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ABSTRACT: The work aims to establish the accelerated solvent extraction-gas chromatography-negative chemical
ionization-mass spectrometry (ASE-GC-NCI-MS) used to determine short chain chlorinated paraffins (SCCPs) in food
contact plastic and paper products. Accelerated solvent extraction was used to extract SCCPs from food contact plastic and
paper products. The extraction solvent was n-hexane-dichloromethane, the extraction temperature was 80 °C, and the static
extraction time was 10 min. Then, concentrated sulfuric acid was adopted to purify the extracted solution. SCCPs in the
sample were qualitatively and quantitatively detected by gas chromatography-mass spectrometry under negative chemical
ionization mode, full scan mode, and at 180 °C (ionization source temperature). In the range of 58.7%~64.3% (mass

fraction) chlorine, the total response factor of SCCPs and measured chlorine content had a good linear relationship, with a
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linear correlation coefficient (R?) of 0.9765. The limit of detection was 20 mg/kg. The recoveries ranged from 86.3% to

95.3%, with relative standard deviations (RSD) of 3.3%~5.2% (intra-day) and 4.8%~8.1% (inter-day). Featured by

convenient operation, good accuracy, high sensitivity and low detection limit, the proposed method can be used for the

detection of SCCPs in food contact plastic and paper products.

KEY WORDS: short chain chlorinated paraffins; gas chromatography-negative chemical ionization-mass spectrometry;

accelerated solvent extraction; total response factor; food contact plastic; paper products
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1.2 SCCPs umx=0.25 pm 300 °C He
99.999% 2 mL/min 1.0
SCCPs uL 80 °C
n=10~13 m=5~10 Total Response | min 40 °C/min 300 °C 5
Factor % .
SCCPs i
20 1.4.2
mg/L 51.5% 53.5% 55.5% NCI
57.75% 59.25% 63.0% SCCPs 200 °C 150 °C 2399 eV
1 CH4 99.999% 1.5
mL/min 2.0 min
1.3 m/z 50~550 280 °C
131 SCCPs 2
0.5 mm 10 mmx 1.5
10 mm
0.85~1.40 mm 20—14 SCCPs
0.5 mm 5 mmx GC-NCI-
5 mm MS SCCPs
1.3.2
lg 0.1 mg SCCPs
22 mL
_ [8,21]
1:1 60%
80 °C 10 MPa 10 2
min 2
0.5 mL 10 mL 2.1
5 10 mL
EI
SCCPs
1.3.3
SmL SmL  98% CI
800 r/min 10
min 1.5 mL
10000 r/min 10 min CI
0.22um  Nylon GC- PCI
NCI-MS NCI (22]
1.4 - 50 mg/L SCCPs
Cl 63.0%
141 PCI  NCI SCCPs TIC
HP-5MS 30 mx250 1.4.1
1 SCCPs
Tab.1 SCCPs mixed standard solution configuration ratio with different chlorine content
CLT R 4B I 9SCCPSIE A R 1 % SCCPhIE L PYmL.
SCCPs-1 SCCPs-2 SCCPs-3 SCCPs-4 SCCPs-5 SCCPs-6
51.5 10
55.5 5 10 7 5 0
63.0 5 3 5 10
7 SCCPshRfEVA WL rh 58 BT 1t 7350/ % 51.5 53.5 55.5 57.75 59.25 63.0
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2 SCCPs
Tab.2 SCCPs composition, relative molecular weight, theoretical chlorine content, qualifier ions and quantitative ions
e y P e A 25 T W (amu)
FF5 o3 ¥ FRXS 73 o PRI ST B AT AT
1 Ci0H17Cls 314.5 0.56 279 277
2 CioH16Cle 349.0 0.61 315 313
3 CioH15Cly 383.5 0.65 349 347
4 Ci1oH14Cls 418.0 0.68 383 381
5 Ci1oH13Cly 452.5 0.71 417 415
6 CioH12Clio 487.0 0.73 451 449
7 C11H19Cls 328.5 0.54 291 293
8 C1HisCle 363.0 0.59 329 327
9 CuHi7Clz 397.5 0.63 363 361
10 C11Hi6Cls 432.0 0.66 397 395
11 C11Hi5Clo 466.5 0.68 429 431
12 C11Hi14Clio 501.0 0.71 465 463
13 C12H21Cls 342.5 0.52 305 307
14 Ci2H20Cl6 377.0 0.56 341 343
15 Ci2H19Cly 411.5 0.60 377 375
16 C12H1sCls 446.0 0.64 411 409
17 C12H17Cly 480.5 0.66 443 445
18 C12H16Clio 515.0 0.69 477 479
19 Ci13H23Cls 356.5 0.50 319 321
20 Ci3H22Cle 391.0 0.54 355 357
21 Ci3H2:1Cly 425.5 0.58 391 389
22 Ci13H20Cls 460.0 0.62 425 423
23 C13H19Cly 494.5 0.65 457 459
24 Ci13H1sClio 529.0 0.67 491 493
CI PCI
300 °C 150 °C 139.9
eV 1.4.2 CI NCI PVC SCCPs
1.4.2 NCI 1
SCCPs TIC 1.7x107 10 min 459 mg/kg
SCCPs* ” PCI SCCPs
SCCPs TIC 3.5x10* 90 min
SCCPs* ” EI 438 mg/kg SCCPs
SCCPs
NCI 10
SCCPs min
SCCPs
2.2
1
221 )
2 SCCPs
[8,23] 5%

