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Abstract: The present work aimed to study the physicochemical parameters and nutrient salts of El Mex Bay area to 

evaluate its composition since El- Mex Bay exposed to several kinds of human activities and receive different types of 

industrial pollutants. Various pollutants are dumped daily by industrial, agricultural and domestic sources over Alexandria 

coasts through several outfalls, El-Mex Bay one of these disposal sites (El-Mex Pumping Station). Surface and bottom water 

samples were collected seasonally during the period from September (summer) 2012 to April (spring) 2013. Salinity variation 

appeared in water quality changes, it ranged from 2.25‰ to 38.87‰ and from 26.21‰ to 39.64‰ at the surface and bottom 

water, respectively. Dissolved oxygen levels indicated poor aeration conditions along the water column, it is lower in most 

stations at surface layer (ND-3.15 mgl
-1

) than that in the bottom layer (0.79 – 6.28 mgl
-1

). The pH values of the study area at 

surface ranged (7.05 - 8.73), while at the bottom water ranged (7.18 - 8.45). Inorganic nitrogen species in El-Mex Bay water 

decreased in the order of NH4
+
 > NO3

-
 > NO2

-
. The measured nutrient content varied greatly as follows: NH4

+
, 4.73±5.70 to 

99.27±72.53 µM; NO2
-
, 0.72±0.43 to 4.34±3.43 µM; NO3

-
, 1.33±1.01 to 31.68±24.59 µM Regional and seasonal variations of 

total nitrogen concentration in El-Mex Bay surface and bottom water ranged from 28.26± 14.87 to 335.12±226.66 µM. The 

concentrations of reactive phosphate (PO4) and total phosphorus (TP) were in the ranges of 0.05-17.36 µM and 0.11-28.01 µM, 

respectively. As a result of nutrient enrichment, phytoplankton growth was very intensive, reflected by an abnormally high 

concentration of chlorophyll-a (annual average: 13.64±10.69 µg l
−1

 at surface and 3.96 ±2.42 µg l
−1

 at bottom water). 

Keywords: Chlorophyll-A, Nutrient Salt, El Mex Bay, Salinity 

 

1. Introduction 

Ecosystems are complex and dynamic. This makes linking 

any one effect to a specific cause very difficult and conditions 

cannot be controlled [1]. One of the major environmental 

problems in Alexandria city is seawater pollutions. Various 

pollutants are dumped daily by industrial, agricultural and 

domestic sources over Alexandria coasts through several 

outfalls, El-Mex Bay one of these disposal sites (El-Mex 

Pumping Station). Water pollution is a serious problem in the 

ecosystem. It has been suggested that it is the leading 

worldwide cause of death and diseases. It accounts for the 

death of more than 14,000 people daily [2]. Estuaries and 

coastal areas have industrial activities because of the ease of 

transport. Moreover, the sea offers a convenient place for the 

disposal of waste substances. At least 40% of all marine 

contaminants come from land-based sources [3]. Urbanization 

imposes a physical and chemical load to surrounding water 

bodies, changing the ecosystem and leaving a record of 

disturbance in the sediments of the water body [4, 5]. The 

Mediterranean Sea is generally characterized by nutrient 

decrease from west to east resulting in variations in the 

structure of the pelagic food web [6, 7]. A primary reason for 

low nutrient concentrations is the anti-estuarine circulation of 

the Mediterranean Sea [8, 9]. Nutrient acted as raw materials 

for the organism within the ecosystem to build up their cells 

and tissues and to continue their growth, but, without it the 
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organism will not be able to survive. El-Mex Bay represents a 

shallow sheltered Estuary west of Alexandria. The discharges 

into the Bay caused the increase of nutrient levels in the 

coastal waters which consequently become Eutrophic. 

Eutrophication is a complex process which occurs both in 

fresh and marine waters, where excessive development of 

certain types of algae disturbs the aquatic ecosystems and 

becomes a threat for animal and human health. The primary 

cause of eutrophication is an excessive concentration of plant 

nutrients which cause phytoplankton to grow and may use up 

all the oxygen in the water, leaving none for other marine life 

[10]. An ecosystem is a closed system, where everything that it 

requires to activate the system comes within the system itself. 

The present work aimed to study the physicochemical 

parameters and nutrients salts of El Mex Bay water to evaluate 

its composition since El- Mex Bay exposed to several kinds of 

human activities and receive different types of industrial 

pollutants. 

2. Material and Methods 

2.1. Study Area 

El-Mex Bay receives a heavy load of waste water (2.6 x 

10
9
 m

3
y

-1
) both directly from industrial out falls and 

indirectly from Lake Mariut via El-Mex pumping station. 

