ABEEWSSE  Vol. 18(3), p. 93~108, 2013 http://dx.doi.org/10.7857/JSGE.2013.18.3.093

<[FZE>

= = o
OIZS' - ZEHS" - YMT? - LB
QRETSlaL $7331)
seftheha 7oleta T
dvehn $2Rk

Study on the Contamination Characteristics of Pollutants
at Various type of Abandoned Metal Mines

Jong-Deuk Lee' + Tae Dong Kim'* + Sun Gu Kim? - Hee-Joung Kim®
'Department of Enviromental Engineering, Andong National University, Korea
? Institute for Occup. & Envi. Health, Korea University, Korea
3Division of Environmental Research Center, Kangwon National University, Korea

ABSTRACT

This study is aimed to prepare the effective detail survey methods(Phase II) of abandoned metal mines through the
contamination assessment for mine types and facilities in the abandoned metal mine areas. The study sites of 12
abandoned mines are located in Gyeonggi-do and Gangwon-do and those were chosen among 310 sites that the Phase II
survey was conducted from 2007 to 2009 after considering the results of Phase I for abandoned mines scattered all over
the country. 12 study sites were classified into four types; Type I sites only have pit mouth. Type II sites have pit mouth
and mine-waste field. Type III sites have pit mouth and tailing sorting field. Type IV sites have pit mouth, tailing sorting
field and concentrator(s). In forest land, paddy soil and farm land of Type I, As and Cd were showed average
concentration, and Cu and Pb were high on the pit mouth area in one mines where the pit mouth was developed within
500 m. In the mines of Type II, Cu and Pb were showed average concentration too, but As and Cd were slightly high in pit
mouth and mine-waste field. The mines of Type III which had grinding particle process through physical separation
milling or hitting showed similar tendency with Type II. However, mines of Type IV pit mouth, mine-waste field and
showed various results depending on defining the contamination sources. For example, if contamination source was pit
mouth, the mixed results of Type L, II, I were showed. In tailing sorting field which was regarded as the most important
source and having high mobility, however, if there were no facilities or it was difficult to access directly, field sampling
was missed occasionally during phase I and phase II survey. For that reason, the assessment for tailing sorting field is
missed and it leads to completely different results. In the areas of Type I mines, the concentration of heavy metals
exceeded precautionary standards of soil contamination or not within 1,000 meters of pit mouth. Nickel(Ni) was the
largest factor of the heavy metal contamination in this type. The heavy metals except Arsenic(As) were shown high levels
of concentration in Type II areas ,where pit mouth and mine-waste field were operated for making powder in upriver
region; therefore, to the areas in the vicinity of midstream and downstream, the high content of heavy metals were shown.
The tendency of high level of heavy metals and toxic materials contained in flotation agent used during sorting process
were found in soil around sorting and tailing field. In the abandoned-pit-mouth area, drygrinding area and tailing sorting
field area, the content of Cupper(Cu) and Zinc(Zn) were higher than other areas. Also, the contaminated area were larger
than mine reclamation area(2,000 m) and the location of tailing sorting field was one of the important factors to estimate
contaminated area.
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Table 1. Summary of the subjected mines
Minnig history Pollutants
Mine Taili W Mine drai Pithead
type . . . ailing aste Ine 1ramage 1thea
Mine Location Ore deposit volume (m*) volume (m?) (m*/d) (num.)
NwW Gapyeong, Gyeonggi Ag, Au - - - 1
Type 1 SA Samcheok, Kangwon Ag, Au - - - 1
YDW Hongcheon, Kangwon Ag, Au - - - 1
DD Chuncheon, Kangwon Ag, Au - 100 - 2
Type 11 DC Hongcheon, Kangwon Ag, Au - 150 - 1
SYG Jeongseon, Kangwon Ag, Au - 800 - 2
SLH Hongcheon, Kangwon Ag, Au - 4,900 - 7
Type I CG Hoengseong, Kangwon Ag, Au - 3,700 - 1
BJ Pocheon, Gyeonggi Ag, Au - 35,000 - 1
JB Samcheok, Kangwon Ag 840 1,580 - -
Type IV DSY Hongcheon, Kangwon Ag, Au 623 1,320 a little 4
HCAG Whacheon, Kangwon Ag, Au 1 - - 1
% Type I mines only have pit mouth.
Type II mines have pit mouth and mine-waste field.
Type III mines have pit mouth and tailing sorting field.
Type IV mines have pit mouth, tailing sorting field and concentrator
Table 2. Summary of soil sampling
# of soil sample
No. Mine Analysis items
Surface Subsurface Total
1 NW 45 13 58 As, Cd, Cu, Pb, Zn, Ni
2 SA 49 13 62 As, Cd, Cu, Pb, Zn, Ni
3 YDW 46 19 65 As, Cd, Pb, Ni
4 DD 44 17 61 As, Cd, Cu, Pb, Zn, Ni
5 DC 46 10 56 As, Cd, Cu, Pb, Zn, Ni
6 SYG 46 14 60 As, Cd, Cu, Pb, Zn, Ni
7 SLH 46 15 61 As, Cd, Cu, Pb, Zn, Ni
8 CG 53 7 60 As, Cd, Cu, Pb, Zn, Ni
9 BJ 43 17 60 As, Cd, Pb, Ni
10 B 53 (tailing 1) 16 69 As, Cd, Cu, Pb, Zn, Ni
11 DSY 49 (tailing 1) 12 61 As, Cd, Cu, Pb, Zn, Ni
12 HCAG 46 (tailing 1) 16 62 As, Cd, Cu, Pb, Zn, Ni
223. Mg A Aol ARSI
Fl=F, 78, W B4 AR 10g2 A 01N AlE B8 ARe] A% AR 0.05mg oS FH
HCI 50 mLE F71ete] AR &< aRigh & 319 Fe T EHRARIEFEN | mLeF Q4 10mL 2 o]
sl 4EAS B0l Agatdon], As BHe AR offlEEskREFEY 10mLE B3 WA O 7h
10g% A% F IN HCI S0mLE A7Hsle] 3083 ik G3led vl 23l fE4=E SR, 19 2os
& O 1o elsio) AEag Bl AHEII of 5ol Bl AHBERen, ¢t 28 248 AR
ofdst YAl BALE AE 3g& AT F I G = AR 10g2 H F 01N HCl 50mLE 3718k
21 mLs} Fg A TmlLE A7Rske] 70°ColA AR 30°CelA 1AIRE FRE wnt & ud Fejale] s
B gk Rl F uo) Hejsle] 100mLE I F 0 EAel A3k
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Air—dry soil sample at laboratory (@ 25C)

