T4 =) A7H(H58),623~631,1998

J. of the Korean Envirenmental Sciences Socicty

HE YWA FHO| B 240 B AT
— HEd SIS SR —

Zn4d-39 =
H|oistn X7yt
(1998 53 2581 H)

Environmental Contamination of the Abandoned
Chonju Il Mine in the Chonbuk Area

Kyu-Seong Cho and Dok-Ho Chong
Dept. of Earth Science Education, Chonbuk National University, Chonju, 561-756
(Manuscript received 25 May 1998)

Pyrite contained in wasted ore dumps induces a strong acid environment when it contacts oxygenated
rainfall. Present research was designed to evaluate the pollution of an area that is supposedly con-
taminated by pyrite of ore wasted dumps form in Chonju II Mine. Measured are the pH and selected
heavy metal elements in the supposedly polluted hydrologic system. The samples include three types :
those collected from the stream waters; those from the stream sediments; and those from the rice field
soil scattered over the area. The dispersion path of the pollution source was also traced.

The pH of the hydrologic system ranged from 3.44 to 5.46, which clearly indicates that the area is on
the acid environment. The pH tends to rise as the distance from the minehead increases. The content of
heavy metal elements dissolved in the stream water varles as follows; Mn=69.73~1.99ppm, Cd=0.02~0.
03ppm, Zn=0.77~1.18ppm, Cu=0.04~0.13ppm, Pb=0.22~0.32ppm. The stream water in this state may
induce serious heavy metal pollution to the agricultural land and the water for human life especially in
the villages down the stream. The content of heavy metal elements dissolved in the stream sediment var-
ies as follows; Mn=245.0~4685.0ppm, Cd=10.0~15.0ppm, Zn=105.0~210.0ppm, Cu=65.0~155.0ppm,
Pb=90.0~150.0ppm. The content of heavy metal elements dissolved in the rice field soil varies as follows;
Mn=185.0~260.0ppm, Cd=10.0~15.0ppm, Zn=135.0~180.0ppm, Cu=65.0~90.0ppm, Pb=100.0~130.
Oppm. The pollution index in the stream sediment and the rice fleld soil is 1.36~2.03, which shows that
pollution had already begun all over the area where the samples were collected.
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Qa : alluvium Kslt : lithic tff
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Ocb and Ocbs : black phyllitie, black slate and dark gray sandy rocks

Ocy : guartzite Ocm @ guartz biotite schist and sandy phyllite
Occh : slate, black shale, phyllite and calc slate
Fig. 1. Geologic map of the Chonju Il Mine area.
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Table 1. The abundance(ppm) of heavy metal elements and pH in the stream water(Y-1 ~ Y-6), * nd

not determined

samples Mn .. Cd Zn Cu_ Pb __pH
Y-1 1 nd 0.03 0.83 0.04 0.32 4.53
Y-2 } 69.73 0.03 0.89 0.04 0.28 3.44
Y-3 L1497 0.03 0.77 0.05 0.22 404
Y -4 i 10.36 0.02 0.77 0.13 0.25 5.16
Y-5 . 6.86 0.03 1.15 0.09 0.26 5.17
Y-6 I 1.99 0.03 1.18 0.04 0.28 5.46

Y4 Y2 Y3 Y4 Y5 Y6
srEs
. +~M +@ -+ *Q *Bb |

F1g3 The variation of pH and the abundance of
heavy metal elements in the stream water
(Y-1 ~ Y-6) on a logarithmic scale.

