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Abstract

A method for simultaneous quantitative determination of plasticizers such as diethyl phthalate(DEP), di-n-
propyl phthalate(DprP), di-n-butyl phthalate(DBP), di-n-pentyl phthalate(DPP), butylbenzyl phthalate(BBP),
di-(2-ethylhexyl) phthalate(DEHP), dicyclohexyl phthalate(DCHP) and di-(2-ethylhexyl) adipate(DEHA),
which are suspected as endocrine disruptors, in food was studied. A analysis method was optimized for the
quantification of plasticizers in Jjambbong, which is a kind of fatty noodle, by using GC/FID. The detection
limits of DEP, DprF, DBP, DPP, BBP, DEHP, DCHP and DEHA were 3.5, 5.3, 2.2, 2.2, 72, 1.7, 1.9 and
3.0 mg/kg, respectively. Much higher recovery was obtained by extraction with acetone/n-hexane(1 : 1) rather
than hexane solvent system. The recovery of DEP, DprP, DBP, DPP, BBP, DEHP, DCHP and DEHA were
72.7, 85.9, 91.4, 97.1, 100.8, 103.2, 104.3 and 95.8% after 4 time extractions, respectively. The migration of
plasticizers from PVC wraps into PVC wrap covered Jjambbong was conducted after shaking(120 rpm) for
30min at room temperature with chosen solvent system. It was found that the migration level of DEHA were

577, 706, 770 mg/kg into Jjambbong, respectively, while the other plasticizers were not observed.
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o3=9] Ministry of Agriculture Fisheries and Food
(MAFFy} ZALRL vloll od2w, A1 E-8 wrapsell A di-
(2-ethylhexyl) adipate(DEHA)$} epoxidised soya bean
oil(ESBO) %o°| plasticizer ¥ tackifier® A}
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Aol F7] Folle 04~132ng/m*®?, e} wle} £
9] Bl 06~300pgl 9= Uk By Hg
AN A FolMe] DEHPS B3isl ol f, $-% o
22X Zb7} 0.2 mghkg, 314 mgl ¥ 35 mgkge] A
% s%len, plastic TA film2¥E] |35 DEHP
o] k& 23A] F, ZHAAM, cream soup ¥ tempura
(flying) powder <A 0.05~68 mg/kg ©|ASH®. 9%
W, 2125 DEHPS} ¥ phthalate®] P& FH
73} ¥4 F DEHP:= 0.12~0.28 mg/kg olslon] X=
%l DEHP7} 17mgkg, % phthalate= 114 mg/kg
d Aoz B3 Fgon o UYL Wz ¥
A3 Aol U AR F2IHT,
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DBP %= DEHA ¥ ¥ 7] == 2~-374¢9] 7KAIE )
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Bz 22 WEu A3 EAZ R 7kA)
+ diethyl phthalate(DEP), di-n-propyl phthalate
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(DPP), butylbenzyl phthalate(BBP), di-(2-ethylhexyl)
phthalate(DEHP) 3! dicyclohexyl phthalate(DCHP) %
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Phthalate esters ¥ DEHA #4ell:= FL¥M 4 E
A RS ARgslgct. 7l4A] EFEA2 DEP, DprP,
DPP ¥ DEHP¥ Kanto Chemical Co. Inc.(¥¥),
DBP:=  Junsei Chemical Co.,, Ltd(¥¥) BBP:
Tokyo Kasei Co., Inc(¥¥), DCHP W DEHA:
Wako Pure Chemical Industries, Lid.(d¥)e] AL
742t AMgslg e, A S A 499 B
T acetone/n-hexane(l : 1) =§2] 5, 10, 25, 50, 100,
250 ¥ 500 mg/Lo]%l}. Internal standard®. Hayashi
Pure  Chemical Industries Ltd.(¥-2)2]  Benzyl
benzoateE- AM-319.29 $%3= acetone/n-hexane(l : 1)
o s 200 mg/LelAc}.

T2, A Y AN AR B 33 2F
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AZOIMS sl U FEAH

HE AR 100gS HElE AN AEF e FAE
60%% ZAB=F slgch. A8 10,000 mglLe) 7+
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Table 1. Analytical conditions of GC/FID

A EekER) A 32 DA 6 & (2000)

Model

Hewlett packard 6890

Column

Carrier gas & Flow rate
Injector temperature & Mode
Detector temperature

Air/H,

Oven temperature

HP-1701{14% cynopropyl-phenyl-86% dimethylpolysiloxane)
30 m X 0.25 mm X0.25 um

N, 1.0 mL/min(constant flow)

250°C with split ratio 50 : 1

290°C

9/1

200°C(5 min)—10°C/min—270°C(13 min)

Table 2. Analytical conditions of GC/MSD

Model GC8000/MD800
C DB-5 (5% diphenyl-95% dimethylpolysiloxane) 30 m X 0.25 mm
olumn
%025 um
Carrier gas & Flow rate He, 1.0 mL/min (constant flow)
Injector temperature & Mode 280°C with splitless
Interface temperature 280°C
Oven temperature 80°C (2 min)—12°C/min—>270°C (12 min)
Ionization mode EI (70 eV)
Scan range 40-450 m/z

HP6890(Hewlett Packard Co., Ltd("])Z flame
ionization detector(FIDYE A3l AMg-3lgic}. = o]
7171849 7€ #1830 mmX0.25 mmXx0.25 um T
A& 713 column®Z OV-1701(14% cynopropyl-phenyl
-86% dimethylpolysiloxane), SE-30(100% dimethyl-
polysiloxane), DB-5(5%  diphenyl-95%  dimethyl-
polysiloxane) ¥ HP-1701(14% cynopropyl-phenyl-86%
dimethylpolysiloxaneys ZsbaAM AlHslgct. HEH
Ql 71718M271E Table 1] Yehlisie).

