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ABSTRACT

Fifty seven soil samples were collected from the paddy soil filled with tailings in the
vicinity of the Seosung Pb-Zn mine. Those samples were analyzed for As, Cd, Co, Cr,
Cu, Pb, and Zn in order to investigate heavy metal pollution levels in the paddy soil.
Analyses of the soil samples were carried out using Inductively Coupled Plasma Atomic
Emission Spectrometry(ICP-AES). Paddy soils show pH range from 6.55 to 8.26. X-ray
diffraction analyses of the paddy soil indicate that the soils consist predominantly
ankerite, siderite, quartz, mica, and clay minerals with minor amounts of amphibole and
chlorite. The mineral composition of the waste rocks consists of massive galena,
sphalerite, and minor amounts of pyrite, arsenopyrite, chalcopyrite, calcite, siderite, Pb-
sulfosalt, and marcasite. The paddy soils were significantly contaminated by heavy
metals(average concentrations ; As: 334.4 ppm, Cd: 37.6 ppm, Co: 15.7 ppm, Cu: 214.1
ppm, Pb: 4,612 ppm, and Zn: 4,468 ppm).
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Fig. 1. Geological Map of the Seosung mine area(Kim and Hwang, 1982).
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Fig. 3. Map showing sample locations in tailings from the Seosung mine.
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Fig. 6. The relationship between pH and metal concentration(ppm) in paddy soil.
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Table 1. Heavy metal concentrations(ppm) in paddy soil by total-metal analysis and 0.1N HC]

analysis.
Total —metal analysis 0.1N HCl analysis Extractable
(HNO,—HCIO,—HC(I) ratio(B/A)
Element : B)
(A) %
mean range mean range mean range

As sur. 65.2 11.8~270 — - ~ -

sub. 603.6 12.1~5316 - - — -
Cd sur. 19.5 7~54.3 12.5 29~43.4 64.1 13.2~42

sub. 55.8 3.8~175.5 14.7 0.8~89.9 26.3 2.8~86.9
Co sur. 16.2 11.7~21.2 19 0.7~5.6 11.7 5.2~36.6

sub. 15.2 2.9~50.7 0.8 0.1~2.7 53 0.9~17.1

sur, 277 13.1~39.8 0.05 0~0.4 0.18 O~1.1
o sub. 185 | 29826 | 003 0-0.1 0.16 003
Cu sur., 107 60.2~185.2 5.7 0~21.9 53 0.1~322

sub. 3213 33~1752 3.7 0~29.4 1.2 0~12.7
Pb sur. 2435 274.8~15550 116.3 0~936 48 0~52.8

sub. 6788 255.3~26110 516.2 0~3633 7.6 0~42.3
7 sur. 1999 427.2~8562 279.3 30.7~1258 14 4.1~453

sub. 6938 249.3~20708 386.2 6.2~3405 5.6 0.4~24.4

sur: surface soil(0—20cm); sub: subsurface s0il(20 —40cm)

Table. 2. Concentration of heavy metal in control soil near the Seosung Pb — Zn mine.

Element Contro] soit 1 Control soil 2 Control soil 3
0.INHCl Total 0.INHCI Total 0.IN HCl1 Total
As - 10.3 - 35 0 -
Cd 0.74 4.6 1.03 24 0 -
Co 1.00 13.5 0.19 6.5 0.5 -
Cr 0.05 304 0.04 19.2 - -
Cu 424 64.7 2.91 12.7 2.4 -
Pb 93.15 386.8 79.41 150.6 9.8 —
Zn 37.14 276.9 449 ‘ 162.8 3 —

13.1~39.8 ppm(FET 26.7 ppm), FFELIA  ppm(Table 2)ol ¥l3le] 23le AaE Hola ¢
2.9~82.6 ppm(E T 18.5 ppm) o2 AFHE %] t}. 3R KlokeZ}t #MAIG Bl 383143
Me e AlE7E FeoA 97t Wold 7 100 ppme 23sks AlEE IR QT o2
A X% Ald(control 2)9)A AZE 19.2  FH AFAQ 42 EYN rd 2EL Mg
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A o] gatEe] ARG dRkARl EF HAg
Hoie @3e g Jelln glev(Table 8), F
W7 B ulsiA e tha Fad A B
THTable 6). &% 43k digt 0.1N HCI
A% 8582 4571 6.6%, It 2.2%=
RN E 1/19, sPtelrMe 1/87 A= BA A
EH UK Table 1). o|d& ZFHZFE o] AH<
EY F Cux WM 8557 ofde A&
& 4 ot

