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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
MNP identification in plant tissues should be optimized by employing deep learning—based algorithms
to precisely separate MNP characteristic peaks from plant matrix signals. Third, accurate quantifica-
tion methods for MNPs in plants from real-world environments should be developed. These advances
will collectively provide critical detection and analytical techniques for advancing MNP 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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Table 1 Imaging, identification and quantification technologies of micro/nanoplastics in plants
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AL B GRE B 23 (8] PR BT 15 500 nm' o ULAGHL SOEREAD & KR 532 nm F1 785 nm. $ B iHE
% 5y Z BINEP DG T, e R T B RBR AT EE T R e . Thag . B I a) LR
TR B FRARTEOE A TP . Tympa 25295 H IR ER S OGEX S b (Raphanus sativus ) FRFBA L)
Jobric ABS MPs FEAF IR AZIRA], 1ERH Raman Y ik o] FH TARSEZSAE YA 2P0 MPs (40221500 55 25 8] @ 7 5
Zhi ZE i AR R 0BT TR P T R TEhRiC PSEURL IR A E N, FHBS SEM SEBL T ISR~ b2
HIVUE, AR, WS AT B R Y 58 b S /U (SERS) . HAetgaihr 8081 (TERS) . AHF Il
FE TR S WU (CARS) FIAZIRL S U (SRS) BN T ke i v MINPs 1973047, X8R AR AR
B VB REE S R PR, i ool L@ R LR B & e T, SERS I
TERS (I FWE50 155 5 R0 AT SRR, CARSFI SRS Il & FHLREDE e T I T/ 8% . LLSERS $
AR A, Kousheh Z7F| F Au@Ag A% 7¢ 40 K JUkr 34 5% () SERS 73k, KW T A 3% (Lactuca sativa
L. ). 3%3€(Spinacia oleracea L. )5 SE FTH 5% ¥4 #) PS FIZR £ (PE)MNPs, SEHL 1 M- MNPs 5 42 HR
HIRA] 5 8, %R SERS X5k S 3R 0 MNPs 75 44tE 0L E ARSI A0 M o Lin S5 R AT 450 &
BT NPs, Ho&ibrichl e o 7 4-3 A28 W, 0 PS 722 WA, SC T A 41
NPs ) SERS J A plef% , FEvl i ICP-MS #7520 07, #6381 SERS M alifb =820 I pled% -
ER” BT R
2.2 IHMEIEIRANEAR

LLAMGTEGEI R 3 T X AL, B RSy 1 PR B AL 2= B IR B RE R . 22
R T AT AR IR ) 520, ARSE s {20 A6 3 i 23 8] 43 HE 2N BB AR B 10 wm,  ToikSEBUAEY)
BEMBIRSCRIME S I B /NS MNPs B 4304 27 HAAMEIRE R 5 532K T, AT 2 TRk
Ja 53T . ERLAMERE (O-PTIR) H— W 0] WOEHREHEOEHR AL Sk 2L /NSO U IS, PR 51k
B Sy iR S R B R TR S B/ NV i RFERL A2 MNPs Kl o B P i b 2s B, HOR oKk 5y
PR 5o et 2 A BIEAMEY (R N MNPs ZLAMa Y 25 1 . FEQPRREE B, R B s
(AFM-IR) i it BRI 2T AN WS 5 | & R E P I, BEAE SEIRAIOKR K 53 HREE T 0 ] TR 30 S A 5 0 A S
AT, ARG 52 M FTIR IS A S B & o %BEOR W] H TR SR T S S 2 40 I 8 S 2R
B, ZEETPERIBR 10 nm, /R TR SAEY A 208 A EAE -HALE]. B R, AFM-IR 282 H T
M€ B RST /N2 20 nm (9 PS NPs, 0 HAAUK RS BIAL SR A T 000
2.3 HAFESHFFARITIRANEA

