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ABSTRACT 
The climate change has become an important issue through the last years due to its accelerated effect that have been 

taken place all over the world. Global climate change has a serious sub sequences all over the world as a result of 

greenhouse gas emission and solar radiation activity especially in the coastal zone area, climate change includes 

many parameters such as rising temperature, rain and dust storms, floods and drought. These parameters have 

negative significant effect on urban and rural area along any coastal area that contributes continuous threats on 

population, shore line erosion, sea water intrusion, coastal water resources, economy, tourism, land use, pollution 

and the surrounding environment. The SLR is a major impact of the climate change scenarios due to the global 

warming and the melting of earth poles glaciers that will sink large part of the coastal cultivated land, the reduction 

of the cultivated land will cause the needs for finding alternative source of protein. In this paper we established an 

algae-brine system adjacent to the aquaponic system inside Heliopolis university campus, by the help of the brine 

that resulted from the RO unit inside the aquaponic system we were able to breed a spicy of algae that can tolerate 

high rate of salinity, The name of the algae  spicy is  Donaliella salina which is a rich source of protein and can be 

used a source of fish food inside the aquaponics system, At the end of this study a group of conclusions were 

deduced for its optimum breeding environment, Also EIA study was achieved to find out its effect on the 

surrounding environment. 

Keywords: Climate change adaption, Sea level rise, Aquaponics, Algae,  Reverse osmosis, Brine water. 

 
1. INTRODUCTION 

 In the last decay climate change became so 

important issues for the decision makers and 

researchers all over the world because a rapid 

climate change was accelerated through the 

recent years in spite of the global efforts to 

reduce greenhouse gasses emissions. The 

fluctuations of solar radiation activity can be 

assumed as an additional source of climate 

change effect beside the greenhouse gasses 

emissions. In coastal zone climate change is so 

sensitive matter because it increase the threats 

of storm waves and surges that will expose 

shore line to be eroded and near urban area to 

be destroyed. Also many problems related to 

climate change will affect on coastal                       

zones by negative impacts such as sea level 

rise, sea water intrusion, environmental 

pollution, land stress, economic depression, 

ecosystem degradation, population 

displacement and the decreasing in agriculture                        Figur.1, The effect of SLR on the ]2    [  

production ]1[.  

           The study of such phenomenon must include adaptation methodology, mitigations of possible threats and 

negative impact assessment. The future wave height in the Mediterranean Sea from year 2071 to year 2100 will 

destroy marine facilities and coastal area in any populated costal region such as the Egyptian Nile delta which is 

located at the south eastern of the sea as shown in figure.1 ]2[. 
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Egypt coast suffering from additional natural phenomenon such as ecosystem pollution, land degradation, soil 

salinization, sea level rise, over population, shore line erosion and land desertification. The rate of average annual 

sea level rise at the delta coast is range from 1.6 mm to 5.3 mm in the period 1943 to 2000 according to numerical 

model as shown in table.1, also in the same table we can find the predicted values of the average annual seal level 

rise from year 2025 to year 2100. The values is range from 13 cm at year 2025 to 144 cm at year 2100 which will 

cause much more than 11.75% of the low land of the delta to be sunk ]3   [ , ]4[   

 
Table 1. Estimated average annual seal level rise (cm) relative to year 2000 sea level, after ]3  [ ,  ]4[   

City 

 

Year IPCC 

Scenario 

 

2025 2050 2075 2100 

Alexandria A1F1 

 

13.0 34. 55.0 72.0 

Burullus 14.75 37.5 60.3 79.0 

Port Said 27.9 68.8 109.6 144.0 

 
According to (Mahmoud M. Fawaz, Sarhan A. Soliman ,2016) ]5[ who stated that as a result of climate change 

scenarios and the sea level rise by range from 0.5 by year of 2050 almost fro 12% to 15% of the delta agricultural 

land will sink under the sea and the other parts will suffer from high salinity and increasing of water table level. 

Egypt population is almost 97 million capita right now and is expected to reach 117 million capita by the year 2030, 

At year 2050 Egypt population is expected to reach 150 million capita. The agriculture land is 8.4 million acres and 

according to the effort of agriculture ministry the reclaimed lands will reach 3.1 million acres. This will make the 

total agriculture land of 11.5 million acres at the end of year 2030 

 
1.1 Impact of Climate Change on Population and food needs 

The expectation for Egypt population that it will reach almost 150 million capita  by year 2050 and the scenario of 

mean sea level rise of 0.5m at year 2050 will force at least 6 million capita to be displaced from their homes due to 

sinking part of the delta,  The coastal area of the delta region is of high population density and this area is subjected 

to the risk of displacement after the expected sea level rise much more the inner parts of the delta due the lower level 

of the coastal zone.  As a result of that the crops productivity will be negatively affected that the major agricultural 

crops productivity will be decreased at year 2050 by range from 18% to 50%. That situation beside the available 

cultivated land that will be decreased as result of sinking of 15% of the delta due to mean sea level rise of 0.5m at 

year 2050 will increase the risk of starvation and hunger ]6[.  

