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There have been raised other environmental issues related to remediated soils piled up in numerous carry-out
processing facilities because a considerable quantity of them have been produced every year, but most of them have
not been relevantly reused or recycled. Thus, this article reports the trend of researches on the development of
techniques to restore the quality of remediated soils to activate their reuse and recycling. Firstly, the tendency of
change in soil properties through remediation processes was looked over, and then the degradation of soil quality
was characterized according to the type of remediation processes. Besides, the direction of policy to promote the
reuse and recycling of remediated soils was introduced, and finally, the future works needed were suggested. This
article was prepared based on the results of the survey of domestic and foreign literature. A number of literature
were reviewed to scrutinize the change of soil properties due to remediation processes and diverse techniques for
the amendment and restoration of remediated soils. Furthermore, the policies related to the reuse and recycling of
remediated soils were arranged with the reference of the first and second versions of the Soil Conservation Master
Plan of Korea. The literature survey focused on three kinds of remediation technologies, such as land farming, soil
washing, and thermal desorption, which were most frequently used so far in Korea. The results indicate that the
tendency of change in soil properties was significantly different depending on the type of remediation processes
applied, and the degradation characteristics of soil quality were also totally different between them. The soil
amendment and restoration can be categorized as three techniques depending on the type of substances used, such
as inorganic, organic, and biological ones. Diverse individual materials have been used, and the soil properties
improved or enhanced were dependent on the type of specific materials utilized. However, few studies on the
restoration of soil qualities degraded during the remediation processes have not been carried out so far. The second
Soil Conservation Master Plan states the quality certification and target management system of remediated soils,
and it is expected that their reuse and recycling will be facilitated hereafter. With the consideration of the type of
remediation processes implemented and public utility, the restoration technologies of remediated soils should be
developed for the vitalization of their reuse and recycling. Besides, practical and specific measures should be taken
to support the policy specified in the second Soil Conservation Master Plan and to promote reuse/recycling of
remediated soils.
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FA 5ol Stk o]FEA A AEiA R oA o JE F 5,058=0014 2016300 575814502 10
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Stoax QHAT|I glom, oS AHslsla ESF A (Ministry of Environment, 2020). %3+ 24 &E3Zo]
HAE 593 ol B2 =33 H]go] A5 3 AAE HEE LH7IES IESPle st &
o @A R ESeFEDS OF 3467, o] FE= MY dZo] ALEEA] i EA| =AY
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and Lestan, 2016). Wb A3te B4 AolL3H7
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Fig. 1. Status of recycling of remediated soils from 2010 to 2014. Recycling purpose (a) and site (b) of remediated soils.
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WHC), pH, #7134 %% (electrical conductivity, EC),
Na, K, Ca, Mg &< A3H4 %o](exchangeable
cation), %o]->w %53 (cation exchangable capacity,
CECQ), -71&8 3 (soil organic matter, SOM), =123
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(Othman et al, 2011), ©] W YAE= FH SHE
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sl oJgt w& 9 A 57 AR el EF
9 2557 LHEeEM a2 g FI7 &AL
2 2= QtkHong et al, 2011). ES7 Y
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Table 2014 W= nle} 7ho] EUAZ A7 A 4
3 A3 Ecke] BN = A W= Ix 9=

(Welp, 1999), E Z<] %}’Eﬂ' AEARZE olgE & Aoz LHA Ak Yi ef al 2012)2] FROGEY

AtH(Paul and Clark, 1989). SrollA AHFsl%el, & o] Bzl olgk Ae] & AR AFRE =

A7 s2luztelr 7P ol A8d a2 4 AellA E#(sand, 0.02~2.0mm), PIAKGsil.

B A3&e BEEE, ESAE, deolth b 0.002~0.02 mm), FE(clay, 0.002 mm)2] g H3h=

2 AFFEHE olHd Al 7] Asle Aol wh FA] ool A Mo AFES] EAo] IR fA]H

2 EY EAo] Hils SAo 7 =5t1A} it} ATh Yi et al (2016)2] AT EAQe] WHsk=

Rejo] nlFo] 382%°04 33.8%= AL HEHS
43.0%°014 44.0%% tia Z715ou AAZew =

Table 1. The conditions of land farming processes

TPH Conc. Duration .Microb§ Nutrient Condition of Renr?oval Reference

(mg/kg) (days) inoculation dump efficiency

1000~3,000 90 (¢} (0) 0.9~1.2m 95~98% Yi et al. (2012)

above 3,000 90 (6] (0] 09~1.2m above 87.3% Yi et al. (2016)

50,000~60,000 90 X 0 02m 14-16 ~ Adams a“‘izgggziné“'osorio

2,449 84 X (0) 85.1% Lee (2011)

4100 175 (0] (0] batch test 37% Wang et al. (2016)
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Table 2. The comparison of physicochemical and biological factors before and after land farming processes given in Table 1

~ Exchangeable cat
Soil yiyc pi po xehangeable calion g\ Cpe Av. P TN DHAD Beta-G? ACPY ARY?  Reference
texture Na K Ca Mg Al

.V v AV Vi er al. (2012)

e A VY ¥V V.V ¥V - A e

vV A VAN 4

. A

v . VAN v AN Yi et al. (2016)
Adams and
Guzman-Osorio
(2008)
A Lee (2011)

Wang et al. (2016)

1) Dehydrogenase, 2) B-glucosidase, 3) acid phosphatas, 4) arysulphatase, A: Increased, V¥: Decreased, *: Not changed

A dskeA 2e-e nah ofe EFAe 4

A BHom she Auyom B4 ge Ee
geld 54 walele JRe WAX @) U

Zoltt,

EA Ado] 7 FREEH5(WHC)S Hslel &
A Apelx] EGER ofgh s} Holx| e
wH(Yi et al, 2012), +-FQGEL] = 93 EQF
A7 AYE £33 Yi et al (2016)2] ATFNME =
2 A 8L6%IAM 7] F 80.0%= 72 W3} e
Ao LT

HAES olgdhs B ZAed EY pHe
¢ 203 QAR o]lE EY pHE HAE SEdde
B F7] il pH7F Eold A nAE 39
Ekslra o] gAdl FgAd dFe & & ] wE
oltiMarin et al, 2005). E¥72 A% 9k pH
E Yi et al 20120014 EFHE o)F EY pHY
Hale= 7o) fIle™, Yi ef al (2016)2] AATolME
438004 47302 thh Zvlsle Aoz Uelhdt)
Adams and Guzman-Osorio (2008)°l] <3} <13L9)
m=d TPHE L9¥ H¥=Y EFEE AE Al =
7] pHE 7.5~8.09] HHE B} Ad 7|7+ 30¢
o= pH 81~829 #e HYoH, HFHoze=
904 Foll& 7.0~7.8°] pH WS Ve 30
7e] pH Z7Fe die] S A Q8 vigs
£7) JRoz FFEFIY/] wWiEel ZAem Buslal k.
Wang et al (2016a)9] 23t E7dztz AHs A
A AR 23 (batch test) Aol E 27] 7.190
A HFHo=Z 709 pHE YUeR] & Wit e A
o2 e ol B 95 Tl o] EX
pH7F F2351A WslE= AL olg7] uiolH, |
AE o5t f7159 714 s 2ol olikst
A7) A Elo] k28 A4 (carboxylic acid, -COOH)

il

z

= 1N

2 o

0

R4

i

o] Yoz <3l vt
stk

EY72 AHE A-Feo ECe 6281dYmeilA
2062 dSm=Z FA 7Asl= ARE HYOW(Yi ef 4,
2012), f-AKSE A1l Yi ef al (2016)141E 5.18dS/
mol A 367dSYm=E ZAsteE e R ¥,
Wang et al (2016)0] 23+ AFoM= 27 B
A7AEZECKE 0.1~03 mS/cmol e 1758 5
EC7} 35~3.9mS/cmz Z7Fehe 73S BiEr o
= EG Ul rAE @48 918 Jdre] el uE
Ao 2 ®WIEch Kristensen et al (2010)°] w=
W dnk B4ke] EC 32 ¢F 0.1~0.3 mS/emel™, <
YES 7R 3 ECe 4mS/env/A 5718 4= ok
3 BHIFEoH, o= b Al dR|gi)

A5 BYgngE Fedt B2 X§A ol
% K, Mge= 27 43.6%SF 14.3% 74, Cad 44.4%
/1S Holom, ol A3t & nAE o] A
&Aooz olgHU7] WEeT BHIHJTKYI et al,
2012). Z2&Y Yi et al 20160014 EXARR] 7
$ ¥ K, Ca, Mge] Z+7 A7l ol Hla)A
70.0%, 65.9%, 63.7% 73Asren X3 Nal o]
B} 28 44.2% AAEhe AES Hod Cao B$-
Agd A7 tE A3E eI

B 7o) 23 SOM W3l dolir] 8 B
A& A Age] Eg gk FE7Eoss of
ignition, LODE 2783t 23}, 2] Hell= 2.12%01A
A & 238%E W37t A LUTHYi et al, 2012).
oFo] L3 35 (cation exchange capacity, CEC)= £
2} EQollAE= 717t 3.153 col/kgollA] 2.860 cmol/kg=
ohds A & W3l fIUTHYi et al, 2012).

A9 FAANS %719 T wls) zhzt
57.6%}F 69.2% 7rAsl= Aoz ven} st Wt
2 A0g YEPton(Yi er al, 2012), °l& EWFEZF

pH #2d 53 A
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719G EA Hshks vAE og IFEZ
2RT7F AEH O 7] fFoZ BT}

A3t -39 E¢Fe]| tist dehydrogenase, f
glucosidase, protease, acid phosphatase, arylsulphatase
T e ES U vAE g4 FAxo] Wl ot
Yi et al (2016)°] A4zl W= X W50 B
%oll thal dehydrogenaseS 6.1 ug TPF/g-soil/day->-
2 W3y} glem, Aglucosidases 56.6 ug PNP/g-
dry soil/hollX 982 ug PNP/g-dry soil/h® 715k
t}. B9 &4 Fo| dehydrogenased 2Hal-ghle]
Asls GFAgaE 7|ZoX FAE AASRE 9
< Fdsle 4= EY U vAEY] &48 1K
Aoz Yeid ¢ de AXER &85 UrHOh,
2004). 27 A-ZF¢] Eok] i3t proteasee] W3
9.9 PNP/g-soil/2hol|A] 13.7 PNP/g-soil/2hZ Z718F3
o™, acid phosphatase®= 343.3 pg/g-soil/hol 4]
287.3 ng/g-soi/h . 2 7+238k3th. Arylsulphatase®=
16.8 pg/g-soil/hollxl EFAEZ; o] 20.6 ug/g-soil/he
2tk ST Ze® yEhuith o)¢t 2 Ade
EFE o] mAEE It SV AolH, ol &
A o] FUEH w3l 3AHAJ] FIFE F F U
= Aoz AHSATHYI et al, 2016). T3 EFEZF
A d-3e] g wstel] @3k A (Lee, 201100 o
3P dehydrogenaseS W& Ao F7to] HHE L=
FHE HAom EYRAAT F 1157 BHs Fof
FH I3k 26.78 ug TPF/g-soil2 UER} E9742 A2
T EG U nRE] @4 Sk AR A
£ Bk

