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Contamination and Mobility of Toxic Trace Elements in Tailings of Samsanjeil
Mine

Kyu-Hun Yeon', Pyeong-Koo Lee'*, Seung-Jun Youm' and Sang-Hoon Choi?
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Daejeon 305-350, Korea
Department of Earth and Environmental Sciences, Chungbuk National University, Cheongju 361-763, Korea

In order to examine the extent of environmental contamination at abandoned Samsanjeil Cu mines in Kosung-
kun, Kyeongsangnam-do, we have investigated the contaminations and mobility of toxic trace elements from mine
wastes including about 280,000 tonnages of tailings by chemical experiments (total extraction, partial extraction by
0.1N HCI and sequential extraction procedure). Total concentrations of trace elements showed that Cu, As, Co, Zn,
Pb, and Cd concentrations in tailings were 14.0, 3.6, 3.1, 2.1, 2.1 and 1.6 times greater than those in background
soil, respectively. From the proportion of metals bound to the exchangeable and carbonate fractions, the compara-
tive mobility of metals decrease in order of Zn(29.0%)>Cu(12.3%)>Pb(9.6%)>Cd(3.0%)>As=C0(0.0%). Based on
the concentrations, chemical speciations of tailings, waste rock and nearby soil, it was revealed that Cu and Zn
were the most possible elements to contaminate the surrounding environment in Samsanjeil mine area. In addition,
the tailings had total trace metal concentrations below Dutch guideline values except Cu, and they might not affect
adverse impact on environment.

Key words : Samsanjeil Mine, tailings, toxic trace elements, mobility
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Fig. 1. Location and geological map of Samsanjeil mine.
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Table 1. Total concentrations (ug/g) of trace elements in tailings, waste rock, nearby and background soils from the
Samsanjeil mine.

No. As Cd Co Cu Pb Zn Remark

Tl 2444 9.1 3795 585.4 92.6 345.1

T2 307.5 9.3 363.2 745.8 149.6 462.2

T3 215.9 83 364.9 550.3 66.2 2328

T4 286.5 8.9 3828 667.4 72.7 223.7

TS 163.5 7.5 330.0 358.7 52.0 180.2

T6 562.8 9.8 414.0 579.8 174.3 289.9

T7 3942 11.9 481.5 838.4 190.8 422.6

T8 303.9 10.0 425.1 573.8 129.5 294.3

T9 338.1 89 402.2 643.1 60.0 161.1

T10 239.7 9.1 389.2 606.9 102.6 2273

™ 142.5 &1 343.6 761.0 102.6 229.8

T12 181.1 8.1 352.1 583.9 45.8 151.2

T13 206.7 7.9 344.0 580.3 40.7 99.4

T14 169.0 8.4 3595 545.7 45.6 174.6

TS 276.8 10.4 394.3 686.5 150.4 295.4 * Tailings

Ti6 174.8 7.0 2989 553.6 94.0 2289 (n=26)

T17 293.5 9.2 380.2 781.9 146.6 293.8

TI18 2420 83 375.1 547.1 169.3 225.9

T19 303.3 10.1 401.3 623.1 90.7 308.1

T20-1 2913 9.2 385.5 508.7 129.5 3135

T21 140.0 6.1 268.0 309.7 62.1 203.7

T22 254.4 8.5 354.6 679.6 115.2 290.6

T23 388.4 14.5 529.6 1287.1 340.9 630.0

T24-1 1280.8 12 501.2 178.7 187.8 100.0

T25-1 362.9 11.3 515.2 810.9 5904 63.8

T26-1 290.2 8.9 360.4 555.8 142.6 310.7

mean 309.8 9.2 38383 6209 136.3 260.0

min 140.0 6.1 268.0 178.7 40.7 63.8

max 1280.8 14.5 529.6 1287.1 590.4 630.0

std 218.7 1.7 61.8 200.6 112.8 119.9 B

R-1 69.3 13.7 4243 98.0 18.2 908.0 Waste Rocks

S-1 89.2 7.3 340.3 110.2 52.1 206.0 Nearby Soil

S-2 86.0 5.8 1243 443 64.7 124.7 Background Soil
43 EHE AA F 0~20eme] Zoleld 1m A 4o WHAFE Table 1o UERAICE MFES W
FAGE 4249 A8E ®o} shte] ABR wEe] o) mlaeiae] APl B g meli v, o
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71 %, 2mm ojalE AFsle] AHF F oEolA o] FEKB86.0pg/gel HE Hat 369 EWH 14.94)2
50°CE 7AzsIglon, 1z ARE AYos Fis B2 FFE ol Aok A B el 9]

