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Pollution assessment and remediation using soil
washing for As contaminated river deposits around an

abandoned mine, Korea

Jung-San Lee

Department of Applied Geology, Graduale School

Pukyong Nalional University, Republic of Korea

ABSTRACT

Soil Precise Investigation (SPD) for river deposits around Goro abandoned
Zn mine, Korca was performed to assess the pollution level of heavy
metals (As, Pb, Cd, Cu} and the removal efficiency of the soill washing
method was investigated with batch cxperiments to verify the applicability
in the field.  Total investigation area was about 188.000m°, which was
divided into cach section of 1,50()m2 corresponding to one sampling site and
163 samples for surface soil (0~10 ¢m in depth) and 57 samples for deep
soil (10=30 cm in depth) from the investigation arca were collected o be
analyvzed.  Concentrations of Cu, Cd, Pb at all sample sites were shown o
be lower than Soil Pollution Warning Limit (SPWL). For arsenic
concentration, in surface soils, 28% of sample sites (35 siles) were over
SPWI, (6 mg/kg) and 6.3% (8 sites) were over Soil Pollution Counterplan
Limit (SPCL: 15 mg/kg) suggesting that surface soils were broadly

contaminated by As. For deep soils, 15% of sample sites (6 sites) were

- vij -



over SPWL and 2.6% (1 site) were over SPCL.  Pollulion grade map was
drawn by the concentration of arsenic at each site, and total soil volume Lo
be remediated was estimated based on the excess of SPWL at 10.200m’",
40% of SPWL at 54300m°, and the background level at 56.500m”.
Removal efficiency of soil washing to remediate river deposits was
investigated with batch experiments.  Hydrochloric aad, citric acid, acetic
acid and distilled water were uscd as soil washing solution, and 0.01, 0.05,
0.1, 05, and 1.ON of washing solutions were applied to extract As for 3
hours from contaminated river deposits.  When washing with 0.05N of
hvdrochloric acid or citric acid, more than 99.9% of As was removed from
river deposits.  However, more than 30% of As still remained in the
deposits after 1IN of acetlic solution washing, and with distilled water
washing ,about 20% of initial As in deposits was removed. From soil
washing experiments, it was suggested that As contaminated river deposils
around Goro mine be successfully remediated with the soil washing
Process. As a result of experiment, arsenic polluted soil could be
possiblely remediated by soil washing process and the cfficiency could be
cnhanced by assorting  available  washing  solution  according  to
contamination level. Results from this research could be directly used to
make a comprehensive countermeasure to remediate  contaminated  arca
around Goro mine and also many conlaminated areas similar to this study

ared.
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6.1. Al A 2 Fxd4

6.1.1. AEAH

ApA e stAFHAEY =34 09 ByE 7ysty] ¢ste, £
S AGNFALA B AR 20010 2 ASle] S5 F92) s EAE g3
A ZAHFZANES © As, Cd, Cu, Ph)E AA & #Haal sptolr o 7

A QYR AR ] A sH dEted, FE (0~10cm)¥ 1500m’" 17) A 8%

ot
L]U

Akl Z 126 Ao AsE AFHeF o, AE10~30cm)= £E Alg4 3
A 1S ARt & 38700 HE AeE Adsdrr dxa B AR
= 33 AR BEQ AR ARE BRE Ao, 9 &t itel
M F A8 A NA Im o dole] A% AnE AFste skl ARl AY
AHE A A ST F 163A el diste]l B ARE AHEdev], BE AR
Mz 16370, A MR s 57TE & ANESTS 224708 A3 sl
(Table 1). Fig. 3& st H AR ARmAQH AHdeg vodTa dn.

Table 1. Sampling number in the river diposits of Goro abandoned mine

River deposit | Background Geo-probe | ..,
Depth Total
e Csamples 1 sample group | samples
0= 0dm 126 33 4 163
(surface arca)
0.1 ~-0.3m . - -
(subsurfdce area) 33 15 1 o7
03~1m 4 4
T'otal sampling 164 48 12 994
number
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e S
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»
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boundary

@ River deposit
@ Geoprobe sample

Background
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IO 1
|| |
Fig. 3. Sampling locations for rniver deposits around Gore abandoned mine.
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6.0.2. F3E §iA

Naaab 2ol stristel = 9 FEHoR debE vl a(As) I}

SO, HPD), ¢elCuiol istel A At o, medE g A sl uk

A7 Aty 38°C olstel A Hx F, A4 Zmm AE FAHT Aite] o]

WA @A 9] Ag-dr @ 1N FEden, vl T Aeir datk 01
N Fgados 30°CalA 3087 & 9 § darddeit £

FAlgEpel A ICP-MS(Perkin Elmer ELAN 6000)2 #2stdvt. Fig. 4+ &

A

o Alsel A AL ey

(C) Weightning.

(D) Mixing with acid. (E) Shaking. (F) Filtering.

Fig. 4. Sampling and pretreatment processes for heavy metal analysis.
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6.2. )2 3

L g = |
O

L =1
62.1. TaHES ':3;4125131}(1’b, Cd, CU)
B A Ay AgRvdn A4 A0 2 4Ry Es F9ed
71 9w A ES S Table 20 vebdv e, H, FlEES R

[}

Algolx EFedS-evlE olst
A5k vH(Fig. b).
R o

stearh,

£2 &k

e

2

Aol %

i

b=
=

Fig. 6, 7, 83 2o
TEE

4

"
19
-5

=71 42 0]

-Déﬁ‘]»_’ﬂ;(]- 'Ei'U‘ﬂ"

A= L}‘L}LHO"OUZ! }\]_LLXHZ] ]Xﬂgl 9
ARAH Add s
EAste, #HFAe

Table 2. Result of heavy metal concentration in the river deposit area

(unit @ mg/keg)

