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The objectives of this study are to assess the extent and degree of environmental contamination and to draw general con-
clusions on the fate of toxic elements derived from mining activities in Korea. Eight abandoned mines with four base-metal
mines and four Au-Ag mines were selected and the results of environmental surveys in those areas were discussed. In the base-
metal mining areas, the Sambo Pb-Zn-barite, the Shinyemi Pb-Zn-Fe, the Geodo Cu-Fe and the Shiheung Cu-Pb-Zn mine, sig-
nificant levels of Cd, Cu, Pb and Zn were found in mine dump soils developed over mine waste materials, tailings and slag.
Furthermore, agricultural soils, stream sediments and stream water near the mines were severely contaminated by the metals
mainly due to the continuing dispersion downstream and downslope from the sites, which was controlled by the feature of
geography, prevailing wind directions and the distance from the mine. In the Au-Ag mining areas, the Kubong, the Samkwang,
the Keumwang and the Kilkok mines, elevated levels of As, Cd, Cu, Pb and Zn were found in tailings and mine dump soils.
These levels may have caused increased concentrations of those elements in stream sediments and waters due to direct dis-
charge downstream from tailings and mine dumps. In the Au-Ag mines, As would be the most characteristic contaminant in
the nearby environment. Arsenic and heavy metals were found to be mainly associated with sulfide gangue minerals, and
mobility of these metals would be enhanced by the effect of oxidation. According to sequential extraction of metals in soils,
most heavy metals were identified as non-residual chemical forms, and those are very susceptible to the change of ambient
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conditions of a nearby environment. As application of pollution index (PI), giving data on multi-element contamination in
soils, over 1.0 value of the PI was found in soils sampled at and around the mining areas.

Key words : Abandoned mines, Arsenic, Heavy metals, Sequential extraction, Pollution index

INTRODUCTION

The metal industry can be an important source
of trace elements in the environment owing to var-
ious mining activities including processing and
transportation of ores, disposal of tailings and
waste water around mines (Adriano, 1986). Thus,
significant levels of toxic elements discharged
from mine wastes can be found in the nearby
streams, agricultural soils and food crops, and
eventually, they may pose a potential health risk to
residents in the vicinity of mines.

Korea has a long history of metal mining, and
the most extensive activities occurred during the
early twentieth century. At present, however, most
of the mines are abandoned due to the exhaustion
of ore minerals, and they become an important
point source of trace elements including As, Cd,
Cu, Pb and Zn. It is well known that the extent and
degree of trace element contamination derived
from the mining activities may vary depending
upon the type of mineralization, composition of ore
minerals, geology, topography, method of mining
and smelting (Jung, 1995). Thus, many researchers
have been investigated on environmental contam-
ination in soils, plants, sediments and natural
waters caused by these activities (Adriano, 1986;
Merrington and Alloway, 1994; Jung and Thorn-
ton, 1996). In Korea, environmental surveys of
abandoned mining districts have been also under-
taken since the early 1990s, but further investi-
gation is still needed to make comparison of the
degree of metal pollution between sites or to draw
general conclusions on the fate of toxic metals in
different environments.

In this study, eight abandoned mines including
four typical base-metal mines (the Sambo Pb-Zn-
barite, the Shinyemi Pb-Zn-Fe, the Geodo Cu-Fe
and the Shiheung Cu-Pb-Zn) and four Au-Ag
mines (the Samkwang, the Kubong, the Keum-
wang and the Kilkok) were selected. The results of
the environmental surveys in those areas previ-
ously conducted by the authors and co-workers
were discussed and compared between sites. A

previous review on the heavy metal contamination
in the vicinity of base metal mines in Korea has
been published elsewhere (Chon et al, 1998).

SITE DESCRIPTION

Locations of the eight surveyed mines are
shown in Fig. 1, and the brief descriptions of geol-
ogy and site features of each mine are summarized
in Table 1. The Sambo Pb-Zn-barite mine was
opened in 1945 and stopped production in 1991,
At the peak time of the 1980s, the mine has pro-
duced about 10% of the total Pb production and
10-20% of the total Zn production of Korea, pro-
cessing up to 400 tons of ore a day. The geology
of the mine is underlain by muscovite schist, gra-
nitic gneiss and two mica granite. The mineral-
ization is classified as a hydrothermal vein type
with ore minerals of galena, sphalerite and barite
(Jung, 1995).

