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ABSTRACT: Most of the tailings have been left without any management in abandoned metalliferous mines
and have become the main source of heavy metal contamination of agricultural soils and crops in the these
areas. To compare of environmental assessment of heavy metals in tailings derived from various 25-metalliferous
mines in Korea, 3 different analysis methods such as water soluble, 0.1 M-HCI extractable, and total acid
digestion method (aqua regia) were used. The chemical composition of water soluble in mine tailing
were in the order SO > Ca™ > Mn™, Na', AP > Mg¥, Fe* > CI. Specially, pH, EC, SO,*, and Ca*
concentrations in tailing varied considerably among the different mines. The average total concentrations of
Cd, Cu, Pb, Zn, and As in tailing were 31.8, 708, 4,961, 2,275 and 3,235 mg/kg, respectively. Specially, the
contents of Cd, Zn and As were higher than those of countermeasure values for soil contamination (Cd : 4,
Zn : 700 and As : 15 mg/kg in soil) by Seil Environmental Conservation Act in Korea. The rates of water
soluble heavy metals to total contents in tailings were in the order Cd > Zn > Cu > Pb > As. The rates
of 0.IM-HCI extractable Cd, Cu, Pb, Zn, and As (IM-HCI) to total content were 17.4, 10.2, 6.5, 6.8 and
11.4%, respectively. The enrichment factor of heavy metals in tailings were in the order As > Pb > Cd >
Cu > Zn. The pollution index in tailing Au-Ag mine tailing were higher than those of other mine tailing.
As a results of enrichment factor and pollution index for heavy metal contaminations in mine tailing of

metalliferous mines, the main contaminants are mine waste materials including tailings.

Key Words: Metalliferous mine, Tailing, Heavy metal, Contamination, Pollution index
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Fig. 1. Sampling site of 25 abandoned metal mines in
Korea.
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Table 1. Descriptions of 25 abandoned metal mines where the mine tailings were collected

Site No. Mine name Location Ore minerals Contaminated element”

M1 Sambo Kyeonggi Hwaseong Pb,Zn Cd,Pb,Zn

M 2 Gomyeong Kangwon Gosung AuAg Cd,As

M 3 Songcheon Kangwon Gangneung AuAg AsCN

M 4 Sinyemi Kangwon Jeongsun, Pb,Zn Cd,Zn

M 5 Sangdong Kangwon Yeongweol W Cd, As

M 6 Wondong Kangwon Taebaek Fe Cd,Pb,As

M 7 Daehwa Chungbuk Chungju Mo, W Cd,Cu

M 8 Joil Chungbuk Danyang Pb,Zn Cd,Zn,As

M 9 Pungsan Chungbuk Goesan Au,Ag,Cu,Pb Cu

M 10 Geopung Chungbuk Okcheon Cu,Pb,Zn Cd,Cu,Zn

M 11 Okcheon Chungbuk Okcheon Cu,Pb,Zn Cd,Cu,Zn

M 12 Cheongyang Chungnam Cheongyang W,Fe Mn Cd,Cu,Pb,As

M 13 Wuljin Kyeongbuk Wuljin Cu,Pb,Zn Cd,Pb

M 14 Beutdeun Kyeongbuk Bonghwa AuAgCu Cd,Cu,Zn,As

M 15 Geumjeong Kyeongbuk Bonghwa AuAg Pb,As

M 16 Goro Kyeongbuk Gunwi Zn,Pb Cd,Pb,Zn

M 17 Dogok Kyeongbuk Yeongduk Au,Ag,Cu,Pb,Zn Cd,Cu,Zn

M 18 Dongjeong Kyeongbuk Yeongduk Au,AgCuZn As

M 19 Bongsan Kyeongnam Habcheon Au,Ag,Cu Cd,Zn

M 20 Gunbook Kyeongnam Haman Au,AgCu Cu,As

M 21 Jeil Kyeongnam Haman AuAgCuW Cu

M 22 Baegwoul Kyeongnam Changwon Cu,Pb,Zn Pb

M 23 Yoehang Kyeongnam Masan Au,AgCu Cu,Pb,As

M 24 Daehanchul Ulsan Ulju Fe W As Ni

M 25 Ilkwang Busan Kijang Cu Cu,As
UContaminated element of paddy soils near the metal mines
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Table 2. Chemical characteristics and lime requirement of mine tailings near the selected abandoned metal mines

