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Laccase Enzyme CAS 80498-15-3 is used in wastewater treatment as an oxidative biocatalyst
for contaminants that contain phenolic, aromatic, dye-like, or electron-rich structures. In
practical terms, laccase helps convert certain dissolved pollutants into oxidized fragments,
less-colored structures, or larger coupled products that can be handled by downstream
clarification, filtration, adsorption, or biological treatment. Enzymes.bio supplies this laccase
enzyme directly online by the 1 kg unit; orders are paid online, processed, and shipped, with a
Certificate of Analysis and Safety Data Sheet included with the order.

Product context for wastewater applications

Laccase is a copper-containing oxidoreductase enzyme widely studied for environmental remediation
because it can use dissolved oxygen as the terminal electron acceptor while oxidizing suitable organic
molecules. The enzyme is especially relevant where wastewater contains phenolic pollutants, textile
dyes, bisphenol A, aromatic intermediates, and selected pharmaceutical micropollutants that resist

complete removal in conventional treatment systems [1].

For the buyer using Laccase Enzyme For The Treatment Of Wastewater CAS 80498-15-3, the most
realistic role is not “one enzyme for all wastewater.” Laccase is best understood as a targeted oxidation
aid or polishing biocatalyst within a broader treatment train, with strongest relevance where the

contaminant chemistry is compatible with laccase-mediated oxidation [2].

Enzymes.bio supplies the enzyme as an online-orderable 1 kg product for technical use. The
educational guidance below explains where laccase is supported by current research, how it acts on
common wastewater substrates, and why factors such as pH, dissolved oxygen, contact time, organic
load, mediators, and immobilization influence performance.
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How laccase changes pollutants in water

Laccase works by removing electrons from suitable organic substrates and passing those electrons
through copper centers in the enzyme to oxygen. Oxygen is reduced at the enzyme’s copper site while
the pollutant molecule is converted into a radical, quinone-like intermediate, or other oxidized form;
these products are often more reactive than the starting compound and can undergo follow-on

coupling, bond rearrangement, fragmentation, or precipitation-related behavior [1].

With phenolic pollutants, the reaction often begins at the phenolic hydroxyl group. Laccase oxidation
generates phenoxy radicals, and those radicals can couple with each other to form dimers, oligomers,
or polymeric material; this is one reason laccase is studied not only for “degradation” but also for

polymerization-based removal of phenols from water [3].

With dyes, the useful effect is often visible as decolorization. Many dyes owe their color to
chromophores: conjugated aromatic systems, azo linkages, quinone-like groups, or other electron-rich
structures that absorb visible light. Laccase-mediated oxidation can interrupt this conjugation, alter
auxochrome groups, or generate radical intermediates that no longer absorb light in the same way, so
the water loses color even when additional downstream treatment is still needed for complete organic

removal [4].

Figure 1. Laccase oxidizes phenolic and dye pollutants while reducing oxygen to
water, often forming radicals that couple into less soluble products.

With some pharmaceuticals and endocrine-active compounds, laccase may transform the molecule
rather than fully mineralize it. For example, research on ciprofloxacin and norfloxacin remediation
using laccase derived from spent mushroom waste focused not only on disappearance of the parent
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compounds but also on fate, toxicity, and degradation behavior, which is important because

transformation products can matter as much as the original pollutant [5].

Why laccase is relevant to difficult wastewater streams

Many industrial and municipal treatment systems are effective at removing suspended solids and
biodegradable organic matter, yet residual color, phenols, endocrine disruptors, antibiotics, and other
trace organics can remain. Reviews of laccase-based wastewater treatment describe the enzyme as a
sustainable approach for oxidizing recalcitrant organic compounds under comparatively mild

conditions, especially when used as a complementary treatment rather than a stand-alone cure-all [1].

The key advantage is chemical fit. Laccase is naturally associated with oxidation of lignin-like and
aromatic structures, so it is well matched to contaminants that have phenolic rings, substituted
aromatics, dye chromophores, or electron-donating functional groups. That substrate profile explains
why the literature repeatedly emphasizes textile dyes, phenolic pollutants, bisphenol A, chlorophenols,

and selected pharmaceutical residues [2].

