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ABSTRACT

In this study, column tests using relatively uniform Jumunjin sand media were conducted to evaluate the feasibility of
calcium polysulfide (CaS,, CPS) in removing high concentration of Zn®>" in groundwater. The injected CPS solution
reacted rapidly with Zn*" in artificial groundwater and effectively reduced Zn>* by more than 99% through metal sulfide
precipitation. Since the density (d=1.27 g/lcm®) of CPS solution was greater than that of water, CPS solution settled down
rapidly while capturing Zn?* and formed stable CPS layer similar to dense nonaqueous phase liquid. Mass balance analysis
on Zn?" in CPS solution suggested that CPS solution effectively reacted with Zn?" to form metal sulfide precipitates except
for high groundwater seepage velocity of 400 cm/d. With greater groundwater seepage velocity, injected CPS did not
completely dissolve at the CPS-water interface, but a partially-misible CPS layer continuously moved and reacted with
Zn*" in the direction of groundwater flow. Since hydraulic conductivity (K},) decreased slightly due to the generated metal
precipitates in the inter-pores of media, injection of CPS solution should be optimized to prevent clogging. As evidenced
by both XRF and SEM/EDS results, ZnS precipitates were clearly observed through the reaction between the CPS
solution and Zn*". Further study is warranted to evaluate the feasibility of CPS to remove high-concentration heavy metal-
contaminated groundwater in complex and heterogeneous media.
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2 9HdS WA AJZITKCheong et al., 1998; Lee, 2009;
Ji et al, 2010). 53] ¥ AEF, Aslg 2 EGo=
= 959 AF 2= AF, Ak 85 Fl
AT AF FUE AR Fs]o] 17l A3 $13)
= A= AoE By tiJung et al, 2006;
Lee et al., 2015).

Hgrlolt AL FH QHE Aelre] 7B Bk 3
730l whet ohekst xFekehs SAS e Aot
sty £ =9 FHEH(Fe, Mn, Zn, Cu, Cd %)
< 3L AThBanks et al,, 1997). ©]Efet TEES
1Eahd 242, S FelE 58 A7t £7bss]
wFoll(Song et al., 2007; Lee, 2010) Y¥kzoz ok
A (pump & treatys B3l o]2wk, o7}, AEY F
o] vkt S A8k ok, AFsH wid el

u
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FTEHY L97we] AFeRE el 8 a5
A W E27) oe- okt Ae 22§ A F
He A8sle A Yol Algke] UTkSong et al.,
2007; US DOE, 2007; Lee, 2010). W=t s W =
=59 AYE 23l 8 F55Y olE = (mobility)E A
SHAIA e ol ¥91X] 2748K(in situ stabilization)s}
At 2182 (oxidation/reduction ) E3F 3F8H] AW
(chemical precipitationys F3ll AEHolA] 3] A
= Yales A#ste ¥H-3-H A (permeable reactive
barrier), ¥$1X] AEY3}F ¥ (in situ biological transfor-
mation of metal contaminants), %X 38} 2 H(in
situ chemical treatment), X 2+ FH(in situ
redox manipulation, ISRM) & TFFSE Aal-gHo] A4
2 Hg5o] gthFruchter, 2002; U.S. EPA, 2002;
U.S. DOE, 2007; Hashim et al., 2011).

A5 U st 55 43} F in situ redox mani-
pulation(ISRM) FHolgt A (reductant) TH-S 53]
sfepr o= gkl o] 7 (zoneys Bl Ak &
Eoll g} L 9Eo] k37 (reductive treatment zone)S-
BTheke At 29=9 ¥FEE ¥ (transformation) 2
73} (immobilization) A171= 8} 2 2 (Sevougian et
al., 1994; Fruchter, 2002; Hashim et al., 2011) <A
e 7P SAAE Tl A W Sexds 34
3 ot TR RS SEES EHFOF Aofgith
ESE QAR (source zone) BRI (plume)ll FYUH
(injection wellyS S35l BlAIe] ZH FHYo| 73l
37 AoF S5o] JFedite ARSI Ao
(Fruchter, 2001; Fruchter, 2002).

