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Abstract

The extraction applicability of TPH and PCBs in soil was evaluated by the
pressurized solvent extraction(PFE) method. For this purpose, several experiments were
conducted using a temperature range of 50~150C and three extraction solvents, namely
dichloromethane, hexane, and acetone/dichloromethane (1:1). The results showed that
extraction by the PFE method satisfied the target value for quality control as presented
in the standard test method for soil pollution in Korea. For TPH analysis,
dichloromethane was a better extraction solvent than the others, and the recovery rate of
TPH by dichloromethane increased with temperature. In the case of PCB, recovery rate
was more than 80% for all three solvents in the entire temperature range, and no
temperature dependence was shown. Also, we found that the two analytes were
extracted simultaneously by using dichloromethane as an extraction solvent. Consequently,
PFE the method can significantly reduce analysis time, manpower and solvent

consumption.
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Table 1. Target value of quality control presented in standard test method of soil pollution in

Korea

[tems TPH PCBs
Linearity(r”) > 0.98 > 0.98
Precision(%) below 30 below 30
Recovery(%) 70~130 60~130
LOQ(mg/kg) below 50 below 0.05

Table 2. Extraction condition of ASE
Parameter Value Parameter Value

Oven Temperature 50C~150T Pressure 1500 psi
Pre-heat time 7 min Static time 5 min
Flush volume 60% Static Cycles 1

Table 3. Recovery(R, %) and Relative percent difference(RPD, %) of n-alkane standard-spiked sea
sand. Rave represents average recovery of duplicate samples

Temp. DCM Hexane Aceton/DCM(1:1)
() Ri R:  Rae RPD R R: Rae RPD R R Rae  RPD
50 76 7 7 -2.0 105 102 104 3.7 96 85 90 11.9
5 80 83 82 -3.5 91 107 99 -16.6 92 92 92 0.0
100 71 90 81 -23.3 91 89 90 1.6 115 102 108 11.9
125 87 83 85 5.0 88 88 88 -0.5 184 166 175 10.2
150 90 86 88 4.1 117 116 117 1.5 345 328 337 5.2
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Fig. 1. Chromatogram patterns of normal alkane in the range of C8~C40.
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Table 4. Recovery(R, %) and Relative percent difference(RPD, %) of TPH in three kinds of
oil-spiked seasand. R.. represents average recovery of duplicate samples. Spiked oils are
kerosene, diesel and lubricant from commercial product

Kind of oil Temp. DCM Hexane

() Ri Rs Ruse RPD Ry R, Ruve RPD

50 54 72 63 29,1 74 71 73 4.6

75 78 73 76 7.0 68 73 71 7.4

Kerosene 100 69 2 70 4.4 78 69 73 12.3
195 64 79 72 -20.2 78 75 76 4.9

150 90 72 81 92.9 75 76 75 0.8

50 94 89 91 5.5 80 76 78 4.6

75 88 87 87 0.8 102 94 98 8.2

Diesel 100 98 89 94 9.2 79 83 81 -4.9
195 83 86 84 -3.6 86 78 82 10.9

150 96 104 100 -8.0 86 83 84 2.5

50 90 78 84 15.0 98 103 100 4.3

75 82 86 84 5.3 89 95 92 5.5

Lubricant 100 88 83 86 6.2 99 98 99 15
195 99 96 98 2.8 94 95 94 0.9

150 102 100 101 2.2 100 102 101 1.9
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Fig. 2. Chromatogram patterns of normal alkane standard
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Table 5. Comparison of Recovery between PFE method and Sonication method

Recovery(%)
Kind of oil Parameter
PFE method Sonication method
1 80.1 56.2
2 90.8 62.4
3 83.9 67.9
4 84.6 67.5
Kerosene
5 104.7 65.7
Average 88.8 64.0
RSD. (%) 10.9 7.6
RPD.(%) 32.5
1 99.1 87.0
2 112.6 89.3
3 95.8 89.1
4 95.9 88.2
Diesel
5 91.3 95.6
Average 99.0 89.8
RSD. (%) 8.2 3.7
RPD.(%) 9.7
1 84.3 74.3
2 87.8 91.6
3 102.8 74.6
4 97.3 102.4
Lubricant
5 89.5 92.4
Average 92.3 87.1
RSD. (%) 8.2 14.1
RPD.(%) 5.9
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Table 6. Recovery(R) of PCBs standard(Aroclor1254) spiked

in seasand

(unit : %)

T DCM Hexane Aceton/DCM (1:1)

emp.
) R R Re RPD R R Rw RPD R Ry Ree RPD
50 92 102 97 -11.1 107 101 104 5.7 106 101 103 4.7
75 105 94 99 11.1 100 100 100 -0.1 96 100 98 -4.5
100 83 84 83 -1.9 94 95 94 -1.1 98 96 97 2.5
125 84 89 86 4.7 94 95 95 -0.8 98 95 96 3.3
150 83 97 90 -15.5 95 91 93 4.2 92 100 96 -7.5
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Table 7. Result of CRM analysis

