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Abstract : This study analyzed the groundwater quality according to the depth and geological features in Gyeongsangnam-do area
using groundwater quality monitoring network data to grasp the groundwater quality characteristics and to provide basic data for
policy making on efficient groundwater management. Five hundred and three data sets were acquired from background water
quality exclusive monitoring network in soil groundwater information system for five years (2013 ~2017). Except for the total
coliforms and tracer items such as mercury, phenol, and others, the parameters of water quality were significant or very significant,
depending on depth and geological features. As the depth got deeper, the average value of pH and electrical conductivity
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increased; water temperature, dissolved oxygen, oxide reduction potential, arsenic, total coliforms, and turbidity decreased; and
total unfit rate for drinking water standards was lower. It was found that the sum of the positive and negative ions was the highest
in the clastic sedimentary rock and the lowest in metamorphic rock. The total unfit rate for drinking water standards was the
highest for metamorphic rocks, followed by clastic sedimentary rock and unconsolidated sediments and, finally, intrusive igneous
rock with the lowest penetration. The Na-Cl water type, which indicated the possibility of contamination by external pollutants,
appeared only at some points in shallow depths and in clastic sedimentary rocks.

Keywords : Groundwater quality, Background water quality exclusive monitoring network, Depth, Geological feature
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Table 1. Items and frequency of measurement for groundwater quality monitoring network

Monitoring Items Frequency
Groundwater Atl,6,11 69 items
National quality year after installation (General items, drink water items, etc.) 4 times
groundwater exclusive General items /year
li itori th . ’ .
mgﬁi;gng monitoring network Others concerned items and nominated items
network Other 2 times
agencies Domestic water quality standard items (19) and EC /ylear
Local groundwater quali . . . 2 times
groundwater qu ty Domestic water quality standard items (19) and EC !
monitoring network /year

of Hsh < 23718 18]) - BAT ASERAEH
Wl BRRolA $F 2shel, FYBABA LA A5
FASAY AR AF L BARAL G AR5
e dREABY, fAGHBAY, AAA Fol U
o, YRGS YY LGGA GG BT
Feol A £9-Beldith, TSRS UE TS FEDE o
A, BEARSBBEYL FAFALBAN AL LG
o AGHSREAETY B 2GPANGS FHX
BRI A 2Bt AuA e A £ FFsto] A
TP SFHTE]
22 Xlstr4NEYY HE

201649 T /1% Ae| A BE ASpERASH TS

Wl w4 U A g S Y

2755 2olth. AsepAEA
CAUAHESATE 242 A E(47i 42t AR
A2yl 714 wsret €] =
SEAFLULBEYL 247 ZHREEAL 7
(127440 A1 713 el 4~
el 0 g =YY AN o4
o)A 7bg wekan, AIFACIA g Agdch AXE Ashe

AstmE, 200800 AsrrAAGEH WHS
AG2AYT 0 AU AGSH o] AT LGHh 7P

t =FHA
oh A= P s AuEd edSHAASEE
1999 HE] 2017W7HA] 781742 WHE¢I 9T, Lukx s

ok B 7SRl SRR sk S 2 2937142(20059)
oAl 4127 4x(2017Q) = STtk o, FEA st HE

20109 A 607HA = AXE o] HFATE A%
742 107122(2008 )0l A 647]42(2017H) & 641}
FRaL, widEd8S5 02 37042008 )l A 198
22017 E) 2 oF 668 =718+ THT).

2.3. AL R =gt
Ase v AR, R Askie, B AR, v
SAIHEe, WA, HEAEEH
N Faxdof et -
A1e nefetel, 7t %)
oh fe U AP e oASstel Aeks
oAl A; A5k BES sl HEHoz
Z(intermediate), 3}=(deep)ol 37129 &%
2L AATHT). T LA AE SRS A
A, @A A, 7 EA] 5 A L GHT 77H e
dag ool Fue) HANE g

oL,
)
m
é (o]
jur)
=
ol

~ 3
)

3. X[ EAM 2 Sadup

-1 /=o x T —o

3.1. 8 X9 S8t X5t oi&

e FEol= Ao ofujo] Wol QI3 T
o= Ysdel Z2H, A& vl =gt Ak
o ZEAMEH FAE ol FAL Ant. BAEE diFEel YE
Aol &, MRAH2 4% Sol dF = 4
ShaL Stk HE NSO 53 Ak SR oA A
HE A9e "Yshal e 792 98, G, A
A7, Blok-=9 5 47 AT 167] SHHo|H. MFA S
R e B o e R bl i v P
SHaL, HurR A E WA SR ARt gt
of BEgtch FH P, AFAL, Ak, A ARAL
THL A Foll= AvkEdAlE FETeR v&5okil 9=
A A4 HHdA o] oA B2 7
LFAL DAL AL FAA A2 Qbabel, vEekR, f
U= Eohs vlvhsdehitelyt stk e el A stk
o A47] TS0l Bl 49 FEE ol FIL JUTH8].

