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The purpose of this study was to document groundwater quality in Chungcheongnam-do. Samples were
taken from Taean, Dangjin, Seocheon, Boryeong, Seosan, and Nonsan areas, and 48 water quality variables
were analyzed in relation to applicable standards, including the amounts of naturally occurring radioactive
materials(U and Rn). The results from testing 179 locations indicated that 128 were suitable and 51 were of
unacceptable quality, in terms of drinking water quality standards. The nonconformity rate for nitrate nitrogen
was 47.0%, while that for total coliforms was 24.2%. Heavy metals-such as Pb, Hg, Cd, and Cr-were detected
in low concentrations at all points. Analysis of naturally occurring radioactive materials showed that U con-
centrations were within the water quality standard (0.03 mg/L) at all points. Rn concentrations were low in NW
regions such as Taean, Dangjin, Seocheon, and Boryeong, where Proterozoic sedimentary rocks were dis-
tributed, but its concentrations in the Seosan and Nonsan areas, where granite rocks were widely distributed,
required closer investigation, and it was found that the alternative maximum contaminant level (148 Bq/L) was
exceeded in granite soils which originated from the Mesozoic Era.
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Fig. 1. Sampling sites.
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Table 1. Investigated groundwater classification based on use

No.

Region investigated. Total 179
Drinking 21
Taean 29 Living 6
Agricultural 2
Drinking 30
Dangjin 33 Living 1
Agricultural 2
Drinking 10
Seocheon 26 Living 10
Agricultural 6
Drinking 30
Boryeong 33 .
Agricultural
Drinking
Seosan 25 Living 5
Agricultural 14
Drinking 31
Nonsan 33 Living 1
Agricultural 1
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Table 2. Analysis instrumentation operating parameters

e -

e} - P - ool - A

ICP / MS (PerkinElmer NexION 300D)

Ion Chromatography (Dionex Integrion RFIC)

Variable Operating conditions Variable Operating conditions
Plasma gas(Ar) flow rate 18.0 L/min Column Tonpac AS 18 4 x 250 mm
ICP RF Power 1.4 kW Detector Conductivity detector
Auxiliary gas(Ar) Flow rate 1.2 mL/min Suppressor ADRS 600 4 mm
Nebulizer gas(Ar) Flow rate 0.93 L/min Flow rate 1.0 mL/min
LSC (HIDEX 300) GC (Agilent 7890A)
Variable Operating conditions Variable Operating conditions
Counting times 3600 sec. Carrier gas(N2) 1.0 L/min
flow rate
.. CP selected 624CB
Activity Type Alpha Column (60 m x 0.25 ID mm x 1.4 zm)
Coincidence Times 35 ns Detector FID
. 40°C(2min)-4°C/min-100°C
ROI isotope Free Oven Temp. (2min)-12°C/min-225°C(2min)
ROI window 650~950 Injection Temp. 230°C

Table 3. Groundwater analysis results

Region Investigated ~ Noncom Noncomp Nonconforming items
& No. plian -liance rates (%) &
Total 179 51 28.5
Total coliforms (6), Fecal coliforms (4), Nitrate nitrogen (2),
Tacan 2 8 276 Arsenic (2), Total Colony Counts (1), Fluoride (1)
. Nitrate nitrogen (6), Total coliforms (3),
Dangjin 33 ? 273 Total Colony Counts (1), Turbidity (1)
Seocheon 26 2 7.7 Nitrate nitrogen (2)
Boryeong 3 13 394 Nitrate nitrogen (5), Tgﬁlo r(;;):f?;)ns (5), Turbidity (2),
Nitrate nitrogen (11), Total coliforms (1),
Seosan 25 13 520 Total Colony Counts (1), Turbidity (1), Chloride (1)
Nitrate nitrogen (5), Total Colony Counts (2),
Nonsan 33 6 18.2 Total coliforms (1),
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Fig. 2. Distribution of Water Quality Standard noncompliances.
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Fig. 3. Regional noncompliance rates (%) and nonconforming items.
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Fig. 4. NO;s-N in regional areas: (a) average concentrations; (b)box plots.
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Table 4. Study area heavy metal concentrations.
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Region  Value Pb Hg Cd Cr As Cu Zn Fe Mn Al
Min. ND ND ND ND ND ND ND ND ND ND
Total Max. ND ND ND ND 0.025 0.125 1.309 0.17 1.336 0.19
Avg. ND ND ND ND ND ND 0.066 ND 0.029 ND
Median ND ND ND ND ND ND 0.017 ND ND ND
Min. ND ND ND ND ND ND ND ND ND ND
Taean Max. ND ND ND ND 0.025 0.028 1.281 0.17 0.062 0.15
Avg. ND ND ND ND ND ND 0.115 ND 0.006 ND
Min. ND ND ND ND ND ND ND ND ND ND
Dangjin  Max. ND ND ND ND ND 0.019 0.078 0.15 0.171 0.08
Avg. ND ND ND ND ND ND 0.019 ND 0.009 ND
Min. ND ND ND ND ND 0.000 0.003 ND ND ND
Seocheon Max. ND ND ND ND 0.009 0.125 0.363 0.11 1.263 0.17
Avg. ND ND ND ND ND 0.009 0.086 ND 0.051 ND
Min. ND ND ND ND ND ND ND ND ND ND
Boryeong Max. ND ND ND ND 0.008 0.070 1.309 0.11 0.116 0.19
Avg. ND ND ND ND ND ND 0.114 ND 0.007 ND
Min. ND ND ND ND ND ND ND ND ND ND
Seosan ~ Max. ND ND ND ND 0.009 0.015 0.487 0.07 1.336 0.03
Avg. ND ND ND ND ND ND 0.047 ND 0.082 ND
Min. ND ND ND ND ND ND ND ND ND ND
Nonsan  Max. ND ND ND ND ND 0.012 0.045 0.15 0.837 ND
Avg. ND ND ND ND ND ND 0.017 ND 0.033 ND