Heavy ] Surface river Subsurface river
Metal Waﬁrm'ng Counfcer_*plan deposits_ deposits B
ftem | DU ME nin | Max. | Ave. | Min, | Max. | Ave
As |6 |10 036506244 6283 | 063 | 2037 | 466
I’b 100 300 0 13.799] 1.003 | 0.091 | 5.717 | O. 785
(,d 15 477” 0 10188 0.017 | 0.001 1 0.036 | 0.009
71u | _36__ 155 0 10364 ]0.025 | 0.006 | 0.158 | 0.021
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Fig. 5. Lead, Cadmium and Copper pollution distribution map for surface(A)

and subsurface(B) river deposits in the study area.
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Fig. 6. (A) Distriubution pattern of surface lead concentrations according to
sample location from Goro mine {Distance increases from left
to nght),

(B) Distriubution pattern of subsurface lead concentrations according

to sample location from Goro mine.
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(B) Distriubution pattern of subsurface cadmium concentrations

according to sample location from Goro mune.
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6.22. Ula¥e WA A

mat HEe A$ AV F(Grade C) o1l wxE vt
W Alm7) 256% Aoln] Eao A A Ee Rilshiz AlEe 40% o4
oo Aul &AL xole] Aukd Rio] w4 odEo] i AOZ ALY
Ac) ma AlEd QoA BEgo A EASE et Ak U #
o3 HA9de] =7 &) AEH Jukiz AL ¢ 4 AT Table 3

Table 3. Number and percentage of samples according to the arsenic

contamination grade

Surface river Subsurface river
Grade Rangc deposits . deposits
Number | Percentage | Number | Percentage

Below 1.2 mg/kg 7 56% 2 5.2%

Grade A — -
1.2—-24 mg/kg 11 8.8%4 5 13.29%
Grade B 24~6 mg/kg 72 57.6% 25 65.89%
(srade C 6~1H mg/kg 27 21.6% 5 13.2%
Grade D | Bevond hmg/kg D 10% | 2.6%
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6.2.3. HAF ¥

shalE A o] ulagiol digh AiAH AP 2L FEE Fig 9

of vhebulQivh. stHE A 99 BEE Al uyl Agaste] A o
oo}

W7l Yalel AHE, grt B9 Ao F34E 5wi: Table 49 7oy

aop wj A FEvh e Ade] Bgdrg AddiHoes A debsked o

Ao oo} o ds ol A8 ¢F 4~
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R [

o o

.Jllu
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T uf A A

o‘,-r

l__

—{x

o] & o] o] obab W Mol ool iz Ao T wrhHL

of sl FA YA e FAA FES Adew dAHeE £ |

W4 1FE S olakel % wRE vehuloj(olmal 9, 2003 FEF AOE

dul

Al o Hol edo] gty HHE FH o Awy Fu owFLL
2RE 2] el 9 HAQdREe] F S web spt olF o] HAE A

Hol| #56lA ¥¥xg Aoz Amuy, wE 5H s A e Aoy

i

BT g A Ay Agold 03m~—1m FEo FldA X EUed fe
71791 6mg/kg ©l&te] X E Heo] tHe] SUES Wi A AFE A
sEekel 30em of wghE Ao waElyl. Table 53 delol wh A9 Ls

HoAFe] FEE vukd
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Fig. 9. (A) Distriubution pattern of surface arsenic concentrations according
to sample location from Goro mine (Distance increases
from left to right),

(B) Distriubution pattern of subsurface arsenic concentrations

according to sample location from Goro mine.
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Table 4. Average concentration of the background sample group

(unit : mg/kg)

Warning Limit | Counterplan Limit | Surface sample| Subsurface sample
As 6 15 1.279 (0.782
Pb » 100 — 300 0.0136 0.085
.Cd 1.5 4 | 170.005 0.002 -
Cu 50 - 12‘3 ” 0.09 0.055
Table 5. Arsenic concentration of geoprobe samples (unit © mg/kg)
Depth Geo Pl Geo P2 Geo P3 Geo P4
0~0.1m 1.780 0.765 0.150 0.270
(.1~0.3m 0.700 7.830 0.235 0.270
03+ Im 0765 w0 | s Iiis
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6.3. FA A AH

0 4 s mhE A (semimetallic) 3 S (metalloid) #1422 2] ¢

J

aAlE AAs Qo] A psEdor pudAE NI A dhhEe

u\\

Cd, Pb, Ag, Au, Sh, P, W, Mo, Zn %o| 9t} HlAiz 1 &% 540 A=
oAl e) FA) FeleH(F 3 F, 2003) pH/Eh 2w ael (o] & 9, 2003) W3

s A e 7hd Aoy IHAda d=d AFH A ol A mE
slo)] 911z Aol o1 Fa)v He $elsa ok Al dstdEel o

gl molaElel A% arsenate(As(V)), arsenite(As(I)), arsenic metal(As{0})

Gon wAsty adoz vt e §/¥ AEe Fhen duhdo

(Bhumbla and Keefer, 1994; Huang, 1994). A3bsl#] @& A ¥inis: F2
17H85%) 9 As'(15%)°) AEfE =u] Zolu Frlele] HEFo g 413t Hde

4 gulEse gronyy FaAow 37kel ofultkel &3 «57kel Al

ol & gZEub(elEA 9], 2003). olw +37te]l Hejrb +5vbel wlE &k
o} o] %127t 25~60u] o] 4 v wRo] AAANM HA o Fe %8S 7t

21 tHMasscheleyn et al., 1991; Mok and Wai, 1994; Raven et al, 1998, °|&
£ 9 2001). olebgrol H A vt dee] FER A AAHeE
AaAz geobaE AAys A YA defiis 1] H M (arscnopyrite)
o] QUHEPA, 1997). & Ayxde] F 99919 usel Fg VHE sreolv
N 42 Babal Qb FAF @A e Abstel olFh Ao soxizdl,

glabe] sy sb 8] A M Garsenopyrite) bbb ngkebar slo) olv gt &

s Aol Fahuol bl fUuMA SFUHAR W FRAN] 9.
glon gy Aom wwnd. by S8 frAAe] el ol

oo 7pA W& 59 e 7k b elE wolFn ek o,

2003; Myoung -Jin Kim, 2002).
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FeAsS + 7200 + AHAO — FelOH)y + AsO; + SOy + 5H