Gas Chromatograph/Mass Selective Detector(GC/
MSD) £44

Algga) o2 HEJQ] GC chromatogramellA] phthalate
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Fig. 1. Chromatograms obtained from standard solutions
of diethyl phthalate(DEP), di-n-propyl phthalate(DprP),
di-n-butyl phthalate(DBP), di-n-pentyl phthalate(DPP),
butylbenzyl phthalate(BBP), di-(2-ethylhexyl)
phthalate(DEHP) and dicyclohexyl phthalate(DCHP) and
di-(2-ethylthexyl) adipate(DEHA)  according to GC
columns such as OV-1701, SE-30, DB-5 and HP-1701.
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€ 47 Rl ¥3n £3se] 24EHUY. HP-
1701 column OV-1701°] A4 DEP, DprP, DBP
peak?} broad¥t & W48l SE-30, DB-5 column
2} E%53e] 943l DEHA®} DCHPE ¥-=]3
A &3+ DB-5ol dHl3le] phthalate esters W
DEHA FA1FA el Aot

e 4

Internal standard{! benzyl benzoate(200 mg/L)$} 7+
7} 5mg/l ¥XE ZH= phthalate esters 3 DEHA &
FEEY L ZA sl Table 18] £ L2 GCFIDIA
A, vlakA] whes odel: EFETY
5mg/l Hilell 10 mg/e GCFIDRE #43igch A4

&A 25, 50, 100, 250 X 500 mg/LE FM3lo, E
EFY rxo) whE THEFYT) internal standard®)
area ratio2F-¢] Z#FAE A At DEP, Dprp,
DBP, DPP, BBP, DEHP, DCHP ¥ DEHA®| Al#tA4
= Z7b 09974, 09969, 09933, 0.9970, 0.9946,
0.9947, 09920 ¥ 099858 % AMAHE By}

HEEH

u]=  Environmental Protection Agency(EPA)®]
Method 8061A“® 3! Code of Federal Regulations
(CFR)®Ye]| w2 Method Detection LimitsMDL) HPH
€ AEdte] 73] EAHF MDL =1, 400XSDE71A,
& 99% A3 =9] student's t value, SD¥ standard

Table 3. Recovery of Phthalate esters and di-(2-ethylhexyl) adipate(DEHA) in Jjambbong according to extraction solvent

systems
-Hi tone/n-h 11
Plasticizers Spiked(mg/kg) n : exane i Acetone/n-hexane(1:1)
Detected(mg/kg) Recovery(%)? Detected(mg/kg) Recovery(%)
398 334
DEPY 500 444 86.3+5.8 341 69.5+34
444 366
393 344
DprP? 500 402 80.1x1.3 327 67718
405 343
314 327
DBP® 500 407 754+10.8 345 689135
410 362
251 344
DPP® 500 392 69.0%16.1 394 76416.6
391 407
292 324
BBP” 500 381 69.9+9.9 326 658115
374 338
202 301
DEHP® 500 319 5591134 368 71.1+98
318 397
229 324
DCHP® 500 367 64.5+16.1 353 69.614.2
370 366
233 283
DEHA 500 295 554x7.6 329 642169
302 351
Mean 69.6 69.2

UThree independent extractions followed by three parallel GC/FID analyses of each extract.

DAl values are represent mean£S. D. (n=3).
YDEP: diethyl phthalate.

“Dpr: di-n-propyl phthalate.

DBP : di-n-butyl phthalate.

SDPP: di-n-pentyl phthalate.

"BBP: butylbenzyl phthalate.

®DEHP: di-(2-ethylhexyl) phthalate.

9DCHP: dicyclohexyl phthalate.



