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Fig. 1 Sampling methods of MNPs in air, water, soil and sediment
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Fig. 2 Sample separation techniques: (a) Density separation; (b) Elutriation separation; (c) Oil-based separation; (d) Magnetic

separation; (e) Electrostatic separation.
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Fig. 3 The identification and quantification methods of micro(nano)plastics.
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Sk, HA0A 580 R A AR R, BT, %5 5K
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HA (B 3), 456 TLAMGRE RS BB RR Y 25
] 4 e, FE e . [ shAb IR A E i Bk ) ¥
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LDIR AR LR FHEHOGE (QCL) 1EHIEIE, #EMS
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e 5 I 8] PN 52 SR B4R (9063 20 AT, FIFE 1~ 2h
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~ Tpm], Y57 56 0 BB 9, ey s, JEME
RE A1 Y R A T, HAzK s/, TR TR
Zi 9 T 48 b B BV AT BB AT Sk A R S
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PRI HE RS, PR T S0k H R AR IR AR ¥
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JHAF A Klarite FLJiE Y SERS AR ZZH T KK gk
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#kL PS. PET ARSI, Ruan 25 1500 3 3 3 TV 14
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IR (~ 7ug C/L) FiE bR I (83.7% ~ 114%).
TOC S Hrid R = . ARG . AT E MR, (HIHAY
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3.5 NI EBETERACR R A v

S S R F ARAR AL AL G I A T3
KAV, SR, BT 2 20 RE S A 3L 3R,
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A Review of Research Progress on Sampling, Extraction and Analysis of
Micro(nano)plastics in Environmental Samples

LIU Yang"**, CAO Wengeng'®", WANG Yanyan'?", TAN Jun®, LI Zheying'?, REN Yu'**
(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang
050061, China;
2. Key Laboratory of Groundwater Contamination and Remediation, Hebei Province & China Geological Survey,
Shijiazhuang 050061, China;
3. College of Water Resources and Environment, China University of Geosciences (Beijing), Beijing 100083, China;
4. Hebei Geological Environmental Monitoring Institute, Shijiazhuang 050021, China)

HIGHLIGHTS

(1) The content and morphology of MNPs in different environments are related to sampling, pretreatment and
detection methods.

(2) Physical morphology, chemical composition, quantity concentration and mass concentration are essential for
MNPs detection.

(3) The introduction of artificial intelligence technology provides a solution for rapid and accurate detection of
MNPs.

ABSTRACT: With the widespread use of plastic products, micro(nano)plastics (MNPs) have become a new
pollutant of global concern, posing a potential threat to ecosystems and human health. However, the current
detection technology system of MNPs has not yet established standardized protocols. The detection of nanoplastics
is extremely difficult, which seriously hinders comprehensive assessment of environmental and biological effects.
The latest research progress of sampling techniques, pretreatment methods and quantitative analysis strategies of
MNPs in different environmental media are reviewed, and the application potential of artificial intelligence
technology in solving the existing technical bottlenecks is explored. In terms of sampling, the collection of MNPs in
the atmosphere requires combining passive and active sampling to fully capture particle dynamics; water sampling is
significantly affected by volume and mesh size, with volume sampling being more advantageous for capturing
smaller-sized particles; soil and sediment sampling needs to consider heterogeneity and it is recommended to use
core samplers to minimize disturbance, while standardizing sampling depth and volume to enhance data
comparability. The selection of pretreatment methods directly impacts MNPs recovery rates and detection accuracy.
Density separation and Fenton oxidation demonstrate superior performance in organic matter removal efficiency and
plastic structure preservation, while emerging techniques such as elutriation and oil extraction offer new approaches
for separating MNPs in complex matrices. In detection and analysis, microscopy and spectroscopy are used to
determine the shape, size, and composition of MNPs. Quantitative analysis primarily relies on microscopy and
spectroscopy to determine their concentration, while mass spectrometry and total organic carbon analysis are used to
determine their mass concentration. Each technique has clear application boundaries. The introduction of artificial
intelligence technology has significantly improved the efficiency and accuracy of MNPs automatic classification and
quantification. Future research urgently needs to establish standardized analytical protocols for MNPs in different
environmental media, develop multi-technique integration schemes, promote the deep integration of artificial
intelligence and instrumental detection, and construct open-source shared datasets to provide scientific support for
precise governance and control of MNPs environmental pollution.
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