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ABSTRACT

ake Burullus is the second largest one that is located in the Nile Delta

and is connected to the Mediterranean by a narrow outlet. This Lake

faces various anthropogenic-induced implications that threat its eco-
system and biodiversity. The prime objective of this study is investigating
the impacts of climate change and seasonal variation on water quality and
Nile Tilapia fish (Oreochromis niloticus) of Lake Burullus, during 2022.
Five stations: (1) El-Burullus drain; (2) Bougaz El-Burullus; (3) Drain (7);
(4) El-Shakhloba and (5) Mastrou were studied. Surface water samples were
collected for assessment water quality from these stations during Four sea-
sons. Also, fish serum and muscles samples were collected for biochemical
parameters. Results showed the physicochemical criteria of water quality
were attributed with seasonal variation. Salinity % of Lake water was the
highest during Winter and Spring seasons especially at Bougaz El-Burullus.
Dissolved oxygen (DO) and ammonia (NH3) were significantly increased
during Summer and Autumn. The study showed seasonal changes in the lev-
el of total protein, albumin, globulin, AST, ALT in serum of Tilapia fish.
These biochemical markers were significantly increased during summer. Be-
sides, Muscles total protein, total lipids and glycogen content were signifi-
cantly decreased during Summer comparing with other seasons.

In conclusion, Lake Burullus water quality, serum biochemical markers
and muscles content of Nile Tilapia fish are affected by climatic changes
during seasonal variation and environmental stress particularly at the dis-
charge points which must be monitored and controlled.
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INTRODUCTION:

Burullus Lake environment, the second-
largest coastal lagoon in Egypt, has deteriorat-
ed as a result of its strategic location within
the Nile Delta, where the lake receives the ma-
jority of the Nile Delta region’s drainage water
through several agricultural drains. The drain-
age water is primarily nutrient-rich freshwater
contaminated by heavy metals and agricultural
fertilizer (Hany et al. 2022; Sheta, 2019). Bu-
rullus Lake is rich in phytoplankton and or-
ganic matter, whereas the lake is categorized
as a hypereutrophic water body with poor and
declining water quality based on the trophic
state index (Elsayed et al. 2019). Twelve
Landsat images and two water indices were
used to identify spatiotemporal changes in Bu-
rullus Lake from 1972 to 2015. The results
indicated that the lake’s water area had shrunk
by about 49% of its surface area (Mohsen et
al. 2018). Mohsen et al. (2021) stated that the
water quality of Burullus Lake is in a critical
state due to drain effluents and reclamation
activities in the southern part of the lake, ac-
cording to the spatial distribution of chloro-
phyll-a, total suspended solid, pH, Fe, Zn, Cr,
and NH, levels. Shalby et al. (2020) showed
that the current hydrological, hydrodynamic,
and water quality properties of Burullus Lake
will likely change as a result of climate change
and sea level rise, which will have a signifi-
cant impact on the ecosystem’s health.

Climate change has unquestionably altered
lake ecosystems worldwide, and we expect the
long-term patterns of change observed in re-
cent decades. Interactions between climate and
other aquatic ecosystem stressors will likely
lead to unexpected, nonlinear ecological re-
sponses, resulting in more severe impacts on
aquatic ecosystems than currently observed.
Moreover, although the exceedance of temper-
ature thresholds for many aquatic species, as
well as regime shifts in the physical environ-
ment of lakes are already documented, these
will likely become more prevalent in the fu-
ture and, therefore, have widespread implica-
tions for lake ecosystems (Scheffer, 2009).
The effects of climate change often occur cu-
mulatively and interact synergistically with

multiple environmental stressors. Climate
change will exacerbate problems with water
quantity and quality, the latter including eu-
trophication, salinization, contamination, and
the spread of invasive species, to name a few
(Scheffer and Carpenter 2003). Long-term
changes in the climate, in addition to the in-
creased frequency and magnitude of heat-
waves and storms (i.e., that cause rapid nutri-
ent delivery to lakes), as well as land-use
changes, can combine to influence lake water
quality. For instance, delivering nutrients to
surface waters, industry, agriculture, and ur-
banization has contributed to a well-
documented increase in summer phytoplank-
ton blooms (often used as a proxy for poor wa-
ter quality) in many but not all lakes in recent
decades (Ho et al. 2019, Hou et al. 2022).

