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Abstract The continuous accumulation of plastics in the environment has heightened concerns
regarding the potential risks of plastic particles to organisms and human health. Precise analysis of
plastic particles within biological samples is crucial for assessing their health impacts. This paper
systematically reviews analytical methods for plastic particles in biological samples, encompassing
sample pretreatment and quality control procedures, as well as detection techniques including
Scanning Electron Microscopy-Energy Dispersive Spectroscopy, Fourier Transform Infrared
Spectroscopy, micro-Raman Spectroscopy, Laser-Direct Infrared Imaging, and Pyrolysis-Gas
Chromatography Mass Spectrometry. The advantages and limitations of each method are critically
evaluated. Current analytical challenges include insufficient resolution, matrix interference, and a

lack of standardization. Emerging technologies integrated with artificial intelligence show promise in
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enhancing detection accuracy and efficiency. Future research paradigms should shift from a single-
pollutant perspective towards a co-contaminant perspective, focusing on the synergistic toxicity
effects of plastic particles combined with additives, adsorbed microorganisms, and other
environmental pollutants. Establishing standardized protocols, advancing hyphenated spectroscopic-
mass spectrometric techniques, and integrating machine learning are essential for driving precise risk
assessment and effective pollution control related to plastic particles.

Keywords microplastics, nanoplastics, biological sample, artificial intelligence.
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A RERN IR AT B V1 A0 DR (AN SR ZLIR ) P50, S AL LA S50 (Fenton) K2 R 32, AT 22 Bk v Y
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(R B 2R 20, X 2R iR 20 TR, SF- X9k B 2.2 particles-g !, FiA2 <1000 um) B 45 iz (A6 H S A
TR TR, BTk, 5% PN s 4 Vb 0B, SF- Y5 v BF (28.1+15.4) particles-g ', K42 70 il 0.8—1.6 mm) ™, B (K
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#1544 (Laser Direct Infrared, LDIR) (5 B F 24k, SR [ I B0 R A I Fr 10 7 76 19 S RHBURE, B Js
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LS5 I o BT X SE L5, AT AAR B O i B 6T, 10 L 4 SO, TR RN A it
ST IECEERL. QCL (3 4T ML A I BE A2 DR AS I 2] fof R UKL 11 S 5 1555, $R At g 8 0B fy A g e,

) Agilent 8700 LDIR 3], #57% 1 & FHERBOGHET, SRR E &, JGig RAER B, A Sh LR &
LA By A4 T DR R R 3k i R T D O ORL 22 R L, UK 3
FOREGT, fe KRR EEHBREAR T A 22, IF HOSUAAIR; D8 B 3kl 1 DU O e kL 4 /D R i, T
T e RS, WD TS G AT Re k. AT R v, A M 1 BB R OB R A I ORI T 4
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BHBURLAS [F] 9 25 €0, I 52 A e 2 i i (1 v it A sl B AT ORI | G5 R B FVEHE 43 B, 7T I 25 0k
D NIRRT, B2 2 A 4t 2R i ot 1k R e A

H T, BT QCL HIAH 2% 20 4 (1) i e AR e, {75 LDIR A8 (40 46 AE X B 5%, 7 — o R B
BRI T N R R A S R YA PR Y S 5 Z B W BLAS . Agilent 8700 LDIR 1Y H s (L
HESTHE 10—500 pm MFECERNIURE, LBl S7E T 200 TR /N 207 R, BE25 5 e A A= ) 1A i) 90 )
ORE, JUHRGOKRGON B g kL 33X — I G — 5 T A] A B ET RSOGO G IR TC R IR B 0 S A o B, )
—J7 1HI AT BE TR GE N B3 7E S S0 U 1T 2000 1 SR IR AR A 4 SRS, (SR B Oy T A By SR e A
FH 20 pm B8 BB AE S R4 T 08, I ARG 00 8 AR i) SRR FUR, X [ 2 S SO /IR AR IO R Y 4 2

