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Abstract:   
 

      The present study included testing the ability of three types of algae, which include Oscillatoria sp., 

Westiellopsis prolifica, and Stigonema sp.  to reduce the values of some heavy elements. Wastewater 

from the final sedimentation tanks of the Al-Ma'mara wastewater treatment plant was used as culture 

media for growing algae. by cultivating each algae alone in wastewater under constant laboratory  

conditions at 25 ± 20 ° C and in a light system 16: 8 hours Illumination: Darkness ,Leaving a 

wastewater sample without adding algae as a control 

      The results showed the efficiency of algae in reducing sodium values and the highest reduction 

rates recorded by Oscillatoria sp. and Stigonema sp. were 43.4% and 35.9% respectively, while W. 

prolifica recorded a reduction rate of 27.3% . Algae also recorded efficiency in reducing potassium, as 

Oscillatoria sp. recorded a higher reduction efficiency of 71.2%, while W. prolifica and Stigonema sp. 

recorded the highest reduction rate of 43.1% and 32.1% respectively. Algae recorded iron reduction 

rates throughout the treatment period, and reduction rates reached 98.3% for both Oscillatoria sp. and 

Stigonema sp. while W. prolifica recorded higher reduction rates of 100%. Algae also recorded a 
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reduction of copper of 61.8% and 53.03% for Oscillatoria sp. and W. prolifica respectively, while 

Stigonema sp. recorded lower reduction rates of 38.3%. Stigonema sp. recorded a higher efficiency in 

reducing zinc values of 86.8%, while Oscillatoria sp. and W. prolifica recorded a reduction rate of 

69.2% and 72.74% respectively..As for cadmium, Oscillatoria sp. recorded the highest reduction rate of 

72.7%, while W. prolifica and Stigonema sp. recorded reduction rates of 66.4% and 53.3% respectively. 

As for the role of algae in treating lead, the results indicate that the highest rates recorded when treating 

with Oscillatoria sp., W. prolifica and Stigonema sp. reached 99.6%. 

      On the other hand, bioremediation showed a clear effect on molecular properties of algae, this was 

demonstrated by the high  values of Comet assay indicators, which include tail length, Comet length, 

tail moment which indicate the effect of treatment on DNA after completion of the treatment.     

Key words: bioremediation, algae, heavy metals , molecular properties 

  

 

Introduction  

     Water is the basis of life for living organisms, and therefore its preservation is essential for these 

organisms in order to survive. Household wastewater is considered one of the most important sources 

that have a negative impact on water quality (1). It releases large amounts of pollutants, including trace 

elements and salts. Heavy metals are not capable of biodegradation, but they accumulate in living 

tissues, causing long-term effects (2). Conventional treatment methods to reduce heavy metal pollution 

include various mechanisms such as chemical precipitation, ion exchange, activated carbon adsorption, 

membrane filtration, electrochemical removal, and advanced oxidation (3). However, these traditional 

methods remain inefficient due to several drawbacks, including incomplete removal, low selectivity, 

consumes a lot of energy, costs are high, and Production of highly toxic waste. Therefore, researchers 

have turned to using alternative, low-cost, safe, and more effective methods to reduce heavy metals, 

which is the use of  biological processes in the treatment (4) . 

     biological processes used living or dead organisms such as bacteria, algae, and fungi, whose cells 

contain carbohydrates and peptides in their walls with hydroxyls, ketones, phosphates, aldehydes, 

amines, and carboxyl groups responsible for the absorption and synthesis of metals (5). Heavy metals 

such as Manganese, nickel, iron, zinc consider as   essential element for algal growth and this known as 

‘trace elements’ they are used as micronutrients, while other heavy metals such as cadmium, lead, and 

mercury are considered toxic to algae and have no specific biological function (6). Detailed research 

and studies of the structure of the cells of the physical and chemical student helped in discovering the 

role of algae in reducing environmental pollutants, especially in the field of removing heavy elements 

from polluted water. Some algae showed the ability and strength to endure and survive in water 

polluted with heavy elements (7). 

     Where Algae have the ability to tolerate heavy metals through different mechanisms. The uptake of 

heavy metals by algae occurs either by absorption or bioaccumulation. Bioaccumulation is a 

completely energy-independent process, which usually results in the binding of element ions to the 

algal cell wall (8) . This process actually involves the use of living or dead algal cells and involves 
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mechanisms for absorption and cation exchange. Bioaccumulation means the increase in the 

concentration of any chemical substance in the body of an organism over time compared to the 

concentration of this substance in the environment, The accumulation of heavy metals by algae occurs 

by one or a combination of the following mechanisms: active transport along the algal cell membrane, 

entrapment by some cellular components, exchange of cations or complexation and finally adsorption 

