d2FERA A 19 B 4 3 5 (20069 99)
J. Miner. Soc. Korea, 19(3), 171-187 (September, 2006)

A - AP B4 2 e F34 edE )

Evaluation of Heavy Metal Contamination in Streams within
Samsanjeil and Sambong Cu Mining Area

2l &= 2 (Soon-Oh Kim), A & & (Young-1l Jung), = & F (Hyen Goo Cho)*

s ALHE e AFRARS B AxIHGATA
(Department of Earth and Environmental Sciences and Research Institute of Natural Science, Gyeongsang National
University, Jinju 660-701, Korea)

Q0 AAYE TAT AT HAAY - AY FRL FAAGY F3& 29U
5 5 AAste] Hotx B2 FAALt o9 P, FFE
A3 WAL Satel SN A63EUL o2} 24D BAHAE
5% Hod & S97ARe AUALE 443
SuTHe AR ALAA FEE 0UTE Yehtg B o 3 A= T
| 47 R0 BEAT o8 5 AN 29U, 29F, aAsi 5ol Hen e
s ge B ogqde] EAelRet A4S S4o) AAsE Ao AuA 444
o] A% AHFANST AEH 0 fEH0 3T FAZ FYPT Y7 AEe) Al
e FEHFAAGRTHE §F A AF 3 090l Bek o Aasol Yehte
2 Rt B@, ISR A FU AL FE QAP FRE o[ Fold YEd, oIF
HR ol 4SS FHAZ & b pH $30] 2 B FE S Tl
7] MEo] $ANN $24 o%do] AAHOE HohHE FEIt MO e A0 Hal
ool Ma, BB A AL PaAH T 2L DAY BES O THD HAHLY B
K202 o2olA YA, o5 BaY FESH AT B& pH $5 0l st} 3%
F oA BT BuHA Rab: o2 BUHL

—‘~
2
o
_)l.l_n‘
4
o
_‘L
o3
im
)
{hi
o

of off LU 2l e O
>z o
huik
1-0

Lo

4%
FO
<2

)
x
&
LB
to
PR
_o|£
2
&
o
ox
iuf
2
II!{U
to
uf
XN
4
i3
ug{_u‘
R
=

ABSTRACT :The status of heavy metal contamination was investigated using chemical analyses of
stream waters and sediments obtained from Samsanjeil and Sambong Cu mining area in Goseong-gun,
Gyeongsangnam-do. In addition, the degree and the environmental risk of heavy metal contamination
in stream sediments was assessed through pollution index (PI) and danger index (DI) based on total di-
gestion by aqua regia and fractionation of heavy metal contaminants by sequential extraction, re-
spectively. Not only the degree of heavy metal contamination was significantly higher in Samsanjeil
area than in Sambong area, but its environmental risk was also revealed much more serious in
Samsanjeil area than in Sambong area. The differences in status and level of contamination and envi-
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ronmental risk between both two mining areas may be attributed to existence of contamination source
and geology. Acid mine drainage is continuously discharged and flows into the stream in Samsanjeil
mining area, and it makes the heavy metal contamination in the stream more deteriorated than in
Sambong mining area in which acid mine drainage is not produced. In addition, the geology of
Samsanjeil mining area is mainly comprised of andesitic rocks including a small amount of calcite and
having lower pH buffering capacity for acid mine drainage, and it is likely that the heavy metal con-
tamination cannot be naturally attenuated in streams. On the contrary, the main geology of Sambong
mining area consists of pyroclastic sedimentary Goseong formation containing a high content of carbo-
nates, particularly calcite, and it seems that these carbonates of high pH buffering capacity prevent the
heavy metal contamination from proceeding downstream in stream within that area.

