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Soil precise investigation(SPI) and soil improvement method
using lime for arsenic contaminated farmiand soils

around an abandoned mine, Korea

Jongchul Cha

Department of Applied Geology, Graduate School
Pukyong National University, Republic of Korea

Abstract

Soil precise investigation (SPI) for farmland soils around Goro abandoned mine,
Korea was performed to assess the pollution level of heavy metals (As, Pb, Cd
and Cu) and to estimate the remediation volume for contaminated soils, Total
investigation area was about £00000m”. which was divided into each section of
1500 m° corresponding to one sampling site and 418 samples for surface soil
(O~10 ¢m in depth) and 154 samples for deep soil (10~30 ¢m in depth) from the
investigation area were collected to bhe analyzed. Concentrations of Cu, Cd and PPb
at all samples were shown to be lower than Soil Pollution Warning Limit (SPWL).
I'or arscenic concentration in surface soils, 18.1% of sample sites {69 sites) were
over SPWILL (6 mg/keg) and 6.8% (26 sites) of sample sites were over 5Soil
Pollution Counterplan Limit (SPCL: 15 mg/kg), suggesting that surface soils were
hroadly contaminated by As. For deep soils, 8.9% of sample sites (12 sites) were
over SPWL and there was no site over SPCL.. Four pollution grades for sample
lncations were prescribed by the Law ol Soil Environmental Preservation and
Pallution Index (PI} for each soil sample was decided according to pollution
arades{over 15.00mg/kg, 6.00~15.00mg/kg, 2.40~6.00mg/kg and 1.23~2.40mg/kg).
The pollution contour map around Goro abandoned mine based on PI results was
finally created 1o calculate the contaminated area and the remediation volume for
contaminated farmland soils. Total soil volume to be treated for remediation was
cstimated on the assumption that the thickness of contaminated soil was 30 cm.

Hased on the excess ol SPWL soil volume to be remediated was estimated at

- vii -



9000 m®, soil volume exceeding 40% of SPWL was about 179400 m”’ and soil
vilume exceeding the background level (1.23 mg/kg) was 234090 m”.

Soil improvement method to remediate lfarmland soils was investigated with batch
and column experiments. For As-—contaminated farmland soils around Goro mine,
hatch tests to guantify As extraction rate from contaminated soils and quick—lime
treated contaminated soils were performed. The contaminated soil mixed with
quick—lime decreased As extraction rate to one twenty fifth, suggesting that the
soil  improvemenlt method mixed with quick=lime dramatically decrease As
extraction rate. A storage dam will be constructed in the lower part of the main
stream connected to Goro abandoned mine and the amount of As extracted from
the bottom soils of the reservoir could be the main source to contaminate water
in the reservoir. The decrease of As extraction amount from the bottom in
reservoir, caused by the application of the soill mmprovement method was
investigated by the phvsically simulated column experiment and resulls showed
that As extiraction rate decreased to one forty when improvement soils mixed
quick—lime were applicd to contaminated soils. To simulate arsenic contaminated
frmland soils in non—submerged area. another column experiment was performed
to assess the remediation efficicncy. which indicated the capacity of decreasing
arsenic  exiraction amount from the discharged solution downward soils. The
addition  of  quick—lime  to  the comtaminated soil  decreased the arsenic
concentration in (he discharged solution downward soils by formation of hardly
soluble calcium—arsenic compounds.

Results of batch and column experiments suggested soil improvement method
using quick—lime has a great capability to remediate arsenic contaminated

[rmland solls in this rescarch area.

ey  words © abandoned mine. arsenic, soil precise investigation(SPD), soil

improvement, quick—lime, soil remediation
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Table 1. The number of samples for soil precise investigation (SP1)

(unit : counts)

Farmland soils Backgroud soils Geo—probe
ey 4
30~100cm - - 4
Tatal 217 48 12




I

{Fbandoned ning

Submerged]
\ boundar

@ Farmland soil site

Background site

@ Geoprobe sample site

Fig. 2. Sampling locations for soil precise investigation (SPI) around Goro

abandoned mine.
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{a) Drying in oven (b) Pulverization & Sieving

(¢) Measure of soil weights (d) Mixing with acid solvent

(e) Shaking by water bath shaker (f) Filtering process(with 513)

['ig. 3. Preliminary works for heavy metal analysis,
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Fig. 4.1. Distribution of As concentration for farmland soils according to

the distance from Goro mine (Distance increases from left to right).
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(h) Farmland subsurface soils

Fig. 4.2. Distribution of Cd concentration for farmland <oils according to

the distance from Goro mine (Distance increases from left to right).
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['ig. 4.3. Distribution of Pb concentration for farmland soils according to

the distance from Goro mine (Distance increases from left to right).
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(b) Farmland subsurface soils

I'ig. 4.4. Distribution of Cu concentration for farmland soils according to

the distance from Goro mine (Distance increases from left to right).



Table 2. Average concentration of heavyv metals in farmland soil samples

( unit: mg/kg)

Surlace soil Deep soil
As Cu Cd Pb As Cu Cd Pb
(‘_‘Urfal(f:jéifg‘é‘gledggg‘:;lr_135) 5.078 0.338 0.029 1121 2.142 0.113 0.010 0.476
Submerged area . . o gy o = . ,
surface soil 185 doop soil: 67) -001 0301 €026 1184 2238 0.075 0.006 0.317
honTsurbmerged ared o en) 0471 0031 1063 2048 0.149 0.014 0.633

tsurface area’200 . deep soili63)

Table 3. Average concentration of heavy

metals in background soil samples

( unit: mg/kg)

As Cd Cu
Surface soil 1.231 0.014 0.005 0.090
Deep soil (0.782 0.080 3.002 (0.055

,15,
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Table 4. Soil sample number and ratio according to each pollution grade

index for arsenic {unit @ counts)

Pollution grade Farmland soil

Concentration range

index Surface soil Deep soil
81 81
e : K T
lower than 1.23 mg/kg (21 2%) (60.0%)
| grade
o 115 19
1.23~2.4 mg/kg (30.1%) (14.1%)
o 117 23
Il grade 2.4~6.0 mg/kg (30.6%) (17.0%)
' ) 40 12
I grade 6.0~1b mg/lkg (1 14;%) (8.9%)
o6
IV grade higher than 15 mg/kg 6 qb%) (0 8%)
O M

_18_
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Fig. 6. Arsenic pollution grade map for farmland seils in the research area.
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Table 5. Estimation of remediation area based on pollution grade

Contaminated area needed for remediation (m')
Pollution grade

Non—submerged

Submerged area Total area

area
Over
SPWIL 105300 124700 230000
(6.0 mg/kg)
Over
40% of SPWL 252300 345700 398000
(2.4 mg/kg)
Over
hackground level concenlration 310300 170000 780300

(1.23 mg/kg)

+x SPWIL Soil Pollution Warning Limit

Table 6. Estimation of remediation volume based on pollution grade

Soil volume (o remediate {(m"
Pollution grade

Submerged site Non—submerged Total site

site
Over
SPWL 31590 37410 69000
(6.0 mg/kg}
Over
10% of SPWIL 75690 103710 179400
(2.4 mg/kg)
Over
hackground level concentration 93090 141000 234090

(1.23 meg/kg)

= SPWILD Soil Pollution Warning Limit
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e Qs A (As) v AT A ZbellA 209 A
s AR Aot 55 AE 2 A FEok QlE B W A
2 fEEe om0 e9rkdE AN eR Hura rH(William R
Cullen, 1989; M.G.M. Alam, 2001: EPA, 2002; P.L. Smedley, 2002; =gt
del-rgl, 2001), AR es wag o9d wmge Fewyor dgi 2o B

ey
-
b=
=
)
=)

O
0_>L
o
ofr
by
10
sl
M

A% gel AAED glow, U 288 Aol oHYEE setstn @Yl

1} Solidification/Stabilization

Leekolul A ZE el EAjekis vlAg] olw e FAAlT HerleR E A (e
stabilized mass)Ule] @252 R o 9ab= HelAel ool e HES] &
g, ol H S dst AT a7l el ko] ole dEkr|w
olch, w4 <t/ &3 AFEE+= binders % reagents®+ cement, [iy
ash, lime, phosphate, pH adjustment agents, sulfurge] A&, dnka oz

cementtt lime?} -8 3] E-E A (pozzolanic materials)©] A%t}

2) Vitrification

In situth ex situ® AFEE = gl 7]Eo] 29k, vitrification temperatureo] 23}
7R S eke] oy AlvE e ER, mobe] ulge] 2-tEE dsbrlielvh o
vhAel e v As E2 Fo5E0] vitrification Ajadoi 410 glass
matrixell elsf EelsolAl =] matrixvFel #HEtA 2w dRse] A 1ol

-2 3kE 93k =] HY oAl plasma torches, microwaves, electrodes(in

situ) 50 9l i situ® AL 75t ALY 20feero]lm 1 o]Abe] Zloo A
e e E I R =R

- 22 -



3) Soil washing/Acid Extraction
oLt 8 8k® A sba) (leaching agents, surfactants, acids, chelating agents) &

o] g3te] A=E A A5 (washing solution) 5 9 Eoke| Egksled EoF f &7

shghioll} SEEFE AASK: T oR Az ey RS ex situd ] FH
o7 AFgHcE ednbA 22 soil washingdhdS L9E9 w25 AGAI77] Sl

) EME Rerg Felstel Abgatm, AHAYAM AHE 1T Azk(fines) th
sludget: eRRIEe] FA=IYY) wWRel FA H9F AQ F A7) % Helw

Cl.

4) Pvrometallurgical recovery
0 A% 35 (recovery) dt7] S18]A plAR o9yl #7|Eo) Eoke] 3 A5

g7 gtekAel Wils Adoy|= Al 7lwol). FE5A4 (high temperature

metals recovery, HTMR) S el chattdrol Tk wi- 3ute o717 e.d ¥
arE el A% AL sk, AR Azl 5 AAEHAY AdE AR

o s pEEE0 AE A M (refining facilities) = Ea) UA4AE 3|k v
5wz AR y]ojAch o) AU ofF avFe] A eujdo] AN EHEF AR
Aty gl o Ao T 10,000mg/kee|l e s ¥ B4 o AME

=

I-Alﬂ

ey

o) Flushing (in situ soil)
7] e BV AT R 29 Eoke) flushing 998 F9ste] e @ ES

g g E=EFH i in ositu A7 Holth flushing 891 ot 2@ E2] &2

=0
~

-3

R RS o/l fle At 971, chelating £+ complexing agents®t £ A

A (additives) & A28, oo e £k flushing 88 F9 3 wZ5+= &

It

r%}l'

N& A (treatment), W (discharge), AAFE (reinjection) ¥l of 21 c},
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6) Electrokinetic treatment

Targrolnh WHP) w g o) el Aol ek Eokeuh Ak Aelske 7

o]

o2 'F 7le] d<r(Cathode & Anode) S 2GR Yol HAFo=am F(+)dstE
i Qe L9EAL F(-)AEFE Mol CathodeR ol sA7la, &(—-)E Mol
SRR EAS F(HE HE Anodell olEAR F 7 As Aol Sk =8
obgato] AulstE Sdubfolnt edwtA o ® o HelH& HE(clay) b 7S nlAl
ob glakm o] Folgl EekA gl f-&etvl, vlas AdsrifaiA At (sulfuric

acid), 1AH(phosphoric acid), 22HAt(oxalic acid) #F 32 3}ehgdo] Hrlgch

et

7) Phytoremediation

Aue ol gstel 9k akiulel EaAlshs LRSS PaAlslE FHow

1T

A7 o] AFE R = A &2 poplar, cottonwood, sunflower, indian mustard, corn

ol glrk WA EAlshs wlavk AFAY uFEz YAHZR Bogyel
As Adel 4RES Frhgel A FYE AY T AR Eojok@rt