10 min
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Fig.1 Dynamic equilibrium curves of accelerated solvent extraction and ultrasonic extraction (n=3)
22.2 3
6 80~90 °C
SCCPs 7 90 °C SCCPs
PVC
. SCCPs
80 °C
2 ) 1.8 —=— 51.5%
SCCPs 16k —e— 55.5%
—a— 63.0%
- 1.4
1.4 € 12t /—‘\‘
2k 1 51.5% E% LOF
55.5% E 08f
1ol BXR 63.0% & 06
< 6
; 0.8 | 04 ././———0—\'
% 06l 0.2}k G
g‘, (:I 1 1 1 1 1
04l 60 70 80 90 100
REEC
0.2F - o
'_W '_m '_d &l 3 O[] 26 B BE I 2 BUSO%
0 R . . - . .
e ey — Fig.3 Extraction efficiency at different extraction
) temperatures
FREBG
P2 S [ A6 B 5 ) A O 2.3
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20 mg/L Cl 55.5% 4 SCCPs 180 °C
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2.4 2.5
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[24—25]
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4a 200 °C 4c TIC 4 SCCPs
3 n=3
Tab.3 Recovery efficiency of different purification methods (n=3)
Hie = bRl I 5 AH S IR /% RSD/%
WL IR 1 92.8 3.82
Eo k- A H b 73.9 7.63
[E5] A 2 Bk E k- A H b P H R+ 65.1 8.23
ECkE- S b Ciefi A HEIE 64.2 8.66
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Fig.4 TIC of SCCPs standard solution at different ion source temperatures
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5 SCCPs 3 20 mg/kg  SCCPs
5 SCCPS CnH2n+2.mC1m n:10~13 5 mg/L
m=5~10 180 °C SCCPs 10 50
[M-CI]™ 3Cl 31CI mg/kg
75.8% 24.2% SCCPs 12
1 2 'y
SCCPs 2 ~ 1T
S‘D
= 8 *
2
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5 2.6.2
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1
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Tab.4 RSDs and accuracy of SCCPs in food contact plastic and paper products (n=6)
. b & FHXT B AR 22 /%
B _ T - S84 [ /% PO
R /(mg L) & 1m/(mg-kg™h) H™A H [|]
PPE & 10 100 89.3 4.5 6.9
PPE & 20 200 95.3 3.5 5.3
PPE & 30 300 88.5 3.3 4.8
IR HEARAR 10 100 86.3 5.2 8.1
IR AT 20 200 91.6 4.3 6.3
IR AT 30 300 87.0 4.1 5.4
27 SCCPs
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SCCPs 40
20 SCCPs 2 SCCPs 459
PE PP PS PET PVC 253 mg/kg SCCPs
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SCCPs 0.15%
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