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Abstract: A method was established for the analysis of 16 kinds of the polycyclic aromatic hydrocarbons migration in food

contact materials by GC—MS.Basing on the actural conditions of use,the sample was taken isooctane as the migration simulation

and immersed , analyzed by GC—MS.As the results, there were 4 kinds of PAHs( naphthalene, phenanthrene, fluoranthene and

pyrene) had a certain migration exposure level, in the food contact materials and the positive detection rate was 24.3%

(naphthalene) ,77.1% ( phenanthrene ) ,48.6% (fluoranthene) ,44.3% ( pyrene).And migration level of food contact container

was up to 33545 ng/kg( phenanthrene) ,46296 ng/kg( phenanthrene) , 17739 ng/kg (fluoranthene) , 15594 ng/kg( pyrene) ,

which was found that there was a positive correlation between the dissolution of evaporative residue ( hexane ) and the dissolution

of polycyclic aromatic hydrocarbons. The four kinds of detected PAHs( naphthalene, phenanthrene , fluoranthene and pyrene ) had

a average recovery between 76.5% and 100.7% ,the RSD between 1.0% and 3.5% , this method showed that a good level of

accuracy and precision.
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B B AR . SR EEFRBLL R (EPA)
FEPEIRRIOZR T EE 4SS 16 i PAHSs 21 K5 5615 4 W) .
KW REACH 54 B4 17 4 BR 78 7 2 & b il
PAHSs, % T Er i 2 il A4 R, BORANAGAG Y PAHS

XTSRRI DSR2 UL PAHs 128
TGYL LI o T A AR Bk e 18
FhEEFH Z R 55 R AT T R B 2, A B0 — oK o 1
A L ARAS TR RS s S R AR . A B ] GC-
MS—MS e 6 I 755 31 /)N Wz 422 B4 ) v 9 PAHSs, 2 1
JUF/INIZ B 5 17 S8 A TR0 94 U, o f) A iy 28—
BRZ IR, Li 587 78 B 2K 20 £ Sl 42 i b R
K B B ERAR 20 1) PAHs 25, 161 PS & 5L 422 b
BEREFREE T PAHs 1975 QR IAZ — . PAHs By JE AT
BEA PO J7 T, — SR A8 LSO ek A= 7 32 ik
ARE , — A~ 2 A8 T 5 3 B o 92 Ak AR BRI in 3R BT 2
BRI, s XS £ 42 A L b PAHSs ¥ 11 2% 88 K719
BFFY , XF PAHs ¥5 4L 1y T A= 22 P90 A 12 8

PAHs 17 K W J7 3% AU F6 & %0 W AH 0 3% ik
(HPLC) <A €538 3% B v (GC—-MS) = (<Al
O3 % BT 75 (GC-MS—MS) ' B e L — $i7 2l
Wk . Hid, GC-MS PR R A5 R BRA R 0E
fEEAF UL ST B T2 N T PAHs (A = v, A
SCHIA GC—MS 325114 SIM A0 £ 5 422 il b sk A5 42
B P 1Y PAHs % H K- ZEATAG I, oK i il 2% 2R ik
Argeit ot , I G 0 L 9 Y XU B &5 19 PAHSs B AH
R I8 R DG
1 #MRl5xH%E
1.1 #REEE

70 HLRIARME] A AAE 28 HEIRE G 42,12
e e rs B, 18 L w A A, 12 bk — ki
FE W RN R E R i S A T 16 Fh
Z 3 35 R IR G P W %% ( Naphthalene ) | J& M
( Acenaphthylene) . & ( Acenaphthene) .Zjj ( Fluorene) .
FE ( Phenanthrene ) . &
( Fluoranthene ) . & ( Pyrene) .ZJf [ a] ¥ ( Benzo [ a |
anthracene ) _jiii( Chrysene ) \ZKJf:[ b | 7% B ( Benzo[ b ]
fluoranthene) 2K Jf:[ k ] ¢ 2 ( Benzo[ k ] fluoranthene) .
HIF[a] £ (Benzo [a ] pyrene) i [ 1,2,3—cd ] t&
(Indeno[1,2,3 —cd] pyrene) ., 2K Jf [ a, n] J&
(Dibenzo[ a, h ] anthracene) \Z&Jf [ g, h,i] € ( Benzo
1000 mg/L, 4l BF = 99% , i
835 2, 15

( Anthracene ). 7% J

[g,h,i] perylene)
Dr.Ehrenstorfer 385 ; 1E & %% . 55 35 %%
MerCk .

