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ABSTRACT: Bisphenol A (BPA) is recognized as an endocrine disruptor, capable of
interfering with the normal functioning of hormones within the body by mimicking the effects
of estrogen. Drinking water is one of the most common pathways of exposure to BPA as it can
permeate plastic products and other materials, entering water sources. This article presents a
comprehensive overview of BPA, including its incidence, origins, environmental fate, its
impact on human health, and the role of fungi in the biodegradation of BPA. Fungi are natural
decomposers, capable of breaking down organic compounds, including BPA, under suitable
conditions. Studies have demonstrated that specific species of fungi can effectively biodegrade
BPA. Some fungi utilize ligninolytic enzymes, such as laccases and peroxidases, to break down
the phenolic rings of BPA. Other fungi employ non-ligninolytic enzymes, such as esterases and
hydrolases, to cleave the ester linkages in BPA. Furthermore, some fungi can break down BPA
via cometabolic pathways, whereby the chemical is degraded as a side reaction to the
degradation of another substrate. The use of immobilized enzymes for BPA degradation has
also demonstrated potential. Immobilized enzymes are those that are attached to a solid support,
such as a polymer or matrix, allowing them to be used multiple times and enhance their stability
and catalytic activity.

KEYWORDS: Endocrine disruptor; ligninolytic enzymes; immobilized enzymes;
cometabolic pathways.

1. Introduction

Bisphenol A (BPA) is a chemical compound that is commonly used in the production of plastics
and resins. It has been detected in various environmental media, including air, water, soil, and
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sediments. Bisphenol A (BPA) is a synthetic organic compound with the chemical formula
(CH3)2C(CsH4OH)2. It is a colorless, crystalline solid that is soluble in organic solvents but
poorly soluble in water [1]. BPA is classified as a phenolic compound, meaning it contains a
phenol group (-OH) attached to a benzene ring. It is also classified as a diphenylmethane,
meaning it contains two phenyl groups (-CsHs) connected by a methane group (-CHz-). BPA
is known to undergo various chemical reactions, including hydrolysis, oxidation, and
esterification. It can also form complexes with certain metals, such as copper and iron. One of
the key chemical characteristics of BPA is its ability to mimic the effects of estrogen in the
body. This is due to its structural similarity to the hormone, which allows it to bind to estrogen
receptors in the body and interfere with normal hormonal signaling pathways. This is why BPA
is classified as an endocrine disruptor and is a cause for concern in terms of human health and
environmental impacts [2]. Bisphenol A (BPA) is commonly used in the production of
polycarbonate plastics and epoxy resins, which are widely used in the manufacturing of food
and beverage containers, medical equipment, electronics, and other consumer goods [3].
However, BPA is known to leach out of these products and can enter the environment through
various pathways. One of the main ways that BPA enters the environment is through the
disposal of plastic products in landfills. As plastic products break down over time, BPA and
other chemicals can be released into the surrounding soil and groundwater. From there, it can
potentially enter nearby waterways and other ecosystems, where it can have negative impacts
on wildlife and other organisms [4]. In addition to leaching out of plastic products in landfills,
BPA can also be released into the environment during the manufacturing process. When
plastics containing BPA are produced, the chemical can be released into the air or wastewater.
This can lead to contamination of nearby waterways and soil, and can also potentially expose
workers in manufacturing facilities to harmful levels of BPA. Once BPA enters the
environment, it can persist for long periods of time and can potentially bioaccumulate in
organisms, meaning that it can accumulate in the tissues of living organisms over time. This
can have negative impacts on the health of wildlife, as well as potentially impacting human
health through the consumption of contaminated food or water [5].

Studies have shown that Bisphenol A (BPA) is present in the environment at low levels,
but even these low levels of exposure are a cause for concern because of the potential health
effects associated with this chemical. BPA is known to be an endocrine disruptor, meaning that
it can interfere with the normal function of hormones in the body. One of the key ways that
BPA exerts its effects on the body is by mimicking the effects of estrogen. BPA has a similar
chemical structure to estrogen, allowing it to bind to estrogen receptors in the body and disrupt
normal hormonal signaling pathways. This can lead to a range of negative health effects,
particularly in vulnerable populations such as developing fetuses, infants, and young children
[6, 7]. Exposure to BPA has been linked to a range of health problems, including reproductive
disorders, developmental delays, and cancer. For example, studies have found that exposure to
BPA during pregnancy may increase the risk of miscarriage and fetal developmental
abnormalities. Exposure to BPA has also been associated with hormonal imbalances, which
can impact fertility and increase the risk of certain types of cancer, such as breast and prostate
cancer [7, 8]. In addition to its effects on human health, BPA has also been shown to have
negative impacts on wildlife and ecosystems. BPA can interfere with the reproduction and
development of aquatic organisms, and has been detected in a wide range of aquatic
environments. Efforts are being made to reduce exposure to BPA, particularly in vulnerable

