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RESEARCH ARTICLE

Ecological Assessment of Drainage Water Input on
the Water Quality of a Coastal Estuary: The
Mediterranean Coast of Egypt

Fatma A. Zaghloul a, Hoda A.E. Hemaida b, Hayat M. Faragallah b, Ahmed A. Radwan c,*

a Marine Hydrography Lab, National Institute of Oceanography and Fisheries, NIOF, Cairo, Egypt
b Marine Chemistry Lab, National Institute of Oceanography and Fisheries, NIOF, Cairo, Egypt
c Physical Oceanography, National Institute of Oceanography and Fisheries, NIOF, Cairo, Egypt

Abstract

El Mex Bay, located west of Alexandria City, is identified as a hot spot of pollution along the Mediterranean coast of
Egypt. It is a large, shallow, and turbid water body of socioeconomic importance. However, El Mex Bay receives a large
amount of untreated industrial wastewater, as well as agricultural runoff from different land-based sources.
A comprehensive environmental study was carried out seasonally during 2020e2021. To evaluate the effect of this

discharged wastewater on the water quality of El Mex Bay.
The physicochemical parameters were measured at both the surface and near-bottom water at nine stations.
Principal component analysis indicated that the dissolved inorganic nitrogen is largely controlled by the water quality

of the Bay. The pollution index was calculated based on standard and measured water quality parameters, which
indicated that El Mex Bay is highly eutrophic and heavily polluted to different degrees. The residence time of El Mex
Bay water fluctuated between 3.97 and 10.05 days in winter 2020 and spring 2020, respectively. Regarding sustainable
development, improving the integrated management of water quality, raising agricultural efficiency, and preserving the
environment. It is necessary to create a wastewater purification plant on the El Mex pumping station to benefit from it in
many fields.
The study thus recommends the discharge of treated and recycling of anthropogenic wastes to control eutrophication

and pollution.

Keywords: El Mex bay, Environmental parameters, Principal component analysis, Residence time, Trophic state, Water
quality

1. Introduction

T he El Mex Bay is a large, shallow, and turbid
estuary of socioeconomic importance located

west of Alexandria City. It receives large amounts of
untreated industrial wastewater from petrochemi-
cals, pulp, metal planting dyes, and textiles, agri-
cultural runoffs, and sewage wastes from the
adjacent Lake Mariut through the El Umum Drain.
These conditions cause pronounced eutrophication
and drastic environmental changes. El Mex Bay

demonstrated wide-range variations in its surface
salinity on a spatial scale relative to the dispersal
pattern of the discharged wastewater. The salinity of
the near-shore waters sustained usually low values,
increasing seaward to exceed 39.8 ‰ in the open
part of the bay (Shaltout, 2008).
Water pollution is a serious threat to marine

ecosystems. Estuaries and coastal areas are the most
suitable areas for wastewater discharges from man-
made activities. Urbanization imposes a physical
and chemical load on surrounding water bodies,
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changing the ecosystem and leaving a record of
disturbance in the sediments of water bodies (Haas,
2002; Vaalgamaa, 2004). The Mediterranean Sea is
generally characterized by a nutrient decrease from
west to east, resulting in variations in the structure
of the pelagic food web (Kress, 2003; Pujo-Pay et al.,
2011). Nutrients act as raw materials for the organ-
isms within the ecosystem to build up their cells and
tissues and to continue their growth, but without
them, the organism will not be able to survive. The
discharges into El Mex Bay caused an increase in
nutrient levels, which consequently became eutro-
phic. 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 to animal and human health. The primary
cause of eutrophication is an excessive concentra-
tion of plant nutrients, which cause phytoplankton
to grow and may use up all the oxygen in the water,
leaving none for other marine life (WHO, 2002). An
ecosystem is a closed system, where everything that
it requires to activate the system comes within the
system itself.
Much of the high temporal and spatial variability

in physical, chemical, and biological conditions in
estuaries occurs through seasonal and interannual
variability in freshwater flow (Kimmerer, 2002). Es-
tuaries receiving high organic and inorganic inputs
act as nutrient traps, eventually developing the
processes of eutrophication (de Jonge et al., 2002).
Globally, these systems have been the focus of
research programs aimed at understanding
anthropogenic influences (Bricker et al., 1999).
Water quality monitoring is a strategy essential

for determining the chemical, physical, and biolog-
ical characteristics that allow the early detection of
potential sources of pollution, and the water quality
information is very important in supporting the
planning and management of coastal and marine
areas under the influence human activities (Dodds
and Smith, 2016; Mahmoud et al., 2020). The prin-
cipal component analysis (PCA) and factor analysis
effectively estimated the water quality through a
water quality index (Zaghloul et al., 2020). Fathy
et al. (2012) used PCA to investigate the water
quality of three sites located in the coastal area in
front of Alexandria.
El Mex Bay attracts the attention of many authors,

consequently, several chemical studies were carried
out to monitor its water quality (Mahmoud, 1979,
1985, 1995; Farag, 1982; Said et al., 1993; Fahmy et al.,
1995; Tayel et al., 1996; Mahmoud and Deek, 1997;
Abou-Tahoun, 1999; Shoukry, 1999; Masoud et al.,
2001; Abdel-Halim, 2004; Nessim et al., 2010; Abdel-

Rhman, 2013; Shreadah et al., 2014; Okbah et al.,
2017).
The present work aimed to monitor the

physicalechemical parameters and study the impact
of dissolved nutrient input from uncontrolled land-
based discharges (industrial, agricultural, and do-
mestic) in El Mex Bay to assess water quality. Be-
sides a comparison was made with previous studies
to highlight the changes that have occurred due to
the increase in the volume of discharged water.

2. Materials and methods

2.1. Study area

The El Mex Bay is a relatively large coastal
embayment west of Alexandria, with an average
depth of ⁓10.2 m and a surface area of ⁓15.56 km2

(Fig. 1). It is elliptical and extends for about 15 km
between El Agami headlands to the west and the
Western Harbour to the east. Despite being an
important fishing area, El Mex Bay is heavily
polluted, receiving huge amounts of agricultural,
industrial, and sewage discharges from the adjacent
Lake Mariut through the El Umum Drain. Accord-
ing to the Drainage Research Institute, the volume
of the wastewater varied between 7 � 106 and
8 � 106 m3/day, which is supposed to increase with
the growing population density of Alexandria City.

2.2. Sampling and analysis

Surface water samples were collected seasonally
from winter 2020 to spring 2021 from nine stations
(Stations 1 and 2 representing El Umum Drain
water, while stations from 3 to 9 represent El Mex
Bay). Near-bottom water samples were collected

Fig. 1. Map showing sampling stations from El Mex Bay during
2020e2021.
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from six stations (3, 4, 5, 6, 7, 9). However, the rest
stations are shallow.
The surface water temperature was measured in

situ using a calibrated thermometer. Salinity was
determined using a multiparameter (model,
YSI556MPS). The classical Winkler method, modi-
fied by Grasshoff et al. (1999) was used for the
determination of dissolved oxygen (DO). The
oxidizable organic matter (OOM) was measured
according to FAO (1976). Dissolved inorganic nu-
trients (DIN) [nitrite (NO2), nitrate (NO3), ammonia
(NH3), and silicate (SiO4)] were measured according
to Grasshoff et al. (1999).