7890A—-5975C #Y S AH 0% 5 1% B¢ L . DB 35—
MS UL 33445 (30 m x0.25 mm x0.25 wm) [ 225k
fEN ] s UFSS AURE G XUMEA 2 E Memmert 23],
1.2 LWHIE
1.2.1 b TAERBECH]  AER I 22 20835 R IR A s
W 1 mL F 100 mL £S5, Be il B 10 mg/L ARl
W o B AT BT ZE AR T AE W, Wk 5 Y
I 1~200 pe/L.
1.2.2 FESALEE AR B IS RE 70 HEk BERHE] 5 i
AT RITIRIT B B VAT, $2 0] 5832 fk v 5 1k & i ik
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PR B A AR YE GB/T 23296.1-2009'" f4
BR AR ST A HUAR B TE 1 Hae R B 0 B LA
AR A AL o ) TR RN RSE 1] . A B AR E
kA f v g A S SR 8 A A, SR AR T EE SR ik
PE20 C K 2 d FENBERLAA . — IR MR B R aT
70 °C 437 Bk a] 42 ol vl g A Ao P 4 SR AR ME L
SRIEHETO °C Fe 2 h VR4, Friah e Jeas B
RCIeH  FEAREZL R B 4 h /BB, &5
FHAR RS A HH S8 FH 0% 38 k) & AN SR AR, 32 s
BLSRBEPE 70 °C T 2 h VRS o B0 T METR 2%
BS5 em x 10 em, & T 50 mL ELZEP 3645 b, 4y B HE
FAINA S BE 45 50 mL AR ALY A T 58 4212 I AR
i, FEEAR R AT RS S G IR R K i [R) R A AR 0 S 56, S
R E RN ERER, BURFER, L ® AR
IR E AL GC-MS Mg . 25 H L A FaR 25 SR A 3,
#47 GC-MS 5347,
1.2.3 YRS E 4546 UL LRI 5 B SR vl , AR J7
S ST SR FH AU e — ST TS B A v U 5 Mk
ML Z 3 55 8, I DL HGE B i % T B 09 B A 4 fih
Mo Z2 05 SR PPAL A A TE B 2% BE AU 7KK o

(1% .30 m x0.25 mm( PAS) x0.25 pum (JEJEL)
DB-35 MS Ul A3 B4 AL TR 290 C 5 1
TR VR BE R T WA AR IR 70 °C, £ 4F 0.5 min, D)
25 °C/min J}{EF] 155 °C , %% 1 min, F-LL 2 °C/min
FHEZ 160 °C 4R J5LL S °C/min F1EZE 200 °C , FLA
8 °C/min JHEZE 250 °C 4345 2 min, X5 L 8 °C/min
FHE 2] 280 C, £ 4F 7 min; AR (4 E =
99.999% ) , i 1 mL/min; #H LT X A4 E AR
PEEER 1 pL,

