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Introduction2

Air, water, and soil quality are all impacted by environmental pollution, which is a
major worldwide problem. Biotechnological approaches present promising ways to
lessen these impacts. A crucial method for degrading contaminants in contaminated areas
is bioremediation, which uses microorganisms. In soil and water, for example, bacteria
and fungus have the ability to degrade dangerous chemicals and transform them into less
dangerous compounds?!. Phytoremediation is a low-cost, environmentally benign method
that uses plants to absorb and detoxify contaminants from soil and water?.

Furthermore, biosensors are utilized to track and identify environmental
pollutants, giving real-time information for efficient pollution control 2. By minimising
the need for chemical treatments and protecting natural resources, these
biotechnological applications not only aid in the cleanup of dirty areas but also promote
sustainable development2. As a whole, biotechnology is essential in order to promote
healthier ecosystem.

BIOTECHNOLOGICAL METHODS FOR MEASUREMENT OF POLLUTION 34

Approaches using bio systems have been used recently for the detection and
monitoring of environmental pollution. Many classes of plants, animals, and microbes are
used for this purpose. When it comes to diagnostic, preventive, and remedial measures,
environmental protection agencies (EPAs) view biomonitoring of pollution as a
valuable tool for monitoring environmental contamination.

Requirements for Biomonitoring Pollution:

The selection of criteria or parameters for pollution biomonitoring is extremely
important. They should be affordable, reproducible and reliable. For the purpose of
biomonitoring pollution, three types of criteria are typically used: visual rating,
genotoxicity rating, and metabolic rating.

Visual rating: The productivity and growth rate are taken into account in the visual

assessment. Turbidometric analysis can be used to monitor the growth of
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microorganisms utilized in test assays. Higher plants have considerations for seed
viability, germination frequency, visible damage to leaves, and the rate at which different
portions grow.

In the case of animals, fish are frequently employed as models—the idea of LD50,

or the dose at which 50% of the test organism is blocked, is applied.
Genotoxicity rating: Genotoxicity tests quantify the amount of cellular and subcellular
harm that environmental contamination causes to an organism. Genomes, immune
systems, biomolecules, and other cellular organelles, membranes that are frequently used
may exhibit genotoxic damages.

For the purpose of detecting pollution, cytotoxic procedures like counting

micronuclei, measuring chromosomal damage (including breaking), and sister chromatid
exchange (SCE) are also helpful. Lysosomal viability in vitro can be used to quantify the
viability of the cells. DNA probes have been used recently to identify disease-causing
organisms in water.
Metabolic rating: In certain animals, the metabolic alterations brought on by
environmental contamination can be quantified and qualitatively assessed. In actuality, a
few metabolic indicators can serve as biomarkers for determining the degree of pollution
stress. Proteins, nucleic acids (DNA and RNA), chlorophyll, and alterations in enzyme
activity are among the indicators utilized in metabolic rating.

The biotechnological techniques used to measure pollution are briefly explained
in the following:

1. Standard bioassays

2. Environmental monitoring using cell biology techniques

3. Environmental monitoring using molecular biology bioassays
4. Biosensors in Environmental monitoring.

1. Bioassays:

Nowadays, bioassays are the method of choice since the biological reactions that
indicate the harm done to living things are essential to the real pollution evaluation. Here
is a brief description of the most often utilized plants and animals in the bioassays.
> Bioassay Plant Test Systems: Commonly utilized are specific lichens, mosses,
bacteria, algae, and vascular macrophytes.
® Algal bioassays: Plant systems are where they are most frequently used. Because of

their great sensitivity and ease of availability, algae are regarded as trustworthy indicator

Current Developments in Biological Science [pg. 136



of pollution. Three metrics are used in algal bioassays:
= photosynthetic efficiency
* biomass accumulation
= growth rate.

