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A Study on Residual Amounts of Vinyl Chloride/Vinylidene Chloride in
Poly(vinyl chloride)/Poly(vinylidene chloride) Food Packaging using
Headspace GC/MS

Jun Hyun Sung, In Shin Kwak, Sung Kwan Park, Hyung Il Kim, Ho Soo Lim,
Ju Young Lee, Mi Yun Byun, and So Hee Kim*

Food Additives and Packages Division, National Institute of Food and Drug Safety Evaluation

Abstract Vinyl chloride (VC) and vinylidene chloride (VDC), which may be present in poly(vinyl chloride) (PVC) and
poly(vinylidene chloride) (PVDC) food packaging, were analyzed by using a headspace-gas chromatograph (GC)/mass
spectrometer (MS) equipped with a PLOT Q column. 1-Chloropropane (1-CP) was used as an internal standard. The
determinations of VC and VDC were carried out by monitoring the characteristic ions for each compound: m/z=61, 62,
64 and m/z=61, 96, 98, respectively. The method validated in this study can be suitable for the compliance test of EU
regulation. Among 103 food packaging samples, VC and VDC were not detected, except in one PVDC food package.
However, the detected level of VDC in the sample was below the EU regulatory specific limitation.
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Z2)9 3] Y (poly(vinyl chloride), PVC) AZA] YEEAR ALg

Hoh(1,2). VCE A & A7) F(International Agency for
Research on Cancer, IARC)°IA Group 122 EF3IL JA2H(3),
FEAFOZRE 4H=E NOAEL 0.09 mgkg b.w./dayell uncer-
tainty factor 302 Z-83}] Reference Dose(RfD)E 0.003 mg/kg
bw./dayZ H7}e v} k@), PVCE F2 A5xt H&, vo]Z,

AFA, AATE 5 9] R U AHE 9 HF 9E
SE2E N8HD Sle 02 oA Ak W FUL, U

2 9 EygM e 2F iﬂ Z= veo AT R34 |
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YFe &4 001 mgke= Hzgo 3 ATHS).

T3k, dsiud el (vinylidene chloride, VDC) “g-0llA A
o, 2 Zg|gsh|d a4l (poly(vinylidene chloride), PVDC) |
2/ Aa2AR AMEHE). IARCIHAE VDCE QA ote
AR BEEA IE Group 32 EF8IL JoH(7), ]S EPAS
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oAM= VvDC2| R} AAAF UK (tolerable daily intake, TDI)
S 0.046 mgkg bw/day(2F 50 ug/kg b.w./day)E 7t Tk
(6,8). PVDC= W3lehd 3l 7] Apede] Eejoldd (polyethyl-
ene, PE) 5 oJE}S] Aol vlgted $-53te], et S Zhe 2
E, kol SRol Uz AFe) Ege] BHHoR A8,
3, 2R T AR ERNE AMEHE ZoE Bad v ok
10). Al AEXF F VDCO| JIFHe AdHHLE FHAH
oA 5mgke, Pl 10 mg/kg 2 dEF bt 6 mg/
kgo 2 A7gstal vk EF, FHANAE VDCY 2Fe R
olYFe &E74 0.05 mg/kgi skl ATk, 11 12)
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2)\1’/} FH A3 Commission Directiveol|A] vCe] #12
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EFHEOE VC= Supelcorle] A#(200 pg/mL in methanol, Cat.
No. 48625, Bellefonte, PA, USAYS AFE-312™, VDCE FlukaAl
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9] AF(99.9%, Cat. No. 02574, Steinheim, Germany)S AE-31%1
o} T3 YR ESFEZ 2 1-chloropropane(1-CPYS FlukaA 2 H-E]
T91(99.9%, Cat. No. 02488)st] ARS-3I L) Swl2 AME-3+ NN-
dimethylacetamide= Sigma-AldrichAFZ5F-E %(99.8%, Cat. No.
27012, St. Louis, MO, USA)3I ARS-38191eH, S-F= Millipore
AKBillerica, MA, USA)Y] Milli Q 255 AZXAXE Azx3k 43
A8 32 FHTE ARSI 2 ] &= MerckAte] HPLC
& THst] Ex FA flo] AME-SHTE. ESE headspace Hf
o]g& 20mL &9 screw cap P El(Agilent Technology, Santa
Clara, CA, USA)S A3l

EAEH|

Headspace autosampler(COMBI PAL, CTC Anlytics, Zwin-
gen, Switzerland)”’t 4E® GCMSHP 6890 GC, 5973 MS,
Agilent Technology)E ©]-8-3tod #4138l ch gk B4 A5
o] A FelS 93le] PerkinelmerAH(Waltham, MA, USA)2]
fourier transform-infra red spectrometer(FT-IR)E ©]-8-3}%th.
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HP-1(60 mx025mm, 1.0 um film thickness) ¥ PLOT Q@30m
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Fig. 1. Representative IR spectra of PVC sample (a) and PVDC
sample (b).

