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Abstract: Microplastics and nanoplastics (MNPs), defined as plastic fragments, fibers, and particles with diameters below 5 mm
and 1 pum, 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 3C 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.

Key words: Microplastics; Nanoplastics; Labeling technology; Soil - plant system; Visual tracing; Precise quantification
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Table 1 Comparison of advantages and disadvantages of various marking methods

FRicketk . REEER L

bR AN vk
Fridr ik W E PRI B
/AR IR AR BIRE IREFBUR Tracing
Labeling Labeling specificity, Environmental
MNPs particle Detection method effect
method sensitivity, and impact
size complexity
environmental stability
Frsm AR, A5 RHIEh A LA
BT SE I PRI
3t
AIXS 50 nm OREARGN K BB A T T AL MNPs (¥ AT AL
FRici BONTEE, A5
>50 nm FEAFHTEY, BN IR Al
Fluorescence ) ) i I UL
T8 LR E B BRI ZE T AL IR I3
labeling
B, LHEEWIREE . 40°CHRBE T
FasE 21 KL LPY
et , (B2 b kg
JBIC MR BE I R ) MNPs # A
&)E BRIEIR, TN B
FISEHE 0.3 pg- L' ViR B SO RHI RG WaARSEIT BRI
PRic ¥ Metal >50 nm I R R 48 ‘
i 10, RMfEERK B 23 ) O3
labeling For AL 2% o
WEiRE L R, REASTEKIFGE fiE, WRMURER
R AEAE T ] B
EIvES Feseties, ALY B ) ) %t MNPs fk. 2%
i A Gk, WELLY R E A
Fricik A FEIATIR N fitp ik A A0 705 B A
TR B R EAN R B,
Isotope WIRREERL, RS ERR K B R 73 [ S AR
ZOHHLE R A
labeling WIRE A Ik, AR ER
Rk, BRAE S ARE MY SE AL
Wi Lo
] KA. MNPs F ] 4L
Frigik ‘ BovEs, wEN
RERS B 5 pg L WEAHCK SR BEEIER L DR E R
Rare earth >50 nm T AR A 42 ) .
HEE AT JCE Yt a3br, AR
element e A &% B
WIRFRE M R, REASTERLIAEY) IR
labeling

E)EZS AR SRR (e

http://pedologica.issas.ac.cn



2 3

XTFAESS . T IE-AEY) RGP UK R PRI BRI T R 363

5 ship

ARILRGELS T HOChrciE . &btk =
SE A LR ARICH ORI A2 R AR ic ik M -0 R
PRICIEE SR JLFD A MNPs ARic ik i 322 R
AR A Z . BAT, X LehR L AR TR
F Y RGP MNPs BF5ER, R 25T
WSEhRIC MNPs RSZBLAY . (HIEIR I FPARIC T,
TEAEAR AT REXS MNPs 09 BEALME ™ A2 20, 9E i feff
WFFE4A5 5 I8 ELSE MNPs T 7 A I R0 A7 AE—
ERZES . I, RRTIE—AAY RS MNPs ()
PRICHA A IV B i T LA JLAS 5 T -

(1) WEASETRARICY) . R 2 ZIREnH Y
PRCHr, IEBEARIC R MNPs REGS SR AL EE 22 B 1
B, M A A R b MNPs BIFSE R — 2D IR
Ao (2) RIBZFRCYHRBARCHEA . ZFRiCY)
AR R IC R S, BRI B 9 T,
TEZOCHRIC i 58 B Z R s ic Wy 3L Rl bR ic vl 42
FPRCRCR . (3) FEARFR ISPt XU . DEARIE |
ERIMCIH EARCEOARE R A 5 e 3R ML YA
PR RV A s A b it s ) XU, R ok mT o it
it VA5 M AR E bR IC Y . WHA BES TR [ B bR
TR, LARERAR LY 8 it U, & s bnic HoR /Y
RErERR R (4) B HIREEH MNPs Frid
HORWTPAAR R . S — BRI A R
X R A MNPs £ bR 10 J5 i BEAL M T E AT
ARG, DU ER PR e SR TE L - ) &
G T M F A AN A A ROM I TS AR HE | . R B
FIEHE o

S %3k ( References )

[ 1 ] Plastic Europe. “Plastics-the facts 2024.” [R/OL]. ( 2024-
11-18 ) [2025-08-20]. https :
knowledge-hub/plastics-the-fast-facts-2024/.

de Souza Machado A A, Kloas W, Zarfl C, et al.

