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ABSTRACT

In this study, the concentrations of some of the important ionic contaminants in groundwaters of national monitoring
network in Korea were identified, and their correlation to nitrate concentration was investigated. Approximately 80% of
the groundwater samples were found to be as Ca?*-(CI+NO;") type groundwater with the concentration ranges [minimum
to maximum values, median (mg/L)] of Ca?"[0.1~228.2, 19.7], Mg?[0.1~53.2, 5.1], K'[0.1~50.8, 1.9], Na'[1.5~130.5,
18.1], NO;™-NJ[0.1~73.4, 9.3], NH,"-N[0.0~53.9, 0.3], CI7[3.1~482.6, 24.0], and SO,*[2.8~101.6, 7.0]. The prevalence of
Ca*"-(CI'+NO5") type suggest that the composition of groundwaters were greatly influcenced by chemical fertilizers and
animal manure, Correlation analyses indicated threre was positive correlation between NO;-N concentration and ionic
species including CI-, Ca?*, Mg, and Na". In particular, the correlation was strongest for CI” and NO;™-N, suggesting that
groundwaters largely impacted by agricultural and livestock breeding activities tend to contain high levels of CI".
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1) 5 E4beA) ) X8l 42

B freflgch(Keeney, 1986; Chung et al., 2004; Kim
and Woo, 2003; Fernando and David, 2005). =] X3}
F U Ada se GV AN =
A AHAHEIE HES Bks W, Azl AV
(10 mg/Lys ZFsle W0l B, sPEso| &3t =
FA|Qol| A Bt o] A A FEE YT 7}
= Aol 37K A9YTE sk i art gkl
At Jun et al., 2005; Koh et al, 2007; Kaown et
al., 2009; Koh et al., 2012).

AT S0 mgl7t FRE S R S A
7 BEAE 4oz 4 YI(WHO., 2007, Gatseva and
argirova al., 2008), =3+ ZiHddAv) ShdE o}
Aae i wvke] folodAl HAFES frdsith
(Benefield et al., 1982; Canter, 1997). ©]ol], T=4HA]
o) v slotel ol thEE oM, A
258 271l W B olsfe] IR ke LTy
nldo] FQ FHi gk BESh FEA9Y] FHEE 9
g Ak AL ARA gk 5711 2Rdelx o] A
sl AT WRE vlEo] 87 EI e Aol o]
of B A7 Iy Xl AT 2947 E EUE
AHdstol] e FEAA|GoMTE EAIskE A H97EA] 9
HAFEE gekslal A 290 mE QAU

WS £2 2 FESkA St

2.1. A7X[o EY

B A7x o] A AL AR He] HAdRES} A
AAg, AFAURAL A7 5F o83l % ez
AFE XS, LAAZALE B3l w5AEEd o8 9
o] & Aow el AHe FUEY AHoz A
Aalant. £ A7A9L 391709 AR R 9
3led, 391709] E712 $R9~(10,64371E]), B (1,16772)),
7] (212,258712)), 7FE(2,200,17271H)), ARE(22271])E

FQ =037 sl Y. AL E 2501702 o)

Table 1. Stabilization criteria for recording field measurements
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Ak AlEe ANF A FFEASA FE(EC, pH 5)
o] 4 o] KA WA |Asl 9iet TS gt
Z 799 ¢ 3n) HAS AAg o AFso 8%
FASA e A8t ARE vFAAZAA(USGS,
2010)9] ABE 71Eo2 HHEITH(Table 1). AlEA0F
Aol A wgtol} 71327} HAYEHA] s s =
Halar, ti7IAEe 2 s A8 HES WXE] 9
3 25H Aol Hl-F7H(Headspace)o] AR SIS
FoJle ARE AFsITE AFE A8 B
w2} &J740.45 pm, nylon) 2 AXAZE AA]slaz, 2t
e Askr AR W S2 S PES HHE
7] S8 AAETE AlEe] e 2 Bk WAL
(0~4°C)E A3l WS WAEIHeH, QAT =5
ZoF APYEE AlEe HERE BR8] 29F 2 Byt
At

