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Estimation of Nitrate Sources in Cheju Island Groundwater
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Abstract : 18 boreholes with nitrate contaminated were selected. Samples were collected 4 times between both 1995
and 1996. Stable nitrogen isotope ratio for them all was measured and the contribution to contamination from several
sources like fertilizer, sewage, cropland, and landfill was analysed. Nitrogen source for 11 sampling sites of T-3, L-1,
0-1~0-4, F-2~F-5, and G-2 considered to come from chemical fertilizer and its contribution was around 60% or more.
T-4, T-5 were located downward the downtown, which were influenced bydomestic sewage and its contribution were
70.7% and 54.7%. Nitrate concentration of G-2 was 17.7 mg/L, among which 60.7% was estimated to come from land-
fill leachate. T-1 and T-2 were located in the small village, in which 42.2 and 43.4% of nitrogen was to come from
domestic sewage but 52.8% and 56.0% were from fertilizer sprayed in the cropland. L-2 was near livestock, by which
it was estimated to be influenced, in which 59.9% of nitrogen was from cropland. F-1 was in the cropland, by which

50.0% was influenced and 49.5% was estimated from organic matter of animals.
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Figure 1. Sampling sites.

Table 1. Description of sampling sites

ALARM - A|RE Ion chromatography(DIONEX 500) au-
tosampler®- vialo} FAAF L, A7|AEE HA&712 BMN
o}, ojuf ¥4 =HL Fol& Y (onpac ASI12A(4 mm)yE At
319 23 %% 1.5 mL/min, S0} suppressor %k% 50 mA,
Rangex 30pSo 2 &9dl.

Ax SYAA #A - v)5 Nebraska Lincoln #2387
2ol MicromassAt2] VG PRISM Stable istope ratio mass
spectrometenU.K.)§ ol &3} £43t)

8N k2 N/MNwle] elste] thgAojA Act.
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Ha MAFoRA HAMAL g% 2P s A8
P FAA ) AASAYIE ol g3l ZAHFJoaN FAAF
B2 Q% Ak 2499 71982 E F4s2 AUk

AFTolM AREHE sh R §°N 7 -0.15%~+1.33%
o] W9jolxn F1Au[ESQ AL AR, TEE §'N e +147
%o, +12.8%c10, A EA frlAvEE H06%2E FHEH
tH(Table 2).
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W=X+Y+Z n
S . nd- Sampling sites Altitude Depth Land uses aW = bX +cY +dZ 2
ing (m) (m)
T-1 HWA-BUK - - uban W : Aske Fo] ANAFE(mg/L)
T-2 SU-SAN 720 624 1own, orchard X : 3ghlg fY AAEF=(mg/L)
Town T-3 WEL-PYOUNG 355  58.4 town, orchard Y : SEA §)1EREAAZE 3 g guo Aay
T4 NEW-GYOUNG—NAM el — urban %E)(mg/l.)
T-5 SAM-IL 600 400 urban Z:Ad EF 32 {49 ZVAEE(mgl)
. L-1 JEO-N1 187.0_ 120.8 orchard, livestock a b c d: Zzo) g 51N FAs
Livestock | > BOONJE 1870 109.0 field, livestock )
0-1 UK-SU 760  47.6 orchard, field AFEor] AAEY] o5 AL JEE ¥ e §4
Cirus  O-2 KAM-SAN 1600 1400 orchard . '
orchard O-3 JONG-JUNG 630 45.4 orchard Table 2. 5'5N value of chemical fertilizer and organic fertilizer which is
0-4 TEA-HUNG 215 184 orchard used in Cheju Istand
F-1 SIN-CHON 600 150 field, orchard feritilizers "N (%)
F-2 PAN-PO 153.0 450 field” mixed fertilizer 1 +0.50
Cropland F-3 HAN-WEN 630 33,0 field, paddy mixed fertilizer 2 +1.33
F-4 KO-SAN 800 20.0 paddy, field mixed fertilizer 3 0.15
F-5 MU-RUNG 1200 900 paddy, field organic fertilizer(rape seed cake) +4.06
Landfill G-1 WEL-SAN 1300 110.0 field, landfill organic fertilizer(pig manure) +12.8
G-2 SANG-HYO 920 800 orchard, landfill organic fertilizer(chicken manure) +14.7
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o] ARPEEE L&, P19 3] 1.8mgL,
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Qg © 55N gt Table 2004 JEPR wie} 2ol HF +0.58
%ol22, SBA f71FAulHE A §°N e HE +13.75%
o]}, o)st L £ &2, VAH(1997), Kumazawa
(1996), Komor and Anderson(1993), L& 5(1994) FAHH
golth, 338 AN sl 29498 719-8S Table 391 |}
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X % obE RXY

T-1 AFL &5, HFAGA o 1 km 3MF, T-29 T-
3R 8L 9 200~-300 7F29) AR vhE, T49 T-SAHE& =
AA Rl stz Ut T-1, T-2, T-3 AH9 6 N e
~5.2~+6.3%22 4 ()3 4 )8 o83t AYNUG. 29
A 7ldgL elE 528-644%, FEANRZIER 350~
434%, AAEY {47183 25-50%= | ar) e o4
ol 93 JFH} thd A Yehiz At

a3, T4, T-5 AAY 8°N 2 +7.8~+9.9%22 3}8h]
& 28.6~44.2%, SEAR7IEZD 54.7~70.7%, AVESFF7E
d 3.2-49%2 Gl o3 Gio] & Ao AlEP.