] 100 mesh(<150 pm) ©J3te] Y=2 wEHstArt ke FHEY W va g iAES FARE 3
(89.2 ug/gys VFERHAL 3lof Fit BEel o F

5. ¢ o EE Bl vz B oHe] dFRe 74°l e o=
AtEEIch b Hsa O WAe] FERe 69.3 ug/ge

1. O|&als Meer 2o 2 WA EYRT e éTPE‘C(O8HH)— ”hv}
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Table 2. Total concentrations (ug/g) of trace elements in tailings at depth from the Samsanjeil mine.

Depth(cm) T20-1 T24-1 T25-1 T26-1 Mean

0~20 291.3 1280.8 362.9 290.2 556.3

As 20~40 209.2 876.4 604.8 204.8 473.8
40~60 2204.5 294.4 12494

020 9.2 1.1 113 8.89 10.2

Cd 20~40 8.3 9.4 3.9 9.79 9.1
40~60 10.9 10.7 10.8

0~20 385.5 501.2 5152 3604 440.6

Co 20~40 367.3 427.5 424.0 392.7 402.9
40~60 459.6 434.1 446.8

0~20 508.7 178.7 8109 555.8 513.5

Cu 20~40 642.0 118.6 4124 7263 474.8
40~60 232.7 943.1 587.9

0~20 129.5 187.8 590.4 142.6 262.6

Pb 20~40 76.0 68.2 218.4 113.3 119.0
40~60 92.8 111.4 102.1

0~20 3135 100.0 63.8 310.7 197.0

Zn 20~40 174.0 80.1 742 258.5 146.7
4060 90.4 203.8 147.1

Table 3. Concentrations (ug/g) of 0.1 N HCI (Cd, Co, Cu, Pb), 1.0 N HCI (As) and aqua regia (Zn) from tailings.

No. As Cd Co Cu Pb Zn Remark
T1 66.1 1.1 30.6 300.7 52.3 457.7
T2 105.0 1.2 404 350.3 872 5375
T3 724 0.5 30.0 295.2 38.3 305.9
T4 83.7 0.7 329 3789 43.7 308.3
T5 68.1 0.7 38.8 278.8 31.9 259.4
T6 205.1 1.2 329 263.5 394 383.0
T7 98.4 1.1 36.8 405.6 73.5 528.5
T8 115.8 1.1 41.2 373.2 66.1 410.7
T9 103.4 0.5 30.7 297.8 27.5 240.4
T10 111.0 0.8 46.2 461.4 484 317.3
Ti1 94.1 0.9 399 671.7 58.9 353.2
T12 76.5 0.5 36.6 424.1 279 263.2
T13 56.8 0.3 313 3814 194 181.1
T14 75.9 0.6 321 408.3 26.8 2744
Ti5 132.1 1.4 60.3 526.4 66.1 442.3 Tailings
T16 81.2 0.6 .37.7 429.6 423 315.8 (n=26)
T17 124.0 0.9 54.6 679.2 58.4 378.7
TI8 90.4 0.2 18.1 180.5 23.8 260.9
Ti9 71.8 0.7 28.0 325.6 357 3439
T20-1 101.6 1.0 41.8 3242 46.2 366.1
T21 58.2 0.7 35.1 274.5 35.0 310.2
T22 105.5 1.0 46.0 529.9 47.1 3414
T23 182.9 2.3 47.1 1091.9 140.5 708.1
T24-1 447.6 0.1 0.5 12.8 1.8 129.9
T25-1 6.6 n.d 0.5 76.9 13.0 822
T26-1 112.0 0.9 452 434.8 55.0 376.0
mean 109.5 0.8 352 391.6 46.4 3414
min 6.6 n.d 0.5 12.8 1.8 82.2
max 447.6 2.3 60.3 1091.9 140.5 708.1
std 79.133 0.5 134 256.4 129.3

n.d = not detected

27.18
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Table 4. Percentages of trace elements concentrations within fraction FI to FV for tailings, waste rock and surrounding soil

from the Samsanjeil mine.