Microplastics as an

//plasticseurope.org/

threat to terrestrial
ecosystems[J]. Global Change Biology, 2018, 24 (4):
1405—1416.

Wang J, Zhu Z Y, Sun L J, et al. The bridging role of soil

organic carbon in regulating bacterial community by

emerging

microplastic  pollution : Evidence from different

additions[J].
Materials, 2025, 490: 137761.

microplastic Journal of Hazardous

[4]

[5]

[6]

[9]

[ 10 ]

[11]

[ 12 ]

[ 13 ]

Yang J, Li L Z, Zhou Q, et al. Microplastics
contamination of soil environment: Sources, processes
and risks[J]. Acta Pedologica Sinica, 2021, 58 (2):
281—298. [y, ZEml, A, & LEEREE b
B G: SRUR . R AR [)]. R, 2021, 58
(2): 281—298.]

Jiang X F, Chen H, Liao Y C, et al. Ecotoxicity and
genotoxicity of polystyrene microplastics on higher plant
Vicia faba[J]. Environmental Pollution, 2019, 250:
831—838.

Chen C C, Zheng N, Zhu H C, et al. Polylactic acid
microplastics and  earthworms  drive cadmium
bioaccumulation and toxicity in the soil-radish health
community[J]. Journal of Hazardous Materials, 2025,
493: 138391.

Hong W T, Li Z Y, Wu F, et al. Toxicology of
nanoplastics to aquatic and terrestrial organism: A critical
review[J]. Environmental Science, 2025, 46 (3 ):
1868—1884. [ 3, BHRT, RWL, . JUORIE
KA S R A A W RO BRI ST SR [D]. BRERLE, 2025,
46 (3): 1868—1884.]

LiZX,LiQF, LiRJ, etal. The distribution and impact
of polystyrene nanoplastics on cucumber plants[J].
Environmental Science and Pollution Research, 2021,
28 (13): 16042—16053.

Yang X X, Zhang X M, Shu X, et al. Toxic effects and
interaction evaluation of polyethylene microplastics and
cadmium combined exposure on earthworm FEisenia
fetida[J]. Acta Scientiae Circumstantiae, 2024, 44 (7):
482—496. [HIEEE, KEHME, &7, 5F. REHOEH
SRR G T HE 0 AR % TP 01 1 R kN, K s LA AT
0], FRIERLE2R, 2024, 44 (7): 482—496.]
Desforges J W, Galbraith M, Dangerfield N, et al.
Widespread distribution of microplastics in subsurface
seawater in the NE Pacific Ocean[J]. Marine Pollution
Bulletin, 2014, 79 (1/2): 94—99.

LiuL,LiL Z, Chen Z K, et al. Corn seedlings can absorb
and accumulate fiber microplastics [J]. Acta Pedologica
Sinica, 2026, 63 (2): https: //doi.org/10.11766/trxb
202412200497 [XU3, 4ZEw, PRUTSE, 55, ER4E
REMOISC RN AR B A OB D] L 24, 2026, 63 (2):
https: //doi.org/10.11766/trxb202412200497.]

Xu XY, HouZ A, Ye . Effect of organic fertilizers on
enrichment of polystyrene nanoplastics in cotton plants
[J/OL]. Environmental Science, https: //doi.org/10.132
27/1.hjkx.202501276. [VFBEF, ER%E, R4, % H
HLUAE X 28 2 2 4 2 28 0810 AR AR BR K DY 3 4 A9 52 i)
[J/OL]. ¥F%i Bl 2%, https: //doi.org/10.13227/j.hjkx.
202501276.]

Batel A, Borchert F, Reinwald H, et al. Microplastic
accumulation patterns and transfer of benzo [a] Pyrene to

adult zebrafish ( Danio rerio ) gills and zebrafish

http://pedologica.issas.ac.cn



364

+ i

Eibd 63 ¥

embryos[J]. Environmental Pollution, 2018, 235:
918—930.

