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El Mex Bay area received domestic, industrial and agricultural waste water from the surrounding area. The 
need to pay much attention to the potential effects of anthropogenic inputs upon the hydrochemical 
characteristics of the bay is an emergency. Several water samples have been analyzed for physico-chemical 
characteristics during 2010/2011: Seven samples from El Mex bay and 4 samples from drains. The study 
revealed that pH, salinity, dissolved oxygen, oxidizable organic matter, biological oxygen demand, and 
chlorophylls-a,b.c, were in the ranges 7.16-8.97; 0.3–42.04; ND–22.26 mg/L; 0.4–112.00 mg O2 /L; 3.23–
111.29 mg/L; 0.11–241.91 µg/L; 0.03-242.78 µg/L and 0.01-239.55 µg/L, respectively. The increasing 
organic supply introduced into the studied restricted area characterized by its relative slow rate of self-
purification results in elevation of OOM compared to previous studies. The ranges of nutrients (μM/L) 
were: 0.15-2815.85, 0.28–22.85, 0.2–58.42, 0.25-30.45 and 0.11-40.23 for ammonia, nitrite, nitrate, reactive 
phosphate and reactive silicate, respectively. Principle Component Analysis (PCA) which was used to 
develop water quality index (WQI) revealed that El-Dekhila Head and El Qalaa drain were the most 
polluted sampling sites that resulted from the disposal of industrial, agricultural and domestic wastes. 
Depending on DIN/DIP ratio of seawater for El-Mex Bay and adjacent drains the majority of the 
investigated area sums to be P-limited. 
 
Key words: Seawater quality,El-Mex bay, drains, Alexandria, Egypt, nutrient salts, hydrographic 
characteristics. 

 
 

INTRODUCTION 
 
The strategic action plan for Mediterranean (EEAA, 2009) 
has identified several "hot spots and sensitive areas" on 
the northern coast of Egypt, which for several decades have 

been experiencing a continuous increase in population, 

development and environmental degradation (Shreadah et 
al., 2006, 2011; Shobier et al.,  2011; Shadia et al., 2012;   

Abdel Ghani et al., 2013). El-Mex Bay which is located 
west of Alexandria City is an industrial zone. It receives 
huge amounts of untreated industrial wastes as a conse-
quence of growing heavy industries (petrochemicals, pulp 
metal planting, industrial dyes, and textiles) and the 
uncontrolled disposal of the resulting wastewater transports
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Figure 1. El-Mex Bay area, sampling locations. 

 
 
 
the agricultural water from El-Beheira Governorate as well 
as mixed wastes from the Lake Mariut and discharges 
them into El-Mex Bay via El Mex pumping station in 
southern part of the bay. It receives a heavy load of 
wastewater (2.4×10

9
 m

3
/year) both directly to the sea 

from industrial outfalls and indirectly from Lake Mariut via 
El-Mex pumping station (Shriadah and Emara, 1992a, b; 
Emara et al., 1992; Said et al., 1994). The physico-chemical 
characteristics of El-Mex area have been studied by many 
authors (Shriadah and Emara, 1996; Emara et al., 1992; 
Said et al., 1994; Tayel et al., 1996; Mahmoud et al., 2005; 
Shreadah et al., 2006a, b; Zakaria et al., 2007; Abdallah, 
2008; Nassim et al. 2010; El Zokm et al., 2012; Fathy et 
al., 2012; Okbah et al., 2013; Hamdy et al., 2014). Degra-
dation of water quality due to land-based pollution is a 
serious problem in the Mediterranean coastal areas. The 
countries of the Mediterranean Sea basin face a variety 
of shared environmental problems that are trans-boun-
dary in nature (EEAA, 2009). Two millions cubic meter of 
partially untreated sewage wastes (treatment efficiency 
less than 30%) are directly disposed to El Umoum drain 
before the pumping station. El Nubaria sailing cannel is a 
fresh water cannel of Nile water tells 30 km south of 
Alexandria where many new industries dispose their water 
in this cannel and lead to its pollution before combined 
with the main basin of Lake Mariut. Two openings off El 
Mex Bay at El Umoum drain are far with 1.92 and 1.82 
km from El Mex Bay. Principal component analysis is 
successfully applied to sort out hydrographical and 
chemical from commonly collected water quality data to 
establish spatial and temporal variations in water quality 

(Olobaniyi and Owoyemi, 2006).  
The present study aimed to follow the changes of physico-

chemical characteristics and study impacts of nutrients salts 
come from uncontrolled land-based discharge (industrial, 
agricultural and domestic to El Mex Bay to assess water 
quality.  
 
 
Study area 
 
El-Mex bay is one of the main fishing grounds of 
Alexandria located between longitude 29º 47.1′ to 29º 
50.4′ E and latitude 31º 7.5′ to 31º 9′ N (Figure 1). 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 10 m. Its surface area is about 19.4 km

2
 and its 

volume is 190.3 x 10
6 

m
3 

and the rate of waste water 
added to the basin via El -Umoum drain is 2452.7×10

6
 

m
3
/y (Shriadah and Emara 1992 a,b; Said et al., 1994,; 

Fahmey et al., 1997; Shriadah et al., 2006a,b; Shaltout et 
al., 2008; Fathy et al., 2012). El-Mex Bay is dominated by 
two types of currents. El Mex Bay is classified as a 
 i rotidal e tuar  (to   30 cm) and coastal currents drive 
water masses eastward at an average velocity of 0.5 
knots. The wave height on the inner shelf reaches 1.5-2 
m in winter (Stanley et al., 2006). Seven stations are 
chosen within the Bay to cover the whole Bay specially 
area around industrial activities and 4 samples from the 
drains. 



 

 

 
 
 
 
MATERIALS AND METHODS 
 
Water temperatures were measured in situ to the nearest 0.1°C by 
using ordinary thermometer, and also transparency was measured 
in situ using secchi disc. Salinity of samples was determined by 
measuring the electrical conductivity using an inductive salinometer 
(Thermo; Orion 150A+). The pH- value was measured by using 
bench type (JENWAY, 3410 Electrochemistry Analyzer pH-meter). 
The method used to determine oxygen and biological oxygen 
demand is the common Winkler method, modified by Carritt and 
Carpenter (1966). Determination of oxidizable organic matter was 
carried out according to the method described by FAO (1975). 
Chlorophyll-a,b and c were deter ine u ing 0.45 μ   e brane 
filter according to Strickland and Parsons (1975). Nutrient salts 
were spectrophotometrically determined using a double beam 
spectrophotometer (UV VIS-SPEKOL® 1300/1500 single beam), 
according to the methods mentioned by FAO (1975). 

 
 
Residence time 
 
It is calculated according to El-Gindy et al. (1986) as follows: 
 
                                      V (Si - So) 
Residence time (t) =  
                                       Si × QR 
 
So is the salinity in surface layer, Si is the salinity in subsurface 
layer; V, the volume of the water in the bay; QR is the rate of fresh 
water added to the basin. 