Element Sample FI FII FITT FIV FV
Tailings 0.1 0.0 39.0 0.0 60.9

As Waste rock 0.0 0.0 18.5 0.0 81.5
Surrounding Soil 0.1 0.0 44.5 0.0 554

Tailings " 0.7 23 262 0.4 70.4

Cd Waste rock 6.0 7.8 323 2.8 51.1
Surrounding Soil 11.5 22 321 0.6 53.6

Tatlings 0.0 02 26.8 0.0 73.0

Co Waste rock 0.0 0.0 . 23.1 0.0 76.9
Surrounding Soil 0.0 0.0 34.6 0.0 65.4

Tailings 2.1 102 19.5 14 66.8
Cu Waste rock 1.5 7.8 54.2 1.1 35.4
Surrounding Soil 24.1 7.6 372 13 298

Tailings 0.0 9.6 47.1 25 40.8

Pb Waste rock 0.0 9.7 53.0 5.5 31.8
Surrounding Soil 0.0 7.1 574 4.9 30.6

Tailings 11.0 17.1 159 83 477

Zn Waste rock 12.8 16.2 46.5 5.7 18.8
Surrounding Soil 16.6 9.8 43.0 5.7 249
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Fig. 2. The partitioning of trace elements within different fraction (FI-FV) in tailings (T), waste rock (WR) and surrounding

soil (SS).

A —

Fole w3 W), BagiRE 2 P e
Hele TAY PEe) e HEe 2 o], AuS
e EERYENEY

2 SAE Ao A9 3 703%, #HEA
511% % FHEY| 53.6%2 H|&S RAF glo
o, 2e3Ee] Jeg NEshe =g Fv), H%
A FHE¥| 74zt 26.1%, 32.3%, 32.1%2) B&S
HajFt), ol BE AFeA Fl=go] g He=
EAQstE US-S AAlFiT), ) ol wEl el o
EIERER Btk l=Ee] HlE2 AlB £R9
whe} o 2jolE HelFT Qivh & #u] 3, F
HEY) ool w3 Felot elddE Py EA)
3= 7IEHE Bl & 4zt 3.0%, 13.8%, 13.7%
£ BAZEY, ol B 2 FHUEY W Jl=Fe
gulell wa) ojFe] 7sdl EAYEE o wWol A
37) wEo] i A4 e@dezy 44T 71

V&g AAlSL STt

°]

IYE EA e v|no] -9 vl FAlSA
ZEREE7E P A e e, 73.0%; HlEA,
76.9%; FHES, 65.4%), UYWA= AsldEn 23d
He|Eu), 26.8%; HFA, 231%; FHEY, 34.6%)
2 et o|Z2RE FHEE AHAM Aoz
rgstEe] glon, FH #He el oF I rbE
dL e Aer A7k

TEle] Aol T f3 ndaet nRbr AR
F2 AR} 2ElE) A3 Pele vigo) vt

A A velrdoh AR3eEe] A, #u|, 3
2 FHEFC|AM ] Hgo| ZHt 66.8%, 354%, 29.8
%ol AkelgE3 283 gl A4S, 242 196%,
54.3%, 37.3%2) W& welc) ¢ gsliEa A%
g Fele BE AlRolA wie W B E(14% olshE
Hojgw o). X7 ol P
I A% P At Rt HES sheth &
ol gk Fejel 7t Fn(2.1%)% HFA(15%)>
09 e B8-S Holw glon}, Furke 241%%
% =2 HE-S RoEr) 3k,
, B33 FHEST ole} fAle Hlg (it
78%, 76%ye UERdT) 30 U F2E olde A9
g thE {3l n)E A vjs] golewdt e 2 &
AEET AT Fele] nligo] v gol T 34
o9l o Fto] LHHEL}. 53], Ful ol Felg
AFE T olFe] 7Fegt SAIFH ] v&(12.3%)°] =
A= o), #r) v o] B2 RIm(EAE 149)
9 g HRge) FRE 2Hs B o) 34 fhgow
o] o9 Fate] SEHTh