Key words : Cu mining area, heavy metal contamination, stream water, stream sediment, pollution index

(PD), danger index (DI)
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Fig. 1. Geologic map of the study area (modified from Park et al,
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Table 1. Chemicals used in sequential extraction scheme

Fractions

Chemical extractants

Exchangeable

Bound to carbonate or specially adsorbed
Bound to Fe and Mn oxides

Bound to organics and sulfides

Residual

0.5M MgCl, + NH4OH/HOAc¢ (pH=7)

IM NaOAc + NH,OH/HOAc (pH=5)

0.04M NH;OH HCI in 25% HOAc

0.02M HNO; + 30% H,O, + 3.2M NH,OAc
in 20% HNO; (pH=2)

HF/HCIO4/HNO; (4:2:15)

Table 2. Physicochemical parameters, and major and trace element composition of stream water samples

within Samsanjeil mine area

F2ERE 10 4%, S

o, v wH

Distance . Major elements Trace elements
Sample from Temp EC Alkalinity
. . p (CaCO3 Na K Ca Mg ClI NO; 804 Cd Cu Pb Zn
no. mine  (TC) (pS/em) me/L)
(m) mg/L
SIW1 0 114 576 384 7 510 093 63.19 456 4.84 1.02 1943 ND 559 ND 3.19
SIW2 5 108 527 393 7 539 094 2107 490 7.46 1.04 1944 ND 592 ND 338
SIW3 25 125 6.01 384 6 507 087 1173 4.51 7.66 1.00 183.5 ND 496 ND 3.06
SIw4 50 149 554 517 4 477 0.81 1367 425 1541 095 2476 ND 322 ND ND
SIWS 60 156 578 460 5 491 0.87 71.79 455 9.50 0.68 2145 ND 3.89 ND 3645
SIW6 70 159 550 444 4 527 092 66.34 472 567 095 2177 ND 393 ND 2931
SIW7 300 157 643 296 12 6.06 052 1355 371 7.16 0.78 105.6 ND 0.18 0.03 1.00
SIW8 400 13.0 645 725 43 5.08 1.96 1353 12.47 12.50 049 3078 ND ND 0.02 035
SJIW9 460 133 6.64 741 47 472 190 1488 9.78 10.38 034 3925 ND ND ND 026
SIW9" 465 140 7.17 1,108 81 3.78 7.80 1204 573 1048 032 5429 ND ND ND ND
SIW9" 470 136 6.80 936 61 464 565 1334 693 557 000 4250 ND ND ND 0.1l
SIW10 600 134 7.11 788 52 475 324 171.7 11.25 571 0.00 4207 ND ND 0.03 0.30
SIWIT 900 113 6.82 684 34 595 260 1334 9.23 13.00 0.13 2875 ND ND ND 0.12
SIWIL® 905 115 7.36 77 5 448 074 1738 1.11 539 034 2083 ND 0.02 ND ND
SIWIL® 910 118 6.76 113 9 459 090 1722 156 6.64 044 3430 ND ND ND ND
*. tributary; +: confluence; ND: not detected
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Table 3. Physicochemical parameters, and major and trace element composition of stream water samples
within Sambong mine area

Sl Difstance . - Alkalinity Major elements Trace elements
mpie trom 1EMD o (CaCO; Na K Ca Mg Cl NO; SO, Cd Cu Pb Zn
no. mine () (uS/cm) mg/L)
(m) § mg/L
SBW1 0 55 7.5 260 19 590 073 4107 352 6.05 036 8034 ND 037 ND 007