 
 
Evaluation of water quality index 

 
Lohani and Todino (1984) utilized principal components technique 
to provide a quick analytical method for the water quality index 
(WQI) proposed as given by the following formula (Davis, 1986): 

 

PCnWQI
n

n

n
 



)/(
1

  

 
For PC Assessment model, n is the number of effective 
 o ponent , λn, are the Eigen values of the effective components, 
Σλ  u  of the Eigen values and PCn are the principal component 
factor scores. For the evaluation of hot spot sites, principal 
component factor scores and WQI corresponds to more polluted 
site evaluated. High values of principal component factor scores 
mean that this site is from hotspots. 

 
 
RESULTS AND DISCUSSION 
 
Hydrographical conditions 
 
Water temperature 
 

The maximum temperature was attained in autumn 
reaching 30.9°C at El-Qalaa, while the minimum tem-
perature was about 15.0°C in winter at El-Umoum. The 
seasonal averages preceded also as normal trend as 
expected; it increased from winter (19.00°C) through 
spring (19.53°C) reaching maximum level during summer  
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(28.50°C) and decreased slightly again during autumn 

(27.07C) (Table 2a and 2b). Hamedy et al. (2014), Okbah 
et al. (2013), Nessim et al. (2010) and Zakaria et al. (2007) 
recorded temperature ranges compatible to the present 
study which are 18.1-29.1, 18- 31,15.1-29.9 and 14.5 -
31.0°C in El Mex Bay water. Temperature changes accor-
ding to many variables such as season, day time, depth, 
tide, wind, current, water inflow and turbidity (Whaby and 
Shriadah, 1984). 
 
 
Salinity  
 
In the present study, salinity is used as indicator to reflect 
changes resulting from the mixing of fresh and sea-
waters. Salinity of El-Mex Bay was mostly affected by the 
amount of drainage water of El-Umoum drain and the 
rate of exchange with the adjoining open sea (Shriadah 
and Emara 1992a, b, Said et al. 1994; Fahmey et al., 
1997; Shriadah et al., 2006a, b; Shaltout 2008; Fathy et 
al., 2012; Okbah et al., 2013). As illustrated in Table 2a 
and 2b, the lowest salinity (0.30) was recorded during 
spring, while autumn represented the highest salinity 
(7.30) for drains with an average for the 4 seasons of 
3.75. Nessim et al. (2010) recorded salinity range 4.67-
6.44 and average value of 5.79 for drains in El Mex area. 
Salinity is measured in surface and subsurface layers for 
El- Mex Bay to calculate the residence time in the bay. As 
shown in Table 1a, salinity increased with increasing 
depth and the bay is classified into two water masses 
overlapping each other. Water mass with salinity >35 is 
identified to occupy most of the bay bottom area. 
Regionally, the average values of salinity, in general, 
showed noticeable local variations according to the 
distance of the different sites from the effluents whereas 
the annual salinity averages increased seawards and 
started with 1.68 at El-Qalaa drain to 4.53 at El-Umoum 
drain reaching maximum level at EL-Mex Bay (St.1-7) 
30.76. Based on the distribution of surface salinity in the 
investigated area salinity gradient identification; stations 
8, 9, 10 and11 characterized by Mixed land drainage type 
L with salinity < 10.0 in all seasons. For El Mex Bay in 
spring 2010, three types of water are recorded due to 
high water circulation and high water current; Diluted sea 
water (D) with a salinity range from 30.00 to 38.50 station 
(1) and Mediterranean Sea water (S) of salinity > 38.50 
stations (2-7) beside L type. For autumn 2010, four types 
are recorded; Mixed water (M) salinity of 10.0 to 30.0 at 
stations 5 and 6. D type, were characterized by stations 
1, 2, 3, 4 and 7 beside L type. For winter 2011, four types 
are obtained; M type for stations 1, 2 and 3; D type for 
stations 4 and 6 and S type for stations 5 and 7 beside L 
type. For summer 2011, M type at stations 1,2,3,4 and 5, 
D type were characterized by equations 6 and 7 beside L 
type. The data recorded in the present study is in 
accordance with those of Said et al. (1994); Mahmoud et 
al. (2005); Zakaria et al. (2007) and Okbah et al. (2013).
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Table 1. List of Stations, site code and different sampling locations. 
 

Name Site Code Latitude Longitude 

El-Dekhila Head 1 31°
 
09' 16.1'' 29°

 
48' 17.4'' 

El-Hexane Factory (cooling station) 2 31°
 
08' 34.1'' 29°

 
48' 18.2'' 

Petrochemicals company 3 31°
 
08' 17.7'' 29°

 
48' 44.4'' 

In front of El-Umum Drain 4 31°
 
09' 18.3'' 29°

 
50' 20.9'' 

Far 500 m from station 4 5 31°
 
09' 51'' 29°

 
47' 59'' 

In front of Western Harbour 6 31°
 
09' 53.6'' 27°

 
50' 47.1'' 

Far 1200 m from Station 4 7 31°
 
10' 58.2'' 23°

 
50' 33.0'' 

El-Umum Drain (Near Shore) 8 31°
 
09'18.2'' 29°

 
55'37.7'' 

El-Qalaa Drain (Near Shore) 9 31° 09'2.88'' 29°
 
55'36.48'' 

El-Noubaria Drain (Near Shore) 10 31°
 
07'19.2'' 29°

 
53'52.8'' 

Marriott Lake (Near Shore) 11 31°
 
07'19.2'' 29°

 
53'52.8'' 

 
 
 
Residence time of El Mex Bay 
 
The residence time of El-Mex Bay water in the present study 
varied seasonally as following 1.4 day in spring 2010, 
5.62 day in Autumn 2010, 5.33 day in winter 2011 and 
12.48 day in summer 2011. El Gindy et al. (1986) recorded 
residence time value of 1.2 day; however Shaltout (2008) 
recoded residence time that ranged from 8.6 to 13.3 
days. This variation may be attributed to physical barriers. 
 
 

pH-Value 
 
Hydrogen ion concentration plays an important role in 
many of the life processes. Living organisms are very 
dependent on, and sensitive to pH. As shown in Table 
2a, during the period of study, maximum readings of pH-
values at waste water stations were observed during 
winter at Marriutt (8.58) while the lowest pH-value of 7.16 
was measured during autumn at El-Qalaa. The pH-value 
of seawater at El-Mex Bay ranged between 8.97 
(summer) at station 1 and 7.36 (winter) at station 3. Most 
of data lies at alkaline side (>7- <9). Slight variations in 
the pH values were observed by comparing the present 
pH values with those of the previous studies (Mahmoud 
et al., 2005; Nessim et al., 2010; Fathy et al., 2012; 
Okbah et al., 2013). This coincided principally with the 
relative increase or decrease in the quantity and quality 
of the discharged effluents. The pH values of the drain 
waters showed a dependence on the nature of the 
effluents conveyed from each drain. The lower values 
may be associated with high organic matter content in the 
sewage (Whaby and Shreadah, 1984). The pH-level 
depends on many characteristic parameters including; 
temperature, alkalinity, dissolved oxygen, organic matter, 
chlorophylls as well as minor and major constituents. It 
seems that the relative high pH-value during summer in 

waste waters could be attributed to the phytoplankton 
bloom. The highest pH-value observed during summer at 
El-Mex Bay stations, was accompanied by an increase in 
dissolved oxygen (Said et al., 1994; Fahmey et al., 1997). 
The variability of pH values in the surface water of El Mex 
Bay was explained to 55% by DO followed by organic 
matter (Tayel et al., 1996). 