Algae such as Chlorella, Microcystis, Copper, Ulva etc., are utilized. Blue-Green
Algae and Microcystis are used to identify organic pollution in water, whereas Navicula
is used to identify metal pollution.
e Bacterial bioassays: These are employed to detect fecal pollution in water. The most
widely employed test is “Coliform Test”. Salmonella is the organism of choice for the Ames
test, which measures mutagenic pollutants. It can be used to determine the
carcinogenicity of chemical mutagens.
e Bacterial bioluminescence is a relatively new technique that measures gaseous
pollutants and other compounds, such as ethyl acetate, formaldehyde, and sulphur
dioxide. The organism of choice for testing as bacterial bioluminescence is
Photobacterium phosphoreum.
e Lichens in bioassays: Lichens are frequently used in bioassays, particularly in urban
areas, to detect atmospheric gas pollution. When measuring sulphur dioxide, lichens are
incredibly sensitive.
e Mosses in Bioassays: Using mosses from forests and aquatic environments, such as
stereophyllum, Sphagnum, and Brynus, bioassays can identify metal pollution.
e Vascular Macrophytes in Bioassays: To identify aquatic metal contamination, duck
weed (Lemna minor) and water hyacinth (Eichromia crassipes) are used. Actually, some
of the biochemical characteristics of macrophytes are employed as biomarkers of
pollution. For example, metal contamination causes an increase in peroxidase activity,
and mercury inhibits the activity of nitrate reductase. The measurement of soluble
proteins, nucleic acids, chlorophyll, and enzyme activity assays are the other bioassay
parameters.
e Pollution-Induced Peptides in Bioassays: Quite recently, researchers have
discovered that metal pollution produces tiny peptides known as “Phytochelatins.” When
it comes to identifying metal pollution, they are trustworthy.
> Systems for Testing Bioassays on Animals: The most common fish used in bioassays
are Labeo, Channa, Teleost, and Catla. Fish bioassays are evaluated based on

morphological and organ alterations, behavioural patterns, and metabolic variations.
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Acetyl choline esterase alterations are a trustworthy indicator of pesticide
contamination. In bioassays, specific helminths and protozoa are also employed.

e In bioassays, helminths are employed to detect organic substances in water. A class of
helminths known as “rotifers” grows on aquatic plants and is utilized as a biomonitoring
tool for pollution because of its cheap availability.

2. Environmental Monitoring using cell biological techniques:

The main goal of cell biological techniques is to identify the detrimental effects of
pollutants on various cellular components, such as membranes, mitochondria,
chromosomes, and chloroplasts. It has been effectively used to identify carcinogens and
mutagens. It aids in comprehending the processes underlying the toxicity of
contaminants as well.

e Membrane damage in bioassays: The part of the membrane that is exposed to
pollutants directly is the plasma membrane, which is found outside the cell wall. Light,
phase contrast, and electron microscopy are methods that can be used to detect the
physical damages induced by pollutants for the purpose of bioassay. Pollutant leakage is
one way to identify changes in the semipermeable characteristics of the membranes.
Additionally, lysosomes can be used as indicators to determine the vitality of cells using
the neutral retention red dye test.

e Cytogenetic Bioassays: Chromosome alterations, which indicate genetic harm to the
cells, can be used to biomonitoring pollution levels. Animals having shorter life cycles,
like the fly Drosophila, and plants, like Arabidopsis, are favoured for this purpose. Other
plants are also utilized, including peas, maize, and soy beans. Yeast is being utilized in the
identification of carcinogens.

3. Environmental Monitoring Using Molecular Biological Bioassays: Molecular
biological bioassays are very helpful in the identification of viruses, bacteria, and other
disease-causing pathogenic organisms.

e DNA Probes: Polymerase chain reaction (PCR) and DNA probes are useful tools for
assessing the quality of drinking water.

e Immunoassays: Immunological methods are helpful in identifying infections with
immunological characteristics and detecting contaminants (herbicides, pesticides).
Salmonella and cholera toxin detection assay techniques have been developed.

e Lux reporter gene-based bioluminescent bioassays: When luminescent bacteria

like photo bacterium and vibrio express the Lux reporter genes on the plasmids,
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assayable signals can be produced. Additionally, some bacterial strains that have been
created through gene cloning may be useful for the detection of pollutants and their
breakdown. Pseudomonas, for instance, can be used to detect salicylate, xylene, toluene,
and naphthalene.

