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ABSTRACT

The present study was carried out in Mariout Lake, which
considered an important natural resource for fish production
in Alexandria governorate. Lake Mariout is surrounded by
different sources of pollution, such as sewage, industrial and
agriculture drainages. Therefore, the present study was
conducted in five locations to evaluate the effects resulting
from pollution on the physical and chemical properties of
water. Water samples were collected seasonally to investigate
the effect of different geographical seasons (winter, spring,
summer and autumn) of 2019. Obtained results revealed that
pH values reached an increased value of 8.8. The highest
values of total alkalinity and total hardness were 465.8 and
5400 (mg/l as CaCOs), respectively. The highest values of
NO2, NOz and total nitrogen that recorded alongside the study
period were 0.2, 2.32 and 3.98 mg/I, respectively. The highest
recorded values of PO4 and total phosphorous were 0.42 and
0.92 mg/l, respectively. Depending on the increased values of
nutrients and chlorophyll ‘a' as well as dissolved solids, some
basins of the lake classified as eutrophic while the other
basins classified as hypertrophic.

This study recommends urgently, starting on treating
various types of wastewater before discharging it into the lake
to reduce pollution rates and improve its water quality.

Keywords: Lake Mariout, pollution, physical and chemical properties of
water, basins and geographical seasons
Introduction

Lake Mariout, for a long time, represents a source of fish production in
Egypt. Currently, some parts of the lake are used in aquaculture activities.
It is one of the most heavily populated urban areas in Egypt (Mateo 2009;
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Saad et al. 2017). The lake acts as a receptor for agricultural drainage and
domestic wastewater. By the end of the 19" Century, the development of
irrigation systems of the adjacent fields made of Mariout Lake an
intermediate water body to receive the excess of water from the irrigation
channels, then the water was pumped out to the Alexandria Bay (Mateo,
2009).

The main drains and canal are Qalaa drain, EI-Ummum drain, and
Nubaria canal. The water inflow to the lake comes mainly from these
sources plus those from the East and West treatment plants began in 1993
to treat Alexandrian wastewater. Both are primarily treatment plants and
they discharge their final effluents into the lake and from the
petrochemical area, domestic sewage from the wastewater Treatment
Plant at the north and EI-Qalaa drain are discharging in the main basin of
the lake. Current water characteristics of the lake are not suitable for
aquaculture activities where the basin receives daily about 200,000-
300,000 m3/day of sewage and 400000 m® / day of agricultural
wastewater mixed with sewage. In addition, discharging about 25,000-
35,000 m*/day of raw sewage and some industrial wastes into the lake
(Scapini, 2009). Gehan et al. (2018) reported that throughout the last
four decades, the lake has been subjected to man-made changes in its
morphometric features as its area has been reduced. Lake Mariout is
highly polluted. It receives the drastic human impacts among the Egyptian
lakes; consequently, it has been greatly deteriorated from a productive
lake to a heavily polluted basin, deeply suffering from eutrophication.
Eutrophication has become a significant worldwide problem, which
catastrophically affects aquaculture and local economies (Richlen et al.
2010). The lake has been subjected to various anthropogenic activities,
those activities greatly accelerated eutrophication process by increasing
the rate of nutrient input in a water body, as rapid urbanization,
industrialization, and intensifying of agricultural production.

Therefore, the aim of this work is to demonstrate the effects resulting
from pollution on the physical and chemical properties of water in Lake
Mariout, Egypt

Material and methods
Study area

Lake Mariout is located in the north of Egypt southeast to Alexandria
City, belonging to the Nile River Delta and located between longitude 29°
47.1" to 29° 50.4' E and latitude 31° 7.5" to 31° 9’ N (Saad et al., 2017).
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The Lake is a shallow brackish water basin: its area is less than 65 km?,
its water depth ranges from 1 to 3 m.

