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A Biological Complex Soil Treatment Process
Using Selected Soil Bacterial Strains

el g ool 38V u e

Cha, Minwhan - Lee, Hanuk - Park, Jaewoo

ABSTRACT : The research is intended to develop and verify a biological complex soil treatment process to treat and restore soil and
groundwater which is contaminated with oil, heavy metals, and nutrients through experiments with the series of treatment process such
as bioreactor, rolled pipe type of contact oxidation system(RPS), and chemical processing system. 5 microbial strains were separated
and selected through experiment, whose soil purification efficiency was excellent, and it was noted that anion- and nonion-series of
complex agent was most excellent as a surfactant for effectively separating oils from soils. Method to mix and apply selected microbes
after treating the surfactant in the contaminated soil was most effective. The removal efficiencies of total petroleum hydrocarbon
(TPH)-contaminated soil about 5,000mg/L and above 10,000mg/L were approximatly 90.0% for 28 days and 90.7% for 81 days by
soil remediation system and the average removal efficiencies of BOD, CODwy, SS, T-N, and T-P in leachate were 90.6, 73.0, 91.9,
73.8, 65.7% by the bioreactor and RPS. The removal efficiency was above 99.0% by chemical processing system into cohesive agents.

Keywords : Remediation, Bioreactor, TPH, Contaminated-soil, Heavy metal
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COD¢; 73.0%, SS 91.9%, T-N 73.8%, T-P 65.7%%] B+ #| A 8= AAE7] gRolck &84 AV 550 A
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Aerobic RPS Anaerobic RPS
suspened ‘ attached total suspened ‘ attached ‘ total
DO
influent 7]& O, < 2.0mg/L influent 7]& O, < 0.5mg/L
(mg/L)
MLSS 300.0~1,223.0 3,920.0~4,560.0 51163 327.6~1,244.0 3,760.0~5,840.0 56731
(mg/L) (876.3) (4,240.0) o (873.1) (4,800.0) T
MLVSS 182.8~1,116.0 2,760.0~ 3,040.0 3.575.9 232.8~1,054.0 1,840.0~4,680.0 3.937
(mg/L) (675.9) (2,900.0) o (677.0) (3260.0) ’
VSS/SS 60.9~91.3 66.6~70.4 9.9 56.8~89.6 49~80.1 9.3
(%) (75.7) (68.3) ' (76.5) (67.9) ’
BOD#3 0.036~0.089 0.040~0.086
vl 0.057 0.057
(kgBOD/m’ - day) (0.057) (0.057)
F/MH| 0.037~0.198 0.013~0.031 0.02 0.038~0.178 0.012~0.026 0.014
(kgBOD/kgSS - day) (0.077) (0.024) ' (0.073) (0.017) '
15.9~56.2 15.9~56.2
SRT(day) 34.5 34.5
(34.5) (34.5)
HRT(hr) 1.57 1.57 1.57 1.57
stZA|Hstd Zsts| =2 113 H5& 11



20 H
2 g
=y =
5 g @
g Il
z 7
: c
= o
20 4
100g 500g 1000g 2000g 0
1000g 20009 2000g
Amouts of cohesive agent .
Amouts of cohesive agent
(a) 1x} & - 0,
oy
. TR
= Colority
(a) 1x} ME
£ 100
=
=
z
é
« 0
o
=1
=
@
4

100g £00g 1000g 2000g

Amouts of cohesive agent

G
¥}
S
>
0%
Remaoval efficiency (%;
o 3 & 2

OOolA (=} =o 100 2000 200
a7 10, MsE fY4ol 2 58 . o .
Amoust of cohesive agent
. COD,
- /= ™
o A o =0
3.5.2 J_'—%E -rr%l-r9-| sﬂ 2= EI-::(“Y

