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Determination of adipic acid esters potentially migrated from plastic films for
foods-wrapping by gas chromatography/gas chromatograph
combined with mass spectrometry
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Bis(2-ethylhexyl)adipate (DEHA) has been found to reduce the binding of tritiated
17B-estradiol to its receptor by screening an inhibitory effect on that to the rainbow-trout
estrogen receptor (Jobling et al. 1995). Adipic acid esters (AAEs) are utilizable to a
plasticized polyvinyl chloride and are also migratory from plastics. We studied the iden-
tification of AAEs potentially migrated from plastic films for food wrapping, and estimat-
ed their migration. Approximately fifty pieces of used wrapping films for foods were col-
lected for about one month. DEHA was not found in those samples but di-n-hexyl, -n-
heptyl, di-n-octyladipate, -n-nonyl and -n-decyladipates were identified by gas-liquid chro-
matography and mass spectrometry. Additionally, an unidentified adipate (AAEX) was
found in 12 films. Approximately fourteen mg of total amounts of AAEs was migrated
into n-heptane solvent from one side of the surface of 9 cm X 9 cm films, equivalent to
ca. 0.2 g. The daily intake of AAE from food-wrapping film was estimated as 0.04 mg
kg™'day™'. A portion of thirteen percent of the film weight was migratory to natural
and human environments. Approximately one tenth of a million tons of the films is
annualy produced by factories in Japan. Further studies on endocrine disruption by
plastic materials in our daily lives will be needed.

Keywords : adipates; plastic-films; endocrine disruptor; mass spectrometry.
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Fig. 1 Typical gas chromatograms for adipates
migrated from four different film-materials, A, B, C,
D and goods on market (M), and authentic adipates
(std, 1000 ppm): DnHexA (peak 1), DnHA (peak
2), DnOA (peak 3), DnNA (peak 4) and DnD
(peak 5) !
See Table 1 and Table 2 for operational conditions
and abbreviations, respectively.
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Table 1 Operational conditions for GC and GC/MS analyses of adipic acid esters (AAE)
GC GC/MS
Instruments Shimadzu type 14A Thermoquest type GCQ
Column 0.25 mm % 30 m cappillary coated 0.25 mm X 30 m cappillary coated
with neutra bond-5 with DB-5
Column temperature 300T 50 to 300C at 10C /min
Head pressure 1.5 atm —
Linear velocity 50 cm/s 40 cm/s
Split ratio 50:1 splitless
Injection size 1wl 1ul
Ionization voltage — 70 eV
Ionization temperature — 200TC

Table 2 Mass spectra and retention time of authentic adipic acid esters (AAE) and AAEX

AAE DnHexA DnHA DnOA DnNA DnDA DEHA AAEX
M CisH340, C20H3604 Ca2H420, Ca4Hy6O4 CosH5004 CooH 450, ?

m/z (314.45) (342.50) (370.57) (398.63) (426.68) (870.57)
129 100% 100% 100% 100% 100% 100% 100%
143 — 1.0 £ 0.42 — - - — —
147 1412 — 2820 2.7 £ 0.60 22+1.0 42.5 —
157 — 1.4 092 — — - — 4.5
171 37+0.72 0.98=*0.26 - 1.3 £0.20 — — —
181 — — — — 8.6 (n=1) — —
185 -— 1.3+ 0.32 2.3 £0.97 — 25 £0.6 — —
199 — 1.1 £0.26 - — — — —
203 — — — — 42+ 42 — —
208 — — — — 6.5 (n=1) 5.1 —
213 48 = 1.3 22+ 28 21 £ 48 1.6 £0.64 — — —
225 — — 22(n=1)
227 — 1612 17+ 7.3 1.1 (n=1) — — —
231 4.5+ 0.74 — — —_— — — —
241 —_ 10£2.0 3.2+1.2 11 £0.11 — — 87.5
255 — — 6.5 £ 0.89 1925 1.2 (n=1) -— —
257 — — - — 2725 — -
259 — — — — — 4.7 14.2
269 — — 6.2+ 2.0 43=*1.3 34+69 - —
287 — — — — h2+1.6 — —
M 035+0.2% 0.09+0.05 0.11%0.05 0.11 (n=1) <0.01 <0.01 ?
R, /min 480001 6.68*0.01 955+0.01 13.9=+0.01 205=*0.01 7.22 +0.02 9.55 % 0.01

Mass fragments averaged for three determinations of AAE of 50, 10 and 2 ng. Retention times averaged for ten
determinations of AAE of 1 ug. See Table 1 for operational conditions. Abbreviations are as follows: di-n-hexy-
ladipate for DnHexA, di-n-heptyladipate for DnHA, di n-octylalipate for DnOA, di-n-decyladipate for DnDA, di-2-
ethylhexyladipate for DEHA, and a peak on chromatogram A in Fig. 1 for AAEX.
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Table 3 Amounts of total materials and adipate migrated from plastic films into n-heptane