The Shinyemi mine produced Pb and Zn ores
from 1967 to 1983, and then, it was redeveloped
as an Fe-producing mine with 300,000 tons per
year. The orebodies are classified as a replacement
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Fig. 1. Locations of study mines in Korea.
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and skarn type with sulfide ore minerals. The
Geodo mine, a skamn type deposits, initiated min-
ing activity in 1921 and produced 1,300 tons of Fe,
130 tons of Cu, 2 kg of Au and 13 kg of Ag per
month until closure in 1988 (Jeon et al, 1995).

The Shiheung Cu-Pb-Zn mine has been the most
famous sulfide-producing mine since 1912. Until
closure in 1973, 250 tons/day of ore minerals were
produced. The geology of the mine consists of
biotite banded gneiss, biotite schist and lime-sil-
icate rocks (Hwang and Chon, 1995). Tailings and
waste materials were distributed without proper
storage systems, and they became a major source
of toxic metals nearby streams and paddy fields.
As a result of previous environmental surveys, the
heavy metal contamination in soils and higher Cd
levels in residents' blood and food crops were
identified. Thus, reclamation of this area including
dumping out the waste materials and layering with
unpolluted soils, was executed in 1996, and now a
incineration facility is also constructed for other
land-use.

The Samkwang and Kubong Au-Ag mines are
located in mid-west of Korea. The mineralization
of the Samkwang mine is a hydrothermal vein
type, with As, Au and Ag bearing sulfides with
average ore grades of 12 mg/kg of Au and 15 mg/
kg of Ag (Lee ef al., 1995). The Kubong mine was
one of the largest Au mines in Korea with pro-
duction up to 4,500 tons of crude ore in a month.

The geology of the mine consists of granitic
gneiss, lime-silicate and sedimentary rocks. In Au-
Ag bearing quartz vein, small amounts of pyrite,
chalcopyrite, arsenopyrite, galena and sphalerite
also occur as native state (Cheon and Oh, 1970).
The mine ceased operation in 1970 due to worse
economic condition, and tailings and waste mate-
rials with solid and sludge were discharged
directly into downstream and lower land. The
Keumwang Au-Ag mine, a hydrothermal type, has
been worked until 1995. Its geology consists of
biotite granite, leucocratic granite and sediments
(Park et al., 1997). The Kilkok mine is an Au-Ag
bearing deposits in fissures of biotite granite, and
its operation history is unknown exactly. Tailings
and waste rock piles are left and become a source
of toxic elements in nearby environment.

HEAVY METAL CONTAMINATION IN THE STUDY
AREAS

Mean concentrations and ranges of trace ele-
ments in tailings and soil from base-metal mines
and Au-Ag mines are shown in Table 2 and 3,
respectively. In addition, average contents of trace
elements in stream sediment and stream water are
summarized in Table 4 and 5, respectively. Chem-
ical decomposition of the soils and sediments were
carried out by a mixture of concentrated acids with
HNO;-HCIO, or HCI-HNO; (aqua regia). Con-

Soil (mg/kg)

farmland forest

3.4 4.5

22 94
234 483

87 533

N

Rice crop (mg/kg)
leaves grain
i 16 03
19 24
. 45 05
1956 214

Fig. 2. Heavy metal concentrations around the Sambo Pb-Zn-barite mine.
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Fig. 3. Heavy metal concentrations around the Kubong Au-Ag mine.

centrations of Cd, Cu, Pb and Zn in soils, sed-
iments and waters were undertaken by ICP-AES.
For the analysis of As from Au-Ag mines, soils
and sediments were decomposed by 1IN HCI, and
measured by ICP-AES using hydride generator,
which is based on a Korean Standard Method for
As analysis.

Base-metal mines

Mean concentrations of Cd, Cu, Pb and Zn in
tailings and soils from 4 base-metal mines are
summarized in Table 2. As shown in the table, sig-
nificant levels of those metals were found in tail-
ings and some agricultural lands. For the Sambo
mine, elevated levels of heavy metals were found
in tailings, especially for Cd, Pb and Zn. Accord-
ing to Jung and Thornton(1996), forest soils have
been contaminated severely by Cd (max 13.7 mg/
kg), Pb (max. 2,880 mg/kg) and Zn (max. 7,420
mg/kg) due to wind-blown input of tailings con-
taining significant amounts of Pb and Zn. They
also reported that the large amount of metals in the
mine wastes and associated soils provided an
important source for continuing dispersion down-
stream, and have led to a moderate degree of con-
tamination of soils used for crop production. High
contents of Cd, Pb and Zn were found in the tail-
ings, and these high contents were also determined
in soil, sediments, and stream water. Finally, the

rice crops growing near the mine site contain high
levels of Cd, Pb, and Zn (Fig. 2).

