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This study was carried out to evaluate the applicability of the soil washing process to remediation mercury-
contaminated mine tailing or solid material (soil and sediments etc.) around abandoned mines. First, the physico-
chemical characteristics of mine tailing were analyzed through particle size analysis and sequential extraction.
Secondly, laboratory scale washing experiments were performed using hydrochloric acid, nitric acid, potassium
iodide and sodium thiosulfate. As a results of particle size analysis, mine tailing particle were concentrated below
40 mesh and the particle size below 200 mesh was the most analyzed. As a result of sequential extraction,
elemental mercury fraction was analyzed as the highest with 69.12%, with strongly bound fraction 15.25% and
residual and HgS fractions 11.97%, respectively. Laboratory scale washing experiments showed low applicability for
nitric acid and sodium thiosulfate solutions. In case of hydrochloric acid solution, it was analyzed that mercury
removal was possible at particle size of 200 mesh or more. Therefore, it is considered to be performed together
with the physical sorting process. Potassium iodide solution was analyzed to have high washing efficiency at all
concentrations and particle sizes. In particular, the mercury removal efficiency is high in the micro particles, and
thus the applicability of the washing technology is the highest.

Key words : mercury, mine tailing, washing process, sequential extraction, washing solution
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Fig. 1. Geologic map of study area.
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Table 1. Methods applied to identify Hg species in substrates

Fractions Chemical extraction Ref.
Pyrolysis at 180°C Hg” determined by loss of Hg
Exchangeable MgCl, Lechler
Strongly bound HC1 et al.
Organic Hg NaOH and CH3;COOH (1997)
Residual and HgS  Aqua regia

s 2 sl (residual and HgS) 5 ©AERE
FE3= WHol. ot oskak B2 Lechler et
al,(1997)°] ©]-83+ CV-AAS(cold vapor atomic absorp-
tion spectrometry) ¥ o] o}d ICP-OES (model
8300, Perkin-Elmer Inc.)ol| 1713425 &6l
TR AUEFNaBH) 1.0% + 42 EHNaOH)
01%= SHAA = ALgsle] 245130 Table 1& &

Aer] AR AFHR] DAEFE IS BojFr)

25, MAAIE 2y

AF NS oA F7]edEdd Ko R &8
ah= HCL, HNOg# =9 dA7ellx &2 F& AA
F&o] BlE KI ¥ NaS,0;02 Agsigon, 7+
AFY ] Fee Augd] b 8IS 98 HC,
HNOs2 0.1 M, 05 M, 1.0 M2 &3, K],
Na,S,052 0.01 M, 0.05 M, 0.1 MZ &3}
HaEo] Kl g B 59 AHAS 05 M
HCIE 283l pH 152 =3I &=
2218 FU18t 7k AA el a8 vug

wo = sk

O

F—C.'l-': OlN
£
A 1>

ﬁrg:

10 mg/kg

Distilled
water
wash

Measure

pH, EC

@ Removal of residual washing solution(distilled water wash) : 5 times

® Analysis of washing complete sample : Agua regia

Fig. 2. Methods of the washing test.



7t AR FEA77] AR 5 gt Al 25 mLGL
Hu] 15y 4T FEO FH3laL 3342 wire|
SRS 20RPME A8-5tof M7 &9t wikshe 1
2oz AHNFEE stk Al F8 F AR
Ha)e 7ho]4 A 24 7])(Orion Star A329, Thermo
SCIENTIFIC Inc)E ©]83te] pHe A|A=E
(eletrical conductivity, EC)E =33l I4E2]7]9
2] 3,000 RPMo2 yARgE AAsi), 22l Al
2o 045 uMASE Q= olAE|o|E HHE o33}

‘.,

o AAH FE 874 "ol FA] YR A4C)sIA
o™, ICP-OES(model 8300, Perkin-Elmer Inc.)ol

k17|33 AFska NaBH, 1.0% + NaOH 0.1%
< YA ARSI AH Y F oo TS B4
stk MAE FERNA7] AlEe sk Al A
A E 23l SFTE 58] FFS Ao, HAE
Ae)® AEE AL (251200004 9 Az

EYATAAE7IE W Y (Aqua regia) o=
FZ&39t FEH AlEE ICP-OES(model 8300,
Perkin-Elmer Inc.)o| 511 13F4x12 A=2lsk NaBH,
1.0% + NaOH 0.1%S IUAZ Al85le] 4-29] &
23S BAT AEAE WY 2 9AE Figure 2
o ZAIBIA .
3. o7 Z3 3 E9

3.1. HEMNHI| MBS YEE=E

Figure 39} Figure 42 - A2HE FHSE

FYsheE S oR 33] vt YA At
el Zlelt)h [AAF drE #40 °l5i2 HF
=, #200 o]ske] Y= BELo] FF 25.12%= 7t
Z we oz RIFAUL. EGHH|ES 8Tl
Aol Y=o W2 AHEES 1HT v FP EY

it

o2

40

30

distribution ratio of particle size(%)

T ed=d A At 341
silt / sand

100 (0.0?4. mm)
g

80
= 60 Silt/Clay
£
K=
i,

20
L&

. !

