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ABSTRACT

This study examined the possibility of reutilization of soil reclaimed from contaminated sites after completing
remediation. The current status of soil remediation methods in Korea was reviewed and physicochemical properties of soil
before and after remediation processes were examined to access the recycling possibility of reclaimed soils based on
Recycling Aggregate Quality Standard. The most commonly practiced soil remediation techniques are soil washing, land
farming, and thermal desorption. These techniques tend to deteriorate various soil properties including electrical
conductivity(EC), organic matter content(OM), available P,Os, and cation exchange capacity(CEC). Evaluation of the
properties of soil retrieved after each remediation process indicated soil washing may yield the most suitable soil for use as
a filling, covering, back-filling, road pavement, and blocking materials, In addition, the soils reclaimed from land farming
and thermal desorption have potential utility as a filling, covering and road pavement materials.
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50] FraiEloigitt. T RN
WHESE T 2x} EokR A 7)EA$(2020~2029); A=
H71E dAgo] A&HoR Frlelal Jlom, EYH
T A} A3 AEAE 620170 GA F 3478 A,
EEFEAE 405704 F 83lA, AERA 100k F
137204 EFe o] BRIE ZoZ Bt tiMOE,
2020). 53], LHE F3prljie] FlEds gRIgh A,
B33 Aol gsbd 2007d4 201174 ok
28,483 =T oF 5,697 HE/I )] LAEIHIL(MOE,
2013), AL 7IEdY] A= 93tH 2016
5737 HE 2 20174 4,703 FEET F 5220 HE/
Wyl eAEY Asiido] FE AoE HuEHT
(KEITI, 2019).

LAESF AR A, FA W H3HOn-site)o} -
2] 2J(Offsite)2 AA T = o1, Hwang et
al.(2014) W= 2006 ~ 2008 1,046712] A3}3]
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7} oF 41%, 22 W-9] HaHE7t 2.5% 2 7]EF 1.4%
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2.1. F2 M3 ME A AIZxFH

eS| FEEAR o] AEE 71
st sfjelld F2 A8Ee HalHe Skl
- FQsirt. ol mu F8 A8 PITHE
AFAH9 HuM 58 HESIGoH, 11 Ay EYAHH
H(Soil washing), EX732H(Land farming), &2
(Thermal desorption) & 3}8F&4ks}H (Chemical oxidation)
0] 7FE Wol A8He= Ao SRIHUKHan et al,
2020; KEITI, 2019; MOE, 2013). ¢]= 559 EY
A3} A EAIAES 7PE Wol &8Ea1 127 (Wang
et al, 2020; Hazrati et al., 2020; Cheng et al., 2020),
fed B 48 A B, 99 9 H9
APy Fo] 7P w8l ¥7) BhEe s BAEIT(Iho
et al., 2013; Cho et al., 2014).

oleie AT V] B Ao EFRAM,
Qen) 9 EPAHNE BaT BRI W)
A2 OfEsieye WESNA st dad EFe 2%
100kgs AFBIAT. sperqtspie] 73 #A] W(On-
site)oll A =38k RS2 (In-situ) 02 LA 3lo]
A= AFHA ALJsiAnt. AFHE AlEe] o)Es ERIgh
A}, EFEEHo] A8d B 24 WAl &
AR HE EdoR SRIFG, EFEATHl AE-
H E%S (KGRl TPHE 299 B 1k
AgelA] AAF 02wt TR PES E8etd A
35 Fdsisint. dgEEo] A8 EYRS 3A|H @
BAPlA TPHE 29E ELOZ 650°CoIA 3023 G
713l B AslE st AoE SR1ETH(Table 1).
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Table 1. Information on soil samples by remediation methods

Remediation Pollution Pollution Land use Detailed remediation methods
method type element or material (classified area)
Soil washin ) F Residence Oxalic acid 20%, alum,
& )] Polymer flocculant
Land farming Petroleum TPH Res;(liince Cultivated microorganisms
Thermal desorption  Petroleum TPH Fag‘)’ry 650°C, 30 min

Classified area based on the Soil Conservation Act in Korea

71&-3 3 (Organic material), &1} (Available P,0s)
] X34 g%Fo]2(Cation exchange capacity) 50 T3}
Ytact. B2 EAY AT, BFAE &8s 54
NE Fdsion AE 9 HE Yape] A5 o)A
TRA7171(LS 13 32005 &85tk pHe} ECE 1:5
H,0 WS Z831aL, f7lE &2 Tyurind™, f5
QIARE Lancaster HPHCO®E &3t SnClLol 93 &
I(Mo) HHo= Attt X3 Yol 1M
NH,OAc(pH 7.0)2 &3}l ICPE #4813 o 2t A
AHe Il sdastolx g ESSeRtAHS 3
T5FITHNAOAS, 2010).
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2.3. MSlEo| 2= MEE Jtsd "It wet HE

