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In an era marked by growing environmental awareness and a global commitment to
achieving carbon neutrality, many human activities continue to contribute significantly
to the pollution of water, soil, and air through the release of both organic and inorganic
contaminants [1]. To address this issue, numerous strategies have been developed, many of
which focus on the use of absorption and adsorption techniques employing both natural
and synthetic materials [2,3]. Synthetic polymers—such as polyurethanes, microgels, and
resins—are widely used across various sectors due to their advantageous physical and
chemical properties, which make them effective in capturing and removing pollutants from
different environments [4,5]. In addition, although they constitute materials synthesized
from synthetic resources, today, several green technologies, using renewable or natural
substances, are employed, with comparable or even superior effects and properties [6]. Con-
currently, increasing attention is being paid to natural alternatives [7]. Lignocellulosic mate-
rials, fungal biomass, agricultural waste, and other organic substances have demonstrated
remarkable potential as sustainable and cost-effective absorbents [8]. These materials not
only contribute to pollutant removal but also align with circular economy principles by
valorizing waste products [9]. Absorption, however, is not the only method currently being
explored for pollution mitigation. Decomposition and degradation techniques—whether
chemical, biological, or photolytic—also offer promising pathways for the breakdown of
harmful compounds into less toxic or inert forms, further contributing to environmental re-
mediation efforts. A wide range of harmful substances are used or released in high-impact
sectors. Pesticides in agriculture, combustion gases from industrial processes, synthetic
dyes from the textile industry, pharmaceutical residues, and many other chemical agents
continue to pose a serious threat to ecosystems and human health [10,11]. The development
and implementation of innovative, efficient, and sustainable methods for their detection,
capture, and neutralization remain critical challenges in the pursuit of a cleaner and more
resilient environment. Degrading substances harmful to the ecosystem into harmless or less
toxic compounds represents one of the most promising frontiers in research efforts to com-
bat environmental pollution. This approach, often referred to as advanced degradation or
remediation, seeks not merely to remove pollutants but to transform them into substances
that no longer pose a risk to living organisms or ecosystems. Catalysis plays a pivotal
role in this process, both from a chemical and biological standpoint. Chemical catalysis,
including photocatalysis and redox catalysis, facilitates the acceleration of degradation
reactions under controlled conditions, often using light, heat, or specific reagents to break
down persistent pollutants [12]. Materials such as titanium dioxide (TiO2), doped metal
oxides, and engineered nanocatalysts have shown exceptional promise in this field due to
their high reactivity and reusability [13]. Conversely, biocatalysis—employing enzymes or
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whole microorganisms—offers a more environmentally friendly alternative, often operating
under milder conditions and with greater substrate specificity. Certain bacteria and fungi
are capable of metabolizing complex organic pollutants, such as polycyclic aromatic hy-
drocarbons (PAHs), pesticides, and pharmaceutical residues, converting them into inert or
biodegradable products [14]. The synergy between chemical and biological catalysis is also
being explored, leading to hybrid systems wherein, for example, photocatalytic materials
enhance the activity of microbial communities or enzymes are immobilized on synthetic
supports to improve their stability and reusability. Moreover, these catalytic approaches are
increasingly being integrated into scalable technologies, such as catalytic reactors, filtration
membranes, and wastewater treatment systems, enabling their application in real-world
environmental remediation scenarios [15]. As research continues to evolve, the challenge
remains to develop catalytic systems that are not only efficient and selective but also eco-
nomically viable and sustainable over the long term. The integration of these systems into
existing industrial and municipal infrastructure is a key step toward achieving meaningful
reductions in pollution and advancing the global transition toward a greener future.