Zhang X Y, Ren S M, Han T W, et al. New
organic—inorganic hybrid polymers as Pickering emulsion
stabilizers[J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2018, 542: 42—51.
SunLJ, QiuT, LiuJ X, et al. Layer-by-layer fabrication
of fluorescent microspheres using micelles as a spacer:
Simultaneously realizing fluorescence enhancement and
sites[J].
Materials Chemistry B, 2018, 6 (5): 789—796.

Li W, Jiang C, Lu S, et al. A hydrogel microsphere-based

introduction of bioconjugation Journal of

sensor for dual and highly selective detection of AI’** and
Hg*'[J]. Sensors and Actuators B: Chemical, 2020, 321:
128490.

Bian Y F, Leng X F, Wei Z Y, et al. End-chain
fluorescent highly branched poly( L-lactide )s: Synthesis,
architecture-dependence , and fluorescent visible
paclitaxel-loaded microspheres[J]. Biomacromolecules,
2019, 20 (10): 3952—3968.

Yang J, Lin Z Z, Huang Z Y. Rapid detection of trace
malachite green using a fluorescence probe based on
signal amplification through electrostatic self-assembly
of CdTe QDs and polystyrene microsphere[J]. Marine
Pollution Bulletin, 2020, 151: 110812.

Jiang X B, Yan S Q, Sun H, et al. Preparation of
fluorescent

polyurethane  microspheres and their

applications as reusable sensor for 4-nitrophenol
detection and as microplastics model for visualizing
polyurethane in cells and zebrafish[J]. Journal of Colloid
and Interface Science, 2024, 673: 550—563.

Bretler S, Marger S. Synthesis and characterization of
micrometer-sized

new  spiropyran photochromic

fluorescent polymeric particles of narrow size
distribution by a swelling process [J]. Polymer, 2015, 61 :
68—74.

Delafresnaye L, Hooker J P, Schmitt C W, et al.
Chemiluminescent read-out of degradable fluorescent
polymer particles[J]. Macromolecules, 2020, 53 (14):
5826—5832.

Liu M, Cai ZE, XuY, et al. Europium (III) -based
fluorescent microspheres with styrene copolymerization
toward an enhanced photoluminescence performance[J].
ACS Applied Polymer Materials, 2022, 4 ( 11 ):
8109—8117.

Zhang L J, Mehreen T, Liu X Y, et al. Wide-gamut
blended conjugated polymer microspheres[J]. Advanced
Optical Materials, 2021, 9 (24): 2101788.

Wang G, Zhou L Y, Zhang P F, et al. Fluorescence
self-reporting precipitation polymerization based on
aggregation-induced emission for constructing optical

nanoagents[J]. Angewandte Chemie: International ed,

[ 31

2020, 59 (25): 10122—10128.

Liu S D, Shang E X, Liu J N, et al. What have we known
so far for fluorescence staining and quantification A
tutorial review[J]. Frontiers of Environmental Science &
Engineering, 2022, 16 (1): 8.

Zhang L, Xue M Y, Xin Q, et al. Cellular uptake of
polystyrene nanoplastics with surface Functionalization:
An AlE-based quantitative approach[J]. Analytica
Chimica Acta, 2025, 1362: 344184.

El Hayany B, El Fels L, Quénéa K, et al. Microplastics
from lagooning sludge to composts as revealed by
fluorescent staining- image analysis, Raman spectroscopy
and pyrolysis-GC/MS[J].
Management, 2020, 275: 111249.

LiuY, LiJ, Parakhonskiy B V, et al. Labelling of micro-

Journal of Environmental

and nanoplastics for environmental studies
State-of-the-art and future challenges[J]. Journal of
Hazardous Materials, 2024, 462: 132785.

Bauten W, No6th M, Kurkina T, et al. Plastibodies for
multiplexed detection and sorting of microplastic
particles in high-throughput[J]. Science of the Total
Environment, 2023, 860: 160450.

