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Summary

This study was carried out to find out the source of
nitrate-nitrogen(NO3-N) contamination in the groundwater in Cheju Island.
Based on the data reported to have exceeded more than once the
criterion level(10mg/L) of NO3;-N in drinking water from 1993 to 1996,
seven sampling sites including two reference sites were chosen. The
former regions are mainly agricultural ones(A-1 to A-6) and residential
(R). The latter regions are forest(F-1 and F-2). The main components
were measured using lIon Chromatograph and Atomic Absorption
Spectrophotometer and the relationship between ions were analysed. In
order to analyse & >N, ratio of stable nitrogen isotope, the samples were
concentrated and measured using Mass Analyser for that.

1. NOs-N concentration and pH showed a reverse relationship in the
the agriculture regions.

2. NOs-N and each of Cl, Ca®, and Mgz' concentration in the
agriculture regions showed a significant relationship, while NOs;-N and
each of Cl, Na' concentration in residential region showed significant
relationship.

3. Based on the measured value of &'°N and the level of NOs;-N
concentration, its contamination sources were classified into five groups.
The first group is that NO3-N is less than 1 mg/L, and 8 "N is 3% or
less, which was considered to be derived from natural soil. The second is

that NOs-N exceeds 10mg/L, and 8N is 4% or so, which was



considered to be influenced by chemical fertilizers sprayed on soil. The
third is that NO3-N is about 10 mg/L, and o ®N is 5% or so, which was
considered to be influenced by chemical fertilizers sprayed and nitrogen
existing in natural soil. The fourth is that NO3-N is close to 10mg/L and
8N is 7% or so, which was considered to be influenced by domestic
sewage. The last is that NOs-N is about 3mg/L, assumed as natural
content in groundwater, and 8 ®N is about 9%, which was considered to
be influenced by nature soil and manure derived of cattle, pig, foul etc..
4, The predicted major source and its contribution to NO3;-N
concentration at each site, using 8 >N and NO3;-N concentration, were as
follows; That at A-1, R and F-1 was 61.1% to manure or domestic
sewage and 50% to manure and domestic sewage and 40% to natural soil
. respectively, Those at A-2 to A-6 was 59.6%, 71.7%, 53.0%, 71.5% and

60.2%6 respectively.



I.4 &

BL Azt 4HE fAsEd Ao V1% dES e dE 43
Mo zgdozA ATt FAH APAI EAE F A=F e 4B
fdoln A7 F7h ALY R AEFEY P2 859 F87F F
Z35tn o] ol WA AP £z TuUdME HeE % ¥ F - A
&5 EES Aty dFHn Qo] A& BA@FAE Ay T8
3ot

=R E FHBRR AWRAE RS T F 37434 s
AA 1Y HF 1579HES A AGAF=E, 199%).

H2so ddwrte] F7h § s, AFASFL F7) F2F Y
2 FYAAY FHE FUt Tol AdFrddes ALY Rz q4HY
Uy el AaFaFN FAGAL 2P0 et o} o]lg AP
A% Aske 299 A3 g42 f2Av e ez HuHD Ug(solE
AFFAL, 1989, = FALFAL 1993, AFE, 1996).

199395 FFFALFAA 128742 FAE B FEFAT #SA
M +3 4¥A 195%) D3t B5ABHAN APHAAL FEIF HE
B FANEE 23ste Ao B39 v Yo AF=RAFHI T AN
'94dRE 96 297 R AEge] g ANGAL LHARE FAEH] 9
8 U 3 21204F Fdol F4 ¥ot gl FAE BFH AGHo=
HEAC e B BMNAEE dAst =AY dF 302N Hed 53
7% (10mg/L)& 13) o] 23¢ A2 BAHJGAFE, 1996).

olgpgo] AFAY Adtre o4 7HA e ddd o8 AIYAL7
HaHe Z78n e FA22 edd 8L A% A7/t A 8

o



FH3 Yot HZEO HAZAMe AL AL 6 g7 X35 LHAY 7
3L 8 HAFANY AIEANUE o83y ZAPoEN FANFER
AF A3l LFAYE F3 /Mo RO 2 BuHT YU (HHE, 1996, Komor
¢} Anderson, 1993).

AxG AL 943 BALEE LAFYE FHAAAMe AT AL
HAxrY FEE Y& FAVIE o2 AAAIE Aol w3 oln
ANAAL & 2F9E FoMe I 49U FHdE Hol Adlyy #A
2 A g F£Y3ted e Fastt ol ANHALY 2HYeR
t el gy {71888 T A4 A, SAHFY ARHFE, F497]
B EYAR £¢ 59 FAHA, A T g% HEHFA Fol U
oo, 7|et 3% - AAdAA, d7IL9A, AFAIEEAM) S g

et B dAFdAe AFEY AiraRF AMAALEEI HeE
FA7Z2(10mg/L)S 238 Hol JYAY dde] 233 FAH 240l
271 Adn BosHe NG9S AN AXKALE TS FF olF
T 2 HAd dAFHELY AAEANE FHENFOEN A3y 29D
2 ogdd 54 Aoty 299 e LA o



D AF= Az FEFH R 54

AFze F FAYQ HAAFE QFYF, 2UGA FVYF, 2UY
F 5Y 93P 24F £XE1 don, 479 HAYREE AARF,
AAE NgeEE Fo8 FAHO Utk olF FEYE £LFI ez
ABEAH 90%0ld EX&I e A2 LA ATHI F, 1992).

