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Abstract: Lake Manzala is known to be from the most significant sources of inexpensive different fish 

species for human consumption in Egypt. The Lake receives pollution from various sources; domestic 

wastewater, industrial wastewater, and agricultural drainage directly without any treatments, which lead 

to many environmental disorders. The following research was conducted for lake water quality 

evaluation and how it impacts the expression of Tumor necrosis factor- α (TNF- α) and Interleukin-1 

(IL- 1) immune genes. Sampling was done seasonally from October 2015 to September 2016, where 

water and fish samples were collected from 4 locations in El Manzala Lake after mixing with Bahr El 

Baqr drain (sampling points were 4 km apart from each other). Average values of dissolved oxygen, 

chemical oxygen, and biological oxygen demand were 6.7 mg O2/l, 139.4 mg O2/l, 92.8 mg O2/l, 

respectively.  For the Nitrogen group, the average concentration of ammonia, nitrite, and nitrate was 

0.7 mg/l, 0.38 mg/l, and 0.38 mg/l, respectively. The average records of total bacterial count and total 

and fecal coliform suggesting high loads of contaminants, particularly in sampling sites close to Bahr 

El Baqr drain. The relative occurrence of cyanobacteria in water samples was influenced by increasing 

lake water temperature. The expression of the immune genes for TNF- α and IL- 1 in Nile Tilapia fish 

liver was confirmed by RT-PCR. The results showed up-regulation of these genes in the liver of Nile 

Tilapia fish, especially in warm seasons (summer, late summer). TNF-α and IL- 1 level in Nile Tilapia 

fish could be used as early diagnostic indicators to different environmental events and also are helpful 

and reliable bioindicators in estimating pollutants of the aquatic environment. High levels of pollution 

in El Manzala Lake were recorded in this study that may proceed with health risks to a human. 

Therefore, the Lake needs proper policies to protect and preserve its ecological integrity and 

biodiversity. 

Keywords: El Manzala Lake; water pollution; immune genes (TNF- α and IL-1 gene) and Nile 

Tilapia (Oreochromis niloticus). 
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1. Introduction 

El Manzala Lake is a brackish shallow water lake and considered to be the largest 

coastal Lake along the Nile Delta. It is located between the Damietta River Nile branch and the 

Suez Canal with a length of 50 km along the coast of the Mediterranean Sea [1].  From the 

northern side, the Lake connects to the Mediterranean sea through EL Gamil Canal, while from 
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the eastern side, the Lake is connected with Suez Canal through the El Qabouty Canal [2]. The 

average fish production of El Manzala Lake is 60,000 tons annually, where tilapia represents 

more than 65% of fish species in the Lake. Despite that, the Lake is suffering from a significant 

water pollution problem represented in wastewater effluent discharge in the Lake and land 

reclamation [3]. The Lake was exhibited to many threats during the last six decades due to 

agricultural drainage, municipal and industrial wastewater affecting lake biodiversity greatly 

[4]. A sum of 3.7 km3 of freshwater (mainly from agriculture drainage) flow yearly to the Lake 

from four main drains: Bahr El Baqar drain, Al Sarw, Freskur, and Al Hadous drain. The Bahr 

El Bakr drain is at the top of the list of drains that discharge their wastewater to the Lake, [5] 

and one of the most polluted drains [6]. The decline of water quality conditions such as 

temperature, hypoxia will, in turn, induce the immune system of fish and result in fish 

susceptibility to pathogenic infection and consequently affecting the lake fish yield [7, 8, 9].  

