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Abstract
In Korea, rapid industrialization has often caused severe soil and water pollution near industrial complexes. Particularly, heavy metal(loid) contamination of agricultural lands could induce serious long-term problems for crop safety and productivity, requiring continual safety assessment. This study investigated heavy metal(loid) contamination of agricultural lands near fifteen industrial complexes. At each of industrial sites in Gyeongsangbuk-do, topsoils and subsoils were collected at two different distances from each site (0–500 m and 500–1000 m). For comparison, at each site, non-polluted soils were also collected more than 1000 m away from each industrial complex. With the exception of one sample, heavy metal(loid) concentration of all soils were lower than the Korean guidelines for soil contamination. However, the difference between the heavy metal(loid) concentrations of Cu, Pb and Zn in topsoil and subsoil increased the closer the samples were the industrial complexes, which implied that these elements were being generated by industrial activities and were freshly loaded on to near surface soils. While the heavy metal(loid) concentration in the studied sites did not exceed the Korean guideline, the geoaccumulation index of each soil indicated that the degree of Cd, Cu, and Pb contamination was heavily or extremely serious in more than twenty of the examined soils. The elevation of specific metals associated with industrial activity in soils in close proximity to industrial sites is of some concern and should be taken into consideration for the future management of agricultural soils around such complexes as well as the industrial complex operation itself.
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Introduction
Environmental problems around industrial complexes have long been recognized as a national issue [1, 2]. Since many industrial facilities are concentrated in specific zoned areas, a multitude of industrial complexes can become a major point source of large industrial effluxes of sewage, waste, exhaust, and dust into the surrounding environment. For this reason, the soils around industrial complexes would be exposed to environmental pollutants more than the other areas [3]. While dust and wastewater released from industrial facilities can cause environmental pollution, exhausts generated during production and material transport to and from industrial sites are also a significant source of contamination [4–6]. In particular, heavy metal(loid)s contamination of soils near industrial complexes is a major issue worldwide [7]. For instance, Loska et al. [8] found the increased As, Cd, Hg, Pb and Sb, contents in soils near industrial regions in southern Poland. Likewise, high levels of heavy metals reaching 176, 725, 8469 and > 10,000 mg kg−1 for Cd, Cu, Pb and Zn were reported in soils around intense industrialized areas in Turkey [7].
Since the mobility of contaminants in soils is generally very low compared to that observed in water or air, contaminants remain in soils for a long time [9]. In addition, unlike organic contaminants, since heavy metal(loid)s do not decrease through decomposition or volatilization, discharged of such inorganic moieties from industrial complexes are likely to elevate soil concentrations continuously. Of increasing concern worldwide, is that due to increased industrialization many areas near industrial complexes have been used for agricultural crop production, which raises concerns of food chain contamination. For instance, in Korea, at least 472 industrial complexes are located in rural areas where paddy field and cultivated upland crops are grown [10]. This raises concerns that there is a likelihood of agricultural soil contamination by heavy metal(loid)s from the industrial complexes, which could subsequently affect crop’s growth performance, food safety [11, 12] and ultimately cause widespread human health issues. Direct human ingestion of agricultural products grown on contaminated lands is a well-known cause of a wide variety of health issues and some diseases caused by heavy metal(loid) accumulation [13]. For example, Lee and Chon [14] conducted human health risk assessments which showed that the long-term intake of rice, cultivated from As-contaminated soil around an abandoned mine, increased the risk of cancer for the local people.
Thus monitoring of heavy metal(loid) concentrations in the agricultural soils around industrial areas is necessary to accurately ascertain the present level of contamination and the consequential human health risk This information can be used to make better informed policy decisions on the management of industrial areas and nearby agricultural lands on a firm scientific basis. In this paper, the extent of heavy metal(loid) contamination in soils near industrial complexes was examined in three ways. Firstly, the relationship between the levels of metals in the soil and the distance from the industrial complex was evaluated with the hypothesis that if industrial activities had an influence on soil contamination, heavy metal(loid) concentration would be higher in the soils closer to industrial complexes. Secondly, a comparison of heavy metal(loid) content in topsoil and subsoil was conducted from the same geographic location to test the hypothesis that industrial contamination would lead to higher heavy metal(loid) contents in topsoils rather than subsoils. Thirdly, the geoaccumulation index was used to compare the level of contamination in notionally industrial affected regions relative to expected local background concentrations.