4. Biosensors in Environmental monitoring 3: These are analytical instruments that
contain immobilized biological material (enzyme, organelle, cell) that can precisely
interact with an analyte (a substance whose concentration needs to be ascertained) to
generate signals that can be measured in terms of physical, chemical, or electrical
properties. Biosensors perform a very precise and focused function.

e BOD biosensor: A popular test for identifying organic contamination is biological
oxygen demand (BOD5). It takes five days to incubate this test. Using a yeast called
Trichosporon cutaneum with an oxygen probe, a BOD biosensor may detect organic
pollutants in as little as fifteen minutes.

e Immunoassay biosensors: As biosensors, immune electrodes can be used to identify
contaminants at low concentrations.

Table. 1, Presents a list of pollutants that have been measured using biosensors.

Biosensor for measuring pollutants | Biosensor-Biological component
BOD Trichosporon cutaneum
CHa Methanomonas flagellae
CO, Pseudomonas species
Nitrate Azobacter vinelandi

SO2 Thiobacillus species

NHsz and NO2 Mixed nitrifying bacteria
Nerve gas Acetylcholine esterase
Ethanol NADH and dehydrogenase
Phenol Phenol oxidase

Parathion Antibody to parathion
Herbicide-induced Electron transport | Synechococcus.

Chain inhibition.
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BIOTECHNOLOGICAL METHODS FOR MANAGEMENT OF POLLUTION 567

The following features are specifically mentioned while describing the general
notions of biotechnological techniques for pollution abatement.:
1. A decrease in atmospheric COz.
2. Treatment of sewage by microorganisms and algae
3. Pollution from phosphorus and eutrophication
4. Controlling the pollution caused by metals
5. Immobilized cells for pollution control.
Atmospheric COz Reduction

The concentration of COz in the lower atmosphere is 0.0314% by volume. COz2 is
constantly being added, especially from industrial activities. Since carbon dioxide is the
main gas that generates the greenhouse effect and raises atmospheric temperatures, any
increase in its content needs to be taken extremely seriously. It is predicted that when
the amount of CO2in the atmosphere doubles, the global temperature will rise by between
2 to 5 degrees Celsius. It is currently thought that during the previous 100-150 years,
there was an approximate 25% increase in COzlevels and a 0.5% increase in atmospheric
temperature. As a result, CO2z and global warming are strongly related.
The decrease in atmospheric CO2 concentration becomes significant for the reasons
mentioned above. There are primarily two methods to reduce atmospheric COz are:
* Photosynthesis
= Calcification via biology.
Photosynthesis to Reduce Atmospheric CO2: The most important mechanism for
lowering atmospheric COz level is photosynthesis, which is the process by which plants
use COZ2. The following equation can be used to represent photosynthesis:
6C0O2+ 6 H20 === C6H 120 6+602

Propagation of the quickly growing trees is encouraged since they are more
effective at using CO2 for photosynthesis. Additionally, the generation of synthetic seeds
by plant tissue culture methods and micro propagation are significant. The primary issue
is the ongoing deforestation, which is linked to a potential rise in atmospheric CO. The
preservation of crops and forests is urgently needed.

Additionally, certain biotechnology techniques have been developed to increase
photosynthesis and thereby improve CO:2 utilization. CO:z fixation and the enzyme

ribulose bisphosphate carboxylase (RUBP-case) are closely related. There have been
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attempts to modify this enzyme's genetic makeup in order to boost photosynthetic
efficiency.
Microalgal photosynthesis 4: Some microalgae, such as Chlorella pyrenodiosa and
Spirulina maxima, are more adept at using atmospheric CO2 for photosynthesis than are
higher plants. These creatures have the capacity to produce more oxygen than they take
in. It is recommended that in order to reduce the pollution caused by CO2, microalgae
should be grown close to power stations and enterprises where CO2 generation is high.
Furthermore, these microalgae, which are suitably thought of as photo bioreactors, build
up biomass, which can be used to extract protein for use as food or feed, to create novel
strains of microalgae that can withstand high CO2 concentrations and produce more
biomass, genetic interventions are now underway. There have been some reported
successes using Anacystis nidulans and Oocystis mutants.
Biological Calcification to reduce Atmospheric CO2z: A process of biological
calcification allows some deep-sea creatures, such as green and red algae and corals, to
store COZ2. The general calcification process can be shown as follows.
H,0+CO, = H,(CO;