Sieving dried soil sample by analytical items

Pre—treatment according to the standard analytical method after
quartering and mix the soil sample

Instrumental analysis of pre—treated soil sample according to
the standard analytical method

Fig. 1. Procedure of soil analysis.

Table 3. Tolerable level of heavy metal

Heavy metal Tolerable level
As 20
Cd 3.0
Cu 100
Pb 100
Zn 300

|31t
2.2.4. Pollution indexZS ©]-83F FAkFo| st B
A= ot

Pollution index = ©]&3F Ekodx Hryl= 20093
EdQATHVIFES 7IEARE o]g3te] AR HF S
FARSol AE Fr) 9 B FHAY B 9 AE
o} AR BEGS ubdoz it B9t
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e o)l4 A FH4 % 1UZE Fig 20 Ve
At

As®] 739 TS FHA 0.03 mgkgo 2 HEREOT, X
o RS 1.05 mgkgl 2 A A HoM EYATH7IE
olstZ Uehdth. Ase] RE HAEHS 0.39 mgkg, 4
Eo] HHEEES 026 mgkgl R AERT FEOA Hit
ghgo] oF 1Lou) =& o= Uepdth 459 B
9] 046mgkg, A 038mgkg, ® 025mgkg <O =
vepgtt. olgst A7 gk W A GelA Biszst Fas
eI Qlom, 7T Shollx] BEH o tE ARt
T e S VERII

olE 7} T ¥R HW Jl=fFe| Be oM vE
st BEde] = ZAYE it shale®] Cd T 0.3 mg/
kg(Turekian and Wedepohl, 1961; Forster and Wittmann,
19817} Blwald A A Hol|x] vIs=g Fhds Ui o,
Kloke(1979)7} A A1SF B A2 Tolerable levelQ]
3.0 mgkgS A A|Ye] Bk vl FHE ko i}
Bt 2Zke] Hit F=9F 0.11 mgkg, BN H gk
0.35 mg/kg(Bowen, 1979), 0.11~3.0 mg/kg(Istvan and
Benton, 1997), 0.1~0.5 mg/kg(Rose, 1979), 0.01~0.7 mg/
kg(Bear, 1964)7} Hlmasle] Hole A 9] Egko)x
Rt Aelehs kS BATh

