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Abstract: Heavy metal concentrations were measured in sodspdants in and around a
copper-tungsten mine in southeast Korea to invastighe influence of past base metal
mining on the surface environment. The resultsheihtcal analysis indicate that the heavy
metals in soils decreased with distance from thercep controlled mainly by water
movement and topography. The metal concentratiosssared in plant species generally
decreased in the order; spring onions > soybeamdea perilla leaves red pepper > corn
grains= jujube grains, although this pattern varied modyabetween different elements.
The results agree with other reports that metateatnations in leaves are usually much
higher than those in grain. Factors influencing theavailability of metals and their
occurrences in crops were found as soil pH, cai@mange capacity, organic matter content,
soil texture, and interaction among the target el@m It is concluded that total metal
concentrations in soils are the main controls @ir ttontents in plants. Soil pH was also an
important factor. A stepwise linear multiple regiea analysis was also conducted to
identify the dominant factors influencing metal alg by plants. Metal concentrations in
plants were also estimated by computer-aided statisnethods.
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1. Introduction

Heavy metals are released into the environmentolty batural and anthropogenic sources. With the
exception of soils derived from the physical an@roltal weathering of parent materials containing
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elevated levels of trace elements (e.g. black shatel basic igneous rocks), the presence of etbvate
metal concentrations in the environment is rel&dedan’s activities [1-4].

Mining, smelting, and the associated activitiesare of important sources by which soils, plants, a
surface waters are contaminated. In addition, thexg also be safety risks for people working in esin
and smelters or for those living close by with tis& of habitat destruction. For example, soilaltotg
4,000 knf or more have been contaminated by heavy metateinicinity of mining and smelting areas
in England and Wales, [5]. It is estimated thatrtedian values of worldwide emissions of Cd, Cu, Pb
and Zn into soils were 22, 954, 796 and 1,372ki0yr?, respectively; more than half of those metals
were associated with base metal mining and smedttigities [6].

Numerous studies regarding metal contamination @taliferous mining and smelting areas have
been carried out in the United Kingdom [7-9], ie tnited States [10] and in other countries. Altitou
there is a long history of mining in Korea, limitetlidies have been undertaken to deal with heatgl me
contamination from mining [2, 4, 11-12].

The present study focuses on metal dispersion rwicbamental impacts of heavy metals in soils and
plants in the vicinity of the Dalsung copper-turgsmine located in southeast Korea. The site isobne
the biggest Cu mines in Korea with a maximum prtidacin the 1960s. During the period of active
operation, the mine produced 5 to 10 % of the ©Gtabutput of Korea. The geology of the site isatlye
influenced by volcanic activities; as a consequemée composed of quartz-monzonite, andesitictiee
andesite porphyry and partly volcanic rocks (sushrtgolite, volcanic ashes and tuff) [13]. The ore
minerals of the mine, classified as a hydrothemplacement type embedded in breccia pipe corfist 0
chalcopyrite (CuFe and wolframite ((Fe.Mn)Wg) associated with bismuthinite ¢85) and pyrite
(FeS). The mine stopped its production in 1973. It waggested to construct concrete bays to reduce the
discharge of heavy metals downstream from the murap; mine reclamation work with soil-topping
method was adapted in 2002 [12]. Neverthelessmihe dump with enhanced metal contents has been
discharged downstream which may adversely influemops growing on the surrounding land. As local
residents consume these crop plants continuously,ntay possibly have adverse impacts on human
health.

The objective of this study is to investigate th#uence of this base metal mining and associated
waste materials on heavy metal contamination d$ swid crop plants. This study will contribute e t
knowledge required to resolve practically environtak problems in mining areas, where metal
contamination may adversely influence crops, anandlhuman health.

2. Methodology

Surface soil samples (0-15 cm depth) were takehdmd auger (2.5 cm diameter) from the mine
dump, uncultivated upland and alluvial soils, htvade gardens, and a nearby control area (Figure 1).
Each surface soil sample comprised a compositeefsubsamples collected from a 1 x 1 metre square.
Random samples of plants were taken from eaclyitging within the mine dump areas and household
gardens including corn graidda mays), jujube grain Zizyphus jujuba), perilla leavesR. frutescens var.
japonica), red pepperGapsicum annuum), soybean leavesG(ycine max) and spring onionsA{lium
cepa). Soils were dried in an air-circulating oven & € and sieved to 10 mesh (< 2 mm). After

quartering, the samples were ground to 80 mest8Qq) in a mortar. Plant samples were washed in
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tap water and deionised water vigorously, driednnair-circulating oven at 25, milled in a herbage
mill, and repackaged in sealed plastic bags.

