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Abstract

This study was performed to research the characteristic of radionuclides of 80 groundwater monitoring networks in

Busan. According to the research, average concentration of uranium was 4.33 ug/L, maximum concentration of uranium
was 171.55 ug/L among the 80 sampling sites. One sample exceeded the proposal standard of drinking water in USA in
uranium (30 ug/L) and four samples exceeded the recommendatory value of WHO about uranium (15 ug/L). Radon and

gross-a concentration of all samples were far less than the proposal standard of drinking water in USA. In this study,

average concentration of radionuclides in underground water wasn’t too high, but needed to control the concentration

of them to prevent exposure to the people. And it needs to be taken measures in some sites with high concentration of

uranium by closing the pipe line or etc through more studies.
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Fig. 3. Distribution of ground water monitoring network in Busan Area.
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Table 3. Average concentration of radionuclides of 80th groundwaters in Busan

Average Min Max SD

1st half 5.23 ND 191.30 25.28

(M;L) 2nd half 4,36 ND 151.80 17.31
Average 4.33 ND 171.55 19.48

1st half 202 0 1916 370

Rn (pCi/L) 2nd half 138 0 1784 251
Average 169 0 1850 292

1st half 0.1 0 5.4 0.7

Gross-a (pCi/L) 2nd half 0.4 0 8.4 1.4
Average 0.3 0 6.9 1.0

Table 4. Distribution of Uranium of 80th groundwaters in Busan

U (ug/L) No of site percentage (%) accumulated %
0.1 o]3} 34 425 425
0.1-05 12 15.0 57.5
05 -2 13 16.25 73.75
2-5 10 12,5 86.25
5 o) 11 13.75 100.0
Al 80 100 100.0
Uranium
5
4|
3|
ug/L 5
11l
0
Gyunggi Chungbuk Chungnam Gyungbuk Gangwon Jeju Busan

Fig. 5. Comparison with other region in Uranium concentration
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Table 5. Distribution of Radon of 80th groundwaters in Busan

Rn (pCi/L) No of site percentage(%) accumulated %
300 ols} 69 80.25 80.25
300 - 1000 11.25 97.5
1000 - 2000 25 100.0
2000 - 4000 0.0 100.0
4000 o] 0.0 100.0
A 80 100 100.0
Radon
5000
4000
3000
ug/L
2000
1000
0 |
Gyunggi Chungbuk Chungnam Gyungbuk Gangwon Jeju Busan

Fig. 6. Comparison with other region in Radon concentration
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Table 6. Radon contents of waters

Type of water Normal radon contents of waters
Surface water and rain water 2
Groundwater in loose types earth 10 - 150
Water in excavated wells 10 - 400
Water in drilled wells 50 - 500
Water in wells drilled in rocks
. . 10 - 50
with low radium content
Water. in v.vells dr'ﬂled in rocks 500 - 10,000
with high radium content
Table 7. Distribution of Gross-a of 80th groundwaters in Busan
Gross-a  (pCi/L) No of site percentage (%) accumulated %
1 o]s} 73 91.25 91.25
1-5 6 7.5 98.75
5-15 1 1.25 100.0
15 ol 0 0.0 100.0
A 100 100.0
Gross-a
5
4t
3|
ug/L
2|
1|
0 ]
Gyunggi Chungbuk Chungnam Gyungbuk Gangwon Jeju Busan
Fig. 7. Comparison with other region in Gross-a concentration
Table 8. Average concentration of radionuclides groundwaters by regional
U (ug/L) Mean £ SD Rn (pCi/L) Mean £ SD Gross-a (pCi/L) Mean *+ SD
Jung-gu 337 £ 378 38 £ 25 ND
Seo-gu 0.14 £ 021 28 = 8 01 =03
Dong-gu 0.59 = 0.82 85 *£ 109 ND
Youngdo-gu 0.36 = 0.63 114 = 73 ND
Busanjin-gu 545 + 857 331 £ 429 03 £ 05
Dongrae-gu 219 =+ 284 152 + 119 ND
Nam-gu 0.05 = 0.12 42 + 24 ND
Buk-gu 1.61 £ 312 518 £ 775 13 £ 19
Haeundae-gu 143 £ 101 113 = 78 ND
Saha-gu 0.48 £ 0.89 118 £ 93 02 £ 04
Gumjung-gu 3490 = 76.39 276 + 367 14 + 31
Gangseo-gu 0.63 £ 097 531 £ 436 1.0 £ 09
Yonje-gu 5.82 *+ 830 33 £ 8 ND
Suyoung-gu 7.80 = 10.60 200 + 154 01 = 02
Sasang-gu 451 £ 353 8 £ 23 ND
Gijang-gun ND 38 £ 22 ND
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Uranium
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30 |
ug/L
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Jung Seo Dong Youngdo BusanjinDongrae Nam  Buk Haeundae Saha GumjungGangseo Yonje Suyoung Sasang Gijang

