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Abstract: Microplastics and nanoplastics (MNPs ) represent an important class of emerging contami-
nants. It has been demonstrated that MNPs can be taken up by plant roots and transferred along the
food chain, posing potential risks to ecosystem functions and agricultural product safety. However,
the accurate detection of MNPs in plant tissues remains a critical methodological bottleneck that limits
in—depth risk assessment. Drawing on the latest domestic and international research advances, this
paper adopts “imaging, identification, and quantification” as the detection framework. From three
key perspectives, namely morphological and spatial distribution imaging, chemical fingerprint iden-
tification, and quantitative analytical techniques, we systematically summarize the principles, sam-
ple preparation procedures, applications, and limitations of currently available methods for detect-
ing MNPs in plants. On this basis, we propose three future research priorities. First, a multi-scale
in situ imaging system spanning from the macroscopic to the nanoscopic level should be established,

enabling full-scale in situ visualization of MNPs in plants, from millimeter-scale organ architectures
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down to nanoscale subcellular localization. Second, extraction and intelligent spectral methods for
MNPs identification in plant tissues should be optimized by employing deep learning-based algorithms
to precisely separate MNPs characteristic peaks from plant matrix signals. Third, accurate quantifi-
cation methods for MNPs in plants from real-world environments should be developed. These advanc-
es will collectively provide critical detection and analytical techniques for advancing MNPs research
in plants and for the rigorous risk assessment of agricultural product safety.

Key words: microplastics; nanoplastics; plants; spatial distribution; chemical identification;

quantitative analysis; detection technology
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Fig. 1 Imaging, identification, and quantification technologies for micro/nanoplastics in plants
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Table 1 Imaging, identification and quantification technologies of micro/nanoplastics in plants
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2.1 FERERAFA

7 S JERE R 4> F B e RS RS, B EHARIC . AEBEIR TR & S R A R
AL 2 RS B 25 (8] S PR BT IE 500 nm' ™ DLAG R SO RE A UL IR 532 nm F 785 nm., B2
% 5y Z BINEP PG T4, R R T B RBR AT EE T R . Tha . B el AR
AR SEREAR TP . Tympa 7 F H LR AR S B X R b (Raphanus sativus) FRFSAL 2L 1) Tobrid
ABS MPs #EA7JEAL R, HEBH Raman Y 3% 0] TR SEZAE P AL 2N MPs A2 1E00 5 28 (] 4375 Zhi
S5l A R AT FR RN AR R TR ic PS BURL A T IR AUE N, FEEGE SEM SE3L TS -fh s
WEIGUE, AR, BHS T4 0 R E g 5 S B (SERS) | sy S 1% (TERS) . MHF R
Wt s = B (CARS) FIAZ iy S B (SRS) WL B H T A ke il i MINPs (4347, X S84 R AMY
PRE T RSO E S R A PR, i HoT DL — @ R RS B & PO 7, SERS
FITERS M FIG58(5 5 5 RDEATHIRIR , CARS FI SRS Il FHUREDS G TR k% % 2 . LLSERS
HARJ B, Kousheh 2 FI H Au@Ag 1% FE A KBURLIE 51 1) SERS J7ik, H kGl 7 A 3¢ (Lactuca sativa
L.). ##3%(Spinacia oleracea L. ) %M SR HIFE A 1) PSFIZR L4 (PE)MNPs,  SZBL 7 I [ MNPs 75 JL ) bR
W 5E 8. Liu S PSR ARG T NPs, Hp LIEZbrich S50 F 4- 5388 W R, 1M PS
So ) MREHIE 20, SEPL VAR 204 NPs () SERS JRA ikif%, Filad ICP-MS #4752 = 0#r, #Hzh
T SERS MR Atifb S8 80 n] g - & BT I & R
2.2 IHMEIEIRAEAR