Sampling sites
Figure (1) showing a schematic map of the lake, indicating different

sampling sites which investigated during the present study, which
representing the main basins of the lake as follow:

Fish Farm (Basin 1000 feddan): which receives its water from the
drainage waters of EI-Ummum (Site 1, drainage water) and El-Qallaa
drains (Site 2, agricultural waste water).

Southwest Basin (Basin 2000 feddan): Site 1, Noubaria Canal which
discharges wastewaters at the southern side of the basin and Site 2,
Mogama industrial waste water into the Lake, which is discharged industrial
effluents of eight factories were Salt and Soda, Extracted Oils, National
Paper, Starch and Yeast, Nile Matches, South Alexandria Mills and
Alexandria Foundry.

Fig. (1). Schematic map of Mariout Lake defining different investigated sites, which
representing the lake basins.
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Northwest Basin (Basin 3000 feddan): Site 1, Industrial drainage (Misr
petroleum company Max) and Site 2, EI-Ommum drain (agricultural
waste water).

Southeast Basin (Basin 5000 feddan): Site 1 and Site 2: EI-Ommum
drain (agricultural waste water).

Main Basin (Basin 6000 feddan): Site 1, EI-Qallaa Drain Qutfall, which
discharges about 400000 m3/ day of agricultural waste water and sewage
into the lake after primary treatment. In general, El-Qallaa Drain is
considered the major source of pollution in the lake. The West Treatment
Plant Outfall, which discharges about 200000 — 300000 m?/ day of settled
sewage into the lake and Site 2, Noubaria Canal which discharges
wastewaters at the western side of the basin.

Analytical techniques:

Water temperature (T, °C) was measured by oxygen meter (Hana HI
9142). Hydrogen ion concentration (pH) was measured by pH meter
(EUTECH instruments PCS tester 35). Total alkalinity (T. Alk., mg/l) and
total hardness (TH, mg/l) were determined by titration method. Electrical
conductivity (EC), salinity and total dissolved solids (TDS) were
measured by wusing a salinity-conductivity meter (model YSI
Environmental, EC 300). Nitrite (NO., mg/l) was measured by
diazodyzing method, while Nitrate (NO3 mg/l) and total nitrogen (mg/l)
were measured by phenol di-sulphonic acid method. Total phosphorous
(mg/l) and orthophosphates (mg/l) were measured by ascorbic acid
method.  Chlorophyll  “a” concentration (ug/l) was assessed
photometrically according to Vollenweider (1969). All photometric
measurements were carried out by using spectrophotometer (model, WPA
Linton Cambridge, UK) the all mentioned methods were according to
APHA (2000).

Statistical analysis:

The obtained data were analyzed by using the GLM procedure with
three-way analysis of variance (SAS, 2009), differences among means
were tested for significance according to Duncan's multiple range test
(Duncan, 1955). The following model was used to analyze the obtained
data.

Yijk= 1 + Bi +Lj +St + (Bi X Lj X Sy)ijt +eijik
Where

Yijx =Observation

[ = the overall mean,
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Bi = Effect of Basin,
L; = Effect of Site,
St = Effect of Season,
(Bi X Ljx Syijt = Interaction between Basin, Site and Season
eijik = random error.
Results and Discussion
Water temperature:

Water temperature has a direct and an indirect impact on fish
productivity; warm water is much less capable of holding oxygen gas than
colder water, which consequently may hamper fish production (Francis-
Floyd 2003). The growth of tilapia in Lake Mariout may be acceptable
between 20 and 35 °C (El-Sherif and El-Feky 2009).

Water temperature values at the examined five sites during the study
period are given in Table (1). The water temperature (°C) attained its
maximum value of 30.5 °C during summer at (Northwest Basin and Main
Basin) at site 2 and its minimum value of 15.6°C during winter at (Fish
Farm) at site 2. It could be observed that there were no significant
differences among different sampling sites during the same season,
referring that the differences refers to normal seasonal variations.

