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( s 518067)
- (MAE-UPLC)
18 (PAHs), (S/N) 3 ,18 PAHs
0.02 ~ 0.1 mg/kg, N ,
:O0657.77 2 A :1006-6144(2014)04-549-05
(PAHSs) R ,
. 1 PAHs . .
o REACH PAHs, ,
[a] PAHs 0.2 mg/kg. PAHs , t2-93
PAHs o
(MAE) . o (UPLC)
il MAE-UPLC s 18 PAHs,
.1
Shimadzu LC-20AD ( , Shimadzu ), PDA Inertsil ODS-P
(150 X 2.1 mm,3.0 pm), 50 °C, 1.0 pL, 1,
3, ETHOSI ( , Milestone )
1
Table 1 Gradient elution
Time(min) Acetonitrile( %) Water( %) Flow rate(mL/min) Gradient mode
0. 00 50 50 0.5 —
14.00 71 29 0.5 linear
14.01 71 29 0.3 —
34.00 73 27 0.3 linear
34.01 50 50 0.5 —
35. 00 50 50 0.5 —
. 2013-08-19 . 2013-10-07
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1.2
18 PAHs 02si smart solutions R 1000 pg/mL, ,
o N N N N N N N s
; ,  Merck ; Millipore .
1.3
, 1.0 g , ; 15 mL , 2 min, 90
C 30 min, , . 15 mL . ,
s . 10 mL s 125 mL , 10 mL
) o 40 mL 4% , 10 mL ,
. 70°C 4% . , . 2
ml., 5 mL o ; o 5 mL - (
3:2) s s, 2mL s o
2
2.1
18 PAHs )
1.1 o .18 PAHs
s s s
1,
2.2
2.2.1
. . s
o s
10 ~ 20 C,
1 18 PAHs
1/3, Fig.1 UPLC chromatogram of a mixed solution of
. . 18 PAHs standards
) 50 260 °C ) peak No. the same as those in Tab. 3.
20 °C,
, , 10 ~ 15 min .
s 30 min,
s N
o o , . / (1
DN / (1:1), N / (1:1D, / (2:1). N N
\ 10 o 2, s
s / (1:1) , s o
/ (1:D o
2 (mg/kg)
Table 2 Extraction effects of different solvents(mg/kg)
Extraction solvent PAH-01 PAH-04 PAH-05 PAH-06 || Extraction solvent PAH-01 PAH-04 PAH-05 PAH-06
Hexane/acetone(1 : 1) 0.3 11.4 16.5 135.2 Methanol 0.3 11.6 16.8 138.5
Hexane/dichrolomethane(1: 1) 0.5 17.2 24.0 201.4 Acetone 0.3 11.8 16.9 139.2
{\)“e1°“e/di0h1°r°m“h‘““e(] .3 11.1 15.9 129.8 | Cyclohexane 0.4 13.8 19.3 167.8
Acetone/methanol(2 : 1) 0.2 8.4 11.6 98.7 Tetrahydrofunan 0.4 14.3 20.1 172.3
Dichloromethane 0.3 8.9 12.5 106. 4 Petroleum ether 0.1 5.2 7.4 61.6
2.2.2 s [12] o
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, ) o PAHs ,

PAHs, AccuBond Florisil AccuBond .Anpelclean .Suplco
LC-Cs .Waters Sep-Pak Vac  ,Suplco LC-Florisil ,CNW Bond LC-C;;  ,Agilent Bond Elut Cj;
.Supelclean LC-Si JAgilent Chem Elut 10 18 PAHs ,

Supelclean LC-Si , PAHs 93% . Supelclean
LC-Si o
2.3
s s s
11 s 0 ,18 PAHs
s () (xspg/ml) , 0.9999,
(S/N) 3 0.02 ~ 0.1 pg/g, 3,
3 18 PAHs
Table 3 Linear relationship and detection limits of 18 PAHs
Code Compound Vet e S Lincar cquation (0o Detceaon it
PAH-01 Naphthalene 220 0. 05-99. 67 y = 22089. 0x + 770.0 0.99995 0.02
PAH-02 Acenaphthylene 229 0.20-99.61 y = 8775.3x— 1418. 1 0.99995 0. 10
PAH-03 Acenaphthene 227 0.10-99. 32 y=27522. 0x+1752.2 0. 99995 0.05
PAH-04 Fluorene 262 0.10-99. 87 y = 2737.0x+1752.2 0.99995 0.05
PAH-05 Phenanthrene 251 0.10-100.00 y = 12144.0x— 185.3 0.99995 0.05
PAH-06 Anthracene 251 0.20-99. 95 y = 3533.6x—602.5 0.99995 0.10
PAH-07 Fluoranthene 235 0.10-99. 76 vy = 14392. 0x + 398. 8 0.99995 0.05
PAH-08 Pyrene 248 0.20-100.00 y = 5199.1x—363.0 0.99995 0.10
PAH-09 Benzo[ a ]Janthracene 287 0.20-99. 57 y = 7908.0xr—1787.1 0.99990 0.10
PAH-10 Chrysene 267 0.20-99. 36 vy = 5615.4x+2296.8 0. 99995 0.10
PAH-11 Benzo[ j Jfluoranthene 241 0.10-100.70 y=12805.0x+1784.5 0.99995 0.05
PAH-12 Benzo[ e ]pyrene 204 0.10-99. 40 y=15178.0x+2275.6 0. 99995 0. 05
PAH-13 Benzo[ b |fluoranthene 256 0.20-100.00 y = 10293.0x+ 353.2 0. 99995 0.10
PAH-14 Benzo[ k Jfluoranthene 248 0. 20-99. 40 y = 8802.1x+832.3 0.99995 0.10
PAH-15 Benzo[ a]pyrene 264 0.20-100.10 y = 8814.3x—779.0 0.99995 0.10
PAH-16  Dibenz[ a,hJanthracene 296 0.20-99.12 y = 6731.0x+ 506.9 0.99995 0. 10
PAH-17 Benzo[ g, h.i]perylene 205 0.10-99. 55 y=17559. 0x+1769. 8 0.99995 0.05
PAH-18 1Indeno[1,2,3-cd]pyrene 250 0.20-99. 95 y = 10756. 0x + 240. 2 0.99995 0. 10
2.4
) .3 ,
9 , 1.2 , (RSD), 4,
4 18 PAHs (n=9)