0.001 0.01 0.1 1 10

Soil particle sizelmm)

Fig. 4. Particle size distribution curve of mine tailing.
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Table 2. Methods applied to identify Hg species in substrates
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Sample Sequential extraction of Hg Total Recove
type Elemental Exchangeable Strongly bound Organic Residual and HgS SUM  (Aqua regia) Y
.. 12.47 0.53 2.75 0.13 2.16 18.04 o

Tailings 59 1204) (2.93%) (1525%)  (0.73%) (11.97%) 100.00%) 73 102.9%

mgkg)s ZIsle st AEHJeH, dAEFE 22 B2 379 E o] Astar, ti7]elA 0.8

s 5 0 180 makgst ekt o) S8~ L7dsl Asi 471 ol Pt Bholuz

(102.9%) ZHoA thAZ oz AT HAjo] o]Fo] (Ariya et al, 2015). =2 299] FAHIRIE Q] A

A Aoz AFHEL 29 EAYPHERE AuEd gt A7 28 4—£° e

elemental Hg2 69.12%(12.47 mgkgo2 7 =&

HIE-S KBl 9lom, ol AFapgelA AMgE o 3.3. Mo 23t

g F2o] zRHE Jud Aoz FAdtHr) o)k Figure 5= MHETE Al-o] S AlFA 270

A= Jung et al,(2009)0] A 22 E=A|FE) w2 pH A3jo|t}. HCI HNO; MlA e BE Fo

S fARE oItk AT ek 1Y ok o5l A pH L5olslel Z@ Ao Z4Hen 10 M

£ exchangeable Hg Jel= = 9] 293%=A Hg Al dF dmoMe ko =z Qs o] 7}

we sroz PEely Joms AeAmel Fee stk PlE PSS pHvt HIg Fleont

Jake IR g Aoz ForHEL). Strongly-bound ARl WskERe A2 29ith KI AlEe] pH

15.25%2 WA =& $FoR AEFHYCH, organic  He Z719 F4-% pH 150004 ik Zvke <F 2.0

Heo 073%2) 714 whe fgow AZHUTh /14 ~ 50 WAR 2RI v YALSE pHrt 27

75 A% e residual and HgSE 11.97%= t She FUg Aol A= ol A A7

A T2 FEoth A5 HAHA 529 EA] FH| WY FERA7] AA e dFsHEHAL oF Ay

= AR AdElel ATkl & & Utk ok A4 pH(7.61 ~8.13)°4 71918 Ao = FtFT] Na,S,04
12.00 12.00

HCI HNO;
2.00 =0-Control 9.00 -0-Control
0 —o0—o0—0—0—0 4 0 —o0—o0—0—0—0
-O-HCI DM -O-HNO3 0.1M
:& 6.00 :& 6.00
=&—HCI 0.5M =4—HNO3 0.5M
3.00 3.00
—x—HCl 1.0M -x—-HNO3 1.0M
o-—0o—0—0—p—0—U 0—0—0—00 o —o0—7=0
000 —F—F—%—pr—p——%—% 000 —fF—fF—f%———%—%
#1101t #10 #20 #40 #60 #100 #2001 #01 #10 #20 #40 #60 #100  #200)
#;U R‘;D 3’50 #100 #700 #20 #40 ﬁf‘:(} #100  #200
12.00 12,00
Kl
. PUSHRE Na,S,03 -0-Cantrol
o —O—o0—0—0—0o
0Kl 0.01M *:ﬁﬁm
z 6.00 z 6.00 .
P ~a-KI 0.05M "“‘:"Dzssjm
3.00 - 3.00 '
g:;“‘sﬁe-—&'-‘x ==Kl 0.1M ""-::23206
0.00 0.00
#1011 £10 #20 #40 #60  #100 #200] #101 #10 #20 #40 #60 #100 #2000
l’?@ ﬂ;U #;}0 #'I..DO 52‘0(] #20 #40 #60 #100 #200

