J. Fd Hyg. Safety 12(2), 132~ 140(1997)

X r1r

N

Y MR AZTITUOIAMS FIHA| Ol
FRAEE HAISEESY S

Ol2M"' - O|2% - O|&Z*
JECystm AEDEY, AEo|otEokNEE 873
Migration of Additives from Domestic Plastic Food

Contact Materials and Application of
Alternative Fatty Food Simulant

Chang-Sung Lee’, Keun-Taik Lee and Kwang-Ho Lee*
Department of Food Science, Kangnung National University, Kangnung, 210-702, Korea

*Packaging Division, Korea Food and Drug Administration, 5 Nokbundong, Eunpyungku, Seoul, 122-020, Korea

ABSTRACT — Additives in plastics are capable of migrating from the packaging materials into
the foodstuffs, thereby presenting a source of contamination and a potential health risk to the
consumer. The migration from packaging materials into foodstuffs is first of all regulated by ex-
amining the amounts of global and specific migrated components. Besides, there is worldwide
still a need for practical methods for measuring and monitoring migration from polymers, espe-
cially for the testing of migration into fatty foodstuffs. Therefore, these studies were undertaken
to investigate the safety status of domestic plastic packaging materials with respect to migration.
Another objective of this study was to examine the applicability of ethanol as an alternative fat-
ty food simulant substituting for olive oil and n-heptane. The evaporation residues for various
domestic plastic samples determined as described in Korean food laws were in the level from 4.3
to 14.5 mg/l, which were much lower than the limit value of 150 mg/l. The global migration
values into 95 % ethanol showed to be comparable to those into n-heptane, while the olive oil mi-
gration values were comparably higher than those into ethanol or n-heptane and moreover they
were not reproducible. The kinetic migration behavior of additives in polyolefin samples into 95%
ethanol showed a Fickian diffusion process. The results of these studies on global migration and
kinetic testings demonstrate that the ethanol could be successfully substitute for the olive oil
and n-heptane as an alternative fatty food simulant, at least in contact with polyolefins.
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Table 1. List of films examined®

. Abbreviated
Name of film Thickness name cited

(m) in the text
Linear low density polyethylene 30 LLDPE-1
Linear low density polyethylene 70 LLDPE-2
Low density polyethylene 20 LDPE-1
Low density polyethylene 80 LDPE-2
Oriented polypropylene 30 OPP-1
Oriented polyethylene 40 OPP-2
Orineted polypropylene(opaque) 40 OPP-3
Orineted polypropylene 60 OPP-4
Orineted polypropylene 20 OPP-5
Orineted polypropylene 30 OPP-6
Casted polypropylene 20 CPP-1
Casted polypropylene 20 CPP-2
Casted polypropylene 30 CPP-3
Casted polypropylene 80 CPP-4
Casted polypropylene 30 CPP-5
Casted polypropylene 40 CPP-6
Polyethylene terephthalate 12 PET
Vacuum metallized casted polypropylene 25 VM-CPP
Vacuum metallized casted polystyrene 25 VM-CPS
Vacuum metallized polyester 12 VM-PET

*'Some film samples in same thickness out of the same type
of film have been obtained from different manufacturer.
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Table 2. Trivial names, chemical names, molecular weights
and molecular structures of the investigated po-
lymer additives

Trivial Chemical Molecular Molecular
name name weight structure
Irganox Octadecyl-3-(3',5'- 530 on
1076 di--butyl-4'-hy- 530 (CHake C(CH3)
droxy-phenyl) pro-
pionate o
O=C-0O-CraHar
Irganox Tetrakis 1176 on
1010  [methylene-3'-(3', 176 |(CHahC AR CiCHak
5'-di-t-butyl-4'-
hydroxyphenyl) 3:1
. 0=C-0—CH; }-C
propionate] .
methane