Cytokine releasing is one of the most relevant tools for the investigation of immune system 

toxicity [7]. Cytokine group is immune modulators involved in chemotaxis, complement 

activation, and pathogen killing and opsonization in the phagocytosis process [10, 11]. One of 

the cytokines is Interleukin (IL) was secreted by many cells and affecting a variety of cells that 

is responsible for expression in addition to regulation of organism’s immune response. The 

Tumor Necrosis Factor (TNF-α) is one of the smallest proteins produced by macrophages, 

which had a prim role in the organism's innate immunity [12, 13]. Such inflammatory agents 

impact the synthesis of many other immune-related pathways markers and also enzyme 

efficiency. It was proved previously that both IL-1 β and α are able to initiate inflammation by 

adjusting the expression of the other cytokines [14]. To reveal the effect of water pollution on 

El Manzala Lake, cytokines (TNF- α and IL-1genes) levels were determined. Therefore, the 

aim of the present work is to assess the impact of water pollution on the aquatic life of El 

Manzala Lake through studying the physicochemical and microbiological quality of the 

southern side of the Lake. Also, examining the changes of TNF- α and IL-1genes of Nile 

Tilapia fish (Oreochromis niloticus) was carried out by Semi-quantitative RT-PCR. 

2. Materials and Methods 

 2.1. Sampling sites. 

Water samples were collected at the southern side of El Manzala Lake after mixing with 

Bahr El Baqr drain, at four sampling sites, Site 1: after 2 km from Bahr El Baqr drain, Site 2: 

after 4 km from Bahr El Baqr drain, Site 3: after 8 km from Bahr El Baqr drain and Site 4: after 

12 km from Bahr El Baqr drain (figure 1). 

 
Figure. 1. Map of El Manzala Lake showing sampling locations. 
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2.2. Water sampling. 

Water samples were taken seasonally (three samples were taken from each site) during 

October 2015-September 2016. Surface water samples were collected in a 1-literplastic bottle 

for the physicochemical analysis and 1-literglass bottle for the microbiological analysis [15]. 

The samples were transported within 3 hours in an icebox to biotechnology and biodiversity 

conservation laboratory, Centre of Excellence for Advanced Sciences, National Research 

Centre. 

2.3. Fish samples. 

During the period of October 2015-September 2016, Nile Tilapia fish (Oreochromis 

niloticus) were collected seasonally from Manzala Lake after mixing with Bahr El Baqr (from 

site 2). In addition, Control fish samples of Nile Tilapia were collected from the National 

Research Centre farm at EL-Noubarya, Egypt. Fish samples were transported to biotechnology 

and biodiversity conservation laboratory, Centre of Excellence for Advanced Sciences, 

National Research Centre in an icebox for the gene expression analysis. 

2.4. Physicochemical analysis of water. 

Temperature and pH were measured in the field using a portable pH meter (Model 

Jenway). Dissolved oxygen (DO) was determined in the field using (Oxygen meter model). For 

the analysis of biological oxygen demand (BOD), chemical oxygen demand (COD), total 

dissolved solids (TDS), salinity, ammonia (NH4-N) nitrogen, nitrite nitrogen (NO2-N) and 

nitrate-nitrogen (NO3-N), they were done using the standard method of water analysis [15].  

2.5. Microbiological examination of water samples. 

Ten ml of each water sample was serially diluted in sterile saline water (NaCl 0.85%) 

to the appropriate dilutions for the microbiological analysis. The pour-plate technique was 

applied to enumerate total bacterial count (TBC) using plate count agar medium (tryptone 

glucose yeast extract agar), [16], and Staphylococcus aureus using Vogel Johnson agar [17]. 

The same technique was used to determine the count of spore-forming bacteria (SFB), but all 

dilution tubes were pasteurized at 80 ºC/15 min., followed by sudden cooling before the plating 

step.  The total and fecal coliforms were determined using the Most Probable Number (MPN) 

method (FDA/BAM 2002, updated 2013). The medium used for the possible test was lauryl 

tryptose broth. Brilliant green lactose bile (BGLB) broth and EC broth were used for the 

confirmation test of total and fecal coliforms, respectively. Also, the relative occurrence of 

cyanobacteria was tested using enrichment culture technique and BG-11 broth [18]. 

2.6. Gene expression of fish. 

2.6.1. Fish sample preparation. 

Tilapia fish samples were collected from El Manzala Lake, and a control fish were collected 

from the National Research center farm station, ELNoubariya Province, Alexandria Desert 

Road, EL Behera Governorate Egypt. In the laboratory, Liver organs were dissected 

aseptically. Afterward, liver samples were preserved at-80°C until further analysis. 
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2.6.2. RNA extraction. 