 
 
Water transparency 

 
The transparency values was affected by domestic, 
agriculture effluents and suspended matter and floating 
substances (Whaby and Shreadah, 1984). McCave 
(1989) pointed out that since water clarity determines 
several factors affecting water ecosystem, the increase in 
water clarity may help in explaining define response 
among oligotrophic, mesotrophic, eutrophic and hyper-
trophic water bodies to nutrient abatement measures. 
The regional and seasonal variations of secchi depth 
were fluctuated between 5.00 cm during winter at El-Qalaa 
to 100.00 cm during summer at Mariut Lake for drains. 
With respect to El-Mex Bay, the minimum transparency 
of 30.00 cm was investigated during summer (St.4) while, 
winter season gave the maximum level of 370.00 cm 
(St.7), with an average for the 4 seasons of 119.29 cm. 
Lowest Secchi values were observed in El-Mex drains 
during summer 2011, while El-Mex Bay showed a 
relatively higher Secchi values. This could be attributed to 
quantity and quality of the discharged water into El-Mex 
drains that can be related to the presence of greater 
amount of particulate materials, including phytoplankton 
and the effect of discharged water (Said et al., 1994, 
Fahmey et al., 1997, Shriadah et al., 2006a,b, Shaltout, 
2008; Fathy et al., 2012). Fathy et al. (2012) reported 
transparency range of 28-85 cm for El Ummum and El 
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Table 2a. Seasonal variations of hydrographical parameters at El-Mex Bay (2010-2011). 
 

Season Stations Temp. (°C) 
Salinity 

pH Transp. (cm) DO mg/L BOD mgL OOM mgO/L 
Chl-a Chl-b Chl-c 

Surface sub µgL 

 Spring (2010)  

1 21 32.6 42.3 7.4 140 9.26 20.17 34.4 4.9 ND ND 

2 20 38.6 43 8.05 150 4.95 12.41 24 16.42 0.51 8.26 

3 19.5 39 35.9 8.25 50 5.76 14.77 5.6 5.23 1.6 9.26 

4 19 42.3 39.6 7.95 50 7.89 16.06 12.4 24.98 1.3 2.28 

5 19 38.8 42.5 8.25 150 7.14 16.54 0 5.85 1.42 8.76 

6 19.2 40.2 43.1 8.3 250 7.87 16.7 10.4 1.63 0.03 1.03 

7 19 40.4 41.8 8.35 250 8.45 22.76 4 1.49 0.22 1.02 

Av 19.53 39.13 41.17 8.08 148.57 7.33 17.06 12.97 8.64 0.85 5.1 

             

Autumn (2010) 

1 27 36.4 39.3 8.37 140 3.32 9.78 1.2 53.18 12.41 18.2 

2 27 32.2 39 8.03 45 2.84 8.32 1.2 8.55 1.34 12.14 

3 27 32.7 38 8.03 90 2.84 7.5 1.2 15.39 5.7 16.12 

4 27 34.3 37 8.27 125 4.62 13.83 4.4 42.78 4.91 39.26 

5 26.5 22.3 33.2 7.76 75 1.79 4.48 10.4 6.93 5.15 22.2 

6 27 19.6 38 7.6 110 1.7 4.77 4 21.16 6.06 9.07 

7 28 38 39.2 8.31 150 6.08 18.05 23.6 57.92 6.02 5.27 

Av (1-7) 27.07 30.21 37.67 8.05 105 3.31 9.53 6.57 29.42 5.94 17.46 

             

Winter (2011) 

1 19 29.4 40 8.2 70 5.03 25.14 16 108.75 13.16 137 

2 20 24.3 39.7 7.8 70 4.05 20.27 10.4 24.19 242.78 ND 

3 19 24.4 39.3 7.36 70 3.9 16.25 18.4 55.24 24.83 168.64 

4 20 31.7 39 7.85 60 7.3 20.37 0 241.91 107.99 ND 

5 18 39.3 40.1 8.43 180 10.22 20.44 3.2 128.04 14.43 159.62 

6 19 36.8 40 8.3 160 9.58 28.55 24.8 152.99 66.12 283.91 

7 18 40 40 8.5 370 9.18 29.79 10.4 40.03 25.83 153.98 

Av 19 32.27 39.73 8.06 140 7.04 22.97 11.89 107.31 70.74 180.63 

             

Summer (2011) 

1 29 20.1 38.5 8.97 135 22.26 111.29 16 91.53 2.54 86.63 

2 29 24.1 38.4 8.29 65 6.45 27.42 12 22.34 107.21 ND 

3 28.5 15.1 38.3 7.75 50 0.65 3.23 20.8 47.22 4.49 98.26 
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Table 2a. Seasonal variations of hydrographical parameters at El-Mex Bay (2010-2011). 
 

Season 

Stations Temp. (°C) 
Salinity 

pH Transp. (cm) DO mg/L BOD mg/L OOM mgO/L 
Chl-a Chl-b Chl-c 

Surface sub μg/L 

4 28.5 14.5 37.7 7.84 30 ND ND 9.6 202.57 36.65 ND 

5 28 28.8 38.4 8.27 105 6.45 32.26 8 107.75 3.42 101.14 

6 28.5 30.7 38 8.33 100 6.45 32.26 1.6 129.85 14.92 169.61 

7 28 36.7 38.3 8.34 100 3.87 19.35 5.6 34.48 5.97 88.46 

Av 28.5 21.43 38.23 8.26 83.57 6.59 37.63 10.51 90.82 25.03 108.82 

             

 Average for 4 seasons 

1 24 29.63 40.03 8.24 121.25 9.97 41.59 16.9 64.59 7.03 60.46 

2 24 29.8 40.03 8.04 82.5 4.57 17.1 11.9 17.88 87.96 5.1 

3 23.5 27.8 37.88 7.85 65 3.29 10.44 11.5 30.77 9.15 73.07 

4 23.63 28.2 30.83 7.98 66.25 4.95 16.75 6.6 128.06 37.71 10.39 

5 22.88 32.3 38.55 8.18 127.5 6.4 18.43 5.4 62.14 6.1 72.93 

6 23.43 31.83 39.78 8.13 155 6.4 20.57 10.2 76.41 21.78 115.91 

7 23.25 38.5 39.83 8.38 217.5 6.9 22.49 10.9 33.48 9.51 62.18 

Av 23.53 30.76 38.13 8.11 119.29 6.07 21.8 10.49 59.05 25.61 57.15 

 
 
 
Nubaria drains at the period of 2010/2011. 

