50| - 22 - oYKt

. 7|%=4’0_l__=|
=7

(=]
A
(=]

J. Fd Hyg. Safety 20(4), 277-283 (2005)
Dual-Column GC-FID System2 O|&&} Al
A0S - HriE
oMy 4E
Adipate Plasticizers in Food Packaging by Dual-Column GC-FID System

OF.
<

I YU -
%2
A Simultaneously Analytical Method of Phthalate and

Phthalate’® 3 Adipatef® 7I2X|2
- NES

12 &7/ Z&E

In-Shin Kwak', Gil-Jin Kang, Mi-Ok Eom, Dea-Hoon Jeon, Hyung-il Kim,

Zoly
Jun-Hyun Sung, Jung-Mi Choi, Eun-Kyung Kim, and Young Ja Lee

Food Packaging Team, Department of Food Safety Evaluation Korea Food and Drug Administration
(Received August 3, 2005; Accepted November 29, 2005)

ABSTRACT - A plasticizer is a substance which is added to a material to improve its processability, flexibility
However, they can migrate into food from PVC food packaging, and some of them are especially suspected as
endocrine disruptors. In this study, Simultaneous analysis of 13 phthalates and 9 adipates were carried out by dual-
column gas chromatography system equipped with two FID detectors for rapid confirmation and quantification. The
proposed method was validated with >0.993 of linearity in the ranges of 10-500 mg/l, <3.5% RSD of reproducability
in 10 inter-days sample preparations, and > 98.1 % of recoveries for all the plasticizers. DEHA was detected in all
the 3 PVC wraps at levels of 176.9-198.5mg/g. Among the 51 samples of PVC gaskets, the targeted plasticizers were

detected in 41 samples. Of these plasticizer detected samples, 40 contained DIDP at the levels of 157.3-374.7 mg/

=
w2 7
58 Qo7
9]
AA

2

and stratchability. Phthalates and adipates are the most frequently used plasticizers of poly(vinyl chloride) (PVC).
g and one contained DINP at the levels of 165.6 mg/g. Also, some plasticizers were detected in other packaging
materials such as PET, PP, PE, Pulp. But it might be attributed to contamination in manufacturing.
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Fig. 1. Schematic diagram of dual-column GC-FID system.
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Table 1. GC operating conditions

Analytical Conditions
120°C(2 min) — 7°C/ min — 230°C(2 min)

Oven Temp.
5°C/min — 280°C(5 min)
Carrier Gas N,
Flow Rate 1.5 ml/min
Injector Temp 240°C
Injection Volume 2 pl
Detector Temp. 280 °C
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Table 2. List of plasticizers tested in this study and method validation results.

Abbreviation Compound Linearity® LODY RSD (%, =10)
DMP Di-methyl phthalate 1.0000 13.39(0.7) 2.58
DEP Di-ethyl phthalate 0.9980 11.9 (0.6) 2.57
DPrP Di-propy! phthalate 0.9977 10.9(0.5) 2.54

DIPrP Di-isopropyl phthalate 0.9999 11.1 (0.6) 2.70
DBP Di-butyl phthalate 0.9995 10.4 (0.5) 2.35
DPtP Di-penty! phthalate 0.9999 11.4(0.6) 3.51
BBP Butylbenzy!| phthalate 0.9993 17.4(0.9) 2.19

DEHP D-(2-ethylhexyl) phthalate 0.9983 229(1.1) 1.74
DHtP Di-heptyl phthalate 0.9999 214 (1.1) 2.80

DCHP Di-cyclohexy! phthalate 0.9987 24.1(1.2) 1.79
DPhP Di-phenyl phthalate 0.9939 29.3 (1.5) 2.54
DINP Di-isonony! phthalate 0.9969 74.0 (3.7) 1.83
DIDP Di-isodecyl phthalate 0.9996 822(4.1) 2.01
DMA Di-methyl adipate 0.9996 18.8(0.9) 1.96
DEA Di-ethy! adipate 0.9989 14.5(0.7) 1.80
DIBA Di-isobutyl adipate 0.9993 11.4 (0.6) 1.81
DBA Di-butyl adipate 0.9996 11.4 (0.6) 2.18