Total RNA was isolated from 30 to 50 μg of liver tissue using BioFlux DNA/RNA 

extraction, purification kit from Bioer Technology Co., Ltd, China, following the 

manufacturer’s protocol. 

 

2.6.3. Reverse transcription. 

The complete Poly(A)+ RNA isolated fish samples were reversely transcribed into 

cDNA in a total volume of 20 μl using PCR/RT-PCR Kit, Bioer, China, and following the 

manufacturer’s protocol. The composition of the reaction mixture, termed as master mix (MM), 

consisted of 50 mM MgCl2, 10x reverse transcription (RT) buffer (50 mM KCl; 10 mM Tris-

HCl; pH 8.3), 10 mM of each dNTP, and 50 μM of oligo (dT) primer. The RT reaction was 

carried out at 25°C for 10 min, followed by 1 h at 42°C, and finished with denaturation step at 

99°C for 5 min. Afterward, the reaction tubes containing RT preparations were flash-cooled in 

-80 °C until being used for DNA amplification through polymerase chain reaction (PCR) [19]. 

2.6.4. Polymerase chain reaction (PCR). 

The first-strand cDNA from different fish samples was used as templates for RT-PCR 

with a pair of specific primers. The sequences of specific primer and product sizes are listed in 

Table 1.  

β-Actin was used as a housekeeping gene for normalizing mRNA levels of the target 

genes. The reaction mixture for RT-PCR was consisted of 10 mM dNTP’s, 50 mM MgCl2, 10x 

PCR buffer (50 mM KCl; 20 mM Tris-HCl; pH 8.3;), and autoclaved water. The PCR cycling 

parameters were one cycle of 94°C for 5 min, 40 cycles of 94°C for 10 s, 55°C for 30 s, 72°C 

for 40 s, and a final cycle of 72°C for 7 min. The PCR products were then loaded onto 2.0% 

agarose gel, with PCR products derived from β-actin of the different fish samples [20].  

 

Table 1.Primers used for gene expression. 

2.7. Statistical analysis. 

Data were analyzed using a one-way analysis of variance (one-way ANOVA) to check 

the significant differences between the studied physicochemical and microbiological 

parameters at different pollution sites where the comparison between means was determined 

by Dunken (P≤0.05). 

 

 

 

 

 

Reference PCR  product 

size(bp) 

Primer sequence gene 

[21] 
165 

F:TGGGGCAGTATGGCTTGTATG 

R: CTCTGGCACCCTAATCACCTCT 

β-Actin 

 

[19] 
339 

F:GCTGGAGGCCAATAAAATCA. 

R: CCTTCGTCAGTCTCCAGCTC. 

TNF- α 

 

[19] 
371 

F:TGCTGAGCACAGAATTCCAG. 

R: GCTGTGGAGAAGAACCAAGC. 

IL- 1 
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3. Results and Discussion 

3.1. Physicochemical analysis of El Manzala Lake water.  

3.1.1. Physicochemical analysis of El Manzala Lake water sample. 

Physicochemical analysis of water in the study are presented in Table 2. The results of 

pH in El Manzala Lake ranged from 7.2-8.2 during the period of study. The results showed that 

the concentration of total dissolved solids (TDS) ranged from a minimum value of 23.6 g/l to 

a maximum value of 39 g/l with an average value of 28.7 g/l The corresponding values of the 

salinity were 2 g/l, 3.4 g/l and 2.6 g/l for the minimum, maximum and average value, 

respectively. For the DO, COD and BOD, the results revealed that the average values were 

6.7mg O2/l for the DO, 139.4 mg O2/l for the COD and 92.8mg O2/l for the BOD.  In this study, 

the ammonia concentrations ranged between 0.0 to 2.6 mg N/l with 0.70 mg N/l as an average 

value. The nitrite concentrations recorded maximum value of 1.6 mg N/l and an average value 

of 0.38 mg N/l. The nitrate concentrations recorded maximum value of 1.6 mg N/l and an 

average value of 0.38 mg N/l and. For total phosphorus, the results showed an average value 

of 0.40 mg/l and a maximum value of 0.9 mg/l. 