Li LL, QuJH, YuZH, etal A simple method for
detecting and quantifying microplastics utilizing
fluorescent dyes — Safranine T, fluorescein isophosphate,
Nile red based on thermal expansion and contraction
property[J]. Environmental Pollution, 2019, 255: 113283.
Gao Z Q, Wontor K, Cizdziel J V. Labeling microplastics
with fluorescent dyes for detection, recovery, and
degradation experiments[J]. Molecules, 2022, 27 (21 ):
7415.

HuJ Y, Wu Y H, Wang J L, et al. Unraveling
microplastics release in bottled water under in-vehicle
conditions using carbon quantum dots[J]. Journal of
Hazardous Materials, 2025, 496: 139200.

Ho D, Prabhakar P, Karthikeyan K G, et al. Shedding
light on the polymer’s identity: Microplastic detection
and identification through Nile red staining and
imaging ( FIMAP ) [J].
Environmental Chemical Engineering, 2025, 13 (5):
117944.

Feng Q C, CuiM, ChenJR, etal. Enhanced long-term

stability of stained microplastics with carbon nitride

multispectral Journal of

fluorescent polymer for tracking[J]. Environmental
Technology & Innovation, 2024, 34: 103593.

Shim W J, Song Y K, Hong S H, et al. Identification and
quantification of microplastics using Nile Red staining[J].
Marine Pollution Bulletin, 2016, 113 (1/2): 469—476.
Tarafdar A, Choi S H, Kwon J H. Differential staining
lowers the false positive detection in a novel volumetric

measurement technique of microplastics[J]. Journal of
Hazardous Materials, 2022, 432: 128755.

http://pedologica.issas.ac.cn



XTFAESS . T IE-AEY) RGP UK R PRI BRI T R 365

[ 38 ]

[ 39 ]

[ 41 ]

[ 42 ]

[ 44 ]

[ 46 ]

[ 48 ]

Nguyen B, Tufenkji N. Single-particle resolution fluorescence
microscopy of nanoplastics[J]. Environmental Science &
Technology, 2022, 56 (10): 6426—6435.

Peng B Y, Wang W X. In Vivo visualization of
microplastic degradability and intestinal functional
responses in a plastivore insect[J]. Journal of Hazardous
Materials, 2025, 486: 137109.

Song C, LeeJJ, Lee S, etal. An AIE-based fluorescent
dye for selective staining of polyamide microplastics
without pretreatment : Applications to environmental
samples and zebrafish[J].
Materials, 2025, 483: 136680.
LuoJD,XieZL,LamJ WY, etal Aggregation-induced
emission of 1-methyl-1, 2, 3, 4, 5-pentaphenylsilole[J].
Chemical Communications, 2001 ( 18): 1740—1741.
Wang M J, Wang W X. Accumulation kinetics and gut

Journal of Hazardous

microenvironment responses to environmentally relevant
doses of micro/nanoplastics by zooplankton Daphnia
magna[J]. Environmental Science & Technology, 2023,
57 (14): 5611—5620.

Yang L P, Tang B Z, Wang W X. Near-infrared-1I in vivo
visualization and
micro/nanoplastics in fish[J]. ACS Nano, 2023, 17( 19):
19410—19420.

Mitrano D M, Beltzung A, Frehland S, et al. Synthesis

quantitative tracking of

of metal-doped nanoplastics and their utility to
investigate fate and behaviour in complex environmental
systems[J]. Nature Nanotechnology, 2019, 14 (4):
362—368.

Zhao Z X, Zhao X, Shan J J, et al. Concentration analysis
of metal-labeled nanoplastics in different water samples
using Science of the Total
Environment, 2024, 907: 168013.

LaiYJ, DongLJ, LiQC, etal. Counting nanoplastics

electrochemistry[J].

in environmental waters by single particle inductively
coupled plasma mass spectroscopy after cloud-point
extraction and /n situ labeling of gold nanoparticles[J].
Environmental Science & Technology, 2021, 55 (8):
4783—4791.

Frehland S, Kaegi R, Hufenus R, et al. Long-term
assessment of nanoplastic particle and microplastic fiber
flux through a pilot wastewater treatment plant using
metal-doped plastics[J]. Water Research, 2020, 182:
115860.

Smith C, Brown S, Malone N, et al. Nanoplastics
prepared with uniformly distributed metal-tags: A novel
approach to quantify size distribution and particle
number concentration of polydisperse nanoplastics by
single particle ICP-MS[J]. Environmental Science :
Nano, 2024, 11 (3): 911—923.