Fig. 8. Distribution of Uranium of groundwaters by regional

Radon
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800 |
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pCi/L
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Fig. 9. Distribution of Radon of groundwaters by regional

Gross-a
5
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o3

pCi/L
5|
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Jung Seo  Dong Youngdo Busanjin Dongrae  Nam  Buk Haeundae Saha Gumjung Gangseo Yonje Suyoung Sasang Gijang

Fig. 10. Distribution of Gross-a of groundwaters by regional
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Table 9. Pearson Correlation coefficients between

radionuclides
U Rn Gross-a
U Pearson Correlation 1 0.334*  0.771*
Sig. (2-tailed) 0.002 0.000
Rn Pearson Correlation — 0.334* 1 0.779*
Sig. (2-tailed) 0.002 0.000
Gross-a  Pearson Correlation  0.771%  0.779* 1
Sig. (2-tailed) 0.000 0.000

# ; Correlation is significant at the 0.01 level (2-tailed).

@ = He M2 & RekE Sk Hlu
HEgRE AsEeelis B9l glont A Asiee
Fig. 11, Geologic map of Geumjung Mountain area. o ApolH& Astrae] At za ARAEE]
A5 A% Al T AErE & FHollvks Aotk ¥
YAHSS 7 e TAES AxFddAl= 20059 1298 dA 707040]
AR AetrrdSdHe WAV EAe] A U 2 Ao 1970 AFFel isiAnt HisE A
i+ Table 9o Yehf3lth U3k Rn® - A wto 5 by 958 ZAFSISIth Table 110 AP} o] %
W Fa8S #A vebske, Uk dgatl, dheat dda o 197) HeAES YeRlew, Table 12, Fig. 13
T AR o AR =4 YEbsd e Heded $ehE 3% BXE JEhigith & AT
o AeprrAdSAT Aol vlashd AR He=AEmel Al
HALES A 27|27 duE FTE AYstae ¥ AT AP i =55 2 T A
A AepprAdSATe WAHIEAN Fredst o AAFoE B uf AskrFe A EAL] e A
o] 7= Table 109 YeRASIvh pHEF 2k, pHEE  A9] JFS Wi ol A ox & F vk =, AL
Advh= Awide wod #3423 =7 Ueieth A s RelA A dEEE, Q718U AFE ARl
AEAY F71EARe AeAs pHO A9 tha AR A g 9 dehadY. 2§ Asleg oA B4
4 glont daolat Hlae o] W AoE b ke o] 29159 H3AQ Agel os Adecia
Epske & ol
Table 10. Pearson Correlation coefficients of radionuclides and inorganic matter
U Rn Gross-a pH Cl As
8] Pearson Correlation 1 0.334* 0.771* 0.028 0.210 -0.016
Sig. (2-tailed) 0.002 0.000 0.802 0.061 0.887
Rn Pearson Correlation 0.334** 1 0.779* -0.340™ -0.086 -0.087
Sig. (2-tailed) 0.002 0.000 0.002 0.450 0.443
Gross- @ Pearson Correlation 0.771* 0.779* 1 -0.229* 0.083 -0.079
Sig. (2-tailed) 0.000 0.000 0.041 0.463 0.487
pH Pearson Correlation 0.028 -0.340™ -0.229* 1 0.057 0.289**
Sig. (2-tailed) 0.802 0.002 0.041 0.613 0.009
cl Pearson Correlation 0.210 -0.086 0.083 0.057 1 0.004
Sig. (2-tailed) 0.061 0.450 0.463 0.613 0.974
As Pearson Correlation -0.016 -0.087 -0.079 0.289** 0.004 1
Sig. (2-tailed) 0.887 0.443 0.487 0.009 0.974

** 5 Correlation is significant at the 0.01 level (2-tailed).
* 5 Correlation is significant at the 0.05 level (2-tailed).