LLAMGTEGEI R 3 T X AL AR, B RSy 1 PR B R 2= B SR B RE R . 22
TR AT AR BR B 520, AL 58 A B 2L AN i () 23 18] 2 HE 3R A RE IR B 10 wm,  TCIESCBUAEYIRENS
WAL A B /N RS MINPs B304 27 HAAMEIRE S5 532K T8, AT BT EEMIEROK G 5
Bro JERAAINERE(O-PTIR) FH— AT WOEHR ORI Sl 21 /NSO U IS PR G PAON 5 | e 1) Ja)
PR S R E RN R ARTER A MNPs K b sh b2 B, HORE Rk R 5
PG 32 VAT B IEAMEYI R N MNPs ZLAMSG I 2 2 . FEAPRRE L, i1 R /MG (AFM-
IR ) BRI LT AN 5 [ & UK, BB SEIRA R oy HE T ) P e S 2= A i o0 de, o
Bt 52 M FTIR IS EW) & ZEORT H T IR R S SN 2400 N G SRS G oRE0RL, 25 TH)
SYPERIBE] 10 nm, 7R T EUR S A SR A EAE ALEL. BT, AFM-IR & a2h H TR E &=
ROPAKE 20 nm 9 PS NPs,  FERHHA AV R SF W B SRR E E T 400 7
2.3 HRAFFEFHIBIRANFEAR

S R0 5 FIELUARR, WOBE S o2k ik (LIBS) 23 B 0 A& B4 IR 19 7T 2 41k (A itk
A, A5, BTIR LS, LIBSEH 5 LA-ICP-MS #E7HEE . X RPE AR 1) 5% H oG e i A #
Febt, R LA-1CP-MS HAR & W REBUE (ne/kg 2%, DTSRRI 2R . S fEnE & . oo
FHENZE T, W HTRNEZEER TR REENMNE, HiZF DU H, 0 %Rtk ,
LIBS i b Kzl 5 S W 2 OIS O TEARFE , T AT S ) MPs 5 AR50 BET TIX 43, RS HAL
R G 2RI (HARSE LIBS 25 10) 0 HERAR (k25 ), FR T HAE T A0 M0 R e 20 A A )
R, Meng %S 5 I NHT A TOE BCAF B RAEHOGES , IS G RUIKPE- 51458, K LIBS Yl B
ROTFEAR R 500 nm, WAL T KRBORIAE SR A0 () 50 Al . AP TIRER G (PE. PPHIPS %) 1 &,
HARIeE CRIH AL EEeE . X5 LIBSTEAEY AN Tobric MNPs IRAHH IS BT @t
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2.4 MAKFHIEBIRANFEAR

YK G R AR OB R — R R . e . SEOE SRR R, R W] W - Ah
(VNIR: 350~1 000 nm) LA B2 40 4h (SWIR: 1 000~2 500 nm ) 5 BEAE 448 ) S s %o e 0 s B30
FNERAERRIC A SRR Y BT RS RG22 R AN AR RARRIR HAS ) MNPs .
WA AU B 6 IC 7 T 200 nm FEFRIC PS NPs B MR GRERFAE , SE T Ef /R EE T HAE /N ZLh T
B S ARRRAE™ o Li %61 P 9K i e i i 15 45 AR 43 I AE FoR i Fy ARSI 3 T 28 < Z & 1) PET (180 nm )
FIPS NPs(30 nm) S H R Tl ZEM Fy s ) 2280 g ol . R X AR W] DL A5 ik 1, HA
] MNPs 7E35 F 009 0] WOE— 3 21 AN B DL o BRI 7 R o XA IR MNPs (9380501, 220 AT i i 72
HEE A EEEE, HikE 522 R AW BRI R 15 YL S0, FERENER R U A, Bl
EHARAE RGN, e oA R R AR M, X LU ERSRAE S P ) MNP
3 BEYEAR/MEBMNENLEAR

KPR MNPs () 124k 32354505 MNPs JIURLH R R T BER) 40 BT . ok ik B A Ak 238085 bk
PN (LLAMEREFINL 2615 5 ) SR IE R RS . RSB G - 75 v o0, THE
ANFE SR BN T RIIR N MNPs (9448, H B B SR SAR Y7k ) MNPs JIRE B2 0 20 drdse /b . Kl
YA N MINPs Joit 82 ¢ P55 1) A0 R AR 32 B 01 B 1 55 05 2 SRUISCA R MINPs D P sl AR AE e 255 S B
SRBEEEEERETT, EEASE RGO | AR A S - O ICH | AE faE-
OB .« KIARE TS . WAL T . T BSOS AT TR RS | Ak R
%o FENGETELEEDE . TN EARYR G TR B TIE A . I SRR S AT A B R (B 2) .

