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Title AP23490113 «Establishing a scientific and technical 

foundation for developing a consortium of aquatic plants 

and microalgae, effective for phytoremediation of water 

with the associated production of raw materials for 

biofuel» 
Relevance For much of the world, the issue of heavy metal (HM) discharge 

from industrial operations into domestic waters and wastewater 

remains a difficult challenge to overcome. Aquatic ecosystems 

continue to be exposed to contaminants despite the use of 

various water treatment technologies. Pollutants such as heavy 

metals pose a serious threat to the environment due to their 

resistance to degradation and their toxic effects on human 

health and aquatic biodiversity. The need to find more effective 

and innovative purification methods is becoming increasingly 

urgent to ensure the sustainability of water resources and the 

preservation of ecosystems as a whole. 

A leading method in environmental biotechnology that uses 

living organisms to clean up environmental pollutants is 

bioremediation. Among all the strategies, phytoremediation 

stands out for its effectiveness, efficiency, cost accessibility, 

and minimal environmental impact. To enhance the 

effectiveness of purification technologies, it is advisable to 

utilize a community of organisms that coexist in a specific 

natural system, interact with each other, and possess diverse 

biochemical properties. 

Thus, the formation of a consortium of higher aquatic plants 

(HAPs) and microalgae resistant to heavy metals opens new 

opportunities in environmental biotechnology for the treatment 

of domestic and industrial wastewater. The use of HAPs as 

natural water filtration agents has long been practiced, whereas 

microalgae have only begun to receive significant research 

attention in recent decades for their potential in bioremediation. 

Goal Study of the cellular and physiological-biochemical 

mechanisms of resistance the association of higher aquatic 

plants and microalgae to heavy metals, for of developing a 

scientifically based, effective technology for phytoremediation 

of water while simultaneously producing valuable green 

biomass as a raw material for biofuels. 

Tasks 1. Selection of microalgae strains that are resistant to 

heavy metals (Cd, Cu, Zn, Cr, Pb). 

2. Study of the ability of selected microalgae strains to 

bioaccumulate heavy metal ions. 

3. Study of cellular and physiological-biochemical 

mechanisms of resistance of active strains of microalgae 

to heavy metals. 

4. Isolation of higher aquatic plants (HAP) from aquatic 

ecosystems of the Republic of Kazakhstan contaminated 

with heavy metals and study of the mechanisms of their 

resistance to toxicants. 

5. Study of the ability of selected species of higher aquatic 

plants (HAP) for sustainable bioaccumulation of heavy 

metals. 

6. Study of cellular mechanisms of heavy metal 

detoxification in isolated resistant species of aquatic 

plants. 

7. Construction of a consortium of higher aquatic plants 

(HAP) and microalgae with a high sorption capacity for 



heavy metals. 

8. Study of the bioenergy potential of the biomass of the 

HAP consortium and microalgae obtained incidentally 

during the phytoremediation of water contaminated with 

heavy metals and organic substances. 

9. Development of scientifically based technological 

regulations for the phytoremediation of water from heavy 

metal ions based on a consortium of HAP and 

phototrophic microorganisms with the subsequent use of 

the resulting green biomass as a valuable raw material for 

the production of biofuel. 
Expected and Achieved Results 1. Collectible strains of microalgae with high resistance to 

heavy metals (Cd, Cu, Zn, Cr, Pb) will be selected. 

2. The ability of selected microalgae strains to bioaccumulate 

heavy metal ions will be investigated. 

3. The main cellular and physiological-biochemical 

mechanisms of resistance of active microalgae strains to heavy 

metals will be determined. Changes in cell ultrastructure, 

changes in biochemical parameters (level of enzymes (SOD, 

catalase, peroxidase, glutathione reductase, etc.), proteins, 

carbohydrates, pigments (carotenoids, chlorophyll)) will be 

detected. 

4. The highest aquatic plants from the aquatic ecosystems of 

the Republic of Kazakhstan contaminated with heavy metals 

will be selected and their stability and sorption capacity against 

heavy metals will be studied. 

5. Higher aquatic plant (HAP) accumulation capacity for 

heavy metals will be investigated. 

6. The main cellular mechanisms of heavy metal detoxification 

in isolated resistant aquatic plant species will be 

determined. Changes in cell ultrastructure, changes in 

biochemical parameters (level of enzymes (SOD, catalase, 

peroxidase, glutathione reductase, etc.), proteins, 

carbohydrates, pigments (carotenoids, chlorophyll)) will be 

detected. 

7. A consortium of higher aquatic plants (HAP) and 

microalgae with a high sorption capacity for heavy metals will 

be obtained. 

8. The bioenergetic potential of the biomass from the 

consortium of HAP and microalgae will be studied, in particular 

the biochemical composition of the biomass (polysaccharides 

(yield of reducing sugars and glucose under different conditions 

of biomass hydrolysis), proteins, lipids, fatty acid composition) 

will be determined in order to assess the prospects for obtaining 

biobutanol and biodiesel. 

9. A scientifically based technological regulations will be 

developed for the phytoremediation of water from heavy metal 

ions using a consortium of HAP and phototrophic 

microorganisms, followed by the use of the resulting green 

biomass as a valuable raw material for biofuels. 
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