Materials and methods
Research areas
Fifteen large industrial complexes in Gyeongsangbuk-do, Korea were selected for this study. The scales of the selected complexes were extensive as each contained a large number of different businesses including those involved in electrical, electronics, food, fiber, machinery, nonferrous metal, steel, smelting and timber production (Table 1), which can all potentially be implicated with heavy metal(loid)s release. All of the lands surrounding the selected industrial sites were cultivated regions, used primarily as paddy fields and upland soils.Table 1Description of the fifteen agricultural industrial complexes investigated in the present study


	Site
	Area (m2)
	Types of industry

	A
	172
	Food, fiber and clothes, timber and paper, petrochemistry, nonmetal, machinery, electrical electronics, manufacturing, non-manufacturing

	B
	129
	Food, timber and paper, petrochemistry, nonmetal, machinery

	C
	224
	Food, fiber and clothes, timber and paper, petrochemistry, manufacturing

	D
	720
	Machinery, electrical electronics, transportation equipment

	E
	150
	Fiber and clothes, steel, machinery, transportation equipment, manufacturing

	F
	146
	Petrochemistry, steel, machinery, transportation equipment, manufacturing

	G
	330
	Food, timber and paper, petrochemistry, nonmetal, steel, machinery, electrical electronics, transportation equipment, non-manufacturing

	H
	152
	Fiber and clothes, timber and paper, petrochemistry, nonmetal, steel, transportation equipment

	I
	157
	Food, fiber and clothes, timber and paper, petrochemistry, nonmetal, steel, machinery, electrical electronics, transportation equipment

	J
	120
	Food, fiber and clothes, petrochemistry, nonmetal, steel

	K
	206
	Food, timber and paper, petrochemistry, nonmetal, steel, machinery, electrical electronics

	L
	190
	Fiber and clothes, petrochemistry, nonmetal, machinery, electrical electronics, manufacturing

	M
	176
	Food, fiber and clothes, timber and paper, petrochemistry, steel, machinery, electrical electronics, manufacturing

	N
	486
	Food, fiber and clothes, petrochemistry, steel, machinery, electrical electronics, transportation equipment, manufacturing

	O
	252
	Food, fiber and clothes, petrochemistry, nonmetal, steel, machinery, manufacturing





Soil sample collection
For soil sampling, agricultural lands near each industrial complex were divided into two sections based on the distance from the boundary of the industrial area. The first section encompassed an area within 500 m of the industrial complex the boundary, while the second section encompassed the area between 500 and 1000 m of the boundary (Fig. 1). This demarcation allowed a determination of whether soils closer to the industrial area were more extensively influenced than soils further from the boundary. In each section, five distinct soil-sampling positions were selected which were evenly distributed within the section and at a similar distance from each other. From each sampling position topsoil (0–20 cm depth) and subsoil (20–40 cm depth) were sampled. For this, at each depth, three augur (7 cm diameter) soil samples taken ~ 20 m apart from each other were collected and composited to obtain a single sample for analysis. As a control, soil samples at > 1000 m from each industrial complex were also collected. Hence, 11 distinct topsoil- and subsoil-samples were collected from the agricultural soils near 15 industrial complexes, totaling 330 soil samples for analysis. The collected soil samples were air-dried and sieved through a 2 mm sieve prior to further analysis.[image: A13765_2020_517_Fig1_HTML.png]
Fig. 1Example of the general sampling strategy around an industrial complex (site B). The inner line denotes the boundary of the industrial complex, while the middle and outer lines are respectively 500 and 1000 m from the inner boundary. A and B indicate the specific sampling positions at 0–500 and 500–1000 m, respectively. Within each section, five sampling positions were selected having an even distribution within each section encompassed





Analysis
Soil heavy metal(loid) concentration was analyzed following the Korean Standard Method for Examination of Soil [15]. Dried and sieved (< 2 mm) soil samples were ground to a fine powder using a mortar and pestle prior to acid digestion. A subsample of the dried and ground soil (2 g) was digested with aqua regia (9 mL), a mixture of nitric acid and hydrochloric acid (1:3), using a graphite digestion system (OD-98-001, ODLAB, Korea) for 1.5 h at 160 °C. The digested solutions were thereafter diluted to 50 mL in a volumetric flask and filtered using a 0.45µm disposable syringe filter prior to quantitative analysis. The concentration of As, Cd, Cu, Ni, Pb, and Zn in the filtered solution was measured by ICP-OES (8300DV, Perkin Elmer, USA). Mercury was analyzed using a Direct Mercury Analyzer (DMA80, Mileston&T CI, Ltd). For quality assurance and quality control, the recovery rate of Montana soil SRM 2711a (National Institute of Standards & Technology) was also examined.