H,CO3 + Ca?* ===y CaCO3 + CO,+H,0
An increasing amount of ambient CO2 can be used to produce CaCOs as it precipitates.
Treatment of Sewage by Microorganisms and Algae

Sewage is the technical term for the waste water that comes from home,
agricultural, and industrial human activity. The majority of the materials found in sewage

are hazardous materials, heavy metals, organic and inorganic chemicals, and pathogenic

organisms.
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Figure.1, Algae-based sewage treatment
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When sewage is biologically treated, the organic matter is broken down into
smaller molecules (CO,, NH3, PO4, etc.) by bacterial oxidation or biodegradation, which
requires a steady supply of oxygen (02). This can be achieved by continuously bubbling
atmospheric Oz through specially designed equipment, but it is an expensive process that
also requires labour.

It is possible to cultivate microalgae in the ponds used for sewage treatment and
have a steady supply of O,. Because of their high efficiency in photosynthesis, the algae
fill the ponds with oxygen. This is how dissolved oxygen looks (Fig.1). Consequently,
photosynthetic oxygenation and the biodegradation of organic materials found in sewage
are caused by algal-bacterial symbiosis. This is an affordable, natural process.

The algae employed in sewage treatment are not only a source of COz but also have the
ability to adsorb some hazardous heavy metals. The ability of the algal cell surface to
absorb positively charged metals is made feasible by the negative charges on it. There are
numerous other benefits to treating sewage with algae

Pollution from Phosphorus and Eutrophication

Phosphorus and somewhat nitrogen-containing waste streams from industry and
agriculture, as well as sewage, are abundant sources of both organic and inorganic
nutrients. These nutrients encourage the excessive growth of algae, a process known as
eutrophication since it depletes the oxygen in the water. Fish and other non-resistant
organisms perish as a result of eutrophication, along with an unpleasant stench.
Water blooms: Species of algae that can withstand eutrophication, develop well, and
produce blooms in waste or sewage water, especially blue green algae (e.g., Lynhbia,
Microcystis, Oscillatoria, Anabaena). The large amount of water blooms that have formed
indicates that the pond has accumulated unusually high levels of phosphorus.
Phosphorus can be absorbed by the algae and stored as polyphosphates. Phosphorus has
a potent effect on the development of water blooms and algae growth. Toxins that are
detrimental to fish and birds, such as lipopolysaccharides, are produced in response to
water blooms. Additionally, these toxins may cause diarrhoea, gastroenteritis, and
nausea in people.
Control of eutrophication:

There are primarily two approaches to managing the growth of algae that causes

eutrophication.
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e The chemical method makes use of algaecide substances including sodium arsenate,
copper sulphate, and 2, 3-dichloronaphthoquinone.

« In the biological approach, cyanophages viral that can kill algal cells can be used to
restrict eutrophication; nevertheless, the chemical treatment is linked to an increase in
sludge volume.

Phosphorus Biological Removal:

As previously mentioned, phosphorus plays a major role in the

formation of algae in waste water. Thus, phosphorus removal can prevent
eutrophication. Phosphorus can precipitate when combined with calcium, magnesium,
and aluminium salts. However, doing this on a wide scale is not feasible. Chemical
techniques also increase the volume of the sludge. Therefore, biological approaches are
recommended.