Lakes are also recognized as key sentinels
of climate change, which is reflected by a
wide range of physical, chemical, and biologi-
cal responses to climate variations and climate
-induced changes within the lake catchment
(Adrian 2009, Williamson 2009). Surface air
temperature is one of the most recognized in-
dicators of climate change, with global obser-
vations suggesting that temperatures have ris-
en by more than 1 degree Celsius (°C) since
the late twentieth century (GISTEMP
Team 2021). Higher inland water tempera-
tures may reduce the abundance and distribu-
tion of wild fish stocks in lakes by reducing
water quality, longer dry seasons, fish mortali-
ty, introduction of new predators and patho-
gens, and changes in the prey abundance for
fish. However, the most significant drivers of
change in inland aquaculture and fisheries will
be the floods and droughts that result from in-
creasing seasonal and annual variability in
precipitation. Climate change is already begin-
ning to affect plants and animals that live in
freshwater lakes and rivers, altering their habi-
tat and bringing life-threatening stress and dis-
ease (FAQ, 2020). The health of fish can be
affected by environmental stress, nutrition as
well as by pathogens. Stress in fish may be
induced by various abiotic environmental fac-
tors such as changes in water temperature, pH,
oxygen concentration and water pollutants in-
cluding pesticides, insecticides (Meier et al.
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1983 and Lebelo et al. 2001). The abundance
and distribution of either of the marine or
freshwater fish species is greatly affected by
the environmental conditions prevailing at
Lake Burullus (Al Sayes et al. 2007).

So, the current study was performed to in-
vestigate the effect of climatic changes, sea-
sonal variation and environmental stress on
water quality and some biochemical parame-
ters of Nile tilapia (Oreochromis niloticus)
from Lake Burullus, Egypt during 2022.

MATERIALS & METHODS
Study Area:

Lake Burullus (about 420 km?2) is shallow
slightly brackish water situated along the
Egyptian Mediterranean Sea coasts. It lies be-
tween longitude 30° 30 and 31° 10 E and lati-
tude 31° 21 and 31° 35 N. It is connected with
the sea through a narrow (50 m width) passage
called El-Burg inlet or Boughaz El-Burullus.
Also, it is subjected to huge inputs of ferrugi-
nous material and anthropogenic nutrients

30°30°

31°30°

from drains discharge, sewage and agricultural
runoff as well as reclamation programs.

Five sampling stations were studied at
Lake Burullus covering the most area of the
lake during Four Seasons, 2022 (Figure 1).
Station (1): Located in front of El-Burullus
drain. Station (2): Located in front of Bougaz
El-Burullus. Station (3): Located in front of
drain No. 7. Station (4): Located in the front of
both drain No. 8 and drain No. 9 (EI-
Shakhloba zone). Station (5): Located in the
northern side of the lake (Mastrou zone).

2.2. Sampling Strategy:

Water samples (2-3 liters) were seasonally
collected from studied stations in clean poly-
ethylene bottles, filtered and kept cool until
analysis. Fish Nile tilapia (Oreochromis nilot-
icus) samples (20.40 £ 2.31 cm and 150.22 +
52.64 g) were also collected at the same time,
transferred to the laboratory using an ice box
within 4-5 hours and kept at -20°C until dis-
sected.

31°

El-Burullus Drai
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Fig. (1): Lake Burullus Map showing the sampling stations.
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2.3. Environmental Stress:

. Water temperature was measured using 0.1
C graduated thermometer, water salinity %,
dissolved oxygen (DO) and ammonia (NH3)
were determined according to the standard
methods described in APHA (1989).

2.4. Biochemical Blood Parameters of Fish:

Blood was withdrawn from un-anesthetized
fish by caudal puncture with a non-heparinized
injection and collected in sterile closed tubes.
Blood samples were left to clot at room tem-
perature, and then kept in the fridge overnight
at 4°C. They were centrifuged at 1000 xg for
15 minutes. The supernatant serum samples
were kept at -20°C for biochemical analysis.
Total serum protein was determined by the Bi-
uret method (Weichselbaum, 1946). Albumin
was determined (Tietz, 1990) while, globulin
was calculated by subtracting serum total pro-
tein from serum albumin (Coles, 1974). Activ-
ities of AST and ALT were determined using
clinical kits of Boehringer Mannheim GmbH
(Hitachi 706 D/712, USA) method (Reitman
and Frankel, 1957).

2.5. Biochemical Muscles Parameters of
Fish:

Muscle tissue samples (wet wight) for de-
termination of total protein, total lipids and
glycogen percentage of O. niloticus were tak-
en. Muscle total protein was estimated by Biu-
ret method according to Gronall, (1949). Total
lipids were estimated according to Knight et al.
(1972). Muscle glycogen contents were deter-
mined by the anthrone method described by
Siefter et al. (1950).