AFeAsS + 1302 + 6HxO — 4Fes’ + 4H:AsO, + 4507

Fig 103 it dgat el Al Al #H g AwA el EAshs 434
(Pyrite © FeSs), Ful#HA(Asenopyrite © AsFeS), oA M (Sphalerite
(Zn,Fe)S), 1] K¢k ¢le] E(Boulangerite @ PhsShySipel RS Kol
= BkAbE U A (Nikon, Optiphot-2POL) ¥ AL olu} Fig. 112 9hH 2 o] &
o] #de gAM, meekAgtely, fulHEA Trejar Aopd A e MAd g
MI7HUEPMA-1600) AFA T oy Fig. 123 ¥ 9o = s@dos g
3 ful Ao i3t EPMA #Ae] ARAQ ¥gs WeolFu dv Srefu
o whE AR zE AFY FY A Ed 2 R ES RoFu U=t
(Table. 6, 7, 8 9) vl7kA ZaellA 25 &5 xFstal low FEo T
of wel #FHAL Fed B ghA|gfolE= Ph, Sh, ] # 42 Aset Fe, v
Aot el A Znot Fed v st e dles YEETh A

ghep Al nb gE e fulEAM A Sh, 1ear Aok Mol plEe) (Cdel
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Fig. 10. (A) Microphotographs showing pyrite and arsenopyrite in 4 waste
rock from the mine.
(B) Microphotographs showing galena and sphalerite in a waste

rock from the mine.
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(B)

e 158

()

Fig. 11. {(A) BEI image by EPMA showing pyrite,
(I3) BEI image by EPMA showing arsenopyrite and boulangerite,
() BEI image by EPMA showing arsenopyrite,

(D) BEI image by EPMA showing sphalerite.

~29 —



Pos. Comment =
(Coun?) Acc.¥ (kV) = 15 Beam Size (m) = 5 B.C. (A} = 0.0397 S.C (uA) = D0.0279
al

2 3
104861 3 |
i
01874 ps
,fe
Hoa LIF
= PET
x
- t+ P’BST
3 2
S 5
i . RAP
W2, 00 15, 00 20,00
: (&)
3. 00 400 50 .00 f0 .00
1,50 200 2. 50 300 i, 50

Fig. 12, X rav diffraction pattern of arsenopyrite on the thin scction.
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Table 6. Result of EPMA corespond to Fig. 13(A)

Element | Weight Percent (%) | Mole Percent (%) Mineral
S 56.012 68.925
Pyrite
Fe 43.988 31.075 )
(Fcbz)
Total 100 100
Table 7. Result of EPMA corespond to Fig. 13(B)
Element | Weight Percent (%) | Mole Percent (%) Mineral
Pb 30.685 12.124
S 20.893 53.352
. - Boulangenite
Sh 25713 17.290 )
(PbrShsSip)
Ag 22,7709 17.235
Total 100 HOO
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Table 8 Resull of EPMA corespond (o Fig. 13(C) and Fig. 14

Element | Weight Percent (263 Mole Percent (96) Mineral
Fe 36.175 33.096
As 36.041 24578
- Arsenoyrite
S 26.120 41.627
(FeAsS)
Sb 1.664 0.698
Total 100 100
Table 9. Result of EPMA corespond to Fig. 13(ID)
Element | Weight Percent (%) | Mole Percent (%5) Minerai
7n 54.027 38.720
S 37.091 54.210
. — Sphalerite
Fe 7977 6.693
e - @ZnFes)
Cd 0.905 0377
Total 100 100
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6.4. LA 24

QpAele] AElg oQluel R Wi @ Nile] WA oQE
ool WAu B AAsy] AN AT e 0N FYL WA

e

Aastl WA ol Ao ulhel W R HEsE A Hojof dtH, =2

A A7) 5=9 15 mgkg ol Awh RE @A oA HAMow AR =
ralvh gloy, xAAL3 s ashe BAFEd Aot 98 e Ay @
A 2 SR BasddoMs B HEE Ededsariee] 0% S
Adaol7| 2w e HA4s: A$r giyoly, S8 B dgxde g

20
)

f

wahd shiel W& AMste] FA49 Bgol s wojmE, ulid

-z

ojat A ool B A B 4 A= BAREA MY Holok Bk
b, 2 oelpxele] odsd HAE RARER BFoATe 1F 40%¢)

24 mg/kg? FH FR Ml AA HE0) 1.2 mg/kg o R HASY SEREE
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Fig. 13. Arsenic pollution grade map for remediation in the study area.
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Table 10. Arsenic contaminated area according to pollution grades

(unit @ m")

Contaminaled area

Range -
Submerged area | Non-submerged area Total
Bevond 1.2(mg/kg) 83,900 104,200 188,100
Beyond 2.4(mg/kg) 78,600 71()2,4()0 181,000
Beyond 6(mg/kg) 3,200 30,800 34,000

Table 11. Total volume of arsenic contaminated soil for remediation

according to pollution grades (unit : m’)
Range Submerged area | Non-submerged area Total
Beyond 6.0 mg/kg 960 9,240 10,200
24 ~ 6() mg/kg 22,620 21,480 44,100
12 ~ 24mg/kg 1,600 ”60() 2,200
Total 25,180 31,320 56,500

Table 12 The amount of waste after

sotif washing process

(unit - m’)

Total contaminated soil Wastewater Shudge
56,500 2,825 565
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7. EFAH & 2