132



Tropical Aquatic and Soil Pollution 3(2), 2023, 131-143

populations. Many countries have banned the use of BPA in certain products, and many
companies have voluntarily phased out the use of BPA in their products [3]. However,
continued research and regulatory efforts are needed to fully understand the potential health
impacts of BPA and to address its presence in the environment. This article summarizes an
overview of BPA including their occurrence, source, environmental fate, their impacts on
human health, and the role of fungi in the degradation of BPA.

2. Occurrence of bisphenol A in the environment
2.1. Water.

One of the most common routes of exposure to BPA is through drinking water, as the chemical
can leach out of plastic products and other materials into water sources. Studies have shown
that BPA is present in water at low levels, but even these low levels of exposure can have
negative health effects. BPA has been linked to a range of health problems, including
reproductive disorders, developmental delays, and cancer. This is particularly concerning in
vulnerable populations such as pregnant women, infants, and young children, who may be more
susceptible to the effects of BPA exposure. BPA can enter water sources through various
pathways [9]. BPA enters water through various pathways, and one of the most common ones
is through the disposal of plastic products that contain BPA. As these products degrade over
time, BPA can be released into the soil and groundwater, eventually entering nearby water
sources. The manufacturing process can also lead to BPA entering water sources, as the
chemical can be emitted into the air or wastewater [5]. Once BPA is present in water sources,
it can persist for extended periods, and its accumulation in aquatic organisms is a matter of
concern. BPA has the potential to bioaccumulate, meaning that it can build up in the tissues of
living organisms over time, leading to toxic effects. Bioaccumulation occurs because BPA has
a long half-life, which is the time it takes for half of the chemical to break down or be excreted
from the body. BPA's long half-life enables it to accumulate in the tissues of organisms, leading
to potential harm to both aquatic and terrestrial organisms. Additionally, the accumulation of
BPA in aquatic organisms can pose a risk to humans if these organisms are consumed as a part
of the food chain. This can have negative impacts on the health of wildlife, as well as potentially
impacting human health through the consumption of contaminated fish or seafood [10].
Microplastic contamination in water bodies is a growing concern worldwide. Studies
have revealed the presence of microplastics in various locations, shedding light on the extent
of this issue. In the United States, BPA has been detected in various water sources, including
drinking water, groundwater and surface water [11]. In South Africa, surface water samples
from Capetown contained microplastic concentrations ranging from 3,310 to 15,700
nanograms per liter (ng/l) [12]. Along the coast of Aveiro in Portugal, a coastal lagoon showed
microplastic concentrations ranging from 1.1 to 17 ng/l [13]. The Thermaikos Gulf in Greece,
a sea water body, exhibited microplastic concentrations ranging from 10.6 to 52.3 ng/l [14]. In
Germany, the Elbe River and the North Sea had microplastic concentrations ranging from 17
to 776 ng/l in both river and sea water [15]. The Yangtse River in China showed microplastic
concentrations ranging from 0.98 to 43.7 ng/l in its river water [16]. The Danube River in
Serbia had a microplastic concentration of 6.8 ng/l in its river water [17]. In Korea, tap water
in some major cities was found to contain microplastic concentrations as high as 140 ug/1 [18].
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These findings underscore the widespread presence of microplastics in different water bodies
globally. The varying concentrations highlight the diverse sources and levels of contamination
in different regions. Understanding the extent and distribution of microplastics in various
environments is essential for devising effective strategies to mitigate their impact on
ecosystems and human health. Occurrence of BPA in water sample in some countries in Table
1.

Table 1. Occurrence of BPA in water sample in some countries.