2.3. Water pollution index

The following formula was applied to calculate the
pollution index (PI) in El Mex Bay (Nemerow and
Sumitomo, 1970):

PIj¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
Ci
�
Lij
�2
M þ �

Ci
�
Lij
�2
R

2

s

Where: Lij: Standard water quality parameter for
each parameter at specified water quality purpose
(j), Ci:: measured water quality parameters I; PIj: the
pollution index
Water quality purpose ( j ); (Ci/Lij)M: maximum

value of Ci/Lij and (Ci/Lij)R: average value of Ci/Lij.
0�PIj � 1: good quality, 1�PIj � 5: lightly polluted,

5�PIj � 10: moderately polluted, and PIj � 10: highly
polluted.

2.4. Trophic states based on nutrient salts

The trophic state was estimated based on inor-
ganic nutrient data (P-PO4, NeNO3, NeNO2,
NeNH4) following the methods outlined by OSPAR
(2003), Ignatiades et al. (1992), and Ferreira et al.
(2011), which categorize the aquatic system into
various trophic levels: high (H), good (G), poor (P),
and B (bad) water types (Table 1).

2.5. Residence time

It is calculated according to El Gindy et al. (1986)
as follows:

t¼V ðSi � SoÞ
Si �QR

Where t is the residence time, So the salinity in
the surface layer, Si the salinity in subsurface layer,
V, the volume of the water in the Bay, and QR is the
amount of water from through the El Umum Drain
added to the basin.

2.6. Statistical analysis

The statistical analysis was performed using IBM®

SPSS® 18, USA. PCA was conducted on log10 (Xþ1)
transformed and standardized data to estimate the
most significant factor affecting water quality in El
Mex Bay.

3. Results

3.1. Physicochemical parameters of El Mex Bay
water

3.1.1. Water temperature
The water temperature ranged in El Umum Drain

between 16.4 and 28.2 �C with an annual average of
21.6 ± 3.78 �C. The surface water temperature of El
Mex Bay fluctuated between 17.2 and 27.9 �C with
an annual average of 22.1 ± 4.32 �C. While in the
near-bottom layer, the temperature ranged from
17.4 to 27.3 �C and an annual average of
21.6 ± 3.78 �C (Fig. 2).

3.1.2. Water salinity
The water at El Umum Drain was characterized by

low salinity due to the freshwater input, where it
ranged between 3.61 in January 2020 and 4.75 in
June 2021, with an annual average of 4.05. The
salinity values at El Umum Drain depend mainly on
the amount of wastewater discharged through the
Drain. The salinity values at different stations varied
according to their distance from the source of the
discharged water. At the surface layer of El Mex
Bay, salinity fluctuated between 11.3 (St.4, in winter
2020) and 39.06 (St. 5, in summer 2020) with an
annual average of 34.96. In the near-bottom water, it
ranged from 38.3 (Sts. 5 and 6, in spring 2021) to
38.95 (Sts.4 and 6, in summer 2020) with an annual
average of 38.44 (Fig. 3).
The salinity increased at the bottom water

compared with those recorded on the surface water,
due to the mixing with freshwater (Fig. 3).

3.1.3. Dissolved oxygen
El Umum Drain water was characterized by low

oxygen content, where it ranged between 5.54 mg/l
in the spring of 2021 and 11.34 mg/l in the winter of

Table 1. Boundary values between ecological quality classes for water
variables.

Nutrient element H/G G/M M/P P/B

Nitrite and nitrate 5 mM 10 mM 20 mM 40 mM
Ammonium 1 mM 2 mM 4 mM 8 mM
Phosphate 0.4 mM 0.8 mM 1.4 mM mM
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Fig. 2. Distribution of water temperature (�C) at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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Fig. 3. Distribution of water salinity at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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2021 with an average of 7.55 mg/l. The DO in the
summer was slightly higher due to the water tur-
bulence and mixing processes, which led to an in-
crease in the dissolution of the atmospheric oxygen.
The amount of DO in the surface water of El Mex

Bay ranged from 3.89 mg/l (St. 4, in autumn 2020) to
20.41 mg/l (St. 5, in summer 2020) with an annual
average of 9.0 mg/l.
In the near-bottom water, DO ranged from

3.08 mg/l (St. 4, in autumn 2020) to 16.85 mg/l (St. 5,
in summer 2020) with an annual average of 8.4 mg/l
(72.6 %). Similarly, the average values of DO in the
surface water were higher in the summer of 2020
and spring 2021 (14.44 and 11.017 mg/l,
respectively).
The average values of DO, in general, showed

noticeable local variations, whereas the annual av-
erages fluctuated between a minimum of 8.3 mg/l
(119.0 %) at station 7 and a maximum level of
10.0 mg/l (141.7 %) at station 5 (Fig. 4).

3.1.4. Oxidzable organic matter
The values of OOM at El Umum Drain ranged

from 8.16 mgO2/l in winter 2021 to 13.96 mgO2/l in
spring 2021, with an annual average of 11.96 mgO2/l.
Seasonal and regional variations of OOM of El

Mex Bay are illustrated in Fig. 5, where the mini-
mum is 0.64 mgO2/l (St. 7, in summer 2020) and the
maximum is 31.04 mgO2/l (St. 5, in spring 2021),
yielding an annual average of 6.3 mgO2/l. However,
the absolute values of OOM in the near-bottom
water, ranged from 0.64 mgO2/l (St. 7, in winter
2021) to 12.16 mgO2/l (St. 7, in summer 2020), with
an annual average of 4.31 mgO2/l. The average
values of OOM fluctuated between 2.3 mgO2/l in
winter 2020 and 9.5 mgO2/l in the summer season.
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 a minimum of 2.08
mgO2/l in winter 2021 and a maximum of 12.94
mgO2/l in spring 2021. For near-bottom water, the
average values of OOM fluctuated between 2.3
mgO2/l in winter 2020 and 9.5 mgO2/l in the sum-
mer season with an annual average of 4.31 mgO2/l.

3.1.5. Ammonium (NH4eN)
Ammonium concentration at El Umum Drain

reached a maximum value of 173.5 mm/l during
spring 2021 and a minimum of 2.4 mm/l in autumn
2020, with an annual average of 100.2 mm/l. With
respect to the surface water of El Mex Bay, NH4eN
concentration ranged from 1.3 mm/l at station 7 in
winter 2021 to 101.5 mm/l at station 8 in winter 2020
with an annual average of 32.1 mm/l. Although the

amount of NH4eN in the seawater (St. 7) is small
compared with that of drainage water, it is relatively
high if compared with normal seawater. In the near
bottom, it fluctuated between 1.9 mm/l at station 7 in
winter 2021 and 37.9 mm/l at station 5 in the same
season, with an annual average of 11.2 mm/l.
Seasonally, ammonium concentration attended an
average of 10.9 mm/l in winter 2021 and 66.3 mm/l in
winter 2020 for the surface layer of El Mex Bay. The
concentration of NH4eN in the near-bottom water is
lower than that in the surface water (Fig. 6), except
at station 7 in the winter of 2020 and stations 3, 5,
and 6 in the winter of 2021.

