

 1.08 27.42 265.04 6.11 31.78 1472.96 13.02 62.97 95.45 

Su07 0.11 0.83 0.97 38.71 5.27 36.07 0.36 10.13 3.21 63.66 163.52 2464 0.3 9.04 5.12 53.76 24.04 283.97 

 0.44 20.42 15.33 2.98 17.19 880.16 2.31 23.92 64.35 

Su08 0.11 1.53 16.01 34.22 4.94 64.71 0.35 9.39 1.52 28.7 134.4 3483.2 0.6 28.25 17.3 54.61 31.11 140.01 

 0.57 22.96 17.9 2.89 11.2 1085.05 4.93 32.52 58.88 

Average 
0.11 - 5.32 0.97 - 44.84 3.99 - 697 0.35 - 18.83 1.52 - 128 134 - 3155 0.30 - 37.0 5.12 - 198.5 15.03 - 309 

0.71 22.14 19.61 2.84 21.86 1124 3.00 29.09 76.65 

 
high values of chlorophyll-a in the investigated area are due to the rich supply of DIN, 
reactive silicate and reactive phosphate, these nutrient salts contribute for the growth of 
phytoplankton expressed in high levels of Chl-a [4] [6] [7] [55]. On contrast, secchi 
disk patterns of distributions revealed higher values (5.02 m) in summer compared to 
its values (4.85 m) in winter season (Figure 3(B)). Despite TSM values were lower than 
the maximum permissible limit of law 4\94 that TSM 25 mg\l, yet it was at the borders 
in August 2012 at Su02 which is most probably attributed to the discharge of huge 
amounts of wastewaters from El-Kabanon drain (approximately 120,000 m3/day), from 
the city of Ras Gharib, Raks beach and Attaka port. The outflow of wastewater is not 
free from the suspended matters [3] [6] [53] [54]. 

3.3.2. Nutrient Salts 
The concentration of nitrogen and phosphorus are known to play a key role in deter-
mining the ecological status of aquatic systems [57]. These nutrients in excess may 
leads to diverse problems such as an increase in the occurrence and extent of algal  
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Figure 3. Average values of transparency, TSM, and Chl-a in the Suez Gulf. (A) 
Regional; (B) Seasonal. 

 
blooms, loss of oxygen, taste and odour problems, fish deaths and loss of biodiversity. 
Nutrient enrichment seriously degrades aquatic ecosystems, impairing the use of water 
for drinking, industry, agriculture, recreation and other purposes [58]. On contrast to 
most of the Red Sea water which is considered oligotrophic, the coastal waters of the 
Suez Gulf especially the northern parts are nutrient-rich [3] [4] [6]-[8]. The results of 
the present study (Table 5) indicated that dissolved inorganic nitrogen concentrations 
were quite high especially in the northern parts of the Gulf. Figure 4(A) cleared out 
that dissolved inorganic nitrogen (DIN), i.e. ammonium ion (158.34 μg/l), nitrite (28.44 
μg/l), nitrate (212.61 μg/l), total nitrogen (1360.3 μg/l) levels were higher in Northern 
parts compared to southern parts (68.69, 4.89, 23.94 and 1124.4 μg/l, respectively) of 
the Gulf developing an eutrophic region in the northern Suez Gulf. Generally, the con-
centrations of DIN were found to be highest in the area surrounding Suez City due to  

0
5

10
15
20
25
30
35
40
45

A - Regional
Region A Region B

0
5

10
15
20
25
30
35
40

B - Seasonal
Winter Summer



E. M. Abo-El-Khair et al. 
 

1509 

 

 
Figure 4. Average values of different nutrient salts in the Suez Gulf. (A) Regional; (B) 
Seasonal. 