&) Biological treatment

vl Eeluy dhefleote] EFo] =k ol EAigke WAE A d(precipitate)/FF
(coprecipitate) A7 224 29¥ Eofo|vt At E sl Hd7i=olv A
W golw AT A ek o) o] AW AN A 1FES] AR H
of Ago] o] Buk ohvfe}, wAEL walEA e sk ool it

ol
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QA 2002 olWF ), 2003). ¥ GpANe] EorguzAAste] ofshu, &
AR wEAR 18wk slee meedsdslEs adein 9o, of
TRYEL EF A AEe sk 2oR et 2Ab g oo ARy

o] B4R 9% Zom vpepyioh =3 Bk AL AldE A MAR = HF

sho g e ebdl sk AgAlE A AR ok 12kmaT LR, B AR 99

QARG REEGol APt stite] YEEA g 4 ] Ax P
oz WA uehde o & Ytk e@n FANEY EE Pit i o

obe el el Fo st hEhdeh whebd] A Eeke] WMwH U uaERE
PN LaHelYE B A9l 5o ki Badsle] 2Py, 29
A s ot @ A F FYNE A5 454 29% 3] A8 B
o] WA E: BEokeddee7ee 40%(2.4mg/kg) Hir WO OMAA R
(1.23mg/kg) & & = oy, QRGO EHS HA 58 HAislste] 4

ol MRl B mawo] e ok sy oo

Al

1

EYHEYS U] QAEFOR ARPYRe] HEsto] B U 9F FH&e
RO BFEEES AWM BB oR Aefulgol o9 AYsa, 27
(e gebal, 4] wiee] eodEel el Mae Ao wuwn Yok Wkl @
eI Ha, 2 A dEvbe B A Y SR RS diE He

o WMEE Hobs merEnwg dulEdu Ca07k FHED ANF

Hl

n&

l‘—]ﬂ:
\J

4

(quick—lime) ¥~ B4} W5ty S&EAdol 7Zh&5ul 4313HE ( calcium—arsenic

compound: CaHAsQ3, Caz(AsOp) . )& AASHA ¥)i=d, 2971 el &%
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O' 5 e ] < 71 O 2 \1]-— "'I 3 - 2] 7 6}‘ ok
T 1\1 AN - = QRS ] 1 )\g 3\ w2 t'l 1 - [s]
= . 2 ]

)
10
JE o
rj_o{
ol
r,:\{o
o

_26_



ye
i
-0
)
ﬂ
oly
ol
2
il
o2
©
|t
'3
AL
=
o
)
rO
im
2
=
lo
S
)
Ol
‘r"
19
olr
el
(o3
e
re
1
=
Pl
a2
[
©
-
VB

21 &) (quick~lime) o} =438 A& A XRIFEAE Al
Soke] pHel H4ES fxg B9k Sgoll S 20mlE el 1A R F Aol
WA Ao o]ZA) F F mENon I wAdml pH meter(Multi—Analyzer,
[stek Inc.) & AHEsMe) Sdstdov (@24, 2002), 447 A7 w44
Loke] syl plgks 6.043F8 FeRWTE

7 T (%)-S 45196 Ad 3 Joss—on—ignition; %)H< ©] &8
vh 2Fd ke 105C % A3A17) F2) B Algl 450TRE 6A17 7hd 59 =k
WA ZF o] gate] dal] BT Aol uidr | FAe vz EHEC At

ARG ONG o) gatol §7]%e] S Atz AL g3t Poh

B GUlERA S BEF(g) = 0453 X LOI%) — 0.4 (Ball, 1964)
B 7 (%) = R7) A (%) «1.724

{(0.458 <101 — 0.4y x 1.724  (FitzPatrick, 1986)
Qe AR RS f7lE TEH(R) S 0.45~2.864k0] 9] s RAL, AWE

G H71E FES 1 Rebw Eebu e £ 2R Bes % 5 A9k

AN
#2004 Ezsk Al I 9lEA (pipeting) HE IR 5+ 0= SR | K s R Bl
1000ml. 2] v~ e #200#0)8e] =okal AT (Na.POYo] 5% HArbgl 8-
(L)% 23k 3, EoFdabe] 7)) mE s vats o] 83 Stoke's lawel

b QIR Bes slow aveie w34 wekel sit, clayRHel AHach
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sand,  Silt,  Clay® EFH7152 w53 USDA) &5+
sand—silt—clay 2ZF tpolojzgdel fittingA 7] dAx} 3 A4-2 g
loam, silt loam, sandy loam, loamy sand? 24 (soil texture) &

AT FAAES] pH, 7718 FH(%), YEEA due

Table 7l vepfgict o rFAe FAXAED} 443 (quick—lime) & T4

Lo BAgE g B Al AL 1] SHIMADZUARS] XRE—17007]5
G B AN Table 8o A A% ch

clay )
Clay Silty clay\
Sandy clay loam loan
20 loam -
Loam

Sikt
loam

Sandy loan & o

Silt 100

100 80 60 40 20 0
Sand (%6)

[Fig. 7. Types of soil texture of farmland soils.
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Table 7. Properties of farmland soils around Goro abandoned mine

Organic Heavy metal concentrations (mg/kg)

farmland PH varer contents

Particle size distribution (%)

Soil types

soils %) As Cd Pb Cu sand silt clay
paddy 1 5.67 2.57 14.12 0.28 11.40 .58 loam 42,58 42.80 14.62
paddy 2 5.55 2.86 .40 0.02 (.67 (.26 silt loam 31.54 54.98 13.48
freld 1 6.08 1.82 7.98 0.04 .60 015 sandy loam 68.74 2546 5.80
tield2  6.32 1.94 17.68 0.03 (.90 0.24 sandy loam 54.15 36.53 9.32
field3  6.53 2.21 41.07 0.10 413 0.41 loam 45.55 43.65 10.79
orchard 1 6.91 0.84 88.20 0.01 0.42 0.09 loamy sand 81.22 14.80 3.98
orchard 2 543 0.90 535 0.01 0.38 0.04 sandy lcam 65.97 24.15 9.88
orchard 3 5.86 045 38.87 0.13 3.05 0.22 loamy sand 7871 16.58 4.71

Table 8. Principle component analysis ol farmland soils by XRF

Soil sample

Chemical compositions of the soil samples by XRF-analysis

{units : wt %)

No. Si0, ALO; TiO, Fe,0p MnO MgO  Ca0 Na,O  K,0  P0O;  LOI Total
1 637 1332 074 469 004 093 146 176 281 010 1055 1002
2 68.02 1382 073 458 007 126 180 246 338 0.4 536 101.66
3 6583 1363 071 463 010 09 124 205 324 024 731 9994
4 67.10 1381 066 406 008 090 125 205 328 024 655 9998
S 6556 15.06 0.67 5.11 0.11 1.06 1.18 2.50 343 .16 5.74 100.58
6 6573 1419 065 390 0.07 093 115 208 323 025 828 10048
7 679 1392 069 433 009 088 122 220 333 023 642 10121
8 6748 1279 065 417 010 081 166 166 342 031 798 101.03
9 67.02 1433 07 344 006 089 105 194 325 024 760 10052
10 5914 145% 064 660 030 147 116 152 255 007 802 96.05
Quick-lime 3.77 093 001 013 001 3083 5060 005 008 000 1799 1044

,29,



6. 438 A7hsk BERY 58 A%
6.1. pH-—timeWglo] u} p]i vl F2siks0] Ll Al4 AR 4§
Lokl giaRiiajol @oflio] RLujrigd o wokufa)] o 99l 2] Algo} Soligh Gk

Gob A AgA ) el S akel et el Al el whel Aparx] a2 g

Aol agskal 4 eleh 8] qlae] el gle] 1lald A%, 457 e )

tol wanir el Faty] SIaME 2R A RO R TE A4 SR o)y

B oL

omlae) BEBMIESA S isela, et e gAAbe] wae) &

o

XA S (extraction partition coeflicient) y= WA A& -8 53to] AEEHUE <

rrelel o) Rcko tfal] A gete} pliel & AIRe] Eske] whE RS W) M4y
S o] SEE A A Abdstrlela] Alalyl e AR AR e oSk ko)
1) TEOEA S AZXGHT) e = AR (#100]8F Rek) 3 ¢hrd,

2 pli7y 2@ glol s SO0mlel A il 20g% #7bst §- wpepE o 4

-5k
) 9yl E gk 20°C, 100rpm R a2 R ghghch
1) A gl RRE] 3048, 24K 1241, 24A14F, 59 (b e R 7hzd

& Ao o H
o]' EEI

10mIE AFA skl Y82 (2000rpm) 8} FEIF (5B) & A3

Sk
pHel =4& fla FAHHCD 3} +ASHEFNaO & A&, sw % &
A FAdstw FEAAGHel gFsted ICP/MS (=W Perkin Elmer

FElan 6000) %2 #Askt o, A8 132 Fig. 8 vehd it
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(1) Sieving of contaminated soils {b) Shaking at constant temperature

{c) Separating with centriluge (d) Filtering of sample solution

['ig. 8. Batch experiment to acquire extraction partition coefficient

for As, Cd and Pb.



2. AAE] Sheko] B ROk | vl4A W F4E0 kAE g8 4%
Ao o)sf o)At o xRl ] SExede] Qodwoll wipMz &4

s A el ARAe kD FEs g3l K, vl el A

woARe oy sAME] g %de Anow AMHE Aste BEWS
NG A, SYEGORRH AR §EHE s W T4 $EF P4l
wieke], 45% ol ga arisTyel E&g UTAY JA AAHUL AgH

o AP NS

r-lm

WA 3= Fel M3 E AL AlEeR Ca0ft MgO7h 5414
shel #10WMARE A7FSSE & 1 FAE AFEskel ey, XRF #2418 E8 443
of ARFEAANE Table 8o VeIt A5 e] wAAESF 285t thahA
1%, 2%. 5% "M 37 W7rs desk A E drbekA ok Aol s v

ladls dalstl o, Rekuk AMsie] Al e 20go R st a3 e

:‘é

|

dher()el whel meb Feralelan, Soe Z9o) pliich etk We pH5E 2%

Yl g ol aE Abgsidith AAMEls Aobek Bk bdst e a8 AF AE

o

D) BEokS AR(35T)8 F A7z (#100]8f o) £ sho)

2) pl7h 4" e 500mle] gAE e e e 2 0%, 1%, 2%,
5% AR W dbeRlT e Fehol

3y bl &gkel g 20T, 100rpme ' 2 e

4) Fggel ggtdlo g el 3048, 2417 1247 19, 3Y, 549 40w

10mlE &3 ake] YA (2000rpm) 2F HEH GR)S 713 & AS5as &
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A0 S A A el eslrickolut MR A5A Rl &

Phd olSe 2 ] gelef]l oo Rlo i #hgEka] A A5 A g Aol
b ool 5al o drrlele] vp e gl vl ]l

iAol A vl sdol Abet Wdie 2belA] elev], pHeb Ehel uwhel Abed - kel
el EAsta Atshabe] (As T Rk skl (As D el el etk olE el
choostos s s glopziAdE], 20000 dEgw. 2000 Ml 2002
Myoung—Jin Kim, 2002). wpepa] 2] vpvkelia] 2w gheldelela o
Voeko s Rul A g4l AR G v W eade] BEas de Reraad
¢l& Sgobe] Abmekslvh AR

em?) 2] obz Zrelow 7h o] AR SAg FUT S ol FUAAs e

GeprAE AXE S i AzpAs MERe R ol FolA otk 4% uiete] @

M

-8 el e 2 E 18.5em, %ol 30cm (WA 268.8

b WARE flaiA] Ay W VIAE dAThAR A7 EA L9 EYE T3
st o, pll72 244 =Zol&5= DOZE 0.1 mg/olaelzk 2 wi7bA] dartAaR
WA FoRE 7had ke FEolaleyy edEde] AN 10cm7tA §-9o)

el TS WE F oY PR AavbA EBA7L oA BEsch A9

o cdREgo R wR FAR $EFAE AT wAY Y 2HEd ogEe
el 1% MR AGE NLAEE BEY 49F wAd 272 2ue oy
o oo, 7tzhe] Agel M Ml W Base]l AT §EFE 4L

Wl A A gbel] mE g o R uehde] A EE Hukel BoF HEYe &
8 etk (Fig. 9. #A42 918 g2 AEds 28 i B 23 47 3
~oem AFA gele] 1omid AHskd L HEE F E24sdd A A
Uk b 2o

1) §dniof ulul o9

TRORS 4G50 s & Qs3] et
2y 2glyl wekel ulAve vk 17.68 ma/kg, .30 mg/kgel 2afe) rslE v

UPiell @l Rk e T0cm ol Ao TRl o] WE A AR gfFR| Al 7T
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3)

4)

B A7 B.050melkg, 2.43me/kgel 7he) & SemZiol 2 A ar

2 o9lR 15emzlelo) JHeksl B (HAE 1% £aR) 2 Adst & ke )

B &2
T

¥

Az o2 AT

A47tAR HAAE EH(DO=0)S Wi 2y 8ok A 10cmizo] 7H4
Fqlsheh,

ok 90e19l Fob ehFel a¥l® AESS 10mlE AHa YLE
(2000rpm) g} ZHE (BGB) S #13 F Ao}
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(a)

soit caoping

aninated
sl

Contaminatsd
s0il

<Withaut capping of soils> <Capping with 1% quick lime mised sols>

(b)

Fig, 9. Physically simulated column experiment for As extraction in soil

capping system.
{a) @ Simulation works for the reduction phase.