In the present study, The values of total dissolved solids are higher than the values 

measured by [2]. The values of salinity are in the same accordance with [9]. The variation of 

results is due to the Lake receiving large quantities of different drainage effluent with high 

nutrient concentration and low level of salinity, as reported by [1]. The variation in the 

physicochemical parameters results could be attributed to the variation in the sampling sites, 

which is influenced by the distance from Bahr El Baqr drain inlet and each sampling site 

location. The results of DO and BOD are in accordance with [2], which is indicative of the 

presence of non-biodegradable pollution sources [22]. The results of ammonia and nitrite are 

higher than the permissible limits of the Egyptian legislation of the national law 48/1982 and 

in accordance with [1]. The presence of ammonia and nitrite; they are considered to be toxic to 

aquatic life;  it is attributed to the presence of fecal coliform bacteria coming with drains 

entering El Mazala Lake [22]. High values of both COD and NO3 may be referred to as 

microbial pollution [23]. For the TP results are lower than the permissible limits of the 

Egyptian legislation of the national law 48/1982 but indicate the Lake being eutrophic.  

Table 2. Physicochemical analysis of water samples collected from El Manzala Lake. 

Parameter Unit Minimum Maximum Average +SD Permissible limits* 

Temp ◦C 16 32 - <35° C 

pH 
 

6.7 7.9 - 6.0-9.0 

Salinity g/l 2 3.4 2.6±0.4 - 

DO  mgO2/l 1.8 9.7 6.7±2.45 >4 

COD mg/l 38 459 139.4±115 - 

BOD mg/l 25 306 92.8±76.6 - 

TDS  g/l 23.6 39 28.7±496 <650 

NH4-N mgN/l 0.0 2.6 0.70±0.73 <0.5 

NO2 mg NO2/l 0.0 1.6 0.38±0.46 <0.3 

NO3 mg NO3/l 0.0 1.6 0.38±44 11.3-45 

TP mg /l 0.1 0.9 0.40±0.26 1.0 

*Permissible Limits of Egypt legislation of the national law 48/1982. 

3.1.2. Microbiological analysis of El Manzala lake water samples. 

The microbiological parameter values presented in Table 3, total coliform, showed 

higher values than the limits of the Egyptian legislation of the national law 48/1982. The 

https://doi.org/10.33263/LIANBS94.16951704
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS94.16951704  

https://nanobioletters.com/ 1700 

highest values were recorded in site 1 for the total bacterial count, total coliform, fecal coliform, 

and Staph spp, which is an indication of high waste discharge loads into the lake water [1]. The 

decrease in salinity in the southern side of EL Manzala lake is one of the main factors for 

microbial community diversity. Overall the microbiological and chemical values are 

decreasing as the sampling point is further away from the source of pollution (Bahr El Baqr 

drain), and these results are in accordance with [24] who studied the microbial profile of 

Burullus lake in Egypt. 

Table 3. Microbiological analysis of water samples collected from El Manzala Lake. 

Sampling site Site 1 Site 2 Site 3 Site 4 

 ×105 ×105 ×105 ×105 

Total bacterial count (cfu/100ml ) 

Minimum 24 10 1.2 0.2 

Maximum 820 380 90 60 

Average 500 190 40.56 39.6 

Spore forming bacteria (cfu/100ml) 

Minimum 0.3 0.2 0.05 0.02 

Maximum 0.46 0.4 0.09 0.03 

Average 0.32 0.27 0.028 0.01 

Total coliform (Cell/100ml) 

Minimum 4 0.3 0.02 0.02 

Maximum 596 5.9 0.5 0.5 

Average 265 2.19 0.24 0.19 

Fecal coliform (Cell/100ml) 

Minimum 3 0.06 0.02 0.03 

Maximum 253 2.5 0.5 0.5 

Average 122 1.1 0.16 0.16 

Total Staph. aureus (cfu/100ml) 

Minimum 3.3 1.5 0.04 0.02 

Maximum 5 3 0.71 0.19 

Average 4.1 2.2 0.3 0.08 

Regarding the occurrence of cyanobacteria in El Manzala Lake, blooms of 

cyanobacteria appeared in the Lake through the summer season period of the study. The relative 

occurrence of cyanobacteria was lower in cold seasons than in warm seasons, table 4.[25] 

studied the phytoplankton in the drains discharging wastewater into El- Manzala Lake and 

found a total of 163 phytoplankton taxa, including Chlorophyceae, Cyanophyceae, 

Bacillariophyceae, Euglenophyceae, Dinophyceae, Conjugatophyceae, Synurophyceae, and 

Xanthophyceae.  

