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Geochemical Characteristics and Nitrates Contamination of Shallow Ground-
water in the Ogcheon Area

In Gyeong Lee and Sang Hoon Choi*
Department of Earth and Environmental Sciences, Chungbuk National University, Chungbuk, 361-763, Korea

The geochemical and nitrogen isotopic analyses for shallow groundwater of Ogcheon area were carried out to
characterize the geochemical characteristics of the groundwater and to identify the source of nitrate. Groundwater
shows a neutral pH to weakly alkalic condition with pH values ranging from 6.9 to 8.4. The average of EC, Eh and
DO is 344.2 uS/cm, 195 mV, 4 mg/L, respectively. According to piper diagram, chemical composition of groundwater
is dominantly characterized by Ca-HCOj; type. On the other hand, groundwater type in the study area include Ca-
CHNO; type that were highly influenced by agricultural activities. NO;-N concentration of the collected samples
(n=45) range from 12.4 to 34.2 mg/l. These data show that the NO;-N concentration exceeds Korea Drinking Water
Standard (10 mg/l). The 8'°N-NO; values range from 2.7%e to 18.8%.. The enrichments of heavy isotope in the
groundwater indicate that major origin of nitrate pollution were associated with animal and human waste. Also the
denitrification may have partly contributed as one of the sources of nitrogen.
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5 S AG ZRAse] AsiehE 5493 29 719E Al Aste] Asie 2 Aagds It
FHAAT. A pHe 69~84% T4 WA FaZe)doz Yyt Askee] Ades, dsigeds] o
=4 Z47; 344.2 uS/em, 195mV, 4 mg/lelth MHE 45709 ABAM AEHR MY Fare FEE
12.4 mg/~342 mg/l BHAE HolH, BF Hed 27189 10mglE 2A4shs 292 Ueikith. 2iWd dag §
a2 AT, 5UN-NOGE 2.7%~18.8%]Th o]} o] Adigall BNol Bale AdAA] o¥rgle] EE
ExYgg AN £3 dFe gdstago] 719 ez R,
F201 : Ask, Azt 54, A4k, $°N-NOs

LM B b F BFIAE, 0FoTE Ak 59 2 5
o o9 o] AR hZel vls| W} (Korea

<Z)Ere] W] FEXYE SAKYL ¥ water resources corporation, 1996; Boulding, 1995).
I 9 Aol viste] e BEEe] dAS Hold  EY, &Y A srw Aldo] nulslw, AL
FAET B ol AL Ui RS AEE N HiEHE /1S Bk 2 AZR0M AREHE
7t &or (MOE, 2006), H]§-Fdo] vlad A2 3 434 2 ¥E 59 FEUA 298] EFHHoH
AZ PAII ASrE s AFEEe) o B4R I Al R ARFE KU vk
FEolth, oA AL ARF T Foll Y A3} ol#% grlo® FEAY Akt AES I
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$HHE CHEERE FAES B 5 U FAge
2 29" XIS w2A Folut o FYHA
v, AR A5E § Jde AGQdME Age 24
E 29 5 v} (Spalding and Exner, 1993).
2 FEAYG A3 ALY 29 gk Aol ot
SE giTh 1993d3 1994 FolEFAlelA EESH