Another advantage is that laccase chemistry can reduce reliance on aggressive oxidants in suitable
applications. The enzyme does not need chlorine or ozone to perform its core catalytic cycle; it uses
oxygen while the enzyme’s copper centers mediate electron transfer. This does not remove the need
for process control, but it does make laccase attractive for lower-chemical-intensity polishing concepts
[6].

Application area: textile dye decolorization

Textile dye wastewater is one of the most established application areas for laccase. Dyes are designed
to resist fading, washing, and chemical attack, which also makes them persistent in effluent; laccase is
attractive because its oxidative action can alter the same aromatic and conjugated structures

responsible for dye color [4].

Research on immobilized Trametes versicolor laccase on layered double hydroxide/alginate composite
beads reported improved textile dye decolorization compared with less-stabilized enzyme formats. The
practical relevance is that the support material helps retain the enzyme in a usable form while the
laccase oxidizes dye molecules at the water–solid interface, limiting enzyme washout and improving

repeated-use potential [4].
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Figure 2. A typical laccase wastewater process adds enzyme and aeration before
clarification to reduce color and oxidizable organic contaminants.

Other research directions include magnetic carriers, polymer supports, membranes, and biochar-type
supports, all designed to make laccase easier to recover from treated water. Carrier-based magnetic
polymer work has focused on enhanced covalent binding of laccase, because stronger attachment can
reduce enzyme leaching and keep catalytic sites available during repeated dye or pollutant treatment

cycles [7].

Mechanistically, dye decolorization does not always mean total mineralization to carbon dioxide and
water. A dye may lose its visible color when oxidation breaks or modifies the chromophore, while
aromatic fragments or coupled products remain; for that reason, laccase is often most appropriate as a

color-reduction or polishing step paired with downstream separation or biological treatment [1].

Application area: phenols, chlorophenols and aromatic industrial pollutants

Phenols and substituted phenols are among the most direct laccase substrates. Their phenolic hydroxyl
groups are readily oxidized to radicals, and those radicals can rearrange, couple, or form quinone-like
structures; the pollutant is therefore converted into forms that may be less soluble, less mobile, or

more compatible with downstream removal [3].

A 2024 study on laccase from Coriolopsis gallica examined catalytic removal of phenolic pollutants and
described a binding interaction and polymerization mechanism. That mechanism is highly relevant to
wastewater: the enzyme does not simply “destroy” every molecule in one step; it activates phenolic
substrates so they polymerize into larger products that can be more readily separated from the

aqueous phase [3].
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This polymerization route is valuable because many phenolic pollutants are toxic at low concentrations
and can inhibit ordinary biological treatment. Laccase can reduce the dissolved parent compound
burden by converting reactive phenols into coupled products, although the resulting mixture and any

downstream solids handling still depend on the specific wastewater composition [1].

For chlorophenols and other substituted aromatics, performance can be more compound-specific.
Chlorine substitution can make molecules more persistent and can change their oxidation potential, so
laccase activity may benefit from longer contact time, mediator-assisted oxidation, immobilized enzyme

formats, or integration with adsorption and other treatment steps [6].

Figure 3. Wastewater laccase is used across dye, paper, phenolic, agro-industrial,
and trace organic pollutant treatment applications.

Application area: bisphenol A and endocrine-active compounds

Bisphenol A is a prominent laccase target because it contains two phenolic rings linked through a
central carbon structure. Those phenolic groups provide accessible oxidation sites, allowing laccase to
form phenoxy radicals that can undergo coupling, ring modification, or formation of larger products

with reduced mobility in water [8].

Research on functionalized chitosan and alginate composite hydrogel-immobilized laccase reported
bisphenol A removal using a sustainable biocatalyst format. The hydrogel support is important
conceptually because it holds the enzyme in a hydrated, accessible environment while allowing BPA-

containing water to contact the catalytic surface [8].
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Another study used a cellulose/waste Cu²⁺-activated carbon composite to boost laccase activity and
degrade bisphenol A in wastewater. This kind of approach combines catalytic oxidation with a sorptive
material, so BPA can be concentrated near the enzyme while oxidation changes the molecule;

adsorption and enzymatic transformation then work together rather than as separate steps [9].

In process terms, BPA removal by laccase is not only a concentration-reduction question. Endocrine
activity depends on molecular structure, so the desired treatment effect is transformation of the
phenolic structure that contributes to biological activity, followed by sufficient downstream control of

by-products and residual organics [8].