Du HY, Wang Y Q, Zhang P P, et al. Quantitative

assessment of in vivo distribution of nanoplastics in

49

50

51

52

53

54

55

56

57

58

59

60

bivalve Ruditapes philippinarum using reliable SERS
tag-labeled nanoplastic models[J]. Nanoscale, 2022, 14
(21): 7807—7816.

Marigliano L, Grassl B, Szpunar J, et al. Nanoplastic
labelling with metal probes: Analytical strategies for their
sensitive detection and quantification by ICP mass
spectrometry[J]. Molecules, 2021, 26 (23): 7093.
Huang W, Wang X H, Chen D Y, et al. Toxicity
mechanisms of polystyrene microplastics in marine
mussels revealed by high-coverage quantitative
metabolomics using chemical isotope labeling liquid
chromatography mass Journal of
Hazardous Materials, 2021, 417: 126003.

Mauel A, Potzschner B, Meides N, et al. Quantification

spectrometry[J].

of photooxidative defects in weathered microplastics
multiCP NMR  spectroscopy[J]. RSC
Advances, 2022, 12 (18): 10875—10885.

Zhou Q, Tu C, Liu Y, et al. Biofilm enhances the copper

using °C

( II ) adsorption on microplastic surfaces in coastal
seawater: Simultaneous evidence from visualization and
quantification[J]. Science of the Total Environment,
2022, 853: 158217.

Midani F S, Wynn M L, Schnell S. The importance of
accurately correcting for the natural abundance of stable
isotopes[J]. Analytical Biochemistry, 2017, 520: 27—43.
Dueker S R, Jones A D, Clifford A J. Protocol
development for biological tracer studies[J]. Advances in
Experimental Medicine and Biology, 1998, 445:
363—378.

Al-Sid-Cheikh M, Rowland SJ, Kaegi R, etal. Synthesis of
C-labelled polystyrene nanoplastics for environmental
studies[J]. Communications Materials, 2020, 1: 97.

Kim H, ZaheerJ, Choi EJ, etal. Enhanced ASGR2 by
microplastic exposure leads to resistance to therapy in
gastric cancer[J]. Theranostics , 2022, 12 ( 7 ):
3217—3236.

FanY L, Pan D H, Yang M, et al. Radiolabelling and in
vivo radionuclide imaging tracking of emerging
pollutants in environmental toxicology: A review[J].
Science of the Total Environment, 2023, 866: 161412.
Krecisz P, Stefanska K, Studzinski J, et al. Radiocopper
in radiopharmacy and medical use: Current status and
perspective[J]. Journal of Medicinal Chemistry, 2025,
68 (3): 2356—2376.

Buchanan C J, Fry S C, Eastwood M A. The use of
'4C-labelled substrates to study plant cell wall breakdown
in the gastrointestinal tract[J].
Nutrition Society, 1996, 55 (3): 927—936.
Vesamiki J S, Nissinen R, Kainz M J, et al

Proceedings of the

Decomposition rate and biochemical fate of carbon from
natural polymers and microplastics in boreal lakes[J].
Frontiers in Microbiology, 2022, 13: 1041242.

http://pedologica.issas.ac.cn



366 E I 63 %
[ 61 ] YangY, YangJ, Wu W M, et al. Biodegradation and perovskite doping with Eu®" and B-diketonate Eu’*

mineralization of polystyrene by plastic-eating complex[J]. Chemistry of Materials, 2021, 33 (7):

mealworms : Part 2. role of gut microorganisms[J]. 2289—2297.