Like the Sambo mine, significant levels of Cd,
Cu, Pb and Zn were found in tailings from the
Shinyemi and Geodo mine. Although the two
mine areas comprise hilly forest and farmland with
relatively few residents, those enhanced concen-
trations of the metals can be influenced on farm-
land and forest soils (Table 2).

Among the four base-metal mines, most severely
contaminated area is the Shiheung mine. As seen in
Table 2, mean concentrations of Cd, Cu, Pb and Zn
in tailings were up to 97 mg/kg, 5,820 mg/kg, 10,410
mg/kg and 14,960 mg/kg, respectively. These levels
are ten to hundred times higher than those in uncon-
taminated soils. As a result, paddy soils and forest
soils sampled in the vicinity of the tailings contained
very high levels of the heavy metals. It can be also
expected that those high amounts of heavy metals in
tailings may be dispersed downstream and downs-
lope from the mine by clastic movement through
wind and water and tend to accumulate in food
crops grown on soils in the vicinity of the mine.

Mean concentrations of As, Cd, Cu, Pb and Zn
in stream sediments from the studied mines are
shown in Table 4. Stream sediments were con-
taminated by waterborne transport of heavy metals
inherent in tailings and mine waste materials. In
the Sambo mine, the effluent waste waters had
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Table 8. Mean concentrations and ranges of Cd, Cu, Pb and Zn in nearby stream water from some base-metal and Au-Ag

mines in Korea (unit in ug/l).

Mine Cd Cu Pb Zn
*Sambo Pb-Zn-barite (N=15) 15 (1-89) 17 (1-138) 33 (1-183) 15,850 (20-96,500)
bShinyemi Pb-Zn-Fe (N=7) 4(1-7) 418 (346-512) 46 (24-69) 1,019 (93-1,512)
®Geodo Cu-Fe (N=5) 3(2-6) 363 (24-654) 21 (11-32) 416 (124-753)
*Shiheung Cu-Pb-Zn (N=8) 6 (n.d-10) - 41 (10-130) 165 (30-310)
dSamkwang Au-Ag (N=5) 12 (8-16) 3(2-3) 32 (10-50) 40 (10-130)
dKubong Au-Ag (N=4) 44 (9-130) 6 (2-9) 53 (10-120) 190 (20-600)
dKeumwang Au-Ag (N=8) 10 10 130 10

N=No. of samples

Jung(1995), Jeon et al.(1995), “Hwang and Chon(1995), “Chon et al.(1997)

maximum contents of 89 pg/l of Cd, 138 pg/l of
Cu, 183 pg/l of Pb and 96,500 pg/l of Zn (Jung,
1995). This sample also had a high S content of
273,000 pg/l, probably derived from sulfide min-
erals in the tailings and wastes of the mine. As a
result, elevated levels of heavy metals were found
in sediments sampled in the immediate vicinity of
the mine, especially for Cd, Pb and Zn. In com-
parison with the Sambo mine, relatively low con-
tents of the metals were found in sediments taken
at the Shinyemi and Geodo mines. These may be
due to the differences in the amount of the effluent
of mine waste materials and tailings into nearby
stream around the mines. Like soils in the Shi-
heung mine, the highest levels of metals were
found in sediments with average values of 25.2
mg/kg of Cd, 794 mg/kg of Cu, 1,630 mg/kg of Pb
and 2,950 mg/kg of Zn. In the Table 4, we can also
find that Cu concentrations in sediments taken
around the Geodo and Shiheung mines were rel-
atively higher than those around the others due to
their Cu mineralization. This result is strongly sup-
ported that the types of mineralization of each
mine have a great influence on the species, the
extent and degree of toxic element contamination
in the surface environment.

It is well known that heavy metal concentrations
in fresh or uncontaminated waters are normally
very low. According to Bowen (1979), the median
values of Cd, Cu, Pb and Zn in fresh waters are
0.1, 3.0, 3.0, 15 pg/l, respectively. However, many
researchers have found significant levels of heavy
metals in mine waste waters (Fergusson, 1990;
Jung, 1995). In this study, high concentrations of
heavy metals were also found in stream waters
from base-metal mines, and to a lesser extent Au-

Ag mines (Table 5). Because of its mineralization,
relatively high contents of Zn in the stream waters
are investigated at the Sambo and Shinyemi mines.
In comparison with metal concentrations in soils
and sediments, low concentrations of metals were
found in waste waters from the Shiheung mine.