Application area: pharmaceuticals and antibiotic micropollutants

Pharmaceutical micropollutants are a more selective application area for laccase than textile dyes or
simple phenols. Some antibiotics and drug molecules contain phenolic, amine, heterocyclic, or
conjugated aromatic structures that can be oxidized directly or through mediator-assisted pathways,

while others are less responsive under the same conditions [5].

The ciprofloxacin and norfloxacin study using laccase derived from spent mushroom waste is
significant because it considered remediation from wastewater along with fate, toxicity, and
degradation. Fluoroquinolone antibiotics are structurally complex, so treatment evaluation needs to
consider both parent-compound reduction and whether the transformed products show lower or

different biological effects [5].

Figure 4. Compared with harsher chemical oxidation or coagulation, laccase
treatment can operate under milder conditions and reduce color-forming
pollutants.
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Sulfamethoxazole has also been studied in laccase systems. Covalent organic framework in-situ
immobilized laccase was investigated for covalent polymerization removal of sulfamethoxazole in the
presence of natural phenols, with the title highlighting both pollutant removal and improved enzyme

stability/activity in the immobilized format [10].

The important practical message is that laccase can be useful for selected pharmaceutical polishing, but
it should not be framed as universal pharmaceutical destruction. Molecular structure, matrix
competition, and whether a mediator or natural co-substrate is present can strongly influence which

compounds are transformed and how rapidly [11].

Free laccase, immobilized laccase and mediator-assisted systems

Free laccase is the simplest concept: the soluble enzyme is dispersed into the water and contacts
dissolved pollutants directly. This can be useful where single-use treatment is acceptable, but soluble
enzyme may be carried away with the treated water and may be more exposed to inhibitors, pH stress,

surfactants, or temperature changes [1].

Immobilized laccase is attached to or entrapped within a support such as alginate, chitosan, activated
carbon composite, magnetic polymer, membrane, scaffold, or metal–organic framework. Immobilization
can improve operational stability because the enzyme is physically retained, often better protected

from harsh conditions, and more compatible with repeated or continuous treatment formats [6].

Mediator-assisted laccase systems use a small redox-active molecule to extend the enzyme’s reach. The
mediator is oxidized by laccase, then the oxidized mediator reacts with pollutants that may be too
bulky, too non-phenolic, or too difficult for direct oxidation at the enzyme surface; this is why laccase–

mediator systems are frequently discussed for antibiotics and persistent organic pollutants [12].

Laccase format
What changes in the
wastewater

Main practical advantage
Main limitation to keep in
view

Free laccase
Direct oxidation of accessible
phenols, dyes, and aromatic
substrates in solution

Simple contact between
enzyme and pollutant

Enzyme can leave with treated
water and may be more
sensitive to wastewater stress

Immobilized
laccase

Pollutants diffuse to a catalytic
surface where oxidation,
coupling, and decolorization
occur

Better retention, reuse
potential, and stability in
many research systems

Support material adds mass-
transfer and system-design
considerations
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Laccase format
What changes in the
wastewater

Main practical advantage
Main limitation to keep in
view

Laccase with
mediator

Mediator shuttles oxidation
equivalents from laccase to
harder-to-oxidize pollutants

Broader substrate reach,
especially for selected
micropollutants

Mediator cost, environmental
fate, and by-products must be
considered

Laccase plus
adsorption
support

Pollutants are concentrated
near the enzyme and then
oxidized

Adsorption and catalysis can
reinforce each other

Saturation, fouling, and
handling of spent support
remain relevant

Operating environment: what affects laccase performance

Laccase performance is strongly shaped by wastewater chemistry. pH affects both enzyme shape and
pollutant ionization; temperature changes reaction rate and enzyme stability; dissolved oxygen
supports the catalytic cycle; and salinity, surfactants, heavy metals, suspended solids, and competing

organics can change how much active enzyme remains available for the target pollutant [1].

Figure 5. Relative activity of Laccase Enzyme For The Treatment Of Wastewater Cas
80498-15-3 as a function of pH, showing the optimum plateau at pH 4.5–6.5.

