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Non-targeted Screening Analysis of Biodegradable Plastics
Components Based on Chromatography—Mass Spectrometry
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Abstract: This study investigated the composition and additives in three typical types of biodegrad-
able plastic products: mulch films, shopping bags, and meal boxes. Polymer types and inorganic
fillers were identified using Fourier transform infrared spectroscopy (FTIR). Small-molecule additives
were extracted via a dichloromethane dissolution—methanol antisolvent precipitation method, fol-
lowed by non-targeted screening using gas chromatography—mass spectrometry (GC—MS) and ultra-
performance liquid chromatography—quadrupole time-of-flight mass spectrometry(UPLC-Q-TOF MS).
The results showed that mulch films and shopping bags were predominantly made of poly (butylene
adipate-co-terephthalate) (PBAT), while also containing poly (butylene succinate ) (PBS) or polylac-
tic acid (PLA). In contrast, meal boxes were primarily composed of PLA, with PBAT present in
some samples. The predominant fillers identified in the samples were talc and calcium carbonate. A
total of 33 additives were screened, spanning categories such as plasticizers, antioxidants, lubri-
cants, and flame retardants. This method offers an effective approach for the screening of trace addi-
tives in biodegradable plastics.
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Fifi 5 A ER RN Y] @ H 25 7208, A=Y SR IO AR G I B R ) T R R, 7RSS
P K BT 7 S GUs AR B2 N o R, ASGEHINTYERE . HUkeREE S By, TR IR
SINEZLIRINF ) XL TR I HAEAE R B A b ) P2y, e S0 i (57 FH R ol i 2 v R SR N 3R
B, wORRMPAES SEEXEE . Har, 28 h TR ERLEaIT, LRGN
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H A4 I E A MBI PR, @R, 3 A FE Sl A AL 5 1) Stk . IR RIS BRI
FH, HXAFEAREY S E e AR T - DU R R A AR R, il e R R e
R TR UL s e 1 o B -8 e 8 OB TR R R 1 N i | O CEN . S T L B 5 N R = = N
SYEE . S REE SR MMNTRE T, SR IR AR i TR, BT SRR IR R
A, BE B PR (NIST) . k24 5 BF 45 (NORMAN) , W] PR INFI 4 E i . e85
AT TSR L BECT R A IR TS, SR T AR R R R X R R R, AR
2H R S R S =) R G A S e AR e — RN o

AT EUA S | AR & R 6 3 2R LR AR W R R R, SR AL A K A
i SRS 5 TOMLIEDRFZE i, 4T SR HH 28 T T A — DT e D 24 ) i A B 20 R vl R R BO/IN G T TR R
FFERI A RS - BB F (GC-MS) 588 R0 AH (3% - DU AR A R AT 8] B3 (UPLC-Q-TOF MS)H A,
i B SRR E, SEEW b A PR IR T RGN 55 E . AR B EiB R Y iR
BH A B B IR, ZZEM RO A GES R AR
1 KRuaERsy
1.1 =8, XFI5##

8 B AR AT AMEIE X . VERTEX 70v 8, fBE A& 58 7] A ik - ik AL : GeMSs-
QP2010, HZARBHELTE]; 88RO S - VUARAT ©ATH R BRE B A . ExionL.C™ AD UPLC 1 X500R
Ftnk, SEE SCIEX 23 Al 5 /e R AH 0 3% — B = DU ARAT B . Acquity UPLC Fll Xevo TQ, 3£ [H
Waters 23 & 3 Z0¥8 p s VeSS : KQ-500DE, RINTIEBREEARAE; KIFEWAL: N-EVAP, 3£
Organomationﬁﬁj; WAHELL . Vortex—Genie 2, ZE[E Scientific Industries 2Y 7 ; HLFRF:. BSA224S,
T2 PR (AL ) AR A A

HEE(MeOH) . IEC St . SMROPR(AIGSE) . T8k Rt /RBHL (P ED AR 2w S b (i
af). btk WREE . CMRE(aitg) . bl E REFHARA A BEEE =2KER (TPP, CAS%
115-86-6, 99.5%) . M (2, 4-FUT HEFEIL) BEIREL(BDBPP, CAS*569284-93-1, 98.9%) . Wiz 7K
Mt (DPP, CAS -5 838-85-7, 98.0%): RKEFI/REREAMR AR = (2, 4-ZRUT IR B IR AR
(AO168, CAS*F31570-04-4, 99.9%). 2, 2'-AVHI FEIL(6-5U T HE-4-H FIKW; ) (A02246, CAS*5119-
47-1, 99.6%) : IxsEFURSbRIEEYI O . AR KEEEE, M RMBM K, FL120.22 um,
i g v SIS B A AR A W] SEER AR R i AR W R A SRR (R 1) o B AliK (HLFH# 18. 2
MQ-em) B 32 E Millipore 23 5] 1) Milli-Q B4l K RGE 5 .