(b) : Photograph of experimental column f(illed with solutions.
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6-4. A5l d8 QPEd TR FAE:EH vlA D Fud JFEAE

ok g Al zlali by oloix|ed o] Al ELRLO. Bl A @ ol 9] 88 el A=) 9

Gos A
S vl 4e] §.91e B Y ] - A o] falel ofgk e gk
Gl shd e e eqe 901 A sHe) wael 28 el AMden

[ B

Ggok 2o ghekelch AU gl Ml e sl o) 29dle] 478

1= rr il

caroly el 2elulE A4 AN s Ralels] eamoko e 7o
ol ganloldi: Fuas W sHE A% 4% 29V T 294t
¥l g o ] 2 '/] } SlLzlolo]l oo Ak koo K S R R

g vhpel AP AR S0E AdEs Eolis A8 d94 S8R ES 9
al wl e Feskeh whdbA lgtA el 94 woko i el od §EEo] &
S Gemade]l wsbE gkelsly) s1ske] E 3ulel dyls ol Be ne] Al dels
Aatodth As Cd, Pbhol ‘s 7RZE 91 23me/ke, 1.16me/kg, 51.928me/kg Q%
W 4wt ekl Mg nateli: dd-rHele]l wieks AlEel] el Eohsith
ul A m il Alglel ] Alg-st dpE gl & ol &ste] pdraokt ol Ao w¢lE
b bare] ul L EORS 0.5%, 5% AR Sdeh S W 498 % 37}
A bdel thale] gl o8] eedRiek el fEN s Sk ASNARES
aErel vk s zhyl o] shatelyr ms A WilE ol &ste] lem pAS] i EE
Vel o1 91R eolReks 10em, A#E ERE 10em AR HAARZE v
Ao tem el EelA weas s Falul

o] g elbaled el (A, el obE) el 108 weke] s
oli]<r o] 4-ato] @ Wt ZhekS 91.2mmB AAsIeltl A Aad F AR
ok i Seolgis pjR-S Ho 50% % 7HASHH (Nvle C. Brady, 2002), 43
ARl b R R FE s gk uk s 45.6mm7b HER, ] HA S
veake] A skel Feb wofo] fglultr AEEd 1225.73mlE 7ty AARES

| Flstoint.



el iy e el el ¥t plise s 3R g ole e FelEkelan
Al SR wlER s el pH B Bh AR F 7Sl OR) g g
oAl e e Al g Alalekelvl, QL daris ol g Gl feckalt i
Wi ul Esrgre]l A mabd o] Abgel el AR Figo 10el verlgl A

Al Al vk dvh

6) WEDH 49 Eh U pHE FYFy FHYGRHISE AL T gL
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Quick-lime mixed
uncontaminated soif

Contaminated soil

(a) (b) (c)

FFig. 10. Photograph of the simulated column experiment.
(a) © As contaminated soils without quick—lime mixing improvemernt.
(b) : As contaminaied soils with 0.5% quick—lime mixing improvement.

(c) © As contaminated soils with 5% quick—lime mixing improvement.
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7. A38F At BEERY 58 A% A

L. §0 pHSF f&A7bAs o] b b4k 9 Sade) Bz AR A3
At AR RS g HARS #l4d] vz vlwd A4 deveE B
of Al S/HEHE pHEE AlgFe] Wdte] whiE v]A2] g5 EWAIFE Aot 9
gl A& S HAlEdch A8 AT plivk 191 &lelx ] vla &EF©] pH 3,
5, Tl R 4 %o vebkbar, pll 301739 Ao vl 45957 A
Bl s2abAl vhebube] 9Ee A12be 39 AR Z)o] HEe wdds o £ ok
R H AR Qi Eoke] pHekel Aol 7HbAl el febate], B AqtA9 e
Hl 4ol Wit A FEEuiAee] 4742 pH 749 39 Feke] A% ARgES
Hateko]l AFAsETH(Table 9). 43 % B2 7¢ Kas= 0.005412(kg/D) &
LRERRETL, Q1 s el wiA w R E EMste] ARbR ghel WsAdE dFskdTh A
A st HEERRE EE v s B Kb 0.00112(kkg/HE Ao 2RE F
Ad gk sul s wEA debik ool (Table 10), ol@fst Az 2 EFo

] stAFze v AE8EA dHAES kineticg ) wjsel Aoz dviych H

3
=

FE A Ko d4-& 218 v A A9 dafis 52 Table 1o AlA]st
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Table 9. Determination of eoxtraction partitioning coellicient(Ky) of As in

soils
Soil samples As con. (mg/kg) Kdf(kg/L) Fixed items

1 14.121 0.008581
2 88.201 0.001269 pH T
3 41.07 0.004741 - Extraction periods
4 48.92 0.002912 - 3days
5 24,29 (.009557

Average 0.005412

# Co = Ka(m/2)Co. Cu = Kaelkg/L)-Co, Kgq = Ky '=10°

Table 10. Comparison between Kg: ol stream waters and experimental Ky

for arsenic

Stream water Experimental K4 (kg/D)
: ; ati : As con. . Kai K Koy
Sampling location  in stream deposits (kg /1) H s At bil 7
(ma/kg) g at pH 5 at pll 7
Ha 5 18.920 0D.00118
Ha 27 13.685 0.00090
Ha 73 24.290 0.00040 0.00589 0.00541
Ha 105 4.275 0.00148
Average 0.00112
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FERAIF) H o ghol

iAo ohE FEd AnEE el EE
0.00008 (kg/D) 2 vj 42 Kyggbroh 108 ol o g vA ey (Table 11), &
oF@ ol A A AR T B oA A w4 9 thiE Figo EUgeddert
v Fo v g nAE ARt o S35 §F0 ot AR 29% A2 ¢l
& Qo ArEs A
Table 11. Mean extraction partitioning coeflflicient(Kg) of Cd and PPb in
soils
Mean extraction partitioning coefficient{K )
Heavy metal
Kgrlkg/l) at pH 5 Karlkg/D) at pH 7
Cd 0.00007 0.00008
Pb 0.00004 0.00005
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WA 3 Arbel mE ek ol wlA 9l F4e) s as AEds
Aabarel A sEi wbeb AN 901 e s icke] el Ahein] o Al A 7ba)

Sreylel AgE 45, 1 Rl AR e slala WA AR S sk u)

A UE S8 2me/ke, A1 Ime/keel BEoR(Seil Sample 1, 22 Aldlel] AFg-§
Aol Xaekel 0%, 1%, 2%, 3%2] A EE A vketel AR 3] Shake] whi ula
HE e E (PSR, wh el SRR s rasle) Al dn) 255 ERNE vy

kol gFbebual el B BB (K S SbsH: AL waau g

oG 71 e e L o~ - T
Bl Rk b 7k clRlal A e

ghefo] & s QPEQO R H A
of g AAAT e anb L2 Aos ek (Figs 1. BEYNET(AsE NS
KR 2mglka) &= AR E 1%, 20, D% sl ubeb v ae] Kggkel 53 &
SRl Kyt 7] OR A5%. 83%, 929 4FAs i, ERME2(AsE R

Ploime/kg) W 1%, 2%, H o] A s ghakef wpel 2k7y 129, 70%, Y8% % 4Aa

abdvl. Cdyb Pbe] #AEy EeRR (Cdw R 0.013mg/ky,  Pbdk

D umg/kg) Vb SR 2 e 0.099me/ke, Phis s L3 lmg/kg) W A
el dvhghel whih gmol Aol WAllekR] ¢hyr Blosd vhrksith Eere] w8

SR B wfolef whul AR§EL ROPAIES KghS Aol nmolul, Ll

~ e

AN E G ARl whel esleelowyEle] Nl W Fis g EelAFa Tt WS

pol debdE o b ARk QEHele) o wEY waner s

A7kar mEyle]l Aadehy, @ WAl 98 ewERae £EAane v

A ek feek s 1, 2ol iRk Ml K aad v 19 F9

vheh oo, 28] ARk 5L Table 204 4l A&l v
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Soil Sample 1 ( As:88.2mg/kg)

0.0005

0.0004

0.0003

0.0002

As kit (kg/l)

0.0001

Extraction time (day)

Soil Sample 2 ( As:41.1mg/kg)

—lire

0%

‘_5 W lime
x 1%
NG —a— lime
2 2%
.-—!—-Iimef

5% |

0.0000 ® i L
0 1 2 3 4

Extraction time {day)

I'ig. 11. Decrease of As extraction rate of soil sample 1 and 2 mixed with

different lime contents.
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7.3. AA W HlAgE RARENE da

A sk el g Ak efoll A A ER] mhebe] w gl eko A ul A gl g
dE ol Gskzl SiE Earel weFael disA ik % o ek Nablglo]
aolstolglel @ 9isl okl uldAcynrt 7heh 17.68 meglkg, 5.35 me/kgsl 2719

HAARe carero e AR A GRS A7E o 0091 ¥ok WAbg

S (ERC N 1
Jol v AR E 6.05mg/k 13mg/kgel 7he] del& @i Eak Aol 199
WA gz Hvbe vedE s SESE 49 FAR FEya nla W e 8
g 0o WLARSE Alojuk HEdL Al ajeh kit A ASEH] - Boom AT {Ey

oulae] s astel vhe) wAY Aol whit ulac] $EEe AAE
A S ol gabel 1w el A5 AR g% ulze) ok 835E 7)
shad R u) ) akol uh
Moz gha ere ZulAel )l 1ol AME L Abyl B Ak 2] A7)
SORED B Aol tfet S iuldl 5 AFdSkel Table 12, 139] vhehgiick A4
el Y Fgelel vl zigliE ol kel 47bge) Swre R E A4
SALL BRI R0 e Aek] 14 Eeb g aslE g m?) Ha
aboy behligieh eqlel wefel Wi ivh 17.68 me/ke?) RS whglW Ay
(m?) 223.1mgel #lA7b 1A ek ol gEHen, o @& 27 1768
mu/ke®l 12 Eek W vlaF @ (mg o] 3.05% A%A| wiete) morow
el FAR olmE e ouFth EeulAEisb Sdamgkedl ERS 19 F
R6.1mgel Wb dRmAY §EE 0, o) e 27] vlawke) 3.89% o AP

vl 2718 A7 6.00me/kgel ZFe e 1.2 limee] FHrbgl HEES A aek )

b

71 el 0.05%el slidahis 1.29mge] M7 gkl Ay
HEZuvh 2V A EYF 2.43me/kge) el 199 Limeo] {7bE FeEe 2l
Mgk hdol bt ek 1 12mgel Bl Ak 1yl Hek v o] e &7] v
auodlEEel O el slidyivh A A E ks Thle] A 1w el v 22

el 0.05%, 0019 %R HAS 9o KRSl kel nlal of 40u) o
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b sl ubeh gl 490 9.9d ok

el e ghtier e iR A Al Al e A geas ATl el el

sfalel A= Agich gle] wARHE e At 9lv] gl A8 E WMAELES Table
Diof dhehiolan, 485l Qolickel dld AARE S olEle] (1)~ @9 ek
Aub EEse) bl v ulas) trel M sk vk MEE A 2ol

T e R ARERE wolon, 43 Ad: BEO] Table 3.1~32¢] the

(1) HAHE9Y vlx %571 17.68 mg/kg EXS) A5
» 7k WA 925 x 9.25 x 3.1415 = 268.8 cm®
e 7be] o FAHE AR g A7 2688 cm® x 10 cm = 2688 cm® = 2.688 L
- M A2 RE, 919 59 828 8A%E 0 0.55622mg/l
(929 FE-19 F5 = 0.55922mg/L-0.00300mg/L = 0.55622mg/L)
» G191 Tt o §&¥ v AW 1.49512 mg / 91day
(0.55622 mg/l. x 2.688 L& A7) = 1.49512 mg / 91day)
G lA (em®) ® 19 T §3d vAY A

_, 1.49512maMA1 day
268.8cm*

A=A S e meke] B E 1m” 9 0.3m FolE shgEhd,
Qe A 414 kg
(0.3m" x 1.38 ton/m” (wet bulk density) = 414 kg)
QolEeF W F w4 7319.52 mg
(414 kg x 17.68 mg/kg = 7,319.52 mg)
> 19 FeF 3.056%9 M4art 4EAHm®) 4%

(223.1 mg / 7,319.52 mg = 0.03048= 3.05%)

= 36bday/vear =0.02231mgvear - cm® =223 1mg/vear - m
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(2) HHEQ vl FL7 5.35 mg/kg B4A FL-
25 x 9.25 x 3.1415 = 268.8 cm”

W FAE A ol AlA 2688 em? x 10 em = 2688 cm’ = 2.688 L
- A AR RE, 919 E9 £39 HlA%E  0.21463 mg/l

(goelyr ~ 1Y%y = 0.21763 — 0.003 = 0.21463 mg/L)
« 7] WA A SE5H v A% 0 0.57693 mg / 91day

(0.21463 mg/l. x 2.688 L (£ A& = 0.57693 mg / 91day)