 
the discharge of untreated sewage and industrial wastewater as well as the wastes re-
sulting from ships waiting to cross the Suez Canal and are considered as an indicator of 
high anthropogenic inputs and bacterial activity [3] [4] [6] [7] [10]-[12] [20]-[23]. Dis-
solved inorganic nitrogen constituted 29.4% and 8.7% of the TN in the waters of both 
northern and southern parts of the Gulf, respectively (Figure 4(A)). This finding re-
vealed that the majority of TN content in both areas of the Gulf were in the form of or-
ganic-N which constituted more than 80% of TN. Based on the mean annual values, the 
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concentrations of dissolved inorganic nitrogen forms in the northern Suez Gulf fol-
lowed the following order: NO3 > NH4 > NO2, while in the southern parts it was: NH4 > 
NO3 > NO2. In general, dissolved inorganic nitrogen (DIN) species were almost 9 times 
higher in the northern parts compared to the southern ones. Ammonia, nitrite and ni-
trate represented 39.6%, 7.1%, and 53.2%, respectively of DIN, whereas these percen-
tages were 70.4%, 5.0%, and 24.6%, respectively in the southern parts of the Gulf. The 
high value of nutrients in the Gulf was mainly attributed to the fertilizer waste from 
El-Nasr fertilizer factory and sewage waste disposal from El-Kabanon drain [3] [6] [7] 
[10] [11]. However, the higher percentages of ammonia in the southern parts are due to 
the relatively lower concentrations of DO and the direct discharge of industrial, agri-
cultural and domestic sewage through El-Kabanon drain which is considered the main 
industrial and sanitary drain. On the meantime, total phosphorus (43.18 μg/l) and sili-
cate (106.4 μg/l) showed also higher concentrations in the northern parts of the Gulf 
compared to the southern parts (35.84 and 76.65 μg/l, respectively) as shown in as 
shown in Figure 4(a). The quite high total phosphorus and silicate contents in the 
northern parts compared to southern parts were attributed to allochthonous huge 
amounts of domestic and drainage effluents enriched with phosphate and other ferti-
lizers discharge into this area through El-Kabanon drain which is considered the main 
industrial and sanitary drain [3] [6] [7] [10] [11]. On contrast, inorganic phosphorus 
(2.79 μg/l) levels were lower in northern parts compared to the southern parts (5.00 
μg/l) of the Gulf. According to Skrivanic and Strin [59] well as Franco and. Fatorri [60] 
especially in the northern parts as eutrophic waters. They indicated that seawater dis-
playing concentrations of 7.0 μg/l for each NH4 and NO3 is classified as oligotrophic. 
Whereas, in eutrophic waters the concentration of these nutrients are usually in order 
of 28.0 μg/l for NH4 and 56.0 μg/l for NO3. Seasonal variations showed concentrations 
of ammonia ranging from 4.05 to 614.67, with an average value of 130.93 μg/l, nitrate 
ranging from 5.75 to 481.70, with an average value of 126.46 μg/l, total nitrogen ranging 
from 181.03 to 16700, with an average value of 1701.1 μg/l which were significantly 
higher in winter compared to their corresponding values (ammonia: 3.94 - 696.99, av. 
113.30 μg/l, nitrate: 1.52 - 166.15, av. 60.61 μg/l, total nitrogen: 134.4 - 2310, av. 861.75 
μg/l) in summer (Figure 4(b)). On contrast, seasonal distributions of nitrite (0.99 - 
55.36, 13.89 μg/l), phosphate (0.46 - 9.57, 2.88 μg/l), and silicate (16.47 - 693.90, 90.04 
μg/l) exhibited significantly lower values in winter compared to their corresponding 
values (nitrite: 0.35 - 98.18, 17.79 μg/l, phosphate: 1.17 - 36.91, 30.34 μg/l, and silicate: 
15.03 - 283.97, 119 μg/l) in summer (Figure 4(b)). Total phosphorus exhibited lower 
concentrations in winter (0.60 - 43.16, av. 25.14) compared to their corresponding val-
ue in summer (17.30 - 96.10, av. 48.42). In general, the majority of TN and TP in winter 
were in the form of organic-N (87.2%) and organic P (94.1%). These percentages were 
77.8% and 37.3%, respectively in summer. The lower concentrations of silicate during 
winter compared to summer were owing to its consumption by diatoms and radiola-
rian. Dissolved inorganic nitrogen (DIN) and PO4-P are the main forms of N and P that 
are bioavailable for the growth of phytoplankton. Smith [61] found that phytoplankton 
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yield depends mainly on N/P ratio; ratio > 15 - 17 was indicating that phosphorus was 
the critical controlling factor, from <9 - 10: 1 indicates that the yield varied with nitro-
gen and >21 shows that phosphorus was the primary controlling factor. The DIN/DIP 
ratio was higher in Northern parts (143.2:1) compared to southern parts (19.5:1). The 
higher ratios than that reported by Redfield’s ratio with value of (16:1) revealed high 
nitrogen concentrations in comparison with that of phosphorous. The surface coastal 
water of the Suez Gulf are principally, P-limited for phytoplankton growth in different 
investigated regions (Table 5). The high N/P ratio could be related to the high anthro-
pogenic inputs [3] [4] [6] [7] [17] [10]-[12]. Furthermore, the DIN/DIP ratio are higher 
(94.2:1) in winter season compared to summer season (6.3:1). 