Al TeflmA F27IEs oA AXEke ok
gk -85 AlE I AR Vel F9E - Al
g8o] 7Fs3itt. dE 59, oA AES(Filing)>
2 282 A9 EYY] AR (Maximum index), T4
CBR(Modified CBR), Smm #|53&(5mm Sieve pass
rate), 0.08 mm A5-I-2-(0.08 mm Sieve pass rate), 27
A (Plasticity index), TH § % (Dry density after
compaction) 3 O] EZA 3= (Foreign matter) 52 2=}
7t AXNE 71E oY B 3 8= ARgo] 7ksst

i1, BEE(Coveringr> ol =43 27K (Foreign matter)
7} 71 o2 FEojof Y §5= AEEE 5 AU
TH(Table 2).

SIAEE, HIEYS sS=A2 AdEsr] At ¢
AR o2 AslEd w3EAle] B Aolg 1 3
87F Qloh. &, HREYS HEZATE 9 FoRZE F
izl o3l BAEE TEEAe] vls] duidez
2 YA 58S 7HAAL o] B Alol= 1% 8k
A AE E7F & s AR HES Faslor ditt.
53], AslEYS 289 B3lea LEEYe] 5439
ue} B4do] geiRitt. &, B AlA 3L J47 o=
2& AA F 0.075 mm oPFY EUS Azl A&
A71aL 22 oJste] B Astage] dAs] ot HrlE

3 Qo] LPEYT FARE BEAS Holal StkFig. 1).

olgfgt sla HIlEY] EY 54 1wl
A Al B} dES Agsien, O An EY
AR geleEs wlEzie 9 A%kE Ajgo] Erbsst
AL, B 2 GYEPH AslEs Red, vhEgt
ZF 2 HE golg] 5 107 dEo] Alg E7} o

Table 2. Standards on filing and covering materials as recycle aggregate

Recycle Testing methods Standard
type A B
Maximum index (mm) <100
Modified CBR (%) >10 >25
Smm Sieve pass rate (%) 25~100 % -
Filing 0.08 mm Sieve pass rate (%) 0~25 -
Plasticity index <10 -
Dry density after compaction (t/m?) - >1.5
Foreign matter (organic, %) <1.0 (volume standard)
Covering Foreign matter (organic, %) <1.0 (volume standard)

A: The bottom within 100 cm from the upper layer, B: The bottom above 100 cm from the upper layer
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Fig. 1. Comparison on soil texture characteristics as remediation methods.

Table 3. Types of recycle aggregate from remediated soils by various soil remediation methods examined in this study

Item of recycle aggregate

Soil remediation methods

Soil washing Land farming Thermal desorption

Filing O O @)
Covering O O O
Backfilling for transmission and distribution pipeline O O O
Backfilling with structure O x x
Backfilling O @) @)
Road pavement (bottom) O O O
Road pavement (upper) O O O
Blocking (frostbite prevention) O x X
Sewer pipeline x x x
Sub base course (aggregate) x x X
Concrete (coarse aggregate) x x x
Concrete (fine aggregate) O X x
Base course of particle size adjustment X x x
= SR oleldt AAE Agal] AT 43 3. 2% ¥ £9|

-
ZAEN AL 7k Al EFAAY HslEe] 74
AER BER $Hjd #E Huer)e, FJuere, =
AL, =38 2 uhlg 23 71S8EEA) 5o &
T2 Algo] 7hsetal, B 9 dEE gsle
= AEL, BES, w48 2 28 5o 852 FEo)
7V SRt Table 3).

wEpy, £ Apere dslsrd HslEe] oAl Al
g8 7S WUkl Sl e, BEE, Sl &
2 e, HuerE 2 =48 T F A 59
sl H7he aEtal, B4 oA FA7IEAIA
AXE KS Al F8sioH, IAlE?] AlR71ER]
=3I F AT (KTR) 2= ste] $=8951t.
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3.1 Malsid £2F §M Ha|