FAEZE W g E4 el delEEs) 43w
He|GEn], 47.1%; #H3A, 53.0%; FHEY, 57.4%)
7} 7V A, e AREE 0, 40.8%; H1F
A, 31.8%; FHEY, 30.6%)%1 Aoz velyct, 33}
e Ags Jele Fulrt 2.5%, HdAlo] 55%,
FHEY] 4.9%F UelEt. I ofolendt P9
HE BE AR EAleA] et eidEEs F

i

0.

i

[e2

gt Pel2 BAchs g B8 A30AM 9 10%9)
TI7h2 Bl &GEY], 9.6%; HEA, 9.7%; FHEY,



AR B 0 fe) PIERee) 0 2 olEm 450

7.1%)ye o] 729 A9eh fAksh, B Wi ¢
o] ghgfo] Aoz ] i FH FHo=]
24 W gt 7ReAde H2 ZoE AvhEd,
ojade] slekd Al R, HFA 2 FHEY
Az zhzk gE v8s EAEH e ZA0E VEkE
o} Fr)e) AE, AR ] vl AT.7%EA TP
$AE, AslgEa A FHA5.9%), Folead
HEN(11.0%) 2 SFAES ke FEA7.0%)7t
H|$53 ¥ @S zhet), 3 eldEE) Rk o
o} 83%EA 7Y W HIEE FEAC) HHA
9 FHEke] A9de, AsldEs Afe ezt 7
7} 465%9% 43.0%=A4 7FPE B uleE A5 9
th o tgelle ZEFuU7 2z 188%9t 24.9%%
A e, 2eEs A%E Fele g B
vl EAe e YrhEEA, 5.7%; THEY, 58%).

100
* %
o w\':&: .
3 ™
, |A
]
0
1000
*
*
Y 4 s ¢
“ ® o ®
..... - v
|
10

S ooleAd APz FASE ¥l&S HEo
12.8%, FHEYO] 16.6%°13.0H, EIAFES} &4
e He-2 2kt 162% 9.8%=EA TrE f7al mlEl
Aol vlei Aoz g vlE-S BOFY Qi o]
o} o] Fu|, HFA 9 FHEY Y o} ol
98] 2 GAGEE SR FY v L] FEA,
28.1%; 334, 29.0%; FHEY, 264%)y o= H3)
vEklAe} ¥ s w2 ¥EE HoFo] FH A4S
QEANY FAGE 7 Ak SEARE Fo) W ofede]
Fape .18y} #3A U] ofde) Fehe(73aEct W
7] wiEeo] oo o9 ik Fu|Erle FAFA A
Aol rigdel o Frh

54. Rl Ojgaso] MEfSMEN %E
Seluhe obd AlElE48H (ecotoxicological)? I

10000
*
1000
® .o o0 *
5 (CPeA N, o
= A & *
3 "
o *
100 |
10
1000
1
: *
e 0%y O
o o, ey,
*
5 *o
2 100 * *
< " .
||
A
10

Fig. 3. Frequency of the total and labile (FI+FI1) concentrations of tailings, waste rock and surrounding soil from Samsanjeil
mine, in comparison with the Dutch guidelines on soils and sediments: target value (dashed horizontal line) and intervention
value (solid horizontal line) ( 4 : total concentrations, @ : waste rock, A : surgounding soil, B : tailing).
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Table 5. Labile metal concentrations (exchangeable+carbonate) in waste rock, surrounding soil and tailings from Samsanjeil
mine and the Dutch guidelines for soils and sediments information adapted from Bird et al. (2003).

Labile metal concentrations (FI+FII) (ug/g) Target threshold Intervention threshold
WR SS T (ug/e) (ng/e)
Cd 2.3 1.2 0.4 0.8 12
Cu 2347 356.3 2222 36 190
Pb 184.9 35.2 38.2 85 530
Zn 77.5 31.6 48.7 140 720

WR : waste rock, SS : surrounding soil, T : tailings
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