The main outfalls are; Misr Chemical Industries, Mex 

pumping station on El-Umum drain, combined wastewater 

from Tanneries and slaughterhouse, El-Noubaria Canal and 

Mahmoudeya Canal [11]. El-Mex Bay is characterized by the 

presence of two water layers overlaying each other [12]. an 

upper brackish layer characterized by higher temperature and 

low salinity, and a lower seawater layer which has a 

properties similar to open Mediterranean with lower 

temperature and high salinity [13, 14]. Eight stations were 

selected to cover the whole area of EL-Mex Bay. The 

positions of these stations are shown in Figure 1. El-Mex 

area lies at the western part of Alexandria city. it is one of the 

main fishing grounds of Alexandria located between 

longitude from 29
o
 48' 20.44'' to 29

o
 51' 0.00'' E and latitude 

from 31
o
 8' 34.188'' to 31

o
 10' 29.85'' N. it represent a shallow 

sheltered Estuary west of Alexandria, extends for about 15 

km between El-Agamy headland to the west to the Western 

harbor to the east and from the coast to a depth of about 30 

m. The Bay has a mean depth of 10m. Its surface area is 

about 19.4 km
2
 and its volume 190.3 x 10

6
m

3
 [15].  

 
Figure 1. Sampling Stations. 

2.2. Sampling and Analysis 

Surface and bottom water samples were collected 

seasonally during the period from September (summer) 2012 

to April (spring) 2013. Temperatures were measured in-situ 

using thermometer. The pH value was measured using pH-

meter (JENWAY, 3505 Electrochemistry Analyzer pH-

meter). Salinity was determined using a salinometer (model, 

YSI556MPS). The classical Winkler method, modified by 

Grasshoff (1983) [16] was used for determination of 

dissolved oxygen (DO). The method used for the 

determination of oxidizable organic matter (OOM) was 
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described by FAO. (1976) [17]. Chlorophyll-a was measured 

according to the method described by Strickland and Parsons 

(1972) [18] using a spectrophotometer (Shimadzu UV-150-

02). The total nitrogen (TN) and total phosphorus (TP) were 

determined in unfiltered seawater samples [19], while it was 

filtered before analyzing PO4-P, NO2-N, NO3-N and SiO4-Si 

and kept under deep freeze until their analysis in the 

laboratory spectrophotometrically using a spectrophotometer 

(Shimadzu UV-150-02). Ammonium (NH4-N) was 

determined, using the indophenols blue technique described 

by IOC (1983) [20]. The determination of nitrite, nitrate, 

phosphate and silicate were described by Grasshff (1983) 

[16].  

2.3. Statistical Analysis 

The statistical analysis was performed which included 

correlation matrices between the different investigated 

variables and testing the significance of a relation between 

different variables. Different computer programs were used 

in this work: Excel 2007, Word 2007, Surfer 9 and SPSS 18. 

3. Results and Discussions 

3.1. Physicochemical Parameters of El-Mex Bay Water 

3.1.1. Temperature 

Water temperature plays an important role in a variety of 

biological processes. The temperature affects the growth, 

survival, distribution and the rate of oxygen consumption by 

aquatic environment. In the present study, seasonal and 

regional variations of temperature in the period from autumn 

2012 to spring 2013 gave significant changes in surface and 

bottom temperature values. The temperature of bottom water 

in El-Mex Bay is lower than that recorded in surface water. 

In the summer period, the temperature was high, with an 

average 26.74°C and the smallest temperature in winter with 

an average 17.36°C (Table 1). The temperature value in all 

seasons except in spring increased in the direction of the 

north-west at El-Mex Bay. 

3.1.2. PH Value 

The pH value is the master control parameter in the aquatic 

environment for the chemical and biological system of water. 

It is an important water quality indicator, in the aquatic 

environment; the hydrogen ion plays an important role in 

many life processes where the living organisms are 

dependent and sensitive. The recorded pH value in El-Mex 

Bay was always in the alkaline side, values of both surface 

and bottom water varied within narrow limits (Table 1). The 

pH values in El-Mex Bay in summer, autumn, winter and 

spring ranged from 7.05 to 7.71, 7.60 to 8.25, 7.60 to 8.34 

and 7.49 to 8.73, respectively. The pH values of El-Mex Bay 

at surface ranged from 7.05 in summer 2012 to 8.73 in spring 

2013, while at the bottom water ranged from 7.18 in summer 

2012 to 8.45 in spring 2013. The slightly high surface pH 

values are mainly related to the increase in photosynthetic 

activity in the surface  

3.1.3. Salinity (‰) 

It is a measure of the salt content of seawater and is 

equivalent to the total amount of dissolved solids in seawater 

by weight. Salinity in El-Mex Bay water varied regionally 

within a wide range, from Mediterranean seawater in the 

north to brackish water near El-Umum Drain outlet. The 

surface salinity water ranged from 2.25‰ in winter 2013 to 

38.87‰ in summer 2012, while at the bottom water ranged 

from 26.21‰ in autumn 2012 to 39.64‰ in summer 2012 

(Table 1). The salinity increased at the bottom water 

comparing with those recorded at the surface, this related to 

the presence of mixing with fresh water [21]. The water in 

front of El-Umum Drain is characterized by low salinity 

(brackish water) ranged between 2.25 and 32.00, depends 

primarily on the amount of brackish water discharged 

through the drain. It's clear from the horizontal distribution of 

salinity at different seasons of El-Mex Bay was characterized 

by the presence of two water layers overlying each other 

upper brackish layer and lower diluted seawater. At surface 

water, a significant variation of salinity was observed due to 

discharge of outfalls from El-Umum drain. At bottom water, 

a small variation of salinity was observed.
 

