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Detection of Micro/Nanoplastics in Tea Bag Leachate Using Cloud
Point Extraction Combined with Matrix-assisted Laser Desorption
lonization Time-of-flight Mass Spectrometry
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(1. College of Chemistry, Beijing University of Chemical Technology, Beijing 100029, China; 2. China
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Abstract: This study developed a novel method for the detection of micro/nanoplastics based on the
combination of cloud point extraction (CPE) and matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS). By optimizing parameters such as spotting methods,
matrix types, and laser energy, the successful identification of polyethylene terephthalate (PET) ,
polylactic acid(PLA), and polyamide(PA) micro/nanoplastics was achieved. In addition, MALDI-
TOF MS was used to identify the microplastic components released from PET tea bags, and scanning
electron microscopy was employed for auxiliary analysis of tea bag particles. This study provides a
new method for the determination of micro/nanoplastics in liquids, further validating and promoting
the application of MALDI-TOF MS in the field of micro/nanoplastic detection.
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TR ST AIMNEIEL(ATR-FTIR) : Nexus 87007, Z£[E Thermo Electron 23 & o

SCISFTHZSAL(PET, RFLER (PLA) | RBEHE (PA) ) ¥t (4 IASL . PET. PLA. PA 9448k
FHE E ) &R BB R R R A, RARTE R 100 nm~300 wmo BBl Sz R (200 H ) A b 5L
HRHERBHE AR A T, GBI IF FER(SA) . 2, 5- AW (DHB) | o-FHE-4- R AR
(CHCA) . =ZHLBE(TFA) . =ZHLEHR(AgTFA) . HEZ(FA) . WUEWRIR (THF) . s A4l ih b X-114
(TX-114) b 226 Fo K B R 84 (Na,SO,) ¥ B g4 T A b BHE Iy A RR 2 7). 2K (HL R 3R
18.2 MQ+em) Hi 2 [ Millipore 28 1) 8 Milli-Q #A4E 7K R S5 545 .

1.2 ZFEMEATR-FTIREMES

HBREAS AL AT BE, i Nexus 8700 298 B M- AR 460 21 4P 1% {3 (BC A Smart Orbit BRI SR I 42
SRR ) BEATAE S AT, AR g S R BRI = H K (DTGS) Rl 2%, Jeili o ¥ 4 em™!, HIIREL
321K,

1.3 FRAEBREHERENEERL

BT (DHB, SA B2 CHCA) 5BH & FALIRF (AgTFA) 43 T THE o, Bl iR 10 me/mL B4 &5 145
Wo ¥ PETH T TFA. PLAYE T THF . PAES T FAH, IFELHIA 2 mg/mL BIFRIETE -

Rl Sk E BB SR TR . ST BOtRE E PRk . JEEUDHB, SA. CHCA 3% 2
B, oy AR A S Tl R T ST MALDLEEAR ) B A . FESVERTR 7T TS, EAREEE AT, R
T 600 IO ik i R A TSR . AR KB 30%~100% B6 BEEEOC AT RE S HEF TR I, RS2 0mE, F
biin gy e R e

SFHEFETEIT . kA 1 pL &SRR S | pLEFERIR S, e 10sf5, B pl
IRATUSFET MALDIEAR ; J575B: 1 pL SAREAT . 1 nL B | L R FNR A,
PR 10 s JEHU 1 pLIREWRRE s 7k C ARUCK | WL BT . PRy A H &5 b i s ik, &
TR G INE —if s JFkD: ARUCKH | nL AR R, BRIt i o B — i 5
THERE: RHE 1 WL NG . bRUEFEAIE OIS, SRR I T .

