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Evaluation of Soil Health Affected by Soil Remediation Technologies
and Its Processes

Kim Mintchul - Chun Mihee* - Kim Jungsun - Park Minjeong
Universal Environmental Policy Institute, Gyeonggi-Do 14059, Korea

ABSTRACT

The Soil Health Index (SHI) developed by Park et al. (2021) is used to evaluate soil health on remediated soils collected
from several remediation project sites and monitored the changes of SHI during the remediation process of land farming,
soil washing, and thermal desorption. In the case of land farming, the soils remediated below a legal standard didn’t show
any significant changes in indices of SHI except the downgrade of available phosphate from medium to a low level. The
SHI scores were ranged from 52 to 56 in the contaminated soil and 54 to 57 in the remediated soil. With soil washing,
bulk density changed from high to a low level, and available phosphate was lowered from medium to low level. As the
SHI scores were evaluated as 58 to 63 for contaminated soil and 38 to 42 for remediated soils. For thermal desorption, soil
respiration rate was reduced from high to low level and SHI was scored as 50 to 51 for contaminated soils and 43 to 47 for
remediated soils. Even though any abrupt changes of the SHI in remediated soils were not identified in the soils used in
this study, it is expected that soil in different conditions such as types and concentrations of contaminant and soil
characteristics would result in distinguished changes of the SHI. There is a room for more studies collect diverse

information on SHI across the country.
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ATHEIAA, 2011). 20163~20173 7|Eo 2 WY
A E (on-site, & 5,052,785% )0l ZE&H AH3leHe E
A2 (44.7%), EX7EZH22.8%), 3F5HE4R8H13.4%), E
FAIH(6.0%), dE2H4.3%), TH=EA3H1.5%), T7FE
0.7%), AETS(03%), vl 3L (0.1 %)2] =olth
(KEITI, 2019). wWebd =i X (on-site) B3 =
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2020). BHEE OPRAL ¥E WGOR AAR EF @ A7E Qs k.
olmE A% S B ko] AEEol ATk 2 B dvelds v 5eonel Ak Edagan
g Sl e Y S it SR A5te] iR (Soil health index, SHNE B8] LQE}e]
BEE AFE ABEHA RIA om, AHE 4 2 uelFHel Ue EI0PH WKLY wslE &
o) B WS 91T WIS ST HE sk OE 0 Yshms] ERIPE WA dk
K] $1g @7k A8 Foltk, v

I‘IF

0 RS E
o, 9, 5% 59 Bl E9el Ay 2. M
@ ol BAH BdAele) Bele Hsiel BYe| B2
;<—1 g]fa]-;(-] /\guzjj].;%] A= Mx%f;}oq Eo]:y.]ﬂ-/a(soi] 2.1. A7 CHA EF

°]‘:} olelgh A5 &gate] IollM= HsHES] e 737, B, dEEs tido R Fsioitt. Al
£ 93 EFOAE w7 d9F JEEA ol ¢ 7 BERRS oM AA Azt e oHE 2 A
2017y FskES] 74 H71E 918t KoRean soill- EE gido= g3l -5 g oy 3R AISE AF
health aSsessent and Management System (KRISMAS) STt BRI ARV |(LEE), AR, AR
WS AT B HHAAE £ 794 EE)Z —_;L—ro}oioﬂﬂl EPAHe B9 298, Al
DEFAFAY WA A BFH, AFEA, HAE 23] 2mm 2 0.15mm FIHE, G £ O
v, AT 2 7SR 2, 5T RIAPE BRI TE, & EZ70 GIERE ot gt R
“dA15%(Soli Health Index), 6Y3AA 28, N&ES ES AT LAELGS] 54 2 I3 AlEAFH e
737345 (Final SHDZ 27319t E97Ts 37104 Table 19 A2leiitt. EYAES ANHE A8AH 24
2 EFUH (productivity), EFRPE (stability), =T £ Zo)7] S8t FLS AelA T ol L] xHHsH
4 (biodiversity), EFFEA (safetyys A7g3}aL, 7191 of #AsRE AR 33 olds AT
P8 A5 A8l ERIIIAITH(SHDE A=siaie.