3.1.6. Nitrite (NO2eN)
Seasonal variation of nitrite concentrations at El

Umum Drain ranged between 6.88 mm/l in winter
2021 and 30.2 mm/l during autumn 2020 with an
annual average of 19.84 mm/l. The concentrations of
NO2eN at the surface layer of El Mex Bay showed
a considerable seasonal and regional variation
(Fig. 7), where it ranged from 0.15 mm/l (St. 7,
winter 2021) to 23.5 mm/l (St. 8, spring 2021).
NO2eN concentration at the El Umum Drain was
higher than that recorded in the surface water of
the Bay. However, it ranged from 0.175 mm/l (St. 7,
winter 2021) to 7.625 mm/l (St. 3, summer 2020) for
the near-bottom layer. The average value fluctuates
between 0.61 mm/l in winter 2021 and 12.85 mm/l in
spring 2021 at surface water and ranges from
0.63 mm/l in winter 2021 to 1.57 mm/l in winter
2020 at the near-bottom water (Fig. 7), while the
average value of the surface water in El Mex Bay
reached 5.52 and 1.8 mm/l for the surface and near-
bottom layer.

3.1.7. Nitrate (NO3eN)
The concentration of NO3eN at the El Umum

Drain ranged from 19.61 mm/l in spring 2021 and
64.45 mm/l during autumn 2020 with an annual
average of 38.86 mm/l. The concentrations of NO3eN
in the surface water of El Mex Bay (Fig. 8)ranged
from 1.61 mm/l (St. 7 in winter 21) to 41.72 mm/l (St. 5
in summer 2020), with an annual average of
20.85 mm/l. Seasonal variation of the average con-
centration of nitrate in the surface layer of El Mex
Bay fluctuated between 4.51 mm/l in winter 2021 and
29.15 mm/l in summer 2020. However, the near-
bottom water ranged from 3.36 mm/l in the autumn
season to 37.30 mm/l in the summer of 2020.
This data showed that the concentration of

NO3eN in the surface water is higher than those
recorded in the near-bottom water during most of
the year except in summer 2020.
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Fig. 4. Distribution of dissolved oxygen (mgO2/l) at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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Fig. 5. Distribution of oxidizable organic matter (mgO2/l) at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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Fig. 6. Distribution of ammonium (mm/l) at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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Fig. 7. Distribution of nitrite (mm/l) at the surface and near-bottom layers in El Mex Bay during 2020e2021.

F.A. Zaghloul et al. / Blue Economy 1 (2023) 168e192 177



Fig. 8. Distribution of nitrate (mm/l) at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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Fig. 9. Distribution of phosphate (mm/l) at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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3.1.8. Reactive phosphate (PO4eP)
Phosphate concentration in the El Umum Drain

ranged from 0.42 mm/l in the summer of 2020 to
19.03 mm/l in the spring of 2021, with an annual
average of 10.95 mm/l.
The variation of PO4eP concentration in the sur-

face water of El Mex Bay (Fig. 9) showed that spatial
concentrations of phosphate fluctuated between
0.16 mm/l at station 9 in summer and 10.04 mm/l at
station 8 during winter 2020 with an annual average
of 2.2 mm/l. With respect to the near-bottom water, it
ranged from 0.26 mm/l (St. 6, summer 2020) and
1.98 mm/l (St. 9, winter 2020), yielding an annual
average of 1.0 mm/l. Spatially, the surface water of El
Mex Bay ranged between 0.52 mm/l in summer 2020
and 4.56 mm/l in winter 2020. At the near-bottom
layer, however, the average content of PO4eP
ranged between 0.54 mm/l in summer 2020 and
1.456 mm/l in winter 2020.
The horizontal distribution of reactive phosphate

in all seasons except in summer indicated that water
at the El Umum Drain was characterized by the
highest levels and decreased seawards. The surface
waters of the Bay have more concentrated reactive
phosphate than the bottom and increase in the
western of the El Umum Drain than the eastern,
especially in winter 2020.

3.1.9. Reactive silicate (SiO4eSi)
Significant changes in silicate content were

detected at El Umum Drain, where it ranged from
28.2 mm/l in winter 2021 to 250.6 mm/l in spring 2021,
with an annual average of 130.4 mm/l (Fig. 10). It is
noticeable that the silicate concentrations in surface
waters of El Mex Bay stations varied between
maximum values of 92.8 mm/l (St. 3, winter 2020)
and minimal of 0.16 mm/l (Sts. 7, 8, and 9, summer)
yielding an annual average of 26.9 mm/l. With
respect to the near-bottom water, the silicate content
fluctuated between 0.61 mm/l (St. 7, winter 2021) and
70.5 mm/l (St. 5, summer) with an annual average of
15.7 mm/l.

3.1.10. N/P ratio
The annual average of N/P ratios for the present

study is 14.5, 27.05, and 28.1 for El Umum Drain,
surface water, and in the near-bottom layer of El
Mex Bay, respectively. At El Umum Drain (Sts. 1
and 2), the N/P ratio decreased from 300.8 during
the summer to 24.6 in winter, 2021 reaching a min-
imum value in autumn (7.4). However, surface wa-
ters of El Mex Bay (Sts. 3e9), the N/P ratio reached a
maximum level of 133.6 during summer and

minimum levels of 12.3, 23.0, and 25.4 during winter
2021, 2020, and spring, respectively.
With respect to the near-bottom water, the N/P

ratio decreased from 126.3 during the summer,
reaching a minimum level of 14.0, 14.3, and 17.3
during winter 2020, autumn, and winter 2021,
respectively.

3.2. Trophic states based on nutrients

The international organizations have proposed
values among the most popular flux measure-
ments for assessing eutrophic levels (Table 1), and
have been also suggested as merit indicators of
trophic levels: high (H), good (G), poor (P), and B
(bad). Regarding inorganic nitrogen (nitrite and
nitrate), El Umum Drain stations (Table 2) were P/
B during all seasons except in winter. However, El
Mex Bay water was M/P during the winter season,
2020 except at station 7, which was G/M. In the
summer of 2020, most stations were P/B except
that stations 6 and 7 recorded M/P and station
9 G/M. During autumn 2020, stations 3 and 9
attained M/P; stations 4, 5, and 6 recorded G/M,
whereas stations 7 and 8 reached P/B. Winter 2021
is the best, all stations represented H/G. In spring
2021, stations 3, 4, 5, and 8 represented P/B; sta-
tions 6 and 9 recorded M/P, while station 7
attained G/M. Generally, H/G formed 15.6 %:
from the records, 13.3 % of G/M, 33.3 % M/P, and
37.8 % P/B.
Regarding ammonium (NH4eN) content, the data

collected in El Umum Drain stations were P/B
except during the autumn season. However, El Mex
Bay water was divided into three groups, where H/
G reached station 7 during the winter of 2020 and
2021. M/P was recorded at station 4 during both
summer and autumn 2020. At stations 8 and 9 dur-
ing autumn 2020 and winter 2021 and at station 6 in
winter 2021, P/B recorded at the reset of stations
contributed 73.3 % of all records, H/G accounted for
4.4 %, and M/P shared by 22.2 %.
However, the phosphate content at El Umum

