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Determination of VOCs in Food Packaging Materials by GC-MS

NAN Yang, DU Yue, LI Chang-xing
(China Packaging Research & Test Center, Tianjin 300457, China)

ABSTRACT: The work aims to establish a gas chromatography-mass spectrometry (GC-MS) detection method for the
simultaneous determination of 32 volatile organic compounds (VOCs) in food packaging materials. The equilibrium tem-
perature and time selected were respectively 100 C and 30 min. The determination was performed on HP-VOC column at
the flow rate of 2.0 mL/min with helium as carrier gas. The sample was splitless sampling. Injector temperature was
250 C by temperature programming. Electron impact ionization mode was used with electron impact energy of 70 eV.
SIM was adopted for qualitative analysis. The ESTD method was used for quantitative analysis. The detection limit of this
method was 0.01~0.17 mg/m”. The relative coefficient was more than 0.99. The sample added recovery was between
90.3% and 109.9%. RSD was between 1.1% and 8.9% (n=6). The proposed method is suitable for the determination of
VOCs in food packaging materials.
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1.1 AR ENEE

FEAULS: Agilent 7890B-5977A GC/MS < Jfi Bk
FAAYL, SEEZEEMRA A5 5% BT 148 DKM610C,
HAMESD; S mL % B C 8 LiEHE, £E
HAMILTON; SR FE4%, 3£ E Seroat Scientific Inc
(SRT),

FEIRH . FEE (CA14995000, 4L N 99.9% ),
Z W (C13223000 , 4 K 99.9% ), 5 N BE
( C16415200, 2% K 99.9% ), 1,1- ~ & L ¥
( CA12422400, #iiE K 99.5% ), FEE (C16415100,
iR 99.5% ), LR ((C13319000, 4hJ K
99.9% ), ST (C15142000, ZiifE K 99.9% ), L%

SN BE ( CA10016200, 46 A 99.0% ), T B
( C10861500 , 4 f&F & 99.8% ), N — B¢ H it
( C15083000 , #li &£ Ky 99.5% ), <& W& 1 N fig
( CA1016500 , 4 i~ 99.8% ), H I ¥ O ke
( C15085000 , 4 i & 99.8% ), ¥ & & M %
( CA13175000 , i B£ A 99.0% ), 5 & B
( CA15084440, ZiE°N 99.6% ), 4-H F-2- 1% i
( C15123000 , #fifEFE N 99.0% ), L% T B
(C10016100 , 4 FF & 99.0% ), & MR IE T B

( CA10929000, 4EJEH 99.0% ), PN 5 ik B i fis
(C16527500, 4EJEH 99.7% ), Z 7 (CA13320000,
iR 99.7% ), K LM ((CA16982000, 4iifE N
99.5% ), ML (C11825500, 4iJF K 99.5% ), fi
[ Dr. Ehrenstorfer GmbH A& ; WEA. THEI, ¥k
%Y, AN 99.9%, HMN EEREAL T A BRA A ;
AR B, W, B A RE gL, JiEE N 99.9%,
KRBT TR R RARA A IEC L, B,
SR 98.0%, RHERZFFRIEAF; K, GI%H,

-
bl

Bk, B WL

REIEI K, #H

SN 99.5%, RETOCE R M TR T R,
OiEY, RN 99.5%, KREEHILRATIHAHFR
oAy TR, AaEY, 4R 99.0%, KT
BRI ERARAF; RHNA, BW900945-1000-A
#t5 160004, i g E R 1000 png/mL, EEIRMEY)
L o

30 F VOCs ARt i 45 100 pL & T 102 i
h, EmERS, /.
1.2 B|IERE

oA

HP-VOC ( 60 mx0.32 mmx1.80 pm ) 4% (3%
e, BARHEMAAR, Nomdide, JERmRHER 2
mL/min, #3% 35 °C, ff%F 1 min, 10 ‘C/min F %=
180 C, fi+F 5 min, VRALFIRE N 250 C, #HHRE
JER 250 °C, ¥AIAEIR 3.5 min,
122 kAT