Healthye B7H5t o] 3] et S5 $Rskn 2 Aolide Tl 7k 8ol F85Im Qe E%

:ULX?L

H, EF 75 FAE 918 A X1 BAFRIST B 22. 2MES 9 WY

Aol &= JhdS 283kt 1 5 2021)°] Abet EFAE B7EAEE pH, A71A
EF73 (s0il health)?] 71d-2 1979 vt ES == (electrical conductivity, EC), 84U (bulk density,

8} & (canadian society of soil science)2] AF|Lfel A BD), 0| 21352 (cation exchangeable capacity, CEC),

FQ olff= TS & /g Aolol| tisiA= oo & F71E38 K (soil organic matter, SOM), -F-& 21X H(available

o} 82 5(2021) E%ﬁ%’\é(soil healthye EFo] A3 phosphate, Av.P,0s), E¥Z & (soil respiration, SR), f-
HAALHO A 715S HAFe 2 T AE|EA glucosidase(-GLU)S} thd QFEA-S E4J31ith &
AE-Ea] -3)ekA _E_)H,] 7158 w3sls Eoke] A B 2o EYdoAFTAHAANGI|EY o AHS TPHE
ofle} Ee] S sk EYLY, 4, A7Ed ES07552.1¢c, 'F(Pb), 7-2](Cu), ©}(Zn), 7+=H(Cdye
17 T P8R, EYe] e, 914 Fal1e] HEF ES07400. lc, HlZA(As)= ES07404.1c0.2 E-A819]ch.
o] FHHo g wdEl= 24 T AEE oudi 1 pH, EC(1:5 H,Oy= FHEY 5g2 100mL BIF] 3
Aefsiar vk, B3k HspEo] :7HdS k| flsted F T, SHT 25mLE ket 30 uwbsted pH
TUl EYS tPdo = bkl B WRRE & meter, EC meter® =43} t}. S4U=FoE4dye A
Asto] @l 28 7hed H7MIAEE As] 9 271914 105°C %3 F FAES 431 B8

0
2,
o
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Table 1. Soil contamination characteristics and sampling from treatment process

Contamination Characteristics

Remediation techniques Sampling from treatment process
Source Pollutant
Land farming Oil tank leak TPH in/out, ECP, NCS
Soil washing Smelting, Mining Heavy metal in/out, classification, filtercake, NCS
Thermal desorption Waste(lubricant) TPH in/out, dust, NCS

*NCS: non contaminated soil, ECP: environment control process
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7158 (Walkely & Black¥ > =200 mesh) 1 g
S 250 mL AFEZEReael Fskal 10mLe] 0.167M &
AFAEN S T8l E50] & ¥ conc. H,SO, 20 mL
33 AA3] £50] Foh 108 F SHSF 10mLE
Sfal S5 thyr odFstel 3 610 nmolld FEEE
s}, F-E 214K Bray No.l 5=, SnCl, ol 2]+ &

9 AH)e FAEY 1 g2 Bray No.l5= 25mL
07 FZ-oIsle] 50 mL &=k~ 4 ammonium
molybdate €< 10 mL¥} SnCl, €9 1.0 mLE 713k &
FTHTE A7 g5ar S they $85(660 nm)ys
=73} F. CEC(IN ammonium acetate)= Z13F EF
5 g(100 meshys &74Xoll €3l 1N NH,0Ac 50 mLE
7Fste] 12713t HESIATE. 95% olee2 AlFslar 9%
o} 3 49 ZTF31 0.1N H,S0.2 23t B
SEFIEIFFA, CO)e 300mL AR FE
100gS Y& 3 1 9o 05M NaOH 10mLE ¥&
TubeE ¥l BH A7l F 39 st & pH AR
phenolphthaleing 3% €3l 02 M HCIZ 473}t
ZA a4 p-glucosidase (Eivazi & Tabatabai, 1988)=
FE 0.5 toluene 0.1 mL, FAXH-QIAEH (pH 4.9)
1.5mL, 574 09mL, 50mM p-nitrophenyl-A-glucoside
(PNG) 0.6 mLE il wyk & 30°CollA 1ARE widatad
o} olgke 8 mLS WOl wRkslal oJsked 2 M Tris §
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Table 2. Soil Health Index and Grade/Score