«ghg]l AA (em®) @ 19 Eb 255 v AAl

= 0. 57%%%{2%9 lday 365 day/yvear =0.008609masvea - om® =86.09mg/vea - m°

q4=4] ahR 99 Ecko] BUE Im® ¥ 0.3m FAE 7Hdshd,
s LYES 54 414 kg
(0.3m" x 1.38ton/m”(wet bulk density) = 414 kg)
s QUES Y G BAE 22149 mg
(414 kg x 5.35 mgkg = 2,214.9 mg)
= 1 B¢ 3.89%2) w4rt @9 "uAE (m?) §F
(86.09 mg / 2,214.9 mg = 0.03887 =3.89% )

(3) H3E2] vk FE7F 2.43 mglkg EY A 1%4 M52 BES A
«7F2) WA 925 x 9.25 x 3.1415 = 268.8 ¢m®
kel ) BEE AR g 34 268.8 cm® x 10 cm = 2688 ¢cm”® = 2.688 L
- A A RE, 83UF 59 vlAEE  0.00254 mg/L
(R49l2% — 1955 = 0.00281 — 0.00027 = 0.00254 mg/L)
» il Ao A gEY HAF 0 0.00683 mg / 83day
(0.00254 mg/l. x 2.688 . (£ A4 = 0.00683 mg / 83day)
e kg WA (em?) W@ 1 Fek 8E9 u s A

0. Oozﬁssg&fs’iﬂ % 36bday/rear=0.000112ma/vear - com® =1.12mg/vear - m*
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A7 sk o9 Eokel RulE im® & 0.3m FAR hgEhd,

c QO ES W F 44" 0 1,006.02 mg
(414 kg x 2.43 mg/kg = 1,006.02 mg)
= 19 F9 0.11%9] Miast d9982(m”) 4%
(1.12 mg / 1,006.02 mg = 0.00111=0.11%)

(4) HHE2 "4 F57F 6.05 mg/kg EF 7ol 1929 Y3z B 4+
e kel WA L §25 x 9.25 x 3.1415 = 268.8 cm®
-7 U HAE AR g A 2688 cm” x 10 em = 2688 cm® = 2.688 L
- A5 ARERE, 334Fd £ vk 0 0.00294 mg/L
(849l = —~ 12%% = 0.00352 — 0.00058 = 0.00294 mg/L)
e ZHe] WA 2% nla2k : 0.00790 mg / 83day
(0.00294 mg/L x 2.688 L (&4 #%) = 0.00790 mg / 83day)
skl A (em®) w1 Bk 839 u)ad At

= O.OOYE%%H;Q/BC’;day < 365 day/vear =0.0001 29mglvear - cm® =1.29mgsvear - m*°
8em

4427 s 29l Eokel BulE 1m” W 0.3m AR 7Pk,

3m” x 1.38 (wet bulk density) = 414 kg)
c ARG U F Ha% 25047 mg
(414 kg x 6.05 mg/kg = 2,504.7 mg)
= 1 B¢k 0.05%9 H]art d9adF(m?) 43
(1.29 mg / 2.504.7 mg = 0.00052 =0.05%)
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Table 12. Results of column experiment without lime mixing improvement

Solution Extraction
Soil sampl Sampling volume Cw Cs partioning
ol sample time in column (mg/1) (mg/kg) coefficient
(ml) (Ko kg/l)
12hours 26838 0.001000 17.679219 0.0000567
1 day 2678 0.003000 17.677667 0.000170
2 days 2668 0.002000  17.673450 0.000113
3 days 2658 0.003000 17.677684 0.000170
4 days 2048 0.004000 17.676924 0.000226
5 days 2638 0.006000 17.675403 0.000339
Soil sample 5 . R
G days 2628 0.006000 17.675421 0.000339
(As concentration} 10 gays 2588 0.013924 17.669535  0.000788
©17.68 mg/kg)
19 days 2518 0.044187 17.647630 0.002504
28 days 2473 0.081876  17.621197 0.004646
35 days 2423 0.145039 17.577729 0.008251
11 days 2413 0.245456  17.507990 0.014020
51 days 2398 0.330623  17.449718 0.018947
92 days 23638 0.5659220 17.295421 0.032333
1 2hours 2688 0.001000 5.349219 0.000187
I day 2678 0.003000 5.347667 0.000561
2 days 2068 0.004000 5.346901 0.000748
3 days 2668 (0.005000  5.346140 0.000935
4 days 2648 0.007000 5.344617 0.001310
5 days 2638 0.008000 5.343871 0.001497
Soil sample 6 ) )
6 days 2628 0.010000 5.342368 0.001872
(As concentration| () gy yq 2588 0.021780  5.333630  0.004084
05,30 mg/kg)
19 days 2518 0.036230 5.323506 0.006806
28 days 2473 0.042850 5.3148225 (.0080566
35 davs 2428 0.075710 5.296614 0.014294
41 davs 2413 0.0496570 5.282326 0.018282
51 days 2398 0.128040  5.260830 0.024338
92 days 2368 0.217630 5.200334 0.041849
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Table 13. Results of column

experiment with lime mixing improvement

Solution Extraction
Soil samopl Sampling volume Cw Cs partioning
sample time in column (mg/1) (mg/kg) coefficient
{(ml) (Kyr o kg/l)
1 dav 26488 0.000265 2429565 0.000109
3 davs 2668 0.000357 2429114 0.000147
Improved 6 days 2643 0.000528  2.429149 0.000217
soil sample 7
with 1% lime 27 davs 2033 0.002062 2426508 0.000850
[As concentration . e .
2.3 mg/kg) 33 days 2523 0.007395 2418622 0.003057
13 davs 2508 0.002217 2.426610 0.000913
34 days 2478 0.002813 2425749 0.001160
1 day 2688 0.000579 6.049050 0.000096
3 dayvs 2664 0.000592 6.049037 0.000098
[mproved 6 days 2643 0.000632  6.043981 0.000105
soil sample 8
with 1% lime 27 days 2538 0.001815 6047191 0.000300
(A5 concentration
6,05 marka) 33 days 2523 0.008329 6037185 0.001380
43 davs 2508 0.002715 6035847 0.000449
34 days 2478 0.0030517 6014680 0.000582

Table 14. Parameter used for calculation of As

extraction amount

in column experiments

Area of column

S .

268.8 cm?

Volume of solution above soil surface | 2.688 liter

Soil wet bulk density

L
| .
j 1.38 kg/m"

Extraction concentration of As

=

during 91 days for soil sample 5

Extraction concentration of As

during 91 days for soil sample ©

0.55622mg/l. (0.55922mg/L - 0.003mg/L)

0.21463mg/1. (0.21763mg/l. - 0.003mg/L)

Fxtraction concentration of As
during 83 davs for soil sample 7
Extraction concentration of As

during 83 days for soil sample 8

0.00254mg/L. (0.00281mg/L. - 0.00027mg/L)

0.00294mg/1. (0.00352mg/L. - 0.00058mg/L)
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As contaminated soils
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APPENDIX



Tabte 1.

The results of bateh test [or deciding partitioning coelficient (K of As

. . partitioning As con.
. Sampling time . s ;
Soil samples pH . coefficient in initial soils
{min.)
- B Kdf (kg/¢) {mg/kg)
30 0.006063
120 0.009652
| 0 00/85T
o 1440 0044429 |
4320, e
7200 1948122 |
_ 30 _ 0006458 |
120 0.000740
. 720 0.000635
R S _ 0000809
AS20 (0.006561 B
1 L - 7200 - 0.000452 14.121
b 30 (1000549
120 0000645
5 720  0.000650
' o 140 0.000954_
1320 0L.006698
e 1200 0.006060
S _ 0.000592
120 0.005646
- 720 (Looos14
14410 (000834
320 0.008581
_ _ 7200 . 0006622 o
30 . 0.000464
20 0000644
1 790 0.001155
1440 0.001166
4320 0.003321
7200 - 0.002241
30 | 0.000163
120 | 0.000172 |
. 720 0.000234
2 3 o 000352 88.201
1320 0.001044
7200 0001147
T 7m0 | 0000839
120 0.000112
. T2 0.000187
L 0.000275
~ 1320 0001159
7200 ().000337
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<Table 1> continued
. . partitioning As con.
L Sampling time' .. e . .
Sotl samples pH ) coefficient in initial soils
{min.)
S 17 Kdf (kg/2) | (mg/kg)
30 0.000089
120 0.000105
720 0.000214
2 7 L 1120 0.000241 88.201
1320 0.001269
7200 (0.001214
30 - 0.003391
1200 0008856 |
1 720 0.023063
77#17440 ().()6}394 |
1320 0137558
7200 T
30 0.000724
120 (0001216
. 720 70001037
o 1440 0.0021415
4320 - 0.006840 |
7200 0.004076
3 _ 30 0.000578 | {1.070
120 . 0.001021
5 720 __0.001672
[RRYY .. 0.002349
4320 | 0.007124
7200 0.003693
o380 0.001372 |
120 0.000760
. 720 | 0001692
1440 0.002520
1320 0.004741
7200 ~0.005157
30 0007005
120 0,0289123
: 7200007668
1440 -
4320 -]
) 200 0 -
A 30 | 0.000926 18.920
120 0.001231
. 720 0.001276
1440 0.002087
1320 0.002853
7200 , 0.001144
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<lable 1> continued
. ) partitioning As con,
i Sampling time .. .. )
Soil samples pH (min ) coefficient in initial soils
L e Kdf (kg/£) | (mg/kg)
30 0.001757
120 0.000639 |
_ 720 0001112 |
7 T 0.001289
1320 0003388 |
4 T 0003590 18,920
30 0001165
120 0001973
- 720 0.000953 |
’ 140 0.001328
1320 0.002012
- 7200 0.001613
] 30 0.022232
120 0.058014
. 0 0.296618 |
1440 -
4320 -
7200 S
30| 0004522
120 0002173
; 720 | 0003280
' : 1440 0004171
B ED) 0009210 |
7900 0.007951
5 - 20 0.001404 51 260
120 0002318 |
_ 720 0.003011 |
7 1440 0.001291
1320 0.010772
T 7200 0.008141 |
30 0001572
120 0.002777
720 0.003752
7 1440 0.001960
C 320 0.009557
7200 0.008482
’ 0.009482
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Table 2.

Results of batch extraction experiment [or quick—lime effect

As in soil sample

Extraction Partitip ping PH
ime Initial soi.l Extractiop coefficient in extration
concentration concentration ( Ky ka/l} solution
(ma/kg ) (mofkg )
2 hours 88.2 0.172675 0.000078 6.82
Soil sampie 1 1 day 88.2 0.486401 0.000226 6.91
(Pure water of pH7)| 3 days 882 0.804864 | 0.000384 6.80
5 days 88.2 (.864838 0.000421 6.79
2 hours 88.2 | 0176346 0.000079 10.83
Soil sample 1 1 day 88.2 ~0.245119 0.000113 11.21 ]
with lime 1% 3 days 88.2 0.378795 0.000178 10.98
5 days 88.2 0.480005 0.000231 11.02
2hours | 88.2 0130130 | 0.000058 111
Soil sample 1 1 day 88.2 0.079625 0.000036 11.53
with lime 2% 3days |  88.2 0.134824 0.000063 11.52
5 days 88.2 0.1563829 (.000073 17.65
2 hours 88.2 0.020771 | 0.000009 1151 |
Soil sample 1 1 day 88.2 0.044367 0.000020 11.87
with lime 5% 3 days 88.2 0.066589 0.000031 |  11.95
5 days 88.2 0.070871 0.000033 1212
2hous | 41,1 0575788 | 0.000569 | 655
Sail sample 2 1 day 41 2702093 | 0.002875 6.60 |
{(Pure water of pH7){ 3 days 4.1 | 4644408 0005313 | 6398
5 days 41 .1 4958500 0.005843 6.44
2 hours 411 | 0.768667 0.000755 10.63
Soil sample 2 1 day 41.1 3.018202 0.003205 1077
with lime 1% 3 days 411 3.399382 0.003722 10.29
5 days 411 4.453604 0.005124 9.94
2hours | 411 1.130462 | 0.001110 1093 |
Soil sample 2 1 day 411 1.310598 0.001318 11.36
with lime 2% 3 days C411 b 1.595782 0.001651 11.27
5 days a1 1.679214 0.001778 11.32
2 hours 411 0.160513 | 0000143 | 1125
Soil sample 2 1 day 411 0.168336 | 0.000160 |  11.83
with lime 5% 3 days 411 0.125179 0.00012¢ |  11.81
5 days 411 0.142215 0.000140 11.98
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<lable 2>