 
 
Dissolved oxygen (DO) 
 

Dissolved oxygen is frequently the key parameter 
in determining the extent and kinds of life in a 
water body. The distr ibution o f  DO in waste 
water attained its minimum average of 2.02 mg/L 
(St.8) during spring, tended to increase during 
summer, 5.48 mg/land during winter, 6.13 mg/L 
reaching a maximum level of 7.14 mg/L (St.10) in 
autumn, with an average for the 4 seasons of 4.57 
mg/L(Table 2a). The amount of DO in seawater 
station fluctuated between a minimum of 0.65 
mg/L (St.3) and a maximum of 22.26 mg/L (St.1) 

which was recorded during summer, with an 
average for the 4 seasons of 6.07 mg/L (Table 
2a).  

The smallest values were detected in the drains 
that ranged from ND to 7.14 mg/L (Table 2b); 
coincided with the consumption of oxygen in the 
decomposition of organic matter (Whaby and 

Shreadah, 1984; Said et al., 1994; Tayel et al.; 1996; 
Fahmey et al., 1997). DO concentrations of the 
present study are compared to previous studies in 
El Mex area by Hamdy et al. (2014); Okbah et al. 
(2013); Shredeah et al. (2013) with reported ranges 
of 4.4-14.6, 1.17-8.45, 1.11-4.66. Shreadah (2006a, 
b), Mahmoud et al. (2005) and Tayel et al. (1996) 
reported average values of 4.29, 12.3 and 6.81 
mg /L respectively. 

Biological oxygen demand (BOD) 

  
The amount of dissolved oxygen which is 
consumed during organic matter degradation, 
gave a general picture of allochthonous organic 
load (Whaby and Shriadah, 1984). Table2a 
demonstrates that seasonal variations of BOD 
occurred at El-Mex Bay stations whereas the 
maximum average of 111.29 mg/Land minimum 
ND were observed during summer at stations 1 
and 4 respectively, with an average for the 4 
seasons of 21.80 mg/L for El Mex Bay (Table 2a). 
A range of seasonal variations at waste water 
sites was reported 11.98 – 36.9 mg/L at stations 
11 and 9 respectively (Table 2b). Generally, when 
BOD levels are high, there is a decline in DO
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Table 2b. Seasonal variations of hydrographical parameters at drains (2010-2011). 

 

Season Stations 
Temperature 

(°C) 
Salinity pH Transp. (cm) DO (mg/L) BOD (mgL) 

OOM 
(mgO/L) 

Chl-a Chl-b Chl-c 

µg/L 

Spring 

8 23.6 2.8 8.01 15 2.02 12.6 14.84 7.98 0.65 0.65 

9 25 1.1 7.53 15 ND 28.8 58.2 7.72 1.75 1.17 

10 23.6 0.3 8.41 15 ND 20.35 12.2 0.92 0.01 0.01 

11 23.6 2.8 8.56 20 3.2 11.98 ND 9.22 0.92 0.92 

            

Autumn 

8 28.9 6.2 7.57 25 6.82 27.4 14.4 6.24 1.76 1.76 

9 30.9 2.6 7.16 10 ND 30.5 40.8 1.87 1.81 1.81 

10 28.9 7.3 7.55 50 7.14 29.98 7.2 6.47 8.53 8.53 

11 29 6 7.69 25 6.98 26.89 15.2 4.68 1.32 1.32 

            

Winter 

8 15 4.2 8.16 30 6.13 24.19 8 35.71 5 6.21 

9 18 1.7 8.02 5 ND 36.9 112 9.17 10.64 19.7 

10 16 4.2 8 30 3.55 17.69 40 1.43 42.16 5.45 

11 17 5.4 8.58 50 6.13 25.81 2.4 ND 3.75 ND 

            

Summer 

8 28 4.9 8.15 30 5.48 24.19 11.2 186.83 ND ND 

9 29 1.3 7.63 5 ND 29.8 8 29.3 8.18 8.18 

10 28 3.2 7.94 50 2.9 13.42 52.8 ND ND ND 

11 28 1.6 7.79 100 ND 23.85 27.2 ND ND ND 

            

Average for 4 
seasons 

8 23.88 4.53 7.97 19.03 5.11 22.1 12.11 59.19 1.85 2.87 

9 25.73 1.68 7.59 7.53 ND 31.5 54.75 12.02 5.6 7.72 

10 24.13 3.75 7.98 26.71 4.53 20.36 28.05 2.2 12.68 4.66 

11 24.4 3.95 8.16 34.86 4.08 22.13 14.93 3.47 1.5 1.12 

 
 
 

levels. This is because the demand for oxygen by 
the bacteria is high and they are taking oxygen 
from the oxygen dissolved in the water (Whaby 
and Shreadah, 1984). If there is no organic waste 
present in the water, there would not be as many 
bacteria present to decompose it and thus the 
BOD will tend to be lower and the DO level will 
tend to be higher. The present study recorded 
values higher than that recorded by Hamdy et al. 

2014 (1.1-5.7 mg/ L) in El Mex region. Fathy et al. 
(2012) recorded a range of 4.84-30.56 mg/L for El 
Nubaria and El Umum drains for winter and summer 
region in the period 2010 to 2011. 
 
 

Oxidizable organic matter (OOM) 
 

Organic matter plays a major role in aquatic systems. 
It affects biogeochemical processes, nutrient 

cycling, biological  availability, and chemical transport 
and interactions (Cole, 1979). Oxidizable organic 

matter has been used as basic water quality para-
meter to assess organic pollution. Organic matter 
can come from allocthonous source: which are 
brought to aquatic system by river runoff, with 

smaller atmospheric transport (Chester, 2000) or 
autochthonous sources such as excretion of organic 
matter are driven by living organisms and 
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decomposition of dead organisms and detritus via long 
chain of decom-position processes (Duursma, 1961). The 
seasonal varia-tion of OOM occurred at drains where the 
maximum of 112.00 mgO2/L and minimum of ND were 

observed during winter at station 9 and spring 2010 at 

station 11, respectively (Table 2b).  
A range of seasonal values at El-Mex Bay stations was 

reported (0 -34.4 mgO2/L), with an average for the 4 seasons 
of 10.49 mgO2/L, the values of OOM at waste water 
stations were nearly doubled that at seawater site. The 

increasing organic supply introduced into the restricted 
studied area under relative slow rate of self-purification 
(Shriadah and Emara 1992a,b, Said et al. 1994, Fahmey 
et al. 1997, Shriadah et al. 2006a,b, Shaltout 2008, Fathy 
et al. 2012) results in elevation of OOM content at El-Mex 
Bay (Table 2a). OOM concentrations of the present study 
are comparable with those of Okbah et al. (2013); Shreadah 
et al. (2013); Nessim et al. (2010) with ranges of 0.96-8.4, 
5.2-38.4 and 5.44-14.56 mgO2/L respectively. 