(9).  The complex composition of the cell walls of some algae which has affinity for some metal ions 

and also carries a negative charge, this is related to some groups such as carboxylic, phosphoric and 

sulfhydryl groups which capable of binding metals through ion exchange (8). Therefore, and 

considering the ability of algae to remove metals, the aim of the current research includes 

demonstrating the ability of some algae in the process of bioremediation of wastewater with a statement 

of the effect of treatment on the molecular indicators of the algae studied through the comet method 

Materials and Methods 

Algae (isolation, purification and cultivation) 

     The special solutions for BG11 medium used in growing algae were prepared by dissolving a certain 

amount of salts listed in Table (1) and then dissolved in sterile water and completed to (1) liter with 

distilled water with adjusting the pH to about (7) (10). Then 10 ml of pure algae were taken and added 

to a flask containing 90 of the culture medium and incubated at a temperature of 25 ± 20 degrees with a 

light period of eight hours darkness: sixteen hours light for 14 days. Then, the growing algae were 

multiplied by transferring 100 ml of the growing algae to a flask containing 900 ml of the medium and 

incubated for 14 days. 

Table 1: Shows the components of  BG11 medium 

 

 

 

 

 

 

 

 

Treatment of Municipal wastewater with algae 

        Treatment with algae were carried out by taking one liter flask and placing in them 850 ml of 

domestic wastewater. 150 ml of the required culture was added to each treatment after reaching the 

stationary phase with three replicates for each treatment (11) , taking  the control treatment that 

contained only 1 liter of wastewater. The treatments were placed in the culture room and a specific 

volume of the culture was taken every three days for fifteen days to conduct heavy element 

concentration  tests . 

Compound Stock 

Solution 

ml/liter 

K2HPO4 40 g/l 1ml 

NaNO3 150 g/l 10ml 

CaCl2.2H2O 36 g/l 1ml 

MgSO4.7H2O 75 g/l 1ml 

Ferric ammonium citrate 6 g/l 1ml 

Citric acid 6 g/l 1ml 

Na2CO3 20 g/l 1ml 

EDTA-Na2 1 g/l 1ml 

Trace metal mix A5 See blow 1ml 

Trace metal 

mix A5 

Amount 

H3BO3 2.86 g 

MnCl2.4H2O 1.81 g 

ZnSO4.2H2O 0.222 g 

NaMoO4.2H2O 0.39 g 

CuSO4.5H2O 0.079 g 

Co(NO3)2.6HO 0.049 g 

Deionized 

water 

1 L 
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Determination of Total Heavy Metals  

       The (12) method was followed which include digesting the wastewater with 5 mL of concentrated 

nitric acid and then measuring using the Atomic Absorption Spectrophotometer and expressing the final 

product in mg / l. While sodium and potassium ions were estimated according to the method (13) by 

using a flame photometer. 

Assessment of DNA damage (Comet Assay) 

      The algae were crushed with Phosphate buffer solution, then 40 μl of proteinase K were added, then 

centrifuged and the precipitate was taken with the addition of a small amount of Phosphate buffer 

solution, then 50 μl of suspension was taken and brushed on the slide, with added 500 μl of Low 

melting agarose. The process was carried out under yellow or dim light to prevent DNA damage by 

ultraviolet rays. Then, Lysing solution was poured on the slides and kept for half an hour at 4°C. The 

solution then was removed with added of  Alkaline solution and left at 10°C. It was transferred to the 

transfer device where the slides were arranged horizontally in Electrophoresis solution TBE at a 

concentration of 1X. After running the electrophoresis 24 device for 60 minutes, the TBE solution was 

removed and the slides were stained with Ethidium Bromide and left for hours. The slides Then 

photographed and the some dimensions were taken by use  a fluorescence microscope (14, 15) where 

the amount of DNA damage  estimated by estimating some indicators which include tail length ,tail 

moment  and Comet length . 

Results and Discussion 

     The current study showed a distinct role for the algae under study in removing some elements. Algae 

showed high efficiency in reducing sodium values and the highest reduction rates recorded on day 12 

for each of Oscillatoria sp. and Stigonema sp.  were  43.4% and 35.9%, respectively ,while   W. 

prolifica recorded the highest reduction rate of 27.3% on day 3 compared to the control treatment, 

which recorded the highest reduction rate of 13.7% on day 6 Figure (1) . 

 

             Figure (1) Concentrations and percentages of sodium removal 

   As for potassium, Oscillatoria sp. recorded high efficiency in  reduction it compared to the rest of the 

algae throughout the treatment period,  and the highest reduction rate recorded was 71.2% on day 6. As 

for W. prolifica , it recorded the highest reduction rate of 43.1%. While Stigonema sp.  recorded the 
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highest reduction rate of 32.1% on day 3 compared to the control treatment, which recorded the highest 

reduction rate of 25.3% on day 6 Figure ( 2). 

