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Abstract

Evaluation of the stabilization efficiency of arsenic and

heavy metal contaminated soil using fishery waste resources

Park Chan Oh

Advisor: Prof. Cheong Kyung Hoon, Ph.D
Department of Environmental Engineering,
Graduate School of Chosun University

It is known that arsenic and heavy metals such as lead, copper and zinc
generated from abandoned mines have low mobility and a high accumulation
rate, which can adversely affect ecosystems and humans over a long period
of time. Among contaminated soil remediation technologies, the stabilization/
solidification (S/S) technology is a method of lowering the mobility and
exposure risk for pollutants such as heavy metals in soil through
physicochemical reactions. The S/S method is widely used to stabilize
pollutants such as heavy metals in the soil by sealing, precipitation, and
adsorption using an alkali-based stabilizing agent. In addition, the S/S
method has been shown to be economically feasibility, efficient and prevents
secondary pollution. However, industrial by—products such as cement, cement
kiln dust, and fly ash which are widely used for stabilization, have not been
widely applied for stabilization efforts in recent years due to contaminant
content and solidification issues. Looking at the trend of research on
stabilization of contaminated soil, many studies using natural waste resources

such as oyster shells and starfish are being investigated.
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Therefore, in this study, four species of fishery waste resources mainly
produced and discarded in the southwest coast of South Korea {Cockle shell
(CS), Golden cuttlefish born (GCB), Brown croaker born (BCB) and Starfish
(Asterias amurensis, AA)} were used to evaluate the stabilization efficiency
after application to contaminated soil to confirm their possible use as
stabilizing agents.

The 0.1M HCI extraction method was used to evaluate the stabilization
efficiency. XRF and XRD analyses were performed to see the mineralogical
properties and morphology, and SEM-EDX analysis was performed to identify
the stabilization mechanism.

XRF analysis showed that BCB contained a lot of phosphorus (P) with CaO
at 67.1% of and P,Os at 30.9%. Furthermore, AA contained CaO at 81.3%,
MgO at 7.04%, and SOz at 4.13%. In addition, XRD analys is showed that
the CS and GCB were composed of Aragonite (CaCOs). Chlorapatite
(Cas(P04)sCl) was the main component in BCB, and Calcite((Ca,Mg)CO3;) was
the main component in AA.

After stabilizing the contaminated soil using the fishery waste resource
stabilizers, the stabilization efficiency for arsenic and heavy metals was
evaluated and showed a high treatment efficiency of 92~99% for all arsenic,
lead, copper and zinc components in the case of CS. In particular, the
stabilization efficiency was much higher when —-#20 mesh material was used
rather than —-#10 mesh material. It can be seen that the stabilizers with
smaller particle diameters had a larger specific surface area and thus the
stabilization efficiency was improved due to smooth hydration. GCB, like CS,
showed a high processing stabilization efficiency of 95-99% for both arsenic
and heavy metals. However, the stabilization efficiency was higher in the
case of curing for 4 weeks rather than 1 week. BCB showed a stabilization
efficiency of around 70% for lead and around 50% for copper, but showed

very low stabilization efficiency (less than 50%) for arsenic and zinc.
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Therefore, BCB was considered too difficult to use as a stabilizing agent for
As and Zn. Moreover, the change in heavy metal concentrations after
stabilization with respect to particle size and curing period was also not
significant. AA showed a high stabilization efficiency of over 90% for all of
the arsenic, lead, copper and zinc components. In particular, the stabilization
efficiency was high even with a curing period of 1 week, and the stabilization
efficiency was high in both —#10 mesh and —-#20 mesh material applications
except for zinc.

After the stabilization treatment, the arsenic and copper stabilization
efficiencies for each stabilizing agent was found to be in the order of
GCB>CS>AA>BCB. The zinc stabilization efficiency for each stabilizer was
shown to be in the order of GCB>AA>CS>BCB, and the stabilization
efficiency of BCB for arsenic and zinc was less than 50%. The lead
stabilization efficiency for each stabilizer was shown to be in the order of
GCB>CS=AA>BCB.

As a result of analyzing the stabilization mechanism using SEM-EDX
analysis, effective stabilization of arsenic by CS and GCB showed that
calcium—based solubility was significantly higher as identified in several
previous studies. It is thought to be due to low Ca—-As precipitation. Heavy
metals such as lead, copper, and zinc have a very high correlation with Al,
Si, and O as identified in several previous studies, which is believed to be
due to the formulation of CSHs (calcium silicate hydrates) and CAHs (calcium
aluminate hydrates), which are pozzolanic reaction products. In addition,
effective stabilization of lead by BCB proceeds through the formation of lead
phosphate compounds such as pyromorphite (PbsPO4)sX,X=F,CI,OH), which is
a highly stable chemical species of lead and phosphorus. A close correlation
between lead and P was also confirmed in the elemental mapping analysis
result, which could be associated with stabilization due to the formation of

pyromorphite.
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Overall, it is judged that the fishery waste resource stabilizing agents
applied in this study can be used as an economical stabilizing agent in
contaminated soil with arsenic and heavy metals if the content is

appropriately selected according to the concentration of soil contamination.
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Table 1. Soil pollution monitoring network measurement items®?®

)

Point Survey items
Field, Fruit farm, —\\oials  Cd, Cu, As, Hg, Pb, Cr**, Zn, Ni
Grazing, Park,
Pleasure ground, General
Athletic land. River tems CN, Organophosphorus compound
site, Religious site, . .
School grounds Soil acidity pH
Metals Cd, Cu, As, Hg, Pb, Cr®*, Zn, Ni
PCBs, CN, Phenol, Benzene, Toluen,
Eethylbenzene, Xylene, TPH, F, TCE,
PCE, 1,2-dichloromethane(1,2-DCA),
Road, House site, Benzo(a)pyrene
Factory site, General * TPH: except House site
Railway site, items * PCBs, Phenol, Benzene, Toluen, Eethyl
Hybrid land -benzene, Xylene: only Factory site,
Hybrid land
* TCE, PCE, 1,2-DCA: only Factory site
* Benzo(a)pyrene: only Railway site
Soil acidity pH
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Fig. 1. National soil pollution degree results.
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Table 2. Soil pollution warning standards®

Metal(mg/kg) 1 area 2 area 3 area
Pb 200 400 700
As 25 50 200
Cu 150 500 2,000
Zn 300 600 2,000
Ni 100 200 500
Cd 4 10 60
Hg 4 10 20
cr® 5 15 40

Table 3. Soil pollution countermeasure standards®

Metal(mg/kg) 1 area 2 area 3 area
Pb 600 1,200 2,100
As 75 150 600
Cu 450 1,500 6,000
Zn 900 1,800 5,000
Ni 300 600 1,500
Cd 12 30 180
Ha 12 30 60
Cré* 15 45 120

- g -
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Table 4. Contaminated soil treatment technologyG”

Processing
Technology i
location
Biodegradation in—situ
Bioventing in—situ
. . Landfarming in & ex-—situ
Biological
treatment method o ) .
Phytoremediation in—situ
Composting in—situ
Natural Attenuation in—situ
Soil Flushing in—situ
Soil Vapor Extraction in & ex-—situ
) . Soil Washin ex—situ
Physicochemical d
treatment method . .
Solvent Extraction ex—situ
Solidification/Stabilization in & ex-—situ
Electrokinetic Separation in—situ
Thermal Desorption ex—situ
Thermal Incineration ex—situ
treatment method Vitrification ex—situ
Pyrolysis ex—situ
- 20 -
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S DE 3z eegNI X20 o@D, M2l = 2I =P Y= & S0
oIC} 72)
Ex-Situ Technologies (50 site)
Other Ex-5itu (8), Solidification/
15% Stabilization
20), 42%
Physical 1 (20),
Separation (5],
10%

Bioremediation
(8), 15% i

Other Ex-situ (8)
Incineration (off-site): 3
Open Burn/Detonation: 3
Chemical Treatment: 1
Neutralization: 1

Thermal
Desarption (9],
18%

Fig. 3. Technical application status of ex—situ technologies at

Superfund sites.®
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Table 5. Studies on the stabilization of arsenic and heavy metals using phosphorus and calcareous waste resources

Target

Stabilizers Stabilization mechanism Reference
elements
1) Using calcined oyster shells
Pb 2) Precipitation 12)
(strong correlation with the materials combined with Al, Si, and O)
Oyster shell 1) Using oyster shells
Pb and Cd 17)
2) Precipitation and exchange reaction of calcium ions
1) Using nature oyster shells and calcined oyster shells
Pb and As o _ _ 76)
2) Precipitation(Ca—-As, strongly associated with Ca and O)
oh 1) Using egg shell and calcined egg shell 6)
2) Precipitation of Pb—hydroxide [Pb(OH),] or lanarkite[Pb,O(SO4)]
Egg shell
1) Using calcined egg shell
As L o 75, 82)
2) Prediction of Ca—As precipitation
1) Using calcined cockle shell
Cd, Pb
Cockle shell . 2) Pozzolanic reactants such as CAH and CSH 86)
an n

3) lon exchange

Collection @ chosun
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1) Using Asterina pectinifera derived Biochar

Cu, Zn, Pb
2) Precipitates 78)
and Cd
(as CuO, Zns(COg)2(0OH)s, Pbs(OH)2(CO3s)s. CdA(OH), and CdCOs)
1) using calcined starfish (Asterina pectinifera)
Starfish Pb, Zn o S o
4 A 2) Prediction of Ca—As precipitation, ettringite (CagAl2(SO4)3(0OH)12:26H,0) 84)
and As
and portlandite (Ca(OH),)
1) using natural starfish (NSF) and calcined starfish (CSF)
Pb and Zn 116)
2) Pozzolanic reactants such as CAH and CSH
1) Using mussel shell
2) Precipitates (as Pb(OH),)
Mussel shell Pb and Sb _ N N 74)
3) Sb could be desorbed by alkaline condition caused by a competition
for negative sites.
1) Using fish bond
Fish bond Pb 131, 102)

2) Precipitates (as pyromorphite)
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e
==

ct. JtAtel(Asterias Amurensis, AA)

=94)

(=)

&
=2
=

N}

X

Ol

A

i0J
0D
Kr

e,

KO

—_

HE0I

A Z 0

P2 2HH

3

E Bl

_29_

Collection @ chosun



LIEtSt O, JSEH AT AHE HEE SHUA ZHMELZ CHsE 20k A
SE0| Jtse Aoz MUGHULY.

0l S¥2 Z2JtAl2I2 MeHS20IE & |2 28
Starfish ceramic (ZSF ceramic)S HMIZEot0 &tA 2 AHEH
L HSFOIXIO CHet AR E XEMGIF =0, ZSF ceramicl =& =2 s&E= 1.0~

A

12%2S 2 & AUAD, ZSF Mool = STt 1.0% 04 ZAUME Pb

85.5%E H2s tHEE2 =2=(Al, As, Cd, Cu, Fe, Mn ¥ Zn)0l 95% Ol &2
=2 HMiaE22 BACH £8t, ZSF ceramic® At 2atHI WO Z&8EHH U=
=252 G252z Mg = A= M2NYgS & = JAJULH

& =2 9 =22l (Asterina pectinifera, SF)E HHOI 2 XHPSF500)2 R =5t
of 2218 E4 2H 42 Holot ¢, O0IF batch &&82 X S&
S8 2 HIIoIYULH PSF5002 XRDE4AE Sdil CaCOz; Ca(OH),, CaO2 SHEY
=S EOIGIRCH, E&0 &= == UYs &2 & HHH O2o 230 &

SEOHRULCH batch &8 2, 20 S&HE=2 153.8, 270.3, 434.8, and

147.1 mg/g (Cu, Zn, Pb, Cd) OIU2D, 2 &35 25 2RI QLIESZE 240

0x
o
nio
‘
Il

tE Aget el KA 2xF SEAM D Langmuir 220 FEES =26t S
= A8 =, PSFS002 &#0H== 0lSotH XRD2 SEM =4&= ot 2M, Ol
2t 352 CuO, Zns(COs)2(0OH)s, Pbs(OH)2(COs)2, CdA(OH), ¥ CaCO; EEHZ

HUY0U &=l A= QoL PSFS0001 ==501 ot & € &N =8
ol HiAusE 2= AS 2GR 2H, 010 PSF5002 CaCOs =)
=) ZMZ 012 Jtse A= Mot

i
ale

by
Rl

H
x
[pal
o
0
Jx
e
1
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H3Z Az & %Y

H1E QREEY

QUEEAU2 (gt EHIIZE ol Y24 LU EM(soil texture), &tE(pH), &

o
2 &2HOM, organic matter), <0|2WEE2F(Cation

Exchange Capacity, CEC)S2 & 0Olstst 4 24l =35 degy 24
A AR LCH 20|21 &E 2 (Cation Exchange Capacity, CEC)2 &M ARl E2 S
A2 Ot & %0z A2 2N UA2H, EL0l HK12 Ys Lol W
Bs £ Qe EZES UEIUHCH 2EIEOZ CECIH 2 ELYx=E A2 Y ¢
2 28RS0l AHAXNEZ, &2 HHN Zst dAA FAHs ZHols EQE 2
A0ICHY E2O| I8t EM BA2 SEIEFH EAFE 2AHN =510 24

21(air dried) & 10 mesh (2 mm) sieveZ2 XMHE GtH

MESIRCE® A2 pHe HIIFMZZ(EC)= 1:5 H.0HS 0I5t pH meter
(MP220, METTLER TOLEDO)2t EC meter(Conductivity Meter S230, METTLER
TOLEDO)E 0I23t0d =HGIQUCLE) L&, EARII282(Soil organic matter,
SOM)2 Walkley & BlackE2& 5&t*12, Cation Exchange Capacity(CEC)=

—EsZuUstEe EY =24

rr

Ammonium acetategi= 0|=Sol¥CH, dEFE

TASHE 0|26I00 =™ 6I/ALCH D

_3‘|_
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QAEAS MEY 242 EYLAZHAEIZEP0 =501 24 20 (Aqua
& egd=24 (Pb), #el(Cu) & Ot (zn) S 44

= —/
= oLz ol =4 dxel HE2 SHet ELAZE 100 mesh

(0.15 mm) sieveZ HAst & EA A2 3 g0l =& 2M(HCI 21 mL2F HNOs; 7
mLES 28 & 2A12t FXIGISCH. EXE AM2= &H JE®(Block Heating

Sample Preparation System, Ctrl-M Science)S 0lE3t0d 105TOUH A 2AI2tS ot
25t 2olot . 2ol=El Al2= Whatman No. 2 {2HXZ st & 100
mL Vol-flaskOl 0.5 M HNO3;2Z mess up & ICP-OES(Inductively Coupled

roh

Plasma—-Optical Emission Spectrometer, Perkin Elmer Optima 8300)& 0|26t}

=ZotAL.
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Fig. 4. Images of stabilization amendments (a: CS, b: GCB, c: BCB, d: AA).
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JF, 109 A& (Cockle Shell, CS)

I N
2 ORI AXQ MRALTI M2 MARO 95% HT2 XXSD UL
OFYBIRIZ 0% 10O ZE(Cockle Shell, CS)2 XMut EAHAOCZ ATt 2

2SS MEoUCH 09 IIESSEUA Ues HES MHHGHH €2 0I=E2S MA

-

(deionized water)E AtEdH =Xtell MIEGSIH SEMAM &3] A X AL

AXZAIZI 0O A2 ZH = UM Z0t 10 mesh (2 mm)X 2 20 mesh
5mmAE ZH™ 10 meshME Sust 24(CS-10)2t 20 meshME &
-20)2 2 Z2I5t0l AE0 AISOIRCH 0lF 22l Jt88 Ny YEES Z2l=
ZZ 8 (polypropylene, PP) ZLHEII0 Z0t CIAIHOIEHN Z225t0, AN 2R
S OB DHLH AtESHLE.