2.6. Statistical Analysis:

Data obtained were statistically analyzed
using SPSS 22 for variance (ANOVA) accord-
ing to Differences between means were done at
the 5% probability level, using Duncan’s mul-
tiple range test for comparative of means with-
in columns. Correlation coefficient was esti-
mated for all Lake area under investigation.

3. RESULTS

The data obtained revealed that, no significant
variations between the water temperature at the
different stations in each season, (Table 1).

Water temperature of the lake varied from sea-
son to season. The maximum average values of
temp. (30.8 °C) were recorded in summer,
while the minimum one (15.4 °C) was rec-
orded in winter. In general, the water tempera-
ture exhibited a pronounced increase from
spring reaching its maximum in Summer.

The salinity of Lake Burullus water dif-
fered from one station to the other. The highest
values were observed at stations 1, 2 & 3 near
to El-Bougaz, that affected greatly by the inva-
sion of seawater in this area, while, the lowest
values of salinity were recorded at station 4 (El
-Shakhloba) and station 5 (Mastrou). The max-
imum value of salinity (27.1 %) was recorded
at station 2 during Winter, while the minimum
(2.1 %) was recorded at station 4 during Spring
as shown in Table (2). The highest mean value
(8.76 %) was recorded during Winter, while
the lowest mean value (5.72 %) was recorded
during Summer.

As shown in Table (3), the maximum con-
centration of dissolved oxygen (19.1 mg/l) was
recorded at station 4 during Summer while the
minimum (7.9mg/l) was recorded at station 1
during Spring. The highest average value was
recorded during Summer (15.88 mg/l), while
the lowest one was reported in Winter (10.86
mg/1).

The maximum concentration of ammonia
(30.05 pg at/l) was recorded at station 4 during
Autumn, while the minimum one (1.16 pg at/l)
was recorded at station 5 during Winter (Table
4). On the other hand, the seasonal variation of
ammonia exhibited highest average value dur-
ing Autumn (23.39 pg at/l), while the lowest
one (9.82 pg at/l) was determined in Winter.

Table (5) shows the serum AST and ALT
activities of tilapia fish samples. The mean val-
ue of AST activity ranged from 49.8 U/L dur-
ing spring to 173.4 U/L during summer. The
highest activity of AST (211 U/L) was found
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in station 3 samples during summer. The mean
value of ALT activity ranged from 5.6 U/L
during spring to 12.2 U/L during summer. The
highest activity of ALT (17 U/L) was found in
station 5 during summer. The highest AST and
ALT activities were observed during summer
compared to other seasons. AST and ALT ac-
tivities were fluctuated between different sta-
tions.

Table (6) shows the mean value of serum
total protein level of tilapia fish samples rang-
ing from 2.65 g/dl during spring to 4.32 g/dl
during summer. The highest value of total pro-
tein was 5.1 g/dl in El-Shakhloba during sum-
mer and 3.97 g/dl in Bougaz El-Burullus dur-
ing winter. The variation in total protein in fish
serum was significant (P < 0.01) during all
seasons. As shown in Table (7), the variations
in serum albumin level were significant (P <
0.05) during summer and autumn where the
highest total mean of albumin was 2.4 g/dl and
1.9 g/dl at station 4 during summer and au-
tumn respectively. The highest level of total
globulin was at stations 2 and 4 (2.9 g/dl) dur-
ing autumn. Total globulin means values
ranged from 1.77 g/dl in spring to 2.54 g/dl
during autumn. Total globulin level was signif-
icant (P < 0.01) during all seasons as shown in
Table (8).

The obtained data listed in Table (9)
showed that the highest mean value was rec-
orded at stations 2 during Four Seasons. The
seasonal variation of total protein content in
muscle of O. niloticus fish was significant (P
< 0.01) during Winter and Autumn. The high-
est mean value was recorded during Spring
(14.5 %), while the lowest one (12.97 %) dur-
ing Summer. Concerning variations between
the different stations in the total lipids in mus-
cles of O. niloticus fish during Spring were
significant (P < 0.01), where the highest mean
value (2.48 %) was determined at station 5.
The maximum value (7.29 %) was estimated
during Autumn, on the other hand, the mini-
mum one (1.26 %) was determined during
Summer (Table 10). The seasonal variation of
total lipids levels in muscles of O. niloticus
fish showed that, pronounced increase for the
mean value during Autumn (5.53 %), while it

decreased to (1.58 %) in Summer. There are
no significant variations in muscles glycogen
content of O. niloticus fish between the differ-
ent stations in each season. The maximum
content of glycogen (0.54 %) was determined
during Autumn, while the minimum one
(0.075 %) was determined during Autumn
(Table 11). On the other hand, the seasonal
variations of glycogen in muscle of O. nilot-
icus fish revealed that, the highest mean value
which recorded during Autumn was (0.24 %),
while the lowest content of glycogen (0.086
%) was recorded in Summer