ND : Not detected.
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Table 5. Groundwater analyte correlation coefficients (r) for this study

Color T(‘i‘ir;‘ FF NO/N CI SO4* Iflzr;: Cfxﬁé L Cu Zn Fe Mn Al As
Color 1.00
Turbidity 0.15  1.00
F 003 -0.05 1.00
NO;-N  0.09 -0.03 -0.11  1.00
Cl 003 006 —006 0.14 1.00
SO4* 020 0.03 -0.01 005 049 1.00
Hardness 0.11 —-0.03 —-0.08 037 074 043 1.00
pH 000 -0.06 0.16 -032 —-0.17 -0.17 -0.09 1.00
KMnO,; 006 061 -0.04 —0.01 018 021 009 -0.12 1.00

Cu 0.01 0.03 -0.03 0.11 0.05 029 -0.04
Zn 0.12 0.03 -0.06 0.00 0.00 0.04 -0.03
Fe 023 075 -0.03 -0.08 0.08 0.09 0.03
Mn -0.01 029 -0.03 -0.06 -0.02 0.03 -0.03
Al 038 0.19 0.07 -0.02 0.04 0.02 0.00
-0.12 015 0.03 0.03

As  -0.02 -0.04 0.11

-0.20  0.04 1.00
-0.02  0.00 0.14 1.00
0.04 032 0.01  0.06 1.00

-0.14 035 -0.03 -0.04 026 1.00
0.14 -0.04 -0.04 0.01 042 0.00 1.00
024  0.00 -0.04 -0.04 0.05 -0.03 0.26 1.00
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A EHE~0.025mg/L, 78 E4E~0.125mg/L, o}

E4E~1309 mg/L, E EAE~0.17mg/L, ¥+ &
AE~1336 mg/L, T B4E~0.19 mgLE #2415
ATk BiRkE G- A HellA] H]4: F=7F 0.024~0.025 mg/
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Table 6. Regional U and Rn concentrations

Fig. 6. U and Rn noncompliance rates (%).
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U (mg/L) Rn (Bq/L)
Min. Max. Avg. Median Min. Max. Avg. Median

Total ND 0.0114 0.0007 ND ND 840.6 99.0 64.8
Taean ND 0.0021 0.0002 ND ND 840.6 92.6 47.0
Dangjin ND 0.0018 0.0002 ND ND 136.8 32.6 21.9
Seocheon ND 0.0086 0.0005 ND ND 146.5 62.2 53.2
Boryeong ND 0.0048 0.0008 0.0003 ND 258.7 78.4 62.1
Seosan ND 0.0114 0.0012 ND ND 747.3 222.8 209.3
Nonsan ND 0.0105 0.0011 ND ND 3315 126.8 105.9

ND: Not detected
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Fig. 9. U regional distribution: (a) average concentrations; (b) box plots.
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Fig. 10. Rn regional distribution: (a) average concentrations; (b) box plots.

Table 7. U and Rn concentration statistics in relation to geological classification

) U (mglL) Rn (Bq/L)
Main Rocks No. - - - p
Min. Max. Avg. Median Min. Max. Avg. Median
Total 179 ND 0.0114 0.0007 ND ND 840.6 99.0 64.8
Qa 37 ND 0.0105 0.0011 0.0002 ND 131.9 66.6 69.1
Jbgr 23 ND 0.0114 0.0013 ND 35.8 747.3 233.8 210.5
PCEe 17 ND 0.0015 0.0001 ND ND 840.6 94.3 324
Csch 12 ND 0.0011 0.0002 ND ND 136.8 32.4 17.7
PCEss 10 ND 0.0005 0.0001 ND 3.4 74.1 34.6 29.7
Jbgd 11 ND 0.0043 0.0008 ND 55.1 331.5 199.0 211.1
PCEgn 11 ND 0.0006 0.0001 ND 9.9 204.9 101.2 91.2
Jpgdi 7 ND 0.0014 0.0002 ND 32.8 247.6 143.0 170.4
PCEms 10 ND 0.0011 0.0004 0.0003 34.1 236.4 73.1 58.0
Jms 11 ND 0.0086 0.0010 ND 12.0 146.5 66.6 61.2
Jha 4 ND 0.0022 0.0008 0.0006 20.1 151.1 75.8 66.1
Jedi 2 ND ND ND ND 27.6 122.2 74.9 74.9
Jga 6 ND 0.0032 0.0011 ND 17.0 258.7 98.3 579
n 6 ND 0.0002 ND ND ND 96.4 30.3 224
Etc. 12 - - - - - - - -
ND : Not detected
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A= A sPdete] Wel wxshs A7), 5, A&, WHEE 143.0Bg/L, TYEk 1704 BgLE AR
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Fig. 11. U concentrations in relation to geological layers: (a) average concentrations; (b) box plots.
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Fig. 12. Rn concentrations in relation to geological layers: (a) average concentrations; (b) box plots.
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Fig. 13. Correlation coefficients between U and Rn and various geological layers.
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—0.02(Fig. 13(c))°1L & A-NA r=0.07 (Fig. 13(d))
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