Quantification (mass concentration) of micro/nanoplastics in plants

Radioisotope | —> and grinding —> Combustion |—> Addition to scintillation cocktail

QA/QC
Sample Sample —_— Instrumental S Data
collection preparation analysis processing

i Sample preparation @ ceeeeeeeeaoaaooo |
]
| I
| 1CP_MS* Washing, drying, Strong acid oxidative Dilution of sample Filtration :
: and grinding digestion to a final volume !
]

I
]

I
]

I
]
: I
s " “ - . v s |
! (Py/TED) ‘Washing, drying, Alkaline/hydrogen Centrifugation Ultrasonication !
! GC-MS - — a2 — . . — " : i
1 and grinding peroxide digestion and sedimentation and dissolution |

I
]

I
]

I
]
: I
I : : Alkali-assisted pyrolysis !
= Washing, drying, Pyrolyi T B !
: LC-MS i o e —_— polymerization e Filtration — Storage in invials :

I
]

I
]

I
]
: I
]
! Washing, drying, . . . . |
I FI-MS 8 - Adsorption onto a heated stainless-steel rod prior to analysis i
I and grinding .
: I
]
| I
1 Stable isotope | —> —»|Precise weighing/—/ Encapsulation in tin capsule || '
| Isotope B Washing, drying, :
I quantification*® |

I
]

I
]

I
]

I
]

*: Only for labeled MNPs

2 KRN B B AL BT B R AL B AR
Fig. 2 Pretreatment workflow for the quantitative analysis of micro- and nanoplastics in plants
3.1 HEBBAFHETFEHFERA
HLERE 45 55 1 TR B0 (ICP-MS) A IR e B AR R ) 0 TR, il I )@ e %
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B, s YRR 4B bR MNPs () &2, B ng/ke Bt 2 ZEHUE™ . AP SETERAE
it 72 2L Y8 5 T LUK ICP-MS BEAT 00T &JBARIC MNPs A2 2 PEAS I AL TCP-MS W i S 544,
T 55 75 S0 Wi T 6T B &2 R AR AR EA T AR MR AG B0 . Luo Z507 R B0 286 Lo B 400 PS, 45
B 1CP-MS & REEST T AP IR N NPs (R 71, IIESE MNPs DIARERA RO, 1) b R4 b ) A A2
3%, LiZE™fdi H PAFRICHI NPs, 454 ICP-MS X878 I (Cucumis sativus L. ) H Pd 541 PS NPs #4751
B REEREN G . R AEIE BT SR, T ICP-MSATAE MRS HAR AR, W LA-1CP-MS,
ARCIRIEO G ol o 5 B8 AR T (cryo—LA—TCP—-MS ) I BT B JEGRE 5 45 85 IR BT (sp—ICP-MS) 45
Wang % i H cryo—LA-1CP-MS X # ¢ 8 INHh Eu B 400 PS NPs #H47 7&Ak . /RERFIR A iM% . AR 451
SR RS SRE TR A5, ik TR KR MK, e TARRRIG AR 45
3.2 HiEaiE-REEA

16 MNPs S0 4508, JUP-RTA B0 (038 - i (GC-MS) J7 BRI . DA ER i AR
AR, ROV ERIREY A FRE KR, WAGES SRR RN TR RN A A 3,
ULEY 3 BT GC-MS B ARA A ZL#/GC-MS (Py/GC-MS ) Fll 4 A€ B -4 B i /GC-MS (TED/GC-MS ) £
Py/GC-MS A (AR FEbRic e B R, BRI R A P 2= S E e S e 2, KPR IE /e
%Ko Li% P IEE IR Sy T 3 T DU W SE S S R - L TR DTTE - — S e i A AR N PS NPs
15 B 5L PR U TR HH i (PMIMA ) NPs B9 5E 8 77 15, PS Il PMMA NPs 8946 HBR 43 51 4 2. 31~4. 15 pg/g
3.87~8.20 pglg. 1%J7 ik C IR L - - S WAk R b NPs B 0 AT, JF T g SR E)
W4 (Achatina fiulica ) W R EEALE ™ . AP, Alotaibi 25 “YWHZHARI R BRI W4, LI
S ST AE AT RO R PRI, SR RS IR 2R XU DT RE S T URLAR R . Zytowski S5
TED/GC-MS T /NAZE (Brassica rapa var. chinensis (L. ) Kitam. ) ¥ PS NPs it € i, dE—H i BHI -
SRS AR FF B SE LT MINPs (450 8 ARG . ST B FH B R 7047 MNPs HAA BESAYE , AR
ARG TR, HARABERERE/N(0. 1~0. 5 mg), XTFRES I SIERA LR R s [FRHE YL
PIRF=) (I 0 ) v RE SR EIE A, i 1t i M iR A A e 2w 25
3.3 EEfE-FRigEHA

