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ABSTRACT

After the law has been enacted for the prevention and recovery of mining damage in 2005, efforts of remediation have
been started to recover heavy metal contaminated soils in agricultural land near mining sites. As part of an effort, the upper
part of cultivation layer has been treated through covering up with clean soil, but the heavy metal contamination could be
still spreaded to the surrounding areas because heavy metals may be remained in the lower part of cultivation layers. In
this study, the most frequently occurring arsenic (As) contamination was selected to study in agricultural land nearby an
abandoned metal mining site. We applied separation technologies considering the differences in the physical characteristics
of soil particles (particle size, density, magnetic properties, hydrophobicity, etc.). Based on physical and chemical
properties of arsenic (As) containing particles in agricultural lands nearby mining sites, we applied sieve separation,
specific gravity separation, magnetic separation, and flotation separation to remove arsenic (As)-containing particles in the
contaminated soil. Results of this study show that the removal efficiency of arsenic (As) were higher in the order of the
magnetic separation, flotation separation, specific gravity separation and sieve separation.

Key words : Arsenic-contaminated soil, Sieving, Specific gravity separation, Magnetic separation, Flotation
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L= TG B

HIe7E 718 =3t (Jung et al., 2004). HlAae T2 33}
A Hol| A UAiFE, A8} FE (arsenides), 3=, 418}
E-, H4F (arsenates) B ©PHIAFY (arsenites) HENS o1
FEAA e, Okt F5<4 Y4 (Au, Ag, W, Mo
etc.) 5 A8} FHEAIE 7Y =2 vlEE
Eldth(Smedley and Kinniburgh, 2002). 52331220
A 1A 3P (arsenian pyrite)°] HIAS FHol 8 wt.%
74 g BlA 7)) BEo] H7)% & (Pokrovski
et al., 2002) ©]5 -FHIE A (arsenopyrite, FeAsSyS H]A
£ sl e dEAR] S58E2A RIEAe &
3} 9 AkslE <ls) BlAvt SEEnka A ok
e WA &2 HIEA U vlie - $AIS
Al EAB, Eolvt 714 o8l F8F 2 AkslE jhowH
FHAM O] —17} HIAT} 43, +5 R +171E ¥islsHl €
TH(Nesbitt et al., 1995). H]Ao] A& F3kS vx|=
= TS T2 AdhmiBRE, oFrlE, BhEnt
sk, Welld, dskE 5 22 ks g E0] HlaY
s 2 YIS vXYar ¢#A Ack(La Force et al,
2000). HlZo] -2 o] 23FFElZ oFsslH, bty
Eolv A FAEEEdET A JAHEAY ol %
9] FH| 72 Hof HlAe] AFo] ARk B
Aol EAlsks BlAY TR A MAYSS o)
3}cH(Sun and Doner, 1998). 3} % AkslH H|Ae f
B3] FTHOZHE 4~8N0Z Hiko](arsenate, +5)
= o|Alol & (arsenite, +3) FEE {=EH H|Ao] =
e AksPdEiet 771, £71 Feldl webs] geERed d
Ao 2 B7) vlAvt §78Ae vlg)] E4de] A 37}
H|A7} 571 HlAo]] Hls) F/do] Fa1 &4l | ols=r}t
=il gEA Ath(Raven et al., 1998). H|Zo] 23]
L99 sHEoY Al AR A7RE s |
L= i ) v B A IRl P R L B e A L S 1 1
5% =7 YeRdthLee and Chon, 2005). o]l & &
ToME 27l HEs it FH HIARE QHE EA E
S AT R Agedon HlAk LAEHoe] HEA
T o] Asshe ¥ET S48 =

o ot

[}
-
o
o

3 =ERE
e g Pejz £ o] REF S nelslel Az
A 299 A Wt A F 534 EFozA A

ARgo] 7153 B7)12S AAElaAl St

F3IRrPEs), EFgshioplre EHAHERH 85,
=43t g A7) TS e gy ARSslaL ot
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T Qo SRS Vs SHEHY] 8555 9
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T e Aol ot arte] Hlgo] A o] PR
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9 1% FEE5 Q9RAde st 17 59
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2.1.1. APIH (Sieving)