Data analysis
The effect of industrial activities on heavy metal(loid) accumulation in soils was investigated by comparing heavy metal(loid) concentrations of topsoil and subsoil at each sampling position. The value of subsoil was subtracted from the value of topsoil, and the differences were averaged in three distance groups (0–500 m, 500–1000 m, and > 1000 m) for comparison. Standard errors within each group were also calculated.
To assess the contamination level at the investigation sites, the geoaccumulation index (Igeo) was calculated (Eq. 1). [image: $$I_{geo} \, = \,\log_{2} \,\left[ {C_{n} /\left( {1.5\,\, \times \,B_{n} } \right)} \right].$$]

 (1)

where Cn is the concentration of each metal ‘n’ in the tested soil, and Bn is the background level of corresponding metal ‘n’ in uncontaminated soils. The constant 1.5 is to correct the fluctuation of the background level of ‘n’ [16]. In this study, the concentration of heavy metal(loid)s in the soils collected at > 1000 m from each industrial complexes were used for Bn. Igeo is a widely-used parameter for quantifying the relative levels of heavy metal(loid) contamination of soils and sediments in comparison to expected concentrations in uncontaminated soils [16–20], where Igeo classifies the degree of soil contamination into 7 classes (Table 2).Table 2Degree of soil contamination based on geoaccumulation index (Igeo) (Huang et al. 2017)


	Igeo value
	Degree of soil contamination

	Igeo ≤ 0
	Practically uncontaminated

	0 < Igeo < 1
	Uncontaminated to moderately contaminated

	1 < Igeo < 2
	Moderately contaminated

	2 < Igeo < 3
	Moderately to heavily contaminated

	3 < Igeo < 4
	Heavily contaminated

	4 < Igeo < 5
	Heavily to extremely contaminated

	5 < Igeo
	Extremely contaminated




For each heavy metal(loid), Igeo values of topsoil and subsoil at each distance group were averaged to compare the general degree of contamination by distances and depths. Standard errors were calculated for each group and the number of soil samples in each Igeo range was also counted.


Results and discussion
Distribution of heavy metal(loid) concentration
The broad distribution of soil heavy metal(loid) concentration around the 15 industrial areas is shown in Table 3 relative to soil background concentrations previously determined by Kim et al. [21] for Hg and by Yoon et al. [22] for all other heavy metal(loid)s. Since most values did not exceed the Korean guidelines for heavy metal(loid) concentration in soils, this indicated that almost all of the investigated soils could be legally classified as being non-contaminated. All of the mean values were also under the Korean natural background.Table 3Summary of selected heavy metal(loid) concentrations in the agricultural soils around fifteen industrial complexes in Gyeongsangbuk-do, Korea


	 	As (mg kg−1)
	Cd (mg kg−1)
	Cu (mg kg−1)
	Ni (mg kg−1)
	Pb (mg kg−1)
	Zn (mg kg−1)
	Hg (mg kg−1)

	Topsoil

	 Maximum
	57.08
	2.95
	48.49
	25.19
	197.89
	128.32
	0.17

	 Median
	3.57
	0.06
	12.68
	7.96
	3.99
	37.73
	0.03

	 Minimum
	0.17
	0.00
	0.00
	1.23
	0.00
	19.53
	0.01

	 Average
	4.80
	0.14
	14.82
	8.24
	7.70
	41.10
	0.03

	Subsoil

	 Maximum
	42.73
	2.09
	39.69
	33.73
	176.14
	118.64
	0.11

	 Median
	3.89
	0.05
	11.85
	7.62
	3.75
	35.15
	0.02

	 Minimum
	0.34
	0.00
	0.00
	0.94
	0.00
	18.24
	0.01

	 Average
	4.73
	0.14
	13.24
	8.09
	6.75
	38.20
	0.03

	Korean guideline
	25
	4
	150
	100
	200
	300
	4

	No. of samples > Korean guideline
	1
	0
	0
	0
	0
	0
	0

	Korean natural background
	6.83
	0.29
	15.26
	17.68
	18.43
	54.27
	0.06




However, while on average the results indicated no significant initial cause for concern this was not true for all of the samples analyzed. As indicated by the maximum values observed for each element needs, a closer examination of the data set indicated that for some soils the heavy metal(loid) concentrations were very high. For example, one soil sample contained 57.1 mg kg−1 As which was 9 times higher than the Korean natural background and well above the As guideline value of 6.8 mg kg−1. Likewise, the maximum values of Cd and Pb in topsoil were almost ten times higher than the respective Korean natural background levels. For As, Cd, Cu, Pb, and Zn, the number of soil samples which had concentrations above the Korean natural background values increased the closer the samples were to the industrial complexes (Table 4), which implied that these metal(loid) levels were highly influenced by industrial activities.Table 4The numbers of soil samples which exceeded the Korean natural background of heavy metal(loid)s