Lt. 2222 0 (Golden Cuttlefish Born, GCB)

22802 f2uet g2t HEE2 6,141 t0IH, &tE
8

P
H MEXY 4280 da4xsx2 1,803 t2=2 d= AArEo o 290%S

OLYSIMIZ 0188 222& 0 (Golden Cuttlefish Born, GCB)= E &2
Il Aol s2= S20HM EHE HMASIY LD 33X SF=(deionized water)E ALEdH
ChAl &=Xtell MIEStH E=0lM &3] AXAIRCEH

AZAIZI 22ANME LA 20 10 mesh (2 mm)AMI 2 20 mesh (0.85mm)
HME &AM 10 meshHME St 22(GCB-10)2 20 meshME SHst 24(GCB-20)
©Z =ZcIot A0 ASotRUCH 0lF Zel-It38 Ld2A0i= Scl=Z=22d
(polypropylene, PP) ZLHZII0 0t HIAIAHOIE N 2236t0, 80 22
OF JHLH AF=GHRAUCEH

0
Ol

F

1]
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Ct. 210/ tt (Brown Croaker Born, BCB)

D= elltet A-gaieh XYM =2 &E3IH 20184 JIE Mol Maee
oF 1,537 t¥2=2 M2 MAEO HEES XX

OrYSIMZ OlE8 2l0ithH (Brown Croaker Born, BCB)= &lot= AKX E 120
N &el 2 10 kg &2 BINE 38 & = &2 SHE 2= =0 b= €2
= 0I2Z2= MGt StHel OtCl OtCIE Z2cIotAlt. SE= MHGH| fIch &2
= =20lM HEBES AEOIA LD 3X & (deionized water)E At CHAl =Xt
NEGIH SE0M 283 AZAIUL

AZAIZI 2ot 2 A0 2Z0F 10 mesh (2 mm)A 2t 20 mesh (0.85 mm)Xl
ZXd 10 meshiME S BCB-10)2t 20 meshiME St 22(BCB-20)2
AN AFESIRUCE 0IF Zel-Jt88 2= ZelZ2 el (polypropylene,
PP) LHEII0 EO0F CIAIHIOIEN 226t0d, AN ZRE ol HW ArsS6t

i
=
o
>y

HU
Al @
ol

Qj

(=)

ct. JtAtel(Asterias Amurensis, AA)

QleiEel 2otA2lE HINR(=2, BN, Jteldl )8 =2 Il o ZHF

A M0 &g=2et A-0l B RJUCH Olddg 2ehE2 LioHE =010 flol 0=
=2 80 B2 SItA2lE E=etth. OlgH &el =JtAatelel 28 &8s H)l=
oot XIFe XHS&d IE =cisttt. Olelgt SJtAtele MHEs8&EE =010

FZP

of g2 25'%9 =22 0|2 HH 2%,'% 2JA2E o/gst
=

st OI84 Mets AT S25 Ss3M g2 Jtsd s
Ot SIHIZ 0l=28t OLRZ2ZJtAtel(Asterias amurensis, AA)= <elltet Al =l
oL)fl 0| =Mot= 2JHAI2IZ MMFIH S22 MAHGH)| flof Ss=2= S0HA E

NSt 1D 3Xt SF==(deionized water)E AEd =Xtell METIH S=0A

HAXZAIZI EJtAlelE 2 A0 Z0F 10 mesh (2 mm)A2 20 mesh (0.85 mm)
HME 2H™ 10 meshdE S8t 21(AA-10) 20 meshHME S8t 21(AA-20)2
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2 =cZlot &0l A=EotRULCE 0l =22l-Jtse SItAtele S ZEZZ2d
(polypropylene, PP) LHEZII0 0t CIAIAHOIE Ol 2256t0, A& ZLE ol
Ot AL At=OLRLH Ol 22l-Jt=
PP) ZHEOI0 Z0t CIAIHIOIEN &2
ALt

st 2JtAlcle ZclZ 22 (polypropylene,
tolOd, AlE0l ZHRE Mol JHLH At=5l

e

4JFX] =4 HIAFRQR NOHE(CS), QLB (GCB), 210t (BCB), ZJtAl2l
(AA)S 0I=Z20dll HIXEXs otEFIHICS Z=2sd SEMHI 2I|4AS S SEl ZAIE st
X& S E24A(XRD, X-ray diffraction)dt X& 224 (XRF, X-ray Fluorescence,

ARLPERFORMX, Thermo Fisher)S &! Alot3Ct.
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0>l
ton
fol
o
0
)
()
(1]
>
o

I."BX-! OI-

50 g9 @YEEAN CS, GCB, BCB, AAZ 10 mesh@ 20 meshZ 2 =250 <
AEQ [iH] 0~10% EQUsH & OIXT 522 HIIGIULH = SV2 2da £9
2, 7

of StEstMl =gdlss 22 0, 2 10%(w/w) HIE2 &Eototd=0, 2

ARNM= 0= O MZSHA 0, 2, 4, 6, 8 & 10%(w/w) BIE22 &IIotH =3l
Sgst & SFLFE 2 UH 20% &IIotH HARE XNEG/ALCH =2 &I F,
=10 A0 & Us UJIl S8 Olitstetaz Qlet BatetE X6t ==
=X E <ol plastic containerfl €01 230l &=20AM Z2otALt

1= 20| o83 e MES O] ol 28 E42 EF o 24 E
= Mo, 42t 2l0| EL H=2 LHESI| EMHE Mot =E0A <
3~4 S0t E=20| AXAIZI A= CHAl 10 mesh Ol 3JI2 EMSIH E=4E
O AtESotRLE CHESINE 2FE SHESHA 2l matrixe Table 61t &

Table 6. Treatment matrix (wt%)

. Target Size Period Additive water
Additive o
Metals (mesh)  (week) injection(%) content(%)
2
CS As A
GCB Pb 10 1
6 20
BCB Cu 20 4 .
AA Zn
10
- 37 -
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CaCl,, 0.1 M NaNOs, 1

O o|l2% D QUCH 4

=W 1
SUHllAE EZLSESEAMEIN=0 HEEDI &EDX RI[421 0.1 M

Oll

= AEotH E2F Ol

5 A
X SE42 2A5IE S0 1122 EY U =25
A X

U
B
10

TCLP (Toxicity Characteristic Leaching Procedure)2 Al2atD QUCH 07

2 MENAME TCLP 20 O 258 ZANAMS EL ot¥s5 522

?lol Table 52t &0l 0.1 M HCIS OlE0ot0H EEAl

“UHAME 0.1 M HCIZ 0I&0t & W et™ 3t

=2 0teliet 22 HeAS HSot ¢HEet el d= dEssEgol 2
114)

—

o A2 LIEE = UL

P E & (%) = ~
st d (%) DD
- 38 -
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M =
HOAc, 1 M NH/,OAc S), RIl4ts &&st =& 22 (0.1 M HNOs, 0.
Eg ESENE 288 == ZLY(EDTA-NH4OAc, DTPA-CaCl,, Mehlich 3
=

& W 2859 XPSEAE R=4(geochemical mob|||ty)% =
t=

1 M HCI

HCI &2

0
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Table 7. Single extraction methods for evaluating the stabilization process

. . . Soil:liquid
Extraction solution Extraction method i Reference
ratio
0.1 M HCI 30C, 100 rpm, 1hr shaking 1:5 107)

K42 SEM-EDXE O|Est otd3st J|& 73

—
o
o
03
fol
N
J
1

QEEY W HESH £ = HIA, o, #el & ot S0l CH
H2 FE-SEM(HITACHI, S-4800)-EDX(ISIS 910, Oxford)& Ol &l
UL SEM-EDX 242 et&Ee 80| It £2 CS, GCB, BCB, AA 1
O

OF& ot Xcelotd 432t ZAIZ] samplelil CHot(d &8st J|&= HEot

ol
da]
e
o Mo
<
I L]
ol

$Q
w
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CEELS YE4st Zit= Table 81t Fig. 50
SgE2 AHEY 22f 50.7%, OIAH 30.0%,

LIEFHRATH =2 d&2S

2 HE 19.3%2 7d&E 2E(loam
. 2oltet oA B2 242 2d 41.7%, OIAF 41.5%, &

E 16.8%010H, EHE== M ELQ 78.6%It AFLE(44.5%)D A 2EH(34.1%)

2 UM QUCtH'

Table 8. Physicochemical properties of the contaminated soil

Sand(%)
Silt(%)
Clay(%)
Texture
pH
EC(dS/m)
Organic matter content(g/kg)
CEC(cmolc/kg)
Total Pb(mg/kg)
Total As(ma/kg)
Total Cu(ma/kg)

Total Zn(mga/kg)

50.7
30.0
19.3
loam soil
6.86
0.53
0.24
9.70
8,638.0
3,982.5
324.7
908.7
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pH= =S4¢l 6.86, EC 0.53 dS/m&Z UEL =W sZ Xt H

7.22, EC: 1 dS/m 0I3H)E LIEFHACL™TY S)|8aekol A2 HEX(13 g/ka)

Of HIgh OIS 22 0.24 g/kgl2 LIEFGCH Y
Lst CECE 9.71 cmolc/kg@Z LIEtG =, 0l SHAtE
o] W CEC 29 10 cmolc/kg It SAISH 22 LIEFLHACEH.*®
=

=0 NEeHsS A4HEH B 8,638.0 mg/kg, HIA 3,982.5 mg/kg, +
mag/kg, OFH 908.7 mg/kgl & il HlA= Table 29 1, 2, 3X<¥ &

7
228 2dJlE & Table 32 1, 2, 3XSA EL2E UHII== 25 =UotRAL.

100
=
80
w
80
A 5
i cla
o0 ¥
g
é' ..
silty ‘35.
sandy clay
clay
silty
a0 \ clyy loam u.':ln3.|r loam b
sandy clay loam
<
20
gilt loam &
10 sandy loam
loamy’
land\und . '-Eg)

2 ® ® 3 B B B W

- Sand Separate. %

Fig. 5. Results of particle size analysis of contaminated soil.
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|0

HI

Fig. 62 S&8&¢ E2° XRD =4 Z21UE UEUHU=O, SIO.E = d=2
ote Quartz8 = Il3= 26 = 20.83, 26.63, 36.53, 50.13, 59.97 =%
LIEHGE LD, 39.45, 40.29, 42.43, 45.81, 54.87, 64.03, 67.75, 68.33 F20A =
&0 LI=Z=01 UHEHGCH 8k NaAlSizOgdt =d &2 Albite?l = Lld= 26 =
27.99 220 UEG2M, 26 = 35.19 220 M KAIsSisO0(OH) It = & &¢I
Muscovite(#22)2 = T2t LES 204, 8.85, 18.73, 29.13, 61.790lAM &0

O3S0 UEIGCH SA2A EZ 42 & WE22 Quartz (SiO)F X, ¢
Albite?} Muscovite 8222 0|20 M USS & &= UAJALL.
Q Q: quartz, SiO,,

A: albite, NaAISi,O,
M: muscovite, KAI,Si,O,,(OH),

Relative intensity (%)

2 theta

Fig. 6. XRD pattern for contaminated soil.
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H2& otdethl S4

24 HARR e Mo A(CS)
Ol=Zol MZgh HESHMS &=

QAN (GCB), 2 (BCB) L ZItAI2I(AA)E
Sdit 2Ietst=E EEl SAE ?let XRFSL

=]
HO M, Table 92 Fig. 7~100{ LIEFH AJALCH.