Y Jo

A
B

2
e

22 EYMEH ot £ Y W
Fason 09® ¥4 482 Sl BN
o] F AgHole 0T By gom, Fu

Table 3. The conditions of soil washing processes

Aol Algsojx 2 JvkKim and Lee, 2012;
Rosas et al, 2013; Villa et al, 2010). FZol= =

FEE5 29 EYY 27 & AFFTHAAM FeCly
AFdo] AxpH oz go] AREHIL Tt FeCly 7]
Eol| @ol ARgFol2 At T 2 M He vl
ES AMmel v 1A(S) EEleS THRER FE
FES I E WHFA FFE AF 2FHE ol
7ol Ath(Makino, 2014; Moon et al, 2016). T
3 Hoole %% TPHE Q9% E%e] 49 A
HEGAE o] ggt AHge] &8x RIHI Ut
(Abayneh and Quanyuan, 2018; Heo and Lee,
2015; Lee et al, 2002). &8 E%¥Y A= 93
EAARE H43 Aol tisle] gidedEd, Al
o] FH, §9H], X TE 5 Table 390 A5t
Rom, EFAAE AHd wE EFY 54 WHilE
Table 40l VFERASATE

2

3 ®otth WA, Yi and Sung (2015)2] A%1 PbhE
LHE EFE S ol&ate] AXTEE ol gg 4

M= 2mm ol3t B EAC] 79 EFAF

= AE 3= A= sty A3t d B9l sandy
clay loame] 3} % sandy loamZ WH3}=E|9low, &
St Zn 9 Bl tigh Ak F S o] 83k 79-olA
TEE 0 EYC AFAR 5 0.02~2.0 mme]
g vlge] A F7eFAAL 0.002mm ©lste] HE
do| 7+Asle] A A clay loamold AF A7 F
loamy sandZ WH3lsk= 2oz Uehith ESAIRH
< APAE AEshs YRPRIEIAE I AlF S &
23] ESOoRRE QHES Eelshe AFHA, H
AHAE Agshs $A AHoR FEFTH(Evanko
and Dzombak, 1997). Yi and Sung (2015)°] <]3PA

g

N

. Concentration . . Solution/soil Removal efficiency
Contaminant (mg/ke) Washing solution ratio %) Reference
Pb 650 water 1:2 90.5 .
Zn 41345 HCI(35%) 12 612 Yiand Sung (2015)
0.3 M FeCly . 49
Pb 264 03 M HCI 1:2 37 Koh et al. (2017)
1 M HCI 61
As 97 0.5 M H;PO, 1:5 40 Im et al. (2015)
2% Na dithionite in 0.01 M HCI 52
cd mine Farmland mine  Farmland
154 36.2 62 93
;‘E 1,203 268 EDTA 1:5 56 7 Wang et al. (2018)
2,278 1082 32 62




o EF sl o3 Bgel 54 sk 9 gske] e 447

Table 4. The comparison of physicochemical and biological factors before and after soil washing processes given in Table 3

Exchangeable

tse‘)’('tlure WHC pHEC  cation  SOM CEC };V' TN DHAD Beta-G? ACP» ARY? Reference
Na K Ca Mg
Sand A
Silt A L 4 v v v Water
Clay V¥ Yi and Sung
Sand A v vveyy s v (2015)
Silt ¥ v A v A v v Diluted HC1
Clay V¥
Sand A
Silt ¥ vV vaAa vvyyvyy AR AR 4 A v v Yi et al. (2016)
Clay V¥
v vvyyy o e Koh et al. (2017)
v v Vv Zhai et al. (2018)
HCI(1 M)
. . H;PO40.5 M) Im et al.
M o M M Dithionite in (2015)
0.01 M HCI
v v Wang et al. (2018)

1) Dehydrogenase, 2) B-glucosidase, 3) acid phosphatas, 4) arysulphatase, A: Increased, V¥: Decreased, *: Not changed

AP LHERS] YARIE EXAFH 74 4mm
olake] TR A 0.002 mm "Rk HEZF A
T AA" AR vERto™, o= 3.0mm ©]de]
A A3 0.075mm o)k HE AA FH
o3 Aow H 2= 9t}

TEBFS(WHC)S Yi and Sung (2015)e] =3}
35% HCIE AHgoz ARR3 AFoME 27.4%9}
426%7} 72dhe AAE HATH ol A1H A HE
o] AAZ st BEY T B FHe Tz
£ BFE e BT sl o]Fo] o

317 W7 Aoz FekEitk(Slater and Lesmes,

2002). &, AE o] Trae BEYS] B3 o B
g HAA2ATIA =7 Wi el

4 :
ES U slehikge] 3 e 8 AR pH
9] B4 BL o183 BEYME Xz d-FolA pHE

polE HolA] 3tom, AHHC)S o83t Bk
0] A 27] 6.71914 A2 & 4.77=2 AA A8t
Ao = JeERIth(Yi and Sung, 2015). Koh (2017)
o 9J3t AFolME FeClyZ ol8-3t] pHe 4.8914
2607 7Hrsle S BoW, Zhai ef al (2018)
NN FeClys o] 83 EY A1H A-59] pHE 524
oA 3.692 AHIstEE Ao=Z YElth Im et al
(2015)2] EYAE B3 AFelres 1M HCL, 0.5M
H;PO,, Na dithionitez} 0.01M HCEE- A2 oS o]
43t 49 7] pH 6.19014 7z} 2.8, 4.0, 492 A
A Aadhe AEFE B9k ks Aola Bel vt

9} Zro] EFAIF Al MlFge] FRol mE} B
pHE 2 92 = Zo= dAddn,

A7NHAEEECKE 2E Ago] TS A mA=
91A2 Yi and Sung (2015)°] <JahH E& AH&H
o7 AR3F A4S ECe EYAHE F 0.596 dS/mellA]
0491 dS/me2 WsPr} A7) YAV tha ahsle
AES BPo, AHHMEC)] 38 Aol e
0.40 dS/melA] 498 dS/m= IA Z7kehs Aoz
AN EGAIFA] ARREE Al o8] ThE AL
HA F e Aoz Bk

EFNF § ESS o s vEdEe A4S
7HRE 23K 97](Ca, Mg, K, Na) = K, Ca, Mg
dgo] 27t B AFHAS o] 88 A EYAF Az
Aol ¥slA 31.8%, 9.8%, 204% TAidteE AFES
HYow, AAHE HyT Afdde 44 7.1%,
85%, 55.8% 7Adh= 7AES HUSE AFHAE Al
B Ul X3 o5 F dHIF AFR o8 A
AE AoZ JERITHY] and Sung, 2015). W3
Koh et al 2017)91ME =¥A A71(Ca, Mg, K,
Na)9| ks Jehlie %2 997]231= (BSP; base
saturation percentage)’} A& A 19.79%14 MH
* 592 FA3 2Asen, Ca, Mg Ko 5%
7Y AR F 22 67%, 78%, 25% FAdre Bt

EPNHTEE B U EAlske 849 V18R
YA 78S AATeEN EY Wl SOMS THd
& Aoz d&EA UtkKo et al, 2005). ESAHH

Y
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T EY J SOMe| Wsls AR A3}, By &
E% U EY F7]ECOME 25 AFAog ALg3
T 3.84%°04 2.15%, AHEAHCHS AH o= o]
gk 73-9ells B A Bl vlEA 5.38%014
381%= #adhe ASo=E YEREOo™(Yi and Sung,
2015), o] 2k AATE AlF oz 2%k FHZ] 7]
Eo| AAS} HE Ho 7haol ogt Aoz e
Wi Im et al (2015)¢] 1M HCL, 05M H;PO,
Na dithionite=} 0.01M HCIE AL o]g3 A
e SOMS EQAHE H-Fo] EYer SOMe|
BAH O R 21 gkgl 2 FARRE 3 Hols Zloa X
arEo] Uyl A¥e} xolE YERIT

Yi et al (2012)2] A7odME ENE A4S B
3lo] B Jol2n 358 (CECY: 4.693 cmol/kgdl
A A2 F 3813 cmol/kgle B IA ZAAd Ao
Yelgon, Zhai er al (2018)2] ATl % FeClZ
Aoz o] &3 A 264% 7Ahshe Ao Ve
wth oleh e Zae fU1ERE] Aas EYY
2l JH e s wihsEo] £ JEHo] Y=i
2] el 7Ar] WEeg Helth v Im
et al (2015)¢] AFolxE SOM} 2ol Tk Axet
T Z43E 2tk 7K AFHAE o83 EGAE
A3 B CEC/F HH 17 cmol/kge 2 2 A}o]
= YehhA] 2 2oz Yehdt

EPNE 3 EYY THL(TN)E &5 AFdeR
AHEE A$ 24321 mg/kgol A 119.93 mgkgo =
56% Zraxeh dhdol faclat shaake 59.92 mg/kgol
A1 103.28 mgkge 2 93818 724% S7tsIRoH, Ak
AH NS ARG-SE 739 TAA(T-N)= 89.50 mg/kgollA
54.92 mg/kgS 2 38.6% 7+Agh ol FE A
2k 27.97 mg/kgollA 33.88 mgkgSE 238 21.1%
=713 2742 B YUHYi and Sung, 2015). Makino
et al. 2007y FI=F0 8 0¥ = EYS CaCl,2
ol gst EFAF R Hst & FALE 13.1% Fh
g dhe ) G EQIAS 756% Z7HEE AoE Kl
FARE AeS BolFglem, FeClZ o438 EUA
Ho e FREICIM0] 502% 74ad Ao Vel
thMakino et al, 2008). T3+ Koh ef al (2017)
o8 E FeClys o83 A7olMe FEL(TNy
A A-FelA] & Zol7t glom, Facliake] 9ol
T 133 mgkgollA] 112 mghkgl 2 &g THadhe 2o
2 el ol &= A del we) faQqke] Hale
tFatAl Yebgth Im e al (2015)2] AFol+=
H;PO 2 AlHdoz o]&3k 7% 2,800~2,900 mg/kg

oo on

o]x\]—

o
N
i

[e)

o2 %7] 43mgkgell BIst] ZA F7ksks o=
el e ™, 1M HCIZ Na dithionite?} 0.01 M HCI
S AFYo = ARESE 9% 43~71 mgkgl = ot
& F7hhe 43S B4

