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Evaluation on Extractability of Heavy Metals in Mine Tailings of Disused Metal Mines with
Concentrations and Kinds of Soil Washing Solutions

JoungDac Kim* - Wan Namkoong'

*Department of Health & Environment, Hallym College - Innovative Environmental Technology Center, Konkuk University

ABSTRACT : The objectives of this study were to assess extraction kinetics of heavy metals with extraction times and to assess extraction
efficiencies of heavy metals with concentrations and kinds of washing solutions. Target materials were obtained from disused metal mines.
Washing solutions were water, HCI(0.1, 0.3, 1.0 N), EDTA(0.01, 0.05, 0.1 M), and sodium dodecyl sulfate(SDS, 0.1. 0.5, 1.0%). Extraction
efficiencies of heavy metals by water and SDS were below 1%, and extraction efficiencies of Zn and Cd were higher than those of Pb
and Cu. As results, water and SDS were not effective in extracting heavy metals from mine tailings as washing solution, but extraction
efficiencies of Pb and Cu with SDS solution increased as extraction time increased. Extraction kinetics of heavy metals with HCl and
EDTA were faster than those with water and SDS. The ‘majority of heavy metals were extracted within 6 hours, and extraction kinetics
was almost independent of the solution concentration. Extraction kinetics of heavy metals after 6 hours was slow, but exiraction kinetics was
dependent on the solution concentration. Also, as concentrations of HCl and EDTA solution were stronger, heavy metals were extracted
rapidly and extraction efficiencies were increased. The extraction efficiency was high in order of Cd>Pb>Zn>Cu in using 1.0 N HCI,
and Pb>Cd>Zn>Cu in using 0.1 M EDTA. Consequently, extraction effectiveness was highest for Pb in using HCl, and for Pb and
Cd in using EDTA with concentration-increase. Extraction time of over 6 hours was not effective in extracting heavy metals.

Key Wonds : Disused Metal Mines, Mine Tailings, Soil Washing Solution, Extraction Kinetics, Heavy Metals
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Table 1. Standard conditions of AAS analysis used in this

research
Element Wavelength  Silt width Detection limit Quantity range

(nm) (nm) (mg/L) (mg/L)
Pb 217.0 0.2 0.04 < 1~20
Cu 324.8 0.5 0.008 < 02~4
Zn 213.9 0.5 0.002 < 0.05~2
Cd 2288 0.2 0.002 < 0.05~2
Fe 248.3 0.2 " 0.03 < 03~6
Mn 279.5 02 0.005 < 0.1~4

Table 2. Experimental conditions selected in this research

. . . Washi . . "
Washing solution Concentration ‘as e Soil : Liquid  other condition

time(hr)
Water
(distilled water)

0.t N

HCI 03N 0.25 Temperature :
10N 0.5 25T
001 M { s Agitation :

. 2 200 rpm

EDTA 0.05 M 6 Filtration :
0.1 M 24 I pm glass filter
0.1 %

SDS** 0.5 %
10 %

*EDTA : ethylenediaminetetraacetic acid, ** SDS : sodium dodecyl
sulfate
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Table 3. Physicochemical characteristics of the materials used
in this research

Items Mine tailings
Soil texture* Clay loam
Sand (2~0.05 mm) 25.9%
Silt (0.05~0.002 mm) 42.2%
Clay (< 0.002 mm) 31.9%
Moisture content(%) 22
Field capacity(%) 22.6
Volatile solids(%) 0.8
pH 8.0
Electrical conductivity(mhos/cm) 379
Cation exchange capacity(meg/100 g) 14.9
80,” 89.7
Water soluble anion(mg/L) NOy 2.1
PO 43

* Determination by calgon test
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Table 4. Total heavy metal concentrations of mine tailings
used in this research and cited from references

[unit : mg/kg, dry weight basis]

This study A Kim et al®  Kim*®  KMPC?

Digestion HF/HCIO/HNO; HNOyHCI* HNOyHCIO, HNOy/HCIO4 HNOyHCIO

Pb 6,837 2,800 2,150~6,330 6,140 3,510
Cu 466 184 79 ~471 307 247
Zn 2,826 1,560  1,310~3,000 3,660 1,880
Cd 105 54 . 38~102 144 49
Fe 24,759 24,100 - 24,400 -
Mn 183 347 - 347 -

* Aqua regia : HNOyHCL, ** KMPC : Korean Mining Promotion Coo-
peration

Table 5. pH, EC, and concentration of heavy metals after
washing with water for mine tailings

Hour 025 05 1 2 6 24
pH 7.41 753 747 737 138 136
Electrical
conductivity .14 143 163 182 202 213
{mmhos/cm)

Pb ND* 031 044 079 103 035
Heavy metal Cu ND ND ND ND ND ND
{mglkg) Zn 495 452 572 675 719 724
cd 015 022 033 039 045 062

