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ABSTRACT - In this study, the level of migration of 5 kinds of volatile organic compounds (VOCs) (toluene,
styrene, ethylbenzene, isopropylbenzene and n-propylbenzene) into distilled water from polystyrene-made food con-
tainers was measured using Purge&Trap combined with GC/FID. The contents of the VOCs which have regulatory
limits in Korea food code only for material specification were determined under three exposure conditions which were
30 min at 60°C, 30 min at 95°C and actual situation of instant noodle intake. The calibration curve of 5 compounds
showed good linearity (r*=0.9976~0.9995) within the concentration range of 1~50 ng/mL. The limit of detection
(LOD) and limit of quantification (LOQ) were validated at range of 0.041~0.092 and 0.135~0.304 ng/mL, respec-
tively. The average migration contents of 5 compounds were below 5 ng/mL except for styrene. The average contents
of styrene were highly detected at 95°C for 30 min exposure (52.71 ng/mL). Under actual condition at instant noodle
intake, the average contents of styrene was 17.23 ng/mL. The results demonstrated that the migration rate of VOCs

was related to storage temperature and time.
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Table 1. Volatile organic compounds (VOCs) investigated in this
study

Name Formula M.W
Toluene C,Hg 92
Styrene C.H, 104

Ethylbenzene CeH,, 106
Isopropylbenzene CH,, 120
n-Propylbenzene CH,, 120

purge&trap concentrator (Teledyne tekmar, OH, USA)2} 25 mL
frit sparger 2= o] 2= Tekmar AQUA Tek 70 liquid
autosamplers AH&-3FAATEH B Equjo] 4 aHHoR
Aoy5t7] ¢k MCM (moisture control module)% A
som AREE GC 2 purge&trap 72 Table 29} 2t}

EFgolo] X

200 pg/mL =9 ZF EFEF 100mge A3 o}
100 mL & FEeh==0l FHolal SRTE FAA7HA] A ¢
200 ng/mL EFHNES A xR oH, o] T EF4, o€
WAl ol AZzzdwAl L p-z2dWAe 1,2 4, 10 &
20 ng/mLE THAIH O 7 X5l FFEAOZ AFEFIN

3 2EAS 1,2, 4, 10 2 50 ng/mLE 3]AJsfe] ARSI

J

K

X QI oL

Aoj R 722X (calibration curve)S HIRSZ ZE3HA|
(LOD)= 3.36/S(o:y-intercepts of regression analysis, S:slope
of a calibration curve)®-Z, 3 ZF3A(LOQ)= 100/Se] 2]
of efs) ALtstdet.

BEANDE A3l TS LAl Gimulating liguid)>
Aesle] &2A8L sttt durgr)e] 44 7]
S H240~720 mL)9) 7}AT FF5E, 7]

AL BAATA 7HdE 25S5E vt

2 §7]9] =, S
AFAR 57 92 v dAT 252 fAHe d27]
o At 8417 v 50 mLE A FHske] 33] Rk
Attt 82218 AR A, @ AFTHAA &
ZA¥o BHEZF O 7 AMEEHE 60°ColA 3027, B/, AL
204 HHAAE et 95°CelA 30i7F 22]al AlA,
A HepH dHATH o] 2108 yHst B2 ES
o T A4S Wi oA 387 fA% o 54
I 5% B NSt &A1= AR At
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Table 2. Analytical conditions of GC and purge&trap for VOCs determination

GC Agilent 6890 series
Detector FID
Column Restek N9611348(30 m x 320 wm x 1.5 um film thickness)
Injector temp. 250°C
Detector temp. 280°C
Oven temp. 40°C(2min)-3°C/min — 65°C-6°C/min — 100°C(2 min)-50°C/min — 170°C
Injection volume 1l
Split ratio 7.555:1
Column flow rate 2 mL/min
Purge&Trap Tekmar 3100
Trap material Tenax
Line & Valve temp 120°C
Mount temp. 60°C
Purge ready 35°C
Purge time 11 min
Desorb preheat 220°C
Desorb 4 min at 225°C
Bake 10 min at 225°C

2, 4,10 2 20ng/mLe] FEE, 2EALS 1,2, 4, 10 2
50 ng/mLe] T==2 EFEHS A3t Purge& Trapo =
EASE Aol ARnEIRS Fig. 19 JeRAATE A

S50 mE 93 WA ]85, o]
%Eué_‘?'] oA 33] whEate] EA3F A}
F2HA|S=(Correlation coefficient) = 0.9976~0.99952] 241
b=

21.133 - n-Propyl benzene

13.516 - Toluene
17.375 - Ethyl benzene

| =——==———"""20.358 - Iso Propyl benzene

f——=="—19.050- Styrene
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Fig. 1. GC chromatogram of VOCs standard mixture analyzed by
Purge&Trap at 10 ng/mL.