BRI 230 C, VUM A 150 °C, H
BN EI, BERER AN 70 eV, FEAMIEE N
50~450 u, Y5 2K SIM HH# 7 2, brvfETE I E I
1.3 ZWHERBERER

FIC 1 m® BIRESL, KT ER T AORE S ST B AT
T EAMCREEAS L, XA (100£2) CHEF
JCE 30 min J5 , £ 2 B S AT ER 1 mL 48RS AR,
TSR 3 - I S I R A AT . SR AR DL
Bl 1o TERRIBURR SIS, A O Ik 25 SR Wl f A H B 22
K, BOTHARAE/NT 1 m? HHI A SRR A%
HHT, TR 207 R B RN & oA A A I
FPRAE T VOCs B, dAR HOR A F 25 5
R HER P o SO0 Pl ) SR R AS N 3R 1T HE 1725 1
W, WRMKZK )G, A TSP RE, &,

1.21

%[

.
R

Ay
A/PNF1 m?

HEFE
(414100 °C, 30 min)

Bl 1

Fig.1 Experiment flow
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R T I b ) AR SR AR A 5 4] 53, Wl 73 2R
WM (PP). R LM (PVDF ), AL L0 o3t

RY) (FEP), ¥R G I KRR ; A8 K LRI
IR . BIUR 24 (PTFE ). 4@ FIRRIG I
F o PEHC IR A R AR SAACREELS, 3 TEA S
EWEEAE (FMAESR) #fTEE, BHET
(100+2 ) CHEFH, HCE 30 min 5, fBAS A
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IEHEAT IR . SR AELE B LR A1 5T 43 93l PP
PVDF. FEP, B G, MEBE A . RABE,
HXF N B T B B 430 PP PTFE., PP 42 )& . PP
TR, AR VOCs 1 <0.01 mg/m?, @it
W SFnr g0, B u i b A SRR AS A I S 58
BER o O R A U 0 3K B SR B A HEA T 25
R, IR T R ol SR T AR ) AR B A A
WA R TP
2.2 FEEEMNTERERIERE

IR R R R i B SRCREEAS T, 18
I NIATHRAE VOCs 4153 W AR A ok, K
MG AE A VOCs A4 IR S it o o TR IR
VOCs 5 4rPIREHE & IR B, BOSE BUbREY)
HR R & e (39.8 °C) Ak SR e
Fifil ( 155.6 “C ) BEATINNG, S0 o P 30 288 NS ek ]

SRS E] 2 30 min A5 F T, ANTA] BSF- i i EEC 70,
80, 90, 100, 110, 120 °C) X 5 H ke A3 C BRI
NAERFEMILE 1. A, AEMERET, —&
PR 118 W 7 0% 0 AR AT , L A 2 1% i o7 16 o 90RL 2 1%
THES AR K, R VOCs 2153 7600 B3 AR = Tk R
TR SR, RSP A T B R 100 °C o PR RN
100 CRIZAET, AFESE (30, 35, 40, 45, 50,

55, 60 min ) X 8 A e R0 ER R e 17 (8 A 52 e DL 2
1, ZIEHF & W B FER O i 7 i 6 B 225 4k
PEUATE 30 min 2508 F BV AL IA B P AISE-6 . h TikE
B GC FHEFRF K 24 min, ZEFMERSCE, SokF
fiF A [R5 %€ 24 30 min.
2.3 TEHESH

32 B VOCs b WUE B F i W 2, 15 JT )
ML E D2 FRILEE 20 T AR UEY) B P A e K
AR SRR (A2 BRIETNTR . SR SN HE, 4P —H
K. ORI X THZE . RS, F—HEREIX )
MERE R, AT T B A R 2 S DA R ]
2.4 TEEHH
v il 2k R K H B
TESMR RSP IN A GE B Y) 32 FF VOCs Frififi
VW, BOR RPNV PRUEV W, TEAAS TAESM T ibtT
WM SE o A AR IR 25 2H 43 e i A SRR e R BN R 2
BA e R E . MEEETA, VOCs 4451 i kr
HE TAEROT R R R METE N 0.01~10.0 mg/m?, 75
FILR M |1 05 J5 FE FAR O R, B W bR M T W
i, L3S MR L AR S TS A I TR B R
FR, ZER L% 2,