Environmental Science & Technology, 2015, 49 (20 ): [ 73 ] Hasegawa Y, Kitagawa Y, Nakanishi T. Effective

12087—12093. photosensitized, electrosensitized , and mechanosensitized
[ 62 ] Zumstein M T, Schintlmeister A, Nelson T F, et al. luminescence of lanthanide complexes[J]. NPG Asia

Biodegradation of synthetic polymers in soils: Tracking Materials, 2018, 10 (4): 52—70.

carbon into CO, and microbial biomass[J]. Science [ 74 ] Biinzli J G. Benefiting from the unique properties of

Advances, 2018, 4 (7): eaas9024. lanthanide ions[J]. Accounts of Chemical Research,
[ 63 ] Hemmild I. Luminescent lanthanide chelates—A way to 2006, 39 (1): 53—61.

more sensitive diagnostic methods[J]. Journal of Alloys [ 75 ] Zhou W L, Chen Y, Lin W J, et al. Luminescent

and Compounds, 1995, 225 (1/2): 480—485. lanthanide—macrocycle ~ supramolecular  assembly[J].
[ 64 ] Hemmild I, Mukkala V M, Takalo H. Development of Chemical Communications , 2021 , 57 ( 87 ) :

luminescent lanthanide chelate labels for diagnostic 11443—11456.

assays[J]. Journal of Alloys and Compounds, 1997, 249 [ 76 ] Binnemans K. Lanthanide-based luminescent hybrid

(1/2): 158—162. materials[J]. Chemical Reviews, 2009, 109(9 ). 4283—4374.
[ 65 ] Eliseeva S V, Biinzli J G. Lanthanide luminescence for [ 77 ] Zhang Y, Yang X W, Zhao S N, et al. Recent

functional materials and bio-sciences[J]. Chemical developments of microscopic study for lanthanide and

Society Reviews, 2010, 39 (1 ): 189—227. manganese doped luminescent materials[J]. Small, 2022,
[ 66 ] Sun HF, Lei C L, XuJ H, et al. Foliar uptake and 18 (50): e2205014.

leaf-to-root translocation of nanoplastics with different [ 78 ] Wang Y, Lu GL, QiuY, et al. Synthesis and optical

coating charge in maize plants[J]. Journal of Hazardous properties of novel apatite-type NaCa;Bi ( PO4 ) ;F: Dy*"

Materials, 2021, 416: 125854. yellow-emitting fluorophosphate phosphors for white
[ 67 ] Yuan WK, XuEG, LiLZ, etal. Tracing and trapping LEDs[J]. Journal of Rare Earths, 2022, 40 ( 12):

micro- and nanoplastics: Untapped mitigation potential of 1827—1836.

aquatic plants [J]. Water Research, 2023, 242: 120249. [ 79 ] Dang P P, Liang S S, Li G G, et al. Full color
[ 68 ] Weissman S 1. Intramolecular energy transfer the luminescence tuning in Bi**/Eu’"-doped LiCa;MgV;0,,

fluorescence of complexes of europium([J]. The Journal of garnet phosphors based on local lattice distortion and

Chemical Physics, 1942, 10 (4): 214—217. multiple energy transfers[J]. Inorganic Chemistry, 2018,
[ 69 ] FenglJ, Zhang H J. Hybrid materials based on lanthanide 57 (15): 9251—9259.

organic complexes : A review[J]. Chemical Society [ 80 ] ZhengBZ, FanJY, Chen B, et al. Rare-earth doping in

Reviews, 2013, 42 (1): 387—410. nanostructured  inorganic  materials[J]. = Chemical
[ 70 ] KidoJ, Okamoto Y. Organo lanthanide metal complexes Reviews, 2022, 122 (6): 5519—5603.

for electroluminescent materials[J]. Chemical Reviews, [ 81 ] LuoYM, LiLZ, Feng YD, etal. Quantitative tracing

2002, 102 (6): 2357—2368. of uptake and transport of submicrometre plastics in crop
[ 71 ] Ktonkowski AM, Szatkowska I, Pietraszkiewicz M, et plants using lanthanide chelates as a dual-functional

al. Influence of xerogel matrices and co-ligands on tracer[J]. Nature Nanotechnology, 2022, 17 (4):

luminescence parameters in materials with an europium 424—431.

(11 ) cryptate[J]. Journal of Non-Crystalline Solids, [ 82 ] LiY, ZhangJJ, XuL, etal. Leaf absorption contributes

2005, 351 (24/25/26): 2047—2056. to accumulation of microplastics in plants[J]. Nature,
[ 72 ] Cortecchia D, Mréz W, Folpini G, et al. Layered 2025, 641 (8063 ): 666—673.

(RERE: KAL)

http://pedologica.issas.ac.cn