HEHS EAF} vwste] Fig 19] YehrAdth 2 3ol &
A2 g AlEE PVCY 4% AF X8 3 685, Wt
N A=A 74 FE, 1 1EE0R F 81%E0en, PVDC
o] AL NEXZAE W 2EE 2AA ¥F 20FEROT F 0E

ol BE EMUA AE 103FES HE AEHE 76

Table 1. All the samples and contacted food types tested VC and
VDC in this study

Materials Classification Contacted food No. of
types samples

Wrap - 6

- 9

Aqueous 14

PVC Gasket Acidic 30

Alcoholic 3

Fatty 18

Others - 1

Wrap - 2

PVDC
Packaging film Fatty 20
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Fig. 2. GC/MS-TIC chromatograms of standard mixture for
different columns (a) column: HP-1 (60 mx0.25 mm, 1.0 pm),
oven temp.: 40°C (15 min)—15°C/min—240°C (5 min), injection:
headspace 0.5 mL and (b) column: HP-PLOT Q (30 mx0.32 mm,
20 pum), oven temp.: 100°C (2 min)—>10°C/min—>250°C (10 min),
injection: headspace 0.5 mL.
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Fig. 22] GC/MS-total ion chromatogram(TIC)S>.ZFE A
7} mAe] AFAHEYS Fig 30 YeRATE dojl &
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Aeiste] FEEEA ] o] &3t om, VC S m/z=61, 62, 64,
VDC®] A% m/z=61, 96, 98 X 1S¢] 79 miz=425 HF % 4
AENE 913 dgel o2 SiGit). ddlo] S A &3ty T%
HE ZAIS EFREFEYS GC/MS-selected ion monitoring(SIM)
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AATE.
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Fig. 3. Electron impact (EI) mass spectra of VC (a), VDC (b) and
1-CP (L.S.) (¢).
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Fig. 4. GC/MS-SIM chromatograms of standard mixture (100,
50, S ng/mL for VC and VDC, respectively)

Table 2. Analytical conditions for the determination of VC and
vVDC

Analytical Conditions

Column HP-PLOT Q
(30 mx0.32 mm, 20 pm)
70°C (2 min)—>10°C/min—
Oven Temp. 250°c( (10 m)in)
Carrier Gas He (1.0 mL/min)
GC/MS  Injector Temp 240°C
Inj. Vol. 0.5 mL (split 10:1)
lonization El mode (70 eV)

SIM: m/z=61, 62, 64 for VC

m/z=61, 96, 98 for VDC

m/z=42 for 1-CP (L.S.)
Incubation Temp.  90°C

Headspace Incubation Time

sampler  Syringe Temp. 95°C
Agitating Speed 500 rpm

Monitor ion

30 min

=¥ LODE AIE T FFo= I A3,
= PVDC Z}zel thidk vC
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Fig. 5. Comparison of peak sensitivities for VC, VDC and 1-CP (I.S.) according to headspace sample preparation conditions (a)

incubation temperature, (b) sample volume in headspace vial and (c) incubation time.
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FHE QAL BT 10% olHge,

x| A4 Az JEEe
5-200 ng/mL HHloA 2Hget HgAd oz RE A4S HE ol T F=d st Horwitz value®] 12 4= oJujdl] == 4
g AAE Table 39| 2oFatlor], VC 2 VDC Z}ztel] thst ek
of B AL 098 oldel $5E JNYS BAY S
AR Al2EA Z3
U8 PVC % PVDC AA9 2F X F VC % VvDC
38 H XY WFF AFAHAE Table 40 2Fi5ieh. AAAH S AAE 103
FHAY 7IEA0l idsh= Fe VC 5 VDCE NN-dimeth- 719l A& & PVDC A9 AF X% 174 VvDC7F 127+
ylacetamidell Z}7} H7}s M AAA e 9‘4’“" AEANE Table 024 mgkg T2 AEHdoY, HAEFe A AT A
3 aofelrh. B 358 Al@Za Ve 3 VDC ZHtel o A1t oo mugk el ek. Il e EE AlReMe
gt 90% ool 3% %% I 91 lor, 33 RHEATY VC 3 VDC7F AEHA] edsitt.
Table 3. Validation parameters obtained in this study
LOD L Recovery Repeatability
Linearity
Method LOD  EU limitation ) Fortified Found RSD 0.5xHorwitz value”
(mg/kg) (mg/kg) (ng/mL) (ng/mL) (%) (%)
vC 0.01 1 0.982 0.10 0.097 = 0.005 49 113
VDC 0.03 5 0.989 0.50 0.471+0.021 5.5 8.9

YHorwitz value: RSD(%)=2(01°e®)
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Table 4. Residual amounts of VC and VDC in PVC and PVDC
food packaging

Residual amounts in

. i No. of materials (mg/kg)
Materials Classification samples (No. of samples)
VvC VDC
Wrap 6 n.d.(6) n.d.(6)
PVC Gasket 74 n.d.(74) n.d.(74)
others 1 n.d.(1) n.d.(1)
Wrap 2 n.d.2) n.d.(2)
PVDC  Packaging n.d.(19)
film 20 ndQ0) 9710241
o oFf
I =
PVC 9 PVDC AAL] AZExA AFT = J= d85&54

Ql VC ¥ VDCE PLOT Q #¥o] F&H headspace-GC/MSE

ol g3te] B9t VvC 2 vDC Ztztol thdle] m/z=61, 62,
64 @ m/z=61, 96, 98 ©]LS Mdl o]Loz 3Flo] EAF}Y L
o, WiEE 2d2E 1-CPE ARSSllnh B4y A543 &
A =Yst BAHLE FEHAT XHZ‘T*W Al A3tet
gom, FW4E PVC % PVDC AR 2F £F 103 Fo|
gk B4 A3, PVDC AFEF 171004 ZH%‘ % VDC7t 4%
HAo, ol FHARAA AL e AMETFE ol =
= HEg FEollen, YA BE AE9X= VC 2 VDC
7t HEEA] %

UAtel 2
B A7 20099% AEe P d AqiEaAlel AR
] A €1(0907141351005)01 ofsto] = Elom, o]l A=
Huyoh
2 &
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