7.1. 8t HHE 54

Tl A dgel ohAM FHEAEEe] HAS ¢olr ko (Table 13),

e 4

-

sl AEs B Al Hehdlx] delrv] 918 AL AA A
o}, dAAd sAHHES WEAE HEe JRF, pER AHT F 10
Mol Alsiol whatel AeE AA stPo, 7T A Ao HA 94% oA,
Wit 973%7F R FAEo] oA BEoAHA A@s Row vy
Table 147 8hd YA Eo mAgds RAFn, Fig 47 YefdFraids

epde,

Table 13. The characteristics of the river deposit

Property Measurement
Porosity 46.70 (%)
Dry densnv .- o 1.37 (g/ml
Cation fixclmngc é;-t-;;zin;tily | ’:;:;(Cm(;l'('l;);l;é)' -
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Table 14. Grain tvpe distribution of soil samples

(unit :

0,

26)

Sample No.

Grain type

Sand Silt and Caly
Soil A 5.7 43
- Soil B 978 22
Soil € 945 55
Soil D 81 19
Soil E 95 95
"""" Soil F 98.1 19
7 Soil G 98 1 19
" Soil H 975 95
Soil 1 91 19
Soil J 98.0 20

Percent thicker by weight (%)

—4—soil A
—-soill B
—e—soil C
—o—s0oil D
—&—soll E
—A— soil F
—¢—sol G
—&—soil H
==& soil |
—t—sait J

0.001

ISTIt or claﬂ

100

80

[Gravet || €0

1 20

01
Grain size (mm)

10

Fig. 14. Grain size distribution curve for river deposits.
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72. EFAALH

AR Ee 7 AHAow % A/ ok, ANBYA G 55 o
gatn Qo odudel Fiol wrel wek Bkt dHE AHNS

i stolob @yh elmAow Wi A% Feldd g4 Fel i &
casttEgs pe @89 EDTASS Sold A% ast #& Aow
CEREUIe A 8, 1997 B2 ), 1008 "ol o], 1998). ® ArAde
s AEs A9, Wt 2 ALY 0 ARAde) HHEE G

of ol W SRS AL goun ool A AAH £ Qi A

e M ate]op grh(o]FE, WA, 1999). ol¢t & 2dE 1@ 6

ol &3lo}, e dstd HAES Hgshi: AF HEE stddon, 49 AF =
Ae sty Yatel van 29w tH HAE 3FF dste] 47t 244
(Acetic acid) 0.01, 0.1, IN, 7+A4HCitric acid) 0.03, 0.05, 0.1, 0.3, 05, IN, @4t
(Hvdrochloric acid) 0.001, 0.01, 005, 0.1, 0.5, IN, 18]35 F5 & ol &3t 4|
HAHg AxEdnh. F KA R 164F vl w7 176 mg/kg, 62
meg/kg, 2.5 mg/kgsl 3F 5ol dete] AH & wix 2EE AR

ol WY 243 mg/kg, 7.2 mgkg AT A AlE ARE dAsr] #6)

Abe Palaie] ANESS 4% Ayl 180% ool T ujgo] A9 o
AGHA FFAEe] B AlF ARES 3apgheir Agstdeh. WA zh Al A el

of wlsh pHit Fgabel o), vlir srloit degl b Al el 500mLel 20g
o] Bl AE ARE wWol 200TA 200rpmo i 3A7F - Ay 5 Gl s
2 abo] 9 AR A (2.000rpmell A 20%) Fha, ASEeGBIR AE A
ICP/MSE #2389 Fig 165 Al#2E A4S B

Wlo
2
I
L
s
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spchile. - RlvcE W

(C) Centrifuging(2,000rpm). (D) Filtring.

Fig. 15. Soil washing process.

_40_



8. EFAA Hd3 Ax H »n#

8.1 Al &
A4k, PRl R4 FHEE AANoR Adsol AR yEd
& AA 5&E vaskgd A ool ek ZAaE A9 RA(Fg 16, 17,

18) siabel A4 w4 Feeh FHAIglo]l 0.06No] Al A M o3& HiF EEHY
o, & FrolM P 9AFRE 25 mg/kegel 4 AlF &80 84%
2l -5 Aleldta yr A = A se A ularE 100% A HE R A ik
areldkel A m&E v vl Hold Aoz vk wdul. EAe] A
Aol INe| 74 =& oAk 24 mgikgol A 36%F 7.2 mg/kgoll A

71%2 Ad A8 vy, EH52 A" ol 209% W] we A
H Z&E Yol Table 29 Aol Bi= Al o] H A3tz 4o
stal HlAe] ujd A wEvF HE AEe] A9 6.3 mgkgd 4.7 mg/kg
AL etatd AHZ A zzoe] A vk ditolt T v x
0.00N ofate] MHAoRw 09 HARES uh i w2y 2 FE17
Tk olsla vES g ez I HAG waE AQdd TF4(C
Pbiel i3t A& 8 Fig. 19~249 wepdilon yhel 4% 24 0.INg)
A Aelstd A e Aol 001N ool Wk A 52 v
af AHSE A A AA H e Sl dloR vhet
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Fig. 16. Arsenic removal efficiency of citric acid solution washing for three

different river deposits(Zero concentration : Only water washing).
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Fig. 17. Arsenic removal efficiency of hvdrochloric acid solution washing

for three different river deposits.
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Fig. 18 Arsenic removal efficiency of acetic acid solution washing for two

different river deposits.
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Fig. 19. Cadmium removal efficiency of acetic acid solution washing for

four different river deposits.
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Fig. 20. Cadmium removal efficiency of citric acid solution washing for

four different river deposits.
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Fig. 21. Cadmium removal efficiency of hydrochloric acid solution washing

for four different river depaosits.
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Fig. 22. Lead removal efficiency of acetic acid solution washing for four

different river deposits.
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Fig. 23. Lead removal efficiency of citric acid solution washing for four

different river deposits.
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Fig. 24. Lead removal efficiency of hydrochloric acid solution washing for

four different river deposits.