A 1996 1¥9) AEEF A3t B AEE QA
A pHet 228 33tz AAht A3t 2 ggt
o} 4 HAHE e B2 HAE 2 R e
o) &-3lod AU F Atel Ax AR - EYY N85S
200g ol AY o], APAHAAN A Az F
100mesh®} 200meshZ HAZ A 85 Aoz o4
ZZ " (Tessler et al, 1979)3} 2% (Foster, 1973)
< o83l Az}

AE3EFL 0588 U A8R 3o o]2wd 73
3 Yy, s A g, A AsES A
= g, f71ES 22 Fo), 28lm AFA e
FAR gAA ez AAsgc} 352 1% &4
Ak 25mlel] 0.5g2] A|8F% Yu < 3087 kst of
A-ZAE Eelsle oz 8540 ojozte v
Ho g A Ag4dL AEdda x| astasa)
|31 3t A 94 9] AAS(Perkin-Elmer 2380)E o]-8-3}
o FEAE At on gAlAEs AR ES
Aste] FIPE FAtolN F2 FAke] A W A
S 98 2499 4 9] Mn, Cd, Zn, Cu, Pb 5&
Filo2 sl

4. N7 A 23

4.1 33 ¢ T2 FF

1y

3tA & A8 Y§ Mn, Cd, Zn, Cu, PbS9)| gk
3884 23 ¥ pHE Table 1.of Yz, & 7%
Axe] $HAE A TR Ade) w2} Fig.
3.0 2:jz2 Jepyict. sAoA pHY H3le A
dFAN = G2 H4 o] ol ol Krle tha
A deAl Y "AAHLR2E 3.44~5.469 WSE
2 AAEAYES & 5 At 4ag=Ry 2xe
W2 A3 EAo] de) ot B AL B
ot

S 52 54 ¢FL f3 WIS doge A
A Wstel] wiel 24 Wdslslez edAEE wd
st Hx2A o]fslrle Pl$ oJhAY 2E Y4}
xS e 2ol g AYe w) LGRS 5,
1993)e]] ¥l 3] 2 FFE 2o o4 tinle] £-90%9 3
E7} A M e W-goll A AFge] FFEe] £ - o]
FAZ el o2} Ankeg e o] AYHT gL B
o531 k.

£ A9 Mne §eF2 1.99~69.73ppm o2 w4
F2 A At ¥ wEste BFey A4
£ 10ppmeldt ¥t Hw 7 w] Fo}b. =3 39l
(1994)8] #73t3to)] A A=Y e Ay A7 FH
- ¥3+0.3ppm), WHO(0.1ppm), <¥(0.3ppm), n]=
(0.05ppm) - Xt} A FA A & Ao Mol Al$
2 FAEEE & 4 9

Cde] f94§E2 0.02~0.03ppmEA] wE49] 4
A71EA 0.1ppm Rohe IR A9 £a7]F3) -
%=(0.01ppm), WHO(0.005ppm), &¥(0.01ppm), =]
F(10ppb) - B} H A 2uelA 6uj7tR] EFo}. Zne] ¢
4§82 0.77~1.18ppm o & B4 7] F 3] S5ppmy.
o 23, 445 71EX 1ppm o] A9 tjriaw, 4
4 71§ - ¥3{(1ppm), WHO(5ppm), ¥ £(1ppm), 7|
S (Sppm)-off A2 TZ3m it} Cud) A2y
L 0.04~0.13ppm 224 WF4 FA7|FAY A
F FAXEA Y AAHLE B2 dvt B4
$A7]F3] 0.0lppmyrt} tht &}, Pbe] fadeke
0.22~0.32ppmo. 2.4 #-FF $£47]82 lppmyct
© nFaA, e $A2EA - §3H0.1ppm),
WHO(0.05ppm), ¥+(0.1ppm), #]=(0.05ppm) - Bt}
Ha 2ufollA] Ho) o 6 v A= Fo} = &S5
+A7]%2 0.1ppmy s ¢k 2~3 v} A ¥ =},

JHez Fe S F4% FI45E @wol T4
T A Fe 3 9] FAR % QL5 ALY
FEFE 29E EAAH 5 9o olef oyt o] 3}