3 357 Ad E5 A € AYPRH0E 3o Kol &Y
A 23 ok FA3A AR BT o 20dF0] @i £4F
g f2AAHoY ol BUF Atoldle Ay A3 Fo b dEo]
FAH0] Uk BFE F AdFgez AFEHolY 3 HE W vz &
254 g9 e 2 d3& we A2 JAF3A do. 2P a4y
EH9 AP we} FHZY wEo] ofF RIGEo KA FrMe T
Z2H2e WAeE & FF AdFREL Z1YE] Ay Bx AdFHF
22 AR Fv FL FALAL FA F JHAE dEdHed, F5FAH849)
347t 2ol Axe BY 7EE E 5 doen FAe AW
AgMa n7]EY F, Paleosolsolzt & & Atk n7IRAdHHEL HF 3
ERL FRdn o] BEEFAHLE UFHo AU FH EA RS
8.0 F3oh(H, 1991).

ol9to] A AT 3ty FAHE FAHezM 5/ AH
2 AzA G AFZAA LD AFHre FEHHe FAAI}F
(Perched groundwater)$t 7] A 2} 8l4(basal groundwater) ¥ 73t UTHH,



1991).

2} 9] A 8} 4=(Perched groundwater)e 247} 8o o3 F4A49 74
< B3 A2 HF3NGs 3Fo] LdEd EFFHYATY LA Aol
HEZ ol2y o o4 #AR}E A X3tx, 2 AFAY E/A A3}
4 (perched aquifer)¥el2 R E3c Yo 24 59 ¥ oA ¥e A&
& 29, X5 ¢ FAY wFox dFr|e Fe7)d e} v v}
HHoln O FH¥x FHHIN REAHGE AAAY, FEMEAY & AF
2] FAL IF A Qe T Y Bu Hu okH, 191 2 F,
1994). o] A3t F8 EEXE J4A, FHAF, =dI TN & F U
o A HeH SEHE HBEAHA HAoE2E ofsAAFTE & 7 Uy =
HgA g 5G] FAIYAEE we &E3o xAYol Ede AY
A TAl AEE 2nEr

71 A 2 8} 4=(basal groundwater)v AR ZHE K4 A7t 4 3%
7h 2 AFERFEA sty B FA(FS5:1.00, 51025 Fo dFAE Y
At iR A=RAAe] HE wile K3 A4 E LIy, & WY
of FHASRA FEIY AFARMFTE ofF v|ofito ERFFE FFHY
ARG B 4 Ux Ghyben-Herzbergd 224 Ad"E 4 rh
Ghyben-Herzberg ¥ 2l 2J3t¥ sjFHe] o e Wate] @47 2ol, g5
Ao FrAe Hg AFTE FEFAY 400 A FEH e Aoz A
Ag ol shd Ao AFFEHE FAEV] HAHMAMS AdpFWE
A FRo) Aol 1, st RE G AN FFAHEFIR P
AEY AsFrt B R FF53, it dFEFe] Fan Adojor gt
€ AAzHe "ot AFze FA3d 2 IEFoE 48 Aol
7] @ NGHoz AAREEA A7t YR HFFo] FHIA Fe #A
2 olAH W2E FAHDT AA AP WM AHSZE Ghyben-Herzberg A 3}
F REde AwE 2w e AeE FHI Y dHe F5ode H



We YA FRHY) YSAY daAe] £ o] G o) o)
o "4l EHY A Assetn Husu Yo, AR 71
T ga5d gREe ¢ ¥ B4 §352M £330 TR FE
a9 sehHg wa E¥dn Jdok(a 5, 1993; H, 1991).

AZE Asse #ETH L AW2PL £(196) JHH AFEY 7
% 2%, A%re B, £ 2 53 T2 AW %S AEHA
A%, s FES H U2 ERHAG. O VIRANN G AH
Zuze #YdE e 54U A%5 @ VAR FAHo] FFF
Bt 2o AddM g8 As4E WFAA AARAN F2EHE 2 &
EARY As @ ARRAM o] HARAN FEsE FUHE 4
EAY Ass @ 2AHA AQ 2 AWESH P FAY A=
FRHY TritumFE23E 238 Astsy ARALE 54988 40dey
HA FEA Tt BFd AR AXE Ros BusHA

go

ot

2) Astezel AVYAL

AZEE $040 Ad E4@ Ad A¥zdoe o F9Fe) 45%
Y27t Aotz A AFHE 4L 22 Yemz 5ol YT £o)
#3 obge o -dse) AHUF Y Loldt waA EFF HEol
250 Aol 9L v 4+ An AR L 2Fedd AN A
e 2 ARE DAY & ATCE)RVFBAL, 1994),