ISRMoY| A8-E]= thedst A = calcium polysulfide
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o] Al W EAllhe ikt S/ TEE5S d8=
(sulfide) FENZ XA AFol 28 5 U SHdA
2 RuE o] gtiJacobs, 2001; Zhong et al, 2009).
CPSY| 7%, BRI egtdox F34S = AlE
(chain) Aol 7Fssk &9 7i57} 2~7709] TRt e
2 EAB CaSyt 7Y 9]l FHIZ dEA da
(Borgwardt, 1984), pH 6~11 oA pHZ} A"
ulg} 3 Ao EajEe ZoE BuHtHGun et al,
2004; Kamyshny et al., 2007). 53] A& W Tju3t g
Al 4] olgetHEA, tigs 54, A8k U
vAEe] FEF )l vlaA & FEFs WA @al ki
Ee &, oRisleras} vkgsie] Bl 844 (CaS,05)
= FIFA(HS) T2 WME He= Adsiar AH E
LA, B3kt 27F FEEMY)T whesk]
metal sulfideMS) FEIZ FHES FAFAIA wll¢- g4
o7 Fa&Y A 9 A3 E ke o= gEA
SITH(Yahikozawa et al., 1978; Dahlawi et al., 2017). CPS
b FEEM)R] AARE W22 Egs. (D~(4)ell AxTe
k.

CaS,+3/2 0,— CaS,0;+ (x-2)S (1)
CaS,+ CO,+ H,0 — CaCO;+ H,S + (x-1)S )
M2"+ CaS,0;+ H,0 = MS + CaSO4+ 2H" (3)
M?'+ H,S — MS +2H" “)

M?" : represents the heavy metal cations

MS : represents the precipitated metal sulfides

7 CPSE 83l T550% 299 B 2 A5
Al gk A7 =L o, i AT EY
W ZEC) A7l F-EF A Zhang et al,, 2020;
Hu et al., 2021; Wu et al, 2022). Yahikozawa et
al.(1978), Soya et al.(2008) & U{ FEHo|A zn*,
Cd* 5 ol 7t SEE5M) 29 X3l A3k 9
gk A7 JEAo, FEE Tt AT A w
2 CPS & Y F&, FUF T HH 7
gk A77F mmlg Aso|rh Eg 7 5o (site-
specific) SA4J0] CPS9} FE4M?)2] Hhgo] W A
o = G digh FAFQ] ATE v
ot

uba] £ AFelxE AR OE sk T 21
(100 cm/d2}F 400 cm/d) 31l T4 (uniform)st wjdo] Z
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AE Aol T TEEEn)CR 29E 29 BA}
FE AEHH 79 Al CPS &9 FRJoll W (1) R
wsl, (2) HAE WA whE FFEA () R FAS
(Kyp W3}, 3) 29 f=5¢ 7XE Zn*, Ca™', pHY

2¥2, (5) XRF, SEM/EDS #41&

E

¢
B3 1% F5502 099 X3 H3E 98k CPS
o] A& AL FRIElaA} st B A7E 3 CPS

=2 53 uFE 55 29 Aekr A
FEM?H] HESo] e JA Lol o
Sk B3} QIxje] =Fo] 7FsshH ISRM 9] &
£ 93 A7 SIx} 20 VxAEE FEE 5 US
Ao g wekdn)

2.1. 48 =

G- A Hoxe Aekr W o T TSl v
T TR 29HY Je AeE RBIEIL QITH(Verner
et al, 1996; Wang et al., 2001; Lee et al., 2005). u}
A 2 dFelMe LEERE 29 o BAKE Al
317] 91319 ZnSO(DAEJUNG, Korea) A12FS S-F<rol]
S3AIA Zn* 10,000 ppm, SO 15,000 ppm(pH 4.7)
9] 7] FEE 7K 24 RARFE AXE o]F Aol
ARE-EFAT