Many fungal laccases are most commonly discussed under acidic to mildly acidic conditions, but the
actual useful window depends on enzyme source and substrate. This matters because a dye molecule,
phenol, or antibiotic can become easier or harder to oxidize as pH changes, even before the enzyme

itself is considered [2].
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Dissolved oxygen is a mechanistic requirement because laccase transfers electrons from the pollutant
to oxygen. If oxygen transfer is limited, the enzyme’s catalytic cycle can slow; if mixing is excessive or
the matrix contains strong inhibitors, the enzyme may be physically or chemically stressed, so balance

is important in real water systems [1].

Contact time is also pollutant-specific. A simple phenolic compound may react more readily than a
highly substituted pharmaceutical, and a dye with an accessible chromophore may decolorize faster
than a molecule whose reactive center is sterically protected. This is why research papers often report
different removal behavior for different contaminants under otherwise similar laccase-based

approaches [5].

Stability improvements and why immobilization is prominent in the literature

One reason immobilization appears so often in laccase wastewater studies is that real effluent is
chemically demanding. Enzymes can unfold, aggregate, or lose catalytic conformation when exposed to
unfavorable pH, elevated temperature, salts, solvents, surfactants, or inhibitory metals; immobilization
can reduce these effects by restricting enzyme movement and providing a protective

microenvironment [6].

Three-dimensional printed polylactide scaffolding has been investigated for laccase immobilization to
improve enzyme stability and estrogen removal from wastewater. The scaffold concept is relevant
because it creates a defined physical structure where water can flow through or around the support

while the enzyme remains retained instead of dispersing into the effluent [13].

Metal–organic framework systems are another active research area. Reviews describe laccase–MOF
composites for bioremediation of organic pollutants, with attention to stability, reusability, and mass
transfer; the porous framework can provide enzyme protection while still allowing smaller pollutant

molecules to reach catalytic sites [6].
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Figure 6. Relative activity of Laccase Enzyme For The Treatment Of Wastewater Cas
80498-15-3 as a function of temperature, with the optimum at 35–50 °C and a
characteristic thermal-denaturation fall-off above the optimum.

Magnetic biochar and magnetic polymer supports are studied because they can simplify recovery. In
high-performance persistent organic pollutant removal using stabilized enzyme aggregates over
amino-functionalized magnetic biochar, the concept is to combine a robust solid carrier with magnetic

separability and enzyme stabilization for repeated treatment cycles [14].

Comparison with conventional and advanced treatment options

Laccase should be viewed as complementary to established wastewater processes. Activated sludge,
coagulation, adsorption, membrane filtration, Fenton oxidation, photocatalysis, and constructed
wetlands each remove different fractions of the pollutant load; laccase occupies a more specialized role

where mild enzymatic oxidation of aromatic and phenolic molecules is valuable [15].

Compared with adsorption alone, laccase can chemically transform the pollutant rather than only
transfer it from water to a solid. Adsorption remains useful, especially for concentrating pollutants
near a catalytic surface, but the treatment goal changes when enzymatic oxidation converts the

molecule into a different structure [9].

Compared with Fenton or photocatalytic oxidation, laccase is typically milder and more selective.
Fenton-type systems generate strong radicals that can attack many organics, while laccase tends to act
on substrates compatible with its redox range or reachable through mediators; this selectivity can be

beneficial but also means some compounds will not respond well [15].
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Compared with whole-fungus treatment, purified or supplied laccase provides the catalytic enzyme
directly rather than relying on microbial growth. Whole fungal systems may produce multiple enzymes
and biosorption effects, while laccase products focus on the oxidative function associated with the

enzyme itself [2].

Realistic performance expectations in wastewater

The strongest evidence base for laccase is in dye decolorization and phenolic pollutant transformation.
These contaminants have chemical features that align with laccase’s oxidative mechanism, and multiple
studies show improved performance when laccase is immobilized or paired with adsorption-like

supports [4].

Figure 7. Illustrative dose–response for Laccase Enzyme For The Treatment Of
Wastewater Cas 80498-15-3 across the recommended use band (0.01–0.1% %).

For bisphenol A and related endocrine-active phenols, the evidence is also strong at the research level
because BPA has two phenolic rings that are accessible to enzymatic oxidation. Hydrogel, activated-
carbon composite, and other supported systems show why combining retention, adsorption, and

catalysis is a common strategy [8].