The annual average of water temperature, as shown in Fig. (2) was
between 22.9 °C in (basin 1000) and 24.25 °C in (Main Basin).

4 Water Temp 3

24
235
3
22.5 | |
s I

Site I Site2 Sitel Site2 Sitel Site2 Site]l Site2 Sitel Site2

Temp, °C
"

Main basin  Southeast basinNorthwest basinSouthwest basin ~ Fish Farm

. Y
Fig. (2). The annual average of water temperature (°C) at different sampling sites.
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Table (1). Some physico-chemical characteristics in different
investigated sites during different seasons.

TDS | T.Alk [ T.Har
Basins Seasons Temp Salinity EC (mg/l) | (mg/las | (mg/las
(©) pH %o (mImhos) CaCQs3) | CaCOg3)
Winter 1650 | 8% 3 6.76% 3.86 2459 1850°
< | Spring 233" | 84 3.3 573 2.87° 295" 2050"
< = [ Summer | 301° | 86 37 7.00 3.6 2750 3400°
8 Autumn | 264° | 791 3.4 5.6 3.3% 350% 1250"
= Winter 16.9° | 7.46 | 4.2 7.859 4,08 305° 1850°
= ~ [ Spring 2297 | 764 2.4 4589 2.20° 2657 2000
= | Summer | 305 | 823 440 9.1° 45° 2501 29507
Autumn 26.7° 8 3.3¢ 6.43° 3.1% 315¢ 16105
Winter 16.7° | 82 3 5.847 419 272.2 1433"
- =+ | Spring 225" | 87 4.65° 6.41° 4.95° 328.8° 1588°
2 | 5| Summer 30° 8.8 4.9° 7.9° 494 | 36L7 2633
P Autumn | 266° | 85 4.74p 6.88° 4.85° 390.1° 1370°
3 Winter 16.59 8 4 6.84° 4.1 369.99 1405°
S | S| Sspring 220 | 82 | 424 7.2% 486° | 4455% 1555°
@ = | Summer | 302¢ | 88 465 7.929 475° | 4153 2580¢
Autumn | 263° | 83 | 4.05% 6.91° 425 | 465.8° 1350
Winter 16.8° | 87 36° 6.8° 3.41% 260" 1730°
% =+ [ Spring 2357 | 805 | 359 6.74° 3.38% 120! 3500°
< | = [ Summer | 301* | 82 37 7.48% 3.8 275" 2000
§ Autumn | 2579 | 85 4.8° 7.739 4.68° 325° 1420°
< Winter 169° | 75 4.99° 9.5° 477 185" 2450'
£ ~ [ spring 239° | 7.79 | 34% 6.47° 3.22% 1350 3900°
S | & [ Summer | 305 | 81 36° 7.1% 3.67 260° 30007
Autumn | 255° | 85 445 7.43% 463 335° 1800°
Winter 165° | 803 | 4.1 8.2% 4% 285" 1820
% =+ | Spring 220 | 804 | 43% 8.21« 411 390° 22357
S = | Summer | 295° | 86 46° 8.96° 46° 275" 278333
g Autumn | 2579 | 8 43 7529 4.75° 355% 1350°
& Winter 165° | 86 430 8.5° 4.2% 2459 2490'
£ ~ | spring 231 | 87 4.2 8.45° 4.78° 345% 2660!
08) = [ summer | 298° | 88 46° 8.5° 45° 2409 3050"
Autumn 25.9¢ 85 4.8° 7.73¢ 4.68° 325° 1400%
Winter | 15.9% | 77 5.0 118 515 275" 1570°
| Spring 2247 | 794 5.6° 10.62® 5.3% 345% 5000°
c & | Summer 29 8 58 15 5.6° 150° 4600.33°
& Autumn | 24.3° 8 57 11.2° 5.6° 355% 1770°
< Winter 156" | 75 5.3® 10.85® 5.37% 280" 1490%
[ ~ [ Spring 22.8° 8 5.4% 11.2° 5.3% 265" 5400°
= [ Summer | 292° | 83 6° 11.43° 6.23° 350% 4000°
Autumn | 24.6° 8 59° 1110 6° 295" 1680"
+SE 03 02 02 02 02 13 52.8

