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Determination of Di-(2-Ethylhexyl) Adipate Migrated from
Polyvinyl Chloride Wrap Film into Various Foodstuffs and Dishes
Depending on Exposure Conditions

Young-Ho Lee, Young Soo Gyoung' and Keun-Taik Lee*

Department of Food Science, Kangnung National University
'Department of Chemistry, Kangnung National University

The migrating level of di-(2-ethylhexyl) adipate (DEHA) in PVC wrap to various foodstuffs and dishes was
determined using acetone/n-hexane as an extracting solvent. The recovery ratio of DEHA from various foodstuffs
ranged from 81.3 to 91.2%. During storage at 10 or 20°C for up to 3 days, highest migration of 22.9 mg/kg
occurred with pork belly, an indication that increases in fat content, storage temperature, and storage time result
in increasing DEHA migration. DEHA concentrations of various delivered dishes ranged between 6.9 and 29.8
mg/kg, and highest migration was observed in Chambbong, which had the highest fat content among samples.
After microwave-reheating, which resulted in a tight contact between film and food samples, DEHA was not
detected in rice and potato, whereas up to 158.8 mg/kg was detected in pizza. When the wrap film was not
contacted with the sarface of food, the migration was lowered. Migration levels of DEHA from PVC wrap film
into samples under various exposure conditions often exceeded the limit value of 3 mg/dm’ and/or 18 mg/kg set

by the European Union.
Key words: food packaging, safety, DEHA, migration
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oF Zho] AghaFo] 2 AFoM = W¥F 2xoM e 10Y
7+ A T AT 3454 mgkgZHA) HEHATHO,

u|=+2] National Toxicology Programol &3} Al Az}l
WEY DEHAS TEEE FofA] ¢ FolA wetige] &
AN 7 FoAe =Y 7HeA0] Y Aoz FHH
ATH. 2 AXF tiste] o|Fd AT AdE AT
of A& 7k oftol dlsle] =gl A%, FF29 Com-
mittee on Toxicity of Chemicals in Food, Consumer Prod-
ucts and the Environment(COT)= A<l F o] st dd A
Hsl &5 Aol 7I0sle] DEHAS A E¥ AR08 AL &
A obrd AV itk AEXAGO. W= FDAY 21
Code of Federal Regulation(CFR) 178.3740%] W= DEHA
T PVCY] 7HEAIZA] opFE Aggle] Ao sbEEEE
3|7b=o] Ip?. e} el 1980 ZuHEE PVC
H dE9 7FeA2A DEHA W4l di-isononyl adipateso)
A AREEZ AT, FRAFNAME fUsA DEHAQ)
=458 x| 71FEe] A e, ¢ W FAY
A} # F(total daily intake, TDD)S H % 1kgd 0.3 mgol™
60kgS 713t 18mge] "HTHMW, T3 FFAFAGNA =
DEHA®| 57 oldze AF 1kg T 18mg T A
1dm’3 3mg ©|3t2 At Yk, 38 DEHAE 7Nt
] World Wildlife Fund( WWF)$F JE2] National Institute
of Health Sciences(NIHS)|A UJEH]A] Zol 24 Edz &2
ok vk zEv DEHAS] JEH|A Aollo] thatode= of
2] =do] i o]g I3 7FEHE AAAZeR nEs
of A &L FEjojt).
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7Fs/do] Slthe Aol ¥Fo] ohAAd oo gk 83 A
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DEHAYE Aldrich ChemicalUSAA} AES AMESIIcE F
&, AA 2 && "Wl AHEE tetrahydrofuran(THF)}
methanol& Fisher Scientific(USA)A}, Z18]3 acetone, n-hex-
ane, ethyl acetate ¥ dichloromethane-> Junsei Chemical
(Japan)A}, Gel permeation chromatography(GPC) column<]
ZZ1A 24 Bio-beads SX3= Bio-Rad Lab.(Switzerland)ol| 4]
TYEATE B dgel AMEE SRS E 33 FEFHL B
E 22 J|FEL A A n-hexanes ARME3He] 23] A
3t

