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ABSTRACT

The feasibility study of soil flushing was investigated to remediate lubricant oil and zinc contaminated railway soil. In this
study, mixed washing agents of surfactant and inorganic acid/base were used for the simultaneous removal. The mixed
washing agent of non-ionic surfactant and HCI removed 15% of the lubricant oil and 40% of zinc, respectively. Alkaline-
enhanced soil washing process increased the removal of lubricant oil up to 40%. This is because alkaline solution reduced
the interfacial tension between water phase and lubricant oil phase due to the soap formation reaction. To simulate in-situ
soil flushing for the remediation of railroad-related contamination, two dimensional soil flushing was carried out based on
the results of batch soil washing. In the soil flushing, the removal efficiencies of lubricant oil and zinc were 34% and 16%,
respectively. Even though the removal efficiency was low, the mixed washing agent can remove metal and lubricant oil
simultaneously.
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Table 2. Physicochemical properties of Brij35

Surfactant Chemical name

Chemical structure HLB?

CMCY(mM) MWe

Brij35 POEY(23) lauryl ether

C,,H,5(CH,CH,0),;0H 16.9 0.046 1198

*HLB : hydrophilic liphophilic balance
®CMC : critical micelle concentration
‘MW : molecular weight

4POE : polyoxyehtylene
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dimensional soil flushing (width : 70 cm, depth : 10 cm, height :
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Fig. 2. Batch soil washing of acidic mixed agents. A soil was
used; Temperature : 20°C; solid to liquid ratio : 20 g/100 mL;
washing agent : 0.1 N HCI + Brij35; mixing speed: 150 rpm.
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Fig. 4. TPH removal using alkaline mixed agents. Temperature :
20°C; solid to liquid ratio : 20 g/100 mL; washing agent: 0.5
wt% Brij35 + NaOH; mixing speed: 150 rpm.
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agent : 0.5 wt% Brij35 + NaOH; mixing speed: 150 rpm.
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Fig. 9. Distribution of residual TPH concentration in 2-dimensional soil flushing. B soil was used; temperature : 20°C; bed volume : 30 L;
10 BV of 0.5 wt% Brij35 + 1.0 wt% NaOH was injected at the left bottom and the flushing solution was extracted from the right top. After
then 5 BV of 0.5 wt% Brij35 + 1.0 wt% NaOH, 3 BV of 0.5 wt% Brij35 + 0.1 N HCl, and 2 BV of 1.0 wt% NaOH were injected
sequentially at the right bottom and was extracted from the left top.
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Fig. 10. Distribution of residual Zn concentration in 2-dimensional soil flushing. B soil was used; temperature : 20°C; bed volume : 30 L;
10 BV of 0.5 wt% Brij35 + 1.0 wt% NaOH was injected at the left bottom and the flushing solution was extracted from the right top. After
then 5 BV of 0.5 wt% Brij35 + 1.0 wt% NaOH, 3 BV of 0.5 wt% Brij35 + 0.1 N HCI, and 2 BV of 1.0 wt% NaOH were injected
sequentially at the right bottom and was extracted from the left top.
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Table 3. Removal of TPH and Zn in the 2-dimensional soil flushing

Initial Conc. (mg/kg)

Average Residual Conc. after treatment (mg/kg)

Removal efficiency (%)

TPH 11,760 7,680 339
/n 1,021 853 16.5
Rao eARgor, 27 BEd G4 ZoR U St 2 ¢ 4 dud
st} ol #@f9) oFo] ABFA ob ekt &4
oz gaE. AAH AP BEo] FUSHA oo A A
013 PAE BAHAY. zo0] A S Bk W)
1=

WA FUsH AAF LY, 3] AALo] A
o= goptt. o] HA] Aol sE3} AdE o=
Tk 221 A A e AEAE 9 A9 A
oA ARW AR} v AALS BTk A
Fol UM o)F R 7] el JFIAEE 4
JA7} o]Fo] H Ao BTl TPHO A$ 37

A 7]E 6,000 mg/kg VPO R AAEA] LA 7]
Eo] o AA7} AHe SZHE XY & = Aok
= 7FeE 3R & 4 ek g B3 AlE S o
g3lo] 2 2ple] HkSTVME S8R9} ofdS FAld
AAT 5 IS & 5 Ut AR L AALHY
ARETE A AE0] G U olfi= A 9001 ¢
HalA o] FoRA] etr] wjiEoz =T, S A
Mol ¢S WSl sb7] fIgh Whgol FHEHoR Ha
g 7o AlsHY

;

.2 £

2 AToEs 279 oldor B9 ofE HEE
ol tishx] EbE 2 ERBIRHE 28518t Al
HEGAE 502 ALR3E B-polle ARgdAe] ESF
o 729] FFOoF Il Z2 AAES Holx| YA,
AHEAL NaOHE E5te] AR S Alx=gt daf &+
Ze)goo] HlFsRgol oa AAEe| W= A&
& g ATh =g AWEIALT HCY &3 AlFAS
olg3te] F&{Fe} ofAS Al AAE 7FeEE gkl
IR AlF Ao Aozl 218 o83l 2-DAMIE]
bench-scaleB| ~EE Xg A} vlud] w2 A|AES
HOA Bt ES A9 AEE B3l B3t 7t

A, 1915, AN, o115, 2006, IEELE 0§ &
91914 31544 DS RA S AR T 0o Bo
AR B4 78 A A8 A7, ASSEFRA, 11(6). 8-17.
A7, T4 3., 2006, Modified Photo-Fenton ReactionS- ©]-&-
3} Methy] Tert-butyl Ether(MTBE)2] 4-3]] Kinetic & WAHAUE:
Tl g A7, ABGFELFRA, 11(6), 69-75.

G- AR, H2d, W71, o] ). 2008, &2 Frefl
LAEGe] s A ABEEYEH, 13(2), 30-35.
HPS, ol A, Tele, WA, B, W7 IEN, 2000, A1 A
o1& o}el 0. o] Ha} Biy AT, ASFESBA,
14(1), 78-82.

N7, AEH, XY, o4, o)A, 2007, FAkS ARSSH
S Eqke] EokA|H o oJgk A3}, XelrEYR. 12(3), 17-22.
o|FH, A8, WY S, 3T, 1Y, o) 3=, a9, 2004,
EDTAS} B4 EFEEANE 0| &3 54505 099 B
Aol A A1) 1, ASFEEYGEA, 9(4), 1-7.

T, AR, T, 2005, 9 B Tl vl 0 lE
ol thgh A% AZ 7S] 2§, ASEIE, 10(1), 58-64.
Park, S.W., Lee, J.-Y., Yang, J.-S., Kim, K.-J., and Baek, K.T.,
2009, Electrokinetic remediation of contaminated soil with

waste-lubricant oils and zinc, J. HAZARD. MATER., 169, 1168-
1172.

Park, S.-W., Lee, J.-Y., Kim, K.-J., Yang, J.-S., and Baek, K.T.,
2010, Alkaline Enhanced-Separation of Waste Lubricant Oils

from Railway Contaminated Soil, SEP. SCI TECHNOL., 45
(12&13), 1988-1993.

J. Soil & Groundwater Env. Vol. 16(4), p. 31~37, 2011




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