Means in the same column having the same superscript letters are not significantly different
(P <0.05).
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Table 1 continued

Basins Seasons NO, NO; TN PO, TP Chlo. "a™

(mg/l) | (mg/) | (mg/l) | (mg/l) (mgfl) (D)}

Winter 0.02¢ 0.09 1.16" 0.09¢ 0.47¢ 268.6°

— z Spring 0.22 0.219" 1.98¢f 0.4° 0.53° 193.7¢
g :,:') Summer 0.15% 1.35% 2.48¢ 0.35° 0.37% 59.5"
o Autumn 0.12% 0.31f 1.61f 0.4° 0.47% 76.5'
< Winter 0.09° 0.63¢ 1.319 0.4° 0.922 68™

< X Spring 0.02¢ | 0.05 1.39 0.15« 0.35% 115.6%
z 5 Summer 0.05% 0.31f 2.79¢ 0.21°¢ 0.21f 71.4m
Autumn 0.1° 0.269 1.69f 0.19° 0.64° 47.6°

Winter 0.02¢ 1.24% 1.51f 0.01" 0.62° 79.07'

- 3 Spring 0.044 0.36f 0.88 0.06f 0.69° 110.5"
g :,:) Summer 0.04¢ 2.322 1.799_f 0.05f 0.49° 1001
E % Autumn 0.02¢ 0.54¢ 0.71 0.06f 0.53¢ 89.8%
5 _8 Winter 0.03% 0.98° 1.63f 0.03¢ 0.56° 87.7%
8 ﬁ Spring 0.05% 0.06* 0.96' 0.06f 0.78% 105.7'
-(‘,:) Summer 0.06° 1.35% 1.88¢f 0.07¢f 0.85% 100.5

Autumn 0.03% 0.78° 0.93 0.07¢f 0.63° 95,51

— Winter 0.09° 0.85° 1.05M 0.39° 0.65° 66.3™
a > Spring 0.05¢¢ | 0.05 1.49 0.09¢ 0.19% 89.5
$ - :,:) Summer 0.03% 0.279 3.92 0.42° 0.65° 59.4"
E > Autumn 0.08% 0.279 2.98% 0.07¢f 0.51¢ 87.5k

E _8 ~ Winter 0.02¢ 0.35f 1.5 0.08°¢ 0.41¢ 414.8°

= @ Spring 0.06° 0.05k 1.48 0.1¢ 0.21f 459.6%
3 5 Summer | 003* | 178" | 314° | 0.1 0.149 130

Autumn 0.09° 0.289 2.04° 0.08° 0.4¢ 156.4°

— Winter 0.05% 0.12' 0.691 0.2¢ 0.28° 80.6'
B > Spring 0.04° | 047 0.48% | 0.08° 0.3° 135°
$ - z,:') Summer 0.04¢ 0.17" 2.73° 0.08° 0.49% 91.5
c bl Autumn 0.08 0.14' 2.96™ 0.08°¢ 0.37¢ 62.9™
g _8 Winter 0.09° 0.12' 1ni 0.07¢f 0.28° 79.8'

= X Spring 0.05¢ | 0.13 0.87' 0.05' 0.17% 127.5°
8 z,:') Summer 0.19? 0.19" 1.05M 0.08° 0.51¢ 96.5
Autumn 0.08 0.279 3.98% 0.07¢f 0.4¢ 87.5%

