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The occurrence, distribution, and hydrogeochemical characteristics of uranium and radon in groundwater within dif-
ferent lithologies in Gyeongnam and Gyeongbuk provinces were investigated. A total of 201 groundwater samples
from sedimentary rocks taking a large portion of the geology and from igneous rocks taking a small portion of the
geology were analyzed and examined using factor analysis. Their radionuclide levels were used to construct detailed
concentration maps. The groundwater types, defined using a Piper diagram, are mainly Ca-HCO3 with less Na-HCO3.
Among the samples, one site exceeds 30 pg/L of uranium (i.e., the maximum contaminant level of the USEPA) and
three sites exceed 4,000 pCi/L of radon (i.e., the alternative maximum contaminant level). No samples were found to
exceed the 15 pCi/L level of gross alpha or the 5 pCi/L level of radium. The concentration of uranium ranges from
0.02 to 53.7 pg/L, with a mean of 1.56 pug/L, a median of 0.47 ng/L, and a standard deviation of 4.3 pg/L. The mean
concentrations of uranium for the different geological units increase in the following order: Shindong Group, Gran-
ites, Hayang Group, Yucheon Group, and Tertiary sedimentary rocks. The concentration of radon ranges from 2 to
8,740 pCi/L, with an mean of 754 pCi/L, a median of 510 pCi/L, and a standard deviation of 907 pCi/L. The mean
radon concentrations for the investigated geological units increase in the following order: Granites, Yucheon Group,
Tertiary sedimentary rocks, Hayang Group and Shindong Group. According to the factor analysis for each geological
unit, uranium and radon behave independently of each other with no specific correlation. However, radionuclides show
close relationships with some components. Regional investigations of radionuclides throughout the country require an
integrated approach that considers the main lithological units as well as administrative districts.

Key words: Gyeongnam and Gyeongbuk provinces, groundwater, uranium, radon, factor analysis
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Table 1. Groundwater wells investigated in this study that are used for potable water supply in Gyeongnam and Gyeongbuk

provinces.
Ulsan metro Gyeongnam Province Gyeongbuk Province
East-gu 1 Kimhae 1 Andong 3
North-gu 1 Tongyoung 1 Chilgok 3
Ulju-gun 11 Yangsan 1 Bonghwa 1
Namhae 3 Gyeongju 7
Hadong 1 Pohang 10
Changwon 12 Youngcheon 8
Sacheon 14 Gunwi 12
Euryeong 14 Eiseong 15
Haman 13 Goryeong 13
Hapcheon 14 Seongju 10
Goseong 13 Gyeongsan 7
Geoje Youngyang
Changnyeong
Total 13 96 92
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Fig. 1. Groundwater types plotted on Piper diagrams. (a) Shindong Group, (b) Hayang Group, (c) Yucheon Group, (d)

Mesozoic Granites.
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Table 3. Concentrations of radionuclides in groundwater of Gyeongnam and Gyeongbuk provinces.

. U Rn | Gross Alpha
Sample No| Sites Geology -
(ng/L) (pCi/L)
KNO1 Gyeongnam Kimhae Yucheon Group 0.47 2,570 1.53
KNO02 Gyeongnam Tongyeong Yucheon Group 0.22 1,430 0.46
KN04 Gyeongnam Yangsan Yucheon Group 0.2 4,010 0.22
KNO5 Gyeongnam Namhae Shindong Group 0.15 1,690 0.21
KNO06 Gyeongnam Nambhae Shindong Group 1.06 780 0.2>
KNO7 Gyeongnam Nambhae Shindong Group 0.07 610 0.2>
KNO08 Gyeongnam Hadong Shindong Group 0.27 1,020 0.2>
KN09 Gyeongnam Changwon Mesozoic Granites 18.8 301 0.2>
KNI10 Gyeongnam Changwon Hayang Group 2.11 179 0.2>
KN11 Gyeongnam Changwon Hayang Group 0.24 303 0.24
KN12 Gyeongnam Changwon Hayang Group 0.43 2,561 0.62
KNI13 Gyeongnam Changwon Hayang Group 0.79 1,084 0.63
KN14 Gyeongnam Changwon Hayang Group 0.09 1,975 0.2>
KNI15 Gyeongnam Changwon Hayang Group 0.59 430 0.36
KN16 Gyeongnam Changwon Hayang Group 0.28 158 0.35
KN17 Gyeongnam Changwon Hayang Group 0.88 102 1.04
KNI18 Gyeongnam Changwon Hayang Group 0.53 680 0.63
KNI19 Gyeongnam Changwon Hayang Group 0.26 1,281 0.22
KN20 Gyeongnam Changwon Hayang Group 0.57 1,190 0.42
KN21 Gyeongnam Sacheon Hayang Group 0.11 210 0.2>
KN22 Gyeongnam Sacheon Hayang Group 0.06 270 0.2>
KN23 Gyeongnam Sacheon Hayang Group 0.32 420 0.31
KN24 Gyeongnam Sacheon Hayang Group 0.06 740 0.2>
KN25 Gyeongnam Sacheon Hayang Group 0.79 160 0.55
KN26 Gyeongnam Sacheon Hayang Group 0.22 280 0.2>
KN27 Gyeongnam Sacheon Hayang Group 0.31 131 0.39
KN28 Gyeongnam Sacheon Hayang Group 0.18 830 0.2>
KN29 Gyeongnam Sacheon Hayang Group 0.29 550 0.73
KN30 Gyeongnam Sacheon Hayang Group 0.54 760 0.56
KN31 Gyeongnam Sacheon Shindong Group 0.04 458 0.2>
KN32 Gyeongnam Sacheon Shindong Group 0.03 180 0.2>
KN33 Gyeongnam Euryeong Hayang Group 0.07 470 0.2>
KN34 Gyeongnam Euryeong Yucheon Group 0.22 330 0.39
KN35 Gyeongnam Euryeong Hayang Group 0.06 410 0.34
KN36 Gyeongnam Euryeong Hayang Group 0.66 47 0.54
KN37 Gyeongnam Euryeong Shindong Group 0.07 120 0.2>
KN38 Gyeongnam Euryeong Shindong Group 0.1 250 0.27
KN39 Gyeongnam Euryeong Hayang Group 0.5 310 0.70
KN40 Gyeongnam Euryeong Hayang Group 0.32 390 0.51
KN41 Gyeongnam Euryeong Hayang Group 0.16 400 0.35
KN42 Gyeongnam Euryeong Hayang Group 1.25 520 2.52