After this preparation stage, soils were digested:1 ratio of concentrated nitric and perchlodaa
and taken to dryness. The residue was then leagitiedM hydrochloric acid and finally diluted to 1M
HCI. The samples were analysed for a multi-elenseite including Cd, Cu, Pb and Zn by Inductively
Coupled Plasma Atomic Emission Spectrometry [1L#nPsamples were digested in fuming nitric acid
followed by concentrated perchloric acid, leachath ihe same procedure as that used for soil and
analysed by ICP-AES [14].

The soil pH was measured using a 2.5:1 ratio ajrdsed water to soil sample. In addition, loss-on-
ignition [15] and cation exchange capacity [16] @vereasured. For statistical examination of the, da¢a
"MINITAB" statistics package was used. A rigorouglity control programme assesses the accuracy and
precision of the chemical data. This programmeunhetl reagent blanks, duplicate samples, certified
reference materials and in-house reference matefiad]. Comparisons of Cd, Cu, Pb and Zn
concentrations in reagent blanks with their instntal and analytical detection limit for soils grldnts
are shown in Table 1. In addition, comparisons betwobserved and recommended concentrations of
metals in international certified materials are sarized in Table 2.

Figure 1. Site description and sampling locations of saild erop plants.
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Table 1.The results of QA/QC in chemical analysis for saitsl plants (Unitsig g*).

Reagent blank meaf DL ADL®
solil plant soll plant soll plant
Cd 0.009 0.008 0.200 0.025 0.125 0.014
Cu 0.039 0.054 0.200 0.025 0.776 0.019
Pb 0.728 0.131 2.000 0.250 1.849 0.111
Zn 0.865 0.831 0.400 0.050 0.839 0.312

4 Mean of 8 values

® Instrumental detection limit was converted fragymL™ to ug g* using factors of 40 for soils and
5 for plants

° Analytical detection limit was calculated by muljiimg the standard deviation of the mean
reagent blank value by 2.365: this value derivemnfit-table using degree of freedom 7 (95%
confidence limit)
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Table 2.Comparison between observed and recommended coatamg of metals in
international certified materials (Unitsg g*).

Reference Metals Observed value Recommended value a8
materials (numbers) m#2std  RSD(%)” m+2std RSD(%) (%)?
SRM2711 Cd(N"=8) 40.7+£2.33 2.92 41.7+£0.25 3.00 -2.40
(soil) Cu(N=8) 112+11.4 5.20 114+2.0 0.90 -1.75
Pb(N=8) 1,059+23.9 1.15 1,162+31 1.36 -8.86
Zn(N=8) 346+22.9 3.38 350+4.8 0.70 -1.26
CRM281 Cd(N=8) 0.14+0.02 6.58 0.12+0.00 1.28 +16.7
(rye grass) Cu(N=8) 9.24+0.45 2.49 9.65+0.38 2.00 -4.25
Pb(N=8) 2.45+0.47 9.82 2.38+0.11 2.36 +2.94
Zn(N==8) 26.9+2.69 5.09 31.5+t1.4 2.27 -14.6
Mean value + 2 x standard deviation (95% confiddinai)
Y’ RSD(%) (residual standard deviation) = (standaxdadien / observed mean) x 100
°Bias (%) = {(observed mean — recommended meapfmmended mean} x 100
9 Number of samples
3. Results

3.1. Heavy metal concentrationsin surface soils and their characteristics

The range and mean concentrations of Cd, Cu, PlZand surface soils sampled in and around the
mine are summarized in Table 3. The mean valu€fbm surface soils taken in the mine dump sites is
4.4ng g* with a range from 1.0 to 164 g*. Cadmium concentrations in soils sampled fromrogftes
are slightly lower than the dump site, ranging frorh to 5.1ug g*. The Cu in surface soils of the mine
dump sites ranges from 111 to 7,9id g* with a mean value of 1,958 ¢g*. Soils samples of both
uncultivated and household garden sites (withinkin2of the mine) contain similar levels of Cu with
mean values of 183 and 266 ¢*, respectively. However, the concentrations of i£the control soils,
not influenced by mining, ranged from 19 to 49 g* which s close to the world average of 89 g"
[18]. The mean value for Pb in the mine dump siek030ug g* with a range of 146 to 3,02Q) g%,
compared to the mean value for the control couate(8ug g*), which is similar to the world average
of 15ug g* [19]. The mean value for Zn in the mine dump sfte g g*) with a range from 55-2,370
ug g* was significantly higher than that in the conttoéa (97.g g*). However, some mine dump soils
showed highly elevated levels of Zn with a maximofi2,370ug g*.

