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A Study of Phthalate and Adipate Esters in
Food Packaging and Packaged Foods
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A study of the levels of phthalate and adipate esters, which are suspected as endocrine disruptors, in food pack-
aging wraps and packaged foods were carried out. Among 11 wrap samples, 8 household wraps purchased at
retail markets were polyvinyl chloride(PVC) and polyethylene(PE), while 3 commercial wraps at wholesale mar-
kets were PVC. All of 51 selected food samples, such as 12 samples of vegetable, 11 samples of fruit, 6 samples
of bread and rice cake, 4 samples of meat and poultry, 4 samples of fish and 14 samples of side dish, packaged
with commercial PVC wraps containing adipate esters were purchased at retail markets. The level of di-(2-eth-
ylhexyl) adipate(DEHA) and diisononyl adipate(DINA) was from 2.2 to 17.9% and from 4.2 to 22.3% in house-
hold PVC wraps, respectively. In the commercial PVC wraps, the level of DEHA showed from 18.3 to 22.5%,
while other phthalate esters were not detected. The phthalate and adipate esters were not detected in PE wraps.
The level of DEHA in packaged foods, such as vegetable, fruit, bread and rice cake, meat and poultry, fish and
side dish, were determined up to 8.2 pg/en’, 17.4 pg/em’, 31.0 pg/em?, 8.3 pg/em?, 2.1 pg/em’ and 92.3 pg/em?’,
respectively. The results suggested that migration levels of DEHA in foods were closely related to the fat content,
wrapping condition of food and stroage time and temperature.
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European Commissions Expert Committee®] the Scientific
Committee for Food(SCF)ol A= 7FAAIQ] di-(2-ethylhexyl)
phthalate(DEHP)?] =4 17 HHE <ARZ 38l tolerable
daily intakes(TDDE 0.05 mg/kg body weight/day= SHATH.
1987 =4} AAT71FHIARCRIA E242E 7HaA|E2 DEHP
alel o S AT Ae dasslen, s=ddedA
DEHPE =34 A4, 7+e) A $7F 4 724 A2
sta Wgls doyin At =& S 4o ¢ 9t
3 BIEETHY. World Health OrganizationlWHO) A= =
S50 M 9] TDIE AFHAIE kg% 25 pgoleh 718 &em,
ol 1L¢] &l 8uge] DEHP7} 3 HE dolrt?. f-2vt
gl s AFAHY] 717 B &7] - TR TIEHA A
AEE 717 ¢ 871 - £ AFA DEHPY AMS w43
I Jui® aube)l =] Ministry of Agriculture Fisheries
and FoodMAFF)°| ] = DEHP, butylbenzy! phthalate(BBP),
di-n-butyl phthalate(DBP), diethyl phthalate(DEP)¢] TDIE
0.05mg/kg body weightdayZ AT, FHNAE total
phthalate esters®] total tolerable daily intakes(TTDDE 0.3



480 S E285)A] A 33 WA 435 (2001)

mg/kg body weight/day® 2 35T,

G2l MAFF7F ZARRE dlol] Wi2W, 2158 wrapllA di-
(2-ethylhexyl) adipate(DEHA)®} epoxidised soya bean oil
(ESBO) 5°] plasticizer ¥ tackifier® AME-E™ DEHAY] A
el o] TPEE 12004 18%, HaEL HEIA o
Slollx 28% olJTHO. WS Fo| 2FXZZA| A DEHP}
dibutyl phthalate(DBP)7} 10 mghkg A& =AY DEHP=
FH o FEA 2E= Aol 7] Fole 04994 132
ng/m**!19) Zrou} nit} 59 Bole 0.6914 300pugll 2F
Hoj At RIBIPTHGNCD 2 F X2 DEHPS} 3}
o oF, -f 2 A=A Z=zh 02 mgkg, 31.4mg/l 2 35
mgkge] & HJom, plastic £F filmS ZFE o|PH
DEHP®| %2 Q94 F, 72 2 cream soup 5004
0.05914 68 mg/kg°l°ir+(4) S, ¥, XI=F DEHP%} ¥
phthalate®] S HEE A% 54 Y% % DEHPE 0. 1201]/\1
0.28 mgrkgol . om X= ZFo|= DEHP7} 17mgks, &
phihalate= 114 mghkg?] AL E B3 dgoem o Hde
DA I} TP AHo] e AR FEIATO,

Petersen 5°| o= FHE 2FA 9] 7tA §EH =
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Fig. 1. GC chromatogram obtained from mixed standard solution of DEP: diethyl phthalate, DprP: di-n-propyl phthalate, DBP: di-
n-butyl phthalate, DPP: di-n-pentyl phthalate, BBP: butylbenzyl phthalate, DEHP: di-(2- ethylhexyl) phthalate, DCHP: dicyclohexyl
phthalate, DEHA: di-(2-ethylhexyl) adipate, DINA : diisononyl adipate
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Fig. 2. Identification of di-(2-ethylhexyl) adipate(DEHA) from standard and sample solution by GC/MSD
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Table 1. Analytical conditions of GC/FID
Model Hewlett packard 6890

