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Identification of the Volatile Compounds in Polyethylene Terephthalate
Bottles and Determination of Their Migration Content into Mineral Water

Eui Min Jung, Dong Joo Kim', and Keun Taik Lee*

Department of Food Processing and Distribution, Gangneung-Wonju National University
'The Center for Scientific Instruments of Gangneung-Wonju National University

Abstract This study was carried out to identify the volatile organic compounds (VOCs) in polyethylene terephthalate
(PET) bottles and to determine the extent to which VOCs migrate into mineral water during the bottling process and
storage. A greater amount of nonanal and decanal was generated from the PET bottles than from the PET preforms.
Benzene, ethylbenzene, nonanal, and vinyl benzoate were identified from the PET bottles when the incubation temperature
of the headspace solid-phase microextraction (HS-SPME) sampler was set to 60, 80, and 100°C. As the incubation
temperature increased, the concentrations of nonanal, vinyl benzoate, and decanal increased significantly. When the high-
density polyethylene (HDPE) PET bottle caps were extracted with dichloromethane, the level of Irgafos 168 was found to
be 206+20.1 pg/g. The concentration of 2,4-di-tert-butylphenol in water was 4.80+0.2 pug/L. Therefore, it is necessary to
avoid exposing PET and HDPE resins to high temperatures during the manufacturing process and storage of bottled water.

Keywords: PET, high density polyethylene, volatile compound, migration, bottled water
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of Wt AA8] FAkg Ball AFE oldfd 4 AUThk3). PET A
o] Aol olgE = e EFZ= DA (monomer)2t
ZHEE &2] 3 (oligomer), A8 <] FalAHER] aldehyde, &
A= 2ol QFElE(Sh), 283 7|et 7 To= FEE
ATk@). =l AF 871 AL ol A3 el whEt 60°C
oA 30%-7F ¥R A AL 2l (non-fatty food simulants)S ARE-
stod PET EFA0NA ] 54 ol &A% 23 o 54
=2 E(TPA, MHET, BHET, A2 group, A3 group, S2 group, S3
group, cyclic dimer, and cyclic trimer)®] ©|3&-2 0.23-1.93 pg/
dm? otk Bard b Qlrh(s). PETH| B3] A4S 25°C
9} 35°Cell X Zkzt A3 A3} formaldehyde (FA)S] gk 3}
Z7)ete] 180Q92}ol] L 890.6 ug/L7HA 713 & 748k,
acetaldehyde (AA)= 1504 ¥ 3L 1,024.6 ng/L7HA Z71€
+ aEantal BarE ub gloke). =gk olejst PETH A A
Follxel o Hell tigk FsrAblA Apelidel| =Ed A 35°C
oNx 60Y ol FHE FSH FoH Apolrb AEBE7] AR
ow QhHolA e AE AL E 1208 ool EE Al
EdollA tize Ageete] zfol7h AEEHATL BAE ub 9l
(6). AIF7HA] PETH AollA 3] ede3 22 tds =
nFe] olF A EHE ] fAsiA o2 TR WS &
A RS ZESt] A ATHT-9).

PET A&t olz} Wupl(cap)E AHE-=I= high density
polyethylene (HDPE)Z A& Al H7i=e H7HA, @A 22

am 5 Al FHadel U9 mwkg BaSe] 4FO o
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=] 2)Fe] F5E FHol AAEE A AA AF L]
of P F Yolrtr] B k] Aol AlEA FA|7) oF
7128 2A7F Ark10). B5-E& PETH] cap tiF-F HDPEZ A
zEEH T Az Al s Trgafos 16801 2F 0.15%(W/w)
o] FFoz HyMEYy BuE uh gItk(11). 22]3 HDPE £7]
A H7FE Irgafos 1689 w3l EZ Q] 2,4-di-ferr-butylphenol
(24-DTBP)S] oljo 2 Qlsle] Are] #Fdha] FHo| JFS
etk G A AATh(12-14).