As part of the following Special Issue, we have collated important scientific advance-
ments in the field of pollutant decomposition and decontamination. Nina Petrovičová
and colleagues (Contribution 1) investigated banknotes as a source of drug and pharma-
ceutical contamination in their study population. They developed an insightful study
regarding the exposure of cashiers to micropollutants in the Slovak Republic. By han-
dling bank notes, staff come into direct contact with traces of not only antibiotics but also
common drugs. The presence of these contaminants through hand washing alone and
water analysis confirms the significant presence and the concern regarding how these
substances can easily enter the ecosystem through the discharge of water and contaminate
the environment. Many substances are, in fact, toxic to plant and animal organisms. In
another study, Mengnan Shen and colleagues (Contribution 2) reported the occurrence and
health risk assessment of sulfonamide antibiotics in different freshwater fish in northeast
China. Taking 12 types of antibiotics as a reference, quantitative HPLC-MS/MS analysis
of the fish samples was performed. The results demonstrated that average levels of sul-
fonamide antibiotics in fish samples from Harbin, Changchun, and Shenyang amounted
to 1.83 ng/g ww, 0.98 ng/g ww, and 1.60 ng/g ww, respectively. Sulfamethoxazole dis-
played the highest levels; in comparison, sulfapyridine exhibited the lowest concentrations
in all of the fish samples. The concentration of antibiotics exhibited variation from city
to city; however, the highest levels were found in carnivorous fish types. The results of
this study demonstrate that the levels of pollutants possibly indirectly absorbed by the
study population are still within the limits established by law. Fabrizio Olivito and col-
leagues (Contribution 3) reported an interesting synthesis of bio-based polyurethane foams
produced from the renewable chemicals L-Lysine Ethyl Ester Diisocyanate (L-LDI) and
Bis-hydroxymethyl Furan (BHMF). Surprisingly, the PU foams exhibited rapid biodegra-
dation under natural conditions in soil, proving that renewable chemicals can be effective
in producing biodegradable materials. The results of this study open new avenues for the
synthesis of PU foams that can be easily biodegraded at the end of their life. These renew-
able chemicals introduced into the polymer chain have been proven to possess functional
groups capable of being attacked by enzymes, organisms, and chemicals, thus producing
a finished material that can be easily disposed of. Pooja Kumari et al. (Contribution 4)
conducted an innovative synthesis of mixed-phase TiO2–ZrO2 nanocomposite for pho-
tocatalytic wastewater treatment. Initially, TiO2 nanoparticles were synthesized using a
sol–gel process and ZrO2 was prepared using a solution combustion process. Thereafter,
mixed-phase TiO2–ZrO2 nanoparticles were synthesized using the same sol–gel process to
decompose Eosin Yellow (EY) from water samples. Compared to TiO2 and ZrO2, tested



Toxics 2025, 13, 569 3 of 4

separately, the mixed-phase TiO2–ZrO2 nanocomposite demonstrated the best performance
in terms of degradation rate and efficiency. In another paper by Shuhai Sun and colleagues
(Contribution 5), the authors described a molecular design and mechanism analysis of
phthalic acid ester substitutes: improved biodegradability in processes of sewage treatment
and soil remediation. Phthalic acid esters (PAEs) are characterized by a low biodegradation
rate and are persistent organic pollutants. In this study, the scoring function values of PAEs
docking with various degradation enzymes in sewage treatment were analyzed, and a 3D
quantitative structure–activity relationship (3D-QSAR) model for PAE biodegradability
was developed. Following the investigation, 38 PAE substitutes were created, and the
modification mechanism of PAE substitutes suitable for sewage treatment and soil envi-
ronment degradation was analyzed to improve biodegradability. Lastly, in a fascinating
review article by Mengnan Shen and colleagues (Contribution 6), the authors investigated
the occurrence, bioaccumulation, metabolism, and ecotoxicity of fluoroquinolones in the
aquatic environment. Fluoroquinolones (FQs) are among the most widespread antibiotics
detected in water bodies. They are persistent organic pollutants with relevant toxicity
to the ecosystem. In the review, the authors reported a comprehensive analysis of the
most recent and relevant literature on FQ water pollution, reporting contamination levels
of FQs in global surface water over the past three years, in addition to the bioaccumula-
tion and metabolism patterns of FQs in aquatic organisms, their ecological toxicity, and
influencing factors.
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M.; Vojs Staňová, A.; Tulipánová, A.; et al. Banknotes as a Source of Drug and Pharmaceutical
Contamination of the Population. Toxics. 2025, 13, 242. https://doi.org/10.3390/toxics13040242.
PMID: 40278558; PMCID: PMC12031460.

2. Shen, M.; Yu, B.; Hu, Y.; Liu, Z.; Zhao, K.; Li, C.; Li, M.; Lyu, C.; Lu, H.; Zhong, S.; et al.
Occurrence and Health Risk Assessment of Sulfonamide Antibiotics in Different Freshwater
Fish in Northeast China. Toxics 2023, 11, 835. https://doi.org/10.3390/toxics11100835. PMID:
37888687; PMCID: PMC10610842.

3. Olivito, F.; Jagdale, P.; Oza, G. Synthesis and Biodegradation Test of a New Polyether
Polyurethane Foam Produced from PEG 400, L-Lysine Ethyl Ester Diisocyanate (L-LDI) and Bis-
hydroxymethyl Furan (BHMF). Toxics 2023, 11, 698. https://doi.org/10.3390/toxics11080698.
PMID: 37624203; PMCID: PMC10457969.

4. Kumari, P.; Saha, R.; Saikia, G.; Bhujel, A.; Choudhury, M.G.; Jagdale, P.; Paul, S. Synthesis of
Mixed-Phase TiO2–ZrO2 Nanocomposite for Photocatalytic Wastewater Treatment. Toxics 2023,
11, 234. https://doi.org/10.3390/toxics11030234.

