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Abstract: Phthalate esters(PAEs) are widely used plasticizers in plastic products and have received
continuous attention and regulatory control due to their potential health risks. Although conventional
detection techniques for PAEs are relatively mature, the applicability of analytical methods to plastic
and microplastic release systems and different environmental matrices has not been systematically re-
viewed. This review focuses on analytical methods for PAEs in plastic and microplastic samples and
environmental media, with emphasis on extraction, enrichment, cleanup, and detection tech-
niques for different matrices. Plastic products and microplastics differ in sample morphology, specif-
ic surface area, aging degree, and environmental exposure history, leading to distinct release char-
acteristics; therefore, PAE release behavior and the interpretation of analytical results should be
differentiated. For plastic and microplastic samples, strong solvent extraction methods, such as
Soxhlet extraction and accelerated solvent extraction, are used to characterize extractable contents or
potential source strength, whereas static leaching, dynamic leaching, and solid-phase sink systems

are used to simulate migration and release under specific conditions. For different environmental ma-
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trices, including soil, sediment, water, air/dust, and biological samples, sample preparation
methods should be optimized according to matrix composition, occurrence forms of target com-
pounds, and interference characteristics. In terms of instrumental analysis, GC-MS and GC-MS/
MS remain the main techniques for quantifying parent PAEs, LC-MS/MS is more suitable for metabo-
lites and some polar target compounds, and GCXGC-TOF-MS and high—resolution mass spectrome-
try can be used for screening alternative plasticizers, non—intentionally added substances, and un-
known transformation products. Future studies should strengthen the comparison of pretreatment
methods across multiple matrices, expand spectral profiling of alternative plasticizers and related ad-
ditives, improve blank contamination control and isotope internal standard correction, and promote
standardization of release experiments, thereby improving the accuracy and comparability of plasticiz-
er analytical results in plastic and microplastic release systems and environmental media.
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Table 2 Performance comparison of different instrumental analytical methods for PAEs analysis
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Table 3 Key methodological aspects of major domestic and international analytical standards for PAEs
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