WA RS- RE (LC-MS) R ZH U OB 25 . 4028 HERER S5 s 23R8 A MR i, R
e MNPs )& & o IABOR T B A0 5 (— e A Bh P 3 s ) F AR I B, STl 2R B e 2R
R ZEFR, HATE A R AR PET . ZRIRIARS . PLA FIZR ML SE MNPs 1 LC-MS /4 ik Li
Sl LC-MS/MS 3@ it IR 9 PET iR 88 P2 AL () [ TPA-EG ] Stk , B T AR RE T, EXEN
PET NPs & 2Rl ) ) 28 E Ol . Wang 550K PLA MPs i8558 7R, I LC-MS/MS BEA 7
ERM A 18. 7 nglg. 1% IERTEREAE S IIFR PLA MPs B9 IR 3531 93%, 1 H T & 29 T i 45 58 58
W, REHTAamEREEY.
3.4 NIEEBBERIERAR

A FAEG S TG B KIEE TR IS, IO H B TR (FT-MS) A& —J00K KO i 51k 27 v
U5 ELHERN & B BRSBTS AR o Xiao S5 B HY 18 F FI-MS PRtk I PR SR A Pk i vf MINPs (45
Jiik, AR BTG T AR b I B 3R W I 1) 2R /N o3 TR, [ B I H ) 2 7 4 K S e
FAbZE B, H S D RRIE B W EL RN 5 o WSS A5 40 M o FI-MS BEAS 43 fif Al R 35 AN [R] BRI A
Fr( 13, SFEAL) B PETRIPS, AN TR o8 10 s, 5 Py/GC-MSAHEL, FI-MS
BTG ESYE, LI T BRI, (HE R AR Y 21 B MINPs B HE ) 1
€ VEBRIABE T REEAL
3.5 BEfIEEHXHEAR

[0 2t B by F 00 AR L a8, e A R a3 AR iC . R R B b BR A
Py ) MNPs K i B IAZ O 77k —, MRAE ENZ A 0] 4y A [ bR AU [ Zbrid
Pz R RN ZEARICCH, PC) RS, & o EALE B R RAZ OBAR . FEMTE R AT
oSSR AL 0, 6E BRI 2 2B TSy, Qi a2 PR A AL 26 PC bR A MNPs B4
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JPRIE PS NPs(PH-PSNPs) 45 & R F M- [E AL R il Ca T 24k “As8-Ina” &8k NPs iy
4T, TESE NPs 0] S FLHEANI R AL GUF AR 4, ARHTSCRART 5%, i Fr 32l "H-PS NPs 13
T A RE (2 R H H-PS NPs R R, HR ERURIE I 4 0. 73~15. 6 glg, {H ) AR A 424 i A5 BR
(<5%) . W (Bradybaena ravida) TEFEN S 5 mg/L *H-PS NPs 5L 436 14 d ), RN RSN
0.33~10. 68 pg/kg, FEKE FREEEBE N2EREC0.45, ENIZ WP AAEE FEMBISRS, K
SR F bR e fE R & R R 5 TC B 0O T, R EBEP AR, B HMChRId
1) MNPs, i85 T5 2 T haik s i U K 2 55 5 AR R i 5 e A K B8 — 4Bk . Zhang
SR CARICHY PS NPs Z5 G iR IN R THEL, RS R T ASEPRLAE NPs (20 nm A1 100 nm) ZE547 (K
BN AR | ZHZUr A RFAE B s RAF RS AR . RIHIZBOR, Clark S RSB T 85 prpriec-
PS NPs CHiA22 50 nm) MARZI 0T 212U € Bl B . AT 4 R R iR B £ 95%, 2925% 53 i+
TR EAR . 24 10% %5 2 250 . ZRAIE) CARIC RIS g T F 5T NPs ZE RS JK ( Cucurbita pepo L. )R
MARERIEI o FIAEES B 004545, 455 R “C-PSNPs BERSAEAE 2R B Pl 2, R E £ 102,
HHPEREAERSTE J1 TR, $E NPs BENAEY) J5 v REXHAE ) A S Fe AL K & P2 AR T AR s
4 B E