Tele] AS- A2ke) HEE 50.0 megke, BN Ht
2 30.0 mgkg(H$] 2.0~250.0 mg/kg)(Bowen, 1979), 2.0~
100.0 mg/kg(Istvan and Benton, 1997), 15.0 mg/kg(Rose,
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Fig. 2. Concentration of As, Cd, Cu, Pb, Zn and Ni according to the distance from a minehead.
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2 Aog Yttt o|& E9e] gt 3.0~189.0 my/
kg(Istvan and Benton, 1997), 17.0 mg/kg(Rose, 1979),
2.0~200.0 mg/kg(Bear, 1964, Levins, 1974), A|Zt2] 3
T F% 10.0mgke, H shale?] Pb T 20mgy
kg(Turekian and Wedepohl, 1961; Forster and Wittmann,
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Fig. 3. Concentration of As, Cd, Cu, Pb, Zn, and Ni according to the distance from a minehead.

3.2. 72l HME =X &4 Type 1)

DDA T54 B4 7 F5(As, Cd, Cu, Ni,
Pb, Zn) T Ni &=0] 27} Al& EYRATH7IES =
H3IaL, Zn 35 U AEOIA Zn FEo] EYLES-
H7ES el AEHAtHFig. 3). Nitt ZnS A&
e F55S A AYeX ELLETTIEA] olst=
et Ni9) A9 HA 10.73 mgkg, F 56.62 mg/
kg@=Z AR 2l ARoA EYeAdsHrEs 2
k= 5 kAl Wl bW el 2A LA=rt
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o] oF 138 =& Ao= ER
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o} 2117 ZHR QlE} 3hRF wAke] thE ARt} wo)
T Jlom, wEba Aso] SRR Qo] FiEAO
2 Hola it} olol Hls] DC Fike] 7S, HA o
FrA=o, At Hehdsel @A gollel, Hed)
2% T BEee o] #EEI glo], #H A s
Eo @AYo uigt Byt das oz waEnh &

FEFNY] 2FdENe FodYd AP e}

fe AEHANP SHRe) T BYEFOR

AL}
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d

fL

>{1

Loz e
EY
&
3:0

SYG B3Fe] 75 ZB7EAE SRR AN
2 FHEE e Yok o]FolA] glon, Bz

AL A =29} TR ARSI Qi) 3
2 U gifto] Hu god o]FoH Qlrt. Cd
2 0.01 mgkg, A 0.77 mgkgo 2 A Aol X EF
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SHF7IE B A A dsit =] o
T3HES 0.09 mg/kg, AEE 0.08 mgkglE VER} F
Eo} AET} viszgt As Jehith 85 B

W

< o

£ 9 016 mgkg, B 0.08 mgkg, F 0.05 mgkg,
2 YeRTE o] AYGoA Cdoll 23 B AT
ERA] kit

DCEHe] 7 EYLYVITS 28k A8 &
g dom, AE Q9= E ATERE 470m, 510m,
830m, 900m, 1240m, 1,470m, 2,810 m, 2,870 m Al
HollM 7S 238t et 747} vlaA] | 3
LAETE A et 85 edEs A 7l Al
5, YelA 7] AlEE YETE weba] DCELtl gk
TR LAEE Wriehd, AAFoE & edde §l
AL FIEE WHZFE AR dH A ExATHe
EgollA cdo] 94t SV 233 As Kol o]
Frkel F8 ede AR esE ddEH. DC
Frkel A, Bvle Ao, AR H @ )AEe]
A Follo], HEHY T Ed o] dEHA 3l
o 71ES BEYe] = A9E H shale?] Cd
0.3 mg/kg(Turekian and Wedepohl, 1961; Forster and
Wittmann, 1981)2} H]wsPa & A Hef|A] vzl ks
HeRJ o™, Kloke(1979y7} AAISH ENA L] Tolerable
level®l 3.0 mgkgS A o] EofolA HlwZA e Zk
o= vepkom, Xzte] it %9 0.11 mgkg, EUO
7k 0.35 mg/kg(Bowen, 1979), 0.11~3.0 mg/kg(Istvan
and Benton, 1997), 0.1~0.5 mg/kg(Rose, 1979), 0.01~0.7
mg/kg(Bear, 1964)7} Hlusle] Holw 2 z]9jo] Eofo
Al ot 3)shes whe Btk