Yi and Sung (2015)] Aol FE<
A Ao EY MAE 54 AE
484 (DHA; dehydrogenasey= &5 AlEdoz
23t Agx Ag H-F 1.0ug TPF/g-soil/d= &
st glom, AR AS o] 8g 9 27] 1.8g
TPF/g-soil/d1X] 0.4 ung TPF/g-soil/dZ g3}x2] =}
FoAM adhs B HIoH, Im ef al (2015)°
A% 1M HCL, 05M HsPO, Na dithionite>}
0.01M HCI 5¢] 3714 &=l tis] DHA €4d%=
= %7] 16 pg/g-soilolX Z+zk 9, 5, 11.5 pg/g-soil
AR asle A BALh ol 5374% s ¢
28 =4 Eg asiov AlXFgAM EG W
T MAE FE A A7) WEeE By Qi
B-glucosidase= &3} JHHH AL 0|83t - 72 A
3} A-FollA z¥zb 14.2 pg/g-soil/het 12.9 ng/g-soil/h,
9.8 ng/g-soil/h¢} 11.1 pg/g-soil/hZ =jol7F §IAY =
A Ygkot, Wang ef al (2018)°] EDTAAIH S
o]83t TR B}l FAR S BEYS o] 83 At
e 14.6 pg/g-soil/hell Al 10.3 pg/g-soil/h,
51.11 pg/g-soil/holl A 25.6 pg/g-soilhs A 743
202 JePST} Acid phosphatased] 7-$-oll & ARE-
Al BEEAE Helle 158.1 pg/g-soil/hollX] EFAZ o]
T 104.2 pug/g-soilh, 2] AFEA g A=
170.8 pg/g-soiVholl X EFAIZ ©]F 142.9 ng/g-soil/h
2 7redhe A3S B0, Arysulphatases 2zt
10.6 pg/g-soil/holl A 7.8 ug/g-soil/h, LTI 5.0 pg/g-
soil/hollA] 3.2 ng/g-soil/h&@ GA] tids 7Hashe A
Holz Aoz RIFHNKYi et al, 2016). Wang et
al (2018)°0] FaPgt AFAME FHA EeA=
52.2 ng/g-soil/hellA] 28.8 pg/g-soil/h, ik EoHE
89.4 pg/g-soil/hell A 23.3 ng/g-soih® #aish= A3}
= BT}, ¥ 1M HCL, 05M HyPO,, Na dithionite
Z 0.01M HCl 5¢] 354 AHAE o]&5 Im et
al (2015)¢] 7oA+ acid phosphatase =7}
Z7] 9F 100 pg/g-soilel|x] 22+ 30, 35, 408== 7+
A3l e B

ofN 4
T
(r)_ﬂp

[e]
U 2> o

o2

4 E

d

e

72}

23 YEEHO| o8t £ 54 s}
guzhie 0y 0gude 3], AAs), 249)
A 5L olgale] 2PEWS] L sl olE Fal
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Table 5. The conditions of thermal desorption processes

Contamination Operating

Removal

Contaminant lever (mg/kg) temperature Time (min) Type of furnace efficiency Reference
700°C . o Yi et al. (2012),
Petroleum 5,000 (200°C in soil) 15 Rotary kiln > 92% Yi et al. (2016)
Hg 180~1,320 120~550 15~240  fixed bed reactor  36~100 Huang (2011)
PAH 1,846 500 - mobile unit 94 Bonnard et al. (2010)
Hg 400, 700 60 Rotary kiln 7.1~99 Ma et al. (2014)
A LAEE S A Aske Zlaolth 2 Table 601 2°FsSich.
2 A 2o v 1 dEFHMHTTD; High

temperature thermal desorption, 320~560°C)<} A
£ H=EHU(LTTD; Low temperature thermal
desorption, 90~320°C)= FEHt}. &2 A3} 7|+
2 RES AEY Y% Petroleum hydrocarbon
(PHCs), polycyclic aromatic hydrocarbons (PAHSs),
polychlorinated biphevyls (PCBs), 254 52| #7]
LAEZY] Aol )& FHold F JdoH FU|edE
Al 29 A= o]-&d 4 JrHOBrien et al,
2018). 8=z Aele] A2 wE Ay Lwdt & 5
nom, A7 @ EYS AU wEA dEAR HE
o 52 F vk Aol 28y dHeEEs gugEt
A Al EY 7|5 9 = F e EY 58S
H3lZ = Qthes Ao B =RoxMe gde3 7]
o] B B4 AR viXE d3S AR &
4 BEe] I Qg BEY Gt A8 tigh it
LHEd, AL, Mgt RS 55 Table 5
of Alatnom, Azl Al WslHE EYY 54&

gt Az H-$o B4 WHlel BHE AT F
Yi et al (2012= vAFE(0.02~0.002 mm) =
E(0.002mm ol FFS 27t 1.6%N4 9.0%=,
3.3%CNA 4.9%= Qe A2 o]F thhk FISIAL A
g B B T haske A0 UEheH, o
= A S7E2 18k loamy sandellA] sandy
loam® 2 H3}ES AT 3 Yi et al (2016)
of wEw et olF 2(0.02~2.0mm) TFo|
36.7%°1 4 201%= ZFAsEE A, wAH0.02~0.002
mm)= 18.2014] 43.7%= F71st] FAEGSS] el wh
2 B9 BEFAO T heavy claydllA silty clay= W3}
He ez yeidth ole g 34 A 71E W
2?1 ZE2] ZdE(rotary kiln)oll 23k Sdwnt Al &
FAAF Tl g AR AE glovt B AT
i olel= it AT AdEe] AAEHIL U
4 A7 Al 2= w2 BEe] B4 Wl Aol
= B U HES AR P2 229 A A g
oF Fx wdo] WY & 9lom (Borchardt, 1989;

|
H

Table 6. The comparison of physicochemical and biological factors before and after thermal desorption processes given in

Table 5

Exchangeable
cation

Na K Ca Mg

Soil

texture WHC pH EC

SOM CEC A; '

TN DHA" Beta-G®» ACP? ARY"

Reference

Sand A

Silt A A
Clay V¥
Sand ¢

Silt « A v
Clay »

Sand

Silt « A v
Clay *

Sand ¢

Clay *

Sand A

Clay V¥

AVVVYYVY YV ¥V A

A v Vv

AN . v

Yi et al. (2012),

- : : v Yi et al. (2013)

Huang (2011)

Bonnard (2010)

400°C
Ma et al. (2014)
700°C

1) Dehydrogenase, 2) B-glucosidase, 3) acid phosphatas, 4) arysulphatase, A: Increased, ¥: Decreased, *: Not changed
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Dixon, 1989; Fanning et al, 1989), E W ®|Z2A
2 HE JEES SOMe] A4 Al s Fest Al
sk vhgo R Rt 7 So] xE Utk
(Ketterings et al, 2000). o] Yutz o2 550°C ©]
el Ml A8 Al B o] Frteke W
AES] FHo] sk AFS 2 F dvke a+
7F 121}, OBrien et al (2018)°] wk=2™ 400°C ©]
Jolla] o]} Zhe do]l yERES ERISIATE. E4
e FE 72 U OHE A8t HEFE 44
F2Z2 3skA =™ (Sertsu and Sanchez, 1978).
o5 HY9] PAR HS 7k FHe] IPE 5 3
THRoh et al, 2000). °1& & ST F Qe A
T2 Ma et al (2014)°] W= 400°CoA g&-zt
Ag)E B HES] o] AE d Edw St
E Holx gkon} 700°Colr AHEH Eoke] A%
AES] e IA 4, i 2o gol A
Z7bhe 2345 yeddol. vHH, Huang et al
(2011)%] Hgo 2 299 Efl thal 150~500°CelA]
fixed bed reactorE °|&% EY @& Aot
(Bonnard, 2010)¢] PAHZ 99% E%d fjst
500°Cellx o] ezt A7) $9] B A EYE]
B 2 Aelg vEREA] 9ttt ol 71E] %
o] xjolo) 2o|sle] WA (cementing effect)”}
AYP=|A] ke Aoz degAe] 9o uE e
A7t £2E F e F0E HATh

2 Eo] o] F e FEFE JFS F
o FERFEWHCRE Yi ef al (2012)0] wi=
g T 72% TUFRs ZoE YEht ol EA
HelE Qste] Fujdoz FES Wol BT 4 9l
= NEYSY sk sl ot Aol ArE,
g fARE A7 Yi et al (2016)90141% o)} Wt
=2 A2l A 834%°IA 765%= WHC7F thax 7+4
= A3t =EHAL

gdekzt & B pHe Yi et al (2012)004 6.5
Al 6.8 ThA SV Zlo g UERow, ol e
+4 & E pHY F7HE ##3 Huang er al
(2011)¢] A2k FAREE Aot ol Fel ofsf b
sk fi7ledo] 714 oles WEAH(Terefe et
al, 2008), f714ke] &4 ogt ol FAIATH
(Certini, 2005). Z#Y Yi et al (2016)8] SAollA
= E% pHr} 358004 3.77= 53% F718hR=s At
H AF4E Bk 93 AF FGolAM EYe pHe
a4 A 3789 2= vk Al AujFeR o
g weth B A3E st A A2 (250°C

[e=]
=

=
A

p
R
=

_urEHﬂ

gt ZAAE B 4 glon, olg Ee] sz
& AAEE COe FE32 AA=EE HCOz9 9
Aol ok Roe=w E 4 it} (Badia and Marti,
2003; Ma et al, 2014; Roh et al, 2000; Sierra
et al, 2016). ¥ 250°C o] dollA EF A3t X7t
Fe=H f714ke] 13l (Pape et al, 2015; Terefe et
al, 20082} E%F FRol= BAo] g4 7% o] 2l
Hto] Eoko] A Al AAE Iz Yol X3
ojxezm <Qlste] pH7F 458 4 AUrhBadia and
Marti, 2003; Sierra et al, 2016; Terefe et al,
2008). ©]9} & AFE Ma et al (201H)AAM =
400°Ce] g&z 2] & pH7t 27] 5.2014 65=2 T}
& F7FsIlen, 700°Ce] g€2t 22 & pH 9.87}
A 73383t} Bonnard (2010)¢] 500°CollH X33
gz AT GA] pH7t sl 23E B
on Huang et a. (20118 QAFoAe= AA
7.0~9.0914 9.1~1071A] S7iske A4 Hom,
o] 400°C o|ie] GAa] A] ferrihydritt} v124 A
(proorly crystalline Fe(lll))°] ©<=3}¥ hematite®
FAZgo] WA 711 HE Y Qo

Yi et al (2012)9] <&Pd g2t A7 F =Y
ECE 1550 dS/mellA] 0.871dS/mz 243 Ae=w 15
IERAh ko] B9 M2l & X3 Na, K, Ca,
Mg 59 BE =) tjgt EYert A3tk &
3] X84 Cadl 7% 37.4%° thah IAl AL
w2 9)9) FEL 29.13.9% 7HAEATIE BAER]
ThYi et al, 2012). Yi et al (2016)¢] AFolM=
K, Mge] $3e g3 & thh g e 29
om, Ca9l A% <A Ao A=A Ay &
26.7% S7fshe Ao = UEIT

Yi et al 2012y €232 A4S B3l Me 1=
o] 526%°0A4 4.67% TSR AT AFE
AAEATt. Huang ef a4l (2011)¢] Hgo = 999
Ek et 243 W= w37 (fixed bed reactor)E
8k B9k 27 AFol SOMe gk 0.06~0.11%

o]

oo

HEAS AAE 2% 2= vtk ez SOMe 9

| Wzl B Wl SOM2
Zad £ ok D) 3
(volitilization); 2) E3}(charring); 3) <14x(combustion)
(Certinini, 2005). T3 o]#3F SOMe| ZHAE EY
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U SOMe| thefst A 735 ol59] dazhgel o
s oZ2A veld 4 JokKiersch et al, 2012). &=
gk SOMe] A oh_‘ A7 A s, ggE
AGA] 7RIS Eell o8 Ede] Rk SOMS
IEE] W] KéEHE HPAL 5 okl YA
1 tHBiache et al, 2008; Gonzalez-Perez et al,
2004; Kiersch et al, 2012). €& =g A] SOM<&
200°C ool 48 w71 (Garcfa-Corona et
al, 2004; Pape et al, 2015; Terefe et al, 2008),
350°Col A 108 A2 Al 9F 12%(Thomaz and
Fachin, 2014), 350°CellA] 60% 2] Al A2] tjy-2
o] SOMe| AAE 4 Uck(Sierra et al, 2016).