weka] B Ao E PET preform, 4 F ¥ PETH, 283
PETY A|&<] A5 olA headspace solid phase microextraction
(HS-SPME) GCMSE 53l FAS} AAE A|9gt et 3d &
A& 57433 HDPE capQ 2R E|9] o] EAS mlelsie] A4
oA 2,4-DTBPS] ola-g #A8taLzt st olelg A+E &
& PET = HDPE A|%8} A5 AFo] £nl2 A7 A
& AFsta ARk ke 71efstara) a3 E AT

ERTETE
HENE

A Az BAR BALERE PETH 221 ¥ 500mL A5
AFS T IYTh FA AlEe A A 1529 o U9 AF
o). S A T wE A =29 T A4S Hs)
o] BAKY] preform3 43 ¥ 1.5L amorphous (A) PET 8715 2+
Z} Fo] do} FA| AJRE ARSI ESk PETHO AMS-SH+=
cap= BAMNA Fo ol FA] AIREE ARSI

EEAM H 204

HDPE capll X3 aitsiA|el apilsiAlel B8 &4 42
A3t TFEAZA] Irgafos 1682 Ciba-Geigy (Basel, Switzerland)
AbellA], 2,4-DTBP Tokyo Chemical Industry (Tokyo, Japan)Alell
A ZkzF 3T Stock solution HPLC-E methanolS ©]&
ato] zbzt 1,000 pgmlLe] TEE Azt W Basinh 2
25 98] A8-E dichloromethane, methanol®} water+= Fisher
(Waltham, MA, USAAFS] HPLCES +Y3ted A&kt

ME2I|(PET)| M 2& 24

g B EA4S 93l Auto HS-SPME sampler7t &2+
GC/MS (7890N GC/5975C MSD, Agilent Technologies, Santa
Clara, CA, USA)E ©]83193 H4 24 Table 13} 29} 7).
Preform¥} A4&¥ PETS 2 22 § S2E2071(6700 Freezer
Mill, SPEX, Metuchen, NJ, USA)E ©]&sle] B ez 95
o] 1.0g2 F3F T3 20mL screw cap vialdl Y3 HS-SPMEW
o2 BEAsTh 28l 43 ¥ PETE F7F2 HS-SPMES]
incubation 2%E2 60°C, 80°C} 100°CE A 3le] 2% Abol

T =
wWe v 29SS

Soxhlet £FE& &8t capM2| Irgafos 168 244

2,4-DTBP @Al 21 S22 <&HZ Irgafos 1682 58S ¢
3 capS Soxhlet FE3t] FA8IATE PETHO AME-== 703
Sk cape B S5 FARIA 3] vl SmmxSmm FEe F7]
2 A AE vs 3.0ge skl FE0l YAl Soxhlet [0l
AZsATt olul FF &l =A dichloromethane 200 mLE
Soxhlet =]l WL 1077k o) F=3th. 25 & & &
A rotary evaporator (N-1000, EYELA, Tokyo, Japan)E 53l
FEA . 9710 methanol 2 mLE 71ete] Z&upA|H 7|2 2

Table 1. Conditions of headspace SPME sampler for the analysis
of volatile organic compounds

Mode SPME-agitated-heated
Incubation temp. 60°C, 80°C, 100°C
Agitator on time S5s

Fiber 65 um PDMS/DVB
Extraction time 900 s

Table 2. Conditions of GC/MS for the analysis of volatile organic
compounds

Model Agilent 7890A GC system/7975 MS
Column Agilent DB-5ms .