= Asko] AA| A= 91,2347 0] a1 HA) o]
L 367,351 miidoltkh Ashao] AL FUATE
12,3142 AAGE AA Hape 132%=2 78 g,
SGA7F 1,954 2(2.1%) 2 71 A o) A5l o] 2
AA

7} 43,039 mVAd o2 FAE A o] g 11.7%=
W31, FGATE 4,621 mVA(13%) 22 7P A o
I Qleh AAEE Aeheo] S A EEre

op Mo
Sk ol



42 A5 - AR

45,9187 4 0] AJ Ao A 142,914 m* 1 d-& o] &3} 9lo] A
Al o] &2 38.9%F AHAITHAL, FUET= 16137140 A
Ao A 16,7161 m’/d, U85 43,5857 420 A Ao A
207,360 m¥dS AbgaEta gl Aoz eyt ol &
A= @ st A= Ak Adee A=
1,474,5770 4 2] 5.9%°l dHF=E 1, A5ty o] &S A=t
4,070,820 m’/d 2] 9.0%Z A 3HTH8]

Aot 5 W AL Yol +i5101 A= A=}
Hof sl A=+
|5k

e
_]N

N

18

L of

H‘UrJ rloN

nﬁﬁ‘ﬁm 2
o o

12 Ao
ox

d
=

ol
2

N
flo rlr wle .1>

ol o

a5
N

3 FIII

)

X

o
U [T ofy

O

i
il
(98]
=
juvad
1
1o
e}
ox
o
b
-
ox
i)

)
e
2
& o
i

=
i)
A
ox
o

M HL
o
ol
ok
N
=2
2

—
o
—

olrt = e
i)
i
Iy
o

N
op
H
Loy
o
Jo
il
>

of Mo im & po K o
_'>~_I,
IR

Jor R
o on
S o

>

()
19 1o odt
wt o,
A o
EQ
fr n
e
i)
oZ
()
o
_vg
>

L |o

o mlm 2 rlr
fo 2

A i

o

N

S

0 Ol—ﬂ

ne,

N

Jak)

2

_>l:

re

1

2

ol N |

<
s
b of

of fr i Ay &
o o
o H
tlo 2L
o O
%
o &
= 2
o &
o
fm
ol
N
o
N
ox
s
>,
[>
)
o
ot

o 2
b
=2
il

M XN Ok 2 R > ogle g C ot @ M N i oo NN
W
r(‘
offt
rO
e 2
i
tots
B(\
o
fr
>

4
jin)
_o#
K
jutad r
il
:
R
i)
e
4
i)
A
ox
o

|2 S (charge balance error)
SABAE AE A Astprdag Sy 2

bl =
Az o] A4S H7t sh7] 917k Adsho] 2% (charge balance
error, CBE)Z Equation (1)3} Zro] AAlslgich.
> (Cations.meq/L)— 3 (Anions.meq/L)

CBE(%) = > 100
¢ N (Cations.meg/L)+ Y J(Anions.meqg/ L) M

322 7|e8A 24 FES

EA A A A 7S IA| 7]&E A (descriptive statistics)
2} —Zr % Al(inference statistics)Z EF2 = o} 7|&FA
Bajo)gk o] 54 b Ao AU 4 Qi
oH S Frohlis BAolth & ATolAlE AlEe} x|
ek Al 5 Hakverngo) Edmedin,
Q](range) W AHES]4> W 9(interquartile range, IQR), EFHX}
(standard deviation) 52 £A45lo] ~ZAEAS &2l o}ﬁil:]—, o
3 S-S 759 357 %F(central tendency)S LEF
AEo|x, Wel W ARLSIS W9l EEEAE AR A

_FO

Am oX

£ At AAY] Ay vl o] @S ASshe T4
F52 vF e 7I¥oltk o, $AH FES Fsto] dolxl
FZolLf AREL o)k Hxo] BAAS 2ty o] £
A AEE slgo|gte AW HAEE o] fste] wAs
Z o] 34 (estimation)} 7} 7 g (hypothesis test)o| T} =74
o RES 23 nch EXo| o]wdlrto| tje] 2=l 3}
Hog TR FHFAAS B mATIe] HPS 2ZsI vy
W So] Qo 7HEAAL miwke] AR gro] dupt &=}
o 3t Aol thall o] 7FR| L gl AHE o] &3lo] 7}