5
XRFE 0188 SI|MeS SHLDE

23 CS, GCB, BCB € AA= CaOJt =
2t 98.7%, 99.0%, 67.1%, 81.3%=Z LIEtSCE Ol2 22 Zhe 2N (BCB)E
Helotn= JIE 22 E(egg shell), & E(oyster shell) & A3& HARS F=
ITHH2D SAGHACE'S'” CSHIA= Na,0, GCBOIAIE SrOJt T2 HA SN
Ct =2 HIES LERICH

Mohamad S''V9 AR AE CSe CaO &20| 97.57% 0|0, 0/22 MgO,
P205, 803, KQO, Nago, F6203, SiOg, A|203, SI’O, C|, ZI’OQ, CI’QO3, CUO, MI’]O,

NiO & MoOgJdt Z&E 0 e A

i

GHEZ2 99% CaOE &

o gl RAE Z2UE UER

I=
30
ol
K

Ct. 210 tH(BCB)=

S o A QACH L8 Nujid S'29 o130 A
2

, Z25E(Ca) A0 S2SH0HD ot%eEd, 2 A+
1P

o)
) 8801 %0t P05t

30.9%=Z CaO0l Ol0 OtF =2 = d=2=2 LIEtEh

XRD 24 A NUAAHI(CS)Y L2LAONM(GCB)= 2& HIAJL Aragonite
AL
F

(CaCO3) 8222 0I20HA USS & £ AJAJD, XRF 224 ZUAE L X5t
= Z&2 20 0l= Hussein ' Tiandho S80I DR HE XRD
=48 2 URE2 O3JF CaCO; 8222 012 N82 BEl=Fe= H1%E &
AEH e ELCH 20 (BCB)2l ZR&= chlorapatite (Cas(PO4)3Cl) 82 I3
b =2 UEG=, 0l S2SME MEE56H01 Cu(ll) MIH AR 2 H AHE
OI88 EYL W 522 &3 X2l 2% ZD0IA LIEH 2D 2001 S2H ol
N =2 UELH= hydroxylapatite (Caio(PO4)s(OH)p) &= 42t TOHE &S
B0 MAHY SSH OIS HHolE 5= JUJUCEH SIHAIEI(AA)Ll BRE= EHAE
(COs*) 420l Z&(Ca) ¥ OtOUIE (M) Z&E FENC! calcite((Ca, Mg)COs)

)
03Jt WEES MHAGHALH
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A A: aragonite, CaCO,

S
> A
g A
= A A
2 A
©
(0]
04

5 15 25 35

2 theta
Fig. 7. XRD pattern for CS.
A A: aragonite, CaCO,

) A
X
= A
@
[
2
£
(0]
>
©
(0]
04

5 15 25 35

2 theta

Fig. 8. XRD pattern for GCB.
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C: Chlorapatite, Caz(PO,),Cl
9
P
2
2
£
(0]
=
©
(0]
o
5 15 25 35 45 55 65
2 theta
Fig. 9. XRD pattern for BCB.
C .
C: Calcite, (Ca, Mg)CO,
S
P
2
2
£
(0]
=
©
i
C
c c C cc
C
. C e b se e
35 45

55 65
2 theta

Fig. 10. XRD pattern for AA.
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Table 9. Major chemical composition of CS, GCB, BCB and AA (wt%)

Component CS GCB BCB AA
CaOo 98.7 99.0 67.1 81.3
SOs 0.03 0.02 0.06 4.13
Na2O 0.93 0.12 0.02 2.10
MgO - - 0.52 7.04
WOs 0.11 - 0.37 1.05
SrO 0.28 0.57 0.15 0.20
Fex03 0.12 0.02 0.11 0.13
C0203 0.01 - 0.07 0.03
P20s 0.04 0.10 30.9 0.68
SiOs 0.37 0.03 0.49 0.26

Cl 0.01 0.04 - 2.24
Al;O3 0.17 0.01 0.06 0.10
MnO 0.03 - - -
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H3& otdgt a8 It

0.1 M HCI =& (HE, hydrochloric acid extraction, 20104 0|8 EZ2H 3

FANEYH)2 He e

2 €2l A 0ls

g It 8322 = U
4 HIARAE 0lSol MEXE HESHH 4837 NUAHAE(CS), 22T A (GCB

Ol tH(BCB) 2 SE20 HEot ¢t K00 HE =&

P

=
=
o Y HlA Y B350 H$RY 043

~—

’

e
0x
ol
2d
O
i |
=2
=
r
e
0x
_'ﬂ
ol
o

(1) 24I12+0 E ¢t

0
for
fol
110

Table 102 NUAZ(CS)E 10 meshE =248t HHBIHE 2~10%E 22
As, Pb, Cu & ZnOll CHoll 12t 4=2t2] Ot&E St &= LIEFLH UL
Asll B2 CS-10 CtESINE 2~10%E €2 = 12 & MHiasE=
M, xIJI=s%(Control) 19.3 mg/kgOl M &BXt 2A6t0 10% CS-102 €2 A&
10.5 mg/kg2 LIEIHLH 45.4%2] XMelg=&=2 UEtRIC. 43 =0l= CS-10
M 9.1 mg/kg s&E UEIWH =J| =%0 HIoH 53.0%2 Xelgss 2= 1
=0l dlof XMel=&0| 7.6% X SItot ULt
Poll 2= 18 & XEJ|=5%(Control) 678.9 mg/kgll A & Xt 2480 10%
CS-102 €2 AMEZE= 452.1 mg/kgs UEHUH N, 33.4%°2 Helsss 2ERUCH 4
Oi 53

Z S0l= CS-10 10%0 A 327.4 mo/kg SE2 LIEH I SZ0 High 53.0%
o H2EBS BUCH 15 4= DE SAIS OHH3 AHS BUCH
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10%

15.1 mag/kgOlld &EX 2A6HN

(Control)

2 AMZ&= 10.8 mg/kg

TES

Hdeless LHEHRCH

LIEFL 28.4%2]

=2
=

=
=]

CS-10=
= 0Ol
Ct.

H 44.6% HMilsEs B

0

=(15.5 mag/kg)oll Hl

Ol 16.2%2 MclseE SIHt

Jl

=

CS-10 10%0l Al

=80 4=

=
—

UALH.

=
-

B3
H

ol
)
00

T

D
io)
Ok
0l

10%

2 A0t

SO,

< (Control) 33.7 mg/kg0l A

ANZ= 22.5 mg/kg
CS-10 10%0IlM 19.6 mg/kg =5 UEHUH

=

TES

Mdeless LHEHRCH

LIEFL 33.4%2l
)

=2
=

H 42.4%°]

Hlol

= S0l

=

- [

4

ok

£ 0l

HAI

i

T=2=F LIEHRC.

A (CS)E 10 mesh&

i2l2E&2 As>Pb

PS

OFIH Xl
=

)

0l
Iof

2

I
4r

Kt0

ol

o

)

T

KF

4
Ol =X LIEFSECE.

Zn>Cu

As>Cu>Zn =2 =2

I=3=

et of

Pb=

RHIE =0l et 28 E 20

eHE 9l

EH 2l
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S

o
o
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KO
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TS)
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Table 10. Arsenic and heavy metals leachability for the control and CS-10
treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI

extraction

Metal As(mga/kg) Pb(mag/kg) Cu(ma/kg) Zn(ma/kg)

Period 1 week 4 weeks 1 week 4weeks 1 week 4 weeks 1 week 4 weeks

Control  19.3 19.3 678.9 696.4 15.1 15.5 33.7 34.1
2 % 17.2 16.0 613.1  577.9 14.6 14.3 30.6 30.5
4 % 13.3 11.3 557.6 538.6 14.6 13.7 31.3 31.4
6 % 9.7 10.0  506.1 4455 9.9 9.6 26.0 26.0
8 % 8.7 9.2 473.8  439.7 8.6 9.7 25.0 24.1

10 % 10.5 9.1 452.1 327.4 10.8 8.6 22.5 19.6

i
0
o

Table 112 WYAZE(CS)2 20 meshZ st HESME 2~10%
As, Pb, Cu ¥ ZnOll CHoll 1==2 4=2t2| CtE 3 &= LIEILRIC.

Asel &2 1= & EJ|=%(Control) 19.3 mg/kgll A &HIX 2450 6%
CS-200lA 90% Ol&te] S22 ERLE 10% CS-208 €2 AlZ= 1.6
LIEFLH 91.9%2| Mel&§&8S UERICH 4= Z=0l= CS-20 10%0 M 1.5 mg/kg
= 20, 92.4%° XcleES UEIRLH

Pbol 2 12 & XJ|sZ(Control) 678.9 mg/kgOllA 2243t 6% CS-20
HAM 80% JiNOI MelZA2H, 10% CS-202 €2 AME= 2.3 mg/kg=E LIEHLH
99.7%2| HMelgg2 BL 4= Z=F0UH= CS-20 10%0H M 0.8 mg/kg s&E Lt
EtLH 99.9%° ¢tH 3t =& ERUL

Cu2l 8= 1=d & EJ|=s%(Control) 15.1 mg/kgWl A 2438t 6% CS-200i
N 95% Ol S0HZ 6% CS-20 GIM 98.6% == =L

Znol & 2 & =Jl=%(Control) 33.7 mg/kgllAd &HXt 2AG6HH 10%
CS-202 €2 AMZ&= 4.6 mg/kg2 UEIHH 86.4%2 &3S 82, 4 =0

mg/kg=

_[.

= 20

=
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DNUAE(CS) 20 meshE Ol8d 1= W = ¢tEHI E82 Pb>Cu>As>Zn
=2z UERC 4= Z1t e 2 Pb>Cu>Zn>As =22 UtEtGd, 2
= g=0AN 90% 0l = = 2L CS-10 20 CS-200] HI&
S0l 28t XMel&&0] X

ool G0 M2 OLEG X

2 JIA02t ofRCeH, = A% 20l 4522 ¢HE35 Xelgh LEELNA =
=

=9| otdsl =

Table 11. Arsenic and heavy metals leachability for the control and CS-20
treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI

extraction

Metal As(ma/kg) Pb(mag/kg) Cu(ma/kg) Zn(mga/kg)

Period 1 week 4 weeks 1 week 4weeks 1 week 4 weeks 1 week 4 weeks

Control  19.3 19.3 678.9 696.4 15.1 15.5 33.7 34.1

2 % 16.3 11.0 522.4 4591 12.8 10.9 27.3 25.6

4 % 9.2 5.1 332.0 197.3 9.0 6.2 22.4 17.5

6 % 1.9 1.8 15.0 4.3 0.6 0.2 12.9 9.3

8 % 1.6 1.7 3.3 0.8 0.3 0.3 6.5 3.1

10 % 1.6 1.5 2.3 0.8 0.4 0.2 4.6 0.9
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(2) X208 &S S8

Fig. 11~14= RDYUAB(CS) CtESHM 10 mesh2t 20 meshE SAHES=Z
2~10%E €0l 158 2d = xcless HluotULlh

Asz 10 mesh2l CtESHE Ol8s8 2 =J| %0 HIoH CS-10 10%0 A
45.4%2| HMelagz U2 Z35s0 Hlold =2 HM2gs2s UEReH, 20
meshE HES Zt CS-20 6%0 A 1.9 mg/kg2Z 90% 0l&f, CS-20 10%0i A
91.9%2 =2 Ml Z2UE BULCt.

Pbel &< 10 meshe tESME Ol=8 2 =J| =% 696.4 ma/kgOll HIoH
CS-10 10%0IM 33.4%2 2 X2lsE8= LIEIYXIS, 20 meshE HES Z 1t
CS-20 6%0IA 97.8%, CS-20 10%UA 99.7%2 =& Xl ZUE

Cull B=20% 10 meshe otESIME OlE8 Z2W =J| =Z0
10%0lA 28.4%2 22 HMel&ES LIEFRYUXIGH 20 meshE &&E& Z1 CS-20
6%0IA 94%, CS-20 10%0IA 97.7%2 =& HMel ZUE SBUL

Z/n2 10 mesh2 OSHESME olgst 2w =JI =% 33.7 mg/kgOll dldH
CS-10 10%0lAd 22.5 mg/kg2 LIEIW ™MelSE80l =X 2LQUAKXICH 20 meshsE X
8t 1 CS-20 10%0lM 86.4%E LIEHHRULCE.

Ol Sl 2E &30 M 10 meshdl HIdH 20 meshE =Zst= 2101 €4 O

=
=2 Mclgss e A= = = UL
N

= 018 tet X
clEE2S UEUHAULH DNAAHE2 S=52=2 2F=E ELYE Mo, XIE Jis
st ZZelH HESNMEMN IS |FECHH MEE = US A2 MEI &
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Fig. 11. Leachability of As for CS treated samples after 1 week of curing.
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Fig. 12. Leachability of Pb for CS treated samples after 1 week of curing.
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Fig. 13. Leachability of Cu for CS treated samples after 1 week of curing.
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Fig. 14. Leachability of Zn for CS treated samples after 1 week of curing.
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Fig. 15~182 NoUAUZ(CS) &ASM 10 mesh2 20 meshE SHHESZ

2~10%E €0 452 2l = Xcdle== dl oA

= =
As= 10 mesh2 OStESIME 0188 Z2W =J| =5 19.3 ma/kgll

CS-10 10%0lA 9.1 mg/kgS LIEIHLH 53.0%2 XelgE=x UE S=5S

Bl oH

Ol dioH

N =2 Mida8s UERSMH, 20 meshE HEgt 2 CS-20 10%0 M 1.5

ma/kg 22 92.4%° =2 XMcl Z2UE ERULCH

Pbol 22 10 mesh2 tFSINE 018 2 =J| =& 696.4 ma/kglil BldH

N
=
N
(@)
3

D

w

ny

CS-10 10%0IM 53.0%2 Xelg&= LIER!

STO0lA X ZAotOIE CS-20 6%0 A =230l ZA0tH CS-20 10%0IA

99.9%° =g HMcl 2UE BRULL

Cull H=20 % 10 meshe SHESINE OlE8 21 =J| =
10%0 M 44.6%2 %2 MelgEs UER-XEH 20 meshE &
10%0lAl 98.6%2 =2 M2l 21

=
tS

=
Zne 10 mesh2l StEEMIE Ol 2 =J| T 34.1 mg/kgOH
S

CS-10 10%0I N 42.4%°2 Xil=ssS=
10%0AM= 97.56%2 =2 Hel Z2UE
SERCZ NUZAH(CS) AHEJNME 0/28 HA: ¥ S35 HelsE

g & URULCH

ry
HT
[
rr
1

= LIEHLRATH TetA

ol =3
HE Z2AH AESNHZ AEE = US X222 THEILL
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Fig. 15. Leachability of As for CS treated samples after 4 weeks of curing.
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Fig. 16. Leachability of Pb for CS treated samples after 4 weeks of curing.
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Fig. 17. Leachability of Cu for CS treated samples after 4 weeks of curing.
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Fig. 18. Leachability of Zn for CS treated samples after 4 weeks of curing.
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Lt. 2Z2Z 01t (GCB)

(1) LMII2t HE tEst &8

Table 122 Z22A UM (GCB)E 10 mesh2 =248t otF
= As, Pb, Cu & Zn0Ol CHolf 1=2F 4212 OtAEG S 2= LIEILHRULCE.
o

AsC AL 1F:2 5 =J|ls%(Control) 20.4 mg/kg

10% sampleOlAl 13.5 mg/kgS LIEtLH 33.9%2 XM2l&E&2 LIEIWCH 4=

13t E 2~10%E €2

IA EXE 240t GCB-10

= 0

= GCB-10 10%0IAM 10.4 mg/kg =s=E LIEHLH =J| =%O0 HloH 52.9%2 Xcl

=28 2%=0 10l dlol X2l=&0l 19% SItotRALt.