(30 mx0.25 mm L.d., 0.25 um thickness)
Oven temp. 60°C (1 min)—>15°C/min—>230°C (5 min)
Flow rate He, 1 mL/min (constant flow)

Injection temp.  250°C
Injection volume 1 pL
Analytical mode SCAN mode (m/z 50-550)

lonization energy 70 eV

Table 3. HPLC conditions for the analysis of Irgafos 168
Model

Agilent 1100 series

Column Zorbax ODS (C18) (250 mmx4.6 mmx5 mm)
Column oven 40°C

Mobile phase A) 100% methanol, B) 100% water

Flow rate 1.2 mL/min

Gradient 2 min 80% (A); 20 min 100% (A); 100% (A)

Injection volume 10 pL

Detection UV at 276 nm

=2l %, 045 PTFE syringe filter2 3}sle] HPLCEZ 4313
t}. HPLCS] #4] =712 Table 33 Zth

M=t S (cap)e| 2,4-DTBP O|eHZ &4

TN AR o3 He 24-DTBPY ol HS AR y] 9
a A57F 971 500 mL PETHS HAYL ok, ) 2EF349
4 2Fe digh SURFE AIY Wl wEk 60°ColA 30
7+ o8 A¥E FATk15). 2 ¥ A 10mLE 20 mL screw
cap vialell €32 37]ol|A 7]&E HS-SPME WOz Eofx 9]
24-DTBP o|s} &g #4313t
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nonanal®} decanale] 1=t} C,-C,, MY aldehyde} ketone
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Fig. 1. GC/MS chromatogram of PET preform and bottle.
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Fig. 2. GC/MS chromatograms of different PET materials depending on the HS-SPME incubation temperatures.
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Table 4. Volatile compounds detected from the PET bottles

o] nonanal3} decanal®] 7
J depending on the HS-SPME incubation temperatures

Fe, preform Xt} X
AFO BN TR EUeS I F

Retention Threshold

PETH O] preform RT} 2] § Bo] =% 7] wEoz 3 I;?z.k Compounds time value
ettt I2rE T A nonanal?}t decanal ©]9]2] W AE blank - (min) (ppb)
oMz Eld EZo|RITh Nonanal# decanal> PETOIA HEslie 1 Nonanal* 7.822 12
aldehyde’d ZZoln Fztdx)7} @re Erolmg 47 o|FHS 2 Vinyl benzoate* 8.356

sl 3 EZolth9). 2HERE o3 EFEe] ¥e & 3 Benzoic acid 8.838 nal
T2 g olgdXgty AT oZ A o] s A 4 Decanal* 9.376 0.1-2¢
o7 2=t} weld Aol o] EAE Zolxd B2s 5 Nonanoic acid 10.296 3,000*
A8 FAHNA 71 LS HAd yo] 9X|3l= Ao A 6 Cyclotetrasiloxane, octamethyl- 10.876

olg} wetE) 7 5,9-Undecadien-2-one, 6,10-dimethyl-[E]  12.774

HS-SPME sampler®] incubation 2=¢] w2 PETH|A2] 3
Py =420l sl GOMS 245 AAIS A= o Fig 2%
o ARrtEIeN B e} 3o 27t SUFEES 17
I3e BT F7Rke FAE UEdd o] o A& 4

mﬂ‘,

(2

*Compounds of which detection were greatly affected by incubation
temperature.
“Buttery ef al. (1988) (17)
°Bruno et al. (2007) (18)
n.a.: not available
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Fig. 3. HPLC chromatograms of Irgafos 168. (a) Standard solution of Irgafos 168 (50 ppm), (b) Irgafos 168 confirmed in the cap of PET
bottle after Soxhlet extraction

(a)

’ 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

Anrdarce
00000
- (b)
900000
70000
=
650000 £
600000 -
=
- g
00000 =
-
450000 B
}-3
— a
30000 1
200000 a]
250000 |
200000 a
0l
150000.
100000- “
S0000-
/ A, ‘ l_ J].' 1 5 lu]l A "
10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

Fig. 4. GC/MS chromatogram of 2,4-DTBP detected from the cap of PET mineral water bottles. (a) Distilled water, (b) PET bottles cap
contacted with mineral water
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1= AKFig. 4). TFE AFAE shH 24-DTBP= PES}
PP2| EISIAIR 2A0]E Irgafos 1682] Ea|& ol QYA A&
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