FAolut Y T A=l wet 7 A7t aE F-
g2 e A& B (sizing)el2t 3P, wshe diiEd
Qe AR YRt ZVEE RSk Aldo] ). Al
e AeY Z700l wet e vre AeE AR F
o] G Wxl= e AR 2y AeeS 593t
AL Wl 2FE-(undersize product), A S F& AL
WAt A= (oversize product)o|2} FHCE AA| FHol| ALE-
HE FYE Ade B A(fixed screen)t 7HEA|
(moving screen)’} o TAHAZAN FHL AL A=
TEEee v 3 2 g 5ol Bol ol8He e
AZe= LA| 2folo] nlof I (weldge wire bar screen)
So] gt} 7FsAE e EEZY (rommel), 40)7 2~=d
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2.1.2 H]Z1E (Specific Gravity Separation)

HIFZ(EE)e] AR b F=o] FAAFA HelM 24
@9, 948 5)2 worl WF Al ol Mz e 1
sh-s= sl Hed o] ¥EE o83l BES 4Est
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Fig. 1. Regional geologic map of the A metal mining area.
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Fig. 2. Regional geologic map of the B metal mining area.
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FAEES A PLS), HotAM(Zns), FHIEA
(FeAsS), 32X (FeS,), 3521 (CuFeS,), Stannite(Cu,Fe
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A FTE(0~30 cm)e} HE(3B0~60 cm)2] AEE A3 5k

HES} AES S5 F vk ¥FE, pH 55 4

o} vz EAFEHE TEsh] Hsl AgFERel wet
F= & fe28Ze=r) WS (inductively coupled
plasma - optical emission spectrometer, ICP-OES)E ©]&-

So] B ) Mk Fejol RIS slelsidic.

222, HALH AA AEA

1) 52 AddE A3

A E-F7](FRITSCH analysette 3)° E35© 34
o] & 2.5ml/sec, FE5F(Amplitudey= 1.5 mm, 3
5 A&EAZH(Interval Time) 5 sec, A AHS A|7H(Sieving
Time)2 2009, AAF U782 27 10 mesh(1.68
mm), 50 mesh(0.297 mm), 200 mesh(0.075 mm), 325 mesh
(0.044 mm) AE A3t HLEFS T3

o

2) HIZAE A9

HIZAEAME 25 (shaking)X= AR H|o]E (table)
off 3HFTE gr To2 FHEUY 8, FY, Hol&
50 e} MAEE E Al sl E4o] AdEsie &
FE|o]E(Wifley no. 13, Carpco Co., USAYS 283}
Table 18] A3 202 FPrt. WIEFS AL
o] £% % 10mesh o]l thsl| AAstiom A3 <+
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Table 1. Experimental conditions of specific gravity separation

Division Flow [L/sec] Feeder [g/min]

Slope [degree]

Shake speed [time/min] Amplitude [Inch]

Condition 0.2 61

10 120 1

Table 2. Experimental conditions of magnetic separation

Division Magnetic intensity [Gauss]

Solid : liquid Stirring speed [rpm]

Condition 5,000/10,000/20,000

1:10 200

Table 3. Experimental conditions of flotation

Division Flotation Condition
1 Foaming agent 1.5ml (AF65 1% 30 g/t)
2 Collector: 2.5ml (KAX 50 g/t), Foaming agent: 1.5 ml (AF65 30 g/t)
3 Collector: 2.5 ml (KAX 50 g/t), Foaming agent: 1.5 ml (MIBC 30 g/t)
Mile 4 Collector: 2.5ml (AP 3418A 50 g/t), Foaming agent : 1.5 ml (AF65 30 g/t)
5 Collector: 4.0 ml (AP 3418A 80 g/t), Foaming agent: 1.5 ml (AF65 30 g/t)
6 Sulfidizing reagent : 5.0 ml (Na2S 10% 1,000 g/t), Collector: 5.0 ml (AP 3418A 1% 100 g/t),

Foaming agent: 1.5 ml (AF65 1% 30 g/t)

Foaming agent: 1.5 ml (AF65 1% 30 g/t)

