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ABSTRACT: Objective To establish a qualitative and quantitative analytical method for determination of 6 kinds
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Diatomaceous earth was used as a diluent, and cryogenic grinding technology was applied to prepare 6 kinds of solid

MPs standard substances. Characteristic pyrolysis product ions corresponding to each MPs were identified using

pyrolysis-gas chromatography-mass spectrometry, serving as the basis for qualitative and quantitative analysis. The

established method was subsequently applied to determine MPs in commercially available packaged drinking water.

Results Characteristic pyrolysis product ions for the 6 kinds of MPs were successfully identified. The constructed

quantitative calibration curves all exhibited good linearity, the limits of detection were 0.10-1.10 pg/L, the spiked

recovery rates were 65.2%—-89.5% and the relative standard deviation was less than 10%. Polystyrene, polyethylene,

polyethylene terephthalate (PET), and polyvinyl chloride were detected in 8 kinds of commercially available

packaged drinking water samples, with polyethylene terephthalate being the most abundant. Conclusion The

pyrolysis-gas chromatography-mass spectrometry pretreatment method established in this study is simple and

efficient, featuring high sensitivity and good repeatability. It is suitable for the quantitative detection of MPs in

packaged drinking water

KEY WORDS: pyrolysis-gas chromatography-mass spectrometry; packaged drinking water; microplastic;

characteristic pyrolysis products; qualitative and quantitative analysis
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F 1 TEHESHREYROREME(%, n=7)
Table 1 Stability of standard materials with different preparation parameters (%, Nn=7)
SH PP PS PE PET PVC PMMA
3 4.95 4.71 6.02 8.08 5.12 6.19
WRBH 4 3.94 3.05 5.14 4.25 3.84 3.57
i 1] /min 5 1.83 1.04 1.54 1.28 1.18 1.21
6 1.20 1.12 1.77 1.35 1.21 0.99
30 3.64 3.02 5.12 7.84 3.21 3.35
N 40 1.05 1.11 1.64 1.31 1.18 1.02
W B 15t 7] /s
50 1.15 1.32 1.03 1.91 1.44 1.09
60 1.07 1.52 1.74 1.71 1.54 1.65
4 9.25 6.14 9.87 10.01 4.52 5.65
. 6 6.66 4.57 5.59 4.98 3.30 2.87
W YCE IR
8 1.23 1.21 1.75 1.13 1.18 0.99
10 1.53 0.98 1.78 1.66 1.17 1.03
45 7.12 6.42 12.54 14.10 9.21 8.97
) 55 5.98 4.25 5.12 5.99 4.24 3.97
FF % 3h 3% /Hz
65 1.15 1.08 1.74 1.19 1.09 0.95
75 1.11 1.28 1.34 1.14 1.25 1.08
T RasEtEgE Rl RSD #R, £ 2 [,
=2 ARERFGAHEIREY RREM(%, n=7)
Table 2 Stability of standard materials prepared by different methods (%, n=7)
il # Jr = PP PS PE PET PVC PMMA
BT 1.25 1.01 1.84 1.20 1.08 0.95
(PR kB L B b 6667 ng/g) : : : : :
Fim 8.84 10.27 16.14 13.25 14.54 17.98
(FRAEHE: 1000 pg/mL) : ' ' ' ' '
FS I
5.25 4.73 5.14 4.77 3.91 5.79

(BT & 1000 pg/mL)

2.2 FREMIREIEIE

162K ] Py-GC-MS #47 MPs 5 5t 53 BT, ARifE) 5T 11
il f RO IR —, IR — &Pk . H AT, MPs FRifEY)
JEA i £ B AR AR (DR AR, (HH RS
B R WA BE A A e LA R BT R () B LI
FIHEA TV R L], AR E R JC— il v 500 T () i
fi AT 2550 MPsPO, R fidke FaRIREL Ao IR 2
PESR A RESE AR R RER, 45 AR RBHEH R, K PPPS.
PE. PET. PVC 2 PMMA 6 Fl MPs 53 4 7840 IRA 34
A, 45t MPs 820808 6667 ng/g B kR R, H
UE B2 V205 TR & A T et e T T A
23 FHERBETIRIIR A S5IEE