HEP PR N AN SR ) TR I, PR DR B 22 5 AN AT . ARG LAR T IR A7
% AN S B ITEOR,, $8 0 T IV RTINS R S T IIE L IR
AR R, JFEEZ L PR OPRER, ARG e AL G e B v e A M 2 2 i 2 R A
A B &S TH0? AT BN R 2 AOR RO GHE Y 1R N ) MNPs #6472 )2 90 177 ] va il I8 g7
PRI VR P9 ) MNPs B, DRI Al AN RS 51 & 04 50 Bt 285 SRAS 0T 5 LU R SRS, R ) 43 B 32 BR ) 7
AT AR S Ak o0 T dok A v U A 4 3R 5 R 3R A R 40 A P 5 MINPs P 4 e 1T 5 | 0t
EALZ AR 2 WA] SR R BR AR R S MNPs Y23 ()53 A . RIS AIRIE =0 B X ek
A S VAL L S

(1) WEMBIDURIN 22 )2 R EAL UG R R R ;S U BT — AR BORTENY . o HER 558
Ve AP JE , AR Y R BOEH B & 0O A b, SEEURAE YR N MNPs M ZE K2R 28 B
ZAKA B AN RO 20 M 5 7 1) 4 RO T Ak

(2) PR P MNPs 3 BUS B RE GRS R IR B 7 ik it s PR YR S oT, IRBUESI RN
MNPs (], 5 R R BE O B SRHSORE ) S A TR S5 3R 840 ST FBEE bR it e 2, 8
BAFREYZRA . bt BIRSTMBIRIY RO SO0, ZURER R &I — RETTHIEIN,
DR B2 3] B I R S SE B MNPs AR HE UG 5 R ) 356 o5 DO R T 40 5

(3) ELSCEREE P AP Ik ) MNPs K AV i ST s $EEhERRLT A . 0K & F B A 5 %,
16 55 A oA S EE /3 AT BORAEAL Y 00 7 1 B00E 5 ) F AR oK 20 AME AR TR 1) L S R R 0 A bk
MNPs, SN TASRESCI 2 IEEERL & 5 B3R, DA S s a2

& Bh bk e Esensy, HARLYIPRM MNPs BFFEMN ORI 2ln) “RIESHIE” . AN “SZ4SCibiti” &
] “ESERAEEARL, MR . R R R AR RN MNPs K AT iR R, S -
YEY R GEH MINPs 258175 i) BREEA T R AR 2 it 2 4 B A S RS E T v S ARSI AR

SE Lk

[1]  JiangF, GaoC, Chan A W H, Topping D O, Zhang HL, Li W], Coe H, Liu X H, ChingJ, ZhengZ H. Curr. Pol-
lut. Rep., 2025, 11(1): 53.

[2]  YuanL, YanZY, HaoF, WangZ Y, Yuan X Z, Yang X F, Chen T, Yan X P. J. Instrum. Anal. (ZZ¥, 7%,
Wk, FRFE, EEIE, BRI, BRE, M5 imiliRaEit), 2025, 44(9): 1788-1800.

[3]  WangJH, LiB, HouY Q, WangLJ, WangJ, Zhu LS. J. Agro-Environ. Sci. (E4:4¢, 250K, BFEFEH, F2H,
EFE, REE . AORERFEE), 2023, 42(5): 951-965.

(4]  YangJ, LiLZ, ZhouQ, LiRJ, TuC, Luo Y M. Acta Pedol. Sin. (W7%, ZE¥Edil, JfE, 2R, W, 3k
W . 3RS, 2021, 58(2): 281-298.

[5] LuoYM, TuC, PanYS, YangJ, HaoZ, Liu Y. Acta Pedol. Sin. (387K, Wi, WM, H7%, #BIE, XIH.
+HEEHD) , 2026, 63(2): 341-350.