SYGS] E Ul Cue HA 0.03mgkg, Ho 5.69
mgkg® & F A Hol|A B AeH7IE 2 dAVES
ZIE1A] edTh A, A4 Cud] RE B
2 157 mgkg, AEE 0.67 mgkglE e} REZ} A
o Hlg] LdATI) thh & Zloz Yelith 8%
W g RS 9] 0.95mgkg, A 1.00 mgkeg, B 2.18
mgkg TO=Z YERATE o] A[ollA] Cuoll o3t EYQ
A YA it DCBEe] 74 B dr|E
S Zsh= Al3E 3TERE 470m, 510m, 830m,
900m, 1,240m, 1,470 m, 2,810 m, 2,870 m X7 oA
7S 293l YRt Z8Tet HlwA] | 3] e dxrt
A Ve oH, FRE WHZESE AR He@H)AH
gL EqqA Cud] Havt SH7IES 29t A
< Hol o] Fike] =8 e HYe HeEHHAFeE &
GET DCBAE A, Bl fraEod, AR F
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rsel EAl dolglol, sy i BYe o) B
A7 glk. o] Ao Felo] FEg A|ze] WiEw

50.0 mg/kg, EFS] Hgk 30.0 mgke(HH 2.0~250.0
mg/kg)(Bowen, 1979), 2.0~100.0 mg/kg(Istvan and Benton,
1997), 15.0 mg/kg(Rose, 1979), 2.0~100.0 mg/kg(Bear,
1964y} Hit shale®] Cu T 45 mg/kg(Turekian and
Wedepohl, 1961; Forster and Wittmann, 1981)¥} H|ul
iR HAT B HAY ou7t s R FRelA 3
she ghe el Qe e o Fod &
AN 75 F3gellA Al BaliEo] ol FejE T
o) B70= olFehs B4E Holed), oleld oled
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2534 mg/kgl &2 A AJoX ELAT7IE R dF
7Res 2ARHA] it BE B

= 2.86 mgkelE UER} EEVF HEo vlE] 29
Tt o = Ao F Epuith 85 Hi ke 9
5.58 mgkg, A 2.50 mgkg, © 2.38 mgkg O & UE}
ok 2T S 2.50 mgkeet Bl ES o) gk
Y EllA] phell 9st BRSNS AREYIIA oF
2] A= UERATE o] E4O] Hirk 3.0~189.0 mg/kg
(Istvan and Benton, 1997), 17.0 mg/kg(Rose, 1979), 2.0~
200.0 mg/kg(Bear, 1964; Levins, 1974), X|Z}2] S &
T 10.0mgkg, HI shale?] Pb T 20 mgkg
(Turekian and Wedepohl, 1961; Forster and Wittmann,
1981)7 Hlaspd 0 o] EqkoA A2 e Fre.
2 vERT

SYG #2F EX Y Znd HA 39.73 mgkg, A
196.33 mgkgo = 7 A|Hol|A] ESL AT T 2 i)
7S 2B it RE RS 86.30 mgke,
AEE 83.61 mgkgl=E e} FE7} AERT £ U
Eidtt. 85 i e A 9179 mgkg, © 76.28
mg/kg, Y 26.61 mghkg TOF UERITE UIRT Hits
= 721 mgkes} IS o JgE Ul ELIA Znoll
o3t Bk Rl A HollA veRgor, A
EoNE tite] Beld ds & F Uitk