Aol W2 FEXNY BFY 65%°130) HEE F
7120 AgsA wgkom, 53] 20%014< A3l
E AAA HeE F£27IE 10mghs 238 A
o2 ywAY (KLAW, 2008). S3] FArd-e A3k
AT B¢ NAE FEEAY AHHE g
BIA] o=t} (Wild, 1981). g A2kde] Fa3t olF
& vy gD gEtiE T4t e S HE
7|9E 3] A o) (gbal and Krothe, 1995).
mEA LEYSZRE Ao 2 AUE LEE]
FUEE Ag Pk A AHAY Erbseit
BE AY Akl digk 24KAe] 2 E@Ye s
B, EY¥ §718, 558 2 A 58 XF @
o} (Heaton, 1986). At tist Askre] egdes
27] fsiMe A 299 Art 88t 2
g7] g8l $A Fade] 719e e o] A9
sjojol @ Zolth. Ha FLelN B4 Aol o
3 Aslee] ego] BzE glow, As &8
e B ek ool AATHALE EE3 2
el 0d9e P A% A7t BRI Yok
(Chae ¢t al., 2009; Kim ef al, 2009; Lee et al,
2009; Lee et al., 2008; Kim and Woo, 2003; Keliman
and Hillarire-Marcel, 2003; Lee ¢ al., 2003; Kim
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et al, 2002; Yoo et al., 1999). AAEHA
3o AR o9 Ve ENRUIE, B
2 AFslr, 281 SR Fo g FEE
(Kreitler and Jones, 1975). ol¥] ¥4+ £8 S
YR T& A Yo Exsl= HF X3kl itk
Agshy EAS wetsty, THEELE AF A3
£ HryslaAl gtk 018 $13kd A3k
74§35 Hekslal, 24 F94
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2. AFXA

A AG-L 127°40'~127°53E, 36°15'~36°23Nel]
Fohe, 2AEE AT AU, 39 doig =
al5L, & HHo] 15533 km? ot} (Fig. 1). 7 A
oo] TR AL XHe| B9yt SN,
B A7 AAEHE 3 BARsa A s
L A 15 He 2AA 9o o9, AXNH F
1070e] A% 27 3o FAE v AT XY
o AA Wy F FAAE, B, A5)e 21.9%00
FF=, o F o] AR HE-LS 553%¢1th. A
Bl o] A7) 2297kEo|T), 8 X3l o]
H3e B J&go] 1007ECR 7 o, 59
23 FALLE AEEHE Askere 2 8L5RRE,
86THEC sBH B HFe] 7P & Ao
A%t (Ministry of Agriculture and Korea Rural
Corporation, 2009). G749 A dle] FALF AL

NTSOWE
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36°1500"N

Ea‘\nm’.:myeon

Cheongsanmyeon

Fig. 1. Location of the study area.
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Fig. 2. Geologic map of the study area (Kim and Lee, 1986; Kim and Hwang, 1986; Kim ef al., 1978; Kim et al., 1968).

o R 2pElEAd, ARARAE B A, S4
A T HeFAT W NG LFER] B

=
HEAE 5o BYodd 5L &
A7AGY DL SATSE)
FAG B YRR F2
0
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=

ATAY BN Yoz A BESE WAL
£ 3953 AeiFo] 78 o)F2 o, olg @
Qe F WYY ZYNo) REAT. AL 34 )
A BHe) HRge] FF o|FH, BRARL 2L
TSR P, M3AY, Akges T4Er 7t

7t 52 AU FLsAnk =3, BRde
AL AN AR A3)Eo] FAF} (Kim and
Lee, 1986; Kim and Hwang, 1986; Kim et al., 1978;
Kim et al., 1968).

3. oty

20099 69 29~7¢ 13¥dl AX 2B 24T A
H, 34W due] 125 A3l B L ke
FrAEY 2 AIBAFHAE YT Ak A 3
4 R oo #F 5L ] S5t 807l X
M= POl FolE B4 NEE AFslgoen,