8 Collector : 2.5 ml (KAX 50 g/t), Foaming agent: 1.5 ml (AF65 30 g/t)
Step Charge (Collector + Foaming agent = AT + FT)

1) KAX 1.3 ml+AF 65 0.8 ml > AT Smin+FT 1 min

2) KAX 0.7ml+ AF 65 04ml— AT 1 min+FT 2 min
3) KAX 0.5ml+AF 65 0.3ml— AT 1 min+FT 3 min
Sulfidizing reagent : 5.0 ml (Na2S 10% 1,000 g/t)
]?’ Step Charge (Collector + Foaming agent = AT+FT)
Mine 10 1) KAX 1.3 ml+AF 65 0.8 ml— AT 5min+FT 1 min
2) KAX 0.7ml+ AF 65 04 ml— AT 1 min+FT 2 min
3) KAX 0.5ml+AF 65 03 ml— AT 1 min+FT 3 min
Sulfidizing reagent : 5.0 ml (Na2S 10% 1,000 g/t)
Step Charge (Collector + Foaming agent = AT +FT)
11 1) KAX 1.3 ml+AF 65 0.8 ml— AT 5min+FT 1min
2) KAX 0.7ml+ AF 65 0.4 ml— AT 1 min+FT 2 min
3) KAX 0.5ml+AF 65 0.3 ml— AT 1 min+FT 3 min, Calcium Hydroxide 3 g (pH 10.8)

AAGE B7E shach. AHAEPHE Boxmaghte]
LHW-TYPEY] 1A}8 521837] 8315t
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4) F-add A

F-RA3AX= Metso minerals’F2] Suspended Type

< A3l dRs 8 F A=)l sl HlAe

A AAEE F1E eI FaEaEe 2 (Ball

Mil)e] RIS AX EGUNEY dd8 g 2 &
\=]
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Ay} FYe AL 10~50 meshi= ERIEZARS)]
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oA olews e 2%, 29A gakd FHe 2%, 3¢
A A -4z T 25 R g 7%, 4244 77153
B 1% Ak 202 YEith

B3] 79 3eA A - g3t Bo) 35 ABkE e
7h 19%2 ARSIl /low o Hiel seAle} i
Ei7E 20% SRt Bk 39 SRR ot A4
Ade] el ko] w5 ASE AlEH)
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3.2. H229 M7 MELH

32.1. 54 AddE

A E B SR EYY] JHEEE HY,
10~50 mesh EYFAA= AFLF 29% BEFLF 21%0]1,
50~200 mesh EXUA= ARAF 15% BFAF |1
200~325 mesh ESUARE AZAF 4% B3 4%0°]a1,
325mesh ©Ja} Ego] AL 51% BB 64%=, -
T Yo AE 9 HE AR glom Ju 5747

2& BEL F AATFig. 3). ol BEFUE ¥ FE&
% B RPN Jl=g, e 2 d 5 2
AR P IO BlReh e HED 9% T
oA 247} =& A AHaL Bausa s A

#H4 Fo] F7BA
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% - HMo] mheL gl mlaf Ho] Tt 98 @
EAhs Ao FetEr ol ZARE & EX
M= AhFos s} EA SHEU] wEo]

[ o
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= Concentration A Mine I o0%
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Fig. 3. Particle size vs. As Concentration.

A AEE TIFHoZ 283 SEiMe SREY o
A e F@Emol uE} HATIER] olsld A 71| o]
3t 54 9474S Ad EEsid EeE EYel gEite=
ArEo] 7Fsshd A, BEAE FH HIASHES B4
&2 A Gd7)ETs 838 = Qe Aow wd
Ho), ovt dukzog nisAE A 9 Rgado