 

2. THE STUDY CASE 

As mentioned above, HU has had a functioning aquaponics greenhouse since 2016. As shown in figure 2 the layout 

consists of main components such as four fish rearing tanks, two cylindro-conical clarifiers, Four filter tanks, One 

degassing tank, three hydroponic tanks and One sump.  

The total plant growing area is almost 44.3 m2 and the aquaponics land area is 250 m2, a reverse osmosis unit is used 

to desalinate brackish groundwater for use in the aquaponics greenhouse as shown in figure 3.  
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Figure 2: Top view of the HU aquaponics system showing the layout of the tanks and other greenhouse units 

  

The approach for this research is to investigate the suitability of using brine resulting from the reverse osmosis unit 

for breeding value-added algae species. Also, we achieved zero liquid discharge cycle for the brine that resulted 

from the desalination processes to increase the added value of the of any desalination plant (The RO unit of the 

aquaponic system at Heliopolis university), we have chosen to use the brine  in breeding a marine life species such 

as Algae, The chosen spicy of Algae were dunaliella salina for its economic benefits, this methodology of dealing 

with brine is so useful for the surrounding environment due to many reasons, The first reason is the preventing of 

brine disposal into water bodies that may cause harmful damage for the aquatic marine life due the increasing of  

water salinity, The second reason is the fact that the marine Algae (like other plants) produce oxygen and absorb 

carbon dioxide in the aquatic environment, which helps improve the properties of the aquatic environment.. Marine 

algae are presented in nature in the form of plankton or phytoplankton (phytoplankton) or in the shape of seaweed.  

 

At first we adopted the algae in suitable media in the lab then we adopted it later in the brine that resulted from the 

RO unit of the aquaponic system. This step was followed by the construction of Algae –Brine system near the 

aquaponic system inside at Heliopolis university campus. In this paper we represented the algae breeding processes 

inside our labs and also the required criteria of the Alga –Brine system in. The selected Spicy in the implementation 

stage was Dunilelilla. Parameters and conditions necessary for growth and survival were adopted from literature and 

through the guidance of several professionals from each field.  The approach for the current project was to 

investigate the suitability of using brine resulting from the reverse osmosis unit for breeding value-added algae 

species so.  A system for algae breeding which was planned to be added to the HU greenhouse has been designed 

based on literature review and guidance from commercial algae breeders. This system consists tanks, piping 

network, stirring devices work spaces and storage units as shown in figure 3. 

 
Figure 3 The Algae-Brine system 
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Fig 4. Dunaliella salina ]8 [ 

 

3. DUNALIELLA SALINA 

Dunaliella salina is a type of halophile green micro-algae especially found in sea salt fields. It is known for 

its antioxidant activity because of its ability to create large amount of carotenoids. The cells of the Donaliella are 

very small - about one tenth of a micron (the micron equals one thousandth of a millimeter) as shown in figure 4, 

Each cell has a whip-like extension that helps it swim. As plants, Donaliella cells use photosynthesis to feed energy 

and produce their food from the carbon dioxide, minerals, and other nutrients absorbed by the cell. Dunaliella salina 

is a rich natural source of carotenoid β-carotene that can be used in many pharmaceutical products]7[.                                          

Dunaliella salina is a unicellular green alga belonging to the Chlorophyceae family. It is known to accumulate 

carotenoids under various conditions of stress, such as high salinity, high light intensity, and low growth 

temperature. Dunaliella salina can tolerate a variety of environmental stresses, and is able to accumulate a beta-

carotene percentage of up to 10% of its dry weight , Its Scientific classification can be shown in table 2 ]9[. 

