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INTRODUCTION  

 

Over the past few decades, some Mediterranean coastal areas were subjected to the 

enrichment of water by nutrients, especially nitrogen, phosphorous and organic matter, 

causing increased algae and higher plant life forms, this phenomenon is known as 
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The Alexandria coastal water and Abu Qir Bay are subjected to Spatio-temporal 

variations in their primary productivity and physical-chemical properties both on 

a short and long-term basis because of continuous and ever-increasing discharge 

of organic and inorganic from urban supplies and sewage collection systems. 

Chlorophyll-a (Chl-a) concentration, expressing phytoplankton biomass, is 

considered a good indicator of the water's trophic state. In the present study, the 

average daily, monthly, seasonal, and annual means of reading of Chl-a were 

obtained between 2000 and 2019 from multi-satellite sensors to characterize the 

Spatio-temporal variation of phytoplankton in the Egyptian coastal area. 

 Our results showed that phytoplankton anomalies varied spatially and 

temporally. The study recorded a remarkable increase of Chl-a during the period 

from May to September (spring and summer) each year, summer readings were 

higher than spring. Annual Chl-a data showed an upward tow trend, the first was 

from the year 2000 to 2010, the second and the highest trend was from 2011 to 

2019, occurs after the revolution of January 25, 2011. Overall, the study period 

of Chl-a reaches its maximum values (35 mg/m3) during 2015 at Abu Qir Bay 

and 40 mg/m3 at El-Max Bay during 2019. The Chl-a concentration was high 

and more pronounced near the outlets of the Egyptian coastal lakes and urban 

outfalls, especially at El-Max Bay and Abu Qir Bay compared to the Alexandria 

shore area. There was a very low positive correlation between the Chl-a and sea 

surface temperature (SST), on the other hand, the correlation between Chl-a and 

the diffuse attenuation coefficient KD_(490) seems to be strongly positive and it 

was strongest with Colored dissolved organic matter (CDOM), as well as the 

correlation between Chl-a and nitrate and phosphate was strongly positive. 
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eutrophication, according to Andersen et al. (2006). Eutrophication has become a 

significant worldwide problem of water pollution that catastrophically affects aquaculture 

and local economies (Richlen et al., 2010). In general, nutrient over-enrichment results 

tend to be negative, with beneficial effects being rare or accidental (Fisher et al., 1995). 

Also, eutrophication has a highly negative economic dimension (Segerson and Walker, 

2002). A harmful algal bloom is the expected result of the eutrophication problem. 

The problem of eutrophication on the Egyptian Mediterranean coast is mainly due to 

large amounts of wastewater discharged by land-based effluents from the Nile River, 

agriculture and sewage water directly or indirectly linked to the Mediterranean coastal 

region via coastal lakes (Ansari et al., 2011).  

Alexandria, Egypt's largest city on the Mediterranean coast, is one of the most important 

industrial centers, comprising about 100 large factories (Abd-Alla, 1993). 

Eutrophication was recorded for the first time along El-max Bay of Alexandria in 1985 

(Dorgham, 2011). De Jonge et al. (2002) reported that eutrophication levels increased 

over the past two decades. The Western Harbor is also subjected to continuous 

environmental changes due to the intensive maritime activities and the significant 

amounts of wastes discharged daily (Gharib and Dorgham, 2006). Also, because of the 

continuous movement of the lake's water toward the Mediterranean Sea (Khalil, 2014). 

Abu Qir Bay, a shallow semi-circular basin and a fertile marine habitat, is used for 

commercial fishing, shipping, recreational boating, swimming, and as a repository for 

sewage effluents (Said et al., 1995). The importance of the Abu Qir site and its suffering 

from different sources of pollution thirst many researchers to study its biological, 

ecological, and pollution issues (Abdel-Moneim and Shata, 1993; El-Deek, 1995; 

Youssef and Masoud, 2004; Abd Allah et al., 2006; Kholeif, 2008). 

Chlorophyll-a, a measure of phytoplankton biomass, is commonly employed as an 

indicator of eutrophication (Bricker et al., 1999). The response of phytoplankton 

biomass to increased nutrient input comprises a major pathway in many conceptual 

models of eutrophication (Cloern, 2001). 