Winter 0.05% 0.11' 0.4« 0.05° 0.21f 123.79

z Spring 0.02¢ 0.15" 1.19" 0.06f 0.29¢ 260.8°

£ 5 Summer | 0.0 | 0.17" 1.7¢ 0.1¢ 0.15% 134.31

L‘E Autumn 0.04¢ 0.17" 0.47% 0.06f 0.13¢ 100.97
- Winter 0.05% 0.19" 1.59f 0.11¢ 0.37¢ 134.6'
-‘Lf S Spring 0.02° 0.269 2.49 0.1¢ 0.42¢ 275°

-:,:.) Summer 0.2? 112 2.35¢ 0.15% 0.59¢ 130.9%

Autumn 0.06° 0.219 2.05¢ 0.14% 0.39¢ 119.59"

+ SE 0.002 0.007 0.01 0.001 0.002 1.04

Means in the same column having the same superscript letters are not significantly
different (P < 0.05).
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However, this range of temperature in Lake Mariout water is suitable
for Tilapia growth and is in agreement with the measured temperature
obtained by Saad et al., 2017 (15.1 - 32.6) °C.

Hydrogen ion concentration (pH):

Hydrogen ion concentration (pH) plays an important role in many of
the life processes in the sea; living organisms are very dependent on, and
sensitive to pH. It is dependent on the interaction of numerous substances
dissolved in water, photosynthetic activity of aquatic plants, respiration of
aquatic organisms, decomposition of organic matter, precipitation and/or
dissolution of CO2 components and oxidation-reduction reactions
(Tucker, 1984).

Obtained results of the study revealed that pH values alongside the
study period ranged between 7.46 recorded in (Main Basin) at site 2
during winter, and 8.8 noticed in (Southwest Basin at site 2 and Southeast
Basin at sitel and 2) during summer. This is in agreement with the results
obtained by El-Rayis et al. (2019), where Photosynthesis increases during
the summer season. As shown in Fig. (3), the annual averages of pH
values calculated at the end of the present study were between 7.83 in
(Main Basin) and 8.65 in (Southern-west Basin).

fr Water pH R

8.5

¢
) | |

Sitel Site2 Sitel Site2 Sitel Site2 Site]l Site2 Sitel Site2

pH value
x©

Mam basin Southeast Northwest Southwest Fish Farm
basin basin basin

~ Fig. (3). The annual average of water pH at different sampling sites. g

However all recorded values alongside the study period could be
considered within the optimal range for fish culture, where safe level of
pH, for a normal fish productivity ranged between 5 and 9 and for
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maximum productivity, pH values ranged between 6.5 and 8.5 (Phang,
1991).

Total dissolved solids (TDS):

TDS includes those materials dissolved in the water, such as,
bicarbonate, calcium, sulphate, magnesium, sodium, phosphate, nitrate,
organic ions, and other ions. These ions are important in sustaining
aquatic life. However, high concentrations can result in damage of
organism’s cell (Mitchell and Stapp, 1992). TDS values recorded
alongside the present study period ranged between 2.29 mg/I in spring at
(Main Basin at site 2) and 6.23 mg/l in summer at (Fish Farm at site 2).
The annual average of TDS values was between 3.4075 and 5.725 mg/I,
in (Main Basin) and (Fish Farm), respectively (Fig. 4).

4 \
DS
6
5
4
=™ 3
D A
,O -
=
I
0
Sitel Site2 Smel Site2 Sitel Site2 Sitel Sie2 Siel Site2
Main basin  Southeast basin  Northwest Southwest Fish Fanm
basin basin
\ S J

Fig. (4). The annual average of total dissolved solids (mg/l) at different sampling sites.

Similar values (2.56 - 5.6 mg/l) previously obtained by Farouk et al.
(2020). However, these values are far greater than the standard value of
0.13 mg/l recommended by Davis (1993).