Table 4 Recoveries and precision of 18 PAHs spiked in blank samples(n = 9)

Compound Spiked(pg)  Recovery(%)  RSD(%) Compound Spiked(pug)  Recovery(%) RSD(%)
PAH-01 1.99 57.98 4.73 PAH-10 1.99 91. 20 3.73
9.97 60. 25 3.58 9. 94 95.09 3.14
39. 87 64.01 2.68 39. 74 92.03 1. 66
PAH-02 1.99 71.51 4. 80 PAH-11 2.01 87.22 3.82
9.96 73.55 3.41 10. 07 91. 30 2.61
39. 84 71. 88 2.87 40. 28 90. 16 1. 89
PAH-03 1.99 70.71 4. 60 PAH-12 1.99 89. 74 3.90
9.93 72.89 3.96 9.94 90. 78 3.76
39.73 71.81 2.53 39.76 93.13 1.99
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4 - 18 30
( 4)
Compound Spiked(pg)  Recovery(%)  RSD(%) Compound Spiked(pg)  Recovery(%) RSD(%)
PAH-04 2.00 79. 40 3. 89 PAH-13 2.00 91. 87 3. 97
9.987 81.51 3. 30 10. 00 95. 46 2.98
39. 95 81.46 2.07 40. 00 92.99 1.72
PAH-05 2.00 91.13 3.72 PAH-14 1.99 §9.11 4.26
10. 00 93. 56 2.89 9.94 91.62 3.54
40. 00 94.76 1. 97 39.76 91.01 1.77
PAH-06 2.00 91.98 4.03 PAH-15 2.00 88.98 4.11
10. 00 91. 09 2.78 10. 01 89. 85 3.65
39.98 90. 29 2.01 40. 04 91.16 2.15
PAH-07 2.00 92. 20 3.87 PAH-16 1.98 88. 24 4.11
9.98 92.45 2.98 9.91 92. 82 3. 64
39.90 91. 34 1.94 39. 65 92.62 1. 83
PAH-08 2.00 81.76 3.96 PAH-17 1.99 87. 24 4.16
10. 00 82.92 3.94 9.96 91. 31 3.40
40. 00 80. 50 1. 89 39. 82 90. 66 2.16
PAH-09 1.99 92.13 3.77 PAH-18 2.00 91.78 3.71
9.96 91. 40 3.57 10. 00 92. 04 3.39
39. 83 91.93 1.78 39.98 93.68 1.72
2.5
20
s s S W3
.6 .6
PAHs, 2 UPLC .,
(PAH-01) . (PAH-04) . (PAH-05) .
(PAH-06) 4 PAHs, 0.5.17.2.24.0,
201.4 mg/kg,
3 2 UPLC
Fig.2 UPLC chromatogram of the extract from a
18 sample of yellow paper packaging bag
PAHs MAE-UPLC ) / 1:PAH-01;2.PAH-04;3:PAH-05;4.PAH-06.
( 1:1) s PAHs,
- - UPLC o , , s
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Simultaneous Determination of Eighteen Polycyclic Aromatic
Hydrocarbons in Paper Packaging Materials Intended to
Come into Contact with Foodstuffs Using Ultra High
Performance Liquid Chromatography
Combined with Microwave Assisted Extraction

WANG Cheng-yun, MAI Jia-chao, LIAO Qingping, RUAN Ying-hua,
SHEN Yalei, XIE Tang-tang”
(The Testing and Technology Center for Industrial Products ,Shenzhen Entry-Exit

Inspection and Quarantine Bureau ,Shenzhen 518067)

Abstract: An effective method was established for the simultaneous determination of 18 banned
polycyclic aromatic hydrocarbons(PAHs) in paper packaging materials intended to come into contact
with foodstuffs by ultra high performance liquid chromatography(UPLC) combined with microwave
assisted extraction(MAE). The detection limits varied from 0. 02 mg/kg to 0. 1 mg/kg at the condition of
signal to noise(S/N) = 3. The proposed method was simple,rapid,sensitive and accurate,applicable for
the analysis of banned PAHs in paper packaging materials.

Keywords: Microwave assisted extraction(MAE) ; UPLC;PAHs;Paper packaging materials intended to

come into contact with foodstuffs
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