continued

Cd in scil sample

. Partitioning pH
EXttriiS:OH Initial soil Extraction coefficient in extration
concentration concentration ( Ky - ko) solution
(mg/kg ) (mgrkg )
2 hours 0.013 - - 6.82
Soil sample 1 1 day 0.013 - - 6.91
(Pure water of pH7) [ 3 days 0.013 - - 6.80
5 days 0.013 - - 6.79
2 hours 0.013 - - 10.83
Sail sample 1 1 day 0013 - - et
with lime 1% 3 days 0.013 - - 10.98
5 days 0.013 - - 11.02
2 hours 0.013 - - AR
Soil sample 1 1 day 0.013 - - 11.53
with lime 2% 3 days 0.013 - - 1152
5 days 0.013 - - 11.65
2 hours 0.013 - - 11.51
Soil sample 1 1 day 0.013 - - 11.87
with lime 5% 3days |  0.013 - - 11.95
5 days 0.013 - - 12.12
2hours | 0.099 - - 6.95
Soil sample 2 1 day 0.0%9 | - - 660
(Pure water of pH7)| 3 days 0.099 - - 6.39
5 days 0.099 — - 6.44
2 hours 0.099 - - 10.63
Soil sample 2 1 day 0.099 - - - 10.77
with lime 1% 3 days 0.099 - - 10.29
5 days 0.099 — - 9.94
2 hours 0.099 - - L1093
Soil sample 2 1 day 0099 - - 11.36
with lime 2% 3 days 0.099 - - 11.27
5 days 0.098 - - 11.32
2 hours 0.099 = - 11.25
Soil sample 2 1 day 0.098 T - L83
with lime 5% 3 days - 0.099 - - 11.81
5 days 0.099 - - 11.98
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<Hable 2>

continued

Pb in soil sample

. Partitioning pH
EXttrfrf;'on initial soil Extraction coefficient | in extration
concentration concentration { Ky : kg/l) solution
(ma/kg ) (mg/kg )
2 hours 0.419 0.06189 0.006932 6.82
Soil sample 1 1 day 0.419 003016 | 0003166 6.91
(Pure water of pH7)| 3 days ~0.419 0.06545 0.007714 | 680
5 days 0.419 007114 0.008702 6.79
2 hours 0419 - - 10.83
Soil sample 1 1 day o419 | - - oona2r
with lime 1% 3 days 0.419 o - 1088
5 days 0.419 - - 11.02
2 hours 0.419 - - 1.1
Soil sample 1 1 day 0.419 - - 11.53
with lime 2% 3 days 0.419 - . 11.52
5 days 0.419 - - 11.65
2 hours 0.419 - - 11.51
Soil sample 1 1 day 0.419 0.00445 0.000425 11.87
with lime 5% 3 days 0.419 - = 11.95
5 days 0.419 - — 12.12
2hours | 4,131 0.06356 ~ 0.000625 6.55
Soil sample 2 1 day 4131 0.04335 0.000433 - 6.60
{Pure water of pH7}| 3 days 4131 0.05319 0.000543 6.39
5 days 4.131 0.04317 0.000449 6.44
2 hotrs 4131 0.00230 0.000022 10.63
Soil sample 2 1 day 4131 | 0.02500 0,000246 10.77
with lime 1% 3 days 4131 0.02979 0.000300 10.29
5 days 413 0.04146 0.000427 9.94
2 hours 4,131 0.00324 0.000031 10.93
Soil sample 2 1 day _4a3 - . 11.36
with lime 2% 3 days 4.131 1 0.00138 0.000014 11.27
5 days 4131 - - 11.32
2hous | 4131 - = ] e
Soil sample 2 1 day 4131 . - - 11.83
with lime 5% 3 days 4131 - - 11.81
5 days 4.131 - - 11.98
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Pable 2.1, The result of physically simulated column experiment for Cd extraction

Solution Extraction
Soil samople Sampling volume Cw Cs partitioning
: P time in column {mg/l) (meg/fkg) coefficient
{m1} { Kyrt keg/l)
l1Z2Zhours 2683 O.00000 3.03000 0.00000
1 dav 2678 000000 0.03000 0.00000
2 duys 2668 0.00000 0.03000 Cc.00000
3 davs 26508 000000 0.03000 0.00000
4 d‘d_\'.\; 26183 0.00000 002000 000000
5 davs 268348 0.00000 003000 0.00000
Sc¢il sample & -
6 davs 26238 000000 003000 0.00000
tCd concentration 10 day s 2584 D.00003 00299 0.00087
03 me/ky) *
19 days 2018 (0001 H 002987 0.00613
28 days 2473 000006 002998 0.00198
30 days 2424 H.0oon22 0.02985 0.00721
41 davs 4413 .0002s5 0.02983 0.00832
ol davs 23498 0.00029 002980 0.00987
G2 days 2ABH 000007 O0.02995 0.00250
l2hours 2688 (.00000 D.01000 0.00000
I day 2673 0.00000 D.01000 0.00000
2 days YHEARY 000000 G.01000 0.00000
3 days 26038 0000040 D.01000 0.00000
Foduy s 2643 000000 001000 0.00000
_ 5 oduys PRE H.000N0 001000 0.00000
Soil sample 6 -
6 days 2629 000000 G.01000 0.00000
(Cd concentration 10 davs UG AR n.00002 G 0aYY s 0.00206
001 mu/kg?
1Y davs 2013 00000y 0.009Y 1 0.008589
28 day s 2473 00007 .00y Yn 0.00743
30 days ERE S 00001y B.00YS8H 0.01954
41 davs J413 000020 D.O0GHE 3.02049
Dl days 2398 0.00031 000479 06.03128
92 davs 23R8 g.0002d 0.0044%%3 0.02452
1 day 2h 88 000002 001447 0.00100
Jodayvs 26AY 000001 0019983 0.00065
Improved - . .
soil sample 7 6 days 2643 000001 HD01YYR 0.00053
with 1% lime 27 davs 2038 0.00003 O0.01995 0.00146
‘(‘f'E}“(;).ﬂ'“lvi'fjif\_‘f,‘)'”“ A3 days 2023 000002 001997 0.00089
13 davs 2508 g.0000Y D.01499% 0.00076
34 davs 2478 000007 0D.01990 0.00327
! oday Z2HIR J.00001 0.0399%8 0.00035
3 davs 266(8 0.00003 003495 0.00073
Improved A el . , _
soil sample 8 6 dayvs 2643 0.00003 0.03995 0.006075
with 1% lime 27 davs 25388 000002 003047 0.00046
(Cd concentraiion . = .
000 ik 33 davs 2523 000002 O.09UGT 0.00045
b3 davs 2508 0. 00001 D.03YY R 0.00035
A4 days 2478 000003 003646 0.00063
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Table 3.2 The result of physically simulated column experiment for Pb extraction

Solution Extraction
Soil s : Sampling volum e Cw Cs partitioning
ol sampie tim e in column {mg/l) (mg/kg) coefficient
(m1) ( Kyt kg/l)
I12hours 2B RA g.oes00 G061 0 0.05807
1 day 2687 H .ooaoon 0049000 0.00000
2 davs 26 R n.aunon 009000 0.00000
3 davs 2B aH 0.00200 0 ORR1A 0.02261
P days 2H4 R 0.00000 G.09000 0.0000¢0
. O dayvs 2638 (.uooao 009000 0.00000
Soil sample 9
6 day s 2624 o000 009000 0.00000
(Ph conceniration V0 davs JanA g.00000 U.09000 0.00000
009 ma/kg) S
19 davys 2514 0.00000 009000 0.00000
2u davs 2473 0.00000 G.0Y9000 0.00000
35 davs 2424 040332 0D.0ATEHSH 0.03788
11 days 2413 0003503 008753 0.04032
51 days 2398 00103 0. UAY 2R 0.01151
92 days 2368 (ISR SR I 0.08955 0.00734
12hours L G.roL00 G0.37A10 0.01329
1 das 26T R 000000 .30 0.00000
2 days 2664 000000 G.3RO00 0.00000
3 odavs 2ELH 000200 G oATRAA 0.00528
odavs 26128 Q00000 O3 A000 0.00000
i o days YhH 3R Q00000 G.3-4000 0.00000
Soil sample 6 ——
Hoday s 2HUR Hoouon 034000 0.00000
b r‘cnlc'n—nl\"armn 10 dtays VaRR TR 3T R AR 000401
AR e ke) = -
1y davs 251 R n.o000 0.32000 0.00000
22 day s 2473 o.o0uon (.37996 0.000156
35 days 2440 00154 0.37242 0.00418
11 dayvs 2413 H.O00UAT .379523 0.00177
31 days RER 0.000490 0.37937 0.00237
32 days 2365 00210 0.373358 0.005654
Il day 2648 000000 0.67000 0.00000
3 odavs 2668 GOG000 067000 0.00000
[Improved ‘ B
soil sample 7 6 davs 2AR13 000000 067000 0.00000
with 1% lime 27 days 253¢ g.ooerd 066980 0.00020
fPh concentration . . R -
SOBT maika) 33 days 2023 .0007 1 O AGRY 1 0.00106
13 days 2504 0.00007 O.ABYYR 0.00002
A4 davs 2474 n.n0zaz2 066050 0.00348
1 day 268 H G.00000 L9100 0.00000
ddays 2HARHA 0.000400 144000 G.00000
Improved N .
soil sample 8 A odays 2643 Q.00000 1 44000 c.00000
with 1% lime 27 days 2534 G000 193994 0.00002
(b voencentration L. N ) -
L9 i) 33 days 2523 {10035 1. 93918 0.00018
13 dayv s 2o0A IR RN 1939y H 0.00001
A1 duy s D1 0U00R L ad907 0.00032
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Table 4.1, The infitrated As concentration downward As contaminated solls

As contaminated soils As contaminated soils As contaminated soils
without lime mixing with 0.5%lime mixing with 5%lime mixing
improvement improvement improvernent
Time Infiltrated As Time Infiltrated As Time Infiltrated As
(month) Con. {month) Con. {month} Con.
(nof1) (na/1) (ng/1}
1 34.527 1 36.454 1 54,054
3 71.024 3 62.937 2 43.907
¢] 80.854 6 69.410 3 124.286
8] 86.082 9 91.074 6 104.452
12 58.402 12 52 990 9 115.000
15 64.953 15 74.484 10 35.506
18 54.931 18 72.567 iR 16.122
21 47194 21 68.099 12 22.241
24 69.419 24 78.442 15 16.891
26 £1.083 27 82.579 18 9.920
27 62.403 30 87.2G67 21 9.205
28 62.000 33 76.850 24 7771
29 59.648 36 87.840 27 6.183
31 58.446 39 101.415 32 3.938
33 59.691 42 78.382 38 3.284
36 69.075 45 76.815 44 2.883
39 63.762 50 85.433 50 4.139
42 52.588 - - - -
45 51.360 - - - -
48 67.924 - - - -
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Table 4.2, The infilirated Cd concentration downward As contaminated soils

As contaminated soils As contaminated soils As contaminated sails
without lime mixing with 0.5%lime mixing with 5%lime mixing
improvement improvement improvement

Time Infiltrated Cd Con. Time Infiltrated Cd Con. | S CoMaminated | vy ateq 0d Con.
(month) {ng/) {month) (ug/) \Mﬂls zgz.tme (uo/)
1 0.922 1 1.623 1 0.204
3 0.487 3 0.871 2 0.088
6 0.347 6 0.498 3 0.043
9 0.266 9 0.614 6 0.042
12 0.01 12 0.247 9 0.33
15 0 15 0.241 10 0.09
18 0 18 0.21 " 0.138
21 0 21 0.228 12 0175
24 0.151 24 0.268 15 0.155
26 0.11 27 0.262 18 0.095
27 0.206 33 C.161 21 0.09
28 0.204 36 0.159 24 0.088
29 0.03 39 0.159 27 0.09
31 0.129 42 0.133 32 0.05
33 0.098 45 0.175 38 0.038
36 0.047 50 0.158 44 0.096
39 0.039 - - 50 0.052
42 0.368 - - = -
45 0.024 - - - -
48 0.044 ~ - - _
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Table 4.3, The infilirated I'b concentration downward As contaminated solls

As contaminated soils As contaminated soils As contaminated soils
without lime mixing with 0.5%lime mixing with 5%lime mixing
improvement improvement improvement

Time Infiltrated Pb Con. Time Infiltrated Pb Con. Time Infiltrated Pb Con.
{maonth) {ug/) {month) {uo/l) {(month) (pgh)
1 5.131 1 1.232 1 0.402
3 8.429 3 5.775 2 0.014
6 5773 6 2.302 3 0.035
9 5.826 g 4.037 (&) 0.097
12 5.363 12 1.158 9 1.253
15 3.751 15 1.449 10 0.033
18 3.516 18 1.261 11 0.114
21 1.004 21 0.739 12 0.166
24 4. 899 24 1.478 15 0.312
26 3.138 27 1.22 18 0.121
27 3.491 30 0.696 21 0.189
28 5.042 33 0.805 24 0.513
29 1.921 36 0.53 27 1.647
3 3.929 39 0.527 32 0.356
33 0.984 42 0.508 38 0.667
36 0.22 45 0.172 44 0.562
39 0.258 50 0.464 50 0.602
42 2.193 - - - -
45 0.404 - - - -
48 0.595 - - - -
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Table 1. Pollution grade for remediation scale creation {unit : counts)