Fig. 5. pH of washing solution at the end of the washing.
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600.00 600.00
HCl » HNO,
450.00 ontrol 450.00 -0-Control
£ o-HCl0.M E -0-HNO3 0.1M
F 000 KXk 2 300.00 KR
g ‘\x ~-HCIO5M & ~4~HNO3 0.5M

150.00 A——ﬁ—b—ﬁ—ﬁ—ﬁ\ﬂ 150.00 &——A——a——a—a—-_._ﬁ_______ﬂ
=x~HCI 1.0M =x=HNO3 1.0M

) N O— ¢ ; - "~
0,00 —E)):gzgﬁﬁz‘:g—g_—'g— 0.00
#10 1 #10 #20 #40 #60 #100  #200) #1101 #10 #20 #40 #50 #100 8200
#20 #40 #60  #100  #200 #20 #40 #60  #100  #200
100.00 100.00
Kl Na,S,0
-o-Control 2923 ~0-Control
75.00 75.00
:E_: -O0-KI 0.01M £ -0-Na25203
= = 0.01M
4 50.00 @ 50.00
£ X €
A —+-KI0.05M 3 -4—Na25203
. x5 AU 0.05M
25,00 Wﬂ\ﬁhﬂ\ﬂ 25.00 A A A A
o0 Kl 0.1M e ———¢——¢— -ha2s203
——0—0 n , , , :
000 —O0—O0—O0—O0O0—O0—0—0— 0.00
#2101 #10 #20  #40  #60  £100 #2001 #0110 #20  #40  #60 #4100 #200)
#20  #40  #60  #100  #200 #20  #0  #60 #1100  #200

Fig. 6. EC of washing solution at the end of the washing.

2o % ok pH 80~8694 HIZ Ao dZT 2 005 M 504 A7|AEE o] 2o AsES 1}t

PoolA wmEAl 4 ERIATh NapS,0; A3 92 4.63 ~ 21.46 mS/cm2]

Sh= 73 oé ‘/}E}LH")IEP WeR SF7F 274 ] 7P e A5ES B9

Figure 6 Alzde] Arid=s &% Aot w, B YRALFE Skl ke HEe] &
HCl M= 15.78 ~ 303.00 mS/cm, HNO; A2l QA=A

2 13.94 ~ 398.80 mS/cme]¢] MHZ 75 =7 Ul Figure 72 AlZde] 42 d=kia] ZAxjolt), e
v OiF JFsiinh 7 AlEY 2% a2t 2255 o7 8w =74 24 2R 245 Hdd HC
W EEE Assiser, rAs dRdsE d71- AHAL 05 M ode] T Z2NA 580] FEF]
Ex7t ZAskdTh KI A 7.82 ~ 46.00 mS/cm gor, 1.0 MS 283198 ol #200 o]5k] JollA
o] HYZ SRS =4 gy dssisen, diAg e 026 mgLZ 71} =2 20| HEHUrh HNO; Al

1 80 m#10up w10~ #20 m#20 ~ #40 #40 ~ #60 = #60 ~ #100 ®m#100 ~ #200 w200 down

' *D.W. - Distilled water

1.25

1.00

0.75

Concentration of Hg{mg/L)

DwW. | 0aM | 05M | 1.0M | 0M | 05M | 1.0M | 0.01M | 0.05M | 0.1M | 0.01M | 0.05M | 0.1M

Control HCI HNO3 Kl{pH 1.5) Na25203

Fig. 7. Concentration of mercury in washing solution at the end of the washing.
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B i#10up m#10 ~ #20 = #20 ~ #40

25.00

15.00

Concentration of Hg{mg/kg)

0.5M | 1.0M

0.1M

Control HCI

Fig. 8. Concentration of mercury in the washed mine tailing.

A TS HolA] ¥%eH, 1.0 M 4§
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Aoz gt} Kl Aldde 2E Fro 43
3 o] Z840] 54 150ch, 0.05 MS 283819
uH #200 ol3te] Y=olA 0.80 mgLZE 71
729 5 P74XEI°*°E1 AAF] el & &
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g ool AZHe] $& & ko] Bk,
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Figure 82 AlFo] ¢85 A|59] & EAZ3}o]
o AAFQ] Y= 2 FEE #200 ofstl H
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=9, #200 o2l o

1
2
X

471291 4 mgkg o2 FEAU. ol FEH

71 W el BEHQ el AATOR e
g ) AP Y AL AMd E
KI AIX e #200 olste] Y=ol 4 mgkg o)
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