The type of wastewater discharge can be determined 
according to BOD/ OOM (ECPH, 1975). I f  it is 1:1, it is 
characteristic of well purified water; the biodegradable 
compounds have a ratio of ≤ 2:1 while that of 2:1-4:1 is 
specific for crude domestic sewage, carbohydrates and 
proteins enriched wastes (food processing wastes) have 
ratios equal or greater than those for sewage. In the 
present study, the annual mean BOD/OOM ratios is 
amounted to 1.95:1, this may indicate that most of the 
sewage wastes reaching the investigated region had a 
biodegradable character. 
 
 

Chlorophylls-a, b and c 
 

Chl-a 
 

It is considered as the main pigment that can be used for 
the determination of phytoplankton biomass (Carlson, 
1977). The levels of Chl-a in El-Mex Bay showed wide 
variations (Table 2a). These were fluctuated between 
1.49 µM/L in spring 2010 at station 7 and 241.91 µM/L in 
winter 2011 at station 4. The values of the chlorophyll-a 
in El-Mex drains were fluctuated between ND in summer 
at drains 10 and 11 and 186.83 µM/L in summer at drain 
8 (Table 2b). The present study recorded that range of 
Chl-a exceed that recorded by Faragallah et al. 2009 in 
Eastern Harbour (0.41-78.68 µM/L) and that recorded by 
Emara et al. (1992) in El Mex Bay (0.00-5.56 µM/L).  

In general, the high values of Chlorophyll-concentrations 
of the present study are higher than those of Shams-El 
Din and Dorgham (2007) for Abu Qir Bay which reported 
values of 14.9 µg/L in the investigated area reflect signs 
of eutrophication which is used as an estimation of the 
standing phytoplankton crop. 
 
 

Chl-b 
 

It is a form of  chlorophyll. It  helps in photosynthesis by 

 
 
 
 
absorbing light energy. It is more soluble than chlorophyll 
a in polar solvents because of its carbonyl group. The 
levels of Chl-b in El- Mex Bay showed wide variations. 
They fluctuated between 0.03 µM/L in spring 2010 at 
station 6 (In front of the Western Harbour) and 242.78 
µM/L in winter 2011 at station 2 [El- Hexane Factory 
(cooling station)] may due to water temperature beside 
the wastes Table 2a. The average values of chlorophyll-b 
in El-Mex drains were fluctuated between ND at drains 
8,10 and 11 in summer 2011 and 42.16 µM/L in winter El-
Nubaria drain Table 2b . 
 
 

 Chl-c 
 

It is found in certain marine algae, such as diatoms and 
dinoflagellates. The levels of Chl-c in El-Mex Bay showed 
wide variations (Table 2a). These were fluctuated between 
0.54 µM/L in spring 2010 at station 5 (Far 500 m from El-
Umoum Drain) and 283.91 µM/L in winter 2011 at station 
6 [In front of Western Harbour]. The regional mean 
values of Chl-c were increased in waste water, at which it 
is directly in front of the Western Harbour beside El- 
Umum drain. The average values of the chlorophyll-c in 
El-Mex drains fluctuated between 0.01 µM/L in spring at 
drain 10 and 19.70 µM/L in winter at El Qalaa drain 
(Table 2b). 
 
 

Nutrient salts 
 
Nutrient salts are considered as very important 
compounds essential for the living organisms in natural 
waters. These are chemical substances used for 
maintenance and growths of biota, which are critical for 
survival of organisms. Essential nutrients, N and P are of 
particular concern in aquatic systems, because their 
availability can limit the growth of aquatic. Nutrients 
represent the fertility of water, on which primary 
productivity and, ultimately fish production depend on it. 
Moreover, the amount of autotrophic producers is a 
function of the nutrient concentrations. This relation has 
often been considered as the main determinant of the 
dynamics of aquatic systems and persisting presence of 
algae in great numbers Cloern (2001). 
 
 

Inorganic nitrogen species (NH4-N, NO2-N and NO3-N) 
 

Dissolved inorganic nitrogen concentrations DIN (the sum 
of ammonia, nitrite and nitrate) in the bay water were 
relatively high. Generally, the high levels of DIN were 
affected directly by the discharged water from the drains, 
which were containing high amounts of agricultural 
fertilizers.  
 
 

Ammonia (NH4
+

-N): Ammonia is a highly variable para-

meter quickly produced and processed by the bacterial 



 

 

 
 
 
 
decomposition of organic matter (ammonification), the 

production of NH4

+ 
as an excretory product, especially 

from zooplankton and its production by bacterial reduction 

of NO2

- 
and NO3

- 
(nitrogen-immobilization). In principle, 

NH4
+ salts are the form of N preferred by algae and 

only when NH4
+ concentrations are depleted to < 

0.0021mg/l, NO3

- 
and NO2

- 
will be utilized (Unesco , 

FAO, 1988). Ammonia is discharged into water bodies 
through industrial wastes and as a product of municipal 
or community wastes as well as agricultural wastes 
where ammonia containing fertilizers are used. 

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. 

  
 Ammonia is the majority of dissolved inorganic nitrogen 
(DIN) for both waste and sea waters. It represented a 
ratio of 3.14 to 98.86% from DIN respectively (Table 3a 
and b; Figures 3 to 4). Seasonal and regional distribution 
of ammonia is illustrated in Table 3a and b. The high 
concentration of ammonia at waste water stations is 
derived from decomposition of a huge amount of organic 
matter, domestic, agriculture and industrial effluents. The 
striking increase in the amount of ammonia observed at 
El Qalaa was accompanied by anoxic condition, high 
OOM and low DO content. Almost all the combined 
inorganic nitrogen in anoxic waters was found as 
ammonia ions, while NO2 disappeared and NO3 ions 
were in a relative low concentration (Riley and Chester, 
1971). El-Umoum site had much lower ammonia content 
in accordance with Nessim et al. (2010) which recorded 
concentration range of 14.40 to 61.4 μM/L during 
2007/2008. With respect to El-Mex Bay (St.4) during 
 u  er repre ented the highe t level ( 233.30 μM/L) 
while spring gave the lowest one (0.15 μM/L), with an 
average for the 4  ea on  of 74.29 μM/L. Mah oud et al. 
(2005) recorded average  on entration of 227.35 μM/L in 
El Mex region during 2003/2004. El-Mex water is 
enriched with ammonia during spring-summer period. 
The high ammonia concentration in these seasons could  
be attributed to waste water discharge through El-
Umoum Drain as well as planktonic animals excretions.  
 