Farmland sail River deposit
Surface soil Deep soil Surface soil Deep soil
81 81 8 2
e Lower than 1.23 ma/ka | (5 nqy (60.0%) (6.3%) (5.2%)
’ 1.23~2.4 mg/k 15 19 " °
: -7 Markg (30.1%) (14.1%) (8.7%) (13.2%)
117 23 72 25
Il grade 2.4~6.0 ma/kg (30.6%) (17.0%) (57 2%} (65 8%)
43 12 07 5
il grade 6.0~15 mg/kg (11.3%) (8.9%) (21.4%) (13.2%)
) 26 8 1
IV grade Higher than 15 mg/kg 6.8%) © 8%) (6.4%) (2.6%)

Table 2. Estimation of remediation area based on each grade

Remediation Research Contaminated area need to remediation (m?
fimit area River deposit Farmland soit Total
Submerged 3,200 105,300 108,500
area
Over SPWL Non-submerged 30,800 124,700 155,500
area B
Total area 34,000 230,000 264,000
Submerged 78,600 252,300 330,900
Over 40%  [——dga___{. .
concentration on—submerge 102,400 345,700 448,100
of SPWL area I I e
Total area 181,000 598 000 779,000
Submerged 83,900 310,300 394,200
OVET baCkQ round NOn‘Sar:a o - B I e — oo T~
level uprmerg 105,000 470,000 575,000
Concentration area B B Yy
Total area 188,900 780,300 969,200

* SPWL. : Soil Pollution Warning Limit



Table 3. Estimation of remadiation volume depend on remediation grades

Remediation Soil volume to remediate (m?)

limit River deposit Farmtand soil Total
Over
SPWL 10,200 ©9,000 79,200
Over

40% concentration of SPWL 54,300 179.400 233,700
Over . 56,670 234,090 290,780

background level concentration

« SPWL : Soil Pollution Warning Limit
* Back ground level concentration : 1.23 mg/kg
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Environmental Assessment and Decision of Remediation Scope for Arsenic
Contaminated Farmland Soils and River Deposits Around Goroe Abandoned
Mine, Korea

Jongchul Cha, Jungsan Lee and Minhee Lee*

Department of Emvironmental Geosciences. Pukyong National Usiversity, Pusan 608-737. Korea

Soil Precise Investigation(SPI) for river deposits and farmland soils around Goro abandoned Zn-mine. Korea was
performed to assess the pollution level of heavy metals(As. Pb, Cd. Cu) and to estimale the remediation volume for
contaminated soils. Total investigation area was about 950000 m®, which was divided into each section of 1500 m
corresponding to one sampling site and 545 samples for surface soil{0-10 cm in depth) and 192 samples for deep
soil( 10-30 cm in depth) from the investigation arca were collected for analysis. Concentrations of Cu, Cd. Pb at all
sample sites were shown 1o be lower than Soil Pollution Warning LimigSPWL). For arsenic concentration, in sur-
face soils. 20.5% of sample sites( 104 sites) were over SPWL(6 mg/kg) and 6.7%(34 sites) were over Soil Pollution
Counterplan Limit(SPCL: {5 mg/kg) suggesting that surface soils were broadly contaminated by As. For deep soils.
10 4% of sample sites(18 sites) were over SPWL and 0.6%( 1 site} were over SPCL. Four pollution grades for sam-
ple locations were prescribed by the Law of Soil Environmental Preservation and Pollution Index(Pl) for each sail
sample was decided according to pollution grades(over 15.0 mg/kg. 6.00-15.00 mg/kg, 2.40-6.00 mg/kg, 1.23-
6.00 mg/kg). The poltution contour map around Goro mine based on Pl results was finally created to calculate the
contaminated arca and the remediation volume for contaminated soils. Remediation arca with over SPWIL. concen-
tration was about 0.3% of total area between Goro minc and a projected storage dam and 0.9% of total arca was
over 40% of SPWL. If the remediation target concentration was determined to over background level concentra-
tion. 1.1% of total area should be treated for remediation. Total soil volume to be trealed for remediation was esti-
mated on the assumption that the thickness of contaminated soil was 30 em. Soil volume to be remediated bascd on
the excess of SPWL. was estimated at 79,200 m*. soil volume exceeding 40% of SPWI was about 233,700 m*, and
soil volume exceeding the background level(1.23 mgke) was 290.760 m’.

Key words : arsenic contamination, mine pollution, Goro mine. soil poliutant investigation
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Mo WAl LE £2ARAR 6.7% o dolojr] #AL «al g abuh HREo] MR exle] sigivh e 3
ek ol 2l oAb il tlehlis %o 18x ded A A Al oF 104% A5 ojlen, Bk

*Corresponding auther © heeleei@pknw ac kr

457



458 H5d - oA - oflE]
oz ig r3lEhs AW IR[FeR HA e 2R o 0s% vehii Yol el hede] FE 30em ©]
el Fgule] 2o o8 vt = AM A ulaEes slnes B AL 15 myke ol 4%,
Bl @ mgky o A9, BUedsdrE0) 0% T4 mgkg) oY A9, FHmEEL(123
mgkg ol AHom sl shHEAE W wdx mYdl d edHRs AdEisih e AE AR, 2
P EGE 5] A9 54U ERE BdedfeVlE TE o, $1EY 0% 3E EYLFIRIE vE)
o, WA FE oldes el dAde 494 idsT BY B9 A S92 ek w¥ede
71F wx elde] A9 cE B dga BEEE 264,000 mY, 79,200 m el Har, $eEd 0% FN o)dY e
el oA BeR 779000m", 233,700m%, Wl B ool B4l BE de] Fgel 7k 969,200 m’,
200,760 m® cloivh Eoke s o7l wligl 40%E B9l HaR sk Afeh AR e 2 SR sk A
5,48 Bge Se/E BRI A SR ST 499 S00% 37 4T SR Ae% e B8l 254
'2*‘ Al 9el7)EE wEe] 40Gst AFEES] Feld ThHE B wRe] Alole Ao, Bl i 4] WA sE
2 BAAEE Aee del v wiEE Y Ao agekech

FR0{ ¢ A, BEgegd Al By, BUgessd, adid

1. M = on FAARl o B Mg ARe] ASEY Y,

olel# Wl MRS flElMe dldEE A TE 2

WA sevkdel Foml g ok o0gedsiR A efe] FArel 4t Rg geA tHeks R
AR

HERIRG °J°L o) -k-2] 49 Al "y AdER : A3k ghgo] HolchEgRR g AL,
ol addlalige) aolE dRAde) b T mekah 2002).
st 7 29 CIER FEatoisitt (Arhilge Hoolqtm gn e punl Akl 9X)8h o)
BhARRIY, 1995; 7R 1999). ERFShn alyo] )| R R gl | B = B B e e e R e g4 et

gl 19904 T0F o) zkx) = F - mlhdt o] & ok 12 km 9= oA s A A cﬁxl?]

FoFaibn Fe] A% Jelgon, Mgy el shr) 2= e wAA Bt e 54 el
ate] sk d9 9 = ol J2El FAp) o] FoiH 950,000 m? A Al disted BEofduzmapz Hel ¢)s

SISt Thomton, 1994; st 5, 1995; § gl FARE A shed -4]**4 FHOFE LY B
A, 1995). 190060 T) Fbola] 2k a8 0 B 54 999 o #E S )9&&4 REE T
o itk @7} s Asslolgtort, AV P Ed og g el rw% Fgatisie Aeg A
o) Netelel B9 29 Y18 BRlskz FEAY Fehud shch  HE AT 5, UE A

o0, 9 nof] thele) A "JEJ ZA7} o|FoiR] A 192748 zgeld & M AEE A8 S35
ol AL chab 4 g 1007 mvtel EQk A)Eo) 29 2AFE A stEoen, g Agatel] dhsle] 4-9]
i3k o =Mzt olFolA, o R i 29 & QAR o) o|folzl N Hie) dir =g
Tof 2115 213 g ael He) fe g Agslel o) NEZ 0 e I L b B P=

% ulgebEcHA S, 1997; o5 F, 1997: o)

gl ozha), 1998; BE= 5, 1998; A, 1999; 2. o X|ef =AF A

23 5, 20000, ERAu A (@A, 200090

HAgak ol o 7R =l diste] o 1500m? W oty Ao ) 4 29l deHBaLe A
A el HEARS #E I i) HE, 17 AEL R L2 ek Ak 27-1 WA fAst
PoHE o dEARE dHst Eged dus 2oglemi 1964delA] 19724 Ale] PR ooldE Al
ARE Bkl sjoiRlont, oledh el /é“;l'“P'_ ) e ol ub& #A g g w2 oF 23000
gl Ak g R Aol o 4h8hy oo, 2% ton .5 S48 lrhEbi Al aAl, 2002). #3

Lok B9 A8lel PR, oF ape #7H‘ﬂ 7el= AEEAE] 0F 500m FRelA] ARl W ] YA
A el ofd Ak 2] AFd e i) 4T fgstglon, o] A 1R e

SLefn} 2000dhe] e)in a4 "tt%i’] o By SR F, 19996 FelellA) Saae e A
I kel Al8s]r] Mg, 2] Al kg Y AL, SRoReled gt b A AlE Halge] Yele 3ld



Eok AR a2l olgh yasak ol vl kg g stdEEe] SEn: o7k 459
N
4 »
£
»‘jr S\l.kzéimfn","
:ﬁ.ﬁu\“?\-“‘ .
" KEY MaP
i
Sl
iR Hlaksune—ri
[REELS )
Susan
4kmi
Fig. 1. Rescarch area from Goro abandoned mine to a projected storage dam site.
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Fig. 2. Sampling locations for farmland soils and river deposits around Goro abandoned mine
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Tabte 1. Minimum and maximum concentration of heavy metals in samples (mg/kg)

Minimum concentration

Maxumum concentration

As Pb Cd Cu As Pb Cd Cu
. Surface soil 0.365 0.000 0.000 0.000 62.440 13.799 0.188 0364
River deposits -
Deep soil 0.630 0.091 .00t (006 200370 5717 0.036 0158
- Surface soll 0287 0.026 1.002 0.027 88201 £5.244 0392 1.571
Farmland soils o .
Deep so1l 0.057 0.035 Q.001 G016 14.742 3337 0.066 0728
Table 2. Average concentration of heavy metals in river deposit samples (mg/kg)
Surface soil Deep sotl
As Cu cd Ph As Cu Cd Pb
Total sample number N . <
(surface soil 126, deep soil 38) 6283 0.025 0.017 1.003 4660 0.021 (0.009 0.785
Submerged area < < 5
- . . 2 3 . 005 3
(surface soil 73, deep soil 24) 3.594 0.022 0.003 0423 3275 0.012 0.00 0430
_Non-sumerged arca 9935 0030 0033 1.802 707 0026 0016 14i2
(surface soil:33, deep soil:14)
Table 3. Average concentration of heavy metals in farmland soil samples { mg/kg).
Surface soil Deep soil
As Cu Cd Pb As Cu Cd Pb
Total sample number - .
§ . . 354 33 2 2.14 . .
(surface soil 382. decp soil-135) 5078 (.338 0.029 1121 142 0113 (3.010 0476
_ Submerged arca 5304 0301 0026 1184 2238 0075 0006 0317
(surface soil 182, deep soil:67)
Non-sumerged arca . 5
(surface soil 200, deep soit 68) 4§71 0.371 (031 1 063 048 0.149 0.014 0633
Table 4. Average concentration ol heavy metals in background soil samples (mg/kg).
As Ph Cd Cu
Surface soil 1231 0.0136 0.005 0.09
Deep soil 0782 0.085 0.002 0,055
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Table 5. Pollution grades for sample location and their proportions (counts).

[ grade

1T grade 11T grade [V grade

{lower than 1 23mg/kg) (1 23~24ma/ke) (2 4-6mgikg) (6~15mgskg)  (higher than 15mg/ke)

Surtace soil 8] 13 17 43 26
Farmland (21.2%) (30.1%) (300.6%) 1.3%) (6.8%)
501l Deep soil 81 19 23 12 0
’ (60.0%) (14.1%) (17.0%) (8.9%) (0.0%)
Surface soil 8 I 72 27 8
River (6.3%) (8.7%) (57.2%) (21.4%) (6.4%)
deposit . 2 5 25 5 1
Deep soll (5.2%) {13.2%) (65.8%) (13.2%) {2.6%)
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Hg. 5. Pollution grade map for river deposits in the research arca.
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Fg. 6. Pollution grade map for farmland soils in the research area.
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Table 6. Estimation of remediation area based on Soil PollutionWarning Limut (SPWL) concentration

Contaminated area needed for remediation (m?)