SRS SE . A% 5 TS IR . 280 C; B Y
e TFHRGIE(ED LB HEE 70 eV I LR .
3 min; WEI 2 R T MBI (SIM)  E S
EEETHEIL,

K116 R ZIRFF IR E NS E R T

Table 1  Qualitative and quantitative ion of 16 kinds of PAHs
A BT
g R EHE T ERAT
1 24 129 128 127 128
2 TE W 153,152 151 152
3 A 154 153 152 153
4 % 167,166,165 165
5 5 179,178 .176 178
6 B 179,178 176 178
7 B 202 .203.101 202
8 4 202,203,101 202
9 I (a) & 228 229 226 228
10 i 228 229 226 228
11 HIE(b) Pe 252 253 126 252
12 I (k) TEHE 252 253 126 252
13 I (a) e 252 253 126 252
14 BiFE(1,2,3-cd) it 276 227 138 276
15 R (a,n) & 279 278 139 278
16 A g,h,i]EE 277 276 138 276
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Table 2 Linear equation, concentration range and detection limit
TS waEYy LT MR ZEERE (pe/L) KR (ng/kg)
1 Z Y =93234X-139.61 0.9983 1~100 50
2 X Y =92208X-234.04 0.9963 1~100 60
3 JicA Y =53875X-51.206 0.9989 1~100 62
4 il Y =53424X-97.534 0.9982 1~100 80
5 JE Y =76410X-125.66 0.9983 1~100 56
6 B =70382X-126.18 0.9987 1~100 80
7 D Y =80905X-168.61 0.9970 1~100 50
8 A Y =79921X-136.92 0.9989 1~100 66
9 FIf(a) & =73710X-199.13 0.9960 1~100 76
10 Jeif Y =72386X-171.5 0.9980 1~100 58
11 AT (b) 5 Y =74039X-195.11 0.9979 1~100 60
12 I (k) e =73986X~172.59 0.9965 1~100 72
13 KIt(a) e Y =62606X-145.52 0.9977 1~100 66
14 B (1,2, 3-cd) B Y =64087X-201.08 0.9959 1~100 88
15 ZRKIF(a,n) Y =55271X-173.62 0.9956 1~100 80
16 Il e, h,i] e =56534X-172.07 0.9958 1~100 90

TE 4 GB/T 23296.1-2009 AR A6t PR HE B4 1 mg/dm® XFR7 6 meg/kg M wg/L 53 ng/ ke

2 #R55H
21 FE&LMHEESKER

PA 3 A AOAE IR LU T 3G B, T ik i 2R e 7 7
LRI B A Y BR WL 36 2. 16 AP Z 305 JefE 1 ~
100 pg/L BYFE BTN B AT B iYL vE, AR S5C R B R
F0.995 , K Hi FR7E 50~100 ng/ kg, i EAS IR SLBRAE

(A
22 [EWRITEE

PUSE G A Dy 9], Xk 25 AR i 20 1) 45 0 K P 1k

TR, BB INKSFI AE 6 W, S84

AR LA 3.

16 F PAHs A4l W (13 - 34 AU RAE 76.5% ~100.7 %
] AR AEAR 220 1.0% ~3.5% 2 i), ELAT S tf-1
[ A S5 DR 85 3%
23 KBRS
X6 70 HEUAE i 14 22 FF 55 5 5T He 110 A 56 245
HEAFRG H %8 R0 A A0 AR Ge i s, R 2R
I DR 4 b S, Hofth 12 R 23R 5 R R
Kzt A R R s S AR . 7E A ST i R

‘AR e —

UCME R HL GG H R KA

g, BT IR (R 4) .

K3 INERCRFR#E (n =6)

Table 3 Recoveries and relative standard deviations of the method(n =6)

