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Research progress on inorganic element analysis in quality control and evaluation
of traditional Chinese medicine
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Abstract: The composition and content of inorganic elements in traditional Chinese medicine (TCM) are influenced by multiple
factors, including cultivation environment and processing techniques. Among these, harmful heavy metals and beneficial trace elements
determine drug safety and pharmacological efficacy, making them key indicators for TCM quality control. This study systematically
reviewed relevant research published between 2020 and 2026 from the China National Knowledge Infrastructure (CNKI) and PubMed
databases. Focusing on inorganic elemental fingerprinting via inductively coupled plasma mass spectrometry (ICP-MS), it summarizes
recent advances in applications such as geographical origin tracing, authenticity identification, consistency evaluation of formulations,
and optimization of processing methods. It also highlights the value of chemometrics and machine learning in mining complex
elemental spectral data. Furthermore, the study systematically outlines multi-tiered health risk assessment approaches for inorganic
elements in TCM, including exposure assessment, risk characterization, and threshold derivation. It compares differences in heavy
metal limit standards across national pharmacopoeias, analyzes existing challenges—such as conflicts between dual regulatory
standards for food-medicine homologous species, the inability of total elemental concentrations to distinguish toxicological differences
among element speciation, and incomplete localized exposure assessment parameters—and proposes future research directions. Based
on current research gaps, it recommends improving standardized methods for detecting TCM inorganic element speciation, establishing

localized exposure parameters based on real-world usage patterns, and developing a classification-based limit system according to
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intended uses. These measures aim to achieve intelligent, end-to-end quality control of inorganic elements throughout the entire TCM

supply chain—from cultivation and processing to formulation and clinical application—providing theoretical and technical support for

scientific regulation, quality standard refinement, and international development of TCM.

Key words: inorganic elements; quality control of traditional Chinese medicine; inductively coupled plasma mass spectrometry;

inorganic element fingerprint; data mining; health risk assessment; heavy metal; food and medicine homology; safety evaluation
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