Submerged arca Non-submerged area Total area

_"' River deposit 3.200 30.800 34,000
Farmland soil 105.300 124,700 230.000

Total area 108.500 133,500 264.000

Table 7. Estimation ot remediation area based on 4% concentration of Soil Pollunon Warning Limit (SPWL)

Contaminaled area needed for remediation (m?)

Submerged area Non-submerged area Total area
River deposit 78.600 102,400 181,000
Farmland soil 252300 345,700 598,000
Total area 330,900 448,100 779,000

Table 8. Estimatuon of remediation area based on background level concentration (1. 23mg/kg)

Contaminated area needed for remediation {m?)

Submerged arca Non-submerged area Total area

- River deposit 83,900 105.000 188.900
Farmland soil 310300 470,000 780,300

Total area 394200 575,000 969.200

Table 9. Estimation of remediation vofume bascd on three remediation limit concendrations

Over SPWLL Over 40% ol SPWL Qver background leve!
(6 mg/kg) (2.4 me/ke) concentration (.23 mg/ke)
Remediation volume (m"') Remediation volume (m") Remediation volume (m“‘)
River deposit 10.200 54,300 36670
Farmland soil 69,000 1 79.400 234,090
Total volume 79,200 233.700 290,760
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Remediation Design Using Soil Washing and Soil Improvement Method for
As Contaminated Seils and Stream Deposits Around an Abandoned Mine

Minhee Lee'*, Jungsan Lee', Jongchul Cha', Jungehan Choi' and Juagmin Lee?

Departmem of Ervironmental Geosciences, Pukvong National University, Pusan 608-737, Korea
“Dam Ewvirormental Depariment, Korea Water Resonrces Corporation. Daejeon 306-711. Korea

Removal efticiencies ol soil washing and soil improvement processes to remediate farmland soils and stream depos-
its around Goro abandoned mine were investigated with batch and column cxperiments. For As-contaminated fam-
land scils around Goro mine, batch tests to quantify As extraction rate from contaminated soils and lime treated
contaminated soils were performed. The contaminated sotl mixed with ime decreased As extraction rate less than one
fourth, suggesting that the soil improvement method mixed with lime dramatically decrease As extraction rate. A stor-
age dam will be constructed in the lower part of the main stream connected to Goro abandoned mine and the amount
of As extracted from the bottom soils of reservoir could be the main source to contaminate water of reservoir. The
decrease of As extraction amount from the bottom in reservoir, caused by the appiication of the soil improvement
method was investigated from the physically simulated column experiment and results showed that As extraction rate
decreased to one forty when 1% lime mixed soil improvement was applied to contaminated soils. For contaminated
stream deposits connected Goro mine, the removal efficiency of the soll washing method was investigated with
batch experiments. Hydrochloric acid, citric acid, acetic acid and distilled water were used as soil washing solu-
tion and 0.01, 0.05, 0.1, 0.5, 1L.ON of washing solution were applied to extract As. When washing with 0.05N of
hydrochloric acid or citric acid, more than 99.9% of As was removed from stream deposits, suggesting that As
contuminated stream deposits around Goro mine be successfully remediated with the soil washing process. Total
volumes of contaminated soils and deposits needed for remediation were calculated based on three different reme-
diation target concentrations and the operation cost of soil washing for calcudated soil volumes was estimated.
Results from this research could be directly used to make a comprehiensive countermeasure to remediate contam-
inated area around Goro mine and also many contaminated areas similar to this research arca.

Key words : arsenic, soil washing. soil improvement, abandoned mine, soil remediation
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Fig. 1. Pollutant map for As concentration in surface soils around Gero abandoned mine.



wop AR MRS A7 R o)

20000, 20029 AARS 95 ALEW Aakelo] £14]
3hovREaE Ay ok ahiel | A A4
o pygniel, NEAG T YRR A
o5 gt T st il HHE ¥ Eok
GulzA7) AR 2 A& 950000 mPe] s}
o, & U] B Aug AHskd oL 248
Halslgon], o] Azt #ldik ol vlhel olaf 4
7hebl 29 Heo} el d o 9 ol B Ad=
“kl EAF A9l ik na e ARE Msted @

BYE gusigon] H9 2E w4 Frd o

ﬁJ WA B AEEEUEER E, 2003). B
A AFe] A Egde] vla 7 EYLYH 8
7V olate] B weok: T F gAHE A
A B, widrh ) wHE o fel] A npvtezy
B Bzide] A& SAd gkt F el &
Heprw, 57 £ hHAls ftEehl AR &
& Ask= A9 Feael Zge) Rgeh= 59
Al EFedeerE w6 mgky, -8R
40% (P AN 24 mekg), T1E] Hge] 4
G0l Sl A A FE(L23mgkgE A 285E A
debs A5 distd 59 g B ket
(‘fM , 2003). Fig. 1> EFgRleibast, nlae] @

el ik R r2egat Sl Bl o
1—£ Alcaloh, gk S oF 2] B9 BRE

SFLS SR, YRR 40%3ER171), WA

o=

[

L(’!

TS olge M A vd o9 o W skl VAR 28 123

FE IFeR o], B9 EY H5E Wom = 7}
Holu s wl, 7 o8 AR s HAEe] B
*’Jf B B Table 1, 2, 39 e}
5, 2003).

L ”‘%—&] 2 B fEd dlste, A%
bt apy st g de] A ddlsl 5
WO AAe] atdee Al 5 SEKE A

198 Aem vhro] 29 TR Bgst sl F
Ao d)sld WEg VY A =gk, dug
B dbde] gf4E AW AP Fele] g,

|l

AAE M) el o)el vaHdate] o Eof M
S A ]¢+-“H| F8% A5 AEstial &t
oot AuHEe PR A AR =

0% ¥ B9 9 HAE 2R e a6
7| AR 4 Sieks HelAl 1 e} s,

2. o9 X|of 28 of8 g
B B ¢ s '|:*1F-’ v 01] Thske 5
a7k Ae) Adouia] Yol mANoR Y3t
S ek ohle} Hogo] ’O"o}@l ABA S e
/].7.19]. /3.5]_ ;goHs g)om ;;: oIE} E‘%}O]

dgelm a0z

r;o o

RN
=

lo

'
L

_Q,H-Eu

A

Hu»

FA) FrEEE o
= A, 015 S

5 st e 4ablE
ivq gels] el Mol Pwe oREY FAM

Table 1. Estimation of soil area and volume for remediation (based on Soil PollutionWarning Limit (SPWL) concentration)

Contaminated area nceded to remediate (m?)

Submerged area

Total volume of soil to remediate (m*}

Non-submerged area

Stream deposit 3,200
Farmband soil 105,300
Towal area 108,500

30,800
124,700
155,500

10,200
63,000
79,200

Tabe 2. F:stimation of soil area and volume for remediation (based on 40% concentration of Soil Poliution Wamning Limit (SPWL)).

Contaminated area needed to remediate (m?)

Submerged area

Total volume of soil to remediate (m3)

Non-submerged area

Stream deposit 78,600
Farmtand soll 252,300
Total area 330,500

102,400
345,700
448,100

54,300
179,400
233,700

Table 3. Estimation of soil area and volume for remediation {based on background level concentration (123 me/kg)).

Contaminated area needed to remediate (m°)

Total volume of soil to remediate (m*)

Submerged area

Non-submerged area

Stream deposit 83,900
Iarmtand soil 310,300
Total area 394,200

105,000
470,000
575,000

56,670
234,090
290,760
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Fig. 2. Column experiment for As extraction trom the soil
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Table 4. Results of batch extraction experiment for lime eftect.
Extraction Initial i\(;lln B Samlietraclion Parli9ning pH :
lime concentration concentration clgemilem n eix t:atlon
(me/ke) (me/ke) (Kgr ke) solution
2 hours 882 0172675 0.000078 6.82
Soll sample | 1 day 882 (1 486401 0000226 6.91
(Pure water of pH7) 3 days 882 (.804864 ().000384 6.80
5 days 882 0 864838 0.000421 6.79
2 hours 882 0.176346 0.000079 10.83
Soil sample 1 day 882 0.245119 0000113 1121
with lime 1% 3 days 88.2 0.378795 0.000178 10,98
5 days 882 0.480003 0.000231 11.02
2 hours 88.2 0.130130 0.000058 111
Soil sample 1 1 day 882 0.079625 0.000036 11.33
with lime 2% 3 days 88.2 0.134824 0 000063 11,52
5 days 88.2 0.153829 0.000073 11,65
2 hours 882 0020771 0 000009 1151
Soil sample | 1 day 882 0.044367 0.000020 11.87
with lime 3% 3 days 882 0.066589 0000031 11.95
5 days 88.2 0.070871 0000033 12,12
2 hours 411 0575788 0.000569 6.55
Soil sample 2 1 day 411 2702093 0.002875 6.60
(Pure water ol pH7) 3 days 41.1 4644408 0.005313 6.39
5 days 41.1 4.958500 0005843 644
2 hours 41.1 (. 768667 0000755 10.63
Soil sample 2 1 day 411 3.018202 0003205 1077
with lime 1% 3 days 4101 3359382 0003722 10.29
5 davs 41.1 4 453604 0005124 9.94
T 2 hours 411 1 130462 0001110 §0.93
Soil sample 2 1 day 411 1.310598 0.001319 11.36
with lime 2% 3 days 41,1 1.595782 0.001651 11.27
5 days 411 1679214 Q001778 11.32
2 hours 411 0.160513 0.000149 1125
Soil sample 2 | day 411 0.168336 0.000160 1183
with lime 5% 3 days 411 0125179 0.000121 11.81
5 days 411 0142215 .000140 11.98
2 hours 6.6 0.000183 {1.000298 -
Soil sample 3 1 day 6.6 0.000166 0000282 11.83
with lime 3% 3 days 6.6 0.000135 (.000233 -
5 days 66 0.0004602 0000720 -
2 hours 28 0.000171 0001429 -
Soil sample 4 | day 28 0.000121 0.001045 11.92
with lime 5% 3 davs 2.8 0.000307 0.002813 -
5 days 2.8 0000284 0.002651 -
Ebe) A e Sae) WAk dish . oh ool Age) 49 TiEe] ¥4 2Fe] K&
B AR 19 Ag Wd a8 1% SEE ol HFre] e, ade] 2] ¢F2 MEd] o3
4% o koR QhawOn, 240 FE SU o wimE 9% mefel 4 MIE KT 2h Ade
Eol2 &%qko) Zhz) 6ul], 128 Phaesls A o= ) njed Lgke] HE FUlE 30em B 7HEskE A9,
epydcl B klfzf)l AqE A 2%, 5% H3E digel leizh 10em ¢ AL RbsHE, o573 RO
Sk A N4 BEFO A4 B, 350 Adetd  Euoh % ms el 8HEsE el o)A B
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Table 5. Results of column experiment without lime mixing improvement.

a2 L 0d R o

Sampling  Solution volume in Cw Cs Extraction partioning
time column (mi}) {mg/h) (mg/kg) coetlicient (Ky;: kgd)
12 hours 2688 0001000 17.67927% 0.000057
| day 2678 0.603000 17.677667 0.000170
2 days 2668 0.002000 17.678450 0000113
3 days 2658 0.003000 17 677684 0.000170
4 days 2648 0.004000 17.676924 0.000226
Soil sample 5 5 days 2638 0066000 17675421 0.000339
with 1% lime 6 days 2628 0006000 17.675403 0.000339
{As concentration: 10 days 2588 0.013924 17.669535 0.000788
17.68 mg/kg) 19 days 2518 0.044197  17.647680 0.002504
28 days 2473 0.081876 17.621197 0004646
35 days 2428 0.143039 17.577729 0.008251
41 days 2413 0.243456 17 307990 0.014020
51 days 2398 (0.330623 17449748 0.018%47
92 days 2368 0.559220 17.295421 0.032333
12 hours 2688 0001000 3349219 0.000187
1 day 2678 (-003000 5347667 0.000561
2 davs 2668 (.004000 534691 0.000748
3 days 2658 0.003000 5346140 0.000935
4 days 2648 0.007000 3344617 0.001310
5 days 2638 0.008000 5343871 0.001497
(‘J\i"‘clnf]i:ﬁ'rzﬁin 6 days 2628 0010000 5342368 0001872
535 mgkg) 10 days 2588 0.021780 5333630 0.004084
19 days 2518 0.036230 5323506 0006806
28 davs 2473 0.042850 5319225 0008056
35 days 2423 0073710 5296614 0014294
41 days 2413 0.096370 5282326 0018282
51 days 2398 0.128040 5.260830 0.024338
92 days 2368 0217630 5200334 0.041849
Table 6. Results of column experiment with lime mixing improvement.
Sampling  Solution volume in Cw Cs Extraction partioning
time column (ml) (mg/t) (mg/kg) coetlicient (Kgp: kg
1 day 2688 0.000265 2429565 0.000109
improved 3 days 2668 0000357 2429418 0.000147
soil sample 7 6 days 2643 0000528 2429149 0.000247
with 1% lime 27 days 2538 0.002062 2426808 (000830
(As concentration: 243mgf 33 days 2523 0.007395 2418622 0.003057
ke) 43 days 2508 0002217 2426610 0.000013
84 days 2478 0002813 2425749 0.001160
1 day 2688 0000579 6049050 0.000096
3 days 2668 0.000592 6.049037 0.000098
Improved 6 days 2643 0000632 6048981 0.000105
soil sample 8 - 27 days 2538 0001815 6047191 0.000300
(AS concentration:
6.05 mg/kg) 33 days 2523 0.008329 6.037185 0.001380
43 days 2508 G.002715 6.043847 0.000449
84 days 2478 0003517 6.044686 0000582
oA Al dolel ol ik el h B o9 AlE VIAY §EFL ANE AN Ay
QRS ECEE TR DI A el slol 200 o4 dae Aog drls, o))
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Table 7. Parameter used tor caleulation of As extraction amount in column experiments