LR AR/ Itk 2 (ng/kg) IR (% ) FE IR (% ) AEG B gt 22 (% )
200 76.5~82.1 81.0 3.1
1 % 400 87.0~91.2 89.1 2.0
1000 88.0~94.3 90.2 23
200 76.8~79.6 783 15
2 T K 400 80.0~87.3 843 1.8
1000 83.0~86.3 84.2 1.2
200 78.5~85.1 83.1 35
3 & 400 82.0~89.6 84.5 23
1000 84.0~87.6 85.2 1.2
200 77.4~79.9 82.1 2.0
4 % 400 81.0~85.6 83.9 1.0
1000 83.0~92.6 88.7 35
200 86.2~89.0 87.6 1.1
5 e 400 92.1~96.7 94.2 1.2
1000 88.3~91.3 90.8 13
200 82.1~87.6 84.9 2.4
6 il 400 87.1~94.7 923 33
1000 82.8~92.3 87.8 2.7
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S & JnbRHk E (ng/kg) Mg (%) SRR (% ) AEXS TR M 2 (% )
200 80.2~89.4 85.9 2.6
7 B 400 91.2~94.7 93.0 1.1
1000 84.3~90.3 85.9 23
200 79.2~87.4 81.2 2.7
8 4 400 90.2~95.5 93.3 1.0
1000 89.2~96.3 94.2 15
200 77.2~82.4 79.1 1.3
9 HKIf(a) B 400 82.3~86.5 83.6 1.1
1000 84.3~91.0 88.7 1.9
200 81.2~85.2 82.3 2.0
10 i 400 81.5~92.1 86.8 1.9
1000 85.2~98.3 96.2 33
200 88.2~95.2 92.7 2.1
11 I (b) P 400 87.3~94.2 89.8 12
1000 92.1~100.7 96.9 1.4
200 77.2~83.6 79.2 13
12 I (k) P2 400 78.3~87.9 83.6 29
1000 81.0~89.2 834 25
200 79.2~90.1 87.2 1.8
13 HKI(a) B 400 78.7~87.6 82.9 1.7
1000 79.4~85.4 83.2 1.7
200 80.2~83.5 81.1 12
14 Bik(1,2,3-cd) 400 80.6~86.2 84.3 1.0
1000 79.9~84.1 81.8 2.0
200 83.2~88.5 85.2 1.9
15 I (a,n) K& 400 82.1~89.3 86.2 15
1000 85.2~87.6 86.7 1.0
200 80.2~87.5 84.9 1.1
16 [ g,h,il 400 81.0~87.1 85.0 1.0
1000 82.9~88.5 85.8 1.3
F4 KA PAHs T
Table 4 PAHs migration of 4 kinds of products
LR Gt e %5 I W 4
B % (% ) 243 77.1 48.6 443
70 Ht¥k Ly
SR @tajglg(ng/kg) 100~33545 163~46296 140~17739 140~15594
95% 43 hi i HE (ng/kg) 3197 15444 4427 3190
28 vk . Qi.z( %) 7.1 78.6 53.4 46.4
A 5 438 ( ng/kg) 842~1388 163~2013 140~737 140~2323
95% 43 G 1HE ( ng/kg) 1142 1969 737 1509
(% ) 16.7 100 83.3 83.3
12 fitix s
[eronen ¥ H Y Bl (ng/kg) 100~217 496~2100 344~1130 354~3154
95% 43 G 1HE ( ng/kg) 182 2090 1110 2617
— K2 (%) 44.4 61.1 27.8 27.8
i{\ ¥ H Y Bl (ng/kg) 153~33545 420~46296 714~17739 410~15594
EAAS s
95% 43 i HHE (ng/kg) 16015 41655 16383 12519
K2 (% ) 41.7 75.0 33.3 25.0
12 itk e
RHERR i VPRl (ng/kg) 229~796 399~3074 185~752 172~1561
95% SN i1 (ng/kg) 726 2795 636 1268
24 FEESH il H PAHSs AT EEAA LU R JL7 M ARTR 58— 2 IMA T

HE L~ 4,365 i XK A B 25T 20, 1

LS FH 1 25 A R

S —

= S

WS A M3 S 45
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Table 5 Contrast of evaporative residue and PAHs migration
. , , , . FERIE (IECKE) S ElE P 3
(=} (=} Q (=} R
PRS- RARAIE FRRER gL <0mgl) (ko) (ko) (ko) (ng/ke)
sk — KPR B PP i 39.5(AREHE) 562.6 1501.5 AA A
R — PSR R PP & & 35.5(ANEH8) 537.6 1213.2 365.9 1561.0
Lipsh i A AR 36 148 (REH%) FAe 17751.4 4589.4 32722
/ip ! £ AR PE i 3% 162( NEHE) FAer 41138.8 17738.8 15593.8
iy s FETyEEp i PE BHBH 5 86 ( AEH8) 925.1 14454.6 4358.0 2971.8
Lip ! oty ke PE BB 55 138 (ANEH) A 46296.1 16232.4 12176.8
1k —KMERER =RvES 217 (REHE) 2292 3073.7 236.7 171.7
Wk —MERER RS 9.75(&H%) 275.0 1942.2 ER oA ARAGH
SR —KMEEEEE R 400 H@ﬁﬁ 7.75(45H) ARH A K ARHx
kL —HEERR A PET Y& 10.8(54%) A A A KA
» N — R &
Wi kbR R 905 T SR
2500 50000
52000+ 2940000 - .
m 1500 E 30000
2 8
15 1000 ) 20000 1 i X
T 2 . : : -
£ 500 < 10000
oL - . ol 2 m - -
EAH% RZIH hké % ﬁuufﬂ ﬁ%ﬁPAHsﬁV
B 1 40 4% PAHs 1T &3 & A4S PAHs B8
Fig.1 PAHs migration of complex films Fig3  PAHs migration of food container
T % FOREE™ B R I 2~ 18 4 [ . 4000
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%’S 5& J('é‘
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Fig2 PAHs migration of nylon tableware
TE O R Bt — MR 5 181 3~ 151 4 [l
JERANGR 55 =R ER Rk S A T AR A
e Y5 T S AR TR BT I B
TEARIK PAHSs IE 8 f Yo iIF el it v 42 B0 28 242 5k i
(ECEE) NG BORE AL, 27 i i A i &
PP R T AR5 (IEC K ) S BIREAL . 28 R 5k
TEARAR, Z2 BRI I3 A BT, Ul I 42 kb )
ZRAHME (IECKE) NGRS Z 355 IR 095 A7 1E
—RERIIEASEE . 2R AR (IR O 8 ) S R A 2 BT b
FE S Ak A A 4 3 AR 0 TR B A R0 IR A
ful A4k} F Z 3R T7 R T RGP AR
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Fig4 PAHs migration of disposable tableware

