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Abstract

BACKGROUND: Persistent organic contaminants such as
dichlorodiphenyltrichloroethane (DDT) are often found in
agricultural soils decades after it was banned in Korea. This
study uses hemoglobin and hemoglobin-containing blood
meal to reduce the residual DDT in soil.

METHODS AND RESULTS: Hemoglobin or blood meal
with or without hydrogen peroxide (H,0O,) was mixed with
the DDT-spiked soil prepared for this study, and samples
were taken over 14 d-degradation period to measure the re-
sidual DDT concentrations. With only hemoglobin, DDT
was completely removed after 14 d, while with both hemo-
globin and H,0,, 73%, on average, removal was observed.
Similarly, the blood meal removed 73% of DDT, but with
H,0,, the DDT removal was only 39%. The lower DDT re-
moval in the presence of H,O; can be attributed to the ad-
verse effects of reactive species. Hemoglobin was more ef-
fective than blood meal for DDT removal in a given time;
however, with additional blood meal injection, complete
DDT removal was achieved.

CONCLUSION: Overall, this study shows that the blood
meal that is used as a fertilizer can potentially be used to
remove residual contaminants such as DDT in agricultural
soil.
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Fig. 1. Degradation of DDT in the presence of hemoglo-
bin (R1) and hemoglobin and hydrogen peroxide (R2).
The Control does not have hemoglobin and hydrogen

peroxide. The data were obtained from duplicate ex-
periments.
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Fig. 2. Degradation of DDT in the presence of blood
meal (R3) and blood meal and hydrogen peroxide
(R4). The Control does not have blood meal and
hydrogen peroxide. The data were obtained from
duplicate experiments.
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1 Before additional injection
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Fig. 3. Removal of DDT before and after additional
injection of hemoglobin (R1), hemoglobin and hydrogen
peroxide (R2), blood meal (R3), and blood meal and
hydrogen peroxide (R4). The removal rate for the
"Before additional injection” is the removal rate after the
14 d-reaction period after the initial injection on Day 0.
On the 14% day, "additional injection" of hemoglobin or
blood meal without hydrogen peroxide was made to
measure the removal rates 1 d after additional injection
and 4 d after additional injection.

o,
D)
=
2
i
ol
‘IF
g
)
—
1o
oM,

_,a
oo
ofr
ol
.
2
2 off
fols
A
N
N
02
ofl
ol
3o
o

o
<

ue
o2 —n b

o e xC oXx

A
= 7 ok § @AM HIE A BE
L]'Z] %‘;—1 %Eﬁg U;HU]—E]— ;817]7—(—1.9_3 E‘l’%éﬂ/\ﬂ

oo O (@ o 2 do

=
gt IbskEA 91 Qo) e T Es

& dorlz 1o 0kt oo

b
O e

~r

%0,

:Oll_r“
ORIy

N
Jr
%

34
o o
S
o
B¢
e
£
—
=~
ne
=
ol
e
N
m
i
[o
ofr
ﬂF
s A
1

R o o
ERGIS
Ry
;df‘\'rﬁ
rzo"lgﬁﬁ
o b =
S 2
e
o cp
lﬂ
J?irg,i
01:0_4
o = o
Qo
~ mi‘l’
Qly
[
iy
@rlrr\r
1 Y
F% o o nlo
fot
ol & ©

ot
%U
232 g
o H S

ol
o
¥
T

oo 1o 2 ek ofo mp fd ShoSh 32 alt
p\Y
i‘l

2 uz}
=g
g
H
N
N
24
o
i)
rr
>
o
g
rO
ol
o
32
o
i
Siid
o
©

ofs
FIF
o
i3
1o
EE
oo |
N
Jr
ox
o
Joh ol
ro
ol
ol
38
v

Note

The authors declare no conflict of interest.

Acknowledgement

This work was supported by the National Research
Foundation of Korea (NRF) [NRF-2018R1C1B600270].

References

1. Hwang IS, Oh Y], Kwon HY, Ro JH, Kim DB, Moon
BC, Oh MS, Noh HH, Park SW, Choi GH, Ryu SH
(2019) Monitoring of pesticide residues concerned in
stream water. Korean Journal of Environmental
Agriculture, 38, 173-184. https:/ /doi.org/10.5338 /KJEA.
2019.38.3.21.

2. Park JE, Lee MY, Kim SH, Song SM, Park BK, Seo §],
Song JY, Hur MJ (2019) A survey on the residual
pesticides on agricultural products on the markets in
Incheon from 2016 to 2018. Korean Journal of
Environmental Agriculture, 38, 205-212. https://doi.
org/10.5338/KJEA.2019.38.3.20.

3. Augustijn-Beckers PW, Hornsby AG, Wauchope RD
(1994) The SCS/ARS/CES pesticide properties data-
base for environmental decision-making. II. Additional
compounds. in: Ware GW, Reviews of Environmental
Contamination and Toxicology, Vol. 137. pp. 1-82,
Springer, NY, USA.

4. Chung N, Park K, Stevens DK, Kang G (2014) Verifi-
cation of heme catalytic cycle with 5-aminosalicylic
acid and its application to soil remediation of poly-
cyclic aromatic hydrocarbons. Environmental Engin-
eering Research, 19, 139-143. https:/ /doi.org/10.4491/
eer.2014.19.2.139.

5. Jho EH, Keum H, Pyo S, Kang G (2016) Hemoglobin-
catalyzed oxidation for remediation of total petroleum
hydrocarbons contaminated soil. CLEAN-Soil, Air,
Water, 44, 654-656. https:/ /doi.org/10.1002/clen.20150
0253.

6. Keum H, Kang G, Jho EH (2017) Optimization of
hydrogen peroxide-to-hemoglobin ratio for biocatalytic
mineralization of polycyclic aromatic hydrocarbons
(PAHs)-contaminated soils. Chemosphere, 187, 206~
211. https://doi.org/10.1016/j.chemosphere.2017.08.116.

7. Kim T, Hong JK, Jho EH, Kang G, Yang DJ, Lee 5]
(2019) Sequential biowashing-biopile processes for re-
mediation of crude oil contaminated soil in Kuwait.
Journal of Hazardous Materials, 378, 120710. https://



94 Kim et al.

doi.org/10.1016/j.jhazmat.2019.05.103. 9. Jho EH, Shin D, Turner SJ, Singhal N (2014) Effect of
8. Hong JK, Jho EH, Choi HS, Kang G (2018) Role of Fenton reagent shock and recovery periods on anaero-
hemoglobin in hemoglobin-based remediation of the bic microbial community structure and degradation of
crude oil-contaminated soil. Science of The Total chlorinated aliphatics. Biodegradation, 25, 253-264.
Environment, 627, 1174-1181. https:/ /doi.org/10.1016/ https:/ / doi.org/10.1007 /s10532-013-9657-y.

j-scitotenv.2018.01.243.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