4o §3 288 BESlE BHOR Fa] HAHEH analysis
of variance, ANOVA), t-test, 3|7 &4 Fo| A& 2 &
TFoAd= MEITEY Fool sl AF7Hd (null hypothes1s)
I} 7} (alternative hypothesis)S A3t 71449 g
S RSk RS A 45 o] &5t EEA S A
o7t BAMOR fejua dEahec

jm

I o2 SAEY Yoz AR A (correlation analysis)
= oStk AHEAe A&F F g e AFuA A
£8 A4k Yo, A%d W 1o BANS Tora
= Stk AR A9 Ait= A3A|9(correlation coefficient)
Ei 7ol (Pearson) ATASRR EATH, B AT HE
WASAREE AT +ANRE Eoj2 2P Tho] 4
BASE BAstol AUBAS FFH o PRaldct A
A % ] 54 7he] MR B, 5 T A5} dnt
U HABA A7kE e FEolu, 13k 14j0le] gHe
JRek Aol AEgte] 1o Z7hess 5 W 7k Al
FAol Artal & = AL o= F R AguAe]
=5 Uehdle A=d & 7 el SA WAE e
Z
3y

+ ohyti12].

3.2.3.85tA = § 2 mo|m CHo|0f 12

FAAR] BEEAYE A EE(box plot)ye F3l HERH
Ak A EExS FAUT AAREAQ), ABAREHS
Q) &+ SHAE L Hnghe Ao 2t O9
ojtl. dutr o g FHHo|} FFHA e Ar= 2R
o|AFH o] o1t /‘xjs} I Q_H_J_H 7}:/&40] o] ﬂ [E1 P

= 04%101]*1L 3o Jﬂ%gk JE}U]E tx}:g ¢
A712e AHor mHste] FrHoa wASHTh

Fa ol Jol2g YAFLR mo]y tho]ojawy
(piper diagram)& =AISFAT who]u] tho]o] g2 A|sh4
o +AEAS E45H7] 915t piperol] &JaliA 1944 of A
oty =AI3} Wh[14] 0.8, FQ 9Fo]2(Ca*, Mg™!, Na', K')
T} L0]2(HCO;y, COs*, SO, C)Q Wrkls(equivalent
concentration) @] A&l HES AP} ufEE FEHO =
sto| EAIEE Aot AZotol = A =R = ol
O] A Hl&o] EAEI L EH O}EHOﬂ A= UEEEOH

3}

frr
=)
al(f
H
1
ﬂ:l
7
_ﬁ1
2
1o
-
oo
N
o
el
L
=
mN
JPﬁ
ohl
T2
H 3o



-—— e - == - - = Drinking water quality standard

% == Extremes (3 X IQR from Q3)
B = Outliers(1.5 X IQR from Q3)
T Max.(Exclude outliers)

75%
QR
H-Mean
{ ] ; i
(Inter Median(Percentile 50%)
Quartile
Range)

25%
J_ Min.(Exclude outliers)

B = Qutliers(1.5 X IQR from Q1)
% == Extremes(3 X IQR from Q1)

(a)
Figure 1. Structure of box plot (a) and piper diagram (b).
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Table 2. The result of statistical analysis on data of background water quality exclusive monitoring network