SBW2 10 52 731 253 18 550 0.66 40.41 338 449 039 80.19 ND 037 ND 0.06
SBW3 30 44 745 253 22 585 0.69 4429 3.04 432 026 7472 ND 029 ND 026
SBW4 . 100 28 783 243 16 572 059 3869 344 517 035 7624 ND 014 ND 0.03
SBW35 200 3.6 746 231 16 592 061 39.61 3.50 552 039 6864 ND ND ND 0.00
SBWé6 400 5.1 744 199 13 645 0.50 36.15 334 6.02 052 5616 ND ND ND ND
SBW7 600 7.8 736 167 8 688 0.63 20.72 2.54 6.16 059 4930 ND ND ND ND
SBW8§ 800 4.7 730 153 8 6.59 0.75 17.67 231 6.18 0.76 42461 ND ND 0.03 ND
SBWS' 805 2.5 6.97 260 4 6.67 0.70 3545 4.15 498 045 0292 ND ND ND 3547
SBW8" 810 4.0 665 136 7 622 0.56 4039 2.13 6.02 081 41.13 ND ND 0.01 0.14
SBW9 1,000 7.8 629 108 6 523 1.01 1052 176 639 078 2549 ND ND ND ND
SBW9' 1,005 35 7.9 229 27 ND 425 2615 423 2096 415 1558 ND ND 001 ND
SBW9" 1,010 69 659 109 7 461 121 1842 1.51 7.9 102 2184 ND ND ND

SBWI10 1,300 39 725 272 12 527 137 1005 3.97 792 088 8733 ND 002 ND 0.00
SBWI1 1,500 3.9 7.39 205 10 581 1.16 3220 347 7.63 086 6031 ND ND 001 005

*: tributary; +: confluence; ND: not detected
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Fig. 2. General chemistry of stream water samples. (a) pH, (b) EC, (¢) alkalinity.
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Fig. 3. Piper diagram showing composition of major constituents in stream water samples (SJ: Samsanjeil

area, SB: Sambong area).
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Table 4. Total metal concentrations of stream sediment samples analyzed by aqua regia digestion

Distance from mine Cd Cu Pb Zn
Sample no.
(m) mg'kg
Samsanjeil mine area
SJS1 0 8.15 33,510 4739 1,399
NARY 25 0.82 5,912 123.9 290.3
SJS3 50 2.33 22,320 3673 1,300
SJS4 60 2.55 6,300 395.0 1,354
SISs 70 2.72 37,020 338.7 1,458
SJS6 80 3.32 38,690 506.6 1,229
SJS7 300 10.00 10,660 3,057 2783
SJS8 400 1.90 2,752 46.42 6523
SJS9 460 1.87 4,233 187.8 707.4
SISY” 465 4.07 1,231 71.89 770.9
SJIS9* 470 2.21 2,474 46.06 726.9
SJS10 600 2.40 2,979 58.95 647.3
SJS11 900 1.56 1,427 40.96 7263
sIs11’ 905 0.93 2472 56.99 527.6
sIs11” 910 1.44 783.4 153.9 464.0
Sambong mine area

SBS1 0 0.44 3,849 3328 265.9
SBS2 10 1.01 1,318 201.3 2943
SBS3 30 1.62 2,715 283.0 317.0
SBS4 100 1.84 4,969 2439 401.8
SBSS 200 0.41 1,158 60.84 32.60
SBS6 400 0.16 557.0 55.39 269.1
SBS7 600 0.15 402.3 58.40 265.1
SBS8 800 0.15 487.9 53.14 288.8
SBS8" 805 4.64 1,869 93.65 1,786
SBS8' 810 1.43 672.1 76.54 638.0
SBS9 1,000 0.58 97.50 54.23 426.7
SBS9’ 1,005 0.10 49.54 44.40 3329
SBSY” 1,010 0.62 89.18 54.61 418.1
SBS10 1,300 1.30 480.6 49.20 488.7
SBS1! 1,500 1.15 496.7 47.62 609.0