DEHAS| Hzkd =y

¥% 5724 DEHAZ acetone : n-hexane(l : 1, viv) -1l
o 1, 5, 10, 25¢ 50 mgmL7} ZHzF HrEA AN #E
fdg WE F UFIEFEZR dicyclohexyl phthalate
(DCHP) 20 mg/mLE ZH2t A7bskdct. 225l 27 045 um
¢] PVDF membrane filterol 4] <J3} ¥ GC(Shimadzu GC-
14B, Japan)e ©]&-3t] A sTh olmj o] GCo =&
Table 13+ ZSkth GCE &3l Qo #FE Ed3 WIS
E39] peak AHUE o] &3] AL AT

Al
A

He] A #HoRRE 358 AE AAT thE EoUA
GES AT HolshEA KIBOXISemel W BES
"3 ¥ 10X10eme] 27|12 Zet 58S FHEien
oleh 709¢] o) el AEE AT TS acetone:n
hexane(l : 1, v/v) 120 mLE AHE-3}o] soxhletell X 1647+ &
£33 vacuum rotary evaporator® 5% U 10mLE A
Sl 283 WRESEZEE DCHP 20 mg/mlE A7}
g o 5 DEHAS @35 GCE #As8kdith. 2 43}
A AlEU9] DEHAS &3 40.8 mg/dm’E 1)
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AEAE ALQg A AF ASE2 30X20cm Z7]
o] WA 2l E 9 7tRe M2 22 18 emst
11cmg] Z7|2 HE HE o] FU3l=E i) 28l ¥
59 2 HES 358 AATS T EojuA] @A 24
Alget YARHTE xAsigich 3 24 AF A5 A%
2EE 10°Ce 20°Col Atk AR 100 W 1, 2%
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Table 1. Analysis conditions of GC for the determination of
DEHA

GC model

Shimadzu GC-14B

Alltech AT™-5(5% Phenyl-95% Methyl-
polysiloxane) 30 mx0.25 mmx0.25 pm

Carrier gas flow rate He, 1.07 mL/min(constant flow)
Injector temperature mode 300°C with split ratio 80:1

Column

Detector temperature 320°C
o 250°C (1 min) — 10°C/min — 300°C
ven temperature )
(5 min)
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Table 2. Analysis conditions of GPC for the separation of
DEHA from foodstuffs and dishes containing fat and oil

®1.0 cmx80.0 cm=62.8 cm’ volume filled with

Column Bio-beads SX3
Solvent Ethylacetate : n-hexane (70 : 30, w/w)
Flow rate 1.0 mL/min
Injection volume 2 mL
Collection time ~ 45.0~54.0 min
Refractive index detector(Shimamura YRD-880,
Detector
Japan)
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GPCE 0|8t DEHA2| 22|

A Aol ¥ AF matixelA DEHAS ##& 9
3] Bio-beads SX3 SXAIE ©] &3 GPCIH!'"E 7+ Bl
ato] ARSIt olm) GPC &7 Table 29} 2tk =,
Zol7h 100 ecmelZ AlE-°] 1em?l WY columndl] 3|
270 &wf(ethyl acetate : n-hexane = 70 : 30, w/w)E 2~3A]
2835 BHA7] & column®] &F 80% Y =R F=R8)5
A Fds ) &2 FAL RI detector(Shunamura
YRD-880, Japan)ys SHASAIZITE D23 dA#e] oiF
220l DEHAT=7F ¢F 10,000 ppmo] HE=E A|RE XﬂJ_ =
2mLE #3 v Bio-beads SX37F 5%% column®l injec-
tiondt A3} RI detectorol~l 45%9] DEHA peak’} AZ =)
t}. o]o] we} fraction collector(SF-2120, Advantec, Japan)E
o] g3te] 45%ollA] 54 Atolo] BE folg FRske HE
¥ DEHAE ¥H3F9thFig. 1). Vialdl 21 DEHAZF $H-
# 42 25 Mo} rotary vacuum evaporators ©]-8-3}o]
S S AASATE 223 Wy 85 4<% DCHPE 100
mg/ml. ¥< % 7 045um® PVDF membrane filter=
At thy GC B4 AIEE ARSI
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AHpo] T A FolAM 9 DEHAA Zo mX= &)
o] &5 AR S8t B AtellA AFQLERi Fo &
w} % n-hexane, chloroform, methylene chloride$} acetone :
n-hexane(l : 1, viv)E AgsFth o] A8 95 AEEA
57l 5mm plate® chopping®t S| FA| &3 A%
S Z47F 9% o 2 Efete] A 3ol 9.9%7t He
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«— Soybean oil