Parameter Drinking water quality standards ~ Mean  Standard deviation = Median Minimum Maximum
pH 5.8-8.5 7.0 0.6 7.0 52 8.9
Turbidity 1.00 NTU 4.56 21.20 0.50 0.02 260.00
EC - 295 156 292 55 747
DO - 32 2.7 2.6 0.0 9.9
ORP - 67 114 82 -308 458
Temp - 16.5 2.6 16.5 10.6 28.8
Na' - 21.1 25.0 124 3.0 144.6
K - 2.1 1.6 1.6 0.3 12.2
Ca’ - 27.8 17.5 28.8 2.0 85.6
Mg* - 8.4 6.9 6.4 0.4 39.0
Cr 250 mg L 9.7 8.2 6.7 0.0 73.4
SO* 200 mg L™ 13 12 10 0 62
HCO5y - 140.4 84.6 132.0 14.0 389.0
CO5™ - 0.0 0.2 0.0 0.0 2.7
NO5 - 6.4 7.9 3.8 0.0 64.0
NO;-N 10mg L 1.4 1.8 0.9 0.0 14.5
Cd 0.005 mg L 0.000 0.000 0.000 0.000 0.000
As 0.01 mg L’ 0.003 0.006 0.000 0.000 0.025
Cyan 0.0l mgL" 0.00 0.00 0.00 0.00 0.00
Hg 0.001 mg L 0.000 0.000 0.000 0.000 0.000
Pb 0.0l mgL" 0.000 0.000 0.000 0.000 0.000
Cr 0.05mgL" 0.00 0.00 0.00 0.00 0.00
Phenol 0.005 mg L 0.000 0.000 0.000 0.000 0.000
Trichloroethylene 0.03mgL" 0.000 0.000 0.000 0.000 0.000
Tetrachloroethylene 0.0l mg L’ 0.000 0.000 0.000 0.000 0.000
1,1,1-Trichloroethane 0.1mgL" 0.000 0.000 0.000 0.000 0.000
Benzene 0.0l mgL" 0.000 0.000 0.000 0.000 0.000
Toluene 0.7mgL" 0.000 0.002 0.000 0.000 0.011
Ethylbenzene 03mgL"! 0.000 0.000 0.000 0.000 0.000
Xylene 0.5mgL"! 0.000 0.000 0.000 0.000 0.001
Total coliforms ND"/100 mL™! 111 584 0 0 7900
* EC: electrical conductivity, DO: dissolved oxygen, ORP: oxide reduction potential
Temp: temperature, ND: not detected
Table 3. Skewness of measurement parameters
pH EC DO ORP Temp As Toluene Xylene  Total coliforms  Turbidity
skewness 0.03 0.61 0.59 -0.19 0.62 2.26 6.28 10.39 9.10 8.44
Na* K Ca** Mg* Cr SO.” HCOy CO* NOy NO;-N
skewness 2.81 2.24 0.58 1.57 2.72 2.03 0.61 14.28 2.67 2.66
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Figure 2. Box plots of field measurement according to depth.
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Figure 3. Concentration distribution of cations (a) and anions (b)
according to depth.
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Figure 4. Box plots of As, total coliforms and turbidity according
to depth.
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Figure 5. Piper diagram according to depth.
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Figure 6. Box plots of field measurement according to geological
features.
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Table 4. Correlation coefficients between measurement parameters

pH EC Na* K Ca** Mg* Cr SO~ NO5
DO
Na* 0.63
K’ 0.41
Ca’ 0.65
Mg?* 0.69 0.76
Cr 0.54 0.52 0.55
SO~ 0.74 0.50 0.55 0.77 0.72
HCO5 0.88 0.64 0.42 0.73 0.73 0.43 0.65
NO; N 1.00
As 0.40
Table 5. Summary of ANOVA test on measurement parameters
Depth Geological features
Parameters F test F critical Level of F test F critical Level of
value P-value value significance value P-value value significance
pH 82.139 1.429E-31 4.648 0.01 12.566  6.232E-08 3.821 0.01
EC 0.949 0.388 3.014 0.05 38427  2.346E-22 3.821 0.01
DO 23.690 1.480E-10 4.648 0.01 11.007 5.220E-07 3.821 0.01
ORP 6.809 0.001 4.648 0.01 10.340 1.300E-06 3.821 0.01
Temp 3.285 0.038 3.014 0.05 5.220 0.001 3.821 0.01
Na' 16.240 1.468E-07 4.648 0.01 10.299 1.375E-06 3.821 0.01
K* 2.898 0.0561 3.014 0.05 16.342 3.814E-10 3.821 0.01
Ca®* 6.473 0.0017 4.648 0.01 27.401 2.033E-16 3.821 0.01
Mg* 11.246 1.670E-05 4.648 0.01 71.606 1.581E-38 3.821 0.01
Cr 2.770 0.064 3.014 0.05 49.882 3.281E-28 3.821 0.01
SO& 0.447 0.640 3.014 0.05 77.841 2.561E-41 3.821 0.01
HCO5y 4.138 0.017 3.014 0.05 23.995 1.607E-14 3.821 0.01
NO5 36.056 2.357E-15 4.648 0.01 9.947 2.226E-06 3.821 0.01
NO;-N 36.172 2.130E-15 4.648 0.01 9.879 2.445E-06 3.821 0.01
As 13.178 2.973E-06 4.663 0.01 64.993 1.040E-33 3.836 0.01
total coliforms 0.492 0.612 3.015 0.05 2.260 0.081 2.624 0.05
turbidity 14.378 8.584E-07 4.649 0.01 18.637 1.866E-11 3.822 0.01
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