625



i:I:f'/"o)'o

Table 2. The abundance(ppm) of heavy metal ele-
mentis in the stream sediment (Y-1 ~ Y-
6) and rice field soil (Y-7 ~ Y-8) by cold
extraction method

samplesTMn Cd Zn Ju Pb_
Y-1 1005 1.0 120 40 100
v-2 16925 10 170 175 80
Y-3 (19876 1.0 21.0 150 26.0
Y-4 119430 1.0 420 475 22.5
V-5 |2082.0 1.0 535 825 215
Y-6 '$157-2.o 2.0 1110 785  24.0

T y7 U365 15 725 400 37.0
Y-8 | 470 10 510 21.0 21.0
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Fig. 4. The abundance variation of heavy metal ele-
ments in the stream sediment(Y-1 ~ Y-6)
and rice field soil(Y-7 ~ Y-8) by cold ex-
traction method.

EA3A "}, B3] 32 FIEYLEL 43 Ak
A, AR oA = o] FA o) R wkd, AR Ul
A, BARAF M o] FA ol FAB A= FEA
HE AAHAY So) 57 FES A st ARG
(Fortescue,J.A.C.F.,1980). =3 pH¥ FF4U 4 5ol
Ao} F7hatslEo) FAHE e gL v,
FEEYALEY S50 o]lE R x JEgE v AE
o] ol FFHYLEE FFdle $HAE J¥ge 1)
2 A ¥ chXingfu Xian,1989).

AEES AA2THE 4 st HHES R 9o
3 23 B4R o R o 2E] PAHe] Boje
= H 29 HAHEY Eglo o) A Eulel 3gatee
WAE Zleoln], 2 A Fdl A5l HAHE ApelolA
Hewe] gotd A gAY 34zt g5 7
< 438 F3rHHawkes,1976). Lt £ 449
3 e Huldo g £& dsdteke] Sy
el B4t sl Ao o8 ) &o)n] FHHslA LHo)
A Y= 1 g)5& XA

HAE Fd 4% 4252 EAFdE 2337
A8A A543 g3 Alzd AFY PAAE =
HZ 7 Y49 ExYed ujg-& A4bste] Table 33}
Fig. 50 Jeldigicl. - E o &3t 349
2 gz MY d P54 dAs] e
Aol wiAzk 84 A A vimxgrl g
S3}c}. Table 46l 7v}rie}] OME(Ontario Ministry
of Environment)7} #| A3t H A o FHd AAEE
oA g SAHAAHEE debd Aolr} ol 1) 934 A
3 WA o 5, 2) 297 v] 24de] BEY5FE, 3) F
4 PASFELE st HAE He) AAAS AA
slsict(Persaud et al,1989). =, w3 #A3H
(Environmental Protection Agency)oll4] AR} 71&
= §A Jeblied, of AREL A& LdAEE
gle}sty] &t vl Al g2 ©] 4% th(Anon,1977).

HAAMA o2 74 Wi, Fo] d 55 Agdez
Tty Dd5AY A EA FFLe] Aty oe g
HatElo] glomE o]Fo] ¥ AHdA FF% 244
¢ & 4 qlch. Table 4%} Fig.62 Mn, Cd, Zn, Cu,
Pbel| ti¥k OME7} AjAIYF XA AFe] dS 2R ¢
£ $%(No effect)’} 3-§ A4 F(Limit of tol-

626



AF AR Fuo §74 2o BY A7

Table 3. The Existence form(ppm) of heavy metal
elements in the stream sediment (Y-1 ~
Y-6) and rice field soil (Y-7 ~ Y-8) by
sequential extraction method