Table 3. Continued.

] U Rn | Gross Alpha
Sample No| Sites Geology -
(ng/L) (pCi/L)
KN43 Gyeongnam Euryeong Hayang Group 0.23 170 0.35
KN44 Gyeongnam Euryeong Hayang Group 0.52 730 0.84
KN45 Gyeongnam Euryeong Hayang Group <0.02 210 0.2>
KN46 Gyeongnam Euryeong Mesozoic Granites 0.29 230 0.43
KN47 Gyeongnam Haman Hayang Group 0.35 46 0.2>
KN48 Gyeongnam Haman Hayang Group 0.68 890 0.69
KN49 Gyeongnam Haman Hayang Group 0.69 380 0.25
KN50 Gyeongnam Haman Hayang Group 0.26 1,010 0.2>
KNS51 Gyeongnam Haman Hayang Group 0.96 837 0.2>
KN52 Gyeongnam Haman Hayang Group 1.01 200 0.90
KNS53 Gyeongnam Haman Hayang Group 0.12 420 0.44
KN54 Gyeongnam Haman Hayang Group 0.25 730 0.2>
KNS5 Gyeongnam Haman Hayang Group 0.49 1,080 0.69
KN56 Gyeongnam Haman Hayang Group 1.13 1,480 1.41
KN57 Gyeongnam Haman Hayang Group 0.85 970 1.24
KNS58 Gyeongnam Haman Hayang Group 5.06 710 0.69
KN59 Gyeongnam Haman Hayang Group 0.16 760 0.20
KN60 Gyeongnam Hapcheon Hayang Group 0.07 240 0.30
KN61 Gyeongnam Hapcheon Shindong Group 0.33 89 1.07
KN62 Gyeongnam Hapcheon Shindong Group 0.75 640 0.80
KN63 Gyeongnam Hapcheon Shindong Group 0.23 2 0.69
KN64 Gyeongnam Hapcheon Shindong Group 0.3 360 0.65
KN65 Gyeongnam Hapcheon Shindong Group 2.98 2,770 0.77
KN66 Gyeongnam Hapcheon Mesozoic Granites 0.76 580 0.2>
KN67 Gyeongnam Hapcheon Shindong Group 0.04 4 0.2>
KN68 Gyeongnam Hapcheon Shindong Group 2.11 570 0.2>
KN69 Gyeongnam Hapcheon Shindong Group 0.6 420 0.50
KN70 Gyeongnam Hapcheon Shindong Group 0.1 490 0.2>
KN71 Gyeongnam Hapcheon Shindong Group 0.08 320 0.2>
KN72 Gyeongnam Hapcheon Shindong Group 0.17 430 0.48
KN73 Gyeongnam Hapcheon Hayang Group 0.4 410 0.2>
KN74 Gyeongnam Goseong Hayang Group 0.24 500 0.2>
KN75 Gyeongnam Goseong Mesozoic Granites 0.12 940 0.63
KN76 Gyeongnam Goseong Hayang Group 0.3 1,060 2.09
KN77 Gyeongnam Goseong Hayang Group 0.11 730 1.00
KN78 Gyeongnam Goseong Hayang Group 0.55 1,390 3.09
KN79 Gyeongnam Goseong Hayang Group 0.21 410 0.97
KN81 Gyeongnam Goseong Mesozoic Granites 0.29 1,150 0.2>
KN§2 Gyeongnam Goseong Hayang Group 0.24 240 0.2>
KN83 Gyeongnam Goseong Hayang Group 0.33 270 1.96
KN84 Gyeongnam Goseong Hayang Group 0.03 2,200 0.29
KN85 Gyeongnam Goseong Hayang Group 0.06 1,320 0.2>
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Table 3. Continued.