3.1.4. Dissolved Oxygen (DO) 

Dissolved oxygen (DO) is the amount of oxygen in 

seawater. Without oxygen, aquatic system could not support 

life. All organisms in seawater need oxygen for respiration. 

During respiration, organisms consume oxygen and give off 

carbon dioxide. Dissolved oxygen content in the surface 

water can tell us about photosynthesis and the air- sea 

exchange. DO in the surface and bottom water of El-Mex 

Bay during the period of investigation is shown in Table1. 

The amount of dissolved oxygen in surface water in El-Mex 

Bay ranged from ND in summer 2012 to 3.15 mgl
-1

 in spring 

2013, for bottom water ranged from 0.79 mgl
-1

 in summer 

2012 to 6.28 mgl
-1

 in winter 2013. DO in El-Mex Bay water 

is lower in most stations at surface layer than that in the 

bottom layer. The average values of DO increased in winter 

and spring. In front of El-Umum drain water was 

characterized by low oxygen content may be due to 

biological oxygen demand
 
[22]. The dissolved oxygen in 

winter is slightly higher due to the water turbulent and 

mixing processes which lead to increase the dissolution of 

the atmospheric oxygen.  

3.1.5. Oxidizable Organic Matter (OOM) 

Oxidizable organic matter has been used as basic water 

quality parameter to assess organic pollution, adversely 

affecting aquatic life, principally through oxygen depletion. 

Organic matter plays a major role in aquatic systems. It 

affects biogeochemical process, nutrient cycling, biological 

availability, and chemical transport and interaction. Duursma 

(1961) [23] showed that, dissolved organic substances might 

be attributed to the decomposition of dead phytoplankton and 

detritus rather than excretion from living cells. Prosi and 

Lierde (1983) [24] pointed out that, the organic matter in the 

aquatic systems consists of the remains of biologically 

produced sources and the synthetic organic substances 
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originate from agricultural and industrial applications. 

Seasonal and regional variation of OOM at El-Mex Bay are 

illustrated in Table 1, where the minimum is 0.48 mgO2l
-1

 in 

autumn 2012 and maximum is 16.00 mgO2l
-1

 in winter 2013. 

In the four seasons, the OOM in surface is higher than that in 

bottom except in autumn 2012 in station VI and winter 2013 

at station IV. High values of oxidizable organic matter 

indicated that water pollution was present, which was linked 

to sewage effluents discharged into the area, it was appeared 

at station I and II. The seasonal variation of OOM presented 

abrupt fluctuations during the year due to the external 

manipulation of the bay. The average of OOM in El-Mex bay 

water ranged between minimum (1.44 mgO2l
-1

) in winter and 

maximum (9.95 mgO2l
-1

) in spring. The results showed that 

the distribution in summer surface water increased towards 

north and east directions, while in bottom water showed 

increasing toward eastern south. In autumn 2012, the OOM 

in surface and bottom water increased toward south direction. 

In winter 2013, the OOM in surface and bottom water 

increased from western south toward eastern north direction. 

In spring 2013, the OOM in surface and bottom increased 

from western south toward eastern north direction.  

Table 1. Min. Max. and Average of Physicochemical Parameters in El Mex Bay Water during 2012-2013. 

 

 

Summer Autumn Winter Spring 

 2012 2013 

 S B S B S B S B 

Temp.(oC) Min. 24.00 23.50 16.20 16.00 16.05 17.30 19.20 19.06 

 Max. 29.00 27.00 19.00 18.95 18.05 17.49 19.97 19.41 

 Ave. 26.5 25.25 17.6 17.48 17.05 17.40 19.59 19.24 

pH Min. 7.05 7.53 7.60 7.72 7.60 8.22 7.49 8.24 

 Max. 7.71 7.69 8.08 8.25 8.26 8.34 8.73 8.45 

Salinity Min. 13.35 33.84 6.12 33.85 2.25 38.13 3.74 37.19 

 Max. 38.87 39.64 36.19 37.72 38.40 38.56 37.87 38.64 

 Ave. 32.86 37.01 28.72 36.36 28.03 38.40 28.28 38.01 

DO (mgl-1) Min. 0.00 0.79 0.41 1.38 0.29 2.85 0.00 1.36 

 Max. 0.82 1.41 1.96 2.00 2.84 3.37 3.15 6.28 

 Ave. 0.57 1.03 1.33 1.78 1.76 3.16 1.56 3.31 

OOM (mgO2
l-1) Min. 2.40 0.64 0.48 0.64 1.60 0.64 3.52 1.60 

 Max. 14.40 2.56 15.20 7.52 16.00 1.92 15.52 7.52 

 Ave. 5.34 1.97 4.68 2.91 6.16 1.44 9.95 4.67 

 