LDIR J2& H Fi sl i8Rk 008 77k, [ 20 4 5 AR 5 ARREAS th SRR T B, 8k
;T S0 E G AL L OB R L O L, 220 L A RRE D7 2 AU T 21 2R R TS M
BRHTE . REALKH . RO BB IR ZRERR . BAR M . OKIRER . RWER . R . RN
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(2307+1965 ) particles g™, (1638+3289) particles g™, FifE< 469 um) U AU, fisi W 0, B =25 (e i) 2]
FARE IR TR BRI . BN . R ENIGIR PR, RA K . RANE . RIUM M5
BHBURL, 2231 46 4>, KARTEETE 20—500 pm) " FHE BaE0% ) SR W FN4S B 9 R 31 2R
W IR TG . SR MRN8 DN I S5 SRR, S 2479k BE (28.115.4) particles-g ', BiA2{E I 0.8—1.6 mm )4 %5
A RS R SR ARG T 0,79 901,
1.2.5  FABLHSAH G5 BT

RS A Ty AT LA RS IR R SURL Y A, AR LA RN TE R AL b S A,
AT A DU A B AL R Y b 21 SRTIT, X GO0 A s 53 240 52 B T (0 R O B0 Rk B, Tk 4t B
HERR A A5 2, Q3 2 500 S5 S R0 B A 2 L SR IBURE 9 5T B VR A PR SORE (3 B I R
(Pyrolysis-gas chromatography mass spectrometry, Py-GCMS ) 7£ 4 B <& 2 YRk 5T 1 € 2 A ] Bk il LA
T 7 184 SR T S50 0500 A Fh 2 AR B, 2 H AT A O RO M R B B R EA S T BB A
e, SAH LT 3 B RN BT T A I . PSR S X SR it o v e £ R 5 A SR, AR ORT HE  /IN gy Ak
G A BN R R RO A A R GE, TR OIS N, 25 2H 2 A [ 8 AR AN Bl A 2 8] i
AT IR AT, RIS [F 4 43 53 e 3R 8500 25 53 S0 B0 B OV, 43 B J A A 0 Ak i N B i A, v 28 L
M RAEEIE N o, FER S AR E Y, B4 B far L A3 25, FERn il 28 7= A 15 %, T2 BB g 1] 38
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I O P AT B 453 B i SRR AT D, SE B PR R AT

Py-GCMS 1E R~ —F 8 24 7 1k 712 - F A YRR A O R A I, 60 36 B S5 48 Zebra snail . ¥ fi&
M. anguillicaudatus F\1 8T P. gladiator KN E| K 2 AGH0RL, WeBETER] 0.093—0.785 ng-g )P, ffili(4:
AR O TARBIE . BN RE N . TEBERG S5 SRHBURL, 7Y% B 416.22 particles-g ™', Fife
TR 20—50 wm) 7 NI AR Rzl 21 SR ke, SRA O M . ROR M S5 R R, it 8543 4, ki
<50 pm) BN SEAURURE IR (46 R O M . B O . R L0555 YRR, R4 35 FEIZE 20—100 pm,
K W REAS 38 R R - 2 9k BE (0.23+0.45) particles-mL ™, 52 AU FE AS o 39 R R S 14 9k BE (11.60+
15.52) particles-mL™") " Ifil i Chaz i 21 SR 08 — W iR <, — g, R O, AR 20, B P SE D9 s iR W g
SRR, SF-Y9VR B (0.97+1.57) pg-mL !, RiA%> 700 nm) P2 H-BE (R F R 208 . WA BRE L
I . SR e S SRR, S 4R BE (51.29+19.90) pug g™, KrAR<100 wm) 7™ ik ok A 4 £ B e (e i) 2] 3R
W BRE LN, o B 20 SR BURL - 2 e B (21.7424.5) pg-mg !, AR <1 pm) U7 AN JFF IR AR
JIE CRE I 2 3R 207 . AR . R LNGIRFER . BRAR O . RIKIRER . BX K W R & g . Rt
i . BRA L . BN A SOBHBURE , 2024 A5 Nl A A vh SHBURE Vi B2 2 (4763+1160) pg-g !, 2016 4 A
Fiki A A i BERHBORL MR B SRy (342042279 pg-g !, 2024 4F JH I H SBHBORL IR B R (666+540) pg-g ™', 2016 4F
JHF I v S8 SR e 32 R (538+412) pg-g !, 2024 4 ' HIE v SR RFBURE MR B R (4654346) g g ™!, 2016 47 ' ik
r ORI B R (1424104 pgrg™'. BB BORKIAR < 1 pum) U FUKE R (K 2 20 . BN . B
g RA LN S IR RORL, W BE S (3.51£2.02) pg-g !, i< 100 pm) ¥ IR (K R 206 . RE L
W5 . BRIERE A SRR, 39 B (126.8+147.5) ug-g !, Fide>1 um)o,