, pH EC CEC Ex. cations (cmol”/kg) LR
Site No.
(1:5) (dS/m) {cmol' /kg) K Ca Mg (Mg/ha)
M 1 5.98 0.52 33 0.07 112 0.11 09
M 2 3.32 5.02 11.3 0.06 422 0.12 35
M 3 5.26 047 9.6 0.12 1.98 0.14 1.8
M 4 3.49 1.39 41 0.02 0.12 0.03 26
M 5 8.45 051 13.6 0.17 16.09 0.23 0.0
M 6 8.30 0.56 124 0.06 15.08 0.16 0.0
M 7 5.94 0.21 125 0.36 496 0.27 1.8
M 8 482 12.15 52.8 0.02 4591 0.60 18
M 9 2.74 13.75 342 0.00 18.45 0.17 114
M 10 3.58 0.71 32 0.02 0.12 0.02 35
M 11 4.03 0.67 9.0 0.06 0.22 0.07 © 44
M 12 3.18 2.36 21.0 0.04 0.27 0.02 7.9
M 13 3.58 8.92 245 0.02 11.85 0.42 6.1
M 14 3.06 298 10.2 0.02 0.14 0.07 7.0
M 15 7.96 243 15.1 0.21 12.74 080 0.0
M 16 348 111 83 0.02 0.24 0.08 35
M 17 3.47 2.10 14.5 0.03 0.38 0.49 105
M 18 3.86 9.04 112 0.09 1.39 0.22 44
M 19 7.30 1.24 7.0 0.05 8.94 0.05 0.0
M 20 3.74 8.64 339 0.03 24.75 0.42 44
M 21 3.95 0.76 6.5 0.04 0.27 0.06 35
M 22 5.12 0.16 8.6 0.11 141 0.24 2.6
M 23 414 7.19 35.3 0.02 28.87 0.09 35
M 24 8.12 0.88 17.9 0.11 16.50 0.89 0.0
M 25 3.07 5.47 109 0.01 243 0.23 53
Average 4.80 3.57 15.6 0.07 8.74 0.24 3.6

YLR: Lime requirement
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Table 3. Water-soluble chemical composition of mine tailings near the 25 abandoned metal mines

(Unit : mg/ kg)
el Average  Sonderd Minmum o Median o, Maximum
cr 19.7 2.6 16.2 19.3 239 26.7
NO5y 177 19.6 9.3 13.0 209 109.9
PO 0.5 0.5 0.0 0.5 1.1 1.8
SO~ 3,116.4 5,243.0 23.1 4419 14,715.6 17,469.0
K 17.7 11.8 5.6 14.7 38.8 55.6
Ca* 608.6 994.6 7.0 101.0 2,690.4 3,270.0
Mg** 27.1 32.5 16 10.9 79.0 129.1
Na* 92 45 36.8 414 494 56.7
AP 41.7 99.7 0.4 3.7 303.7 374.4
Fe** 27.2 834 0.1 2.2 93.7 409.9
Mn* 430 162.6 0.1 41 58.9 819.3

7} SO > Ca* > Mn™*, Na*, A" > Mg™, Fe™* > CI
FOF gokon, A4 FFo] ETE ANED HAE A
Al vhebste) B3 SR o] B2 ARLTE BAA
7b FdgEnt iAoz w4 veht dF Fris
T R o] Fagtel 9FE v Ae ¢ 7 3%
o} olgld e wR PAAGL 84 SO )
3,000 mg/kg V3O E 0] v THE 1%, £Y,

i, 24, T 9 PR Folglh
AdAoz Fule GAEA A glo] WA AT
= 4] o Bul 990 §5H FE5) ol olx ¢l

o] 38 Aol 914 F glom, dd A1 AegeoR
9" A g 8 AEA Ak 54 9§38 S5
RN o)te] Awela] Fi1EE Fu| pH,
EC, SO % Ca™* #eke ¢ 2 xJo|E Heled), olaid
Ao Z= ST AF3II0] FAPE AAREE, FAT
A AE S AAEH & £E2A2 57 71j0EH A
o] AL Al £E5 T 13 4 &l A
29l 9Ygg W= Aog HyEm Yo,

tjo

1o

Ho|Ee| E24 LUEY Y FEH Rl A

U9 ERRRAd 2A% Ededgga gy
S AVMA AEY Y AdEF Bayo s Fgsie AMgsln
9tk Cd, Cu ¥ PbE 0.IM-HCl 74 554, As:
IM-HCL 7H87 3588 483t 24381 1o, Zns}
Ni2 9 A Baifel <A A8 4730 2853
Ak,