Irganox Tris-(2',4'-di-t-bu- 646
168 tylphenyl) phos-
phlte (mxhC@O P
ClcHa

S
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H71Eo ZFEFAEL Ciba-GeigyAHSwitzerland) 2 F-E
A F gt
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HPLCEAIA] mobile phaseS! ethanol¥} water= Lab-scan
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lene chloride 2 10A17} £t &3] Lo FZ Hojl 4u)
volume ©] methanol-2 7}5}d oligomerE ¥2]A]7] t}2 0.2
ume] syringe filter(Acrodisc 13, Gelman Sciences, U.S.A.)
2 ouslgct. zalm L/ AL ALE Bol YoFy
heating block el H=gh s 2 FHAIHAT ojs} o]

r 2

4

Table 3. HPLC operating conditions for the analysis of
phenolic antioxidants and stabilizer in polymer

Shimadzu LC 10A system
Macherey & Nagel 250 mm X4
mm i.d. tube filled with S pm Nu-
cleosil C;; (Reversed phase)
Column oven Eppendorf CH-30

Column oven temperature 40°C

Mobile phase (A) Methanol (B) Water

Flow condition 85% of A for 2 min for the be-
ginning and to 100% A in 15
min and then with A for 10 min

Instrument
Column

Flow rate 1.2 m!

Detector uv

Wavelength 276 nm

Attenuation 0.02 AUFS

Injection volume 2w
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At FoldFe) 2ALE S FAFAA Y 717E §7]
T} APl wet Faste] FRAFERA A
sttt
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8}7] ¥8ked Ni-CrAl stainless ZAHE 2H(eF 1X 1 cm)& A
9 Apo)rtelof| 71git}. 28| o] A|RE 40 ml vialol| @
3 25 mle] A1 E A BHEZ A 95% o €23} n-heptane X
iso-octane-& At A BV} & vial2 o El-22] T 40°C
oAl &3] 108 71, n-heptane2 25°CollA 60%&-7F, 18]
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Fig. 1. Migration cell consisting of plastic discs, stainless
steel lattice, stainless steel stand, 40 m/ vial and cap.
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Table 4. GLC operating conditions for the analysis of fat-
ty acid methyl esters of olive oil

Instrument Shimadzu 14B

Column DB-1(J & W), 30 m, 0.32 pm in film
thickness, 0.5 mm ID

Detector FID

An initial temperature 140°C hold for 5
min, program to 240°C at 10°C/min, fol-
lowed by 10°C/min to 320°C and then
10 a final temperature 320°C at 10°C/min
hold for 15 min

Injector temperature 320°C

Detector temperature 320°C

Carrier gas Helium-65 kPa

Split 1:40

Oven temperature
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)] polyolefin X33 A]FEo|A Soxhlet® 2 methy-
lene chloride & o]-83td &8 FZ o) FirHe] Y&
H7HE stAl 2 A AE HPLCE HEst Fdige
Table 59} 23t} 2% 57 <] OPP ¥ E(OPP-5, OPP-6)3} 2%
£9] CPP WE(CPP-4, CPP-6), 12l1 1& %2} LLDPE ¥
& (LLDPE-1)oll = Irganox 1010, Irganox 10763} Irgafos
1687 22 F7HA7F FirEo] e Aoz dAFHAT. o
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+ polyethylene film%2] BHT, Irganox 1076, Irganox
1010, Santonox R, Ionox 330%} z+-& #H| 5 A 3HaksiAl] 7} 4|
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Table 5. Quantitative determination of additives contain-
ed in polyolefin films*

