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Determination of 14 Polychlorinated Biphenyls in Colorants for the
Plastics Used in Self-heating Food Contact Materials by GC-MS

XUE Ping, XUE Ying, WANG Lijing, KANG Jie, GAO Yuanhui, LIU Xiaolin, GAO Hao, DU Lijun*
(Taiyuan Customs Technology Center, Taiyuan 030000, China)

Abstract: A gas chromatography-mass spectrometry (GC-MS) method was developed for simultaneous determination of 14
polychlorinated biphenyls (PCBs) in colorants for plastics used in self-heating food for food contact products. The PCBs in the sample were
extracted by ultrasound-assisted extraction with organic solvent, sulfonated with concentrated sulphuric acid, determined by GC-MS, and
quantified with external standards. The results showed that 14 PCBs exhibited good linear relationships in the concentration range of 0.5~5 pg/L,
with the correlation coefficients (R?) all higher than 0.99, the limits of detection (LODs) all being 0.1 mg/kg, and the limits of quantification
(LOQs) all being 0.25 mg/kg. When the spiking concentration was 5 pg/kg, 10 pg/kg or 25 pg/kg, the recoveries of 14 PCBs in fluorescent red
ranged from 81.03% to 105.72%, with the relative standard deviations (RSDs) ranging from 1.51 to 10.52; the recoveries of 14 PCBs in
fluorescent yellow ranged from 80.11% to 108.44%, with the RSDs ranging from 0.69 to 11.10; the recoveries of 14 PCBs in fluorescent blue
ranged from 81.07% to 102.56%, with the RSDs ranging from 0.72 to 10.80; the recoveries of 14 PCBs in fluorescent green ranged from
80.26% to 109.37%, with the RSDs ranging from 1.12 to 11.41; the recoveries of 14 PCBs in fluorescent violet ranged from 80.15% to 105.80%,
with the RSDs ranging from 1.21 to 10.89. This method is rapid and accurate, and can be used as a technical reference for safety evaluation of
colorants used in self-heating food contact materials.
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Table 1 MS parameters for 14 PCBs

P AR #F5F (miz) F&F (miz) AAEAEE/V AR BT IE/min
186.10 151.10%* 18
1 PCB18 9.85
256.00 186.10 22
186.1 151.10* 18
2 PCB28 10.55
256.00 185.90 22
290.00 220.00* 26
3 PCB44 11.30
255.00 220.00 14
220.00 150.00* 30
4 PCB52 11.04
289.90 220.00 26
326.00 254.00* 22
5 PCB101 12.40
325.80 255.90 24
323.90 254.00%* 22
6 PCB105 13.87
325.90 256.00 22
323.90 253.90* 22
7 PCBI118 13.40
325.90 255.90 24
292.00 220.00* 24
8 PCB128 14.67
359.90 220.00 24
289.80 219.90* 24
9 PCB138 14.20
359.90 289.90 24
289.90 219.90* 24
10 PCB153 13.78
359.80 289.90 24
395.90 323.80* 26
11 PCB170 15.80
395.90 325.80 22
395.90 323.80* 26
12 PCB180 15.30
395.90 325.80 22
427.77 357.80* 25
13 PCB194 13.20
429.76 357.80 25
429.80 358.10%* 26
14 PCB195 16.50
429.80 359.80 24
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Table 2 Recoveries of 14 PCBs by different solvent

ETICE Y%

R OER ol U zom omom
1 PCB18 67.13 81.45 80.47 75.56
2 PCB28 6432 80.66 81.34 75.88
3 PCB44 6621 79.50 81.94 76.45
4 PCB52 7093 80.11 81.55 77.02
5 PCB101 69.79 80.46 83.23 72.26
6 PCB105 7127 84.58 85.42 76.11
7 PCB118 70.20 80.08 83.69 77.04
8 PCB128 7152 92.53 90.51 76.46
9 PCB138 7146 91.78 90.69 79.53
10 PCB153 6245 84.02 82.57 69.49
11 PCB170 65.50 8391 86.51 67.48
12 PCB180 66.86 84.57 86.72 68.61
13 PCB194 70.03 90.98 92.55 72.87

14 PCBI95 7132 9025 9166 7578
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Table 3 Regression equation and correlation coefficient of 14

PCBs

Analyte Regression Equation Coefficient of Determination (R?)

