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Migration of Alkylphenols from PVC Food Packaging Materials
to Food Simulants and Foods

Sun-Hee Lee, Heung-Youl Lim and Hyo-Sun Shin
Department of Food Science and Technology, Dongguk University

The migration of alkylphenols from PVC packaging materials (wrap, sheet and gasket) into food simulants and
foods were analyzed by reversed-phase high-performance liquid chromatography with fluorescence detection and
gas chromatography with mass selective detection. Only seven nonyl phenol isomers were detected in three types
of PVC food packaging materials and the content of nonyl phenol of wrap was higher than those of sheet and
gasket. The contents of nonyl phenol migrated from fatty food simulants (n-heptane) were higher than those
from aqeous food simulants (distilled water, 4% acetic acid and 20% ethanol) and increased with increase in
temperature. Nonyl phenol in fruit juice, infant formula, and beverage was migrated from PVC gasket, olefin
gasket, and olefin bottle cap, respectively. Nonyl phenol was also detected from foods even before contacting with

the packaging materals.
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UL AHEEE sjtEelth o)F FgELS Ad 84
FollA el ==, 29 tREe EakiEt b
o] AMBAAANN FE FHETD, AE AR AN &
AEe ¢ZHAEF F U232 nonyl phenole polyvinyl
chloride(PVC), polyolefine, acrylic?} 722 Z}~gol] H713)
© ASPAA 8 32 E3HAI] tris-nonyl phenyl phosphite
(TNPP)] Astol] ola] FAETH?, T3 vlo| 2 AHEAA
2 o] AM-5H% nonylphenyl polyethoxylatess HIJEZ B
3ol 2Jall s HWAEY) nonyl phenole] Zo] EF =0 o]
Aol B8 HE 4F 4 AER o]y,

AR+ G2 BEFEE YWEYA AdEd=R o4
Hz ek vl dEwelF 3EAe] BRol 28k p-nonyl
phenol:> WA goiERE 4eR &2 (known category),
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Corresponding author : Hyo-Sun Shin, Department of Food Science
and Technology, Dongguk University, Seoul 100-715, Korea

Tel: 82-2-2260-3370

Fax: 82-2-2275-6013

E-mail: shin@dongguk.edu

416

p-isopentyl phenol, p-fert-pentyl phenol2 WHH])A Zo) &
Z 945+ 2 (suspect category)E ERES Ui,

AA st AR 109} gepel & FAAE T &
WAERE T 2ad dve gk 2 A2 439

|7 TAAR AEE 215 SRS EHOERE AFe 1
< A Aol 718 F EIAER ¢ZHEFU 4
Foz olgid £ glomz EA7} HI o, oF7A
AEFY 871v TAAERE AEFOE olgEe AR
£ B3 Ry w9 =50 oty McNeal 5®0] vinyl
jar gaskets -&71¢] U F2o} fold HFoNA WEe| nonyl
phenolo] ©]AE T A]#EE PVC stretch wrapsell4] nonyl
phenol°] 0.1% FEL 2 AFdATHE Bt vk AA 2=
M= tE HEVA FNEAY 2 oF7A HF F &
A EFY FEFE Hog AR EIla JdoH, dA)
AE Fol ISt gguleR B4 Wil #3 At
Y= 5 Yot 2y AFe] §7] ¥ EPAZRE 2EL
2 olfiue ddusRY ol Fu|Fo|, HFY F
Foll mhel ARl BFsta BEeEo o wazg5el
%o} FA= o o] Brh

2 dA7dMe AFEIZANZ AMEste PVCAIY wrap,
sheet, gasket® ZHE 21Z-FARS-vl(food simulating solvent)}
AELE o5 UUHEFES HPLCS GC/MSDE 24
st WE Asla, dAEEFe oS BT



PVC Z3A| oA A o]

=2 H U

|

ki

= =R e}

FF=22l 4-pentyl phenol FlukaAFBiichs, Switzerland),
4-octyl phenol ¥ nonyl phenol- Aldrich*H(Milwaukee, WI,
USAAIES 717 AMaldn), AEfA8ns AHe Bo
Milli-Q system(Millipore Corp., Milford, MA, USA)S.2 A
ASHATE 28] Ak HPLCE Ev SHA19RE ARSIt

