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UNIT V  
 

BIOREMEDIATION, BIOFERTILIZERS, BIOCONTROL, BIOFILTERS, 

BIOSENSORS, AND BIOPOLYMERS. 

 

1. Bioremediation 

 Definition: The process of using microorganisms, fungi, plants, or enzymes to 

detoxify, degrade, or remove pollutants from the environment. 

 Mechanisms:  

o Microbial Bioremediation: Bacteria, fungi, and archaea metabolize toxic 

substances into less harmful products (e.g., hydrocarbons into CO2 and water). 

o Phytoremediation: Plants absorb or stabilize pollutants in soil and water. 

o Enzymatic Bioremediation: Enzymes catalyze the breakdown of 

contaminants. 

 Types:  

o In situ: Treatment directly at the contaminated site (e.g., bioventing, 

biosparging). 

o Ex situ: Contaminated material is removed for treatment (e.g., landfarming, 

composting). 

 Applications:  

o Cleaning oil spills (e.g., Alcanivorax borkumensis bacteria). 

o Treating heavy metal contamination (e.g., arsenic, lead). 

o Managing pesticide residues in agriculture. 

 Advantages:  

o Eco-friendly and cost-effective. 

o Minimal environmental disruption. 

o Reduces long-term waste management needs. 

 
2. Biofertilizers 

 Definition: Substances containing living microorganisms that enhance soil fertility 

and promote plant growth by increasing nutrient availability. 

 Types:  

o Nitrogen-fixing biofertilizers: Convert atmospheric nitrogen into ammonia 

(e.g., Rhizobium, Azotobacter). 

o Phosphate-solubilizing bacteria: Convert insoluble phosphorus into plant-

available forms (e.g., Bacillus, Pseudomonas). 

o Potassium-mobilizing biofertilizers: Release potassium from mineral forms 

(e.g., Bacillus mucilaginosus). 

o Mycorrhiza: Fungi enhance water and nutrient absorption (e.g., Glomus 

species). 

 Applications:  

o Sustainable agriculture. 



SNSCT/IQAC/CLT/1.40 (Ver 2) 

 

 

o Reducing dependency on chemical fertilizers. 

 Advantages:  

o Non-toxic and eco-friendly. 

o Improves soil structure and fertility. 

 
3. Biocontrol 

 Definition: The use of living organisms or their derivatives to control pests and 

diseases in agriculture. 

 Agents:  

o Predators: Ladybugs preying on aphids. 

o Parasitoids: Wasp larvae parasitizing caterpillars. 

o Pathogens: Fungi, bacteria, or viruses infecting pests (e.g., Bacillus 

thuringiensis (Bt) against insects). 

 Applications:  

o Pest management in crops. 

o Weed control (e.g., using Cactoblastis cactorum for prickly pear cactus). 

 Advantages:  

o Reduces reliance on chemical pesticides. 

o Safer for non-target organisms and humans. 

o Helps maintain ecological balance. 

 
4. Biofilters 

 Definition: Biological systems using microorganisms to treat contaminated air, water, 

or waste streams. 

 Components:  

o Filter Media: Compost, soil, or synthetic substrates provide a surface for 

microbial growth. 

o Microorganisms: Degrade pollutants into less harmful compounds. 

 Applications:  

o Wastewater treatment. 

o Removal of volatile organic compounds (VOCs) and odors from industrial 

emissions. 

o Contaminant removal from aquaculture systems. 

 Advantages:  

o Cost-effective and sustainable. 

o Can handle a variety of pollutants. 

o Minimal secondary waste production. 

 
5. Biosensors 

 Definition: Analytical devices combining biological components (enzymes, 

antibodies, nucleic acids) with a physicochemical detector to measure specific substances. 

 Components:  

o Bioreceptor: Detects the target analyte. 

o Transducer: Converts the biological response into a measurable signal. 

o Signal Processor: Interprets the signal and displays results. 

 Applications:  

o Medical diagnostics (e.g., glucose sensors for diabetes). 

o Environmental monitoring (e.g., detecting heavy metals in water). 

o Food safety testing (e.g., detecting pathogens). 

 Advantages:  
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o High specificity and sensitivity. 

o Rapid results and portability. 

 
6. Biopolymers 

 Definition: Polymers produced by living organisms or synthesized from renewable 

biological materials. 

 Types:  

o Polysaccharides: Starch, cellulose. 

o Proteins: Collagen, gelatin. 

o Polyesters: Polyhydroxyalkanoates (PHAs) like polylactic acid (PLA). 

 Applications:  

o Packaging materials (biodegradable plastics). 

o Medical devices (e.g., sutures, drug delivery systems). 

o Agriculture (e.g., mulch films). 

 Advantages:  

o Biodegradable and compostable. 

o Reduces environmental pollution. 

o Derived from renewable resources. 

 
Conclusion 

The integration of biotechnological solutions such as bioremediation, biofertilizers, 

biocontrol, biofilters, biosensors, and biopolymers is essential for sustainable development. 

These innovations not only address environmental concerns but also offer practical, cost-

effective alternatives to traditional industrial practices. 

 