Pbel < 12 = =JIsZ(Control) 709.6 mag/kgllAd 2438t GCB-10

o)
10%= 446.7 mg/kg2PZ 37.1%°2 XMelgs2 BEIJI2H, 4= =0
10%0lA 296.8 mg/kgsS 20 52.2%°2 S E= LIEHHRULCEH

= 6.

Cul &L 1=2 & =xJ|s=%(Control) 1
=

GCB-105 €2 A&

1 mg/kgUl A EX ZA6HH
12.5 mg/kg@ & 22.3%°] 0IF %2 Helags8s LIEtdeE

GCB-10

10%

Ol, PbOll BIHME EMGHH £2 HMelgsEs 2EJ0. 4= =0l= GCB-10 10%

GIA 40%2 Xelgs= 10l BloH = 90% O0l&0l SItot AL,

Znol Z2 12 = 10% GCB-108 22 Alg= =J| =%(Control) 33.2

ma/kg0ll HIoH 30%JF MelEApSH, 4F S0les =IJ| =% (Control) 35.0
M EXF 2460 GCB-10 10%0 A 21.7 mag/kg =& UEHWH =D

ma/kg

=

Bloi 38.1%2 Mclass 2R =0 150l dlol XMcl2&0] 8.1%201 SItotRALt.

2220 (GCB) 10 mesh AFFME 018 1= S Helgs:=2

Pb>As>Zn>Cu, 43=XH(28Y) =2 HElSE2 As>Pb>Cu>Zn =22 ot
0| SH LIEFSCE.
Pathompong S Aot ALLHENME MM SHHZE AIEoIH =2
O

S
N Pbel HMASdsS A+tet 20 CaCOz= Pb & 82 =2
=] o
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Table 12. Arsenic and heavy metals leachability for the control and GCB-10
treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI

extraction

Metal As(ma/kg) Pb(mag/kg) Cu(ma/kg) Zn(ma/kg)

Period 1 week 4 weeks 1 week 4weeks 1 week 4 weeks 1 week 4 weeks

Control  20.4 22.0 709.6 620.4 16.1 15.3 33.2 35.0

2 % 20.3 18.9 628.9 526.0 15.7 13.4 30.2 28.7

4 % 16.9 128  534.5 351.7 14.8 10.5 28.4 26.8

6 % 16.7 11.6  533.8 300.7 14.4 9.7 28.4 24.8

8 % 16.7 11.5 5157 296.6 14.3 9.4 26.9 21.9

10 % 13.5 10.4  446.7 296.8 12.5 9.2 23.2 21.7

Table 132 222 NHIH(GCB)E 20 mesh& 228t CHHSIHE 2~10%E E2
= As, Pb, Cu & ZnOll CHoH 12k 4=2t2| QtE S SS2 LIEHL AL

As9l 2% 139 = =J|l=%(Control) 20.4 mg/kg OIA EX 2ZAGHH 10%
GCB-200ld= 11.3 mg/kg 22 44.5%° XelsE8s LIERO. 4= =0e=
GCB-20 10%0A 1.0 mg/kg 22 =J| =0l dlioH 95.2%2 HMelaEs 2Lt

Pbol Z22 13« & ZJl=%(Control) 709.6 mag/kg OIM &EX 2A5HN
GCB-20 10% 0 M= 420.3 mg/kgl 2 40.8%°2 HMelg=2 UER2H, 45 =0
= GCB-20 4%0lA =20l s&JF 246t 38.2 mg/kg2 LIEIX 2O, GCB-20
10%0A =J1 =0 dloh 99.9%2 =2 Xeless 2L

Cug &2 1x=¢ ZJ)l=s%(Control) 16.1 mag/kg OIA &I+ 2A5H0H 10%
GCB-20= 1.3 mg/kg 22 30.1%2 XMcleg==2 LIEtW =0, PbE
Ct 10% &% 22 Xiss= UERO. 4= =0l= GCB-20 10%0 A 0.2
mg/kg 22 98.6%° =2 MeleES LIERICH

no 2 1= = 10% GCB-20= €2 Alg= =J| =% 33.2 mg/kg CHl
41%It 220U H, 4= F0l= GCB-20 10% WM 1.3 mg/kg 22 96.4%2]
Helggs UEHHALCEH

i o

—_

22 A&
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ZLAHNHME 20 meshE =4fst AESME Ol 18 I = S==5 ¢
det 882 As>Zn>Pb>Cu =2=% UERLH 45+ U = =5 A8s a2
Pb>Cu>Zn>As =2 UEIGCH, 25 95% 0lafe =2 ¢8st e85 LIERIC

AW E Ol=8 As & Pb, Cu, Zn 22 2g= E2°| tEst= YA
S &N ot HIEEHAS EoF10 dd)|2ts 4= % 20 oi== 20| etEst
=28 o0 I 2UFEEsS & = UAL

g SW2 AQXOWE 02 S22 S S4 ARNN &4, T2H
Mdele 2280 SHIHE0l B, EFA2A40l 25 =5 MH=E0l =0HX=
ZUE BEAL. HMAHASE2 Pb 92.8~99.9%, Cu 51.4~97.4%, Mn 18.0~62.2%,
Cd 36.8~93.0%, Cr 70.8~99.1% ¥ Fe 87.2~99.3%= LIEtLt H== X2l SEO
AU L2202 0l Jisds =2lotRULt.

Table 13. Arsenic and heavy metals leachability for the control and GCB-20

treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI

extraction
Metal As(mg/kg) Pb(ma/kg) Cu(mga/kg) Zn(mg/kg)
Period 1 week 4weeks 1 week 4weeks 1 week 4weeks 1 week 4 weeks
Control  20.4 22.0 709.6 620.4 16.1 15.3 33.2 35.0
2 % 19.3 13.7 630.2 3169 153 8.7 30.0 20.7
4 % 16.2 4.3 530.7 38.2 13.7 1.6 25.9 11.6
6 % 13.2 2.0 448.2 1.6 12.2 0.2 23.7 3.3
8 % 13.0 1.8 418.3 0.7 11.5 0.2 23.0 1.3
10 % 11.3 1.0 420.3 0.6 11.3 0.2 19.6 1.3
- 59 -
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(2) gXAIE o8 &8

olgst 2 =J| =% 20.4 mg/kg0ll HIdH
GCB-10 10%0IAM 33.9%2 X2 Helas2g82 2J1L, GCB-20 10%0MAM 11.3

mo/kgZ 44.5%2 XelaE0l =X LUCH
Pbol &2 10 mesh2 CHESIHE 012
=

GCB-10 10%0IlA 37.1%2 &2 Xcl&

o
i
=

=01 5% 709.6 mg/kgdll BlaH
= LIEIY 20, 20 meshE HEsH Z 1t
420.3 mg/kg2 2 40.8%2 X2 XHels

2= 20 GCBE 0138t Pbo otE3l= 12 B0 O Qe LMAI2H0] 2
s 2 = UAULL
ull Z20l% 10 meshe HESME OlEst 2t =J| =% 16.1 ma/kgd
o GCB-10 10%0lA 22.3%2 2 HM2SES
ZUE GCB-20 10%0AM 30.1%2 4JtK H#E2e= SUHMHE JHE ¥2 Xi=
AL

Zn2 10 mesh2l tESHME 33.2 mg/kgllAd GCB-10
10%0l A 30%2 HMelags 212, 20 mesh Z b GCB-20 10%0il A
41.0%E UEtWH Zn2 10 mesh2 20 mesh 2% XMcle=0l =X &2 HS &

= UL
o

ol
02

i
a
0
gﬂ
N

1=t 2 delZ2ueE S22 2= €=0AH 10 meshOl dHloil 20

= (= =)
meshOllA XM2l&&0 = LEtU2!D AXE 2 s& BHetE Z0lX= E /UL
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Fig. 19. Leachability of As for GCB treated samples after 1 week of curing.
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Fig. 20. Leachability of Pb for GCB treated samples after 1 week of curing.
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Fig. 21. Leachability of Cu for GCB treated samples after 1 week of curing.
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Fig. 22. Leachability of Zn for GCB treated samples after 1 week of curing.
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Fig. 23~26= Z 220 (GCB) A3 M 10 mesh@ 20 meshE 2~10%E <
O 432 24 5 Hela=2 Hl WL

As= 10 meshe CSHESINE Ol8st 2 =IJ| =% 22.0 mg/kgOll dldH
GCB-10 10%0IA 52.9%2 HeleE8=Z CE S350 Ul =2 Helass
LIEFH 2O, 20 meshE HESH Z1 GCB-20 6%0M 92.5%, GCB-20 10%0il A
1.0 mg/kg2 2 95.2%°] i* =2 M2l &8s BULt.

Pbel &< 10 meshe tESME Ol=8 2 =J| =% 620.4 ma/kgOll HIoH
GCB-10 10%0l A 52.2%2 XMelas8sS LIEFWXIS, 20 meshE HEg 210 x|
SEUHA BX ZAGHHIE GCB-20 4%0lA 2235l 220t GCB-20 10% 0 A=
0.6 mg/kg2 2 99.9%2 =& Xcl ZUE LIEHL AL

Cul Z=R0H&Z 10 mesh 3AJI2 SHHIME 088 Z2W =J| =% 153
ma/kgdl HIoH GCB-10 10%0lM 9.2 mg/kg2 =2 40.0%2 Z2 XcleES LIE
X2 20 meshE HESH 210 GCB-20 6%0MAM 0.2 mg/kg2 2 98.6%2 =2
Mdel 2UE A0

/ne 10 mesh2l HESME 0l P
GCB-10 10%0A 38.1%2 XNclgsEs =2RJAY, 20 meshE HEst 24
GCB-20 8%0IAl 1.3 mg/kg2PZ 96.4%2 =2 Ml ZWUE LIEFUC.

22N (GCB) AFIME Ol=6 HIA L 532 KMl
2 OFEOHKIZ2 2= &€=20M 10 meshOll ol 20 meshE A

S|
=2 Milgss e A 2 = UL

roll

ol

2D

P
S~

=% 35.0 mg/kg0l HIdH

r

-

>
10
rlo
=

o
IE:
2
9}
&

i

o fon
Qj

i

by
S
i

>

[

AN E OHH Mz 8= &0 2 &E=st Aldle NM20FK|BH
Dobaradaran S'72 4+2% AWNA Y F2l9 E=0 et AR0A 2L2E
i O 2= 022 HlHole R8st SHHEZMNE 2 & = US He =z oH

ot Lt
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Fig. 23. Leachability of As for GCB treated samples after 4 weeks of curing.
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Fig. 24. Leachability of Pb for GCB treated samples after 4 weeks of curing.
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Fig. 25. Leachability of Cu for GCB treated samples after 4 weeks of curing.
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Fig. 26. Leachability of Zn for GCB treated samples after 4 weeks of curing.
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Ct. SI0{tH(BCB)

(1) 4212t M

1l

oh % 3}

o=
=

tol
fol

Table 14= 2SI (BCB)Z 10 meshZ =248t CHASIME 2~10%2 22 5
As, Pb, Cu & ZnOl CHoH 1= 4==2t2] OtAES 222 LIEFLHALE.
AsCl AL 12 & =)=k 26.7 mg/kgllAd 10% BCB-10= €2 Al&c

24.5 mg/kgS LIEtWH 8.2%2 X2l&=stt=S
N =JI S0l dloll 25.0%2 ¢tEst =s==
cl2@ES UERICH

Pbol 2 12 = XJIsk 662.8 mg/kgOllA EHX 2460 BCB-10 10%
A= 253.5 mg/kg2 2 61.8%2 HMclsE8s 2Lt 4= 0= BCB-10 10%
OlA 183.5 mg/kgR =2 73.2%°2 HMelgEs 2L

Cugl 82 14 = =JIsk 15.3 mg/kgliAd 10% BCB-102 €2 A=
8.3 mg/kg2Z 45.9%, 4= =0l= BCB-10 10%0 A 6.1 mg/kg2=Z 58.5%2
Hdeless LESCH

Zn2 2 14 = 10% BCB-102 €2 AME=s =JI =& 34.2 mg/kg=2C

CIACH 4= =0l= BCB-10 10%0AM 22.8 mg/kg2Z 36.9%2 &

Ct. 4= =0l= BCB-10 10%0il

AJeld xelgd=s s e E2 A

rr

2IE82 Pb>Cu>Zn>As =22 LIEIGCE 4F A & £32 Helasse 1:¢
Z0Q 22 Pb>Cu>Zn>As =22 H2USE80| =UACH

o S JEAr QAEAS AR fish bone S 13529 CHAEH QLA
Mg JtsA0l e AP0 A fish bone 1% L 3%E =2510] 602 UM =
Pbol otE3H 580 70~80% HE 2 LIEIG=O, 2 2719 CIOME 028 43
S ON3 521 SAIE ZUE LHEFRLC
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Table 14. Arsenic and heavy metals leachability for the control and BCB-10
treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI
extraction

Metal As(ma/kg) Pb(mag/kg) Cu(ma/kg) Zn(ma/kg)