Mn -
samples To - K .
P exchangeable carbonates e : elg" organic residuals

oxi
Y-1 35.6 24.0 40.26 2.26 122.88
Y-2 4214 131.2 94.13 6.26 542.01
Y-3 949 .4 803.2 1331.96 27.06 1513.38
Y-4 492.0 494 4 1235.12  50.26 2413.22
Y-5 228.4 305.6 1136.50 13.99 535.51
Y-6 89.8 198 .4 1302.76 14.13 539.91
Y-7 12.0 9.6 10.53 4.93 147.94
B Y-8 J‘_,,,,is_ﬁ‘A 16.0 28.39 7.19 183.42
l n
samples exchangeable carbonates F;fx] 'gsn organic residuals
Yl 3.6 o 6.4 GATJ EEE Ff;ﬂ-
Y-2 8.4 6.4 719 4.26 103.75
Y-3 9.0 11.2 13.59 4.13 97.08
Y-4 9.2 11.2 29.99 7.06 102.55
Y-5 10.8 11.2 24.93 8.39 89.68
Y-6 11.8 16.0 75.99 17.46 88.75
Y-7 7.0 i1.2 52.13 19.19 90.48
Y-8 7.8 11.2 32.26 12.66 71.08
Cd
samples exchangeable carbonates %&{égsn organic residuals
Y-1 0.8 3.2 0.66 0.26 10.08
Y-2 1.0 4.8 1.33 0.26 7.61
Y-3 1.0 3.2 1.46 (.26 9.08
Y-4 1.0 3.2 1.06 0.26 4.48
Y-5 0.6 3.2 1.33 0.26 961
Y-6 1.0 3.2 0.93 0.39 448
Y-7 0.8 3.2 0.26 0.26 10.48
Y-8 0.8 4.8 (.39 .26 3.75
Cu
E¥: les
ramples exchangeable carbonates F(‘)eM eISn organic residuals
Y-1 1.0 6.4 3.86 2.13 51.61
Y-2 2.0 80 3.33 5.73 105.94
Y-3 1.4 8.0 5.19 5.99 89.42
Y-4 1.8 11.2 22 .66 30.39 83.95
Y-5 2.4 14.4 29.06 41.06 68.08
Y-6 14 9.6 17.99 41.59  49.42
Y-7 1.8 9.6 6.53 28.66 43.41
Y-8 | 1.6 9.6 2.79 15.46 35.55
’ ! — Pb
sampies exchangeable carbonates Ii)exi 915“ organic residuals
Y1 ) 19.2 653 653 5554
Y-2 5.2 9.6 7.99 7.99 90.48
Y-3 5.6 11.2 23.06 23.06 104.95
Y-4 3.0 4.8 23.33 23.33 90.48
Y-5 5.0 1.6 19.06 19.06 79.55
Y-6 4.4 14 .4 17.46 17.46 73.81
Y-1 3.2 11.2 14.79 14.79 93.88
Y-8 4.2 8.0 7.86 7.86 76.61
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Fig. 5. The variation of existence form in the stream sediment(Y-1 ~ Y-6) and rice fleld soil(Y-7 ~ Y-8) by
sequential extraction method.
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Table 4. The average abundance(ppm) in the stream sediment and rice field soil, the permiited limit by
Ontario Ministry of Environment(OME, Canada) and Environmental Protection Agency(EPA, U.S.

A)
permitted limit Mn Cd Zn Cu Pb
no effect 400 0.6 65 15 23
MA__OME | limit of toleance i 1110 10 800 114 250
gpA | Mo pollit,e_d_qr_{ 300 0.1 25 90 40
o /_wt heavily 500 6 200 50 60
tream sediment 2519.2 13.3 147.5 120.8 118.3
les 5
samples | rice field soil 92925 12.5 157.5 77.5 115
10000
1000
100
ppm
10
1
0.1
Mn Cd Zn Cu Pb
heavy metal element
Dno effect Milimit of tolerance
Ono polluted Bheavily

| Msiream sediment
R

Fig. 6. The average abundance(ppm) in the stream sediment and rice field soil in compar

Brice field soi1l

|
]

iSon ;vith the

permitted limit by Ontario Ministry of Environment(OME Canada) and Environmental Protection