Table 4. Relative occurrence of cyanobacteria in Manzala lake. 

Sampling sites Autumn Winter Spring Summer Late Summer 

Site 1 + + ++ +++ +++ 

Site 2 + + ++ +++ +++ 

Site3 + + ++ +++ +++ 

Site4 + + ++ +++ +++ 

3.2. Gene expression analysis. 

Fish body temperature is influenced by their surrounding environment [26] so that 

temperature variation had a high impact on fish physiology, including immune system 

regulations [27] and fish susceptibility to different bacterial pathogens [28]. TNF- α gene is a 

pro-inflammatory cytokine that is from the essential immune genes expressed vastly before 

other genes in the primary stages of fish infection. Moreover, it has a crucial role in adjusting 

inflammations. Similar to the mammalian counterparts, there is a correlation between fish 

TNF- α gene and IL-1 gene [29, 30].  Cytokine transcription variation (TNF-α, IL-1) in fish 
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under variable temperatures were recorded [31, 32, 33] and also many environmental stressors 

[34]. In this study, the TNF and IL-1 gene expression levels were up-regulated in warm seasons  

(Summer, late Summer), and the lowest levels were reported in the winter season. Whereas  

TNF-α and IL- 1 gene expression in the control group were constant regardless of the season, 

as shown in Figures 2 and 3. Gene expression of cytokine immune genes in Nile tilapia fish 

was also examined by [ 35] involving TGF-β1 (13-fold), IL-1β (7-fold), and TNF-α (14-fold) 

were up-regulated significantly after exposure to arsenic pollution.  Buchmann et al. [36] 

reported that upregulation in cytokine immune genes occurred in rainbow trout fish maintained 

at 25 °C. Also, [36] found upregulation in cytokine group for animals at 15 °C and 25 °C 

compared to animals at 5 °C. The immune response of Nile Tilapia fish was also triggered as 

a result of low water quality (physicochemical and microbiological) which in turn was reflected 

in the fish immune system as discussed in a study conducted by [37] who found that continuous 

exposures of Nile Tilapia fish to polluted water in Brullus Lake have adverse effects on 

apoptosis-associated with damaging DNA and chromosome fragments. Also, the evaluation of 

the biological responses to the impact of pollution in different sites in Alexandria coast was 

studied by [38], and they found that DNA damage in fish collected from El Max and Bahry as 

these areas suffered from changes resulting from human activities; untreated industrial 

wastewater, domestic sewage, and agricultural runoff. 

 
Figure 2. Quantitative analysis of the TNF -α levels in Nile Tilapia fish liver at different seasons. The different 

superscripts (a, b, c, and d) indicate significance differences (P < 0.05, one-way ANOVA). 

 
Figure 3. Quantitative analysis of the IL- 1 levels in Nile Tilapia fish liver at different seasons. The different 

superscripts (a, b,c and d) indicate significance differences (P < 0.05, one-way ANOVA). 

 

 

https://doi.org/10.33263/LIANBS94.16951704
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS94.16951704  

https://nanobioletters.com/ 1702 

4. Conclusions 

 From the attained results, it can be suggested that many environmental factors, 

including temperature, may induce the alteration in the immune system of the aquatic life in El 

Manzala Lake. Moreover, El Manzala Lake is suffering severe problems as a result of water 

pollution caused by human activities, which affects not only the water physicochemical and 

microbiological quality but also fish where it induced tumor necrosis factor and inter Lukin 

gene as a result of fish bacterial infections. Thus pollution control and mitigation actions should 

be implemented to conserve the environment and prevent habitat degradation. 
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