Table 2. Scientific classification of dunaliella salina ]9 [ 

unranked Division Class Order: Family Genus 

Viridiplantae Chlorophyta Chlorophyceae Chlamydomonadales Dunaliellaceae Dunaliella 

 

 

 
3.1 Effects of Environmental Factors on Strains 

Many significant environmental factors that affect on algae growth such as temperature and light intensity much 

more than pH level ]10[. Some previous studies stated that 30°C was the most optimal growth temperature 

]11,12,13[. Other studies suggested that 22 or 25°C were most suitable for Dunaliella. salina growth  ]14, 15,16.[  In 

another study  ]17 [.three strains were selected and maintained at 20°C. Borowitzka et al. ]18[.have suggested that D. 

salina grew better than the other organisms because of its strong adaptability in stressed environments. Hence, long-

periods of environmental adaptability could have changed some of the living habits of D. salina. Results of this 

study also showed that 135.3 μmol m-2 s-1 was the optimal light intensity for algae growth, and that lower or higher 

light intensity could restrain algae growth. Also, high light intensity was suitable for beta-carotene biosynthesis but 

was disadvantageous to algae growth  ]19,20[.as shown in figure 5.  

https://en.wikipedia.org/wiki/Taxonomy_(biology)
https://en.wikipedia.org/wiki/Taxonomy_(biology)
https://en.wikipedia.org/wiki/Viridiplantae
https://en.wikipedia.org/wiki/Chlorophyta
https://en.wikipedia.org/wiki/Chlorophyceae
https://en.wikipedia.org/wiki/Chlamydomonadales
https://en.wikipedia.org/wiki/Dunaliellaceae
https://en.wikipedia.org/wiki/Dunaliella
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Figure 5. Effects of Environmental Factors on Strains ]17 [ 

 
4. EXPERIMENTAL STEPS 

In our laboratory experiments DS was cultured in both fabricated media and brine, five different types of strain 

media were tested for their effects on the growth of dunaliella Salina, the first type was (S1)  which contains of 5 Ml 

Algae in media of 100 ml of (BG-11 medium, Stanier media)] 21[, the second type was (S2) which contains 5 ML 

Algae in a media consists of 75ML (BG-11 medium, Stanier media)] 21 [,  and 25 ML brine, the third type was (S3) 

which contains 5 ML Algae in a media consists of 50 ML (BG-11 medium, Stanier media) and 50 ML brine, the 

fourth type (S4) which contains 5 ML Algae in a media consists of 25 ML (BG-11 medium, Stanier media) and 75 

ML brine, the fifth type (S5) which contains 5 Ml Algae in a media of 100 ML brine. All that can be shown in figure 

6, 
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        Figure 6. Cultivation of DS in both                                              Figure 7. The light intensity effect on DS 

                 brine and fabricated media 
 

 

Media and nutrients were sterilized. All glass and plastic ware were washed with 10% HNO3 and rinsed with 

distilled water. The cultures were illuminated with continuous cool white fluorescent lamps (Philips 40 W) at light 

intensity provided with controlled temperature and light intensity as shown in figures 7.   

 

 

Figure 8: DS cultivation in brine and its microscopic image 

 

4.1 The Brine media 

Before we adopt the Dunaliella salina in the brine water that resulted from the RO unit we carried out an analysis for 

the water source (water well) to find its quality as shown in Table 3. The brine that resulted from the reverse 

osmosis unit inside the aquaponics system increase the total Dissolved solids from 8890 mg/L to reach almost 25000 

mg/L, The salinity of the brine was increased from 25000 ppm to 100000 ppm by adding extra salts to the brine 

water to simulate the minimum salinity requirements for the Donaliella salina and it effect on it can be shown in 

microscopic image in  figure 8.                                  
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Table .3. Water source analysis (Physical-chemical analysis) 

 

 

 
4.2 The fabricated growth media 

The fabricated growth media(BG-11 medium, Stanier media) for the Algae depends on different parameters such as 

temperature, Light, mixing, odor, oxygen, Nutrients and the Planned Cultivation structure. In our lab we formed 

cultivation media for the Dunaliella salina as shown in table (4) and it was tested before using it in our experiments 

as shown in figure 9. 

 

Parameters Unit Result  

PH  7.1 

Turbidity  NTU 3.4 

odor  Odorless 

Color  CO/pt Colorless 

Electric conductivity  μmohs/Cm 15970 

Total Dissolved solids  mg/L 8890 

total alkalinty ( as caco3 ) mg/L 126 

total hardness ( as caco3 ) mg/L 1800 

Calcium Hardness ( as caco3 ) mg/L 1440 

Magnesium Hardness ( as caco3 ) mg/L 360 

Calcium  mg/L 576 

Magnesium  mg/L 86.4 

Chloride   2600 

Sulfate   2210 

Ammonia   0.01 

Nitrite   0.01 

Nitrate   5.3 

Iron  mg/L 0.74 

Mangnese  mg/L 0 

Fluoride  mg/L 0.4 

Sodium mg/L 1790 

Potassium  mg/L 5 
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Figure 9: DS cultivation in Fabricated media 