Over the past two decades, ocean color remote sensing measurements have provided 

unique information on marine productivity. The ocean's color is a good indicator of the 

primary photosynthetic pigment found in phytoplankton, chlorophyll-a (Dierssen, 

2013). and can provide accurate spatial distribution and Time-series analyses (El-

Kafrawy et al., 2015; El Kafrawy, 2017; El-Zeiny & El-Kafrawy, 2017). Information 

of space and time variability of phytoplankton biomass in oligotrophic to ultra-

oligotrophic conditions is key to understanding the dynamics of the marine environment 

(Mann and Lazier, 2006). Many studies have shown that time series of remotely sensed 

data might provide information on growth patterns of phytoplankton and associated 

environmental conditions  (Brando et al., 2012; Devlin et al., 2012; Kennedy et al., 

2012; Schroeder et al., 2012). Earlier Mediterranean studies, e.g., Bricaud et al. 
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(2002). The recognized international National Aeronautics and Space Administration 

NASA algorithms empirical ocean color version 4 (OC2v4) and OC4v4 have shown that 

the satellite-derived Chl-a concentration in coastal areas is substantially overestimated 

and uncertain.  (Bosc et al., 2004). The Mediterranean ocean color MedOC4 algorithm 

is most for the Mediterranean waters suited (Volpe et al., 2007). 

Most of the previous studies were based on seasonal or bimonthly sampling. However, 

the rapid changes in water quality and biotic components require frequent follow-up at 

shorter time intervals.  Lavender et al. (2009) studied ocean colour satellite analysis 

between 1997 and 2006 and confirmed the return of the Nile bloom and its 

predominance along the whole Nile Delta shelf. So, the processing of water samples by 

ships is often expensive and offers minimal data in space and time. 

 On the other hand, satellite remote sensing can cover wide areas (up to global) with 

reasonably high resolution (250 m-1 km) and without national boundaries being limited. 

In addition, Therefore, complementing traditional ship-based monitoring approaches 

with satellite remote sensing techniques is appropriate. Collectively, remote sensing data 

will provide a wide visual picture of oceanic phenomena with frequent ship tracking, 

supporting our understanding of eutrophication processes and evaluating coastal 

ecosystems' health. Long-term series (nearly 40 years) of regularly measured (up to 

several days) are given by remote sensing. Recent advances in remote sensing have 

allowed Chl-a concentration, colored dissolved organic matter (CDOM), primary 

phytoplankton productivity, and sea surface temperature (SST) data and information to 

be collected (CEARAC, 2005). Thus, it is reasonable to complement conventional ship-

based methods of monitoring with satellite remote sensing techniques. Collectively, with 

regular ship monitoring, remote sensing data can provide a broad visual image of 

oceanic phenomena, aiding our understanding of eutrophication processes and assessing 

coastal environments' health. 

The present work aims to use optical remote sensing data to assess the process of 

eutrophication along with Alexandria and Abu Qir Bay and provide a comprehensive 

view of some environmental parameters to fill the gap of the insufficient field data over 

twenty years. Time-series data gathered by the ocean color multi-sensor was chosen to 

explore the large scale between 2000 and 2019. A temporary trend in annual, seasonal, 

and monthly climatology will be presented. Finally, with sea surface temperature ( SST), 

colored dissolved organic matter (CDOM), and the diffuse attenuation coefficient at 490 

nm (Kd 490), spatial mapping, and comparison with the results of previous research, the 

spatiotemporal trends resulting from this study will be addressed simultaneously.  

 

 

 

 

 



236                  Long-term evaluation of eutrophication problem using multi-sensor satellite data 

MATERIALS AND METHODS  

 

Study Area 

The Egyptian Mediterranean Coast receives a massive amount of irrigation water from 

the River Nile, its canals, and drains (Fig. 1). El-Max Bay, Alexandria Coastline, and 

Abu Qir Bay have been included in the research regions. (Fig. 2). El-Mex Bay is a 

relatively wide coastal bay west of Alexandria, with an average depth of 10 m and a 

surface area of 19.4 km2 (El- Sherif, 2006, Aboul Ezz et al., 2014 and Abo-Taleb et al., 

2015). Alexandria coastline extends from the port of Dekhila west to the Gulf of Abu Qir 

east. The Abu Qir bay is a shallow semi-circular basin and is one of the most polluted 

areas along the Egyptian Mediterranean coast. It extends between Longitude 30º.07 and 

30º 22 E at Abu Qir Peninsula and Latitude-31º.20/ - 31º 29 N at Rosetta Branch of River 

Nile (Fig. 2). It runs along a shoreline of about 50 km with an area of 360 km
2
, the 

maximum depth of the Bay is 9 m, with an average of 3.8m (Saad and Younes, 2006). 

The Bay receives agricultural drainage water from Lake Edku through Boughaz El-

Maadya (about 200 m long and 2 m deep) with an annual average of 1000x10
6
 m

3
 (Saad 

and Younes, 2006 and El-Damhogy et al., 2019). Besides, about 1.2x106 m
3
 /d 

freshwater is discharged into the Bay through Rosetta's mouth at the extreme eastern edge 

(Faragallah, 2004). 