Astsel £ae Ashael A7HtE SHo JPE WA Hed A
EolN A%z PYFEHE BL AEFRAN dHe) £ HRASY, 29
B8 24 2931 £¥3 45 5o o6 249 +3 54 Y
223 AseAz LPedl 4N Ao edgdel TYHY A
WA BYAHE SR8 dsted @l AR HEErgol Yoy A4 4



e #zAge WA do. 2322 A3y dHFH 54 A3
B2 - 383 54, AAAFFY 3, LPEAY 24 Fol E¥FHeoz 7
€39 JdedA do

AFze EY AAFHoZ ofy F3aEo] FE3] dojuA &c o
U E %(Entisols) £ ©l%E%(Inceptisols)dl &3ch waty Adgago] @
3 HEFHo] Ho EFAF AXNBE XEF FIFS BolAA HAut
olol wel Ee] LPEH FE3 AR ¢ A3FE olFdte AY
AE ATHL, 1994).

¥H(1993)3 2(1994)9) H o] 93td AFxo FFAAXNAYY £3)
ZE AFFAZ KU T2 2L JEE 3t YY) WE) BAF
Z o] BAEE 50mmoldY FFAldle 24412 oWl Z47t A3 Az 3
5o A&go Fodgd ¥ L Fu e AeE HuHI Yo oe
HEAALLF7E ABEAHY 90%°ld £E3 e AFE: S/ 292
#5222 WA Jded, Adt5 FIAELY 7vH LHEA FYUEY
NEHA ZAHN AdrE LA E FHEE  F Ae otk

AMPALE SHIE ZE oJeozA YT HEHE e ESYAS)
o] Alojellq H7|FHQ whtFo] 2RI F Fio] A GHY, HE EF
oj3ted F o] F} dtigtz AF ol v 437] W EFHAA olF
ol 2x f4A £¥e] E 5 & ololth

Klassen(1990)9] H i) 9J&d v|x9 F3Ad FdHe F42%S 2
avlE e FHulzt AAMY o 501%E AT AAM AztFo] vAE I
e ¢ & Aeg Bu3PY.

EGol 8" AAHET A E c]&He ¥ guFoz Agd A
A9 50%°]toln, 8-23%E E¥I e #7EH AiH EFANE ¥4
FAY EYuBE 3l G714 ALE EAFT ol Aae Ao A
By met EdoA FrstE £F A §AL 2-18%E EGNE n
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2t A e dio it dr|Foz olFdtedH, 4EIYH FHAME
EAEE Ao A#ARY 5 oy Feald O Edoz §9€ & e
Axolgh, a8y A&A29 2-8%c FAAFGALE A3lFHo] EYso 53
o]FA HEFLE olFH1 A A3l TE€d FAPZE ZA Hoy A
AL LEUeE FAE3A He AeE BuHu UHEH 7/, 1993).

= F7tE9 3EvlE AMRFE VIEAE A 23 ded AFE
FEXZHE ©2d W 57U9HINhad] FAE dAoZ 3FHE A 84
B8 2AE 23 2 6U2MAES] A1gd Aoz ZAHAG. ok Alw|
71 &% 569kg/haX Tk 35% W2 1,005kg/hac] AlulE Aoy, AF U B¢
= AH7|EFY 955kg/had 17%4 Z#3E 1,120kg/harlvldlm Qe RO
2 B389 AFx(1996)°] 93t AXHAY AAvFE AEFS AFY
F7he 503.4kg/ha2 vl 9] 10w), Y& 9 374, AIXHYFHROE 2584 ©ol
AbgEE A2 HuEAY.

A eE £ FEY A8 K71EFH AL € U8 2L e,

S ARl AFEY 20~30u17F o] el EH Qo A
FEU SANSBHFL 4776m/Y2 o]F 63% 3003m/Yro] M]3
Z4%7 2 vAgEHE 4 gl s A3 AdLAL
o] 4&¢ vA £ JGAFE, 199).
S F 127049 g ol A Ao} AFAE AMAF
Mg RrEe] 27Reln ST 5/MAY o] EY ¥ Ay
g op71AAI2 e Aoz HuHI JARAFE, 199).

(19943 H(19 e AFze FEAGAA HFAF, Fisrt, SE
287183, ExAgy € A FY9Fol A L9¥es g
Y Aoz J4ETn HusHol ANYVLY 2dUN A T
de FlodMe AY HFEFT Feolt.

AN AL7 QA vlxE FYOEE nitrosamineol e WYEAS

rh]:

i



P A 3/MY vt FopolAl X 2 <] methemoglobinemia $& £
F Ao Fae 19459 Hgoz LdAHAY olv 1EE9 AAdPoez o
HE ES gt olfd & HALS 9 AFH F AoA ALEL oANE
o3 FAHD, o] opAAFe] F4Eo] YA v FaewE Ao
3} methemoglobing ¥ A3d &4 AA L Y3z FHE} Ao
¥3lE blue babiesE #%3te ST vIxH F3 FAA 19453 of
oF 2,000% ¢ #A7F HAHRRe AFES T~8%AT 2y, AW o)
e olfdn AW LSRRI gFFHo] olyr] WFo AA LAPAFE o
Hoh 2w o] & Rz FAHEL

AN e AAME 7 FLEAT FFFV & AFFALL) &
Asted 2 F Aade "N} PNe {71 A dr1Fe] EAnle
N7t 99.635% 24 BAEY Nel 0365%2A I e A9 A H(ule
2} Srec, 1958).

