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ABSTRACT

El-Umum Drain has been identified as a significant pollution source, consistently
discharging drainage water into the southeastern Mediterranean Sea at EI-Mex Bay
in Egypt. Hence, EI-Mex Bay water and its drain were extensively studied.
Nevertheless, the previous assessments did not consider the relative weights of the
measured variables, which would overlook the seasonality and potential
improvements of the water quality due to the enhancement of wastewater treatment
techniques. In this study, a modified water quality index (WQI) and multivariate
analysis were applied to accurately assess water quality of EI-Mex Bay and El-
Umum Drain. Water quality parameters at nine stations were measured during 2020-
2021. Most of the parameters showed significant spatial and temporal variations,
indicating the influence of anthropogenic activities. The WQI values ranged from
“poor” in EI-Umum Drain to “medium” in El-Mex Bay open water. The cluster
analysis (CA) was employed to categorize the nine survey sites into three distinct
groups. Specifically, the analysis revealed highly polluted stations at EI-Umum
Drain and moderately polluted stations in the EI-Mex open water area. In addition,
the CA classified the sampling months into two groups: highly polluted in March,
May and August, and less polluted in January, indicating the variation of the volume
of the discharged wastewater. Principal component analysis/factor analysis revealed
that the parameters responsible for water quality variations were mainly associated
with the inorganic dissolved nutrients, salinity and organic matter (anthropogenic).
The application of the modified Water Quality Index (WQI) enabled an accurate and
scientifically rigorous evaluation, even when individual variables experienced
deterioration or improvement. This approach addresses the limitations of previous
evaluation methods that relied on single-factor assessments, providing a more
comprehensive and nuanced understanding of water quality conditions. For future
water quality monitoring, it is recommended to apply the modified Water Quality
Index (WQI) and include additional variables such as heavy metals and fecal
bacteria. This approach would result in more comprehensive and scientifically sound
evaluations

INTRODUCTION

According to UNEP/MAP (2019), about 85% of sewage water goes into the
Mediterranean Sea without adequate treatment, creating several health risks. The coastal
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pollution in developing countries is rising rapidly because of urbanization and industrial
development. The sewage effluent from Alexandria City is the main pollution source in
the southeastern Mediterranean Sea (UNEP/MAP, 2019).

El Umoum Drain is located in the west of Nile Delta and is the largest drain in the
southeastern Mediterranean Sea. It conveys annually about 2.50 billion m* of drainage
water into the Mediterranean Sea (Shreadah et. al., 2019). Consequently, several studies
investigated the water quality of EI-Mex Bay (Emara et. al., 1992; Alam EI-Din, 2001,
Mahmoud et. al., 2005; El-Rayis & Abdallah, 2006; Abdallah, 2007; Masoud et. al.,
2007; Abdallah & Abdallah, 2008; Farag, 2009; El-Naggar et al., 2013; EI Nemr et.
al., 2013; Okbah et al., 2013; Aboul Ezz et. al., 2014; Shreadah et al., 2014; 2015a;
2015b; Nasr et al., 2017; Said et al., 2017; Soliman et al., 2017; Hassaan & El-Rayis,
2018; Abdallah & Mohamed, 2019; Dorgham et. al., 2019). In addition to the
investigation of the water treatments, solutions by Masoud et al. (2016) and Abdallah et
al. (2017) were recommended.

Lately, a national plan has been directed towards the diversion of the sewage
water from EI-Umum Drain for irrigation, which urges for an adequate water quality
assessment prior and post the execution of the plan. Multivariate analysis and water
quality indices (WQI) are widely applied in water quality assessment, playing a vital role
in water resources management (El Sayed et al., 2020; Gradilla-Hernandez et al.,
2020; Ma et al., 2020; Varol, 2020; Zaghloul et al., 2022). WQI and multivariate
analysis should be applied together to increase the accuracy of water quality assessment
(Varol, 2020). According to Ma et al. (2020), the application of the modified WQI
overcomes the deficiency of previous evaluation methods of considering single-factor
evaluations (Ma et al., 2013). Modified WQI is based on principle component analysis
(PCA) and factor analysis (FA) to create weights for the measured parameters (Mitra et
al., 2018; Gradilla-Hernandez et al., 2020; Ma et al., 2020). In this study, modified
WQI and multivariate analysis were applied in order to accurately assess water quality of
El-Mex Bay and EI-Umum Drain and estimate the main factors controlling the spatial and
temporal variation in the water quality.

