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Variation in Nitrate Contamination of Shallow Groundwater in a Farmland
in Gyeonggi-do, Korea

Eun Jae Lee!, Nam Chil Woo!*, Byung-Sun Lee’ and Yang-Bin Kim?

'Department of Earth System Sciences, Yonsei University
2Rural Research Institute, Korea Rural Community & Agriculture Corporation

Hydrogeochemistry of groundwater was studied in order to identify the influence of cow manure, distributed to a
farmland as organic fertilizer, on nitrate concentrations in shallow groundwater and its spatio-temporal variations.
From monitoring wells, water levels were measured using automatic data loggers, and water samples collected and
analyzed in Feb., April, June and Oct. 2007. The average electric conductivity and concentration of nitrate in the
groundwater show the highest levels in April and decline in subsequent sampling times. Decreases in dissolved
oxygen(DO) and nitrate concentrations from April to Oct. and corresponding increases in HCO; concentrations indi-
cate denitrification processes by microorganisms. Spatial variation of nitrate concentration appeared to be affected
by the redox conditions of groundwater controlled by geochemical reactions of Mn, Fe and DOC contents.

Key words : farmland, shallow groundwater, nitrate, denitrification, spatio-temporal variation
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Fig. 1. Location of the study site(A: livestock facility area, B: manured crop field area, C: crop field area) with groundwater

monitoring wells.
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Table 1. Information of monitoring wells installed in the study area

Monitoring Well Altitude (m amsl*)

Well depth (m bgs*) Screen length (m)

GW1 106.6
Gw2 106.1
GW3 105.1
GwW4 104.7
GW5 104.7
GW6 105.6
GwW7 104.6
GW§ 104.7
GW9 104.2
GWI0 104.8
GW11 104.4
GW12 104.3

4.96 15
6.86 L5
8.43 3.0
3.34 L5
5.30 L5
5.83 5.0
4.76 3.0
6.08 3.0
7.05 3.0
3.48 15
3.16 1.5
3.38 15

*amsl and bgs denote above mean sea level and below ground surface, respectively.
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Fig. 2. Distribution of hydraulic heads and direction of groundwater flow in study area in February.
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Fig. 3. Seasonal variation of water quality parameters: (a) EC, (b) pH, (c) Temperature, (d) DO, and concentrations of (¢)

HCOj; and (f) NO;-N in groundwater samples.

mg/l), 104 32~202 mgICE# 78 mgl)S viehNUATH
(Fig. 3(e). HCO;3 o]&9] 79, oo des 9
&2 Ayt Aslpol|A] iR 2M1S Rk (Jeen ef
al., 2001). 22|} EX|dA Hol& A7k wE =&
ARl = SN, Aok 79 FeoE A&
FU 24 vAEo] §Ud e e gFdugol
AFE o) BE o3 23 Zg3 HCO,
oA gl At g2 ohga ZthE 2).

4ANO; +5CH,0=2N,(g4HCO; +CO+3H,0 & 2)

gutzo = Aok ] 8T Ao BRIt RopT
FAE7e] HH 2 mAEe] g3 Aged
(Reddy and FPatrick, 1981; Appelo and Postma,
1999; Brandy and Weil, 2002; Siemens et al., 2003;
Mohamed ¢ al., 2003). S <gs dF A5 &
£ e FE F4 AFA SE A Tt 29 o

Fe| A&H o7 wolA]i= AES Uehl 1042 Fw}
olF gztellel HEIF HEHURAE P B2 S
eI QlchFig. 3(@). ol HCOso F7ke] Yglo]
2 v 5% FrFEdE B Rgdda §
At

T2 Aehpola] #5E NOs-N w29 ¥she 29
o 0.0~44mgl3a 25mgl), 49 15~11.2 mg/(H
# 65mgl), 64 00~55mgl(Ha 34mgl), 104
00~-29mgl(8+ 24mgHE e ATHTable 3,
Fig. 3(). 57k A7 vl 23 A= A8}
Folia] FAF & U NOsN %= ) 3mgl &
oM, I o] TxE U9 2gdezRE #
A48 AL AAgTE B3 ETHMedison and
Brunett, 1985; Mueller and Helsel, 1996). A&
ANH FEe 9] ey AlEEHE IdTREA] AE
o HARF Alelx] ArRA] WP E 2= Ao
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Table 3. NO5-N(mg/1) concentrations in study area.

oAl - g

Monitoring Well February April June October
GW1 32 42 32 3.1
GW2 32 44 33 3.0
GW3 0.0 1.9 0.0 0.0
Gw4 1.5 5.9 27 4.0
GW5 31 8.6 4.5 2.9
GW6 34 9.7 44 2.7
GW7 22 11.2 38 2.8
GW8 1.3 1.5 25 0.9
GW9 1.6 - 3.6 2.1

GW10 34 9.2 49 2.8
GW11 29 5.0 2.1 2.5
GW12 44 10.2 5.5 2.1
mean 2.5 6.5 34 24

493} 699] 2 ¥ ZAx 77t 14mgl, 1.6 mgld
NO;N H=Z yehfigith. 47 FX)o4= NO.N ¥
Tt 2ol vlg s AEdle 484 P w2
& Holx, EF A9 BE Xslg AlRAM U &
Yo 2RE?9] fUL ARl B=d v 37E B
o] Slor(Fg 4@), T #F AH@EA GW7,
GWLRPIME U= 3 71210 mghe =FH314Th
692 o) o] ol Fudt HIEE ¥R 9 w7
Bo] 3 ARl gl AlZleld, ol sfrgh Alge]
NOsN =& 495t 7Histe 293 24T e
Yepligich 1082 vl o] fxlH ] HlErt X
HALd= NOs-N 527t 7F w2 kg vepdrh

o9} & e Wshe FrEo] AAAIGA
FiHE e} vlg RS Fshe St Ass il &
28 Aol AARAY, Ee A A =
AEEA gdslz <13 AAE 4 Arh(Appelo and
Postma, 1999; Brandy and Weil, 2002; Siemens et
al., 2003; Mohamed et al., 2003). Yol7} X&4 4=
29 K= R 84EE SVHIA EEs 2E
& FUAYIZ, 2 AR & A Tt A4

< 5= Stk

olgollA] AZE B-AEIIEE olojRe A w
£ Aske =29 A9 Hale AR Fgo] o
F7HIEEA AXE SR Bl §4ae Fa,
2 ghgo] whE A el 4t HCO; 529
Z7F A4 S22 Jepdth mAENYES] &7t
30°C, 15°C, 10°CY = zbztel gruhge] 1a whg
A%7t 2.15 k/day, 0.72 k/day, 0.54 k/day=, &5 u}
2 2Enkgo] o 2 Bud uh Jtk(Reddy

and Patrick, 1981). W2l A ¥ 2=2 Awd <ls)
Z71E Aslr2 9l 2 nlAES] WS 843t
AZ1Z Yolrt @aute-g £AIE 8102 A%
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