3.2. Inorganic Nitrogen Species 

Although molecular nitrogen is the most abundant gas in 

the atmosphere, plants cannot use nitrogen in this form, as 

they need it in the form of NH4
+
, NO2

-
 and NO3

-
. Nitrogen 

fixing bacteria have the ability to fix nitrogen by combining 

it with hydrogen to make NH4
+
. On the other hand, NO2

-
 

forming bacteria combine nitrogen with oxygen forming 

NO2
-
 while the NO3

- 
forming bacteria convert NO2

-
 to NO3

-
. 

In these inorganic forms, nitrogen can be absorbed and used 

by green plants. 

3.2.1. Ammonium (NH4-N) 

Ammonium is presented naturally in surface and 

wastewaters. It is a critical compound in the nitrogen cycle of 

the sea. It is an important and often the primary source of 

nitrogen for the phytoplankton of oligo- trophic regions. Its 

concentration generally is low in ground waters because it 

adsorbs to soil particles and clays and is not leached readily 

from soils. It is produced largely by deamination of organic 

nitrogen-containing compounds and by hydrolysis of urea. At 

some water treatment plants ammonia is added to react with 

chlorine to form combined chlorine residual. Ammonia 

concentrations encountered in water vary from less than 

0.714 µM NH4-N in some natural surface and ground waters 

to more than 2142.85 µM in some wastewaters. However, the 

increase in the concentration of ammonia (NH3) leads to 

toxic and death for fishes and other aquatic
 
organisms but 

ammonium ion (NH4
+
) has no effect on aquatic organisms or 

fishes [25]. Generally, ammonia toxicity causes 

osmoregularity imbalance, kidney failure, and suppressed 

excretion of endogenous ammonia, resulting in neurological 

or cytological failure and damage to the gill epithelium 

leading to suffocation. Various factors affect ammonia 

toxicity, including urea, amine, amine oxide derivatives, 

creatine, creatinine, uric acid, carbon dioxide and dissolved 

oxygen concentrations [26].
 
Ammonium nitrogen exists in 

aqueous solution either as ammonium ion (NH4
+
) or as 

ammonia (NH3) depending on the pH of the solution, in 

accordance with the following equilibrium reaction: 

 

At pH above 7, the equilibrium is displaced to the left. At 

pH< 7 NH4
+
 is predominant. 

In the present study, increase in ammonium content is 

observed at El-Mex pumping station at station I. 

Concentration of ammonium in bottom water is lower than 

that in surface water except at station III in summer 2012 and 

station IV in spring 2013. In surface water NH4-N 

concentration ranged from 4.18 µM in spring 2013 to 219.13 

µM in winter 2013 and in bottom water ranged from 1.25 µM 

in winter 2013 to 110.00 µM in autumn 2012 ( Table 2 and 

Figure 2). Ammonium concentration attended a minimum 

and a maximum value during winter being to 1.25µM and 

219.13µM, respectively, with an average of 42.72 µM. It is 

declare obviously that the increasing levels of NH4
+
-N in the 

Bay water could be accompanied with the ammonification 
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process and decomposition of organic matter yielding 

ammonium by heterotrophic bacterial action [27]. The 

ammonium and bicarbonate are the final products from 

bacterial decomposition of organic matter as reported by 

Weimer and Lee, (1973) [28].
 
 

Horizontal distribution of NH4-N is given in Figure 2; it 

showed high variations in ammonium content through the 

seasons. In summer 2012 period, the ammonium 

concentration increased from El-Umum drain to western 

south direction in surface water and from station VII to 

eastern north at bottom water from eastern south to western 

north. In autumn 2012 and summer 2013 period, at surface 

and bottom water it increased from western north to near El-

Umum drain. In winter 2013 period, NH4-N concentration 

decreased from El-Umum drain to station III at surface water 

and from station VII to the north at bottom water increased 

from north to station III.  

3.2.2. Nitrite (NO2-N) 

It appears in the water mainly as a result of biochemical 

oxidation of ammonia (nitrification) or the reduction of 

nitrate (denitrification). Nitrite is an intermediate oxidation 

state of nitrogen, both in the oxidation of ammonia to nitrate 

and in the reduction of nitrate. Such oxidation and reduction 

may occur in wastewater treatment plants, water distribution 

systems, and natural waters. Nitrite can enter a water supply 

system through its use as a corrosion inhibitor in industrial 

process water [29].
 