DDl 75, Bru Agge] £ Fof &
slot, e sl o3k FFoE dAdEe SFEAL
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Eollx 9 ¢do] #EHa Jr}. webr] FEEAR] 2 Hd
e Fodd AR FETdTet 2HE e #HEhA
ARG e T AFREYeZ YERT

ol2 A|zte] HH F=9} 80.0 mgkg, EXS] Hitak
400.0 mg/kg(M 9 60.0~2,000.0 mg/kg)(Bowen,  1979),
10.0~300.0 mg/kg(Istvan & Benton, 1997), 36.0 mg/kg
(Rose, 1979), 50.0 mg/kg(Bear, 1964), ¥ shale®] Zn
s+F 95 mg/kg(Turekian and Wedepohl, 1961; Forster
and Wittmann, 1981)¥} Hlwshd AX|Ge] Bk} vl
shA Hekge] FHAjel Yo Fu|e}t FulgE-dite] H)
Aol =2 7o et A1 YoM AlkEs]=
olAd 2719 JoloZ ool Fa A 83N,
Eo] ofde Bk Aol TRt ASSE A
E FE 9 e sl F2E ofde] &4
2 o}de] F= Ve Catt 29 Aol =
o= deA s, 2ol s =2 A3UAY
- ZgE) ol Ml FTIR AE) FEe oY
LS dEal=

Ni& SYG 33 ES U] s&v HA 647 mgke, 3
o 43.68 mg/kg®® UEEO™, 37) AE(SYG-S-4, 10,
45001 EFL A9 71540 mgkeys s oM, =
FABE AR Aol Avt e S el
FEO| HehEke 2434 mg/kg, AEE 22.71 mg/kglE
e} RE7F AERD oFF #A velsth 85 9
T 4 2661 mgkg, A 21.97 mgkg, B 21.85 mg/kg
o= YER, Hled) FAE Qlete] BAE ZsHE- &
Fro] AHREYY Ege] ¢ 2] veRal St

FEBe A9 Ha 1073 mgkg, AUl 56.62 mgkg
o2 A0 vlwA g el A4 A=) 8l
=3 ook 3k, wiAEE EEd HlwE] EE FE(30.56
mg/kg)E HEFEIL 3o ZARAFY Ni 292 AHsH
E4ol I AMEsE=2 AET)

THA LUEE Wrlehd, MAFoRE & odde
RA FIH-Z HHEFE Ni B deerExat A
o] Uepe BEE £ & Aok SRR o] o
o] Ni REEYe] EXR A Fe7ES 18] 2943t
Zo)aL, FAk S A9 Ni BFHAT 124 Y}
e Ho= Hol MRS 2@ B skt Q)
© o= AztEd. FEgh AR #EhHA-AETH]
EYolA Zn, Cd, Pbe] €4} VIS 293 As
Hol o] sAke] F9 2dYe FehFxges At
Ao}, T3] A4S, Bvle fAsRe, AR F
CHAEC] A HoBle], A T EGe o] #
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Fig. 4. Concentration of As, Cd, Cu, Pb, Zn, and Ni according to the distance from a minehead.

2|31 9lo], FHEHARel tidt EFeGR ] gk #
27 dest Aow wdHEn

3.3. Z7el Zo| MEE =X HZHH(Type I1)

SLHZEE Ta4 E4WY o/l 3(As, Cd, Cu,
Ni, Pb, Zn) & As, Pb, Zn, Ni &% 23/] A|l87} E
FH7IES 2HATHFig 4). ©] T FEE 190, 4

= Y AlE7F B fEVIES 298It AR
W odEeE TERE 20m, 40m, 80m, 200 m,
250m, 480m, 560m, 600m, 700m, 750m, 780 m,
1,050 m, 1,170 m, 1,200 m, 1270 m, 3,600 m A|7clA]
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7S 2k T, A PN Q95T 24 HE
HAch Nio] A, HA 945 mgke, H 129.13 mgkg
o2 ZARY 207)] Aol EYL A 7ES 298}
= T A e HHdl 2H edxrt ERIFEA,
JE A BJAE WHA7|FE 296 & 15EE BE
a1 o] Fhtell os) AFA FES e A=
Ak CGFARS Cd, Zn 2 Pb FEo] EUQATIFS
ZI3IH0H | As, Cu, Ni& EYQASH7|F oJUlZ A
ZHAHFig. 4). EYA7ES 28k= Alge 2B
Y AR, AE ) AEgeH, AgdE odrE A
HE 30m, 50m, 500m, 560m AAAA 7S %3
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k= 5, 787k Blad 7Pk AGeM A=t E=A
A== 7(]"'6]'}1\_]_'2‘ 5% 5 Ni g=o] 17 =)ol
A ESQAVIES 2331, As, Cd, PbS EXL S-S
H7IE oE ASETHFig. 4). AdE LH9=E BT
=2 402 930m Al 715S 2kt