Drain stations, sustained P/B during most of the
seasons except in the summer of 2020 as it reached
H/G. El Mex Bay water, during winter 2020, all
stations recorded P/B except station 7 sustained M/
P. Summer, 2020, is the best, all stations reached H/
G while station 8 reached G/M. In autumn, 2020,
most stations attained M/P except stations 4 and 6
recording G/M. However, in winter 2021, two
groups of stations exhibited different behaviors, the
first group, stations 3e6 repressed M/P, while
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Fig. 10. Distribution of silicate (mm/l) at the surface and near-bottom layers in El Mex Bay during 2020e2021.
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stations 7, 8, and 9 attained higher G/M. In spring
2021, all stations represented P/B.
Generally, in El Umum Drain, B/P represented

76.7 % of all records, in addition to 16.7 % of M/P
and 6.6 % of H/G. The surface waters of El Mex
Bay attained 13 % of the records representing H/
G, 11.5 % of G/M, 28.5 % of M/P, and 47.0 % of
P/B.

3.3. Principal component analysis

Regarding El Umum Drain (Table 3), three factors
with eigenvalues more than 1 were identified with
82.796 % total variance. Varimax rotated component
matrix gave an overview of the nature of loading
among the parameters. PC1, PC2, and PC3 have a
covariance of 30.99, 27.23, and 24.57 %, respectively.
PC1 represented a positive loading each of water
salinity, NH4, PO4, and SiO4 (0.548, 0.541, 0.791, and

0.819, respectively). This was confirmed with a
positive correlation between SiO4 and each of
salinity, NH4, and PO4 (r ¼ 0.46, 0.564, and 0.495,
P < 0.05, respectively). A negative loading was
observed with DO, NO3, and DIN/P (�0.80, �0.631,
and �0.573, respectively). PC2 had a positive
loading of each temperature, OOM, NO2, and NO3

(0.665, 0.585, 0.812, and 0.589, respectively). In
addition to a negative loading with salinity, NH4 and
DIN (�0.557, �0.747, and �0.561, respectively). PC3
had a positive loading of OOM, DIN, and DIN/P
(0.556, 0.617, and 0.594, respectively).
The surface water of El Mex Bay (Table 3) had

three factors with eigenvalues more than 1 and a
total variance sum of 77.382 %. Varimax rotated
component matrix gives an overview of the nature
of loading among the parameters. PC1, PC2, and
PC3 have covariance of 10.83, 19.623, and 16.93 %,
respectively. PC1 represented a positive loading

Table 2. Seasonally water quality classes.

Seasons Parameters St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 St. 9

Winter 2020 NH4
þ P/B P/B P/B P/B P/B P/B H/G P/B P/B

NO2
�þNO3

� M/P M/P M/P M/P M/P M/P G/M M/P M/P
PO4

� P/B P/B P/B P/B P/B P/B M/P P/B P/B
Summer NH4

þ P/B P/B P/B M/P P/B P/B P/B P/B M/P
NO2

�þNO3
� P/B P/B P/B P/B P/B M/P M/P P/B G/M

PO4
� H/G H/G H/G H/G H/G H/G H/G G/M H/G

Autumn NH4
þ M/P M/P P/B M/P P/B P/B P/B M/P M/P

NO2
�þNO3

� P/B P/B M/P G/M G/M G/M P/B P/B M/P
PO4

� P/B P/B M/P G/M M/P G/M M/P M/P M/P
Winter 2021 NH4

þ P/B P/B P/B P/B P/B M/P H/G M/P M/P
NO2

�þNO3
� P/B M/P H/G H/G H/G H/G H/G H/G H/G

PO4
� P/B P/B M/P M/P M/P M/P G/M G/M G/M

Spring NH4
þ P/B P/B P/B P/B P/B P/B P/B P/B P/B

NO2
�þNO3

� P/B P/B P/B P/B P/B M/P G/M P/B M/P
PO4

� P/B P/B P/B P/B P/B P/B P/B P/B P/B

Table 3. Varimax rotated component matrix of physicochemical parameters in El Mex Bay during 2020e2021.

Component matrixes

Area El Umum Drain Surface water Near-bottom layer

Components 1 2 3 1 2 3 1 2 3

Temp 0.493 0.665 0.201 0.192 0.514 0.632 0.083 0.729 0.451
Sal 0.548 �0.557 �0.089 �0.092 0.584 �0.005 0.494 0.705 �0.26
DO �0.8 �0.493 0.05 0.44 0.697 �0.31 0.848 �0.204 0.209
OOM �0.111 0.585 0.556 0.526 0.299 0.541 0.845 0.104 0.263
NH4þ 0.541 �0.747 0.302 0.922 �0.301 �0.138 0.541 �0.415 �0.49
NO2� 0.201 0.812 0.346 0.892 0.083 0.205 0.909 �0.171 0.137
NO3� �0.631 0.589 0.357 0.572 0.571 0.008 0.876 0.135 0.234
PO4� 0.791 0.437 �0.367 0.811 �0.45 �0.007 �0.445 �0.483 0.559
SiO4� 0.819 �0.044 0.468 0.87 �0.254 �0.275 0.894 �0.259 0.214
DIN 0.471 �0.561 0.617 0.982 �0.061 �0.076 0.934 �0.118 �0.057
DIN/P �0.573 �0.374 0.594 0.019 0.721 �0.564 0.863 0.075 �0.304
% of variance 30.992 27.233 24.571 40.826 19.623 16.933 48.618 19.469 13.327
Cumulative % 30.992 58.225 82.796 40.826 60.449 77.382 48.618 68.087 81.414

Extraction method: principal component analysis.
aThree components extracted.
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with each of DO, OOM, NH4, NO2, NO3, PO4, SiO4,
and DIN (0.44, 0.526, 0.922, 0.892, 0.572, 0.811, 0.87,
and 0.982, respectively), which can demonstrate
autochthonous sources of all nutrient content. PC2
had a positive loading of each temperature, water
salinity, DO, NO3, and DIN/P (0.514, 0.584, 0.697,
0.571, and 0.721, respectively), while it had negative
loads with PO4 (�0.45). PC3 had a positive loading
for both temperature and OOM (0.632 and 0.541,
respectively) and DIN/P (�0.564).
Regarding the near-bottom layer of El Mex Bay

(Table 3), it had three factors with eigenvalues more
than 1 that were identified and had 81.414 % total
variance sum. Varimax rotated component matrix
gives an overview of the nature of loading among
the parameters. PC1, PC2, and PC3 have a covari-
ance of 48.62, 19.47, and 13.33 %, respectively. PC1
represented a positive loading each of DO, OOM,
NH4, NO2, NO3, SiO4, DIN, and DIN/P (0.848, 0.845,
0.541, 0.909, 0.876, 0.894, 0.934, and 0.863, respec-
tively), while it has a negative loading with PO4

(�0.445). This is similar to that recorded in the
surface layer. PC2 had a positive loading for both
temperature and salinity (0.729 and 0.705, respec-
tively). In addition to negative loading with NH4 and
PO4 (�0.415 and �0.483, respectively). PC3 had a
positive loading for both temperature and PO4

(0.451 and 0.559, respectively), while it has a nega-
tive loading with NH4 (�0.49).