Period 1 week 4 weeks 1 week 4weeks 1 week 4 weeks 1 week 4 weeks

Control  26.7 28.0 662.8 684.0 15.3 14.7 34.2 36.1
2 % 26.8 28.1 461.6  488.7 13.2 12.2 31.1 31.7
4 % 26.6 27.3  401.9 3855 11.0 10.8 28.6 29.9
6 % 25.4 25.6  319.4 304.9 9.7 9.6 27.7 29.0
8 % 24.1 22.4  307.8 235.0 8.4 7.5 28.0 25.7

10 % 24.5 21.0 253.5 183.5 8.3 6.1 28.6 22.8

Table 15= RIOHH(BCB)E 20 meshz Z A&t SHHE 2~10%E €2

dl
== LIEFLHALE.

ol

As, Pb, Cu & ZnOl CHoll 1%t 4=F2t2 ot& 3t &

Asel B2 12 = =J|I=%(Control) 26.7 ma/kgll A 10% BCB-208 £2
AMNZ&E 20.3 mg/kgS LIEILH 23.8%2 XolessS ERULH S0l= BCB-20
10%0M =J1 =0 HioH 28.1%2 XelgES El=0 HMeldgd=s: 5 I E2

2

XMel&E8S UEHWCH Ols MAE 0128 AMD M2l #FAE A0 A i
2 MAH 282 40.7~90.2% 20 ¥2 Z2UE LIESCH

Pbel A% 12 = =JIsk 662.8 mg/kgllAd EX 220t BCB-20 10%
A= 159.2 mg/kg2 2 76.0%2 XMilsEs 2L, 4= 0= BCB-20 10%
A 161.0 mg/kg2 2 76.5%2 HMelgEs 2L

Cu2l &% 12 = =J| =& 15.83 mg/kgllAd 10% BCB-208 €2 Al2=
6.4 mg/kgZ 58.1%, 4= =0l= BCB-20 10%0 A 6.4 mg/kgR=Z 56.5%2
Hdeless UEH =, 152 452 MelsE X0l= A Hatot UL

= 10% BCB-202 €2 AMZ2= =J| =% 34.2 mg/kgdll dl

off 25.7%Jt Mel= [y, 4= 0= BCB-20 10%0 A 25.5 mg/kg22Z 29.4%°]

Ol

Znol A= 1=
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Mdelgss 20

IO E 20 meshz =4t AESNE OlSol 1= =2 48 B = =
==& HMedss2 25 10 meshz2 =28t CHESIHE 0lE8s 22U 22
Pb>Cu>Zn>As =2 = UEIRLC Pb &=52 2 w2l0let Xiles B
A, UOA e&=0lMAs Mdelss2 Bt X &ZUALH 2o E 0l=Se As
! Pb, Cu, Zn 22 3= E22 otdat= 2D
Su, D Bl e =8 YHate A2 AL

Daniel S™¥"2 M WO =XHots LI Z2A EHpF 01349 Pp
O O

=

0

IJ

okl CHet

AZUA MO EHAF OIZIA S CIAIH O] Pbet BHEotd A& =!I pyromorphite
Qo 22 222 otAGIE £ AU B =0, 2 HR0A SIHHE o|=st

U
O
o
fol
=
J
o
rQ
0z
fol
H
ot
[
o
o
=2

n
L OtASH HEfS 3HEHECQC!I pyromorphite
(PbsPO4)sX, X = F, Cl, OH =

o= L

s
my
10
o
P
I

P otgEl Eds Soff ddEHe A=

Table 15. Arsenic and heavy metals leachability for the control and BCB-20
treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI
extraction

Metal As(mga/kg) Pb(mag/kg) Cu(ma/kg) Zn(mg/kg)

Period 1 week 4 weeks 1 week 4weeks 1 week 4 weeks 1 week 4 weeks

Control  26.7 28.0 662.8 684.0 15.3 14.7 34.2 36.1

2 % 26.5 26.4  411.9 4221 1.2 11.4 30.8 30.8

4 % 26.2 26.0 329.6 325.8 9.4 9.7 27.9 29.1

6 % 24.0 24.3  257.5 274.3 8.2 9.0 25.9 29.2

8 % 20.9 21.1 2155 217.3 7.1 7.3 26.3 26.8

10 % 20.3 20.1 189.2 161.0 6.4 6.4 25.4 25.5
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(2) X208 &S S8

Fig. 27~302 QIO (BCB)E A&ESM=Z 0185t 10 mesh2 20 meshs
2~10%E 22 F 172 = Melg=s "l Wt

Asel ZS 10 mesh2 QtESIHE OlE8 21 =J| s& 26.7
BCB-10 10%UH M 245 mg/kgl 2 8.2%2 Y2 XHilags2 2J1, BCB-20
10%UH M & 20.3 mg/kgl 2 23.8%2 Helass 2L

Pbol 2% BCB 10 mesh ¢tHSME OlE8 18 = )| & 66
ol dloH BCB-10 10%0IA 253.5 mg/kg2 2 61.8%2 Xcls
meshE A&E8 Z1 BCB-20 10%0H A= 159.2 mg/kglz =JI=Z0 HldH
76.0%2 HMilass ZBULL

Cul =20l 10 mesh2 BCBE 0l&8t 23 =J| =% 15.3 mg/kgdl HIdH
BCB-10 10%0IM 45.9%, 20 meshE XE& ZUE BCB-20 10%0 M 6.4
mg/kg2 2 58.1%2| XMele=2 LIEIXICE.

Zn2 10 mesh2l CtHSIHME 028 ZW BCB-10 10%0H A 28.6 mg/kg2 2
FIls% 34.2 mg/kg UlHl 16.4%°2 XHllaes22 2/, 20 meshE HEgs 2
BCB-20 10%0l M 25.4 mg/kg2 2 25.7%E LIEIHWH Zn& 10 mesh® 20 mesh
8% Melg&80l =X &€& A= & = AURULL

Dl e B3R 12t 28 = XHeAZHE JEHHEH ZE E=0M 10
mesh2 20 mesh2l &ZB30 HE H2=E2
SE2= Pb>Cu>Zn>As =22 UEIRI2H, PbES M2lotd &M &EUHAN H=ot)]
= ™Mel&E01 =H LEHLEX 220F MSt0l AS H2=2 HEHEC

Freeman'®?= MAMIHE 0/125I00 EY = Y

b A Zgotd otdst ZHO! pyromorphiteE @ 4Aotd, CIAH0Ol 2], OFA
S UE S22 22 1NES AN &= USS SOIGHAULCEH. E£ot, QAELNH H=
= 2 = 0yl €2 %I 0.28 mg/LOIA 0.00065 mg/LE 2 Aot =4, 210
ol HRE =4H3E OFLFEIOIE R Yol Bt HIAHLISC! Zoli/A&8 ) 0|2 Wt

=}
= Sofl daitls A2z Atz&h

e
010
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Fig. 27. Leachability of As for BCB treated samples after 1 week of curing.
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Fig. 28. Leachability of Pb for BCB treated samples after 1 week of curing.
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Fig. 29. Leachability of Cu for BCB treated samples after 1 week of curing.
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Fig. 30. Leachability of Zn for BCB treated samples after 1 week of curing.

_7‘|_

{“/Collection @ chosun



Fig. 31~342 CIH(BCB) &+&ESH 10 mesh@ 20 meshE 2~10%E €&
F 42 = M2 S22 HluotUL

As® S 10 meshQ OHMGIME olg8 ZW =J| ST 28.0 mg/kg0l HlaH
BCB-10 10%0A 21.0 mg/kg2 2 25.0%2 HMelg=2=2 UE =350 dloiA
i 22 HM2SES UEIH2H, 20 meshE HE8 Z0E BCB-20 10%0A
20.1 mg/kg2 2 28.1% HMel&E2=2 Pblt Culll Hlol R& XMcelsE= UERICE

Pbel &< 10 meshe tESME Ol=s 2 =J| =% 684.0 ma/kgOll HIoH
X 2400 BCB-10 10%0lM 183.5 mg/kg2 2 73.2%2 M2lsE= LIEIH2
M, 20 meshE &&st 21 BCB-20 10%0lA 161.0 mg/kg2 2 76.5%2 XHcl

HE LIEHLHALCE.

\:_J

Cull E=20= 10 mesh AJIS HHSHE 0lset 2 I sk 147
mg/kgOil Hloi BCB-10 10%0A 6.1 mg/kg2Z 58.5%2 XMels&E, 20 mesh
£ HME8 2 BCB-20 10%0 M 6.4 mg/kg2 =2 56.5%2 Melsss 2L

Zn2 10 meshll OtHSNME Oolgst 2 =J| =% 36.1 mg/kgdl bHldH
BCB-10 10%0lAl 22.8 mg/kgl & 36.9%2 22 Helas=2 212, 20 meshE
Mgst 20 £J| =50 "ol BCB-20 10%0lAM 25.5 mg/kg2Z 29.4%°| Z&
Xel 202 LIEYCEH

IO (BCB) SH8 M= LXAJI0 &30l HIA(As) #el(Cu) & 0t (Zn)
of otMSt Meltle 2AH SWUHO0IX LAXCH H(Pb)e Melole 70% 0142l X
clE 25 LIEHLHALCH

0l= Daniel''2] 2DJIHE 0|28 YO2 Y EUO| MSsN H3 AR
OA DIDIHE Olsls 8% EL = Pbl 283 &0 75.5%E LIEHUH/A =
O, 2 2379 Pb 2tES S22 RFIAME JgsS EUCH £& O =
S0 SeI822 AZolW Pbel otEst 200 J|l0ole H2E Atz = L.

[F2hA, CI0IH(BCB) OHNBIME PhOZ QUE EYUN sl MNgE
ANOZ HHEH, F 20l Mt =
= Ct.

o
A

P

U o

>
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Fig. 31. Leachability of As for BCB treated samples after 4 weeks of curing.
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Fig. 32. Leachability of Pb for BCB treated samples after 4 weeks of curing.
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Fig. 33. Leachability of Cu for BCB treated samples after 4 weeks of curing.
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Fig. 34. Leachability of Zn for BCB treated samples after 4 weeks of curing.
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ct. 2ItAt2I(AA)

(1) 4212t M

1l

oh % 3}

o=
=

tol
fol

Table 162 £JIAI2I(AA)E 10 meshZ E2M St HFJIME 2~10%S €2
As, Pb, Cu & ZnOll CHoll 12t 4=2t2] Ot&E St &= LIEFLH UL

As2l 22 1= = ZJ|ls% 21.0 mg/kglllAd &EXt 2Z4A0HH 10% AA-102
2 AMZE 7.2 mg/kgE LIEIW 65.8%2 HMllsE=2 LUERC. 4= =0

AA-10 10%0IA 8.5 mg/kg ==& UEIH =J| =Z0I HloH 67.3%2 HM2EE

ol

10

i
rr

= 20, 1520 452 2l 2= 3 Bt §RICH
Pbel d% 12 = =JIsE 654.0 mg/kg OHI AA-10 10%0IMd= 82.7
ma/kg2 =2 87.4%° HMolasS 2L 4F 0= AA-10 10%0A 4.5 mg/kg

€z =J| =0l dliol 99.3%% Xclgss 2L
Cugl 82 12 = =JIsk 14.8 mg/kglild 2400 10% AA-10S €2

NEgeE 2.7 mg/kg2 2 82.1%2 =2 XHilas2 UEW2H, 4 Fll= -10
10%0lA 2.0 mg/kgPZ 86.2%2 HMelgg2z 1= & 202 IAH X010t i
O M, 10 mesh2 20 mesh 25 =& ¢t&8 3t == LIEHHRULC

Zn° d2 12 F 10% AA-102 €2 AMZE= 184 mg/kglZ =J| =&

36.0 mg/kgOll HIGH 48.8%JF M2l ALt 43 S0l= AA-10 10%0lA 5.8 ma/kg
SC2 UEW XJ| S0l Hioh 83.0%° MelasSs 20 Zno 22 02 &
| HIgH 132 & M2l&20l & <A LEHGC
SILAIZI(AA)E 10 mesh2 248 CHNSIHIE Ol 1= AW & =
HelE&82 Pb>CudAs>Zn =92 LIEIGOn, 4= 2 & =22 H
Pb>Cu>Zn>As =22 LIEILE 1301 HIdH Znol XMe2l&80| SO0t L
Lim S8 & 2 AN A2 2EE =52 EAUN =2
DIXl= &0l OisH &Y EIJIA2IE 2.5~10.0% Z&8t 2D Pbl Zn2
89.8~100%, As= ZJtAtel 20l Z)teta= HEZX LU=, 0l =2 pH
D O

AHUH 224 Ca-As SIE=20| 4= Z A2 =0},

rr
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Table 16. Arsenic and heavy metals leachability for the control and AA-10
treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI
extraction

Metal As(mga/kg) Pb(mag/kg) Cu(ma/kg) Zn(ma/kg)

Period 1 week 4 weeks 1 week 4weeks 1 week 4 weeks 1 week 4 weeks

Control  21.0 25.9 654.0 607.2 14.8 14.4 36.0 33.9
2 % 17.0 156.8  475.8 510.9 11.8 13.9 28.3 30.8
4 % 13.3 9.1 370.1  277.9 10.0 9.8 27.6 26.2
6 % 9.7 8.6 231.1  165.2 7.0 6.7 23.5 22.9
8 % 8.1 8.6 184.1 31.0 5.8 2.5 23.3 17.7

10 % 7.2 8.5 82.7 4.5 2.7 2.0 18.4 5.8

ol

Table 172 2JtA2I(AA)E 20 meshZ2 ZME HTFJME 2~10%E E2
As, Pb, Cu & ZnOll CHoll 152 45212 CHE3I &= LIEIU AL
Asol 22 152 = =JIsk 21.0 mo/kglilAd Bt 2400 10% AA-203

22 A= 4.8 mg/kg2 LIEIHH 77.0%2 =2 XMel&E22 UERC 4F 0=
AA-20 10%0IA 4.5 mg/kg =5 LIEHWH =J1 =0 Hloi 82.5%2 HMelsE
= Z2%csl 1578 2l 22U Mele8 X0ls 5.5%=2 2 BHate IR