3.4. Heavy Metals 

The ranges and mean concentrations of the studied heavy metals, namely, Fe, Zn, Mn, 
Ni, Cu, Cr, Cd, Pb, and Hg are given in Table 6. The results of the present study (Table 
6) indicated that concentrations of most studied metals were quite high especially in the  
 

Table 6. Ranges and regional average values of heavy metals and petroleum hydrocarbons (μg/l) in the Suez Gulf Coastal waters during 
2011-2013. 

Region Code Fe Mn Cu Zn Cr Ni Cd Pb Hg PHC  

A 

Su01 29.1 75.56 0.42 7.79 1.82 23.59 7.8 29.59 0.94 3.9 1.14 2.25 0.34 1.65 2.39 6.99 0.03 0.47 0.25 2.86 

 
44.09 2.77 10.51 17.37 1.98 1.64 0.92 5.54 0.19 1.5 

Su02 21.4 49.27 0.37 1.71 1.84 8.91 7.95 26.31 0.56 1.33 0.84 2.6 0.23 1.48 2.25 5.56 0.03 0.22 0.36 12.50 

 
31.93 1.15 5.23 18.83 0.82 1.69 0.62 3.84 0.11 2.88 

Su03 25.06 57.63 0.35 9.95 1.83 9.37 8.27 26.34 0.59 2.15 1.1 2.02 0.23 0.75 3.46 6.28 0.01 0.1 0.51 9.00 

 
42.17 2.99 5.04 13.18 1.34 1.65 0.48 4.59 0.05 1.89 

Average 
21.40 - 75.56 0.35 - 9.95 1.82 - 32.59 7.80 - 29.59 0.56 - 3.90 0.84 - 2.60 0.23 - 1.65 2.25 - 6.99 0.01 - 0.47 0.25 12.50 

39.4 2.3 6.93 16.46 1.38 1.66 0.67 4.66 0.12 2.09 

B 

Su04 19.79 39.53 1.26 4.67 1.38 12.76 11.52 31.45 0.33 3.81 1.03 2.46 0.09 0.54 2.28 9.99 0.01 0.11 0.43 1.20 

 
31.26 2.15 4.76 19.35 1.68 1.52 0.3 5.18 0.04 0.73 

Su05 21.85 44.09 0.26 2.83 1.63 6.56 7.65 21.43 0.5 2.18 0.96 1.71 0.21 0.72 2.56 4.81 0.02 0.1 0.61 1.96 

 
31.58 1.78 3.93 13.25 1.11 1.36 0.48 3.94 0.06 0.92 

Su06 28.03 66.82 1.08 5.2 0.77 7.65 4.04 20.83 0.75 1.76 0.82 2.54 0.16 0.6 2.57 5.18 ND- 0.08 1.08 7.50 

 
46.52 2.69 3.82 12.66 1.22 1.4 0.35 3.92 0.04 2.47 

Su07 33.46 72.24 0.58 3.31 0.45 8.78 3.99 18.73 0.42 1.97 0.6 1.53 0.22 0.8 2.78 5.14 0.02 0.09 0.18 2.14 

 
47.13 1.59 3.26 11.46 1.09 1.14 0.38 3.44 0.05 0.78 

Su08 25.55 77.01 0.65 17.25 1.9 14.17 9.3 28.73 0.37 1.65 0.27 1.65 0.24 0.93 2.34 7.9 ND 0.06 0.43 4.95 

 
47.43 4.42 5.95 17.02 0.96 1.13 0.5 4.34 0.04 1.52 

Average 
19.8 - 77.6 0.26 - 17.25 0.45 - 14.7 3.99 - 31.45 0.33 - 3.81 0.27 - 2.46 0.09 - 0.93 2.28 - 10.0 ND - 0.11 0.18 12.50 