SER

234 - g

o 2mLE gol TUAA FFE(400 nm)E S5t

2.3. EQAZPMX|FE(SHI, soil health index)

Es) A% EqRIAEES Frlsl] flet B 5
(2021)°] Agket HrA 3 T8 2 H/PERHS AR
319 tH(Table 2). Zkzte] H7IA® B47-S ¥k 5(2021)
o] ARkgE 2P 2lel sl Hosleiaion], SHE 9
AslEe] B ol H7EAEe] FR(SHIP
et S (L), FHM), Ee(H)eE FHESIITH

o WsE AE) Sl

3.1. EYZEEHYo)| 28t WIIX|E Hist

A2 Y] B W7 WskE gl 9
sl A& M RS AFH BN, LAdED
(TPH) =7} 1A $871(500 mg/kg)dll =E3Pd 4
s SEsinh. EFEA U9 edEE 7Y Bt

Low (L) Medium (M) High (H)
Grade/Score
0-30 31-70 71-100
Bulk Density (g/cm®) 1.6 or higher 1.4-1.6 1.4 or less
5.0 or less 5.0-5.5

PH 7.5 or higher 7.0-7.5 3370
EC (dS/m) 1.5 or higher 12-1.5 1.2 or less
CEC (cmol/kg) 7.5 or less 7.5-10.0 10.0 or higher
Soil Organic Matter (%) 1.3 or less 1.3-2.0 2.0 or higher
e e
Soil Respiration (CO,, mg/kg/day) 35.0 or less 35.0-65.0 65.0 or higher
S-Glucoside (pmol/g/h) 1.5 or less 1.5-3.0 3.0 or higher

ZA]) Park et al.(2021)

Table 3. Environmental conditions of the soil samples

Contaminated soil characteristics

TPH (mg/kg) Moist. content (%) pH PO, (mg/kg) NH4-N (mg/kg)  Micro. number (CFU/g)
805~3,835 13~16 6.8 9.2 1.3 3.6x10°
Treatment process
Season Duration (day) Microbe inoculation Nutrient Water (ton) Tilling (time/week)
spring (May) 40 x O MN) 10 2~3
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Table 4. Measurement of the Soil Health Index during land farming treatment
day BD pH EC CEC SOM Av.P,05 SR B-GLU
g/em® dS/m cmol/kg % mg/kg mg/kg/day umol/g/h
1 1.50 8.6 0.11 21.1 1.4 9.8 94 0.45
22 1.54 8.5 0.10 20.5 1.3 9.6 112 0.59
37 1.41 83 0.07 14.1 1.1 8.6 115 0.56
40 1.46 83 0.08 14.1 1.2 10.6 141 0.56
ruR $sk+5% oS EQl 712 BD, pHO
7 o, froluldt Wl olhE Bl WARES EC,
13 CEC, SOM, Av.P,0s, SR, f-GLUZ UER4TH EY o}
FL0 | wawon yag A7 HEA Fge] WA} = B} EIE 2k
et §' 3 (5% olE B9 AL ogErl BgHdonz 7
B e | T IelMY] skE =4 eld 2o BT pHe
vy b1 PEINN UH AR BRI pt w2 7
1 F dek o8l B2 TS E F e Bt

Fig. 1. TPH reduction during Land farming process.
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JHMarin et al., 2005). Yi et al.(2012)2] 4= E
P32t H-39] pH WS} A9l glon, Yi et al.(2016)
o] AFo|ME pH 43894 pH 4.7302 Z7}el5ith
Adams and Guzman-Osorio(2008)2] A= Z7]
pH 7.5~8.0°] 72} 30¢ Fol= pH 8.1~8.2, 4%+ 90Y
Foll= pH 7.0~7.802 WHa}E|lon, o]z|gh W= H
Fol &3k Froke] FFo R Hykth B Ajxe 7
Z+ A pH 8.6°] A% & pH 83°% mH|3F 74 (+5%
OJUHZE H} oM, o= Wang et al.(2016)0] 2|3+ A
R (batch test) BZMEFAA 2=7] pH 7.1914 HE pH
7002 2 s} gid dxe} fAlsI