Gold-Silver mines

Mean concentrations of As, Cd, Cu, Pb and Zn
in tailings and soils from the 4 studied Au-Ag
mines are shown in Table 3. As shown in the table,
significant levels of As were found in tailings and
surface soils of mine dump sites. In comparison
with the tailings, relatively high contents of As
were found in the surface soils developed over the
mine dump sites. It can be explained that surface
soils of the mine dumps contain relatively large
amount of As-bearing sulfide minerals such as
arsenopyrite. However, the tailings have much
lesser amount of the minerals due to removal in
the process of mineral separation for Au and Ag.
Like base-metal mines, enhanced concentrations
of heavy metals were found in tailings and surface
soils of mine dump sites. Both the Samkwang and
Kubong mines, significant levels of Cd, Pb and
Zn, to a less extent Cu, were found in soils sam-
pled at mine dump and tailings sites. These high
figures of the metals may be directly influenced by
the weathering of sulfide minerals including
galena, sphalerite and chalcopyrite existing in the
tailings and mine dumps. Thus, these metals are
continuously dispersed downstream and downs-
lope from the mine by clastic movement through
wind and water. Although enriched concentrations
of As and heavy metals were found in surface soils
of mine dump site in the Keumwang mine, rel-
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atively low contents of As and heavy metals were
determined in tailings due to the lack of sulfide
minerals. Chon er al. (1997) also reported that
very limited mineralization of sulfide mineraliza-
tion occurred in the Keumwang mine. In com-
parison with the other Au-Ag mines, the
concentrations of As and metals in soils from the
Kilkok mine were much lower than those from the
other mines.

Like element concentrations in soils, significant
levels of As, Cd, Cu, Pb and Zn were found in
stream sediments from Au-Ag mines, especially
for the Samkwang and Kubong mines (Table 4). In
the Kubong Au-Ag mine, soils and stream were
contaminated by As and heavy metals, and the rice
crops collected near the mine show high contents

of As and Cd. This shows different uptake pref-
erence for As and Cd of rice crops (Fig. 3). These
high contents of the elements can be originated
from clastic movement through mine waste water.
As mentioned, however, relatively low contents of
the elements were found in sediments from the
Keumwang and Kilkok mines due to a lack of sul-
fide mineralization of the mines. Similar trends
with sediments were also found in element con-
centrations in stream water samples (Table 5).

Pollution index

It is well known that most of metal and met-
alloid contamination in the surface environment is
associated with a cocktail effect of each contam-
inant rather than one element. Thus, a pollution
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index (PI) was introduced to identify multi-ele-
ment contamination. This study also implemented
the concept of the PI to examine an overall ele-
mental toxicity in the study areas. The PI of soils
is computed by average ratios of trace element
concentrations in soils divided by the guideline
values. When the PI values of soils exceed 1.0, the
soils are considered as potentially contaminated by
multi-elements and it may recommend a contin-
uous environmental monitoring of the area.

For the Sambo, Shinyemi and Geodo mine
areas, tolerable levels in soils (Kloke, 1979) were
used as guideline values, and the contouring maps
for computed PI values are illustrated in Fig. 4. In
general, tolerable levels suggested by Kloke
(1979) are the threshold values of trace element
concentrations in soils based on total-content
determination methods, which can produce crops
being unsafe for human or animal consumption, if
higher than those. The values of Cd, Cu, Pb and

Zn are 3, 100, 100 and 300, respectively. Kloke
(1979) calculated that if the content of metals in
soil is not higher than the threshold values, it can
be expected that the content of metals in human
diets will not exceed weekly tolerable intakes
established by FAO/WHO. Therefore, at the areas
of high PI values (>1.0) shown in Fig. 4, agri-
cultural activity should be forbidden.