Electric conductivity (EC)

Electric conductivity reflects the quantities of dissolved salts and
salinity (Thompson et al., 2012). EC values recorded during the present
study ranged between 4.58 (ml mhos) during spring at (Main Basin) and
11.5 (ml mhos) during summer at (Fish Farm). As illustrated in Fig. (5),
the annual average of water electric conductivity calculated at the end of
the present study was between 6.2975 and 11.145 (ml mhos) in (Main
Basin) and (Fish Farm), respectively.
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Main basin Southeast Northwest Southwest Fish Famm
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Fig. (5). The annual average of total EC (ml mhos) at different sampling sites.
Water Salinity

It is observed that water salinity had the same trend of both TDS and
EC. Its values ranged between 2.4 %o, which recorded during spring at
(Main Basin at site 2) and 6 %o during summer at (Fish Farm at site 2). As
shown in Fig. (6), the annual average of water salinity ranged between
3.35 and 5.65 %o, in (Main Basin) and (Fish Farm), respectively. Similar
results mentioned by Farouk et al. (2020) who reported that the values of
TDS, EC and salinity were higher in (basin 1000) than other basins.

-

Water salinity

Site Site Site Site Site Site Site Site Site Site

1 2 1 2 1 2 1 2 1 2
Salinity (g/l)
Main basin Southeast Northwest Southwest Fish Farm

O P N W b O1 O

\_ basin basin basin Y,

Fig. (6). The annual average of water salinity %o at different sampling sites.
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Total alkalinity (T.AIK):

The Alkalinity may be defined as the excess of anions weak acids in
seawater. Alkalinity is a measure of the capacity of the substances
dissolved in the bicarbonate and carbonate which are ions formed when
carbon dioxide or carbonate rocks dissolve in water. In other words,
alkalinity is expressed as the sum of equivalents of HCO3, COz and (OH)
ions. The importance of alkalinity lies in its role in CO2 chemistry, trace
metal speciation, buffer capacity of water, as a tracer for studying mixing
processes between different water masses and a useful additional variable
to study hydrographical features. It is affected by several processes,
which are photosynthesis and respiration, nitrification, denitrification,
sulfide oxidation, sulfide reduction, and CaCOs dissolution. Recorded
total alkalinity values at the end of the present work ranged between 120
mg/l during spring at Northwest Basin at site 1 and 465.8 mg/l during
autumn at Southeast Basin at site 2. As shown in Fig. (7), the annual
average of total alkalinity values during the present study ranged between
228.75 (mg/l as CaCOs) in (Northern-west Basin) and 424.125 (mg/l as
CaCO0g) in (Southeast Basin).

4 == “\
Total alkalinity
450
= 400
<
=
o 350
& 300
>
g 250
-;J
= 200 B I I
g Site1 Site2 Sitel Site2 Sitel Site2 Sitel Site2 Sitel Site2
Main basin Southeast Northwest Southwest Fish Farm
basin basin basin
' J

Fig. (7). The annual average of water total alkalinity (mg/l as CaCOs) at different
sampling sites.

The highest value of total alkalinity in Mariout Lake could be
attributed to the increased amount of organic matter accessible to
bacterial decomposition resulted from different effluents discharged into
the Lake which represented by increasing sewage, domestic, agricultural
and industrial drainage water, and bicarbonate is the final product of the
decomposition (Abdo and El-Nasharty, 2010). According to Wurts and
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Durborow (1992), alkalinity between 75 and 200 (mg/l as CaCOs3), but
not less than 20 (mg/l (CaCO:s) is ideal in an aquaculture pond. Stone and
Thomtrode (2004) suggested 50-150 (mg/l as CaCOg) as desirable range;
while an acceptable range of above 20 and less than 400 (mg/l as CaCOs)
for fishponds. Total alkalinity values greater than 300 (mg/l as CaCOs3)
are undesirable for fish growth and cause stress as previously mentioned
by Bhatnagar and Devi (2013).

