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ABSTRACT

This study has investigated naturally occurring radioactive materials (N.O.R.M; U, **?Rn) for 353 drinking groundwater
wells in metamorphic rock areas in Korea. Uranium concentrations ranged from N.D (not detected) to 563.56 pg/L
(median value, 0.68 pg/L) and radon concentrations ranged from 108 to 11,612 pCi/L (median value, 1,400 pCi/L).
Uranium and radon concentrations in the groundwater generally are similar to USA with similar geological setting.
Uranium concentrations in 9 wells (2.6%) exceeded 30 pg/L, which is the maximum contaminant level (MCL) by the US
environmental protection agency (EPA), radon concentrations in 46 wells (13%) exceeded 4,000 pCi/L, which is the
Alternative MCL (AMCL) by the US.EPA. The log-log correlation coefficient between uranium and radon was 0.32. The
correlation coefficient between uranium and pH was 0.12 and the correlation coefficient between radon and temperature
was —0.01. The correlation coefficient between uranium and HCO; was 0.09 and the correlation coefficient between
uranium and Ca was 0.11. The median value of uranium was high Chung-Buk (1.78 png/L), Gyeong-Buk (1.37 pug/L), In-
Cheon (1.06 pg/L) for each province. On the other hand, the median value of radon was high In-Cheon (2,962 pCi/L),
Chung-Buk (2,339 pCi/L), Jeon-Buk (2,165 pCi/L) for each province. Jeon-Buk for log-log correlation coefficient is the
highest (0.63) among provinces.

Key words : NORM (Uranium, Radon), Metamorphic rock, Groundwater, Correlation coefficient, MCL and AMCL
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Fig. 1. The maps showing the location of sampling sites and
geological setting.

Province Precambrian Unknown age Mesozoic Total
Gyeong Gi 81 81
Jeon Nam 42 33 75
Chung Nam 63 7 1 71
Gyeong Buk 26 9 35
Gang Won 25 25
In Cheon 19 19
Jeon Buk 12 6 18
Gyeong Nam 9 18
Chung Buk 8 9
Gwang Ju 2

Total 287 65 1 353
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Table 2. QA, QC of **U, anions, and cations
Species Analytizal LOD LOQ Measuring Conc. Accuracy Precision
P instrument (mg/L) (mg/L) (mg/L) (%) (%)
B8y ICP-MS 0.00001 0.00024 0.001 88.85 2.11
K* ICP-MS 0.01233 0.03927 0.5 103.49 4.09
Ca** AAS 0.00825 0.02628 0.5 97.222 0.511
Na* ICP-OES 0.07387 0.23527 1.0 104.600 2.405
Mg ICP-OES 0.05617 0.17890 1.0 97.231 1.739
Si* ICP-OES 0.02985 0.09507 0.5 95.622 1.818
F IC 0.00247 0.00787 0.2 99.291 0.391
Cr IC 0.00613 0.01952 0.2 98.592 0.962
NOy IC 0.00540 0.01718 0.2 99.291 0.853
NO5 IC 0.00885 0.02820 0.2 100.287 1414
PO,* IC 0.00699 0.02225 0.2 90.323 1.005
SO* IC 0.00901 0.02870 0.2 99.150 1.423
o Zdo] Wol Birs Table 3. Measurement efficiency of “?Rn using ***Ra standard
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Table 4. Statistical summary of U, 2’Rn, Temp., pH, EC, Eh, DO, anions, and cations

Minimum Maximum Average Median Skewness

28U (ng/l) ND 563.56 5.48 0.68 15.10
22Rn (pCi/L) 108 11,612 2,118 1,400 2
Temp. (C) 8.0 19.8 15.7 154 0.1
pH 5.30 8.32 6.94 6.87 0.42
EC (#S/cm) 42 1487 242 209 3
Eh (mv) 18 604 219 201 1
DO (mg/L) 0.50 7.80 4.06 4.18

K (mg/L) 0.00 7.01 1.67 1.27 1.38
Na (mg/L) 1.67 227.57 13.93 10.69 8.79
Ca (mg/L) 442 279.33 25.13 20.72 6.87
Mg (mg/L) 0.32 100.12 6.42 4.73 8.04
Cl (mg/L) 1.70 779.09 22.43 9.62 8.57
SO, (mg/L) 1.10 63.55 12.52 9.95 2.16
F (mg/L) 0.01 1.90 0.35 0.27 2.04
NO; (mg/L) 043 121.40 18.81 13.74 2.13
HCO; (mg/L) 6.10 280.60 78.71 70.15 1.36

* 23 ND (Not Detected) : <0.01 pg/L
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Fig. 2. Piper diagram of groundwaters in the study area.
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Table 5. Distribution of *8U and ?Rn concentrations in groundwater throughout the study area

28U (ug/L) Number (%) 22Rn (pCi/L) Number (%)
<1.00 214 (60.6) <300 20 (5.7)
1.01-5.00 95 (26.9) 300-1000 100 (28.3)
5.01-30.00 35 (9.9) 1001-4000 187 (53.0)
30.01-100.00 7 (2.0) 4001-8100 43 (12.2)
100.01 < 2 (0.6) 8101 < 3 (0.8)
Total 353 (100) total 353 (100)
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Table 6. Statistical summary of uranium (**U) and radon (***Rn) concentrations of each province