1476 SR AR (http://www.fxesxb.com) o453

[6] LiLZ, LuoYM, LiRJ, Zhou Q, Peijnenburg WJGM, YinN, YangJ, TuC, ZhangY C. Nat. Sustain., 2020,
3(11): 929-937.
(7] Ashokkumar V, Chandramughi V P, Mohanty K, Gummadi S N. J. Environ. Manage., 2025, 381: 124995.
(8] Marin-Saez J, Lépez—Rodriguez E, Garrido Frenich A, Romero—Gonzdlez R. Trends Environ. Anal. Chem., 2026, 49:
€00297.
(9] Zytowski E, Baldermann S. Rapid Commun. Mass Spectrom., 2025, 39(14): e10046.
[10] DengJ Y, ZhangTT, Gao HR, HuangZJ, YuHB, LiMJ, YanY, WeiS, LiQ. Plant Physiol. Biochem., 2026,
232: 111172.
[11] Donaldson L. Molecules, 2020, 25: 2393.
[12] TIvleva N P. Chem. Rev., 2021, 121(19): 11886-11936.
[13] HuaZD, MaSR, OuyangZZ, LiuP, Qiang H, Guo X T. TrAC Trends Anal. Chem., 2023, 158: 116889.
[14] Gopinath N, Karthikeyan A, Joseph A, Vijayan A S, Vandana S, Nair B G. Environ. Sci. Pollut. Res., 2024, 31:
49317-49329.
[15] ZhangJJ, FuDD, FengH, LiY, ZhangSY, Peng C, WangY D, Sun HW, Wang L. TrAC Trends Anal. Chem.,
2024, 170: 117472.
[16] Clark N J, Fischer A C, Carne D, Littlejohn G R, Durndell L J, Plessis A, Thompson R C. Environ. Res., 2025,
284 122687.
[17] Avellan A, Schwab F, Masion A, Chaurand P, Borschneck D, Vidal V, Rose J, Santaella C, Levard C. Environ.
Sci. Technol., 2017, 51(15): 8682-8691.
[18] LimSJ, LeeK]J, Nam H, KimSH, KimE, LeeS, Chung J. Trends Anal. Chem., 2024, 179: 117851.
[19] Del Real A E P, Mitrano D M, Castillo-Michel H, Wazne M, Reyes—Herrera J, Bortel E, Hesse B, Villanova J,
Sarret G. J. Hazard. Mater., 2022, 430: 128356.
[20] Moore K 1., Lombi E, Zhao FJ, Grovenor C R M. Anal. Bioanal. Chem., 2012, 402: 3263-3273.
[21] LinY, Huang X, LiuQ, LinZ, Jiang G B. Talanta, 2020, 208: 120478.
[22] Mayali X. Annu. Rev. Mar. Sci., 2020, 12: 449-467.
[23] LiuZJ, TuC, Feng K, YangJ, MaS Q, ZhangJ, LiuY, Ma YN, Luo Y M. Acta Pedol. Sin. (¥, e, E£
Bl, w7, DHERY, ok, X, DS, SEAKW]. R, 2026, 63(2): 351-366.
[24] Tympa L E, Katsara K, Moschou P N, Kenanakis G, Papadakis V M. Materials, 2021, 14(9): 2329.
[25] ZhiZX, 1iY, LiuG, Ou Q H. Sci. Total Environ., 2025, 958: 178093.
[26] Azeem I, Shakoor N, Chaudhary S, Adeel M, Zain M, Ahmad M A, Li Y B, Zhu G K, Shah S A A, Khan K,
Khan A A, Xu M, Rui Y K. Plant Physiol. Biochem., 2023, 204: 108132.
[27] Kousheh S, Hajikhani M, Asgari S, Lin M. Microchim. Acta, 2024, 191: 755.
[28] Liu M, Das A, Zuverza—Mena N, Musante C, White J C, Wang C, Guo H Y. J. Hazard. Mater., 2025, 500:
140520.
[29] DaiH, LiHY, Qiu W, Deng SH, HanJ, AminabhaviT. TrAC Trends Anal. Chem., 2024, 176: 117750.
[30] Beke]JS, Popp J, Krafft C. Sci. Rep., 2022, 12: 18785.
[31] Pancani E, MathurinJ, BilentS, Bernet C M F, Dazzi A, Deniset B A, Gre R. Part. Part. Syst. Charact., 2018, 35:
1700457.
[32] Sommer C, Schneider LM, Nguyen]J, PrumeJ A, Lautze K, Koch M. Mar. Pollut. Bull., 2021, 171: 112789.
[33] Busser B, MoncayoS, Coll J L, Sancey L, Motto—Ros V. Coord. Chem. Rev., 2018, 358: 70-79.
[34] Meng Y F, Gao CH, LinZ, Hang W, Huang B L. Nanoscale Adv., 2020, 2(9): 3983-3990.
[35] Zhang HJ, Zhou H R, Pan W, Wang C, LiuY Y, YangL Y, Tsui M T K, Miao A J. Enwviron. Int., 2023, 179:
108134.
36] Nigamatzyanova L, Fakhrullin R. Environ. Pollut., 2021, 271: 116337.
37] LuwoYM, LiLZ, Feng YD, LiRJ, Yang]J, Peijnenburg W J G M, Tu C. Nai. Nanotechnol., 2022, 17: 424-431.
38] Wightman R. Plants, 2022, 11(9): 1113.
39] Wang Y, BaiJJ, WeiY ], Zhao C X, ShaoZ, Chen M L., Wang ] H. J. Hazard. Mater., 2024, 465: 133029.
40]  Alotaibi S A, Eshun G B, Sadik O A.ACS Omega, 2026, 11(8): 13137-13148.
41] LiY, ZhangJJ, XuL, LiRQ, ZhangR, LiM X, RanCM, RaoZY, Wei X, ChenM L, WangL, LiZW X,
Xue YN, PengC, LiuCG, Sun HW, Xing BS, Wang L. Naiure, 2025, 641: 666-673.
[42] Wang L., Peng Y W, XuY, ZhangJ, Zhang T, Yan M Q, Sun H W. Environ. Sci. Technol., 2022, 56: 13029-
13035.
[43] Xiao M, Yang Y Q, Alahmadi H, Harbolic A, Moreno G M, Yu T, LiuJ, Guo A, Warner G R, Stapleton P A,
Chen H. J. Hazard. Mater., 2025, 493. 138322.
[44] Piovesan A, Quartieri S, Faleri C, Bellingeri A, Nepi M, Al-Sid-Cheikh M, Corsi . Environ. Sci.: Nano, 2026,
13(2): 952-965.
[45] Jiang X I, White ] C, He E K, Van Gestel CA M, Cao XD, ZhaoL, XuXY, Guo W B, Qiu H. Environ. Sci. Tech-
nol., 2024, 58(35): 15438-15449.