A 2 FEFsAe] 42 dojxl AE=de vt
signal®} noise2] H]E(S/N ratio)e] 3ol s|Fsl= 7]
HAZSHA(LOD)E AlLkst A3} 0.041~0.092 ng/mLe]
T A2 signal?} noise] H]E©] 1000 TG
3} AZFHA(LOQE 543 A3+ 0.135~0.304 ng/
mL ©]tHTable 3). ©]+= Shins'Vo] 7] $AAE 5 7}
AR ntE a2k /A B4 7| (GC/MSD)E ©]-&3ke] VOCs
£ =43 AgoA A HESHA 0.01~0.05 ng/mL X
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5% VOCse| SR 54 =8 43 Z43= Table

Table 3. Calibration equation, correlation coefficient, LOD and LOQ for 5 kinds of VOCs

Compound Calibration curve Correlation coefficient (%) LOD (ng/mL) LOQ (ng/mL)
Toluene y=42.22x-70.38 0.9985 0.041 0.135
Ethylbenzene y =39.70x — 77.09 0.9981 0.086 0.284
Styrene y=25.48x — 14.43 0.9995 0.067 0.221
Isopropylbenzene y =40.41x - 90.93 0.9976 0.053 0.175
n-Propylbenzene y =39.65x — 90.69 0.9977 0.092 0.304
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4,59} 79t} 60°C E&2A0A EFALE 0.0~3.70 ng/mL,
2<El@E 2.68~17.15 ng/mL, S E¥A-L 0.0~1.70 ng/mL, ©]
22 WAL 0.0~2.88 ng/mL E n-Z2 Al
ng/mLE §E8S IR 95°CAM = EFM2 1.23~
3.73 ng/mL, Z~E]&ll2 12.57~186.27 ng/mL, ol gl 137~
11.90 ng/mL, O]iiijgﬂhﬂﬁ 0.0~3.06 ng/mL % n-ZZ
AulAle 0.0~2.8 ng/mL AEE AT ZT 2Ej &7

Y ZEl-S A9 Urﬂixl VOCs®| HAE&EFS
Sng/mL °]3tRE S PO 95°C 2EZANM BE
VOCs7t =71 AEE Ao 53] 2E#e] 745, 60°CollA
HFg=ETo] 5.02 ng/mLo| A2} 95°ColA & 52.71 ng/mL

2 §&Ho Hasert 1M o) = AEHA. ol=

Licklys "% theFeh E2]AHAE7| 278 A FEAH] (food
simulant)?] 2871502 &&5 < ZERI gk A
A EELTE 21°CAA 66°CE AsAZdl wet 2E
EZF] 3~18 o Bo| &EEHASS Bt A=
VOCs®] 21F 0 22 o]ge FE|AEal &7] A T
Hol e ol A o= v B o, §EXE
oF W AV S EAT 5 AU

=

A

Table 4. Migration levels of VOCs from polystyrene-made food
containers into simulating liquid (distilled water) at 60°C

HE X g AYo] ME VOCs2] 5T £%

A Aol Hepd AFHA 204E aLeske] VOCs
o] $E%FS 4% A3}E Table 69 YERNATE 95°C
BB 8704 72 3 AR 3R AAIFEAR o
FAZ T VOCsE w43 243 702 0.0~1.90 ng
mL, 2~E]#& 6.90~40.17 ng/mL, TE#lA-2 0.0~2.22 ng/mL,

ol zIWlAL 0.0~1.28 ng/mL E n-ZZIWA-L 0.0~

1.60 ng/mL HZHATE Al&ehA AAIPAIE AAT T 5

L AeolA BA G o §7IHE &%= VOCsE &
2.