[ B, 1% AR — o P R BR M, G AR A s SR B K Rt BR A A 25 5 L I BH PR I R 45 i ik I
T — 5 Ry 2 T G Y, T A R AR m SR AT B e B AT, X R R A T A i e A R R 1 A T
— BRI A BRIk BIRE S R AT K. DL AR, AN TR S T SR IURE % R 0 7 R A SRR L A
TR TH IR R P S5 45 1, T A% 1 B A8 A Al R BR E Jr VARG HE BRAFAE 25 570 X A R AR v i SR Ay A
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Table 1 Detection of plastic particles in biological samples

ioallpR7S A REWFE WeRE LUV N E =B AN
Detection methods Sample Polymer type Concentration Particle Size Reference
SEM-EDS il NA NA <500 38
i} Bursatella leachii Hm (38]
it PET, PE 2.2 particles-g™ <1000 39
SEM-EDS-FTIR Mpytilusedulis ’ < particies's Hm (391
: . . £:(223.10+436.16) um
¥ . 4 | .
Jiti &R PP, PET, Resin (1.42+1.50)particles-g $5(22.214 0.32) um [60]
S
Cryptopygus antarcticus PS NA <100 pm [33]
By faz S fin i £ . B}
0.06+0.05 ticles g -
Gadus chalcogrammus Rayon, PE, PET ( )particles'g 100—500 pm [54]
WE PE, PS, PP, PAS, PET . .
7> E 5 T TR (661+331.56) particles-patch™ _
FTIR U. prolifera PP, PVC, PEU ( particles-pate 13.5—1000 pm [53]
_— Rayon, PA (1.90+0.10) particles per fish 0.13—14.3 mm [56]
) PE, PP, Rayon, PS, PA  (0.27:0.63 ) particles per fish (2.11%1.67) mm [57]
- . £:(127.99 +£293.26)um
3 2466+4174 les-L™ o
il PP, ETPM, EVA, PA  (2466+4174)particles 55(57.88 < 88.89) um [62]
FTIR+LDIR R PU, PES (120.14+173.4)particles g’ 20—3500 um [59]
SEM-EDS+ MEFHeer P ET};; Eif\j‘é"‘;’sp isc PP (5.2412.05) particles-g ! (50.01 +22.07) pm [41]
FTIR+Raman 1L PS, PP 4.2 particles'mL”" <100 um [45]
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R 75 v A REWFA e Wk R E= BTN
Detection methods Sample Polymer type Concentration Particle Size Reference
20 . (0.47£0.16)particles-g '
Crassostrea gigas
Tl NA 5—25 um [67]
o .3620. rticles g
Motilus edulis (0.36+0.07) particles'g
JiGEE PE, PS 308 particles in total <10 um [68]
Raman FENES TENZ PE, PP (1.5+1.17 )particles g™ 2.79—22.79 ym [69]
3 PE, PVC, PP (0.5+0.63 ) particles-g’ 2—12 um [70]
PE. PP. PMMA. PA 24k (1196.6 £907.1) um
H CUBETPS (9.4£10.4)particles-50 mL™"  JZ4K (635.6 £310.8) um  [72]
’ T F (330.4 +261.4) um
I PE 87 particles 2.1—26.0 pm [73]
Raman iRl PS, PE, PVC 2 particles per sample 0.72—7.02 pm [71]
B, PRV PE, PS 66 in total 1—29 pm [74]
IR (1572129896 ) particles-g !
LRI (242444239 )particles g
LML PMMA, PVC, PE, PET, (53 3126.2)particles ¢ ! <469 um [31]
SEM-EDS+LDIR PA, PC, PS, PP, PU
i INER (2307+1965 ) particles g™
LAMERE T2 (1638+3289 ) particles g
IGES PET, PP 46 in total 20—500 pm [42]
SEM-EDS+
25 e i gl
FTIR+LDIR 25 e PC, PA, PP (28.1+£15.4 ) particles-g 0.8—1.6 mm [58]
5 fifi CPE, BR, PP, PVC, PA 416.22 particles-g™' 20—50 pm [77]
PN 3510 N7 PA, PVC, PS 8543 particles in total <50 um [33]
LDIR+Py-GCMS K (0.23+0.45) particles'mL"
PVC, PE, PS : 20—100 pm [79]
S (11.60£15.52) particles-mL"!
HEE PE, PS, PVC, PA (51.29+19.90)pg-g’ <100 pm [78]
iK1 PET, PE, PS, PMMA (0.97+1.57)ug-mL""! >700 nm [32]
B b2
Zebra snail
Py-GCMS iy |
M. anguillicaudatus PS, PMMA 0.093—0.785 pg-g NA [92]
AT
P. gladiator
SEM-EDS+Py- I
Y B kB PE, PVC (21.7+24.5)pg-mg’! <1pm [17]
GCMS
KM (2024) (4763+1160)pg-g™
K (2016) (3420+2279)pg-g™
|
SEM-EDS+FTIR+ AFiE(2024) PE, PU, PMMA, PS, PC, (666+540)pg-g L m 8]
Py-GCMS JHFHE(2016) PET, PA, PVC, PP (538+412)pg-g”!
B (2024) (465+346)pg-g™
BHE(2016) (142£104)pg-g’!
SEM-EDS+ - }
i (3.51£2.02)pg-g™!
LDIR+Py-GCMS BHB PP, PE, PS, PVC neg <100 pm [43]
FTIR+Py-GCMS Nk PE, PVC, PA (126.8+147.5)pg g >1 um [61]