MATERIALS AND METHODS

2. Study area

El-Mex Bay is a relatively large urban estuary located at the west of Alexandria
City along the Mediterranean Coast of Egypt. It has an average depth of 10.2m and
surface area of about 15.56Km?. Despite being an important fishing area, EI-Mex Bay is
highly polluted, where it receives tremendous amounts of agricultural, industrial and
sewage discharges from ElI Umum Drain (Aboul Ezz et al.,, 2014). According to
Drainage Research Institute, the volume of the untreated wastewater varied between 7x
10° and 8x 10°m*/day, which is expected to increase with the growing population.
Sampling was set at nine stations, in March, May, September 2020, and January, August
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2021. Stations 1 and 2 were chosen at E-Umum Drain, stations 3, 5, 8, 6 were inside El
Mex Bay, and stations 4, 7, 9 were at the exchange between the Mediterranean Sea and
the bay (Fig. 1).

=
:3-3 N
2 r A Western
- 9 Harbour
[12] 4 L ]
L N
=
=)
o
. El Dekhe’a
” Harbour 8
| Okm 1km 2km
| L L 1 L

29°47'24" E 29°49' 12" E 29°51'0"E
Fig. 1. Map of El Mex Bay showing sampling stations during 2020-2021

2.1 Sampling and analysis

The samples were collected in 51 cleaned plastic bottles at a depth of 0.5cm. A
portable water quality multiparameter (model, YSI 556) was used to measure temperature
(T) and salinity (SAL). In the laboratory, dissolved oxygen (DO) and dissolved inorganic
nutrients (NO,-N, NO3-N, NH4-N, POy4-P, and SiO,4-Si) were determined according to
Grasshoff et al. (1999). The oxidizable organic matter (OOM) was measured according
to FAO (1976).
2.2. Water quality index

WQI was calculated by using the methods of Mitra et al., (2018), Gradilla-
Hernandez et al. (2020) and Ma et al., (2020). WQI is based on principle component
analysis (PCA) and factor analysis (FA) to create weights for the measured parameters.
Before conducting the multivariate analysis, the dependency of all variables should be
tested (Ma et al., 2020). All nine variables were analyzed using Spearman's rank
correlation coefficient, and the variable that had non-significant correlation with the other
variables was excluded from subsequent analysis process. All the selected variables (X)
were transformed to logyo (X+1) to stabilize the variance, and standardized to avoid
biased classification resulting from dimensions differences (Duan et al., 2016; Ma et al.,
2020). The statistical analysis was performed using Statistica 14.0. The following
formula was applied to calculate the WQI in EI-Mex Bay:

wQl = Z(Wk VF,)
k=1
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Where, k is the number of varifactors resulting from the FA after conducting varimax
rotation to the PCs to increase their interpretation; VFy is the value of the k™ PC, and W
is the weight of each variable (% of variance).
2.3. Statistical analysis

The statistical analysis was conducted on 405 total observations (nine stations *
nine variables * five months), using Statistica Software (Ver.14). The data was tested for
normality using Leven’s test, variables with non-normal distribution were logip (X+1) to
stabilize the variance. Main-effect ANOVA test was conducted to measure the spatial and
temporal variation of the variables. The similarity among the stations and sampling
months was tested using Hirarichal Cluster Analysis (HCA). The HCA enabled grouping
the stations and months using Euclidean distance as a measure of similarity, and Ward’s
method was used as an agglomerative hierarchical technique (Alves et al., 2018; Passos
et al., 2021). The HCA enabled grouping the stations and months using Euclidean
distance as a measure of similarity in relation to water quality (Razmkhah et al., 2010;
Bertossi et al., 2013; Alves et al., 2018; Passos et al., 2021).

RESULTS AND DISCUSSION

3. Spatiotemporal distribution of the environmental parameters

The concentrations of the nine parameters are shown in Fig. (2). The variables
showed significant temporal (P= 0.00; F= 24.80) (except salinity), and spatial variations
(except DO and NO3-N) (P= 0.00, F= 3.50), indicating the influence of anthropogenic
activities (Shreadah et al., 2015a). Surface water temperature ranged between 16.84 and
28.60°C, and the annual average was 23.25+ 4.77°C. The mean temperature values were
significantly lower in January and March (P= 0.00, F= 1182.43). Salinity values ranged
between 2.67 and 39.06, with an annual average of 28.64+13.70. Surface water salinity
showed significant spatial variation (P= 0.00, F= 268.30), where the lowest salinity was
recorded at stations 1 and 2, representing the wastewater flux from EI-Umum Drain. The
volume of discharged wastewater from EI-Umum Drain to the Mediterranean Sea through
El-Mex Bay ranged between 2207 and 2784 million m® during 2020-2021 (Drainage
Research Institute) (DRI).