23 Az L 0.0~1.58 ng/mL, ZElFE 2.46~61.41 ng/
0.0

mL, AlgHllAL 0.0~2.60 ng/mL, ©]AZ2HHAL 0.0~1.60
ng/mL Z n-Z2 WAL 0.0~1.59 ng/mLZ S U &
XA BEF q]_ oﬂguﬂ;q olAZzgulA 9 p-zz=gul

Aol BFEEHFL 60°ColA 308 £&4xet & fol7}
fRo, 2EAS Hg §EF] 17.23 ng/mLiAﬂ oF7}
A 2AFHYI 95°C, 308 = A T HleAlE= I

e
A2 Bk A2 F4< B 387 $3A70E 24
A £&%F 10ngmL ©]3te] EEAE £48 95
7 A A Q8|E &E 0] 1Ak 10 ng/mL

Table 5. Migration levels of VOCs from polystyrene-made food
containers into simulating liquid (distilled water) at 95°C

Mean (ng/mL) Mean (ng/mL)
Sample Sample
No. Toluene  Styrene Ethylben- Isopropyl- n-Propyl- No. Toluene ~ Styrene Ethylben- Isopropyl- n-Propyl-
zene benzene benzene zene benzene benzene
1 3.70 3.68 1.19 2.72 2.99 1 3.73 22.21 3.31 2.78 0.17
2 1.19 2.68 . 1.21 2.50 2 2.37 16.59 2.14 2.89 2.61
3 1.07 6.29 1.26 - 1.24 3 2.10 48.10 5.26 1.22 2.48
4 1.02 4.55 1.08 - 1.22 4 1.96 44.73 4.42 247 2.52
5 0.97 3.47 - - 1.20 5 1.97 40.41 3.86 - 2.39
6 0.95 3.07 - - 1.19 6 1.26 12.57 2.60 - -
7 0.92 3.34 - - 1.18 7 1.69 39.74 4.11 - 2.48
8 0.90 3.07 - - - 8 1.97 33.65 3.10 - 2.38
9 0.92 3.37 - - - 9 3.50 58.49 4.44 241 2.41
10 1.64 297 - - - 10 2.82 13.27 1.37 - -
11 0.91 3.21 - - - 11 2.92 58.84 491 2.57 2.61
12 0.89 2.94 - - - 12 3.07 55.19 2.32 - -
13 - 3.39 - - - 13 2.76 67.33 3.87 - 2.40
14 0.95 5.56 1.06 - - 14 3.21 186.27 11.9 3.06 2.78
15 - 4.09 1.18 - - 15 2.16 90.87 7.64 2.83 2.70
16 - 5.54 1.06 - - 16 1.90 46.68 3.77 - -
17 2.00 4.43 1.09 - - 17 1.23 30.22 2.93 - 2.41
18 1.97 11.36 1.70 241 242 18 2.81 54.77 5.50 2.69 2.81
19 - 7.66 1.20 - 1.18 19 247 4420 425 - -
20 - 17.15 1.62 2.88 2.98 20 3.46 92.74 7.24 2.81 2.71
21 - 3.57 - - - 21 2.20 49.99 4.06 - -
Average 1.00 5.02 0.62 0.46 0.91 Average 2.46 52.71 4.43 1.29 1.79

= not detected with an estimated detection limit of 0.04 ng/mL

"> = not detected with an estimated detection limit of 0.04 ng/mL
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Table 6. Migration levels of VOCs from polystyrene-made food containers into simulating liquid (distilled water) under actual intake condition