Calcium polysulfide(CaS,, CPS) &2] 739, UutH
02 AsFA4(Ca0), Sy T I’ F 100°C
ool A 71dsle] 8-S AZSEAY(Levchenko et al.,
2015; Tu et al., 2018), 299 EF A3l = FHol
A TEE AEE f8l APHCE o8 7Fse CPS &
N29% wiwye Tuliste] AMESHH(Zhong et al., 2009;
Chrysochoou et al, 2015). ¥ <A X=  Tercents
Enterprice LLP(India)*F2] CPS -§(29% w/w)S —ull
sto] Aol ARSSIITE FURS 32 AFelA FHA
FHFoR =EH CPS 8N 1% T zn® APF L 2
Hel = HI|(pore volume, PV) W EAs= Zn*'E
sl ZE W cpsel 27] =7 1.7%7F HEE 635

mLE FY3IAh

2.2. €3 MA
A wjde] FHE AR UUlEs FEHIE AH(D)
8 cm, =O|(H) 50 cmZ A= O

=)
o
o
e
o,
@iz )
A
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ALEE TEE A Asle A3 B AHE 3

21 BS Alelol] 247t HdEE 2EHiRlE s AEES A
et 294 RARRY FASE(wE Y-8t 1
AH(1D) EF-S ZARSIaA sty w3k mejgel 10
cm HE9] A8 FZEF(sampling ports)S AX|5}] A
XS] ofs Al WE FEg ARt B8-S RIS

CPS &9 %4 A, 24 BARE Ul EAlee s553%
CPS &9le] whg-og A= WAo] oideH, o= <
Sk # M (clogging) 7Fs/de] EAIRHY. & Aol x= Al
8 FEH 3-way valveE &3l A5 (sampling) 2
]| 1] E (piezometer)S A3t i W CPS F
Al, TR GF WSk an) BT () HisHE AT
8 F AEH o2 sl 1 FRATK,) 2 A
HEZ At = HA RS ASF3IT}E Darcy H2
(Eq. (5) F=xpl =29 29 i fY=e 29 2ARY
ROy FFAFK I3k Tl (dhvdL) 2 e
Az A= 4 o (Darcy, 1858), A/ JElolA
Y 7 olF Al, CPS & FRlo= o] TAH=
HAEZ 28t B4l Fhhol e 5 ZiE ERig
I Atk webA CPs & FY olF, AR Ao wpE
T T WslE d5sl A" W JARE A
T 3= s SRlstarat shtt.

0=k, 2.4 )
A7NA, 0 fFYEle L9 BARE (emd), Ke 5
AG(em/d), e F5(cm), LS 29 FAE: olF A
(cm), A= AZe ARE HH F dAH(cm)S gt

A3 Yoll= 7@ 3H(homogeneous) A5 743 HALS)
7] $fste, HlwA 7o) Aar gt dsAT 2 =
EAG7F Aol Y3 H(uniform) YES 7L JE FE
A BYE FHst AFS Ptarx}; 34390, ISRM
3 A8 Al AXEE FYES AR fste] AN
25 cm Zlo]oll CPS Y& (injection well)> X5} F=
YUE CPS o] Asl5e] 5 FAl AY ] R
ol A3 7 2 2 F Ades AT 12k
T/AF AME HHe] AAIgh Al F 7S Fig. |
7} Table 19 AA=E At

2.3. FHX A3

CPs &< 9 A, A" Wl Al fre d= 4t
A (o)t TR EGH BAA(D)E =53] fIste]
FAA} A (tracer testye AABIATE F42= A4, B
&, 7] &0l 9 4st ol F44 T 7P 3H
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Table 1. Detail specifications and parameters for the column tests

A - 495)

- ol5 3]

- Ao

Lab-scale Column for uniform Jumunjin sand media

Cross-sectional area, 4 (cm?)
Total volume, V7 (cm?®)
Length, L (cm)

Bulk density, p, (g/cm’)
Flow Rate, Q (cm*/min)
Hydraulic Conductivity, K7 (cm/s)
Seepage Velocity, V; (cm/d)
Porosity, »

Pore Volume, PV (mL)
Hydrodynamic Dispersion Coefficient, D, (cm?d)
Dispersivity, a; (cm)
Peclet Number, Pe (ViL/Dy)

50.24
2,512
50
1.54 1.57
1.45 5.50
0.08 0.13
100 400
0.4062 0.3970
1,021.0 997.9
56.23 198.42
0.55 0.50
88.9 100.8

Fig. 1. Pictorial view of lab-scale soil column packed with uniform
Jumunyjin sand.

