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ABSTRACT

KEZE>

In this study, primary investigation for evaluation of abandoned metal mine effect on watershed has been done. 64
abandoned mines have been selected for primary investigation through literature and field survey. 216 soil and 90 water
samples were collected and metal pollution concentrations were analyzed. 24 mines have mine water in the pits and acid
water below pH 5 was not observed. Soils from 35 mines were over the soil basis of concern and 16 mines were over the
soil basis of action. Arsenic average concentration was 188 times of average concentration of the natural background.
Drinking water samples from 3 mines were over the drinking water standard and surface water samples from 12 mines
were over the river water standard. Integrated pollution index, which was resulted from the integration of field survey, soil
and water pollution concentration, showed that, abandoned metal mines had affected on watershed greatly in the order of
Samgeum, Daedeok, Cheongdalgeum, Heungsin, Yeongdae and Myeongbong mines.
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Table 1. Survey index of mine site
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Assessment item Assessment Criteria Score Result Note
1. Existence of mine water Y/N 1/0 24/40
2. Mine water acidity Below pHS5/above 1/0 0/64
3. Soil acidity Below pHS5/above 1/0 15/49
4. Existence of debris YN 1/0 14/50
5. Possibility of debris losing Slope/Flat 1/0 10/54
6. Mine recognition level of residents H/M/L 1/0.5/0 20/25/19
7. Approachable to mine H/M/L 1/0.5/0 30/16/18
8. Installation of mine damage control facility NY 1/0 59/5
9. Vegetation condition of mine H/M/L 0/0.5/1 59/4/1
10. Drainage outflow in river YN 1/0 1/63
Total 10~0 ( 110)
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Fig. 1. Distribution of abandoned metal mines on Yeongsan * Seomjin river watershed.

Table 2. Summary of soil heavy metal analysis results for all mines studied

Classificati Cr Cu Cd [ Pb [ Ni [ Zn As Hg
assification .
(unit : mg/kg)

Basis of action 10 125 4 300 100 700 15 10
Basis of concern 4 50 1.5 100 40 300 6 4
Max. 2.05 650.69 4.58 3520.83 137.72 36934 1031.04 3.00
Min. 0.00 0.00 0.00 0.00 0.00 13.79 0.00 0.00
216 sample Avg. 0.09 11.16 0.34 35.12 23.90 326.96 16.76 0.03
Over basis of action. 0 4 1 3 2 4 21 0
Over basis of concern 0 8 12 9 38 26 49 0
Concentration of the natural background* 0.09 0.48 0.04 3.06 17.28 54.27 0.089 0.085

*Sukkyeong Jung, et al., 2009
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Table 3. Summary of water heavy metal analysis results for all mines studied
Code Cd | Pb | Cu | Ni | Zn | As | Cr Hg
mg/L
Drinking water standard 0.005 0.05 1 - 1 0.05 0.05 0.001
Residence 0.01 0.1 - - - 0.05 0.05 ND
Ground water standard Agriculture 0.01 0.1 - - - 0.05 0.05 ND
Industry 0.02 02 - - - 0.1 0.1 ND
River water standard | uman health ) o, g i - - o005 | 005 ND
care standard
Avg. of ninety water samples 0.002 0.0091 0.0377 | 0.0337 | 0.2333 | 0.0136 | 0.0015 | 0.0003
Over drinking water std. 10 4 1 - 3 7 0 1
Residence 6 3 - - - 7 0 1
Over Ground water Agriculture 6 3 - - - 7 0 1
Industry 4 0 - - - 3 0 1
Over river water std. 6 3 - - - 7 0 1
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ATHEEHIIAL, 2008a). THH, 287 A8 & He =
FA7NES 2 AEE BT 33, Tl AR
oA HIA7} 0.06 mg/LE He= & 287)521 0.05 mg/L
2L, g 7 AlgellA 7k=HC] 0.01 mg/LE 9
E 547132 0.005 mg/LE 2331t
Ego] i NE2AL FHEAE Table 4

o o

PN
T4 4

o zyal Ak

o

127042 ZAE AT
FEHE B =g H$

i A

PR FHATE
GV - AR FANNA ARASE 21600 EY AR T
AR 9] el FA 12709] AlgolA B 7]
(1.5 mgkgyS 231990, o] T IVl ABE thay)
Z