*ND : not detected
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Table 6. pH and EC after washing with HCl, EDTA, SDS Tl 845 92 pHE RYoeH AAFen 743 &
for mine tailings ANEGE FA3AT &, 03 N 1.0 N HClE 35 2447
Solution Hour 025 05 1 2 6 24 Wl 1o]stel 9L pHE 9x)& whde] 0.1 N HCIY B¢
0N 177 181 195 216 279 332 = z‘y} 18614 Ajztol BAARo) wa W B et A
pH 03N 097 096 096 098 096 092 339 pHE B4t ECY ZA$ 0.1 N HC M= & 27)
HCL oo ION 028 026 030 027 031 035 HE6 V”’W Ho2 WSS HolA 9Tzt 2441 %
b 0.IN 14.53 13.14 12.09 11.24 10.70 33.37 A3 2713 99, 0.3 N HClgA = 27) 1*]7} ool B
(mmhoslem) 03N 70.03 68.93 59.17 59.50 58.70 56.30 7} 60 mmhos/cm W9}e) o ZHA®E T A9 ‘?J-_Xéo}@’
1LON NA” NA NA NA NA NA th 1.0 N HCll A 9] FyAREs gho] WUE ol &Fo]
0.0IM 667 665 680 674 696 7.09 E7tgetd @AM AAHA gttt ol 2 o4,
pH  0OSM 448 445 465 476 546 6.03 Z&AI7e w2 ECY Hald o] ¥438A gdAd, HClY
___________ 0.IM 415 408 411 416 413 427 BE HETE EC7F A UEEE & 4 st

gpra? T 00IM 263 280 309 3.19 350 366 Fig. 13 Table 7& HCl 5= me} Zn2ie 328
(mmﬁfs/cm) 0.05M 670 689 7.5 736 740 751 Sk FE2EES JEAATE WX Pbe] A9 0.1 NI 0.3
0.IM 1088 10.96 1127 1115 11.19 1133 N HCI M & &3] ZAAF ] wigp td gntdt 5
01% 744 745 7152 742 139 156 ZATg Hel dde] 1.0 N HClei A= FFAIZF 6AIZF gl
pH  05% 739 734 739 734 726 749 FHYIH st whe F2ZTE BT Ho 99

S % 755 T8 145 45 10 pas  HAT B ADA TS @A a9, 93 e
0.1% 211 227 243 262 281 280 g WEeR HClG <188t BEAALAER 2714
(mmfocs/cm) 0.5% 512 517 523 541 554 587 “‘f ne F28Te E‘ﬂ; L oRRE AU 28T

0% 839 852 861 875 896 895 T BT Pbe) a2 F2 1AL ol FEHAT,
YEC : Electrical conductivity, ”NA : not available, > EDTA : ethylene- Or1Zbete] FEF ool =Lstalct. Est, HCIH EDTA &
diaminetetraacetic acid, * SDS : sodium dodecyl sulfate “ﬂi EFHNHA F58 FeHe 2 T’Wﬂ Axe &9
Z9 BRSAT, F45F FF o)FY U dAME
Table 6ol A HZWE HClY| sTof wE pHY ECY %“HA Brol Wit FEEE1gryE Feada sdoh

WhS FEA0GL Wk BN, BA pHY BF HOL  oloh @ol & ATINE 99 ATAAG DL FBE el
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5 1000 g
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Fig. 1. Concentration of heavy metals after washing according to HC! concentration for mine tailing.
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Table 7. Concentration and extraction efficiency of heavy
metals after washing at 24 hrs with water, HCI,
EDTA, and SDS for mine tailings [unit : %(mg/kg)]

Washing Pb Cu Zn cd
solution

Water 0.01(0.35) ND" 0.3(7.24)  0.6(0.62)
HCl 01N 3.8(262.9) 20.7(96.4) 35.4(1000.2) 56.1(58.6)

03N 16.3(1113.8) 29.7(138.4) 48.8(1377.6) 72.7(75.9)
LON 61.0(4168.3) 32.6(151.7) 543(1535.5) 75.7(79.1)

EDTA? 0.01 M 33.9(2314.5) 110(5L1) 17.1(4819) 30.7(32.0)
0.05M 63.0(4309.1) 27.7(128.8) 27.9(787.7) 657(68.6)
0.LM 81.3(3561.7) 31.2(1452) 38.4(1085.6) 69.8(72.9)

SDSY. 0.10%  0.02(1.25) ND 0.24(6.69)  0.53(0.55)
0.50%  0.02(1.46) ND 0.24(6.66)  0.49(0.51)
1.0%  0.02(1.58) 0.004)(0.01) 0.24(6.80) 0.45(0.47)

ND : not detected, ” EDTA : ethylenediaminetetraacetic acid,  SDS
: sodium dodecyl sulfate, ¥ This value is rounded off.
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Fig. 2. Concentration of heavy metals after washing according to EDTA concentration for mine tailings.
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Fig. 3. Concentration of heavy metals after washing according to SDS concentration for mine tailing
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Table 8. Comparison of extraction efficiency after washing
with four solutions at 6 and 24 hrs for mine tailings
funit : %)

Pb Cu Zn cd
6 hr 24 bt 6 hr 24 hr 6 hr 24 hr 6 hr 24 hr
Water 0027 001 ND? ND 025 026 043 0359
HCI 01N 27 39 224 207 367 354 551 56.1
03N 118 163 293 297 462 488 657 727
1ON 3571 610 328 326 537 543 724 757
EDTAY 001 M 283 339 85 110 154 171 268 307
005M 652 63.0 257 277 269 279 678 657
0.0M 786 813 280 312 380 384 705 698
SpSY  0.1% 001 002 ND ND 024 024 050 053
05% 001 002 ND ND 021 024 042 049
10% 002 002 ND 0007 021 024 046 045

Y This value is rounded off, IND : not detected, YEDTA ethy-
Jenediaminetetraacetic acid, ' SDS : sodium dodecyl sulfate
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