Total hardness (TH):

It is the measure of alkaline earth elements such as calcium and
manganese, strontium, zinc, and hydrogen ions. Calcium and magnesium
are essential to fish for metabolic reactions such as bone formation
(Bhatnagar and Devi, 2013). TH values obtained during the present
study ranged between 1250 mg/l as (CaCOs) during autumn at (Main
Basin at site 1) and 5400 mg/l as (CaCOs) during spring at (Fish Farm at
site 2). Fig. (8) showing that the annual average of total hardness values
were between 1722.5 (mg/l as CaCOg) in (Southeast Basin) and 3235.083
(mg/l as CaCO3) in (Fish Farm).

s N

Total hardness

3300
3100
2900
2700

2500

2300

2100

1900 l I | I
1700 . -

Sitel Sie2 Sitel Site2 Sitel Site2 Sitel Site2 Site 1 Site 2

T'otal hardness (mg/l as CaCO,)

Mam basin Southeast Northwest Southwest Fish Farmm
basin basin basin

\ J
Fig. (8). The annual average of water total hardness (mg/l as CaCOgs) at different
sampling sites.

Similar values obtained by Farouk et al. (2020) who mentioned that
TH values in (basin 6000) were between 1511.0 and 2534.4 mg/l, while
these values in (basin 1000) were between 1616 and 2193.3 mg/l. The
ideal value of hardness for fish culture is at least 20 ppm, as
recommended by Swann (1997).

Nitrite (NO2):

28



Soha Ahmed, 2020; Egy. J. Aquac 10(4): 17-37

It is an intermediate product of the nitrification bacterial process,
produced by the autotrophic Nitrosomonas bacteria combining oxygen
and ammonia. Nitrite can be termed as an invisible killer of fish because
it oxidizes hemoglobin to methemoglobin in the blood, turning the blood
and gills brown and hindering respiration damage for nervous system,
liver, spleen and kidneys of the fish (Bhatnagar and Devi, 2013). NO>
values obtained during the present study were between 0.02 and 0.2 mg/I.
Nitrite annual average was between 0.03 and 0.1225 mg/l in (Southeast
Basin) and (Main Basin), respectively (Fig. 9).

e N
Water NO,

014
012
0.1
008
006

004 | | |

| |

Site 1 Site2 Sitel Site2 Site] Site2 Sitel Site2 Site 1 Site 2

Water NO, (me1)

Main basin Southeast Northwest Southwest Fish Farm
basin basin basin

. /
Fig. (9). The annual average of water nitrites (mg/l) at different sampling sites.
Santhosh and Singh (2007) recommended nitrite concentration in
water should not exceed 0.5 mg/l. These values are within the standard
safe limit as indicated by OATA (2008) who recommended that nitrite
should not exceed 0.2 mg/I.

Nitrate (NO3):

Nitrate is harmless and is produced by the autotrophic Nitrobacter
bacteria combining oxygen and nitrite (Bhatnagar and Devi, 2013). NO3
values obtained during the study were between 0.05 during spring at
(Northewest Basin and Main Basin at site 2) and 2.32 mg/l, which
recorded during summer at (Southeast Basin at site 1). NOs annual
average was between 0.15 and 1.115 mg/l in (Southern-west Basin and
Fish Farm) and (Southeast Basin), respectively (Fig. 10). Furnas (1992)
revealed that denitrification will be most intense where detritus
accumulates and in water bodies subject to enhanced nutrient loading
from pollution.
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Water NO3
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Main basin Southeast Northwest Southwest Fish Farm
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Fig. (10.) The annual average of water nitrates (mg/l) at different sampling sites.

Santhosh and Singh (2007) described the favorable range of 0.1 mg/I
to 4 mg/l in fish culture water. The increased values of water NO> and
NOs in some basins of the Lake, may be due to sewage effluents
(Alnagaawy et al., 2018).

