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Case Study of Hydrochemical Contamination by Antimony Waste Disposal
in Korea
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This study was carried out to investigate the contamination characteristics of surface water, soil water and
groundwater around and in antimony waste landfill site in Wonsung-ri, Yeonki-kun, Chungnam. The waste dis-
posed in the study was excavated and transported to the other site in several years ago. For this study, we collected
35 water samples including groundwater, soil water and surface in the study site and also collected 2 groundwater
samples from a comparison site. The data of chemical analysis of soil water samples show the antimony concen-
tration of 48.75~74.81 ppb, which is much higher than groundwater in a comparison site and is highly excess than
regulation level for a drinking water of some advanced countries. A relatively high antimony concentration was
detected in three stream water samples nearby landfill site and two groundwater samples. Fe and Mn contents in
soil water and stream water were measured as maxium 6.5 mg/L and 7.3 mg/L, respectively. Although other heavy
metals of water samples in the study site are higher concentration than water sample of comparison site, their abso-
lute levels are lower than regulation level for a drinking water. The chemical data of water samples are plotied
widely from Ca— HCO; type to Ca— (Cl + SO4+ NOs) type. Some groundwater show high contents of potassium
and nitrate, which would come from fertilizer and sewage. Conclusively, some heavy metals including antimony
have been still remained under the soil surface of the landfill site in the past. These metals have leaked out into
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nearby stream and groundwater system, and threaten the ecology, crops and the health of residents in this site.
Therefore, the government have to prepare the strategy to prevent the diffusion of heavy metals into aquatic envi-
ronment and have to process the reclamation work for contaminated site. It is also necessary to make a regulation
level of the antimony concentration for a drinking water and soil environment in Korea.
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Fig. 1. Location map including the sampling points of surface water, soil water, groundwater in study area.
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Fig. 2. Box-Whisker diagram of the concentration of major ions of water samples in the study area.



476 s

7 HlaL thelofzge] ATt

AdrFol TR o) FEF sl Cagke &t
ApolA] 3.14-4:64 mg/le] FE HYE Holn, By
M= 22.0~334mg/LY BYZE FI4HT} o gt
£ Btk ABlrolME 12~81mgll £5 Mg B
olH, G3-3 A8kF ABoIM Cad FE7} 81 mglE
7P 58 #E Btk A Cad) FFS AREA
oL} BHIBES £37t 2 QQloln YR QU9F
5o sl E5el &2 = vk Mg ke A
7, BEEF, Asror T3 & 2018 HolA] &
on, FEHAE 377~ 133 mglolth B A|89| Cat
Mg F=ol g 232 vl tlololade Fig 2(b)
o Zrom, A4 Rl 1~21E ALstae sk
TEFF), 949 A3k 2 tixrke Asialold] &
Bgk 2lolE HolR gkt

F2 0|12 .

& AFAA 7P FRe Jol29 FEAHHCO5)Y]
TS 112~114 mg/Le) BYE E9) 2
T CO, 7k, B A9 #ele] 353 718
EaliA BAEE CO, 7kt B gao] gl
(HCO5)E FAS ©ike B9 pH 7o wahi
H,COJ, HCO3, CO¥<] ez EA3i, 94exY
E AE9 pH Z710] 536~8.36 HHolmz gk u)
&2 STHHCO;)0 FeHE =A%t 4 AFS,
7, Askre] gt Bt tizeR|sksee vy
o Soldth g Holx] gouz ElEFAe 7)o
d 32 HV1E g B B4 BoR) gt

SN Cl T 152~159 mg/L SEPA9E Ho)
I, EYFAME 21.2-249mg/le] EEE o =&
&S Btk AslpoMe Cle) 3RS 42692 mg/L
H2 AR EgolE 40.0mg/lold & 38 1
Ao} gz A3l 12.6~332mglel HYE
BRItk A Al =& Cle) S Holg AL
AELFEAo Y, HH] 59 AMgol 93 Ao 3
e} o)l T 2AZ T2 QPEAGA /)9
B NOy®| F=o}e] gatgoln gol 4= glot. thut
EpolA ot B8 FEE Hols Aol #H/)E miy
I AHAR] BA7E SRl Bkl

FAA(SO0HS] T SN 24.7~21.6 mglL
o] Mg Ho|, EYFolME 99~ 127 mgLE EX
=2 FE g Btk 9 AsdME 661~
357 mg/Le] ME Ko7 thznke R3lpaliE 239

~13.6 mg/lLe] R W& g HIT)h BN &
S Bd] FEE HolE AL AEEHES AH
ARl JYo] & 70T FHEY. dukdoz AL
W SO, Hv-e FE FsFE, PNARE = IS
7k kst @ gaol] o3 s1dE 4 ok 2
Fade] Naledl FEe 2HAY T E3 2|
Z2& A dizeke Asleor] BoiFe 3k
9] Fmolike Hlohr] gkt '

E A9 C+ SO, T= Wk vk g 27] Hlw
tlololz e Fig. 2(c)t Zom, EgGel shgoA
9] o]8¢] FErt XekrEt EX B e noF)

E2(F)E Y 2 Aniet AGelA £ ukgo]
A3s] AP ARAERN B Pk HolE A
o2 dHA Stk EAHE FolA 719sR] e
H Ehe] 719 N L, gAYl 2uE
R, 74, 3|4 9] OH & X33t F o} &
S EHE 7198 F UtHSavage et al, 1987;
Nordstrom et al, 1989). 942 2 Uzvle BE &
A BN S8F71F 15 mglle A et