The general properties of surface soils in theystwda are also described in Table 3. Soil pH imemi
dump samples ranged from 3.0 to 5.7 with an aveoédel. Soil pH sampled from the other sites was
around 5.6. Most soils had very low organic mattertent, less than 10 % loss-on-ignition. In additi
soils in the mine dump sites had a relatively Iatian exchange capacity of 11.5 meq/100g, whilst
cultivated soils, including household garden saiigl control soils, exhibited a high capacity fotiaza
exchange (23.2 and 30.1 meqg/100g, respectivelyst Miine dump soils had a sandy texture with small
amounts of silt and clay.
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Table 3.Heavy metal concentrations in surface soils aadt ghysical and chemical properties.

: , Household
Mlnea)dump Uncultivated garden Control

(N *=36) (N=6) (N=30) (N=18)
Cd (mg/kg) 4.4+38 1.8+0.5 1.8+0.9 0.9+0.4
Cu (mg/kg) 1,953+1,811 183+92 269+299 2919
Pb (mg/kg) 1,028+616 63126 84154 18+3
Zn (mg/kg) 419+462 136+30 17568 97+14
pH 4.1+0.7 5.3+0.8 5.6+0.9 5.6+0.5
LOI (%) 3.2£1.4 7.9+0.9 7.7£1.7 6.6+1.0
CEC (meq/1009) 11.4+3.4 17.5+1.9 23.2+10.5 30.1&14.
Sand (%) 86+7 6612 7046 65+4
Silt (%) 8+3 22+1 2045 2316
Clay (%) 6+4 1241 10+4 12+4

¥Number of sample$) Mean + standard deviation
3.2. Heavy metal concentrationsin plants

The concentrations of Cd, Cu, Pb and Zn in plamtsvg on soils in and around the mine are
summarized in Table 4. The average Cd concentgtionspring onions and some soybean leaves
exceeded Jig g* (DW: dry weight), but those of others were lesantld.5ug g* (DW). In addition,
metal concentrations varied with each plant typeaMCu levels ranged from 8.8 g* (DW) in corn
grain to 26.41g g* (DW) in spring onions. Average Pb concentratioplants varied from 0.19 in jujube
grain to 4.23ug g* (DW) in spring onions. Soybean leaves and sprimgrs exhibited elevated Zn
levels, with averages of 163 and 25§ g (DW), respectively. Other plants sampled contess Ithan
120 ng g(DW) of Zn. Heavy metal concentrations of plant pas from a nearby control area were
slightly lower than those surrounding the miningaa(see also Table 4). For instance, Zn conceorigti
of spring onions in the household garden near tine @rea are 5 times higher than those of the @ontr
area.

4. Discussion
4.1. Heavy metalsin surface soils

The area covered with mine waste materials incytiilings in the study area is approximately 0.1
km? (85 m x 120 m) with elevated levels of heavy neetisl addition, these materials have a low sorption
capacity for metal ions due to their sandy textlone,pH and organic matter content. Thus, heavyataet
leaching from the mine dump have been continuodslgersed downstream by water and wind. The
peak concentrations of metals were found within~BO® metres and decreased with distance from the
mine (Figure 2). Alluvial and garden soils downatreof the mine wastes contain more silt and clay
sized particles than the wastes with a higher pitiow exchange capacity and loss-on-ignition.
Therefore, metals dispersed from mine wastes ketylio be retained in the lower areas which have
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usually been used for agriculture or the produatibgarden crops. In the mine dump materials, nt loa
expected that the concentrations of Cd, Cu, PkZzandcrease with depth, possibly due to leachiognfr
the surface under acidic conditions (pH < 4). Thumsebilization of materials at the surface wouldoals
favor downslope dispersion of materials in solution

Table 4.Heavy metal concentrations in plants from miningd eontrol areas. (Unitig g*, DW).

