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Detection of 26 Organic Residues in Food Packaging Paper Material

FU Shan-liang, DING Li, JIAO Yan—na, ZHU Shao—hua, GONG Qiang, CHENG Jing, WANG Li-bing
(Hunan Key Laboratory of Food Safety Science & Technology, Technology Center of

Hunan Entry-Exit Inspection and Quarantine Bureau, Hunan Academy of Inspection and Quarantine, Changsha 410004, China)

ABSTRACT: Objective To develop a multi—residue method for the analysis of 7 indicator polychlorinated biphenyls (PCBs) ,
7 plasticizers, 7 chlorophenols ( CPs) , 2 benzophenones, as well as 4 —octylphenol (4—-0P), 2 —isopropyl thioxanthone
(ITX), and methyl stearate in food packaging paper material. Methods Ultrasonic extraction and gas chromatography—tandem
quadrupole mass spectrometry in multiple reaction monitoring ( MRM) mode was used. Results All of the 26 organic residues
had good linear relationship (+*>0.997) in the range of 0.02 ~2.0 mg/kg. The recoveries of the 26 organic residues ranged
from 88.9 % 1o 105.5 % at spike level of 0. 1 mg/kg with relative standard deviation (RSD) below 12.2 % . The detection
limits of target compounds in the method were between 0. 000 90 mg/kg and 0. 0035 mg/kg. The quantification limits of target
compounds in the method were between 0.0031 mg/kg and 0.012 mg/kg. The method was applied to the analysis of real sam-
ples, and plasticizers were detected in almost all of the samples (the amount detected was between 0. 006 ~7.02 mg/kg) , and
methyl stearate was detected in part of the samples (the amount detected was between 0. 069 ~0.43 mg/kg). Conclusion The
method is simple, quick, accurate and sensitive, and applicable for the simultaneous and high through—put determination of
multi—organic residues in food packaging paper material and samples with similar matrixes.
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SEH Y E8 . Varian 450GC—-300MS < HH (7,3 — B )k
JPTRE I AN, 35 [ BU L2220 7] s BS500S - MT 8 7 i
VRN, Whfg e () A B\ ] ; LABOROTA 4000
e 25 %A, Heidolph A H]

SEE A 7 P 2 SRR A AR VS TR (L
PCB28, PCB52, PCB101, PCB118, PCB138, PCB153,
PCB180, BN 43 0 Ve B2 ) 100 pg/mL, 357 5
Fot) W A 3L Restek 24 F] ;7 By 1R G AR iR
W (M=506 , (L F54P % — H iR —H fig (DMP) (482K —H
2 — 21K ( DEP) (&P 7K —H 2 —1E T Iis ( DNBP) (#F &
TR T RS ELNE (BBP) AP HIR —(2-2 %)
L5 ( DEHP) ABE W —1F W5 (DNOP) .0 %
T(2-2.3%) &5 ( DEHA) | B4 40 o B R 100
pe/mL, 5 F ) |7 S0 TR B AR METS W (M-
1653A  AU45 4 -G08 (4-MCP) 2 ,4- "5 KM (2,4
-DCP) 2,6- "5 AW (2,6-DCP) 2,4,5- =54
(2,4,5-TCP) 2,4,6- =5 AWM (2,4,6-TCP) 2,3,4,
6-PUSEM (2,3 ,4,6-TeCP) LA (PCP) , 4140
AYTFRARHEE R 100 we/m, 57 0 B ) |2 - SN L6
R BRI (R A 1.0 mg/mL, 5551 Ry 5
T, I H 25 E AccuStandard 23 H] ; K FCHR % - —H
Wi — I 4—7 i (4-0P) RE RS TR B 340 [ 4
HRUESL T B Dr. Ehrenstorfer A ], 4T 99.0% ;TN
Fifil 4 HPLC 2%, H Sigma—Aldrich 23],

1.2 GC-MS/MS &1

SATHEEN DM=5 MS B4 @5+ (30 mx0. 25
mm,0.5 wm) , 3N E 4l He, 415 >99. 999% | i
1.0 mL/min, FEIRFR TN . WA IREE N 80 C , fR4F
1.0 min, LA 8 °C/min MY T+ = 300 C, 1 FF 5.0
min, AUHERE, HEREARTUN 1 pL, SE R RN
250 C.,

B TR (ETJR) I8 M 250 C, fiE Rt 70 eV, 1%
W TRIE R 280 °C , DUMLATIREE A 40 °C , 57 4E 3R i
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Tab.1 GC-MS/MS parameters of the 26 compounds