7P QaddM NEFELOZ AMEEE PVCA wrap,
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B Mol e skl Agaknt,

HPLCOll efst 2] % M

dAAEFe ol 2 HFS fluorescence detector(model
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Table 1. Content of alkylphenols in PVC food packaging
materials (mg/kg)

4-Pentyl 4-Octyl Nonyl

pPve Brand phenol phenol phenol

A NDV ND 705.94

Wiz B ND ND 892.59
P C ND ND 351.89

D ND ND 426.38

A ND ND 101.28

Sheet B ND ND 97.86

C ND ND 192.81

A ND ND 197.97

Gasket B ND ND 226.43
C ND ND 215.47

PND: not detected (detection limits: 4-pentyl phenol 0.49 pg/L, 4-
octyl phenol 0.60 pg/L, nonyl phenol 0.94 ug/L) and comfirmed by
GC/MSD

43 ¥ nFE
NE & oz=e gEn 3

218 PVC ¥R wrap, sheet 2 gasketd: FLAEF
5& HPLC <J3) A& A= Table 13 23, o]

Y AZMEIEE Fig 19 YR 28 F57
©] PVC A|&A nonyl phenol?te] AZE O™, 4-pentyl
phenol 4-octyl phenol> AEEHA &ttt ZAEE nonyl
phenol®] T+ wrapo] 351.9~892.6 mg/kg 2 71g &9t
3, gasketo] 198.0~226.4 mg/kg, sheet’} 97.9~192.8 mg/kgd:
oltt. YAHEFE FHFsP] Y5l 24 4-pentyl phenol,
4-octyl phenol, nonyl phenol®] ZFAelA 0.09973~0.09998
o B& ARVAE Ve eH, o5 YN =R A%
A= ZH2F 0.49, 0.60, 0.94 neg/LEa, A= Zkzt 1.63,
2.01, 3.12 ug/L}th

Kawamuras ‘> 2158 PVCH3} 225914 nonyl phenol
3 TNPPS| #=3g HPLCS GC/MS-SIMO.E ZANSH Az}
PVC HolA= 530~2500 mg/L, AolAE 1600~5500 mg/L
42| nonyl phenole] FEEHULH, nFe] TNPP7} HE
HAT Busieh B A AMEE 48 PVC A"
A1 pentyle]t} octyl phenok ZEEA] &3 nonyl phenol %
o] A& A& PVC XA AIsPIAAZ TNPPE AMg-
e Aeg F2Hn.
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Fig. 29} 7431, HPLCAlA 28 ddHEsRe 4L 94
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9] A9 1618, 1650, 16.85, 17.07, 17.67, 17.93 282
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Fig. 1. HPLC-fluorescence chromatogram of alkylphenols in
PV food-packaging materials.

1, standard mixture of alkyl phenols; 2, gasket; 3, sheet; 4, wrap. a,
4-pentyl phenol; b, nonyl phenol; ¢, 4-octyl phenol

Apundanc
400000
200000 5
2
3 6
NCIVE
Timg--> 14.00 16.00 18.00 2000

Fig. 2. Total ion chromatogram in GC/MS scan of standard
mixture of alkylphenols
a, 4-pentyl phenol; b (1-7), nonyl phenol; ¢, 4-octyl phenol
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Fig. 3. Total ion chromatogram in GC/MS scan of PVC gasket
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Fig. 4. Result of WILEY library search on peak obtained from GC/MS total ion scan of Fig. 3
(1), mass spectrum of nonyl phenol isomer peak 3; (2), WILEY library
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Fig. 5. Result of WILEY library search on peak obtained from GC/MS total ion scan of nonyl phenol isomer in Fig. 3
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Table 2. Recovery from spiked food simulants with standard mixture of alkylphenols by HPLC