1 T S YRR PR (S B

Table 1 Information of selected biodegradable plastics

Sample ID Type Biodegradability Labeled material
S1 i ElRt] 45 PBAT+ £1 #}
s2 b S YR PBAT+IEH
S3 i Bt EaRy/ et PBAT+ 1 #
S4 [aEYES] A PR vk A% PBAT
S5 LB A AR AR PBAT
S6 [laEY/EN] LE YR S SRS PBAT+S120
S7 BaE YRR A PLA
S8 K& AW R AR & PLA

St20 denotes modified starch with a mass fraction of 20%

1.2 UEEHF
1.2.1 EEMTHRAMRESHEE RAMENAGROINEIEC(FTIR, 2 15E 7% VERTEX 70v
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H) X FE ST 2L ANERE 43 AT LA R L2 A o 3R P R 0 4 S CATROARS,, F98 3 [l i8¢ e A 400~
4000 cm™, SFER A4 em™, B FITHIMIZ2 K.
1.2.2 UPLC-Q-TOF MS 4 #r & R H ZORBAX Eclipse XDB-C, {0, i+ (1. 8 pum, 3.0 mmx100
mm) FEIT50 8, T A E S mmol/L R R 0 /KIE I (A) 58 5 mmol/L B R BRI W I (B) o AR
40 °C, 0. 40 mL/min, BEAERTS wLo BREBEMFERF: 0~3 min, 5%~70% B; 3~6 min, 70%~100%
B; 6~12.5min, 100% B; 12.5~13 min, 100%~5% B; 13~15 min, 5% B, HLW{3 15 (ESD), FAER
SRR, B FURIRE S50 °C, WEEHLES 500V, FrEHRERI80~1 300 Da, RAWFE 0.2, A EHE
TR AR AR B S AR 4y SR R R 2. 41X10° Pa il 4. 83%10* Pa, 2% Jit il SR 42 it 305 [ 4 50~1 300 Da, Filf 4
RERICM30V, RERIFENERI20 V. RAEBMRBURER AR, XFFA bk St (AN FI 3 5 11 Py 5
BIELER AT 1 000 cps 19 10 A fi 5 Bl 1A 25 5 ) (0 Wi 4 &5 7 34 T 9000 R 42 . i SCIEX OS # it (R4
1.5.0.23389), WGLma R Omiarth . WM A . RBOERISE) 5 & Mz dE)Z (IFA, data-
base) FEATPCAC™, B iRZE K 10 ppm, MM BI{E A 1 000,
1.2.3 GC-MS&H# &M KA DB-5MS @i+ (30 mx0. 25 mmx0. 25 wm) 43 &5, AR E R A
300 °C, FEREEFL1.0 pL, AP 20 0 1, HEFRE RN 1.0 mL/min, FHEFEFA G K40 C, {74
5min, LL15 “C/min FHf& % 300 CAR-¥F20 min, W FEHE TIHEED, HEREENT0eV, B TIRRE S
230 °C, ARHNLRIRE 280 'C, RHEFIIE, FEHRNEE m/z 25~800, 5 i) o kg2 NIST i 4
PUBC, BEEDUHACEE A 85",
1.2.4 BERkEBE-BE=ZEMNRTRE(UPLC-MS/MS) &4 i+ 4 Waters Acquity BEH
Cis(2. 1 mmx100 mm, 1.7 wm); HZEIAHASHEE, WA B 40. 5 mmol/L LR /KT . BB BENIFE
J¥: 0~1.0 min, 10%~70% A; 1.0~2.0 min, 70%~99% A; 2.0~11.5 min, 99% A; 11.5~12.0 min,
99%~10% A; 12.0~14.0 min, 10% A, PEMLAE 4 0. 25 mL/min(ESI*), 0.20 mL/min(EST"), #EFE{RFN
5.0 pLo & FIEMESI, BAEHE3. 0kV, BRI 450 C; ZFALH R 650 L/h, % 0w W il
(MRM) 7=
1.3 FmATsbiE

SEB A E GBS TE VR ET T R A B R R, T . SR AVE MR- DUE 150 3 R sy F AL
R, HEFRARBGTIE S (BT S5 mm LU FI/NA)0. 5 gCREIAZE 0. 01 g), FENAPIRS IR .08
v, BB IINS. 0 mL 40 EE, IWHEVE | min, LL4 500 t/min 850 10 min, FBEEMEEE LG
WE Y —BEEE, FREFHMA2 mL W5, WiE, LL4 500 o/min #0010 min, FF L&, FFHA
A REASI R 5% 5 P LU Ay WA S TCHLIERH R 20 o b & 5 BT AT NS 20 mL B R
JEE L DR TR S DU, ALY @ DU DL ATt dn BRI R S5y o BlJE L4 500 1/min
B0 10 min, BB ER 2S5 LAY, NPEERZR 25 mL, #&25). #EFEI10mL, 40 CTFHE
REITT, AL 0omLHRE-KRAERO 1, BB ER, 0.22 pm BIURLME (PTFE) JEEE I8 )G,
PE4T UPLC-Q-TOF MS 23 b7, SEH I 10 mL, 40 ‘CFEMMKL4E S 0.5 mL, MIAO0.5 mLIEC 4,
0.22 um PEHEILIE, FH1TCC-MSH#T.