H: NAK IR R SCAREM, not available; PET, X4 — ik 2 R, Polyethylene terephthalate; PE, 3 2, /i, Polyethylene; PP, 2 TH
J@, Polypropylene; Resin, # l§ ; PS, 28 K Z /i, Polystyrene; Rayon, A i 2Z; PAS, 2 5, Polyarylsulfone; PEU, % fik 58 & i, Polyether
urethane; PA, BN, Polyamide; ETPM, = JC Z AL, Ethylene Propylene Diene Monomer (EPDM); EVA, Z Ji-BS R £ BRI R ¥,
Ethylene-Vinyl Acetate; PU, & % [ii, Polyurethane; PES, Z it i, Polyethersulfone; PVC, 4 £}, Polyvinyl Chloride; PC, & ik R i,
Polycarbonate; PMMA, 3 F 3% 15 4% 2 FF i , Polymethyl Methacrylate; CPE, 5 1k 2 £ ¥, Chlorinated Polyethylene; BR, Jiit T #% f%,
Butadiene Rubber.
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2 A YR A A 8 R BORE B9 40 B T 85 3 AE (Evolution of analytical methods for plastic particles in
biological samples)

2.1 ERTTE AT

B A AR AS T R B A ST TS B ARG I, Lo M D5 i AR B 2 Sk T R FR ALK SE SEM-
EDS HAEHE i BEMLRUE R B S MUK O, B 5 455 FTIR S50~ T B, 7R 3R 50 BORHBORE A4 [R] iy mT LA
FEOLPRAR A A 245 B, J032 BR T HL 58 TR Gk 312 i 20 M RCR R HEAf PR 15 G 4F S8 % A9 LDIR ] DL
S IE A I SRHURL, HI7E 2 BER EXE LR B, U 10 pm S DL B RO, R, 7EDG G
WUy TATY 5 5 BT, ARk CA IR ) WA - 204615 . e M SR B 2 63 LA SR s S B R
FBepl 5 | A SRRHBURL A PRSI . b 3B HOR T BOTS M T AL S8 U AN T3 9, IR 22, o A1,
RAEA R THRE L AT RO, Fe 25 N TR RESE B A shiku 23 Bem, w] I 52 2% A WA it ) ey o o
i (1 2).