Z}zre] sl BEA B4 A, ERAR] A8
B AsfEs Ao nlEo] HAsiiar, K] HlEol
7FlgeH, F4 3¢ T 2mm o] PR Egko]
g AA= ] B vlEo] F7IS Aoz RIS
sk, EEAE 9 dgzbo] A8H FIlEs EGAH
Hol Yz £ #o] glo] L9E BT fAleh 73k
< B zo= wdEw, 4 Ay F3F Fo] ule- 2
Ak, Az vlgo] AF FTVeIRial, Befe] vlEo] A
she 54 Btk BE sl st A5 EGS
e ghgo] mig- H& AIKER 7 QITH(Table 4).
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Table 4. Results of soil texture for contaminated and remediated soil
. Gravel (%) Sand (%) Silt (%) Clay (%)
Category Remediation methods >20mm  2.0-0.02mm  0.02-0.002mm  <0.002 mm
Soil washing 21 79 - -
Contaminated soil Land farming 7 93 - -
Thermal desorption 24 76 - -
Soil washing 9 91 - -
Remediated soil Land farming 13 87 - -
Thermal desorption 33 67 - -
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Fig. 2. Results of pH and electric conductivity (EC) for contaminated and remediated soil.
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Fig. 3. Results of Organic matter and available P,Os for contaminated and remediated soil.
pH 341 73}, B A 2 Bz 45}5011/\1“ oL git. oleid sk F7Fe WIPUC]L(Ca, Mg,
pH7]- I, g e 2 ;‘<}O]7} = K, Na)o] 7k} S71o) 7|18k B0 2 Fekelth(Fig. 2).
315}, o) 1—5 2lole. B HHe A q.x = = F71E e B4 Ay, BE Aol fvlE
E}Xﬂ‘ﬂ] % 9 e, BRI ngEe] ol 7”‘0}# Ao RIHITHFig. 3). ol EAH
&5 41} o= FHETHFig. 2). HE AlHel] oal] F71Ee] AAHAG HED Fhaol
A|AEE A gﬂr Ohﬂdtﬂ AsENME T o3t AT HAIl(Lee et al, 2020), EFAZHLS
shu EA B GRANeINE R 43S B kb F AL AeTER Rl =Es
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Fig. 4. Results of exchangeable cations for contaminated and
remediated soil.

o] f71LAEHe] HallEe Y F AVIE o] A
3t Ao F et Haynes and Tregurtha, 1999; Hussain
et al, 1999; Marin et al., 2005; Riffaldi et al., 2006;
Besalatpouir et al., 2011). =3 gdebzkgwiol e 0¥
4 AAE S8l 489 =2 257t LAWY oY
g f7IEdE G VA fA71E o] A A=
HHETH(Yi et al, 2016; Cébron et al., 2011; Biache
et al., 2008).

RS B4 Ay, EYAIAY BslEe sl E
Az 1 ek oA Zrlsle 43S Holx )
thFig. 3). ol21d ZAFEZ Yi et al(2012)9} HlwahA
QY F HEN TR B A7sl HAR ARe B
oAl JARE EGF AFH & {ER1%ke] e Ak
AAe HoFal YL of2ig ddeRe BEY AF

W ZfoloA] 7RIk Ao= vhekEct

WA B Ay} B AHIlEdM 743t
I, BEEA 9 ggdxe Sle Ade Bl
ThFig. 4). o213k 991 AlF el ofs) medgol2o]
AALNAY JiFoz wE Fo] & HEH] Y=
] A A AoR e

EGAAY, EEAR 9 el digh gskEe]
ES BT AKRKER ZRIFeH, slekE 54 74 4
7, pHE 7.8~8.59] ¢S UElle 2102 gRly
AL, A7NHEEE 0.44-4.64 dS/m, F715 TS 0.1~
0.55%2] W9Z ASHJG. T3, FEQRt ¥4 dx
8.97~19.03 mg/kee] WIS HHL, WYL 6.93~
81.9 cmol/kg= FAEHICE olHst AHE HEYCRHE E
Fyt HlushA EGAHREY A, pHE AJg BE 3
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3.2. MSlEo| =E=EX &8 7tsy "It

HoEs cHBARH B8 AFsAS BAE] Sl
BRI AsEE wide) B S0} ERA U
gy gaEr @i 28 Sxo ekl w824
FA o) Z5)d N St A9 A, =
3, BT 9 A9R AaE) wE 28] e &
=% AE&(Filing), HES(Covering), ¥ =A-8-(Road
pavement(bottom)). 2 FRIF o 1 9 &= A3}
el wet ggo] gk o]t

ol TAIXoE AuEY, Fujd #HZ HHH$I|E
(Backfilling for transmission and distribution pipeline)
< EQNH HslERt &8 rhseidlal, B 2 4
23 Gl Bt AR BRI ol EYA
2k} 73%- 0.08 mm A FIheo] 2ItE How HrEEY
3, YL 0.08 mm ATHEH HdXGT TES
ZI31317] wiEeltt.