AdA A cRFAHANAN B3 £ ARG wkgo] g3 FHY
Ao EAule WA dd. o] Ao oA FA LFdHUE WY
AEE 8, vF TAAN 9A AR FHLdAL EAHE AT
THYA EANvE FiIle AL O 2o

(UN/MN) saupre— (P N/MN) sranparo
(P N/MN) sranparp

8 BPN(%o) = % 1000
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MNEFY AL FHYAL YAFHY HFCE FT7FY HAL FHAEL
LAl s AE}E FANE T4 HENE BAGY ANEFY ON7t
h7)Fe] BF PNet wimste] BHA FFo) gow §UNgte (+)o)n, (-)
old wrie AL v @k, 1996; Kreitler?t Jones, 1975).

AAAANM EXolgxd wE AT AIGAL 2Fddy FEHS
AddL FALLUNEN/ N2 A28 £ e Aoz B YrH(Kreitler
¢} Jones, 1975).

Spalding $(1978)2 A3l AAAHALY nFEde HH Y
s FAIFA HAHeE Aoz Hudgoen, Flipse $(1985)& Long
Island®] FAAHANAN AL ol A ez 3R, Flipse and
Bonner(1985)& Ex|geo] FH A e Hlgel SRR Algo] A34F
o] AJAHAL BEE Eoled AMPHLE FFE vAe Aoz HIIY
o =g, Hh F01991)L Adtge AAMNALFEd FAAANFAY dBA
of thal, ik §(1993) A sty FFo EX o]y eo] wa} A3}y
Aol Y EE Rz HudtHt

Gormly$} Spalding(1979)& A 3t4Fo AANALALY] 29 TEEHRE
ot gl oF Zol & ZAOoF Hugo] dWFHo R EX ] AHER
e Zeniart ANAAALY nEEdd gL gL vIgn ddgon,
AdteFe AMFEse EY A&FHs AaHE, fr7IAvlE, EYSA
ol 93 d¥E Le Aoz HuHI U (Fishel$ Lietman 1986
Mooney 1984; Pionke®} Urban 1984, 1985; David, 1992).

olgig AAAFAX AU SUNL FEEHoZ FAHE g
+10~+22%, AQEFR7IELE FHSHE g +4~+9%, S3uss FHH
£ #2 -4~+4%(Heaton, 1986)% 27, Komor®} Anderson(1993)& 7}3A}
SRANM FHHE §NEE 213%, FAANIANE 6.0%, TFAANME 34
%oz FAHINACH AY AT FFE AR

__11_



29 2HAUY |82 #H

3 WAME

hp 5(1994)0] o&d A& ANFALY 719E FEHo)1 g
Hoz FH3e WHOE AFAGY Ade5AZRE 2EdE FF317
A3l g 2L 4g o83t ANYALY 2dUE VHdEE FH3e
o] AHAE A

W = X+Y+Z

aW=bX+cY+dZ

W Ao AAA A A (me/L)

X #genE feie A A A (ng/L)

Y HA0ER 2 AESS fao A A2 (mg/L)

Z: E¥AAL FAe AU E A2 (mg/L)

DA Ege AAGAL § NA (%)

cggtulg fee] AL 8 NA (%)

c: EAEE P APF FAH ANFELY § NA (%)

d: E3da e AREA2Y §°NA(%)

R Ag o] &dd T Ax MY XSl M g, - @3S

s8]

o

2 EFAL FHAe AMMALY 71Hge] FZF 270~582, 12.1~577 ¥
122~41.2%2 ¥H9YE Jehdddn By,
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m. =4 2 24 3

Ao FHAREANELE A4 AN AFZRAFZAFEE(1995)9
AF=@AWAM(1996)e] Bzt Hol Je AAE EWZ3o APFEL7L
LAHIAY 290 2HEHA Fdd 249 7 A BEHE A9
& WA o =g pH, %ol&(Na', Ca¥, Mg”, K', NHi-N) ¥ £o]&(Cl, HCOs,
S04, NOs-N, NO.-N)& 1995 292 1996 7¥7b2] i 13 A3t
BAslgen, A4 dFFHEL AGEAE = 19959 129 FH 1996 7Y
% 53lo] A4 AEE NFstd FM AT

Zt ZAMA Y A5 BAH GBS Table 13 21 ZAA A} 8 AY
EAM L Fig. 13 2o

zZ} A Yge AL AHRA A-1(EWNAFGLE F900 Fgdo] EXEol
I AFZe olvl viggsd 2@l AeH, A-2AFS)IAF9
Foe 2RE AuAgely kmAFHFAE A Fol A Ae AFol
th A-3(ZANA G A-4AHADA Y TRES Auidte A Hel, A-5(3
A)A9e Fdol FA5Y AYolnm A-6(AE)AHLE FH EHHAE A Fo]
o R ARG MAXA Ay JAFLE7 & BEAFA Qe

RGN F-IAEIXNYLE FHdle vl&oly AL HEE A&
e w427 e Agoln AN AL} pHY o] 239 FFAEILA 2
do] ¢ttt AlEHE AFE HMAINAL, F2(3HdD)AHL Y 350m
Raoz odyAel MuA AL APARY] #EF2AH §°No A% 2

30
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444 7198 S FA57) A AQEFFAANG 2 AP AS.

