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Abstract: Microplastics and nanoplastics (MNPs), defined as plastic fragments, fibers, and particles with diameters
below 5 mm and 1 um, respectively, are widely spread emerging contaminants in soil environments. Due to frequent
material exchanges within the soil-plant system, MNPs can be transferred from soil into plants, accumulate and
distribute across various plant tissues, and thus pose a potential threat to the health of the soil-plant system. MNPs
can significantly alter soil physicochemical properties and migrate from soils into plant tissues, leading to adverse
effects on plant growth and physiological-biochemical functions. To overcome the limitations imposed by the
complexity of the environmental matrix, advanced labeling techniques provide a fast and efficient way for visually
tracking and quantifying MNPs in soil-plant systems, which are essential for deepening mechanistic understanding.
This review systematically evaluates four mainstream labeling methods. Fluorescent labeling is cost-effective and
easy to implement, but limited by photobleaching and interference from environmental matrices. Metal-based
labeling combined with inductively coupled plasma mass spectrometry (ICP-MS) allows for stable quantification,
though it may change the physicochemical properties of MNPs. Stable isotope labeling (such as '*C or *N) provides
high specificity for tracing degradation pathways but faces challenges due to technical complexity and background
signals as well. Radioisotope labeling (e.g., '*C, *H) offers ultrahigh sensitivity but raises concerns regarding
environmental biosafety and high costs. On this basis, this paper focuses on introducing rare earth element labeling
technology, which uses the fluorescence properties of lanthanide chelates and their quantifiable characteristics to
simultaneously realize visual tracing and precise quantification of MNPs. It is particularly suitable for studying
environmental behavior and food chain transmission risks of MNPs in soil-plant systems. In the future, new markers
that are more precise and efficient should be developed, and new labeling technologies that combine multiple
labeling methods should be developed to more systematically and comprehensively reveal the environmental fate

and ecological risks of MNPs, and provide a scientific basis for pollution control of MNPs in soil-plant systems.
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Fig.4 Isotope-labeled PS synthesis method
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PET 8L T B o248 R B, 11 Cu [ prREAER (653 keV) BEHET “C (156.5 keV), [KIL7E PET
G R R I B v RS U R R RN S R AR, I TR RTE RN MNPs IR BRI L0, AH
b2 , MC BHAEERKMEREY (45730 ) FBEE L HE—EM RGP bl i, RkEEs
T IE—EYR R P EORE T, 7 SZBR N A AR SARSE BT AT H AR CAnde R Py R B R K R B AR e 1 o
M) EREEIE BITBURE RO 36 SRR, DAAREERR e 1) F% 58 M BAS I 45 SRR mT 524k
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H, ECAR IR RE 0 EeAR 2146 8 I e B A RS R & RO ER S AR = E I R UUE T RO R,
WAk, ] E s A B T SR L LA S R A R . B B I AOB B E B2, ISR
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Table 1 Comparison of advantages and disadvantages of various marking methods
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