DEHA Di-(2-ethylhexy!) adipate 0.9999 15.2(0.8) 3.26

BBEA Bis-(2-butoxyethyl) adipate 0.9987 19.0 (1.0) 1.53

BBEEA Bis-[2-(2-butoxyethoxy)ethyl] adipate 0.9990 83.6 (4.2) 1.80

DINA Di-isononyl adipate 0.9985 442(2.2) 1.75

DIDA Di-isodecyl adipate 0.9991 72.1 (3.6) 2.26

a) Calibration range (500-10,000 mg/1 for DINP, DIDP, DINA, DINA, 10-500 mg/! for others), b) Limit of detection was calculated (mg/l) as

three times the average noise level in the blank test” , recalculated (ug/g) as the amount in the sample

Y and limit of quantification (LOQ) was

set at a level three times that of LOD, ¢) Under reproducibility between 10-days spike (100mg/1 of each plasticizers) test conditions
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Fig. 2. Representative chromatograms of (a) standard solution (18 plasticizers and internal standard mixture), test solutions for
(b) PVC wrap and (¢) bottle cap gasket. Signal-A, B are expressed the results separated by two different polarity columns.

Journal of Food Hygiene and Safety, Vol 20, No. 4



A Simultaneously Analytical Method of Phthalate and Adjpate Plasticizers -+ 281

2.0

1.5

1.0

Peak Area Ratio

0.5

0.0

0 100 200 300 400 500 . 600

Concentration (mg/L)

Fig. 3. Representative calibration curve for di-(2-ethylhexyl)
adipate(DEHA)

Y chromatogram % DB-1701 columng %38l £
Asignal-AY] Bt grpHos gEsklonz o
Zjak/d x}M al ;\]qu = akoﬂ A}&L}oﬂq B oq:rLoﬂ ;\.1
HES LA sk 22%9] 71 thske] 72t daa e =
Aslgon, e AgM 2 EAe o2 DEHAY] t

ﬂllﬂl RO

3 AFE Fig 3o WERNSITE AdE A7 @% Table 2
oA B F o] BF 0.993 o] 3k AAAS 1}
ERA AT

A&eA 2 FFFA : dolF chromatogram®] signal#}

noise ¥]& 39 SF3h= peak O BHE] Agkd 7 7}

aAle] BEE AT 7] 717149 AEWAR S
W olgAl A FEENE B Rl we A4

AEY 7 e A dE Bl BE YES Table 2
o Helsisint. EJ'EL £ AolMe HEdAe] 3ael sig

e TEE AHIAIE sIHTh
34-g : PVC Ao 3k AP ZAA] methanolsl]

ofs) XEE PVC AEE ARATL, ol 1 g 3o th
A} tetrahydrofurane®] 31 & 7)ol 7+ 7tAAE HE
100 mg/l T/} HE5 RS8N S Ut o] § AlEE
Heo) A W mt dAAEste] HE 58-S HEIN
th AlEA, BE THAaAel] tiste] 98.1 % olde] Yadt

o
TEE Ag 7 UMTh

Table. 3. The levels of phthalate and adipate plasticizers in various food packaging materials (mg/g)

. PVC PVDC PET PP,PE Pulp
Materials
Wrap Gasket Film Bottle Container, lid Tea bag Filter
No. of samples 3 51 11 15 14 8 3

DMP nd” nd. n.d. n.d. n.d. nd. n.d.
DEP nd. n.d. n.d. n.d. tr(1) n.d. n.d.
DPrP n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DIPrP n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DBP n.d. tr” (69) n.d. tr(1) 1r(6) tr(1) tr(1)
DPtP n.d. 0.6(1) n.d. nd. n.d. n.d. n.d.
BBP n.d. (1) n.d. nd. n.d. n.d. n.d.
DEHP n.d. tr.-0.9(18) n.d. 0.2-0.4(2) t-0.3(8) n.d. n.d.
DHLP n.d. nd. nd. nd. nd. nd. nd.
DCHP n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DPhP n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DINP n.d. 165.6(1) n.d. n.d. n.d. n.d. n.d.
DIDP n.d. 157.3-374.7(40) n.d. n.d. n.d. n.d. n.d.
DMA n.d. n.d. n.d. nd. n.d. nd. n.d.
DEA n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DIBA n.d. n.d. nd. n.d. nd. 0.2(1) nd.
DBA n.d. w(2) n.d. nd. n.d. n.d. n.d.
DEHA 176.9-198.5(3)  0.3-0.9(14) n.d. n.d. t(6) n.d. tr(1)
BBEA n.d. n.d. n.d. n.d. nd. n.d. nd.
BBEEA n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DINA n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DIDA n.d. n.d. n.d. n.d. nd. n.d. n.d.

a) not detected, b) tr : trace level ; LOD < tr <LOQ), ¢) number of the plasticizer detected samples
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