Concentration
Polymer Additives >
ppm mg/dm~ Rel. S.D.(%)
OPP-5 Irganox 1010 185 0.13 32
Irgafos 168 254 0.18 58
OPP-6 Irganox 1010 399 0.18 4.7
Irgafos 168 653 0.29 4.4
CPP-4 Irganox 1010 133 0.08 1.9
Irgafos 168 751 042 1.2
CPP-6 Irganox 1010 123 0.04 33
Irganox 1076 90 0.03 7.7
Irgafos 168 387 0.14 5.2
LLDPE-1 Irganox 1010 123 0.04 33
Irganox 1076 286 0.08 2.5
Irgafos 168 253 0.07 7.5

fE2gddEol ¥ Irganox 10762 Hz A7
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28 2EHAEEHA 9] Trganox 10760]1} Irganox 1010 &= Ir-
gafos 1682 Uz So] 713 &= FHE HAE 5= ATt
TUT TAAE] Y 2ozt uEAE IS A= A
Batgatzlaol blsle] ojggo] Youg!® o)o} e m
A SHA o] AL A @A nitA S A
o7 #ogul 3§ Irganox 10100 Irgafos 1683 72+
phosphite 4] JMHAE EFatA AL AL HE 74
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Table 69] ZAz}e Il AEF Mo BAE 2 GH
whet A AR S 2] EHdA dFdAe FLAFE,
F FoldlFe AR Aolth B APl Alg ¥l n-
heptane & 7}5F ThE 25°CellA] 6042t AEAA FLEJF
g Atels WHoR dojd Folgze ANHEN F
AENETE 1 2HT £29 £29 mgo 2 AU
obge] MwARRA T 1 dm'F §58 232 mgo
2% AT

Table 60ll4] 2= vie} o] Ul Z2i 2wl WA £33
ZWAFE LS 20 pum LDPEYE(LDPE-1)o 4 2] 4.3 mg/!

Table 6. Global migration values of various domestic plas-
tic films measured according to the migration test-
ing method prescribed in korean food law*

Film Global miglation
Abbreviated Thickness > Rel Rel.
name @m " spa ™ spw
OPP-1 30 1.0+01 120 5.0+06 124
OPP-6 30 24+04 171 120+14 113
CPP-1 20 1.3+01 100 6.6%£06 96
CPP-2 20 1.7+01 24 82+01 12
CPP-4 80 29+02 69 145+09 65
CPP-5 30 1.8+01 23 88%0.7 86
CPP-6 40 28+03 91 138%+13 91
LDPE-1 20 0.9+0.1 4.7 43401 23

* Mean values of triplicate determinations

*) Mean values of triplicate determinations
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Table 7. Comparison of the results obtained from global
migration tests with ethanol 95% by volume, iso-
octane, n-heptane and olive oil for various domes-
tic plastic films®

Film Global migration (mg/dm?)
Abbreviated Thickness 95% Iso- n- Olive

name (um)  ethanol” octane® Heptane” oil”
LLDPE-1 30 1.2 3.7 -4 -
LLDPE-2 70 2.6 6.3 1.0 5.0
LDPE-1 20 0.8 1.8 0.5 -
LDPE-2 80 2.3 7.6 - 9.8
OPP-1 30 0.8 3.9 1.5 -
OPP-2 40 0.9 39 1.7 -
OPP-3(opaque) 40 1.5 2.1 1.3 -
OPP-4 60 2.6 7.4 - 6.7
CPP-1 20 0.7 2.4 13 -
CPP-2 20 0.7 1.8 1.8 -
CPP-3 30 1.5 53 2.5 -
CPP-4 80 2.8 7.3 35 55
PET 12 <0.1 <0.1 - 1.5
VM-CPP 25 0.9 1.3 - -
VM-CPS 25 n.d” 0.7 nd -
VM-PET 12 n.d n.d -

*Mean values of triplicate determinations
U Tested for 10 days at 40°C, * Tested for 24 hours at 40°C
" Tested for 60 minutes at 25°C, ¥ Not measured,  Not detectable
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Fig. 2. Changes in global migration from casted poly-
propylene film (CPP-6) into 95% ethanol at 40°C
as a function of time.
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Fig. 3. Changes in specific migration of Irganox 1010, Ir-

ganox 1076 and Irgafos 168 from casted poly-
propylene film (CPP-6) into 95% ethanel at 40°C
as a function of time.
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