 

Fig. 1. Dark image for the Nile delta showing the coastal lakes, Rosetta and Damietta 

branches of the Nile River, and the intensive irrigation canals and drains, red arrows 

indicate major urban outfalls, drains, and lakes outlets along the delta coast.  

 

Study Area  
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Fig. 2. A map shows the location of the studied biogeographical areas along the   

Egyptian Mediterranean Coast. 

Data and bio-optical algorithm 

The study used an 8-days/monthly long time series (20 years; Sep 2000 to Dec 2019) of 

NASA ocean colour data merged from three satellite data sources (SeaWiFS, MODIS 

AQUA, and MERIS). 

In the present work, surface Chl-a was computed by applying the medOC4 regional bio-

optical algorithm to fully normalized reflectance products (ρ). At the horizontal spatial 

resolution of 1 kilometer, the regular OC4 algorithm returns close-surface Chl-a in mg 

/m
3
. Calculated using an equilibrium model derived from in-field observations of water-

leaving satellite data reflectance (Rrs) ratios of Chl-a and blue-to-green bands formed by 

O'Reilly et al. (1998) and described as the following: 

                                                      

With   

              (
                  

      
) 

Satellite detection for SST calculation is achieved by detecting ocean radiation at two or 

more wavelengths within the infrared part of the electromagnetic spectrum that can be 
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experimentally related to SST. In this case, the MODIS SST product provides a sea 

surface temperature of 1 kilometre at a geographical resolution.  

The Kd 490 1-km resolution is measured using an experimental model derived from in 

situ radiometric spectral data from Kd 490 coastal stations and blue-to-green band ratios 

of satellite data reflectance (Rrs) for a range of water forms. (Austin and Petzold, 

1981).  

Satellite data from the SeaWiFS, MODIS, and MERIS sensors were used to evaluate and 

parameterize CDOM empirical algorithms using Rrs visible bands; specifically, the 

performance of the algorithm using the Rrs(490)/Rrs(555) band ratios were used to 

derive CDOM  (Mannino et al. 2008).  

Filed annual nitrate and phosphate data were acquired from the EIMP (environmental 

information and monitoring program. 

Processing and software's  

For each parameter, about 8079 daily images were performed while merging daily 

images of ocean colour sensors to select and preserve the highest - quality pixels. Due to 

multiple quality levels 2, flags and masks processed on SeaDas, the best potential set of 

pixels, compatible with the masks used for Level 3 aggregated items on the 

oceancolor.gsfc.nasa.gov website. The binning method is based on NASA's SeaWiFS 

binning data operator, providing the ability to integrate pixel data into arithmetic mean 

using a geographic information system (GIS) confining a location to each pixel in a 

Level 3 map. Ultimately, the product resulting from this phase is a monthly, seasonal, 

and annual binned time series with 1km
2
 resolution. 

Hovmoller plots (latitude-/longitude-time plots) were then computed to illustrate and 

help explain the changes over time and space research regions for the two chosen 

clusters. Hovmoller diagrams provide a synoptic view of each satellite imagery product's 

Spatio-temporal variability, daily mean value throughout each latitude bin, or longitude 

bin for each cluster was measured. In this computation, the proportion of non-masked 

pixels was considered.  

We analyzed satellite chlorophyll-a concentration Spatio-temporal heterogeneity, 

aggregating data with different temporal granularities. Using various descriptive 

statistics, such as mean, minimum, and maximum values, we aggregated data across the 

entire study period, annually, seasonally, and monthly. We have built up monthly and 

seasonal climatologists for the whole period studied (2000-2019): monthly, seasonally, 

and annual trends. 

All the raster processing has been done in Arc GIS 10.7, which can be used for 

geospatial data production, analysis, and mapping. 

 



239                                                                                                     Ali A. Abdelsalam et al., 2020 

 

RESULTS  

 

1. Temporal analysis 

(Fig. 3) displays the average monthly readings of Chl-a concentration during 2000-2019 

along the study area. Results showed that the Chl-a curve peak was recorded during July 

for the El-Max area and Alexandria, with Chl-a average was 14 mg/m
3
 and 9 mg/m

3
, 

respectively. While at Abu Qir bay, the peak was during September with Chl-a average 

of 16 mg/m
3
. On the other hand, Chl-a recorded its lowest values during December, 

January, and February of each year in the three regions.  

 

Fig. 3. 20-years of average monthly climatology of Chl-a concentration of three areas 

along the study area of the Egyptian Mediterranean Coast. 