E 4% =1 2570 F5°33AF A AR A7 e
st AR e g o R PR $34 A
£ v @3k Ro|t} 257 FAte] thiFt AFFv5Y] A4
Cd Cu, Pb, As 2 Zn(A&=h 9| HF= 27k 498, 55.0,
2039, 618.6, 2,275 mg/kgC 7 CdE EFEHRAYP?

o] ¥7AA) YB/E, Cu ¥ Pbi F4A +HVIE, As B
Zn= ARRA W A9 gAY A)ES 293t
B Fo 7 Ueiyth AR AWM Cd 39> B
gol 9% W BB AR W A9l 388
O 2715S 298w g3 &1 2 e 534 o
A7) 293 A0 Vet Cu #32 =5 2 9
Lol A TY A9 $AA TS AR
= 67 BabolA $37|1%8 2H8ilth Pb 32 Y U
wggato] XA AVEs 23 & 871 Gkl
AR N1FE 23891, Ast Y, £ 2 IR
2,000 mg/kg oldo R UEh= 5 & 197 #Abo] 5744
P B7)2S 269tk Zn AT AHH, 4%, Y, Y
&7, £, Bab 1 W 5 g7 FAlelx FAAY
&S 238tk #Hu) F Cd Cu, Pb, Zn % As?] A3
2 P72 = 247} 31.8, 708, 4,961, 2,275, 3,235 mg/kg ©
Z g R S 5555 /M8 3 w2 B
& Bork =3 et EYEVIEHN 53AY
t#7]3(Cd 4, Cu 125, Pb 300, Ni 100, As 15 mg/kg)
o] 9)5+e] Mg 1F 0 fAret Ag Alsivhd A
9=71F et ZHugo] HA Cu 56¥iold AL As
15179 A% &2 202 vehith

S0 Asjolld FulFel FEE =t A 29d
FEoT Yeigy FARGEE w5 WA A% A2 A
AR3E 9l e Zo), T MY, AW T A EEA
AR FEEEAC AT FEE 8EFY A 7198
AoF B 5 QP olejd €elown F 592 ALY
AR BN Au-AgA FETE Ao Bl
71er F33E diite] FnE F7]H7] WiEel Zn-Cu-
Pb-Cd 59 F2 F3FES 3l5d o vFE5EA 1]
wate] Au-AgAl Ak ARvlelN Fa5 Tl 84

3 3, ABHA APgelel® 8% ThRsAdol s




U A553A £ AFA0 Y 2545 2954 227
Table 4. Characteristics of heavy metal distribution in mine tailings near the selected abandoned metal mines
(Unit : mg/ kg)
Site No. Total content by aqua regia 0.IM-HCI extractable
Cd Cu Pb Zn As cd Cu Pb Zn As"
M1 6.1 134 668 3,471 16 0.89 712 261.0 684.5 1.5
M 2 1.1 14 1,250 84 669 0.05 12 203.6 13.5 112.0
M 3 14 352 4,401 1,332 20,405 0.48 239 121.0 123.2 2,497.5
M 4 1.9 371 90 365 39 0.63 23.2 5.9 74 2.1
M 5 22 62 41 126 307 0.59 04 0.1 6.8 40.1
M 6 197.7 1,107 15,800 14,230 257 36.72 17 24.8 3472 15.5
M 7 11.6 393 154 391 19 6.77 843 47 339 1.7
M 8 77 130 2,576 2,384 1,680 1.30 41 49.6 104.3 52.0
M 9 33 432 121 55 2,948 0.07 1219 0.8 4.0 539.0
M 10 1.3 75 66 455 85 0.10 4.8 9.7 6.1 5.6
M 11 149 1,761 2,745 1,577 28 1.35 924 3300 1124 1.8
M 12 348.8 2,004 54570 9,731 32,790 1.79 51 11625 48.6 8,709.0
M 13 37.6 546 1,437 4,029 825 14.40 90.4 83.0 3434 59.4
M 14 49 647 12,780 1,097 2,039 0.79 30.0 479.3 179.7 192.1
M 15 1.3 25 34 43 754 0.12 4.0 0.9 41 73.8
M 16 0.6 18 843 130 5,656 0.06 0.8 24.8 34 2,226.0
M 17 21.0 4073 15430 3122 362 191 3154 547.5 3144 29.7
M 18 8.3 30 862 1,629 4,109 0.28 3.3 42.0 269 462.0
M 19 97.4 948 1,547 8,805 219 50.50 311 11.1 351.0 47.7
M 20 2.1 783 41 63 2,552 0.11 21.6 1.2 34 77.6
M 21 2.7 777 40 28 803 0.09 73.0 1.6 0.9 51.5
M 22 13.0 1,775 7,246 2,920 27 5.17 2955 1,727.5 334.0 32
M 23 39 376 44 142 300 0.14 64.9 31 8.8 404
M 24 1.6 657 189 537 3,227 0.08 0.2 0.1 0.2 192.0
M 25 1.7 216 1,055 123 752 0.20 10.1 0.9 8.3 327
Average 31.8 708 4961 2,275 3,235 498 55.0 2039 122.8 618.6
T-value” - - - 300 - 1.50 500  100.0 - 6.0
I-value - - - 700 - 4.00 125.0 300.0 - 15.0