Collect

30 40 50
Time (min)

Fig. 1. Gel permeation chromatogram of soybean oil and
DEHA mixture.

ZASAT. ©] AlFo| DEHA 100 pg/gs spikedt & =
F 4L o 24 f7 27 ‘50} 5°C WALA

H el £ homogenizer® o2
b T 1,000 mL A2 ‘%a},aoﬂ 7—}744 €7 300~500 mL
£ ¥ sl < FEseh. 283 29 7)o Whatman
No. 1 d#A ¢} H&EL Yy 228 AEE o3t o
A& rotary vacuum evaporators ARE3le] SwlE A 7)E}

ATk A710iM 9} 7o) DEHAS &3l GPCE ol#3t &
GCZ #4{3l DEHA®] spikedo] it 3585 Akt
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FA AF AEEA9 DEHAS 358 AAE $15le]
b A AFFE A A=A, g HERE AR

o

I Ao €y}, ARHRIA JFEAFERE Ayl DEHAS
00 pg/gHE splkeorait}. 21F AlFolA9] DEHA: 4719}
2o o g FE390. o)A &2 A BN AWS
GPCZ #d§ u& GCE A#H3le] DEHAY 3448 =%
Alstsitt.

N

MZof o|siE DEHAS| F&=

ZF 2 FoA ] BES AA s F A LoE 2Zo
9] DEHA-4 FgolMel 72 Whho g &g on A}
£33 ZZ% 8u& acetone : n-hexane TF Ldo]gu},

et

AlZo| XjdisteF =3
A AFS AR 1gS FHFH NaSOE 78S AA &
QEAFAA Y Y3 ether 0 mLE ©]L3}] soxhlet®.Z 12

a3 HEAe) AA] AELS
Z38}al acetone : n-hexane

S AAT o B AL

DEHAS| Azt HE gHl(detection limits)

DEHA®] HHE $3t WREEELS ZFL de Al
5Y 7A-¢, DEHASH YR EFEZ ] HHUE ygbkol diYdst
o DEHAY %, x& mgd9Z A4 4= 9Ath. DEHAY]
AL & AFRY)7E 09995012 7@717} 0.22992 %
3 A E BT

DEHAS 7ZZ 3= v©]= Eavironmental Protection
Agency(EPA)9] Method 8061A“®2} Code of Federal Regu-
lations(CFR)?¢] ¥lilo] wig} z} A5 73] B4 & detec-
tion limits(MDL)E AAFIATE S, MDL =1, 00X SDE 7|
e 9714 ¢ & 99% AFE9] swdent's value, S.D.
 EFUAE YRt GCE )83 DEHAY HAEEA
£ 34ppmo 2 2=}

202} AlZH DEHA 358 H|1

Table 33} o] 47}A] £u)E ©]§-3l] DEHA7} spike®
FAAFENA2] DEHAS 34-&L n-hexane©] 88%= 7Hd
WOFal acetone/n-hexane®] 91%E 71& ZUTh. Acetone/n-
hexane &7 3|Fgolre] Azle} AEFHA= 27t
57%% 62%=2 ZAME Sulls 7P =9k a2y acetone/
n-hexane®] 358 2 FUEZHALE vl FDAIA A4
3 7|ZF® 80~100%3t 10%H]Te] +FE Zkzh F23)
nEATE 5% A2 AHdHAL JFEo] AN &
& F 7P wol B Ao 2 EoE2RE S DEHA F
& &rilE Mg