Pbol 2% 1= = =JIs% 654.0 mg/kg THHI AA-20 6%0IAE 95% Ol&
°f =2 HMolgs B, AA-20 10%0M= 1.6 mg/kgR=Z 99.7%2 XclsE=
ERLH 472 20 E 1= 2 B2 HE RALet 99.6%2 =2 Mol 2=
SRAL SItAEIE 018t Pbel ot83st Xcl= 20 mesh SXUE MEE R 15
2ol S HHFEES Mg = Us 22 Z24HE 2EHFULH

Cu2l 22 1=¢ = =JI=s% 14.8 mag/kglil HIoH 6% AA-202 €2 A= 0A
1.4 mg/kgES UEUWH 90.7%8 =2

6%0M 1.4 mg/kg2 2 90.3%2 HMelgE=z 14 = 22
EFCEH Cull R0 5 20 mesh EXUE AISE 2
o

o
g2 =2 Xilgss UHUHe s € = U2
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g X0l A2 SiUL
Zn2 B2 1= = 10% AA-202 €2 AN=E 2.9 mg/kg2 =J| =& 36.0
mga/kgOll HIoH 92.0%Jt ™MelZIRUCH. 4= =0l= AA-20 10%0lA 2.8 mg/kg s&
LIEHLE =J1 =sX0l dloll 91.6%2 HMeleEs 2L Znl 0= UE &

=2 =
SS 20l 152 452 Xelas Bate He AUL

ol
N

-

SJtAEI(AA)E 20 meshZ2 Z#E HTFSME 0l 1Y, 4= 2%
Pb>Zn>Cu>As =22 UEISG2H, Pb, Cu, Zn2 E=R0U= 1=g2t 20t 510

2 S LA HIISW ZEIHAIRIS 0I25H0 HIZOIA ZLAGHE A ZHAHHH
=(AMD)2 2g& H=+2 =35 MaE8s Hod=0, 3ESH 201 Etg
=5 =235 Xela&0 =0es XS =2otALt. SIHAEIE 0lEe = S0l
NE B= 35500 ¢tEsHAHICl 20l HIdIGHH et83t 2501 SJtote &S
SRALCH

Table 17. Arsenic and heavy metals leachability for the control and AA-20
treated samples after 1 week and 4 weeks of curing upon 0.1 M HCI
extraction

Metal As(mga/kg) Pb(mag/kg) Cu(ma/kg) Zn(ma/kg)

Period 1 week 4 weeks 1 week 4weeks 1 week 4 weeks 1 week 4 weeks

Control  21.0 25.9 654.0 607.2 14.8 14.4 36.0 33.9
2 % 12.2 10.5 369.3 358.8 9.9 9.5 25.9 25.6
4 % 6.2 5.9 102.0  50.7 3.6 2.3 17.5 15.6
6 % 4.7 4.6 2.9 2.5 1.4 1.4 7.6 3.6
8 % 5.1 4.5 2.3 2.0 1.4 1.4 4.4 2.8

10 % 4.8 4.5 1.6 2.3 1.4 1.4 2.9 2.8
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(2) X208 &S S8

Fig. 35~382 E£JIAI2I(AA)E CtdsIHZ 0/238t0d 10 mesh2 20 meshs

2~10%E €2 = 12 = Xcla=s dluotRLt
O =

As= 10 mesh2 OStESIME 0188 Z2W =J| =5 21.0 mg/kgOl

bl of

AA-10 10%0IM 7.2 mag/kg2Z 65.8%2 HMelgE2=2 2D, AA-20 10%0lA
=

4.8 mg/kg2=Z 77.0%2 LZHs HE MelsE2 XU0l= AKX L/ULCH

Poel E2 AA 10 mesh t&ESHE OlEst 210 =) =

54.0 mg/kg0il Bl

£ 6
of AA-10 10%0IA 82.7 mg/kg22Z 87.4%° XMilsEs 2BJA2MH, 20 meshE

=
S

o

XOIE 201X LRULH.

Cull B=20% 10 mesh2 AAE OlEst Zit =D
AA-10 10%0IAM 2.7 mg/kg2Z 82.1%, 20 meshE
M 1.4 mg/kgP& 90.7%2 HMel&E2 LIERICE.

i
H1

Zne 10 meshl StEFME OlEst 21 AA-20 10%0A =JIs= 36.0
c|

mag/kg OHHl 48.8%° =X &2 XA

=
=222 Bd=04, 20 meshE & Zst

20t AA-20 10%0IM 1.6 mg/kgl=2 =JI=S 0l HIoh 99.7%2 XMelag=

S
= 2L AAS Pb SHEete 121 4522 BEH}NH OE Xidss2 2

=% 14.8 mg/kg0ll Hlaf
HEs 2L AA-20 10%0f

Z 1t

AA-20 10%0IA 2.9 mg/kge 2 92.0%E LIEIW Zne 10 meshE2Ct 20 mesh

gA2 HESME AMSoled O =2 Melgss €5 = UAULL

EJAIEIS B2 12 M = HE HelZHE SEHEH Pb, Cu, As
SISHA =0 ©H =H UEFLERT L AXICH 10 meshOll HloH 20 meshOl Al X2l
=220 =H UEISCH Zne 10 mesh 10%E2CH 20 mesh 10%0 M X2l==Z0|

88% Ol &f=olRLt.

HANA & 90% B EXSESS BEUCH, =S4 0la9 pHUAE HO
H2l0F Tenorite 89 EXMESZ Mol HCOZ &QIGIKFLCH & A0 A
Helst SE2EE92| 2t&¥ 5 20| 90% 0|&42 2 LIEHGCH
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Fig. 35. Leachability of As for AA treated samples after 1 week of curing.

800.0
I 10mesh 1 20mesh
o)
=
o))
£
C
©
©  400.0 4
<
[}
o
C
o
O I
o)
£ l
]

Control 2% 4% 6% 8% 10%

Fig. 36. Leachability of Pb for AA treated samples after 1 week of curing.
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Fig. 37. Leachability of Cu for AA treated samples after 1 week of curing.
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Fig. 38. Leachability of Zn for AA treated samples after 1 week of curing.
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Fig. 39~42= =2JtAtel(AA) A SHH 10 mesh2 20 meshE

= 42 = HlsEs HluotULl
As= 10 mesh2 OStESIME 0188 Z2W =J| =5 25.9 mg/kgll

AA-10 10%0IIA 67.3%°2l
LIEHH SO, 20 meshE X E&t
AA-20 10%0IM 82.5%=2 AA-20 6% RHE= HMelgs2

Pbol 2% 10 mesh2l CHESINE 0l=8 &
AA-10 10%0IlA 4.5 mg/kg2 & 99.3%° =2 Hll=aE2
Hgst ZHUME I =% 607.2 mg/kgWll Bl AA-20
K =206l 240t 99.6%2 =2 Mel Z20E LIEHH UL
LM O =2 Meles2S LIEFY X g,
MEol= Malss& H2 X0+ AU

Cul Z=20% 10 mesh 37|12 SHESME 012 4=

& 14.4 mg/kgOll HIoH AA-10 10%0IA 2.0 mg/kg2Z 86.2%,

Hdelgsz U s=5=0

St HE

LEEFRL L)

2 Me|sh 2o

BlohA 2 XL
21 AA-20 6%0lM 4.6 mg/kg2=Z 82.1%,

o1 Of

BA AN

2~10%E €2

Bl oH

_ 0 O

2==

Ct.

=% 607.2 mg/kgOil BIdH
, 20 mesh&
6%0 M 2.5 mg/kglt
=JtAtelE 0lZ8t oF

10 mesh&

= =
=

=
20 meshE & &

st Z1 AA-20 6%0IlM 1.4 mg/kg2=2 90.3%2 =2 Xcl 2= LIERICH

=
S L

ZJI
== Megss B,
Xel

£3% Hegse 2E S

Zng 10 mesh2l OotESINE
AA-10 10%0M 5.8 mg/kg2Z 83.0%2
HZst ZURUAHE AA-20 6%0IA 3.6 mag/kg2Z 89.4%°]

SJtALEI(AA) CHESIHIE O0I86 A 2

meshOl Bloll 20 meshl Xl= =QUACH 2

olEst 21

==0|

33.9 mg/kgdl

Bl of

20 mesh&
Z 2 LIEFRUCE.

Moon''® S2 ZJtAI2IE 0|88 QEE = E2° H(Pb) ¥ 0+el(Zn) &+X 5
HAUA SItAIZIE Pb & Zns EUHHE 22 HESAIIIH, SJtAtEl EItE0l S
g5 =538 0| 248010 206U

EEH 0 S92 2IAIRIZE ATHR Ot 24 N2t2UZS 0I25H0 At ZHAHHH
= W =52 Melsds g+et 21, Pb2 85.5%, Al, As, Cd, Cu, Fe, Mn,
2 Zn2 95% 018 =2 XMilss8= UEURALH 0l 2 A2 A =SItAkC
s Olsd 22 ¢Ads a8l FAtet Jgs LEHUW, =522 28 E20
HE SO SIHACIE HEotH 2tXQl oHE8st 885 25 &= USE A2=2
sl C
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Fig. 39. Leachability of As for AA treated samples after 4 weeks of curing.
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Fig. 40. Leachability of Pb for AA treated samples after 4 weeks of curing.
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Fig. 41. Leachability of Cu for AA treated samples after 4 weeks of curing.

40.0

B 1{0mesh 1 20mesh

20.0 -

Zn Concentration (mg/kg)

=

Control 2% 4% 6% 8% 10%

Fig. 42. Leachability of Zn for AA treated samples after 4 weeks of curing.
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2. HA & S2x59 =58 ot¥s &=
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Fig. 45. Stabilization efficiency for Cu upon CS, GCB, BCB and AA treatments

(-#20 mesh meterials).
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Fig. 46. Stabilization efficiency for Zn upon CS, GCB, BCB and AA treatments
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Fig. 47. Schematic diagram for the arsenic and heavy metal contaminated

soil stabilization mechanism upon CS (Cockle shell) treatment.
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Fig. 48. SEM-EDX results for sample—1 treated with 10wt% CS-20.
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Fig. 49. SEM-EDX results for sample—2 treated with 10wt% CS-20.
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Fig. 50. SEM-EDX results for sample—3 treated with 10wt% CS-20.
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Fig. 51. Schematic diagram for the arsenic and heavy metal contaminated
soil stabilization mechanism upon GCB (Golden cuttlefish born)

treatment.
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Fig. 52. SEM-EDX results for sample—1 treated with 10wt% GCB-20.
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Fig. 53. SEM-EDX results for sample—2 treated with 10wt% GCB-20.
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Fig. 54. SEM-EDX results for sample—3 treated with 10wt% GCB-20.
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b o) =

P Source

P Source Pyromorphite
BCB (PbsPO,);X, X=F, Cl, OH

Fig. 55. Schematic diagram for the arsenic and heavy metal contaminated

soil stabilization mechanism upon BCB (Brown croaker born)

treatment.
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Fig. 56. SEM-EDX results for sample—1 treated with 10wt% BCB-20.
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Fig. 57. SEM-EDX results for sample—-2 treated with 10wt% BCB-20.
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Fig. 58. Elemental dot maps for sample treated with 10wt% BCB-20.
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Contaminated Soil

Stabilized Soil

Pozzolanic Reaction

Fig. 59. Schematic diagram for the arsenic and heavy metal contaminated

soil stabilization mechanism upon AA (Asterias amurensis) treatment.
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Fig. 60. SEM-EDX results for sample—1 treated with 10wt% AA-20.

- 105 -

Collection @ chosun



Spectrum 17

100pm ! Electron Image 1

L [N L B L B |

05 1 15 2 25 3 35 4 45 5 &5
Full Scale 8584 cts Cursor: 1.906 (15 cis) ke

Fig. 61. SEM-EDX results for sample-2 treated with 10wt% AA-20.

- 106 -

Collection @ chosun



Uy
1l

H53

= gA70lAse =2 KoLt AEaitilA Ol Edots =& HAE 45 1
UZA(CS), L2V (GCB), 2O (BCB), EItAIZI(AA)E 01230 LS E 0
HE = 83l 885 ot AEMZ N AIE JisdsS =lotUl 835t
s28It2 <ol 0.1M HCl ==8= AIEoR2H, =18 S8t g 2|
?loff XRF, XRD 4= Aot 20, 2t8st HotLES #Z8= flol SEM-EDX &
HAE HAIE 2= s 20

LEELE 2, OIAL EEZ OIF0HE SE EL0ULH, 2LSEES = bl
A= 3,982.5, &2 8,638.0, #el= 324.7, OtHAE 908.7 mg/kg2=2  HIASt &

2
Ol EL2E 2HIIE 3KY JIEE2 ZWoIRUCH. XRD &4 2 Quartz(SiO,),
Albite(NaAlSisOg), Muscovite (KAIsSisO10(OH)2)Z O0IFHM ASS & += UULCH
LEEL2 HHF0N AtESet AHEEMHS XRF =420 WRHZ

98.7%, LT AHM(GCB)= Cal 99.0%2 == Ca 4=F0 = &=

IS M, 210
i (BCB)= CaOJt 67.1%, P.,0s 30.9%= QI(P) =0l %0l EMES & = U

[0, 2IHARRI(AA)E CaO 81.3%, MgO 7.04%, SOz 4.13%& LIEFGICH &8 XRD
A (CS)1t LA (GCB)= Aragonite (CaCO;) 8222 0IF0
o USES &0I6t¥ D, 2o (BCB)= Chlorapatite (Cas(PO4)sCl
(Ca, Mg)COs) 820l HEE= XKoL,

t

i
N
>
ad
>
Z

ol 92~99%°2 =2 Xcdl &8s EJd=0l, Sol, -#10 m

olEst BRIt ¢tEs 2501 4 =0 UEHRC OlXd2 230l O &2 &35t
Hob HIEEHN0l O 80 E&e #3882z XNeas0l =0td As & = U
ALH L2 (GCB)E WUAHA(CS)2k 20l HiA ¥ &, Fel, ot 250l

ol 95~99%2 =2 X2l
OIRI 10, 120 428 MS

StCH 2I0H(BCB)= & &=22 32 70% &%, F2l &=29 A2 50% &#F2 Xl
s Z2UXNL, A2 O == % 0I12H)S LIEHU

Ol & S20I WA SEETMR 0/20] 022 202 ARSC L&, AKX

e Jo
0x

MHI 0
2

o

ol

=)

1

AC

o

>

o

fOl

10

o

S

Ho
5

- 107 -

Collection @ chosun



201 L LMII2E HEH e =5 Bste I LUCH SIHARRI(AA)= HIA, o,
el ¥ Ot 42 250 CHoll 90% Ol&tel =2 ot¥ s s 8= 2L 53, 1
T2 LZAIIZHNME HMel&=20l =4 UERCH, O3S HMelotles -#10
mesh® -#20 meshE E &8 2= AMI0A t8st S&01 =H LIEHRCH
ot¥at HMel = oHIA(As) 2 Fel(Cu)ol st eHESINE  HMelsse
GCB>CS>AA>BCB =22 = UEIS2H, O0td(Zn)e otESHE MHelage
GCB>AA>CS>BCB =22 LIEtRCE HIA(As) & OrH(Zn)0Oll CHEH 2101t (BCB)S

Meleg82 50% OIctACE E(Pb)el CtESIHE MelEs2 GCB>CS=AA>BCB

©=F2 LIERCH.