Table 1. The present data of well at each sampling site.

. . . Natural Water Dynamic Water
Sampling sites Altitude Depth

Level Level
m

*A-1 Wolsan  110.00 130.00 71.80 76.00
A2 Kumug 3500 3.5 14.20 14.30
A-3 Kosan 16.19 80.00 12.50 25.00
A-4 Sagye 53.00 100.00 25.70 63.00
A5 Hehyo 70.26 92.00 55.50 56.50
A6 Shinchn  20.38 42.00 18.50 18.64
R Sogwi 70.0 9.0 3.0 58.0
*F-1 Sargo  87.37 120.00 - 9.00

F-2 Sanchondan 350.0 Spring water

A : short for agriculture
F : short for field

R ! short for residential

_.14_



"$o1IsIoRIRYD [RUOIBal JIBY) pue sais Sundweg ‘1 81

Uepuoyoueg| z-
1

[IJpue| asnjoy [ UuoI3aI [BNUSPISI
opsSueg [EREP @

mBoS | ¥

uordar uadsdig O °
uoyourlys

uoi3a1 aImmoudy [ <
uoIgal 315910
okueg R e @ ° )

uesoy] - 0
v C 1@. r-V

9-V
G-V

248eS  [p-v ° =
e-V

sunuuny| | zZ-V

uesopy | 1-V oV Y

y -a@® o
O ® -y l@

I-d 9-V [

_15_




AgeE A7t TwFe £7 HAE WA A 4Told YHZE

Al 84 & standard method(1989)e] &3l pHE pH meter(Orion 290A)
2 ZHs3, Lo)& AEZF CI, NO;-N, NO»-N, SO ¢ tislME Ion
chromatography(DIONEX 500)-& o]&3t¥ 12, HCOs € A A2} bromocresol
greeng AH§3tY 002N HCle g HAso AHFEHUch. NHoNS 34
FTANYYY A=HEYL o) gP e %ol Na', Mg”, Ca™', K'ol thsiA
v 9AESF=A(GBC 908AA)E ol &8 A5t

A AAEYLLAAZAN(SEN)Y 24 JEEASING D 29
AFAH ALDFHLAY FH L& FFEAMA(Finnigan MAT 252)8 o] &
3l FAH o E4AFE o 2o

SN(%)X19] EAo) oM AANALE dRUMALZY B 5
Fo] o]Roj& o} s, A3Fo] o] RN AN dR Yol A9 ofAAA
A7t TAEA &gty g F#F7IFFHA 93t FHFEFS2F(Bremn
er flask 500m¢)ol 100m¢e] A E+E HI §F, g3 2L 3g © 40% Na
OH 10mtE 7}3l3 47)1& 300mee] AztE@tA =6 IN-H;S04 10m8S ¥
% 258 Yot o 0L TF] Aol o 300meE ¥ WA ZF
Al A

ool o8] NOEZ2HE NH:29 $gu3e o2 A1 )

3NOsy + 8Al + 50H + 2H0 — 8AIlO; + 3NH;
FHF YL (NH)SOFE 2 71889 2-3mtE € wi7hx] M3 5%
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AT 5E ANETE YETEFURY FHA 7L AHEA N7k Ay
A 2JFZAE ©]83 9 Rittenberg®Hol s KOBroll ojal AL7tAE &
Rom wEAe I Fo.

2NHz + 3KOBr — 3KBr + 3H20 + N2 1
AL7t2E 1LY Cu-CuOZoAM JF FFAM FAZAE AIJF A

2 2N TYstd FFRAAZ AL AF 299 28NN /' N'N)E 4]
@t B
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1995 29 % E 19963 797tA ARA G Ad¢F pH R A4F ol
Qe FEE A3 QoA FHA Ho - H2ghE Table 201 Ye
Won ZA71ZHE NHs-N, NO-N& A& HA ofskot.

Zt oledz AN #AE AHERE EdAAe AL
o8] NH3-N7} NOs-N2 #3te #FAAM 1 moled] FEYotygdxgd 2
mole?] H'olgo] AHHE 2 EF NO;-No F=7F 5345 Holed 3
7h2 EY) pHE $olA3 H'S IR EL EFUATY Fol&3 A@HD
Age) FRoZ olgHoA

#GY ojeEe EFF A AFHE oA Ha FHH AW
Fol2 ¢ AMAFELE A5 Tl o3t Asrz FHEEHI gEd 2
A Azt Folede BAM ANE AT FAALE deHiE o=
H I3 FoH(E, 1993).