AAT Askr AmE BEBRATHNANE T
H

Standard direct field measurement

Stabilization criteria for measurements
(variavility should be within the value shown)

Thermistor thermometer
when < 100 uS/cm
when > 100 pS/cm

pH Meter displays to 0.01

Amperometric method

Temperature

Conductivity

Disoolved oxygen

+0.2°C

+ 5 percent
+ 3 percent
+ 0.1 unit

+0.3 mg/L
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Method, APHA, 1998y 58 F&3alo] EAs15ict. 8%
ZA43Ro 29 pH, DO, ORP, EC AZo] zizt A
H 78 Z2E47]7](ProPlus Multiparameter, YSI,
USA)E ARE3Ie] 4930t 34 A YSRR] HAEHS
ARg3te] Aol x] Zh gheol] tigk RS Atk &
2 FAZAFEL s7)|0] BAJEHTS Quatro cabled]
Azt & 8ol Zliﬁ&i =4 7hs si=E AAE
plug flow FE2] & 55 AlolE AZ ofglH o] A2
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olE 4 oHHE o83t AN dF HUERS F
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Recovery (%) =

Analized concentration of standard sample

100 (1
Concentration of standtard sample M
Percent error (%) =
Analized tration of standard 1
nalize conce.n ration of standard sample o .o
Concentration of standard sample
@

T FAIRE 103] ¥HE E4ste] 4T vt 7]

Detection limitaiton =3 x Standard deviation of 10 blank
samples 3)

DataZ AT W] AF=e] 749 data T HAETHA ©]
sl2 HAEE Al8el tsix= Datad] Aol Htomg
N.D.(Not Detected)= E7[5}0) 449 85 Jole 2
Sole Ffere 2=gole] A7Hel NS 71 AshH
3 (Charge Balance Error) 212 o]835lo] AFAS HE

s3ict.

C.B.E (Charge Balance Error) =
2 cation (eq) — X anion (eq)
2 cation (eq) + X anion (eq)

100 @)

Hahtde gukdoz 1+30% nviel RS AlFd

F Qe o= Bt AT + e B4

FE2z159
e EC g Zole B0l L oujFls = 8= 11
oA

& A& T-‘:_'—(TDS Total dissolved solid)e] €743 g3

J}o]H = (‘Piper Diagram)S ©]-83+ 383 E2
Al = FEARFES E‘«?r“ i o}ﬂri 3t
F8 I S

3 2 EAE 337}3hﬂ} 0}95‘&} £ OFLOML Fol&
(Ca’, Mg”', Na', K') 47 &%3} Sol&(Cl, NOy,
HCO5, SO) 4 &= 3 87H S 235 52
S wet A FRBoR BRdlL, oS do|¥=d)
=213} slqiH. vlels o] 7} 9“1" Fole-o] 79 Na'

o} K7} 9413 Na* 73, Ca®'9} M7} $-AI%+ Ca?'
FEeE Ul °0134 7% HCO;7F -4
HCO;™ @83 SO, CI, NOy 7} 9AIgE CI frEes
WAtk FE 2 3L Ca¥-(CIr+NO; ERY, Ca'-
HCO; B}, Na'~(CI+NO; )EFS], Na™-HCO;E}Y 47}



S SR W Asl ESA B A A 24 101

o= Yt} Ca*-HCO; B A8k, Ca*'-
(CIr+NO;EFIS Q1912191 294, Na'-HCO; BN} X%
Akt AspEe] 18-, Na'-(CI+NO; EFYS 3l
9] 932 YElAY(Jeon et al, 2001; Cho and Sung,
2013; Na et al., 2005; MOE et al., 2003).