Wang et al.(2016y> EY7EZte] wv|gt pH e E
Fe5E SrPRETEAA A 7IEEALL
(carboxylic acid, -COOH)®] Hgko g BT} ERTSE
A ol M7IE velle H7EES EcE B3R
A 0.11dSmellA B2 F 0.08dSm=E PIH|gE ZhAs
(5% ©lU)E Btk o] Yi et al(2012) 2 Yi et
al.(2016)2] ATolx= 7Nl B2 A5 747} 6.28
dS/mellA] 2.06 dS/m, 5.18 dS/mellA] 3.67 dS/m= 7+A%F
Axte} FAF FFolct whE, Wang et al.(2016)2]

Table 5. Changes of Soil Health Index before and after land farming treatment

BD pH EC CEC SOM Av.P,Os SR S-GLU Reference
\V/ \V/ v v v A A A This study*
. v A Yi et al. (2012)
A v . v A Yi et al. (2016)
v A Adams and Guzméan-Osorio (2008)
. A Wang et al. (2016)

* A\ slight increase, A significant increase, V' slight decrease, ¥ significant decrease, * No change
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40 EREREILER

TFoAME 732 AT 0.1~0.3 mS/cmel A 3.5~3.9 mS/cm
o7 ZylelHoen, o]8dlk F7} Ylo] Kristenses et al.
(2010)%] A7 AT} o] Jgre] Il wE EY
U nAEEge s Bkt HE S HIRE S5 2
F71% ol 9 W= CECceE A A3 211
cmol/kgoll A 14.1 cmol/kg® ZHASIIT}. Yi et al.(2012)
o] AgellA AZ H-F CEC7} 3.15 cmol/kgoll A 2.86
cmolkge 2 FHAdiEt], ol fivlE e Aet E
FPANA dH o R wEksEo] e HEH] Quit
2] FgollN 7HAaF7) e E B uslgith. SOMS 2
Ao ARt A-F 1.4%04 1.2%2 72AsIgEd), o)
23 e Yi et al.(2012)8] GFolA AR Ao
SOM=2- &7+ (loss of ignition, LONCZ =743 A3}
2.12%°14 2.38%= S7FsE Ad= ToRE ook SOM
< EG UellN 355 gHsl 3718 FREAsY
S SXAIAL, soMol 1% S7Fe W with CECE <F
2.3 meq/100g A F7FATh= B17} 1tk(Stevenson(1994),
Hyeon et al.(1991)). 3} SOMS F-21EdA e
BE f71ES uistal EY WolX EYTE 238}
AA ) AA B¥Esta Jorz i Eajjo] *#dk& o]
3 B FllA HslEo] e HEAolThLim, 1978).
webr] A2F 25 soMe] Wshs QHE A 2 A
Zhe-gel et ke oz HRIth Av.P,05 21E0]
A o Bl 7g Al 018 5 d= Q1Y
gloy, E A7dre A& A5 9.8 mgkedlAl 10.6
mg/kgl & F7FFATh WA, Yi et al.(2012)°] Aol
£ A& Ao nial A2 Fols 69.2% A8k, ol

Table 6. Variation in Soil Haelth Index during land farming treatment

3t ARNS MAEC o5t JYEAS] ARl ZoE B
et 2 AT AvP,0s TV A FAellA CO/NH
AL 9% 32k HIE Ty TEo] Kol 7%t
=GAo] HERAHE Av.P0s T Y H ol €
Qe tekslRg % x&AQ1 77t B8eE Hloloh &
ATrollA BESE H7EAEY Wske SR A A%
94 mg/kg/dayll Al 141 mg/kg/day, f-GLUE= 7% #H-%
0.45 pmol/g/hollA 0.56 umol/g/ho 2 Z7sl9lons 7=}
HHollM EYHES] EAJ3ls BAFH o= Yi et al.
(2016)9] ArollA] EFEZ -5 56.6 pg PNP/gl/hollA]
98.2 ug PNP/g/hZ 3715+ Ao} Ut Fdolt. o
o] Ax} BRI B3] H7ERIsES] BDY wisk=
oulE Frle @A, 3 A 9 rEE
I #AE AESHE i Re] Wk QLEES] A 2
AR 378 Aol <l thkgt AoE JERdTh w
x| EFEZRIN LAES} FslES] ERIIA H7HA
3to] Wshs vt gRlstedor & Hlolot