F(4 mgke)s 28I HAY] A9 Gagat 9] 24
7N B ao7fe] Mgl B 927156 mgkg)yS
z33lgom, o] F 217 AlEE hA7IE(15 mgke)yS
ZEATHEAFTA], 2008b). 7219 73 tEEAt 9
374 Bat ghe] AlZell EYS Y 92171550 mgkeyS
zFsgom, o] F Ml AlgE thA7IE(125 myke)S
Z519c). olde] 79 Gl 9 1770 B3F 20709
A7 B 8715300 mgke)yS Zs19iom,
o] T 47| ANE= thA71E(700 mgke)s ZH31%ct Y
Zlo] 735 Gt 9 137] B4 39709 AlselA] ES
29 $H71F40 mgke)S ZHsIRoH, o] F 2l A
FE R7IE(100 mgkg)yS 29319 T8 2 4280
A9 E%ed SHUIEEE ¢ £ ¥ 4mgkS
2% Mg {ISdch gl AS- diggat o o it
o7he] AlEolM ERSH 28715100 mgke)S s}
e, o] T I AlE= A 71300 mgkgys 23S}
Aot

EYded e 35 T /M 295 gl o
S HA AR L9E B 39l F F 24 FAIA

J. Soil & Groundwater Env. Vol. 15(6), p. 81~90, 2010



86

B

-73&'—[ [

u}3]

&

c ot - 77k

Table 4 . Summary of primary investigation for all mines studied
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River Site Mine name Mine Over Soil Criteria Over Water Criteria Visit Note
water Month
Basis of Ba51.s of | Drinking |Ground| River PI IPI rank
concern action water water water
Geumseong X - - - - - Oct 0.0940 37
Namwon .
Sanseong X Ni(1) - - - - Oct 0.0521 59
Geumgwa - - - - - Se 0.1251 21
Sunchang ngw © P
Samjindonggye X - - - - - Sep 0.0790 47
Yongheung X - - - - - Sep 0.0956 35
Imsil | Buheung X |Cd(1), Zn(1 - - - - Sep 0.1038 30
Seokdu X - - - - - Sep 0.1271 19
Yeongdae O Pb(i);(zz;l(z) As(2) As(1) As(l) | As(1) Oct 0.2589 5
Sanseo X - - - - - Oct 0.1245 22
Undae X - - - - - Oct 0.0490 60
Jangsu )
Beonam X [Ni(5), As(2) 1215((12))’ As(1) As(l) | As(1) Oct 0.1109 27
SeomJin
riv. Palgon, X |Cu(2), As(4 Cu(l) - - - Oct 0.1687 11
- gong , AsQ) -
Banryong X - - - - - Oct 0.0643 55
. Bugwi X As(2) As(2) - - - Sep 0.0405 61
Jinan
Yeonchang X - - - - - Oct 0.0791 46
Yeonggwang X - - - - - Sep 0.0640 56
Boknae O As(1) - - - - Jun 0.1330 17
Oyang(Sambo) X INi(1), Zn(1) - - - - Jul 0.0538 58
Cheongwol X - - - - - Jun 0.0685 51
Seorisil X - - - - - Jun 0.0380 62
Boseong
Cheongdalgeu Cd(1), Ni(3) Zn(1),
m O | ZaasG) | As(l) Jul 02970 3
Dumungol O  |Ni(2), As(2)| As(1) As(1) As(l) | As(1) Jul 0.1203 23
Bodeok O Ni(1) - - - - Jul 0.1632 12
Gago O - - As(1) As(l) | As(1) Jul 0.1102 28
Myeongbong O Nl(Zg:S(ZSr)l(l), As(3) - - - Jun 0.2100 6
Boseong Zn(2), As(3),| Cd(2)
n(2), As(3),
Sanyang X CdQ) As(?) - - - Jun 0.1268 20
Jeonbo X INi(1), As(1) - - - - Jul 0.1042 29
Seomjin |Gokseong| Gokseong O - - - - - Mar 0.1585 14
riv. Hwasun | Dongsin X Cd(1), As(2) As(1) - - - Apr 0.0758 49
Oseong X - - - - - Apr 0.0657 53
Suncheonyuil O - - Cd(g;(zg(l)’ Cd(1) | Cd(1) Apr 0.1868 10
Suncheon
Adok X |Zn(1), Pb(2)| Pb(2) - - - Apr 0.0838 44
Suncheon .
(Jukcheong) X |Zn(1), As(3) - - - - Apr 0.0857 43
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Table 4 . continued

. . . Mi e . Visit
River Site Mine name ine Over Soil Criteria Over Water Criteria st Note
water Month

Basis of Basis of | Drinking |Ground| River Pl IPI rank

concern action water water | water
Hampyeong Cheonyong - - - - - Mar | 0.0957 34
Sonbul - - - - - Mar | 0.0649 54
Deokeum - - Zn(1) - - Mar | 0.0958 33