DO concentrations ranged between 2.59 and 20.41mg/l, with an annual average of
8.68+3.64mg/l. DO concentrations showed significant temporal variation, May and
August had the highest mean concentrations (P= 0.00, F= 9.62), indicating the water
turbulence and mixing at this time of the year. OOM concentrations varied from 0.64 to
31.04mg/ |, and averaging 7.52+6.23mg/l. The highest mean OOM concentration was
recorded in August, and the lowest value in January (P= 0.00, F= 7.01). Station 1 had
significantly higher mean OOM concentration than the other stations, while St.7 had the
lowest values (P=0.00, F= 6.09).

For the dissolved inorganic nutrient, NH4-N concentrations ranged between 1.32
and 173.57uM, with an annual average of 50.83+50.22uM. March and August had
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significantly higher mean NH;-N concentrations than September and January (P=0.00,
F= 7.23). Station 1 had the highest mean NH4-N concentrations, which was significantly
higher than St.7 (P=0.04, F= 2.32). NO,-N concentrations varied between 0.15 and
31.04pM, with an annual average of 9.09£9.06uM. August had significantly the highest
mean NO,-N concentrations, while January had the lowest mean values (P= 0.00, F=
17.26). Stations 1 and 2 had significantly higher NO2-N concentrations than the other
stations (P= 0.00, F= 9.11). NOs-N concentrations varied between 1.61 and 64.77, with
an annual average of 25.42+16.06puM. January had the highest mean NOs;-N
concentration (P= 0.00, F= 12.28). PO4-P concentrations varied between 0.16 and
19.03uM, with an annual average of 4.49+5.59uM. August and March significantly had
the highest mean PO,4-P concentrations, while May had the lowest mean values (P= 0.00,
F= 17.72). Stations 1 and 2 had significantly higher PO4-P concentrations than the other
stations (P= 0.00, F= 7.52). SiO4-Si concentrations ranged between 0.16 and 250.58uM,
with an annual average of 63.48+67.61uM. August and March significantly had the
highest mean SiO,4-Si concentrations, while January had the lowest mean values (P=
0.00, F= 9.18). Stations 1 and 2 significantly had higher SiO4-Si concentrations than
stations 6, 7 and 9 (P=0.00, F= 5.69). The elevated concentrations of inorganic nutrients,
particularly NH4-N associated with increasing of OOM at EI-Umum Drain indicates
organic pollution from point-sources, such as domestic sewage, industrial wastewater and
non-point sources from agriculture drainage water associated with fertilizers (Aboul Ezz
et al., 2014; Duan et al., 2016; Varol, 2020).

The temporal and spatial variation of the environmental parameters was further
clarified by HCA. HCA has been widely used for water quality assessments to contribute
to the spatial discriminant analysis (Ma et al., 2020). Fig. (3a, b) display the dendrograms
resulting from hierarchical cluster analysis (HCA), showcasing the grouping of stations
and months in EI-Mex Bay, based on their similarities in relation to water quality
parameters. The cut-off lines, which determine the number of clusters, grouped stations
and months into three distinct categories. This grouping illustrates the impact of
anthropogenic stressors and seasonality on the qualitative characteristics of the water.

Regarding the grouping of the stations (Fig. 3a), stations 1 and 2 were represented
in group I, which showed the lowest number of stations. Groups Il and Il were
heterogeneous, with group Ill showing the largest number of stations. In addition, St.7
was represented only in group Ill. This indicates that St.1 and St.2 had different water
quality than other stations, which has affected neighboring stations. However, St.7
located in the Mediterranean Sea had different water quality characteristics since it is
located at the farthest distance from EI-Umum Drain.
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Fig. 3. Dendrogram from the HCA for the environmental parameters of the EI-Mex Bay, groupe
(b) months

On the other hand, grouping by sampling months showed that the groups were
heterogeneous, indicating the significant seasonal changes in water quality (Fig. 3b).
Group Il showed that March, May and August had similar water quality, where the
highest mean concentrations OOM and dissolved nutrients were recorded during these
months, while January, which is represented in group 11, had the lowest concentrations.
3.1. Multivariate statistical analysis of water quality

Spearman correlation analysis was conducted to eliminate irrelevant variables and
improve the accuracy of the subsequent multivariate analysis. The results showed that
surface water temperature showed non-significant correlation with the other variables

y (a) stations and
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(Table 1). However, the temperature was excluded from the subsequent analysis since it
is not a limiting variable to the water quality. The significant negative correlation
between the salinity and dissolved inorganic nutrients and OOM signifies the impact of
freshwater-carrying pollutants from E-Umum Drain, since increasing of the dissolved
nutrients concentrations leads to elevated OOM (Abdelsalam et al., 2020).