 

            Figure (2) Concentrations and percentages of Potassium removal 

      The role of algae in removing both sodium and potassium may be due to the fact that Many algae 

have a good ability to adapt to salinity changes through a number of biological strategies such as the 

production and accumulation of osmotic solutions or through the operation of an effective Na+/K+ 

pump system (16). The operation of this pump contributes to In the development of osmotic stress and 

thus affecting turgor pressure and cell volume (17). On the other hand, Recently observed through 

research the formation of new vacuoles is observed in single or multicellular algal cells after exposure 

to osmotic stress (18). Recent research has shown that the formation of vacuoles during exposure To a 

very salty solution occurs to store sodium ions (19) . So adaptation can be summarized in two stages ,  

the first stage involves responding to salinity changes with a rapid change in turgor (cells with walls) or 

volume (cells without walls) resulting from high water flow along the osmotic gradient, the second 

stage involves osmotic control which is The change in the concentration of osmotically active solutes in 

the cell until a new equilibrium is reached and both stages are considered part of the feedback signal 

that provides osmotic adaptation  (20 ) .  

        As for the rest of the heavy elements, the algae under study have proven to be highly efficient in 

removing iron,  Oscillatoria sp. and Stigonema sp. recorded reduction rates  98.3% on days 3 and 6 for 

the first alga and day 6 for the second. As for W. prolifica, it recorded higher reduction rates of 100% 

on day 15 of treatment compared to the control treatment which recorded the highest reduction rate of 

13.5% on day 3 of treatment Figure  (3 ). The ability of the studied algae to remove iron may be due to 

the fact that iron is considered one of the essential elements necessary for the growth of algae, as it 

plays a distinct role in photosynthesis, respiration, and nitrogen fixation (21) .In addition, it is 

considered a cofactor in enzyme systems and a very important component in cytochrome as well as in 

iron oxidation and reduction proteins (22). 
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            Figure (3) Concentrations and percentages of Iron removal  

     The role of algae in reducing copper is shown in Figure ( 4 ), as Oscillatoria sp. and W. prolifica 

recorded a role in reducing it throughout the treatment period, and the highest reduction rate of 61.8% 

and 53.03%, respectively, was recorded on day 3 of treatment. As for Stigonema sp., it recorded lower 

reduction rates of 38.3% on day 6 compared to the control treatment, which recorded slight reduction 

rates of 11.78% on days 3 and 6. This study indicated the efficiency of algae in reducing copper values 

in domestic water. This is due to the fact that copper is one of the basic elements, as it is considered a 

nutrient and important element in the cellular metabolism process and is considered an important and 

basic component in metabolic enzymes (23) . 

 

           Figure (4 ) Concentrations and percentages of Copper removal  

     Algae also recorded efficiency in reducing zinc values as shown in Figure (5 ). Where Stigonema sp. 

recorded the highest reduction rate of 86.8% on day 3. Oscillatoria sp. and W. prolifica recorded the 

highest reduction rate of 69.2% on days 12 and 15 and 72.74% on day 15 respectively. The control 

treatment recorded reduction rates throughout the treatment period, but they were lower than the treated 

water, as the highest reduction rate recorded for it reached 53.4% on day 15. The efficiency of algae in 

removing zinc may be due to the ability of algae to absorb, which occurs in two stages (24). The first 

stage includes adsorption in to some materials found outside the cell such as polysaccharides, and in the 

cell wall such as carboxyl groups, sulfates and phosphates which are considered   non-metabolizing. 

The second stage includes absorption in addition to the accumulation of minerals inside the cell. The 

both stages are affected by many factors such as pH, type of algae, and concentration of heavy metals 

(25).   
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          Figure (5) Concentrations and percentages of Zinc removal  

     As for cadmium, Oscillatoria sp. recorded the highest reduction rate reaching 72.7% on day 9, while 

W. prolifica and Stigonema sp. recorded the highest reduction rates reaching 66.4% on day 12 and 

53.3% on day 15 respectively. Compared to the control treatment which did not record reduction rates 

during the treatment period Figure (6 ). Cadmium removal by algae may occur through intracellular 

accumulation complemented by extracellular fixation (26). In addition, the carboxyl group in the algal 

cell wall has been shown to be responsible for cadmium removal in both Coelastrella sp. and Chlorella 

vulgaris (27). Some studies have also shown that algae respond to cadmium exposure by forming 

cadmium complexes within chloroplasts as a removal mechanism (28). 