 

The concentrations of NO2-N at El-Mex Bay water showed 

considerable seasonal and regional variations (Table 2 and 

Figure 3), its concentration ranged from 0.02 to 4.05 µM, 

ranged from 0.25 to 9.49 µM, ranged from 0.12 to 10.02 µM 

and ranged from 0.10 to 3.56 µM in summer, autumn, winter 

and spring, respectively, with an average value ranged 

between 0.10 µM in spring and 10.02µM in winter at surface 

water and ranged from 0.02 µM in summer to 4.56 µM in 

autumn at bottom water (Figure 3). The data showed 

decrease in the nitrite content in the summer and spring at El-

Mex Bay water might be due to the increase in the oxidation 

rate of nitrite to nitrate. As a result of biological 

denitrification of nitrite which converts it into cellular amino 

acids via the photosynthetic process and by transaminase 

enzyme which ultimately provide the fats, fatty acids, amino 

acids, nucleic acids, protein, organic acids and other organic 

compounds necessary for growth and reproduction of these 

organisms [30]. 

The horizontal distribution of NO2 –N is represented in 

Figure 3, the results showed high variations in nitrite 

concentration through the seasons. In summer period surface 

water 2012, nitrite concentration increased from El-Umum 

drain to western south direction and from station VII to 

eastern north, at the same period NO2-N content at the 

bottom water increased to El-Dekilah Head. In autumn 

period 2012, at surface water, NO2-N cntent decreased from 

station III to north and at bottom water it decreased from 

station III to V. In winter period 2013, at surface water it 

decreased from El-Umum drain to station III and from station 

VII to the north and at bottom water increased from north to 

station III. In spring period 2013, at surface water it 

decreased from station III to station VI and at bottom water 

from station III to the north. 

 

Figure 2. Horizontal distribution of NH4-N concentration (µM) in surface 

and bottom water, El-Mex Bay during 2012-2013. 

 

Figure 3. Horizontal distribution of NO2-N concentration (µM) in surface 

and bottom water, El-Mex Bay during 2012-2013. 
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3.2.3. Nitrate (NO3-N) 

The major nitrogenous compound in the aquatic 

environment is nitrate. The behavior of nitrate is important in 

the nitrogen metabolism in natural water [31].
 
Its behavior 

may be attributed to the biological, chemical or physical 

factors. It is the most stable form of inorganic nitrogen in 

oxygenated water. Nitrate is considered to be the only stable 

oxidation level in the presence of oxygen in water. In an 

aerobic condition in the aquatic environment nitrification takes 

place converting ammonia and nitrite to nitrate. In the present 

study, concentrations of nitrate in El-Mex Bay water are shown 

in Table 2 and Figure 4, which ranged from 0.10 to 3.01 µM, 

ranged from 3.71 to 9.10 µM, ranged from 0.82 to 11.02 µM 

and ranged from 0.05 to 2.80 µM in summer, autumn, winter 

and spring, respectively. The average concentration of nitrate 

in El-Mex bay water fluctuated between 0.05 µM in spring and 

66.70 µM in winter at surface water and from 0.10µM in 

summer period to 11.02µM in winter period at bottom water 

(Figure 4). This data showed that the concentration of NO3-N 

in surface water is higher than those recorded in bottom water 

in winter and spring periods. 

Consumption of nitrate compounds by phytoplanktone in 

the study area can be considered as the main reason for 

decreasing nitrate concentrations in the Bay water. The high 

concentrations of nitrate in the study area may be due to large 

quantities of nitrate fertilizers and organic matter. Horizontal 

distribution of NO3–N is represented in Figure 4. In summer 

2012, nitrate concentration at surface water decreased from 

western north (station III) to north near El-Umum drain, 

while in bottom water, showed slightly variations in nitrate 

concentration. In autumn 2012, nitrate content decreased 

from station III to north and in bottom water, it decreased 

from station V to the center of El-Mex Bay. In winter 2013, 

at surface water, it increased from El-Umum drain to station 

III and at the bottom; it increased from VIII to the north. In 

spring 2013, slightly variation in nitrate concentration at 

surface and bottom water increased from El-Umum drain to 

western north at the surface and from west to east. 

3.3. Total Nitrogen (TN) 

Total nitrogen is an essential nutrient for plants and 

animals. However, an excess amount of nitrogen in a 

waterway may lead to low levels of dissolved oxygen and 

negatively alter various plant life and organisms. Sources of 

nitrogen include: wastewater treatment plants, runoff from 

fertilized lawns and croplands, failing septic systems, runoff 

from animal manure and storage areas, and industrial 

discharges that contain corrosion inhibitors. Total nitrogen, 

composed of organic nitrogen (including some aromatic 

nitrogen-containing compounds), ammonia, nitrite, and 

nitrate. Molecular nitrogen is not determined and recovery of 

some industrial nitrogen-containing compounds is low [32].
 

