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Abstract 

Polyphenolic compounds appear in many plant materials and industrial wastewaters. Their oxidation can remove 

pollutants or turn them into less harmful forms. This paper explains how oxidation works on these compounds. It 

covers chemical reactions with hydroxyl radicals, Fenton chemistry, and enzyme systems. Examples from olive mill 

wastewater and other sources show practical results. Tables list common compounds and treatment efficiencies. The 

methods help protect water and soil when operators choose the right conditions. 
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environmental remediation 

1. Introduction 

Plants make many compounds that contain several hydroxyl groups on aromatic rings. Chemists call them 

polyphenols. Examples include gallic acid, catechin, and quercetin. These molecules appear in fruits, tea leaves, and 

industrial streams such as olive mill wastewater. High levels of polyphenols can poison bacteria that treat wastewater. 

At the same time, controlled oxidation of the same molecules can break them down or help destroy other pollutants. 

Oxidation removes electrons or hydrogen atoms from the polyphenol. The product is often a quinone that reacts 

further. In water treatment, strong oxidants such as hydroxyl radicals attack the rings and open them. The process can 

mineralize the organic matter into carbon dioxide and water. This paper reviews the main oxidation routes used for 

environmental protection and shows how operators apply them to real waste streams. 

2. Structures of Common Polyphenols 

Gallic acid carries three adjacent hydroxyl groups on a benzene ring plus a carboxylic acid. Catechin is a flavan-3-ol 

with a catechol group on the B ring. Quercetin is a flavonol with hydroxyl groups on both A and B rings and a carbonyl 

on the C ring. The arrangement of the OH groups controls how easily each molecule loses electrons. 
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Figure 1. Structure of gallic acid. 

 

Figure 2. Structure of (+)-catechin. 
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Figure 3. Structure of quercetin. 

3. Oxidation Mechanisms 

A common first step is the loss of one electron or one hydrogen atom from a phenolic OH. The product is a phenoxyl 

radical. When two OH groups sit next to each other, the radical forms a stable ortho-quinone. The reaction can be 

written as: 

Ar–OH → Ar–O• + H•   or   Ar–OH → Ar–O• + e⁻ + H⁺ 

Further oxidation or reaction with water opens the ring. Hydroxyl radicals attack even faster. The classic Fenton 

reaction produces those radicals: 

Fe²⁺ + H₂O₂ → Fe³⁺ + OH⁻ + •OH 

The •OH radical adds to the aromatic ring or abstracts a hydrogen atom. The resulting intermediates break down into 

smaller acids and eventually mineralize. Light speeds the cycle in photo-Fenton systems by regenerating Fe²⁺. 
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Figure 4. Schematic of the Fenton reaction applied to phenolic compounds. 

4. Applications in Wastewater Treatment 

Olive mill wastewater contains high levels of polyphenols that inhibit biological treatment. Fenton and photo-Fenton 

processes remove a large fraction of those compounds and raise the BOD/COD ratio. Ozone also attacks the double 

bonds and rings, though it leaves more residual organic matter. Enzymes such as laccase oxidize the phenols to radicals 

that polymerize and drop out of solution. 

Other streams that benefit from oxidation include winery wastewater, pulp-mill effluent, and cork-processing water. 

In each case the operator adjusts pH, iron dose, and peroxide concentration so that the radicals attack the target 

molecules without wasting oxidant on side reactions. 

Table 1. Typical removal efficiencies for polyphenols in olive mill wastewater 

Oxidation method Polyphenol removal (%) Notes 

Fenton 70–95 pH 2.5–3.5, Fe²⁺ + H₂O₂ 

Photo-Fenton 80–98 UV or solar light accelerates 

Ozonation 50–80 Works at near-neutral pH 

Laccase enzyme 40–70 Mild conditions, polymerizes 

phenols 

Values are compiled from studies published before 2021 on Mediterranean olive mill wastewaters. Exact results 

depend on the initial concentration and reactor design. 
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Figure 5. Illustrative removal efficiencies of polyphenols by different oxidation methods (olive mill wastewater). 

5. Enzymatic and Mediated Oxidation 

Laccase and peroxidase enzymes oxidize polyphenols without harsh chemicals. The enzyme takes an electron from 

the phenol and passes it to oxygen. The resulting radical couples with another radical or with other organic molecules. 