For antibiotics and pharmaceuticals, the evidence is promising but more compound-dependent. Some
molecules are oxidized directly, some need mediators or co-substrates, and some may transform
slowly; therefore, laccase is best described as a targeted micropollutant-polishing tool rather than a

universal pharmaceutical-removal solution [5].
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Color reduction, parent-compound loss, and toxicity reduction are related but not identical. A
wastewater may become visibly clearer while still containing organic transformation products, so
laccase treatment is most credible when integrated with appropriate downstream removal, monitoring,

or polishing steps already present in the treatment program [1].

Where Laccase Enzyme CAS 80498-15-3 fits in a treatment train

In textile and dye-processing wastewater, laccase can be considered for a color-reduction stage after
high-strength solids and bulk organic load have been managed. This placement lets the enzyme act on
residual soluble color bodies rather than being consumed or inhibited by excessive non-target

organics [4].

In phenolic industrial effluents, laccase can support oxidation of phenols, chlorophenols, catechol-like
compounds, and bisphenol-type structures. The practical value comes from converting dissolved
phenolic substrates into oxidized or coupled products that can be better handled by clarification,

filtration, adsorption, or further biological treatment [3].

In municipal or mixed industrial polishing, laccase is most relevant where the target issue is a known
class of aromatic micropollutants rather than an undefined total pollutant load. Reviews on feasibility
and laccase-based wastewater treatment emphasize that the enzyme’s usefulness depends on matching

its oxidative mechanism to the contaminants present [1].

Figure 8. Illustrative thermal-stability decay of Laccase Enzyme For The Treatment
Of Wastewater Cas 80498-15-3 — residual activity falling over time at the operating
temperature.
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In integrated treatment concepts, laccase can work alongside adsorption, membrane systems,
bioflocculation, fungal treatment, or advanced oxidation. For example, industrial wastewater treatment
using extracellular polymer substances and bioflocculants addresses aggregation and separation, while

laccase adds a chemical-transformation mechanism for susceptible dissolved organics [16].

Buying Laccase Enzyme from Enzymes.bio

Enzymes.bio supplies Laccase Enzyme For The Treatment Of Wastewater CAS 80498-15-3 directly
through the online store in 1 kg units. The buyer places the order online, pays online, and the order is
processed and shipped; a Certificate of Analysis and Safety Data Sheet are included with the order.

This product is suited for buyers who already understand their wastewater application context and
need a laccase enzyme input for technical treatment work. The research base supports laccase as a
credible enzyme for oxidative treatment of dyes, phenolic pollutants, bisphenol A, and selected

micropollutants, especially where it is used as part of a broader wastewater treatment strategy [2].

Bottom line for wastewater use

Laccase Enzyme CAS 80498-15-3 is most useful where wastewater contains oxidizable aromatic
contaminants: textile dyes, phenols, chlorophenols, bisphenol A, and selected pharmaceutical
micropollutants. The enzyme works by transferring electrons from the pollutant to oxygen through its
copper catalytic centers, producing oxidized intermediates that may lose color, polymerize, become less

soluble, or become more amenable to downstream treatment [1].

The strongest practical expectation is targeted polishing, not universal cleanup. When the contaminant
chemistry fits laccase’s oxidative mechanism and the treatment environment supports enzyme activity,

laccase offers a mild, research-supported route for reducing difficult organic pollutants in water [6].

Order Laccase Enzyme For The Treatment Of Wastewater Cas 80498-15-3 online
Sold by the 1 kg unit, in stock and ready to ship. Order directly on our store — pay online and
we process your order. A Certificate of Analysis and Safety Data Sheet are included with every
order.

Buy Laccase Enzyme For The Treatment Of Wastewater Cas 80498-15-3 →

enzymes.bio  ·  Enzymes.bio Research Team Page 13 of 15

https://enzymes.bio/?p=20691


References

Numbered in order of first citation. Open-access sources, each verified reachable at publication; citation numbers in the text link
here.

1. Sutaoney, P., Pandya, S., Gajarlwar, D., Joshi, V., & Ghosh, P. (2022). Feasibility and potential of laccase-based enzyme
in wastewater treatment through sustainable approach: A review. Environmental science and pollution research
international, 29, 86499 - 86527.

2. Younus, H., Khan, M. A., Khan, A., & Alhumaydhi, F. (2025). Eco-Friendly Biocatalysts: Laccase Applications,
Innovations, and Future Directions in Environmental Remediation. Catalysts.