Statistical analysis indicated that, a signifi-
cant positive correlation between salinity per-
centage and both total protein and glycogen
during winter and autumn (Table 12 a). During
Four Seasons, there were a significant negative
correlation between water temperature and to-
tal proteins and while the relation was non-
significant between total lipids and glycogen.
The relation between salinity percentage and
total lipids showed a significant positive corre-
lation. The relation between dissolved oxygen
(DO) and total proteins, total lipids and glyco-
gen content in muscles of Nile Tilapia showed
non-significant negative correlation. The rela-
tion between ammonia and total lipids showed
a significant positive correlation while the re-
lation was non-significant between ammonia
and glycogen (Table 12 b).
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Table 1. Values of water temperature (C° (at the different stations in Lake Burullus during 2022.

Water Temperature ( C)

Stations Winter Spring Summer Autumn
1 15 22 29 24
2 15 23 30 26
3 16 25 32 26
4 16 25 32 24
5 15 22 31 25
Range 15:16 22:25 29:32 24: 26
Mean 1544+0.24 23.4+0.68 30.8 £0.58 25+0.45

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; Values are
expressed as mean + standard error (X = SE).

Table 2. Values of salinity (S %) at the different stations in Lake Burullus during 2022.

Salinity (S %)

Stations Winter Spring Summer Autumn
1 6.1 4.7 4.6 6.2
2 7.1 222 10.5 9.5
3 3.8 3.1 6.4 9.2
4 3.9 2.1 3.7 3.7
5 2.9 2.9 34 32
Range 29:27.1 2.1:222 3.4:10.5 3.2:95
Mean 8.76 +0.79 7+3.82 572+1.3 636+14

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: EI-Shakhloba; 5: Mastrou; Values are
expressed as mean + standard error (X £ SE).

Table 3. Values of dissolved Oxygen (mg/]) at the different stations in Lake Burullus during 2022.

DO (mg/l)

Stations Winter Spring Summer Autumn

1 9.1 7.9 12.9 12.9

2 12 12.1 17.5 11.4

3 10 13.3 18.3 11.8

4 9.1 12.9 19.1 13.8

5 14.1 10 11.6 15.9
Range 9.1:14.1 7.9:13.3 11.6:19.1 11.4:15.9

Mean + SE 10.86 +0.97 11.24 £1.01 15.88 £1.52 13.16 = 0.804

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; Values are expressed
as mean * standard error (X £ SE).

Table 4: Values of ammonia ((ug /1) at the different stations in Lake Burullus during 2022.

NH3 (ug /1)
Stations Winter Spring Summer Autumn
1 17.33 10.23 26.19 389
2 5.29 4.18 7.9 7.15
3 13.82 11.06 6.59 9.99
4 11.52 14.65 8.4 30.05
5 1.16 9.15 7.59 9.88
Range 1.16:17.33 4.18 :14.65 6.59:26.19 7.15:30.05
Mean = SE 9.82+292 9.85+1.69 11.33+3.72 23.39+9.03

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; Values are ex-
pressed as mean + standard error (X + SE).
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Table 5. Serum AST and ALT (U/L) activities of tilapia (O. niloticus) from Lake Burullus during 2022.

AST (U/L) ALT (U/L)

St. Winter Spring Summer Autumn Winter Spring Summer  Autumn
1 52+£1.2° 50+1.2° 210+5.8"  195+5.8° 5+£09° 4+09¢ 12+12° 10+1.2°
2 50+£23"  45+23° 125£2.9%  117£2.9° 10+1.2° 8+1.2° 12412 7+12¢
3 52+12° 47+1.2¢ 211 +£5.8 210+5.8° 5+£0.9° 5+£09° 12+12° 8+12°
4 59+1.7°  55+1.7° 134+23°  129+23¢ 4+06°  7+06° 8+1.7° 5+1.7°
5 89+£23* 52+23° 188+£1.7° 180+ 1.7 7+03°  4+03¢ 17+£1.2*  12+1.2°
Mean 622+39 498+15 1734+64 1664+24 62+0.7 3.6£09 122408 8.4%1.3
Sig. Hokok *k ok ok *k Hok * EEE *k

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; Values are expressed
as mean + standard error (X £ SE); a, b, Significant difference using Duncan's multiple range test for compar-
ative of means within the same column at (P < 0.05); N.S: No significant; *, P <0.05; **, P <0.01.

