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ABSTRACT

The seasonal variation of water quality was studied in the Hwabongcheon. It runs though a small catchment where
shallow groundwater was contaminated with NO;-N by intensive livestock facilities. A direct inflow of animal waste and
incoming of contaminated groundwater affected its water quality. In the dry season, an important factor of water quality in
the Hwabongcheon was direct inflow of animal waste. In the wet season, concentrations of NOs-N in the Hwabongcheon
were elevated in spite of being diluted by precipitation. It could be explained by the effect of increased incoming of
contaminated groundwater and showed by oxygen and hydrogen isotope values. NO;-N concentration in the
Cheongmicheon was lower than that in the Hwabongcheon, so it increased next a junction. This effect was intense in wet
season because NO;-N concentration in the Hwabongcheon was high.

Key words : Goundwater-surface water interaction, Surface water quality, NOs-N, Oxygen-hydrogen isotope, The
South Han river ]

[~
43

O

of
PN eNe: |

U HAk R FHT ATt A Az A 2gH e ARy
A BslE A7t o) SRl Etulare] AR file] ElEglen, edd A3
7F Uit A7)dle Sl A3 fidol sl 2 g3e vAaL vk $oldle el of% sMEF
o= Bl AEee] i Aa ot 2988 STkeIen, A dag edd A Y P 2
FEE R Zoz AgdEn AEkrd] S fE Ak, FA F9YAE S o83l TRt dd da
Fre Sh3e] AridRn JuiHes woue, S8 FYol A A A A4 ) IR e
o, 3140 A Aa FE7) ZolAe $oldl ol#d =4 Hado] ve AR

ue

FAlo] : NS ATS G, s, Ay b, Ak F99L, FBE 4

1. M 2

et BY Ee AGPRE) B AXSE
Aefak ALgSL Uk, ool WA Aele] HEE

*Corresponding author : ncwoo@ysgeo.yonsei.ac.kr
ALY :2004.9.15  AAEAY :2005.3. 11
Al g B9 :2005. 6.30 714

Al = HeTee A, o] 7o Wi wF
A AR, E S AD, AFER T L8 #L
HFHE Adsla ¢, A= - HH, BV Bt 5 o

G o] o} FojRL QITHEFR, 1998). 1, ©]

20 .



A AhE 09E &f

At wEe] tiREo] Ao Y fsEe LEE
Aol thsl] o] RpolA ok 4 vIH YT
ZRN A FEEE] A 718, 2004)S B3 B

278 29 &0 UiF VS ARk glovk,
Hom 444 520 GBS A & 9= AR 2 A

A& egol gt #ele ol BESE Aotk
Arfoz fsle AHY 29e 2¥9=He FF
Frholl 2sfMnt olFoxE AHo] ot} sRdfEo] F
2 Ay AE AEE ojFfFe ofn gy g
ARdolH (Fetter, 1994), AL B FE3 HIE AR 5
A% 08U dgFoz Aalrt LAHT U= JA
Z d#A THCanter, 1996). Wb, SEE Ak
A g5l JEgE v)E ¢ Uvke AR Zesh| =,
olg}gt NEFR B 7 FEAE-E Bol Ao} st
(Criss and Davisson, 1996; Négrel et al., 2003).
B3} A9 F35 Askrdel tigk A7%(Choi et al,
20020014 R3] A AA st HeE FATE
& Zslke AHo] A7HG 704 vs: ke AL
2 Jepdth 3okt FAY AS, S og 24 F
slEko] 2 Ao A helAH £, 2001). 2=
2,450 FHE SR AR 3 BEE ke
2A19} 28 0PN HiZEle Fige] A B/ AP
B oot ofe}, 9 AEAe] At fdell <3t Aslkr 24
o tiEM=E AAH BE} Bely} Fesith E3, A
Bl olsdie A|Hpd HIsl] v =EuE ) 9w
A&l el 23t AFEF LFS SEEEe] AR 7Y

o 32l 4712) A3 s} ?

—

¥ AeHET o PFet EAIE TANTIH, AR 2dd
AASAE el o] A=A ehett. mEpA,
A BoE i A7R 230 A 2@l ol
Fepste] whEsolel gt

oyl A7E T AL B A Bxe} HrAst
4 W} A viAle FEE AvRT, 2ol
& pes fdEwA dogle w2 MdlE #SSIA
o g, 9719k 2700l AsFES vl As

Aol FEFE AwEI.

Y o

=

i

O

2, 97 X o AF Yy

2.1. 9 X[

ATAY L A7IE HdA UEA e SApT 23
H 5 Yoz AMg 3Rl 35 A
8.14 km?)o|thAAAER - =AM AFAY, 2005). HE
o Yxjeh= 4he HAR A} BAAFAVE TR
o, slEde BEow I Hudor et AvH
& e FdEkFig 1). ©] AHY F25 A3}
£2E A7 Ade] -3, 2003), HeE 2 A
e AMREHE MY RSk T 32-02%7F HEE T
A7IE o] Ak Aa FEE YUehRleH, F 2
d dle =HE FAE g $71%1 2003 92
Y AHelM AFE A3l ABCME A Ba F
=7 HEE FEVIES 293 o] 50%E T8
THA L USHL, 2004). '