HI AZE A= Ao sdEy [ &3 pHoF e Anas 39
12 efe] F o whet pH WaksE Fig. 25, 26, 279 vER A
Tirel A4S pH 541l e 0.INe] FleolAd ¢ako] pH 1.07, T+A4ko]

23, “refar FAbe]l pH 2722 7+ % thol M wlwa o Gk Fdal

pH
<EAe EME F4 HYdow HAHNCRY o £4F FA5: AL 4

(Tokunaga ct al, 2002), 2@ 2437 2 o 713 v pHEE Rojx= g4k
AoAH &l 7 mA vElRow], zabe] A9 el FoAlH AR} mla
¢ o vhd =& pHa S 7hARZ ARag =3 24y "ol AL o £
AATE FALe] A Akl vlE] A g&o] xu "olxv)= stAuk 4

A S @EGE AT A9 A Al 005N pHIF 247 D192 FAb A
Foll A el Rk A gHl oz vy AzEoes 25

mg/kgel Aol g4t Al A S ALEEbaL 176 mg/kgoltt 6.2 mgikg 2l

Wt i ERE we] Aeld FHA Agduy me) sy w4

,45_



[S 0 =1

pH 3

-

0 0.03 0.¢5 0.1 0.3 0.5 1

Concentration of citric acid (N)

Fig. 25. pH change according to concentrations of citric acid.
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Fig. 26. pH change according to concentrations of hydrochloric acid.
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Fig. 27. pH change according to concentrations of acetic acid.
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A Sl el dhAIgle]l 100%e] A H &S MoFEArE dAb: o
Ak vRRE7RA R 005NON A 25 me/kgel A A F ALl 849%69) A A
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APPENDIX

Soil Washing Experiment Data



& Soil washing experimental data for arsenic.
Washing Washing Sample | Time Initial Arsenic | Con. After Washing | Extraction
Solution lem Solution Con.{N) No. (min.} | Con. {ma/kg) | Proceces (mg/kg) Rate(%)
1-1 10 19.50 19.71%
Acetic 1-2 30 - 19.15 2t.15
acid 1 13 | 60 21.29 18.77 2271
1-4 180 15.48 36.27
1-5 10 21.13 13.02
Acetic 1-6 30 , 20.99 13.59
acid 0.1 1-7 60 e4.29 18.77 18.60
1-8 180 17.69 2717
1-9 10 23.31 4.02
Acetic 1-10 30 . 22.75 6.34
acid 0.01 1-11 B0 24.29 22.55 7.18
1-12 180 22.10 9.00
2-1 10 - -
Acetic 2-2 30 - -
acid ! 5-3 | 60 264 - -
2-4 180 - =
2-5 10 1.28 51.48
Acetic 2-6 30 - -
acid 0.1 2=7 60 2.64 - -
2-8 180 — -
2-9 10 1.14 56.65
Acetic 2-10 30 1.98 24.91
acid 001 2 11_|_60 2.4 .81 31.16
2-12 180 1.31 50.30
3-1 10 - -
Acetic 3-2 30 . - -
acid k 3-3 650 /.22 - -
3-4 180 2.08 70.75
3-5 10 4.56 35.98
Acetic 3-6 30 5.38 24.54
acid 0t 3-7 60 7.22 4.85 31.87
3-8 180 4.20 41.00
3-9 10 6.07 14.80
Acetic 3-10 30 5.62 21.07
acid 0.01 3-11 60 [ 6.00 15.8t
3-12 180 5.76 19.20
4-1 10 9.78 59.76
Citric 4--2 30 14.85 38.86
acid 0.3 23 | 60 24.29 11.21 53.85
-4 | 180 - -
4-5 10 18.97 21.90
Citric 4-6 30 12.61 48.10
24,29 -
acid 0.03 4-7_|_60 13.70 43.53
4-8 180 5.46 77.51
5-1 10 - -
Citric 5-2 30 - -
acid 0.3 9-3 60 264 -
5-4 180 - -
5-5 10 1.29 51.18
Citric 5-6 30 - -
: 64
acid 0.03 57 60 8 1.07 59.51
5-8 180 0.50 80.84

¥ Hyphen means that extraction rate exceeds a hundred percentage.




# Soil washing experimental data for arsenic.
Washing Washing Sample [ Tirme | Initial Arsenic | Con. After Washing | Extraction
Solution Hem Solution CGon.(N) No. {min.}| Con. (mg/kg) | Proceces {mg/kg) Rate{%)
6-1 10 - -
Citric p 6-2 a0 . 2.00 72.00
acid 0.3 63 | 60 r.ez - 0
64 180 — -
6-5 10 6.06 14.91
Citric 6-6 30 5.83 18.18
acid 0.03 6-7 60 722
6-8 180 3.87 45.74
7-1 10 -
Hydrochloric -2 30 . - -
acid ! 7-3 60 24.29 - -
7-4 180 - -
7-5 10 18.68 23.09
Hydrochiloric 7-6 30 14.99 38.27
acid 0.1 7—7 | 60 24.29 5.16 78.75
7-8 180 - -
7-9 10 21.39 11.95
Fydrochloric 7-10 30 22.89 5.78
acid 0.01 7—11 60 24.29 22.27 8.32
7-12 180 18.21 25.02
7-13 10 23.27 4.18
Hydrochloric 7-14 30 22.95 5.51
acid 0-001 715 |60 24.29 22.63 6.83
7-18 180 20.37 16.14
8--1 10 - -
Hydrochloric 8-2 30 - -
acid ! 8-3 18] 2.64 -
8-4 180 — -
8-5 10 0.10 96.21
Hydrochloric 5-6 30 B 0.44 83.32
acid 0.1 87 | 60 2.64 - -
8-8 180 - -
8-9 10 2.21 16.08
Hydrochloric 8-10 30 - 1.47 44.04
acid u.o1 8-11 60 2.64 1.73 34.30
8-12 180 0.09 96.40
8-13 10 2.53 3.86
Hydrochloric 8-14 30 2.27 14.02
acid 0.001 8-15 60 2.64 2.47 6.32
8-16 180 2.11 19.84
9-1 10 - -
Hydrochloric g-2 30 . - -
acid ! 9-3 60 i.e2 - -
9-4 180 - -
9-5 10 5.57 21.85
Iydrochloric 9-6 30 , 4.03 43.45
acid 0.1 97 680 7.22 1.88 73.67
9-8 180 - -
9-9 10 6.73 5.56
Hydrochloric 9-10 30 . 6.59 7.50
acid 0.01 911 _|_60 ez 6.41 10.10
9-12 180 4.46 37.43