In the Samkwang and Kubong Au-Ag mine
areas, As was also included for PI calculation. For
the guideline value of As, the warning standard for
industrial sites from the Soil Environment Preser-
vation Act of Korea (MOE, 1996; ie. 20 mg/kg)
was adopted due to the use of 1.0N HCI for the
determination. The areas covered with tailings and
soils at ore dressing plants have very high PI values
(>10) due to direct influence of mining activities
(Fig. 5). Thus, the PI values indicate that the tailings
and mine surface soils can be an important source in
the nearby environment as their high levels.
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CHEMICAL FORMS OF HEAVY METALS

Sequentially extracted metals in several studies
are shown as fractionation patterns in Fig. 6. Most
extraction procedures in the study of base-metal
mines were based on Tessier et al. (1979) with five
different fractions of metals, such as exchangeable
(IM MgCl,), bound to carbonates (1 M NaOAc),
bound to Fe-Mn oxides (0.04 M NH,OH-HCI in
25% HOACc), bound to organic matter (0.02 M
HNO3, 30% H,0,) and residual (HF-HCIOy). In the
Samkwang and Kubong Au-Ag mine areas, the pro-
cedure modified from Davidson et al. (1994) was
applied, which fractionated as exchangeable (1 M
MgCl,), bound to carbonates (0.16 M HOAC),
reducible (0.1 M NH,OH - HCI), oxidizable (30%
H,0,, 1 M CH;COONH,) and residual(aqua regia).

At the Sambo mine, the chemical forms of Cd,
Cu, Pb and Zn in stream sediment samples were
investigated. Heavy metals in sediments with
directly affected by tailings effluent were mainly
present in non-residual forms, especially for Zn
(75%), which was probably a consequence of the
oxidation of tailings through the streams. This was
well in accordance with high contents of Zn in
stream water samples.

Heavy metals around the Shinyemi and the
Geodo mines were present predominantly in ion-
exchangeable forms (9-27%) within the heavily
polluted sediments. Particularly, high proportions
in exchangeable fraction of Pb in the Shinyemi
(20%) and of Cu in the Geodo mine areas (24%)
indicated easier release of the elements in the sur-
face environment.

Contaminated soils around the Shiheung mine
area shows relatively higher ion-exchangeable
fraction of Cd (7%) than those of Cu, Pb and Zn.
Most Cu was bound to organic matter and sulfide
(37%), and Pb was mainly associated with Fe-Mn
oxides (51%). Zinc was largely bound to Fe-Mn
oxides (41%) and residual fraction (32%).

From the sequential extraction analysis for tail-
ings samples in the Samkwang and Kubong Au-
Ag mines, most of metals were present in the oxi-
dizable fraction, which is well correspondent to
the association of metals with sulfide gangue min-
erals (Fig. 6). Weathering and oxidation of the sul-
fide minerals may mobilize As and heavy metals
into tailings leachate and stream water. In addition,

Cd existed more in exchangeable phase than other
elements, and high concentration of Cd was also
found in stream water from the Samkwang and
Kubong mine. Identification of the chemical forms
of heavy metals as done in each study may be
helpful to estimate the biological availability of
metal contaminants and to determine the method
of remediation and its operating conditions.

CONCLUSIONS

Heavy metal contamination in the areas of typ-
ical base-metal mines and Au-Ag mines in Korea
was investigated, and the results of each study
were compared between sites. In the base-metal
mine areas, agricultural soil, stream sediment and
stream water around each mine were severely con-
taminated by heavy metals that comprised the ore
mineralogy. Although the degree and extent of
contamination varied with each mine, the disper-
sion patterns of metals were mainly controlled by
the feature of geography, the prevailing wind
direction and the distance from the mine.

Elevated levels of As, Cd, Cu, Pb and Zn were
found in soils developed over mine waste mate-
rials, tailings and slag sampled in the vicinity of
the eight mines studied. The source of these ele-
ments is mainly the weathering of sulfide minerals
associated with their mineralization. In stream sed-
iments, significant contents of trace elements are
found in the immediate vicinity of the effluent
sites of mine waste materials and waters. Slightly
low contents of Cd, Cu, Pb and Zn were found in
waters mainly due to their low solubility under
high pH of the waters.

In addition, the concept of the pollution index
(PI) of soils gives important information on the
extent and degree of multi-element contamination
and can be applied to the evaluation of soils before
their use for agriculture and production of food
crops.

Most of chemical forms of metals identified by
sequential extraction scheme were non-residual
fractions, such as exchangeable, Fe-Mn oxides or
organic matter bound forms. Those non-residual
forms of metals are susceptible to the change of
ambient conditions of a nearby environment and
they have a high possibility on bioavailability. In
general, Cd and Zn have a higher fraction in
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exchangeable form than other elements presenting
the highest mobility in the soils or sediments.
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