1 5(2021)0] AFeE B SHsF 2 57 iy
= AREEt =g AA A-$ B BRI
Ar 4 552 Table 69 2t} A2 A-59] 71 H7EA|
®E Hwspd 5539 M3} e 32 BD2F SOM©]
$9°m™, pH, EC, CEC, AvP,0s, SR, f-GLUIM= &
o] #Wsr} QIlth. BDE LUES SHo] Ml
o} AslEoXME FEol aH)CE HslEUTE v,
F7IETFHSOM)YS SHES] FHo] THMPel o 3
3R E Y(L)eE M=

2 A7 A4 A-$ LPES} F3lES] ERIA

Av.P,05 SHI
day BD pH EC CEC SOM m = SR B-GLU m "
1 0.62 0.04 0.33 0.11 0.07 0.12 56 52
22 0.28 0.11 0.07 0.14 54 50
37 0.20 0.10 0.06 0.14 58 55
40 0.23 0.12 0.08 0.14 57 54
* Forest-Paddy, ** Field
Z+1) SHI = Xlevaluation index x (100/8)
F2) legend  : Low : medium pmm: High
Table 7. Measurement of Soil Health Index for the soil washing process
Process BD pH EC CEC SOM Av.P,05 SR B-GLU
g/em’ dS/m cmol/kg % mg/kg mg/kg/day umol/g/h
Hopper 1.30 8.5 0.22 24.6 1.02 41.5 147 0.55
Sorting (2 mm) 1.80 9.0 0.12 16.0 0.46 23.6 69 0.37
Sorting (0.15 m) 1.85 8.9 0.11 16.4 0.42 234 89 0.37
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A5 56AMeIA 57 M), S e E AR A
529 MpPIA s M)SE T7RR= ZoZ Yepith.

3.2. EQMIEHo| ofst HIIX|E Hst

£ dTuPde] EGAIEHS AT glglem, Al
& 4mm, 2mm, 0.015mme] 39A EFFHOE o]
Foth.

AHEA ] B H7HAE WHekE gRlsh] flst
of A FEY 9E ¥ EYCR g8y 2
@2mm) 2 3941(0.15 mm) B354 FIJES B35
Row, EXANE Table 739 2o} B A7thd Al
A% BRI W7EAEEe] wslkE E%
HES} 3TA(0.15 mm) FSHES] FhS ¥l eH, 7]
EAT A7} A Table 8ol Felsln). & Aol A
|H EFY A3l A F55 FE¥ske Fig 2%
2t}

LY EE H|A(As) 72.8mgkg, F(Pb) 118.9 mgkg,
T2](Cu) 64.9 mg/kg, ©F(Zn) 572.1 mg/kg, 7F=H(Cd)
10.5 mg/kgQ 2 H|Ax(As), ©°FA(Zn), 7F=H(Cd)@ElA
IAY $H7IES 29314t
2 AollM EFRIAE W7 Wiske pHES%
WHE Aefet A el 27 fom)gh Hsh+5%
oPhHE Btk AlH A3 wu|gk HEk+5% oluh)E E
9l pHE &2 o83 BEokAZ 719 Afolde A%
5o F zlolE HolA| UTHYi and Sung, 2015).
Ed o9 AEA sk AV 2 BDe 130y
cm’ollA 1.85 g/em’Z 71T} Yi and Sung(2015)9]
AFaHolM = AEAelAN A HE FHFe] 7ha=
Ee] Higle Rtk £ d7e AsAds o= o]

0
o]

o

o me E7dd w7t 41

Fig. 2. Concentration of heavy metals before and after soil
washing.