Table 4: Optimized cultivation media for Dunaleilla Salina cultivated in HU experiments 

No. Item Concentrations (gm/l or ppm) Concentration (%) 

1 Sodium chloride (NACL) 125 76.084231 

2 Calcium chloride (cacl2) 22 13.390825 

3 Magnesium chloride ,Hexa hydrate (Mgcl2.6H2o) 10 6.086738 

4 Magnesium sulfate hepta hydrate (Mgso4.7H2O) 3.5 2.130358 

5 Potassium chloride ( kcl ) 2.5 1.521685 

6 Sodium Nitrate (NaNO3) 0.75 0.456505 

7 Calcium chloride dehydrate(Cacl2.2H2o) 0.5 0.304337 

8 Dipotassium Phosphate (K2Hpo4) 0.015 0.009130 

9 Sodium Carbonate (Na2co3) 0.02 0.012173 

10 EDTA disodium( Na2EDTA ) 0.0005 0.000304 

11 Ferric Ammonia citrate 0.003 0.001826 

12 CITRIC Acid 0.003 0.001826 

13 Magnssium sulphate(Mgso4) 0.0001 0.000061 

 

4.3 Algae extraction method to measure Chlorophyll   

Microalgae were extracted using centrifugation for 5 min at 4000 rpm in centrifuge machine. The absorbance of 

microalgae was measured using spectrophotometer spectro photometer (as shown in figure 11 with the used suction 

pump) with selected wavelengths at 750 nm, 664 nm, 647 nm, and 630 nm. 90% acetone was used as a blank in the 

spectrophotometer. Then, the absorbance at 750 nm was subtracted from those three wavelengths to give the 

turbidity-corrected value. To calculate the chlorophyll-a concentration, the formulae below were used:  

 

            Chlorophyll a (µg/mL) =  11.85 × E664 - 1.54× E647 - 0.08 ×E630                                     (1) 

            Chlorophyll a  = ( Chlorophyll a – a × ) / V×L                                                                      (2) 

Where 

v = Volume of acetone 90%, L  

V = Volume of water sample, L  

L = Light path of cuvette, cm  

E664 = Value of absorbance at wavelength 664 nm  

 E647 = Value of absorbance at wavelength 647 nm 
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E630 = Value of absorbance at wavelength 630 nm  

 

Figure 11  The Spectro- Photometer and the suction pump 

5. RESULTS DISCUSSION 

The results that were yielded from this research indicated the effect of different parameters on DS growth such as 

media type.  pH and TDS, figures 12 and referring to 14 both of them show that DS has different growth pattern 

related to pH values and media type, for S1 group we found that the growth rate increased to reach it maximum 

value 8.19 µg/mL at day 20 at pH value 9.1 (under stress condition) while the pH values range from 8.9 at the 

beginning to reach 8.3 at the end 

for S2 group we found that the growth rate increased to reach it maximum value 6.90 µg/mL at day 20 at pH value 9 

(under stress condition) while the pH values range from 7.6 at the beginning to reach 8.9 at the end, for S3 group we 

found that the growth rate increased to reach it maximum value 5.90 µg/mL at day 20 at pH value 8.6 (under 

moderate stress condition) while the pH values range from 8 at the beginning to reach 8.2 at the end 

for S4 group we found that the growth rate increased to reach it maximum value 4.05 µg/mL at day 20 at pH value 

8.3 (under moderate stress condition) while the pH values range from 8.3 at the beginning to reach 8.2 at the end, for 

S5 group we found that the growth rate increased to reach it maximum value 3.8 µg/mL at day 20 at pH value 

8.29(under moderate stress condition) while the pH values range from 8.3 at the beginning to reach 8.4 at the end 

From figure 13 we found that TDS values for S1 group range from 105 ppm at the beginning to reach 104 ppm at 

the end, while for for S2 group range from 103.5 ppm at the beginning to reach 100 ppm at the end, also for S3 

group range from 103 ppm at the beginning to reach 98 ppm at the end. For S4 group range from 101.6 ppm at the 

beginning to reach 98.2 ppm at the end, finally for S5 group range from 103 ppm at the beginning to reach 99 ppm 

at the end 

All the previous results indicated that the best media for growth is s3 which consists of 50 ML (BG-11 medium, 

Stanier media) and 50 ML brine because it provides normal growth conditions for TDS and pH  
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Figure 12  The effect of pH values on DS growth for different media 

 

 

 Figure 13  The effect of TDS values on DS growth for different media 
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Figure 14  The Chlorophyll values for DS for different media 

 

8. ENVIRONMENTAL IMPACT ASSESMENT (EIA) 

Environmental impact assessment (EIA) is dealing with both negative and positive impacts of the projects and 

classifies its weight according to different categories such as poor, moderate and large in both construction and 

operation stage  [22]. The study will include all the surrounding elements such as algae, water, soil, social element, 

human health, air and noise in order to measure the impact of the project on previous elements, At the end of the 

study a monitoring program to monitor the project impact during operation is obtained (Law 4/1994 of the 

environment) [23].. 