3.4. Water pollution index

The water quality index measured according to
Nemerow and Sumitomo (1970), indicated that all
stations were heavily polluted, particularly stations
1 and 2, which represented El Umum Drain water
(Fig. 11).

3.5. Residence time

The residence time of El Mex Bay water during
the study period, as shown in Table 5, varied
seasonally from 10.05 days in spring 2020 to 5.65
days in autumn 2020 and then 3.97 days during
winter 2020 with 6.95 days in summer 2021 and 8.08
days during autumn 2021 (QR values are found in
Table 4).

4. Discussion

The physicochemical characteristics of El Mex Bay
water exhibited a wide range of variations, induced
by hydrodynamic conditions, land runoff, and algal
growth. The effect of wastewater discharges on the
water quality of El Mex Bay is attributed to the main
land-based source, mainly from El Umum Drain
(Table 5). The volume of discharged water from El
Umum Drain to El Mex Bay, according to the
Drainage Research Institute, increases from 1 year
to the other. Thus, its amount during 2020e2021 ‘the
present study,’ is higher than that discharged dur-
ing 1982e1983, 1988, 1995e1996, and 2003e2004 as
reported by Mahmoud (1985); Said et al. (1993); and
Mahmoud et al. (2005), respectively.
It is clear that there is an increase in the amount of

most nutrients; changes can be attributed to many

Fig. 11. Pollution index of different stations collected from El Mex Bay during 2020e2021.

Table 4. Residence time (t) of El Mex Bay during the study period
(2020e2021).

Seasons Residence time
(t) (days)

Spring 2020 10.05
Autumn 2020 5.65
Winter 2020 3.97
Summer 2021 6.95
Autumn 2021 8.08
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factors, including the variability of land-based
sources, the changes in industrial production qual-
ity and activities, and the effect of sea hydro-
graphical parameters.

4.1. Water temperature

Generally, the thermal stratification in El Mex Bay
differed from one season to the other; during the
winter season, there is a slight increase in the water
temperature in the near-bottom layer than the sur-
face layer, while during the autumn and spring
seasons, it showed an opposite case than that
recorded in the winter season. However, during the
summer season, there is no thermal stratification
(similar values of water temperature were recorded
in both layers). This is due to the increase in the
amount of water discharged from the El Umum
Drain and to the shallowness of El Mex Bay (not
exceeding 10.2 m).
Compared with the previous results (Table 6), the

water temperature of El Mex Bay increased over the
different years. Therefore, the difference between
minimum values and its maximum increases with
the years. It recorded 14 �C during 1988 (Said et al.,
1993) to 15.0 �C during 2003/2004 (Mahmoud et al.,
2005). All of these are due to changes in the air
temperature (climatic changes) and the shallowness
of the Bay.

4.2. Salinity

Salinity is an important factor that affects the
marine environment. In the present investigation,
salinity was used as an indicator to reflect changes
resulting from mixing of fresh and seawater and
subsequently, it reflects the degree of contamination
in the aquatic environment. The lowest salinity level
during winter 2020 observed at El Mex Bay (St. 4,
11.3) coincided with the increasing amount of rain-
water, agricultural, sewage, and industrial waste-
water discharge into the Bay. However, the
maximum value of salinity during summer at El
Mex Bay (St. 5, 39.06) might be driven by the wind
action results in water mixing, which reduces the

dilution effect of wastewater discharge through the
El Umum Drain.
The horizontal distribution of salinity in the El

Mex Bay at different seasons was characterized by
the presence of two distinct water layers: an upper
brackish layer and a lower diluted seawater. At the
surface water, a significant variation of salinity
was observed due to the discharge of outfalls from
the El Umum Drain. The stratification in water
salinity is clearer during most of the year except in
the summer season. This is similar to the distri-
bution of water temperature as mentioned
previously.
Compared with the previous study, the water

salinity in El Umum Drain decreases gradually with
the years (Table 6). The minimum values of water
salinity in El Mex Bay decrease from one year to the
other according to the increased amount of water
discharged from the El Umum Drain. It attained
16.24 in 1988 (Said et al., 1993), 13.83 during 1993/
1994 (Tayel et al., 1996), and 11.3 in the present
study.

4.3. Dissolved oxygen

DO is a major component in an aquatic
ecosystem, which determines the quality of water
and supports aquatic life. Foehrenbach (1969)
concluded that the oxygen content is a reflection of
organic loading, nutrient input, and biological ac-
tivity. DO concentration indicates how well aerated
the water is and varies according to several factors
such as season, time of day, temperature, and
salinity.
Generally, the studied area could be divided into

water masses according to the oxygen saturation
percentage; the wastewater that is characterized by
a poor saturation condition (80.2 %), and seawater
with a high saturated one (128 %), on average. The
high values of oxygen, which correspond to over-
saturation (293.2 %) at El Mex Bay are accompanied
by the lowest of each water temperature and
organic matter contents and the highest water
salinity as well as strong agitation of water under
wind effect. The minimum value, however,

Table 5. Volumes of water discharged to El Mex Bay through El Umum Drain ( � 106 m3), according to the Drainage Research Institute.

Seasons
Previous study Present study (QR

values)

1982e1983 1988 1995e1996 2003e2004 2020 2021

Summer 230 520.978 207 588.73 816.36 509.5
Autumn 257 450.704 207 705.44 647.76 638.2
Winter 222 744.381 205 658.98 816.16 708.6
Spring 246 490.528 185 510.45 504.1 353.5
Total/year 2865 2206.591 2412 2452.65 2784.38 2209.8
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Table 6. Comparison between current and previous records of some physicochemical parameters of surface waters at both El Umum Drain (A) and El Mex Bay (B).