Parameter Result(mg/kg)
CRM 1 2.13
CRM 2 2.05
CRM 3 2.07
Average 2.08

Precision(%) 2.0
Recovery(%) 77.9
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Table 8. Result of quality control test as presented in the standard test method of environmental

pollution in Korea

TPH PCBs
Parameter
Goal Result Goal Result
Linearity(r?) > 0.98 0.9998 > 0.98 1.000
Precision(%) below 30 7.5 below 30 3.2
Recovery(%) 70~130 95.7 60~130 87.3
LOQ(mg/kg) below 50 9 below 0.05 0.02
& & vk PCBs ®£44lM TPH #4455t & 483 43s Fdsto] ofdet 22 Z2is
Al ol gdkes A BT gl AFEAY & Ak
k= TPH A5 3HAoA Al-bdA] A3} GC
FHor EdHE Agdgd dgshs 1%0lWe] 1. TPH @52 +2 &vjd upe} 524 Ee] opd
eAEA FAY = e FEoR AdE =do] FFd F 9la, AmvtEad wpgA
Aeiie 488 A Ade eAs g
3. Az =SE HERMHE T %e gleE yeh FE2R0 A5
BEoro AN A A AxE A3} DCMeR FE350e 45 22Tkl net 3
of me slehguiREge) Jr Zxgpe &l Sk Agellan, Siake] A= 1
WEolng Wrkssich, LERAL 150T, % el AEE el 5
gl Eoko AN | FAb AW 7 g 2. S FE5A R ¥ EedeArlEs
¥ %8024 TPHE %% DCM, PCBs: ¥ aefstel TPH @2l F2el= DCM= A&
e ol4319n, T FE2AL od AYr 8h= o] et Aos vpekdal, sl
FAsien oA E solA wi uhe} ol g Cl0-0d0 0% 274 & 3% fujl me
FANEIF A AN ArdE ZEe T FEEAY 9T AT F o) v FE
P2 2R OEsE A0 yepgeh 400 SolE ARgE 5 9S AlolH v v
o] Ao T FE R ()999 o]Atold T, AJFA of gk 7+ dglo] Bod Aoz Addy
o 10%ez Fsslgon #4g wa o = 3. PCBs® A= DCM, it oMIE/DCM
EUIE FEe wES9Inh 4FAE TPHY (1:1)e} A 742 Soheh 4 §3 2A] =5 )
Bgas BEgh oy 20%0] WAL, PCBs =@ oMM 2 83% opdel dEt A Ao
=3 7re] 50%0] = LR T UL, FF 2E ST wE FEES T
7he geldd 4= gloi
4. #E8&WE DCME °]8% %% TPH %
2 = POBs®] #2174 BAdl & & gom o
£ T AR dEaR 3 Reiae RS
Egoedrze #7184 % TPHSt PCBs ¥ Mo adhe Zat e Ao U
Bl s da) BFLAFHAD7E FAHA e
oro igkgmiEEud gt 484e Wrtely] 5. FAARVIEAM AN AR A}
s 50~150C9 LE=zdg Al 7k4 FE4v) of wel AX4, ARE, dae % AFHAE



= =] = = =
__;(éo]_%]\ﬁ] -1 7:14—1 + zsoLE ISR Zél: —r,],a
Wi 7 O =H =] nlFElod

"l»:-’-ﬁ}]\—E ESL_O] x_—uol')\)\q'

1. Ty At - EYATAAR7IE. 2015,
. Richter, BE, Ezzell, JL, Knowles, DE
Hoefler, F
Polychlorinated

and Extraction of

Dibenzofurans  from
Environmental Samples Using Accelerated
Solvent Extraction(ASE), Chemosphere,
34:975~987, 1997.

. Richter, BE, Jones, BA, Ezzel, JL,
Porter, NL and Avdalovic, N
Accelerated solvent extraction - a
technique  for  sample  preparation.
Analytical Chemistry, 68:1033~1039, 1996.

. Lehotay, SJ and Lee, CH : Evaluation of
a fibrous cellulose drying agent in

fluid

pressurized liquid extraction of driverse

supercritical extraction and
pesticides. Journal of Chromatography.
785:313~327, 1998.

. Wenzel, KD, Vrana, B, Hubert, A and
Schuurmann, G : Dialysis of Persistent

Organic Pollutants and Polycyclic Aromatic

- 250 -

10.

Hydrocarbons from Semipermeable

Membranes. A Procedure Using an
Accelerated Solvent Extraction Device.

Anal Chem., 76:5503~5509, 2004.

. Gan, J, Papiernik, SK, Koskinen, WC

and Yates, R : Evaluation of accelerated
solvent extraction(ASE) for analysis of
pesticide residues in soil. Environ Sci
Technol, 33:3249~3253, 1999.

Jian, G, Lei, X, Yu, Y, Di-Yun, C and
Yong, R : Sequential ASE extraction of
alkylphenols from sediments: Occurrence
andenviron- mental implications. Journal

of Hazardous Materials, 192:643~650,
2011.

. Abrha, Y and Raghavan, D : Polychlorinated
biphenyl(PCB) recovery from spiked

organic matrix using accelerated solvent
extraction(ASE) and Soxhlet extraction.
Journal of Hazardous Materials, B80:
147~157, 2000.

US EPA @ METHOD 3545A. PRESSURIZED
FLUID EXTRACTION (PFE). 2000.
T7PlEETY 0 KS 1 ISO 16703, EYY
A - pAARnE Y EE o]&3 C10~C40
Moo erslea gk 7. 2005.




<<
  /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