241

FT 1 FERE D E B X G R E R &0
Tab.1 Effect of equilibrium temperature and time on response values (x10%)
sk AR (FAERY R 230 min ) /°C SEfas Rl (PSR SM100 C ) /min
7
70 80 90 100 110 120 30 35 40 45 50 55 60
THWE 4798 4786 4721  4.708  4.688 4.661 8.077 7.92 7932 7.891 7911 7.892 7.878
OB 5741 6213 7.013  9.575 12.012 14.485 4.735 4.735 472 4728 4723 4719 4.71
27
26
29
31
32
| | | | | | | | | | |
3 4 5 6 7 8 9 10 11 12 13 14 15
fisf 8] /min

K2 32 % VOCs B0 13
Fig.2 Total ion current of 32 VOCs
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Tab.2 Parameters of linearity and limits of detection for the 32 VOCs

e+ VOCs4l 4y SE T T L Lk A5 A HRRHR® 1 BR/(mgm?)
1 i 31, 32, 29 y=27414x-56.5 0.999 0.02
2 LB 46, 45, 31 y=40455x—72.94 0.999 0.02
3 L 58, 43, 15 1=45090x—66.7 0.993 0.02
4 5 A 60, 59, 45 y=34832x-88.8 0.998 0.01
5 L1-Z R L 96, 98, 61 y=31360x-21.6 0.994 0.02
6 —RAE 49, 84, 86 $=209383x—172.2 0.999 0.06
7 L2 31, 59, 60 $=55294x—69.0 0.993 0.03
8 IEC ke 57, 43, 86 $=32239x-135.0 0.992 0.02
9 TR 43, 72, 71 y=28379x—83.6 0.990 0.03
10 LR TR 88, 70, 43 y=110270x—142.0 0.999 0.02
11 =AM ke 118, 85, 87 $=128090x-76.7 0.994 0.03
12 5T 50, 44, 43 y=34606x—54.2 0.998 0.07
13 LIRS+ N g 87, 61, 43 $=243160x-255.0 0.998 0.02
14 TR 56, 43, 31 y=16182x-37.9 0.996 0.03
15 ES 78, 52, 39 1=189942x-499.7 0.994 0.01
16 [ERCA 59, 31, 43 y=43183x-120.1 0.998 0.03
17 IR IEI TR 73, 61, 43 $=230148x—134.4 0.995 0.01
18 HIJERR O b 98, 83, 55 y=110918x—423.1 0.994 0.02
19 AN 57, 62, 49 $=21912x-83.8 0.990 0.02
20 S B 70, 55, 57 $=22654x—19 0.990 0.01
21 4~ JE-2- T ) 100, 85, 58 1=564158x—217.3 0.991 0.09
22 LIRS T e 73, 86, 56 y=321185x—799 0.998 0.11
23 SiES 91, 89, 65 $=226406x—252.5 0.990 0.01
24 CIRIET MR 73, 87, 61 1=41984x-50.6 0.991 0.02
25 N B B AR R 43, 45, 87 y=14217x-44 0.991 0.17
26 %S 106, 91, 77 »=904083x-180.8 0.992 0.02
27 [ — 1K 106, 91, 77 y=195220x-932.6 0.992 0.01
28 xR 106, 91, 77 y=491648x-481.6 0.992 0.01
29 KA 104, 78, 89 y=1467648x—682 0.995 0.03
30 BHR 106, 91, 77 y=37162x-181.5 0.994 0.02
31 P A 98, 69, 55 y=110834x-548.5 0.996 0.02
32 RS 120, 105, 103 y=170.69x-8.03 0.991 0.08
242 KSR BAMPEFATINE 6 U, THEAXARMER 2 (RSD),

W A A 55 (#15h OPP/VMPET/CPP, ZERILER 30 AR 3 GERTT LR, 2R T Ml
WEEMINDET ) T, A BIERIMAME . . % 3 REmE. R P S 3 AR IR E TR, 58
AR SRR VOCs FRIER I i 867 5 TAb B, 2REASH AL R VOCs Rl i) 25K
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%3 BEEMEKRBLESR (n=6)

