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Abstract

PET bottles used in water packaging are made up of small molecules or
monomers, which, together with their additives, can migrate into the water during
manufacture, filling or storage of the bottles. The purpose of this study was to
investigate the impact of various distribution and storage conditions on the release of
constituents from the PET bottle into the drinking water. Formaldehyde, acetaldehyde
and phthalates found in plastic packaging were analyzed in PET bottled drinking water
stored under different storage conditions, including indoor(18C) and outdoor(sunlight
exposure) in 2014, indoor(25°C with shade from the sunlight), outdoor(sunlight
exposure), outdoor with shade from the sunlight and glass bottle shaded from the
sunlight in 2015. The migration tendency increased with storage time, temperature and
sunlight exposure. However, it was not clear whether the tendency of concentration of
phthalates depended on the storage conditions. PET bottles showed a sharp increase in
the concentration of aldehydes in outdoor conditions with exposure to sunlight. In
particular, the average concentration of acetaldehyde exceeded the odor threshold under
outdoor storage conditions. The concentration of aldehyde in glass bottle was determined
to be lower than the initial concentration. Therefore, we confirmed the influence of the

material of the bottle.
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US EPA WHO  Japan Australia [ARC US EPA
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Acetaldehyde
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500

400Y

802)

400

900 80 500 Group 1 Bl
- - - Group 2B -
80 - - Group 3B C
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1) Recommended standard
2) Surveillance criteria
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Fig. 6. The average concentrations of aldehyde by storage conditions and durations.

Table 4. The concentrations of aldehyde by storage conditions and durations in 2015 (Unit : pg/L)

Formaldehyde Acetaldehyde
Mean  Median Min. Max. Mean Median Min. Max.
Initial 8.3 4.2 N.D. 29.1 33.2 12.2 N.D. 1829
4 weeks 6.3 1.6 N.D. 236 10.6 3.1 N.D. 38.9
Indoor/ 8 weeks 10.0 2.1 N.D. 344 35.9 8.6 N.D. 175.2
Shade the
light 12weeks 5.8 N.D. N.D. 27.1 14.9 0.2 N.D. 1035
Total 7.3 N.D. N.D. 344 20.5 3.2 N.D. 175.2
4weeks  30.1 28.9 N.D. 821 23.3 26.8 N.D. 44.3
8weeks  57.2 57.9 4.1  142.8 71.7 44.7 N.D. 3121
PET
Bottl Outdoor
ottle 12weeks  37.0 42.2 4.1 85.2 51.7 17.7 5.5 191.6
Total 41.4 41.6 N.D. 142.8 48.9 26.8 N.D. 3121
4 weeks 14.9 5.5 N.D. 4738 50.7 5.3 N.D. 2485
Outdoor/ 8 weeks 17.8 5.1 N.D. 723 65.2 4.6 1.6 352.9
Shade the
light 12weeks  16.0 N.D. N.D.  57.0 27.8 8.6 N.D.  130.0
Total 16.2 5.1 N.D. 723 47.9 5.3 N.D. 3529
4 weeks 2.3 2.7 N.D. 5.0 2.2 1.5 N.D. 6.3
Outdoor/ 8 weeks 0.8 ND. ND. 26 15 0.5 N.D. 4.8
Glass
Bott] Shade the
ottle light 12weeks  13.9 N.D. N.D. 1044 9.2 0 N.D. 70.9
Total 5.7 N.D. N.D. 1044 4.3 0.2 N.D. 70.9
Total 17.0 4.1 N.D. 142.8 30.1 4.8 N.D. 3529
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Fig. 7. The formaldehyde concentrations of each product by storage conditions and durations.
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Fig. 8. The acetaldehyde concentrations of each product by storage conditions and durations.
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Fig. 9. The average concentration by storage conditions and durations.
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Fig. 10. The DEP concentrations of each product by storage conditions and durations.
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Fig. 11. The DBP concentrations of each product by storage conditions and durations.
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Fig. 12. The DEHA concentrations of each product by storage conditions and durations.
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Fig. 13. The DEHP concentrations of each product by storage conditions and durations.

7 A

th ol HapAtte] Aol d4E wak Ak
A9\ 24NN FEZ7 AFe] Felah vhepdnh
= [e;

deE| = AFHFE 95% (frol T
ek Aol etz gte] f
Adejeh deojAbg Bz 1t
o, Aefeh Ao f

}4

£7] BazA 7t

Fol8E0] 0.0000.2 F 27 7ol #23k Ao
g 2yt o Ao HaAgds W o B =
oAl LELUBE ot fofet AolE o
B EEdus|=e] dAAEst 259 Apsg
i, 8719 A met B JEgs W Ao

Lebsth oHEL US| B AREE 95% (79
T 0.05)04 defet Aeag el 8] Bz
A 2] frejghge] 0.00002 A AFgaeh A
2 el 7] Hak k9] frelstEe] 0.0162.%
frolgh Aol & Bof o EHS| =] B =T}
871 A 7P 2A dFE e AR e
itk TR ERE Baxdd frod Aozt