Naju Gongsan - - - - - Mar | 0.0788 48

Jwachang - - - - - Mar | 0.0615 57

| l;:gj:gngé ; ; ; ; - | Mar | 00308 | 64

Gwangju | v oiin - - As(l) | As(l) | As(1) | Mar | 0.0923 39
Yeongsan- Imgok As(1) - - - - Mar 0.0793 50
riv Yeongam Hanil Ni(6), As(1) - Jcd@uHg)| cd@) | cd2) | Aug | 00868 | 41
Eunjeok As(2) - - - - Aug | 0.1154 25

Daedeok ggg; 2‘1’((11)) ;ES; ; ; - | Mar | 04538 2

Damyang | ¢, - insan Cd(1) . ; ; - | Mar | 01031 | 31

Mudong P(1), As(1) - - - - | Mar | 00396 | 38

Hwalyong - - - - - Apr | 0.1168 24

Hwansun | Hwasun - - - - - Apr 0.1010 32
Ni(1), As(2) | As(1) - - - Apr | 0.1303 18
- - - - - Apr | 0.0365 63

Cd(1), Ni(1)

Josan

Etc Gwangyang | Bonggang

X X X X O |[X|OO0OO0O|0OXx X |[OX[|Xx X X |[XOXXDO

Deokjae 7n2), As(l) Zn(1) - - - Apr | 0.1126 26
Geumseong As(1) - - - - Apr | 0.0684 52
Gwangyang

‘Wanggeum As(3) - - - - 0.0866 42

Seokdong
(Gwangok) As(2), Zn(1)| As(1) - - - Apr | 0.0951 36
Nokdong CdQ2) - IAs(1), Cd(1) As(1) | As(1) | Aug | 0.1891 9

Cu(3), As(1)
. Cu(3)Zn(1) Pb(2), | Pb(2),
Heungsin O Cd(2), Pb(2), Pb(2), Cd(2 Aug | 02783 4
Goheung Ni(4)Zn(2) As(1) CdQ2) | Cd@2)
Others Pungnam O Zn(?\)l’i (;“(3) - Cd(1), Pb(1) Pb(1) | Pb(1) | Aug | 02099 7
Samgeum O Zn(1) - Cd(1), Zn(1) Cd(1) | Cd(1) | Apr | 0.7011 1
Samtaek O - - - - - Apr | 0.0892 40
Yeosu Donsan/Yeosyy O - - - - - Apr | 0.1418 15
Bonghwang X Zn(1) - - - - Apr | 0.1613 13
Pb(1), Zn(2)
Sanggeum X As(l) - - - - Apr | 0.1397 16
Yeonggwang | Yeonggwang X - - - - - Mar | 0.0640 56
Gangjin | Gangjin O Ni(1) Ni(l) Cd(i);fl];(l)’ As(l) | As(1) | Aug | 02004 8
409 EF AR SRS ZasEon, EFeY  © ZUF B 160k 3 F 127) BN 2rke] E

A7 1ES 7P wol 233 5 B9 AswE tF7E WAET}E Ase] 7S 27 Aow ekttt
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Table 5. List of above 20 ranked mines in PIw, PIs, SI and IPI
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5 T w9 I disiA 7R E 2HkIE 5
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2912 =2 g dol A =971 okt

SIA 7K =8 A2 KHel Ak il ook
WUfETe] EAl, EFRHIE v, HAEA, H454

Mine PIw Rank] Mine PIs Rank Mine ST Rank Mine IPI Rank
Samgeum 1 Daedeok 1 Yeongdae 1 Samgeum 1
Heungsin 2 Cheongdalgeum 2 Daedeok Daedeok 2
Nokdong 3 Palgong 3 Samgeum ) Cheongdalgeum 3
Suncheonyuil 4 Nokdong 4 Bodeok Heungsin 4
Pungnam 5 Myeongbong 5 Gokseong Yeongdae 5
Hanil 6 Sanyang 6 Myeongbong 6 Myeongbong 6
Gangjin 7 Samgeum 7 Cheongdalgeum Pungnam 7
Gago 8 Bonghwang 8 Nokdong Gangjin 8
Dumungol 9 Yeongdae 9 Bonghwang Nokdong 9
Yeongdae 10 Heungsin 10 Heungsin Suncheonyuil 10
Deokeum 11 Mudong 11 Donsan 7 Palgong 11
Beonam 12 Adok 12 Sanggeum Bodeok 12
Seokdu 13 Deokjae 13 Boknae Bonghwang 13
Yongjin 14 Josan 14 Gangjin Gokseong 14
Buheung 15 Beonam 15 Seokdu Donsan 15
Geumgwa 16 Seokdong 16 Sanseo Sanggeum 16
Palgong 17 Donsan 17 Josan Boknae 17
Yeonchang 18 Dumungol 18 Pungnam 17 Josan 18
Geumseong 19 Sanggeum 19 Eunjeok Seokdu 19
Bugwi 20 Dongsin 20 Hwalyong Sanyang 20
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