. U Rn Gross Alpha
Sample No| Sites Geology -
(ng/L) (pCi/L)
KN86 Gyeongnam Goseong Yucheon Group 0.3 570 0.64
KN87 Gyeongnam Geoje Yucheon Group <0.02 200 0.2>
KN88 Gyeongnam Geoje Yucheon Group 0.19 750 0.2>
KN8&9 Gyeongnam Geoje Mesozoic Granites 0.82 310 1.02
KN90 Gyeongnam Geoje Yucheon Group 0.03 380 0.2>
KN91 Gyeongnam Geoje Yucheon Group 0.13 2,440 591
KN92 Gyeongnam Geoje Yucheon Group 0.08 840 0.39
KN93 Gyeongnam Geoje Yucheon Group 0.25 2,820 1.27
KN94 Gyeongnam Changnyeong Yucheon Group 0.6 454 3.63
KN95 Gyeongnam Changnyeong Mesozoic Granites 0.66 600 0.2>
KN96 Gyeongnam Changnyeong Hayang Group 1.15 2,044 0.2>
KN97 Gyeongnam Sacheon Hayang Group 0.32 470 0.32
KN98 Gyeongnam Sacheon Hayang Group <0.02 1,220 0.2>
KBO1 Gyeongbuk Andong Shindong Group 5.41 814 1.36
KB02 Gyeongbuk Chilgok Hayang Group 2.11 390 0.2>
KBO03 Gyeongbuk Chilgok Hayang Group 4.1 280 0.51
KB04 Gyeongbuk Chilgok Hayang Group 5.86 1,140 1.98
KBO05 Gyeongbuk Bonghwa Hayang Group 10.4 1,390 591
KB06 Gyeongbuk Gyeongju Yucheon Group 0.26 260 0.2>
KB07 Gyeongbuk Gyeongju Yucheon Group 0.17 660 0.2>
KB08 Gyeongbuk Gyeongju Yucheon Group 0.39 480 0.2>
KB09 Gyeongbuk Gyeongju Yucheon Group 0.4 270 0.21
KB12 Gyeongbuk Gyeongju Hayang Group 0.4 180 0.2>
KB13 Gyeongbuk Gyeongju Mesozoic Granites 1.04 1,550 0.21
KB15 Gyeongbuk Gyeongju Hayang Group 1.86 600 0.2>
KB16 Gyeongbuk Pohang Mesozoic Granites <0.02 48 0.2>
KB17 Gyeongbuk Pohang Tertiary Sedimentary <0.02 1,140 0.2>
KB18 Gyeongbuk Pohang Tertiary Sedimentary <0.02 97 0.2>
KB19 Gyeongbuk Pohang Mesozoic Granites 0.52 760 0.2>
KB20 Gyeongbuk Pohang Tertiary Sedimentary 0.04 660 0.2>
KB21 Gyeongbuk Pohang Tertiary Sedimentary 0.2 880 0.39
KB22 Gyeongbuk Pohang Hayang Group 0.12 500 0.36
KB24 Gyeongbuk Pohang Mesozoic Granites <0.02 1,600 0.2>
KB25 Gyeongbuk Pohang Mesozoic Granites 0.22 700 0.82
KB26 Gyeongbuk Youngcheon Hayang Group 1.53 920 0.86
KB27 Gyeongbuk Youngcheon Hayang Group 1.16 1,010 1.40
KB28 Gyeongbuk Youngcheon Mesozoic Granites 1.54 1,280 4.23
KB29 Gyeongbuk Youngcheon Hayang Group 4.52 550 2.27
KB30 Gyeongbuk Youngcheon Hayang Group 434 233 5.27
KB31 Gyeongbuk Euseong Hayang Group 43 1,410 5.41
KB32 Gyeongbuk Youngcheon Hayang Group 1.41 230 2.15




Table 3. Continued.