	Distance
	As
	Cd
	Cu
	Ni
	Pb
	Zn
	Hg

	0–500 m

	 Topsoil
	16
	16
	36
	1
	6
	8
	4

	 Subsoil
	18
	12
	38
	2
	5
	9
	4

	 Total
	34
	28
	74
	3
	11
	17
	8

	500–1000 m

	 Topsoil
	14
	7
	35
	3
	0
	6
	6

	 Subsoil
	13
	12
	32
	2
	1
	5
	3

	 Total
	27
	19
	67
	5
	1
	11
	9

	> 1000 m

	 Topsoil
	4
	3
	5
	0
	0
	0
	0

	 Subsoil
	5
	4
	6
	0
	0
	0
	0

	 Total
	9
	7
	11
	0
	0
	0
	0





Elevated soil concentration of heavy metal(loid)s by industrial complexes
Figure 2 shows the mean difference between heavy metal(loid) concentrations in the topsoil and subsoil. If the value was negative, it indicated that the topsoil had a lower concentration than the subsoil, which would indicate that the original heavy metal(loid)s in the soil were transported from topsoil to subsoil by some mechanism such as precipitation. If the value was positive, the topsoil had a higher metal content than the subsoil, which would indicate that there was an increase of heavy metal(loid) load on the soil from the external environment. In the present study, most of the differences were positive, indicating that the topsoil had higher heavy metal(loid) content than subsoil. While the concentrations of As, Cd, Ni, and Hg were not much different by depth and distance, the deducted values of Cu, Pb, and Zn tended to be highest at 0-500 m soils and lowest at > 1000 m. The most significant differences were observed for Pb which were positive for both distances between 0–1000 m but were negative at > 1000 m. For Cu and Zn, using composts can be a reason that their concentrations in topsoils are higher than subsoils. However, in agreement with the results of Table 4, the load of Cu, Pb, and Zn on the topsoil increased with closeness to the industrial complexes. This strongly supported the notion that industrial activities were closely related to the accumulation of these elements in the nearby agricultural lands.[image: A13765_2020_517_Fig2_HTML.png]
Fig. 2Averaged difference between heavy metal(loid) concentration of topsoil and subsoil at 0–500 m, 500–1000 m, and > 1000 m from industrial complexes. Differences were determined by subtracting subsoil values from topsoil values. Error bars are standard errors





Soil contamination assessment
Averaged Igeo for each heavy metal(loid) were shown in Fig. 3. In topsoil, the averaged Igeo were mainly between 1 and 2 (moderately contaminated), while the Igeo of the subsoil were mostly under 1 (uncontaminated to moderately contaminated). For all elements, the mean Igeo tended to be higher in topsoil than subsoil at each distance. While As, Cd, Ni, and Hg showed little difference between topsoil and subsoil concentrations (Fig. 2), the contamination levels of these elements in topsoil was consistently higher than subsoil (Fig. 3), also indicating some potential influence from industrial activities. For Cd and Pb, the difference between Igeo (0–500 m topsoil) and Igeo (500–1000 m topsoil) was larger than all other elements and higher for 0–500 m. This implied that the load of these elements were much more highly influenced by industrial activities.[image: A13765_2020_517_Fig3_HTML.png]
Fig. 3Averaged Igeo values of the soils at two depths and two distances from the industrial complexes for each heavy metal(loid). Error bars are standard errors




Overall while the averaged Igeo values show that the investigated areas were uncontaminated or only moderately contaminated. However, the Igeo values for each soil sample showed that there were some heavily or extremely contaminated areas (Table 5). This indicated that although most soils analyzed did not exceed the Korean guideline for heavy metal(loid) (Table 3), the soils near industrial complexes were undergoing contaminated. The total numbers of samples whose Igeo values were > 3 were highest for Pb, followed by Cu and Cd. This suggested that Pb, Cu, and Cd were the most-released elements from the associated industrial complexes. This result was similar to the previous research by Kim et al. [23] who had shown that increases in soil Pb, Cu, Cd, and Zn near industrial areas in Taejon, Korea. The main source of Pb was reported to be from fuel [23]. While the presence of Cu and Cd were thought to be most highly associated with nonferrous metal industries and automobiles [4]. Taking a precautionary approach and considering the potential for the future elevation of heavy metals in agricultural soils in the vicinity of industrial complexes, while there seems to be no immediate cause for alarm, future management of agricultural soils should consider this potential as well as continued assessment of local soil quality and the testing of food produced from such regions.Table 5The number of soil samples at each Igeo range and the total number of soils whose Igeo value is over 3