0FE AEFE ol¥ DEHAS AFsl7] fstd 35
£ A e 1 AFE Table 49 725kt DEHAY 3
TFE2 AN 912%= 7P B Aol 813%E
M e ghs BHTh AbAl, =X 9 gl o] X
A2 A9 :@Hg_ 90%°) o2 A4 g
E‘COI 275401“‘#01‘4 Ao M ET #A et &
A 5 AFINY HE L SB%E FEF FEL
Bt T3 7b 4Fo)A el DEHA 3¢&9 AEEARR}
£ 03%~18% HWART. & Aol Z*}ﬂ élwwM

e A
A7 FET OE S AASE G2 e BAE & DEHA 3|5&# JEEFUR= v= FDAANA AT 7]F
Table 3. Recovery ratio of DEHA from pork sample* in various solvent
Recovery ratio (%)
Solvent
1 2 3 Average+SD" RSD (%)”

n-Hexane 85.6 89.1 89.9 88.242.1 2.4

Chloroform 854 933 88.2 89.0+4.0 4.5

Methylene chloride 853 914 914 89.413.5 39

Acetone/n-hexane 84.5 94.8 92.2 90.5+5.7 6.2

Fat content: 9.9%
USD: Standard deviation ?RSD: Relative standard deviation
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Table 4. Recovery ratio of DEHA from various foodstuffs and
dishes

Fat
Sample content RCCO(‘I;I;}IIJ ratio 1221))

(%) ’
Pork belly 274 91.2+0.9" 1.0
Sandwich 19.5 90.5t1.2 1.3
Chambbong 19.5 90.710.3 03
Rice bowl topped with squid 25 89.3+1.1 12
Boiled rice 0.1 81.3+1.5 1.8
Average 88.6+1.0

YAverage+SD
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o} o)l FARE AFEA Gilbert 5PV 5°ColA 19 AA
H AM=RA A 73%, 5°ClA 547F AE =9} Aoz
o Z+zt 19.6%%t 27.3%2] DEHAZ} o|3)€ oz nusdt
1=

Castle 52] o] wr=m 5°Co|A LA 7|7F #A2sE 2

hed

g‘grklﬂ

19

5.

loé

=& 270l w2 di-(2-ethylhexyl) adipate®] ©]3) % 24 973

oA DEHAY Wolgdom kA

olgizo] 15~43 mghkg HATL
o2 A gFo] T AFFAAM =4 JeElbth Bist
Atk B APoME A gt A 25t oA A
A 717bo] ARAESE DEHAS ©ld#e] ZUiEe Aol
geolg k. 2y Aol w2 AFEAT & AJelA
= A% Azko] oA % DEHAY ojdae] x| F7tst
A ke ol AW TEo] HEFE A 2] old
HE ol Bold A% 7|7kl Bojue ol #el Wit A
fHoz I Fyd WFow FEHHATE wo AR &
Aol e AR 2= 2olof mWE DEHAY| ol =0
AT & gtk A=A W & f8Ee] AUgh
¥z} 9.9%%} 16.3%°10 T M=%
o= WeEe] ¢ 53 HEH Xﬁ
Ze] oF 15%0]3th A=}t ANt
|iaked 10°CAlA B} 200090 A DEHA94 o]
Al STkt 2 olfrs dHAeR 2
HA&s Y{E9 S5 Ao =719 AF o
Zz=3} AR A w zA 9] AaFgheEko)
shaL oja o] =A JEhd A2 "ol Az