¥ Hyphen means that extraction rate exceeds a hundred perceniage.




& Soil washin

experimentai data for arsenic.

Washing Washing Sample | Time | Initial Arsenic | Con. After Washing | Extraction
Solution Item Solution Corn . (N) No. {min.)| Con. (mg/ky) | Proceces (mo/kg) | Rate(%)
9-13 10 5.49 22.89
Hydrochloric 9-14 30 5 - 6.71 5.78
acid 0-00 515 | 60 ree 6.45 949
9-16 i80 6.20 12.96
10-1 10 23.56 3.02
Distilled 10-2 30 .
waler 0 10-3 00 24.29 22.97 5.44
10-1 180 21.51 11.44
11-1 10 2.55 3.30
Distilled 11-2 30 2.52 4.22
water 0 1123 | 60 2.6 2.50 5.30
11-4 180 2.40 8.83
i2-1 10 7.04 1.18
Distilled 12-2 30 7.01 1.68
water 0 12-3 60 r.e2 6.98 2.01
12-4 180 6.82 4.30
acid ! e o B - -
acid e o I - -
e o Pl : :
asic e o B - -
i ! e o B : -
acid 0.5 Teae] o7 - -
acic e o A - -
acid 7 o A - -
Caic:lc(f ! =R 252 B .
acic T o - -
P e o I - -
(;g:jc u.05 12:2 16800 252 = HLE
Hydrochloric 16-1 60 - -~
. 0.5 17.56
acid 16-2 180 - -
Hydrochioric 16-3 60 = -
. 0.1 17.56
acid 16-4 180 - -
Hydrochloric 16-5 60 2.01 88.52
. 0.05 17.56
acid 16-6 180 - -
Hydrochloric 167 60 14.06 19.91
acid 0.01 16-8 180 17.56 13.83 21.25
Hydrochloric 17-1 60 - -
acid 0.5 172 | 180 617 . =
Hydrochloric 17-3 80 - -
acid 0.1 17-4 180 617 - -

#Hyphen means that extraction rate exceeds a hundred percentage.




@ Soil washing experimental data for arsenic.

Washing Washing Sample | Time Initial Arsenic | Con. After Washing | Extraction
Solution ltem Solution Con.(N) No. (min.}{ Con. (ma/kg) | Proceces (mo/kg)l | Rate(%)
Hydrochloric 17-5 60 0.26 95.71

acid 0.05 17-6_| 180 6.17 - -
Hydrochlaric 17-7 60 3.82 38.12
acid 0.0t 178 | 180 617 3.00 51.43
Hydrochioric 181 50 - -
acid 0.5 18-2 180 2.52 - -
Hydrochloric 18-3 60 - -
acid 0.1 18-4 180 2.52 - -
Hydrochloric - 18-5 60 0.87 65.55
acid 0.08 186 | 180 252 - =
Hydrochloric 18-7 60 p 1.72 31.69
acid u.01 188 180 252 1.14 54.63
Distilled 19-1 60 14.50 17.41
water 0 19-2 130 17.56 12.86 26.78
Distilled 0 19-3 60 617 515 16.46
water 19-4 180 ) 4.67 24.29
Distilled o 19-5 60 2 52 2.23 11.38
water 19-6 180 i 2.06 18.16
1-1 10 — =
Acetic 1-2 30 - -
acid ! 1-3 60 6.764 — -
1-4 180 - -
1-5 10 0.167 97.53
Acetic 1-6 30 . - -
acid 0.1 1-7 60 6.764 - -
1-8 180 - -
1-9 10 5.735 15.21
Acetic 1-10 30 . 5.379 20.47
acid 0.01 111 |60 6.764 5.044 25.43
1-12 180 5.160 23.72
2-1 10 = -
Acetic 2-2 30 —
acid ! 23 | 60 0.784 - -
2-4 180 - -
2-5 10 0.059 92.45
Acetic 2-6 30 0.183 76.69
acid 0.1 2-7 60 0.784 - -
2-8 180 — -
2-9 10 0.564 28.08
Acetic 2-10 30 B 0.651 16.99
acid 0.01 2-11 60 0.784 0.655 16.40
2-12 180 0.572 27.08
3-1 10 - -
Acetic 3-2 30 - -
acid ! 3-3 60 0.416 - -
3-4 180 - -
3-5 10 0.182 56.13
Acetic 3-8 30 - -
acid 0.1 3-7 60 0.416 - -
3-8 180 - -
3-9 10 0.309 25.67
Acetic 3-10 30 0.337 18.87
41
acid 0.01 311 _|_60 0476 0.230 44.74
3-12 180 0.280 32.70

¥ Hyphen means that extraction rate exceeds a hundred percentage.




& Soii washin

experimental data for arsenic.