As seen in Fig. 2, microorganisms remove phosphorus biologically through both
aerobic and anaerobic methods. Certain organic molecules, like acetate, get their energy
from polyphosphates when operating in an anaerobic environment and store it as carbon
reserves. Free inorganic phosphorus is released during this process. The organic carbon
reserve components are oxidized in the next aerobic process to produce energy. The
transformation of phosphates into polyphosphates uses a tiny amount of this energy.
Overall, this causes phosphorus to build up as polyphosphates within the bacterial cell.
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Figure. 2, Phosphorus biological removal by bacteria
Controlling the Pollution Caused by Metals
Heavy metal pollution from the environment, such as lead, cadmium, and mercury,

can cause cancer among other harmful effects in living things. Among the defining
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characteristics of metal contamination are bioaccumulation, biomagnification, and
biomethylation.

Living things, including humans, are continuously exposed to metals, which causes
them to accumulate through a process known as bioaccumulation. When an organism
continuously exposed to and accumulates a particular metal, the concentration of that
metal increases, a phenomenon known as bio magnification takes place. Usually, bio
magnification happens through the food chain, with humans being the ultimate victim.
The process of moving methyl groups from organic molecules to metals is known as
biomethylation. Microorganisms found in water and soil are responsible for this. While it
is true that some metals like arsenic become detoxified by methylation, some metals like
mercury may even get more dangerous.

Metal Bio-scavengers:

As natural bio scavengers, some aquatic plants, such as microorganisms and
phytoplankton (which float freely on the water's surface) or benthics (which are plants
anchored to a substratum at the bottom of aquatic reservoirs), can absorb metals from
the bathing media (ponds and waste water). In addition to mitigating the negative impact
of metal pollution, this procedure helps extract strategically valuable metals from the bio
scavengers.

Environmental protection agencies (EPAs) worldwide have been promoting the
use of aquatic plants and microorganisms as low-cost bioabsorbants to remove toxic
metals from environmental pollution in recent years. The following is a brief description
of some of the plants and microorganisms that are helpful in managing metal pollution.
Plants in the control of metal pollution:
= Water hyacinth: The most prevalent weed in tropical seas is water hyacinth, and
controlling it is a serious issue. This plant has a considerable capacity to absorb and
accumulate lead, mercury, cadmium, and even silver.
= Water lettuce: Water lettuce is an aquatic vegetation that floats and is an effective
metal bio scavenger. It is capable of absorbing significant amounts of arsenic, mercury,
cadmium, and lead.
= Cat -tails: These plants occur in swampy places and have long, upright leaves. It has
been demonstrated that cattail leaves can be utilized to absorb copper and nickel in

addition to calcium and magnesium salts. Poor individuals in some areas eat water
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spinach, which can accumulate lead and chromium. Without a doubt, humans are
poisonous to the hazardous metals.

* Ferns: Salvinia species can absorb lead, nickel, and chromium, while Azolla filicoides
ferns accumulate cadmium, copper, and uranium.

Microbes in the control of metal contamination:

= Algae: Algal blooms have the ability to absorb a number of metals from fresh water.
Chlorella vulgaris, for example, is capable of absorbing uranium, copper, and mercury.
Ulva and Laminaria are two examples of marine microalgae that are helpful in reducing
metal pollution.

* Fungi: Some fungal species are effective heavy metal (Pb, Hg) absorbers. For example,
Rhizopus, Penicillum, Aspergillus, and Neurospora.

» Bacteria: Certain types of bacteria have the ability to collect metals on their cell walls.
For example, Bacillus circulans can accumulate copper, yet E. Coli can absorb mercury.
Through genetic modification, efforts are being made to enhance bacterial strains for
more effective uptake and accumulation of hazardous metals. Moreover, these species
will be helpful in recovering metals from the biomass of bacteria.

Immobilized Cells in Pollution Control

It is a relatively new development to employ immobilized cells to reduce
environmental contamination. The immobilized cells can be used to collect metals from
industrial effluents and to remediate waste water. For instance, immobilized
Arthrobacter and Pseudomonas putida species are capable of removing triethyl lead and
phenol. In immobilized systems containing multiple types of microbes, environmental
contaminants can be managed more effectively and concurrently.

Conclusion:

Biotechnological methods, such as bioremediation and biodegradation, offer
effective solutions for environmental pollution. These techniques utilize microorganisms
to degrade pollutants, control industrial emissions, and restore ecosystems, promoting a
sustainable and cleaner environment
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