HP-1701 (14% cynopropyl-phenyl-
86% dimethylpolysiloxane)
30 m><0.25 mmX<0.25 um

N, 1.0 mL/min (constant flow)
260°C with split ratio 30 : 1

Column

Carrier gas & Flow rate
Injector temperature & Mode

Detector temperature 280°C
Air/H, 9/1
Oven temperature 170°C (3 min) — 8°C/min — 230°C

(2 min) — 5°C/min— 260°C (10 min)
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Table 2. Analytical conditions of GC/MSD
Model GC8000/MDS00

DB-5 (5% diphenyl-95% dimethylpol-
ysiloxane) 30 m X 0.25 mm X 0.25 um
Carrier gas & Flow rate He, 1.0 mL/min (constant flow)
Injector temperature & Mode 280°C with splitless

Column

Interface temperature 280°C

Oven temperature 80°C (2 min) —> 10°C/min — 250°C
(20 min)

Ionization mode EI(70eV)

Scan range 40-450 m/z

ANFHE AE 30gS #3 acetone 100 mLE 715} 1087F
253 F& 33t £ AFAEC] on] Bk WY@

Hgol A E AR ST

EH0| H #M=U

Phthalate 3! adipate esters®] B #Eol= Flame Ioniza-
tion Detector(FID)7} 74&+E GC(Hewlett Packard Co., Ltd
F=)E AHE3A2H Peak ER1E 3IA= Mass Selective
Detector(MSD)7} 438 GC(Fision Co.Ltd(7]=)E A28}
gom 77184 Z4L Table 1 2 2] YERRATH A8
A} phthalate 2 adipate esters E<lol= XN total ion
chromatogram(TIC)e| A 8] W EE A7+t B L33 NIST,
LIBTX ¥ WILEY library®llX]€] mass spectrum® €= 31=
A& IRl

&% ¥ nE
HEel ZH=

Y BENY peak areamFH HFAE 29 31T} DEP,
DprP, DBP, DPP, BBP, DEHP, DCHP, DEHA % DINA<|

Table 4. The level of phthalate and adipate ester in wraps

Table 3. Recoveries(%) of di-(2-ethylhexyl) adipate from
representative foods

Food Spike (ug/g) Recovery (%)

Vegetable

Cabage 200 74.9
Fruit

Apple 200 853
Bread & Rice cake

Milk bread 200 93.6
Meat & poultry

Minced beef meat 200 82.1

Pork belly 200 75.1
Fish

Shellfish flesh 200 959
Side dish

Pickled cucumber 200 727

Fish paste 200 87.0

Fried chicken leg 200 75.9

DAL ZHZE 09974, 0.9969, 0.9933, 0.9970, 0.9946,
0.9947, 09920 © 0.99852 $-43 FAHAS BT}

HESH

U= Environmental Protection Agency(EPA)S] Method
8061A% % Code of Federal Regulations(CFR)“%o w2
Method Detection Limits(MDL) HH-2 A}y 73] A%
MDL =t 00, XSD(A714, t 2 99% A2 =2] student’s
value, SDE standard deviation)oll W&t AL Ao
2 %% DEP, DprP, DBP, DPP, BBP, DEHP, DCHP,
DEHA ¥ DINA9 H&eA= 72 04, 03, 03, 0.5, 0.6,
1.3, 1.1, 0.7 &€ 2.2 pg/geIATh

Phthalate % adipate esters?| GC/FID ¥ GC/MSD
=4
7%2] phthalate esters X 22| adipate esterss] &A] 4

Phthalate esters(%)

Adipate esters(%)

Use Sample Comments
DEPY DprP? DBP? DPP? BBP” DEHP® DCHP? DEHA® DINAY
Household 1 nd!? nd nd nd nd nd nd 17.9 nd PVC
2 nd nd nd nd nd nd nd 15.8 nd PVC
3 nd nd nd nd nd nd nd 3.6 22.3 PVC
4 nd nd nd nd nd nd nd 22 42 PVC
5 nd nd nd nd nd nd nd nd nd PE
6 nd nd nd nd nd nd nd nd nd PE
7 nd nd nd nd nd nd nd nd nd PE
8 nd nd nd nd nd nd nd nd nd PE
Commercial 1 nd nd nd nd nd nd nd 18.3 nd PVC
2 nd nd nd nd nd nd nd 18.9 nd PVC
3 nd nd nd nd nd nd nd 22.5 nd PVC