PCB18 y=7 831.26x 0.992 5
PCB28 y=10 812.9x 0.9980
PCB44 y=10435.2x 0.996 7
PCB52 y=13 018.5x 0.998 7
PCB101 y=9 563.8x 0.993 6
PCB105 y=7 445 .84x 0.995 8
PCB118 y=8 724.79x 0.992 1
PCB128 y=2 066.88x 0.990 5
PCB138 y=2462.51x 0.992 3
PCB153 y=2224.02x 0.995 6
PCB170 y=5 629.8x 0.993 5
PCB180 y=7000.12x 0.998 9
PCB19%4 y=4 315.69x 0.990 6
PCB195 y=4011.39x 0.990 7

H# 3 %0, 14 F PCBs 7E 0.5~5 ug/L JEH N1
RV RT, MR REUATE 0.99 L b, LUEMELL (SN

0 i é .I”s 4I1 I5 6I I7 8 9 10111213 141516 17
Time / min

B3 R eEefhERRESETRE

Fig.3 Total ion chromatograms of PCBs of fluorescent purple in

coloring agents
NL:

100 - 12.39 2.01E2
90 | 11.04 TIC MS
s 80F 9.85 13.77 zi+05
g 70f 15.3716.56
o
2 sof 15.85
2 40r
S 30r
=4 20+
10+
0 | | 1 il

0 i i I3 élt I5 é I7 8 9 10111213 1415 16 17
Time / min
E 4 RirmEReEeEefh LSRR B TRE
Fig.4 Total ion chromatograms of PCBs of fluorescent purple in

coloring agents added standards
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R4 14 B SILRAFECERFFEEE (=6)

Table 4 Average recoveries and relative standard deviation of 14 PCBs (n=6)

P ®Lr RAFE R A FKAE
Apglke) wi®/% RSD/%  ©IKE/% RSD/%  ©HCE/% RSD/%  EDKE/% RSD/%  E@%/% RSD/%
5 82.53 6.85 80.11 9.92 83.34 228 80.39 7.81 84.54 1.77
PCBI8 10 83.56 8.38 81.20 1.31 85.08 1.83 80.68 5.17 86.22 3.73
25 86.21 6.33 83.26 6.07 87.04 5.43 80.86 5.19 88.25 6.65
5 8202  10.17 83.03 8.50 85.45 8.87 88.93 1.72 92.50 5.29
PCB28 10 81.21 9.65 82.95 8.51 85.43 8.93 88.87 1.66 92.47 5.31
25 87.70 6.82 86.41 3.84 89.46 6.08 90.75 2.16 85.88 6.56
5 86.41 3.30 84.07 8.09 83.21 1.71 80.26 7.14 81.85 8.38
PCB44 10 83.12 2.13 85.07 222 84.43 6.37 80.83 5.20 83.89 426
25 90.65 5.77 89.34 4.57 87.86 5.47 96.73 2.62 86.49 121
5 90.72 5.87 80.74 4.89 93.71 0.72 105.33 1.45 8622  10.67
PCB52 10 10028  7.49 80.30 5.71 96.55 1.43 10937 1.75 89.12 8.47
25 87.11 4.86 88.31 0.69 91.92 5.94 92.77 6.68 92.54 7.73
5 81.72 2.46 85.38 2.53 90.82 5.75 96.60 7.52 81.49 6.37
PCB101 10 81.03 6.42 86.17 3.37 91.94 5.01 10095  7.32 81.80 6.85
25 89.02 9.55 82.41 3.32 84.64 8.87 83.70 9.13 8822  10.89
5 87.33 1.51 80.26 7.63 87.27 8.47 87.36 8.87 89.12 1.83
PCB105 10 89.12 2.05 80.24 8.27 90.58 4.07 89.49 9.71 80.15 1.42
25 83.33 7.65 80.13 10.91 92.53 236 83.38 8.43 81.12 6.04
5 85.71 9.77 88.23 10.27 95.13 3.77 86.47 1.20 85.04 3.54
PCB118 10 86.43 10.32 86.76 6.78 98.55 10.14 91.73 10.77 86.56  10.38
25 101.81 1023 91.53 6.66 82.53 0.93 94.58 3.86 91.06 8.76
5 10243 6.80 92.46 2.59 81.78 4.47 92.67 7.28 93.83 8.59
PCB128 10 10541  9.53 100.70 ~ 3.76 85.59 3.62 95.57 7.86 97.92 5.41
25 87.65 3.49 88.83 4.25 89.10 8.63 83.68 8.53 85.07 5.29
5 94.53 6.42 91.24 2.47 95.69 8.36 98.28 8.12 9424  10.46
PCB138 10 96.43 6.79 91.93 6.37 98.06 9.62 98.34 9.16 96.59  10.66
25 90.44  10.52 90.67 8.13 102.56  6.07 99.53 8.67 86.43 10.47
5 86.32 6.14 81.32 9.59 81.07  10.66 83.63 1.12 86.46 8.55
PCB153 10 96.42 5.31 85.67  10.73 82.49 5.20 85.88 2.11 96.74 7.32
25 103.83 421 92.23 1.90 92.37 6.76 91.03 4.41 10246  5.03
5 10120  9.14 91.68  10.62 91.31 10.80 10132 3.38 101.07 592
PCB170 10 10572 8.63 95.20 9.31 95.78 6.43 10554  4.48 10580  4.26
25 91.52 4.18 97.33 5.47 99.02 8.80 90.91 3.42 90.47 8.59
5 88.33 5.40 84.66 479 86.91 6.69 88.74 8.58 88.33 8.11
PCB180 10 89.40 227 85.31 10.80 86.86 9.14 89.79 5.62 89.47 3.58
25 102.03  5.54 8249  11.10 86.24 8.33 86.49 6.13 101.90  9.81
5 10422 7.63 108.17  6.08 94.23 6.74 88.72 8.55 10472 4.53
PCB194 10 10487 892 10844 530 94.37 2.28 96.11 8.45 104.08 234
25 95.65 7.43 106.55 1.63 95.57 3.88 9352 1141 100.76  5.42
5 98.71 3.69 94.10 6.08 93.32 8.65 93.50 8.33 98.21 7.29
PCB195 10 99.30 8.07 95.77 5.87 92.27 4.57 99.46 7.89 99.79 9.66
25 98.62 8.87 95.47 8.18 96.12 3.53 100.63  7.14 98.03 5.72