Atomic force microscopy-
based infrared spectroscopy

Fourier Transform Infrared Spectroscopy Az FGURE 23 AT

Laser Direct Infrared

Raman Spectroscopy Automated Single Particle Analysis
Surface-Enhanced Raman Spectroscopy Pr—
e ,
. ) Chemical Bonds Q
Scanning Electron Microscopy- (b \\ /
Energy Dispersive Spectrometer = - -

TLRUAR Jo P
Elemental Composition
ik »
QY

2004—2022

B2 SR B R SR O B A i AR
Fig.2 Evolutional of microscopic imaging and spectral detection techniques for plastic particles

Hrp 7 7 8 5B -4 A8 6 3 ( Atomic Force Microscopy-based Infrared Spectroscopy, AFM-IR) 4% AR
55 T RT 1 B 0 23 [0 43 BER AN ZL AN GRS B4k A AT e 0, SRR TAE G20 AN 0 27 405 i R
FTAFM JCik R A7 A2 553 0 B 0 BR A 4. LT AR SR B2 1 H AFM PR A A it W WA 21 A1 68 53 s ) 4
Rk, DT ST 3 40 oK RUBE () £ 2% 43 B FURSAR . S WIS £ 0 A G, T BE T2 S BRI K, % AFML 48
BEP= A BRASTT, MR IR . 38 ) R iR v B S I 1Y DG R AT DAARAS AR B Y £L MR SO, )
Pk 368 Aok 42 fik S 00 £ A ot A ALV . AFM-TR R DL K 2 19 23 [1] 43 F 3 i K 19 46 27 43 A g
TEATBER} 22 A ARk 2 S Sl R B 1 B R B 0 N 77, Ao N B At 1 — 45 i T EL R A A
A SRR BURE . AFM-IR A7 BRI 5 RS | WP B | A 52 2% | X O R SR R A B
S HIE EAA, ME LI TR MR PR O A O T RO ME B | B i, AFM-IR 525 H A
FARWH, RIETE5 G AL > BN T B A Sk Mt — 248 5 W 0 5 e 32

2% THI 4 58 B 2 % 7% ( Surface-Enhanced Raman Spectroscopy, SERS) 427 8 Y6 i i) — Fp AR 4, & %1 FH
4 JE AN K S5 1% 2R T 45 B IR IR S5O0 R B sy =2 A5 5, SRR SR AL N (1145 SERS R8I 3 5/ R
ST R, EE 2 G R BRLCO R — R BB ARSI Ty v, Tz N A AR L R A
/N AN, SERSS H AR TEf D HGH I () 0 ARG P20 R, [ 2020 A7 R R 2L 46 H T
TR G0 A FERE B Gy 100 6598 = 1001 T ARG I ) A0 o i A A B A O, R 2 AT S B O R R (14 A
el SERS 4k 7K T A% G 2 i () AR e R PE 20 BT Ak 2 e S ke, TR sl e iR 17 G R B0RE AS J2 Ay ] 8, 42
i TR A A DU AR e O, R AR 1 R RNCR ™ E O TS, i M RN e A T R R
A2 e A= ) B o AT R 5 LS T4, Ak L . 38— Al s R il £ 19 SERS FLIK, Jf- @y fafdt iy e
SRR DA Bl FL S BRI .

5 2Z HT B9G22 A T BOAR R, moGis R H AR T LR A SR B0RL Y = 4T A5 5., 32 SO T
651 B AH BAE A A 3 3 43 AT AS (R IE  SGFE AR ot SR T 0% S ST W SCRR SR OO, AR U
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B, R IR T — R ORI Tk, R TR I O R K SR} L TR S R TR A
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Fig.3 Development of analytical methods for plastic particles in biological samples
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