*: tributary; +: confluence
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Table 5. Concentrations of each fraction of heavy metals in stream sediment samples analyzed by

sequential extraction method

Samsanjeil Sambong
Sample no.  SJSI SISs SIS7 SJS9 SJS10  SBSI SBS4 SBS7 SBS8  SBSI0
Distance from 0 70 300 460 600 0 100 600 800 1,300
mine (m)
mg/kg
F1 29 67 162 1 0 0 0 0 0 0
F2 21,600 22,020 106 761 659 1,768 1,244 65 135 73
F3 11,593 11,460 646 154 726 1,443 410 215 372 202
co F4 1,479 991 1,621° 1,350 849 489 1,970 34 45 91
FS 1,423 225 3,845 331 183 169 2,783 56 59 66
Sum 36,124 34462 6380 2,597 2417 3,870 6,407 369 612 433
F1 0.54 0.16 5.0 0.00 0.00 0.00 0.00 0.00 0.00 0.03
F2 149.2 5.20 2.1 4.14 0.65 3.99 1.39 0.58 0.79 0.39
F3 286.8 188.8 854 9218 50.50 181.8 1224 5026  64.60 43.78
P F4 1.53 20.34 0.0 4.70 2.64 10.24 8.00 0.16 2.18 0.80
F5 67.35 34.45 2,167 16.80 14.43 54.72 56.25 33.68 34.18 30.60
Sum 5055 2489 2,260 117.8 6822 2517 ' 188.0 84.68 101.7 75.60
F1 31 139 12.43 0.87 0.96 0.00 0.00 0.00 3.75 027
F2 635 601 0.00 181.2 158.5 2.34 5.99 1.55 8.40 5.23
F3 772 378 0.42 6430 2983 104.8 136.5 96.26  303.0 31.78
Zn F4 5 14 8.32 16.74 15.80 3.97 5.72 1.30 8.96 6.78
F5 136 86 107.4 101.1 122.1 138.0 142.4 139.4 170.1 147.7
Sum 1,578 1,217 1286 3742 5956 249.1 2905 2388  494.1 191.8

F1: exchangeable; F2: carbonates; F3: Fe/Mn oxides; F4: organic/sulfide; F5: residual
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Fig. 4. Total metal concentrations in stream sediments analyzed by aqua regia digestion. (a) Cd in
Samsanjeil area, (b) Cd in Sambong area, (¢) Cu in Samsanjeil area, (d) Cu in Sambong area.
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Fig. 5. Total metal concentrations in stream sediments analyzed by aqua regia digestion. (a) Pb in
Samsanjeil area, (b) Pb in Sambong area, (c) Zn in Samsanjeil area, (d) Zn in Sambong area.
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proposed by Kloke (1979). (a) Samsanjeil area, (b) Sambong area.
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Table 6. Danger index (DI) of each fraction of heavy metals in stream sediments calculated by Adriano
threshold level and Korean soil contamination warning standards

Distance Fraction
Reference value Mine from mine

(m) Fl F2 F3 F4 F5
0 3.1 780.0 1,246 1,295 1,359
70 11.5 786.0 1,212 1,247 1,264
Samsan- jeil 300 6.7 10.5 40.4 95.0 4428
460 0.1 38.6 57.1 103.6 123.1
Adriano threshold 600 0.1 327 81.7 111.3 127.0
level 0 0.0 59.5 132.5 150.0 170.3
100 0.0 42.0 76.8 143.6 251.4
Sambong 600 0.0 2.3 20.8 22.1 36.5
800 0.3 5.1 44.1 46.4 63.1
1300 0.0 2.9 16.0 19.5 34.6
0 0.2 145.4 224.5 234.4 2443
70 0.6 148.1 225.5 232.2 2339
Samsan-jeil 300 1.1 1.8 6.4 17.3 50.2
Korean soil 460 0.0 53 6.7 15.7 18.1
contamination 600 0.0 46 9.9 15.6 17.0
warming 0 0.0 11.8 22.1 25.4 26.9
standards 100 0.0 83 11.6 24.8 537
Sambong 600 0.0 0.4 2.1 2.4 3.0
800 0.0 0.9 3.9 43 5.0
1300 0.0 0.5 2.0 2.6 33

F1: exchangeable; F2: carbonates; F3: Fe/Mn oxides; F4: organic/sulfide; F5: residual
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