L i o S {88 Ej‘l‘ﬁﬂ BT 1 FET AHERERE T2 FET72 MiER

/min (m/z) (m/z) /eV (m/z) (m/z) /eV

2 4-T KR 2,4-DCP 8.63 162 63 20 162 98 15

5.0~10.5 A-——E I} 4-MCP 8.95 128 65 20 128 100 10
2,6- KR 2,6-DCP 9.26 162 63 20 162 98 15

10.6-13.0 2,4 5-=F 2,4 5-TCP 11.86 196 97 25 196 132 15
2.4 6-=F 2,4.6-TCP 11.96 196 97 25 196 132 15

13.0 ~14.5 1> Sl i DMP 13.41 163 77 20 163 133 10
14.5~15.3 2,3,4,6- UG K 2,3,4,6-TeCP 15.15 168 133 10 232 133 25
15.3~17.0 LR _HR DEP 15.53 149 23 15 177 149 15
17.0~19.4 4-EFE) 4-0P 17.90 107 77 15 206 107 10
18.5~19.4 HAECRE PCP 18.84 266 167 30 266 202 15
19.4 ~20.0 2.4 4 -=FE PCB 28 19.64 186 150 20 256 186 25
20,0 -21.0 AT IR TIF TR DNBP 20.45 149 93 10 149 121 10
2,2',5,5" - POEIPoR PCB 52 20.50 222 150 30 202 222 25

21.0 ~22.4 TR H i / 2.2 143 55 15 298 101 15
22.4~23.5 2,2',4,5,5 - HAPR PCB 101  22.63 256 184 30 326 291 10
3.5 243 b/ NN / 23.95 148 77 25 225 148 15
2,3 4 4 5-T B PCB 118  24.14 254 184 30 326 256 25

24.3~24.8  22' 344" 5 NGB PCB 138 24.65 290 218 30 360 290 25
24.8 ~25.1 AR ZHIR TR BBP 24.95 149 93 15 206 149 10
551 955 O MR _(2-2.%) & H=s DEHA 25.18 129 55 15 147 55 20
2,2 4.4 55 NEPIE PCB 153  25.31 290 218 30 361 290 25

25.5~26.2 2SN SLA A ITX 25.55 239 224 10 254 239 10
6.2 77 5 AR —HER —(2-2.%) O AR DEHP 26.75 149 93 15 167 149 10
22344 55EFPIE  PCB180  26.82 324 254 30 394 324 25

27.5~29.0 PR R IE R DNOP 28.48 149 923 15 279 149 10
29.0 ~31.0 of - R e S R / 30.23 268 148 20 268 224 10

1.3 fRERREIEH

W5 AR A o i FH PN ) 5 o B BT R VR A 1. 0
mg/ mLAEBRHEGE 2 TV, PR 45 SRR TR A A A T S
ZAR R A B IR AR IR, D 2- 5
VR T 2% AT s o 37 YR — e PR PR T L ) ol ke
H 10 wg/mL IR G FRUER I, FHR AR
il 2% s ¢, e i) Bt R B 43004 0. 01, 0. 02,
0.05,0.1,0.5,1.0 wg/mL RS PRUERIIETR .

1.4 HmALE

SCHOAE S o T B AR S AL EE R RE, FH BT T 8Y AR
0.2 emx0.2 cm A IRER IRAT, FREL2.5 ¢ T H.28

HOEMR , I0A 30 mL PIER , 88 HEH 15 min, B2 H
WA RN ZRBE T . EERI 2 K, &I L
T, e s 258 K ANAE 40 °C F e, N 2 2 3 5
mL, it GC-MS/MS 7347 .
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B TR H MRM B2, GC-MS/MS AR AH AT LU
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Fig. 1 MRM chromatogram of the 26 organic residues

2.2 FHEHEZEXR GHRFAEER

B A% BT i R B 430k 0..01,0.02,0.05,0. 1,
0.5,1.0 pg/mL (IRAIRERINIER S 1.0 pl JE4T
GC-MS/MS WM& , LA HArfk G W it e e 3 AF () 9k
A, A R ) O R A B (e ) SRR AL A, T 0 v L —
WRERRERN SR TR Ay R AR S R 8k, Rl 2 A
25 FIRE T, DA 0T 2V B 25 0. 01 g/ mL 1) M 7
525 FRE S A R I R Y 3 A% T B R I R RR
(LOD) ; LA T VR E 5.0, 01 pg/mlL IR {8 525
FAE it o I 2 o) 7 ) 10 A3 T H 5 R AR E 2 FR (LOQ) &
TIEIIGRIECR KPR o RS R 2,

F2 PIBIEFR, 7 0. 02 ~2.0 mg/kg
W TR M SC R A MG R B KT 0. 997
26 Fl' B Anfk &9 i A HEBR A 0. 000 90 ~ 0. 0035

mg/ kg, FeAICE R} 0.0031 ~0.012 mg/kg,
2.3 FAEWERERSEEZE

DIANE 26 B HARG T B AREAE 28 FIRE L TR
TREAARER R, TSIV EE N 0. 1 mg/ke, $ 1R 1.4
T SIS AR TR PR IR AT ISR S g
FRONRE 6 YR, ITRRE B a5 R e 2., 36 2 U &
W, 327 1L B X s [ 3y 88. 9% ~ 105. 5% , AH
SIFRAE 2 (RSD) M 2.5% ~12.2% .,