“fable 3. Contribution (%) of each source to the contamination of nitrate
concentration

Nitrate 1 Chemical Livestock wastes Natural
Sample O"°N - . .
sites conc. %) fertilizers  and domestic soil
(mg/L) (%) sewages (%) (%)
T-1 359 +6.2 528 422 50
T-2 65.5 +6.3 56.0 434 28
T-3 71.3 +5.2 644 350 25
T4 5714 +99 28.6 70.7 32
T-5 36.8 +7.8 442 54.7 49
L-1 17.7 +44 689 2838 10.2
L-2 76.6 +5.8 599 39.6 24
0-1 359 +4.7 67.7 312 50
0-2 859 +59 59.2 404 2.1
0-3 939 +4.4 70.6 290 19
0-4 60.2 +39 742 25.1 30
F-1 80.6 +7.1 500 495 22
F-2 17.7 +5.8 583 394 10.2
F-3 66.0 +5.2 64.4 35.0 2.7
F4 50.5 +3.6 76.4 229 36
F-5 90.8 +5.3 63.8 358 20
G-1 19.9 +8.6 373 60.7 9.0
G-2 934 +5.1 65.3 343 1.9
Ex) Calculation on point T-1
Constants: a=6.2, b=0.58, c=l 3.75, d=1.80, Z=1.80, W=35.9
Wa2X+Y4Z X 4+Y =341 crceercerrensonesnsnscnns ©
AW =bX+cY+dZ =Y =15949-00422X -+-cvveecovencs. ©)

(@ — @ X=189507 mg/L = 52.8%
Y = 15.1493 mg/L = 42.2%
Z =180 mg/L = 50%
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68.9%, 584977182 288~39.6%, AVESFHEL 24~
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0-1~0-4 AHL F9ol o] YYHo] o, Unty
o= zh|go}l {712 vjgE Yol A3 A §°N #
& +3.9-+59%22 3HIHE 592~742%, FEHSIIEE
25.1~40.4%, AAFESFFHED 1.9~5.0%2 e} o] A}
2= #7128 vignc) g6 9% Fgo] B2 o
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=X

FI~F3 AF-& ¥AY, F4~-F5 AHL =AY A1z
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FTEARVIER 95%= v v &S BRI, F2-F5 A
Mol §UNTL +3.6-+58% 22 ZAslo] sstulg 583~
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102%% slstul 5o ol§ ko] B2 Zioz el ol
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129E2 2 wFEG 1244), dErG 284, -2l A5 ¥
THT} 2002 B8 ARSEo] B Ao 9¥ Ao AR
"HohAFE, 1997).
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2. TBA A7 og 43S Bol ¥x e Ade
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AL AMAEES 70.7%, 54.7%7F AP, 28710083 8
Fol AAE G2 AHL 60.7%7} &5 o8 IS v
de Aoz FA3Y.

3. T-1, T-2, L-2, F-1 AFL )8 58 #7183
o P vlxA B dony, g, 2A4HSE, |7
Aulg, g Fol oI B Jgoe AlgEd

AL M

¥ A7 $F3AT AR AFoR ol
FAEL A g AP,

AUR, ARE, BRIEAUEAL 1993, AFEFALEWIAALF

Y waA,
$93, PAE. 244, o0, Hud, A4 §F, 1996, A3 A
o] £ASY, MFERARZAATYE, 7, p.155-183.

110

282, Y, 1997, J I5NEtE ol8¥ AFz AsrFe Y
F4L LFNPA JY AT, VALY, 4(1), p.14.

AFE, 1996, vl ¥ - viE, §739A, p.78-80.

AFE, 1997, A3 354U £AzAL FFUA, p.286-289.

R, 1998, A, AL, MARA/IF(WHO) Hel £
3 AAYA, p.246-253.

WREER), HE2K, SPERR, oM X, MFWAM, 1994, EERO
WTKhe) REBEIXME L SN i, 8ARTNREIHERE,
66(1), p.18-26. '

Gormly, J. R. and Spalding, R. E, 1979, Sources and concentration
Region, Nebraska, Ground Water, 17, p.291-301.

Kikuo Kumazawa, 1996, Nitrate pollution of groundwater in Japan,
#2088 UL AT FIAYEAE, p25-53.

Komor, S. C. and Anderson, H. W., 1993, Nitrogen Isotope as Indicators
of Nitrate Sources in Minnesota Sand-Plain Aquifers, Ground
Water, 32(2), p.260-270. '

Lindau, C. W. and Spalding. R. F., 1984. Major procedual discrepan-
cies in -soil extracted nitrate levels and nitrogen isotopic values.
Ground Water, 22, p.273-278.

Spalding, R. F,, Gormly, J. R., Cuntiss, B. H. and Exner, M. E,, 1978,
Nonpoint nitrate contamination in Memick County, Nebraska, Ground
Water, 16, p.86-95.