T-PE $34) ALgFol Z7hgol whek e Egol Al
e AOR Uehgron), tulx] BB SHA AHg

el S S Bol Aelol=g B4 YAE oy o torgosee
AA7} 7H53A 9, CODe,, T-N, M =2 3laka] 2 2]e} / \
RESHA Ael7t 4mngdon Agsolol nag A - / \ "
7} s BAA B0 97| YlEolth 714 dao] & = L e B
b B8 A9 AR uurt Al Ego] A : f/ ) g
A8 SIS 4 gy, MEE HReli® BOA. Zxol / I =g
=4 o dgle] HFo] ot oS BlEtor SA|7|HA "7
JESH WY1 | B

el A2E AAT 4 7] WEOE BEHEth COD,
£9J0] CODe, 4% 4

= SRV R S R e o & dyd O
HIE|SHA] o= 797t At

2
2
m
o
ofl
_E
_>\J_I4
Ach
1;011
o
L

M

212 53

}

Jon

tXels s

1>
tol

3.5.3 33% 2| aES 98 0
SHAAE 2,000mg/L FA5HA AMgste] FE4 AeE
& WS A3} FF5 A EEE 99.0% o]0 R e 4. 383 E
K1 H

A3 G, olHT FABEC] AH 2 2 ATE B BORSEAS A @] A8 5
482 Bl AdE B2 G F A Belw] B Qe 71 QRS AET S AT, AGEHA B A
olck. B e] 5 2ko] T4 AAY BET A4S S5 VL 5 Y A0 et 5 ] A, vgET



Z40) ATE W 2T o) QubA A2
313 (30cm BE F 2~874Y At 1
g Z7MAAE AR 12~ 18 $EOR
WHEBY F fABEL A A1 AA o] Sk,
A%, @ 9 H2)Offsite) F412) HEA)A Holup
2912 HelOn-site) Hgo] 7P 7
TRsste] Z71Ap|E WA 0= BA4g Bt gick Al
AR, EoFE RSk Aol BEIH HelFHOoRN &
oF B4 W EAWS 7KsAol 7P A EGR ohet A
sk A2 B BAG AT 4+ Ux BEHTAo|
G 4 7HsHol A9 gl A

3 olF SIS ol 83tel ol FE4 A Bepo=

W BEHIA 7} 7hssiey v o, E4nlE 5
£ 8

d
i
Lo
o
m
ol
o

[\

jus)
==
o

o0
[e)
o T
>,
Y
ft

>

iy
X0
o
2
lo
o
off
2

o:

mo

IJ_.J
N
fo

(2

~
ox o

=
E AL A=aE Ak 2a

1
= =
o] B AL ARl 4t W BHomA 4

r

>

39,

s

o

S
Doy oy

1A%

L i, o] 44x(1999), B H sy tarls, ot
F7]4; Vol. 7, pp. 2~12.

2. AA83(2009), FFLHEFY A3lollA mdE, dFA 9 A
HEHA Q) F7E, =873, Vol. 24, No. 1, pp. 53~
58.

3. AY, AAY, HA2001), 7] HIEUoIE &3t 7t=
B 9O 32 B, R/ E 9FE /513, Vol. 6, No.
3, pp. 21~29.

4. o] 2, olH, ol7E, Y, A-8TH2008), ¢ = ¥
ol BEAsE A% F8vdE A8, g5 eI,
Vol. 17, No. 7, pp. 795~799.

5. o]&S, uPAl9(2004), HIEU o] EQL 7} Hof o5t &4
W] Trichloroethylene, Cr(VI), ZAMY A9 A|A, 8/=%/
vlglg&t8ks] =FE . Vol. 5, No. 2, pp. 23~31.

6. 2%k AR, U999, vAIZIZE o]83 EFAH
7ol oA PR Aol wet A, FE QLS
X], Vol. 4, pp. 49~55.

7. 23], d2004), B HEE AAE A A AfF
HELo| B Bl WA, 5845/3/7/ Vol. 20,
No. 5, pp. 512~519.

8. &3H(2002), EYEE 7/z H AfFE, pp. 1~113.

9. 2H32002), =YL HIH.

10. A E2006), ZFFE4 17 pp. 343~410.

11. Alfonso, M. and Jose, L. P.(1996), Interaction of Equimolecular

Mixtures of Nonionic/Anionic Surfactants with Liposomes,
Langmuir, Vol. 12, No. 14, pp. 3393 ~3398.