Fojglonz ARl B} EA 3780l FY

© LUES} FIlES AFAFH AIFS] Afojirnt ojuzt
AEE AR EHZ JHe] EYe|lng 8XdRe] W
3lol] oJul= 7] o]@Y}. EC, CEC, SOMQ] 7= Yi
et al.(2012)9} Zhai et al(2018)2] E-& ©]-83 EUAH
o] Ao} FUIIATE 3, Av.P,0s% 41.56 mg/kgollA]
234mgkglZ 7HAastFE, ol#d AFAE Yi et
al.2012)2] B2 o83 AlF AT AvP,052 TV B
33 AFAgel= thE Fgolt Yi et al(2012)2] A
TolME FAA0 FEI) 57.6% g WHE, Av.P,0;s
< 59.92 mg/kgoll A 103.28 mgkgl & 72.4% 7151
o 2y B A= AvP0s9 AlF A3 oF
44% 7349} FYI o T FALT 354.5 my/keolA
88.5 mg/kgO & °F 75% 7AsItt. 7189 Al w=
W AIE A AvP,05%] WSk AlPgAlel wetAE Thek
3 oH(Im et al.(2015), Yi and Sung(2015), Koh et al.
(2017), An et al.(2020)). Jung et al.(2003) EU4S
@t AvP,0sT 7HE QIMF FEE SAS A%

[‘

Table 8. The Changes of Soil Health Index before and after soil washing

BD pH EC CEC SOM Av.P,05 SR S-GLU Reference
A VAN v v v v v v This study*
v v e Yi and Sung (2015)
v VAN v AN AN Diluted HCI
. v v v A . water Yi et al. (2012)
v A 4 . FeCl;/HCI (0.3 M) Koh et al. (2017)
v v v water Zhai et al. (2018)
v . . AN H;PO, (0.5 M) Im et al. (2015)
v EDTA Wang et al. (2018)
AW A v v v H,S0, (0.1 M)
A v A v v v H,SO4/H;P0O, (0.5 M) Jeong et al. (2020)
AN A AN \ 4 A v NaOH-Na,CO; (0.1 N)

* A sligt incresase, A significant incresas, V' sligt deresase, ¥ significant decresase, * No change
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Av.P,0s9] S71E ERIsIHeH, o]Hg Av.P,0s =59
7k AR gh, Sol9] A3, hsllEe] Tk
23l FspEo] A Tl ok it frEst Sl wE
S 37 2 EY F i FEAY 2872 W
stoll 7]Q1gthal Btk webA Al -39
AV.P,0s & Wil AMEE AAY] SR o2}
EFO] el W AvP,0s9] FEFsE ] ZlolollA 7191
she slo= ket AESH BrAste] 9 SRS
AE A-Z 147 mg/kgol A 89 mg/kggi oF 40% 7
3lRom, p-GLUE AlZ A% 0.55 umol/g/hellA] 0.37
umol/g/hC 2 °F 32% 79.'31:“6]-%‘4 Yi and Sang(ZO]S)«]
Aol S AHAE o]t AlF H-$ p-GLUY
Hale E2 A3 749 14.2 umol/g/hollA] 12.9 umol/g/
hoZ 7343k WHH| AAF 9] - 9.8 umol/g/hell A 11.1
umol/ghS 2 715 HI3I3IT).

SR B B7RIRe] WHelE ERIsk] ¢
31 Fig. 3% Fig. 4°4 Q9E, 2842 mm) ¥ 3¢
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ot =858k WrEAsEe] A9elle pHE Al9skaL
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AstEA A HAsllon, FstEddM= E53578Y
Al wEt ok zjolE Btk ASES] SRS EYY
At 2R 3] ASHE(0.15 mmy’t 294 AZHE(2 mm)
Hop =9t ol £533 olde] AFIgA AFH S
2 % MAEAAE 95E ZOo=E Hojn, 2t/
@2mm) E 394(0.15 mm) A3}LEANA SR Aol= E
& JAE7I0t v E EEske] BAR HRITh A, p-
GLUE 2 @ES} Hlwst HsfEoA A 7HAsIA
Tk 28AI2 mm) 2 39HA41(0.15 mm) F3EE 2 2|7t
Sle Ao= UeRth oo R EF AFAE S
222 mm) 2 3EA(0.15 mm) H3}EE SRS A3

Table 9. Changes of Soil Health Index during soil washing treatment
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Fig. 3. Change of physical and chemical factors before and after
soil washing treatment.

THlENN

|

Fig. 4. Change of biological factors before and after soil washing
treatment.