®

Geum River

Soud
Han River Basin Han
River

ICheongraidieon

Qkm_Zkmn  4km
—-——

Basin

Fig. 1. The map of the South Han River basin, showing the study area and location of sampling points and livestock facilities ( B3).
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sampling.
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A AAE Q9 &7 3 29 Ad wst 23
Tai)le 1. Chemical properties of stream samples in the study area: (a) dry season, (b) wet season (unit : mg/L).
&) GWae SWo SW1 SW2 SW3 Sw4 SW5 SW6 Sw7 Sw8
pH - 9.3 6.9 6.9 7.0 7.4 7.1 79 8.5 7.2
EC (uS cm™) - 151 149 159 175 197 233 254 219 227
NH;3-N - <0.1 <01 <0.1 <0.1- 0.2 1.3 0.6 0.8 0.9
NO,-N - <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.11 0.21 0.18
NO;-N 8.27 1.36 1.93 1.46 228 2.13 2.61 3.09 2.12 2.17
F 0.11 0.18 0.14 0.15 0.14 0.12 0.12 0.1t 0.18 0.15
Cl 18.1 19.3 18.1 184 18.5 21.0 22.6 27.8 22.9 23.8
PO, - <0.1 <0.1 <0.1 <0.1 <0.1 0.22 0.21 <0.1 <0.1
SO, 12.3 8.8 8.7 8.8 9.1 114 12.7 13.8 14.8 14.1
HCO;, 59 45 45 57 66 76 86 84 73 81
Ca 22.6 14.6 16.7 17.7 19.7 239 24.5 24.8 19.6 21.2
Na 13.4 11.9 11.0 113 11.7 133 14.1 17.7 159 174
K 1.63 1.95 2.03 2.11 2.26 2.55 3.73 415 5.69 5.47
Mg 5.53 249 2.7 3.31 3.91 435 472 5.17 433 481
Si 13.79 421 4.59 4.63 5.01 5.16 534 5.29 3.88 4.19
Mn - <0.01 0.019 0.098 0.079 0.064 0.094 0.056 0.318 0.346
Fe - 0.015 0.023 0.117 0.047 0.031 0.049 0.024 0.051 0.035
(b) GWaye SWo SW1 Sw2 SW3 Sw4 SW5 SWé6 SW7 SW8
pH - 7.2 6.9 71 7.4 72 6.9 7.0 7.1 71
EC (uS cm™) - 94 109 122 142 153 189 230 185 192
NH;-N - <0.1 <0.1 <0.1 <0.1 <0.1 03 0.2 <0.1 0.3
NO,-N - <0.02 <0.02 <0.02 <0.02 <0.02 0.02 - 0.02 0.02 0.02
NO;-N 8.75 1.92 226 2.24 2.67 2.68 3.68 4.69 331 3.75
F 0.18 0.14 0.14 0.12 0.12 0.11 " 0.10 0.11 0.10 0.10
Cl 17.0 39 5.0 5.6 6.8 74 9.0 132 8.6 9.9
PO, - <0.1 <0.1 <0.1 <0.1 0.1 © 03 0.2 0.4 0.4
SO, 118 638 7.0 7.0 7.4 8.2 10.6 12.0 10.2 10.6
HCO;, 60 27 31 39 46 49 58 67 52 57
Ca 23.7 8.6 9.7 11.5 13.6 15.0 17.8 21.3 153 16.7
Na 14.0 6.4 7.1 7.7 8.2 8.7 9.8 12.4 9.6 10.2
K 1.63 1.38 1.77 1.90 2.09 2.50 3.45 425 4.72 4.63
Mg 5.92 1.38 1.70 2.14 2.60 291 3.70 4.53 337 3.65
Si 13.45 6.26 6.71 7.14 7.33 7.42 7.77 8.68 7.19 7.56
Mn - <0.01 0.013 0.050 0.053 0.049 0.065 - 0.041 0.037 0.033
Fe - 0.013 0.019 0.080 0.092 0.075 0.094 0.036 0.031 0.032

*GWave' is the average concentration of groundwater samples.
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Table 2. The result of t-test (tg g25(16) = 2.120)
dry season (n=9)

wet season (n=9)

t-value
AVE STDEV  AVE STDEV
EC 196 393 157 449 1.941
NO;-N 2.1 0.53 3.0 0.90 -2.569
Cl 214 322 7.7 2.84 9.540
SO, 11.3 2.57 8.9 1.98 2.297
HCO; 68 16.0 47 12.9 3.049
Ca 20.3 3.62 144 4.02 3.272
Na 13.8 2.62 8.9 1.83 4.618
K 33 1.49 3.0 [.31 0.545
Mg 4.0 0.95 29 1.03 2.333
Si 4.7 0.53 7.3 0.68 -9.210
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Fig. 3. Chemical characteristics in the Hwabongcheon. a) electric conductivity, b) Na, Cl concentrations, ¢) concentrations of nitrogen
species in the dry season, d) concentrations of nitrogen species in the wet season.
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Table 3. Oxygen and hydrogen isotope ratios in samples: (a) dry
season for April, 2002 (Y.-T. Kim, 2003), (b) wet season for
September, 2003

(a) 5"%0 8D
SWI . 85 -60
SW2 8.1 54
SW3 79 -56
SW4 19 -57
SW5 79 .57

GWave 8.7 -59

o) 50 8D
SW 0 98 68
SW 1 9.7 -66
SW 2 95 -66
SW 3 94 65
SW 4 93 65
SW 5 9.1 62
SW 6 89 -65
SW 7 90 -63
SW 8 90 65
GWae 838 62

*GW,,' is the average value of groundwater samples.
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