J9#i%E PP, PS. PE. PET. PVC Hl PMMA 6 filt MPs
BRSO RAE 2407 ), 15 567E GC-MS @i F Xt
BARAES AT AT, PRSI 35~600 amu, # T
Xt He 5 K bR ME B R BF 9X T (National Institute of

Standards and Technology, NIST)S %%/, Xt ATiS 24
TEHAT R, FARE L TR e R R S O 0 L A
TR0 . FEULEERN [, BEIE B fem AR IE B FAE D e =
T, FERENEFEREEEF, U E R ERE
et nrgEtE, % 3 51 T 6 B MPs Brife i FRIE 24 =
YIRS IR] X REAE S 24K o T M oE R,
P FE R LA 1,
24 REBEREMMRKL

S EAEPEYIRIR BT, HERGFREL 2.0 mg () MPs FRife
YIRS ECR 6667 ng/e) B TRURE T, MAIEAE 400,
500, 600, 700 F1 800 °C T 24f# 60 s, IGLRIRERILPBRIA
ZURIRBESL, RIS 132 /e, ER 7K. #
i Py-GC-MS JU7E 6 Flt MPs #HE S F 1M R ff, 25540 2
JiR. G5REM, BEEZRIRIETHE, & MPs 19ImL{E A
B2 TS, IFTE 700 °CHEA R - Z5A 2% SRR 5
MFAENE, ABFFEERLIEE 700 °C R G i6 iSRRI .
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®3 6 MPs IRERFAERBYNRENE, EEBFREMET

Table 3 Retention times, quantitative ions and qualitative ions of characteristic pyrolysis products for 6 kinds of MPs standard substance

HESCIRTFR FEAE 24 ) 24 R £ B4 15} 8] /min TE BT EMET
PP 2,4-Z H JE-1- B 5.853 43 55,70
PS PA Y 6.805 104 78,103
PE 1E 24 8.510 43 55,70
PET /&S 12.271 154 152,153

PVC % 10.875 128 102, 127
PMMA PR LN 0 R P T 3.930 41 69, 100
80 | 80 |
\° =J
= 60t X 60}
= =
o o
=40| T 40t
= 2
201 20 |
45 5.0 5.5 6.0 6.5 5.5 6.0 6.5 7.0 7.5
£ B3 B[] /min £ B 5} [ /min
207 1007
PET
161 80T
& 12+ PE § 60|
J;% i
hod szt
= 8r 2 40t
juang >
= E
4t 201
7.5 8.0 8.5 9.0 9.5 11.0 11.5 12.0 125 13.0
1483 B[] /min £ B4 B ] /min
1007 PVC 50
PMMA
80 40 -
= =
< 60} S a0l
= = 30
bt bl
= =
& 40} = 20}
E E
201 10}
0 _,,\X\AM w 0 \./\_../\’\/\A M L /\ N
9.5 10.0 10.5 11.0 11.5 3.0 3.5 4.0 4.5 5.0
£ ¥4 B+ ] /min £ 4 B ] /min
1 6 Fl MPs bRl Sh AR 246 7= B $R BGE 1 B 1 18]
Fig.l Extracted ion chromatograms of characteristic pyrolysis products for 6 kinds of MPs standard substance

2.5 FHEFWIE
251 &K

VS B 5 A s TR
HERFREL MPs FR1EY) 5 (6667 pg/g) 0.5, 1.0, 1.5, 2.0

2.5 mg TRUBE T, BRI MPs & 5705000 3.3

6.7. 10.0.