DIM-HCl extractable

Threshold and intervention values for soil contamination indicators described in Soil Environmental Con-
servation Act.
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Table 5. Concentration of water-soluble heavy metals in mine tailings near the 25 abandoned metal mines

(Unit : mg/ kg)

Heavy metals Cd Cu Pb Zn Ni Cr As
Average 0.640 12.80 740 52.25 0.171 0.015 2.84
Standard deviation 2.370 28.14 17.11 186.98 0.340 0.013 7.03
Minimum 0.004 0.05 0.12 0.04 0.006 0.000 0.10
Median 0.070 0.86 0.46 3.90 0.054 0.013 0.28
95%-Percentile 0.730 70.31 27.69 126.01 0.798 0.039 20.08
Maximum 11.970 120.70 79.56 937.60 1.544 0.052 27.10

Table 6. Concentration ratios of heavy metal extracted by water soluble and 0.1M-HCI extractant against total content

of heavy metal in mine tailing near the 25 abandoned metal mines (Unit : %)
Heavy Standard . . 95% .
metals Average deviation Minimum Median percentile Maximum
Cd 4.03 6.73 0.04 1.78 13.26 31.85
Cu 2.46 5.57 0.01 0.78 591 2791
Water
) Pb 0.42 0.59 0.00 0.15 1.78 2.02
soluble
Zn 3.27 5.62 0.01 0.70 12.95 2327
As? 0.20 0.26 0.01 0.09 0.79 0.83
Cd 17.35 16.34 0.51 10.27 49.40 58.31
Cu 10.17 11.54 0.03 6.44 26.83 53.33
0.1IM-HCl
Pb 647 8.94 0.05 3.05 2233 39.07
extractable
Zn 6.80 513 0.04 6.20 16.33 19.72
As 11.41 8.17 3.04 9.42 25.60 39.36

YPercentage ratio of water soluble and 0.1IM-HCI extractability against total content of heavy metals.

PIM-HCl extractable
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Table 7. The relationship between the chemical characteristics and concentration ratio of heavy metal extracted by water
soluble to total content in mine tailing near the 25 abandoned metal mines

Chemical Water soluble ratio to total metal content”
characteristics cd Cu Pb 7n As
pH (1 : 5) -0.390* -0.398* -0.296 -0.450* 0.139
EC (dS/m) 0.328 0.592** 0.399* 0.429% -0.462*
CEC (cmol/kg) 0.111 0.331 0.306 0.148 -0.407%
LR (Mg/ha) 0.294 0.603** 0.155 0.461* -0.296
Water soluble AI** 0.643*** 0.750%* 0.431* 0.744** -0.221
Water soluble Fe®* 0.219 0.939*** 0.075 0.389* -0.196
Water soluble SO~ 0.243 0.533* 0.426* 0.303 -0.368

*  Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
*** Significant at the 0.001 probability level.

1)Percentage ratio of water soluble against total content of heavy metals.
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