3. Wu, X., Cai, C., Cen, Q., Fu, G., Lu, X., Zheng, H., Zhang, Q., … et al. (2024). Efficient catalytic removal of phenolic
pollutants by laccase from Coriolopsis gallica: Binding interaction and polymerization mechanism.. International
Journal of Biological Macromolecules, 135272 .

4. Nouaa, S., Aziam, R., Carja, G., Chiban, M., & Froidevaux, R. (2025). Immobilization of Trametes versicolor laccase on
LDH/alginate composite beads for improved textile dyes decolorization.. International Journal of Biological
Macromolecules, 140577 .

5. Ghose, A., Nuzelu, V., Gupta, D., Kimoto, H., Takashima, S., Harlin, E. W., Ss, S., … et al. (2024). Micropollutants
(ciprofloxacin and norfloxacin) remediation from wastewater through laccase derived from spent mushroom waste:

Fate, toxicity, and degradation.. Journal of Environmental Management, 366, 121857 .

6. Aghaee, M., Salehipour, M., Rezaei, S., & Mogharabi-Manzari, M. (2024). Bioremediation of organic pollutants by
laccase-metal-organic framework composites: A review of current knowledge and future perspective.. Bioresource

Technology, 131072 .

7. Almulaiky, Y. Q., Alkabli, J., & El-Shishtawy, R. (2024). Improving enzyme immobilization: A new carrier-based magnetic

polymer for enhanced covalent binding of laccase enzyme.. International Journal of Biological Macromolecules, 282 Pt
6, 137362 .

8. Zhang, H., Zhang, X., Wang, L., Wang, B., Zeng, X., & Ren, B. (2024). Functionalized Chitosan and Alginate Composite

Hydrogel-Immobilized Laccase with Sustainable Biocatalysts for the Effective Removal of Organic Pollutant Bisphenol
A. Catalysts.

9. Li, N., Yu, F., Li, H., Meng, X., Peng, C., Sheng, X., Zhang, J., … et al. (2024). Cellulose / waste Cu2+-activated carbon
composite: A sustainable and green material for boosting laccase activity and degradation of bisphenol A in
wastewater.. International Journal of Biological Macromolecules, 136121 .

10. Xu, J., Zhang, X., Zhou, Z., Ye, G., & Wu, D. (2023). Covalent organic framework in-situ immobilized laccase for the
covalent polymerization removal of sulfamethoxazole in the presence of natural phenols: Prominent enzyme stability

and activity.. Journal of Hazardous Materials, 462, 132714 .

11. Meiczinger, M., Varga, B., Wolmarans, L., Hajba, L., & Somogyi, V. (2022). Stability improvement of laccase for
micropollutant removal of pharmaceutical origins from municipal wastewater. Clean Technologies and Environmental

Policy, 24, 3213 - 3223.

12. Li, Z., Shi, Q., Dong, X., & Sun, Y. (2024). Co-Immobilization of Laccase and Mediator into Fe-Doped ZIF-8 Significantly
Enhances the Degradation of Organic Pollutants. Molecules, 29.