Washing Washing Sample | Time Initial Arsenic | Con. After Washing | Extraction
Solution Item Salution Con.(N} No. {min.} | Con. {mg/kg) | Proceces (mg/kg) Rate(%)
3-1 10 - -
Acetic 32 30 . - -
acid ! 33 | 60 B.726 -
3-4 180 - -
3-5 106 0,442 39.07
Acetic 3-6 30 0.341 53.01
acid 0.1 37 | 60 0.726 0.060 01.75
3-8 180 - -
3-9 10 0.478 34.11
Acelic 3-10 30 0.611 15.83
acid 0.0t 311 |60 0.726 0.587 19.20
3-12 180 0.595 18.00
41 10 5.017 25 82
Citric 4-2 30 - -
acid 0.3 4-3 60 6.764 - -
4-4 180 - ”
4-5 10 - _
CHtric 4-6 30 - -
acid v.03 4-7 60 6.764 - -
4-8 | 180 - -
51 10 - -
Citrie . o2 30 - -
acid 0.3 5-3 60 0.784 - -
5-4_| 180 -
55 10 - -
Citric 5-6 30 - -
acid 0.03 5-7 60 0.784 - -
5-8 180 - -
61 10 -
Citric 5-2 30 - -
acid 0.3 6-3 60 0.416 - -
6-4 | 180 - -
6-5 10 - -
Citric . 6-6 30 - -
acid 0.04 6-7 60 0.416 - -
6-8 180 - -
71 10 - -
Citric -2 30 -
acid 0.3 7—3 60 0.726 - -
7-4 | 180 - -
-5 10 0.258 64.49
Citric 7-6 30 B 0.003 99.54
acid 0.03 77 | 60 0.726
7-8 180 - -
8-1 10 - -
Hydrochloric 8-2 30 . -
acid ! 8-3 60 6.764 - —
8-4 180 - -
8-5 10 - —
Hydrochloric 8-6 30 . -
acid 0.1 8-7 60 6.764 - -
8-8 180 - -

# Hyphen means that extraction rale exceeds a hundred percentage.




& Soif washin

experimental data for arsenic.

Washing Washing Sample | Time Initial Arsenic | Con. After Washing | Extraction
Solution ltem Sofution Con. (N} No. (min.} | Con. (mg/ka) | Proceces {(mg/kg) Rate(%)
8-9 10 - -
Hydrochloric 3-10 30 - -
764
acid 0.01 8-11 60 6.76 - -
8-12 180 - -
8-13 10 3.452 48.96
Hydrochloric 8-14 30 . 3.364 50.26
acid 0.001 815 | 60 6.764 3 501 47.94
8-16 180 4.641 31.38
9-1 10 - -
Hydrochloric 9-2 30 -
acid ! 93 | 60 v-r8a . -
9-4 180 - -
9-5 10 - -
Hydrochloric 9-6 30 - -
acid 0.1 9-7 60 O 784 - -
9-8 180 - -
9-9 10 - -
Hydrochioric 9-10 30 - -
acid 0.01 9-11 60 0.784 - -
9-12 180 - -
9-13 10 0.344 56.16
Hydrochioric 914 30 0.278 64.75
acid 0.001 9-15 60 v.784 0.071 90.99
9-16 180 0.495 36.81
10-1 10 ~ -
Hydrochioric 10-2 30 - -
acid ! 10-3 50 0.416 - -
10-4 180 = -
10-5 10 — -
Hydrochloric 10-6 30 - -
acid 0.1 10-7 60 0.416 - -
10-8 180 -
10-9 10 - -
Hydrochioric 10-10 30 -
acid 0.01 10-11 |60 0.416 -
10-12 180 -
10-13 10 0.271 34.87
Hydrochloric 10-14 30 0.215 48.24
acid 0.001 1015 | 60 0.416 0.234 43.66
10-16 180 0.336 19.22
11-1 10 - -
Hydrochloric 11-2 30 - -
acid ! 113 |_60 0.726 = -
11-4 180 - =
11-5 10 - -
Hydrochloric 11-6 30 - =
acid o1 11-7 60 0.726 - -
11-8 180 — -
11-9 10 - _
Hydrochloric 11-10 30 -
acid 0.01 11-11 650 0.726 - .
11-12 180 - -

#Hyphen means that extraction rate exceeds a hundred percentage.




# Soil washing experimental data for arsenic.

Washing Washing Sample | Time Initiat Arsenic | Con. After Washing | Extraction
Solution item Solution Con.{N) No. (min.) | Con. (mg/kg) | Proceces (mg/kg) Rate(%)
11-13 10 0.474 34.67
Hydrochloric 11-14 30 0.449 38.18
acid 0.001 11-15 60 0.728 0.446 38.52
11-16 180 0.563 22.45
12-1 10 6.651 1.41
Distilled 12-2 30 - 6.582 2.43
water u 12-3 60 6.746 6.504 3.59
12-4 180 5.520 18.17
13-1 10 0.742 5.35
Distilled 13-2 30
water v 13-3 60 0.784 0.606 22.70
13-4 180 0.243 68.95
14-1 10 0.390 65.14
Distilled 0 14-2 30 0.416 0.393 5.54
water 14-3 60 ' 0.337 18.82
14-4 180 0,307 26.21
15-1 10 (.687 5.43
Distitled 15-2 30 0.697 3.94
water 0 153 | 60 0.726 0.653 10.05
15-4 180 0.604 16.86
1-1 10 - -
Acetic 1-2 30 - -
acid ! 1-3 60 0.140 - -
1-4 180 - -
1-5 10 - —
Acetic 1-6 30 - -
acid 0.1 1-7 60 0.140 - -
1-8 180 - -
1-9 10 - -
Acelic 1-10 30 - -
acid 0.01 1-11 60 0.140 - -
1-12 180 - -
2-1 10 - -
Acetic 2-2 30 - -
acid f 2-3 60 0.013 - -
2-4 180 — -
2-5 10 - —
Acetic 2-6 30 - -
acid 0.1 27 60 0013 - -
2-8 180 - -
2-9 10 — -
Acetic 2-10 30 - _
acid v.ot 211 |60 0.013 - .
2-12 180 - -
3-1 10 - -
Acetic 3--2 30 — —
acid 1 3-3 60 0.007 - -
3-4 180 - -
3-5 10 - -
Acetic 3-6 30 - -
acid 0.1 3-7 60 0.007 — -
3-8 180 — -

# Hyphen means that exiraction rate exceeds a hundred perceniage.




@ Soil washin

experimental data for arsenic.