B g 2
= Al ofg @E
gon] Bagde

B F(2021)0] A|SF }ZE‘%‘ w3t 2 7t iy
S ALgER] A3 Aﬂzg A3 BEARAY HAE
A 9 SFE Table 99 2o} AlF A3 7} Hrix

= A=

Process BD pH EC CEC

Hopper
Sorting(2mm) 0.00
Sorting(0.15mm) 0.00 0.02

* Forest-Paddy, ** Field
1) SHI = Xlevaluation index x (100/8)
F2) legend : Low : medium pum: High
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AV.P205 SHI
SOM ——Z2  §R BGLU —————
* kk * kk
0.17 0.52 0.29 0.14 63 58
0.05 0.26 0.17 0.11 40 38
0.05 0.26 0.17 0.11 42 40
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HAk Av.P,0s0] ASollE AkE AFeo] g7} A
= T IR wE} A3 5] A8o] tant.
2H g o] SHEVIES A8 AlF Helle M)
o] 2mm EFF4 0.15mm EFFHY HIENH=
S L)z MR o] SHYIES A8 Al
1% IS (L)oZ 174 S Wske Rl

B ] QdEe} AslEe] Bk AR THA
F(SHDE Fok=g tpdoz 243 49 638 M)elA
40~4224 (M), LS thFo s Ak A 58EM)elA
3840 (M)S2 743ttt
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¢

|

3.3, AEEHo| 2|8 I X[ E #S)
B ATl deege Aede gl (Low tem-
perature thermal desorption)® 2 7}E 2 (furnacey= ZE
2 ZERotary Kiln), Z2 ¥ 2PES 2= oF
280°CE A=At M7k Aee ~a3FEs 9 uy
BE olg3lel iES PAe Jgien, BE ol
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Table 10. Changes in Soil Health Index during thermal desorption

43
Z(TPH)P] =
71A3Ee] W}
S mlasied
A% E
7373 7FA38e] WMshk= BD, pHe VWIS W3k(+5% ©]
UHE Blow, 1 29 JEox= fou|gh Hah+5%
oPhE vrERsiTt

E214 37kA3ER] BDE €93 - 1.46 glem®™lA
1.48 g/em’SZ ThA: 253l o & Hal= gilth pH
T 87914 880 Ao WA &k=dl, o]zt pHe
nju|gl S7k= 718 A7 AYels FARBICH(Y et al.
(2012), Yi et al.(2016), Hung(2011), Bonnard(2010), Ma
et al(2014)). ¥ ATl ECe &3 A% 0.13dS/
emolA 0.15 dS/emZ 2718149tk BHFA, Yi et al.(2012)
o] AFolMeE FRLEESY E8F H-F ECe= 155
dS/emollA 0.87 dS/emO.Z 7431 o, 21E2] A
QS vXe= XBHY UER, X3 TE, X8 D4,
23] vl 23 Vs 47 8.3%, 2.3%,
37.3%, 7.2%, 11.1%%Z 743 A9E Husiich B A
T ECY Z7HE ZE Ul 2 SFEY = vE
o] 3} 719EAL wiAE DAl EGS 23]V
A3 AMEEE Wk Axe] Jo s HRth B AT
AN CECe €3 A 11.4cmolkgollx] &3t
16.98 cmol/kgZ 5718153t

HHA | Yi et al(2012)9] ATME FRLGEES tiA

o7 gz A3 CECE 5.35 cmol/kgdll A 3.96 cmol/

i

ko3
T

Process BD  pH EC CEC SOM Av.P,05 SR B-GLU
g/em’ dS/m cmol/kg % mg/kg mg/kg/day umol/g/h
Hopper 1.46 8.7 0.13 114 0.53 84 138 0.45
Outlet 1.48 8.8 0.15 17.0 1.10 214 33 0.39
Stored (14d) 1.41 8.5 0.16 17.8 0.91 18.6 63 0.39
Stored (23d) 1.47 8.7 0.13 17.5 0.99 18.9 49 0.41
Table 11. The Changes of Soil Health Index before and after thermal desorption
BD pH EC CEC SOM Av.P,Os SR p-GLU Reference
VAN VAN A A A A v v This study*
700°C Yi et al. (2012),
A Y v v o : (200°C in soil) Yi et al. ((2016))
A v 120~550°C Huang (2011)
A v 500°C Bonnard (2010)
A M v 400°C Ma et al. (2014)
A v . 700°C