D AP A4e 4z

F-2& A ZAIAGY ANAH AL dstst F5%E Fig. 24
gyon ANHddLe Wdle Yt o AL H FHA AFGAA FeF
o] Wze A S gl e RE ¢ + X, F-1A9L v |
mg/LAES] T2 ¥t A9 glo] dASA et
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Table 2. Ion contents at each sampling site from February 1995 to

July 1996.
Sampling Nos-N  Cl© SO HCOy Mg® K Na'©  ca
site pH — mg/L
Ave. 7.4 3.8 133 23 427 56 33 99 50
A-1 Max. 7.8 9.4 220 4.0 550 9.3 4.1 125 86
Min. 6.9 1.8 9.7 10 31.1 36 27 81 1.6
Ave. 7.6 153 27.4 11.2 39.9 13.6 4.8 17.7 11.9
A-2 Max. 8.1 17.8 323 140 51.2 153 55 19.3 13.2
Min, 7.2 9.9 230 9.6 27.3 11.4 4.3 155 9.8
Ave. 7.4 12.1 31.1 10.5 48.2 12.7 4.9 20.5 10.9
A-3 Max. 7.7 13.9 380 12.6 640 163 53 232 13.0
Min. 7.0 10.3 28.0 89 353 84 37 185 9.2
Ave. 7.3 14.8 26,7 10.1 33.1 13.0 7.2 16.4 15.2
A-4 Max. 8.2 38.0 46.0 18.0 43.9 26.2 12.8 23.2 43.3
Min, 6.3 56 164 6.0 230 68 43 93 3.2
Ave. 7.7 18,3 19.3 1.5 29.1 9.7 4.4 11.8 15.9
A-5 Max. 8.5 30.7 250 3.4 650 146 6.2 152 252
Min. 7.0 85 130 0.8 147 39 2.3 83 4.7
Ave. 7.5 11.0 20.0 51 383 105 3.8 126 7.8
A-6 Max. 8.1 18.2 29.0 7.4 537 151 4.3 16.6 155
Min, 6.9 7.9 161 39 280 80 3.4 10.3 2.4
Ave. 8.1 9.2 242 56 562 66 6.1 201 10.2
R Max. 8.4 105 27.0 6.3 590 7.8 6.4 2.2 11.0
Min, 7.8 85 21.2 4.6 529 33 58 19.2 9.2
Ave, 7.9 0.9 323 56 424 7.1 42 17.3 7.0
F-1 Max. 8.2 1.2 462 9.9 67.8 88 45 226 13.6
Min, 7.6 0.7 200 30 307 51 36 145 2.7
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2) AL A9} pHete B4

Fig. 3& A4 A4 pHY 9 #FAE ved Aosg 2AXY9A F-14
qg Ag AGolM A ALe Jo ARAEE Boln e, ol EF
Fol A48 g FdsA AuAE o AR FAGEALEET ¥
oA W o] FHAFo| AAMEE H'd 93] pHE W& A2g Al ST (&3
F.1991) 2 BN OSH e 2og BEE 4 Uth

NH{ +% Oy= NO; +2H +H,0,  NOj + % 0, NO;

AngAse} pHYS) BHHEHAN 22489 AeE =074, €
ALY ASE r=-031'2A4 B4l dEH ol E&F ARHEY Y
3 Hxrt 27 el dage 9dts Ro2 HasHth(E, 1994).

2 2AAGe gage 2AF AR A1 r=-079"7", A-2 . r=-0.76",
A-3; r=-072", A-4 ; r=-0.76", A-5; r=-069", A-6 ; r=-071"8% Ed &
719 3teul 8 (r=-074")% FAIE FBYE EAT
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Fig. 3. Relationship between pH and NO3;-N(mg/L) at each sampling

site.
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3) A AL Fol&Fe #A

Fig. 4& NO3;-N¢ Cl 48] #AE vetd 2oz vkg4 CI & 3
AALY olFAol HIx(Y, 19137 W&o L wjALE FA olFd
A AdtFAAME od FHAE Yebd Aold sHA3tel A vims] Bt
Fig. 4914 RAXe vieigo] dRE 2LFGAHANAM NOs-N¢ Clsxe
2 488 E JEES ¢+ UdH

Fig. 5& NO3-N¢} Cl ¥ =48 JeEld RO 2, Saffignast Keeney(1977)
o & FAA BAAGFAME CI/NO-NsXHle AAHA W3z}
flx dFE 087~328AHT 149 Aon dgo] P e R
2832 2A EXo§¥Hd mg & g vele RozZ HIFHAT,
Weil 5(1990)3 Pionke$} Urban(1984)2 A @A HME o sHET B
139tk A-1, A-3, RA9o] CI/NOs-NHElE 40, 26, 2702 &5 2%
FE v Lol Fol B2 fr1AME JF FFoZ AlEHY, A-2
D18 A-4:22 A-5:11, A-6: 192 o5 FL YukE AR AN Yet
' g9y dAdoh F-1X9L CI/NOs-N& Hl7} 36524 ot & Ao v
3] YE3A Eded, cle BEA G vHl&] AAAAALY T/ Y] AE
o2 Alg ¥