3 it

ASSCHEST T ET A R il A R R 16 Fh 2 307 SR
Yy TR A GC—MS Kl J7 32 , J7 15 0 HERR 1 AR
PRGSO L AU R 4 b A R 22 A T AR Y
WP BB Al AR . e D7 ik iEoE B9 kAl L,
ARSI T B A il ek v 22 B0 D5 B R Y R
i VA A S R R AR R 28 R AR i (IE O 8) A TE
—RE MIAHSEAE, FFHEI 75 e A vl RESk A T 95 Y
LR IEURE

&% 0k

b, RIAE,E S A RORRALEE

[1] iy, &



ﬁa:ﬂ%&l

bR g

[J].5t #4L 1 ,2008,33(3) :61-63.

[2] Zhang P, Chen Y. Polycyclic aromatic hydrocarbons
contamination in surface soil of China: A review[ J].Science of the
Total Environment,2017 ,s 605-606:1011-1020.

[31Jiri Huzlik, Frantisek Bozek, et al.Identifying risk sources of
air contamination by polycyclic aromatic hydrocarbons [ J ] .

Chemosphere ,2017,183:139-146.

[4 ] Stacewicz — Sapuntzakis M, Borthakur G, Burns J L, et al.

Correlations of dietary patterns with prostate health[ J ].Molecular
Nutrition and Food Research,2008,52(1) :114-130.

[S1ERE, MAEE Rk KRARRERMFY ST TR
ARG/ R A B F ka2 [].F 4k, 2014 (4)
15-20.

(6] s, T % GC/MS/MS ik #4734 /) vk 42 fi A 41
v % R[] AR ,2014(12) :323-326.

[7]Si-Qi Li,Hong—Gang Ni,Hui Zeng. PAHs in polystyrene food
contact materials: An unintended consequence[ J].Science of the
Total Environment,2017,609:1126-1131.

(8143, FmA, &, 5 .83 BAMFER- 248 €38 ik
SR AR S 3R 5 R (PAHs) e 2 B2 [ )]
2235 ,2014,35(4) :324-329.

(914 £ %, EAF A6, % A0 6 i B B R ik A
R EIRE S iR A AP S 570 [T].F B 45,2014,32
(4):22-28.

[ 10]Zoltéan Nyiri, Marton Novdk et al. Determination of polycyclic
aromatic hydrocarbons in infant formula using solid state urea
clathrate formation with gas chromatography — tandem mass
spectrometry[ J].Talanta,2017,174 :214-220.

(E42% 185 )

MR pH &)@ B T IS se ma AL A i R AR S AR
FERRRE, il E AN (5 ~6 U7 Lux) A G HE 254 | 4
BT RIER B T o R AR SR B AR (T AR E
I, RFEAL AT I 5 TE N AE AR IR REDG IR pH
FAE R BEA T, T ELN b G 2 il B 25 5 RS T

(1] Fm,FG %, FE%,F . BEERTERRS AR
WE M [T]. B Rk 54K ,2012,43(09) . 1378-1381.
[2]apeR, L FHEALEFSENERAMELH[I]. &
SRR 5 & ,2013,34(24) :197-200.