Total amounts of migrated Amounts of adipates
Type of wrapping- Nos. of  materials
ﬁlyrfl made on)p ¥ Nos.of appeared - ‘ Identified
lastic samples eaks Concentration Contents . Qontents Contents adipatesc)
P P in n-heptane, as regulatlonb), in n-heptane, as regula’tionb),
ppm” ppm ppm ppm
A 12 1 7300 91 7%00 91 AAEX
B 6 5 6200 78 — — —
1600 20 DnHexA
1500 19 DnHA
2000 25 DnOA
700 8.8 DnNA
350 4.4 DnDA
C(=B+M) 22 18 0r 19 6700 84 370 4.6 DnOA
D(=A+M) 7 16 8400 110 1200 15 AAEX
Total 47 — — — — — —
Mean — — 7000 88 — — —
E 2 0 <5.6 <0.070 <5.6 <0.070 —
M® 1 15 5700 71 <5.6 <0.070 —

a) Migration of materials from a piece of plastic film of 9cm X 9 cm and ca.

0.2 g into 4ml n-heptane and total

amounts of migrated chemicals corresponding to all peaks appeared-on chromatogram between retention times of

5 min and 40 min by using calibration of di-2-ethylhexylphthalate.

b) Reduced value as Japanese Food Hygiene

Regulation (n-heptane/area contacted with plastic: 2 ml/cmg). c) See Table 2 for abbreviations. d) A film on

market, made of polyvinyl chloride.

BITREBOERMEFE% Table 3IZ7 7. BITESKRE
BMALUTTHLEMEBRVT, A~DED 47K2 S8
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34 BEISYTHSE nAT2ABITL AAE DX
B2

2-4-2ZR L2 HEICL B AAE DEBER % Table
SICRL. BRBDT vy 7L Lz AAED 51
D BB 5 A 1k DnOA % 2000 ppm TR b S H o7, L
7» L, DnHexA R U DnHA T F NN 1600, 1500
ppm TAZ I3 % 45 7225, DnNA KU DnDA i 700,
350 ppm THOPILEBMOHARE I EVTh o L.
hix, FyTICEML-ENEENRRLEEDN, bbb
Wi aNTY OBRBBENRLELZEIERTS. A
B2 3L AAEX OB, DnOA DRERL A
WTERB &N, ORI DEHP DRE®R % w71t
EYREOHEE —FLE. T2, BRHOSEAAE DA

FHEDFE11E 6200 ppm T, A B OFHMH 7300 ppm &
D1 EBREME LD % b o 7z

35 ZvTEDIEMEHICLDI DnOA D nNT 4
> ADBEHIREDO®RES

BEIS v 7 (R2) MU4%tAVWT, B228EMoNHY
EHTa~TYVICBHRTIERRHE L. 80T F
—7T94 (), 500WDEFL Y IVHRTEH
(©) RUZER (O) oMLt THEBME-1%, Zh
ZFRERICBRASORHITHREL, 2OMD DnOA D
BREILE Fig. 2ICRT. ZOKE, 2R0OFHET
2000 ppm TH Y, 3EXHTHEUHBRIIZILALEI 2D

27z

36 FZVTDaNTEZCLDBYELHE
A®RT v (R9) BEkxrHWT, 80C OF—7T
WADEHT, 1 EHBEORBL S n~T ¥ VBR
rBREL, BUH LR a7y 2 MATHHBT S5
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ppm), 4[5 (210 ppm) KU'5H (63 ppm).



654 BUNSEKI

0 . T
0 50 100

Time/min

150

Fig. 2 Time course of di-n-octyladipate migrated
from plastic-film (sample ID; R2) under initially dif-
ferent conditions of contacting with n-heptane:
() in oven at 80C for 90 min, () in micro-
wave oven at 500 W for 5 min, an () under room-
temperature
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VB aNF YN T LOTEELSHS. B2, 198]
ELRFOEBRHT v 7O AAERMBHIRRERS v
TOLDEYEVEMIZHZ Z LHBEEN T BY.,
COMFEMIARAETHHR SN (Table 3). FXRE
THLNERS72X I, CRRUDHES v 7iI3WHIR
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Fig. 2ICX D RRTHIHEHBEIEDLZWEZEZ LN
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7000 ppm T % % & EHH L OHfE L 88 ppm (Table
3) L hBEMMBEIELY. 72, 088 ppm idTN
TAAE Th A LHEEINTN, AAEZHRBEShTWER
WOTHITE LORMBEIZ RV,

4:2:2 Sy THhE5D AAE OEREOHKTE 597
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TVESROGEIIHAVWSLHh, FhHoDTFy TIRARR
UBELIZAE SN/, ARRUBES v 7D AAE X
WENL EOBBNREERTDICEMEN TN
X3THhY, 20 ARRY BERHD AAE 3BT
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HETEBLRET, COXHITRETHILORYELER
L7-eEx 5, ARBRICBVW-OHROEBERS v 7
D 14 WD AAE HEBARR~BTL, ARE (2180
RHEH (1480 ER BT LEZVERETSLE, 1
BNy 7REHT 5L 14 mg D AAE PBIT LR
PRI A LA, LizdoT, XRAEHED 1
A, Rik3 A (FHEKES0kg) THE-LXBH
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NODRENRILT HHEET, ~AKEkgL2hD
AAE BIUEIL, 0.044mgkg 'day ' LEHEINA.
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