(Fig. 4) illustrates that along with the three regions, the average readings of Chl-a started 

to increase in the spring, reaching its highest concentration in the summer throughout the 

study period (20 years). Summer showed the bloom of Chl-a in all regions. While the 

pattern clearly showed the decreasing of the values during winter and autumn.  It was 

noticed that there was an unusual increase in Chl-a at El-Max Bay during 2019.  

The monthly average of Chl-a for each different year from 2000 to 2019 is illustrated in 

(fig. 5 and 6), the averages of Chl-a are shown in the form of a periodic spectral curve 

and the peaks appear once a month or twice at all areas with the same pattern during 

July of each year and sometimes rise to appear in September, Values decrease in the 

period from the end of November to the beginning of April each year. It is clear that the 

levels of Chl-a constantly increase, but the increasing trend after 2010 greatly differs 
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from that before 2010, where the monthly average of the Chl-a for the El-Max area 

reached 40 mg/m
3
. This increase is abnormal compared to before 2010 (the maximum 

record was 16 mg/m
3
), which is the same for the rest of the study areas. The ratio of 

highness for each region differed. The Alexandria Beach area recorded the lowest rate 

and the lowest values, while the El-Max region was lower than the Region of Abu Qir 

until 2016 then began to increase in 2017. Its values rise above the values of the Gulf of 

Abu Qir. 

 

Fig. 4. Seasonally climatology of Chl-a concentration for three studied regions. 
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Fig. 5. monthly mean of time series variance of Chl-a concentration from 2000 to 2009 of three study regions. 

 

Fig. 6. Monthly mean of time series variance of Chl-a concentration from 2010 to 2019 of three study regions. 
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Fig. 7. Annual average of chlorophyll-a concentration of the three study regions. 

The annual values Chl-a have been varied for the three areas, and the average of Chl-a 

recorded the highest readings during 2015 while its lowest levels were during 2000 and 

2001. The changing in the annual trend of the Chl-a was relatively low until 2010, which 

was a turning point for Chl-a levels that have been accelerated in the rate of increasing to 

reach an average of 18 mg/m
3
 in 2015 for the area of Abu Qir and 13 mg/m

3
 at El-Max. 

The turning point for the Alexandria beach area was the year 2014 (Fig. 7). 

3. Spatial analysis 

The annual distribution of Chl-a along the study area indicated a predominant blooming 

of phytoplankton in the coastal area (Fig. 8). This blooming was stronger and more 

pronounced near the outlets of the Egyptian coastal lakes and urban outfalls. In the 

offshore area, the bloom occurred in the summer and spring, while in the other seasons, 

it was oligotrophic (Fig. 10). The long-term observation verified that the Chl-a had been 

shifted spatially at El-Max Bay and Alexandria shore area, but it is constant at Abu Qir 

bay. (Fig. 9) demonstrates the mean monthly climatology of Chl-a variations at the 

surface water of the three studied areas. The coastal regions have a high Chl-a 

concentration (~ 3 to 15 mg/m
3
) compared to the outer shelf and open seawater (0.03 to 

3 mg/m
3
). 
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Fig. 8. Annual mean of Chl-a concentration in the study areas from the year of 2000 to 

2019. 
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Fig. 9. Spatial coverage shows the monthly mean climatology of Chl-a concentration 

from 2000 to 2019. 

 
Fig. 10. Spatial coverage of seasonally mean climatology of Chl-a concentration during 

the years 2000 to 2019. 

Chl-a 
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4. Hovmoller analysis 

The Spatio-temporal history of Chl-a, FLH, SST, and CDOM is presented in (Fig. 11) for 

the three regions. Overall, a regular annual pattern can be seen in all diagrams with some 

differences depending on the satellite product. The Chl-a seasonality displayed in the 

Hovmoller Fig. reflects that, of the tile-plots, there was an observed increase in Chl-a 

over the years, mostly between 31.26 - 31.38°N it was opposite of Abu Qir area, and a 

small value observed at El-Max area while the smallest level has been found at 

Alexandria shore. The diagram showed that the highest phytoplankton blooming has 

occurred during 2015. This increase in Chl-a seasonality tends to extend towards 31.36°S 

after the year 2010.  

The fluorescence line height( FLH) (Fig. 11) displays regular seasonal patterns of Chl-a, 

with more significant increases outside of the seasonal peaks. A seasonal increase in 

FLH (∼0.1–1 mW·m
−2

·sr
−1

·nm
−1

) occurs regularly between October and March, and 

peaks between January and March (winter season). Spatially, FLH patterns in the 

Hovmoller also reflect the distribution of Chl-a. Temporally, Chl-a and FLH tend to 

increase over the years. It increases in El-Max to 31.26° N but becomes low in the Abu 

Qir area and intermediate ranges in the Alexandria shore area. 