Yi et al (2012)°] A7l W= e ogh A
g AF =9 CECE 5.353 cmolkgol A 3.960
cmolkge 2 7HAEglon, o9} h2 A= Ma et
al (2014)9] AollA Ak A3E AAsaL St
ol Aol ot EF EAzel o3 SOM, HE
sk 2 E9F pHe| Z4hE CECE #AaAZ &+ 9
J BHIEIT JdtPape et al, 2015, Roh et al,
2000; Zihms et al, 2013).

getzte] AL TN 4.3% 24ske & Wshrt ¢l
ROt FEQMRE 562% F7ISH Ao® Yepdon
Yi et al, 2012), Yi et al (2016)%] ATolM=
AbsHAl TNS] A¢] Wsl7F Veh A °§‘2h31 fFaat
= 69.1% S7Veke Ade Bt 99 3§
A2 ot FRNE] SUHE 4%—__1?‘5_
al. (2008)°] A-oF frAkgE Aztelrt. ol&
EAlsl= Q1o EA| Feivt g9 ¥ B3] o
& 7hsd FuE HEEHA] WEeR AdEH
Glass et al (2008)°] W= EAgd] W= SOMe)
°45:l“: ek 712 o3 B W HAe] &S 8
3t 4 JtH(Giovannini et al, 1990; Yi, 2016). &
w 220°C ©l3te] A7l Al E W f71d4E A
I 4Ry FHE A3 F lom, T4 &4
L Qitty B E]Oi\:‘r(vaannml et al, 1990;
Glass et al, 2008). B W} ¢le Hoj wj$- 7Fa}o]
a4 Azl ofgk [AA B dumiart duzie
1] &2 douR] 2 F o], EY 3 7
2ol wE Q1o ARl FEFTT didel e &
tH(Galang et al, 2010; Yi et al, 2016).

Yi et al (2016)°14 DHAE gzt 28] Hele
3.7 ug TPF/g-soil/dlX] Ag] § 5.4 pg TPF/g-soil/d

2 Z7khe 495 JERTE Yi et al (2016)001A4
Bglucosidase= A3} -5 Z+7+ 4533 446 g

Biache et

o]:LH

ol
-

TPF/g-soil/d2 & 2ol Ho|x| &= ZoZ Yehyd:
o} B3 Yi et al (2016)°04 proteaseE F4J3 A
3, A3t A-F zbzb 13.1 pg/g-soil/2hZ 13.6 pg/e-
soil/2h2 gzt Xz 2|3 Jgke ) ]6]— nox
YERdTE 5dsk AtellA F 29y
acid phosphataseE &3¢t A3}, 187.1 pg/g-soil/hell
A} 157.1 pug/g-soil/h® tha 74 Aoz et
Arysulphatase= €2 374 A& EYolr= 15.7 g
PNP/g-soil/hollA] 17.2 ug PNP/g-soi/ho.2 T4 =7}
st A4S Bk TRHeE E93F) o]F acd
phosphataseE A2t BE A=A HAE 3’1"“:7}

#7 EE 3R Ao Usstor], b @

99t 35 A-F

2 FAd M2 EYge] o £3heolls TAIVF §le
Ao =Z Helt},
3. HslEo E A a2 9l MY H

B=7lE

N&H oz BeFodo] sty wla} AslEe] uh
AFE Z7HEAL AR, oJds] AShES] AL &

= thHskE S A ¥ o] g JEER
ol &= Ut HslES] A A AT I ek
e el B9 A 3Ksoil + remediation)?} EF
E.2(soil + restoration)S 71Y == 1980 o)F A
of disll Atk EY Fske ETH SHeA
EY 2d=4E A 8 MEA 2 3E7]
53] "ol F8 7|9=E AAE, ES
Ae F3HHQ EF ol gk AF H 3ET]= o
TE0] o] R Slof T8 FI¥== HAsIITh 1
g EY A3t 9 B EYo=m Mgk Ao Ay
Al gk 719=E] B, vlole &, JY), £ o
A3H FHE ARl Fo 7199t o] A
on, At A3E T NEA|, 71 A, A
E A 9 38712 RSt

EG Aslet B 59 7= Mg Aah B
F E3 FEE A7E 19809 o]ARE FdsiA
AHYHRA T B4 H EAEo] hFH L o)r3lEH
A1 1990 o] % ool gk AFEo] FF3t] 20194
7] 25,89070€] A-7F AEEHATE A=A THEA
g 3|87 A A7e 771d 9 571 A
of vl B2 A77F B H (Fig. 2), ol EY
Ae] HrlA g AES o]&3 HFe] o]FoiA|
7] gEo2 AFETHRos ef al, 2006; Zhang et
al, 2015). #7128 AZA digk AN Ax) B &

Jm mi

¢
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Fig. 2. Statistics of publications related to (a) soil remediation and (b) soil restoration. Data are acquired from 1980 to 2017

(SCOPUS data base).

A FE A7t ES A3 @ Al Hjs] ddiEe o] Aol w2 A F8FE Atk Aotk
2 B o] FFso)e Aoz Jehted (Re. 2), (Eldl et al, 2019; Onagwu, 2019).

ole FEEY e odEde g3l 9 Hyslshe 1= EPACIME Ajold- e AlE-E =0l A9}t
v F2 &8=07] woltk(Houben et al, 2012; EY H29 S 3l EY 2= 9 pH A,
Lim et al, 2013; Palansooriya et al, 2020; Qayyum 2714 2 §7139 EY /FA 507 LRl &
et al, 2017). ¥ B Bo g At Auloja] F Aol g3t JtHUS EPA, 2007). EY 4he ¥
1 AL B ARt e ol EFES § pH 28L 913 ARAE Asgeln pHrt g

IA7E &8l

o2 Ho®EciHahn ef al, 2018; She et al,
2018). thA] wehH EdES
71% shepo|u) nAlE EEwel e AEsHE Q91w

2O
HiA §712 AR W) WE ol b FE4e) A

<o tigk =4
?‘SH %L%Q—-‘— )\)\2-11],

PgA77] AN F

]_Q_E =i Eo}; LH
2712 oAlelL =Uel
93] (lime), SA] 3]+ (wood

ash), 2J&k3](coal combustion products), sugar beet

1000
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lime, cement kiln, lime kiln, red mud, lime-
stabilized biosolids F°] F= °o-&=L Ut #7142
o] EY MEHAle ESY 2 2 (water holding
capacity), Y] <FAd(aggregate stability), E43
(soil texture) W3}, WA (water repellency) 53
e B3 58S ANAds] S8l 8=, FEAL
(foundry sand), A|7+& o] Z(steel slag), =2 =2
(dredged material), 4] 3Z(gypsum), A €3] (coal
combustion products) 5°| AME-HI St} 714 E
& NFEAE EFS f71E Tt e A
TR 2 MATFE SUAP7] S D5 S9N,
VE EZ3E] e NBAE F2 o83, 59

g FE 4, 1Y, 571, 4= 9%
B FFE & 4 JE Hx(manures), E¥](compost),
"714d 43}E(anaerobic digestated sludges), A|A&
22| (pulp sludges), biosolids, 7 7]E (yard/wood
waste) | &=L Sltt.

A AN F71E, §714 283 AESH ES
NEA & 3E7eEEe, AE, f8 s €8)=
Tk, EPACIA Agshs 2 el tigk &
@S yEsk] AFAR ANEA 2 E7ES A3
sl olof] HgF AT TS ARl AEsisich

31 /71E HEH

714 AMEgA Ae AT FFS AR A3, o
I 1A Al S s, g4, vle] o), i, vt
o|&E| =S| o7 ol o]&H e AT AL
HATHFE. 3). 53] 7189 MEARL vlEe}t FHH]
73ol= olAFH o]&Eo] 23 U= A7 o
ol o]} #HHE AFEo| ] TUIEA JoH
(Chen et al, 2018; Diacono and Montemurro,
2018), wlo]exte] 9o 20104 o SvjEH
AL 72te B dio] EY MR 58] AR
319 2™ (Beesley and Marmiroli, 2011; Mahar et
[, 2015), HZ E0] o|¢} #HAE A7Ee] FAM
7¥slal Atk(Yuan et al, 2019). EHE (casty= A
o]¢] ARES FE AHETE HHIE o|FRE o8

R,

olN

=

Ol

o] YA, EHEY} AE3 EYel nXE F3o] |
oA FHEA FUo, HT EojA oot #AHd
AFEo] FA=IL UTHShi er al, 2019). WA E
& Aol ol S {71 AR HIE, g4,
ulo] @}, i, Hlole&E|Ee} HaE B At ™

= AFo] EHE &l A7 FFS AA

L Q)

5
3] zAe1e] Aejskdrt.

3.1.1. #7124 & (Organic fertilizer)
HEE= slssel f71dv| 82 FEE. s
BEE BEY HSEY FE AAME sole b & 9T

S 3dlth(Hera, 1996). 28y Mg S 717k =
Al ARSSHH B9 "ol "olx|a BEY 25l 2 &

ol

YodS TN EY f718 S Bl 5
ot3dgS =3}t (Dinesh et al, 2010; Guo et al,

2010; Roelcke et al, 2004). F714REE $4ES
YEE o f71E Tl = Fewo] FHste
Aoz s FH Aol A 7lHEH, &
] B dt 8L st EYS] RS
Ao 2H Ege] 2914 54498 IZITHNing
et al, 2017). T3t o] AETH 9 Aslshy B
o] NAg B3l EY nAES] o+ 125 At
TH(Diacono and Montemurro, 2010; Zhang et al,
2009). AT F71Au g0 S8 GUYELS X3S
SEH7] W7o AE Al dagh i FS
FENINA B e e dHo] JtkHartl ef al,
2003). Ning et al (2017)2] AToM= 7128 E
o] & A%, 3BH|RE o]&F wE EY W f7]
& o, 7hEtob (catalase)o} ¢-#lobA (urease)
7z

ol

N

de B vdE 3] RS STPIE U =
e = T 0] NG 23y frIERES

A&Ho g olgad AE U] FI&0] FAHe] Y

[<)
o] 27 9 e Pl AFFE = 7 U A

=

Hehe F EYS ez 1wl ke
IR, E&H(charcoal), HlolLARS E9slo EYEA
2 Ae A3, g Al A 42 Bl
AS 7Fsst Ego 2 RAEJTHKIm ef al, 2013).
ol E¥ 7183 FadA e o 7P,
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Fig. 3. Statistics of publications related to (a) soil remediation and (b) soil restoration using organic amendments. Data are

acquired from 1980 to 2017 (SCOPUS data base).