Table 11. Object of natural mineral water
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No Product Source of water Date of manufacture
1 B 4% A 2009.10.21°
2 O A& A =R R 2008.10.29
3 Y BAE TR oA 2010.8.20°
4 D A& A= ARE 2009.10.23°
5 S ZHRT AU 2009.10.16°
6 P e 5 it 2009.10.8°
7 H A% 5 A9e 2009.10.23°
8 M A& FHEE HYT 2009.10.14°
9 S A g 2009.10.29°
10 J A T 2009.10.17°
11 W A AT 2008.4.22°
12 I e qRT 2009.11.16°
13 P AL s 2009.10.2°
14 S 7 Wk 2008.10.23
15 U A 23 957 2009.4.16°
16 S AFERRA S A)FA| 2010.10.15°
17 G A& 27 248 FAF 2008.8.5
18 B ZHa oW 2008.2.29
19 E g ofu)o} 2008.7.10

§ date of distribution

Table 12, Distribution of Uranium concentration in the natural mineral wate

U (ug/L) No of site percentage(%) accumulated %
0.1 o]3} 4 21.05 21.05
0.1-05 1 5.3 26.35
05 -2 4 21.05 47 4
2-5 8 421 89.5
5 ol 2 105 100.0
Al 19 100 100.0
Uranium
30
25 |
20 |
ug/Lis |
10 |
A eew . m - A
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 Busan

Fig. 12, Comparison of radionuclides with mineral water
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Table 13. Radionuclides standard of drinking water in various nations

USA WHO** Canada™ Australia** Europe
U
30 15 20 20 -
(ug/L)
Sweden 2,700 - 27,000
Rn . )
CD 4,000* 2,700 - 2,700 Finland 8,100
P Norway 13,500%*
Gross-a  (pCi/L) 15 13,5 2.7 13,5 -
*; proposal standard of drinking water(AMCL, reduction program)
# 1 guideline or recommendatory value
olZo| WAHMEE 7|Z2t Hiw Peostoh?, 7] dAowe A, s FA7E vt
SEivet Hes FA7EdE WP E g 7lE "olth Fo AX=e] MM EA de AN & F
S Aota A gk o $-ehEel diside gAEEe wste] B TS Aueks A= AESkof s, &
2 ARl Qlow w= WHOS Wes Fa7le @R A, IA-#AE At dzet §Fo% Aulleoit i
) Hgaa gk 979 HieE FA7FYE Table @ AT vl ol don A, 37 AHEAES
130 vYehflom, v5a WHOS] Hi=g F27IE(@i §9 A5 FHo] a7tk A4l ¥ #¥x: 9 1
Aol 283 ek FAF {2 Table 14, 169 & FFA S AR DB 75, 1% -2 2ex2 #4
o AHuekel e AEd Aol A Wk o] dAs, & A AR F vhkdsjor & Zow sddd
e uplop =7tell M= ghmel] thaiA Rt A Eo] Qi
Table 14, Number of excess USA standard in U a4 =
1st half  2nd half  Average
B ATelM s AR Aetrrd S 80/HAE
No. of samples 63 80 72 _
Ao WA EAe 5A4E A9 A% e 22 4
No. of excess standard 1 1 1 28 o9
Percentage (%) 1.6 1.3 14
1. e AA BasEs 4.33 w/L o1la, Ad 3
Table 15. Number of excess WHO recommendatory wEEE 17155 pg/L o]tk vl= He=E 7]1El 30
value in U we/LS =33k 32 132, WHO @175l 15 pg/LE
Ist half  2nd half A IR AR A VR,
st ha nd ha erage = . N
- 2. eHEY A WiFEEE 169 pCi/Lolgla, Aol BF
No. of samples 03 80 72 ETE 1850 pCi/L olddth mlm WLz 739l
No. of excess standard 5 4 5 4,000 pCi/L2F WHO #7521l 2,700 pCi/LS =3
Percentage (%) 7.9 5.0 6.9 g 32 o % (USlTh
3. ALe] HA| Hd-sEs 0.3 pCi/Lelly Hd Ho
E}'E%gl ECI;'AI'AO-I%;% _?I:I,E“:Hi_'H %E"f‘ 6.9 DCl/L A ‘ﬂr% Ho]—}\}-/g%é(ﬂ] H]B‘}-oq U]U]—(ﬂ'
AQAsolek 31 AAN SesE Fuagy  Teow v
B2 ouraly] Sstel TEUA e WeA AyEg. 4 TE AR sEeEe RS ST
9] gRo g A, 1d nfeArL A7xx] T =A el o, g ATt Stel A=A Y
Al = ScgzueER zxdth Saly udke AL Wt ol Ao g wwl Ao AlmET
ARAHN T AZAV] AEALE % AA W AL O WA B il Aol =4 vekseH,
A 5o AE FAsolof sul, ehEE golAv wx,  SAPIEEN WIIEANS R pHe B8
%7) Bo WO A7 Ak B4, AR w5 TEES Sloh fkelih mlae Aol v
Aw vhdo] AFeh nFF As pelvlin vhy SO HERE
MAE 5 A5 AMMEAARE TAN vk o) 6 MIEHEN = QTS ARTFASY Sehy s
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