In the present study, the concentrations of TN are illustrated 

in Table 2 and Figure 5. The amount of TN in El-Mex Bay 

ranged from 12.29 to 212.72 µM in summer period, from 

20.67 to 255.65 µM in autumn, from 27.50 to 812.71 µM in 

winter and from 19.04 to 334.65 µM in spring. The average 

content of TN in El-Mex Bay water is flocculated between 

99.27 to 335.12 µM in surface water and 35.77 to 76.51 µM 

in bottom water (Figure 5). From this data observed that the 

concentration of TN in surface water is higher than those 

recorded in bottom water, this may be attributed to the high 

content of both dissolved organic nitrogen and particulate 

nitrogen [33]. The horizontal distribution of TN is 

represented in Figure 5. In summer 2012 and winter 2013 at 

surface water, the data showed decreased from El-Umum 

drain to station III and from station VII to eastern north. At 

bottom water in summer, the TN content showed slightly 

variations which increased toward the center of El-Mex Bay. 

In the autumn 2012, at surface and bottom waters showed the 

same trend increasing toward the western south. In winter 

2013, at bottom water showed increased from north to south. 

In spring 2013, it showed increasing toward eastern south in 

surface water and slightly variation in the bottom water.  

 

Figure 4. Horizontal distribution of NO3-N concentration (µM) in surface 

and bottom water, El-Mex Bay during 2012-2013. 

3.4. Reactive Phosphate (PO4-P) 

Phosphorus occurs in natural waters and in wastewaters 

only about as phosphates. These are classified as 

orthophosphates, condensed phosphates, and organically 

bound phosphates. They occur in solution, in particles or 

detritus, or in the bodies of aquatic organisms. These forms 

of phosphate arise from a variety of sources. Small amounts 

of orthophosphate or certain condensed phosphates are added 

to some water supplies during treatment. Larger quantities of 
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the same compounds may be added when the water is used 

for laundering or other cleaning, because these materials are 

major constituents of many commercial cleaning 

preparations. Phosphates are used extensively in the 

treatment of boiler waters. Orthophosphates applied to 

agricultural or residential cultivated land as fertilizers are 

carried into surface waters with storm runoff and to a lesser 

extent with melting snow. Organic phosphates are formed 

primarily by biological processes. They are contributed to 

sewage by body wastes and food residues, and also may be 

formed from orthophosphates in biological treatment 

processes or by receiving water biota. Phosphorus is essential 

to the growth of organisms and can be the nutrient that limits 

the primary productivity of a body of water. In instances 

where phosphate is a growth-limiting nutrient, the discharge 

of raw or treated wastewater, agricultural drainage, or certain 

industrial wastes to that water may stimulate the growth of 

photosynthetic aquatic micro- and macro organisms in 

nuisance quantities [11, 34].
 
 

 

Figure 5. Horizontal distribution of TN concentration (µM) in surface and 

bottom water, El-Mex Bay during 2012- 2013. 

Table 2 and Figure 6, showed the variation of phosphate 

concentration in El-Mex Bay water during 2012-2013. The 

data given indicated that spatial concentrations of phosphate 

were fluctuated between 0.05 µM in station VIII at bottom 

water in spring 2013 and 17.36 µM at surface water in station 

I in winter 2013. The regional average content of PO4-P 

ranged between 0.25 µM at bottom water in spring and 7.02 

µM at surface water in winter. Phosphate concentration in 

brackish water (station I) in surface water was 4.80 µM in 

summer period, decreased to 4.59 µM in autumn followed by 

increasing to 7.02 µM in winter and decrease again 2.13 µM 

in spring, In bottom water the concentration of phosphate 

was 1.12 µM in summer, increased to 2.22 µM in autumn 

followed by decreasing in winter 0.92µM and spring 0.24µM 

(Figure 6). Seasonal variations of PO4-P concentrations in the 

study area were widely varied in the different seasons, which 

in bottom water are lower than that at surface water; this 

could be associated with the biological uptake and/or 

additional phosphate sources.  

The increasing of reactive phosphate concentration is due 

to run off of waste waters. The horizontal distribution of PO4-

P (Figure 6), It showed high variation in RP concentration at 

El-Mex Bay. In summer 2012, surface water of PO4-P 

content decreased toward the western north direction and at 

bottom water it decreased from station VII to the eastern 

north. In the surface and bottom water during autumn 2012, 

the data showed decreasing from station III to the western 

north. In winter 2013, at surface water it is showed 

decreasing from El-Umum drain to station III and increasing 

from north to station VII, and at bottom water decreasing 

from west to east. In spring 2013, surface water showed 

increasing from western north to in front of El-Umum drain 

and at bottom water from station III to the north. 

3.5. Total Phosphorus (TP) 

Phosphorus compounds play a key role in photosynthesis 

and other processes in plants. It is taken by phytoplankton 

and enters the food chain in the sea. After depth and 

decomposition of organisms and plants, as portion of those 

phosphorus is returned to the water. Some species of 

phytoplankton are able to utilize dissolved organic 

phosphate. Distribution of different forms of phosphorus in 

seawater is broadly controlled by biological and physical 

agencies [35].
 