2 HR5ITE

2.1 FTIRIRAIE G WFA T AR N F

ME 1A BT, SI~-S6MLLAMNGIEAVT, 1712 em AMEAER B E . BB IERITIE, J&C=01)
EPES; 1268, 1101 em™ ZLAIE R FHRE T C—O MZiIEsh, A5 FEA2E IR A TTIVEE, £
WA 254 A AE D5 IR, 727 em ' ZbBY IS RIS IA b C—H TH NS HhIRESN, 2953, 2 883cm™ LAY IE 53 51
Je—CH,— ) C—H AR BR P4 PR S FOS BRI 4E R 3l , 0 R R s h 3R & AR R T 0
(PBAT)"'7 S7F1S8 FAKB AT HILLAME AT, 1754 em™ ZbNIETE A8 HOR R R, b C=0 43
PRAN; 1182 cm ' Fil1 086 cm ' AbMIUETE AL, ARtk C—O0—CH4EiRsN, JERERM CHERFE; 2997,
2 946 cm™ 4b B UG53 i —CH, | ) C—H X BRI 4IRS A A KT BRI 4E PR3N, 1454, 1380 em™ AbAYIE
J—CH, ) C—H PR, M AR AR AR (PLA) ™™, eAb, S2. S4~S8MLLsMith, 78
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3363, 1360, 936 cm™ ZAbAJEMINFFENE, HH 3 200~3 400 em™ 4b MY TE 500G 8 T S04k £ 509 O—H fif
YEPREN, WO RTER bR

ME 1B, S1~S8IILLAMEIE HTE984 cm ' Fl 1 017 em™ BT ¥ R BIWLWCHE , Hi 1 017 em™ AbH)
AR iR E W WS Ay S DY T AR v Si—O—Si B I A FRIMZEIR S, 670 em™ AbIYIER Si—O 25 Hh PR30,
467 cm™ ALY Si—0 B9 IR 2h Bk 0—Si—0 WA TEIR 3N, i, o8 I o Ak, H
Sy MEEERER . SIAbS1. S3~S6ILLAMEE BEONAHIT, 1409 em BiHVT AR 5 FLAE T AW CHT VR T IRER R
BT (CODMAMIRINGEIRZ, 876 cm™ B A R BIKISCE CO BTHAM S MRS, 712 em™ BT B 350
W co BRI S IR . 1796 em ™ ALRY IS R: CO I AR B A, — Mg sy, PRI, #£S1.
S3~S6 bR T i Aky, A RIS
4 2053 g

N
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Fig. 1 FTIR spectra of biodegradable plastics

A: primary components; B: inorganic fillers
8 Fh A= W K S vh B8 B 20 S TEALIEDRE ) FTIR A0 AT 45 SR W36 2, 25 Bk, ShaZept bz
WA R (6 1) XL, FTIR K AR (6 2) o FEmR ST, S3~S6 HAIAME T IRkERES; S2. S4~S8
BOMEH T Ry; S4. S5, S7HIS8 &R /MG HY T H) .
22 PRI SRR B A T R TEH LR FTIR 4M7 45

Table 2 FTIR results of polymer type and inorganic filler in the selected biodegradable plastics

Sample ID Main polymer component Inorganic filler Sample type
Sl PBAT BREREG -+ £ Ho e
S2 PBAT+EH) HERE iy I
s3 PBAT BRARES -+ AR Ho i
sS4 PBAT+JEH) WRFRES+E £ 8} laby B
S5 PBAT+JEH) TRFRES+IH A1 B W%
S6 PBAT+JEH TRRASG+ A B+ TEH JLAE7RA
s7 PLA+HE} GEeL ) "E
S8 PLA+VER) BOH B

LLAM G Y R B AR A IR = 0, B R — PP R IF A e B, 2 RS
UPLC-Q-TOF MS & i dl . FERHh A0 UPLC-Q-TOF MS 434 R WA 3 ik 4,

FEST, S2 1S3 e 2 Fh 5 PBAT M AR Yy, MAEHR T R C IRER(PBA) . xR H
B T ZFEHR (PBT) A% O R AW EER: . LUK A X Se B B s T 628 —HIE (TPA) . B2 (HDA) |
TIEE(BG) . ZBE(EG) ZE iR Jrokl, FRAIX 3FPAESHAY EZAPE ) PBAT, Bb4E R 5207605
Mra—50, SR, 7ES2 s i PLA MR Y, v RESRIETAEr= il f v i 28 X5 sl iR etk . il
IR PBAT 5 PLA i & £ W R SR I £ A LU T HIR . H—, SCEARH 3 U ERE , Bl nde
B R R R T SCEAPRH AR PERE . 4Bl PBAT ADENT, W T4y T4
IR ELERIPERREE, K TXELABE AR R 10 PLA AU S AR K 2> T-HEN G & A BRI AR . PLA
TS, R R H =, PBAT I SASIE & T PLA, PRI R TR ol A R AR A,
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WA, ARSI E) 7500 H A — R SR IR (HDD FUER - FE (NPG) SRR Y . HDLE AV A 28 B RS 2]
PBATHt, i 7 -85 ASHR PR AT BE Y I 28 46 k), G RH s B | WHEsVE . mb P Sk ™ . %
NPG 51\ PBAT ol iRl LB R PEee v . W Rmte . Wl o ik LA 40Che i)~

TES4. SSHIS6H, %5E Y PBAT AHCARER YA HDLAH SCRER Y . 16 S5 i hE T 8 T _I5s
(PBS) HH AR Yy, 8 S5 B9AH R bl EIR N 7 PBS, PBSH T R (BDA) 5 T % (BG) 45 B i,
HA B AR . 5HANAEY RS, PBS A SRR IERE, 5 PBAT SLIR nl 234
FHOPFPUBERE . tbsh, PBS B R IFAMHATERIIN TEGE, nIEBLE RPN Tk s Lt & fh
il |

16 S7 R S8 K HE K i PLA MHSEAIRER Yy, AE ST A 2 /0 5 PBAT HHSARZR Y, iZAEShAEH
RO REIR N T2 PBAT, FERTRSINE] ) PLA AHSGARR Y, 3R B0 B A = B R A1 (2 HE 4
FHuSF) . XTSRRI B S N A G, PLA B85 ARRERLEH), TEWBEAFAE T 5 & AR R
RRE, FE05rFREW AT e H A Rt PLA 867