Ha s R0 5 FIELUARIE, WO S o2k ik (LIBS) 23 B 0 A2 B4 IR 19 T 2 41k (A itk
A, A%, BTHE LG, LIBSHH 5 LA-ICP-MS BT 5, X P AR Y % P0G be i ab #
FEfh o SR LA-ICP-MS AR & 1) RIBUE (nerkg 2%, WTARRERE S 250 T0) . SR el & . b oc
FMEMZE T, WHTHEN S BT E RHEEAFE, HiZirE gLl ORI H, 0 %R E™,
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 RBRIAE SR A0 () 50 Al o AP TIRER G (PE. PPHIPS %) 1 &,
HAARIEE CRIH AR EEeE . X5 LIBSTEAEY AP Tobric MNPs IRAHH IS BT et
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2.4 HREHIEIRFIFAR

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 44 P S s %o 6 i s e B0
TN ARRRIC DRI Y, BT TR 5 X AN ERPRL . BRI AR MNPs, B RF5T
AR EERE LR T 200 nm Jobric PS NPs BUBERDGIEAAIE, SEmifEsfRes 1 H AR/ NZL) i i oAk
FE™ . Li S8R A8 K 55 6 1% i AR 1 AR 43 il AE FoK I 7 PRI 21 1 23 SR ER I SRR 8 £ R lig
(PET, 180 nm)FIPS NPs(30 nm) F H R a2 op B Zh 2550 At il o R X IR AR BT L sk i 5%
EREE, AHAS[E] MNPs 7555 FH B0 WOG— U 20 oM B LU S0 BRd 7 HW H o AEREASE MNPs (915, 78
SIRTEE R B EOGIEE, HIEE 532 2R G RIS Y5500, AA2E R SR ERRIAH S,
TUAR, WEEERAE R, s TR BSOS i) MNPs 7
3 BEYEAR/MEBMNENLEAR

FE RN MNPs 1) 524k 32 240, 5 MNPs A BURLA B 0T SR BE R 20 A o AOR0IR R Y b 2 2hid i |
VUM AR (L AMERERIN S 060 5 ) SRR RO EH RS | AW SRHE S 75T, iHE
AN SHEC AL BT R T A PR ) MNPs f9N 40, H A6 B SEEREEAE Y 1R PN MINPs J50RL i B2 1) 7 BT e 2
FEA R N MINPs J5t 5 ¢ 1) S Ak AR T2 B0 1) o e 26 o5 R S50 RS I MIN Ps AU = 0 sl AR I e 36 58 52
ERPFEEESEE™T, FEARHBERS S S TARTOE . PR A/ TSI . AR E
WE-BOEEH L JOERE TR L WA . B O B O AR L 2 RTINS R R L 40k IR T
FriESE . FRAETTEIEVE . TR S AR N TR A T A . SRR SR R L R (E 2) .

Quantification (mass concentration) of micro/nanoplastics in plants

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

QA/QC
Sampl Sample Instrumental Data
ecollection preparation analysis processing
i Sample preparation @ ceeeeeeeeaoaaooo |
i ]
]
I
1 Washing, drying, Strong acid oxidative Dilution of sample - . !
1 1CP-MS* L L e X —_ Filtration !
H and grinding digestion to a final volume :
I
]
I
! :
]
I
e " 5 - . v s |
: (Py/TED) Washing, drying, Alkaline/hydrogen Centrifugation Ultrasonication |
| GC-MS and grinding =7 peroxide digestion ~ |and sedimentation and dissolution :
I
]
I
]
| I
]
I
1 : : Alkali-assisted pyrolysis !
= Washing, drying, Pyrolyi T B !
: LEEMS and grinding B polymerization Filtration [ [roseininmals I
]
I
]
I
]
I
]
I
]
I
]
! Washing, drying, . . . . |
I FI-MS 8 - Adsorption onto a heated stainless—steel rod prior to analysis
I and grinding :
: I
. ]
]
I
i N — Precise weighing— Encapsulation in tin capsule || '
1 Tsotope Stable isotope . . ghing aps -apsule || !
| 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 Analytical workflow for the quantification of micro— and nanoplastics in plants
3.1 HEBBAAFETFHRIERA
AR 55 TR (1CP-MS) SR Bl 0 OB 2 T ST 72
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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 A TCP-MS W i S pe 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 . SRR BT SR, FEFICP-MSATAE MRS HAR AR, W LA-1CP-MS,
ARCIRIEO 2 ol ok A 5 B8 IR T (cryo—LA-TCP—-MS ) I BT B JEGRE 5 45 85 TR B (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, k] TR KR 02K, e TARRRIG AR 45
3.2 HiEaiE-FREiEA