 
Nitrite: It is a minor constituent of DIN which consist of 
5.2 to 11.8% for waste and sea waters, respectively and 
is characterized as intermediate compound which could  
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be derived either from the oxidation of ammonia or 
reduction of nitrate and can be removed from solution 
during nitrogen assimilation by phytoplankton. Regionally, 
absence of nitrite is accompanied by an increase in 
ammonia at Mariut station during spring. The maximum 
concentration of nitrite during summer period may be 
attributed to the excretion of extracellular nitrite by 
phytoplankton (Riley and Chester, 1971). It may also 
influence the distribution of nitrite within the surface 
layers of natural waters (Hutchinson, 1957). High 
averages reported during spring at waste and sea water 
locations may be due to allochthonous inputs by El-
Umoum drain, in addition to autochthonous source 
resulting from decaying of organic matter and oxidation 
processes (Figures 3 to 4). Seasonal variations in nitrite 
concentration in waste water appeared to range from 
0.28 µM/Lduring winter at El-Qalaa drain to 20.25 µM/L 
during summer at El-Nubaria drain, with an average for 
the 4 seasons of 5.11 µM/L (Table 3b). With respect to 
El-Mex Bay, nitrite showed a maximum concentration of 
22.85 µM/L and a minimum of 0.3 µM/L during spring and 
summer, respectively, with an average for the 4 seasons 
of 4.74 µM/L (Table 3a). Compared the data in present 
study with previous studies, Nessim et al. (2010) 
recorded a range from 7.4 to 11.1 µM/Lfor waste water 
and 1.8 to 11.3 for El Mex Bay. Mahmoud et al. (2005) 
recorded average value of 14.32 µM/Lfor El Mex area. 
 
 
Nitrate: Sillen (1961) denoted that nitrate is considered to 
be the only stable oxidation level in the presence of 
oxygen in water. It comprises about 1.75 to 17.4% of DIN 
in waste and sea waters, respectively (Table 2 and Figure 
2). The decrease of nitrate in this study at El-Mex bay 
stations during summer could be attributed to two factors; 
the first is the assimilation by plants and the second is 
denitrification (i.e. the reduction of nitrate to nitrite before 
releasing N2O or N2- molecules (Hutchinson, 1957) . 
Nitrate concentrations in El Mex Bay showing arrange of 
ND to 56.22 at stations 5 and 6 in summer and Autumn, 
respectively. Emara et al. (1995) reported Nitrate concen-
tration of 7.33 ± 4.4 µM/L. While, for waste water it ranged 
from 0.46 µM/L at El- Umum to 58.42 µM/L at El- in Qalaa 
drain in Autumn at Summer seasons respectively. Autumn 
exhibited relative higher values greater than any other 
season ,this result is in agreement with those of Nessim et 
al. (2010) in El Mex area during 2007/2008 which recorded 
range of 6.3-21 µM/Land average value of 13.3 µM/L. 
Much higher average value of NO3 (82.75 µM/L) was 
recorded by Mahmoud et al. (2005) in El Mex region in 
2003/2004. Based on the estimations of El Gindy et al. 
(1986); Nitrate flux to the sea at El Mex Bay was 878 
kilograms. 
 

 

Reactive phosphorus (PO4) 
 

Phosphorus is an essential and sometimes limiting fac
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Table 3a.  Nutrient salts (µM/L) concentration at El-Mex area (2010-2011). 
 

Seasons  Stations NH3/N NO2/N NO3/N DIN PO4/P SiO4/Si 

Spring (2010) 

1 171.25 0.63 1.17 173.04 5.04 19.94 

2 32.8 2.43 1.3 36.52 1.58 11.51 

3 39.8 4.53 0.21 44.53 30.45 12.03 

4 13 22.85 6.05 41.9 11.59 30.6 

5 ND 2.83 1.96 4.79 2.56 8.55 

6 13.2 1.95 4.43 19.58 1.05 4.22 

7 0.15 0.73 1.91 2.78 1.61 5.07 

av 45.03 5.13 2.43 46.16 7.7 13.13 

        

Autumn (2010) 

1 10.3 0.68 8.4 19.37 0.98 4.11 

2 58.05 3.55 8.01 69.61 1.44 32.78 

3 55.4 3.13 47.95 106.47 1.47 27.57 

4 26.5 2.5 10.1 39.1 1.33 14.84 

5 111.1 12.73 49.49 173.32 0.88 88.73 

6 119.9 6 56.22 182.12 3.92 99.86 

7 31.9 2.4 17.98 52.28 1.23 13.76 

av 59.02 4.43 28.31 91.75 1.61 40.23 

        

Winter 2011 

1 0.5 7.6 7.8 15.9 5.85 16.13 

2 2.2 11.75 9.17 23.12 7.56 38.59 

3 3.6 12.18 6.98 22.75 8.33 38.59 

4 8.65 5.08 8.51 22.23 2.87 10.92 

5 ND 0.5 0.96 1.46 2.1 ND 

6 ND 2.03 8.11 10.14 2.17 3.29 

7 ND 0.73 4.93 5.66 2.52 0.48 

av 3.74 5.69 6.64 14.46 4.49 18 

        

Summer (2011) 

1 113.1 7.35 6.24 128.25 0.7 1.22 

2 170.9 6.73 6.7 186.79 2.45 33.63 

3 216.9 0.63 0.58 224.5 8.86 57.79 

4 233.3 0.3 0.2 242.11 12.25 50.39 

5 126.3 2 ND 129.26 2.21 23.16 

6 75.1 2.93 0.31 86.14 1.79 16.84 

7 96.5 6.15 1.4 107.58 1.4 30.12 

av 147.44 3.73 2.57 157.8 4.24 30.45 

        

  average foe the 4 
seasons 

1 73.79 4.06 5.9 84.14 3.14 14.08 

2 65.99 6.11 6.29 79.01 3.26 30.37 

3 78.93 5.11 13.93 99.56 12.28 29.19 

4 70.36 7.68 6.21 86.33 7.01 16.82 

5 118.7 4.51 13.1 77.2 1.93 48.64 

6 69.4 3.23 17.27 74.49 2.23 27.67 

7 42.85 2.5 6.56 42.08 1.69 4.95 

av 74.29 4.74 9.89 77.55 4.51 24.53 

 
 
 

nutrient for maintenance of aquatic life. When it found in 
large content, it produces eutrophication condition which 
is considered as a potential pollutant. The high 
enrichment of wastewater with phosphate during winter-

spring period is mainly attributed to the allochthonous 
huge amount of domestic and drainage effluents enriched 
with phosphate and other fertilizers discharge into this 
area (Said et al., 1994; Fahmey et al., 1997). The release 
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Table 3b. Nutrient Salts (µM/L) concentrations in El Mex drains 2010-2011. 
 