Agency(EPA, U.S.A).
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Table 5. The pollution index in the stream sediment(Y-1 ~ Y-6) and rice field soil(Y-7 ~ Y-8}, pollution in-

dex > 1 is polluted

Y-l Y-2 Y-3 Y-4 Y-5 Y-6 Y-7 Y-8

1.73 1.96 2.01 1.67 2.03 1.60 1.95 1.36
2.5 27} oAl s, 2d 3 HA B FF5

2.0 o] ko] Frlste A S Bola sl

2 $A6A s S48 35 gL YEEe
poliution 1+ A2 ARd Qe 7oA FAASE A F)
index ;1 o o AYS Bolw glor] egARE =3 Ao wet
05 Fa Frbeke Age Rolx AUk AgaEel A% 3
0.0 A A5 354 HFEFS Mne] 2519.2ppm,

Y-1 Y¥-2 Y-3 Y-4 Y-5 Y-6 VY-7 Y-8
samples
Fig. 7. Variation of pollution index in the siream
sediment(Y-1 ~ Y-6) and rice field soil(Y-7
~ Y-8).

2AdXSF AAatelA AH4H 299 E£¥g-E Kloke
(1979)7} A4H& E&8 FAO/WHO A A sl &4
E 39 249 HE AAE IR 4E ES2 £H
ZH(Cu;100ppm, Pb;100ppm, Zn;300ppm, Cd;3ppm)
£ AN vl o] o] & FEHFOZ A v Ux
2] Eofo Ao AA) FFE 7 4] 2 EEges
Ui 35S 13 5 49 A 42 v fle] 24
A 47} Ho AR F7E 1014l A Ho] 2.gde] A A
o). LAXF(PNE T3k WS Aoz YA
oh&-3 2k
PI=((Cu¥} &/ 100}+(Pbi}ek/ 100)+(Zndt 5/ 300)+
(Cd¥e/3))/4
7zt XA e 2 GA|$E Table 54, 29252 A
w2 W3S Fig 7 el & Al 943
Zo 2% 29X 4= 1.36~2.03& BodF 7 ). 8
A A EdAe A A LdAg7) 185 £,
£ B FAdA e Relde 249X
EA veldA Rt A M @ Rl e EA vehdh
ol st HAEL olv 24o] A3 AYHUSS
Axpetn dow, $ANA JE EolAE o]v] 2.9
o] AP USS & 4 slct B3] 4 vl g3 A
2471 $4E7] Azete ZAARE 29X 24
vehls RO 2 Rol 34 cin]e 23 2ge] o]Fo]

A2 A& 24 + Yot

5 F3} % AE

AZ gt 455 Aulset sy el A
Z4d o3 9% w3 v A FA 5o s
HAZo iy FF45940) gaka) 2AEA, 28a
294 E AR AAE 8% &3 3t

2 SAA AL s pHE 3.44~5.462 WS
Ra AEALL & 4 Uk o2 ¥ pHE ¥l o
Aoz HElFaH HAASFEF FolHL & F 9
t}. pHe) W32 Q8o §F7]E3 AEE Adhs CuF
< Aosi fASF FIS HS AAH LR A

Cde] 13.3ppm, Zne] 147.5ppm, Cur} 120.8ppm,
Pbe] 118.3ppme ®olx gt} s HAENA FF
4 33 EPACA AAI A L9718 B} Zn
< A3 YA a7 A4 vebds Hols] Mn,
Cd, Cux sirvic} OMESA A A1 A Q&2 AE &
A &4 B} & §FE 1y 54 A4 EY FIFE
2ol A3 APEHUSE & 4 et =¥ Zn, Cy,
Pbe] AH-E Yef ko] Al Wt Fhasle A
Holug olF dAaSe] o4 UadS ¢ 4 9lrt.