Spiked Alkyl Distilled water 4% Acetic acid 20% Ethanol n-Heptane
(ng/) phenols  Foynd (ng/L) Rec.(%) Found(ug/l) Rec.(%) Found(ug/L) Rec.(%) Found(ug/L) Rec.(%)
4-Pentyl 30.01 10023 2942 98.26 30.36 101.42 27.58 92.11
30 4-Octyl 23.49 78.45 27.38 91.46 30.60 102.20 30.81 102.92
Nonyl 19.87 66.37 12.57 80.38 26.10 87.16 26.77 89.41
4-Pentyl 15.32 101.13 15.36 101.36 15.40 101.62 13.81 91.14
15 4-Octyl 11.49 68.97 15.26 91.58 16.31 97.84 15.09 90.56
Nonyl 11.39 75.18 540 68.27 14.75 97.34 11.04 72.89
4-Pentyl 5.26 105.10 5.09 101.87 5.57 111.57 2.58 92.11
5 4-Octyl 4.69 93.78 5.15 103.01 5.62 112.33 5.19 103.82
Nonyl 5.49 109.85 321 81.72 4.56 91.24 6.12 122.32
4-Pentyl 103.15 100.50 104.87 91.79
Av.(x) 4-Octyl 80.40 94.68 104.12 99.10
Nonyl 83.80 76.79 91.91 94.87
4-Pentyl 2.00 1.95 5.80 0.56
RSD (%) 4-Octyl 12.52 5.48 7.43 741
Nonyl 22.99 7.41 512 25.16
Detction 4-Pentyl 0.54 0.69 0.76 091
limit 4-Octyl 0.66 0.85 093 1.12
(ng/l) Nonyl 1.03 132 1.45 1.74
Quantitation ~ 4-Pentyl 1.79 2.30 2.52 3.03
limit 4-Octyl 2.20 2.83 3.11 3.74
(ng/L) Nonyl 3.42 440 483 5.81
Table 3. Migration of nonyl phenol from PVC food packaging materials into food simulating solvents during 30 min at 60°C and 95°C
(mg/cm?)
. Wrap Sheet Gasket
Food simulants
A B A B A B
Distiled water 60°C 0.069 0.013 NDP ND ND ND
95°C 0.079 0.095 ND 0.016 0.044 0.063
4% Acetic acid 60°C 0.09 0.058 ND ND ND 0.050
95°C 0.249 0.134 0.011 0.017 0.055 0.098
60°C 0.536 0.620 ND ND 0.007 0.327
2
0% Ethanol 95°C 1.181 1.179 0.085 0.057 0.122 0.159
n-Heptane? 11.684 11.554 0.152 0.687 2.817 8.188

UND: not detected
Ptreated during 60 min at 25°C

F ARl n-heptane X 11.554~11.619 mg/em AT}, Gas-
ket®] 74 60°CY FRFAME AEHA gokon}, 1 9
o} 84 AE fAEAA 0.05~0.159 mg/em?, A& 4
FFARET oA 2.817~8.186 mg/em?®] nonyl phenolo] £5F
STk 8HH, sheet®] 749 60°Ce] RE F8A AE 8§48
ME §EFHA] ekgkort, 95°ColA 0.011~0.085 mg/em’, A
|4 AFTARElA 0.152~0.087 mg/em®] nonyl phenol©]
|&HUTH

RE A|E44 nonyl phenol?] €&#H& 60°CH.T} 95°CY)
V53t 2xRA TRl SUMeReH, T3 84
AFFARE BT 284 21F FAFSIQ] n-heptaneol A &
A W gol 8EFHUTE ©1= nonyl phenol®] EAA}Eo
Zf74017] wiitol FiH oz HFA Y n-heptanedld &

L

Z e Ao HAXITH A, sheet & gasketZ 60°C
FRTM dAEFIE AEEA B, wrapd] B
A|ENA nonyl phenole] HEE AL wrape] o5 Sk
Ag F2E 7RI o] AF AR &3 §&0] &
SEAIRE, sheet= wrapol V]3] HHEHA] AEe 2= H
o] Hwd FA9 84 AR eAME 2 &&HA
Aoz F2ATh EF gasketd] A AF] WE &
o zpol7tF UAeH, §3] 84 AF ARl HiEl
284 FAMEH NN 8EEE Yol wrapH sheeto]l HIE =
A zpel7t e, ol gasketo] LEA PVCE &7} 4
Al ZAFste] £3], n-heptane™ e H5/d2] §ul7t nonyl
phenols €7 &&A7l= A= AdHAT

AA svetel dEA e AN AF FAREUE n-

W 5 9 0 o i o
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Table 4. Recovery of alkylphenols from foods spiked with standard mixture of alkylphenols