The KD-490 (Fig.11) displays the annual changes between 31.22–26°N. KD's high 

values were observed at 31.26–38°N opposite to Abu Qir Bay and slightly increased at 

31.16-22 N opposite to El-Max Bay during the years 2000, 2019. The KD. Trend was 

exactly like Chl-a.  

The SST (Fig. 11) displays mild changes over the studied years, but there was a seasonal 

change where the highest value was observed in summer 2015 while the lowest was 

during 2013. Between 31.16-22 (El-Max Bay) was the highest comparing with other 

regions where the highest values were recorded during 2015 and 2016, like the trend of 

Chl-a in the same years. 

Hovmoller analysis showed that Chl-a, KD, and SST have a similar increase in the same 

area and time, but FLH shoed an inverse relation to the previous factors in the same 

regions, the distribution of parameter is high at Abu Qir Bay than El-Max and 

Alexandria shore which have the lower values of parameters related to Chl-a. 

https://www.mdpi.com/2072-4292/6/4/2963/htm#fig_body_display_f15-remotesensing-06-02963
https://www.mdpi.com/2072-4292/6/4/2963/htm#fig_body_display_f16-remotesensing-06-02963
https://www.mdpi.com/2072-4292/6/4/2963/htm#fig_body_display_f16-remotesensing-06-02963
https://www.mdpi.com/2072-4292/6/4/2963/htm#fig_body_display_f16-remotesensing-06-02963
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Fig. 11. The longitudinal (31.17 to 31.47° N) averaged Hovmoller plot showing the 

time-series distribution of multi sensor-retrieved Chl-a during the years 2000 to 2020. 

  

-Averaged of Chlorophyll a concentration 

monthly 4 km from 2001-2020 

-Averaged of sea surface temperature 

monthly 4 km from 2001-2020 

  

-Averaged Diffuse attenuation coefficient for 

downwelling irradiance at 490 nm (KD 490) 

monthly 4 km from 2001-2020 

-Averaged Normalized fluorescence Line 

Hight monthly 4 km from 2001-2020 
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4. Pearson correlation  

4.1. Sea surface temperature (SST) and Chl-a 

Generally, there was a low correlation between SST and Chl-a at the study areas where 

the highest factor (r= 0.17) was recorded at El-Max Bay (179 points), followed by r= 

0.15 (772 points) at Abu Qir Bay and finally, the lowest value (r= 0.08) was noted at 

Alexandria shore (752 points). While by moving far from the coastal region, the 

correlation becomes more stable (Fig. 12). 

4.2. Attenuation coefficient (Kd_490) and Chl-a 

The relationship between Chl-a and the attenuation coefficient seems strong with a 

correlation factor (r) was 0.99 in all study areas. Additionally, the Kd_490 monthly 

climatology shows the same pattern of variability as the Chl-a, proving that the 

phytoplankton cycle is affected by the depth of the euphotic layer. In the same way, 

most of the study area's waters correspond to Case 2 water indicated by the high values 

of Kd_490 and Chl-a. 

4.3. Colored dissolved organic matter (CDOM) and Chl-a 

The present study proved a positive correlation between the CDOM and Chl-a while the 

correlation coefficient (r) was 0.55, 0.64, and 0.67 for El-Max Bay, Alexandria Coast, 

and Abu Qir Bay, respectively. This can also be observed via the rhythmic variability 

gained by the averaged CDOM that was partially coinciding with the rhythmicity of Chl-

a within Case 1. Abu Qir Bay recorded the highest correlation between Chl-a and 

CDOM, while the lower correlation was noted at El-Max Bay.  

  . 
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Fig. 12. Person correlation between Chl-a concentration and CDOM, KD, and SST over 

20 years at the three studied areas. 
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Table 1. An annual average of Nitrate, Phosphate, and Chl-a at the three studied regions 

over 20 years. 