Al AREET HlwA ARBs] Wsestal H7IHEE
7lE AP} Blad w2 Ao =® HaE BHE(Bre A9
3}tHLee et al, 2004). KBr(DUKSAN, Korea) A]2F
S ZFl 83IA1A KBr 0.01 M 888 ZA3 o] %
IS5 (seepage velocityyS 100 cm/de} 400 cm/de] F
7R 207 AEH o FAsIoH, AT ARE 3F
Ao Z FETE At AIHEE 5787171 (Pro 30,
YSI, USAE 58 A7 des Adisxee] Huizle] 1=
TFEE o 7R A3S 28t

FAR AF o, 12 88AF 3AEld Ogata-
Bank #4319} Aquaveorl2] GMS(groundwater modeling
system) &3 ] MODFLOW2} RT3D 7|52
st FH2} A ASFX|(measured data)9} Ogata-
Bank 293||(analytical solution), GMS <=3} 43}
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7% vkt Ogata-Bank &
271203 >0 75 C(0,0=C,
_Q

(numerical solution)E
9] t
13 ol aeR o

A= C(x,0)=0

& C(wo,n=0 ZAAZ

ek %—f—Da_ffﬁ_ ol Hgate] =& Aol
ox

(Ogata and Banks, 1961), ¥ <o &-8% Ogata-

Bank 243 7]ojgo] mH|$F 2] 4=2](exponential

term)S A|LISkal Eq. (6)° AAISFAT].

Cx,0 _ xX—vt
G e e (2 j ©

A7, e A7RAEE Za)EolslA)

#(dS/em), D= A5}z
AT (em?d), viE A3 T3 (ecm/d), x= A8k
olEAE (em), 1= AN SJv|gitt. g A3
o] FY=E gRIE7] £13t RMSE(root mean square
errorye 83l 29| E2HAIG(hydrodynamic dispersion
coefficient, D))E AF=3IATHEq. (7) ).

Z( ifit zmes

p

RMSE =

’%EH%E zk, Xi’mes% 49 duss ke ou|sit.
©]%- RMSE #to] 0.05 mleto] H= Fels9shy &4
=2 A3 W (trials and error)S 83 EAX|4

(dispersity, a,)E A=A

2.4. 2L Mz 2 AH

=2/ 283
CPS &4 Y A, 2 HAG 2PVE T3 G
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Ell (steady-state) TE5-S 21 & AXE FYAES 53
65mL CPS &5 13 oJE 41&3] FAst. 2
FARE 35552 100 cm/d vs 400 cm/d®] F 71A] &2
Aoz AAEe] ARl ISR FEd AARS
2pol2 Belstarzl 3199t CPS &9 £ & F7)Ho
2 3PV AEAHOE 4 RAE U8 23 1
& B LG AIRE THH o R {FER) ARFETA
dAHF AZ(10mL)E A ©]F, 0.45um syringe
filter® 3} 3 ojx}elo] pH(HI 8424, HANNA, USA)
HalE &Rl zZn*, Ca?* FX W3+ Inductively
Coupled Plasma-Optical Emission Spectroscopy(ICP-OES,
Optima 5300DV, Perkin Elmer, USA) 71712 2-83}5]T}.
FYE Cps go= et ARE FFHZn™) &
(amountys A8 flgt fEr W FAHEFHIH
(cumulative mass approach)?} EZ4=2]%4](mass balance)
& Agsle] AAY T35 YL VNI FaE
BASANE Egs. B-(11P] ANE A Bgsglon,
T YU (inflow mass) Z = (outflow mass)
S AP B SHE Y 2 FEE Zn” F&
(mg/Ly¢} 238 BEARRS] fH (mL/min), A8 F=5-14
ArE 23910 mL) 2 Zn* FE(mgL)E 283 +4

3o 2Pgslgict.