Table 6.Serum total protein level (g/dl) of tilapia (O. niloticus) from Lake Burullus during 2022.

Total protein in serum (g/dl)

Stations Winter Spring Summer Autumn

1 2.79 +0.03° 2.29+0.01° 4.1+0.06° 3.8+0.02°
2 3.79 + 0.01% 3.29+0.01% 45+03° 42+0.03°
3 3.39+0.052° 2.89 +0.022° 3.9 +0.23¢ 3.6 +0.20¢
4 3.39+0.02° 2.89+0.12° 5.1 +£0.06% 4.8 £ 0.04°
5 3.4+023° 2.9+0.13° 3.7+0.12° 3.4+0.11°
Mean 3.35+0.09 2.65+0.05 432+0.16 3.96 + 0.06

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; Values are expressed
as mean =+ standard error (X + SE); a, b; Significant difference using Duncan's multiple range test for com-

parative of means within the same column at (P < 0.05); N.S: No significant; *, P <0.05; ** P <0.01.

Table 7. Serum total albumin level (g/dl) of tilapia (O. niloticus) from Lake Burullus during 2022.

Total albumin in serum (g/dl)

Stations Winter Spring Summer Autumn

1 1.1+0.12¢ 0.9+0.01" 2403 1.5+0.02°
2 1.68 +0.16° 113 £ 0.06° 2.1:40.06™ 1.340.03%
3 1.16 + 0.03° 1.06 + 0.01° 1.6 +0.06° 1.1+0.01°
4 1.27 +0.04° 1.17 +0.02% 24+0.23" 1.9+0.03*

5 1.27 = 0.04° 1.20 = 0.02° 2.1+0.06" 1.31+0.03®
Mean 1.29+0.12 1.09 + 0.05 2.04+022 1.42 £ 0.01
Sig. N.S. NS. x *

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; Values are ex-
pressed as mean + standard error (X + SE); a, b, Significant difference using Duncan's multiple range test

for comparative of means within the same column at (P < 0.05);

N.S: No significant; *, P <0.05; **, P <0.01.
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Table 8. Serum total globulin level (g/dl) of tilapia (O. niloticus) from Lake Burullus during 2022.

Total globulin in serum (g/dl)

Stations Winter Spring Summer Autumn
1 1.69 £ 0.09° 1.39+0.05° 2.1+0.23%™ 2.3+0.03°
2 2.11+0.15° 2.19+0.10° 24+023° 2.9+0.20°
3 2.23+0.02° 1.83 +0.02° 2.3+0.17%® 2.5+0.13°
4 2.12+0.02° 1.72 £0.02¢ 27+0.17° 29+0.11°
5 2.13+022° 1.7 £0.22% 1.6 +0.06° 2.09 + 0.04¢
Mean 2.06+0.07 1.77+0.03 2.22+0.11 2.54 +0.08

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; Values are expressed
as mean =+ standard error (X + SE); a, b, Significant difference using Duncan's multiple range test for compar-

ative of means within the same column at (P < 0.05);
N.S: No significant; *, P < 0.05; ** P <0.01

Table 9. Muscles total protein content (%) of Tilapia (O. niloticus) from Lake Burullus during 2022

Muscles total protein % (wet of weight)

Stations Winter Spring Summer Autumn
1 14.16+0.48 a 14.1+£0.52¢ 13.36 £ 0.36 b 12.76 £ 0.65 ¢
2 1431+0.16 a 1555+£0.73 a 1345+1.05a 1531+0.87a
3 13.02+0.09b 13.49+£0.88 d 11.89 £ 0.81d 12.05+£0.09d
4 13.21+043b 14.51+0.05 ab 13.09+£0.99 ¢ 11.90+0.28 ¢
5 13.02+0.16 b 14.87+042b 13.06 £ 0.3 bc 13.09+0.82 b
Mean 13.54+£0.17 14.5+0.34 12.97 £0.32 13.14+0.41
Sig. * N.S. N.S. *

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; %: wet wight; Values
are expressed as mean + standard error (X + SE); a, b, Significant difference using Duncan's multiple range
test for comparative of means within the same column at (P < 0.05);

N.S: No significant; *, P <0.05; **, P <0.01.

Table 10. Muscles total lipids content (%) of Tilapia (O. niloticus) from Lake Burullus during 2022.