My o, off et

2 Ax 5t B8 470 AR Ak W Fak
g 7198 eI 938 2 2A FHEA B8
155 A3l (Fg 3). ZE Ao 2= (Temp),
Zol5% (pH), AtBleielas] (Eh), A71dE% (EC),
§-E44 (DO) 5-& @3l OrionAHe] 5-Star 24
715 olgslel &8I, ¢Zels (Alkalinity)e= pH
meters ARE31] 100 mLe] AlEC] thale] 34ks- o]
&3 2Hd7] F8 HAE S8 s Pl 2
Lol BAANEY teMEe o) FERZE 043}
o FF 271 045 pmel AEZ 0 AT w9
FHANA 5 224E AAG %, S=dEd 4719
okt 53], Yol 48 AR gisidE £
HollM dshs Fole] Fa §& o9 Fd 7
uAEL] J3T LSt WA E] 5] wEAS H
7¥ete] pH 2 o|8k2 X313k E3t BE A5 A
o] gt 2 A7} A Fols olo|Aukag W
IE o8&l P 4°C AL FEE FXFIA
Fo 4F ojee] BAe yugisty AFAEAY A
TAE W Ask R EYS] BAA TN 58t
Atk T8 £F o)) HF 242 Perkin Elmerrt
9] frAgZalzn) WEESRA 7] (ICP-AES, Model
OPTIMA3000) &, =82 £& 20|29 AHTPRAL
Dionex*te] ol2=2vlEd]s (IC, Model 120) &
olg3te] AT BalE ol Ca, Mg, Na,
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Fig. 3. Locations of sampling groundwater. a) water quality analysis, b) nitrogen isotopes analysis.

K, S, Cl, Fe, A, Mn, Zn®]™, €922 SO, E
NOy, Br; NOy, PO,oIT}, 2k Aie] AAEHALE
BAg AEBAANE FaAsge) Al B A
A W BasigT 3] FAENA BHL A
LS SIAEE 7 IMEI SR=EUTH
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4. 2zt U Eo

4., 258N 5N

411. FF5EAEA

ATA G R o] Ak $e4 BYE
11.1~20.1°C2 H# 154°C2 Uehsith, d7A9 =
o] pH BEEE 69~84 ¥MY= v} gwkaQ)
At} pH ¥ (pH 6~9) o &3, 4244 2
HEE $271% (pH 5.8-85) o 25 Agsit), B
ANAEEE o 34.2uSem (85.5~929.0 uS/cm)
2 Yeiygo, 7R Xskee] At ARk d e
(Eh) & 1958 mVel™ 9.2~326 mVe] W92 et

Table 1. Field parameters of groundwater in the study area
(n=125).

T(°C) pH

EC(us/em) DO(mg!l) Eh(mV)

Max. 17 84 929 8.04 496.3
Min. 7.1 6.2 85.5 1.6 9.2
Mean 12,6 7.1 3244 4.5 187.3
median 12.5 7.0 267.8 3.8 190.3
SDh* 22 06 180.1 1.7 34.3

*S.D.: standard deviation

o}, £E3XNALES HF 40mgLEA 1.6~6.4 mg/Ly
9 2 kel Eh 3

325 A¥st i Yebstt (Table 1).

41.2. F8 Yol

AFAA AF] g Na, K, Ca, Mg ¥ Si¢)
X232 Table 29} Fig. 49 vER)QIT) B9 &2
d F8 Fol2 F Nag#Fe 0.03~926 mgld] 5%

Table 2. Cation concentrations of groundwater in the study area (units:mg/l).

n=80 Ca K Mg Na Si Al Fe Mn Zn
Max. 101.76 18.58 16.37 92.60 26.21 0.00 12.84 0.308 6.810
Min. 0.07 0.01 0.10 0.03 0.10 0.00 0.00 0.000 0.001
Mean 30.87 1.64 6.28 15.32 12.30 0.00 1.64 0.079 0.440
median 27.23 0.90 5.48 11.34 12.30 0.00 0.05 0.039 0.066
S.D.* 20.24 3.53 3.84 16.64 5.19 0.00 494 0.104 1.421