7§Tet HAgo] EAlsle HgAtel il TR E
Al W o4 AR FE% v LHEE Fig 4
of UFERNQITE. SLHZAF ESF U] Nie] A, HA 945
mg/kg, H 129.13 mgkglZ FAMAY 207]A]= (SLH-
S-3, 4, 5,6, 7,8 9, 14, 15, 16, 19, 20, 22, 26,
29, 32, 53pPlM EYRSA fH7ES 28k 5 oAl
o Gl el A =Tt SRIFAL flom, YR A
BoMe HA7ES 2k T IEEE #EAEI Q)
o] FAtoll o3l AHAQN FEks e Ao wekEr)

JF=

H74E s B3k HlwA E2 T T 37.54 mgke)E 7
S5 lo] AFEHE B4l wE 217|949 TFsAE
HiAEE 4= gloh. A"t tig SFAR L9EE
Brysha, Pk ko g sl F= FAb e} 3}
T Qlok ¥l YR FAAelAN EdeATHE H E
ded U7 IES 2I3k= As, Ni, Zn, Pbo] AESEHE
A3 1A

34. MEE0| EXlot= H&4LH(Type 1IV)

B T4 AN o7 35(As, Cd, Cu, Ni,
Pb, Zn) & As, Zn, Ni, Cd &+ 207} Al87F EUL
A7ES 2HsI%oH, Pb B Cue EYLETH7IE ©l
sl2 A=HACHFig. 5). EFQG7IFS 29Eh= A8
E EE 19, AE 7iger, Amd edsrE AT
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HCYGEHRE 4 67l 35(As, Cd, Cu, Ni, Pb,
7Zn) = As, Ni, Zn &5 20 A&7} ESQA7IES
2351991, Cd, Cu, Pbe EXHH7IE olst2 4
ZHAH(Fig. 5). EYRA7IES 2ke AlEe 2B
167 A8, AE 4 AEgon, Agd QdxEs 7a
BE Om, 160m, 330m, 540m, 860m, 870m,
880m, 950m, 1260m, 1,280m, 1,310m, 1,380 m,
1,390 m, 1,420 m, 1,840 m A|FoA 7|5 23]
ERdth N2 HA 549 mgkg, Hl 12047 mg/kgS =
AR 197l AFN EY SV ES 28k 5
skt A4 Helell A =Tt ERIEAL Jlom,
IR A BdME HAVES 2eke T vk E #E
HaL Qo] Fibell o3 AR AR FFS W so=E
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ke, 4] B %*i Al SR AREHEAL 3l
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A Fud Aoz lZF»lb HOZ o] Ao
= Ase] LA7IEAE 99 B diAIES ASske o
e YERAL Sl o] Fite] A Feddew A
Zs= A7 3o Aehy 9A EHo sk 7<1°“«1 SLAE
7t S e A2 o] A 29 SR F F HuH
it AERAE feiide A B AvE 7<1°“°1 aac!
AP0 O Ae HlRO R sk Zlo] ZAREAY &
A9 ANE 52 8 4 YL Ao FE) wehA
Todte] B9 Bl 9Fs = 78 84=Ee
FRAGY] HAchHHHvIer FohR A A 3y
o] Jv|= ek

AR Ede] oddne Ui t&i Ni>As>Cu>Pb
>Zn>Cd TO 2 UrE‘rUr & F DSy3ite] SEEel 9
gh Eke gl gk oiF 3 B H A= Ni, As,
Cu, Pb B Zn& thdo= A ]EJOM & Aow It

o} B3] cuel FEe o) IS 8,106.60 mg/kg_i
UeRt, 4o] ZA59E 5089 50m ol 17 A)
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Fig. 5. Concentration of As, Cd, Cu, Pb, Zn, and Ni according to the distance from a minehead.