1248

A EA] A 32 WA 6 2 (2000)

Table 4. Recovery of phthalate esters and di-(2-ethylhexyl) adipate(DEHA) in Jjambbong according to the number of

extractions with acetone/n-hexane(1:1) solvent system

Number of extraction
Plasticizer Spiked 2 4 6 8
(mg/kg) " Detected Recovery Detected Recovery Detected Recovery Detected  Recovery
(mghkg)”  (%)” (mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
287 3073 368 379
DEP? 500 279 59.2+t4.7 993 72.7+10.0 410 782+43 419 80.1+4.0
323 86 397 404
367 376 425 427
DprP 500 352 753461 465 859195 469 89.61+44 470 89.9+4.3
411 449 452 452
385 404 459 459
DBP® 500 381 80.51+69 487 914193 499 96.1 +4.1 500 96.1 +4.1
442 481 484 483
366 422 498 499
DPP® 500 395 80.7£8.6 527 97.1+11.2 528 102.5+3.0 529 102.61+3.0
451 508 512 512
428 454 515 514
BBP” 500 446 912169 571 1043+£12.2 565 1082+5.0 562 107.6+4.8
495 541 544 539
298 389 545 583
DEHP® 500 377 73.8+13.5 572 100.8+20.1 602 115.1+5.7 614 1183140
432 551 580 578
401 451 564 525
DCHP” 500 422 87.3+90 559 1032+ 11.5 561 109.5+2.5 562 108.5+3.7
487 539 545 542
272 357 503 531
DEHA 500 377 70.1+13.8 564 95.81+21.7 571 108.01+6.9 573 109.21+4.6
403 517 546 535

UThree independent extractions followed by three parallel GC/FID analyses of each extract.

DAl values are represent mean+S. D. (n=3).
DEP: diethy] phthalate.

“DprP: di-n-propyl phthalate.

DBP: di-n-butyl phthalate.

®DPP: di-n-pentyl phthalate.

"BBP: butylbenzyl phthalate.

SDEHP: di-(2-ethylhexyl) phthalate.

9DCHP: dicyclohexyl phthalate.

deviation)®l] whzl A AFa}glT}. Phthalate eters X
DEHA »%°2 ¥ DEP, DpiP, DBP, DPP, BBP,
DEHP, DCHP ¥ DEHA® Z&3AE= 77 35, 53,
22, 22,72, 1.7, 1.9 and 3.0 mg/kgel A},

FEZ0H0f e EE

#%o) phthalate esters ¥ DEHA Eg£¢ 500
mgkegE H7lele] 2Ll wet 13 Sl 3
& 89S Y9 v A3 F249 n
hexane E*= acetone/n-hexane(l : 1y2 Ztz} ARg-3led Al
¥ AEF Table 3¢ Jehligid. 42800 o=}
7Z}7] o2 3]4E-E& He] n-hexane ¥ acetone/n-

hexane(1 : 10l|A18] 37 2482 7+ 69.6 R 69.2%
ojglet. F fuie] FF Hygo] FARE L By
v EFHat ke v E- o acetone/n-hexane(l : 1)
foi7} 2R #lxje] AR IeEE B =3 &
Z8v] ol phthalate estersq]l DEP, DprP, DBP,
DPP, BBP, DEHP, DCHP % DEHA®] #<4§-& wvia
% u n-hexane £vjol A 554~86.3%, acetone/n-
hexane(l : 1) 8o systemell M 64.2~764%2] HH 2
acetone/n-hexane(l : 1) £v] systeme] Bz} W7} F
7] ol FAEHE 8 38 system2 A
3lic}.
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Table 5. The migration level of phthalate eters and di-(2-ethylhexyl) adipate from PVC wraps into Jjambbong

Sample No Phthalate esters (mg/kg)” di-(2-ethylhexyl) adipate (mg/kg) Comments
1 nd? 706 +92¥
2 nd 770+23 commercial wraps
3 nd 5717+27

DPhthalate esters: diethyl phthalate(DEP), di-n-propyl phthalate(DprP), di-r-buty] phthalate(DBP), di-n-pentyl phthalate(DPP),
butylbenzyl phthalate(BBP), di-(2-ethylhexyl) phthalate(DEHP) and dicyclohexyl phthalate(DCHP).

Ind: not detected (limit of detection: diethyl phthalate(DEP) 3.5 mg/kg, di-n-propyl phthalate(DprP) 5.3 mg/kg, di-n-butyl
phthalate(DBP) 2.2 mg/kg, di-n-pentyl phthalate(DPP) 2.2 mg/kg, butylbenzyl phthalate(BBP) 7.2 mg/kg, di-(2-ethylhexyl)
phthalate(DEHP) 1.7 mg/kg, dicyclohexyl phthalate(DCHP) 1.9 mg/kg and di-(2-ethylhexyl) adipate(DEHA) 3.0 mg/kg).

YAll values are represent mean=+S. D. (n=3)

FE280 WE Bl

HAo] F234E 3)9)8 el phthalate esters
9 DEHA ¢4 500 mgkeS Hrlstd A8
o} Table 40l ZAE JeplitiEsd F234 43 o]
FREE= o o)Ake] I4E Ul glo] FHE o)FA
o}, ojeld o] Feo| FWolr slaA FAEAHE H
g Aol ME 235 437 HAEH.
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232 577, 706 ¥ 770 mgkgE Table 59} Zt}. ol
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22, 22,72, 17, 19 ¢ 3.0mgkgolslc}h. Acetone/n-
hexane(1 : 1) &89 systemd A3l 43 F33]
3 HP-1701 column®] A3% GC/FIDE AH-3&¢]
phthalate esters?] DEP, DprP, DBP, DPP, BBP,
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9] g4 PVC wrapS2 BE-L bzt 24 3087t
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