. Fruit juice Coffee Infant formula
Spiked (ug/L) Alkyl pheols
Found (ug/L) Rec. (%) Found (ug/L) Rec.(%) Found (ug/L) Rec.(%)
4-Pentyl 25.37 84.01 23.49 89.08 29.58 98.55
30 4-Octyl 29.19 97.22 21.23 69.82 26.96 89.53
Nonyl 31.64 105.23 18.82 64.36 20.86 70.85
4-Pentyl 11.84 77.34 12.98 85.53 14.38 95.58
15 4-Octyl 13.34 88.19 12.29 80.74 12.98 85.63
Nonyl 10.29 71.22 11.69 79.76 13.18 88.90
4-Pentyl 3.88 71.57 4.20 79.59 4.96 98.90
5 4-Octyl 4.96 99.11 4.00 75.35 4.67 91.85
Nonyl 4.06 85.23 3.38 7443 3.94 8324
4-Pentyl 83.58 80.87 97.68
Av.(x) 4-Octyl 94.84 76.72 89.00
Nonyl 87.23 72.85 81.00
4-Pentyl 1.36 4.17 1.82
RSD (%) 4-Octyl 5.84 6.00 3.14
Nonyl 17.09 7.82 : 9.23
Detetion 4-Pentyl 0.62 0.85 0.68
limit 4-Octyl 0.77 1.05 0.84
(ug/L) Nonyl 1.19 1.63 1.30
Quantitation 4-Pentyl 2.08 2.84 2.26
limit 4-Octyl 2.56 3.50 2.79
(ng/L) Nonyl 3.97 5.43 433

heptane s 3L ot w|Folu f-H A= olive oil®]
1} iso-octane, 95% ethanol $-& ARE-3ILL AT, o] 2
EA S o) £&EE Sl Aolrt AR T, Nico
9 PVC 59 F/ et FAME FEALHS &
gzl3te] olive oil, iso-octane, isopropanol, 50% ethanol
95% ethanol®] 2]FRFAMEHRE &30S of Tl
Al 7EaA7E A7k gk §A% PVC filmel]
AE 11.6~48.8 mg/dn?, B1 & TE PVC bottleol A 0.1~
2.5 mg/dm’o] o|FEHUSE Hg vt e, ol & ¥
olA PVC wrap®| sheet®t} B2 kel nonyl phenole] €&
= Aot dRshks Aol

(o}

o %

MES| HlslsE

PVC gaskets ARS-3F HESE, AH, Fok& olF
A =R AFERY F=7} 30, 15, Sugl7t H=
7V § F2, 55, AAste] HPLCY 93] F&
3k 3= Table 48 74vh,

2% H7}3 4 ERe HPLCY 98 & 2L
™, ZE 21ZA nonyl phenol®] F4-&2 72.8~872%=,
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o] AZ3HAl= 4-pentyl phenol, 4-octyl phenol, Z22]|3. nonyl
phenol ©] zvz} 0.62~0.85, 0.77~1.05, 1.19~1.63 ug/LL.F 2.1,
AEAE 742} 2.08~2.84, 2.56~3.50, 3.97~5.43 ng/LAT}.
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Table 5. Nonyl phenol migration from PVC and olefin base jar
lid gaskets and bottle caps into foods

Description Migration (ug/L)"

PVC jar lid gaskets

Fruit juice, bland A (Control) 13.28

Fruit juice, bland A (pear base) 67.01

Fruit juice, bland B (Control) 552

Fruit juice, bland B (orange base) 59.91
Olefin base jar lid gaskets

baby juice, bland A (Control) 7.52

baby juice, bland A (grape base) 258

baby juice, bland B (Control) 3.05

baby juice, bland B (vagetable base) ND?
Olefin base bottle caps

beverage, bland A (Control) 4.34

beverage, bland A (milk base) 5.60

YMigrated contents (ug/L) = samples (ug/L) — control (ug/L)
IND: not detected (<detection limits 1.19 pg/L and comfirmed by
GC/MSD
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lid gasket® ARS8l 4]EL B 2383} vz RE fluorescence
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I3 A5 F8S fobg olfdoEFE 281 pgLel nonyl
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nonyl phenol®] &% AHgE 60°CEUE 95°CoA,
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