SEM-EDXZ 0IZ8 9Nst JIXZ2 =48 21, NUYF(CS) L 22
2

(GCB)OIl 28t Asol SHEQI OtES= JIE 0 HARMALY 201 Z&S

J
st= Al, Si, O A22HAHDIE S
silicate hydrates) 2 CAHs (Calcium aluminate hydrates)0l 2J|@l&t =4
SH=lICH QIO (BCB) O 28t Pbel SHAQI CHAGl= Yt 10| O 0

EHCl 3}&+=EQl pyromorphite (PbsPO4)sX, X = F, Cl, OH)2t &2 QAL 3

4SS Soll MEics o2 B Elemental mapping 24 2 H0ll
J

=
o POl LS MAUZAAHE S0l £ UAJUSMH, 0l= pyromorphitel

- 108 -

Collection @ chosun

2 g oIt Mol &2 Ca-As &0 Jlelet Hde2 B Lot
H

ZA(CS)l 22N (GCB) el 2 IHALEI(AA)Ol 28t Pb, Cu & Zngol oHF
o



References

ol 2elsH

— .

9
Zoiel ol XM, staZof2elsH, ZolEXIi=s Mi1d Mg,
)

cI§E2Y, BMFASSE, https://www.kmrgis.net, April (2021)
st ol 2tel 3, H24 AEHZAF 20 § &, https://data.go.kr, April (2021)
J. H. Son, H. Roh, S. Y. Lee, S. K. Kim, G. H. Park, J. K. Yang, Y. Y.
Chang, Stabilization of heavy metal contaminated paddy soils near
abandoned mine with steel slag and CaO, Journal of Soil and
Groundwater Environment., 14(6), 78-86(2009).

K. H. Kim, S. N. Park, Distribution of NO3, SO,* and Heavy Metals in
Some Urban-forest Soils of Central Korea, Korean Journal of
Environmental Agriculture., 19(4), 351-357(2000).

g3, ds&, 52, U=Sx0 2g 2 28 EZ2 Hatol 2et
& )

0

JIE e, =X SAIATIES]., 16(1), 31-39(2017).
FEXNY HEBA FHAY ESH-40 S 2% 42 TP B HES 235H)

=1}, http://www.ynenews.kr, May (2020).
J. Y. Choi, W. S. Shin, Evaluation of the Performance of Multi—binders
(lime, DAP and ladle slag) in Treating Metal(loid)s—contaminated Soils,

Journal of Environmental Science International., 26(8), 955-966(2017).

10) S. H. Lee, E. Y. Kim, H. Park, J. Yun, J. G. Kim, In situ stabilization of

arsenic and metal-contaminated agricultural soil using industrial
by—-products, Geoderma., 161(1-2), 1-7(2011).

11) Superfund Remedy Report, 16th ed., US EPA.

12) eds, ¥IE, UL, AN, ISy, SSA, 229, 240123 2YRES
0188 20 AR D=5 oY QS o1Fs, [HEEE 25

13) J.

32(2), 185-192(2010).
K.

Song, K. H. Yang, K. |. Song, Importance and Characteristics of

- 109 -

Collection @ chosun



Geopolymer Concrete Technology, Magazine of RCR, 12(1), 8-15(2017).

14) D. Dermatas, X. Meng, Utilization of fly ash for stabilization/solidification

of heavy metal contaminated soils, Engineering geology., 70(3-4),
377-394(2003).

15) M. S. Ko, J. Y. Kim, H. S. Park, K. W. Kim, Field assessment of arsenic

immobilization in soil amended with iron rich acid mine drainage sludge,
Journal of Cleaner Production, 108, 1073-1080(2015).

16) D. H. Moon, M. Ahmad, Y. Hashimoto, S. S. Lee, Y. S. Ok,

Immobilization of lead in a Korean military shooting range soil using egg

shell waste: an integrated mechanistic Aproach. Journal

of hazardous
materials., 209, 392-401(2012).
17) Y. S. Ok, J. E. Lim, D. H. Moon,

Stabilization of
contaminated soils and soil

Pb and Cd

improvements using waste oyster
shells, Environmental Geochemistry and Health., 33(1), 83-91(2011).

quality

18) J. Kumpiene, A. Lagerkvist, C. Maurice, Stabilization of As, Cr, Cu, Pb

and Zn in soil using amendments—a review, Waste management., 28(1),
215-225(2008).

19) HF=LSHAIAEL, https://www.mof.go.kr, May (2021)

AHlE (A IS ), https://www.index.go.kr, May (2021).
, =20l AMIHE R2=H9
2a3l X, 14(1), 94-101(2014).

s

40 0IXle IE.

:
4T
z
Mo
10
al
fon
I

(=)
0r
HO

z

Q

fol

3
H, 2ZQ, =MBUSOKERIEY) 24 2 Mol 2 SME Y He g
=3 YHEIALHM, HM118%, pp. 3(2020)
= =} o

2, EAHESTAIE

JIZ, https://www.law.go.kr,
June (2019)

o

26) e-LI2tAE ELX2AST && www.index.go.kr, May (2021).
27) C. J. Matocha, E. J. Elzinga, D. L. Sparks, Reactivity of Pb(ll) at the

- 110 -

Collection @ chosun



&

Mn(lll,  IV)(oxyhydr) oxide—water interface, Environmental science

technology., 35(14), 2967-2972(2001).

28) e, YA, OOIAZMCIE-EAEES 0188 3 FZ2=Z2RH HEE

A HAH L 2 ER N AR =283 K., 32(1), 1-14(2019).

29) J. D. Kim, Assessment of pollution level and contamination status on
mine tailings and soil in the vicinity of disused metal mines in Kangwon
province. Journal of Korean Society of Environmental Engineers., 27(6),

Ol=sd0l e 2Z3IeEt

in the environment,

626-634(2005).
30) 352, EYY =ZH9
2o et BB IH2E., 2003
31) R. C. William, J. R. Kenneth, Arsenic speciation
Chemical Reviews., 89(4), 713-764(1989).
32) I Dt, HIA, https://ko.wikipedia.org, April (2021)
33) =8, SERIET =3 YHES 86 EX W S35 285 &I, =W
SAAE?l==., SeUstu. 2020.
34) R. A. Schoof, L., J. Yost, J. Eickhoff, E. A. Crecelius, D. W. Cragin, D
M. Meacher, D. B. Menzel, A market basket survey of inorganic arsenic in
food, Food and Chemical Toxicology., 37(8), 839-846(1999).
G. M. Pierzynski, M. D. Ransom, In situ stabilization
ity., 30(4),

35) G. M. Hettiarachchi, G.
of soil lead using phosphorus, Journal of Environmental Quality

Surface complexation of arsenic(V) to iron

1214-1221(2001).
36) D. M. Sherman, S. R. Randall
(I (hydr)oxides: structural mechanism from ab initio molecular geometries
and EXAFS spectroscopy, Geochimica et Cosmochimica Acta., 67(22),

, 2012.
CH &t X+H&

4223-4230(2003).
37) S. W. Jeong, Y. J. Ahn, B. J. Lee,
38) 293, NAME, L& HEL E29

SE XA &S, 50-51(1999).

39) X. Cao, L. Q. Ma, Effects of compost and phosphate on plant arsenic
accumulation soils near pressure—treated wood, Environmental
132(3), 435-442(2004).

- 111 -

from

Pollution.,

Collection @ chosun



40) J. M. Conder, R. P. Llanno, Evaluation of surrogate measures of
cadmium, lead, and zinc bioavailability to Eisenia fetida, Chemosphere.,
41(10), 1659-1668(2000).

41) S. Brown, R. Chaney, J. Hallfrisch, J. A. Ryan, W. R. Berti, In situ soil
treatments to reduce the phyto-and bioavailability of lead, zinc, and
cadmium, Journal of Environmental Quality., 33(2), 522-531(2004).

42) L. M. Gaetke, H. S. Chow-Johnson and C. K. Chow, Copper:
Toxicological relevance and mechanisms, Arch Toxicol., 88(11), 1929-
1938(2014).

43) Olg =, QIs)|, ZeA, A, ELUA &= MEU e Tetracyclined

SH0 0IXl= F2UN8 &3, Ecology and Resilient Infrastructure.,

4(1), 63-70(2017).

doF, S, F2-28 ELUA E0E A29 MEN AEYHA 2d R

MA S0l O0IXl= Fel WA Pseudomonasll K&, OIME8Xl, 53(4),

257-264(2017).

45) W. P. Park, K. M. Chang, B. J. Koo, H. N. Hyun. Cation Exchange
Capacity in Korean Soils Determined by the Copper(ll) Acetate

re

44)

Spectrophotometry Method, Korean Journal of Soil Science and Fertilizer.,
50(6), 653-662(2017).
46) =IOt B M ZEAAE https://www.konetic.or.kr, April (2021)
47) 8F4, XAg, FAL2, D2 oS0l Qs orZ29t gsSiH=el (Xenopus
lagvis)2l BHEZA OlAI =&, St=5tA S35 Kl., 36(1), 83-94(2003).
g, ASOHHE A,

49) Ol=gl, et&sl/NEst L MEXMelO Qs zn RLEELY H3, dJUHst

G 2ot &et, AsSAIEHESEAE., 2010.

- 112 -

Collection @ chosun



L9, &Y 0l ALEH, https://namu.wiki, April (2021)

&2, I ELRY SHE L Yo st=IEE]., 4(2). 99-107(2004).

SA30ICI0, FH EL2HO &, https://www.ecomedia.co.kr, June (2021)
SPS A, SlHIOIALICIES RELEAMLDO SZIHH =

A, SHIGHL AR, 2008.

57) toyama, OlEIO|OIEIOIE XIZ &, https://www.pref.toyama.jp, May(2021).

_'_

ol
0

58) d=tl, 20|, ZEE, ZESR, N2, &FH, &E5, H&5, 01501, 0l0t
g, 58=2, Jd&, 5Md, Z8=+, AdzdAlor E=HII= HEFA =%
SELS SEXN daotsd LS, 2017.

59) =tr EBETF. milF B, BEITA2FRENEREFLAIELSHEOIREE,
"New Food Industry(B#), , 55(3), 21-35(2013).

60) XE=2, S22 E2£2E EXW &, 2017.

61) ESSHAISHEY, EH 2, 2021.

62) LKA, OlRd, I QLEEY S HEN Il S, stat3s. 45(4),
311-318(2007).

63) 2=, ool <o ZME Exed = YWY, Xersd. 8(1),

31-37(2007).

21-31(2013).

65) US EPA, Treatment technologies for site cleanup: annual status report,
12th ed., EPA 542-R-07-012(2007).

66) M. H. Ouhadi, Ettringite formation in soil-cement interaction process,
International  Conference on  Electrical and Control  Engineering.,
5899-5901(2011).

67) B. J. Lee, Y. B. Gwon, RMHIIZS AHE D&F Hel S4, Korean Solid
Wastes Engineering Society., 18(6), 22-33(2001).

68) W. Franus, R. Panek, M. Wdowin, SEM investigation of microstructures in
hydration products of portland cement. In 2nd international multidisciplinary
microscopy and microanalysis congress. Springer, Cham. 164. pp.
105-112(2015).

69) M. Chrysochoou, D. Dermatas, Evaluation of ettringite and hydrocalumite

- 113 -

Collection @ chosun



formation for heavy metal immobilization: literature review and experimental
study, Journal of hazardous materials., 136(1), 20-33(2006).

70) B. Guo, B. Liu, J. Yang, S. Zhang, The mechanisms of heavy metal
immobilization by cementitious material treatments and thermal treatments:
A review, Journal of environmental management., 193, 410-422(2017).

71) K. L. Scrivener, R. J. Kirkpatrick, Innovation in use and research on
cementitious material, Cement and concrete research., 38(2), 128-136(2008).

72) BEES, SEBMNS LEEY/RIGHES =SRD|I= S8, 37(1), 99-106(2004).

73) C. H. Lee, D. K. Lee, M. A. Ali, P. J. Kim, Effects of oyster shell on soil
chemical and biological properties and cabbage productivity as a liming
materials, Waste Management., 28(12), 2702-2708(2008).

74) M. Ahmad, S. S. Lee, J. E. Lim, S. E. Lee, J. S. Cho, D. H. Moon, Y.
Hashimoto, Y. S. Ok, Speciation and phytoavailability of lead and antimony
in a small arms range soil amended with mussel shell, cow bone and
biochar: EXAFS spectroscopy and chemical extractions, Chemosphere., 95,
433-441(2014).

75) dE¥2, BYE, 234, AL, LM, S24A, sS4 HII2(E2E £ ¢
Z2E)S 088 Hla 2LLEELS UEI} =8 &I, UetardZes]
Xl., 31(12), 1095-1104(2009).

76) D. H. Moon, K. W. Kim, I. H. Yoon, D. G. Grubb, D. Y. Shin, K. H.
Cheong, H. [I. Choi, Y. S. Ok, J. H. Park, Stabilization of
arsenic-contaminated mine tailings wusing natural and calcined oyster
shells, Environmental Earth Sciences., 64(3), 597-605(2011).