Fig. 62 NO3-N¢} HCO; ¢t9] #AE& JUeld RO E HCO3; & A 359
TEHAAAA Aol Ao met Friste Fol AFHQ AgFoA B
F e FH2A RA Yol 564mg/LE 71 ¥ =& UYEUR Ao
A-5A9 2 20.1mg/LE 7t #e 5 E Ueho] 359 ddixtel g F
3 B & Ave RALE ARHY AL E FRE FVAHAE BHolA &
Fig=3

Fig. 7& NO3-N¢} SO/ ste] #A& Jehd RO SOL L FAYFH
2 EZA53 o A-2x g 112mg/Lo 2 713 ko A-13 A-48%
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o3t FaoRe o3 FFS By Yo FAAHL Bl v Aeg ¥
a3RE, & ZARAGAME -2 FAAAGAA FBAEE Holx] ¢
ok = A7LIAAYA RFY dl2AHQA F-loME 484L Jehix @
kot

Fig. 9& NO;-N¢ Na'#eo] #AS vehd RO 2 &(1994)0] o8 =
TAEA AGAd AL F7HEe] g Na's=e FAH2E r=052"8 7}
e Eo ATBHIAE Holn vEALAd e Bl YElUA G Ao
Z ol ol olFHHT WE o] HFog HudPed B ZAA
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AALAFFTAALY] JAESANE 0|87 AFrFTo AL2FLE ¥ F
e gaulaade §NAE -4 ~ +4%, ADEFRIEANN FHHE
SPNAE +4 ~ +8%, HEHFRABY SPNAE +6 ~ +10%, FEEYH &
o] §PNAE +10 ~ +22% olztz w3 A Ycrh(Heaton, 1986; Komor 9t
Anderson, 1993; kb, 1996).

Table 3& Zt ZAIA Qe AMNFALEES §°No 53 28 o HyF
S Jebd Aoz AARAA §°NY BAE Fig. 127 o] 5709 a§°
2 FEYS F AU

AA 1F(1)e AN EL9 =7} Img/LujToln, & °NX| 7} 3%0l 3}
2N AAEY FAE FAHE F-1A97 F-2xg0] g A G
o3 EYFe oo £E2 fdHe A2 FHHe AY.

A 2L AN ELFE7 89 FA71E(10me/L)E 2343}
T EPNAE HA%AEEM A-3, A-5AHo] APFHY ole Ed A&™
gletuls Ry AMAHELZ FAHE AY.

Ax 2§ AMPAAL $TE JeBY FF71FWYoln §°NA
© S5HAEEA A-2, A-4, A-6X o] FEHY A 8&H vHE oF F¥¥
AFEY FH AiV FEHE FHE FHSHE AH.

Y IE(V)S AR ALEEE HEEY £37Fd 24z §°N
Ae +7T0%AETZA AFIHAHA RAGe] s H@3ts+ Fae A
A ALE FAHE Y.

gAA 28(V)S AAAAAL FEv 993 2d4-Foes He 3m/d
Azold §PNAE o 9.0%FEEM A-1A9ge] FHY ol AVESH
Agss 2 S ER(HENTY FTE e Ao FAHAHE AYolth
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Table 3. NOs-N(mg/L) and & °N(%) at each sampling site.

Sampling NO3-N(mg/L)* 3 "N(%)"

site Average Range Average Range
G-1 3.6 2.1-4.3 8.82 7.75-9.60
G-2 15.6 15.7-17.6 5.30  4.15-5.86
G-3 12.0 10.8-13.9 3.59 3.17-4.01
G-4 6.6 6.1-7.8 5.78 5.49-6.75
G-5 15.9 9.7-21.9 3.94  2.46-4.82
G-6 9.8 8.0-10.2 5.05  4.67-5.67
G-7 9.4 8.7-10.5 7.02 6.5-8.1
G-8 1.0 1.0-1.2 3.07 2.00-4.76
G-9 0.4 = 1.80 -

* Sampling was 5 times taken.



5"N (%)

Fig. 12. Relationship between NO3-N(mg/L) and & '*N(%)at each
sampling site.




3. 8PNX|E 0|83 HAMELA 2HuY Joi8

i 5(1995)0] ojEd AAHALe) oAU slgE 2 R
2 Hasel Qt UeT gL 4L ojgsd T

W = X+Y+Z

aW=bX+cY+dZ

W A8 AN AL E S (g/L)

X : #etulE frefe) AN ALSE (ng/L)

Y 308 2 48aEtAe AN 8% T (ng/L)
Z: AJAEFA2FN AN YLEF S (mg/L)

a: Aspge AGA2 8N (%)

b: e fae AL 5 NA (%)

c: FAEs 2 A¥SFRAY ANAAAL §NA (%)
d: AAEFI2HH) AD4A2 §°NH (%)