Cd
ATAY EdA CAE8ZFL BHREYS
2.9~43.4 ppm(#H g 12.5 ppm), HHESF
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0.8~88.9 ppm (¥ #g 14.7 ppm)22 ssb199}
ssh2d¥l A& A3 BE Aart S EGR
AEAYZ] 573X EFd $871E(1.5
ppm)S 23 Jem A BE A87F 4
2 h3A71%(4 ppm)E ZHsH AsA egH o]
AN 53] ssc31 AlE= BA7|EE 200 ©]
3 2¥she w2 TS JEK 8 B4
groll gk 0. 1N HCI #4319 $3-82 A5olA
59.2%, shEollM 26.8%% FHREDNME A
1/1.6, SRESIME 1/3.848 @A #A&HU
{Table 1).

Cr

AREgM 0~0.4 ppm(FF 0.05 ppm) 2
2 o)y 2 S Jepin glow EY
Ae ©@x 2 79 AlZelMer 0.004~0.16 ppm
o2 F4aF FEHAY FH WAEY
(0.04~0.05 ppm)°ll BlsldE T F3lslo] gl
Aok FAF 24 Wig 0.1N HCl 43k
£582 ARESIM 0.16%, SPEEFINME=
0.08%2 A%+ 1/535.24), 3%+ 1/619.7THi=
¢ WA HAZHUcHTable 1), 38 3 EY
FARAYANA Cr''e] 54X EYLE &
9 oiF 7% 3L 47 4 ppm 10 ppmo g Al
sl gioh.

Co

AEoko] 0.7~5.6 ppm(FFF 1.9 ppm),
sHEEo] 0.1~2.7 ppmE Tt 0.8 ppm)22
By FH wjd B vislde ot wA JERG
19 A &xlEo] A BEY F FogPol=
uRA] ke @ g& Jeha glol Cool 7
= A9 2] HA ¥%5S ¢ F U FF
F EAGk] thdk 0.1N HCl 24 gtel 8282
FREYNA 11.8%, SHFELNM 6.3%2 %
e B 1/8.54], oM E 1/19919] ke
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HeERAITHTable 1).
6. £ 2

6.1 944 44

ATAY BN FF5 289 29T 2
o 4ad€ ad=s Jehd 23 Aset Cd, Zn,

‘Cu, Pb §°] 384+’ AsCd(0.88), As-

Zn(0.79), AsCu(0.67) As-Pb(0.56), Cd-
Cu(0.65), Cd-Pb(0.50), Cd-Zn(0.87), Cu-
Zn(0.67), Zn-Pb(0.49)2 XM 27ta H& Ao A4
L Yo Cov ofdl fiole A4
< YJEA] 4sick(Fig 8). o1¥A Ass} Cd,
Zn, Cu, Pb Atoldl] frejgh o] A4S Kol
AL AFAGY F AEFFEQ GIN(PhS)H A
old A (ZnS)el &EA(CuFeS2)olut fH1EY
(FeAsS) 53 F& A&H7] ol 53] Cd
9} Zn®] WAool wl% w2 AL YoM A5
niel o] AFR|Y F9 ol FAHFEQ] Aol
A Fzol| AR F Cd7F Ak EA] HE
o2 gt §9 BE 929 o] Criks
o] A#4E Yz 9tk

6.2 L9A4

FES % FHHU EYLYE FFE Tt
317] $18ld 2¥=x)4=(Pollution Index:PDE T
At eFAFE 2 dhol FHE 0HE 8T
A (Kloked Fa4¢ 3&&AA: Pb:100,
Zn:300, As:20, Cu:100 Cd:3)e& ol&E
T, oS §F @2 AFd FoE Yie] F2
e gto @A A7t 10142 2949, 103k
HegAgdog LREAGYY A3 Y EgA
£ Pb, Zn As, Cu, Cddll oA 433e i
& Hol7] &) o]& X /| 94 A3
ATt
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Fig. 8. Scatter diagram showing the ralationship of inter-element in the paddy soil.

Pb . Zn N As +Cu . Cd 1.7~33.71(8 & 8.4), R E 4 M &
Pl= 100 300 20 100 3 1.3~124.2(3 3 28.6)% 4FE} 337} F8&
: B ¥2} A %ol sien] ¥aE e

+ 1% 2399 5734 A 7
o AR ST 5AA BGN AR L T T I B A T
o g I TP Y sasee a0 e90l 49 45 4

Sith. g B Fe] AR MFe] A F
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Fig. 9. Pollution index map of surface
soil(upper) and subsurface soil(lower)

of paddy soil in the Seosung mine area.