77) C. W. Gray, S. J. Dunham, P. G. Dennis, F. J. Zhao, S. P. McGrath,
Field evaluation of in situ remediation of a heavy metal contaminated soil
using lime and red-mud, Environmental Pollution., 142(3), 530-539(2006).

78) ¥otel, dstad, RS, & =EItAtel(Asterina pectinifera) BHOIRXHE 01 & &t
QAE =8N Wl Cu, Zn, Pb, Cd #==(Sorption) s EI}, HEteEtZE 353
Xl., 43(4), 274-285(2021).

79) Garcia-Sanchez, Alvarez-Ayuso, Sorption of Zn, Cd and Cr on calcite,

Application to purification of industrial wastewaters, Minerals Engineering.,

- 114 -

Collection @ chosun



15(7). 539-547(2002).

80) zl&8l&, R0I1&, 018E, =&Y, AFFH FLEH HE =52
otE St 24, 8t=XI5 of ¢ 25(4), 7-13(2020)
81) Ol =, SA&R, HotAl H HZEEZS 0|26t =35 S&2EYH. HstatE 353
St H=2%, 117-118(1992).
82) YF2, 2483 HAA(ZREE L d2ZUE)S 0186t =35 QLEEL9 X
Iz Y, sUHAAMER=2 23Ut e, 2010
Al TetEY 235, ZAaYE BEEXE., February

(2019).
84) J. E. Lim, J. K. Sung, B. Sarkar, H. Wang, Y. Hashimoto, C. W. Daniel
and calcined starfish (Asterina

natural
in contaminated

Tsang, Y. S. Ok. Impact of
Pb, Zn and As

pectinifera) on the stabilization of

agricultural soil, Environmental Geochemistry and Health., 39, 431-441(2017).
2=E, MERAESZ 0|Eet HIAHd LNSH =gEl

= =S

EM, 2oL RS X|., 28(2). 140-146(2014).

86) M. N. Islam, G. Taki, X. P. Nguyen, Y. T. Jo, J. Kim, J. H. Park, Heavy
metal stabilization in contaminated soil by treatment with calcined cockle

85) &M

shell, Environ Sci Pollut Res Int,. 24(8), 7177-7183(2017).
Megiyo, F Afriani, Utilization of wasted

87) Y Tiandho, H Aldila, Mustari,
cockle shell as a natural coagulant and a neutralizer of polluted water in
Journal of Physics: Conference

Bangka Belitung islands, Indonesia,

Series., 1013, 2018.
88) A. Buasri, N. Chaiyut, V. Loryuenyong, Calcium Oxide Derived from Waste

Shells of Mussel, Cockle, and Scallop as the Heterogeneous atalyst for

Biodiesel Production, The Scientific World Journal., 7 pages, 2013.

Sarawut. Srithongouthai, Removal of Pb(ll) from an
a Biosorbent,

89) P. Vibhatabandhu,
Aqueous  Solution Using Modified Cuttlebone as
EnvironmentAsia., 10(1), 34-43(2017).

2%, 0l&&E, ®H¥al, dIGA, dLUNHME O0I=s =52 3

15(1), 54-61(2000).

S, a9 5al X )
91) AFF, Q3N Y MMHE OIS LT AMD Mol SF A8, I
- 115 -

Collection @ chosun



563-570(2005).
g, =&, 28,

A3 X E., 38(5),
92) 298, 012, &2, 238, Zdu4d, ZXNE 3
A EA2U =3=(Pb, Cu) 2tE3H Mel, Heterd 283X, 33(2)
= E2F 3ol A0 H At

93) YHE, xHE, 2EHE, JXEF,
HIOLMI2 g, st=stZ st X, 19(2), 255-260(2010).

94) Mstd, BEE, OIM=, 018, 89, & =SItAtel(Asterina pectinifera) Ht
OlXtel =8M W E=2%(Pb, Cu, Zn, Cd) S&S4 & HEH EIL, HeHe
B33l Xl., 42(5), 267-279(2020).

95) 0188, =Bl EJtAtel &M C34E Mt s 0188 Ard it W =3

=9 MASH(), st=aXererF B85, 15(12), 15-24(2015)

96) EL 22lE ZAYE Y =AY, IFsJ WS, 2017.

97) M. N. S. Mohamed, S. A. A. Tajudin, A. A. Kadir, A. Madun, M. A. M.
Azmi, N. S. Nordin, Leachate Characteristics of Contaminated Solil
Containing Lead by Stabilisation/Solidification  Technique, Applied
Mechanics and Materials., pp. 1443(2015).

98) S4&E, {82, dgdgd 1A 2N M sE,

https://www.mdilbo.com, June (2021)
99) =AtXHR 2tel AIEHE, Mt .. 2019. 1-267
100) H. Y. Park, Develoment of industrialization technology with star fish
Food Ind Nutr., 8(3), 18-22(2003).
101) K. S. Hong, H. M. Lee, J. S. Bae, M. G. Ha, J. S. Jin, T. E. Hong, J

P. Kim, E. D. Jeong, Removal of heavy metal ions by using calcium
carbonate extracted from starfish treated by protease and amylase, J

Anal Sci Technol., 2(2), 75-82(2011).
102) K. S. Freeman, Remediating soil lead with fish bones, Environ Health

Perspect., 120(1), 20-21(2012).
103) D. H. Moon, J. E. Tang, K. H. Cheong, A. Koutospyros, J. H. Park, K

J. Lim, S. C. Kim, R. Y. Kim, Y. S. Ok, Assessment of natural and
, Environ. Sci. Pollut.

calcined starfish for the amelioration of acidic soil
9931-9938(2014).

Res., 21(16),
- 116 -

Collection @ chosun



EH
=

&

ot

i
M

o

104) st X, D™ DF0l 0| EA0 Z=2x85 2¢ | EA=
X AN SF2XRA 283 X]., 57(5), 471-482(2020).
105) E. J. Kim, K. H. Han, S. O. Hur, S. K. Ha, D. S. Lee, M. H. Park, C.

H. Yun, D. Y. Chung, Change Electrical Conductivity and Hydraulic

o

Conductivity of Saline Soil depending on Influent Water Quality, Korean
Society Of Soil Sciences And Fertilizer., pp. 201-202(2011).

106) E. Tipping, J. Rieuwerts, G. Pan, M. R. Ashmore, S. Lofts, M. T. Hill,
M. E. Farago, |. Thorton, The solid solution partitioning of heavy metals
(Cu, Zn, Cd, Pb) in upland soils of England and Wales, Environmental
Pollution., 125(2), 213-225(2003).

107) Jeong, S. K., An, J. S., Kim, Y. J., Kim, G. H., Choi, S. I. and Nam, K. P.
Study on heavy metal contamination characteristics and plant
bioavailability for soils in the Janghang smelter area. Journal of Soil and
Groundwater Environment, 16(1), pp.42-50.(2011)

108) S. K. Jeong, J. S. An, Y. J. Kim, G. H. Kim, S. I. Choi, K. P. Nam,
Study on heavy metal contamination characteristics and plant
bioavailability for soils in the Janghang smelter area, Journal of Soil and
Groundwater Environment., 16(1), 42-50(2011).

109) Uist2t= 2IIXNEE I, 2 EWNSE =EXCIFERH., 122(2020).

110) S. Lee, J. Kim, S. W. Jeong, Analysis of the organic matter content for
soil samples taken at the new points of Korea soil quality monitoring
network, Journal of Korean Society of Environmental Engineers., 38(12),
641-646(2016).

111) S. F. S. Mohamad, S. Mohamad and Z. Jemaat, Study of calcination
condition on decomposition of calcium carbonate in waste cockle shell
to calcium oxide wusing thermal gravimetric analysis, Journal of
Engineering and Applied Sciences., 11(16), 9917-9921(2016).

112) A. |. Hussein, Z. Ab-Ghani, A. N. C. Mat, A. A. Ghani, A. Husein, I.
Ab. Rahman, Synthesis and Characterization of Spherical Calcium
Carbonate Nanoparticles Derived from Cockle Shells, Journals of Applied
Sciences., 10(20). 7170(2020).

- 117 -

Collection @ chosun



113) 224, 2)D], 0|2, 2+, SSHIZEH MEZE hydroxylapatiteE 0|2
st Cu(2) MAH, thetatAd2sal K., 31(9), 735-742(2009).
114) O|HEH, o¢tA3F Xl = QUEENAUS AAHATI Y EQF

2 =
e HS2DN, 28

= L 17

1=

=l &3 el Jl=
1AM D=|., 1-239(2016)

115) U. Daniel, Bioremediation of lead polluted soil from obio/akpor local
government area, rivers state using african catfish and tilapia fish bones,
Ecology & Environmental Sciences., 4(5), 199-203(2019).

116) D. H. Moon a, I. S. Hwang, A. Koutsospyros, K. H. Cheong, Y. S. Ok,
W. H. Ji, J. H. Park. Stabilization of lead (Pb) and zinc (Zn) in
contaminated rice paddy soil using starfish: A preliminary study,
Chemosphere 199., 459-467(2018).

117) S. Dobaradaran, |. Nabipour, M. Keshtkar, F. F. Ghasemi, T.
Nazarialamdarloo, F. Khalifeh, M. Poorhosein, M. Abtahi, R. Saeedi,
Self-purification of marine environments for heavy metals: a study on
removal of lead(ll) and copper(ll) by cuttlebone, Water Sci Technol.,

75(2), 474-481(2017).

118) 228 012, z=3, 0185, &5, S4HIISH SIHAEIE 0188 H
ZH==XHel tererd3 383l Xl.,24(3). 489(2002)

119) &M+, |FS&, 015=2,. 302 2E 2ItAlel S&H HME & Fel MAH £
& EOt, st=22 83 &SIl 22(1), 172-176(2006)

v

Xl., 28(4), 378-385(2009).

121) D. H. Moon, D. Dermatas, N. Menounou, Arsenic immobilization by
calcium—arsenic precipitates in lime treated soils, Science of the Total
Environment., 330(1-3), 171-185(2004).

122) 248, =S 0/1E& 2L HIIE 0 HlA etEsSH JI&0 e A
T, ASUst SHis AE8ESS2 HAME? =2., 2020

123) S. M. Oh, S. J. Oh, S. C. Kim, S. H. Lee, Y. S. Ok, J. E. Yang,
Determining Heavy Metal (loid) Stabilization Materials and Optimum Mixing

Ratio: Aqueous Batch test, Korean J. Soil Sci. Fert., 47(6),

- 118 -

Collection @ chosun



540-546(2014).
124) 1.

Moulin, W. E. Stone, J. Sanz, J. Y. Bottero, F. Mosnier, C. Haehnel
Lead and zinc

retention during hydration of tricalcium silicate:
study by sorption isotherms and 2°Si nuclear

A
spectroscopy, Langmuir., 15, 2829-2835(1999).
125) J. Rose, |

magnetic resonance

Moulin, J. L. Hazemann, A. Masion, P. M. Bertsch, J. Y.
Bottero, F. Mosnier, C. Haehnel, X-ray absorption spectroscopy study of

immobilization processes for heavy metals in calcium silicate hydrates: 1

Case of lead. Langmuir, 16(25), 9900-9906(2000).
126) M. M. Nujid, J. Idrus,

D. A. Tholibon, N. F. Bawadi, A. A. Firoozi,
Bearing Capacity of Soft Marine Soil Stabilization with Cockel Shell
Powder (CSP), International Journal of

Technology., 9(3), 1490-1497(2020).
127)

Engineering and Advanced
M. Palacios,

A. Palomo, Alkali-Activated Fly Ash Matrices for Lead
Immobilisation: A Comparison of Different Leaching Tests, Advances in
Cement Research., 16(4), 137-144(2004).
128) V. Dutré, C. Kestens, J.

Schaep, C. Vandecasteele,

Study of the
remediation of a site contaminated with arsenic, Science of The Total
Environment, 220(2-3), 185-194(1998).

129) P. Zhang, J. A. Ryan,

Formation of chloropyromorphite from galena
(PbS) in the presence of hydroxyapatite, Environ. Sci. and Tech., 33(4),
618-624(1999).

130) HES

=2 Higish AY9E, MedA FH QAEAUS =2 CHASIE et Y
ot OIFSIRIC NEA 17, SIRAIVEAD
131) E. G. Daniel,

&3l XL, 11(11), 63-75(2010).
X. Liyun, J. D. Pasteris,

Immobilization of
nanocrystalline carbonated apatite present in fish bone,

Engineering Science., 25(5), 725-736(2008).
132) OlMHYE, EAL2A At

lead with

Environmental
al

=<

S II=, S=2LIES, 9(3). 10-15(2009).

- 119 -

Collection @ chosun



	제1장 서 론  
	제2장 이론적 배경  
	제1절 국내 토양오염도 현황  
	제2절 토양오염 물질  
	제3절 토양오염 정화방법  

	제3장 실험재료 및 방법  
	제1절 오염토양  
	제2절 안정화제  
	제3절 안정화 효율 평가(용출실험)  
	제4절 SEM-EDX를 이용한 안정화 기작 규명  

	제4장 결과 및 고찰  
	제1절 오염토양 특성  
	제2절 안정화제 특성  
	제3절 안정화 효율 평가  
	제4절 SEM-EDX를 이용한 안정화 기작 규명  

	제5장 결론  
	References  


<startpage>18
제1장 서 론   1
제2장 이론적 배경   5
 제1절 국내 토양오염도 현황   5
 제2절 토양오염 물질   9
 제3절 토양오염 정화방법   18
제3장 실험재료 및 방법   31
 제1절 오염토양   31
 제2절 안정화제   33
 제3절 안정화 효율 평가(용출실험)   37
 제4절 SEM-EDX를 이용한 안정화 기작 규명   39
제4장 결과 및 고찰   40
 제1절 오염토양 특성   40
 제2절 안정화제 특성   43
 제3절 안정화 효율 평가   47
 제4절 SEM-EDX를 이용한 안정화 기작 규명   88
제5장 결론   107
References   109
</body>