 

The amount of TP in El-Mex Bay water illustrated in Table 

2 and Figure 7, which varied from 0.41 to 20.69 µM in 

summer period, from 0.40 to 28.01 µM in Autumn, from 0.11 

to 24.11 µM in winter and from 0.39 to 13.58 µM in spring. 

In El-Mex Bay water the amount of TP deceased with depth 

except in station V at summer, station VI at autumn, station 

IV at winter, station IV and VIII in spring, this may be 

attributed to uptake of reactive phosphorus and increased in 

suspended matter and consequently adsorption and 

desorption processes influenced by the prevailing 

environmental conditions [36]. The average concentration of 

TP in El-Mex Bay in surface and bottom water ranged 

between 0.63 and 9.78 µM (Figure 7). There is a small 

variation in TP concentration at El-Mex Bay water (Figure 

7). In summer period, the TP content in surface water 

decreased toward the western north and slight difference in 

the bottom water. 

In autumn period, surface water showed increasing from 

the center of El-Mex Bay toward the El-Umum drain and 

decreased from station III to the north in the bottom water. In 

winter season, the data showed high variations in surface 

water and a slight difference in the bottom. In spring, the data 

showed decreasing from El-Umum drain to the north in 
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surface water and toward the center of El-Mex Bay in the 

bottom water.  

3.6. Reactive Silicate (SiO4-Si) 

Silica is a naturally occurring compound that can be found 

in many forms such as sand, quartz, opal, rock, and sea floor 

sediments. It also is an important element in animal and plant 

life. Specifically biogenic silica is extracted from water by 

plants, microorganisms, or invertebrates for building 

structural materials and growth. Silicate is one of the 

important parameters which control marine productivity. 

Silicon is usually as silica (SiO2) or silicates (SiO4
– 

and 

SiO3
2–

). Silicate is a good indicator of freshwater dispersion 

and potential for diatom blooms and exists in river water in 

three principal forms; dissolved silicon, aluminosilicate 

weathering products and detritus quartz. Dissolved silicon in 

river waters derived from the incongruent weathering of 

silicate and aluminosilicate rocks at the earth surface. It is a 

non-metallic element present in cell wall of diatoms. These 

diatoms are important phytoplankton group with regard to the 

primary productivity and natural food for some fish species. 

When diatoms are eaten, the remains sinks, then the silica 

dissolves slowly in water [11]. In the present study, 

concentrations of silicate at El-Mex Bay are shown in Table 2 

and Figure 8, supported that the concentration of silicate in 

summer ranged from 7.28 to 193.71 µM, in autumn ranged 

from 10.51 to 213.09 µM, in winter ranged from 0.31 to70.72 

µM and in spring ranged from 0.37 to 125.32 µM. The 

average concentration of silicate in El-Mex Bay water 

fluctuated between 31.67 µM in winter and 78.92 µM in 

autumn at surface water and 2.15µM in winter to 37.12µM in 

autumn at bottom water, the results revealed that the 

concentration of silicate in surface water is higher than that in 

bottom water (Figure 8). There is an increase in silicate 

concentrations in summer and autumn due to decrease in the 

activity of diatoms, and other microorganisms [37].
 
On the 

other side, during winter and spring the lower Silicate 

concentrations may be due to the uptake by diatoms, bacteria 

and fishes [38]. Seasonal variations of silicate at El-Mex Bay 

water were observed during the period of study, which could 

be attributed to changes in sewage, agricultural and industrial 

effluents of El-Umum Drain.  

Horizontal distribution of silicate is represented in Figure 8. 

In summer 2012, the data showed decreased from El-Umum 

drain to station III and from west to east in the surface and 

decreased from station VII to the north in the bottom. In the 

autumn 2012, the silicate concentration at surface and bottom 

decreased from station III to the north. In winter 2013, it 

increased from station III to El-Umum drain at surface water 

and decreased from western south to the north at bottom water. 

In spring 2013, at surface shows high variation in silicate 

content with increased toward El-Umum drain direction and 

decreased toward the north direction at bottom water. 

3.7. Chlorophyll- A (Chl-a) 

Chl-a concentration in the present study are shown in 

Table 2 and Figure 9. The levels of Chl-a in El-Mex Bay 

water showed wide variations, ranged from 0.19 to 9.62 µgl
-1

 

in summer, ranged from 0.52 to 14.72 µgl
-1

 in autumn, 

ranged from 0.52 to 30.92 µgl
-1

 in winter and ranged from 

1.03 to 144.43 µgl
-1

 in spring. The average values of the Chl-

a in El-Mex Bay surface water were fluctuated between 4.71 

µgl
-1

 in Summer to 37.55 µgl
-1

 in spring and between 1.04 

µgl
-1

 in winter and 11.59 µgl
-1

 in spring at bottom water 

(Figure. 9). The concentrations of Chl-a in El-Mex Bay in 

some surface water was higher than that in bottom water, and 

showed high average concentration in spring 2013, this may 

be due to the algal bloom [39]. As regards the spatial 

distribution of Chl-a, the results showed that station IV had 

the highest concentration 

Table 2. Min. Max. and Average of Nutrient Salts and Chlorophyll-a Content in El Mex Bay Water during 2012-2013. 