Site N? Cd Cu Pb Zn
Miningarea 3 0.41+0.0%7 8.95+4.12 0.41+0.11  40.7+10.3
Corn grain Controlarea 1 0.15 1.60 0.18 20.0
Ratid” 2.7 5.6 2.3 2.1
Miningarea 6 0.47+0.02  9.17+0.72 1.19+0.04  22.8a2.
Jujube grain Control area 2 0.44+0.01  8.43+0.09  0.10+0.02 18480
Ratio 1.1 1.1 19 1.3
Miningarea 3 0.24+0.04  26.0+2.62 1.33+0.12 80.7228
Perilla leaves  Controlarea 2 0.18+0.02 21.6+0.85 1.13+0.10 52@30
Ratio 1.3 1.2 1.2 1.5
Miningarea 6 0.34+0.05 25.5+5.86 1.22+0.28  32.2%3.
Red pepper Controlarea 4 0.27+0.02 8.45+0.62 0.38+0.07 28380
Ratio 1.9 3.0 3.2 1.19
Soybean Miningarea 8 1.01+0.45 18.9+3.00 2.41+0.39 163446.
leaves Controlarea 3 0.24+0.05 10.5+1.81 1.55+0.15 54092
Ratio 4.9 1.8 1.6" 3.0
Mining area 4 1.88+0.35 26.4+458  4.23+1.16 256579.
Spring onion Controlarea 4  0.77+0.10  18.3¥1.72  3.02+0.18 47341
Ratio 2.9 1.4 1.4 5.9

4 Number of samples

® Mean + standard deviation

° Calculated by mean concentrations in plants griovihe mining area divided by that in
the control area

9 Significant difference in mean concentrationslangs sampled between in the mining
area and control area at p < 0.05

4.2. Heavy metalsin plants and factors affecting metal uptake by plants

It is well known that concentrations of Cd in edibkgetables range from 0.05 to @Pg” (DW: dry
weight) and leafy plants such as lettuce, cablagieach contain relatively higher Cd than grairiroit
plants such as apple, barley, corn, oat and ri6¢ @though Cd concentrations in plants grown on
uncontaminated or unmineralized soils generallyndoexceed 1.Qg g* (DW) [18, 20], over lug g*
(DW) has been found in some plant leaves grownomiaeninated soils from mining activities [11] . In
the study area, the maximum Cd levels of &32g* (DW) was found in spring onion. Grain samples
(corn and jujube), however, contained relativelydo Cd concentrations than leafy samples (spybedn a
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spring onion) (p < 0.05). In addition, ratios oteage Cd contents in plants sampled in the minieg @
those in the control area ranged from 1.1 in jujgkaen to 4.2 in spring onion. Thus, plants growrhe
mining area contained high Cd concentrations coetp&r those in the control area, especially in red
peppers, soybean leaves and spring onions (p % 0.05

Figure 2. Diagrams showing concentrations of Cd, Cu, PbZmuh surface soils.
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Although Cu is essential for plant growth, a vengall amount of Cu is required by plants, for
example, 5 to 2Qg g* (DW) in plant tissue [18]. However, over 8§ g* (DW) can be found in plants
from contaminated area, especially plant roots grawmining and smelting sites [11, 18, 20]. In the
study area, average Cu concentrations in plantgrgimthe mining area ranged from 885g" (DW) in
corn grain to 26.4ig g* (DW) in spring onion. Although no Cu toxicity wésund, most plant samples
exceeded 2Qg g* (DW), with the exception of grain samples.

Plant Pb content is generally very low due to et bioavailability. Lead concentrations in various
plants range from 0.01 to 3.8% g (DW), with an average value of 0.Q§ ¢g* (DW) [21]. Average
concentrations of Pb in plant samples from the mgjrirea ranged from 0.19 g* (DW) in corn grain to
4.23ug g* (DW) in spring onions. In addition, ratios of meh concentrations in plants sampled in the
mining area to those in the control area ranged ft@® in jujube grain to 3.2 in red peppers.

Zinc is also one of micronutrients essential fommal plant growth, but only a small amount of Zn is
required (25~15Qug g* in dry tissue) [18]. In the study area, the maximdn content was found in
spring onion with 383ig g* (DW). In comparison with the normal amount of Zr plant growth
(25~150ug ¢4), soybean leaves and spring onions have condensatxceeding the range. Other plants,
however, usually approximated to normal plant ghovrt conclusion, this study confirms that soybean
and perilla leaves have more metals than corn @gnotg grains. Metal concentrations determined from
plant samples of the study area decreased in thex spring onions > soybean leaves > perilla leaves
red pepper > corn gramjujube grain.
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Metal uptake by plants can be affected by sevardbfs including metal concentrations in soils| soi
pH, cation exchange capacity, organic matter contgpes and varieties of plants, and plant ages It
generally accepted that the metal concentratiosoihis the dominant factor [7, 18]. Relationships
between total metal contents in plants and sudade are shown in Figure 3. Levels of most metals
plants were highly comparable with those of soirterparts, although the gradient can differ betwee
plant species. Metals in corn and jujube grainsyewer, did not show any significant correlationshwi

those of soils.