*S.D.: standard deviation
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HE HQITh B £o] Na AE-S dulo)Es} 722
APFAe) g2 RE F2 /19 AP 539 &
He QFEAdM 79T £ At AF wE Nadl
ko] Hujgke EHUF gkl 92.60mgl 7t A
2990 (Fig. 4. A8k K 719e Sem, e
29} 7+e BE9 LFEoE &0 £EE F 3
01} (Saether and De Caritat, 1997), E-9Hdukg-l
gk K e 2mglolsizt tiFRoth, A7 A
A8k K &% BFL 1.64mgl (0.01~1858 mg/)
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Fig. 4. Box plots showing major cation concentrations of groundwater for geologic characteristics in the study area.
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AA Adefela] wleA, Mge XS Wi, $8=,
ZFdA, 314, 2R, U, AR e gelERE S
sl (Hem, 1985) Mge]l 382 0.1~1637mgl & &
7L 283NN AEEAT. A AdejellA iad
E AP, B3 )9 g8 o5l AsleE FY
He Sie e5die FHYA, E2els, B TR,
T e FAtol2e] FeElz A3t} (Greenberg of
al, 1992). Si9) &% 0.01~2621 mg/e] HYE B
olm, Tk A Ao Hist] MIUAM B2 FHE B
o] T}t (Table 2 and Fig. 4).

4.13. M)A ie] F

AR Aslpel]l et Al Fe, Mn & Zno] £4
A3E Table 201 eI Ale] 0.002mgl A&
g A3e 2R SR &3, Ee S
Az s WY R s eH, o XA
oJME Mn, Fe ¥ Zn= I4£F AEHULE. A&
Ho Fe 32 1284 mglelth AEAH BA B
AFASRAES TSt FH248 dx gisien,
AAF] 7AETRE #PY A =32 Qg e
A9}, o] A% 2E AHNA 0.05mgl ©)3t
2 ZA&Fch Mool HAEFL 0.30 mglelH, T3
2o g, L3 Zno] 338 mg/l A& AT} A5}
4¢] Zng] BF T 044 mglol, F 6.81 mg/
AEHen o) Exd) Zng] 85 537
F& 1mg/lolsle Baghe olut) ¥xg, g7 X9
GME 7S 28] AEHJUT (Table 2).

414. T8 Sol §F

A+ A9 Agel Wi E Cl, NOy, B NO,
PO, HCO; 3 SO, #44#E Table 3% Fig. 5
o Yerlidt). a7 A sk Ul FolE 5
22l BFo 2t FXs1s Wl FEANE HCO5)> %
A (S02) > AAE NOg)>¥Ha (ChHY A= A
sk RS AR FA glvk A3 W HCOqze H+

o1 - A

TS 102.79 mgl (39.5~226.9mg/l) °|t}. HCOs
7} AgiEAA At o 71 FR3 AR ST
St 53] AFAFAY B, gAY olesL
CaZte kel ¥& ol F5E AUz A%g A
glslHA] Natel Sutsle] £718 & 9lth Mirza,
2004). HCOgo]20] A defoll A eildgie) 83
7] g B9k CO,p 7hES S3E dsir A"
g Uk E=3 A M ST HERERE &
#H3hs COp 7h2ell SBIM T HCOyol20] 2T &
cH(Clark and Fritz, 1997) 34t o9 Hagdake
21.95mg/t (2.41~98.69 mg/l) It} FAkgel2e] Hi=
= FE7IEE 200 mglelstz, o] A AskrY] 34
71% o182 AEHA. A8k Wl SOfole-& M,
¥ o BAIFE (sulphate)ell A FrEdc), &=
e AN, AFEY, B o FEE (sulfide)?]
gl golA A9t (Eby, 2004). &3 §7180] 2
e FFoA AR = ) Q9R g9l ¢
A FAEL 7] FA SO,EFH 3 gt
(Keller, 2000). A4tgol e 33 557} 1641 mg/L
2 e, ol &85 #2718 42mgl)yg &
A 2L vk, AAgol2o] B3k (21.64 mg/l)
Eg 52 e AU o o)Re