Year 

Nitrate  g/ l Phosphate g/ l Chl-a mg/m
3
 

El-

Max 

Alex 

Shore 

Abu 

Qir 

El-

Max 

Alex 

Shore 

Abu 

Qir 

El-

Max 

Alex 

Shore 

Abu 

Qir 

2000 4.00 2.00 5.00 0.20 0.30 0.10 4.32 2.31 8.21 

2001 1.00 1.20 0.60 0.30 0.20 0.10 4.60 2.79 7.83 

2002 1.60 1.20 0.60 1.40 0.60 0.40 7.61 4.24 8.74 

2003 1.70 0.60 1.60 1.00 0.40 0.30 6.30 4.08 8.89 

2004 2.20 0.80 1.50 0.30 0.20 0.25 6.85 3.74 9.10 

2005 0.70 0.80 1.70 0.40 0.10 0.20 8.36 4.60 9.92 

2006 1.00 0.50 0.70 0.60 0.10 0.15 6.89 5.30 10.53 

2007 0.70 0.30 0.90 0.25 0.15 0.25 6.70 4.72 9.07 

2008 1.00 0.60 0.80 0.40 0.10 0.10 7.11 4.88 9.25 

2009 0.60 0.80 0.40 0.50 0.20 0.15 7.61 5.17 10.86 

2010 0.60 0.90 5.00 0.30 0.25 0.10 5.55 3.61 8.66 

2011 5.00 3.00 5.00 5.00 3.00 4.00 7.67 4.55 10.38 

2012 5.30 4.00 5.50 4.00 4.00 4.00 12.42 6.64 13.82 

2013 5.90 4.50 5.90 3.50 3.50 4.50 11.05 6.46 14.61 

2014 5.00 4.00 6.00 5.00 3.00 4.20 12.30 7.74 13.88 

2015 6.00 5.00 6.00 6.00 4.00 5.00 12.86 7.17 18.05 

2016 5.10 4.30 7.20 4.10 2.00 4.00 10.71 5.46 11.76 

2017 4.20 3.30 5.50 5.20 3.30 5.60 12.78 3.97 9.60 

2018 4.00 4.00 4.00 5.50 3.00 6.00 11.13 3.01 9.56 

2019 7.10 6.20 5.20 6.20 4.00 7.00 15.26 3.95 9.13 

 

Table 2. The correlation coefficient between Chl-a and nitrate, TP over 20 years 

Region Nitrate Phosphate 

El-Max Bay r= 0.81 r= 0.91 

Alex Shore r= 0.41 r= 0.38 

Abu Qir r= 0.53 r= 0.49 
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Fig. 13. The relation between nitrate, total phosphate (TP), and Chl-a in three regions 

over 20 years. 

DISCUSSION 

 

Chlorophyll-a concentration is considered a good phytoplankton productivity indicator 

and is used as a trophic status indicator. The monthly climatology results proved that the 

increase of Chl-a concentration was from May to September of each year along the 

study period (20 years). In general, the rise in the concentration of Chl-a results from 

global warming raises the sea surface (SST), the rise in the budget for solar irradiance, 

and nutrient availability such as phosphates nitrates, verified by Krom et al. (2003).  

Most days had lower concentrations of Chl-a during autumn and winter than those 

reported during spring and summer. During spring, Chl-a increases, but in summer it 

reaches the highest levels along the 20 years with a maximum value, 35 mg/m
3
 at Abu 
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Qir Bay during 2015, and 40 mg/m
3
 at El-Max Bay during 2019. The increased summer 

values of Chl-a were recorded in all studied regions. The present results showed a high 

concentration of Chl-a during the hot season which confirmed by several authors 

(Faragallah et al., 2009; Abo-Taleb et al., 2015; Abo-Taleb et al., 2016; El Raey and 

Abo-Taleb, 2019).  

An analysis of ocean colour satellite imagery (GlobColour dataset with the MedOC4 

algorithm applied) between 1997 and 2006 confirmed the return of the Nile bloom and 

its predominance along the whole Nile Delta shelf in winter and spring with an upward 

trend for the mean surface Chl-a concentrations in the coastal waters off the Nile Delta 

and no significant trend for the outer shelf (Lavender et al. 2009). While not all years 

have the same values and identical dramatic increasing, for instance, the highest 

blooming according to the current work was during 2015, While Ali Salem Dango 

(2015) recorded that phytoplankton had the greatest numerical abundance in autumn 

2013 (227.3 x 10
3
 units l

-1
) and spring 2014 (37.5 x 10

3
 units l

-1
), the lowest density in 

summer 2014 (8.4 x 10
3
 units l

-1
) was observed.  

As in many estuaries (e.g., Gayoso, 1998), the spring bloom was the most characteristic 

event in the annual phytoplankton cycle. However, the present study disagrees with the 

previously mentioned pattern and deviates to be during the summer where the strongest 

bloom occurs. Fortunately, our observation matched with Abdel Aziz et al. (2011), 

finding an increase of micro flagellates and dinoflagellates numbers during summer for 

Rosetta Estuary of the Mediterranean Sea. Several authors (e.g., Wirtz and Wiltshire, 

2005) stressed the critical role of the cessation of mixing in summer for the 

predominance of flagellates in marine ecosystems. The phytoplankton production's 

annual cycle as characterized by a massive bloom of diatoms-chlorophytes in late 

spring, minor peaks of diatoms Phyto flagellates chlorophytes during summer-early 

autumn, and relatively lower phytoplankton density in winter (Mikhail,2008). 