Seasons  Stations NH3/N NO2/N NO3/N DIN PO4/P SiO4/Si 

Spring (2010) 

8 65.1 12.33 9.88 87.3 4.83 77.59 

9 726.25 0.63 2.65 729.53 26.95 49.84 

10 89.6 1.38 1.59 92.57 0.84 6.18 

11 53.5 0.33 20.06 73.88 5.11 111 

av 233.61 3.66 8.55 245.82 9.43 61.15 

        

Autumn (2010) 

8 63.4 1.08 41.18 105.65 2.63 111 

9 1820 1.93 58.42 1880.34 9.59 99.86 

10 193.4 8.38 28.56 230.33 0.77 111 

11 87.6 1.3 39.83 128.73 1.16 111 

av 541.1 3.17 42 586.26 3.54 108.22 

        

Winter 2011 

8 196.4 9.88 28.37 234.65 18.31 2.15 

9 2815.85 0.28 3.76 2819.88 18.06 16.28 

10 207 16.08 25.14 248.22 21.67 0.63 

11 228.4 1.25 12.58 242.23 0.7 1.37 

av 861.91 6.87 17.46 886.24 14.68 5.11 

        

Summer (2011) 

8 4.85 2.4 0.48 7.73 0.11 103.75 

9 45.4 2.75 31.75 79.9 29.05 189.44 

10 ND 20.25 29.37 49.62 4.45 73.41 

11 42.9 1.5 0.35 44.75 26.67 2.15 

av 31.05 6.73 15.49 45.5 15.07 92.19 

        

  average for the 4 seasons 

8 82.44 6.42 19.98 108.83 6.47 73.62 

9 1351.88 1.39 24.14 1377.41 20.91 88.86 

10 163.33 11.52 21.16 155.18 6.93 47.8 

11 103.1 1.09 18.21 122.4 8.41 56.38 

av 425.19 5.11 20.87 440.96 10.68 66.66 

 
 
 

of large amount of phosphate during decaying and 
oxidation of organic substances was investigated at El-
Qalaa location during summer-spring period coincided 
with oxygen depletion which agreed with the study of 
Riley and Chester (1971). At El-Mex Bay area, high 
consumption, as expected, in phosphate ion by marine 
flora was observed during spring blooming. A clear 
maximum was recorded during summer season since 
most of organic load was decayed. El-Mex Bay water, 
influenced by land-based sources, is still too high in 
phosphorus content if compared with open seawater. The 
waste and bay waters exhibited average phosphate 
concentration of 10.68 and 4.51 µM/L respectively 
reflected an eutrophication condition (UNEP, 1988). The 
average for the 4 seasons of PO4 in waste water and El 
Mex Bay in this study is lower than average that 
measured by Nessim et al. (2010) and Mahmoud et al. 
(2005) which are 14.0 and 19.69 µM/Lfor waste water 
and El Mex Bay water respectively. 

Silicate (SiO4): Seasonal and regional variation of 
silicate are illustrated in Tables 3a and 3b.Significant 
changes in silicate content were demonstrated at waste 
water ranging from 2.15 during Winter to 189.44 µM/L 
during Summer with an average for the 4 seasons of 
66.66 µM/L (Table 3b). The waste water at the area of 
study exhibits silicate content four times greater or more 
(on, average) than that at seawater Figure 3 .Silicate 
concentration in El Mex Bay water varied from ND in 
winter to 99.86 in autumn with an annual averageof 24.53 
µM/L (Table 3a). Coastal waters have, in general, quite 
high silicate contents, since they are affected by land-
based sources (Riley and Chester, 1971). During Autumn- 
summer period, El-Mex Bay water was characterized by 
high silicate content >50 µM/L and low salinity value <40 
as a function of discharged waters. The concentration of 
silicate during spring-winter period is relatively low owing 
to its consumption by diatoms and radiolarian. Nessim et 
al. (2010) recorded values that ranged from33.7 to 221.9
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Figure 2. Horizontal distribution of salinity   at surface and bottom water in El-Mex Bay. 
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Figure 3.   Average Values of Seasonal Variations of nutrient salts at El Mex Bay (2010-2
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Figure 3.   Average Values of Seasonal Variations of nutrient salts at El Mex Bay (2010-2011). 
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Figure 4. Average Values of Seasonal Variations of nutrient salts at drains (2010-2011). 
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for waste water and from 14.5 to 59.6 for sea water. 
Mahmoud et al. (2005) recorded average silicate content 
of 140.69 µM/L for El Mex bay water. 

Dissolved inorganic nitrogen (DIN) and PO4-P are the 
main forms of N and P that are readily bioavailable for the 
growth of phytoplankton. The DIN/DIP ratio in the different 
regions of El-Mex Bay during study period is illustrated in 
Figure 5. The average ratios are higher at station 5 
near El-Umoum drain in winter (108.38) and the lowest 
(2.53) was observed at station 1 in winter. In drains the 
higher values were observed as 380.63 in summer of 
drain 8 and the lower was 2.38 in the same season of 
drain 9. The average for the 4 seasons of N/ P ratios for 
whole area is 27.29. The higher ratios than that reported 
by Redfield’  ratio with value of 16:1 revealed high 

nitrogen content in comparison with that of phosphorous. 
The values of N/P ratio could be related to allocthonous 
conditions (Whaby and Shriadah, 1984; Okbah, 2005). 
Smith (1979) found that phytoplankton 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 nitrogen and > 

21 shows that phosphorus was the primary controlling 
factor. 
 
 

Water budget 
 
According to Abdallah (2007), the annual water budget 
flux into the Mediterranean sea at El-Mex Bay through El-
Mex pump station is 6.98 x 10 6 m

3
/d , El-Umum is 

4.2x10 
6
 m

3
/d , Al-Qalaa is 7.5x10

5
 m

3
/d, El-Nubaria is 

1.54x10 
6
 m

3
/d and Mariut Lake 3.5x10

5
 m

3
/d. We can 

calculate from the present averages the annul salts budget 
(metric ton/year) reflux into the bay area as follows: for 
El-Umum drain: ammonia 284.39; nitrite 9.84; nitrate 
26.84; phosphate 307.30 and silicate 112.86. For El-
Qalaa: ammonia 44.93; nitrite 0.34; nitrate 6.43; phos-
phate 120.35 and silicate 20.92. For El-Nubaria: ammonia 
83.44; nitrite 6.28; nitrate 11.67; phosphate 117.10 and 

silicate 20.92. In Mariut Lake: ammonia 14.26; nitrite 0.13; 
nitrate 14.46; phosphate 28.25 and silicate 3.66 ton/ year.  

Water quality standard limits of surface water para-
meters according to criteria produced by different local 
and international authorities and organizations are used 
to identify the water quality in El Mex bay area as shown 
in Table 4. The data declared that for many  
parameters the values recorded in the present study are 
within the range of good quality except for ammonia, Chl-
a and BOD which exceeded in some stations the 
recommended values by different authorities and 
organizations. 
 