557 W RIS YRR R B AR . SRR AL BORBI T e 5 e 22 1477

[46]

[47]

Liang J L, Cao G X, ZhengF Y, LiSX, LiuF]J, LinL X, Huang X G, ZhangZ H, Zheng] Y, Huang Q Y. Che-
mosphere, 2022, 307: 136094.

Yang J. Occurrence, Accumulation, and Wheat Uptake Processes of Microplastics in Agricultural Soils. Nanjing: Univer-
sity of Chinese Academy of Sciences (7% . & H 3B P R R TR . BLURARIERI N E WS FRAH 5T . B0t
BlEEBEK2E), 2023,

LiRJ, TuC, LiLZ, Wang XY, YangJ, FengY D, Zhu X, Fan Q H, Luo Y M. J. Hazard. Mater., 2023, 456:
131675.

Komis G, éamajovc’l 0, Ovectka M, gamaj J. Trends Plant Sci., 2015, 20(12): 834-843.

Meyns M, Dietz F, Weinhold CS, Ziige H, Finckh S, Gerdts G. Anal. Methods, 2023, 15(5): 606-617.

Mizuta Y. Plant Cell Physiol., 2021, 62(8): 1224-1230.

Chen LW, ZhouY, WuM X, Hong M H. Opio—Electron. Adv., 2018, 1: 170001.

Cho E, Ji' S, Moon]J, Koh H R. Mol. Cell. Toxicol., 2025, 21: 1015-1022.

Zhang ., LiGZ, XinQ, LiuHN, Yang X Z, Liu Y. Sens. Actuators B, 2024, 413: 135878.

Yakovenko N, Amouroux B, Albignac M, Collin F, Roux C, Mingotaud A F, Roblin P, Coudret C, Halle A T. Envi-
ron. Sci. Nano, 2022, 9: 2453-2463.

Zhao XY, LuoQ, Dai W], DengY Y, Yang N, Zhu X, Zheng Y X, LiY, FengL S. Front. Plant Sci., 2026, 17:
1718625.