Cu, Pb, Zn, Cd 5 F3% 9442F9 294
(pollution index): 1.36~2.03% B3 gleo] a4t
A g 24ge] 433 AP 5L AASE 9l
t}. olelzte] B £AS 4l 5 9 4 HAEL FF
4 2do] A3 AP S &+ Uz, ol &4
el AxAA EFejdee FE5e A4 dold A
A7} XF3] o] FoAoknt & Ao} ok dd 1
71%5& AAA He 3 Fo] BrsstAY A 3 A
Z¥el 8%t =¥ edEAL] #HALS Wx|3lr] 44
A g3 b4 o] R FHBT Hiod o]of it
Fels) AA3] s

Faxgd

249, AR, 1993, AR o - old - FAA F4 F
W A A BA e FF4 L9997, g4
A A3 A|, 26(2), 217-226.

A%, 1982, AFUF4te] x| F3Heetale] ¢ A
T, o }Akek3) 4], 19, 75-82.

P54, AEY, 1993, AFARLAY g #AF
2] Cu, Pb, Zn, @ Cde] |-73atA 24 4%
Abe, dlgl34k=] A &3] 1], 26(2), 175-185.

A, 7], 1987, F4349] BALE ¥ Ads
A 7348t whaby o] ube) 3 A7, wi’bFAE
3]7], 24(4), 255-266.

g, o1 %A, 1992, ¥AY FLYA e F&BA
of ¥ Eokx et wapy AGAE, HEF4A
=] A &3] 7], 25(2), 145-151.

V&), AAE, 1995, 2o} F - &34t WA E 4
o] ¥l A g AulA viXe B3 4, A
VNA =) A3 A|, 28(3), 221-229.

LdF, DAY, AEY, 1995, B HF Fo A4 3
A2} s EA B A, A[RAAN A

630



AF 434 FHe 87 290 oY A7

3 A, 28(3), 213-220.

LA, ALY, AAY, 1988, T A9 L3
AFAFLBAA g A3 A7, o
Akx] A 83 =], 21(4), 389-400.

olAd, AF<L, °1QAE, o], 1993, FEAY HF
SgAte]l BA el viXe Y, APBAA A3
%], 26(4), 465-472.

ol AF, HEA, olAld, 1989, SA B4 SIRAHY F
4 29 Y AFHgAHAT, AEAGZ #
A Fa £€A, 3, 71-77.

53, A9, 1978, FFAAE F4EE(1:50,000),
ALl T,

Felz, 1994, 37313}, JAlA}L 2nd ed., 368-396.

Anon, J., 1977, Ecological evaluation of proposed
discharge of dredged or fill material into na-
vigable water. Intrerim Guidance for Im-
plementation of Section 404(b) of Public Low,
92-500.

Foster, J.R., 1973, The efficiency of various diges-
tion procedures on the extraction of metals
from rocks and rocks-forming minerals. CIM
bulletin Aug., 85-92.

631

Fortescue, J.A.C.F., 1980, Environmental geo-
chemistry. Springer-Verlag, 123-132.

Hawkes, H.E., 1776, The downstream dilution of
stream sediment anomalies. Jour. Geochem.
Exploration, 6, 345-358.

Kloke, A., 1979, Content of arsenic, cadmium,
chromium, fluorine, lead, mercury, and nikel
in plants grown on contaminated soil. Paper
presented at United Nations ECE symp.

Persaud, D., Jaagumagi, R. and Hayton, A., 1989,
Development of provincial sediment quality
guidelines. Ontario Ministry of the En-
vironment, Water Resources Branch, Aquatic
Biology Section, Toronto, Ontario, Canada.

Stumm, W. and Morgan, J.J., 1981, Aquatic chem-
istry, 2nd ed., Wiley & Sons.

Tessier, A., Campbell, P.G.C. and M, Bisson, 1979,
Analytical chemistry, 51, 844-851.

Xingfu Xian, 1989, Effect of pH on chemical forms
and plant availability of cadmium, zinc and
lead in polluted soils. Water, air, and soil pol-
lution, 45, 265-273.