@7} $Z ApH(Control soil 2)9l4 2EA =
0.622 Q¥HA YA F4F g H A
(Control soil 1)olXe @A FE 1.52 A3
Fog g s ot w2 Aoz wodd.
AHE Ao A8 g LAAFE AR &
Bg 1Rk Fig. 99 =A8Hdch

6.3 uUAlE 2o v|Z

)7} gE AR 5744 £ 2
2¢ olul skl Tl 2 B

ool 35 I v B
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FAHE v 23 B} s vlgtd Pb, Zn,
Cd As, Curt 4%3] F3i5o] gAtHTable
). EFAE o] gdd 23 ERNRY FES
%?J"%“ﬂ tis} 4B EH Pbe] 24 #vjvt wjdd
AFAY FAANEEAAM Pbe #FFL2
255.3~26,110ppm(FE 4.612ppm) 224 Mg
s3Ar o Aoaje] PodE(#E 6,097ppm)= A
o3t 2L BAHHE T 58.3ppm), TERAHET
635.4 ppm), AZFHEHT 1,372ppm), B3 %
AHHFE 240.5ppm), QLA FAH142~8,500ppm)
5o Hlsled wl¢ T FF 2AHA YU
(Table 3). @7AE BN Ase 3 3Fd
334.4ppm o2 FF FAtolM Ase Fd(F

1,203ppm)ell Bl&Hd 1/3 F&EolAR S48+
T 40.9ppm)°ll HliN = SR, FEEACET

127 2ppm) Bt 2.5W3 % A AEHU
7n3 Cd, Cugl 729l M= thE 5308
2o} oA pAful o4 ZFpsled s A4
3 2F FEE BAFL U

A o] BA 0 opte 11 xdel x|Ho)
(B 55 1) LLESES EH I =4 "al"}«} TR 71&
NG FEAE Wby, X]E}‘fh)r A 3}etA <l -‘Jr7é
o 9l 28 ¢ At} HEE FAeRRH
HAE F549) olFF AR Ede] pHell &)
aA 4FE Eor EY pHe 1 A9 7]
71909 Holth, F|HE BANZ ABY A4S &
e 3o U Be 335 YIS BN
2 QzbelAl wi$- XA dFe A & o
aEh} B Fo) 335 ¥l E0E A4 1
FgPo] BF B2 8 FFHE AL oMY EF
o] pH7} ¥& A% $859Y oA EoHA
Hog o)z A AuEe FAEL FES
o] F< 7ol AXA HAT &2 pHAM F
4L 20BER FAAY FoleH HES ¥
A8lA go] oA A WA ot diFEY
Fate gl Al ARt BAE AT

[s2



Mg d—otd Bt #8 $AA E¥ FES L9 AT 81

AFAG P2 71l A2igke] oz ¥4 on o2y JEF o 8&H UeE FF

(<R B

A BEF AAZE TN ok gl B4 3 & FF(Table D2 &% AU ged. 13

Table 3. Comparison of Heavy metal contamination with Seosung mine and others.

