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Advances in research on remediation technology of organophosphorus
pesticide contaminated soil based on patent application analysis

YING Huanchang & FENG YingK
MOE Key Laboratory of Environment Remediation and Ecological Health, College of Environmental and Resource Sciences,
Zhejiang University, Hangzhou 310058, China

Abstract Organophosphorus pesticides (OPPs) have high production and usage but low recovery and
utilization. Additionally, OPPs have high toxicity, large soil accumulation, and large contaminated areas, which
threaten human health and ecosystem balance. Therefore, the remediation of organophosphorus contaminated
soil is a key component of healthy soil management. This study used patent analysis as a starting point to
understand the development of OPP contaminated soil remediation technology in China by analyzing relevant
patent applications from 2010 to 2021 for soil remediation after organophosphorus pesticide use. The current
status of biological, physical, and chemical remediation of OPP contaminated soil was also reviewed. According
to the comprehensive analysis of patents, the temporal and spatial distribution and subordinates of patents
reflected the current situation and technological needs in this field. The bioremediation technology of hydrolysis
and co-metabolism of OPPs by phosphohydrolase, Trichoderma, Pseudomonas, and Bacillus; chemical
remediation techniques such as biological stimulation, chemical oxidation, and photocatalysis; and combined
remediation techniques are presently the main methods to improve OPP contaminated soil. In the future, the
degradation of OPPs in the soil-biological system and their physical, chemical, and biological degradation
mechanisms need to be further studied to understand the transport, diffusion, and transfer of OPPs and their
metabolites. It is also necessary to apply theoretical research to remediation practices and enhance the
research and development of in situ repair technology to choose the appropriate remediation scheme according
to the polluted site environment, indigenous microorganisms, and degree of soil pollution and to promote the
development of the remediation industry of organophosphorus contaminated soil.

Keywords organophosphorus pesticide; bioremediation; chemical remediation; physical remediation; patent
analysis
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Fig. 1 The number of patent applications in each year from 2010
to 2021.
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Fig. 3 Number of patents involved in different types of organophosphorus pesticides.
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Fig. 4 Distribution of the number of subordinate units of the
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Fig. 7 Distribution of the number of patents for different
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Table 1 Common OPP degrading microorganisms
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Microorganism Mode of degradation Pollutant Reference
7= X ¥ fif % JB Stenotrophomonas sp. 43 fi# Catabolic Ea%ﬁ@ﬁ&ﬁhﬁ%ﬁlﬁ@ﬁ%os, ot el e 31
B & Pseudomonas sp. I3 fif 354018 Catabolic and co-metabolic  H %X i % Parathion-methyl 32
AT R Bacillus sp. /3 fift Catabolic # 4L Chlorpyrifos 33
KE & Trichoderma sp. 43 fi# Catabolic i Glyphosate 34
H AT @ Flavobacterium sp. Sy fift, $:48# Catabolic and co-metabolic % %5t Omethoate 35
YitT# & Arthrobacter sp. F:AL i Co-metabolic é&hﬁlgf{:);riti"jo%iigﬁfirathion—methyl 36, 37
1175 )& Aspcrgillus sp. /3 fi# Catabolic it Glyphosate 34
FH )& Penicillium sp. /1 fit Catabolic X g Parathion 38
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