12. APHA, AWWA and WPCF(1985), Standard Methods for the
Examination of Water and Wastwater, 16th ed., Washington
D. C, USA.

13. Brown, R. A. and Cartwright, R. T.(1990), Biotreat Sludge and
Soils, Hydrocarbon Processing, Vol. 68, No. 10, pp. 93~97.

14. Cho, M., Chung, H., Choi, W. and Yoon, J.(2004), Linear
Correlation between Inactivation of E.coli and OH Radical
Concentration in TiO2 Photocatalytic Disinfection, Water Research,
Vol. 38, No. 4, pp. 1069~1077.

15. Choi, J. Y. and Park, J. W.(2005), Competitive Adsorption of
Heavy Metals and Uranium on Soil Constituents and Microor-
ganism, Geosciences Journal, Vol. 9, No. 1, pp. 53~61.

16. Lee, D. H. and Robert, D. C.(2001), Optimization of DOSL
Surfactant Solution Parameters on Surfactant-enhanced Remediation
of Soil Columns Contaminated by 1,2,4-trichlorobenzene, Geosciences
Journal, Vol. 5, No. 4, pp. 281~286.

17. Luis G. Torres, Neftali Rojasa, Guadalupe Bautistaa and Rosario
Iturbe(2005), Effect of Temperature, and surfactant’s HLB and
Dose over the TPH-diesel Biodegradation Process in Aged Aoils,
Process Biochemistry, Vol. 40, No. 10, pp. 3296~3302.

18. Mishra, S., Jyot, J., Kuhad, R. C. and Lal, B.(2001), Evaluation
of Inoculum Addition to Stimulate in Situ Bioremediation of
Oily-sludge-contaminated Soil, Applied and Environmental Micro-
biology, Vol. 67, No. 4, pp. 1675~ 1681.

19. Oh, Y. S, Sim, D. S. and Kim, S. J.(2001), Effects of Nutrients
on Crude Oil Biodegradation in the Upper Intertidal Zone, Marine
Polluetin, Vol. 42, No. 12, pp. 1367~ 1372.

20. Park, J. W. and Jaffe P. R.(1993), Partitioning of Three
Nonionic Organic Compounds between Adsorbed Surfactants,
Micelles, and Water, Environmental Science & Technology,
Vol. 27, No. 12, pp. 2559~2565.

21. Prenafeta-Boldu, F. X., Vervoort, J., Grotenhuis, J. T. C. and
van Groenestijn, J. W.(2002), Substrate Interactions during the
Biodegradation of Bbenzene, Toluene, Ethylbenzene, and Xylene
(BTEX) Hydrocarbons by the Fungus Cladophialophora sp. Strain
T1, Applied and Environmental Microbiology, Vol. 68, No. 6,
pp. 2660~2665.

22. Shimura, M., Dhar, G. M., Kimbara, K., Nagato, H., Kiyohara,
H. and Hatta, T.(1999), Isolation and Characterization of a
Thermophilic Bacillus sp. JE8 Capable of Degrading Poly-
chlorinated Biphenyls and Naphthalene, FEMS Microbiology
Letters, Vol. 178, pp. 87~93.

23. Sokmen, M., Candan, F. and Siimer, Z.(2001), Disinfection of
E.coli by the Ag-TiO2/UV System: Lipidperoxidation, Journal of
Photochemistry & Photobiology, A: Chemistry, Vol. 143, No.
2-3, pp. 241~244.

24. Yoo, J. Y., Choi, J., Lee, T. and Park, J. W.(2004), Orga-
nobentonite for Sorption and Degradation of Phenol in the
Presence of Heavy Metals, Water, Air and Soil Pollution, Vol.
154, No. 1-4, pp. 225~237.

(F=Y: 2009. 10. 8 AAFY: 2009. 10. 26 AAREEY: 2010. 3. 11)

saxlusAze =2

oA

| 11 M55 13




<<
  /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


