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Formaldehyde Content of Disposable Diapers

Food Additives Team, *Reserch & Planning Team

Sung-ja Cho, Min-su Chang, Hyun-kyung Lee, Ji-young Kim,
Jae-hoon Cha, Dong-gyu Kim*, Sung-deuk Lee and Young-hee Oh

Abstract

The formaldehyde content of 40 disposable diapers(adult, children, and sanitary
mats) available in the market was examined. To explore and compare the reliability of
the quantitiative determination of formaldehyde content, High performance liquid
chromatography(HPLC) and UV-VIS spectrophotometer after derivatization of compounds
with acetylacetone and HPLC after derivatization with 2,4-dinitrophenylhydrazine were
perfomed. As a result, the standard curve of formaldehyde by the acetylacetone-based
spectrophotometric method was linear in the range of 0.1~15 ,ug/mL(RZZI.OOO). The
best %RSD value was obtained in this method. The detection and quantitation limits of
the acetylacetone-based spectrophotometric method were 0.009 mg/L and 0.028 mg/L,
respectively. Therefore, the acetylacetone-based spectrophotometric method was used to
determine the formaldehyde content of disposable diapers. Follow results were obtained
3.42 +2.14 mg/kg for children diapers, 4.13 +2.07 mg/kg for adult diapers and 4.96 +
3.84 mg/kg for sanitary mats, which were lower than the standard formaldehyde content
for disposable diapers.(under 75 mg/kg) Moreover, the lining of disposable diapers
showed higher formaldehyde content than that of the waterproof layer.

Key words : diaper, lining, waterproof layer, formaldehyde
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FFEZL formaldehyde solution(Wako, Japan)

< ARSI, AAEE $1% AR Ammonium
acetate(Yakur Chemical,
Acetylacetone(Wako, Japan), Dimedone(Wako,
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Table 1. Operating conditions of Spectrophotometer

Method

Spectrophotometer

Instrument
Measurement Wavelength(nm)
Measurement range(nm)

Beam Type

Agilent 8453
412
300~600

Single

Table 2. Operating conditions of HPLC

Method DNPH method Acetylacetone method
Instrument Agilent 1260 infinity Agilent 1260 infinity
Eclipse XDS - C18 Eclipse XDS - C18
Column

DAD Wavelength(nm) 345 nm
Injection Vol. 10.0 e
Oven Temp. 40T

Mobile phase

Flow

(4.6 x150 mm, 5 pm)

55% Acetonitrile

1.0 mL/min

(4.6 x150 mm, 5 pm)
415 nm
10.0 pt
35T
20% Acetonitrile

1.0 mL/min

1) DNPH : 2,4-Dinitrophenylhydrazine
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(2) DNPH/HPLCH]
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Table 3. Repeatability, LOD and LOQ of formaldehyde analysis by different method
Spectrophometer Method Acetylacetone/HPLC Method DNPH/HPLC Method

Repeatability(%) 0.50 0.57 2.04
LOD(mg/L) 0.009 0.005 0.024
LOQ(mg/L) 0.029 0.018 0.081
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Table 4. Formaldehyde content of a disposable diaper lining and waterproof layer

ofdo| g Fo = Ygytt W e ¢
g ojdo]go] M =gom JAuES] T
oA 7HE v EELHE|E S UEith
b 27 EELHB|= 3 Apol= FAA
o= fFofulg aol7t Jom (p<0.05) SHFe] X
S4dsle o] WS HEng B2 Zlom fd
O 5). 438 7IAAY S FE FAXE
2,053 Zyoda dyos A5 of 9o
EEYHs| et F2= U] AT oR 2ol
e At v ZAlE 7 952 e FAX
& Abgele el ZESE| =t sk
Aoz welr},

Aol FEEE 71AAE e ofuet o
2] yetell A g Elo] s lom Iuik 7]
Aot FU71AAY] 2ELH = T E 6ol
Uehd AF} o] AA Aozt St

(mg/kg)

Lining Waterproof layer

Total
Children 3.45+2.14(0.17~7.73)*
Adult 4.13+2.07(0.68~8.11)

Sanitary mats 4.96 £ 3.84(0.17~17.76)

Total 3.74+2.24(0.17~17.76)

3.80+3.75(0.00~13.76)
5.59+3.82(0.05~11.78)
8.92+7.31(0.61~14.36)

4.63+4.20(0.00~14.36)

3.11+2.80(0.28~11.30)
2.67+1.37(0.64~4.52)
0.99 +0.38(0.56~1.26)

2.83+2.45(0.28~11.30)

*Mean = S.D(Min~Max)

Table 5. Independent-Samples T-test of Lining and Waterproof layer

Average Average deviation p
Lining 4.63 4.20
0.23
Waterproof layer 2.83 2.45

*p<0.05

Table 6. Comparison of formaldehyde content of domestic and imported disposable diapers

(mg/kg)

Origin(No. of sam.) Lining

Waterproof

Total

Domestic(27) 4.64 +4.40(0.00~14.36)*

Imported(13) 4.59 +3.89(0.00~11.78)

2.77+2.54(0.28~11.30)

2.96 +2.33(0.57~8.90)

3.71£2.29(0.17~7.76)

3.78 £2.22(0.68~8.11)

* Mean * S.D(Min~Max)
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& 71499 71520 mg/kg) | HlF W FEL
2 yehgth £33 A3 7)1A A9 Hte] W
ol BlE] EELUS| = ko] EoktH(p<0.05).

T = AN

D
rak

ik

1. 9AEEA, HE A 148375, AR 2017.
4.18., A& 2018.4.18.

2. A7&F 2 AdEIdAEY, HE Al
15338%, 2017.12.30., A Zﬂ’(

3. oJHolAE HAERHT, HE13859%, 2016.1.
27. /WA

4. AT 7P leEsy, d2 R 2017,
9.28.

5. http://news.kotra.or.kr/user/globalBbs
/kotranews

6. d< Fglol : CGlobal baby Care Report,
Global Information Inc.:
http://www.giikorea.co.kr

7.4, AT, 4N, 187,

qAAA, &
71, AAE =

Electrochemical sensor&

- 141 -

10.

11.

12.

13.

14.

15.

16.

17.

253~ 260, 2011.

WHO. Formaldehyde.
national Chemical Assessment Document
40, World Health Organization, Geneva,

Switzerland, 2002.
Adel, A%, ALY, o34, oW, &

Concise Inter—

314, 43:17~
o7, HHAd, °l °JEH OW
Azt Alekst HPLCE ©l&

slo|E $ARA 1§37 g— st3]z] 37:81~
86, 2015.
A, oldA, Fofd, &34 ¢ Al 7]

T Fdlstel= DNPHWH #714 A3 &

R E R I S
%), p.105~107, 2008,
7

3, s, deat, Hed, 49, 2
o
o

& 2} diskeldEetsl A 38'5
£E 7+ 9 4, AE Y wz
Al Al 2018-803., 2018.10.30.
A& oFA dol i} FARE o}
A, &‘ﬁ%@lx}%f 27 eEEY.
HH/&& . DNPH 7}Eﬂ7<]9]r
7] & 7tE2RdsgEe
A o] Gtk AAoe] A&
St 7] R EES]A] | 12(2):199~209, 1996.
L Ee: R A s I s R R o e o e e
=7 (1)-9g 9} St 7] 8174 8} 3
2], 20:237~249, 2004.

5.0
o""_"]é,

HPLCE 01%@

-
FESA-

PHE.




<<
  /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