2.5. SHEN

2

EES sy 8R15E2 KMO(Kaiser-Meyer-Olkin)
=5 2 Bartlett®] 734 77 (Bartlett’s test of sphericity)
< B3 Pt 8dwA A TEe a9EE
(KMO) Zte] 0.5 oiH(Kaise al., 1974), Bartlett®] -3
4 AR FrelghEo] oA (rghEe] 0.000°0F e
A ded o g wigE 7o) e ozl &
T dthe g vephdc
5 (Communality)2] 739, F=5 Q2150 2JsiA
Zt W7 A AREEAE
g2 1 W] Aol FEE QQlsel o5 A
= 7R7IH 0 1 Alele] ghE ZkeEt B8 dhol
050K Zrow 1 WEE FAEaL sjAE A, oW
TE AASKL QIS AEAISH (Lee et al., 2011).
o] wj AFAL] Al Hdo] FRHEE, WMFE AA
Sh= dloll Foslof 3 Aoz I 54 5]
e 042 7)F(Kaise al., 1974)0F HAG3P, o] 7|F
kool WgE ARSI 27t flkar wde 4
ATt

g
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3. &% o nF
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3.1. TElERE gt

Tl 7l A dlolge] Alzlds Srstaat
Z} dlojge] tigh MaktEs el Asktd £30%
olelo] Zks A9IEt Y A] HolEol et AslrtES
T 13.0+02%= UERGTH

Ak FARE 2 SATkS S8l w3k Wt
£ ARXSFATHFig. 1). 313 B7HE o83 Ask
o] 4 f3 EAAT2012-201643) Ca>*-(CI+NO;)E}

L

Na'+K' HCO,

Fig. 1. Piper diagram of monitored sites.

21(80%), Ca*"-HCO;EFY(6%), Na'~(CI+NO; EFI(13%),
Na™-HCO; B} (1%)22 UERSITE YRtz o g 55417
o ] A3l ZUEHA T A Go] o@=A] e X
FAE Uele 7% Ca*-HCO; Bfd¥} Ca*'~(CI”
+NO; EIIe] A2l #53H e v, B AR
9] Z9oll= Ca¥-(CI+NO;ERI] 80% oS Ueld
thYun el al, 2017; Lee el al., 2017). Z-9F4 wh3-&
UeR= Ca®*-HCO;EFlo] Aar a4 W fisol et
FEIslshy wkgAIzte] el RS ov|she Ca*'-(Cl
NO; o] B HS HIFo] B o, Z§i5= U] S
of ot FeIgfeld WRSAIRE #s Aoz FHET
(Lee et al, 2012; Yun et al., 2015). HE3F Na™~(CI”
+NO; )EFY# Na™-HCO; BFyde]l Al v RUHE
T ARl sy 71 213 &l o3t ol
W ddde gl Ao AlgHH, 9 23S 53
T3 ATk Sherwood(1989)2} Panno et al. (1994)°]
o5hH Cle AR 914 29s Yehlle Ak,
Ak W Cre] EAle iR 1913 299 etz
AY-E, A2, 7 2 HIES] ARS ol 719
2 4 Qua 3 AgFog B AFx|Ye] A3l
drbom 28 AEA 9 Akdulrel] gk 2 9s U
ERE AEE A= Ca?'-(CI+NOyER] F&
Ehfe Aoz 2 A7A|Yo] FHAYGR] HE HlFo]
& o A4 2 LEe] dPRgE sH9AY W g
SH|ge} 7S ARl o8 F3OE NOy-N# CIf
9] Jgo] FA VePd ASE ALEHTHKI et al, 2013;
kim et al.,, 2015; Esmaeili et al., 2014).
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Table 2. Rotated component matrix of the three principal
components (PCs) extracted using a principal component analysis
(PCA)

Variable Factor
1 2

Cr 903 .1140
Mg* 902 210
Ca** .883 248
Na* .840 112
NO;-N 728 260
HCO;~ .652 -.553
S0~ 423 -384
T-N 259 .854
Eigenvalue 4316 1.380
Variance explained (%) 53.944 17.256

% Rotations method is varimax with Kaiser normalization. Rota-
tion coverged in 3 iterations.