enzymes.bio  ·  Enzymes.bio Research Team Page 14 of 15

https://www.semanticscholar.org/paper/4aeb35f41cfc29c3779b0f75a9e752ab0be05d12
https://www.semanticscholar.org/paper/4aeb35f41cfc29c3779b0f75a9e752ab0be05d12
https://www.semanticscholar.org/paper/c339358d2d8c4107ca9d72b53859155e12d58dca
https://www.semanticscholar.org/paper/c339358d2d8c4107ca9d72b53859155e12d58dca
https://www.semanticscholar.org/paper/b3eb1e7d489fd414dbd98959afe7f95e2e63acd6
https://www.semanticscholar.org/paper/b3eb1e7d489fd414dbd98959afe7f95e2e63acd6
https://www.semanticscholar.org/paper/53b49cdd6fb64dedcb0154d3fc99bfe7ff3be93e
https://www.semanticscholar.org/paper/53b49cdd6fb64dedcb0154d3fc99bfe7ff3be93e
https://www.semanticscholar.org/paper/37c47c309d63374f18b7ee004a285f73c98a7032
https://www.semanticscholar.org/paper/37c47c309d63374f18b7ee004a285f73c98a7032
https://www.semanticscholar.org/paper/37c47c309d63374f18b7ee004a285f73c98a7032
https://www.semanticscholar.org/paper/451bd951d87cd94ee5233d97764feb4d19da8dca
https://www.semanticscholar.org/paper/451bd951d87cd94ee5233d97764feb4d19da8dca
https://www.semanticscholar.org/paper/fd1fada7e0657e1517754a82c423222615aec096
https://www.semanticscholar.org/paper/fd1fada7e0657e1517754a82c423222615aec096
https://www.semanticscholar.org/paper/91b238e6820d82eb140dddceea963630d8aca61f
https://www.semanticscholar.org/paper/91b238e6820d82eb140dddceea963630d8aca61f
https://www.semanticscholar.org/paper/91b238e6820d82eb140dddceea963630d8aca61f
https://www.semanticscholar.org/paper/7dad400b8d25a23192737f981af0243602a30a46
https://www.semanticscholar.org/paper/7dad400b8d25a23192737f981af0243602a30a46
https://www.semanticscholar.org/paper/7dad400b8d25a23192737f981af0243602a30a46
https://www.semanticscholar.org/paper/8999088a6c3423921d7278b180101c7a071831af
https://www.semanticscholar.org/paper/8999088a6c3423921d7278b180101c7a071831af
https://www.semanticscholar.org/paper/8999088a6c3423921d7278b180101c7a071831af
https://www.semanticscholar.org/paper/c6ebb7e335f65fdeb4ef0daa28e674575ca320d4
https://www.semanticscholar.org/paper/c6ebb7e335f65fdeb4ef0daa28e674575ca320d4
https://www.semanticscholar.org/paper/548165af0e8f2c7b870de665caf88b118af506af
https://www.semanticscholar.org/paper/548165af0e8f2c7b870de665caf88b118af506af


13. Rybarczyk, A., Smułek, W., Grzywaczyk, A., Kaczorek, E., Jesionowski, T., Nghiem, L., & Zdarta, J. (2023). 3D printed
polylactide scaffolding for laccase immobilization to improve enzyme stability and estrogen removal from wastewater..

Bioresource Technology, 129144 .

14. Yang, Y., Jian, Y., & He, L. (2025). High performance persistent organic pollutants removal using stabilized enzyme

aggregates over amino functionalized magnetic biochar.. Journal of Hazardous Materials, 491, 137868 .

15. Song, J., Zhu, L., Yu, S., Li, G., & Wang, D. (2024). The synergistic effect of adsorption and Fenton oxidation for organic
pollutants in water remediation: an overview. RSC Advances, 14, 33489 - 33511.

16. Mishra, B., Kallem, P., Yadavalli, R., Mandal, S. K., Reddy, C. N., Sumithra, B., Lakshmayya, N., … et al. (2025). Industrial
wastewater treatment using extracellular polymer substances/bioflocculants: a review. Applied Water Science, 15.

Contact Enzymes.bio
Questions about an order? Our team is happy to help.

EMAIL wholesale@enzymes.bio PHONE (USA) +1 (507) 428-6057 Contact us →

400+ B2B clients 60+ university research partners 54 countries served worldwide

© 2026 Enzymes.bio · Industrial & food-processing enzyme supply · Not for human consumption or retail sale.

enzymes.bio  ·  Enzymes.bio Research Team Page 15 of 15

https://www.semanticscholar.org/paper/ce0ae3b61dbdba603f92a1912c2bbec8186d5f89
https://www.semanticscholar.org/paper/ce0ae3b61dbdba603f92a1912c2bbec8186d5f89
https://www.semanticscholar.org/paper/5bc30ea42b7dff0e616160e1d16f46279ea9b0cc
https://www.semanticscholar.org/paper/5bc30ea42b7dff0e616160e1d16f46279ea9b0cc
https://www.semanticscholar.org/paper/ed77cff574de855a91ad4b79d86556d2ebb3a355
https://www.semanticscholar.org/paper/ed77cff574de855a91ad4b79d86556d2ebb3a355
https://www.semanticscholar.org/paper/ce3406c0102646fac98c69dc2bc20c6753bffeb0
https://www.semanticscholar.org/paper/ce3406c0102646fac98c69dc2bc20c6753bffeb0
mailto:wholesale@enzymes.bio
tel:+15074286057
https://enzymes.bio/contact/
https://enzymes.bio/b2b-enzyme-clients/
https://enzymes.bio/university-research-partners/
https://enzymes.bio/global-clients/