}]1

=T

Inflow Mass = z (Ciw OiD) ®
=0
=T

Ouflow Mass = z (Cour' Qour'?) ©
=0

=T
Sampllng Mass = Z (Cyampling'Vsampling) (10)

t=0

Removal amount (g)=Inflow Mass- Outflow Mass

— Sampling Mass (11)

o9

F

047]}\1 Ci”jl} Cous CMMPling% 5% é }‘]Z_]'(f)oﬂ %Xé
BARE U zoe] 4, 2, AR FEF FE(mgl),
0t Ours 54 RNl 589 74 7& %
(mL/min), Vgmpinge: 578 MYl 28 A8 F250lM 2
T A5 RImL)E oJv|gitt.

olF A U] CPS & F9oF Rl A7
S(Zn*) Fgh A Aol =29 CpS £ 5
Foll we AE F95@n™) Fere vlaste] Fdg
W W CPs &9 9 A, Mgl T wislo)

=
o) Z0])
T

ALEE TEE A Asle A3 B AHE 5

Tl whe} AE-(40~50 cm), FH-(20~30 cm), SH-(0~10
cm)E T3] ZZF 108 AFSA. o]F X-Ray
Fluorescence Spectrometer(XRF, XRF-1800, Shimadzu,
Japan) 71715 &-&3lo] AdE HAHEC] 8 4 A
s AT

R PB4 o] AYE Ao A 3
F(0~10cm) 2152 739 Scanning Electron Microscope/
Energy Dispersive X-ray Spectroscopy(SEM/EDS, S-4800,
HITACHI, Japan) 71715 83l 249 W S5 F
YPE CPS &9 oz AFE HHES] JE B+
I FHE Ik APE JAAES] A FelE 535t

a2k st

3.1. 2| SYEE 2MAIF (D) ME

CPs &9 9 A, AFdeiel 12 Ak 3525
RISl T 29 BARKE Ul S5 B4 7%
< SRIEP] 98t A= tE 29 BARKE 3515100
em/d9} 400 cm/d)oll A R E FHx} Ao A=XH|
(measured data)?} -233]|(Ogata-Bank solution), <=XI3}|
ATHGMS)E A& Hlwsle] $2)5sks E2HR(D,)
Z =3l tK(Table 1, Fig. 2 3%). F 240 2%
RMSE 3tel 217} 0.025, 0.03622 EAJsl|e} $=x3142
I ASAE vlwd GEsA BARKAY. E2HIS(Dy)
£ =gt 29, AskrE 3575 100 em/dellA= 56.23
cm?/d, A3 F=FRE: 400 c/dol A= 198.42 cm*/dE
AEEROH, TR ()] BT A2 055, 0.50 em=
EEEo] B AFoA A8H 3575 A=
HlwZ dAgstA A" TSt wido] 39 ZHed A
o7 FIEthJoo et al., 2020; Joo et al., 2021). A
Sl B 400 cm/de] 739 ek o] 4ul A
T 371l wet =4 FEATE oo E wEA| o]
SBIAAT ARG (0 )8 Zpol7t mimlstE R A
o] 1AMl Al BES ekl e Zo= )
HESE, Peclet number(Pey’} 110} w9~ 22 o] F(advec-
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iy ~

=~ 08 Dy, = 198.42 cm?/d r ,ﬁ’

g (RMSE =0.025) % ;

= L/

3 06 ] ey : w D= 5623 cmid

= i (RMSE = 0.036)

T NS o T A

g 0.4 1 ! r ® (8, Tracer results (Vs=100 cmid)

o }l J1 | == (a) Numesical solution (V=100 emi)

o £ T (a,) Analytical solution (V=100 emid)

g 0.2 4 & &  {b,) Tracer resuits {Vs=400 cmid

= £ ‘b =~ {b,) Numerical solution (Vs=400 cmid)
2 ra I S T . {b,) Analytical sclution (Vs=400 cmid)
é 0.0 s e L '

