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ABSTRACT

To establish new metal groundwater standard, 5 metals such as aluminum, chromium, iron, manganese, and
selenium were evaluated by Chemical Ranking Of groundWater pollutaNts (CROWN) including possibility
of exposure, toxicity, interest factor, connection standard for other media, and data reliability. 430
groundwater samples in 2013 and 2014 were collected semiannually from 110 groundwater wells and they
were analyzed for selenium, manganese, iron, chromium, and aluminum. For this study, 430 groundwater
samples were categorized into 3 geological distribution features, such as igneous, metamorphic, and
sedimentary rock region and geological background levels were divided by pre-selection methods. For the
results, the average concentrations of aluminum, chromium, iron, manganese, and selenium in 430 groundwater
samples were 0.0008 mg L™, 0.0001 mg L™, 0.174 mg L', 0.083 mg L', and 0.0004 mg L™, respectively. In
addition, among various geologies, average concentration of selenium was the highest in igneous rock region,
average concentrations of chromium, manganese and aluminum were the greatest in sedimentary rock region,
and average concentration of iron was the most high in metamorphic rock region. As a result of the geological
background concentration with pre-selection method, background concentrations of selenium and aluminum
in groundwater samples were the highest from sedimentary rock as 0.0010 mg L™ and 0.0029 mg L™ and
background concentrations of manganese and iron in groundwater samples were the greatest from metamorphic
rock as 0.460 mg L™ and 1.574 mg L™, and no chromium background concentration in groundwater samples
was found from all geology.
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Background levels on each geological characteristics using pre-selection method.

Background levels (mg L)

Materials

Igneous Metamorphic Sedimentary Total
Selenium 0.0009 0.0008 0.0010 0.0009
Chromium (Total) 0 0 0 0
Manganese 0.084 0.460 0.236 0.297
Aluminum 0.017 0.014 0.029 0.027
Iron 0.084 1.574 0.113 0.210
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Introduction
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chemical substance present in solution which is derived by not significant anthropogenic influenced processes from

geological, biological or atmospheric sources” (EU, 2006) 2 2| 4= Q1.0 21912 @ o] uljA|H AFefof 4 2] 5
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Materials and Methods
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/\ Sedimentary Rock

Fig. 1. Study area and locations of groundwater sampling sites depending on geological characteristics.

Table 1. Major parameters and score for CROWN'.

Parameter Score
Possibility of exposure 0-30
Interest Factor 3-30
Connection standard for other media 0-20
Toxicity 5-30
Data reliability 0-10

TChemical Ranking Of groundWater pollutaNts.
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ol 7Fg T2 A B Al =7t =, 2EEA, Sl ARARIAR] 52 HEohs WAIA e - R
Aol e 20 2 U, EQPE W 427150 £AeiR-2 Telshe MiAIdAP | A4 1 9= 5
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o8 7F =8 FAEE HALL, ol 604 0 & 2R e SIS 4= QUSIT (Table 2).
Table2. Scores of materials by CROWN.
Chemicals Exp'os_u're Toxicity Iterest Medl? Reliability Total Priority
possibility factor connection
Aluminum 15 16 20 0 7 58 3
Chromium (Total) 15 15 21 0 55 56.5 4
Iron 15 15 13 0 1.5 44.5 5
Manganese 20 17 16 0 7 60 2
Selenium 14 22 18 0 8.5 62.5 1

AMEME Y AR 2N Aok AT = Hei 25 A R 715 (Ministry of Environment, 2012), 522
H5HA 7] (Ministry of Environment, 2011) 2 $E3A]1& - HAFQA/QC A= (NIER, 2011)°]l &Jste] Fot
ot A 223 7 F o8 EE]SA 7] (Orion 5 Stars, Thermo) & ©]-851% 2%, pH, Eh, EC, DO 5 571 9] @AF=S
27810, 2798 W75 Al0] A0 2 o] 2ol on] 2Hgke] Wigo] A1) 1S W) ZIctE sl
oF0] 32 AMEBISITHUSGS, 2010). AR AR BRZHE % pH, et 9 -£127} 95} 11 5 AAjel
1,045 m WP eI AME] o3} 5 Saloleal A4 1 L-8710) AT ol 9 B4 84S )
St M=ol F7EE 1% A4 1.5 mLE 371tk

ZAVSFEE F 38, W EFE, 4 5470 287 Ca¥, Mg™, Na', K'5 8 gol22 E e A3 8AIe

7|4 @ US EPA 200.7°] W=} ICP-OES (720-ES, Varian)2 ARgSe] EA519 0 W Hefls-S ICP-MS (7500
series, Agilent)S AH&-5ll 2439, CI, NOy, SOy & T8 50120 24°ll= IC (CH-850, Metrohm)E A5}
0] HOOs = olFsiek 9] 85 U] 5151 0.05N HOKS A FH ISP g 0 2 2o Al 27}
A (Hounsow, 1995) 2419 152 121517 916 L0 AR 2 S8 95487150 el
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Table 3. QAQCs of ICP-OES and ICP-MS.

