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B OE: W &SR-SI TEE (pyrolysis-gas chromatography mass spectrometry, PY-GC-MS)Ht
A E B S P AY 4 FhO8E (microplastics, MPS)H k. B3k LARBRBRMAS (polycarbonate,
PC). X W R Z %0 (polyethylene terephthalate, PET). LM 6 (polyamide 6, PAG)FIRFELIE 66
(polyamide 66, PA66) 4 FIEVRL A5, SR HIZLANGIE FURLEE 73 B X (OB BUE A BEA T RALE . B 5 FER
SRR P BRSO BSER, HEXT 4 PR RIE E G T LR, AR A, AR
600°C, 4 PSR ARRAEYI BT 50 3B AL R 2R R R-2- K ik R L R AR . O SRR RN IR IR o 55
UERLE Ik (R e YRR S, R o iR R A R B R B AT e i . SR ATt 4 R
BRI L S L 2~64 g 5 4~64 pg (PET), KihiFRy 0.1~1.2 pg, EHIH 0.3~4.0 pg, “FEIIAR MR
N 79.5%~96.0%, K LN 1.74%~10.80%. &5 AT iEE M TS5 LM b R RGI, o n] DLE— 2
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Rapid screening and quantitative analysis of 4 kinds of microplastics in milk
and dairy products by pyrolysis-gas chromatography-mass spectrometry
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ABSTRACT: Objective To establish a method for the rapid screening and quantitative analysis of microplastics (MPs)
in milk and dairy products by pyrolysis-gas chromatography-mass spectrometry (PY-GC-MS). Methods Taking
polycarbonate (PC), polyethylene terephthalate (PET), polyamide 6 (PA6) and polyamide 66 (PA66) as examples, the
morphology of the MPs was characterized by infrared spectrometer and laser particle size analyzer. The effects of

injection mode and pyrolysis temperature on the pyrolysis effect were investigated, and the characteristic quantitative
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peaks of 4 kinds of MPs were compared. Finally, the one-click cracking mode was selected. The cracking temperature
was 600°C, and the characteristic substances of the 4 kinds of MPs were bisphenol A, terephthalic
acid-2-dibenzoyloxyethyl ester, caprolactam and cyclopentanone, respectively. The stability and specificity of the
thermal decomposition method were verified. The characteristic fragment ions produced by the thermal
decomposition were separated by chromatography and identified by mass spectrometry for quantitative analysis.
Results There were good linearities for the 4 kinds of MPs in the range of 2—-64 pg and 4-64 pg (PET). The limits of
detection of the 4 kinds of MPs were in the range of 0.1-1.2 pg and the limits of quantitation were in the range of
0.3—4.0 pg. The average spiked recoveries of the 4 kinds of MPs were ranged from 79.5% to 96.0%, with relative
standard deviations of 1.74%—10.80%. Conclusion This method is applicable to the detection of microplastics in

milk and dairy products, and can also be used to further optimize the conditions for other types of microplastics

detection processes, as a reference method for formulating microplastics concentration detection standards.

KEY WORDS: pyrolysis-gas chromatography mass spectrometry; milk and dairy products; microplastics
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(HZR Frontier A 7]); TGA209F1 #& /3 #r{X (2% Netzsch
/3 H]); HELOS-OASIS #iJE /L (72 E Sympatec 2 H]);
6890N-5975B S AH A IE- BTk Bk X . Cary660+620 £1.4MY
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Ao
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133 MBI EMF
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it BFIR: B8 F ik (electron impact
ionization, EI); $2MTIRJE: 280°C; WE: 230°C; PUMLRAIFE
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HEPE B F W 2 (selected ion monitoring, SIM), &
FHEEWE 1.
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Table 1 Characteristic ion informations of microplastics

Dk FHIEY) 5 At /min - EHEE T (k) FHELL SE BT (m/z)
PA6 N L 11.932 55:113:85 100:50:40 113
PA66 TR 2.750 55:41:84 100:50:40 84

PC Wy A 17.857 213:228:119 100:20:20 213
PET X T R-2- R AL LR 18.245 297:105:149 100:50:50 297
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Table 2 Calibration parameters

ST =] )= )5 2 ZPEVE /ug WIS Y0 i B /g ERPR/ng
PA6 Y=2.18E6X-6.49E6 2~64 0.997 0.2 0.6
PA66 Y=1.31E4X+1.43E4 2~64 0.998 0.6 2.0

PC Y=1.05E7X-3.26E7 2~64 0.998 0.1 0.3
PET Y=4.68E4X+9.88E4 4~64 0.999 1.2 4.0

2.7 SEFRAE RSN

BB 2 L EUB AR AL HET AN, IFAE 3 AN KT
T HEAT AR RIS 5 () 8), A K EEAT 6 Yl E o
R SE 6 I A RO AR R, BT A2 B RO RE 9 Y
PR, SC3ed iR nE N 1| mg. e &0 H,
T TR U RS A S B AR S E AT R, DAk fa 2
S IR MO, R B R T RO R U R R
M/, R R R Rk, REWDHIESS
XT3

AL RS A AT — B T, infE A, XUk
YR MU PR B A o TSR BURL AT LAY 7632
RV SR, 30 3 I R B M A SO L 2 R A T A AR
I b, TERBLR-SOH G-I o Bt R D, Rt

524 B RN [R], o T DL S T4

MBI SRR, A B3 A ECETE 79.5%~
96.0%, AHXJHRUESNZ (relative standard deviations, RSDs) N
1.74%~10.80%(F 3). 4452 R WA Ty % 3L 5 7L o
PR ARRIEDRRR ARSI A 265 e ) T ST 3 A 3

AW B T A & FLN 4 3K, WA 2 3Kk T 4 Fp

\

#F3 HREHMREREREES

PRELRHG, R o 5 BB SEPRRRE AR A, £
X BB 2R, R R B — YRR, I
TIMRAGHI AR by Fe A T B 2L 55 3L b P s e 1 Dl e
Tt

3x10° [
2x10° | I \
i | \
H_
B \ \\
= ox10e | L |
No— \mwjj . Jwgs
Z=H
__.,A—__/\vﬂ/\—\
0 1 1 1 1
0 10 20 30

R B4 B} [ /min

P8 23 LR RIS 3 45 25 -0 (S I 4 s iR,
R RHINbR R 20 pe/g)
Fig.8 Selective ion flow diagrams of milk powder and spiked
(4 kinds of MPs added with a spiked concentration of 20 pg/g
for each group)

:E (N=6)

Table 3 Average recovery rate and precision of samples (n=6)

P R B2 i P B IRR TR B T
bR (ng/g)  [IEE/%  RSDs/%  fiFRiE/(ng/g)  EICR/%  RSDs/%  ibRiE/(ug/g)  [FUEFE/%  RSDs/%
JeJ 6 20 925 3.84 40 89.2 5.79 100 93.3 5.04
Je i 66 20 88.0 7.95 40 79.5 10.80 100 83.8 4.24
LA 20 96.0 1.74 40 87.2 8.48 100 92.8 3.96
AT 20 89.5 433 40 83.1 10.20 100 89.2 4.61
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