The result of an annual analysis of Chl-a along the study period showed two upward 

trends. The first mild trend was from 2000 to 2010 as a result of the effects of 

continuous and ever-increasing addition of organic and inorganic nutrients from a 

dramatic increase in the human population and a subsequent dramatic extension of the 

urban water supplies and sewage collection systems in Lower Egypt and the northern 
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parts of the Nile Delta since the early 1980s. There are over 3 x 10
6
 sanitary sewage 

industrial wastewater discharged daily from Alexandria city directly to the coastal 

waters off the western coasts of the Delta (Halim and Shouk, 2000). The second trend 

started from 2011 to 2019, with a highly increased rate of Chl-a. It occurs after the 

revolution of January 25, 2011, where informal housing and foul drainage on canals 

increased from agricultural, industrial, fish farms and sanitary drainage without state 

control, as well as the absence of law enforcement, which led to an increase in the level 

of nutrients which lead to increasing the numbers of phytoplankton (Abo-Taleb et al., 

2016). 

The phytoplankton blooming, expressed by Chl-a, was very obvious and more 

pronounced near the outlets of the Egyptian coastal lakes and urban outfalls so, the Chl-

a was represented by very high values at El-Max Bay and Abu Qir Bay than Alexandria 

shore, also it increased in the eastern and western harbour than Dekhaila  Harbor during 

some years, The variability in space indicated the area in front of the drain mouth is 

relatively less productive than the entire Bay, as confirmed by Mikhail (2008), hence, 

Chl-a increase in semi-enclosed regions not in open water. 

The correlation between the Chl-a and SST data is very low, while the highest value was 

noted at El-Max Bay, on the other hand, Alexandria shore recorded the lowest 

correlation between  Chl-a and SST, this may be attributed to the unstable water 

condition along the Egyptian Mediterranean coast due to the huge number of freshwater 

canals, drains, sea-lake connections and estuaries which cause continuous mixing 

conditions result in unstable water temperature which may explain the unclear 

correlation between Chl-a and SST along the coastal water (Abou Zaid et al.,2014 and 

Abo-Taleb et al., 2015). In addition, this result can be associated with many other 

variables, such as phot acclimation, water stratification and the optimum temperature of 

the flowering phytoplankton organisms (Xing et al., 2014). On the other hand, the 

correlation between Chl-a and the attenuation coefficient seems to be strongly positive, 

where it was recorded a significantly high correlation coefficient r= 0.9 in all the regions 

of the study area. In the same way, most of the study area waters correspond to Case 2 

water. The high values of Kd 490 and Chl-a well suggest turbid Case 2 water hotspots 

and a high load of suspended materials was present at the drain outlets, In extremely 

turbid zones where the euphotic layer appears shallow, Chl-a tends to be influenced by 
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the suspended problems, so non-limiting nutrients cause algal blooms in very turbid 

water (Harding et al., 1986; Cloern, 1987; Lehman, 1992). 

In the current analysis, the positive, mid-strengthening correlation coefficient between 

the CDOM and Chl-a in the three areas studied can also be observed through the 

rhythmic variability obtained by the average CDOM, partially coinciding with the 

rhythmicity of Chl-a in Case 1, Abu Qir Bay reported the highest correlation. At the 

same time, El-Max Bay showed the lower one which reflects the high load of organic 

matter at Abu Qir Bay coming from the connection between the Bay and Edku Lake at 

its meddle part as well as the connection of the Bay with the Rosetta Estuary at its 

eastern side (Abo-Taleb et al., 2017 and El-Damhogy et al., 2019). Theoretically, the 

existence of CDOM is correlated with the activity of phytoplankton in Case 1 water, but 

many findings have suggested the global and regional divergence of CDOM and 

phytoplankton (Morel et al., 2010; Xing et al., 2014). The rise in CDOM in coastal 

water to high values may be attributed to water discharge and drains along with the 

coastal areas. While in the open waters, the phytoplankton bloom activity alone is the 

principal contributor to the index variability. One of the most important factors that 

affect phytoplankton blooming is the nutrient salts, nitrate and phosphate, as they 

considered a necessary fertilizer for the growth of phytoplankton, the annual 

concentrations of nitrate and phosphate were strongly correlated positively with the Chl-

a, and this notice by the recorded higher levels of both after the year 2011 in a similar 

pattern in the three studied regions. 
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ARABIC SUMMARY 

 

 

انتغذٌة انفائقة )انتخثث( باستخذاو بٍانات الأقًار انصناعٍة يتعذدة انًجس عهى طول تقٍٍى طوٌم الأيذ نًشكهة 

 خهٍج انًكس وساحم الإسكنذرٌة وخهٍج أبو قٍز ، يصز.