Mean (ng/mL)
Sample
No. Toluene Styrene Ethylbenzene Isopropylbenzene n-Propylbenzene
AV B? A B A B A B A B
1 1.06 - 6.98 246 1.02 - 1.00 - 1.40 -
2 1.08 - 9.14 2.96 1.59 - 0.72 - 1.17 -
3 0.46 - 8.58 6.01 1.30 - - - 0.66 -
4 0.48 - 16.30 23.54 1.41 - - - 1.06 1.05
5 0.42 - 7.33 6.15 1.25 0.23 - - 0.66 -
6 - - 7.89 4.30 1.17 0.11 - - 0.65 -
7 - - 222 29.64 1.22 - - - 0.64 -
8 - - 6.90 4.93 1.19 - - - 0.80 -
9 1.90 1.58 13.04 22.42 1.06 0.37 - - - -
10 1.30 0.20 15.65 21.67 - - - - - -
11 1.16 0.34 18.80 21.35 1.68 0.30 - - 1.05 1.50
12 1.28 0.40 25.43 32.54 - - - - - -
13 1.17 0.39 26.54 35.89 1.50 0.89 - - - -
14 1.14 0.40 40.17 61.41 2.12 1.48 1.28 1.60 1.49 1.59
15 0.90 0.61 23.15 24.49 222 2.60 0.71 0.43 1.50 1.52
16 - - 10.80 11.34 1.02 0.25 - - - -
17 - - 9.23 2.51 1.29 0.27 - - - -
18 1.55 0.87 18.84 20.67 2.13 1.83 1.23 0.37 1.60 1.50
19 0.53 0.42 8.42 421 1.21 1.15 - - 0.41 -
20 1.18 1.14 15.39 17.83 1.67 1.90 0.74 0.75 0.86 0.87
21 0.40 - 7.28 5.51 1.09 1.23 - - - -
Average 0.76 0.30 15.15 17.23 1.29 0.60 0.27 0.22 0.66 0.38
DA : containers were closed with lid for 3 minutes at room temp.
B : containers were closed with lid for 3 minutes and opened without lid for 5 minutes at room temp.
*=* = not detected with an estimated detection limit of 0.04 ng/mL
oifollMe FHE EAT F At ol &TIAEA 2 ARgske SR sERe] A ARG el e
A frelEE VOCse] 2718530l met g =l vl "] FFE 2000 mgkg o 2, 53] 2 o dHlAlE
71502 A= A 224 AYH-5) (biodegradation) = = A 1000 mg/kgS 2 FAIE Jon, HERE Agr|Fogs
Hoh ARGl SRR $2HE ol o By] o] AEAML] A$ vl 100 ng/mLe] 71FS A Yo

2ol AAE AT Licklys ¥ ofFst Z2] g 87]9
A AFoR §EHE ZEEe] dUFHA 3 Festimated
daily intake, EDI)2 Al4Fste] 9 pug/person/day ©]2}al Bl
3192 ©]= Styrene Information and Research Centerell
Al AR 28l gk Y5184 3 F(acceptable daily
intake, ADI)®] 90,000 pg/person/day ¢1 A 7tsiH =
g2 725 H &5 dHEE S| 2 v
5 mulete] A7 g flsi7t = A F=vhal skt shA|
SE2EE 8719 wet d=A A 135 °F
(54.44°C)oll A &2 A1A A4 (diffusion coefﬁcient)% Al

T}

gl

AP on ol Lu7t =842 AgHd 850 27}
el & 4 ARl A B HERT li"ﬂ*i £
zEld 8718 AHehE A9de E o dUdFYY3
el Adbe] Bag Aol

d HEFFANME ZE2ER 7100 el dE-g2

™ —?‘ﬂ‘/]'a]'*‘ WMEOE x]ﬂ 3le 20 ng/mLe] 71FS
= §E&A189 g8l vOCse]
8}9?\7101] iﬂ*!ﬂaﬂ &719] AA7NES A8
£ Ataspr)olle oy eol o Egi
%71% UGGl A HeHA Y Lol =EFE o A}
éjlnow o) 2Ejdl §&5%7} 186.27 ng/
ET2EE 7oA AFoR
Oﬂ I;H% Od:TL.‘: 1:].01:6‘} UHZLQ_
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e AeAFe R 82
of AHolof & Ao

=
o

A

=

21579
|74

T2

N -
THTE &%

i)



208 Nam Hoon Kim et al.

I ANE Purge&Trap 3

} 9ok 2 EEEES 1~50 ng/
(r2 =0.9976~0.9995)2 LEPH O
g/mL, A FHAI= 0.135~0.304
. %%iﬁt A, 60°coﬂA1 304, =4,

*ém%f\]a UG

ol\)C'_L:
=

= 27X 5ng/mL °l3t= AEHA
A5 60°ColA H+8&EFo] 4.02 ng/mL,
95°Col A= 5271 ng/mL, HH AFHAL A=
1723 ng/mLE AZ= AT}
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