Instrument Material Limits of Quantitation (mg L™) Precision (%) Accuracy (%)
Chromium 0.0022 6.3 108.1
Manganese 0.0005 0.9 107.4
ICP-OES
Aluminum 0.0130 2.2 104.6
Iron 0.0036 1.5 100.7
ICP-MS Selenium 0.0004 6.9 91.5

HHEs: SEUHAMMEY) AFWIELE] W5 E 4HEot] floto] AP S 286 ZA}
Ak APAAEH (Pre-Selection method)> 574 2 4A |37 94 452] 58 ZWok= A &E+= olid AlskeAl7t
Q5] QILIARN @ o] Pk 2 A 0 & Thote] ZA| Ak oA A|2AIR] & U2 A 552 FAREE HE
O 2 i F g AbEoHs O 2, EUCA i sk E - EEgt A4S At A1F o 2 8= Qlrk 191l &
S Aok 24 A8 9 Aol of 2] Z7E7F AR E AL 912 ™ (Table 4), 1 S-oll A= EUCIA ARSE] 12
Jom & ofe] AtoflA] 7F wo] AREElE HHHOI N0y 2] 5571 10 mg LS 28HE 2142 219129 93-S

W 510 7155 A19] 5 ke A5l thet 90 percentile®] 7 WA 2 Aok w2 Abgsint

Table 4. Methods for calculating background level in groundwater.

References Indicator Selection of value
Wendland et al., 2008 NO; > 10mg L', NH,">0.5 mg L" 90 percentile
BRIDGE (EU, 2006) NO;>10mg L™ 90 percentile
ISPRA (Bartolucci et al., 2009) NO;>10m L™, NaCl > 1000 mg L™ 90 percentile
Preziosi et al., 2010 Eh <100 mV, DO <3 mg L', NO; > 50 mg L™ 90 percentile

Results and Discussion
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9 Na-HCO; F3°] F 404712 4A419] 94.1% 5 2FA]o1 0H, Q1914 @ o] S -2 Ca-Cl 737 ofl4=2]
SRS HES. 7 0 2 W B Na-Cl 9382 £ 26712 5.9%2 YRSt

Table 5. Chemical properties of groundwater samples.

Temperature pH EC Eh DO
°C pS cm™ mV mg L

Minimum 124 4.10 32 -321.1 0.05
Maximum 28.9 8.67 3400.0 973.0 10.75
Average 17.9 6.96 317.8 223.7 3.71

Table 6. The minimum, maximum, and average concentrations of cation and anion in groundwater sample.

Na* K" Mg** Ca™ cr NO; SO~ HCO5

mg L
Minimum 1.46 0.06 0.46 3.24 1.71 0.17 0.34 9.15
Maximum 421.87 38.59 68.22 301.96 301.82 110.89 912.05 2046.55
Average 20.72 2.66 9.77 39.24 22.79 15.50 32.54 124.08

® igneous
A metamorphic
v sedimentary

v
Ca Na+K HCO3 c

Fig. 2. Piper diagram in the study area.

ZAMUEEEC BEEY A Aol tigh FE 54 Fig. 31 At EAES ARt 22t Brhs
= A191%E 0.0004~0.0041 mg L™, 0.0004 mg L™, F&0.003~0.011 mg L™, 0.0001 mg L™, B7+0.001~2.675 mg L',
0.083mg L', &F1]& 0.010~0.290 mg L™, 0.008 mg L™, 2 0.002~11.978 mg L™, 0.174 mg L' 2 YRt O™ of
T HAEANA R G SR HAE BN, A3t JFulg, e AtAo=s 42 FE7r= ¢ls)
L7 AT A UERT o] F U3, dFrkE, F2 U HeE 5A71EE 2ohe Ao EAf5k=

A0 ek on], Zhzte] 2ublea 7k 3470 2|4, SRl 370 214, 2 267} AH.0 2 ek
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Fig. 3. Concentration distribution of selenium, total chromium, manganese, aluminum, and iron in groundwater samples.
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Fig. 4. Comparison to average concentrations in each half year
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Fig. 5. Regional detection frequencies and average concentrations of selenium, total chromium, manganese,
aluminum, and iron in groundwater samples.
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Fig. 6. Concentration distribution of selenium, total chromium, manganese, aluminum, and iron in groundwater
samples based on geological features.
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.01 T10f| mh2 vl I Table 71+ 2Tk XA 20| thgh vl 5= el 5 0.0010 mg L, 871 0.297 mg L,
UF0E 0.027 mg L, 4 0.208 mg L' 2 WL om 352 vl 57 0.0 2 Uepdtt. 24 S35 o= 44
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= 2 vl s = SHIY Aol A AlelE0.0010 mg L, ©7+0.084 mg L, &20150.017mg L, % 0.083 mg L™

2 LRt o Ao X oA el 0.0008 mg L', F7H0.460 mg L, 1% 0.014 mg L', A 1.574mg L' &2
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ERatT}. Ao} 2012 0.0010 mg L, 0,029 mg L' 2 E2gk x|l 7H & v w8 Helon] Wk

Table 7. Background levels for selenium, total chromium, manganese, aluminum, and iron in groundwater samples on
each geological characteristic using pre-selection method.

Background levels (mg L™

Materials

Igneous Metamorphic Sedimentary Total
Selenium 0.0009 0.0008 0.0010 0.0009
Chromium (Total) 0 0 0 0
Manganese 0.084 0.460 0.236 0.297
Aluminum 0.017 0.014 0.029 0.027
Iron 0.084 1.574 0.113 0.210
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Table 8. Total numbers and proportions for exceeding background levels of selenium, total chromium, manganese,
aluminum, and iron in groundwater samples.

Numbers and proportions of sites exceeding background level

Materials

Igneous Metamorphic Sedimentary Total
Selenium 14 (6.0%) 11 (10.4%) 13 (14.9%) 38 (8.9%)
Chromium (Total) 2 (0.9%) 1 (0.9%) 1 (1.1%) 4 (0.9%)
Manganese 9 (3.8%) 0 4 (4.8%) 13 (3.1%)
Aluminum 9 (3.8%) 6 (5.7%) 4 (4.7%) 19 (4.5%)
Iron 9 (3.8%) 2 (1.9%) 3 (3.5%) 14 (3.3%)
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