Yot ce dU3Ae FA4Ex o3 faAste A4t BB o3
FAdte ALZ UFolA HFHol Hy HFHo 2 FHsed 287t
o] REEAE 22 X2 HFHA

HE 9% °NAE Y8 wHBAMY ALHE HEWAK §, 1994)
o] 3% -39 ~ -14%A°om HIgol oF 2% &S HFuge §°Nx
2 FA3AUT ANAFE HFF I5%HE7F dRYot FHAA o o 2% 7t
EokAe oz o (fh, 1994)3td setulg e ANPA2e] §NA b
£ 022 7133

Ao APEFo g FA=HE 6 °NXE Komor® Anderson(



1993)% H#i(1996)2] B & I3l Uty o g YYP3}FoM fASHE 6
PNAE +6 ~+10 %, FAELC 3 KA N WEe +10 ~
+22% 2 olE W} +6 ~ +22%2AM 2 FUAY 14%EF HdHsto cof gk
oz 7HAEAG

AAEF Fgo A4 FE ANYALFEE Remy(1985), Willems(1987)
ol o8¥ 045~090mg/Le] HHAE Huso LHFZH AJHNAL %
7} 1mg/LPl Q) A HQl F-2A9& xFHoes HAYsd ALNALE A
5 AAdEQFAAM FHe Rz AN dE 18%, NN ALFE ZE
0.4mg/L-& #H 3% o).

olgig ol wet &4 2dYUE 7|9 E&E T A} Table 49 Zo)
A-1X YL 3Eulg, F4EL - A¥EFE L AQEL V&0l 747G 27.8%,
61.1% % 11.1%9 vI&E Rolx Qo] FAit- A¥IHFFaAY 719 &0 g&
Xl v Fot F4- ABIFoAM KAt A2 AR ET

A-2, A-3, A-4, A-5 ¥ A-6X9L 3ugd] o 7|9 go] Z7
59.6%, 71.7%, 53.0%, 71.5% % 602%°|3 ZArEk - M35 9% 7o
&0l Z7t 37.8%, 25.0%, 40.9%, 262% R 357%2ZHN 2 J|YdEART 3}
gHlE 7gd&o] £2 vEE YA sy fHg3e A4 ALE
FAEQ.

RA G ZAfeole 3gHE, FAES - 3T L AAEY 71980
27z} 457%, 50.0% B 43%ZA vlE e F4 - Y3 JYL we
Ao g2 Yoy Exol&ojy AFAHQ A& 2T of FA4Ex - Y
st Fd@dte RAogE Atrdnh

F-1719& AMdAZALTEE T 10mg/Loln AFERH 3}3n|g 9
B0l 47 40%Z JEIGOY AAEFNAY AMLAL FEHAY 045
~ 09mg/L o) A9 Z& FEE Holm o FAHALE AAEFNA
fFaggda Asdd.
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Table 4. Predicted contribution of each source to NO3-N concentration

using & "N(%) and NO3;-N(mg/L) at each sampling site.

Contribution of each source’

S _ 1

ample NO;-N & "N Chemical Livestock wastes and

sites . Natural soil

fertilizers domestic sewages
mg/L (%) (%)

A-1 3.6 8.82 27.8 61.1 11.1
A-2 15,6 5.3 59.6 37.8 2.6
A-3 12.0 3.59 71.7 25.0 3.3
A-4 6.6 5.78 53.0 40.9 6.1
A-5 17.2 3.73 71.5 26.2 2.3
A-6 9.8 5.05 60.2 35.7 4.1
R 9.4 7.02 45.7 50.0 4.3
F-1 1.0 3.07 40.0 20.0 40.0
F-2 0.4 1.80 - - 100

* ! Calculated using the equation(aW=bX+cY+dZ) by Nakanishi(1995)
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%BATEH EF AEHE 3vge] L e Aoz
' XY AA 2§ AAAALFEY HeEe FA7EUSY )
SPNX7F 5HAEZAN ALE Hnge EFFLZRH fASHE
Ao2 FAHE A WA 2§ AMEALFEI HegY £33
NNZo 2AH3E Fxoln §PNAI +T0%AEZ BT JES
e Ao g FAHHE AY pAA 2§ AN ELY v=E U9
A od4Fo] 30m/LATOY §PNAE 4 9.0%E AAERoIY
HEEs(HY]) 59 9¥L Be Ao FHPHE A9,

. 8PN(%) ¥ NO;-N(mg/L)ol 9@ 2499 714&dMe F-2A9&
AGEY FAZd 2eEAR A-1AGe HuE, FAER - AE
3 2 RAAEY 7] go] 47 278%, 61.1% 2L 11.1%9 HI&S B
QR A-2, A-3, A-4, A-5 L A-6XFL Btugd g 7]d g0l
Zt7t 59.6%, 71.7%, 53.0%, 71.5% B 60.2%°]1 FIEx - @35
o 9% 7ldgo] & 37.8%, 25.0%, 40.9%, 262% % 35.7%& e}
Wk RAYL 3eguig, F4Es - G 4 AAEYG 71959
457%, 500% L 43%Z YEgn, F-1A92 &g, FIEs -
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