Table 1. Correlation among the variables using Spearman's rank correlation
coefficient as a nonparametric test. Significant at the 0.05 level
Variable T SAL DO OOM NH4-N NO2-N NO3-N PO4-P SiO4-Si

T 0.07 010 0.22 -0.18 0.16 0.35 -0.16 -0.08
SAL 0.07 032 -0.45 -0.50 -0.49 -0.24 -0.62 -0.42
DO 0.10 0.32 0.26 0.18 0.32 0.49 -0.22 0.18
OOM 022 -0.45 0.26 0.55 0.80 0.65 0.47 0.67

NH4-N  -0.18 -0.50 0.18 0.55 0.68 0.38 0.53 0.75
NO2-N 0.16 -049 032 0.80 0.68 0.72 0.61 0.82
NO3-N 0.35 -0.24 049 0.65 0.38 0.72 0.24 0.58
PO4-P -0.16 -062 -022 047 0.53 0.61 0.24 0.59

Si04-Si -0.08 -042 0.18 0.67  0.75 0.82 058 059
A standardized set of the eight selected variables was used to conduct PCA. To

determine the characteristics of water quality, FA with Varimax rotation was performed
on the PCs to identify the main factors that contribute to water quality in EI-Mex Bay and
to extract eigenvalues. The results showed that two sets of VVFs were obtained for EI-Mex
Bay (Table 2).

Table 2. Loading of selected variables on significant PCs for EI-Mex Bay

Variables VFE:1 VE2
SAL -0.80 0.12
DO -0.15 0.93
OOM 0.70 0.46
NHs-N 0.68 0.33
NO2-N 0.83 0.49
NOs-N 0.47 0.72
PO.-P 0.88 -0.14
SiOs-Si 0.81 0.39
Eigenvalue 4.58 1.50
% Total variance 57.24 18.70
Cumulative 4,58 6.08
El-Umum Drain
SAL 0.75 0.22
DO 0.02 -0.94
OOM -0.65 0.30
NHz-N 0.78 0.02
NO2-N -0.66 0.60
NOs-N -0.87 -0.35
PO4-P 0.11 0.73
SiOs-Si 0.07 0.77
Eigenvalue 2.81 2.65
% Total variance 35.19 33.11
Cumulative 2.81 5.46
El-Mex Bay
SAL -0.41 0.74
DO 0.35 0.82
OOM 0.71 0.31
NH34-N 0.90 0.03
NO2-N 0.89 0.36
NOs-N 0.58 0.62
POs-P 0.83 -0.30
SiOs-Si 0.85 0.21
Eigenvalue 4.44 1.68
% Total variance 55.44 21.02

Cumulative 4.44 6.12




1233 Zaghloul et al., 2023

VF; accounted for 57.24% of the total variance with a strong negative loading (>
0.70) of SAL, and positive loading of NO2-N, PO,4-P, and SiO,4-Si. VF, accounted for
18.70% of the total variance with a strong positive loading of DO and NO3-N. The same
procedure was separately conducted for EI-Umum Drain and the open water of EI-Mex
Bay. The results showed that two sets of VFs were obtained for EI-Umum Drain (Table
2). VF; accounted for 35.19% of the total variance with a strong positive loading (> 0.70)
of SAL, NH4-N, and negative loading of NO3-N. VF, accounted for 33.11% of the total
variance with a strong negative loading of DO and positive loading of SiO4-Si, and PO,-
P. Similarly, two sets of VFs were obtained for the open water of EI-Mex Bay, VF;
accounted for 55.44% of the total variance with a strong positive loading (> 0.70) of
OOM, NH4-N, NO,-N, PO4-P, SiO4-Si. VF, accounted for 21.22% of the total variance,
with a strong positive loading of DO and SAL.