 

 

Summer Autumn Winter Spring 

 2012 2013 

 S B S B S B S B 

NH4/N Min. 9.31 5.75 46.13 7.19 8.50 1.25 4.18 4.25 

 Max. 156.25 54.56 187.00 110.00 219.13 15.81 124.13 22.13 

 Ave. 46.03 18.08 74.34 25.92 99.27 4.73 49.53 10.70 

NO2/N Min. 0.80 0.02 1.12 0.25 0.74 0.12 0.10 0.18 

 Max. 3.62 0.75 9.49 4.56 10.02 0.70 3.56 1.24 

 Ave. 2.05 0.46 3.26 1.27 4.34 0.36 1.77 0.72 

NO3/N Min. 0.79 0.86 3.90 3.71 9.91 0.82 0.05 0.18 

 Max. 1.68 3.01 9.10 8.48 66.70 11.02 2.80 2.72 

 Ave. 1.22 1.91 5.34 6.67 31.68 4.36 1.35 1.33 

TN Min. 48.85 12.29 70.35 20.67 79.11 27.50 42.31 19.04 

 Max. 212.72 56.41 255.65 209.96 812.71 86.31 334.65 93.08 

 Ave. 99.27 28.26 134.94 70.59 335.12 55.42 156.85 49.22 

PO4/P Min. 2.00 0.26 2.33 0.89 0.57 0.52 0.10 0.05 

 Max. 14.87 1.28 13.66 6.68 17.36 1.29 6.73 0.46 

 Ave. 4.81 0.74 4.59 2.29 7.02 0.93 2.14 0.25 

TP Min. 1.96 0.41 1.61 0.40 0.89 0.11 0.52 0.39 

 Max. 20.69 2.64 28.01 6.57 24.11 1.11 13.58 0.85 

 Ave. 5.11 1.65 8.05 2.02 9.78 0.64 4.32 0.63 

SiO4 Min. 16.50 7.28 14.67 10.51 2.58 0.31 1.72 0.37 

 Max. 193.71 12.61 213.09 128.33 70.72 3.40 125.32 14.33 

 Ave. 65.67 10.49 78.92 35.73 31.67 2.15 42.89 4.88 
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Summer Autumn Winter Spring 

 2012 2013 

 S B S B S B S B 

Chl-a Min. 1.92 0.19 0.52 0.60 1.07 0.52 1.91 1.03 

 Max. 9.62 3.58 14.72 2.81 30.92 1.88 144.43 25.51 

 Ave. 4.71 1.74 4.78 1.49 7.51 1.04 37.55 11.59 

 

 

Figure 6. Horizontal distribution of PO4-P concentration (µM) in surface 

and bottom water, El-Mex Bay during 2012-2013. 

 

Figure 7. Horizontal distribution of TP concentration (µM) in surface and 

bottom water, El-Mex Bay during 2012- 2013. 

 

Figure 8. Horizontal distribution of SiO4-Si concentration (µM) in surface 

and bottom water, El-Mex Bay during 2012- 2013. 

 

Figure 9. Horizontal distribution of Chl-a (µgl-1) in surface and bottom 

water, El- Mex Bay during 2012-2013. 
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The horizontal distribution of Chl-a content is presented in 

Figure 9. In summer 2012, surface water Chl-a content 

increased from north to south near El-Umum drain and in 

summer2012 bottom water, it increased from north and 

western south to south eastern. In autumn bottom water 2012, 

Chl-a increased from middle to south and to north. In autumn 

bottom 2012, it increased western south to the north near El-

Umum drain. In winter and spring surface and bottom water, 

in winter 2013 at surface, it increased from western north to 

the south near El-Umum drain, while it decreased from 

eastern south to the western south in bottom water. In spring 

2013, Chl-a concentration increased toward the eastern south. 

4. Conclusion 

El Mex Bay is one of the major areas in Alexandria, 

Egypt; local communities used this Bay for fishing activities. 

From the results of this study, the evaluation and 

characterization of water quality reflects the impacts of 

anthropogenic activities on quality of seawater. However, the 

continuous build-up of the nutrient salt contaminants can be 

checked if relevant government agencies ensure strict 

compliant of wastewater treatment before discharging such 

contaminated effluents/wastes into the bay. Therefore, 

perpetual assessment is highly recommended to minimize the 

potential health hazards of the people who surely depend on 

fishing purposes. 
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