40.78 2.53 4.34 14.75 1.21 1.31 0.4 4.16 0.046 1.28 



E. M. Abo-El-Khair et al. 
 

1512 

northern parts of the Gulf. Figure 5(A) cleared out that dissolved metals, i.e. Zn (17.48 
μg/l), Mn (2.04 μg/l), Ni (1.66 μg/l), Cu (6.78 μg/l), Cr (1.32 μg/l), Cd (0.88 μg/l), Pb 
(4.50 μg/l), and Hg (0.112 μg/l) concentrations were higher in Northern parts com-
pared to southern parts (15.60, 1.86, 1.34, 4.38, 1.18, 0.44, 4.07, and 0.050 μg/l, respec-
tively) of the Gulf. Fe exhibited more or less comparable concentrations (39.40 μg/l) in 
the northern and southern parts (40.78 μg/l) of the Gulf. Generally, concentrations of 
most dissolved metals exhibited the highest concentrations in the area surrounding 
Suez City where the bay is subjected to industrial run-off from oil refineries, fertilizer 
plants, and power station in addition to sewage and garbage [21] [24] [62] [63]. Based 
on the mean annual values, the concentrations of dissolved metals in the northern and 
southern Suez Gulf followed the following order: Fe (39.40 ± 4.78 μg/l)   Zn (16.46 ± 
14.75 μg/l)   Cu (6.93 ± 4.34 μg/l) > Pb (4.66 ± 4.16 μg/l) > Mn (2.30 ± 2.53 μg/l) >  
 

 

 
Figure 5. Average values of heavy metals and total petroleum hydrocarbons in the Suez Gulf. (A) 
Regional; (B) Seasonal. 
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Ni (1.66 ± 1.31 μg/l) > Cr (1.38 ± 1.21 μg/l) > Cd (0.67 ± 0.40 μg/l)   Hg (0.12 ± 
0.046 μg/l). In general, Hg, Cd, Cu, Ni, Zn, Cr, Mn, and Pb concentrations were almost 
2.24, 2.00, 1.60, 1.24, 1.12, 1.12, 1.10, 1.10 times, respectively higher in the northern 
parts compared to the southern ones (Figure 5(A)). Fe concentrations, on the other 
hand, were 1.04 times higher in the southern parts compared to the northern ones. The 
high values of most metals in the northern parts are mainly due to allochthonous huge 
amounts of domestic and drainage effluents from El-Kabanon drain in addition to the 
fertilizer waste from El-Nasr fertilizer factory [3] [6] [7]. However, the relatively higher 
concentrations of Fe in the southern parts are due to the more oxic conditions in the 
southern area of the Gulf. Seasonal variations showed concentrations of Fe ranging 
from 21.779 to 64.115, with an average value of 44.1 μg/l, Zn ranging from 10.783 to 
49.406, with an average value of 22.46 μg/l, Cd ranging from 0.467 to 4.816, with an av-
erage value of 1.06 μg/l, and Hg ranging from 0.006 to 0.489, with an average value of 
0.095 μg/l, which were significantly higher in winter compared to their corresponding 
values (19.79 - 75.56, 41.82 μg/l), (3.992 - 21.569, 11.60 μg/l), (0.146 - 0.75, 0.34 μg/l), 
and (0.028 - 0.1772, 0.064 μg/l), respectively in summer (Figure 5(B)). On contrast, 
seasonal distributions of Mn (0.256 - 17.25, 1.92 μg/l), Ni (1.013 - 2.204, 1.58 μg/l), Cu 
(1.72 - 23.587, 6.32 μg/l), Cr (0.326 - 3.900, 1.29 μg/l), and Pb (2.823 - 9.99, 3.74 μg/l) 
exhibited significantly higher values in summer compared to their corresponding val-
ues (0.047 - 4.36, 1.45 μg/l), (0.894 - 1.825, 1.34 μg/l), (1.684 - 5.07, 3.16 μg/l), 0.64 - 
1.341, 1.08 μg/l), (2.613 - 4.002, 3.60 μg/l), respectively in winter (Figure 5(B)). Except 
for SU 01 & Su 02, the present study revealed that all water samples exhibited dissolved 
heavy metals concentrations in the international acceptable ranges [64]. Stations (SU 01 
& SU 02) attained Hg concentrations slightly higher than the permissible levels. 