] U Rn | Gross Alpha
Sample No| Sites Geology -
(ng/L) (pCi/L)
KB33 Gyeongbuk Youngcheon Mesozoic Granites 0.05 66 0.22
KB34 Gyeongbuk Youngcheon Yucheon Group 0.49 182 0.37
KB36 Gyeongbuk Gunwie Shindong Group 2.61 680 0.2>
KB37 Gyeongbuk Gunwie Shindong Group 0.27 610 0.2>
KB38 Gyeongbuk Gunwie Shindong Group 8.14 690 0.2>
KB39 Gyeongbuk Gunwie Hayang Group 0.98 130 0.86
KB40 Gyeongbuk Gunwie Hayang Group 0.06 690 0.24
KB41 Gyeongbuk Gunwie Hayang Group 1.79 51 0.79
KB42 Gyeongbuk Gunwie Hayang Group 0.41 73 0.45
KB43 Gyeongbuk Gunwie Hayang Group <0.02 260 0.2>
KB44 Gyeongbuk Gunwie Hayang Group <0.02 220 0.2>
KB45 Gyeongbuk Gunwie) Hayang Group 1.54 720 1.97
KB46 Gyeongbuk Gunwie Hayang Group 0.25 810 0.53
KB47 Gyeongbuk Gunwie Hayang Group 0.07 440 0.25
KB48 Gyeongbuk Eiseong Hayang Group 2.93 410 0.63
KB49 Gyeongbuk Eiseong Hayang Group 4.81 570 1.97
KB50 Gyeongbuk Eiseong Hayang Group 1.26 172 1.25
KB51 Gyeongbuk Eiseong Hayang Group 0.51 1,510 0.96
KB52 Gyeongbuk Eiseong Hayang Group 6.61 386 9.16
KB53 Gyeongbuk Eiseong Hayang Group 1.29 1,300 0.93
KB54 Gyeongbuk Eiseong Shindong Group 53.7 890 0.2>
KB55 Gyeongbuk Eiseong Shindong Group 3.34 400 0.56
KB56 Gyeongbuk Eiseong Hayang Group 1.19 490 1.00
KB57 Gyeongbuk Eiseong Shindong Group 3.75 570 0.48
KB58 Gyeongbuk Eiseong Shindong Group 3.66 260 0.34
KB59 Gyeongbuk Eiseong Shindong Group 2.88 360 3.76
KB60 Gyeongbuk Eiseong Shindong Group 5.32 580 0.92
KB61 Gyeongbuk Eiseong Hayang Group 5.48 1,050 1.62
KB62 Gyeongbuk Eiseong Hayang Group 0.37 878 1.75
KB63 Gyeongbuk Goryeong Shindong Group 0.73 953 0.31
KB64 Gyeongbuk Goryeong Shindong Group 3.1 690 0.71
KB65 Gyeongbuk Goryeong Mesozoic Granites 2.63 870 0.2>
KB66 Gyeongbuk Goryeong Shindong Group 0.57 446 0.32
KB67 Gyeongbuk Goryeong Shindong Group 0.74 503 0.60
KB68 Gyeongbuk Goryeong Shindong Group 0.03 165 0.2>
KB69 Gyeongbuk Goryeong Shindong Group 0.13 216 0.2>
KB70 Gyeongbuk Goryeong Shindong Group 1.22 153 0.68
KB71 Gyeongbuk Goryeong Shindong Group 0.4 295 0.33
KB72 Gyeongbuk Goryeong Shindong Group 1.25 182 0.76
KB73 Gyeongbuk Goryeong Shindong Group 1.2 3 0.2>
KB74 Gyeongbuk Goryeong Mesozoic Granites 8.88 2,180 0.2>
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Table 3. Continued.
U Rn Gross Alpha
Sample No| Sites Geology -
(ng/L) (pCi/L)
KB75 Gyeongbuk Goryeong Mesozoic Granites 1.33 1,490 0.2>
KB76 Gyeongbuk Seongju Shindong Group 1.71 290 0.2>
KB77 Gyeongbuk Seongju Mesozoic Granites 3.63 1,350 0.2>
KB78 Gyeongbuk Seongju Precambrian Gneiss 7.39 6,030 0.2>
KB79 Gyeongbuk Seongju Shindong Group 0.53 460 0.54
KB80 Gyeongbuk Seongju Shindong Group 7.66 510 0.2>
KB81 Gyeongbuk Seongju Shindong Group 2.09 380 1.00
KB82 Gyeongbuk Seongju Shindong Group 1.03 250 0.51
KB&3 Gyeongbuk Seongju Shindong Group 0.57 130 0.22
KBg4 Gyeongbuk Seongju Shindong Group 4.27 1,270 0.53
KB85 Gyeongbuk Seongju Shindong Group 1.36 140 0.69
KB86 Gyeongbuk Gyeongsan Mesozoic Granites 0.99 1,410 0.23
KB8&7 Gyeongbuk Gyeongsan Hayang Group 0.34 39 0.57
KB&8 Gyeongbuk Gyeongsan Hayang Group 0.6 131 0.70
KBg&9 Gyeongbuk Gyeongsan Mesozoic Granites 4 1,470 0.2>
KB90 Gyeongbuk Gyeongsan Hayang Group 2.18 380 1.44
KB91 Gyeongbuk Gyeongsan Hayang Group 0.51 1,350 0.36
KB92 Gyeongbuk Gyeongsan Hayang Group 0.05 437 0.2>
KB93 Gyeongbuk Youngyang Hayang Group 1.61 680 0.2>
KB% Gyeongbuk Youngyang Hayang Group 4.37 1,440 4.56
KB95 Gyeongbuk Youngyang Hayang Group 4.21 945 0.2>
KB201 Gyeongbuk Andong Hayang Group 1.79 42 0.70
KB202 Gyeongbuk Andong Hayang Group 3.15 600 1.48
WS01 Gyeongnam Ulsan Hayang Group <0.02 710 0.2>
WS02 Gyeongnam Ulsan Hayang Group <0.02 110 0.2>
WSO03 Gyeongnam Ulsan Hayang Group 0.36 300 0.2>
WS04 Gyeongnam Ulsan Hayang Group 0.45 850 1.34
WSO05 Gyeongnam Ulsan Mesozoic Granites 0.23 8740 1.21
WS06 Gyeongnam Ulsan Hayang Group 3.6 410 1.82
WSO07 Gyeongnam Ulsan Hayang Group 0.14 480 1.17
WS08 Gyeongnam Ulsan Hayang Group 0.18 720 0.32
WS09 Gyeongnam Ulsan Hayang Group 1.05 1750 0.66
WS10 Gyeongnam Ulsan Hayang Group 0.3 530 0.59
WSI11 Gyeongnam Ulsan Hayang Group 0.47 490 0.57
WS13 Gyeongnam Ulsan Hayang Group 0.35 610 1.04
WS14 Gyeongnam Ulsan Hayang Group 0.08 480 0.2>
0.02~188 ug/L. W9, B 229ugl, ETHA= S, Ho2 0.07 pg/l, 9 0.03 pg/l, ETHA=
432 pg/lL, FUHE 0.52 pg/lelth. o] A 37Eeke 0.09 pg/Leltt. o] % FEAG] Aslrdl= e
A% A AP Serre] ol 27 BAW, B o G wiS doms 29 Al F9ekr 3
A% shgeol ulaha ke Hole, Bo Aol ZASA e Aow 2 5 gtk
o)