SR AR (http://www.fxesxb.com)
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Fig. 2 The total ion chromatograms of samples analyzed by UPLC-Q-TOF MS
A: S1-S6; B: S7-S8
%3 S1~S6 PRAY S UPLC-Q-TOF MS JEHE ] /3 Hr 4 5
Table 3 The non-targeted analysis results of oligomers by UPLC-Q-TOF MS in the S1-S6

No. Compound t,/min Formula CAS# S1 S2 S3 S4 S5 S6
1 PLA(n=6)+H,0 3.38  C,H,0, N/A - 4 - - - -
2 PBS(n=2)+H,0 3.27  CH,0, N/A e
3 PBA(n=1)+HDA+H,0 3.42 (M0, 54029652° - N - N - -
4 HDA+EG+EG, cyclic .43 CHO0, 6607-34¢-7 N N N 4
5 PBS(n=3)+H,0 3.54  C,H 0, 101096925 - - - - -
6 PBA(n=1)+BG+H,0 3.59  C,H,0, 20985-13-1 N NV N 4 4 Y
7 HDI+BG, cyclic 3.65 C,H,N,0, 57902-04-2 ¥ N 4 - N Y
8 PBA(n=2)+H,0 .72 CH,0, 101096924 N N 4 Y
9 PBS(n=4)+H,0 372 C,H0,,  101096930° - - - - -
10 PBT(n=1)+PBA(n=1)+HDA+H,0 3.74  CuH,L0, N/A R
11 PBS(n=2), cyclic 3.74  CH,0, 110365-01-0 - - - - N 4
12 PBA(n=1), cyclic 3.78  C,H,O, 777-95-7 N N N
13 PBA (n=2)+glycerol 3.78  C,H,0, N/A T
14 PBA(n=2)+HDA+H,0 3.83  C,H,0, N/A R N A A
15 PBA (n=2)+BG+H,0 3.85  (,H,0, 10480737 VN N N 4
16 PBS(n=3)+BG+H,0 3.86  C,H,0, N/A - - - - A -
17 PBS(n=5)+H,0 3.90 €, H,0,, N/A - - - - N
18 PBT(n=2)+PBA(n=1)+HDA+H,0 393 C,H,0, N/A e
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(8:33)

No. Compound t,/min Formula CAS# S1 S2 S3 S4 S5 S6
19 HDA+EG+EG+HDA+NPG, cyclic 3.97  C,H,0, N/A - - - - 4 -
20 PLA(n=5)+methanol 393 C,H,0, N/A - 4 - - - -
21 PBT(n=1)+PBA (n=1)+H,0 4.00  C,H,0, N/A N
22 PBS(n=4)+BG+H,0 4.07  CH,0, N/A - vooo-
23 PBT(n=1)+PBA(n=1 )+glycerol, cyclic 4.07 C,H,,0, N/A - - - - - J
24 PBT(n=1)+PBA(n=2)+HDA+H,0 410 C, H,0, N/A - N -
25 PLA (n=6)+methanol 411  C.H,0, 140526908 - v - - - -
26 PBS(n=3), cyclic 415 CH,0, N/A - - - - A4 A
27 PBA(n=3)+H,0 419 CyHLO,, N/A N N N
28 PBS(n=2)+BG, cyclic 424 CuH,L0, N/A - - - - 4 -
29 HDI+BG+HDA+BG, eyclic 429 CLH,N,0, N/A N N
30 BDA+BG+BDA+BG+BDA+NPG, cyclic 4.38  C,H,0, N/A - - - - A -
31 PLA(n=6), cyclic 434  CH,0, 72835314 - V- - - -
32 PBT(n=1)+PBA(n=3)+H,0 4.47  C,H,0,, N/A N N
33 PBS(n=4), cyclic 4.48  CLH,O, N/A e
34 PBT(n=1)+PBA(n=1)+BG+H,0 449 C,H,0, N/A N N N
35 PLA(n=7), eyclic 452 C,H,0, 89756753 - N - - - -
36 PBT(n=1)+PBA(n=2)+H,0 4.55  C,H,O, N/A N N N
37 HDI+BG+TPA+BG, cyclic 4.61  C,H,N,0, N/A N
38 PBA(n=2), cyclic 462 CyH,0, 78837873 N N N 4 4
39 PBA (n=3)+BG+H,0 4.67  CHLO, N/A N N N
40 TPA+NPG+HDA+BG+H,0 4.75  C,H,0, N/A N N
41 PBS(n=5), cyclic 476 CuH0, N/A e
42 PBT(n=2)+PBA(n=2)+H,0 4.83  C,H,0, N/A N T A A
43 PBT(n=2)+BG+H,0 4.90  CH,0, N/A N A
44 HDI+BG+HDA+BG+HDA+BG, cyclic 4.93  C,H,N,0, N/A N N A
45 HDA+BG+HDA+NPG, cyclic 493 C,H,,0, N/A N N
46 PBS(n=6), cyclic 500  C,H,0,, N/A e A
47 PBT(n=1)+PBA(n=2)+BG+H,0 500 C,H,O, N/A N N N
48 PBT(n=1)+PBA(n=1), cyclic 508  C,H,O, N/A N N N
49 PBA(n=4)+BG+H,0 514 C,H,0, N/A N
50 PBT(n=1)+PBA(n=1)+glycerol, cyclic 5.16 C,H,,0, N/A - N - - - -
51 PBA(n=2)+BG, cyclic 517 CLH,0, N/A A A N Y
52 PBT(n=2)+PBA(n=3)+H,0 518 C.H,,0,, N/A T
53 HDI+BGATPA+BG+HDA+BG, cyclic 5.26  C,HN,0, N/A - 4 - - 4
54 PBA(n=3), cyclic 530  CyH0, 129850444 N N 4
55 PBT(n=2), cyclic 538 C,H,0, 63440-93-7 Y N 4 4 Y
56 PBT(n=2)+PBA(n=1)+BG+H,0 540 C,H,0, N/A - - - A - -
57 PBT(n=1)+PBA(n=3)+BG+H,0 542 CH,0, N/A N N
58 HDA+BG+HDA+BG+HDA+NPG, cyclic 5.55  Cy,H,0, N/A N N N N,
59 HDI+BG+TPA+BG+HDA+BG+HDA+BG, cyclic 5.72  C,HN,0,, N/A - N - - - -
60 PBT(n=2)+PBA(n=2)+BG+H,0 564  C,HO, N/A T
61 PBA(n=3)+BG, cyclic 574 CLH,0, N/A N N
62 PBA(n=4), cyclic 577 CuH.0, 129850442 N NV 4
63 TPA+NPG+HDA+BG+HDA+BG, cyclic 592 C,H,O0, N/A - 4 - N -
64  HDI+BG+TPA+BG+TPA+BG+HDA+BG, cyclic  6.01  C,H,N,0,, N/A N )
65 PBT(n=1)+PBA(n=3), cyclic 6.07  C,H,0, N/A N N
66 PBA(n=5), eyclic 6.10  C H0,  129850430° v V4 4
67 PBT(n=1)+PBA(n=2)+BG, cyclic 6.12  C,H,0, N/A N
68 PBT(n=2)+PBA(n=1), cyclic 6.12  C,H,0, N/A N N N
69 PBT(n=1)+PBA(n=4), cyclic 6.34  C,H,0, N/A N N
70 PBT(n=2)+PBA(n=2), cyclic 6.36  C,H,0, N/A N N N N N,
71 PBT(n=1)+PBA(n=3)+BG, cyclic 6.39  C,H,0, N/A T Y/
72 PBT(n=2)+PBA(n=3), cyclic 6.57  C,H,0, N/A N N N
73 PBT(n=3)+PBA(n=1), cyclic 6.61  C,H,0, N/A N
74 PBT(n=1)+PBA(n=2), cyclic 6.72  C,H,0, N/A N
75 PBT(n=3)+PBA(n=2), cyclic 6.76  C_H_O N/A N - - - - -