Total nitrogen (TN):

Nitrogen is an essential nutrient for plants and animals. However, an
excess amount of nitrogen in a waterway may lead to low levels of
dissolved oxygen and negatively alter various organisms' life. TN values
ranged between 0.4 mg/l during winter at (Fish Farm at site 1) and 3.98
mg/l during autumn at (Southwest Basin at site 2). Fig. (11) showing that
the annual average of total nitrogen was between 0.94 mg/l in (Fish Farm)
and 2.3325 mg/l in (Northwest Basin). These results in partial agreement
with Farouk et al. (2020) who noted that, the highest TN values were
recorded in basins of 3000 feddans which consider as an Industrial
drainage, while the lowest value recorded in basins of 1000 feddans
which received its water as a mix of (a drainage water and agricultural
waste water).
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Fig. (11). The annual average of water total nitrogen (mg/l) at different sampling sites.

Orthophosphates (POa4):

It is the dissolved form of phosphorous, which is the available one for
living organisms. Orthophosphates values that recorded during the present
study ranged between 0.01 mg/l during winter at (Southeast Basin at site
1) and 0.42 mg/l during summer at (Northwest Basin at site 1). As shown
in Fig. (12), the annual average of orthophosphates ranged between 0.045
and 0.31 mg/l in (Southeast Basin) and (Main Basin), respectively.
ANZECC (2000) reported that the acceptable levels of POy4 is lower than
0.1 mg/l for freshwater and lower than 0.05 mg/l for marine water. Saad
et al, (2017) revealed that the higher concentrations of reactive phosphate
are mostly due to the effect of drainage water enriched with phosphorous
compounds.

Total phosphorus (TP):

Phosphorus is a limiting nutrient needed for the growth of aquatic
plants and algae. However, excess concentrations especially in rivers and
lakes can result to algal blooms. A lake with a concentration of below
0.01 mg/l is considered as oligotrophic, while concentrations between
0.01 and 0.02 mg/l are indicative of mesotrophy, and concentrations
exceeding 0.02 mg/l are already considered eutrophic (Mueller and
Helsel, 1999).

TP values obtained alongside the study were between 0.13 in summer
(Fish Farm at site 1) and 0.92 in winter (Main Basin at site 2). Fig. (13)
revealing that, the annual average of total phosphorous, which calculated
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at the end of the present study, was between 0.195 and 0.705 mg/I in (Fish
Farm) and (Southeast Basin), respectively.
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Fig. (12). The annual average of water orthophosphates (mg/l) at different sampling sites.
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Fig. (13). The annual average of water total phosphorous (mg/l) at different sampling sites.
Chlorophyll “a”:

Chlorophyll ‘a’ is a blue-green microcrystalline solid. It constitutes
about 1 to 2 % of the planktonic algae dry weight (Chernomorsky and
Segelman, 1988). Chlorophyll “a” values which recorded alongside the
study were between 47.6 pug/l during autumn and 459.6 pg/l during spring
in (Main Basin at site 2) and (Northwest Basin at site 2), respectively.
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Similar result mentioned by Farouk et al. (2020) who revealed that,
maximum values of chlorophyll "a" were recorded during spring season
of the study which may be related to increase phytoplankton with increase

nutrients of TN and TP.
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Fig. (14). The annual average of water chlorophyll "a" (ug/l) at different sampling sites.

Fig. (14) indicating that the annual average of chlorophyll "a" recorded
alongside the study period was between 75.65 (ug/l), which recorded in
(Northern-west Basin) and 290.2 (ug/l) that recorded in (Main Basin).
Depending on the obtained value of chlorophyll "a" Mariout lake
classified as Hypertrophic, according to (O.E.C.D, 1982) who reported
that lake water classified as hypertrophic when chlorophyll "a" values
higher than 75 (ug/l).

Conclusion and recommendation

It could be concluded that the lake suffering from highly
eutrophication, represented by critical values of some water quality
characteristics, such as nutrients, which resulted from different effluents
that discharged into the lake. Based on that, it is highly recommended to
treat sewage, agricultural and industrial wastes dumping into the lake in
order to improve its environmental status.
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