Muscles total lipids % (wet of weight)

Stations Winter Spring Summer Autumn
1 2.14+0.07 ¢ 1.57£0.14 ce 1.26+0.16 ¢ 6.64+£0.71b
2 2.32+0.07 ab 1.59+0.12 ¢ 1.97+0.55a 729+0.82a
3 2.22+0.07 ab 1.86+0.14 ¢ 1.65+0.01 ¢ 4.18+0.31e
4 2.80+0.29 a 2.03+0.11b 1.33+£0.17d 424+032d
5 2.54+023b 248 £0.16 a 1.72+0.26 b 4.98+036¢
Mean 2.4+0.09 1.91£0.09 1.58+0.13 5.53+0.52
Sig. N.S. *E N.S. N.S.

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; %: wet wight; Val-
ues are expressed as mean + standard error (X = SE); a, b, Significant difference using Duncan's multiple

range test for comparative of means within the same column at (P < 0.05);
N.S: No significant; *, P <0.05; **, P <0.01
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Table 11. Muscles glycogen content (%) of Tilapia (O. niloticus) from Lake Burullus during 2022.

Muscles glycogen % (wet of weight)

Stations Winter Spring Summer Autumn

1 0.19+0.023 b 0.19+£0.01 ¢ 0.075 £ 0.04 ab 0.31+022b
2 0.22+0.07 a 0.21+0.01ab 0.08 +0.01 ab 0.54+0.27a
3 0.16+0.01d 0.23+£0.01b 0.09+£0.01b 0.12+0.1c
4 0.18 £ 0.026 ab 0.22+£0.03 ab 0.075 £ 0.04 ab 0.08 £0.04d
5 0.178 £0.01 ab 0.25+£0.024 a 0.11+£0.02a 0.13+0.05¢
Mean 0.187+0.01 0.22 +0.006 0.086 + 0.009 0.24 +£0.08
Sig. N.S. N.S. N.S. N.S.

1: El-Burullus Drain; 2: Bougaz El-Burullus; 3: Drain (7); 4: El-Shakhloba; 5: Mastrou; %: wet wight; Val-
ues are expressed as mean + standard error (X + SE); a, b, Significant difference using Duncan's multiple

range test for comparative of means within the same column at (P < 0.05);
N.S: No significant; *, P < 0.05; ** P <0.01.

Table (12 a): Correlation coefficient between total protein, total lipids, glycogen contents in muscles of O.
niloticus and some phsico-chemical parameters of Lake Burullus at different stations during
each season, 2022.

Winter
Variables Temp. S% DO NH3
Total proteins -0.614 0.976 ** -0.158 0.182
Total lipids 0.362 -0.514 0.117 - 0.407
Glycogen - 0.645 0.836 * 0.203 -0.293
Spring
Total proteins -0.419 0.724 0.04 - 0.640
Total lipids -0.036 -0.533 0.074 0.318
Glycogen 0.147 -0.320 0.371 0.108
Summer
Total proteins -0.679 0.092 -0.352 0.411
Total lipids 0.05 0.719 0.088 -0.639
Glycogen 0.273 -0.274 -0.527 - 0.446
Autumn
Total proteins 0.493 0.918 * -0.321 -0.543
Total lipids 0.104 0.711 0.379 -0.187
Glycogen 0.352 0.891 * -0.571 - 0.331

** correlation is significant at (P < 0.01); *, correlation is significant at (P < 0.05).

Table (12 b): Correlation coefficient between total protein, total lipids, glycogen contents in muscles of
O.niloticus and some phsico-chemical parameters of Lake Burullus at different stations during
four seasons 2022.

Variables Temp. S% DO NH3
Total proteins -0.908 * - 0.486 - 0.651 - 0.442
Total lipids -0.043 0.955 * - 0.047 0.961 *
Glycogen -0.508 0.585 - 0.730 0.465

** correlation is significant at (P < 0.01); *, correlation is significant at (P < 0.05).
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DISCUSSION:

Burullus Lake has faced numerous major
issues over the last four decades as a result of
intensive aquaculture and agriculture activities
along with uncontrolled urbanization. These
activities have led to increasing pollution and
area loss, which have accelerated the deterio-
ration of its entire environmental system, in-
cluding the water quality of lake (Hany et
al. 2022). The Egyptian government devel-
oped the lake by dredging it, deepening the
inlet link between the lake and the Mediterra-
nean Sea, and removing weed (Zaghloul et al.
2022).

There was little variation in the water tem-
perature between the sites, and it mirrored the
air temperature. Water temperatures vary with
changing climatic conditions; this variation in
temperature is due to the shallowness and the
common mixing of water by wind. In general,
the water temperature exhibited a pronounced
increase from spring reaching its maximum in
Summer (Table 1).