Figure 3. Relationships between Cd, Cu, Pb and Zn concenigain soil and crop plants.
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As mentioned above, there is a combination of facffecting metal uptake by plants. Thus, stepwise
linear multiple regression method was applied ol fihe dominant factors influencing metal uptake by
plants, such application was extended further &dipt metal concentrations in plants under these
specific soils and climatic conditions. Obtainingest fit regression equation is undertaken bgp-lsy-
step procedure. The first independent variable al&ays total metal content in surface soils. From t
correlation matrix, the second major factor wasthland the regression equation was calculated asin
statistical package. At every stage, the signifieanf the equation was tested by the coefficient of
determination @ and probability (P). If the equation was not figant, i.e., a low r-squared value or
high probability, other factors were used to obthi@ best fit regression equation for predictingahe
concentrations in plants.
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The results of linear multiple regressions areges] in Table 5. Total metal concentrations ih soi
are the main factor, being correlated positivel{hwnetals in plants on each occasion. In additaoi,
pH, correlated negatively with metals in plantgypd an important role in governing metal uptake by
plants. Other factors such as cation exchange itadass-on-ignition and soil texture also contréd to
the prediction of metal concentrations in plantsome cases.

Table 5.Results of stepwise linear multiple regressionyansl

Plant type Multiple regression equation* (%)
Corn grain (N=4) (Zn)s =47.113 + 0.251 (Zn)s102 LOI 98.84
Jujube grain (N=8) (Cu)p =10.3012 + 0.0068 (CWs3892 pH 83.78
(Zn)p = 18.12 + 0.05 (Zn)s - 0.78 LOI 90.04
(Pb)p = 0.0687 + 0.0017 (Pb)s 82.19
Perilla leaves (N=5) (Cu)p =20.655 + 0.0253 (Cu)s 93.32
(Zn)p = 6.6733 + 0.4495 (Zn)s 91.58
Red pepper (N=10) (Cu)p =5.0217 + 0.1047 (Cu)s 98.53
(Zn)p = 21.3541 + 0.0718 (Zn)s 87.84
(Cd)p =0.289 + 0.093 (Cd)s - 0.015 pH 87.69
(Pb)p =0.1623 + 0.0157 (Pb)s 94.79
Soybean leaves (N=11) (Cu)p =81.916 + 0.318 (€4)812 pH - 0.722 sand 96.24
(Zn)p =-34.261 + 1.369 (Zn)s 70.89
(Pb)p = 3.614 + 0.006 (Pb)s - 0.341 pH 86.94
Spring onions (N=8) (Cu)p =17.916 + 0.067 (CU3sL01 pH - 0.853 silt 94.35
(Zn)p =516 + 2.28 (Zn)s - 124 pH 94.17
(Cd)p =-0.291 + 0.347 (Cd)s - 0.477 pH + 0.662 96.31
(Pb)p = 14.143 + 0.051 (Pb)s - 0.186 sand 180

Note : (Cu)p = Cu in planfify g*, dry weight); (Cu)s = Cu in surface sqib(g?); * P < 0.01

5. Conclusions

Both soils and plants have been contaminated byqu® mining in this study area. The most elevated
concentrations of metals were found in soils inrthiee dump sites, with average of 1,953, 419, @,
1,030 of pg g* for Cu, Zn, Cd and Pb, respectively. Household g@sdand uncultivated areas
downstream had moderately elevated soil metal cdrat®ns and exceeded those at a nearby control
site. Metal concentrations in plants varied with gtant species, higher levels were found in fdisates
and lower levels in grain. In particular, Thus, ahe@toncentrations in sampled plants decreasedein th
order spring onion > soybean leaves > perilla lsawed pepper > corn graijujube grain. In the same
plant species, metal concentrations decreasee iortler Zn > Cu > Pb > Cd due to mainly to differssn
in the total metal concentrations in soils andrthéavailability. Thus, long-term metal exposune b
regular consumption of locally grown vegetablesegogotentially health problems to animal and
residents in the vicinity of the mine, althoughadyverse health effects have as yet been obsenetd! M
levels in plants sampled in the control area watkinvnormal ranges. This study also examined g& u
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of a linear multiple regression method as a tealaifpr finding the dominant factors affecting metal
uptake by plants, and for predicting metal conegiains in plants. The results showed total metateru

in surface soils to be the dominant factor inflieganetals in plants; soil pH was also a majordadn
addition, some soil factors including cation exa@rtapacity, loss-on-ignition and soil texture also
influenced metal uptake.
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