e 22 PA) skl 4

rlo r1r

),
_‘EL
téo
IN
i ©
&

o
o MM 1
2

ﬂ-?l

_I
:r[o off *

o

us)
= r
o ¥ 1 ol
2 0
Y
Wi T 8 o
QL

2, tie
bl

te o o MU du

'101' Ny

=

h

o

o It &

ofo
do >
N
N
S
&
X

F AR v

o] QA ekt zeE} 10°C 20°C XVW EH A A
19 F, B0 29 F, 293 A=AKE 20C A 2
d F FEARA 8" SAA 18mg/kg 1*0«1 DEHA
olP S vehd Ao EIFY. IE dHHe JE
o= dlo] whakE 10°Ce) XWH“E* EE A=A 1
o $o Ak Al EE AlgeM AT 71EAQ
3mg/dm? o1439] o|WFE vhehd How AT B =
Atelld= A e 549} RIS =25 9Fke] A

Table 5. Levels of DEHA migrated from PVC wrap film into various foodstuffs and dishes

DEHA content
Foodstuffs Fat Storage Storage temp. (°C)
& content time

dishes (%) (day) 10 20
mg/kg mg/dm? % mg/kg mg/dm? %
1 2294279 10.3+1.3 25 19.8+1.5 10.04£0.8 25
Pork belly 274 2 238+1.5 12,013 29 23.5+2.0 11.9+1.0 29
3 322402 16.0£0.9 39 - - -
1 14.842.6 6.6+12 16 13.440.7 6.7+0.3 17
Roll cake 102 2 29.0+1.6 14.6+0.8 35 26.0+1.3 13.120.7 3
3 303+1.3 15.3+0.6 37 . - .
12 6.0+0.4 3.004.2 7 72427 3.7+1.4 9
Jeolpyon 03 1 8.840.4 44402 11 10.3+0.6 52403 13
2 8.5+0.4 43402 10 - - -
Sandwich 105 1 23201 1.240.0 3 17.60.7 8.940.4 2
anawic : 2 48408 24404 6 18.840.8 9.140.7 2
Kimbab 14 1 5.4+1.1 27406 8 16.2+1.5 8.240.7 20
1o : 2 6.940.9 35404 9 177412 8.940.6 2

YAveragetSD *Triplicate determinations
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Table 6. Levels of DEHA migrated into Food from PVC wrap film into various delivered dishes

DEHA content
Dishes Fat content (%)

mg/kg . mg/dm’ %
Jajang noodle 11.4 20.5+6.9Y 7.1£14 17
Chambbong 19.5 29.8+3.0 9.545.0 23
Fried bun 10.3 13.743.7 6.9£1.9 17
Tangsuyuk 185 13.240.2 6.6:0.1 16
Kimchi stew 2.5 14.613.7 12.043.1 29
Soybean paste stew 22 15.743.0 13.0£2.5 32
Soybean curd (not pressed) stew 22 6.9+1.7 57+£1.4 14
Rice bowl topped with squid 25 18.3£3.6 9.311.8 23
Rice bow! topped with Kimchi 23 13.0+4.8 6.612.4 16

U Average+SD

Table 7. Levels of DEHA migrated from PVC wrap film into various dishes after heating in microwave range

DEHA content
Dishes Fat E'%r;tent Contacted Not contacted

mg/kg mg/dm’ % mg/kg mg/dm’ %
Boiled rice 0.1 nd.b nd. 0 nd. . n.d. 0
Potato 0.1 n.d. n.d. 0 n.d. n.d. 0
Pizza 11.8 158.8+7.1? 324429 79 58.7+£7.2 24.0£2.9 59
Hamburger 23.1 107.543.3 20.0+0.6 49 37.4+0.9 7.0+0.2 17
Fried bun 10.3 14.8+1.7 15.5+1.8 38 10.4+0.2 10.9+0.3 27
Kimchi stew 25 12.5+1.2 13.1£1.3 32 8.0+4.0 8.514.2 21
Pork Bulgogi 14.4 57.9+1.9 249494 61 41.3%2.7 17.8+1.2 44

DNot detected *AveragetSD
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