292



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

ZERFKW], 14 Fb PCBs 1EUSEL R BICR N
81.03%~105.72%2 7], RSD 7E 1.51~10.52 2 [f]; 7E%¢
SeE I EISCE N 80.11%~108.44% 2 ], RSD 7E
0.69~11.10 Z[a]; FEZ G I EEREA 81.07%~
102.56%2 ], RSD 7E 0.72~10.80 X [f]; FEWtLrh
[ B[S N 80.26%~109.37% 7], RSD 7E 1.12~11.41
Z[a]; AEFSEE AR 80.15%~105.80% . [H,
RSD 7£ 1.21~10.89 2 [,

2.6 SEERAF G AR

KAAT R UGSER) 30 A ANIE] S
ANFHIR IS BFH LT DT BT WL
PICLBATREI, 14 Tl PCBs AN 45 34 AAG
AR EFGEMI R EZER

3 Zig

ARSCERANL T H A S SR A )
HE) 14 Fh 22 SR 1S (- BSOS A TS, #
ST 14 P2 ORI E EIRIN 25 ngkg, R
NS pglkgo 1ZTERTACEII AR, MR, 2k
PERRLF, REUZE, "Il EAINERR, HE%EES
[ %50 /2 (GB/T 27404-2008, SZI6 28 Ji B2 il EN
0 S ERAASINY ALK, PRI i T A
13 b Bk 2R i S R G 14 Fh REEE
KAt THARZS %, N EE RIS IR
VEPN SR AL TR SR

(11 &RF TR E, SRR 5 B RT7 (R HR S &
JEXT R[] & 55 R RH:,2018,54(5):71-74.

(2] RIS, (TR 3= AL 5 IR B B BRI T FE 1),
A T7E,2020,41(15):155-162.

B3]  BMISCINEE, S E R A B i B o R
R RIE 7 48R ] AT 5,2015,24(1):101-105.

[4] AR, TX 5 5,5 B i CgtU Bt FU Rk R (] AR LR A
77,2019,40(2):52-56.

(5] Gfgh AR A BT FHouR M S IE R
[D].- & B ZHOK,2012.

[6] Mol N M, Serensen N, Weihe P, et al. Spermaturia and serum
hormone concentrations at the age of puberty in boys
prenatally exposed to polychlorinated biphenyls [J]. Eur J
Endocrinol, 2002, 146: 357-363.

[7]1 Silvana A Andric, Tatjana S Kostic, Stanko S Stojilkovic, et al.

Inhibition of rat testicular androgenesis by a polychlorinated

biphenyl mixture aroclor 1248 [J]. Biology of Reproduction,

2000, 62(6): 1882-1888.