13.3 f1 16.7 pg. KA Py-GC-MS #4544, LU

MPs 75 N BEARFR(X, ng), FRAEEF 0 A A AR (V)2
TlbREd L, THFELERAFR, Pl 3 f5EERELEN=3)iT
FA R, SRR 40 8 HARYIEIRR L LS R
KT, P RE)BRT 0.99; KK 0.10~1.10 pg/L,
FERR 0.33~3.67 pg/L, FHNZ L5 M R HUE
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Fig.2 Response values of 6 kinds of MPs in the determination of

Py-GC-MS at different pyrolysis temperatures

252 AEBEL mAFE R E

P AT S EE N, X 10 L AR IRAHK
FERRIEAT 3 AU EE AR INFR S50 . bR 5258 R 25 1
KK I AR EE Jg 6667 pg/g B MPs SREYI R, bRk
AR 1.5, 3.0 Al 6.0 ug/L, EAKFEFEAFINE 7K, H
FOMARENSCE S RSD, 25 S, %k iR s
A 65.2%~89.5%, £ WEEIKET 19 RSD B/hT 10%, 156M
DT EA RAFAWERREE S EAE M, o H T EPRRES T MPs
(OPIERTT g
2.6 SEBRHEmRINE

SRR B X T8 8 A dh b A A2 RO K 3E
TR, 2553 6 WivR. B FES R4 H MPs, &
BALHE PS. PE. PET 1 PVC, HirP PET BOAS ik 2 i 5
X ATl A0 25 B 3k SR PET M AR OGP, $ R fu it
RHEM K H MPs 1 5 ZR I8

R4 67 MPs L IMEITHE, RERSEER

Table 4 Linear regression equations, limits of detection and limits of quantitation of 6 kinds of MPs

MPs FiZ e C) =iy r? i FR/(ug/L) FEa PR/ (ug/L)
PP Y=15611.22X-12852.57 0.994 0.34 1.13
PS Y=48663.39X-15638.73 0.997 0.10 0.33
PE Y=1266.97X+44.37 0.993 0.97 3.23
PET Y=445.18X-129.69 0.994 1.10 3.67
PVC Y=639.04X+44.10 0.995 0.77 2.57
PMMA Y=9865.51X+15318.89 0.997 0.51 1.70

x5 MFEWEREEEE(N=T)

Table 5 Spiking recoveries and precisions (n=7)

MPs Fik WK 1.5 pg/L IR 3.0 pg/L WK 6.0 pg/L
[EISR /% RSD/% B/ % RSDs/% [N /%% RSDs/%
PP 70.8 7.5 81.1 72 87.3 6.1
PS 77.4 5.1 84.4 6.5 89.5 5.4
PE 68.5 8.6 712 8.0 81.5 7.5
PET 65.2 9.1 74.6 8.9 84.1 7.1
PVC 74.9 7.0 78.7 6.8 85.7 5.3
PMMA 74.1 7.5 80.1 7.0 86.3 6.2
* 6 BERIKAKHERP MPs FI& H 5 (ng/L)
Table 6 Detection of MPs in packaged drinking water samples (ng/L)
FE it 25 PP PS PE PET PVC PMMA
1 ND 0.24 ND ND 1.52 ND
2 ND ND ND 2.04 0.98 ND
3 ND 0.42 1.04 245 ND ND
4 ND 0.24 1.10 3.75 2.01 ND
5 ND ND ND 2.31 1.24 ND
6 ND 0.31 1.24 2.14 1.55 ND
7 ND 0.18 0.99 2.98 1.37 ND
8 ND 0.16 ND 3.74 ND ND
1 ND R oRA O T 05 ek i BR)
o s PET. PVC fil PMMA 6 Flvi L MPs [ [EAREY) i, I8
3 i M TIE AT AR AHKS MPs PR E 58
AHRET R URIHE R AR T4 T4 5 PP. PS. PE, Py-GC-MS J7¥k, TR RES R, 2R R R
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