56 68 ~20

*presents PubChem CID; N/A presents no CAS number or PubChem CID is available; “J” denotes the targeted compound was detected in

3

the sample; “~” denotes the targeted compound was not detected in the sample
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4 75 S8 EEA WIS UPLC-Q-TOF MS JESE [i) 73 b 2% 5
Table 4  The non-targeted analysis result of oligomers by UPLC-Q-TOF MS in S7-S8

Number Compound t,/min Formula CAS# S7 S8
1 PLA(n=6)+H,0 3.38 C, 1,0, N/A N N
2 PLA(n=7)+H,0 3.52 C,H,0,, 153463927" N N
3 PLA(n=8)+H,0 3.64 C,H,0,, 1017475207 N N
4 PLA(n=9)+H,0 3.76 C,,H,,0,, 101747521 N N
5 PLA(n=10)+H,0 3. 88 CyH,,0,, 101747523 N N
6 PLA (n=5) +methanol 3.93 C,.H,0,, N/A N N
7 PLA(n=11)+H,0 4.02 C,H,.0,, 101747525 N N
8 PLA(n=5), cyclic 4.08 €, H,0, N/A N N
9 PLA (n=6)+methanol 4.11 CoH,0, 140526908 N N
10 PLA(n=12)+H,0 4.16 C, H 0, 101747524° N N
11 PLA(n=5)+ethanol 4.17 C,H,0, N/A N N
12 PLA(n=7)+methanol 4.29 C,,H,,0, 139239328 N V
13 PLA(n=13)+H,0 4.3 CyH,,0,, N/A N N
14 PLA(n=6), cyclic 4.33 C, 1,0, 72835314° N N
15 PLA(n=6)+ethanol 4.37 CyoHy0,s 1424378047 N N
16 PLA(n=14)+H,0 4.44 C,,Hi 0, N/A N -
17 PLA (n=8)+methanol 4.49 C,H,0,, N/A N N
18 PLA(n=7), eyclic 4.51 C,H,,0,, 89756753 N N
19 PLA(n=7)+ethanol 4.55 C,H,0, N/A - N
20 PLA(n=15)+H,0 4.58 C,sH,05, N/A N V
21 PBA(n=2), cyclic 4. 61 C,H4, 04 78837-87-3 N -
2 PLA(n=8), cyclic 4.66 C,,H,0,, 11238530° N N
23 PLA(n=9)+methanol 4.68 C,iH,0 0, N/A N N
24 PLA (n=8) +ethanol 4.75 C, H,0, 142437747 V -
25 PBA (n=1)+PBS(n=1)+H,0 4.77 C,sH,,0, 101096923° N -
26 PLA(n=10)+methanol 4.84 C,H,,0,, N/A N N
27 PLA(n=9), cyclic 4.89 C,H,0,, N/A N N
28 PLA (n=9)+ethanol 4.93 C,,H,,0,, N/A N N
29 PBT(n=1)+PBA(n=1), cyclic 5.06 C,,H,,0, N/A N -
30 PLA (n=10)+ethanol 5.08 C,H,0,, N/A N N
31 PLA(r=10), cyclic 5.13 CyoH,0, N/A N N
32 PLA(n=11)+ethanol 5.22 C,sH 0, N/A V N
33 PBA(n=3), cyclic 5.28 CyoH, 0, 129850444° N -
34 PLA(n=11), cyclic 5.29 C,H,,0,, N/A N N
35 PLA(n=12)+C,H,0 5.35 C,H, 0, N/A - N
36 PLA(n=12)+ethanol 5.36 C,H,,0, N/A N -
37 PBT(n=2), cyclic 5.36 C,,H,,0, 63440-93-7 N -
38 PLA(n=13)+ethanol 5.46 €, H,0,, N/A N N
39 PLA(n=12), cyclic 5.48 CyH,40,, 102471295° V N
40 PLA(n=13), cyclic 5.62 CH,0,, N/A N N
41 PBT(n=1)+PBA(n=2), cyclic 5.68 C,H,,0, N/A N -
42 PLA(n=14), cyclic 5.74 C,,H,,0,, N/A N N
43 PBA(n=4), cyclic 5.76 CoollO, 129850442 V -
44 PLA(n=16), cyclic 5.94 CxHe, 0, N/A N v
45 PLA(n=17), cyclic 6.02 CH,0,, N/A N N
46 PBT(n=1)+PBA(n=3), cyclic 6.05 C,HO N/A N -
47 PBT(n=2)+PBA(n=1), cyclic 6.10 C,H,0, N/A N -
48 PBT(n=2)+PBA(n=2), cyclic 6. 35 C44H55016 N/A \/