* A\ slight increase, A significant increase, \/ slight decrease, ¥ significant decrease, * No change
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Ma et al.(2014)2 400°C(60%%, FeCly)®] Exg]ollA] CEC
= 11.0 cmol/kgollA 9.8 cmol/kg® 7HA3193aL, 700°C(20
A 11.0 cmol/kgoll Al 5.2 cmolkg® 743 A3E
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TN E FRLEES] a2 1-F SOMS 5.26%C14
4.67%% 748192, Bonnard et al.(2010)2] 371ollA]
= So5 9 PAH SHHES] g€ d-F SOMS
13.0%414 10.7%2=2 74315t $h8, ~2(Hg) L9 E
9] dxg] Aol A H-718H~(organic carbon) W3}l
3k Ba7} QIth Hung et al. (2011} $2(Hg) LUES
550°CollA] GAEgt A3 frekae 0.28%°14 0.22%
o7 Zhadkar, 400°0ce] GxE] A-Fole 0.17%0A4
0.11%% 743 272 Btk Ma et al.(2014)9]
AFAT o3 FL&Hg) LHUEZS 400°C(60%,
FeCl)ollA €313t Ay} F7ebhs 2.5%001A4 1.6%2
2 28, 700°C(20:2)0] ExlE] A -Foll= ebds]
2Eo] AEFA skt dgF T ARREE de
SOMel| J3S vA= LxolEz i sSoMe] £3)
7F oy, o B3R 3dk(volitilization), B3}
(charring), $14>(combustion)Z & # 3 THCertinini,
2005). 8, Kiersch et al.(2012)2] AG-Ax}ol] wl=w
gekt -5 SoMe] W= SOMe] kst Adud )
o]59] gzzgo| 93] th=t}. Biache et al.(2008),
Kiersch et al.(2012), Gonzalez-Perez et al.(2004)2] A+
ol X GEHEt FAo] Holl oJaliA SOMS dEe] Rk
= 2 HYE7|%E 3Tl Hung et al. (2011} QUE
o] dxjg] A7llN EAT frea wisle] 7k 7H
o, o]yt YUl F& yIsk= Wl wel silt 2
clay?] mlAIYGAFE2] H3ta T (cementing effect)’} THE7]
witolgta Hastch £ A de€E W% EC,
CEC, SOMS] Z7h= 7129 dA7dye= ve P
Hol=H, ol BEYe] B 9 o9Ey} dFHo=w
A A A% EAAuECE B B Ao &
e -5 AvP,0sS 845 mgkeoll A 21.44 mgkgZ S7}
3153T). o]2)3h WMl i et al(2012, 2016)] GEHE
] A Aol AvP,057F 47t 562% 2 69.1%S]
712 HQ AR TYsICL Vi et al(2012)S Av.P,0s9)
71 Ao Z Q19 EXNFEF 2 TS FIte] o]
& 7Fss FEE WslElS Z10F BT B3, Galang
et al.(2010y> ESF o] E3x3}= Q(phosphorus)> Foll
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< oFF 7IRH] ZF) whet H3} Ao th S
SO, B-GLUS 783} 259 vlalste] & Wk} {1
Act.

B S021e] A BB SEE 2 B

¥
"

i

€
:
:

Fig. 5. Change of physical and chemical factors before and after
thermal desorption.
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Table 12. Changes of Soil Health Index during thermal desorption
AV‘P205 SHI

Process BD pH EC CEC SOM ———— SR pGLU  ————
Hopper 006 010 006 [NROOT 0.2 51 50
Outlet 0.19 0.23 0.15 0.25 0.11 47 43
Stored (14d) 0.13 0.20 0.13 0.68 0.11 53 51
Stored (23d) 0.16 0.20 0.14 0.46 0.12 49 46

* Forest-Paddy, ** Field
1) SHI= Xlevaluation index x (100/8)
F2) legend  : Low : medium pmm: High

Ay}, B AFolMe EFEA] HilErs LEE v
AR 9 ST ok s S Bo,
BE Aslgol ESA WA RS 345 M=
A=A sttt B dATe S e 3 4
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Fig. 6. Change of biological factors before and after thermal 7 QEA oddkw W EX ug e Aoz ot

. =2, 10—
desorption. ’
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