 

Principal component analysis (PCA) 
 

I t  is applied for multivariate data derived from the water 
quality parameters analysis of 11 water samples for 4  

 
 
 
 
seasons in El-Mex Bay and surrounded drains. The 
output data revealed that four factors (PC1- PC4) affected 
El-Mex water quality, association and sources, with 

cumulative covariance of 84.46%. Varimax rotated 
components matrix is given in Table 5  to give an over-
view on the nature of loading among the parameters. 
PC1, PC2, PC3 a n d  PC4 have covariance of 51.19, 
13.89, 10.73 and 8.65% respectively. PC1 represented 
loading of salinity (0.947), transp. (0.812), Chl-c (0.744) 
and chlorinity (0.947) associated with negative loading to 
NO3 (-0.730). This factor refers to important role of salinity 
in the study area. This result is in accordance with those 
of Mahmoud et al. (2005), Zakaria et al. (2007) and 
Okbah et al. (2013). PC1may be affected by anthropogenic 
source of nitrate like fertilizers, industry, sewage and 
sludge. PC2 represented loading for temperature (0.700), 
OOM (0.763), NH3 (0.893) and phos-phate (0.872). This 
factor indicated that at higher tem-perature, OOM, NH3 
and PO4 amount was higher. PC3 represented loading for 
DIN/DIP (0.800 associated with negative loading of Chl-b 
µg/L (-0.708). PC4 represented high loading for BOD 
(0.972). Since, BOD is a measure of the oxygen used by 
microorganisms to decompose wastes it revealed a large 
quantity of organic waste in the study area. 
 
 
Extraction method  

 
This included principal component analysis; Rotation 
method: Varimax with Kaiser Normalization; marked 
loadings are >0.70; rotation converged in7 iterations; N= 
11; Bold numbers positive loading, and italic number 
negative loading. 

 
 
Evaluation of water quality index (WQI) 
 
For the evaluation of hot spot stations, high values of 
principal component factor scores mean that this station 
is from hotspots. According to WQI, El-Dekhila Head and 
El Qalaa drain are two hot spots in this study area. 
According to PCA data the origins of pollution corres-
ponding to the hot spots are summarized in Table 6. 
 
 
Conclusion  
 
The effect of wastewater on seawater was discussed 
through the water budges of nutrients from 4 drains into 
El Mex Bay. Based on the distribution of surface salinity 
in the investigated area, salinity gradient identified 4water 
types due to water circulation and high water currents. 
The residence time of El-Mex Bay water in the present 
study varied from 1.4 to 12.48 day .The present study 
throws light on the difference between the data of sea 
water and waste water compared to the previous studies. 
A  noticeable  variation  in  ammonia  levels  with  striking 
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Figure 5. DIN/DIP distribution against sample stations. 

 
 
 
Table 4. Water quality standard limits for surface water parameters according to criteria produced by different local and international 
authorities and organizations. 
 

Parameter WHO EPA 
Egyptian 

Standards 
Portuguese Decree-

law no 263/98 
Present study 

 1973 1982 1994  S.W  W.W 

Phosphate (mg/L)  10 - 5 0.4 0.02-1.89  0.01-1.8 

Nitrate  (mg/L) 0.05 - 40 25 0.01-1.57  0.01-1.64 

Ammonia (mg/L) 0.5 - 3 0.05 0.05-2.06  0.07-39.42 

Chl-a (µg/L) 20 - - - ND-241.91 

DO(mg/L) (mg/L) 0.17 5 ≥4 - ND-22.26 

Transparency (cm) 10 - - - 5-370 cm 

pH 6-8.5 6.5-9.00 6.00-9.00 6.5-8.5 7.36-8.97 

Temperature (°C) - 16-32 10>normal - 15.0-30.9 

Salinity - - 2  normal - 19.6-42.3  0.3-7.3 

BOD  (mg/L) - - ≤60 - 4.48-111.29 

COD (mg/L) - - 100 - NM 

 
 
 
increase at El Qalaa drain as a result of domestic sewage 
was due to the reduction of NO3 to NH4-N via a denitrify- 
cation process. The large increase in nutrient loading has 
led to the impairment of many water bodies. This includes 
the eutrophication of water bodies that can lead to 
dissolved-oxygen depletion, species shifts, and fish kills. 
The high values of N/P ratio may be a result suggesting 
that phosphorus is the most limiting factor for the growth 

of phytoplankton. Principle component analysis (PCA) 
which was used to develop water quality index (WQI) 
revealed that El-Dekhila Head and El Qalaa drains were 
the most polluted sampling sites which resulted from the 
disposal of industrial, agricultural and domestic wastes. 
Ammonia, Chl-a and BOD according to different 
authorities and organizations exceed recommend values. 
Development of strategies for waste water treatment
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Table 5. Varimax rotated component matrix of physico chemical parameters and nutrient salts 
in El       Mex Bay and surrounded drains. 
 

Parameter PC1 PC2 PC3 PC4 

Temperature (°C) -0.521 0.700 -0.108 0.393 
Salinity   0.947 -0.284 -0.063 -0.099 
pH 0.387 -0.815 0.226 0.214 
Transparency (cm) 0.812 -0.378 0.232 0.149 
DO (mg/L) 0.437 -0.741 0.045 0.467 
BOD (ml/L) -0.057 0.080 0.089 0.972 
OOM (mgO/L) -0.416 0.763 -0.015 0.409 
Chl-a (µg/L) 0.482 -0.237 -0.024 -0.113 
Chl-b (µg/L) 0.301 0.008 -0.709 -0.258 
Chl-c (µg/L) 0.744 -0.150 0.456 -0.013 
NH3  (µM/L) -0.233 0.893 0.095 0.281 
NO2  (µM/L) -0.298 -0.353 -0.673 -0.268 
NO3  (µM/L) -0.730 0.391 0.395 -0.117 
PO4  (µM/L) -0.391 0.872 0.029 -0.011 
SiO4  (µM/L) -0.745 0.482 0.235 -0.038 
 DIN/DIP 0.019 -0.267 0.800 -0.254 
Chlorinity 0.947 -0.284 -0.063 -0.099 
Covariance % 51.19 13.89 10.73 8.65 
CV  % 51.19 65.08 75.81 84.46 

 
 
 
Table 6. Principal component factor scores and water quality index (WQI) of water samples in study area.  
 

Hot spot  PC1 PC2 PC3 PC4 WQI Parameter 

El-Dekhila Head (St.1) 0.63 -0.688 -0.265 2.36 0.477 
 According to high value of PC4 the effective 
parameter is BOD (41.59 mg/L)    

       

El Qalaa drain -0.532 2.74 0.27 0.88 0.253 
According to high value of PC2 the effective 
parameters are Temp (25.73°C), OOM (54.75 
mgO/L),NH3 (1351.88 µ M/L) and PO4 (20.91 µ M/L ) 

 

PC= principal component factor score; WQI=Water Quality Index; Bold number indicates high effect of factor scores (>0.7). 
 
 
 

must be evaluated. Alternatively, environmentally 
acceptable, biocide should be strongly supported. 
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