Salinity was gradually decreased from the
eastern to the western sector of lake and dis-
turbed in the last few years, due to the invasion
of drainage water into the Lake with huge
amounts and decreasing of seawater entering
the lake, so the salinity of Lake was fluctuated
from time to time (Table 2). Also, the incre-
ment in salinity may be attributed to evapora-
tion and/or leaching of salts (Saleh et al.
1988). These results are in agreement with
those obtained by Eh Rak et al. 2022) where
reported that, the constant flow of drainage
water and the influx of seawater from Boughaz
are the most significant influences on the TDS
contents in the water of Lake. With the great-
est values reported in the winter and the lowest
in the summer, TDS demonstrated significant
spatial variability without temporal variation.

The dissolved oxygen (DO) was seasonal
variation in lake and exhibited a considerable
degree of fluctuation where the total average
of DO range from 15.9 mg/l during summer to
10.9 mg/l during winter (Table 3). These ob-
servations cleared that the levels of oxygen in
Lake Burullus correlated mainly with the load

of organic pollutants discharged from the
drains, seasonal climatic variation and the con-
ditions of each station that were further away
or near the point of discharge. The highest val-
ues of DO in summer were due to the continu-
ous discharges during this season which con-
sume oxygen through biochemical reactions at
high temperature. Abdelhamid (2003) showed
that DO levels were affected negatively by ele-
vating water temperature and salinity. On the
other hand, Radwan (2007) reported the in-
crease in organic pollution in Lake led to in-
crease in DO levels. Al-Sayes et al. (2007)
reported that the shallowness of Lake affected
DO, water temperature, wind action, photosyn-
thetic activity as well as the oxidation process-
es of organic matters originating from the dis-
charges into the lake. Abdel-Satar (2008)
cleared that, the drop in DO may be caused by
drainage water where organic wastes and some
inorganic compounds exert an oxygen demand
upon decomposition that lowers the level of
dissolved oxygen below needed by aquatic
life. However, a high value of DO in the water
system may result from the presence of photo-
synthetic phytoplankton (Eh Rak et al. 2022).
Therefore, oxidation—reduction  processes
along with photosynthetic activity and a load
of organic materials discharged into the lake
through the drains are the main factors control-
ling DO distribution (Khalil, 2018). It has been
observed that there is a significant increase in
the average DO value (15.88 mg/L) for this
result compared to that of Hany et al. (2022)
(6.0 mg/L). Generally, most DO values of the
sampling sites indicate that the lake is healthy
and can sustain aquatic organisms’ needs.

Most of the total soluble inorganic nitrogen
was found to be NH;-N. As shown in Table
(4), the level of ammonia (NH3) in lake water
varied according to site and season, (9.82 pg/l
during Winter to 23.39 pg/l during Autumn).
The highest level was recorded at stations
which affected by sewage, fish farms effluents
and huge amount of agricultural drainage wa-
ter that discharged from drains which sur-
rounded by reclaimed lands during the periods
of irrigation and not due to the anaerobic con-
dition with depleted oxygen. Abdelhamid
(2003) mentioned that the toxic level of NH;
for fish is 0.6 -2.0 mg/1 and the critical level of
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ammonia in water for fish is 2 — 3 mg/l. In ad-
dition, NHj level is influenced by pH and tem-
perature of water Abdelhakeem et al.
(2002). The exposure of fish to high levels of
ammonia in the environment leads to convul-
sions due to the increase of ammonia in blood
which is turn may limit exercise (Hillaby and
Randall, 1979).

Climate change-induced extreme tempera-
ture events are becoming more intense and fre-
quent. For fish, temperature is the master abiot-
ic factor that controls and limits fish develop-
ment and physiology at all stages of aquacul-
ture and ecosystem. In fish and other animals,
during thermal stress, functional tissues and
organ damage release some specific cellular
enzymes into the bloodstream and can be used
as stress indicators (Krajnovic-Ozretic & Oz-
retic, 1987; Roychowdhury et al. 2020).
These agree with our results (Table 5) which
indicated that tilapia serum AST and ALT ac-
tivity was significantly varied between stations
and seasons, where it was highest during sum-
mer (29: 32°C). Also, the pollution of aquatic
media with metals, pesticides and domestic
waste, lead to an increase in the serum AST,
ALT and LDH enzyme activities of fish
(Borges, et al. 2007).