4 E53 72 2AEe 0d4s FEAYE 4dn
e fEo] Ak g ZA 9FE T2
R AATTE AFAYG W) X3ee] Faol T
Fe 2.78~110.64 mg! (B 1801 mgl) <t} He
B 587159 g4l FEE 40mglE B X
Hollx B gl V&S 23k e Aoz o
HRrh 7Y O A&ge] FEEe B 0.76 my/
0.11~797mg) °|Z, NOs= 094mgl 0.07~6.73mgl),
Bre 1.62mgl (0.75~2.61 mg/l) o/, PO& BF 7
5 olate 1=k

=

42 X &+ TERE

Piper diagrame Aol 33544 TAlsked @

Table 3. Cation concentrations of groundwater in the study area (units:mg/l).

n=80 F cl NO, NO, PO, SO, HCO;
Max. 797 110.64 6.73 261 164.07 0.00 98.696 226.92
Min. 0.11 278 0.07 0.75 0.16 0.00 2415 39.53

Mean 0.76 18.01 0.94 1.62 21.64 0.00 21.954 102.79
median 030 9.10 0.09 1.61 9.90 0.00 15672 96.11

SD.* 1.34 21.62 1.56 0.36 28.18 0.000 - 18.620 42,53

*S.D.: standard deviation
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Fig. 5. Box plots showing major anion concentrations of groundwater for geologic characteristics in the study area.

sole FRIH, 34 W Fa Folest ol

g &
9] FHFE (meg)E V&2 UepFo g A 3l4re

28 7RIEY o868 + Utk AR UE
HQ) Fol et 2ol&0E ko] 4 7K §BOE ¥

ST Foles) A9 Nash Ko} GBEES) G
Cast Mgl BF5=e] e Mmsid AR} 2 A%
Na #8208, $47} & 3% Ca 4802, goles]
A% HCOSE COsl BoEEe) 8% CI+NO;
S0 BYEE e wmsll A 2 A
HCO; 3, $47 2 7% (1 $8.0= 7R590,
ATFAAL Ca-HCO; 739 A5} 50M4EZ 713
$A% A2 Uitk 6. o) #39 Askee
Quiom odel P%e @ Be ANASEY dE
el Yool 5pm, Asiee) 27 HP9) A
34 A As, WEe] 4 X EF HaE
2 AXNEA VUG FEL 339 /184S AL Aol
oh. NaHCO; 8¢ 4% Asirel i3l &t
£ A%k gon), 29 wige) Slsted Byt o
EAQ 53 492 AAsed), Naabdalsh A3k}

JAVAVAVAR
AVAVAVAVARY)
AVVAVAVAVAN
VAV VAVAVAVAVAN
IS S TAVAVAV.VAVAN
Y- VAT 4VAVAN

RGN

—
Ca CHNO,

CNENINAN
VAVAVAVAVAN ’
R0

Fig. 6. Piper diagram of groundwater in the study area.
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CINO)B o= Uehirh., QWAo2 CaCINOYHL
AR S5 T @) I WS © U
Bt F24802 ¥ d9d gt AN A7
o] WEAGo|ER CaCiNOYBE SLEE ¢
4099 P we Narz e,

43, Fed Dael S99 SMT 7|gle| X
Aol e “N(99.64%), N(0.36%) HEEALLT}
Aol €BAPA Yol BT Fe 4
a5 whgel s FAAL ZAWY} WA Hm,
% §NoE uehiv thgs ol Ed€n
(Rennie ¢t al., 1976).
15 14
L M) M“"’"’E)—l}XIOOO

615N(%o)=[ -
Y

stana‘ard)

EZEAS g7l £ N2 F994082 Foldrt.
AR F A diel NS 246 1 odd
& 323§ Jed, gutzozm §N e 2990l
B389l A= ~+3%, EXG7IE A 42~
+8%o, =3t AES2] A= +10~+20%0%]
Aoz L&A 9} (Kreitler and Jones, 1975). A
3l ) Ao 719 5 A8l & 450 #
AollA S oH, AR FAEAUAE B3}
o AN F=g JFrisle] Table 4o YehiRict. 2
A A2 N e 2.7~188%2 WSS Holx
Rom, FFL 114%e, L85 TYH (median)
12.5%02 VFERGTY.