Country Location Sample Concentration Reference
South Africa Capetown Surface water 3,310-15,700 ngl/l. [12]
Portugal Aveiro Coastal lagoon 1.1-17 ng/l. [13]
Greece Thermaikos Gulf Sea water 10.6-52.3 ng/I [14]
Germany Elbe River and River and sea water 17-776 ng/l. [15]

North Sea
China Yangtse River River water 0.98-43.7 ng/l [16]
Serbia Danube River River water 6.8 ng/l [17]
Korea Some major cities Tap water 140 pg/l [18]

2.2. Soil.

One of the primary sources of BPA contamination in soil is the disposal of BPA-containing
products in landfills. Landfills contain a variety of waste products, including plastics that
contain BPA. Over time, BPA can leach out of these products and into the surrounding soil.
In Croatia, sediment samples collected from the Adriatic Sea revealed microplastic
concentrations ranging from 1.05 to 46.31 pg/kg [19]. In Kenya, soil samples from Nairobi
exhibited microplastic concentrations ranging from 490 to 154,820 ug/g [20]. South Africa's
Cape Town had microplastic concentrations in sludge ranging from 0.17 to 2.28 pg/g [21]. In
Nigeria, sediment samples from Lagos had microplastic concentrations at or below 0.0004 ng/g
[22]. In Mexico's Tula Valley, soil samples displayed microplastic concentrations ranging from
1.6 to 30.2 pg/kg [23]. Zhejiang province in China showed soil microplastic concentrations
below 150 pg/kg [24]. Caxias do Sul in Brazil exhibited microplastic concentrations of 21.30
ug/kg in its soil [25]. These findings illustrate the presence of microplastics in various
environmental compartments, including sediment, soil, and sludge. The concentrations vary
across different locations, reflecting the diverse sources and levels of microplastic
contamination is shown in Table 2.

Table 2. Occurrence of BPA in soil and sediment sample in some countries.

Country Location Sample Concentration Reference
Croatia Adriatic Sea Sediment 1.05 to 46.31 pg/kg [19]
Kenya Nairobi Soil 490-154,820 ng/g [20]
South Africa Cape Town Sludge 0.17-2.28 pg/g [21]
Nigeria Lagos Sediment <0.0004 pg/g [22]
Mexico Tula Valley Soil 1.6-30.2 ug kg [23]
China Zhejiang Soil <150 pg kg [24]
Brazil Caxias do Sul Soil 21.30 pg/kg [25]
2.3. Food.

BPA in food can come from a variety of sources, including food packaging, storage containers,
and equipment used in food processing. BPA is commonly used in the production of
polycarbonate plastics, which are often used in food and beverage containers. BPA can also be
found in epoxy resins, which are used to line metal cans and containers. The pathway for BPA
to enter food products is through leaching. When food products are in contact with BPA-
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containing materials, BPA can leach into the food. This can occur during the manufacturing
process, transportation, storage, or even during the cooking process. In addition, BPA can also
be released into the environment and contaminate soil and water sources, leading to potential
exposure through food [26, 27]. Studies have shown that BPA is present in a wide range of
food products, including canned foods and even culinary aromatic herbs and spices. The levels
of BPA in food products can vary widely, depending on the type of product, the packaging,
and the processing methods used. The potential health effects of BPA in food are a concern
because BPA is an endocrine disruptor. BPA can mimic the effects of estrogen in the body,
leading to potential hormonal imbalances and other health problems [26-34]. Exposure to BPA
has been linked to a range of health problems, including reproductive disorders, developmental
delays, and cancer [35]. In response to concerns about BPA in food, some countries have taken
measures to limit the use of BPA in food packaging and storage containers. For example, the
European Union banned the use of BPA in baby bottles in 2011 and in all food contact materials
in 2018 [36, 37]. In the United States, the Food and Drug Administration (FDA) has banned
the use of BPA in baby bottles and sippy cups, but has not banned the use of BPA in other food
packaging [38].

Table 3. Occurrence of BPA in food sample in some countries.

Country Sample Concentration Reference
Tunisia Culinary aromatic herbs and 1<3013 ng/g [26]
spices
Nigeria Sachet/package material <1.2nM-0.224 ng/I [27]
Egypt Corned beef (Can) 74.56-255.78 nglg [28]
Korea Canned meat and meat products <98.3 ug/kg [29]
China Canned meat and meat products <0.01-3.14 pg/kg [30]
USA Canned meat and meat products <0.01-8.78 ug/kg [31]
Japan Canned meat and meat products 4-20 pg/kg [32]
Canada Canned meat and meat products 1.2-35 pg/kg [33]
New Zealand Canned meat and meat products <20-98 pg/kg [34]