In soil or wastewater, this coupling can immobilize the pollutant on humic substances. Natural phenolic compounds 

such as syringaldehyde or catechol can act as mediators and extend the range of molecules that laccase can attack. 

The overall laccase reaction can be summarized as: 

4 Ar–OH + O₂ → 4 Ar–O• + 2 H₂O 

6. Practical Considerations and Limitations 

Fenton chemistry works best at low pH. Raising the pH after treatment precipitates the iron sludge. Photo-Fenton 

needs light, so reactors must be open or fitted with UV lamps. Ozone generators consume electricity. Enzymes are 

sensitive to temperature and inhibitors. Operators therefore combine methods: a short chemical oxidation step 

followed by biological treatment often gives the best overall result. 

Incomplete oxidation can leave quinones or oligomers that remain toxic. Monitoring both the parent polyphenols and 

the total organic carbon is necessary. Calibration with pure standards and use of internal standards improve the 

accuracy of analytical measurements. 

7. Conclusion 

Oxidation of polyphenolic compounds offers a practical route for treating wastewaters that resist ordinary biological 

processes. Fenton, photo-Fenton, ozonation, and enzymatic systems each have strengths. Matching the method to the 

wastewater composition and following the reaction with simple analytical checks produces cleaner effluent and 

protects the receiving environment. 

https://bharatpublication.com/ijabas/


International Journal of Analysis of Basic and Applied Science                                                   ISSN: 2457-0451 

 

Vol. No.7, Issue II, Apr-Jun, 2023                                  https://bharatpublication.com/ijabas/ 

 

 

16 

 

BHARAT PUBLICATION 

References 

1. Gernjak, W., et al. (2003). Photo-Fenton treatment of water containing natural phenolic pollutants. Chemosphere, 

50(1), 71–78. 

2. Heim, K. E., Tagliaferro, A. R., & Bobilya, D. J. (2002). Flavonoid antioxidants: chemistry, metabolism and 

structure-activity relationships. Journal of Nutritional Biochemistry, 13(10), 572–584. 

3. Lucas, M. S., & Peres, J. A. (2009). Removal of COD from olive mill wastewater by Fenton’s reagent: kinetic 

study. Journal of Hazardous Materials, 168(2-3), 1253–1259. 

4. Kudanga, T., Nyanhongo, G. S., Guebitz, G. M., & Burton, S. (2011). Potential applications of laccase-mediated 

coupling and grafting reactions: a review. Enzyme and Microbial Technology, 48(3), 195–208. 

5. Monteagudo, J. M., Durán, A., Corral, J. M., Carnicer, A., Frades, J. M., & Alonso, M. A. (2011). Roles of different 

intermediate active species in the mineralization reactions of phenolic pollutants under a UV-A/C photo-Fenton 

process. Applied Catalysis B: Environmental, 106(1-2), 242–249. 

6. Baldrian, P. (2006). Fungal laccases – occurrence and properties. FEMS Microbiology Reviews, 30(2), 215–242. 

7. Dias-Machado, M., Madeira, L. M., Nogales, B., Nunes, O. C., & Manaia, C. M. (2006). Treatment of cork boiling 

wastewater using chemical oxidation and biodegradation. Chemosphere, 64(3), 455–461. 

8. Zhou, T., Wu, X., Zhang, Y., Li, J., & Lim, T. T. (2010). Synergistic catalytic degradation of antibiotic 

sulfamethazine in a heterogeneous sonophotolytic goethite/oxalate Fenton-like system. Applied Catalysis B: 

Environmental, 99(1-2), 214–221. 

9. Matijević, M., Stanković, M. N., & Krstić, N. S. (2020). Application of oxidation processes in the purification of 

wastewaters from phenolic compounds. Revue Roumaine de Chimie, 65(4), 313–327. 

10. Amor, C., Marchão, L., Lucas, M. S., & Peres, J. A. (2019). Application of advanced oxidation processes for the 

treatment of recalcitrant agro-industrial wastewater: A review. Water, 11(2), 205. 

https://bharatpublication.com/ijabas/

	Abstract
	1. Introduction
	2. Structures of Common Polyphenols
	3. Oxidation Mechanisms
	4. Applications in Wastewater Treatment
	Table 1. Typical removal efficiencies for polyphenols in olive mill wastewater

	5. Enzymatic and Mediated Oxidation
	6. Practical Considerations and Limitations
	7. Conclusion
	References