3.1.2. v}o] @ x}(Biochar)
Ulel2 e S5 gofe
7k i A
2 Hlo]eujze] H7ES —ESH?"& =45 w9t
(Ahmad et al, 2014; Lehmann 2012; Manya,
2012) 71873221 vlo] oxle dESiE el 33
wope] gy TS 2 MERHOE Qs) 0
E’é@] 2 9 Esfell wi- &Rl Edoltk(Hu et
al, 2018; Shackley et al, 2012; Sneath et al,
2013; Yi et al, 2018; Yuan et al, 2017). &3+ &
el Egjsiskd 54491 pH, CEC, 7=

ruﬂ, Ho

o, T2

4, 3, 7R 52 MAATIE ez dEA e
™, o]Z Fig. 49 =AISFAtHKumar et al, 2018;

Khorram et al, 2016; Wang et al, 2012; Yao et
al, 2012). derdo g 7L (>550°C)lA A==
vl @Ak 2 HIEWA (400 /@t thYPE T
(polyaromatic structure)s 7F<]7] Wi pH SZIA|
b FAAE AW oPEY] Hgel ol o|gHL)
(Angin and Sensoz, 2014; Luo et al, 2018; Yao
et al, 2012). 3pARF FE3NT wf A== vlo]xf
94 z])\]—&] FHo=z 9 g}o:] ]ao]g} 71-9_ 19,.7];11]94

) AT W] el B4 wls e



o EF sl o3 Bgel 54 sk 9 gske] e 455

e

S0 NS s,
o,
= .
Organic wastes

Co'rn.post <2 .  Biochar
v W
(Co-)Composting
Increased Decreased

Ammonia
volatilization
GHG and odors

Mixture homogeneity
Microbial activity
Aeration

O.M content and C/N Nutrient loss by
ratio leaching

C sequestration and Composting time
stability Bulk density

Fig. 4. Schematic illustration showing the processes of
compositing, pyrolysis, and co-composting for manufacturing
biochar and their effects on the properties of biocahr (Yuan et
al.,2019).

(Zeb et al, 2020).

Chintala et al (2014)2 &5 B 5 £7|& ©]
gste] ule] QA A|xIF o, o] Hle|AlES AF
A Aul E%(Cultivated acidic Entisols, pH 4.8)°l]
243 AFE 3Ty S5 vl oA} 4= u}
o|9xk= AES &3kl e/fe § pHe HU
1369 0919 F71%S Eow, ECx 159%%
57%, CECE 142%%} 95%7} Z71ske Ao2 Yt
th ¥5e] Aol QlF EY EAE TEA UERRS
W, S5F vlo| A} 5 ol oatu B A
< MAdsteEd d AFS Aoz AFEHUCh
Getachew et al (2016)9] AFAME HE UF H7]
E5 500°ClIA 7Hdate] vlo] oAb AxsI o, A
AE shgo] 2 MEY0] nlo| 2315 F3lnzA
3 H9%), NH,"-N(29%), NO5-N(19%), available
P13%) 283 CEC(17%)7} 7= A19t pH, EC,
7HMHEE ¥t gl ez Axsdnt olH3 o
i TH Y R FAE SR s BEY Ho)

A3 e A% 9 B FEFe] SR AL 8

ofk

i

Jones et al (2012)2] AFANAME vlo| S EY
NBAZ olgste] A717F Bl =3, 33}, A&t
A BAS BUEHS A3, 7 X ble] ks 0,
25, 50 ton/ha® 7Pl S5 IdAtel] Aufsiaz
2~3dztl ATE Attt vlolexpe] olgo=

A& o] A FuEE A ARIT F
Ak, sk 2\t T4 T 3dak
27| FAsH ST, EY 35, 330l 3
we|gol gl S8 g Bl AMdskE
A3 FsAFHoH, HAE 1S 5 2 SUAYI
£ Aoz AFHJL AT DOC (sugars and
organic acids), DON(amino acids), NO; 12|32
NH, | 93-S PR &e 0= Yepsdth

3.1.3. E¥](Compost)

EH)] TR B Y¢S A EH|E AR,
TeHoE WieA Iy AHS AXk FrHRos et
al, 2003; Tejada et al, 2006; 2007; Walker, 2003).
U] &) vsAPY Y] 52 rhse 28
E7Fs8 EAE R, sEHE, AR,
&, AERF W7E a3 AF AxlA EAEE
A EL 25 o]go] 7ledltk(Bandick and Dick,
1999; Doran et al, 1988; Eriksen, 2005; Garcia
et al, 2000; Randhawa et al, 2005). 3}A|%, 3}t
A7 HHE AR B AxGOA dEE 7
Bolu Ao o8 E7/FssltiKranz et al, 2020).
B /MR ks 359 44AE gep, e o
502 Q3 29 B A4S Algkelth(Albiach er
al, 2000; Crogger, 2005). EH|= B9 7MU=9]
% 7HMohammadshirazi et al, 2016; Somerville et
al, 2018)2} HEF& Z=7KChen, 2015; Logsdon et
al, 2017), Y HAEE Z7HOlson et al, 2013;
Somerville et al, 2018), 23 Z7HLogsdon et
al, 2017; Sax et al, 2017; Schmid et al, 2017)
=9z, $da, AL, $9, ol8v)s
@ Qe FEE gaAE Aoz drHt
(Faucette et al, 2005; Logsdon et al, 2017).

Ak ol B 2 7] AN H), SR
Hu), a4 EA He a3 B4 37)E H)
(Green waste compost)s S Aufjol] FL3l] &
& EAJe] WH3lE vtk Ros et al, 2006). AT
Az, AME oY B F =A] f7] dJ71E EEe
EF U T2 3 S7H21%), 3 2R HH]
© 71 % 37H14%), =4 A71E Bl vA
EYA Z(microbial biomassys S7H8%)AN 7= Hl &
EHolgte 45 ==t Ul 79 #H] BF
S50 S ARl el Aol §lol 60~70%
7t F7HE ALE AFEIrh 2]l v EAA ol
7P e 54 H71E gEt 7P e ERdS
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IIT). o= w2 HAEY] ST E s HA
E 9 AEo] 47 o8 7 YUAE AT E
& "o| A Zolgl Feten), Zhen er al (2014)
o] AFolMe i EHE S5 Aol F831e
H, B¢ 542 1ESE, A8 (humus), $24

EYG U #7718 2 9929 o= 3
P& s, oI5 7MAdsl] el EH%} L3
glale A4 Ale] B8R Hrlshe 972 A8
thBonanomi et al, 2014). 1872 EXF EA A=
sl B A BUERENA, EFE 2ug &
vhe- 283 A3 dehydrogenase, phosphatase, S
glucosidase 53 72 G4 SAHES} BEY &5 7
A=At gk Bk ol wiked} A7|HEErt
A FUHEHAL, A AAEE Ik Fo= 2
Ab=] AT

3.14 = (Manure)

o THe 5EY widEe uEt tEH, V=
FEES Byt 3 =2Hek(livestock manure)e}
WA BeE 5318 F (farmyard manure)o] Atk
(Zhu et al, 2014). Mahood et al (2017)2] <Al
ME AZANY EY2 haplic yermosolS tho 2
& 5 ek, FHE ol8ste] ESS Mk
on, E¥ 1S Al 85~90% ol 57t &

= 100~120% <7F & <& AW
25~33%, & ZF2 A 40~60%7F S7Hl= Ao
2 IRIFA. AT pHE 03~05 Zo2 7has)
3 7MEEE 10%7t Aadhe AR AFEHSIT A4
<3 37HA9] e BHAeE A4 H]go] H|ssl
AR Axp7F ey, 7736 2 EGS A
FdozN g FEHS FVMAHHL et al, 2017,
Vo et al, 2019; Xu and Shen, 2011). Qian et al
(2018)] AelM= 4, B F =R Exollx] A
g fEA7E 22 0.08~0.28%, 1.71~3.07% 2
0.54~149%= RAHJSL, E3F NAF-S b2l o
Fek vlolE vt Fslal Qo AR s
& ol83l= A2 A4e EY A AsAZ Uk
(US EPA, 2013).

Zhang et al. (2015)2] AT E LE]3E(albic) =
EQS o g &4 4] (green manure), HZ!

ks
S
_|>_~,
4
kr

W2 BEYS /hEFsl o, EXR7184(soil organic
carbon)’} HAEH], F42Htw, HH] o2 H) 50%
od F7ke AoRE FRIHT

F 5°] 20% oV3 S78I9aL, 4= Phosphatase,
BGlucosidase,  p-Cellobiosidase,  L-leucine
aminopeptidas®} HZEH]= N-Acetyl-glucosamine,
Urease, phenol oxidase, fXylosidase?] &4 &4
Tt F7kle Ao® AFEth Al 7] Eee
EFe] Aslet 9 mAEe] SRS FHNTIAR, &
=E e o AR t27] wiEed 7
A= tEA ve 2E g1 2L HHjE o
gste] | Al Al ] 214 5420 TSEFT
AL L7} WA= AARE 2 FFe] {27 F71] 7]
A= X3 Aew glEIk(eon ef al, 2010). E
WElE AA|RE, 2 EAS| A 71Aq=R] &
EEh(charcoal)s E3ate] o83k A3, E
3 ECe #adtal, EdR7IEs 284 o
2 F7tEE As RIS 28 A7ke] S
Bi7} FEstar Aikge] Eoklon, WAl Ee] Al
How YA yePgttt(Yang ef al, 2014). frr LA E
Fe] Aslel| 715ERS} A5 A3 Bl Heo R
# A& (Bglucosidases, proteases, dehydrogenases,
phosphomonoesterases)©] dA3] F71sk= Aoz &
Q1% Tt (Nwaichi and Chuku, 2017).