AT A37] HAHLAS AEE 0.02~0.2 pg/L Eiasl
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Fig. 2. Box and whisker plots of uranium concentration
(ng/L) with geology.
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SF=TH(Table 4). BH=S Si0,9H= 4

7heEA 7Hg

o] A= o|E°] MZE
2 AE 2 AAWAE Hol|= st
EC-SO, (0.734), EC-HCO; 0615y =
JS EOIEI 22 9ol ECE Na, Ca, Mg, St,

% JdE Aoz Yeht olE

Aol

ol29] Fgg A8l 71 ER 7]
Atk 2 9)o] Na-F (0.43), Ca-
SO, (0.716), Ca-Mg (0.628), Ca-Sr (0.511), Mg-Sr
(0.589), Ca-Mg (0.628), Ca-SO, (0.716), Mg-HCO;
(0.633), Mg-HCO; (0.653) 5|

o]5& 9o} Lo

A Zk(loadings) o= IHtslH

o]-&

3} ok

Table 4. Correlation matrix of components in groundwater of Gyeongnam and Gyeongbuk provinces.

o527
71 o

A

=0 /\]-_,,]_/H__
1= 2%, 57t
3k ool xe] &Nk

AvE %-Er’d’(total variance explained)} 2
2 909l 1, Q91 29 9]
4L & 5 SUTK(Table 5). zﬂﬁm 7P w29l

o T

pH [ EC | Eh [DO] Rn | U | K [ Na| Ca | Mg [SiO,] St | F | CI | SO, [HCO,
pH  [1.000] .115]-195] -131] -311| .038] -.064 | 285[ -015] 029 -263] .087] 234 .016] .040| 220
EC 115[1.000] -.183 | -371] -.116| .121] -008] 520| 577| 533|-248] 573] .192| .400| 734 615
Eh | -195] -.183[1.000| 221 -.024]-049| .113|-245]-055] -073] -.004] -.142| -.148 | -.138 | -.140 | -.093
DO | -.131]-371] 221[1.000] .000] -205] .005|-225]-265]-273] 260 -299| -181| -.127] -270| -378
Rn | -311] -116] -.024] .000]1.000] .065] -.030] -.120] -.060] -.124| 337] -.058] .126] -.007] -.065 | -.177
U 038] 121 -049] -205| .065]1.000] .015[ .030| .111| .109] -.083| 121 -013] .068| .011] 266
K -064 | -.008| .113] .005] -030| .015]1.000| .006] -.008[ -.014] -.041] -.028| .010{ .176| .002] -.004
Na 285] 520 -245] -225| -120] .030[ .006[1.000] .188| 212]-250| 312] .430] 366| 344] 395
Ca | -015] 577]-055]-265]-060] .111]-008| .188]1.000| 628 -122| 51| .125] .088| .716| 285
Mg | .029] 533 -073]-273] -124| .109] -014| 212] .628]1.000] -255] 589 -062] .130] 387] 653
Si0, | -263]-248]-004| 260] 337[-083]-041]-250] -122] -255 [ 1.000] -287] 007 .007] -117] -332
Sr 087] 573 -142] -299| -058| .121] -.028| 312| 511 .589] -287[1.000| .125] .154| 479] .447
F 234 192 -148] -a81| 126 -013] 010] 430 125[-062 007 125 1.000] -051] 260] 057
cl 016| 400 -138] -.127] -.007| .068] .176| 366| .088[ .130] .007] .154|-051]1.000[ -005] .180
SO2 | 040 .734] -140 -270] -065| 011] .002] 344 716| 387 -117] .479] 260 -.005]1.000| .182
HCO; | 220] .615]-.093 ] -378] -.177| 266 -.004 | 395| 285| .653|-332] .447| .057] .180] .182|1.000
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Table 5. Total variance explained and loadings of components in groundwater of Gyeongnam and Gyeonbuk provinces (n =