[3]#0 240 . e[ ML P E 4 Tk fprit, 1999,
[4]Bagchi D,Sen C,M B.Anti—angiogenic, antioxidant, and anti
— carcinogenic properties of a novel anthocyanin — rich berry
extract formula[ J ].Biochemistry ( Moscow) ,2004,69 (1) :75-80.
[S]&FHb Mt &3F [ M] AR AL Tk d g4, 2013.
[6]4& KRS Ao, THM FEEFRTUAAT[]]. A HAH
#.,2010,35(05) :274-276.

(T2 2 ELEEZRBRIELAA S ALRBZ K G HR
[J].db5 B #,2013(16) :166-168.

(8147 % Ak . 45 3 B 7F m T R LM M A B R ALHLAE R R
[D]. K& FHARLKF,2015.

Vol.39,No.14,2018

(1] &35, FMA, & &, IV, ¥ . B3 B AR EIR- 448
- kM TR s B kAt H % 3055 0% (PAHs) #9324
2 [J] mi#E54R,2014,35(4) :324-329.

[12]) 5%z, o, A4 . A8 & i - = & wa AR J 3% o 0 2 AR
Jie A S B kAR 0 % SR S5 R[] 3R B AL 5 ,2014,33(7)
1243-1246.

[13]Min Zhang, Xiaoli Zhang, Yu—e shi, et al.Surface enhanced
Raman spectroscopy hyphenated with surface microextraction for
in— situ detection of polycyclic aromatic hydrocarbons on food
contact materials[ J].Talanta,2016,158 :322-329.
[14]GB/T23296.1-2009 , £ 5 4% fik A 4 SR R 8
HE R R Fa B S B A A I A AR Ok
AR B R E Sk B a5 ([S]. T FRAFE S
#&AE,2009.

[15] £ 348, kit At R Sn i kA AL P £ M5 R A i
Bt e ERAHEH T [J] A SR AHE,2012(10) :301-303.
[16 ]IS Arvanitoyannis, . Bosnea. Migration of Substances from
Food Packaging Materials to Foods[ J].Critical Reviews in Food
Science and Nutrition, 2004 ,44(2) :63.

[17] AT R . 3 3R27 IR 6975 e KR BBy o8 H k[ ] ] R AT 235
5 #434,2010,21(4) :126-126.

[18] TAEZX BE36, k4R 4h , 5 .GC—MS ik Peik i % 2 5% 4 fik
At E A 16 # SRR [ T] AL F 4t £,2013,22(1)
37-40.

[19] &S0, Bk %, %) &, F A ikfikb b 16 4 5 315
eyl 2 [J] WA 0 E 5 4 & ,2009,27(3) :202-203.
[20] XA A R0 T o) B E AL H556[)]. &
Jo kA3 ,2008(5) :309-311.

1111111111111 1111111111111 @111 11111111111 @

[9]XA, BXH, L8, F2HAZMEBEITNEF EH
o[ J]. A A3 ,2014,39(07) :309-312.

[10]¥e4 2EALECTH S BHE EH ST ALKINE
W[D]. 24 iz d k5 ,2013.

[11]ikahsh B et o B ST L RABERAT
[D].e& R F ARk X 52 ,2008.

[12] ok X4, Sp2n48 MM EF[M]. 7. #F Bk
#+,2009.

[(BIR=E, DR, RTXR,F . FHROLETHLLRLR
BAE AR [T]. A T kA ,2008,29(06) :250-253.

[ 14 ] Laleh, Frydoonfar, Heidary.The effect of light, temperature,
pH and species on stability of anthocyanins pigments in four
berries species [ J ] . Pakistan Journal of Nutrition,2006,5 (1) .
90-92.

(1514, 2 & Frt ZNALEFRRALBE MR
[J]. 5 B ¥,2012(07) :67-70.

[16] 54, sh e B, 3909, 5 .5 & AL & 3 69 # ig 2L A R
AR S]] BB A ,2012(01) 28-31.

[17]5k W, 32, 59,5 BBREFHRIMTR[T].£
s B R 5 & ,2013,34(19) .5-8.

(18] 58, FhUith , BRME ST, 5 .40 1 Bk AL & 3F 69 J2 IR S 1L A
AR MAT [ )] A S T AL ,2014,35(24) :113-117.

2018 144 199