*presents PubChem CID; N/A presents no CAS number or PubChem CID is available; “J” denotes the target compound was detected in the

sample; “-” denotes the targeted compound was not detected in the sample
2.2 GC-MSiRFFERME/FER EFIRMF

PAVCHC 534 85% Arbmif, XF S1~S8 H1ih) GC-MS (a3 Bt b 14k & Wy HEA T NIST 1% 4 DT d A 4y
B, ZdDIREERIME)G, AB] 10 B RHAIIR . AP fE B IR WA 5.
2.3 UPLC-Q-TOF MSiRANAZER B HLARMF

& M UPLC-Q-TOF MS X} S1~S8 H iy e b4 7 734 3F S8 PE T, 05 e Hh B iR 22/ T 10 ppm
WA B RT3 000 AL &Y, ZIIREE RIS, REH T RENR G IAT 27 M & (Wk6) .
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5 e TRINFIN GC-MS 43 Hrak

Table 5 GC-MS analysis results of additives in the samples

. Compound CAS# Retention Match score/% Category
time/min  SI S2 S3 S4 S5 S6 S7 S8
1 2, 2/-MF FFEERL(6-4L T He-4-F LK W) (A02246) 119-47-1 21.345 93 - - 93 90 89 94 88 HFAALHI
2 IFTRENE 112-84-5 22.095 90 92 93 93 93 - - - HHEH
3 THTERE 301-02-0 23.215 89 92 92 90 90 88 - -  {HIH
4 TR NG TR 822-23-1 20,030 - - - - - - 90 -  {EWH
5 TEE TR 57-11-4 19.755 90 90 90 - 88 91 - -  JEMH
6 A 57-10-3 18.485 92 93 93 94 94 94 - - JEAWEH
7 FreEme = T lg 77-94-1 19.935 - - - 94 - — - - Hx|
8 LA R — T g 77-90-7 20.345 - - - 91 90 91 - -  HEEFK
9 2-(2H-ZFf = mg-2-3k ) -4, 6-FULIE AR 25973-55-1  22.670 - 89 - - - - — - SN
10 2, 6- " SFEINIERRE 24544-04-5  14.565 93 91 91 - - - - —  JEHEF

“«

denotes that the targeted compound was not detected in the sample

Fo AESPERMAE UPLC-Q-TOF MS 43 ¥4k
Table 6 UPLC-Q-TOF MS analysis results of additives in the samples

