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Abstract

Soil contaminants measured and managed in Korea include those of geologic origin such as arsenic,
cadmium, copper, lead, zinc, nickel, mercury, and fluoride. This study identifies the distribution of these
contaminants using GIS modeling to analyze the spatial probability of soil contamination originating
from geology. The modeling found that cadmium, copper, lead, nickel, and mercury often exceed the
regulated standard by <1%. Concentrations of arsenic and zinc greatly exceeded the standard in the
vicinity of mines and industrial complexes: mining and industry seemed to have substantial effects on
the concentrations of these metals. Although fluoride was sampled at the lowest number of points, its
frequency of exceeding the standard was the highest. No obvious source of artificial contamination
has been identified, and fluoride’s distribution characteristics showed continuity over a wide area,
suggesting a strong correlation between geological characteristics and fluoride concentration. The
highest frequencies of fluoride exceeding the standard were in Jurassic granite (40.00%) and Precam-
brian banded gneiss (34.12%). As these rocks contributed to the formation of soil through their wea-

a OPEN ACCESS thering, high fluoride concentrations can be expected in soil in areas where these rocks are distributed.
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Table 1. Status of soil contaminants of geologic origin in Korea
Number of survey points (ea) Number of  Frequency of
Contaminant Soil Environmental Maximum Average Star.ldz.ird exceeding the exceeding the
measurement effect Sum (mg/kg) (mg/kg) deviation standard standard
network evaluation (ea) (%)
Cadmium (Cd) 2,065 1,687 3,752 157.42 0.58 341 15 0.40
Copper (Cu) 2,065 1,863 3,928 1,618.9 253 36.0 24 0.61
Arsenic (As) 2,065 1,767 3,832 1,086.00 6.56 19.68 46 1.20
Mercury (Hg) 2,065 1,509 3,574 79.30 0.11 1.82 6 0.17

Lead (Pb) 2,065 1,855 3,920 19,037.0 33.9 305.4 19 0.48

Zinc (Zn) 2,065 1,768 3,833  24,028.0 106.5 397.5 62 1.62

Nickel (Ni) 2,065 1,720 3,785 405.9 16.9 16.6 14 0.37

Fluoride (F) 440 1,224 1,664 750 204 132 85 5.11

Fluoride (F) | 5. 11
Nickel (Ni) [l 0.37
zinc (zn) NN 162
Lead (Pb) M 0.8
Mercury (Hg) W 0.17
Arsenic (As) [HNNIINEGEGNE 1.2
Copper (Cu) N 0.61
Cadmium (Cd) [l 0.4

0 1 2 3 4 5 6 (%)

Fig. 1. Percentage of samples exceeding the standard of soil contamination in Korea.
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Fig. 2. Distributions of soil contaminants of geologic origin across Korea (red points denote locations where the standard is
exceeded).
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Fig. 3. Distribution of sampling sites near industrial complexes: orange squares = standard not exceeded; red circles

standard exceeded.
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QFEA] Pt 7|2 A2 34213 o], AAFHA] F2] U Pt 7|2t 232 723 0 = T AR e

H2 Y EFedel7le 1 A9 71E23 214 9] Bt Bl 74| ZAF 2 -] tiH]ote] 0.22% 2 LR .o H, 24| 7]
F23} 2|7 0] tiH]5}e] 17.98% % UERGTH Table 2).

Table 2. Status of soil contaminants of geologic origin in Korea at locations near industrial sites

Number of survey points (ea) Number of Number of samples Number of samples
from near industry from near industry
) ) Number samples . .
Soil Environ- . . exceeding the standard exceeding the standard
. exceeding  exceeding the
Contaminant  measure-  mental . as a percentage of the  as a percentage of the
Sum the standard standard at sites
ment effects . total number survey  total number of samples
; (ea) near industry . .
network evaluation (ca) points exceeding the standard
(%) (%0)
Cadmium (Cd) 2,065 1,687 3,752 15 2 0.05 13.33
Copper (Cu) 2,065 1,863 3,928 24 5 0.13 20.83
Arsenic (As) 2,065 1,767 3,832 46 4 0.10 8.70
Mercury (Hg) 2,065 1,509 3,574 6 0 0.00 0.00
Lead (Pb) 2,065 1,855 3,920 19 6 0.15 31.58
Zinc (Zn) 2,065 1,768 3,833 62 21 0.55 33.87
Nickel (Ni) 2,065 1,720 3,785 14 3 0.08 21.43
Fluoride (F) 440 1,224 1,664 85 12 0.72 14.12
Average 34 7 0.22 17.98
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Fig. 4. Distribution of sampling sites near mines: green squares = standard not exceeded; red circles = standard exceeded.



Table 3. Status of soil contaminants of geologic origin in Korea at locations near mining areas

Number of survey points (ea)
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Sum
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GIS 2223 0|83 L 2|12 7| EYRHO| 22 St S7H Iy g

=S WAL Qlom, 23 23 o] Bt =4(F) F52 s =v F2H7] e (524 mgkg), A E 2o S4H
HRH(503 mg/kg)©] 7 HEFLAL Q1T (Table 4, Fig. 5).

Table 4. Distribution status of points exceeding standards for fluoride (F) by geology

Color Number Percentage
i Geological Geol(?gical Rock facies exceeding  Average StaI.ldé.lrd exceeding
Fig. 5 symbol period the standard  (mg/kg) deviation  the standard
(ea) (o)
CEOyls Cambrian  Joseon supergroup of Yeongwol type 4 491 35 471
km6 Cretaceous Hayang group Haman formation 3 486 83 3.53
km4 Cretaceous Hayang group Chilgok formation 1 614 0 1.18
- Jb Jurassic Pansong group 1 425 0 1.18
CEls Cambrian Great limestone series 1 404 0 1.18
For all sedimentary rocks 10 487 - 11.76
PCEkbgn  Pre-Cambrian Banded gneiss 29 503 40 34.12
PCEses  Pre-Cambrian Seosan group schists 2 481 25 2.35
PCEycs  Pre-Cambrian Yonchon group schists 2 477 4 2.35
0g3 Cambrian Okchon group phyllite 1 460 0 1.18
am Pre-Cambrian Sobaegsan gneiss complex 1 444 0 1.18
For all metamorphic rocks 35 497 - 41.18
ar Unknown Granite 3 538 14 3.53
Ifgr Jurassic Foliated granite 3 491 20 3.53
Jer Jurassic Granite 34 524 86 40.00
For all igneous rocks 40 523 - 47.06

100 km

Fig. 5. Geology (colors defined in Fig. 4) in areas with sites at which fluoride (F) exceeds the standard (red circles).
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A 9] OH & X[ &Fot= F o] Soll2 5 el 7|¥E & 1, 33t 3 E melo 2 BE EQF| 4] B oA A Z
31 delel ozt A 7Hs/d o] =th(Hwang, 2001).
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