 

            Figure (6) Concentrations and percentages of Cadmium removal  

      As for the role of algae in treating lead in domestic water, the results indicate that the highest rates 

recorded when treating with algae Oscillatoria sp. , W. prolifica and Stigonema sp. reached 99.6% for 

most of the treatment period, while the control treatment recorded a reduction rate of 45.7% on the 15th 

day of treatment Figure (7) .The efficiency of the studied algae in reducing lead was consistent with the 

study of (29 ) which proved the ability of algae to remove lead ions from wastewater and attributed this 

to the mechanism of metabolic bioaccumulation of algae, where the living cells of algae control the 

absorption of the metal by controlling the mineral balance system of the metal that has been absorbed. 

After a short period of time, the algae cells try to isolate the unwanted metal either in the vacuoles or in 

the organelles inside other cells for possible export from the cell using flow systems. 
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           Figure (7) Concentrations and percentages of Lead removal  

Estimation of DNA damage in algae under investigation 

     The comet assay is a sensitive and useful technique for monitor the genotoxicity, where allows to 

detection the DNA damage at single cell level and investigate intercellular differences (30). The DNA 

damage was estimated by estimating some indicators which include (tail length), (tail moment ) and 

(comet length) . Where the damage in the DNA molecule was classified in to three categories according 

to the degree of damage as shown in Figure (8). 

 

Figure (8) Types of DNA damage in algae under study according to the Comet assay technique and in 

the following order: Class (A) control - Class (B) Medium damage- Class (C) High damage 

     The current study recorded a clear effect of bioremediation on the molecular characteristics of the 

algae under study, as the values of the aforementioned indicators increased in Oscillatoria sp. where 

Comet length values increased after treatment to reach (56.2 micrometers) compared to the control 

algae, which recorded a value of (44 micrometers).Tail length values also increased to record the 

highest values, which reached (8.19 micrometers), compared to the control algae, which recorded (3.4 

micrometers). As for Tail moment values, they were around (0.47 micrometers), while the lowest value 

was recorded for the control algae, which reached (0.11 micrometers) Figure (9). 
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Figure (9): values of some Comet Assay Indicators in Oscillatoria sp. 

     The results indicate the presence of clear damage in the DNA molecule in W. prolifica algae at the 

end of treatment. The highest values recorded in Comet length reached (49.5 micrometers) in the algae 

after treating the wastewater, and the lowest values reached (26.5 micrometers) in the control algae. 

Tail length values in the algae increased after treatment  to reach (6.5 micrometers), while the control 

algae recorded the lowest value, reaching (2.04 micrometers). As for the Tail moment values, they also 

increased in the algae after completing the wastewater treatment to be around (0.21 micrometers), and 

the lowest value was recorded in the control algae, reaching (0.06 micrometers) Figure ( 10 ). 

 

Figure (10): values of some Comet Assay Indicators in wes sp. 

      Stigonema sp. showed clear damage after completion of treatment, as Comet length values 

increased to 53.3 micrometers after treating wastewater compared to the control algae , which recorded 

the lowest values (32.5 micrometers). Tail length values increased to record the highest values (4.4 

micrometers) after treating wastewater compared to the control algae , which recorded (3.5 

micrometers). As for Tail moment values, their value in the control algae  was around (0.10 

micrometers), and the highest value was recorded in the algae  after treating wastewater, which reached 

(0.14 micrometers) Figure (11). 
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Figure (11) :values of some Comet Assay Indicators in Stigonema sp. 

     The high indicators of the comet analysis technique for the studied algae are evidence of their 

exposure to stress during the treatment process. where this assay detection of DNA damage such as 

alkali-labile sites, single-strand breaks and also other modifications of the molecules which induced   in 

cell by physical and chemical agents (31). Under the alkaline conditions, DNA base-pairing is disrupt, 

also, Single-strand breaks   which occur   after alkaline treatment or by DNA damaging substances can 

cause the formation of "comets" after DNA migration in electrophoresis , where After staining the DNA 

with a fluorescent dye,  the damage  of cells can appear as comets which composed from  comet head 

and a tail of migrated DNA fragments ,  this assay is able to detect DNA damage which  induced by 

intercalating agents, alkylating agents, and also oxidative damage (32). Reactive oxygen species (ROS) 

consider as active genotoxic agents (33), where many studies demonstrated that  the ROS are major 

sources  for DNA damage by nucleotides removal , strand break, and many modifications of the bases  

in  nucleotides (34). 

 

Conclusions 
 

The current study proved the efficiency of all algae in reducing the values of heavy elements with a clear superiority of 

Oscillatoria sp. in the reduction process, compared to the control sample (sewage water without algae). The bioremediation 

also showed a clear effect on the molecular characteristics of the algae through the increase in the values of the indicators 

due to the Comet assay technique, which is an indication of the effect of the DNA molecule in the current algae after 

completing the treatment compared to the control sample (algae grown in BG11 medium. 
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