0.0 0.5 1.0 1.5 20

Pore Volume (PV)

Fig. 2. Measured and fitted breakthrough curves for KBr tracer
tests with 0.01 M KBr in soil columns with different seepage
velocities; ((a) Seepage velocity : 100 cm/d and (b) Seepage
velocity : 400 cm/d).

tiony”} EA} xH(molecular diffusion) T} RN 2 2
4 i 71Re s SRl

3.2. CPS 89 Flof| 2 ZEY| WMt

AR g8 Y BAG F=E5(100 cm/d2}F 400 cm/d)
o7 fAEE 29 W FYIE B3] CPs & T
o]F, A7kl W ZR7] WIS Fig. 30l vlwsked A
Alslsdtt. 7 210 25 YA FUE CPS &) &
4 BA U a5 mEA jEESsie] AdE Ao
ddEle A Ay FxEe] ERIERL 4 A,
X A7l 2 CPS 8N (d=1.27 gem®)S ZE )

AE - FE -G - B - 848 - o5 S - gad]

(gravity gradient)oll 2J3ll A5 P2 o|s3hH, A 3}
F(0~10 em)ellA] sIKA F1zdE0] A7 3 2 BAL
9} b4 E3H(completely mixed) & &3l (miscible)=]A]
G ZEA0] H]4=824 A (nonaqueous phase liquid)
0l CPS layerS A3 CH, CPS layer7} 29 TA:
o A& §47 B olEFo] Tk (multiphase
flow)e] AES Hol= Zoz IRIF. o]#s Hee
CPS 89 D7} ERTE JUH o2 Fok(Tomlin,
2009; EFSA, 2010; USDA, 2014) &= <ls) 2
d SEE IS o]F, oA BHARreRe] AA 2k
SR ol AiFeE wEg A o] REiTolA
DNAPL(Dense nonaqueous phase liquidys @433l o
FEe] AsS Hole AoZ gk

Alzto] Al wet @9 mARTE A& o" 4
o] FAFE CPS layer’} 35 AlO|Z o]E3t Fad
¥} qh-gste] theke] M AHES A&H o= AR
om, CPS layer/} EelSol| ZHFsh WHSSHA] &1
1PV o5 ¥4S 7 e Ao IR =
ZA9o] CPS layert IR FEHUch. webs] ddska
et ATTERE 7R AT 3 U CPs 8 7Y
A= CPS layer7} 3= Aol o]&sh X&Ho=
H3E Zlo= wdEn B3 U5t %2 CPS 89 5
oz FETHl(gravity gradient)?} F=2]7Hl (hydraulic
gradient)®] WES} WFO R o|FatH AR ZOF o
FET. 75 CPS 89 F9 ol #A AS Wi A

@

1000 min

®)

0 min 30 min 80 min

130 min 170 min

230 min

Fig. 3. Pictorial view of reactive transport of calcium polysulfide in soil columns with different seepage velocities; ((a) Seepage velocity :

100 cm/d and (b) Seepage velocity : 400 cm/d).
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iIsE %

74 2 Alsles A3} B AHE 7

@) Seepage velocity : 100 cm/d

—eo— Kt —e— Kq2 v K23

—e— ahy —o— aAhyp g

S L
ahgy ——o——

(b) Seepage velocity : 400 cm/d

Kas Kse
A h45 — e A hss

K3§ —rbr e

ahad_ —{H—-

(w2) y v ‘peay enualayig

Hydraulic conductivity, K, (cm/sec)

Pore Volume

o
b
0 1 10
E =
8 =
3 i s §

. i S
g. 0.1; =
'} I 6 n-'-
B i 2

o
§ 0.01 E il
Beed >
E 0.001 ! s :’ e e 0 2
2 IE o 1 2 3
I
Pore Volume

Fig. 4. Changes in both hydraulic conductivity (K}) and head difference (4/) with different seepage velocities; ((a) Seepage velocity :

100 cm/d and (b) Seepage velocity : 400 cm/d).