2.4. Air.

The sources of BPA in air are diverse and can vary depending on the location. One significant
source of BPA in air is the release of BPA-containing products into the environment. For
example, dust particles containing BPA can be released from plastic products through wear
and tear or heating. In addition, BPA can be released into the air during the production and
disposal of BPA-containing products. Another potential source of BPA in air is the use of BPA-
containing products indoors. For example, cooking with BPA-containing cookware or using
products such as air fresheners and cleaning agents that contain BPA can result in the release
of BPA into the air. Once BPA is released into the air, it can be transported through the
atmosphere over long distances. BPA can also be deposited onto surfaces, including plants and
soils, where it can accumulate. The pathways for BPA to enter the body through air exposure
are not well understood. However, studies have suggested that inhalation is a potential pathway
for BPA to enter the body. Once in the body, BPA can mimic the effects of estrogen, leading
to potential hormonal imbalances and other health problems [39]. Previous study assessed the
emissions from polypropylene manufacturing plants located in Colombia and Brazil. The
researchers specifically examined the gaseous compounds released during the manufacturing
process and identified the presence of BPA and four different types of biphenyls (BPs). The
total concentrations of these BPs, represented as the sum of all the detected types, ranged from
92 to 1565 ng/g [40]. From July 2019 to November 2020, a study was conducted in Shanghai
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to measure the presence of bisphenol A (BPA) in outdoor PM2.5 samples. BPA was frequently
detected in 88% of the samples, with concentrations ranging from 0.051 to 7.52 ng/m?3, and
average and median concentrations of 2.75 ng/m®and 2.40 ng/m?3, respectively. The study also
evaluated the potential health effects associated with the inhalation of BPs by different age
groups. Based on the estimated daily intakes (EDIs) and hazard quotients (HQs) data, it was
found that children were more susceptible to health effects related to the inhalation of BPs
compared to adults [41].

3. Exposure, biotransformation and toxic effects in humans

Exposure to bisphenol A (BPA) can occur through various routes, including ingestion of
contaminated food and water, inhalation of air contaminated with BPA, and dermal contact
with products containing BPA. Once BPA enters the body, it undergoes biotransformation and
can have toxic effects on human health. Ingestion of contaminated food and water is considered
to be the primary route of BPA exposure for humans. BPA can leach into food and drinks from
containers made with BPA-containing materials, such as plastic bottles and cans. BPA can also
contaminate food through the use of BPA-based food packaging materials, such as plastic
wraps and containers. In addition, BPA has been found in drinking water sources, including
groundwater and surface water. Once ingested, BPA can be absorbed through the intestines
and enter the bloodstream. Inhalation of air contaminated with BPA is another route of
exposure, although it is considered to be a minor source. BPA can be released into the air during
the production and use of BPA-containing products, such as plastic manufacturing and waste
incineration. Once inhaled, BPA can be absorbed into the bloodstream through the lungs.
Dermal contact with products containing BPA is considered to be a minor route of exposure.
BPA can be found in some personal care products, such as sunscreen and lotions, as well as in
certain types of thermal paper, such as receipts. Although the amount of BPA that can be
absorbed through the skin is low, it can still contribute to overall exposure [41, 42].

BPA is primarily metabolized in the liver through a process known as conjugation,
wherein it binds to another molecule, such as glucuronic acid or sulfate. This results in the
formation of BPA-glucuronide and BPA-sulfate, which are less toxic than the parent compound
and can be excreted from the body through urine or feces. However, during biotransformation,
some BPA may be transformed into more reactive forms, such as quinones, which can damage
cellular DNA and proteins, leading to various health problems, including cancer and
developmental disorders. Various factors, such as age, sex, and genetic variations, can affect
the biotransformation of BPA. For example, infants and young children have higher levels of
BPA-glucuronide compared to adults, indicating that they may have a slower rate of
biotransformation. Genetic variations in enzymes involved in BPA metabolism can also impact
the biotransformation of BPA and its toxic effects. Although biotransformation is an important
mechanism for reducing BPA toxicity, the formation of reactive metabolites such as quinones
can still cause damage to cellular DNA and proteins [43]. Therefore, it is crucial to minimize
BPA exposure in the first place by avoiding products that contain BPA and reducing exposure
to contaminated food, water, and air. Additionally, studies on the effect of genetic variations
on the biotransformation of BPA can help identify individuals who may be more vulnerable to
the toxic effects of BPA and inform personalized prevention and intervention strategies [44].