YDEP: diethyl phthalate ®DprP: di-n-propyl phthalate ?DBP: di-n-butyl phthalate “DPP: di-n-pentyl phthalate ® BBP: butylbenzyl phthalate
®DEHP: di-(2-ethylhexyl) phthalate "DCHP: dicyclohexyl phthalate ®DEHA: di-(2-ethylhexyl) adipate DINA: diisononyl adipate nd: not

detected
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Table 5. Di-(2-ethylhexyl) adipate(DEHA) found in retail foods packaged in commercial wraps containing DEHA

DEHA DEHA
Food Food
pglem’ ugg uglem’ uglg
Vegetable Meat & Poultry
Paprika nd? nd Minced pork meat " 83 8.2
Water cress 0.5 0.1 Pork belly 0.3 0.2
Spinach 0.1 0.2 Minced beef meat 20 32
Squash 1.7 0.5 Chicken leg 2.1 0.8
Cabage 1.0 0.5
Fresh sea mustard nd nd Fish
Chinese cabage nd nd Squid nd nd
Pumpkin nd nd Shrimp flesh 2.1 2.8
Garlic flower stem 82 35 Shellfish flesh 0.3 0.3
Red pepper nd nd Mackerel nd nd
Eggplant 0.7 0.7
Tomato 1.0 03 Side dish
Mung bean starch jelly 0.1 0.1
Fruit Soybean cured 0.1 0.1
Orange 04 0.6
Cherry 0.5 0.8 Salted & fermented squid 0.3 0.2
Grape 1.6 0.6 Pickled cucumber 0.3 03
Apple nd nd Pickled perilla leaf 0.5 0.5
Sweet orange 49 0.6
Dried persimmon 0.7 0.6 Braised soybean 0.1 0.1
Strawberry 1.0 0.5 Braised rotus root 224 249
Currant 53 395
Kiwi 0.8 8.8 Fried red pepper 224 19.0
Pear 11.2 259
Pomelo 174 43 Squid parched 42.6 144
Refrigerated fish paste 27.4 6.8
Bread & Rice cake Fish paste 49.5 36.2
Milk bread 31.0 272
Injeolmi® nd nd Spiced chicken 36.8 55
Glutinous rice cake nd nd Smoked pork trotters 63.5 14.8
Jeolpyon® 14.5 5.6 Fried Chicken leg 92.3 34.5
Siruddeok” 1.3 0.2
Gaepiddeok® nd nd

nd: not detected Yinjeolmi: cubed rice cake coated with soy flour Yjeolpyon: plain cubed rice cake “siruddeok: steamed rice bread with shredded

red bean “gaepiddeok: shell shaped rice pastry with stuffing

chromatogram= Fig. 19l YERAATE DINA Aol 2o
= O] o] dAIZE EAlst Zh o)A E Fe e HE
Zo = gt

Fig. 2] A& o 2]E o= DEHAS GC/MSD 24
A5 e YUY GC chromatogram©l A retention time©)
standard®} ¥ R|EF T, mass spectrumIAE m/z 37091 ER}b
peak’} AAF FA e NER m/iz 1299) EF fragment
ion peak®] Wi o] YE}GEOM standard 2 2EoA HEH
EZo] DEHAR &3-S NIST, LIBTX ¥ WILEY®] spec-
trum library A2 B3 &1 = YAt

sl
oB)F, AAF, W 2 UF, &F 2 /KR, ofF, 13

=
S T
R s 5 3 63 R 4B oBIFE W

, HAFRE A W Y 9FE SR, SF 2 R
ol 2719 ARA, olRE 2 B VR AE B ouk
F2 201A, o}, dvel §4 5 95l DEHA 200 pg/
S spike ¥ F HF AR FEA FUAT WYHoE
A ste] sl4gS AL ST FFEe AFd wet
745904 95.9% WA #E EAo™ AIE Table 30 1t
B At

b A
bo

Wrap0flM2e| phthalate % adipate ester &

7}4 PVC wrap 4%, /P84 PE wrap 45 % 448
PVC wrap 3% ths] wrapol X% )& DEP, DprP,
DBP, DPP, BBP, DEHP, DCHP %5 phthalate esters}
DEHA, DINA 5 adipate esters 39S Table 40 FERYS)
t}. PE wrapo| A+ phthalate @ adipate esters’} AZ&F A
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ol Bt F-E=HE PE wrapdls AAtE w phthalate
esters 2 adipate estersE AMESHA RS ¢ F UAJTh
PVC wrapdllAE 2% adipate esters’} 7% HEd DEHA
o AL4E 7Z$-9 DEHA 2 DINAZF £33 Z-97F U
. 7}4-& PVC wrapdiAl DEHAYW ZA&d Z$+= 747
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229 W3 ZFzh DINA7F 223, 42% AZH T} DINAE
thZ phthalate esters’} P4 =7 E A3l thA|F o] A}
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