3.5. Petroleum Hydrocarbons  

Total petroleum hydrocarbons in Suez Gulf ranged from 0.56 and 2.38 µg/l with an av-
erage of 1.35 µg/l (Table 6). The maximum concentration in all studied locations was 
measured for Suez north (SU01) and the minimum one was observed at Suez south 
(SU03). The coastal waters at the northern parts are more suffered from oil pollution 
(2.06 µg/l) compared to the southern parts (1.60 µg/l) of the Gulf (Figure 5(A)). The 
higher concentrations are mainly attributed to accidental, deliberate or operational 
discharges and spills of oil from ships, especially tankers. Offshore platforms and pipe-
lines are additional reasons for the increase of total petroleum hydrocarbons in the 
northern Suez Gulf. Stations of SU02 and SU06 in the Gulf of Suez (2.88 & 2.47 µg/l, 
respectively) were found to suffer from extensive chronic petroleum pollution inputs 
compared to other areas of the Gulf. The impacts of oil pollution land-based sources 
and/or offshore sources are the main reasons for such increase [20] [22] [23] [26] [27]. 
Furthermore, seasonal variations showed concentrations of petroleum hydrocarbons 
ranging from 0.18 to 9.0 µg/l, with an average value of 1.70 µg/l which were significant-
ly higher in winter compared to their corresponding values (0.56 - 3.57, av. 1.52 µg/l) in 
summer (Figure 5(B)). The lower concentrations of petroleum hydrocarbons in sum-
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mer are mainly attributed to the increase in the rate of evaporation for petroleum hy-
drocarbons in summer season due to the increase in water temperature and water sa-
linity [20] [22] [23] [26] [27]. 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 µg/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 = 96, p ≤ 0.05). The 
correlation analysis (Table 7) confirmed the significant interrelation among studied 
parameters. It was showed that, water temperature represents a positive significant 
correlation with each of TSM (0.32), salinity (0.24), some heavy metals such as Cu, Cr 
Ni and Pb (0.32, 0.23, 0.20 and 0.48, respectively) and a negative significant correlation 
with each of DO (−0.52), BOD (−0.43) OM, (−0.27) and Zn (−0.46). The correlations 
among the nutrients illustrated that there was a positive significant correlation between 
TN and each of 2NO−  (0.52), 3NO−  (0.57) and TSM (0.43). Also, a positive significant 
correlation between 4NH+  and each of 3

4PO −  (0.52), 3NO−  (0.51), 2NO−  (0.44) and 
TP (0.57) as well as, between 3

4PO −  and TP (0.57) were calculated. The positive corre-
lations among the nutrients may mean that, there are all have the same source. It was 
observed that, there are strong relationships among the metals in the coastal water of 
Suez Gulf during the present study. There is a positive significant correlation between 
Mn and each of Fe (0.30) and Pb (0.21), and a positive significant correlation between 
Pb and each of Zn (0.21), Cr (0.43), Cu (0.38) and Hg (0.20). Ni was positive correlated 
with each of Cu (0.43) and Hg (0.20). PHC was showed a negative significant correla-
tion with Fe (−0.23) and a positive significant correlation with each of TSM (0.30), 

4NH+  (0.31). Metals give a positive significant correlation with each of nitrogen and 
phosphorus forms, TP was positive correlated with Cd (0.32), TN was positive corre-
lated with each of Ni (0.3), Pb (0.22) and Hg(0.22). 4NH+  was positive correlated with 
Hg (0.27). A positive significant correlation between 2NO−  and each of Ni (0.33) and 
Hg (0.24) was deduced. Similarly, a positive significant correlation between 3NO−  and 
each of Ni (0.21) and Hg (0.33) was deduced. The relationships between PHC and met-
als were weak. 

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 96 coastal water 
samples of Suez Gulf using 26 variables: water temperature, salinity, pH, DO, BOD, 
OM, COD, Chl-a, TSM, 4NH+ , 2NO− , 3NO− , TN, 3

4PO − , TP, SiO4, Fe, Mn, Ni, Zn,  
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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). 