(A) Uranium (pg/L)

) Sampling sites Minimum Maximum Average Median
Province Jeong” This study Jeong” This study Jeong” This study Jeong” This study Jeong” This study
Gyeong Gi 96 81 <0.01 <0.01 1,757.00 57.21 25.70 5.24 1.31 0.90
Jeon Nam 97 75 <0.01 <0.01 26.21 25.83 1.72 1.59 043 0.32
Chung Nam 99 71 <0.01 <0.01 378.70 563.56 7.47 9.95 1.25 0.58
Gyeong Buk 84 35 <0.01 <0.01 75.97 26.46 4.26 2.82 1.34 1.37
Gang Won 67 25 <0.01 <0.01 106.22 16.55 6.86 1.88 1.29 0.66
In Cheon - 19 - 0.14 - 17.63 - 2.85 - 1.06
Jeon Buk 70 18 <0.01 <0.01 170.25 131.13 13.20 17.59 1.54 0.87
Gyeong Nam 56 18 <0.01 <0.01 21.04 1.00 1.99 0.37 0.46 0.28
Chung Buk 91 9 0.06 0.05 335.50 93.24 18.64 12.09 245 1.78
Gwang Ju - 2 - 0.05 - 19.36 - 9.71 - 9.71
(B) Radon (pCi/L)
Sampling sites Minimum Maximum Average Median
Province
Jeong? This study Jeong” This study Jeong? This study Jeong” This study Jeong” This study
Gyeong Gi 96 81 167 155 22,059 7,895 3,875 1,888 3,162 1,254
Jeon Nam 97 75 108 108 14,516 8,432 2,948 2,436 2,147 2,085
Chung Nam 99 71 117 179 15,467 11,612 3,397 2,175 2,662 1,581
Gyeong Buk 84 35 68 123 7,589 4,311 1,488 1,378 952 1,130
Gang Won 67 25 89 143 13,145 6,438 2,830 1,797 1,744 1,213
In Cheon - 19 - 432 - 7,762 - 3,444 - 2,962
Jeon Buk 70 18 46 203 29,222 9,721 3,198 2,539 2,299 2,165
Gyeong Nam 56 18 31 214 3,241 7,335 1,025 1,238 801 750
Chung Buk 91 9 3 170 19,773 6,101 3,373 2,586 2,284 2,339
Gwang Ju - 2 - 615 - 5,649 - 3,132 - 3,132

1) Jeong et al., 2011

717 4 AAH, HAEel I AH, FEF FHel VIR 52,165 pCilL) w22 =3UTH AUk FH(11,612
YERsTH pCi/L), AE-(9,721 pCi/L), (8,432 pCi/L) <-O & =3
9] SURE 213 (2,962 pCi/L), FE-(2,339 pCi/L), a1, HgkS 917 (3,444 pCi/L), F5-(2,586 pCi/L), A&
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Fig. 8. Relationship between 2**U and “?Rn concentration in groundwater of the provinces.
Table 7. Statistical summary of 233U (ug/L) and *’Rn (pCi/L) concentrations
Studied area Samples 8U Median value (Min~Max) 22Rn Median value (Min~Max)
This study 353 0.68 (ND~563.56) 1,400 (108~11,612)
USAD 61 <0.40~1.00 (0.01~1.76)
USA" 346 884~2,500 (48~53,000)
Brazil® 88 0.0835 (<0.2~0.667) (<81~2,015)
Poland” 654 (0~2,498)
1) USGS (2004), 2) Almeida et al. (2004), 3) Tadeusz et al. (2004)
* 238 ND(Not Detected) : < 0.01 pg/L
(2,539 pCi/L) =02 =300 A9 WA g2t (Fig. 8). 53] IEAGL th& Ao Hlsf 7P =2
o] A Ao ATk st A IF- EAEl] wlE BHBAE Hol=t s % o] adEFe] e
o A Jehd vhd, o] A go] HHQt 92 F As AsiE 2art ok
2o} Sl Alele el Ha) A she 3
e HolFE of Avke V1FY AT fARIE 44 B9 WA Xejo| PateTt 2t B

(Jeong et al., 2011).

Zk A9 Seha ek s 248 £ A
ZAE(r=0.63), JH(r=0.50), 737](r=0.46), 3L (r=0.46),
ZAE(r=043) 02 AYET o AUAAS B

2] WAL XY Rl el ebEy 2h=e] gk
& Table 79 )ttt vl=r2] A9 ey <]
H= 0.01~1.76 pg/LZ Huligko] -2y} sl

2ol Yokl FUES <0.40~1.00 pg/LZE tiAZ FA18)
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THUSGS, 2004). = ko] 9= 48~53,000 pCi/L
2 FHdlgke] vl vls) sl A= =9kon) SRk
< 884~2,500 pCi/LE AIE FABH VERITHUSGS,
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