2.4 EEREMBIENLER

I AR T EE XTI S R 10 AR bR
FEAh (AL15 7 EUREAR 2 DM | AR BEATAS
Mo GERICHL, PR RORE SRR T R iR —
PRAFI 20, S i R IR F) 7. 02 mg/kg (B HIR
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Tab.2 Linear correlation coefficients, average recoveries, relative standard deviations ( RSDs),

limits of detection (LODs) and limits of quantification of the 26 compounds

Fp a4 RS 4 éié'r*f‘fﬁaé SFHmgAE RSD LOD _ LOQ _
EX /% /%  /(mg-kg') /(mg-kg")
1 2, 4- A 2,4-DCP 0.9992 90.3 9.4 0.0021 0. 0069
2 4—— K 4-MCP 0. 9989 89.8 5.6 0.0025 0.0083
3 2,6- A 2,6-DCP 0.9994 91.5 12.2 0. 0021 0. 0070
4 2,4, 5-=8& K 2.,4,5-TCP 0.9985 88.9 4.8 0.0017 0.0058
5 2,4 ,6- =& KM 2.,4,6-TCP 0.9971 9.7 6.1 0.0026 0.0088
6 AR T B iR — TS DMP 0.9997 94.3 2.5 0.0013 0. 0042
7 2,3 ,4,6- DU 2,3,4,6-TeCP 0.9992 89.4 5.4 0.0016 0.0053
8 PR H R LR DEP 0.9996 97.5 3.3 0.0018 0. 0059
9 A 4-0P 0.9994 98.1 4.9 0.0013 0.0043
10 FAK PCP 0.9988 92.4 11.9 0.0023 0.0078
11 2,4 ,4'-= AR PCB 28 0.9997 98.0 4.7 0.0022 0.0072
12 LB R —IE T g DNBP 0.9993 104.3 3.8 0. 0026 0. 0086
13 2,2'5,5" - PUG R PCB 52 0. 9995 97.5 2.6 0.0028 0.0093
14 TSE JIG T2 HH i / 0.9998 93.7 3.1 0.0031 0.0100
15 2,2',4,5,5 - HABKIE PCB 101 0.9993 97.5 8.4 0.0024 0. 0080
16 K ES / 0.9997 101.6 4.2 0. 000 90 0.0031
17 2,3" 4.4 5-TLABAE PCB 118 0.9991 98.7 6.4 0.0021 0.0068
18 2,234,475 - NABE PCB 138 0.9996 99.0 8.2 0.0023 0.0076
19 AR R T R ER BBP 0.9995 93.4 7.3 0. 0020 0. 0068
20 O (2-2.3) O HEE DEHA 0.9997 95.6 5.8 0.0035 0.0120
21 2,2 .4.4" 5 5 - NEBE PCB 153 0.9991 97.5 9.4 0.0032 0.0110
22 2 — S TR LB 24 AT ITX 0.9994 90.2 8.7 0.0014 0.0047
23 AR THIIR T (2-2.38) O LR DEHP 0.9997 105.5 4.6 0.0019 0. 0065
24 2.2'3,4.4" 5,5 AR PCB 180 0.9995 94.8 5.9 0.0024 0.0079
25 AR~ R — 1F 358 DNOP 0.9998 99.3 7.7 0.0019 0.0062
26 Xof - B e i R HR / 0.9990 97.1 8.9 0.0034 0.0120
3 ZEHRESRPRNER
Tab.3 The detection results of samples
K250/ (mg - kg™)
K i SRR THIER  AROR T HIER  ARR T HR il 5 R SRIE R
— HIg A ZIETE HH g Z(2-2%) OB
RESh 1O O AL R R EELR) 0.03 ND 0.05 ND 0.19
R 2 (R R R A0) 0.12 0.08 0.02 ND 0.11
R 3( B n R REEE) 1.32 0.38 ND ND ND
FE i 4 (2560 B0 (R 2243 3540 1.60 0.66 0. 006 0.07 0.03
FE 5 (BT B R 5E40) ND ND ND ND ND
B 6 (YRS e P 20 2 40T 0.05 ND 0.12 ND 0.58
FEf 7 (R EOR TR R E 0 7.02 1.90 ND ND ND
i 8 CWmmE e ATAR ) ND ND ND ND ND
FEM 9 (AL EUEET AR ) ND ND 0.03 0.43 0.03
Kl 10 (FEARARED) 0.05 0.01 1.18 0.08 0.24

TE ND oA s A Al AP R A H B9 I0T H RS H
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