 Temp Sal Ph DO DO% BOD DOM COM chll-a TSM Am Ni Na TN Phs Tphs Si Fe Mn Cu Zn Cr Ni Cd Ph Hg THC 

Temp 1.00                           

Sal 0.24 1.00                          

Ph −0.17 0.03 1.00                         

DO −0.52 0.00 −0.03 1.00                        

DO% −0.42 0.08 −0.04 0.97 1.00                       

BOD −0.43 −0.01 −0.04 0.61 0.61 1.00                      

DOM −0.27 −0.09 −0.13 0.20 0.18 0.53 1.00                     

COM 0.18 −0.11 −0.27 −0.09 −0.08 0.33 0.45 1.00                    

chll-a 0.04 0.16 0.02 0.20 0.22 0.34 0.05 0.32 1.00                   

TSM 0.32 0.01 0.03 −0.04 −0.05 0.13 0.17 0.27 0.49 1.00                  

Am −0.06 −0.25 −0.13 0.20 0.15 0.34 0.43 0.54 0.26 0.24 1.00                 

Ni 0.16 −0.17 −0.01 −0.03 −0.06 0.20 0.25 0.36 0.48 0.58 0.44 1.00                

Na 0.07 −0.16 0.00 0.05 0.03 0.11 0.24 0.20 0.33 0.36 0.51 0.78 1.00               

TN 0.16 −0.26 0.10 −0.20 −0.26 −0.12 0.07 0.17 0.13 0.43 0.19 0.52 0.57 1.00              

Phs 0.02 −0.34 −0.24 0.07 0.02 0.13 0.17 0.40 −0.10 0.03 0.52 −0.01 −0.08 −0.09 1.00             

Tphs −0.14 −0.07 −0.14 0.23 0.21 0.59 0.37 0.55 0.23 0.05 0.57 0.22 0.08 −0.10 0.57 1.00            

Si 0.07 −0.09 0.05 0.14 0.12 0.07 0.18 0.04 −0.03 0.17 0.02 0.10 0.13 0.05 0.07 −0.01 1.00           

Fe −0.18 −0.33 −0.03 0.07 0.07 0.26 0.22 0.25 0.02 0.06 0.02 0.04 −0.16 0.02 0.13 0.18 −0.07 1.00          

Mn 0.14 −0.03 0.08 −0.20 −0.20 −0.09 −0.05 0.03 0.05 0.05 −0.04 −0.06 −0.08 0.17 −0.02 0.01 −0.16 0.30 1.00         

Cu 0.32 −0.04 0.01 −0.20 −0.20 −0.01 0.02 0.24 −0.05 0.25 0.02 0.17 0.15 0.37 0.07 −0.02 0.06 0.18 0.14 1.00        

Zn −0.46 −0.04 −0.06 0.43 0.43 0.33 0.12 −0.04 0.14 −0.13 0.02 −0.06 0.09 0.09 0.05 0.12 0.01 −0.03 −0.16 0.00 1.00       

Cr 0.23 0.26 −0.51 0.03 0.03 −0.05 −0.04 0.05 −0.04 0.03 −0.16 −0.11 −0.12 −0.04 −0.03 −0.01 −0.17 0.09 0.12 0.10 −0.05 1.00      

Ni 0.20 0.27 0.09 0.11 0.12 0.10 0.05 0.30 0.28 0.30 0.21 0.33 0.21 0.31 −0.11 0.17 0.09 0.05 0.15 0.43 −0.07 0.19 1.00     

Cd −0.41 0.06 0.09 0.51 0.51 0.48 0.09 0.09 0.15 0.02 0.06 0.03 0.13 0.14 −0.06 0.32 0.10 0.01 −0.04 0.11 0.37 −0.07 0.10 1.00    

Pb 0.48 0.14 −0.45 −0.19 −0.19 −0.13 −0.04 0.01 −0.02 0.19 −0.02 0.05 0.03 0.22 −0.16 −0.16 −0.03 −0.03 0.21 0.38 −0.21 0.43 0.17 −0.14 1.00   

Hg −0.01 −0.05 0.02 0.08 0.08 0.00 0.24 0.05 −0.03 0.31 0.27 0.24 0.33 0.22 −0.07 −0.01 0.07 −0.15 −0.04 0.19 −0.01 0.05 0.20 0.12 0.20 1.00  

THC 0.13 −0.03 −0.05 0.00 0.00 0.08 0.11 0.11 0.11 0.30 0.31 0.12 0.17 0.11 −0.04 0.07 0.07 −0.23 −0.15 −0.10 −0.05 −0.09 −0.02 −0.16 0.17 0.05 1.00 

n = 96. P < 0.05 r significant at 0.1998. 