BPA's toxic effects on human health are still a subject of ongoing research. BPA has
estrogenic effects, meaning that it can bind to estrogen receptors in the body and imitate the
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effects of the hormone. This can disrupt the body's natural hormonal balance, which may result
in a range of health problems, including reproductive disorders, developmental delays, and
cancer. BPA exposure has also been linked to metabolic disorders, such as obesity and type 2
diabetes. One theory is that BPA may interfere with the body's insulin signaling pathways,
leading to insulin resistance and impaired glucose metabolism [42-44].

4. Biodegradation by Fungi

Fungi are natural decomposers that are capable of breaking down a range of organic
compounds, including BPA. Studies have shown that certain species of fungi can effectively
biodegrade BPA under the right conditions. This is an attractive solution to the problem of
BPA contamination, as it is a natural process that does not require the use of harmful chemicals
or energy-intensive processes. White-rot fungi are a group of fungi that are known for their
ability to degrade a wide range of pollutants, including organic compounds such as Bisphenol
A (BPA). BPA is a common environmental contaminant that has been shown to have negative
impacts on human health and the environment. The use of white-rot fungi to biodegrade BPA
IS an attractive solution to this problem, as it is a natural and sustainable process that does not
require the use of harmful chemicals. Several studies have demonstrated the capability of
certain species of white-rot fungi to effectively biodegrade Bisphenol A (BPA). For instance,
one study investigated the biodegradation of BPA by the white-rot fungus Stereum hirsutum
and Heterobasidium. The researchers examined the estrogenic activity of the degradation
products using MCF-7 cell proliferation assays and analyzed pS2 mRNA expression in the
MCF-7 cells. Both S. hirsutum and H. insulare demonstrated high resistance to BPA at a
concentration of 100 ppm. Their mycelial growth was completed within 8 days of incubation
at 30 °C. It took between 7 and 14 days for the fungi to achieve complete degradation of BPA,
reaching approximately 99% [45]. Another study showed that BPA was subjected to treatment
using manganese peroxidase (MnP) and laccase obtained from lignin-degrading fungi. While
BPA disappeared completely from the reaction mixture after a 1-hour treatment with MnP,
their estrogenic activities remained at 40%, respectively. Extending the treatment time to 12
hours resulted in the complete removal of estrogenic activities. Laccase exhibited lower
efficiency in removing these activities compared to MnP; however, when combined with HBT,
the laccase-HBT system successfully eliminated the activities within 6 hours. Even after 48
hours of enzymatic treatment, the estrogenic activities did not reappear, indicating that the
ligninolytic enzymes effectively remove the estrogenic activities of BPA [46].

The use of white-rot fungi for the biodegradation of BPA has several advantages over
other methods of remediation. Firstly, it is a natural process that does not require the use of
harmful chemicals or energy-intensive processes. Secondly, it is a sustainable approach that
can be applied in situ, meaning that the fungi can be applied directly to the contaminated soil
or water without the need for excavation or removal of the contaminated material. However,
there are also some limitations to the use of white-rot fungi for BPA biodegradation. For
example, the effectiveness of the process may be influenced by factors such as pH, temperature,
and the presence of other contaminants in the environment. Furthermore, the cost and time
required for the cultivation of the fungi may be a barrier to its widespread use [47]. White rot
fungi are known to be effective in biotransforming a wide range of organic compounds,
including bisphenol A (BPA). When white rot fungi are exposed to BPA, they can use different
enzymes to transform it into simpler and less harmful compounds. One of the main mechanisms
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by which white rot fungi degrade BPA is through the production of ligninolytic enzymes such
as lignin peroxidase (LiP), manganese peroxidase (MnP), and laccase. LiP is a heme-containing
enzyme that can oxidize and cleave the aromatic rings of BPA, leading to the formation of
benzoquinones and other intermediates. MnP, on the other hand, can oxidize BPA to form
BPA-quinones, which can then be further degraded by other enzymes such as hydrolases.
Laccase can also oxidize BPA to form BPA-quinones, which can then undergo further reactions
with other enzymes [48]. Previous research revealed that Trametes hirsuta was capable of
biotransforming BPA into several metabolites. The biotransformation of bisphenol A (BPA)
involves the action of both extracellular and intracellular enzymes, such as laccase and
cytochrome P-450 monooxygenase. Various enzymatic processes, including polymerization,
hydroxylation, dehydration, bond cleavage, dehydrogenation, and carboxylation, are believed
to contribute to the transformation of BPA. The results indicate that the fungus T. hirsuta La-7
has significant potential for bioremediation applications, as the intermediate products generated
during the process are either harmless or less hazardous [49].
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4. Biodegradation by immobilized enzyme