1.4 FEHRHAKRERNRENEES

AR IEHEEL: LL PET. PLA. PA 3 B2 I 250U AR, R AT L & B 2 A R 4% 4

FUAFES, “PAT3 R (n=3), JCHBAKMPE3 K, REREBMEAT, KRB SR A5 N EE



557 W REUTINSE - b AR IR 5 S DA B AR P R AT I ) A 0 25 A3 R v ) B ok B 1621

A 10 mLAFRBLAKNBRAE, BT 95 CRUEIRIZHL30 min BRE I FE, BRI, 8
AHREZEMOAT . P REZS AN A, BRABMANSSEIN, HRREmfe 558850,

AR IR E 5 RAM S A PGE E B MAORERN . WA 500 B N 30 WL & 504
10% [ TX =114 /K, BN 20 mg Na,SO, 3R] BHRAWUE T 45 CKBERE 20 min, fHEREA
M A, LL8 000 r/min &0 10 min, 75 BJZ/KAH, S1EE EMANKEEY R miEHERIAH . W
50 pL & AN 150 pL 308, FEM BT RO B R IR . PETIEH TFA. PLA &M THF, PA & H
FA, &USMISO wLlo WENRTS | min, MEETALEE 1 min, [HEDENEUR S EM. 5825, W30 pl b
H SN, HTIG4: MALDI-TOF MSHl,
1.5 FEHHMKERH MALDI-TOF MS 5347

B pL & B AESAR, 51 pL3B (DB RS RBUR S, ST MALDI AR |, =l T
HAR T, R IE & TR A, Ll 600 IR Bk it RAE, 0BRE 2% M1 5 1) 80%
YEFT MALDI-TOF MSZ3#7 .
1.6 FEPHAMKERT SEM &S

BURZ M S A B 7R R, FE4r B R B, W 10 Wl H 2 I 20 I 2 i =2 R
PEERM KT, RAREEEL G, FUHFH B BRI oS, SRS AT E 31K .

fis Bl Light room v2. 5. 1 %44 (Adobe Inc. , San Jose, CA, USA)GitEUGERIE R, LIMAhE RN
KRIEDEDRAN ., RS I B E 720, FEPLIEER 3 Zb M FLAE BRI e ORI AE 2K,
MR )00 A . SRR IR A AR, ARHE A (i SR ol A o ) JURL R, PRI SR 2 SR A A —
TE R
2 HR5TiE
2.1 ATR-FTIR%#f

B E R AR R A RSy, SR ATR-FTIR X At 4 % (B D)o S FPASE, EHE
7 B A 3 A Hp ) N—H 45 R 3l 585 (3 292 em ™) . EHJEH) C—H 45 4R 51 (2 929, 2861 em™) . Pt
N BRIEMLEIRSN (1 637 em™) . N—H B #h 5 C—N 450 RS PR3h (1 539 em™), BfiEIZ <0 PA 1
Ji . PET [a] KEFE AR B L) C—H M5 R 3N (2915, 2850 em™), PET FY 55 7% 1 1k 55 455 1 455 I Bl 1
(1714 em™), 1240 cm™F11 099 em™ WA SR T AW Wl VT & F st C—O A 4E PR3, 720 em™ TR
AR EC—HmEAME RS, PE—HAHESE A B PET, PLA Z5t00ITE 1 748 em™ Ab 2 BLAB T 5 26
BRAOFFIE IR LIS, 4541 180 cm ' Al 1 085 em ™ ZbH) C—O0—C HELIRE, THIATIAAEL N PLAM . 5
Pt v 22 F RHLIESE AL S50 53 391 PA . PETHIPLA

100 —-rsmarvencttrmann__ SISV ONOD OHPE 1 | NN
P Y
PA H\ \ A/ \ T,
\ /X \ n A N\
90 \ vV \ \ N ASVYSNM \‘
/ /2861 NAWAL ! N/
1N | | W [
204 3292 2929 R \ | e i
E b i 1539
~| —
L —— e
i il N ' o WA i w“ /,v‘ AN n - o e
55 PET ‘ N\ I’ \‘. / L \\ ’/ ‘\ y J}/JV/“ \:IN,MY | ’/,'JV i
= A v P \/ \/ ]
< / P VAR |
) 80 Il 1714 1 240/ | f
_ 2915 I 2 850 1 099 '\f 720
~ !
J
(VA e m—
PLA -
80
1180 ,
4 1748 —
60 — s
4000 3000 2000 1000

Wavenumber/cm™

1 ZRBLH ATR-FTIR i [&]
Fig. 1 ATR-FTIR spectra of tea bags
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Fig. 4 SEM images of leachates from tea bags of different materials (A-C) and EDS analysis of PA tea bag leachate(D)
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Fig. 5 Example of SEM image counting for PET tea bag leachates
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