حسٍن عهً
1
، سايً صابز 

2
، سايح انكفزاوي 

1
، حًذي أبوطانب 

2*
 

 يصز. –انمبْزح  –انٓيئخ انمٕييّ نلإسزشؼبر يٍ ثؼذ ٔػهٕو انفعبء  .1

 يصز.  –انمبْزح  –كهيخ انؼهٕو ، جبيؼخ الأسْز  .2

رزؼزض انًيبِ انسبحهيخ ثبلإسكُذريخ ٔخهيج أثٕ ليز نزغيزاد يكبَيخ ٔسيبَيخ في الإَزبجيخ الأٔنيخ ٔانخصبئص 

انفيشيبئيخ ٔانكيًيبئيخ ػهٗ انًذٖ انمصيز ٔانطٕيم ثسجت انصزف انًسزًز ٔانًزشايذ نهًغذيبد انؼعٕيخ ٔغيز 

جخ انشيبدح انٓبئهخ في ػذد انسكبٌ ٔالإيذاداد انؼًزاَيخ ٔكذنك أَظًخ رجًيغ ييبِ انصزف انصحي ، انؼعٕيخ َزي

أ ، يؼجزاً ػٍ انكزهخ انحيٕيخ نهؼٕانك انُجبريخ ، يؼزجز يؤشزاً جيذاً ػهٗ انحبنخ انغذائيخ -ٔثبنزبني فئٌ رزكيش انكهٕرٔفيم

نميى انيٕييخ ٔانشٓزيخ ٔانفصهيخ ٔانسُٕيخ نصٕر يخزجبد نهًيبِ. في ْذِ انذراسخ ، رى انحصٕل ػهٗ يزٕسطبد ا

ٔرى اسزخذايٓب نزٕصيف انزجبيٍ انًكبَي ٔانشيُي نهؼٕانك  2212ٔ  2222أجٓشح الاسزشؼبر انًزؼذدح ثيٍ ػبيي 

يٕد انُجبريخ في انًُبغك انحيٕيخ انًخزهفخ يٍ انًُطمخ انسبحهيخ انًصزيخ. رصف انُزبئج انزي رى انحصٕل ػهيٓب أٌ انح

خلال انفززح يٍ يبيٕ  أ-انكهٕرٔفيم في انؼٕانك انُجبريخ لذ رُٕع يكبَيًب ٔسيبَيبً ٔنمذ أظٓزد انُزبئج سيبدح يهحٕظخ في

ب أػهٗ يٍ انزثيغ ًً  .إنٗ سجزًجز )انزثيغ ٔانصيف( يٍ كم ػبو ، ٔكبٌ انصيف دائ

، كبٌ الأٔل يٍ ػبو حذثب خلال فززح انذراسخ أ انسُٕيخ ارجبْبٌ رصبػذيبٌ يشدٔجبٌ -انكهٕرٔفيم أظٓزد ثيبَبد

. 2211يُبيز  25لذ حذس ثؼذ ثٕرح  2212إنٗ  2211كبٌ الارجبِ انثبَي ْٕٔ الأػهٗ يٍ ثيًُب  2212إنٗ  2222

في خهيج أثٕ ليز  2215( خلال ػبو 3يجى / و  35أ إنٗ ليًٓب انمصٕٖ )-ثشكم ػبو فمذ ٔصهذ رزكيشاد انكهٕرٔفيم

 2019.في خهيج انًكس خلال  3يجى / و  42ٔ 

أ يزرفؼًب ٔأكثز ٔظٕحًب ثبنمزة يٍ يُبفذ انجحيزاد انسبحهيخ انًصزيخ ٔانًصبرف انحعزيخ -انكهٕرٔفيم كبٌ رزكيش

 خبصخ في خهيج انًكس ٔخهيج أثٕ ليز يمبرَخ ثبنًُطمخ انشبغئيخ ثبلإسكُذريخ. نٕحع ٔجٕد اررجبغ إيجبثي يُخفط

أ ٔيؼبيم -، يٍ َبحيخ أخزٖ ، يجذٔ أٌ الاررجبغ ثيٍ انكهٕرٔفيم (SST) ح سطح انجحزأ ٔدرجخ حزار-انكهٕرٔفيم ثيٍ

ْٕ  (CDOM) أ ٔانًٕاد انؼعٕيخ انذائت-(كبٌ إيجبثي ثمٕح ٔكبٌ الاررجبغ ثيٍ انكهٕرٔفيمkdانزْٕيٍ انًُزشز )

 .يٕججبً ثشذحٔانُززاد ٔانفٕسفبد  أ-انكهٕرٔفيم الألٕٖ ػهي الإغلاق ، ٔكذنك كبٌ الاررجبغ ثيٍ

 