 
Cd, Cr, Pb, Cu, Hg and PHC. The output data revealed that ten factors (PC1-PC8) af-
fected parameters distributions, association and sources, with cumulative covariance of 
72.02%. Varimax rotation components matrix is given in Table 8 to give an overview 
on the nature of loading among the parameters.  

PC1 represented positive high loading for Chll-a 0.46, TSM 0.61, 4NH+  0.58, 2NO−  
0.81, 3NO−  0.87, TN 0.82 and Hg 0.41. PC2 represented positive loading for DO 0.86,  
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Table 8. Varimax rotated component matrix. 

 PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

Temp. (˚C)  −0.80       

Salinity (S‰)     0.77    

pH    −0.81     

DO  0.86       

Chl-a 0.46    0.56    

TSM 0.61    0.43    

NH4 0.58  0.60      

NO2 0.81        

NO3 0.87        

TN 0.82        

PO4   0.78      

TP   0.77      

SiO4        0.72 

BOD  0.68 0.47      

OM   0.45     0.46 

COD   0.78      

Fe      0.82   

Mn      0.66   

Cu       0.65  

Zn  0.68       

Cr    0.79     

Ni     0.56  0.38  

Cd  0.69       

Pb    0.75     

Hg 0.41       0.46 

THC       −0.64  

Variance% 14.19 12.43 11.82 8.13 7.52 6.18 6.11 5.63 

Cumulative % 14.19 26.62 38.44 46.58 54.09 60.28 66.39 72.02 

 
BOD 0.68, Zn 0.68 and Cd 0.69 and negative loading for water temperature −0.80. PC3 
represented high positive loading for BOD 0.47, DOM 0.45, COD 0.78, 4NH+  0.60, 

3
4PO −  0.78, and TP 0.77. PC4 represented high negative loading for pH −0.81and high 

positive loading for Cr 0.79 and Pb 0.75. PC5 represented high positive loading for sa-
linity 0.77, Chll-a 0.56, TSM 0.43 and Ni 0.56. PC6 represented loading for Fe 0.82 and 
Mn 0.66. PC7 represented positive loading for Cu 0.65, Cd 0.38 and negative loading 
for THC-0.64. PC8 represented positive loading for DOM 0.46, SiO4 0.72 and Hg 0.46.  
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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. 

4. Conclusions and Recommendations 

Based on the results of the present study, one can safely conclude and recommend that: 
1) The results of respective years and annual average monitoring for the density, 

composition, and distributions at different stations cleared out that the shoreline of the 
Suez Gulf, especially, Ras Gharib area was subjected to many factors which undoubted-
ly affected the rate of man-made litter accumulation including heavy shipping traffic, 
intensive commercial fishing, settlement and fast growing communities, etc. Despite of 
that the northern parts of the Gulf were still more affected by human impacts compared 
to the southern parts. 

2) Most of the hydrographic parameters, e.g. salinity, pH, etc. showed noticeable lo-
cal variations and concentrations of pollution indicators such as BOD, DOM and COD, 
etc. are relatively high and varied according to the distance of the different sites from 
the effluents. 

3) Based on the annual average of the three years, high Chl-a, TSM, and nutrient salts 
concentrations were generally encountered and reflected eutrophication signs at the 
coastal water of the Aqaba Gulf. 

4) Concentrations of heavy metals and petroleum hydrocarbons displayed remarka-
ble variations during the three years and still under the permissible levels given by 
EEAA of Egypt and that recorded by the International organizations. 

5) There are several commutative and correlative relations between physicochemical 
parameters, nutrient salts, heavy metals and petroleum hydrocarbons. 

6) Therefore, it is highly recommended coastal and marine pollution from fertilizer 
and chemical industries in Suez should be prevented. Industrial discharges, especially 
from fertilizers and chemical industries, on a regular basis, should be monitored, to 
ensure their compliance with local standards, and the criteria set for effluent discharge 
into the marine environment. 
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