In general, the first VF captured the relation between freshwater discharge and the
inorganic dissolved nutrients and OOM, while the second VF showed the reduction of
DO in response to the increase of PO4-P and SiO,-Si, which probably indicates eutrophic
conditions particularly near EI-Umum Drain, where the eutrophication has been
excessively reported (Ma et al., 2020).

3.2. Spatiotemporal variation of water quality

The WQI values in EI-Mex Bay, EI-Umum Drain, and the open water of EI-Mex
Bay are shown in Fig. (4). The application of the modified WQI provided an accurate and
scientific evaluation, even if one variable deteriorated or enhanced (Ma et al., 2013),
which overcomes the deficiency of previous evaluation methods of considering single-
factor evaluations (Alam EI-Din, 2001; Farag, 2009). EI-Max Bay exhibited “medium”
water quality when including all stations and months (Fig. 4). EI-Umum Drain has “poor”
water quality, while EI-Mex open water exhibited “medium” condition.

0.8 1
0.6 -
]
0.4 -
0.2 1
. |
El-Umum Drain Open water El-Mex Bay

Fig. 4. Modified WQI for EI-Mex Bay and El Umum Drain in 2020-2021
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The volume of discharged water from EI Umum Drain to El Mex Bay was the
lowest in the spring and the highest in the winter. However, the level of pollution is
subjected to seasonal variations (Table 3). The dynamics of water masses and circulation
in EI-Mex Bay control the accumulation, distribution, and flux of wastewater (Alam EI-
Din, 2001; Farag, 2009), which are in turn affected by the continuous alteration in the
morphology of the bay due the extensive constructions of new infrastructures.

Table 3. Volumes of water discharged to EI Mex Bay through EI Umum Drain (million m®)

Season Previous study Present study
1982-1983 | 1988 1995-1996 | 2003-2004 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 2865 2206.591 2412 2452.65 2784.38 | 2209.8

According to some previous studies (Emara et al., 1992; Mahmoud et al., 2005;
Aboul Ezz et al., 2014; Shreadah et al., 2014; 2015a), the winter-closure period (in
January and February) leads to accumulation of pollutants in the drain, and the
wastewater in the canals is subjected to strong unsteady flow, while a relatively stable
flow occurs from June to October.

CONCLUSION

The water quality of EI-Mex Bay has always been considered as poor. However,
the assessments did not consider the relative weights of the measured variables, which
would overlook the seasonality or the potential improvements of the water quality due to
the enhancement of wastewater treatments or the closure of other drains. We recommend
the application of the modified WQI for future monitoring of the water quality of EI-Mex
Bay. In addition, including more variables such as heavy metals and fecal bacteria would
result in sound scientific evaluations.

REFERENCES

Abdallah, M. A. M. (2007). Speciation of trace metals in coastal sediments of El-Mex
Bay south Mediterranean Sea-West of Alexandria (Egypt). Environmental
Monitoring and Assessment, 132(1-3): 111-123. https://doi.org/10.1007/s10661-
006-9507-z.

Abdallah, M. A. M. and Abdallah, A. M. A. (2008). Biomonitoring study of heavy
metals in biota and sediments in the South Eastern coast of Mediterranean sea,
Egypt. Environmental Monitoring and Assessment, 146(1-3): 139-145.
https://doi.org/10.1007/s10661-007-0066-8.



1235 Zaghloul et al., 2023

Abdallah, M. A. M.; Mahmoud, M. E.; Osman, M. M., and Ahmed, S. B. (2017).
New biosorbent in removing some metals from industrial wastewater in EI Mex
Bay, Egypt. Applied Water Science, 7(4): 1931-1942,
https://doi.org/10.1007/s13201-015-0371-2.

Abdallah, M. A. M and Mohamed, A. A. (2019). Heavy metals in water and sediments
of EI-Mex Bay, Egypt. In 14th MEDCOAST Congress on Coastal and Marine
Sciences, Engineering, Management and Conservation, MEDCOAST, 2: 509-
514.

Abdelrazek, S. (2019). Monitoring Irrigation Water Pollution of Nile Delta of Egypt
with Heavy Metals. Alexandria Science Exchange Journal, 40(July-September):
441-450. https://doi.org/10.21608/ASEJAIQJSAE.2019.50350.

Abdelsalam, A. A. H.; Saber, S. A.; El-Kafrawy, S. B. and Abo-Taleb, H. A. H.
(2020). Long-term evaluation of eutrophication problem using multi-sensor
satellite data along El-Max Bay, Alexandria coast and Abu-Qir Bay, Egypt.
Egyptian Journal of Aquatic Biology and Fisheries, 24(7-Special issue): 233-258.
https://doi.org/10.21608/EJABF.2020.120320.