 The construction of algae-brine system has many positive and negative impacts on the surrounding 

environment with its different elements. Achieving zero liquid discharge by using the brine that resulted from the 

RO unit inside the aquaponics system in breeding algae will be considered as positive impact, also, using drying 

beds to dry the excess amount of the resulted brine instead of get rid of it to produce salts that can be used to 

increase the salinity of the algae media will be categorized as economical positive impact. 

 The project negative impact will be resulted from the processes of algae brine system construction that will 

include social negative impact from labor activities, air pollution from their transportation methods in the site, also 

the construction tools sounds and the worker noise will be considered as a negative impact for this project.   

 The environmental impact assessment of the project during construction can be shown in the following 

table(5), Also The environmental impact assessment of the project during operation processes can be shown in the 

following table(6). 
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Table 5.  The environmental impact assessment during construction processes 

Activity type The impact 

Environmental Element 

Air and 

noise 
Water Soil Social Health 

The 

construction 

workers 

activities 

The transportation of workers by vehicles 

may lead to Air pollution due to fuel 

combustion  and also a loud noise 

Poor Non Non Moderate Poor 

The 

construction 

materials 

Colloidal Traces of Some construction 

material such as cement in air and the fall 

of some part of it on the ground 

Poor Non Poor Non Poor 

The 

construction 

equipment 

Air pollution due to fuel combustion  and 

also a loud noise 
Poor Non Non Non Non 

 

Table 6  The environmental impact assessment during operation processes 

Activity 

type 
The impact 

Environmental Element 

Air and 

noise 
water Soil Social 

Human 

health 

The water 

cycle 

 

The excessive pulling up of water from 

near underground aquifer for the RO 

unit needs   that may cause 

groundwater depletion 

Non 

 

Poor 

 

 

Non 

 

Non 

 

Non 

Energy 

source unit 

1-The equipment result noise and air 

pollutants 

2-The emission of Co2 due to diesel 

fuel combustion 

   Poor 

 

Poor 

Non 

 

Non 

Non 

 

Non 

Non 

 

Non 

Non 

 

Poor 

 

8.1 Negative impact mitigation 

According to tables (5) and (6) the suggested system during both construction stage and operation stage has poor 

negative impact on the surrounding environment and that can be neglected except some negative impacts have to be 

mitigated such as: 

a) Air quality inside and outside the algae brine system must be within the acceptable quality by using mechanical 

ventilation inside the unit if needed and to control vehicles emissions. 

b) Noise by vehicles must be controlled by using it in good conditions suitable to the residential area. 

 

8.2.  Environmental monitoring program 

The monitoring program is designed in order to measure the environmental indicators such as water, soil, social 

element, air and noise related to EIA study. The monitoring program must include measuring of different 

environmental elements to form periodic report. The different environmental elements parameters which will be 

measured during specified interval time are as follow: 
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a) Air quality and noise.  

b) Effluent brine water. 

c) Workers health.  

The system will be responsible to analyse any received complains to investigate it and to provide suitable solutions 

in order to avoid its negative impact. 

 

9. CONCLUSIONS 

1) Results indicate that DS preferred high salinities 3% NaCl to NaCl saturation 31% NaCl (low temperatures 

(20ºC), phosphate concentrations of 30 g m-3 d3, high light intensities (18x103 lux), and high pH levels of up to 

9.18 (without using CO2 gas). 

2) We concluded that the maximum biomass production with high bio pigment content (Chlorophyll) in Dunaliella 

salina were observed in cultures s3 which consists of 50 ML (BG-11 medium, Stanier media) and 50 ML brine 

because it provides normal growth conditions for both TDS values (range from 103 to 98 ppm) and pH values 

(range from 8 to 8.2 ppm). 

3) DS is the most promising natural habitat for producing protein as a source of fish food inside the aquaponics 

system that can be used as an effective adoption methodology for climate change effect on coastal zone 

especially in Egypt.  

4) The suggested system of sustainable algae-brine system is Environmental friendly  

5) Environmental monitoring program is needed to monitor the suggested sustainable houses during operation. 
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