23} 127] FE(NOs-N, NH,-N,
TN, CI, SO/, Na‘, Ca*, K, Mg*, TOC, HCOs,
PO-P) A o] HAEEE YEA] o} AutsiAIA
o} 4% B (Principal component analysis, PCAyS
28Aar, 1 Ay} 75 KMO(Kaiser Meyer Olkin)
2 Bartlett®] 784 737 (Bartlett’s test of sphericity)
<= Bl JaEAct. Q1A A3 KMO(0.744)9} -9
gE 0.0002 Fol3t A7E JEa, SJFE4E%
NO;-N2} CIY, Na', Ca*, Mg*7} 3h4e] Factor® 1
F3} EAck(Table 2, Fig. 2). ©] A= Aol AF7
Hie} o] AibddAe} AHEAE el 3 o

=
=

A3k AAZH SR} Vs ARl wE AiH
A I7) mE JIRIAE Yehlle AL 31 & 5
A}

33. TEEEE

2ol BAATH2012~2016 = EAA7|(HEH A
S 2 A EL: FEE VIFeR 7 35 Y
3 95% AT JePAtHFig. 3).

B ATAY Lol RHAMAL-AN & 3T @
(mg/L)]E Ca0.1~2282, 19.7], Mg*[0.1~53.2, 5.1],
K'[0.1~50.8, 1.9], Na'[1.5~130.5, 18.1], NO;-N[0.1~
734, 9.3], NH,-N[0.0~53.9, 0.3], CIT3.1~482.6, 24.0],
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Fig. 2. Rotated component matrix of the three principal com-
ponents (PCs) extracted using a principal component analysis
(PCA).

SO42.8~101.6, 7.012F AJ7te] 7t w&t NOs-N
S} CI, Na', Ca*, Mg?7F S7F8k= B3S Vet
(Fig. 4-(A), (C)). H3h NO;-N &=/} 571 & 3%
CI, Na', Ca™, Mg*7} 3 S7kshe A4S vehstal
(Fig. 4-(B), (D)), ¢l 7I& SS9 W Ael AL
Ao YeR = NOs-Ne9}F CI, Na¥, Ca*', Mg 57}
7@ frARHAl UeRdth(Lee and Choi., 2012; Shin
et al.,, 2017; Kaown et al., 2009; Kim et al., 2015).

Atz og ghilteldEoe] Akl SalEd vt 2
L k3-S5 YERATH(Appelo and postma., 1994).

o=

CaCO; + 2CO, + 2H,0 & Ca?" + 2HCO;
CaMg(CO3), + 2C0,+ 2H,0 & Ca® + Mg + 4HCO;~

7123 o] X7l F2 WA [Calcite, BT
(CaCOs)JelHt ¥ Dolomite, ZHF 1Ml ©2HA
(CaMg(COs)) o] whgoll &Jal Ak W Ca*'2t Mg™
o] o] F7HEAL, o]50] EsdEjel =gk o]
= F=2 AP [Plagioclase, Z(Ca*"), UEFNa")2He]
whgell oJs Ask W Na' ghgo] A o] yepdtt
(Kim et al., 2007; Lee and Choi, 2012). &J7]A,
NO;-N¢} Ca*, Mg 22 o9 7% sheh|s 3 &
oA FZF(NHNO; (NH,),S0; CaNOs),, (Ca, Mg)
CO;, and KCDE 4 Ao (Frapporti and Vriend,
1993; Puckett and Cowdery, 2002; Kaown et al., 2007),
2 ApAelo] F2ARlL Hiko] B u A5 o)
S ) B2} YT Feplsl AE R o8
o] F5 Qole} AlRE B A7A Fo EE
FE(69%)} PIAFEYE(12%)= =o] JaL, v
AT (33%), U5(39%)2] HFEE Holn Hjf

1=
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