One approach that has shown promise is the use of immobilized enzymes for BPA degradation.
Immobilized enzymes are enzymes that are bound to a solid support, such as a polymer or a
matrix, which allows them to be reused multiple times and can improve their stability and
catalytic activity. The immobilization process involves attaching the enzyme molecules to the
support matrix, which can be achieved through a variety of techniques, such as covalent
bonding, adsorption, encapsulation, and crosslinking. covalent bond is formed between the
enzyme and the support material. This method is known for providing strong and stable
immobilization, which is particularly useful for applications requiring high stability, but it can
be a time-consuming and expensive process [50]. Another method for enzyme immobilization
is adsorption, which involves the attachment of the enzyme to the support material through
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weak electrostatic or hydrophobic interactions. This method is simple and easy to use, but it
can result in unstable immobilization and low activity due to the weak attachment between the
enzyme and the support material [51]. Encapsulation is another method for immobilizing
enzymes, where the enzyme is trapped within a microsphere or capsule. This method provides
a protective barrier for the enzyme, which can increase stability and prevent degradation by
external factors. However, encapsulation can also result in low activity due to the limited
substrate diffusion through the microsphere or capsule [50].

Previous study showed the the stability and reusability of laccase enzymes pose
significant challenges in industrial and environmental biotechnology. The laccase enzyme was
immobilized onto SiO supports through covalent binding and exhibited superior stability and
durability compared to the free form. Even after 30 continuous reaction cycles, the relative
activity remained above 80%. Furthermore, the immobilized laccase demonstrated enhanced
efficiency in degrading BPA, especially in the presence of TX-100. Complete degradation of
BPA was achieved within 5 hours of incubation. These findings highlight the feasibility of
enzyme immobilization as a means to improve the stability, reusability, and efficacy of laccase
for various applications [52]. Another study showed that Trametes versicolor laccase
immobilized on Ba-alginate beads effectively degraded bisphenol A (BPA) under optimal
conditions: 40 °C, 2 mg/L BPA concentration, and 50 minutes. Both Box-Behnken design
(BBD) and artificial neural network (ANN) accurately predicted the degradation efficiency,
with BBD achieving 83.48% and ANN achieving 84.33%. Statistical analysis confirmed the
reliability of both models (R% 0.98 for BBD, 0.97 for ANN; MSE: 9.88 for BBD, 38.25 for
ANN). Immobilized laccase exhibited superior storage stability, retaining 68.64% and 44.62%
activity compared to free laccase [53].

5. Conclusion

Bisphenol A (BPA) is a harmful industrial chemical that is widely used in the manufacturing
of plastics, resins, and coatings. It has been shown to have negative effects on human health
and the environment, which has led to increased efforts to find effective and sustainable
methods for its removal from the environment. One approach that has shown promise is the
use of fungi for the biodegradation of BPA. Fungi are known for their ability to degrade a wide
range of organic compounds, including pollutants and toxic chemicals. They use a variety of
enzymes and metabolic pathways to break down these compounds, which can result in their
complete mineralization to harmless end-products. Several studies have reported the ability of
fungi to biodegrade BPA, making them a promising tool for environmental remediation. Fungi
can degrade BPA through different mechanisms, depending on the fungal species and the
environmental conditions. Some fungi use ligninolytic enzymes, such as laccases and
peroxidases, to break down the phenolic rings of BPA. Other fungi use non-ligninolytic
enzymes, such as esterases and hydrolases, to cleave the ester linkages in BPA. In addition,
some fungi can degrade BPA through cometabolic pathways, where the chemical is degraded
as a side reaction to the degradation of another substrate. The use of immobilized enzymes for
BPA degradation has also shown promise. Immobilized enzymes are enzymes that are bound
to a solid support, such as a polymer or a matrix, which allows them to be reused multiple times
and can improve their stability and catalytic activity. Immobilization can improve enzyme
stability and activity, as it protects the enzyme from degradation, proteolysis, and thermal
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denaturation. The choice of support material is a critical factor in the successful immobilization
of enzymes.
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