Arca of column
Volume of solution above soil surface
Soil wet bulk density

2688 cm?
2.688 liter
1.38 kg/m®

Extraction congentration of As during 91 days for soil sample 3 0.55622 mg/L (035922 mg/L-0.003 mg/l.)
Extraction concentration of As during 91 days for soil sampie 6 0.21463 mg/L {0.21763 mg/L.-0.003 mg/L)
Fxtraction concentration of As during 83 days tor soil sample 7 0.00254 mg/L (0.00281 mg/[.-0.00027 mg/L)
Extraction concentration of As during 83 days for soil sample 8 0.00294 mg/L (0.00352 mg/L.-0.00058 mg/L)
@ del Gge) dE0 thool wo) BUNY Ase 0 s
o4 c.sn:} S w
M2 ®E7) 7 177 mgkg, 5.4 mgkg 31 57 g 60
A GAHESE AR 5, 6l sl A v 8 & o243 pom
delola] & 929 EoF Azl we s 8% £ o 72ppm
24 Ae ANsned, io) b 6l mgke - 2ot
24mg/kg 2) :6’737‘] _ti—ioé:(iog} A]? 7 8)'% qus] Q 0.001 0.0.! 9.05 01 ‘ 0.5 1
1%E seta Hlog) Eofom MEs ¥ e 27 Hydrochloric acid concentration (N}
R R T S et e
Table 55 REZ s 22 4% 48 438

e, Table 62 -
g A3 e

M3 1% HES A]/]aL 24 A
7 MYe el Ao el
Bzl n4d resh 99 99 4ol 0 emPE
/{0 =SS uf, U zqmr) wod Eol
d EQoRYE 45 FAR $EHE fags
+1~sa+ﬁt+. Table 72 W% Abdo] AMEE WS
e viepdch REE 54 B AlZ 5(EY
e 177 mghkgel 49, @184 m? 3 1
ool 2231 mgel WAk Bgke g iE g,
ofzbe. 7] W)Agke] 3.05%0 sfdeic), EoF Al
6(E9F vd F5: 54 mg/'kg)i’—l 5= 36.1 mg2)
Azt 1 B f5we] EoF ] 2aEs w4
of oF 3.39%7} -&FspAl "k e 43 %=
SR Mo Egen BES ¥ A%, B A
7¢e/] HlE FE 61 mgkgel dlalAe s
m?) ¢ 1 59 129mg o) WAt §EHm oA
2L ol Edehe &) vl 0.05%¢] g
th Ek B pof AR 3R] HlA B 24mgy
kg o) Agole Hlde £29S 112 mgoiw, o
LRl L B i S Ee 3 0.11%91 W4t &
FebA A}, ol M3 MES HAG Eke] 4
G- AgA] npge ey AR 9d 55 of
A A ghAhehs oz e, M3 BEd e
s o Bofe| S 2 7ba &¥7h g A
E Olﬂ z arE zZhg HEe

13 ,’1‘_
4 g el ols s

OF O
Lﬁ}:‘\,

1

1.0,

A1 A 03 o
ot 23]

Wl
et

l'Jlru
@

100 L 2 &
£
~ B0
=
D 60
5 ;
'.3 40 —@— 243 ppm
E —O— 7.2ppm
= 20 ~4 26ppm
w

0 0.001 Q.01 0.05 01 05 1

Hydrochloric acid concentration (N)

Fig. 4. Removal efficiency of citric acid solution washing
for three different stream deposits.

743 ppm
- T2ppm

100
80

60
40

Extraction rate (%)

20

0

o 0.01 0.1 1
Acetic acid concentration (N}

Fig. 5. Removal efficiency of acetic acid solution washing
for two different stream deposits

2 uest, Bk
o Mglel s Ak

:’%’

42 £9 HNXHY &8
HlA Wbz 243 mgkg, 7.2 mgkg, 26my



izt AR Halg A7l B oRlal FUE ol Hu 5

kg 91 3FH2 ek FHEESF AR 9, 10, 1)
hoted ME &8 WA RS AskrkEte s A
A3h Age FEoD HWA FR7h 243 mgkg,
7.2 mgkel EAE o)), 7|F9) EoF A& yas]
A Falo = e (IJAI- T, 2 ER A (Eate
7 pH 53 44)8 dAulel(eEr] %, 1998; 315
5, 1998; ol5zet vhEEl, 1009) A=Ay o] a}
F 42 askg vasien], 2 A4E Fig 3, 4, 5
o vhEpfeIT), ME Ag Aab ko) L
L9 BAGe] 0.06N A&yl 2]
o, FEske] AR o NEE 11]9] D}J—t 0.05N
A &odel] ol vlA7Y Ak AT o EA Wik A
SR ECERER SR BN LR
o, Zakow AHT Aoz 1N ARyl o
36%2F N2l ¥4 AAEE vehlel X an)
ok Aaefe] w2 Aow vehten, pH 5.3
ol SRR A% ATde o 20% LHﬂl"l SR
S5 Vehiiddel, 4ER R nla 25 okl H
AqEz A8 A98AE 018D ﬂwmoﬂ elaw
SR AA 2 ¢ e Aew ekt e 29 H
45 Mae] 0% oy aFEew Aﬂ AE 4 9l
o, ¥l 23 T g BRI, Tl
40 (9 cla] 71&) 2 4ok nalgk o ole )
o P, B3 09 VAR AAdEE &
w0 mlel A Hohg Apsje] AT 42 Fube
A 5 ke Zom Al

A3. 59 BY 4 Algny 59 v|g MY

Table 1, 2, 3el4] AA|gk vis} o] n2Egit 5
M 99 ¥ EYF ol HYEE Helalr] fl8)
of, FoF B9l BiE Fug s A4l ¥y B
b vl &S chdelnd, Reed felrlE v o
Aol o WA sl o4 sk st
Yoo F @75 kel 2k 03% 4melw,
o SEI21Ee) 40%(ERI7IE) o o5 B
oF 0.9% sgE, w7 i ool 2FwEE
Lol slch. S A4 ¢ ) B0
HNE ol 2@ Wae WAl T A@227 kmHel
399 Anolm, EYed £27)Ee) 40% old¥s
o HA WA Tl ol Ao Zhzh HA e
slal 12.0%, 14.3%) g,

431 ) A 29 FAdx) Eok B A8

& AAl A7) el glRE e s A

5744 29 Bl thate] Mo EgE olg o !

,m

e e

an U] 09 ok W oEkH YR B 129
EE A 09l J0em FAR HAAske, BES AN
e e Bkl 1%0) A3 E 147}0%— g 7+
sl 2FEERS HAbcks AS, EYGORRE HiA
8 o) o)A} A A% gk S 9le Alow n‘h;}_r,]u]

H}EM A o) od BAA) ol elst A
422 otslE st = 2w, BEe o3 AR B
o] 288 &Y 4 A% Ao WeEUC

432 24 514 S8E 59 49

HaT ¥ o}* HEEZ B AF FE o)
sl A Haled, v AE EYLZNE] AAsh, HHE
EHEs X7 ¥ LMO# A2 e FRaA A AL
Falu, 3F AHA MHESFS Eehet dAenix F
o wRagosa] of A9de) A HEEE YUt
= A%E sHgsle Bele agl vE-F Asine
o], B9l Hekf gt HAH uig 3 oHH F gidshe
Hgol 2 a4 vES o & B9 njes
Table 8, 9, 1007 VIERIICh 59 H5g 0 em(dE
dohil 7hdaigon, 44 oo 3 sgelA] Hel #
SHHE-2 ) 7 R E) HQHW*"‘?L(@P*, Il
A A 1ou7-120e] elAEte skgatelct Al Hs
2] f9 Aol ¥ ‘ﬂ-waw £l 100km olf 2 7}
dsklond, H3 F y4dals A HY dgeA) F
& B AF ) Ak o gy g 7]Esk,
Az A2 o) 3%, AR %5 Wé
sl o} Ay U9 w22 HA HAE 437 F
A= we ol e o, Al Fele] AT rrl-d}ﬂ
W A FAg Ao Aok

L9 258 2o i1 40%Q24 mgkpsE
d43e] ARG dajsks A9, Mo e di
A2 131,000 m° o™, A1H a4 ARE 03 mE
EAEhE 7rdsha, HaEe] B9 Al dd SRk
54,300 m® o1t it Bl ejd AE Blg g Al
2 dgol gl S Al vES B E Ny viE
@ 4511,52003090 08 2dEelon] g BRs &
W OB WA Be(123 magkp)® B48ks A4 F
A2 BE2- 4708,565,00080 224 H)Ee) & ol

gou, g BRE Bt 71E (G mgkgoE
MAe A5-0] 43 nlRel 347468,02091 2= &
ol yglth eld@ AT 0 BT My o
& Wlaalrt ame 4] vgs T B9 ok
Ne 945 velstel HE 2y SEE 249 U8

et e, Hel § AAEE W #9
oxnd AR Shdse 4ol 24 5— 8 5
o el 1Fes HYSHE o] vkkAEk, HAR



130 o)iid]

- o]AlAL .

30 Hae 98 Aeg e

..?_oﬂ‘:. ob#lA)S

zleled B $UFsEel 40%0 o g
TES 29 mEa Mysks o] w3 Rez
wuich

433, 22 A9 09 ¥ Tok 29 49
2 7o) ooa 7] Eop Belo] AR TIeR
s TS Hel Wae] i B whel] el
23l fm-r Ao 49e AL 2o,
AYoel Byl B0 oyl B W] vy
gt Aslel] 92 £0d dEs B o8
A9 25 el Sak Web ZEAR 2
A% 7 a)d slel o] AAEo] =247 347
= 4%, 2 ) eAn 54X B A5 v
e A FA 250 HAR A A
@ oRaekA ) AleEe] 29 BYRE ol
A 7 AS 8 eAe 2P 27 A% &
A1 349 Aol o 4 12, FEANs) 7
oz A5 B Tele o 049 29 B Ae
sl Robesict ok S 24 a2l
o o), uAEs] A% AMBMEel 4
o Mz BEE 400 ol arA, 427 2Ael
Gape A9 91g Aow DU}, £EAN o
w7 Eo Ao dals Y3EEEe A ske
4 Aslusks A 25990 990 e 2 B

WA s 52 Aoz Helapls 49

Table 8. Cost estimation for washing stream deposit,
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Remediation target Volume of stream

Cost of washing Total washing cost

concentration deposit o wash (m*y per unit volume {won)
Below 6 mg/kg 10,200 72,000 won/m” 734,400,000
Below 2.4 mg/kg 54,300 72,000 won/m? 3,909,600,000
Below 123 mg/kg 36,670 72.000 wonim’® 4,080,240,000

Table 9. Cost estimation for waste treatment and transport trom stream deposit washing

Volume of waste after

Remediation . 3
diatio washing (m”)

Cost of treatment per unit Cost of transport per unit
waste volume (won/m’)

waste volume (wonfm®) Total cost of treatment

target - - - . and transport for waste
concentration Was.te Wasle Was.te Waste Waste Waste (won)
liguid sludge liquid sludge liquid sludge
Below 6 mg/kg 310 102 180.000 85,400 20,170 22,260 113,068,020
Below 2.4 mg'kg 2,715 543 180000 85,400 20,170 22,260 601,920,930
Below 1.23 mg/kg 2,834 567 180,000 85,400 20,170 22,260 628,325,000

Table 10. Total cost estimation of the soil washing tor stream deposits.

Remedsation target
concentration

Area of stream deposit
tor remediation (im")

deposit to wash (m’)

Total cost to remediate with soil
washimg process (won)

Volume of stream

Below 6 mp/kg 34,000
Below 2.4 mg/kg 181,000
Relow 123 mg/kg 188,900

10,200 847,468,020
54,300 4.511,520,930
56,670 4,708,565,000
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