Study period Temp �C Salinity pH DO OOM NH4 NO2 NO3 PO4 SiO4 References

mgO2/l mm

[A]
April, 1982eJune, 1983 05.17e13.6 11.85e80.12 e 10.93e38.91 2.02e35.86 Mahmoud (1985)
January, 1988eDe-
cember,
1988

14.20e28.41 4.97e7.24 7.50e8.50 0.81e3.12 1.46e9.94 7.54e40.74 0.63e4.87 0.08e19.5 0.55e9.26 Said et al. (1993)

January, 1992eJanuary,
1993

05.84e31.21 49.23e131.2 1.25e4.75 5.78e14.5 2.95e5.2 Mikhail (1997)

Summer and Winter
1999

15.1e29.2 4.21e5.32 7.35e7.45 1.91e3.51 8.04e10.42 Masoud et al. (2001)

Spring 2003e2004 3.5e4.32 7.25e7.93 0.62e3.48 15.10e19.00 14.98e30.68 16.35e21.38 4.36e26.15 241.9e346.43 Nessim et al. (2005)
Summer 2003eSpring
2004

15e29 3.0e6.66 7.36e7.96 0.64e6.88 3.61e294.08 0.05e24.03 13.4e106.32 4.84e25.27 26.02e218.69 Mahmoud et al.
(2005)

Autumn 2007eSpring
2008

15.1e29.3 2.86e6.99 7.10e8.60 0.85e4.67 004.4e100.0 12.8e373.8 0.0e124 0.7e5.12 1.8e29.0 Nessim et al. (2010)

Spring 2010eSummer
2011

23.6 2.80 8.10 2.02 14.84 65.1 12.33 9.88 4.83 77.59 Shreadah et al.
(2014)

Winter 2020eWinter
2021

16.4e28.2 3.60e4.80 04.50e11.40 08.2e14.0 2.4e173.6 6.9e30.2 19.6e64.5 0.42e19.8 28.2e250.6 Present study

[B]
April, 1982eJune, 1983 0.8e10.08 0.0e36.72 e 0.21e27.28 0.22e5.41 Mahmoud (1985)
October 1982 to August
1983

5.2e38.44 5.78e34.6 6.3e21.0 4.2e19.43 Dorgham (1987)

January 1988eDe-
cember,
1988

14.8e28.9 16.24e38.68 7.23e8.35 1.60e3.68 0.95e5.29 3.78e31.91 0.41e17.24 0.17e17.49 0.70e7.39 Said et al. (1993)

January, 1992eJanuary,
1993

0.62e14.9 0.27e131.2 0.1e4.5 1.16e20.45 0.55e8.3* Mikhail (1997)

October, 1993eAugust,
1994

16.75e29.6 13.83e23.35 8.31e8.74 5.11e6.17 3.96e10.06 Tayel et al. (1996)

FebruaryeDecember,
1995

3.68e38.5 0.23e8.2 0.0e132.1 4.81e58.0 0.28e17.2 11.4e159.8 Soliman and
Gharib (1998)

Late spring, early
summer,
1995

1.1e1.54 0.028e0.056 0.09e0.98 0.107e0.375 0.12e1.88 Fahmy et al. (1999)

MarcheDecember,
1996

16.4e29.1 0.6e39.6 6.06e8.84 2.6e9.6 2.13e127.8 0.0e71.0 0.32e48.0 Dorgham (1997)

Summer and Winter,
1999

15.8e30.5 9.76e34.67 7.78e8.35 4.14e9.23 0.87e6.33 Masoud et al. (2001)

April, 2003eApril, 2004 15e30 14.13e36.7 8.2e10.07 0.48e26.4 21.0e47.34 0.025e1.2 0.43e106.2 0.13e28.3 0.85e284.93 Mahmoud et al.
(2005)

Spring 2003e2004 19e29 28.3e32 7.53e7.93 1.21e4.18 3.4e16.64 0.16e643 2.74e3.83 1.02e2.25 15.4e50 Nessim et al. (2005)
Autumn 2007eSpring
2008

25.5e29.9 6.13e37.06 7.15e8.35 4.89e7.37 5.2e10.0 9.6e56.2 1.8e11.3 6.3e21.2 1.5e4.1 14.5e59.6 Nessim et al. (2010)

(continued on next page)
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coincided with high OOM content. The surface
water was well oxygenated, and its concentration
at both two layers of the Bay is mostly similar
values (no stratification), except during the spring
season; its value showed a slight decrease near the
bottom.
Compared with the previous results (Table 6), the

average values reported by Tayel et al. (1996),
Mahmoud et al. (2005), and Shreadah et al. (2014)
are 4.29, 12.3, and 6.81 mgO2/l. However, the pre-
sent value attained 9 mgO2/l. Thus, the present
study indicates that the Bay has a good DO regime,
most notably during the summer as a result of
turbulent mixing caused by prevailing strong
winds. The DO in waters tends to have lower con-
centrations by decreasing the temperature during
winter.

4.4. Oxidizable organic matter

The oxidizable organic matter has been used as a
basic water quality parameter to assess organic
pollution, adversely affecting aquatic life, princi-
pally through oxygen depletion.
Organic matter plays a major role in aquatic sys-

tems. It affects the biochemical process, nutrient
cycling, biological availability, and chemical trans-
port and interaction. Duursma (1961) showed that
dissolved organic substances might be attributed to
the decomposition of dead phytoplankton and
detritus rather than the excretion of living cells.
F€orstner and Wittmann (1981) pointed out that the
organic matter in aquatic systems consists of the
remains of biologically produced sources, and the
synthetic organic substances originate from agri-
cultural and industrial applications.
The values of OOM in El Umum Drain ranged

from 8.16 mgO2/l in winter 2021 and 13.96 mgO2/l in
spring 2021, with an annual average of 11.96 mgO2/l.
This value is higher than that recorded in the sur-
face water of El Mex Bay (6.25 mgO2/l).
In the five seasons, the OOM in the surface is

higher than that recorded in the near bottom except
in summer 2020. High values of OOMmay be due to
the allochthonous origin of sewage and/or autoch-
thonous source through the decomposition of biota
remains. The increasing organic supply introduced
into the restricted studied area under the relatively
slow rate of self-purification results in the elevation
of OOM content at El Mex Bay.
Compared with the previous result (Table 6), it

showed that the present result is a much higher
value than that recorded by Nessim et al. (2010),
Okbah et al. (2013, 2017), and Shreadah et al. (2014)
in the same region of investigation.Ta
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4.5. Inorganic nitrogen species (NH4eN, NO2eN,
NO3eN)

DIN concentrations (the sum of ammonium, ni-
trite, and nitrate) in the El Mex Bay water were
relatively high. Generally, the high levels of DIN
were affected directly by the discharged water from
the El Umum Drain, which contained high amounts
of agricultural fertilizers.

4.5.1. Ammonium
Ammonium is an important and often the primary

source of nitrogen for the phytoplankton of oligo-
trophic regions. The increase in the concentration of
ammonia (NH3) leads to toxicity and death for fishes
and other aquatic organisms, but ammonium ion
(NH4þ) has no effect on aquatic organisms or fishes.
Ammonia concentrations encountered in water vary
from water vary from less than 0.714 mM l�1.NH4

-N in some natural surface and ground waters to
more than 2142.85 mM l�1in some wastewaters
(Okbah et al., 2017).
In the present study, ammonium has been the

majority of DIN about 63 and 55 % for El Umum
Drain and El Mex Bay, respectively.
Generally, the ammonium in the surface and

bottom water showed a distribution similar to each
other in most seasons. The highest concentration of
it in the surface water of the Bay was recorded in
front of the El Umum Drain, particularly during
both winter 2020 and spring 2021. This could be
attributed to wastewater discharge through the El
Umum Drain as well as the high content of OOM. In
the Bay, it increases westward direction. The surface
water attained a higher concentration than the bot-
tom. Almost all the combined inorganic nitrogen in
anoxic waters was found as ammonium ions (Riley
and Skirrow, 1965). Compared with the previous
result (Table 6), the average concentration of NH4 in
the El Mex region, is increased over the years, as it
recorded 18.98 mm/l during 2003e2004 (Mahmoud
et al., 2005). During 2007e2008 in accordance with
Nessim et al. (2010), it attained an annual average of
31.7 mm/l, while it reached 32.1 mm/l in the present
study (2020e2021).