SHEFRNE JUske 2oE duixl FAA(NO;)
RS R71EY Fa|, Agsl, ), =, A4H|E,
718 B AF 2ol osle] Bl 23]
A ok $87 FE7EE ZAHAANONYIES
2 10mg/lL ofslo|d, o|& AiPoz Falahd, of
445 mg/Le] 3ol siE) AN B sk
A 324~932mgl FEZ EYrolM 039~6.97 mg/
Lo} SEHYE T4 B2 g Holx ek=r),
AAdE Aslgelde 1.48~313 mg/lLe) EEHHE 2
shge mEA & sEXelE Helt E3] G5,
G3-3 Aglraie £85715S 2~ 6 ol ZAsls
FE 3 Bk AL 0¥ BS A
48 AT FoledAls 4% Blue baby)e 23
FEFIVOE APRe) o]2A gkt o}gy A
WrEdze d8A ok

Fig. 2(dele SRRFESD), 948 Ase 2 o)
Z7 Aslpatold] Figold gl tigh gk
7] H|xL tholofao] AAJEo} Qlct. gz X|slaF
BEol5lA H& QUEES RHAFE Vi NEE A3

22 vk A Bl &R A3re] o9

24¢ nozo,

dlo Fr

2

fr



= MR ofgh sty o AR

FTEAET Table 20 AlAEo] i}, B Aoa] 73

12

A FF9 QY EShyE SRS 04~

A7

477

534ppbe] FE e Hold, AEIE HVEMHA| AF
o} SW4 352 As spIFAE 10ppb o]

Table 2. Concentration of trace elements including heavy metals of water samples if the study area (unit : ppb).

Sa;“gle Lii B Al C Mn Co Ni Cu Zn As Cd Sb Ba Pb U

SW1 026 11.85 1523 086 193 0.89 258 117 456 3.2 004 5340 1251 184 028
SW2 037 978 2668 046 <2 027 170 63 318 187 003 1017 3090 062 028
SW3 040 1091 1625 075 453 035 163 114 281 182 004 1400 7329 106 030
SW4 040 256 4606 337 753 310 502 178 696 235 021 040 691 160 023
SS1 045 969 3795 141 7314 4188 1080 127 366 7.07 004 4875 3175 214 0.10
SS2 050 920 3368 1.88 2512 1285 573 98 264 334 007 7481 2269 173 006
Gl-1 103 720 270 090 421 0.9 153 66 215 <5<002 034 706 038 011
Gl2 008 861 360 076 <2 016 131 52 121 <5<002 069 653 079 006
Gl3 016 862 174 090 <2 0.5 131 47 128 <5<002 232 432 072 004
Gl4 408 420 1083 154 64 014 178 77 367 <5<002 101 393 133 0.3
GI-5 648 1004 372 181 <2 023 555 253 1150 <5 004 101 572 315 0.10
Gl-6 621 455 960 102 106 0.17 3.5 436 1101 <5 003 040 470 094 019
Gl-7 566 35 916 121 <2 014 247 108 573 114 003 021 422 086 291
Gl8 156 502 635 113 <2 0.2 140 82 755 <5 003 026 903 119 030
Gl9 139 258 216 163 <2 009 28 39 81 <5<002 010 682 055 034
GI-10 215 522 725 192 <2 007 196 7.1 1938 <5 003 021 510 137 014
G-Il 371 1756 84 084 <2 012 217 1388 678 <5 003 0.11 5745 100 0.03
Gl-12 275 1756 41 093 <2 011 130 1374 654 <5 003 010 607 084 001
G-1 064 849 672 078 <2 0.9 197 443 1522 <5 003 523 1077 113 0.1
G22 296 1750 657 111 <2 0.4 211 1764 4163 794 007 012 969 328 116
G23 056 1861 1400 1.04 <2 055 479 105 226 <5 009 010 1087 045 023
G24 260 1520 302 126 54 0.16 245 201 126 <5 003 039 2443 057 0.14
G25 063 1690 83 112 <2 019 237 49 52 <5<002 088 686 014 008
G26 071 1627 176 136 <2 017 359 127 457 107 003 062 913 122 019
G27 300 497 207 089 <2 011 143 65 188 <5<002 007 1653 051 008
G28 101 2883 749 098 <2 027 380 110 152 <5 003 026 1875 057 007
G29 060 1909 26 112 <2 045 385 7.0 140 <5 005 024 1301 066 0.09
G210 182 263 193 371 <2 004 153 151 269 <5<002 005 697 117 005
G3-1 <01 145 250 1572 40 044 094 7.1 397 <5<002 <01 774 044 021
G32 095 92 64 114 18 011 132 169 720 <5<002 0.17 654 116 0.03
G33 <01 184 38 161 42 068 111 7.1 463 071 <002 020 1369 048 0.03
GCl 621 955 172 051 458 015 176 85 799 <5<002 020 431 054 035
GC2 215 419 232 056 49 008 178 7.6 381 <5<002 009 1478 054 064
GC3 257 389 530 082 <2 015 281 295 753 <5 003 011 798 150 0.17
GC4 089 429 257 051 <2 012 149 197 999 <5 004 013 590 155 002
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Fig. 3. Box-Whisker diagram of the concentration of heavy metals of water samples in the study area.
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Fig. 4. Trilinear plot showing the chemical composition of groundwater, comparison groundwater, soil water, and stream

water samples collected in the study area.
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Fig. 5. Level contour of heavy metals of water samples in the study area.
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