Retention Precursor

No. Compound CAS# . . Adduct S1 S2 S3 S4 S5 S6 S7 S8 Category
time/min mass(m/z)
1 WEFR KR (DPP)  838-85-7 3.62 [M+H]* 251.0473 v - - - - - - - T 97 3
2 MR =T 77-94-1 5.43  [M+CH,OH+H]" 361.1853 - - - - - - - it 5 5
3 o ThR 105-99-7 5.95 [M+H]* 259.1550 - - - N - - - - T 7
4 ZEEREER=TEE 77-90-7 6.27 [M+H] 403.2337 - - - N 4 4 - - IR
5 FEtmR 2.1 628-97-7  6.59 [M+H]* 285.2413 - - - N - - - - )
6 A5 = F R T 85-44-9 5.82 [M+H] 149.0238 v - V4 4 4 4 H 3]
7 LS 542-44-9  7.03 [M+H] 331.2838 - - - v - 4 - g
8  THF-14-1, 7568-58-3  6.04 [M+H]* 343.2112 - - - N - - - - Biy ikl
2, 3-=RIRMNE
9  BEEA=JEES(TPP) 115-86-6  5.34 [M+H] 3270784 v N N = N - - = HER/RRAMH
10 ZORSLE AL 791-28-6 4. 46 [M+H]* 279.0962 - - - - - - A el
11 FEJREE O mEE 10213-78-2  6.97 [M+H]* 358.3659 - - - - - T
12 I 301-02-0  7.10 [M+H]* 2822804 v v v NV NV - - R Rl
13 IFIR NG 112-84-5  7.80 [M+H] 338.3427 v N 0V vV - - - 7 71
14 T 629-54-9  6.94 [M+H]* 256.2634 v - - N N 4 4 4 541
15 N-RIETRREEME  18286-71-0  6.83 [M+H] 280.2642 v N N - 4 v i e v 1)
16 + S e 124-26-5  7.35 [M+H] 284.2960 - N N N - - 4 4 T
17 kR 51360-63-5  6.91 [M+H]* 312.2889 - - - - - - 4 7 71
18 (2, 2, 6, 6-P0 52829-07-9  3.51 [M+H]* 481.3997 - - N - - - = = SR
-4 e 3 ) %%
T FRME(UV-770)
19 4-TSNEEIERE 20185-55-1  4.69 [M+H]" 250.1815 v - N - - - - = ANl
FH i HH g
20 2-(2H-#JF= 70321-86-7  7.80 [M+H]* 448.2389 N - N - - - = ARG
Me-2-JE) -4, 6-XL
(1-F%- 182
)W (UV-234)
21 3, 5-T T34 1620-98-0  5.55 [M+H]" 2351689 - Y N N N N N A HEkH
FRHRH
22 7, 9-TURUT HE-1- 82304-66-3  5.57 [M+H]* 2771778 - - - - - - - N H&deH
AZRiE(4, 51
-6, 9-—H5-2,
8-l
23 X(2, 4-ZHKUTH 69284-93-1  6.84 [M+H]* 475.2957 - - - N - - - - &k
AR WAL TR (BDB-
PP)
24 W(2, 4&-TRTH 897778337 7.86 [M+H] 473.3177 N N - N NN - o EH
ZRFE) T LW R
i
25 =(2, 4T H: 31570-04-4  10.97 [M+H]* 647.4578 - - - N - - - - H&eH
R BB

(AO168)
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(£1426)
Retention Precursor

No. Compound CAS# . . Adduct S1 S2 S3 S4 S5 S6 S7 S8 Category
time/min mass(m/z)

26 N, N-ZHJ-1-+ 124-28-7  7.48 [M+H]" 298.3092 - - - - - - N - figppH

NIt
27 M3, 4-ZHIEW 135861-56-2 4. 94 [M+H]T 4152271 - ¥ - 4 - - NN e
R AL
*presents PubChem CID; “J” denotes the targeted compound was detected in the sample; “-” denotes the targeted compound was not de-

tected in the sample

Horp, IR =T HG . SBHTFERE =T . JFIREE . B AE UPLC-Q-TOF MSHI GC-
MS H[E] R HY, UPLC-Q-TOF MS i FH T & stk . SIOAFE G, 1 GC-MS il H THE L%
PRRENSY, LR 4 PR MRDEAERE T A 23 S ALH 5 & AL R B GEs  WNAG , A7 yHbHERR
TR TR T RE ORIV R I T, BT T A A R T

BAN, PR FEELA S AO168. BDBPP., A02246. TPP Al DPP YIRS hREIRTE , FIH UPLC-MS/
MSZr#T, AR S AR S & B SR 0GR i WL 3. XFER & B, AO168(m/z 647.5>147.0, 647.5>
235.0) . BDBPP (m/z 475.3>251. 0, 475.3>363.1) ., A02246 (m/z 339.2>147.0, 339.2>162.9) . TPP
(mlz327.0>77.0, 327.0>153. 1)F1DPP(m/z 251. 0>77. 0, 251.0>152. 9) (k{5 54 I a) 1 25 -0} 34 5 %6} 7
bR S —3, P IIE TR A AE R T

A

100 10.1610 N 647.55147.0 100 10.17 647.55147.0
o 3.593.88 529 396 7,7]8.679'9§’k1(j_3911(85 (j
T T T T T T T T T T
< 2 4 6 8 10 12 g 2 4 6 8 10 12
= 1.017 647552350 10.16 647.55235.0
100 05 100
10.05‘\:‘ ;
0—‘ 3.593.735275617.117908 19 1037 12.70 J
2 4 6 8 0 12 2 4 6 . 0 12
t/min t/min
B 15 3.14 475.3>251.0 100 3.1;17373-76 475.3>251.0
1 W G Y
0 T T T T 0 T T 1 T
g 2 3 4 5 2 2 3 4 5
~ 100} 3.14 475353631~ 100J i3 3.&7 475.3>363.1
‘W3.18 4.52
0 T T T T 0 T I[\( T T
2 3 ; 4 5 2 3 i 4 5
t/min t/min
C 572 339.2>147.0 5.75 339.2>147.0
100 530 1007 142 L85 3137138948749 " 63 697
7.98
0 T T T T O T T T )
g 2 4 6 8 ES 2 4 6 8
S .
100] 574 339251629 100_‘ 574 339.2>162.9
0 2. T T é 0 i 1 ; é
t/min t/min
D 100] 2.88 327.0577.0 100} 2.87 327.0>77.0
0 T T T T T ° 0 T T T T T
= 2 3 4 5 6 g 2 3 4 5 6
] ~
~ 1001 2.88 327.0>153.1 ]00_‘ 2.87 327.0>153.1
0 5 T T T T 0 T T T T T
2 3 4 5 6 2 3 4 5 6
t/min t/min
E 100_‘ 2.!9\0 - 251.0>77.0 100 1.99 251.0>77.0
2.66 -‘ [\ 2.65 2.88
o (‘ T !\\I T T T 0 T ILI ) 1 T
g 2 3 4 5 6 ° 2 3 4 5 6
650 1.99 251.051529  ~ 19 1.992 0 251.0>152.9
-‘ f\ 2.88 2.95 -‘ k 2.85 4.864.96
0 T 1 T T T 0 T 1| ) 1 1
2 3 4 5 6 2 3 4 5 6
t/min t/min