Wk, T3 o] A e Al 787 Ao HEHAelA A
Z3 oz FHd FHEhale] 2ksl ok,
HCAGH AlEAFE 299z == & 7
T 2 AR F2s It FASHTEEF 4km oW
of|A] sttt HCAGEAE 8ol E¥dhe EYE
2, A, o 5= Hs ArERY SR of
800 m7HAl= Yok o]Fojx glom, slR=E U
o] o= o]Foi Qlrh.
ALL#* A3} F345(Cd, Ni, Pb, Zn, Cu) & EUQ
A71ES ZEhs RS 2000 AlEONA Ni(195% Zn(1)
2 YEPtOH, Cd, Cu, PbS EXLESE7IE oJsl=
AEHAT EXRA7|FS 29sh= AB= XE 1671
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AR, AE ¥ AlEAoH, AR QA5 BTEREH
Om, 160m, 330m, 540m, 860m, 870m, 880m,
950m, 1,260 m, 1,280m, 1,310m, 1,380m, 1,390 m,
1,420 m, 1,840 m AHA 7S st LERITE &
=¥ dE= A ol AE, B U AE, 4 13 AE
=2 UERT

Ni& H4 549 mg/kg, H 120.47 mgkgO = AR
A 19l AEN EFLASEIES 298k 5 o
Ao Gl Heloll A4 =Tt SRIFaL glom, i
AFAMe A7 |ES 29kl 5 IsEE dEEa

Ao} Frbel] el 2HA] Faks We ZoE dAdETh
WA SE B3k HlwE =2 = 33.83 mgkg)E A

s
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NE T A7t et zo= Ao F=3k A
H|e} 3] pbo] FA7IES 2Hshe skl tieiae
T2 Yo HlE 59 et Ho 588 A
o2 gEo] ool tigk 2|7} B8 Fo= ATt

B B4 U $5<45(Cu, Ni, Pb, Zn) 5 EYLA
S8 2 dHNEFSE 2H3EE= AIEE Om, 100m,
420m, 1,600 m, 2,200 mollA Zn, Niz} CdE JERLS
H, Cuc EYLETH7IE oltlE HAEHUHY EYLE
NES xIske AEE B HES} ARgon, e
¥ E e BTAYY HehHHdA], F oddes
8 500 m A7 Zot 7 2 AV IS 2%
St = 9o FE °F 2,000 m~2,500 m A<
735 A Bg AHo= HSEe o= o] XY
ANME Znd LA7IEAL 2 B HAVIES F3Jsk=
SRS YA St} o] 3R] AS Feddos Al
ZEe= AT 2 HehHH 9A Bo ek AY9Y 9=
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FFol T, skl F=2 Vet 3 AR E
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Ni2] 749 e HA 7.76 mgkeS & YEPREoH, F
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o} REO| HHFES 29.69 mgkg, AES Hdlke
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2 Ul ot Avte A vls] EYed 5
H7lE 2 td7iEe] v a5 Hlud o #A3]
we Rog wriEo] & & old digk aFe] Had
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2 7S 2R BdTh BES P 7.05
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mgkg TOZ BRI

o] A9 He]9 FEE A7t HitEE 50.0 mgke,
Eoke] gk 30.0 mgkg(H$] 2.0~250.0 mg/kg)(Bowen,
1979), 2.0~100.0 mg/kg(Istvan and Benton, 1997), 15.0
mg/kg(Rose, 1979), 2.0~100.0 mg/kg(Bear, 1964)3 3
o shale®] Cu &% 45 mg/kg(Turekian and Wedepohl,
1961; Forster and Wittmann, 1981)¥} H|nldl Holw
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Pbo] RS HA 0.12 mgkg® YEREOH, Ho) 3
F 222,10 mgkg® =2 YERY} 17] A|E(IB-S-57)2 A9
g A AGelM EXFATH B WAVIES 2] &
Ut HESY HHIES 15.77 mgkg, AES] Bidtake
17.41 mgkgl 2 AES] Highgo] ot &2 Ao= 1
Epdtt, 85 B3-S @ 7333 mgkg, A 177.51 mg/
kg, & 268.97 mgkg =02 VERITH

o5 EF] gk 3.0~189.0 mg/kg(Istvan and Benton,
1997), 17.0 mg/kg(Rose, 1979), 2.0~200.0 mg/kg(Bear,
1964; Levins, 1974), A1Zte] B % 10.0 mghke, &
o shale®] Pb 3 20 mg/kg(Turekian and Wedepohl,
1961; Forster and Wittmann, 1981)%} Hlw&ld F4A=
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ALt A Ae] EYeIA tiAR H& ghoF YeRiT]

Zn®) 79 kS HA 44.60 mgkgS®E VERGOH,
A kS 6,748.00 mgkgl®E FHAY A YGoA] oF
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