Yukd oz Eok Yo EAjshe YEFole (NH,Y)
2 A4 Hg2RE 78R NHE AE F2604
A28} &L (nitrification) o 28] AAFole (NOy)
o7 e, st $F FoMe JuFer vt
He F947F NO, 2 HIHe 57} wEng,
ZANEE-S A3 SUONgEE TS UiA B ook 3}
o, z7)¢] Ak F)de] EF o) Faeh A
EH3 /REE A8l 3 Fo oe WelKe
PN-NO; 3 i 29 3k Hoor & Aojoh
B 24 A99 $BN-NOsAF = BE BN %
e Yehid, o) Aatgol ksl Ago= 7|9
Hoizl 7o) ohdS AN FITh

T3, 7] 7199 Fage ti7] F9 NO, AEo]
7350l E3l=o] ARZ fASE AOR, oF 5~410%o
o] & vERIth AR 9] FN-NOggtel 7] 7]
o] AaFALa el @99} 1 gol w23t
A FREY, AR 7)oM) FEEE FAEe 2 F

r{

2

Hd'

Table 4. Concentrations and '°N of NO4-N in the study
area,

NO;-N NOs;-N
samples ————————— samples »
mg/l  8N(%o) mg/l  §"N(%o)
H-00095 152 18.8  H-00389 245 18.8
J-00113 18 6.4 I-00147 226 15

1-00141 153 6.5
1-00142 162 11.6
1-00143 233 15.1
1-00145 342 14.8
1-00146  13.6 79
H-00080 18.8 9.5
H-00213 14.1 95
1-00071  12.6 8.3
1-00407 145 10.3
1-00412 223 82
1-00474 151 9.8
1-00513  15.2 14.9
100540  14.8 16
1-00554 21 17.8
1-00801 13 132
1-00821  13.7 5.1
"J-00168 124 12.5
J-00563  14.9 2.8
J-00564 149 75
J-00566 19 13.1
J-00568 139 17.5

[-00148  20.8 13.7
[-00149  24.5 8.7
1-001s6 153 153
100739 134 8.5
J-00571 18.8 9.5
J-00572 141 9.5
J-00574 126 83
J-00575 145 10.3
J-00576 223 82
J-00583 151 9.8
J-00630  15.2 14.9
J-00703  14.8 16
J-00742 21 17.8
J-00749 13 13.2
J-00769  13.7 5.1
J-00771 12.4 12.5
J-00776 149 2.8
J-00782  14.9 7.5
J-00785 19 13.1
J-00856 139 17.5

o] gHtAoZ ol Houw=z ZFHidel AL FHAY
A8 BA3 §d NS Jehle 2o ZAA
A4 B 168 mgl, HUigk 342mgl) & 4%E &
Qct

meb A A9 Al 437 ¥lad HE §UN-
NOghS i T3t o] 7 7119 7Fs822 &
= 4 gtk 1) vlod & SBNNOgte zte ¥
o 7i9e] A A #9, 23 2) eERE
(denitrification) ] 7V dolt. BAAEL A
el whgo2A o] BAAYE AXE B Arlde
ALFAde T VNS AFeE e S22 N,
Ee N0) 2 HEHwA ARte AAGsON-
NOgko] H3 F7ske 718l A7AY Asks: W)
Axas) 2ol o aA4S Brsl] fste) 2y
Tl e sEN-NO9) FA=E Fig. 79 YER
o dubHo® g Hhgo] JPEThE FAE ol
9 T=7h gt Wt §N-NOggkel F7Hsiok 3t
U dutdes o AP Hola vt (Kendall,
1998). wEh Edgo] 3t Al ade] PNe)
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A FASYS Sl el SRy W ArE
Jda £ AN Yol AL TEE Ca
7h R SAISP Epton], Nas 9% Aol
= A el Sole AR HCO, Al
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