195).
Initial eigenvalue [Extraction sums of squares loadings| Rotation sums of squares loadings
Components Total Var(i]znce Cumll,zaﬁve Total  |Variance % Cum};l) ative Total  |Variance % Cum},;l]aﬁve
1 4.502 28.136 28.136 4.502 28.136 28.136 3.555 22221 22221
2 1.659 10.371 38.507 1.659 10.371 38.507 1.824 11.401 33.622
3 1.539 9.619 48.126 1.539 9.619 48.126 1.600 10.003 43.625
4 1.305 8.154 56.280 1.305 8.154 56.280 1.550 9.689 53.314
5 1.192 7.450 63.730 1.192 7.450 63.730 1.503 9.396 62.710
6 1.013 6.330 70.059 1.013 6.330 70.059 1.176 7.349 70.059
7 .824 5.148 75.207
8 768 4.797 80.004
9 .687 4.297 84.301
10 .609 3.807 88.107
11 .538 3.362 91.470
12 448 2.803 94.273
13 404 2.523 96.795
14 311 1.945 98.741
15 154 .960 99.701
16 .048 299 100.000
19] 79 Hao] 28, 14% Bfaio], BhEHQ] o} R
2909 HAgt T 3852 %ol Batele] AAHS 7] o
o=t ojs] e oItk ol AWHEE A5
A Fo ARl diste] "y 9910l w2 54T o°
f5le T oev, ole) aige] Biden & % . .
B3k 2 AN g :
ojZ &, A HAE tWdeRE FAEHTL A = Al &
e 593 HEE 2 Yol tha WA Uehdg . | °
& g Utk ol oAH {9 AL FESHA B
ARH R Wes] QM-S s =W S At ol
o] E4o] T3] =uA] 7] wiieolt). 8 9 ° % o ' o
M2 FRee] RN ANG AvE Tt Factor1

A5 A3 84

AsTel gk 818X A, SeE Ca9l M
A 2o ARAS0493)8 BT, 129 ARES W
AP QAT B2 RS gle ZoE et
(Table 6). T8} ¥ HEEL EMNEEl ot &
AL HolFE=d), pHE F (0.547), Na (0.403)2F A
o] o™, Nae= Fo} =2 “F38A150.831)F HITh
Cax= Mg, SO,, HCO9t: =& APAIGFE HojFu
I 99% S-S0, CI-HCO; 5= o] =t} 3%

Fig. 4. Factor analysis of geochemical components in
groundwater of the Shindong Group.
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Table 6. Correlation matrix of groundwater components for each geological unit.

567

Shindong Group Hayang Group Yucheon Group Granites
pH-Na(0.403) EC-Na(0.533) pH-Rn(-0.707) pH-DO(-0.472)
pH-F(0.547) EC-Ca(0.587) pH-F(0.428) pH-K(-0.522)
EC-DO(-0.437) EC-Mg(0.539) EC-Na(0.930) EC-K(0.451)

EC-Na(0.512)
EC-CI(0.519)
EC-50,(0.435)
EC-HCO5(0.645)

EC-Sr(0.598)
EC-S0,(0.808)
Na-Mg(0.464 )
Na-Sr(0.465)

EC-Ca(0.965)
EC-Mg(0.785)
EC-Sr(0.755)
EC-CI(0.636)

EC-Na(-0.728)
EC-Ca(0.758)
EC-Mg(0.904)
EC-Sr(0.779)