Total serum protein is a useful indicator in
diagnosis offish disease. The majority of plas-
ma proteins which are synthesized in the liver
are used as indicators of liver impairment
(Banaee, 2012 and Salaah et al. 2018). Also,
serum albumin in fish is involved in metabo-
lism and plays an important role in transport
functions of exogenous chemicals and endoge-
nous metabolites. Thus, serum albumin is con-
sidered as a diagnostic tool which reflects the
liver function, metabolic status and stress con-
ditions in fishes (Vijayan, et al. 2010). In the
present study, highest level of serum total pro-
tein, serum albumin of O. niloticus fish collect-
ed from Lake Burullus were (4.32 g/dl) and
(2.04 g/dl) respectively during summer. Serum
total protein, albumin and globulin levels were
significantly varied between seasons (Tables 6,
7 and 8). The observed hyperproteinemia and
hyperalbuminemia in the present study may be
due to activation of metabolic systems as a re-
sponse to pollutants exposure, or the induction

of protein synthesis and degradation of the cel-
lular material in the liver caused by liver dam-
age, due to the stressful condition of water pol-
lution (Al-Attar 2005 and Zaki, et al. 2008).

Biochemical parameters in blood serum of
O.niloticus collected from Rosetta branch
showed a positive correlation with EC, DO,
BOD, COD, TDS, nitrite, nitrate and ammonia
in water, that means these characteristics affect
and relate to each other (Salaah et al. 2018).

Our results indicated the muscles total pro-
tein, total lipids and glycogen content of Nile
tilapia exposed to environmental stress and
pollution in Lake Burullus were varied accord-
ing to sites and seasons. The highest value of
total protein percentage in fish muscles was
recorded during Spring, whereas, both total
lipids and glycogen were highest during Au-
tumn. Whereas, the lowest percentage of mus-
cles total protein, total lipids and glycogen
(12.97 %, 1.58 % and 0.086 %) were recorded
in Summer, respectively. El-Serafy et al.
2005, indicated the seasonal variations in the
content of protein, fat, carbohydrate, water,
ash; and found a direct relationship between fat
and protein.

The correlation between the water tempera-
ture and total protein, total lipids and glycogen
content in fish muscles was negatively corre-
lated (Tables 12 a, b). The previous observa-
tions were coincided with Rome et al. 1985
who reported that, oxygen content decrease
with an increase in temperature due to the re-
duction of oxygen solubility in water with in-
crease in water temperature, O, carrying capac-
ity of the blood reduced leading to a reduction
in assimilation of glycogen and total protein.
Also, the results observed a positive correlation
between salinity % and both total lipids and
glycogen, whereas total protein was negatively
correlated. Hillman, 1984, indicated that salini-
ty plays an important role in the assimilation
processes for the content of glycogen, protein
and lipids in fish muscles where the activity
and swimming capacity is reduced dependent
upon the degree to which plasma ion levels
become elevated leding to the direct effect on
the reduction of hemoglobin oxygen affinity
leading to a reduction in oxygen delivery to the
muscle and also affect muscle contractile, thus
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an increase in glycogen content occur. Our re-
sults cleared that; Ammonia exhibits insignifi-
cant negative correlation with Glycogen con-
tent in muscles of fish. These agree with Ye
and Randall (1991) who reported that, no di-
rect evidence for an effect of elevated ammo-
nia in the environment on muscle contractile
and consuming glycogen in muscles, thus the
relation was insignificant, while the relation
was positive significant with total lipids. Also,
DO was nonsignificant negatively correlated
with total protein, total lipid and glycogen in
fish muscles these may be due to the decompo-
sition of glycogen into glucose which increase
in the blood giving a significant positive corre-
lation with DO in the environment. These ob-
servations were coincided with  Ba-
shamohideen and Parvatheswararas (1972)
who reported that the DO increases blood gly-
cogen of Tilapia fish especially with the high
levels of salinity.

In conclusion, climatic changes and the
seasonal variation of the qualitative parameters
showed that biochemical parameters in fish
serum and muscles changed according to sea-
sons and the source of pollution, where they
were significantly correlated with environmen-
tal stress. Restricted precautions should be tak-
en to obtain high-quality fish from Lake Bu-
rullus. However, studies on the interactive ef-
fects of extreme temperature events with other
associated environmental stressors are needed
across a broader range of species to gain a bet-
ter understanding of fish response and aquacul-
ture performance during extreme temperature
events. Moreover, for fish, studies on alterna-
tive species, development of stress-tolerant
strains, and the possibilities of nutritional miti-
gation measures as a potential option to com-
bat extreme temperature stress are promising
and should be pursued in future studies.
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