33. CPS Y Felof| e EMTFUh) ¥ FFAT
(K,) s}

A2 TE 29 BAKE F=7E(100 cm/d9l 400 cm/d)
oz f4A=E AP U CPS & FYo wE F &4
T7(4hy blue), TAPE EAGTF(4hs open symbol),
ZF EFASFK red), THE FFASG(AK ., close
symbol) ¥I3}5 Fig. 4o AASIATE +94 2%, CPS
Tl WE 355 W 9o SRR e SR
IO, Al 7 AEIE SlEEo] Cps
Joll w2 AEHAR0 5 Wk AFHA| Qi) 27
(0~03PVyle F 21 25 Y& 53 449 Cps
gdo] 09 FARE W T wEA vhEale] IdE
S WIAA F59 Fo] YR ISk, DNAPL ZJE)
2] CPS layers 33l Asl5y 555 wWelsl 2=
W 5 £ (head loss)o] A F FFAlFE K7}
FrE0] 100 em/d oAM= ¢F 5Hl, 400 em/d =71
o oF ol o 5438 FAsITE 7P A
2 BFAS st ZQl A, FAAR sk R
0~20 cm TZH(Ah 5, Ki5)eA FUE CPS &do] Uw
7} ol wEA] sl FaEd AEH R kst
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Table 2. Summary of removal amounts of Zn** with different seepage velocities and batch test

Seepage Velocity

In flow mass

Removal amount

Type (cm/d) g mmol g mmol

Batch test - - - 9.54 145.88

Column packed with uniform 100 38.40 587.08 9.18 140.35
Jumunjin sand media 400 35.55 543.53 4.72 72.24
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Fig. 8. Comparison of removal amounts of Zn*" with different
seepage velocities and batch test.
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Table 3. S/N ratio of soils with different depths from the XRF analysis

Alek A3t B HE 11

Section Si Al K Na Fe Zn S Ca Ba Ti Zn/S
Top
@osoemy 2052 166 1684 219 18.9 9.1 9.8 82 33 5.8 0.93
Middle 1965 166  167.1 16.7 18.9 40.4 56.2 248  ND. 45 0.72
(20~30 cm)
Bottom 204.1 166 1642 180 18.0 452 522 103  ND. 42 0.87
(0~10 cm)

N.D. : Not Detected

200um

Fig. 9. SEM/EDS results of metal precipitates on the surface of soils after CPS injection.

to noise)P1e] 749 T2 FHEC] WAYSIIS o= o
AHE F5(20~30 cm), H(0~10 cm) TRHlA AR
(40~50 cm) tiR] FdAoZ =2 S/NHIZF FR1E ATt
T3 7P Znot SO S/NRIE Blusle] £33 Ax)
7Yz} 0.93, 0.72, 0.872 Zn2} S| S/N®BIZ} FALSHAl &
olgo] we} CPS §83} zn>'o] Wkg-o= <Qlsle] ZnS
AAES MIANAS Aoz Fdd) HIE N H|9] &
39S AR AE A 4 glon), HEEQ)
132 &8o] 7Fssih, At JHEe] 24 9 A%
FelE ERIsH7] 98X Xeray Diffraction(XRD), X-

=]
RUn

N

ray Photoelectron Spectroscopy(XPS) 2] F714<1

o] AlgiEjojo} ghriar JheET).

CPS 83} 0] vkg-o 7 AAE HHE2] SEM/
EDS ¥4 2= Fig. 99 AAISIATE XRF 29} &
A Si, Al, K 59 A FYE CPS &47 T=
E(Zn*)e] Mo R AAE HAEE dPdEE Zn, S A
ol BRIEAT). 3 EDS mapping Ad, E&l A}
39 Zn, S o] EAEH, X YAV iR s
wxpFo] SRIFILE. WA FYE CPS &N FHE
(Zn*)e] WEEoZ 7nS FHEo] Ao, B &
Hol| A=} e Aog AdET)
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