DO-Ca(-0.500) Na-F(0.505) EC-S04(0.640) EC-CI(0.760)
DO-S04(-0.551) Na-S0,(0.491) EC-HCO;(0.814) EC-HCO;(0.714)
DO-HCO4(-0.527) Ca-Sr(0.479) Eh-DO(0.448) Eh-DO(0.589)
Na-F(0.831) Ca-S04(0.713) DO-K(-.550) Eh-Mg(-0.477)
Na-Cl(0.519) Mg-Sr(.629) K-Si0,(-0.434) Eh-S0,(-0.672)
Na-HCO05(0.495) Mg-SO04(0.414) Na-Ca(0.858) DO-S04(-0.626)
Ca-Mg(0.454) Mg-HCO3(0.637) Na-Mg(0.748) DO-HCO5(-0.486)
Ca-S04(0.642) Sr-S0,4(0.433) Na-Sr(0.853) K-Na(0.467)
Ca-HCO5(0.544) Sr-HCO05(0.508) Na-Cl(0.632) K-Mg(0.571)
Sr-S0,4(0.641) Na-S0,(0.589) K-Sr(0.403)
CI-HCO5(0.484) U-Mg(0.432) Na-HCO;(0.769) K-Cl1(0.600)
U-Sr(0.465) Ca-Mg(0.630) Na-Mg(0.605)
U-Ca(0.493) U-HCO;(0.559) Ca-Sr(0.607) Na-Sr(0.797)
Ca-Cl1(0.707) Na-Cl(0.822)
Ca-S04(0.663) Ca-Mg(0.642)
Ca-HCO5(0.688) Ca-S04(0.426)
Mg-Sr(0.827) Ca-S04(0.869)
Mg-S04(0.550) Mg-Sr(0.687)
Mg-HCO5(0.965) Mg-Cl1(0.731)
Si0,-Sr(-0.436) Mg-S0,4(0.423)
Si0,-F(0.483) Mg-HCO5(0.609)
Sr-S04(0.538) Si0,-F(0.506)
Sr-HCO05(0.806) Sr-C1(0.937)
SO,4-HCO5(0.600)
U-pH(0.533)
U-Na(0.756) U-EC(-0.405)
U-Ca(0.701) U-K(-0.408)
U-Mg(0.428) U-Mg(-0.440)
U-Sr(0.482) Rn-Si0,(0.690)
U-CI1(0.727) Rn-F(0.532)
U-HCO;(0.491)
U-EC(0.705)
U-Eh(-0.450)
Rn-EC(-0.406)
Rn-Ca(-0.442)
Rn-Mg(-0.406)
Rn-Si0,(0.587)
Rn-HCO;(-0.445)
£ ke Holt), ol ANERE sl Fo Y SAT AR ABSHS HelsA etk a3
E°l thste] Az -9l =2 54T 21 SRl Fo FEALEES 8% JeE Be 457 &3t
A o, ofg] eQlEo] B oR Afehs Aer 1, =l fai FARE ASEAS BoEnt
VERdT. 228 SAge] e A Slaw §
hee 891 1ol o P rewA Mot AE5A s Askre 298
o] frAkgHe HolETHFig. 4). 18 =] 3% 2t FITe AEF7E 7P B2 AR, ek
515 )=

HCO05(0.559), Sr(0.465), Mg(0.432)2} B2 =& A
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Table 7. Total variance explained and loadings of components in groundwater of the Shindong Group.

Initial eigenvalue [Extraction sums of squares loadings| Rotation sums of squares loadings
Components Total  |Variance % Cum;iative Total  |Variance % Cum;l)ative Total  |Variance % Cum;l)ative
1 4.632 28.950 28.950 4.632 28.950 28.950 3.151 19.692 19.692
2 2.860 17.874 46.824 2.860 17.874 46.824 2.644 16.522 36.214
3 1.509 9.432 56.256 1.509 9.432 56.256 2.261 14.129 50.343
4 1.285 8.033 64.289 1.285 8.033 64.289 2.088 13.049 63.391
5 1.161 7.256 71.545 1.161 7.256 71.545 1.305 8.153 71.545
6 914 5.712 77.257
7 871 5.445 82.701
8 .696 4352 87.053
9 597 3.732 90.785
10 A72 2.951 93.735
11 304 1.899 95.634
12 272 1.698 97.332
13 218 1.365 98.697
14 118 741 99.437
15 .087 541 99.979
16 .003 .021 100.000
* Extraction method : Principal component analysis
WATFE BAF) 2= fehpolu 7o FEANRE o]
7 oJuisle AHAES gle Zo2 UERTH(Table 6).
e Y ARELS EOMANL) o3 5L w] i SRE
Zth ECE SO,8F & Ad715(0.808)2 HojFn, %
9]0l Na, Ca, Mg, Sr, HCO; 53% =& J#AS Eh = =
2 Uitk Na& Mg, St, F, Cl} =& AdASE *3 - T =t
WeE Cat SO & ATAFOTNE nAE L okt
] StE = S UeRITE MgE Sr, HCO,, os] : %
SO =& )‘]"‘47:1] g HoFH, Sr2 SO, HCO;2t
8 ARARE ehE), S5 Akl 29 Ca
Mg Bslo] EGR HAYF Aol Tolme 2
7b ol et FER, FiolLo] B AL WoAFE s