4.5.2. Nitrite
Nitrite is a minor constituent of DIN and is char-

acterized as an intermediate compound, which is
derived either from the oxidation of ammonia or the
reduction of nitrate and can be removed from so-
lution during nitrogen assimilation by phyto-
plankton (Schuler et al., 1953). In the present study,
nitrite comprises ⁓12.5 % of DIN in the El Umum
Drain, and 9.0 % in the El Mex Bay. The data

showed a decrease in the average nitrite content in
the winter of 2021 at both El Umum Drain, in the
surface layer and near the bottom of El Mex Bay
water. This might be due to the increase in the
oxidation rate of nitrite to nitrate. As a result of the
biological denitrification of nitrite; which converts it
into cellular amino acids through the photosynthetic
process and by a transaminase enzyme which ulti-
mately provides the fats, fatty acids, amino acids,
nucleic acids, protein, organic acids, and other
organic compounds necessary for growth and
reproduction of these organisms (Munawar, 1970).
However, the maximum values of nitrite recorded
during spring season may be attributed to the
excretion of extracellular nitrite by phytoplankton
(Riley and Skirrow, 1965). High averages reported
during spring at the Drain and surface water of the
Bay may be due to the allochthonous input by the El
Umum Drain, in addition to autochthonous sources
resulting from decaying of organic matter and
oxidation processes. Generally, the distribution of
NO2eN at the surface water is higher than that
recorded in the near-bottom layer. However, they
showed the same pattern. It is noticeable that the
concentration of nitrite in the present study is
higher than that recorded in the previous studies in
the same region. Comparing with the previous
result (Table 6), the average concentration of NO2 in
the El Mex region, increases with years, as it
recorded a value of 1.13 mm/l during 2003e2004
(Mahmoud et al., 2005). During 2010e2011 (Shrea-
dah et al., 2014) it attained 4.74 mm/l in accordance
with the present study, it reached 5.5 mm/l
(2020e2021).

4.5.3. Nitrate (NO3eN)
The nitrate compound is considered a major

nitrogenous compound in the aquatic environment.
The behavior of nitrate is important in the nitrogen
metabolism in natural water (Seike et al., 1990). Its
behavior may be attributed to biological, chemical,
or physical factors. Nitrate is considered the most
stable oxidation state in the presence of oxygen in
water. In anaerobic conditions in the aquatic envi-
ronment, nitrification takes place, converting
ammonia and nitrite to nitrate.
Consumption of nitrate compounds by phyto-

plankton in the study area can be considered the
main reason for decreasing nitrate concentrations in
the Bay water. Higher concentrations of nitrate in
the study area may be due to large quantities of
nitrate fertilizers and organic matter, which are
discharged from the El Mex Pumping station
through the El Umum Drain to El Mex Bay. In the
present study, nitrate content comprises DIN about
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24.5 and 36.0 % for El Umum Drain and El Mex Bay,
respectively. The seasonal distributions of nitrate
are reversed to that observed in ammonia where
summer 2020 and autumn 2020 have the highest
seasonal levels. Also, station 7 has high concentra-
tions of nitrate, especially in these two seasons. With
respect to a high annual average of nitrate, this met
with allochthonous input by El Umum Drain, in
addition to an autochthonous source resulting from
decaying of organic matter. The decrease of nitrate
in the El Mex Bay during winter 2021 could be
attributed to two factors: the first is the assimilation
by plants and the second is denitrification, that is
the reduction of nitrate to nitrite before releasing
N2O (Hutchinson, 1957). The concentration in-
creases eastward of El Umum Drain than the west,
especially in the surface water. In the other seasons,
the concentration increases mostly westward.
Generally, the distribution of NO3eN at the surface
water is higher than that recorded in the near-bot-
tom layer, except during the summer season.
However, they showed the same pattern of distri-
bution. Compared with the previous result (Table 6),
the average concentration of NO3 in the El Mex
region increases with years, as it recorded a value of
4.7 mm/l during 2003e2004 (Mahmoud et al., 2005).
During 2007e2008 (Nessim et al., 2010) it attained
13.3 mm/l. With respect to 2010e2011 (Shreadah
et al., 2014), it recorded an average of 9.98 mm/l. In
accordance with the present study, it reached
20.6 mm/l (2020e2021).

4.5.4. Reactive phosphate (PO4eP)
Phosphorus is essential to the growth of organ-

isms 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
microorganism and macroorganisms in nuisance
quantities (Vanloon and Duffy, 2000; Abdel-Rhman,
2013).
El Mex Bay water, influenced by land-based

sources, is still too high in phosphorus content if
compared with open seawater. The Drain water and
El Mex water exhibit an annual average of phos-
phate concentration of 10.9 and 2.2 mm/l, respec-
tively; which reflected a hyper-eutrophication
condition (UNEP, 1988). The high enrichment of
both Drain and Bay water with phosphate during
winter 2020 is mainly attributed to the allochtho-
nous huge amounts of industrial, domestic, and
drainage effluent enriched with phosphate and
other fertilizers discharged into this area. High

consumption of phosphate ions by marine flora was
observed in the waters of El Mex Bay during the
summer (0.7 and 0.5 Drain and surface water of the
Bay, respectively). The seasonal variety of PO4eP
concentrations in the study area was widely varied
in the different seasons, which in the bottom water
are lower than that the surface layer; this could be
associated with the biological uptake and/or addi-
tional phosphate sources. The increasing reactive
phosphate concentration in the El Mex Bay is due to
the continuous discharge of water from the El
Umum Drain. The concentration of reactive phos-
phate in the five seasons is in the order of winter
2020>spring 2021>autumn 2020>winter 2021>sum-
mer 2020. The summer season, which has lower
concentrations than the other seasons, has a
different distribution where reactive phosphate is
concentrated mainly seaward than in front of the El
Umum Drain, especially in the surface water. Dur-
ing this season, the reactive phosphate increases
westward than compared with the east, particularly
in the surface water in contrast to other season
Compared with the previous result (Table 6), El Mex
Bay, influenced by land-based sources, is still too
high in phosphate content if compared with the
open sea. The Drain and Bay waters exhibited an
annual average phosphate concentration of 10.9 and
2.2 mm/l, respectively, which reflected an eutrophi-
cation condition (UNEP, 1988). The annual average
of Drain water and El Mex Bay in this study is lower
than the average measured by Mahmoud et al.
(2005) (14.66 and 4.7 mm/l), Nessim et al. (2010) (14.0
and 2.9 mm/l), and Shreadah et al. (2014) (10.68 and
4.1 mm/l) at the same region of investigation.