Aboul Ezz, S. M.; Abdel Aziz, N. E.; Abou Zaid, M. M.; El Raey, M. and Abo-Taleb,
H. A. (2014). Environmental assessment of EI-Mex Bay, Southeastern
Mediterranean by using Rotifera as a plankton bio-indicator. The Egyptian
Journal of Aquatic Research, 40(1): 43-57.
https://doi.org/10.1016/J.EJAR.2014.03.005.

Alam EI-Din, K. A. (2001). Study of the Water Circulation and Wastewater Transport in
El-Mex Bay Area, Alexandria, Egypt, Using Numerical Modeling and Satellite
Images. Egyptian J. Remote Sensing & Space Sci., 4(April): 19-32.

Alves, J. do P. H.; Fonseca, L. C.; Chielle, R. de S. A. and Macedo, L. C. B. (2018).
Monitoring water quality of the sergipe river basin: An evaluation using
multivariate data analysis. Revista Brasileira de Recursos Hidricos, 23(23).
https://doi.org/10.1590/2318-0331.231820170124.

Bertossi, A. P. A.; De Menezes, J. P. C.; Cecilio, R. A.; De Oliveira Garcia, G. and
Neves, M. A. (2013). Selecdo e agrupamento de indicadores da qualidade de
aguas utilizando estatistica multivariada. Semina: Ciencias Agrarias, 34(5): 2025—
2036. https://doi.org/10.5433/1679-0359.2013v34n5p2025.

Dorgham, M.; EI-Tohamy, W.; Qin, J.; Abdel-Aziz, N. and Ghobashy, A. (2019).
Water quality assessment of the Nile Delta Coast, south eastern Mediterranean,
Egypt. Egyptian Journal of Aquatic Biology and Fisheries, 23(3): 151-169.
https://doi.org/ https://dx.doi.org/10.21608/ejabf.2019.45019.

Duan, W.; He, B.; Nover, D.; Yang, G.; Chen, W.; Meng, H. and Liu, C. (2016).
Water Quality Assessment and Pollution Source Identification of the Eastern
Poyang Lake Basin Using Multivariate Statistical Methods. Sustainability 2016,
8(2): 133. https://doi.org/10.3390/SU8020133.



1236
Modified Water Quality Index for Water Quality Assessment in EI-Mex Bay, Alexandria

El-Naggar, N. A.; Emara, H. |.; Rifaat, A. E.; Said, T. O.; Abou-Shahba, R. M. and
Shaltout, N. A. (2013). Some anthropogenic driven toxic pollutants in EI-Mex
Bay and its neighbourhood, Alexandria, Egypt. World Applied Sciences Journal,
27(7): 863-871.

El-Rayis, O. A. and Abdallah, M. A. (2006). Contribution of nutrients and some trace
metals from a huge Egyptian drain to the SE-Mediterranean Sea, West of
Alexandria. Mediterranean Marine Science, 7(1): 79-86.
https://doi.org/10.12681/mms.179.

El Nemr, A.; El-Sikaily, A.; Khaled, A. and Ragab, S. (2013). Distribution patterns
and risk assessment of hydrocarbons in bivalves from Egyptian Mediterranean
coast. Blue Biotechnol. J.; 1(3): 457-472.

El Sayed, S. M.; Hegab, M. H.; Mola, H. R. A.; Ahmed, N. M. and Goher, M. E.
(2020). An integrated water quality assessment of Damietta and Rosetta branches
(Nile River, Egypt) using chemical and biological indices. Environmental
Monitoring and Assessment, 192(4). https://doi.org/10.1007/s10661-020-8195-4.

Emara, H. I.; Shriadah, M. A.; Moustafa, T. H. and El-Deek, M. S. (1992). Effects of
sewage and industrial wastes on the chemical characteristics of the Eastern
Harbour and EI-Mex Bay waters of Alexandria, Egypt. In Marine Coastal
Eutrophication (pp. 773-784). Elsevier. https://doi.org/10.1016/B978-0-444-
89990-3.50067-5.

FAO. (1976). Manual of methods in aquatic environment research part I: permanganate
value (oxidizability) of organic matter in natural waters. FAO Fisheries Technical
Paper, 137, 169.