2

32
i)
Ho
Foti
r [¢]
2
ol
)
B
iIn)

—

£ oo

3.1.5 Hjo] 2 <42 = (Biosolid)

Adste] TiEsiel Al JiER Qe Aol
BHsA ARl B8 vd ¥ 7] E(complex solid
waste)o] &Aooz WAE T Qlth(Sharma et al,
2017; Singh et al, 2014). AAAZ 2= vhd oF 40
o] Eo| 1 H7|Eo] TAEIL lom, Hle] o £
EE 239 {714 #H7E A sk £8A e
78 Wl IARES ol8IIE it Ee sk A
g T ste B84 AEH 1¥ IRFE
= 7] d718S o]&317|%= 3thSingh and
Agrawal, 2007; 2008; 2010a; 2010b; Usman et al,
2012). 'TAE = vlele Eejee YA, B A,
FulshALsl, Ex7 B ohdet wopll o 8E vk
(Fig. 5). vlole &E=e f718% 7849 %27t
ZHeE widolw, 7|7k o8 Al Ede] Eesiehd
Eo] Ee Aer dEA Sth(Antolin et al,
2005; Logan et al, 1997; Veeresh et al, 2003).
FY9) AFd FAe] Eg} o] /18] G
] #1408 olgdle] EY vSES PYAH
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Fig. 5. A schematic representation of different waste management options for biosolids (Sharma et al., 2017).

© W (Diacono and Montemurro, 2010; Mattana et
al, 2014; Zdruli et al, 2004), 4532 2 AY3}sz]
549 Mo sl EFS Heo| dE HE
Aol FUlE Aoz ATEHUTHAntolin et al,
2005; Garcfa et al, 2000a;b). kA% o}3, WU
A 223 A2 §718 F97)18 g A4 ZAE
o] Hle]@ &9 o]fko] FIE FH, Hlole
&= Ul 255 2 7] SHEAS o] IAHL
2 Rl s TR F o] Aggsket 2
3] IEsle] o]&steor dtH(Diiring and Gith,
2002; Mattana et al, 2014).

nls A7e FHe] the A AR hell X A
g 3 EHAE FHE NFAE Azl 139
0~15cm®t 15~30cmeol| 2 &3AthMaiti et al,
2001). &7H] #F Ede] 4R MAHL EFE
CEC 3ol ot S71=Ideh. 22]a #7] ghae] g

=

o] o] SUEACE S o] 7FeT f87 dae}
Ql e Faro ot SUHE RAoE ERIFUTH
AWE EHT} vlo| o & 5E A83 B
A AR &5 Sl 2 TEE AAolEE
o] nfolQ &yl=e] FFoF QI3 7AElal, pH,
718 3rgF agE|la CEC/F /RAE Aoz dAxEnt
(Antolin et al, 2005; Benitez et al, 2001; Saviozzi
et al, 1999).

SfeE FuhE, SFUE, BEUE S0 g
TH Wol AAALF EE 29 PAEL A28

Boshs f33 Bl NFAE A, ol
$737) 74, ok 24, e 27 ol AgalgiE),
B A FR8) Aol B BYe nE, JYR
WE B4 Sl B4t Aol s AL &

2131 THByun, 2019).

9,y of
[od

o

3.1.6 FHE(Cast)

AFole] FHEE WA7IHS B3 4skd 7]
71EolH, F2 Tl Aol &F3 APold] &
METL 2248 HSER WAt 2R
(Edwards and Bohlen, 1996). ¥HEE A|Hol7} &
oF Elol} K ) wpHgoRA Eogel Beld 5
o] FE, FHIE | 328, 4 vAE, 77
g2 f71 Bd Fol F§HEo Aol A=A
(Capowiez et al, 2010; Singh et al al, 2016;
Tersi¢ and Gosar, 2012). EHES] Y2k |7 o]
W F7171 7P FQ8, o]gHos BEYe] 94
AEEE, A F)e APol EFS Asrl7IH,
HES AL B Fo 3 v = 2R &
A tHCapowiez et al, 2010; Dittbrenner et al,
2010; Givaudan et al, 2014).

AGole] FHEE EY W f7159 TS S
A Azo] LS FTRIEM B vellx AFolet

X oA o
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B FAAQ AE 7tk Bertrand et al. 2015).
H] @ Y& phenanthrenes 219Zo 7 QAAX &
okol] XYolZ =EAA EY U] phenanthrene F%
o] EME W) phenanthrened] HE= 243
3}, #HE Y phenanthrene =7} o && A&
A1&ATHShI ef al, 2019). °]E A Ho)7} Ho|&s
3l= %<t phenanthreneo] Aol HZ% o] o}
2} phenanthrene®] &4 5O F 3] 43}E]
%L HiAEo] FHE W 3] 2 ZoR wds
Ak BHEE 99HA #e dut BEUdHY & f7
Eo| 15~19%, NH,*-N7} 550~800%, ©14 7ls3t
Faclo]l 300~450%, 8.8 ZEe] 7-12.6%, 181
Foleuwdhsol oF 15%7F B ZoF FALESI
Singh et al (2016)= AAES(wood ash), &A, 2%
a3 o]5e] e X|FolE AFAA APl ¥
o]¢] Fiol mE FHES B4 WHlE AFaidrt. o
AolA] RAFPole] FHES] B B4 FRHET
Holo] FFol wet o A FFE e o= et
stk Ho|7h FHe B ] AHolo] BHEdE o
T T "grd g4 9 o 84 2 v
AE mpole wi2rt E=A Ve, AFele] Fdat
FHE] AT 2o oz AFEHTH

Fo| 5] EHE(Soldier fly castye S48 WEE
7} SolEel Hul717F 3t FAEH|EER EY Y
A, FEMA 2 ZEE TR, SR o
E0ATE FVAIA e Fdo| Y= AR
vepdthLee et al, 2013). E3F EQFe] wu|Hy
8 PR FEEIE STk, )] At A
sl 53 F4o| FTuEe I 282 §
5ol EHES E&S FTUAT] 8 ZEIE
(cocopeat)e} EHIE &3] B olstey B
AmE Ayl Foll5ol EHEE /ML, FEdEEs}
7V, HRlot @9 A BARTS, HRASY

-

=, 3= 293 FEREE 7FEA 3, cocopeat

<)

£
Nooh XN o

EE A RIS AT TF] 718

L

= Ao Z YEIHTHKim et al, 2011).

S

32, RI1E HEH

71 NAle dirdew E¢F pHE 7iAdst
ol FHILE olgHAY FEE S A%
A ags] flsh del o8l k. ol o
TS AR A3, H34E ol &7 At 7
on, ‘BF Asp7IA=R AT AdeMe viits
(fly ash), =32, H3L 5ol he A77F FARE

%

}

v

rot

pal

o g

o= FYHY UrhFg. 6). ‘EF 3E oz Hast
Al = AL, BAE], A&l E, MEUC|E &

| A5 i A Qlok B g3t fopllxe
s THCE AR g A7E0] o Fo|AaL
on, EF 3JEME I BEY =84 549

3.2.1. 43](Lime)

M3le BEY AEE s Q8 o5t 9
Hopoll A ARGEo] 2 NFEAIIH(Guo et al, 2019;
Liu et al, 2018; Pang et al, 2019; Zhang et al,
2017), A3lde da g 1 78 e e BEY
o] EE|stets] 54 sl ol&-=lo] sitk(Holland et
al, 2018; Murphy, 2007; Zhang et al, 2017). 2&
A Wel Z4e TA amylased] FAEoIH, AEH
middle lamella®] F& PRS2 Ho] FXof vj
& & L st Alx] £ EFoE FA 7%t

T =
e Row deA Yk EI M3l FREOR

71Ao] Adate] Bol o] §HI Uri(Han ef al,
2013; Hooda and Alloway, 1996; Vondrackova et
al, 2013). 53] A3]9] o]&-2 Fux|e] Egolx
W Fa B9 AP T EYC] wE FIATIL
Fgde] 7S Folm, Ca ¥ Mge s5322H
EF U edede] 545 syl a3 A
oz AEArH(Caires ef al, 2011). AT 4134
< A=A ol gAY 717 ol g, EY W
pHe} €] &7t 7ol EG W N,0o th7]
£, NHzo| 3% 283 NO; 9 &&= <l Askr
T 22 olzigh @il o3 A&l TR HA
o] FFo AHAN G vXe AR AFEHA
thLiu et al, 2010; Zhang et al, 2017).

Xie et al 2019 Ho2 o4 B 434
A gsle] FFE I EAS} 215 Sl isf
a5 A9 HESITE pH 69 29 EYe] pH 87K &
7Y AL, A ol8E0]l 29 EGRTH 7l @A v
BRSO Bejel] o] FFehe Aow ATEH
t}. Bossolani et al (2020)2] AFoldE I 4k
B0l 45148 13.04 Mghao] S0 A&z 3
o] 4717 RUEHs A3 pH, EY §71E &
#, NOs, NH,*, TN, ol 7Fs3 B Ca®*, Mg**
aE]a CEC7T 37H Zle® AF=dnt. slolx=
FAG W FEE9 st FHoE A3Mo] d
ol &5 o™, Yun et al (2010)2] STl E A

O
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Fig. 6. Statistics of publications related to (a) soil remediation and (b) soil restoration using inorganic amendments.

acquired from 1980 to 2017 (SCOPUS data base).
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AEdann 43X olgsisled pH, CEC =g B e Ao e A Cast S

FEEe 3z 7 58 Aoz ATEH THE B3 EY W 7R AlS
A A ZAFE Atk (Caires et al, 2018; Filho et al, 2017).

al
o SR SR s TR A8

<
o
o= WSl B # AR N0 BH FEE M) o8 £ 397t ANEoEA AE wel
o= Q8| Ege] AHEA 5ol A%Y F dokn ARBAE ANEI, ol s 2

AFE v AckPark et al, 2017).
=

[‘_8,

2 FE AF7E Mo EN ESS
= AcHHolland et al, 2018).
3.2.2. 2131(Gypsum) IFE EYS EY U dryols S TE
Mie B Cast 8o 2549 3 AFFA EF = <HA 3len, ol JiFe]
o] A= de] AREEo] $tARHZoca and Penn, itk Hales dEuole] e
2017), H2ollEe BAo] B33 Egoly} At B wE W) gle 2R AFEUL, volexiet &

A=

7)—10§

) A 2%

S JNFA 7= A

g,]g,—H A1 A= o]

AAA AR 5

o= gzl H&=ArHBossolani et al, 2020). A3+ et A9 dmuyole] Futal A4 £

10%

= A

m oo
2 9 o

ot

[

Al sh=
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Ao 7 ZAETHZhu et al, 2020). Tirado-Corbald
et al (2019)2] ATolME= 0, 4, 129 T HIE
st BEY W] S BAS FHo= AuE
gt} Mo olge f8 Zwyd viadlgEe] vlet
7le RO AN, EY
T8, /HEE, F537] B2, 4zt 7], a8
= JE=