LiuYY, GuoR, ZhangSW, SunY H, Wang F Y. J. Hazard. Mater., 2022, 421: 126700.

Li H B, Chang X, Zhang ] K, Wang Y H, Zhong R Z, Wang L. X, Wei J, Wang Y. Chemosphere, 2023, 313:
137491.

Coman V, Scurtu V F, Coman C, Clapa D, lancu S D, Leopold N, Leopold L F. Plant Physiol. Biochem., 2023,
197: 107634.

ZhouJZ, CaoY, Liu XN, JiangHS, Li W. Environ. Sci. Pollut. Res., 2020, 27: 32124-32131.

Zhao Y C, HuC, Wang X I, Cheng H, XingJ F, LiYS, WangL, GeTD, DuA, WangZ B. Agriculture, 2024,
14(2): 301.

Wu B, ChenY X, Becker]S. Anal. Chim. Acta, 2009, 633(2): 165-172.

Moore K L., Chen Y, van de Meene A M L, Hughes L., Liu W J, Geraki T, Mosselmans I, McGrath S P, Grovenor
C, Zhao F J. New Phytol., 2014, 201(1): 104-115.

Kippler A, Fischer D, Oberbeckmann S, Schernewski G, Labrenz M, Eichhorn K J, Voit B. Anal. Bioanal. Chem.,
2016, 408: 8377-8391.

Ishida N, Koizumi M, Kano H. Ann. Bot., 2000, 86(2): 259-278.

Yang J, Tu C, Yuan X Z, Luo Y M. Prog. Chem. (%7, ¥R/, HIIE, 35k b)), 2025, 37(1):
89-102.

Monteiro S S, Pinto da Costa J. Trends Environ. Anal. Chem., 2022, 33: e00151.

JinNF, SongYZ, MaR, LiJY, LiGH, Zhang D Y. Anal. Chim. Acta, 2022, 1197: 339519.

Cole M, Lindeque P, Fileman E, Halsband C, Goodhead R, Moger J, Galloway T S. Environ. Sci. Technol., 2013,
47: 6646-6655.

Wang M, HuangZ L., WuC, Yan S, FangHT, Pan W, Tan Q G, Pan K, Ji R, YangL Y, Pan B C, WangP,
Miao A J. Environ. Sci. Technol., 2024, 58(6): 2922-2930.

Maurizi L, lordachescu L, Kirstein I V, Nielsen A H, Vollertsen J. Heliyon, 2023, 9(9): ¢20119.

Prater C B, Kansiz M, ChengJ X. APL Photonics, 2024, 9(9): 091101.

ten Have I C, Duijndam A J A, Oord R, van Berlo-van den Broek H J M, Vollmer I, Weckhuysen B M, Meirer F.
Chem. Methods, 2021, 1(5): 205-209.

Willner J, Brunnbauer L, Quarles Jr C D, Nelhiebel M, Larisegger S, Limbeck A. J. Anal. At. Spectrom., 2023, 38
(10): 2028-2037.

XuC, LiangY, Zhu XY, Dong B, SuQZ, Wang X H, LiD, Zhong H N. J. Instrum. Anal. (I&hh, B2y, SR,
AR, A, B, B, BT SRR, 2025, 44(12): 2649-2656.

Aynard A, Courreges C, Jiménez—Lamana J, Raad A, Miqueu C, Grassl B, Reynaud S. Environ. Pollut., 2023,
323: 121229.

YuSJ, HuangNY, LaiY ], WuZ, LiQC, LiuR, LiuJF. TrAC Trends Anal. Chem., 2025, 192: 118408.

Zantis L. J, Kazour M, Borchi C, Agati R, Colpaert R, Gimbert F', Vijver M G, Peijnenburg W, Bosker T. Sci. Total
Environ., 2024, 955: 176848.

LiCJ, GaoY, HeS, ChiHY, LiZC, Zhou X X, Yan B. Environ. Sci. Technol. Lett., 2021, 8(8): 633-638.
LiY, Lin X, WangJ, XuG, YuY. Sci. Total Environ., 2023, 897: 165383.

Zhang H]J, LiSC, Wang X L, Zhang KD, FangHT, Wu X, HuangZY, Jiang W, YangLY, TanQ G, Pan B
C, JiR, WangP, XingBS, Miao A J. Nat. Commun., 2026, 17: 1116.

(WEREE. BAXF)