) Ae-&(Backfilling with structure) %41 23}, EkA
] gslEs &8  gllen, o= 474 CBR 237}
71 wmte 2 glEo] Erlssiiit Hule-7]8
(Backfilling) ¥4 A3} £ A7 A3lEs &-80] 715
sliom, Eokgzt 2 dekE AilEE 0.08mm A 5
o] ZHst &§o] EVFsEATE =d-E-(Road
pavement(upper)) 2] 23}, EFAA] H3lE= ST &
T2 AL 5 dom i, FYAIF A9, EFEA B
a2 JstEs Erbssith. oledk €9 0.08 mm
A EHEo] e o= RIFA. FFIAT B At
& (Blocking(frostbite prevention) %4 Ay} EFAF
AlE= Aggo] 7Fsaton, v FITE 7%
|- FEA ) (Concrete(fine aggregate) 0.08 mm A F34-8
o] =]l EYMH AHslEE &8o] A o]t

2 Z29E THS A% ESFAEHe] 289 F3kE)
vl EEA 9 dgEyo] A8H HslEs 28 8%
7t - AT}, olHgh ¥Rl HrRE S 0.08
mm A FFHE0] 7IERT 2HHIN] wEolt). F EY
AFHo] 288 AIEGS dE FEE Tl dukde
2 0.075mm oPFe] EFo g HgEo] glovt EREE}
Hat dg2hiio] A8% GlEGRS sl d=
e o] Qo] ekt dA=rE T F YemR
0.08 mm A FI&o] ZIHE Zo= Frisioit.
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Table 5. Results of use possibility as recycle aggregate

Item Testing methods Standard SOi.l Lagd The@al
A B Washing ~ farming  desorption
Maximum index (mm) <100 5 10 20
Modified CBR (%) >10 >25 27.6 19.4 10.7
Smm Sieve pass rate (%) 25~100% - 96 89 66
Filing 0.08mm Sieve pass rate (%) 0~25 - 5.4 34.4 29.3
Plasticity index <10 - N.P N.P 8.5
Dry density after compaction (t/m’) - >1.5 1.742 1.637 1.659
Foreign matter (organic, %) <1.0 (volume standard) 0 0 0
Covering Foreign matter (organic, %) < 1.0 (volume standard) 0 0 0
Plasticity index NP N.P N.P 8.5
Modified CBR (%) >10 27.6 19.4 10.7
Backfilling for 5 mm Sieve pass rate (%) 25~100% 96 89 66
transmission and 0.08 mm Sieve pass rate (%) 0~10% 5.4 34.4 29.3
distribution Maximum index (mm) <10 5 10 20
pipeline Coefficient of Uniformity (Cu) >5 7.4 8.3 215
Coefficient of curvature (Cc) <3 0.8 0.8 0.5
Foreign matter (organic, %) <1.0 (Volume standard) 0 0 0
Plasticity index <6 N.P
Liquid limit <25 N.P
Backfilling with Sand equivalent (%) >25 75 .
] not reviewed
structure Modified CBR (%) >30 27.6
abrasion loss (%) <50 -
Foreign matter (organic, %) <1.0 (Volume standard) 0
Plasticity index <10 N.P N.P 8.5
Modified CBR (%) >10 27.6 19.4 10.7
Backfilling Smm Sieve pass rate (%) 25~100% 96 89 66
0.08 mm Sieve pass rate (%) 0~25 54 344 293
Foreign matter (organic, %) <1.0 (volume standard) 0 0 0
Road pavement Modified CBR (%) >2.5 27.6 194 10.7
(bottom) Foreign matter (organic, %) <1.0 (volume standard) 0 0 0
Maximum index (mm) <100 mm 5 10 20
Smm Sieve pass rate (%) 25~100% 96 89 66
0.08 mm Sieve pass rate (%) 0~25% 54 344 293
Roa‘g pavement . sticity index <10 NP NP 8.5
upper) Modified CBR (%) >10 27.6 19.4 10.7
Construction floor thickness <200 mm Field test
Foreign matter (organic, %) <1.0 (volume standard) 0 0 0
Plasticity index <10 N.P
Blocking Modified CBR (%) >10 27.6
(frostbite Sand equivalent (%) >20 75
prevention) Foreign matter (organic, %) < 1.0 (volume standard) 0
Foreign matter (inorganic, %) <5.0 (weight standard) 0 not reviewed
Plasticity index <9 N.P
Concrete Stability <10 2.7
(fine aggregate) (.08 mm Sieve pass rate (%) <3 54
Clay lumps (%) <1 0.5

A: The bottom within 100 cm from the upper layer, B: The bottom above 100 cm from the upper layer
shaded = within the standard
N.P: Non plastic

J. Soil Groundwater Environ. Vol. 26(6), p. 27~35, 2021
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