Farag, M. (2009). Study on the Spatial and Temporal distributions of Physical
Parameters at EI Mex and Western Harbour areas, Alexandria, Egypt. Egyptian
Journal  of  Aquatic  Biology and Fisheries, 13(2): 17-34.
https://doi.org/10.21608/ejabf.2009.2030

Gradilla-Hernandez, M. S.; de Anda, J.; Garcia-Gonzalez, A.; Montes, C. Y.;
Barrios-Pifia, H.; Ruiz-Palomino, P. and Diaz-Vazquez, D. (2020).
Assessment of the water quality of a subtropical lake using the NSF-WQI and a
newly proposed ecosystem specific water quality index. Environmental
Monitoring and Assessment, 192(5), 296. https://doi.org/10.1007/s10661-020-
08265-7.

Grasshoff, K.; Kremling, K. and Ehrhardt, M. (1999). Methods of Seawater Analysis:
Third Edition. Methods of Seawater Analysis: Third, Completely Revised and
Extended Edition. Wiley Blackwell. https://doi.org/10.1002/9783527613984.

Hamid, A.; Bhat, S. U. and Jehangir, A. (2020). Local determinants influencing stream
water quality. Applied Water Science, 10, 24. https://doi.org/10.1007/S13201-
019-1043-4.



1237 Zaghloul et al., 2023

Hassaan, M. A., and El-Rayis, O. A. (2018). Calculations and solutions for heavy
metals pollution load from umum and galaa drains to lake Mariut, Egypt. Indian
Journal of Geo-Marine Sciences, 47(7): 1460-1467.

Ma, Z.; Li, H.; Ye, Z.; Wen, J.; Hu, Y. and Liu, Y. (2020). Application of modified
water quality index (WQI) in the assessment of coastal water quality in main
aquaculture areas of Dalian, China. Marine Pollution Bulletin, 157, 111285.
https://doi.org/10.1016/j.marpolbul.2020.111285.

Ma, Z.; Song, X.; Wan, R. and Gao, L. (2013). A modified water quality index for
intensive shrimp ponds of Litopenaeus vannamei. Ecological Indicators, 24: 287—
293. https://doi.org/10.1016/J.ECOLIND.2012.06.024.

Mahmoud, T. H.; Masoud, M. S. and Shaltout, N. A. (2005). Physico-Chemical
Characteristics of Different Water Types in EI-Mex Bay, Alexandria, Egypt. In
Proceedings of OCEANS. Wiley. https://doi.org/10.1109/oceans.2005.1640205.

Masoud, M. S.; El-Samra, M. I. and El-Sadawy, M. M. (2007). Heavy-metal
distribution and risk assessment of sediment and fish from EI-Mex Bay,
Alexandria,  Egypt.  Chemistry and  Ecology, 23(3), 201-216.
https://doi.org/10.1080/02757540701339760.

Masoud, M. S.; El-Saraf, W. M.; Abdel - Halim, A. M.; Ali, A. E.; Mohamed, E. A.
and Hasan, H. M. I. (2016). Rice husk and activated carbon for waste water
treatment of EI-Mex Bay, Alexandria Coast, Egypt. Arabian Journal of
Chemistry, 9, S1590-S1596. https://doi.org/10.1016/j.arabjc.2012.04.028.

Mitra, S.; Ghosh, S.; Satpathy, K. K.; Bhattacharya, B. D.; Sarkar, S. K.; Mishra, P.
and Raja, P. (2018). Water quality assessment of the ecologically stressed
Hooghly River Estuary, India: A multivariate approach. Marine Pollution
Bulletin, 126, 592-599. https://doi.org/10.1016/j.marpolbul.2017.09.053.

Nasr, S. M.; Soliman, N. F.; El-Saoud, A. A.; Okbah, M. A. and Abdelkhaleq, M. A.
(2017). Temporal-spatial variations, source identification and ecological risks of
nutrients and dissolved metals in seawater of the Southeastern Mediterranean Sea,
Egypt. Human and Ecological Risk Assessment, 23(8): 2097-2118.
https://doi.org/10.1080/10807039.2017.1365284.

Okbah, M. A.; Ibrahim, A. M. A. and Gamal, M. N. M. (2013). Environmental
monitoring of linear alkylbenzene sulfonates and physicochemical characteristics
of seawater in EI-Mex Bay (Alexandria, Egypt). Environmental Monitoring and
Assessment, 185(4): 3103-3115. https://doi.org/10.1007/s10661-012-2776-9.