Tab.3 Results of tests for precision and recovery (n=6) %

VOCSAL4 JN#50.05 mg/m? JNFR0.5 mg/m? JFRS5 mg/m?
mheEs RSD [l i RSD mYEs RSD
HH 92.1~109.0 1.5 98.3 ~100.3 8.1 93.9 ~ 100.7 6.5
LI 93.7~101.4 5.5 99.5 ~ 109.5 73 91.3~109.6 7.8
PN T 92.1 ~100.7 2.1 95.7 ~ 106.3 2.8 97.4 ~ 104.7 2.0
ST 98.6 ~ 106.0 3.7 92.5 ~ 104.7 1.5 95.6 ~ 108.7 3.8
1L,1-— & L0 97.4 ~ 104.1 1.4 94.7 ~ 100.5 8.1 99.7 ~ 109.4 7.1
ZE 93.2~107.1 4.9 91.2~104.8 4.1 90.8 ~ 109.5 7.6
] 93.2 ~110.0 2.4 94.4 ~ 103.5 2.4 93.8 ~ 104.8 8.5
EC b 97.1 ~106.5 7.4 91.6 ~ 106.3 8.0 95.4 ~104.4 5.2
T HR 98.2~101.3 3.8 99.7 ~ 104.6 5.5 92.3 ~ 103.1 2.7
R T 92.9~107.4 5.8 92.3~103.1 1.6 91.9 ~105.6 4.4
=AML 95.1~109.8 2.1 94.2 ~101.1 6.7 97.2 ~102.3 6.4
5T 90.9 ~ 106.9 2.7 96.5 ~ 100.1 3.3 90.8 ~ 103.0 6.1
TR N TR 93.2~105.9 8.2 97.1 ~104.6 6.8 92.6 ~101.5 8.8
T 95.5~107.4 6.7 96.6 ~ 104.1 3.8 93.6 ~ 100.8 2.1
* 99.0 ~ 107.5 6.9 97.7 ~ 106.3 7.8 91.6 ~107.8 8.9
TN e i 95.9 ~109.7 2.2 93.2~103.4 1.4 96.3 ~101.5 6.7
LR IE B 97.0 ~ 100.8 2.2 98.2 ~103.9 1.8 96.9 ~ 105.8 7.6
HEA B 94.0 ~ 106.6 3.3 93.9~103.4 2.0 95.5~102.8 4.0
WE AL 94.5~107.2 3.7 97.0 ~ 100.0 6.1 93.5~109.0 1.9
S I 94.8 ~ 107.6 7.9 99.8 ~ 103.4 3.6 92.0 ~ 101.9 4.5
4-H JE-2- 1 97.2 ~108.3 33 95.5 ~109.8 5.3 92.4 ~103.8 3.2
L5 T B 94.1 ~106.9 1.1 93.9 ~ 104.3 6.8 94.7 ~ 100.3 3.8
R 96.1 ~103.8 4.6 97.1~102.2 7.7 90.6 ~ 102.0 3.7
LRIE T B 99.8 ~ 105.6 3.1 96.1 ~ 100.7 3.4 90.3 ~ 109.7 2.0
P H ik T TR T 94.8 ~ 107.0 6.3 92.4 ~108.9 6.4 99.5 ~ 100.6 1.3
V4 S 93.8~102.3 8.3 94.5~102.1 3.7 96.7 ~ 105.8 7.8
) — 92.3 ~104.5 1.6 94.0 ~ 103.0 53 97.7 ~ 105.3 1.1
Sf ZH 2 92.7~102.0 3.2 92.7~103.9 3.5 96.6 ~ 105.0 7.6
RN 97.8 ~ 100.4 2.1 97.1~105.9 8.3 92.4 ~105.7 4.1
KN 91.6 ~ 109.1 3.9 93.7~107.9 2.5 94.6 ~ 104.6 1.1
2N AL 91.5~104.5 4.9 95.6 ~ 102.9 6.4 98.1 ~109.9 4.5
SR 98.5 ~ 106.8 5.0 96.2 ~ 107.1 8.1 94.9 ~ 100.8 3.3

3 g Jitt, 2003.
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