	Igeo value
	Distance (m)
	As
	Cd
	Cu
	Ni
	Pb
	Zn
	Hg

	Igeo ≤ 0
	0–500
	6
	79
	8
	4
	11
	7
	6

	500–1000
	7
	80
	5
	4
	13
	6
	7

	0 < Igeo < 1
	0–500
	96
	41
	71
	89
	82
	81
	79

	500–1000
	90
	43
	77
	85
	79
	85
	85

	1 < Igeo < 2
	0–500
	36
	12
	41
	44
	24
	50
	50

	500–1000
	33
	9
	44
	46
	36
	52
	37

	2 < Igeo < 3
	0–500
	5
	9
	16
	9
	15
	6
	8

	500–1000
	11
	6
	14
	12
	15
	6
	10

	3 < Igeo < 4
	0–500
	5
	4
	9
	4
	4
	3
	3

	500–1000
	3
	5
	4
	2
	4
	1
	5

	4 < Igeo < 5
	0–500
	1
	0
	0
	0
	2
	2
	3

	500–1000
	2
	1
	0
	1
	2
	0
	5

	5 < Igeo
	0–500
	1
	5
	5
	0
	12
	1
	1

	500–1000
	4
	6
	6
	0
	1
	0
	1

	Total no. of sites Igeo > 3
	16
	21
	24
	7
	25
	7
	18






Acknowledgements
This study was carried out with the support of “Research Program for Agricultural Science and Technology Development (Project No. PJ01250527)”, National Academy of Agricultural Science, Rural Development Administration, Republic of Korea.

Authors’ contributions
HK and ML carried out most of the experimental works and wrote the manuscript. JHL analyzed and interpreted geoaccumulation index. KHK and KRK contributed in building an object, establishing analytical methods, and supervising all the steps of this study. GO was a major advisor in writing this manuscript including English-writing. All authors read and approved the final manuscript.

Funding
This study was carried out with the support of “Research Program for Agricultural Science and Technology Development (Project No. PJ01250527)”, National Academy of Agricultural Science, Rural Development Administration, Republic of Korea.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
1.
Leister LD, Baker JE (1994) Atmospheric deposition of organic contaminants to the Chesapeake Bay. Atmos Environ 28:1499–1520Crossref

2.
Lee BK, Koh IH (2003) Analysis on heavy metal contamination in soils of the Ulsan area. J Korean Soc Environ Eng 25:1436–1447

3.
Nadal M, Schuhmacher M, Domingo JL (2011) Long-term environmental monitoring of persistent organic pollutants and metals in a chemical/petrochemical area: human health risks. Environ Pollut 159:1769–1777Crossref

4.
Lee BK, Koh IH, Kim HA (2005) The partitioning characteristics of heavy metals in soils of Ulsan by sequential extraction procedures. J Korean Soc Environ Eng 27:25–35

5.
Jalali M, Khanlari ZV (2008) Environmental contamination of Zn, Cd, Ni, Cu, and Pb from industrial areas in Hamadan Province, western Iran. Environ Geol 55:1537–1543Crossref

6.
Jeong TU, Cho EJ, Jeong JE, Ji HS, Lee KS, Yoo PJ, Kim GG, Choi JY, Park JH, Kim SH, Heo JS, Seo DC (2015) Soil contamination of heavy metals in national industrial complexes. Korean J Environ Agric 34:69–76Crossref

7.
Yaylalı-Abanuz G (2011) Heavy metal contamination of surface soil around Gebze industrial area, Turkey. Microchem J 99:82–92Crossref

8.
Loska K, Wiechula D, Korus I (2004) Metal contamination of farming soils affected by industry. Environ Int 30:159–165Crossref

9.
Ha DY, Moon SH, Lee YJ (2004) Effect of pH, humic acid and metal concentration on adsorption of Pb, Hg, and Cd in the soil. J Korea Soc Waste Manag 21:535–544

10.
Industrial land information system (2020) Overview of industrial complex in Korea. https://​www.​industryland.​or.​kr/​