16 MNPs 234tk  JLF A S 5% - il (GC-MS) J7 B BRI | P B I R A
AR, ROV ERIREY A FRE KR, WAGES SRR RN TR RN A A 3,
LRSI BT GC-MS e R PZUH-GC-MS (Py/GC-MS) FIFAZE B - Fi —GC-MS (TED-GC-MS ) &5
Py/GC-MS & 5 R EN TobRic & EHR , B K2R & P e R = el e e 5 &, KRk
ng~pg/g o Li%E 7R N AT T 3 F DU H RS AL RIS iR - L DR DT - — & Beia i R T
PS NPs 12 H BEPY AR T HI IR (PMMA ) NPs [ 5€ 8 775, PSHIPMMA NPs 19K HFR 235004 2. 31~4. 15 pg/g
H13.87~8.20 nglg. ZAECH R LIE-HY)-BWFER R b NPs AL E BIEIT, JEThiB R g
B4 (Achatina fiulica ) W EWIEALE™ . EAR, Alotaibi 25 BHZHARIG I B IRMIFIILSHT, K PiHEM
T B A TR0 ) R S i b TR A SRR TS ISR SR XUBS: v BB TR AR . Zytowski 55
TED-GC-MS H F/NA 3 (Brassica rapa var. chinensts (L. ) Kitam. ) PS NPs i) E &, H—F uiBHI)
M =B it 4 A BT F B3 58 2 0 MINPs B9 57 8 58 A o A0 B BB HH 2 AR 3 A MINPs AT Bl IR 1
FES AT G o e, BRI PERE R /N (0. 1~0. 5 mg) , XPRES ISR PESER 5 s R ARE ok
fRF=y (IR 205 ) T RE SRR IR A, HEimxt il TR AR E w250
3.3 WHEBE-FRIEEAR

WAH TS - TS (LC-MS) B TR O 28 . 4Bk WA S ) SR S WS SRk, IR
e MNPs )& 5, IZHOR T B A AR SR (— et P el B Ui SR B ) MR AR A2, AN R SR
REZEFR, BATBCH G0 PET . SRERIRER . JRFLIR (PLA) FIERBERLSE MNPs i) LC-MS 4347 J7
Pio LigE(2025)f# HH LC-MS/MS il it iR PET i 5R F=AE I [ TPA-EG | 3k, |k T ARIBREE R T,
FORPRAN PET NPs & s Fl I ] A8 A 1B B . Wang %22 PLA MPs i80S 7L, IFiEd LC-MS/MS
R, € wBRM 18. 7 nglgo T IR AL S FONIFR PLA MPs B9 [DfSc 283K 31 93%., 4B ARE H T %
JR PR Y, AT TAREREY .
3.4 NIEEBBERIERAR