T A8 wet Hget Z4zke] At Qlef
e wieA] AxjElzEn Badt &

3.2.2. HlFAE

Table 4= HlTAE & & 9 HlA AALSE 295
ez o} & d] 77ke® ol Ae AAEt
Ged 177 Jxrt 7Fsal o] & Rt 29
477102 g niSEo] Ao R 2 Edo] Rtk
(Fig. 4). gty oz FEo] A 1712 JFE
(concentrate), 27-3Fe F3FE(middling), 377 3]
(tailing), 473+ 33 (primary slime)’} & ==t], &
HEFS] A= EYAHAL v aol| e ddo] o]F
o7t} & AHE B 277N $480] 7 FA)
ZA%00m ABA 76.6%, BEAF 47.1%7F & HAck
Z Ul FIAN 2701 1, 3, 477 BAR 277 F
BE ST HlA 29T SoRE AL Tt
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Table 4. Removal of arsenic from the contaminated irrsoil by the specific gravity separation

A mine B mine
Division Weight Ratio Initial . Weight Ratio Initial .
(WE.%) (make) Concentration (mg/kg) (WE%) (mg/ke) Concentration (mg/kg)
#1 5 580.2 8 50.1
#2 76.6 3877 337.0 47 944 76.7
#3 6.9 ' 464.0 6.2 ’ 85.5
#4 11.5 595.7 38.7 100.4
#1
Table
T_p\ ; ) " J
#2 #3 #4
Fig. 4. Specific gravity separation.
& 5 Aot AR 13%, BRE 10%2] e Wl TR e -
= - 64% - B Mine
AA BES Bk AAES0] @2 AHEE 250 e

£l 9% HISAAEL HolE W 7i= At A= A
AL 4, &7, ARG 59 SR aF e R
AFsh= HITo] & B 7 WFeE fS55e vl
o] 2 F=E Ure AU, A, BT I ¥l &
HEF 45 2 A=e] Bt 2 SR dAE0]
=] o] HIF A AAEEC] HAAH(Kim et
al., 2008), B3 vl B9 FHHNAG WA
o] = Boll= vl o3k #5771 ofH e AAR
&o] YA yehd & 3tk AL AEY tigk HisA
H dm Al AR o ZloE dAdE.

3.2.3. AHAd

B 2AEE A A 2 BEAE A= b
A EHLE Bt 80%CVd AMIEELS Hd 20%°15H=
eIt A T84 SHEGRS HAMdEL] Hat
HIZ2 AAE oF 39%0H BEA A AT 43%=
AZE B B A igh vl AAEES
golgk 4= QAThFig. 5). RlAE ZHPA, AP 59
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FHLEES] AgdME 7REUelE, ErdRijo]
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Fig. 5. Removal efficiency of arsenic from the contaminated soils
by the magnetic separation.
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Table 5. Removal of arsenic from the contaminated soil by the flotation

Concentration (mg/kg)

Weight Ratio (wt.%)

Division
Initial Concentrate Middling Tail Concentrate Middling Tail
1 401.27 - 259.41 42 - 95.8
2 482.2 308.4 251.5 1.6 7.48 90.92
A 3 386.1 - 263.7 2154 0.39 4.05 95.56
Mine 4 ) 355.7 3232 225.6 1.04 4.84 94.12
5 358.8 277.8 212.0 348 11.0 85.52
6 326.8 366.9 294.6 1.56 32.65 65.79
7 106.48 - 103.07 344 - 96.56
8 - 119.82 96.07 0.67 5.59 93.74
M}?ne 9 102.6 101.84 90.43 86.15 4.6 5.66 89.74
10 93.70 80.21 84.26 3.95 4.38 91.67
11 98.95 100.79 92.94 3.89 2.98 93.13
o3e BTk AR A QAEFS B (tailyt =
T 30% oPde] WA 9 AATRS HGlow 53] 7] s e
= 100.0 ’
ZANRS A7t st Ay} =gt FEshA BEEA 2
o A B4 QAEYS] B ERS o) o 5
3l TR B ARS SaAd A3} naRAE gl g
Hi ofF 50%7HA 225 AS B F UMtk 28U B §”

k|

Z': o
sBakel 734 Tkl 274 Wt A Seasii ot Al
FEo] Hil oF 20%= AR A F-RdETE AlA
89 z1o]E BYtH(Table 5). ol FEIE E4lo] ¢
493 oz A=y BEt FAA AksldEe] A%
2 w74 Bt o] Bo| EA18h7] wiEl A
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Fig. 6. Removal of Contaminated in Soil by magnetic separation
after sieving (B mine).
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