Qe Ao veh

2o BAZANA Eﬂrﬂﬁoﬂ w2 A 2}
ol5 ol 7] Sl&f LYnjA BN F OB RS
2499 Kruskal-wallis# 4 S Fds 43} L&
|5 = NEFE 95% (o= 0.05) 4 A
A FEErld B A5 AL YA
279 X= 71k & AEE FE Aolvt %-"4
3 Ao Ueyith o ELE| S g4
95% (29 0.05) 0l A 2 Ao} 233 EJJr

>

_F)l_
ol eb)zkel mE AEE fol% Aol G

- 282 -



frel&7lel Bashs

2708 AL YA Bz ae AlZke] A
o met AlFE G| = wAtolrh st
A BAete] dds|Ee] WA HIL 29 21E]
AR5 BHos PETS7] Adapgdolre] st
oA ELH S = A7l (scavenger) o] ARg-o]H-
5ol wE AEFE §719 X}O]E gk 8glo] ¢

—_

qqmﬂﬂ ﬂi%ﬂ IWhaE vEE
A Aol ool Ut Aow
4,ﬂ11mﬂ%ﬂﬁﬂLW nEEdE
w3k AE Sdvde] dad

E W)

FHMELS FE71te] =R 71 S
7F i, GHEERY] sRk AR v
3 MHHo R ol FEVIZF AN AT
B 37 5 el vide] HQad Zloa A}
EAZl=3

A3 = AYRths AgxHA =57}
ol FlatA JEbgta, 123 AJA =
% 59 RN 7= FH| o]drts
Aol wjg- =okth. 53, Ao Bz of
AELHE| =] Hitss WAHA odoz
Aol ARZS doz = glo] FE3A
2 BPA AN wE5S veta 44 &%
g AT F e #YA~" gRyE 49
Ao Fotent

- 285 -

Ao, A%, o8 : PET A5 o) ¥
-

ol M, elia), Az, o

CAR, e,

el A eI vpe} o] PETE ]

EEAAF =, oMIELF = 5
3

=4 G A9 Tl o)

], R0l Ay

S FIHH R 2Alet] ¥R AN 5
£7] AzA AF% FAArr 2ed slow
AtE T

Ztn2s

C B E B 2015.
AN BAFTAALT(A2TE), 2014,
Al A, A HEAE 9 PET
£7] % Phthalate?} Adipated AH#HEA,

Analytical Science & Technology, 15(5):
475~481, 2002.

Wy 4o B4 L oY B, B
7}ek8] 2] 46:19~24, 2014.

A, g2 Fetsl 7] 43(4) 1504 ~508, 2011,

o8], o), WMFA, A&, 935, o
I T R I P

B3|k wE formaldehyde % acetal-
dehyde®] #% W3} Korean Journal of
Environmental Agrigulture, 30(3):281~
287, 2011.

Ao 0 HeAlE 9 PET
£7] % Phthalate?} Adipated AH#HEA,
Analytical science & technology, 15(5):
475~481, 2002.

/\

CSEA, uEd, Al 29, HQd, <
38, FrE, oy, X, AEY, HA



10.

11.

12.

13.

14.

S, AN, o194, ol AYH, AL,
HE I LI e e PR 23
A weEgel A1), FRBPAT,
2013.

Aale, A4, e =) B F =g
dolE 2 gejaddoiisole FFRE 5

A, A AL A e st s) A] 23(4) 1411~
418, 2012.

o]¢13], w5d, Yvs], Ao, Adv], 3
=]
Rl

4 9E% $ Formaldehyde #4149
Ha 2 A8y Hrl 2345 AE3]A,

17(1):1~9, 2014,

A9 HYdTrxEs T vErsEd Asel
ek A9, dapdigta, 2010.

AoJnl : A5E4 polyethylene terephthalate
(PET)H o2 5H AF+= oldd F7|ssh=
o] 4, 975 digaL, 2009.

olAlE ¢ HEANE e 2 | A
FAMSE ZALR A, AZA A AT
FAE 2013

- 284 -

15.

17.

. Cristina,

Dabrowska, A, Borcz, A and Nawrocki,
J © Aldehyde contamination of mineral
water stored in PET bottles, Food
Addit. Contam, 20:1170~1177, 2003.

B, Xavier, D, Isabelle, S,
Jean-Francois, M, Serge, E and Marie-
Christine, C : Effect of temperature on
the
non-intentionally added substances from
polyethylene terephthalate(PET) bottles

release  of intentionally and

into water: Chemical analysis and
potential toxicity, Food Chemistry,
139:672~680, 2013.

Szilvia, K, Eniko, T, Zsuzsanna, C,

Gyula, Z and Victor, GM : Study on the
leaching of phthalates from polyethylene
terephthalate bottles into mineral water,
Science of the Total Environment, 458
~460:451~458, 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