Washing Washing Sample | Time Initial Arsenic | Con. After Washing | Extraction
Soiution ltem Solution Con. (N) No. {min.} | Con. (mg/kg} | Proceces {markg) | Rate(%)
3-9 10 - -
Acetic 3-10 30 - -
acid 0.01 311 | 60 0.007 - -
3-12 180 - -
4-1 10 = -
Acetic 4-2 30 h -
acid ! 4-3 60 0.009 - -
4-4 | 180 - -
4-5 10 - -
Acetic 4-6 30 - _
acid 01 4-7 60 0.009 - -
4-8 180 - -
4-9 10 0.001 86.97
Acetic 4-10 30 - -
acid 0.01 4-11 60 0008 - -
4-12 180 - —
5-1 10 0.026 81.21
Citric 5-2 30 -
acid 0.3 5-3 60 0.140 - -
54 180 = -
5-5 10 - -
Citric 5-6 30 - =
acid v.03 5-7 60 0.140 - -
5-8 180 —~ -
6-1 10 - -
Citric 6-2 30 - -
acid 0.3 675 50 0.013 — —
6-4 180 - -
6-5 10 - -
Citric . 6-6 30 - -
acid .03 57 60 0.013 — —
6-8 180 — -
7-1 10 -
Citric . /-2 30 - -
acid 0.3 773 60 0.007 — -
74 180 - -
/-5 10 — -
Citric 7-6 30 - -
acid 0.03 =7 60 0.007 - -
7-8 180 — —
8-1 10 - —
Citric . 8-2 30 -
acid 0.3 8-3 60 0009 - —
8-4 180 = -
B-5_| 10 - -
Citric 8-6 30 - =
acid 0.03 a7 60 0.009
8-8 180 - -
9-1 10 - -
Hydrochloric 0-p 30 - —
actd 1 9-3 60 0.140 - =
9-4 180 - -

#Hyphen means that exitraction rate exceeds a hundred percentage.




@ Soil washin

experimenial data for arsenic.

Washing Washing Sample | Time Initial Arsenic | Con. After Washing | Extraction

Solution Item Solution Con.(N) No. {min.} | Con. (mg/kg) | Proceces (mg/kg) Rate(%)
9-5 10 - -
tHydrochloric 9-6 30 = -
acid 0.1 a9-7 60 0.140 — —
9-8 180 - -
9-9 10 - -
Hydrochloric 9-10 30 - —

. 14
acid o.ot 9-11 60 0140 - -
9-12 180 - -
9-13 10 - _
Hydrochloric 9-14 30 - -
acid 0.0 9-15 |_60 U140 - -
g9-16 180 - -
101 10 b - -
Hydrochtoric 10-2 30 - -
1
acid ! 10-3 {60 0.013 - -
104 180 - -
10-5 10 _ -
Hydrochloric 10-6 30 - -
acid 0.1 10-7 | 60 0.013 - -
10-8 180 - -
10-9 10 - -
Hydrochioric 10-10 30 - -
acid 0.01 10-11 |60 o.o13 = -
10-12 180 . -
10-13 10 - -
Hydrochloric 10-14 30 -
acid 0.001 10-15 60 0.013 - -
10-16 180 -

11-1 10 - -
Hydrochtoric 11-2 30 - -
acid ! 11-3 60 0.007 - -
11-4 180 - -
11-5 10 - -
Hydrochloric 11-6 30 -
acid 0.1 11-7 60 v.007 - -
11-8 180 - -
11-9 10 - -
Hydrochioric 11--10 30 - -
acid 0.01 11-11 60 0.007 - -
11-12 180 - -
11-13 10 - -
Hydrochloric 11-14 30 — =
acid 0.001 11578 50 0.007 — —
11-16 180 - -
12-1 10 = -
Hydrochtoric 12-2 30 - -
acid ! 12-3 80 0.009 = =
12-4 180 - -
12-5 10 - -
Hydrochloric 12-6 30 - -
acid 0.1 12-7 60 4009 - b
12-8 180 = -

# Hyphen means that extraction rate exceeds a hundred percentage.




& Soil washin

experimental data for arsenic.

Washing Washing Sampie | Time initial Arsenic | Con. After Washing | Extraction
Solution Item Solution Con . {N) No. (min.) | Con. {mg/kg) | Proceces (mg/kg) | Rate(%)
12-9 10 - -
Hydrochloric 12-10 30 - -
acid 0.01 12-11 60 0009 -
12-12 180 — -
12-13 10 - -
Hydrochloric 12-14 30 —
acid 0.001 12-15 60 0.009 - =
12-16 180 = -
13-1 10 0.121 13.43
Distilled 13-2 30 0.118 15.93
waler o 133 | 60 u-140 0.116 16.81
13-4 180 0.104 25.95
141 10 0.012 4.23
Distilled 14-2 30
waler 0 14-3 60 0.013 0.012 10.158
14-4 180 0.009 27.22
15-1 10 0.006 7.21
Distilled 15-2 30 0.007 4.06
waler 0 153 | 60 v.007 0.007 6.58
15-4 180 0.006 14.64
16-1 10 0.009 3.69
Distilled 16-2 30 0.009 5.34
waler 0 16-3 60 0.009 0.008 7.63
16-4 180 0.008 10.91

¥ Hyphen means that extraction rate exceeds a hundred percentage.
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