. ol AU AR S e 2

o, 52 ﬂ&%sq A3 Ca, Mgsh BHIe] 9
AR Aol 2} golest Fe, Fuolee) &

QRS 98l TS FET A, oHdle
FZEUANE, AHE FH4Ktotal variance
explamed)I'Jr AN 3k(loadings) o2 Ideld F2 22l
, 89 20 9EFE U S UTk(Table 8). 7HF ¥
23] 1«1 3= AAFo] 30.13%01H, A o5

Fig. 5. Factor analysis of geochemical components in
groundwater of the Hayang Group.
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Table 8. Total variance explained and loadings of components in groundwater of the Hayang Group.

Initial eigenvalue Extraction sums of squares loadings [Rotation sums of squares loadings
Components Total | Variance % | Cumulative % | Total | Variance % | Cumulative % | Total | Variance % |Cumulative %
1 4.820| 30.127 30.127 4.820 30.127 30.127 3.187| 19919 19.919
2 1.818| 11.360 41.487 1.818 11.360 41.487 2.706| 16.910 36.830
3 1.477 9.229 50.716 1.477 9.229 50.716 1.484| 9.273 46.102
4 1.264 7.897 58.614 1.264 7.897 58.614 1.475|  9.217 55.319
5 1.163 7.267 65.880 1.163 7.267 65.880 1.404| 8.778 64.097
6 1.016 6.347 72.228 1.016 6.347 72.228 1.301 8.131 72.228
7 .819 5.121 77.348
8 704 4.401 81.749
9 .694 4.339 86.088
10 529 3.305 89.393
11 .500 3.123 92.516
12 433 2.709 95.225
13 349 2.183 97.408
14 298 1.860 99.268
15 .103 .644 99.912
16 .014 .088 100.000
* Extraction method : Principal component analysis
bt ABERe thze), gl 20 ok JeL W
=4, Cl AE5A4o] vIssith Ca, Na, SO= 821
1o G o el olEe] ATEALE HszeA b "0,
gt} S, Mg, EC— agl 1o A YT Lo = - “ H o
AEEARS v & 5 Sl 5 o
2 ° :
$A2F Asie] 28 o :
FRFZE SPIFE = ERE H]sl] 1
$ehre o] JRE B YUATE Uehirh. o E
g €W $FE2 Na (0.756), CI (0 727), EC o
(0.705), Ca(0.701)¢} Wi-¢- F& AAATE HoAFH, o ) o o5 Y
I 9ol = HCO; (0. 491) Sr (0.482), Mg (0.425)%} Factor1

HwA F2 AAATE Ve tK(Table 6). B8 92
Fo Ehobes 29 A (0458 B ol A
oA BNl AR gk Z19dS AAJgh
g SEhE A A fle FoE JER

oh ey BE oy AREEY B2 gE B

ol&dl, pH (-0.707), EC (-0.406), Ca (-0.442), Mg

(-0.406), HCOsoK= 9] “aA|5(-0.445)5 rehdm,

SiOoF s o] TS oItk pHE 2R3 Fob A

Aol o, ECE Sk, THE 99l= Na, Ca,

Mg, Sr, Cl, SO, HCO; 53 #Ado] &t Nae

Ca, Mg, Sr, Cl, SO,, HCOs®} A4 0] o1, Cae

Fig. 6. Factor analysis of geochemical components in
groundwater of the Yucheon Group.
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SEHEL oY AREY w8 JAIFE B o
£ E¥ 92 pHeb o =2 AFAIS(0.533) e
W™, K(-0.408), EC(-O 405), Mg(-0.440)3= °F7+ =

2 £o] AT E HAFA R, 1 9] AREIE A
o] A9l gitk(Table 6).
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Fig. 7. Factor analysis of geochemical components in
groundwater of the Mesozoic Granites.

2 Simplied geclogy In Gyeongsangdo
Rock Compositan

3| = jurassic Bansog group(it)
Jurassic Granite{igr)

0 Cretaceous Yuchen Group(iav)

Cretaceous Youngdong Group(Kd]

Cretaceous Hayang Group(Ked)

Cretaceous Shindong Group(Kml)

Chasun SupergrouplOisl)

Precambrian Gelss(PCEsbgn)

= Palseozoic Pyeongan Group(Pp2)

w Tertiary Sedimentary Rock(Tel)
Oukeheon Group{og3)

.
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Q310
© 10to 30
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Fig. 8. Uranium and radon distributions in Gyeongsang provinces with respect to geology.
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Fig. 9. Bubble charts showing the distribution of uranium and radon concentrations in Gyeongsang provinces.
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