AN TALG ARG KNG B AR %, O B B (FI-MS ) 2 —I00K IOIE I 5 Ak v
U B ARG B BSR4 AR o Xiao Z5 e Y 10 H FI-MS PRt I BREE A A P4 i v MINPs 15
BT, G S TR S b B DR SR B W 1) A /NG R B, IS IO H 0 SR i 2
PR A L S I SRRAE 5 10 BN B i PR A T 0BT . FI-MS BENS 20 i Rl L 25 AN [ IR
St (3 BRI AZ) R PETRIPS, BMESB T8 10 s, 5 Py/GC-MSHHEL, FI-
MS4E 2 TG B 0K, SCBl 7R aE R IH A, (RIS o 2 2 AR P 4 23 B 2 MINPs R 1 22 2
5 ENGE A RS
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 A 0, 6 BRI R 2B TSy, Qi a2 PR A AL 26 PC BRI A MNPs B
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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
&4, UESE T NPs o] LN W ZH ORI HRAL S, AZHTSRART 5%, il "H-PS NPs (i B
AR SRR o P H-PS NPs IR, HOREB BEEH 0. 73~15. 6 ng/g, HINHRHH L5 EA R (<
5%) . W4 (Bradybaena ravida) TEIEN S S mg/L *H-PS NPs j5 YA S8 A 14 d )5, RN R & h
0.33~10. 68 pg/kg, FEKE FREEEBE N2EREC0.45, ENIZ WP AAEE FEMBISRS, K
SHAE R Z bR e R & RS 5B &P TR, R BB R, B 1M C brid
1) MNPs, i85 T5 25 ek ol B Ui K 2 55 5 AR R i 52 e A K B — 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 CHIARZ) 50 nm) MR I T G100 € Bl 5. AL A 45 SR R i A B 20 95%, 2 25% /3 Aii T
TR EAR . 24 10% %5 2 250 . ZRAIE) CARIC RIS g T F 5T NPs ZE RS JK ( Cucurbita pepo L. )R
MR I o FIRE 2 B B4, 45 RIE R C-PSNPs BEMSAEAE SS B vl il 2], R B R BT, [H
B PEREER G 1 R R, 3278 NPs $ENVEY) 5 o] REXT AL AL ST R B AR B 7= AR T A I
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
BIEARA R, R DL DRI, S i) J5AL R IR SR AR AR S R MINPs B 4[] 43 A4
REWZAIME B e IR A5 0 R v b e R Al 2 i S RS P2 AR I H & 2O T T s e
Yk Bk REEXHEYIR P9 ) MNPs #8472 290 077 ] v R 33 e 7 i 3 R R P A MINPs 15, [
THARANIIIE 51 % 1 53 B4l SRAS BT SE LR A R 43 HER B2 BR () RE7 ST 7 5 1% S Ak 43 7 b A v s/ 2
Yk T 5K W RS REE O PR PR 5 MNPs i r= 4y 5 & i 5 RS A6 A4 SRR 2 B0 X ek ik
3, AN ST

(1) NERBN IR 2 JZGRIFALSAG R R M S i3 — AR HARTE Y . PR SR 5
Ve Z MM g, TR Y R BOEH B & 0O AR b, SRR (R N MNPs M ZE K2R 23 B
ZHa) BN AN 2T 240 M 7 7 1 4 ROBE SR T 1Ak

(2)RE R N MNPs $2 505 B RE 6 i I U 5 i 04k s TP IR A iE R At o, SRR TR
MNPs (], 55 R R BE O B SRHSORE ) S A8 TR 5 3R 8 40 ST PO bR it e e, 8
WARREYZIA | Kife, BRSRMR YR TS 56, SRR A IS RETTHEIRHIE,
DLV HE 2 3] IR 1) 2 HE B S MINPs HERIE UG S5 A 5L o5 S RS v 205

(3) HSLIARES HHAEYI AR N MNPs K i 24 5 iR O ST EBEIETAh . 900K ka1 it fE R i
16 55 JFA TE AR5 BT H AR TR b B 5 IR B E 5 R AR 21 /AR ) B SE 385 A P A i AR Y
MNPs, BN TRRELI 2 EERAA 5 B 2], DR SRR .

& ER L4 REoen, KA R MNPs BFZT N “TTRGIN” AEln) “wIERIE" . M\ “SZissemitim” &
] “ELSCEREARS:, AEbRMEIL . S R R AR N MNPs KB 7R R, e 4%
Vi 245 MNPs 258075 Y BN BRIRA TR T AR P it 2 4 RS A B AR e o] SE BRI AR
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