Passos, J. B. de M. C.; Teixeira, D. B. de S.; Campos, J. A.; Lima, R. P. C;
Fernandes-Filho, E. I. and da Silva, D. D. (2021). Multivariate statistics for
spatial and seasonal quality assessment of water in the Doce River basin,
Southeastern Brazil. Environmental Monitoring and Assessment, 193(3).
https://doi.org/10.1007/s10661-021-08918-1.



1238
Modified Water Quality Index for Water Quality Assessment in EI-Mex Bay, Alexandria

Razmkhah, H.; Abrishamchi, A. and Torkian, A. (2010). Evaluation of spatial and
temporal variation in water quality by pattern recognition techniques: A case
study on Jajrood River (Tehran, Iran). Journal of Environmental Management,
91(4), 852-860. https://doi.org/10.1016/j.jenvman.2009.11.001.

Said, T. O.; ElI Zokm, G. M.; Mohamed, L. A.; Okbah, M. A. and Soliman, N. F.
(2017). Distribution of organochlorines and ecological risks in surface sediments
from EI-Mex Bay, Mediterranean Sea. Human and Ecological Risk Assessment,
23(7): 1539-1552. https://doi.org/10.1080/10807039.2017.1316184.

Shreadah, M. A.; El-Sayed, A. A.-M. M.; Taha, A. A. S.; Ahmed, A--M. M. and
Abdel Rahman, H. H. (2019). Evaluation of Different Anthropogenic Effluents
Impacts on the Water Quality Using Principal Component Analysis: A Case Study
of Abu-Qir Bay-Alexandria-Egypt. International Journal of Environmental
Monitoring and Analysis, 7(3), 56-67.
https://doi.org/10.11648/j.ijema.20190703.11.

Shreadah, M. A.; Masoud, M. S.; Khattab, A. R. M. and El Zokm, G. M. (2014).
Impacts of different drains on the seawater quality of EI-Mex bay (Alexandria,
Egypt). Journal of Ecology and The Natural Environment, 6(8): 287-303.
https://doi.org/10.5897/jene2014.0465.

Shreadah, M. A.; Masoud, M. S.; Khattab, A. R. M. and EI Zokm, G. M. (2015a).
Nutrient fluxes and sediments composition in EI Mex Bay and surround drains,
Alexandria, Egypt. American Journal of Analytical Chemistry, 6: 513-527.

Shreadah, M. A.; Shobier, A. H.; Ghani, S. A. A.; El Zokm, G. M. and Said, T. O.
(2015b). Major ions anomalies and contamination status by trace metals in
sediments from two hot spots along the Mediterranean Coast of Egypt.
Environmental Monitoring and Assessment, 187(5): 1-18.
https://doi.org/10.1007/s10661-015-4420-y.

Soliman, N. F.; El Zokm, G. M. and Okbah, M. A. (2017). Evaluation of phosphorus
bioavailability in EI Mex Bay and Lake Mariut sediments. International Journal of
Sediment Research, 32(3), 432-441. https://doi.org/10.1016/j.ijsrc.2017.05.006.

UNEP/MAP. (2019). Mediterranean Quality Status Report. https://wedocs.unep.
org/xmlui/handle/20.500.11822/31217.

Varol, M. (2020). Use of water quality index and multivariate statistical methods for the
evaluation of water quality of a stream affected by multiple stressors: A case
study. Environmental Pollution, 266. https://doi.org/10.1016/j.envpol.2020.
115417.

Zaghloul, F. A.; Hosny, S.; Faragallah, H. M.; Mohamed, E. and Shabaka, S. (2022).
Preliminary assessment of water quality post-the first phase of the development
plans in Lake Brullus, Deltaic coast of the Mediterranean Sea, Egypt. Scientific
African, 16, e01193. https://doi.org/10.1016/J.SCIAF.2022.E01193.



https://wedocs.unep/
https://doi.org/10.1016/j.envpol.2020

1239 Zaghloul et al., 2023

Statements and Declarations

Funding: This work has not received any institutional funds.

Conflicts of interest/Competing interests: The authors declare that they have no known
competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper. It has not been published elsewhere and that it
has not been submitted simultaneously for publication elsewhere.

Availability of data and material: The data and material are available as supplementary
files.

Code availability (not applicable)

Authors’ contributions:

Prof. Fatma Zaghloul: Review

Soha Shabaka: Statistical analysis and visualization

Ahmed Radwan.: Field work

Hayat M. Faragallah: Lab work

Mohamed A. Aly-Eldeen: Lab work, writing the draft.