A Aos

3.2.3. A E(Clay)
HE e 2 Bfsd] M3 F55 F3o]
714 FL23 75Ol H(Gill et al, 2004; M0]1d et
al, 2012; Tahir and Marschner, 2016), % X%
o] VIR Q& AEo] ol§F F U= EY ] 288
Z7MA L S-S A THAR-Omran et al,
2005; Zayani et al, 1996). =3+ EF $HELS ST
A7IA BES 7HEEE 7HAAIE ek ohg) Bkl
S 7 AR dex Urk(Shao et al,
2005). EY0 3L EY tads 7 Efsol 9
S A, $PA 2719k KdAe EY HE RS}
2E gl G ;:‘_‘:]'(Shl et al, 2002). &gt
EXo= o]g EFE FTHE TR
=< Bol] o] 8HI = AEEE WEYCE, A&t
°|E, Hu]ETlo|E, T3 PEHE Foltt
A WEYo|Ex F2 2:19] JEFEQ EER
ZUe|EY F/HE ol w3(CEC), TEER+F,
a8 F =T sk R E‘%ﬂ Kkl
o2 o] o]&F QltkBenkhelifa er al, 2008;
Kaiser and Zech, 2000; Lazédnyi, 2005; Mishra et
al, 2001; Raiesi, 2006; Stoicescu et al, 1996; Suzuki
et al, 2007; ). 28]3 HEYo|ES] ZX3l nf3 )
Aujgo= Qlal w9 AAHQ] NEAZ FHLAH
o] g5 2o (Peng and Sun, 2012; Suzuki et
al, 2007), 2=2] & FEHFS FIE e
AdE A AtHAleem et al, 2000). T HEZEQ]
48 27} 2lo] Aok} el A&EA =5
71& oJHTHCzaban and Siebielec, 2013).
A&eo|Ex EY W &9 A4 55 3 8%
< FNE F = NEAR HAL Od’iM A
E ¥

tHSun et al, 2020). A-&}o]

o
e

r

pi
L

o =l gt ﬂi}éol EEU S ELEO] =om,
g Y ool da S AT EA 2

E AR clZgS —‘ED‘r(Camplsl et al, 2016; He
et al, 2002; Malekian et al, 2011; Noori et al,

2006). F(Khan et al, 2013), =s(Malekian et
al, 2011), Y (Joghan et al, 2012)2 ¥3Fst 34| F
ZLE—_,] A 7(4 o J:'%' pj—a‘co] SEALE o

288 UM ]l;— RAo2 AT UK Hazrati et al,
2017; Najafinezhad et al, 2015; Ozbahce et al,
2018). AT ALeo|E] s THE 0
ko Eoko|A] AlEo] AAEl=H FAA ekeddke n)
Zio \_?E]O*E‘r(le et al, 2016b).
H ol AleTo|ER kSt
& wEsel Aol FRE F4E A9
N, A %3}015—2— Tl ARgslAY 2717
s P FA6) 4% §48 As
/\}E]O*D}(Lee et al, 2019)
H71E shi]l deves dFuE Ad 5
Aol FAkg=z g & oF 30004 =o] whAslal 9lom,
Y718 Bre TS T AzE vlo|exjst v

N
L%
L

ok

ol

2019). 73t a# E9ke] pH CEC7F 1=,
el A X14°1 9, A&, BAF, AATel F
7].1:401 A].)HE EJJ_Z-I_E 7Ha]:61- 2= 01{.; 3‘1—9&
AR AT

3.2.4. v]2¥3](Fly ash)

A AAA R WAEE HAkse] Fad A
an, ol Az 79 ANES 2Iske Flo= F
HARY, F vjRkE] AR 50% H|viee] €85

AtH(Izquierdo and Querol, 2012). ¥3tsl= &3
82 EAo] gsalal K, Ca, Mg, S & P9 Fhko
Zol EY MFAIEA 30d T FEHA oSl
thRam and Masto, 2010). H]AHE]E Aglo] AxE]
A kel AAvt jlslEe] AAE AlQg gl
I AE JUYAS el JTHTIFAC, 2001). =
2z vAks]e] BEAS & HEHE, W2 JPE 52
T A g 7(4717\‘11-1‘5, =1 RV | e e e e B
A2 EFEY Jon, dvt YR} Fol2 wiks
o] ko Aoz ‘”EE]X% ItHMattigod et al, 1990).
HAks] o] 41342 (liming) WY % Awe] $7, 53
Aeke] 3 ek g Ao 2pE 27wl Ak
e S we ke AEE Qo
Z tHRam and Masto, 2010). 42} 2
Al St JHEEAISE EFsle] olgsitie B

W

R/ a3

oL

l-l:i

P
4 m:z 2 11
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o EF HsFEgel old =gl 54 wish 3 gskEe] Huke

ZF a3l § SE Ao|tk(Adrano et al, 1980).
Hatsle] B EAlE Y 2 A B2 Fo
Agsidon, I B 2o FgEko] FUkel Ao
2 A+EJtH(Ahmaruzzaman, 2010; Dzantor et al,
2013; Gond et al, 2013; Pandey and Singh, 2010;

Ram and Masto, 2010). 283 83 EX A&

461

o7 A5 Avh(Jayasinghe and Tokashiki, 2012).
T B H&stAY I o]&ahd, H|4kS
oA &EFE e o]2(® K, B, Ca, Mg, Mn,

Zn, HCOg, SOZYE°]l E% W pH, EC, 94=2 =
TIA HE) S AT FE e Ao 24}

EAtHHaynes, 2009; Khan and Singh, 2001). 2d

o AREe PNNoEN B Ul AR GRS B @ S ol8aTd B B4 48 99gRe 77
SIS 2B S FAWY ol 4BAYS § Aoz 4 4L FANAHRam e al, 2010;
wEl= Fgold] el dskEe =771 Aos ZAL 2011; Ram and Masto, 2010; Srivastava and Ram,
HAHUn et al, 2012). BlAFSE o183 = /f%  2009; Tripathi ef al, 2009).
MR, o, SRR, 338 9 4 B
s Ado] 3lom, ol zE A B ¢ 3.3 UEEH VM A 5=
FA 2 A= EEel AHA FFES vAE A BES o83 A B 3H7]Ee A+ F UF
900 40
- Soil + Remediation 8 (043
ERl + Plant 7.594 | 33
= L4 ”
§ 700 ®- Earthworm 322
- * F 30
2 g ‘s A EM 127 1
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Fig. 7. Statistics of publications related to (a) soil remediation and (b) soil restoration using biotic amendments. Data are

acquired from 1980 to 2017 (SCOPUS data base).
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&

Wl 7Ee) Y A GRAIIE A Sl
ohd B 2g Wrished) AEL o183 At &
£ o|FX UtHFig 7). ‘BEY 7(45]_’ o ek Hpu
Heeel 7I9EE ol8sld HAth A, 2 Avet
s FA) =io] HAM 5% vTeR FAKE
ATk Ao, A=, ndE ol8shs A=t 7l atﬂl
B S5 7)ES 3R AelaL Aol A,

& & TP ARte] ol AR 2‘5%@
off thet RzHdol o 23] mldzely Aol A
Ao okl Est 9 S ik SR vAE
3 ggo) HhE ) ARFe] e 2AELS A7)
sfo] £ AL PPATIET 1 S5 Wl

3.3.1. X|Fo|(Earthworm)

ES AEAY AAYARA 9] A3 sk 7}
F gz AEo] R FHololtkBertrand et al.
2015; Jones et al, 1994). Fig. 8o ufehd nje} 7+
o] A|Fol= Holg} AF &5 Bl A A,
ES 71X, B AR 2 AEZY 2] 539 22 EY
o] B84 EA 93-S vRckBerttand et al,
2015; Forey et al, 2018). B3k A|Hol= EYF U
nAES] vlo]Q Wi W &y, YA £ 2 IY
= 324, Ve EY FHF AEY UE, AE A

2 3EA 74, A Helrkedls 2 9% viAe

=

L ..Iu-l.-ulh-:lw
gl Crop growth and yield

Soil-mediated
impact of
practices

0il structure
SOM
mineralization

ML

Tillage
Crop-specific Management
agricultral of SOM
practices grochemical

inputs

LW - e

AEo|thBlouin et al, 2013). EX oA oA A
T3 gt A8 Falshe AFole 08 EYolyt
2 o] B Bkl A8 RTIE A=
2ol 5] 9tk (Boyer and Wratten, 2010; Butt, 1999;
Jouquet et al, 2014; Snyder and Hendrix, 2008).
Tt thHEe] Aie Bl AHolE =23 Ve
oFe W ERE] F A9, U, Y A7, HlE F)
S B3 EWNE #EE ATEe] YEAU=H
(Butt, 2008), EF /N3 A=A AP e BEY 7+ 2
oA (Fraser et al, 2003; Marashi and Scullion,
2003), £ B)L-%(Fraser et al, 2003; Scullion and
Malik, 2000;), 299 E9 A3 (Sizmur et al,
2011), 287 B Az nE Aejd 2 £ B4
Hslol disty FEAoR A7F FYHJHCurry
and Boyle, 1987; Mudrak et al, 2012; Roubickova
et al, 2009). A& EF AEo] X|Folo ojH F3F
< PIAERE AYE A1 Jom(Mudrak ef al,
2012), W2 X|FGoje] EFo =z Qs 2E 9 EY
AES] ol gt Y AvE A+= Jrh(Forey
et al, 2018).

332 A&
HEe Ag el Bedsher] A% Fssn &
49 Row

deA Utk H2ole EY 54 4

Hormone-like
mechanisms

Crop rotation

and diversity,
Earthworms & —— oSl

vegetation
across
agricultural

landscapes
Pesticides
Direct effect
of tillage
Plant cover Earthworm
and inoculation
biodiversity : :
Cultivare or reintroduction

Agricultural practices

at the field scale

Fig. 8. Schematic illustration showing the effects of earthworm activity on the physicochemical and biological properties of

soils (Betrand ef al., 2015).
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H

A T4 7] A FAle tigk Ayt aE
(Maiti and Ghosh, 2020). 21&< o] &3 E%
ol B3k Aol EY pH, & Bis, &
4 =4 09 B9 ®IE HFd F8
A A A, 7d 2 ES 72
A7 ATHMaiti and Ghosh, 2020).
o] 2NN wA| FES 2 AE FH
, B2 9 Fokge] B, HYE WA
Aoz dHA UrhEviner and Chapin, 2003;
Wardle, 2002). A& o83 EY Asprl&@E4s)
phytoremediationy> 37340kl dg] o] 451 Y=
7)o, AEANIE Bl 29 EHY TEE 95
3 EY VAES ol8ske A= Hsleeltt. AE
Aslol 7B e AE, BEY 9 vHE 45 e
< 7I¥re = i, AEA3e] dEle A Tl 7
2 AT 4 AUtk 2 EFZ(phytoextraction,
phytoaccumulation), 2]+ 3] 2H(phytovolatilization), =
o] ZH(rhizofiltration), 2] & <F4 3H(phytostabilization)
2 2] 2-25) (phytodegradation)(Fig. 9). ©]¢] 21 &43}
= Z85Z(thizoextraction)ol] &3t =4 QAEZ
o] Be] Aj=He] ofs) FwEo] A= AA F9lel 3L
AEEe 712 E3eITHAL et al, 2013).