I3 bzt C22) RS (D) v Bt S e IR
Fig. 3 The extracted ion chromatograms(EICs) of the targeted substances in the standard(left) and the sample(right)
A: AO168; B: BDBPP; C: A02246; D: TPP; E: DPP
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2.4 EYBEBEBRLNG FIRMF S

it UPLC-Q-TOF MSHI GC-MS FEFHas i 33 FiAs e, ks izl szl Prabsl. Pt
FL R AN BRI R A ) R 8 K2, HAREL BN 4A R, TR BEEE R
PrEdb R W T 2, P BRI =R R B L A LR S5 A ThRE . A FE S (S1~S8) HHAs MR
K L (A& 4B) 43 A5 AE 10~20 Fhz 18], BRINFIFEAS AL S RS AR I E 4C e, Hor, 25
IINFAAE 7 AR AR s LRSI AOAS HH 2R A 509%~79%; 4 FHIS DRI H 280k 30%~49%; H
A3 17 PR IR RS H AT 30%.

A’,'/‘

v =80%

e 50%—-79%
30%-49%
<30%

= GC-MS
W LC-MS

| 'I 17
I I.!

3 S4 S5 86 S7 S8
Sample ID

K4 AYLESNRIAEGE T BIGIRZE A (A) | FESH ER DRI AN S (B) . AIGRBAS s (C)

Fig. 4 Statistics of organic additives: category distribution of additives(A), number of additives detected in each sample(B),

® Lubricant : 28.6%
Plasticizer:25.7%

® Antioxidant : 20.0%

m UV absorber: 11.4%

¥ Antistatic agent :2.9%

® Flame retardant: 5.7%

¥ Nucleating agent : 2.9%

¥ Synthetic intermediate : 2.9%
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detection frequency of each additive(C)

SRR ZHREAE 7 MR AR, (BN bRk 8 a2 el 52 6 o 7 0500 68 bR
) (GB 9685-2016) " ML %W i v ¥4 A = Bl il . 78 S4 ik i I T lg, %Wk
—PMKE . AR R MR CRRIEE], BA s IR e . HLE A A F R TAES AR
@ﬁ%ﬁoh%M%iﬁ%ﬂwﬁﬁwﬂﬂ+m FHASELF . A SR SR AL, ARSI Z R NR
FIEESE . AWFTAEY S PR T RPEEIR = T HR (TBC) ML IE IR = THR(ATBC) . MeAh, H

ﬁm%ﬁﬁgﬁ S R TEEERIFZLAL ], L nT VA2 050 ARSI AR R & b PR T (2
ATBC) K IR IR TR S5 A AR HE S50 SRR}, B o] BRI T A iy vl B AR ISR AR B s I T 72
AH R RUBS A

AL FIE SRR ) ZE R Z B AR N T . A7 . (A R i F v R A 5 e i B
fi, MMIBTIEAEEEAL, FERAMR Hdr, APFSAE 7 MRS PR 3, 5- T I-4- AR WS 1t
Ah, FE6 RS R A02246, %W TR T2 I S bt A, W S PTA R (i A0168) B
[0 . ol , 7 S4B S IS B A02246 FIAO168, FHAGINE] AO168 B /K fi# =4 BDBPP, ElHIE
TSR R i g

A6 3 AN HUEERE S b RS I B IR =R E , (T 2R Wb S B 4 dE ) (GB/T 39498-
2020) " HHIRTHLE 1% AR BON R AP BH R ECH IR IERS B AR 2 MR SRR T RS
SRR, YR T R LRSI O . HUBERIE Y 4% *h&&%%pﬁ%%ﬁm(ﬁ,m
BN . SFBENE, EEE (FDA) | | HARSE [ Vea] 5 7 & S sbhet
3 % #®

BTN R P | AR G = 25 AR R R SRR S HEA T T A 40 M, FTIR 5 SR HH M s
Gy E3 /0 PBAT, B &M T3 PLA, #E—H+ B UPLC-Q-TOF MS 4347, FEHuE 5
Wy 4e vk th PBS 5k PLA, 7E G i 20 & PBAT, X RIAXT TAES & BRI RS 5,
UPLC-Q-TOF MS R[{E 4 FTIR JFik A RK N T, SRR A i i . 4h, Ll 82533 Fh
TN, ABFE HEREF R PUAALF 3, 5-RUT RE-4- B IO W REOAS M AR R A s IRKE H T R R Y
WA CIFFRIR = Tl . SBHAEIE =TER) . R BRI DL S BRI ST 1 70 o 1207 1 0] b e fig 9
B & A R i A e o AT s A2
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