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Description

With the global rise in waste generation, traditional methods
of waste treatment and recycling are becoming less sustainable
and effective. Chemical treatments and landfill disposal often
lead to environmental pollution, greenhouse gas emissions, and
high operational costs. In this article, microbial consortia offer a
promising, eco-friendly solution for waste treatment and
recycling. Microbial consortia are communities of interacting
microorganisms working in synergy, which can degrade a wide
range of organic and inorganic waste. Leveraging these microbial
communities for waste treatment and recycling has shown
substantial potential in treating organic waste, managing
wastewater and even reclaiming valuable metals from electronic
waste [1,2].

Microbial consortia in organic waste treatment

Microbial consortia are particularly effective in treating
organic waste, which includes food scraps, agricultural residues
and municipal waste. These consortia consist of multiple
microbial species, each specializing in different steps of organic
breakdown. For instance, in anaerobic digestion, bacteria first
break down complex organic compounds like proteins and
carbohydrates into simpler molecules. Then, methanogens, a
specific group of archaea, convert these by-products into
methane and carbon dioxide. The methane can be captured and
used as biogas, a renewable energy source, reducing the need
for fossil fuels and providing an additional economic incentive.
The ability of microbial consortia to adapt to diverse waste
compositions is another advantage in organic waste
management. Traditional composting requires precise control
over temperature, moisture and carbon-to-nitrogen ratios,
which can be challenging to maintain on a large scale. However,
microbial consortia are more resilient and can self-regulate
through interspecies interactions. Some microbes in the
consortium may degrade cellulose-rich plant material, while
others specialize in protein or lipid degradation, allowing the
system to handle a variety of organic waste inputs effectively.
This flexibility makes microbial consortia an ideal solution for
complex waste streams, such as municipal solid waste, which is
often highly heterogeneous. Furthermore, microbial consortia
play a vital role in reducing greenhouse gas emissions from

waste treatment. Traditional waste disposal methods, like
landfilling, release significant amounts of methane-a potent
greenhouse gas. By contrast, controlled anaerobic digestion
using microbial consortia allows methane capture and utilization,
preventing its release into the atmosphere. Additionally, the use
of microbial consortia in composting produces nutrient-rich
compost with reduced carbon emissions, which can be used to
enhance soil fertility and promote sustainable agriculture [3,4].

Wastewater treatment and pollution mitigation

Microbial consortia are also pivotal in wastewater treatment,
where they break down pollutants and neutralize hazardous
compounds before water is discharged into the environment.
These consortia often consist of bacteria, archaea and fungi that
work in tandem to remove organic pollutants, heavy metals and
nutrients like nitrogen and phosphorus, which are common in
industrial and municipal wastewater. The ability of microbial
consortia to efficiently remove contaminants not only improves
water quality but also protects aquatic ecosystems from nutrient
overload and toxic pollution. In conventional wastewater
treatment plants, aerobic bacteria are often used to degrade
organic compounds. However, microbial consortia bring greater
efficiency and resilience to the process, enabling treatment of
high-load and toxic wastewater. For example, anammox
bacteria, part of specific microbial consortia, convert ammonium
into nitrogen gas under anaerobic conditions, significantly
reducing the need for aeration-a major energy cost in traditional
treatment [5,6]. This method, known as the anammox process,
has been adopted in various wastewater treatment facilities
worldwide due to its energy savings and efficiency in nitrogen
removal. Microbial consortia are also effective in treating
industrial wastewater laden with heavy metals. Many bacteria in
these consortia produce biofilms or extracellular polymeric
substances that bind to heavy metals, effectively removing them
from water. In some cases, researchers have engineered
microbial consortia to enhance their metal-binding capacities,
making them suitable for treating wastewater from industries
such as mining and electronics manufacturing. Once metals are
bound, they can be extracted and recycled, creating a
sustainable approach to resource recovery. Microbial consortia
are therefore instrumental in both pollution mitigation and the
recycling of valuable materials from waste streams [7,8]. The
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growing accumulation of electronic waste, including phones and
computers, poses significant environmental challenges due to its
high concentration of valuable metals and hazardous substances.
Traditional recycling methods, such as high temperatures or
strong acids, can be costly and environmentally damaging.
However, microbial consortia offer a low-energy solution for
biomining and metal recovery from e-waste. These bacteria and
fungi can bioleach, extracting metals by producing acids or
enzymes that dissolve metal compounds. Acidithiobacillus
ferrooxidans and Leptospirillum ferrooxidans can oxidize metal
sulfides, releasing valuable metals in a soluble form for collection
and purification. This method reduces environmental impact and
conserves energy. Microbial consortia can also neutralize
hazardous compounds in e-waste, preventing contamination of
soil and water. The complexity of microbial communities allows
for simultaneous breakdown of multiple pollutants [9,10].
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