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6PPD: 4-2.71 pg/L 6PPD: 0.008~233 ng/g 6PPD: 31.4-831 ng/g
6PPD-Q: 0.007~19 pg/L 6PPD-Q: 15.4~16.367 ng/g 6PPD-Q: 9.5-936 ng/g
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6PPD-Q: 0~2.19 pg/g 6PPD-Q: 0.095~1.96 pg/L(LCs0)
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Fig.2 Environmental and biological mass concentration
distribution of 6PPD and 6PDD - Q
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Research progress on the removal of N-(1, 3-dimethylbutyl ) -N’-phenyl-
p-phenylenediamine and its quinone from the environment

ZOU Lihua', LI Zhendong', WU Zhou®, ZHOU Hanghai’ , TANG Jiangwu® , ZHAO Ping' , YANG Xiaoqin'

(1 National-Local Joint Engineering Research Center for Efficient Utilization Technology of Forestry
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2 College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541006, Guangxi, China;
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Abstract: N-(1, 3-dimethylbutyl) -N’-phenyl-p-phenylenediamine (6PPD) is an anti-aging agent widely used in the rubber industry
due to its effectiveness in preventing rubber aging. With the growth of the rubber industry and the increasing number of automobiles, the
scale of 6PPD usage has also expanded, leading to increased environmental exposure to both 6PPD and its oxidation product, N-(1, 3-
dimethylbutyl ) -N’-phenyl-p-phenylenediamine quinone ( 6PPD — Q). Both 6PPD and 6PPD — Q are biotoxic; notably, 6PPD — Q
exhibits greater toxicity and poses significant risks to fish populations. These compounds can diffuse into the environment through
mechanisms such as river runoff and atmospheric dust, and they can enter the human body via food chains and respiration, thereby
threatening human health. The ecological problems arising from these pollutants have garnered increasing attention in recent years. This
paper begins by introducing the basic toxicity characteristics of 6PPD and 6PPD — Q, highlighting their substantial biological hazards,
particularly the serious threat they pose to fish survival. It further emphasizes the potential risks to human health, supported by relevant
literature, and underscores the necessity for effective removal strategies. Subsequently, this paper reviews the progress made in research
on existing methods for the removal of 6PPD and 6PPD —Q, discussing the effects and advantages of various techniques. Following the
oxidation of 6PPD to 6PPD — Q, its decay under natural conditions primarily occurs through four pathways: hydroxylation, quinone ring
cleavage, bond cleavage, and rearrangement. In addition to degradation and bioabsorption removal, these pollutants can also be
separated from the environment using embedded adsorbents. Based on these degradation mechanisms and removal methods, the main
strategies for removal include photodegradation, direct oxidation, adsorption, and biodegradation. The removal efficiency of these
methods generally exceeds 90% , and using a combination of approaches often yields even better results. However, challenges remain,
including limited operational conditions, high risks of secondary pollution, and elevated costs. Future research should focus on
developing high-efficiency biodegradation technologies, optimizing multi-technology collaborations, and utilizing big data to analyze
environmental migration and transformation patterns. These efforts will help establish an economical, green, and efficient pollution
control system, laying a solid theoretical and technical foundation for ecological restoration and human health protection.

Key words: environmental engineering; N-(1, 3-dimethylbutyl) -N’-phenyl-p-phenylenediamine; N-(1, 3-dimethylbutyl)-N'-phenyl-

p-phenylenediamine quinone; toxicity hazards; removal strategy
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