5 0¥ EYls RF AEC] Bl o]8FHY
Rom, FFAE Bdshede de o &=

(Kumari et al, 2016; Witters et al, 2012). A& Q=

ool
o

ox Hll mi ¥o
jated

ool &£ o g
2,

N
olf
ro

o X

o X =
i

e
%

‘

N
==

Y

o]
i e
EY

Phytoextraction
(extraction of heavy metals)

Phytodegradation
(breakdown into harmless products)

o] NHE Bl Teuvena zizanoides®t Cymbopogon
flexuosus?] &5 Alo] EFS /MFaislon, Edel &
g s}eky gl AEE EHEC 7, 72 BEfrs 5
7t 7PEE 74, Neot K 571 "aag axho] e
He o2 AFHAH(Srivastava et al, 2014).
Alhagi mawrorum 2 Tamarix sp2l Fo] AekA] uj
HAo 29¥ EFE MEstet 23440 Zler A
T A tHPen-Mouratov e al, 2014). £FLAEY
Aol AEY 7R E FA HE8sH AE &4
Z=(E&S, DHA, GA ¥ Pase)’l &A 3] F713tL
(Nwaichi and Chuku, 2017), 3 &521& Ajuje} EH]<]
THOE MAEH B oIS HIES EF 540
Ng=le] B do] PEe o= AFHAHL et
al, 2018; Nair and Ngouajio, 2012).

333. & vAE AA(Effective microorganism
solutions, EMs)

4 TAE AAEMs)yS f4kt, 54, FTA,
WA B AP 5 80 A% ket rAES o8
sle ZAo® d#HvK(Talaat and Shawky. 2015).
EMe sistd o g PEAY s 2481 il
A HEE 5 AAFECHHiga, 1991). B 72
g HSE, f71E 2 I o3 N EH slst
g 9 A=A oS AAAZITHEL-Mageed et
al, 2020). =3 2 HH Efo|u} et Bl dis)

Phytovolatilization
(excretion of volatile contaminants)

Phytoaccumulation
(direct accumulation of
heavy metals in the shoot)

Phytostabilization

(stabilization in soil surface and root zone)

Rhizofilteration
Specific uptake by roots

Fig. 9. An illustration showing the various mechanisms of phytoremediation (Maiti and Ghosh, 2020).
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>

ZZIA 713, dFhe] 7T AE o
T2 AFHE 58, TAR] Wol, 2E Y 1y
Ag ®olv Ul EfS = FoE ¥TA
ATH(Talaat and Shawky. 2015). vl oluz} 21&¢]
AL FANA EYe] By 2
slehy BAS Mk, 5 LA9EAY #7159
A E rAES S EXEgeoEN 29Ed
o] Alojsl=t] =22 FrHHu and Qi, 2013; Ndona
et al, 2011; Talaat and Shawky. 2015).
fHE 0F9E ESE Sdstet EME] 7245
= 7= el 443 A%, 79 A% & EME
1022 F4at0s o 979 s=71 53.3%9] Uais
< JERITHKim et al, 2011b). T3 72k 0.1%
2 EME FY3lox 40% HEo dF #2es u
ERstar, EMS] gl oJgh fto] AAe] gAY
g QlE oje} e At veRd ZoE SR
Atk 223 WEERE F7lA EMS A717H3d
2 5d7h o]g3le] oo whE EoF B4 WslE Ay
HIKChoi et al, 2019). EolX 83 &S
FEdle] X2 FEE aAgse] Wz A slehe
W} HAEAAZ EBlG e, ol5 A48 S &
Eo] Aol EFA AR ATEHATHYang, 2003).

4, HeP|EE B VSN H s57|s o7

4.1
dWHoE f7] OPBAL IO ok E
F ApRe vgEe] BYE wet HSEES A9

2 7] ooz Qs frIAE 7
Asta, EE e GEo R F EY U YRS
4] A= F7tet
S HES e A 2 FET|Ee] aF
HokYi et al, 2016). A 27804 AF3FA=0]
she AH3lE U JUE FES rNEY EFEE
7HIAZ17] fldle 718 NEAIe e Tl Al
o] &3z Aol Agsirtal dAckE.

=

i ofN we

718 AL F71A0 g Hole] 947
2 Zolx AX glol A o187 Bt ohje} £
h=d

FAEE FFE] wliol] o|HFE BWo] o8
o JhEAlolHBeesley et al, 2011). F71% NEAl

THEES 2k, 5], vlelea), 714 vE 27

f

o
&

™

O

Lo

LW - e

3 F2E AHE(biosolid) 55 o] o]&% AUtt
(Lee et al, 2013; Palansooriya et al, 2020). Z*
2l
A=)

AL JfEAlE T2 RS B4 1 5
B MAES 857 Q8 ol 8HI oM, FF
2 W4 AEARAEM AA), 257 vle] o o
23l AFole] #HE 58 o]&sth(Houben et al,
2012; Kim et al, 2011b; Yang, 2003).

il

IS
i N
2 m
B 09
[o

=
o
= If
i
o
10

] 5799 dslet

el W2 A o] §ES EY H]
| etdeFS 71X ckBeiyuan et al, 2017;
Guo et al, 2018; Im et al, 2015). B3 EAJ3}
pH, f71% 3%, ¢ 9 ol wd /st K,
Na, Ca ¥ Mg FxE°] dA3] #AAheth(Wang et
al, 2016b; Zupanc et al, 2014). A3}E2] 3|&E2
A3l A3, M, Al&eelE, Hlole £ 8|3 {7
Hgo} 72 B /EAIE ditd ez o] gslar 9l
(Beiyuan et al, 2018; Kaurin et al, 2018; Yoo et
al, 2018; Zhai et al, 2018). Z1&]al X3, A3 W
A& ES} 7he 771 /Al AslES] pHE &
Ao 2 JRAslA I FEEY] A ol8ES U
A= Aoz dEHA UK Guo et al, 2016;
Zupanc et al, 2014). 7712 NFAQ vlolQ = F
v 2 §7] Hlg= EY 7189 24, gl wgh
4% (CEC), EY MAE & a3 Aoz ¢
T8 ¥ JdHYoo et al, 2018). Kaurin et al
(2018)2] 170X EDTAZ AlHE Bk HH|9} v}
0|QAE HE3sle] BEY W &4 E4(dehydrogenase
activity?} Bglucosidase activity)’} I3 ez &
o181t} 28] Pb, Zn, CdE 299 EUS tiate
E EDTAS] Al&&el3 ol gsl] B AlH go=s
Asletgdon, A3l ¥k, Hydrogel, Vermiculite,
Apatite, Slovakite 5] NFAE ©]§slo] EF Ho]
e 3l (elusic et al, 2014)

rN
1 g
oy O

do

H

*

o ol

2

o
L%m
¢

14
[y
ook

4.3, detatY
i

by

A E T3 EY FPled dRbHoE {7 2
HEAS o2 HEHM te 7isry WEs gt
AAoltt. sHARE B dAEle tdst EY B4
o 4TS VAT AT IHA o (Pape et
al, 2015; Sierra et al, 2016; Yi et al, 2016), 3%
B4 AE AR} P2 =g 7Hdel os) gE o]

g o 7wl EY 7=, U, FE B
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3} 7o B9 Bl EAdo] HalE 4 tk(Borchardt,
1989; Dixon, 1989; Fanning et al, 1989). B #7]
Edo] 22 EY2 X2 £ pHrE o 3A ¥
7FsAde] &3 (Badia and Marti, 2003; Sierra et al,
2016; Terefe et al, 2008), W= F7|&g o] &
A CaC052] o] 2o EdME pH W3} 3
< Ao HRAth A7 @Eabgel o3t F3kE

o gt EY EgdTe AFe A0® A
okx] g3t ule} 7ho] e 9gt 99 B
A Al B2 ARER HIlEo B4y BH|g 5
THEFEC] AT o A4 JHEAI] ER, \t

oot Bt TANFA HE 5L ol EYA
Pgol B8 F 5 UL A0 BTk E ol

5. MM AAY 2 Hol

5.1, HAI AJAY

St Fad BRI A WP 104 F
712 FHEE EYRAZIEAY @A Ut 7]
A @AA F Wl AAA FHE EFEAZEA
o] HAlE F3tE Aolg % A AdE A
A ARIES AR R} i)

2009d0] FPF o] 2010457E 2019974 93
ALt EFRANEAGHE 5l A st
FRsged, & =Ee) Falsh dasine vl WA
ARl SRS AT BSR40l
(Ministry of Environment, 2009). ©] IAlolx= &
Nx%_i EO]:/\];Q—,] oc;:xq /ﬂz]—o %_1]:_—3]_7] _I,]o]_oq Wk
243t e ASHoR S, B Yak-5d
2] 2L =3t %Q_Eolr AELAA BAFE =13}
gk Azt Y Y| PG EFLAL 5
a4 8% Bol Fashe AAE T A
@A 24, 2019974 57 DA R gh)staat AlE
A B s A4l dujst wes
BT, B B 4129 A
o} tio) B Askf50x 24 S0l 31
A 2SR o2 Asje] kel Aols % A
°| PSS di= AVE AR, Aol 0
Edea=in

I o5 wEom g 157 WNAAE =EA

(Ministry of Environment, 2020). °l = ASE A
o]43 Mgy A FUHTE F wiAe o9
EY A3 2 A adAE 2d EY =gt
] ZFspolt}, ol¢l AEH Ue-LS = o A A
Rz gtk A HAR RE g3} oide ddstet
7] S5l o E<ke ¥4 W AHspt Yo, F
A P4 o= A ) el X7t e 5
o] B7kugk A9 Aoz nky) A5l AlH=Z uk
Z3te] AskE 7hesAl & Algelrt. 2005940 WY
A3 E EUT ol afwitt vy Aslke] s
7k FA12005d00 57 EellA 20160 54 8

THEOS® Z7hHE Wkde Fajolt). ¥y ol wky
Aol AHole B Aoz 148, A
_Q.fsl— /‘~ ol}; 7]1:1]—& q_ji_,_fsl— o] O)Ho] Eﬂl:rﬂl glq.
Z@&"kol EYOA7ES V5T 29 EYol
A4 wizo] ALEEA Kk, WX =AY &

& Y 528 ML e AAolr) mEg v
AN 24 Toll WE IAAEAT} A& AV|HL
o]q ;q.aﬂ% u]_f,':} ﬂ ;(ﬂﬁlﬂ_?ﬂ- .:J_g_/\-lo]
= Q). o]2igh o2 A|2x} 71EAG M=
o el FatEde] AL éﬁ*l 7171 $18k
o] ke SR ukEsle] Aglele 0H EY
AIES A 8 7SR 4 }Ocl 78713,
PR HEA AR 5 AslEde] AEE 8= 9 7]
5 vlEsl] 09 EYe] ke A48 AlFo|th
o]9} tEo] %ﬁ}E FAJNZAWANA 55), &
SIEY EXAEAE EY@EEHEoRIA WAt
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oM gshe Ak A NEAE R B
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