Mine name Analytical H Metal concentration(ppm) A note
1
M method | P Pb Zn As Cu Cd o
HCIO,
ShiHeung ol osse | 294~ | 5000~ - 948~ 34~ N
) HNG; Tailings
mine* 725 230 | 41200 13980 | 2488
(AAS)
HNO,
Geumwa— | HCIO,
cumwva : 8.4 14-195 | 35-202 | 04719 | 760 | 04~14 | Tailings
ng ming*” HCI
(AAS)
Sanggok |  ICP
aneso 596733 | 1372 231 278 206 7 Tailings
mine'™ ICP~MS
Paddy soil
HNO, )
4657 | 189~558 | 70.1-223 | — | 22.3-47.9 | 0.50~4.46 | filled with
Sukdam HCIO, -
. Tailing
mine™
HCI 3.0~ 1379 | 177~ 999~ | 328~ 5
Tailings
(AAS) 39 31378 1007 1139 58.1
Gubong | o 78 279~ [ a0~ | 27- o | o [
athng
mine™ 8.4 175270 | 110382 | 29850 | 4496 | 3188 s
0.IN HCI
: 30 - - 104 0.1
Keumjung (AAS)
, Jn °1 HNO, | 21~47 Tailings
mine”’
! HCIO,_ 2405 - 1203 260.7 17.1
HCI(AAS)
INHCI
0 0.15-703 | 33.4- 410| — | 122264 0.15~135
(AAS)
Imcheon .
. HCl— 1.9~7.4 Tailings
m
ne HNO, 142~8500 | 283-1640 | — | 266229 | 06-9.4
(AAS)
0.INHCI 0-3633 | 6.2~3405 } 0-29.4 | 0.8-899
Seosung | (ICP-AES) (316.2) (332.7) (4.6) (13.6) .
i HNO 2553 | 2493 18 33 3 | Laddy sall
mine | 6.55-8.26 ' ’ ' ‘ filled with
(This | HCIO,_ - - - ~ - Talig
study) HCI 26110 | 20708 5316 1752 175.5 s
(ICP-AES) @612) | (a468) | (3344 | uan | 376
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22 yHERY 359 F5E AY 343
Aoz Agdt. A% FAERY FEE I4
o] BF F F2& A Ja A e #
29 EYRe] AR kg Sl o) 2t
Q71 W&ol Zn# Pbel FFel E&(FHnA:
20,708ppm. 26,110ppm,) ¥ FIA QA Zn
'} PbE B Frshe wa A% kWi §
"0e) A seke o) g slelEn ARe
o olR4 9(1996)E" AEY FAANN AE
H =220 =34 ko] AWtAoR o4 A
2)g] ol Mol R Hled BAAS ARE
Ak vl +29 33 FIE Revhe 97
Aug Basigch o e AES 2 4
—?ﬂ%ﬂfﬁ A& 542 =9 335 o4 7}
e UixdTn & ¢ 3] W 38 oF
FEE sl 44 EFUAE s A
ATAY FAE &9 F5S ¥F A9 @
dollA FEE EAPH T HEe 5%

—r°ﬂ 5‘ -% ‘;f: Azl gt 2 A7} TP

2 Ate€

6.4 EF&9RT e vl

A1A Y 4R EY AR dgld 3U EY
29 FFAEWHA wet 0.1IN HClE o434
B8 FFE g S o] &3l B4 F
2% %% B2 o7t A3 Ao #EE
AR FFFo] He Aoz yeldti(Table
. Ol8A AFEZA UF FFEAM FFS
o] £&go] F3] e AL Ul FHYAAM Hst
= Rt FEH0) EY T 22PER1 ARHER
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& 29 oje} B 71X Y Edel v il
U BIEEE T 20| (H')E ARske 82
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R ELN R

2 Bd"c(Table 1). =8 AsY Cuel 4% %
g 24 gelMe g8 gaige] ANT EYL
A LI FAP T viFo] B of vj 2HE
HRAEE FAR] A% 0.1N HCIE ©]43ld
Ngh e EYLE H4VIFelV I B
A7 ES 7S 295t YA ¥ob 2
g2 %L Aoz HAEX AR, ol EAA
A=271EE Fasted TV EGSA A
22 2 gAVEE FolHRd= BT, 8
£ BAshe Axuye Aoz Rl
E 93] wlae g2 e F3s6
7] Wil BAE Aol wehN, EYFHEA
ol 28 9 giay|E v Eged AW
WA 285 AR g AR B} Base
g Agd A7 Y B0 F FTEE U
ddle 0.IN HCIZ &8 4 e #2882 ¢
Fotak vws] B AFA Y EY] ¥ pHE
QA3led AMIBA Y] AEBF(5~20%)01 4%
2H10~30%)°1* vlskd AMA o= @ gs
A Phbe A 50% °l4, Cde
86.9%71A w& F2&< Holu gJo] A 75EH
$7o] HE A BN QA §&EH0 FIE
2 F59 7FsAel ¥ua € 4 itk(Table. 1)

*E

o rlo n&n& f

!

7.8 &

:L_/‘_,:g—

ARE A

A4 Q-oleiBar F 5734 2%
FUE Lohus] A5l EF L B
3 - 2439 Q78 A% T 2o,

L4749 &3 ¥
6.55~8.26(HF 7.35), E%F 734l pH
£ 6.80~7.65(3F 7.15)2 FAeIN ¥
Ze)d& vehlin] oA o] A 7t
of FAd Asigtel d¥oz Buld OF
ZAshe BAAFBAN 198 AR B

°] pH=E

(o]
\lon-'
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