[8] ML Yu Y L Guo, C C Hsu, et al. Menstruation and
reproduction in women with polychlorinated biphenyl (PCB)
poisoning: long-term follow-up interviews of the women
from the Taiwan Yucheng cohort [J]. International Journal of
Epidemiology, 2000, 29(4): 672-677.

[9] B PR, P o, S5 IR R S NI 209 Fhi%
S [FI M 73 A AL -5 XU PP Al 7). PR BE R 27,2022,43
(1):363-368.

[10] LI Yanan, LI Jing, SHAO Zhiwei, et al. Quantitative analysis
of 209 polychlorinated biphenyl (PCB) congeners in
sediments of the Raritan River estuary, USA [J]. Water
Supply, 2020, 20(6): 2400-2414.

[11] Shouliang Huo, Chaocan Li, Beidou Xi, et al. Historical
record of polychlorinated biphenyls (PCBs) and special
occurrence of PCB 209 in a shallow fresh-water lake from
eastern China [J]. Chemosphere, 2017, 184: 832-840.

[12] Zenon B Batang, Nabeel Alikunhi, Michael Gochfeld, et al.
Congener-specific levels and patterns of polychlorinated
biphenyls in edible fish tissue from the central Red Sea coast
of Saudi Arabia [J]. Science of the Total Environment, 2016,
572: 915-925.

[13] LI J. How to explain the increasing trends of air concentration
of PCBs: May the unintentional produced PCBs become the
main sources? [CY/AEAMEANIGTRIRIE 2012 L)
FEAMEA PTG Al B A ARBHS 2105C5R,2012:124-125.

[14] Fernandez P, Grimalt J O. On the global distribution of
persistent organic pollutants [J]. Chimia, 2003, 57: 1-13.

[15] Fernandez-Gonzalez R I, Yebra-Pimentel E, Martinez C, et al.
A critical review about human exposure to polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans
(PCDFs) and polychlorinated biphenyls (PCBs) through
foods [J]. Critical Reviews in Food Science and Nutrition,
2015, 55(11): 1590-1617.

[16] Fromme H, Becher G, Hilger B, et al. Brominated flame
retardants-exposure and risk assessment for the general
population [J]. International Journal of Hygiene and
Environmental Health, 2016, 219(1): 1-23.

[17] Carpenter D O. Polychlorinated biphenyls (PCBs): Routes of
exposure and effects on human health [J]. Reviews on
Environmental Health, 2006, 21(1): 1-23.

(18] AL, 48 358, Ve, A8 P Y A B - A € - B PR ) o
M52 3 16 FHEIRTFRA 18 B2 GUBE[I]. 1 EIRL,
2021,47(5):68-75.

[19] 5KH: KR, ERAE S /N 2 SUBOR . LRGN 2

293



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

294

TRIPCR BRI 7 VAT 72 (0] 4R & L RHEE,2022,30(2): 148-
160.

TRIER AT GC-MS/MS BIARME A 18 FhZe SR
[J]484£47,2021(12):11-16,20.

Tsutsumi Tomoaki, Kawashima Ayato, Hamada Noriaki, et al.

A novel analytical method for determining total
polychlorinated biphenyl concentrations in fish and shellfish
using a simple and rapid clean-up followed by GC-MS/MS
[J]. Journal of Food Composition and Analysis, 2021, 96:
103725.

Reiko Matsumoto, Nguyen Phuc Cam Tu, Shinsuke Haruta,
et al. Analysis of all 209 polychlorinated biphenyl (PCB)
congeners (with special reference to dioxin-like PCB
congeners) in Japanese seabass and related species by

high-resolution gas chromatography/high-resolution mass

[24]

spectrometry (HRGC/HRMS) [J]. Regional Studies in
Marine Science, 2016, 3: 119-130.

W4 e B /NG, J 72 SR - R IR W RT3 Y5 7K
W18 B2 SRR LS B4 [I]. B 46 T2,2020,49(S2):
302-304.

KSR AR L, VR0, 55 AU B AR 7 b 22 UG
2RISR T - FR IS B 52 [T]. A BT iR 5,2019,38(3):
351-354.

ARRAL, TR 22, SRR TR, A5 P W BRI - OB (B vk
8 T AR AR 1 2 SRR B (0] AR 46 1,2018,45(3):
173-175.

DG i, 2R T, 5 SRR TR T S TR B 2 SRR A7)
o 22 SBR[ T] BB AR G17,2021,8:57-59.

BROTAL, 5K, 55 2R 2R USRI E K o 8 b 22 Sk
AR REZ A S5, 2022,32(2):28-31.