5. Sun, S.; Zuo, Q.; Du, M.; Li, Y. Molecular Design and Mechanism Analysis of Phthalic Acid
Ester Substitutes: Improved Biodegradability in Processes of Sewage Treatment and Soil Reme-
diation. Toxics 2022, 10, 783. https://doi.org/10.3390/toxics10120783. PMID: 36548616; PMCID:
PMC9781866.

6. Shen, M.; Hu, Y.; Zhao, K.; Li, C.; Liu, B.; Li, M.; Lyu, C.; Sun, L.; Zhong, S. Occurrence,
Bioaccumulation, Metabolism and Ecotoxicity of Fluoroquinolones in the Aquatic Environment:
A Review. Toxics 2023, 11, 966. https://doi.org/10.3390/toxics11120966.

https://doi.org/10.3390/toxics13040242
https://doi.org/10.3390/toxics11100835
https://doi.org/10.3390/toxics11080698
https://doi.org/10.3390/toxics11030234
https://doi.org/10.3390/toxics10120783
https://doi.org/10.3390/toxics11120966


Toxics 2025, 13, 569 4 of 4

References
1. Li, X.; Shen, X.; Jiang, W.; Xi, Y.; Li, S. Comprehensive review of emerging contaminants: Detection technologies, environmental

impact, and management strategies. Ecotoxicol. Environ. Saf. 2024, 278, 116420. [CrossRef] [PubMed]
2. Liu, Y.; Biswas, B.; Hassan, M.; Naidu, R. Green Adsorbents for Environmental Remediation: Synthesis Methods, Ecotoxicity, and

Reusability Prospects. Processes 2024, 12, 1195. [CrossRef]
3. Akhtar, M.S.; Ali, S.; Zaman, W. Innovative Adsorbents for Pollutant Removal: Exploring the Latest Research and Applications.

Molecules 2024, 29, 4317. [CrossRef] [PubMed]
4. Urbano, B.F.; Bustamante, S.; Palacio, D.A.; Vera, M.; Rivas, B.L. Polymer supports for the removal and degradation of hazardous

organic pollutants: An overview. Polym. Int. 2019, 69, 333–345. [CrossRef]
5. Li, N.; Huo, L.; Shen, W.; Qiang, C.; Wu, M.; Sun, G.; Li, Q.; Shi, M.; Ma, J. Porous organic polymers for superefficient removal of

pollutants from water: Design, synthesis and adsorption performance. J. Clean. Prod. 2023, 396, 136558. [CrossRef]
6. Jha, S.; Akula, B.; Enyioma, H.; Novak, M.; Amin, V.; Liang, H. Biodegradable Biobased Polymers: A Review of the State of the

Art, Challenges, and Future Directions. Polymers 2024, 16, 2262. [CrossRef] [PubMed]
7. Russo, T.; Fucile, P.; Giacometti, R.; Sannino, F. Sustainable Removal of Contaminants by Biopolymers: A Novel Approach for

Wastewater Treatment. Current State and Future Perspectives. Processes 2021, 9, 719. [CrossRef]
8. Soffian, M.S.; Halim, F.Z.A.; Aziz, F.; Rahman, M.A.; Amin, M.A.M.; Chee, D.N.A. Carbon-based material derived from biomass

waste for wastewater treatment. Environ. Adv. 2022, 9, 100259. [CrossRef]
9. Toplicean, I.-M.; Datcu, A.-D. An Overview on Bioeconomy in Agricultural Sector, Biomass Production, Recycling Methods, and

Circular Economy Considerations. Agriculture 2024, 14, 1143. [CrossRef]
10. Olivito, F.; Amodio, N.; Di Gioia, M.L.; Nardi, M.; Oliverio, M.; Juli, G.; Tassone, P.; Procopio, A. Synthesis and preliminary

evaluation of the anti-cancer activity on A549 lung cancer cells of a series of unsaturated disulfides. MedChemComm 2019, 10, 116.
[CrossRef] [PubMed]

11. Pérez-Lucas, G.; Navarro, G.; Navarro, S. Understanding How Chemical Pollutants Arise and Evolve in the Brewing Supply
Chain: A Scoping Review. Foods 2024, 13, 1709. [CrossRef] [PubMed]

12. Álvarez Torrellas, S.; García Rodríguez, J. Environmental Catalysis for Water Remediation—Preface to the Special Issue. Catalysts
2024, 14, 178. [CrossRef]

13. Sivaraman, C.; Vijayalakshmi, S.; Leonard, E.; Sagadevan, S.; Jambulingam, R. Current Developments in the Effective Removal of
Environmental Pollutants through Photocatalytic Degradation Using Nanomaterials. Catalysts 2022, 12, 544. [CrossRef]

14. Mateescu, C.; Lungulescu, E.-M.; Nicula, N.-O. Effectiveness of Biological Approaches for Removing Persistent Organic Pollutants
from Wastewater: A Mini-Review. Microorganisms 2024, 12, 1632. [CrossRef] [PubMed]
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