4.6. Nitrogen and phosphorus ratio

The general assumption that nitrogen is a critical
limiting factor for algal growth in coastal marine
water (Nixon and Pilson, 1983) does not seem reli-
able in the case of the Mediterranean Sea (Bonin
and Maestrini, 1981). The general agreement with
the result obtained for algal growth, and enrichment
assays undertaken at different levels confirms the
role of phosphorous in the eutrophicated coastal
area (Mingazzini et al., 1992; Zaghloul, 1994). The
decisive role of phosphorus as a limiting factor for
primary production suggested by many authors
appears indisputable. The N: P ratio is considered a
useful indicator for eutrophication in the Mediter-
ranean, which is regarded as being oligotrophic.
The N/P ratio is 16 : 1 by atom (the so-called

Redfield ratio, Fonselius, 1986) or above 19 : 1
(UNESCO Report, 1988). Highly eutrophic waters
regardless of whether they are eutrophied by rivers
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or man-made effluents are constantly receiving
phosphorous supplies at levels approaching the op-
timum values for the growth of the mixed phyto-
plankton standing crop, at an eutrophic level, that is,
0.3e0.5 mg/lat. PO4eP (UNESCO Report, 1988). It
appears logically that under such conditions, nitro-
gen might be the prevailing limiting factor, although
this has never been experimentally proved in the
Mediterranean coastal waters, while it is well known
in other marine environments (Goldman, 1977).
Several studies report the importance of the N: P

ratio from both ecological and biotechnological
perspectives. The well-known Redfield's ratio
(atomic or molar ratios of carbon, nitrogen, and
phosphorus in phytoplankton (Redfield et al., 1963)
can be considered a global average with significant
variance for different phytoplankton species (Mar-
tiny et al., 2014). It is globally accepted that this ratio
could be the optimal nutrient ratio required for
growth, obviously with taxon-specific differences:
the average optimum N: P ratios in the eukaryotic
algae range from 16 to 23 N to 1 P, while the average
optimum ratio for cyanobacteria is found to be
10e16 N: 1 P (Schreurs, 1992). Some experimental
studies proved that the optimal N: P ratio for certain
algal species is indeed around the ratio widely
accepted in the literature (Mayers et al., 2014).
DIN and PO4eP are the main forms of N and P

that are readily bioavailable for the growth of
phytoplankton. The average ratios of DIN/P
showed higher values at the El Umum Drain in the
summer season (300.77) and the lowest (7.44) in
autumn. However, the average values in the sur-
face water of El Mex Bay ranged from 12.29 in the
winter of 2021 and 133.57 in summer. At the near-
bottom layer, the ratio fluctuated between 14.04 in
winter 2020 and 126.2 in summer. The average N/P
for the whole period of investigations is 14.5 for the
El Umum Drain, 26.6 in the surface water of El Mex
Bay, and 27.8 at near the bottom layer of the Bay.
This value is higher than that recorded previously
in the same region during 2007/2008 (Nessim et al.,
2010) and similar to that of 2010/2011 (Shreadah
et al., 2014). It is higher than that reported by a
Redfield ratio with a value of 16 : 1 revealing high
nitrogen content in comparison with that of phos-
phorus, that is the N/P ratio of the coastal polluted
areas is strongly deviated. The values of the N/P
ratio could be related to allochthonous conditions
(Zaghloul, 1996). Smith (1983) found a ratio higher
than 15e17 indicated that phosphorus was the
critical, controlling factor, and less than 9e10 : 1
indicated that the yield varied with nitrogen, and
higher than 21 shows that phosphorus was the
primary controlling factor.

4.7. Reactive silicate (SiO4eSi)

Silica 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. The
silicate is one of the important parameters that
control marine productivity. Diatoms are important
phytoplankton groups with regard to the primary
productivity and natural food for some fish species.
When diatoms are eaten, the remains sink, then the
silica dissolves slowly in water (Abdel-Rhman,
2013).
Seasonal variations of silicate in El Mex Bay water

were observed during the period of study, which
could be attributed to increases in sewage, agricul-
tural, and industrial effluents from the El Umum
Drain. There is an increase in silicate concentrations
in winter 2020 and spring. This is attributed to low
salinity values as a function of discharge waters and
also to a decrease in the activity of diatoms, and
other microorganisms (Bailey-Watts, 1976). On the
other side, during autumn 2020 and winter 2021 the
lower silicate concentrations were due to con-
sumption by diatoms, bacteria, and fishes (Dickson,
1975).
Compared with the previous result (Table 6), El

Mex Bay, influenced by land-based sources, the
Drain, and Bay waters exhibited an annual average
of silicate concentration of 130.4 and 26.9 mm/l,
respectively. This is more or less similar to that
measured by Mahmoud et al. (2005) (123.16 and
34.08 mm/l), Nessim et al. (2010) (152.4 and 36.3 mm/
l), and Shreadah et al. (2014) (66.66 and 24.53 mm/l)
at the same region of investigation.

4.8. Pollution index

The PI was calculated based on individual
measured parameters with respect to its standard
water quality marine environment. The obtained
data revealed that all stations were seriously
affected due to the higher concentrations of study
parameters, particularly stations 1 and 2, which
represented El Umum Drain water. This can be
attributed to the fact that all discharged water to El
Mex Bay contains high concentrations of different
parameters that exceed their standard and accept-
able limits.

4.9. Water budget

According to the annual water budget influx into
the Mediterranean Sea at El Mex Bay through the El
Mex Pumping Station (Table 5), it attained
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2784.38 � 106 m3/year (according to the Drainage
Research Institute; DRI, 2020/2021). We can calcu-
late from the present averages of the annual salt
budget (metric ton/year) reflex into the Bay as fol-
lows: DIN176.96, ammonium 111.6, nitrite 22.03,
nitrate 43.32, phosphate 12.14, and silicate
145.79 m3/year. Compared with the previous result
(Table 7), the water budget differs from 1 year to the
other according to the amount of water discharged
from the El Mex Pumping Station.

4.10. Residence times of El Mex Bay

Shreadah et al. (2014) calculated the residence
time of El Mex Bay water during 2010e2011 (1.4
days in spring 2010, 5.62 days in autumn 2010, 5.33
days in winter 2011, and 12.48 days in summer 2011).
Also, El Gindy et al. (1986) recorded a residence
time value of 1.2 days; however, Shaltout (2008)
recorded a residence time that ranged from 8.6 to
13.3 days. These variations may be attributed to
physical barriers.

4.11. Conclusion

The investigation of the environment particularly
the impact of wastewater discharged from El Umum
Drain to El Mex Bay is one of the most important
targets in the present study. Thus, the assessment of
major sources of pollution caused by uncontrolled
land-based discharge is done to estimate the impact
of pollution on the water quality of marine envi-
ronment particularly in some nutrient values to
develop suitable treatment methods.
Regarding sustainable development, it involves

improving the integrated management of water
quality, enhancing agricultural efficiency, and pre-
serving the environment. It is necessary to create a
wastewater purification plant on the El Mex
Pumping Station to benefit from it in many fields.
The study recommends the discharge of treated
anthropogenic wastes and the recycling of anthro-
pogenic wastes to control eutrophication and
pollution.
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