11.
Grytsyuk N, Arapis G, Perepelyatnikova L, Ivanovaand T, Vynograds’ka V (2006) Heavy metals effects on forage crops yields and estimation of elements accumulation in plants as affected by soil. Sci Total Environ 354:224–231Crossref

12.
Jung GB, Kim WI, Lee JS, Shin JD, Kim JH, Yun SG (2005) Availability of heavy metals in soils with different characteristics and controversial points for analytical methods of soil contamination in Korea. Korean J Environ Agric 24:106–116Crossref

13.
Wongsasuluk P, Chotpantarat S, Siriwong W, Robson M (2014) Heavy metal contamination and human health risk assessment in drinking water from shallow groundwater wells in an agricultural area in Ubon Ratchathani province, Thailand. Environ Geochem Health 36:169–182Crossref

14.
Lee JS, Chon HT (2005) Risk assessment of arsenic by human exposure of contaminated soil, groundwater and rice grain. Econ Eviron Geol 38:535–545

15.
Ministry of environment (ME). 2017. Standard test method for soil pollution. http://​www.​me.​go.​kr


16.
Khaled A, ElNemr A, ElSikaily A (2006) An assessment of heavy metal contamination in surface sediments of the Suez Gulf using geoaccumulation indexes and statistical analysis. Chem Ecol 22:239–252Crossref

17.
Barbieri M (2016) The importance of enrichment Factor (EF) and geoaccumulation index (Igeo) to evaluate the soil contamination. J Geol Geophys 5:237Crossref

18.
Huang SH, Yang Y, Yuan CY, Li Q, Ouyang K, Wang B, Wang ZX (2017) Pollution evaluation of heavy metals in soil near smelting area by index of geoaccumulation (Igeo). IOP Conf Ser: Earth Environ Sci 52:012095Crossref

19.
Mico C, Recatala L, Peris M (2006) Assessing heavy metal sources in agricultural soils of an European Mediterranean area by multivariate analysis. Chemosphere 65:863–872Crossref

20.
Gowd SS, Reddy RM, Govil PK (2010) Assessment of heavily metal contamination in soils at Jajmau (Kanpur) and Unnao industrial areas of the Ganga Plain, Uttar Pradesh, India. J Hazard Mater 174:113–121Crossref

21.
Kim PR, Kim DY, Han YJ (2019) A review for the long-term trend and spatial distribution of soil mercury concentration in south Korea. J Korean Soc Environ Eng 41:346–355Crossref

22.
Yoon JK, Kim DH, Kim TS, Park JG, Chung IR, Kim JH, Kim H (2009) Evaluation of natural background of the soil heavy metals in Korea. J Soil Groundw Environ 14:32–39

23.
Kim KW, Myung JH, Ahn JS, Chon HT (1998) Heavy metal contamination in dusts and stream sediments in the Taejon area, Korea. J Geochem Explor 64:409–419Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/A13765_2020_517_Fig2_HTML.png
5.0

=
£ 8 E
© o
o = 8
0 1
=
o N A
I = m o
T
N
(s |11V TR ERT TR AR TR ERTRTERTERN
0
o
11NN
-
35
()
e LTI ERTERTEERTERIT
©
(@)
w
<
= o o 5] < o
< o o — o .l__

(-6 Bw) Jlosgns pue |l0sdo} usamiaq

UOI1BJIIUDOUOD (pIo)[eIdW AABSY Ul 9dUaJalI(

Heavy metal(loid)





OEBPS/sidebar.gif





OEBPS/A13765_2020_517_Article_Equ1.gif
Lyeo = log [Ca/ (1.5 X Bn)].





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





OEBPS/A13765_2020_517_Fig3_HTML.png
Averaged geoaccumulation inaex

O0-500 m topsoail
B 0-500 m subsoil
@500-1000 m topsoil
B 500-1000 m subsoil

Cu

Heavy metal(loid)

Ni

Pb






OEBPS/A13765_2020_517_Fig1_HTML.png
= L - L Q

49 ::
=t RIS, SiteB
: * .‘\.‘. = g 'l.‘-..
=== il o SR

5 = TG -\ /* G ),
- LA > 7
(= ", ~ @
D - E 0
w o1 77 = RN :
2 = « B >
: 2 R : H QRS
= £, 5 e :
D3 ; s \
v B Py i D L
3 3 A

oy N 5
W=
o= L
F - Z
A oF 2
PN YK
6 3 9 A O

X i/ 6

=== Boundary

0 125 250
) Meters






