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Abstract

This study was conducted to investigate NOs;-N contamination, in
relation to other ions in ground water and mobilty of anions in
different soils in Cheju Island. Ground water samples were collected
from 4 wells at Shincheju, 3 wells at Seogwipo city, 9 wells at East
region and 19 wells used for drinking water at West region. The
mobility of NOs, Cl, SO; and PO, was examined through soil columns
made with Mureung soil, brown nonvolcanic soil, and Namwon soil,
black volcanic soil.

The NOs-N concentrations in wells at Shicheju were high in March
to June and those at Seogwipo city in June to October. Average
concentration of NOis-N at Seoqwipo city was 7.2 mg/l, being higher
than any other regions. The concentrations in wells at East region
were below 3 mg/l and the NO3;-N concentration in C 5 well,
unpolluted forest area, ranged from <1.0 mg/l to just over 1.2mg/l. In
the study area, NOs-N concentrations in the samples did not exceed
the criterion concentration of drinking water (10mg/1) except for D 41
and D 202 wells.

The NOs3-N concentrations in D-41 and D-202 wells near pig
facillites at west region were 10.95 and 13.1mg/l1 respectively,
exceeding the criterion concentration of drinking water. The
concentrations in D-65, D-35, and D-120 wells were slightly lower than
the criterion concentration. The pHs at Seogwipo city were in the range
of 6.6 to 7.3, being lower than those in the other areas.

The NOs3-N concentrations in wells at west region were negatively
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correlated with pH and positively correlated with Ca, Mg, Na, Cl and
EC. However, at east region, there was no correlation between pH and
other ions. The concentrations of NO3-N and Cl varied widely in the
ground water but the CI/NO;-N ratios in ground water except at east
region were much less variable and the ratios in the west, Shincheju
and Seoqwipo regions were 2.7, 7.0 and 6.41, respectively.

A large percentage of Cl and NOs were eluted in 1 pore volume and
eluted faster than SO, through Namwon and Mureung soil columns.
The phosphate (POs) was not detected during the experimental period.
The anions in Mureung soil were more mobile than those in Namwon
soil. When the soil columns were eluted with solution mixture of 50
mg/1 of Cl and SO4, and 20 mg/1 of NOs after completly leaching the
anions with delonized water, the elution volumes at C/C, for Cl, SO,

and NO; ions were 50 ml, 285 ml and 64 ml, respectively.



L A =

AFEs &5 URES 23teo] Y&t 2 doz i 2o vidlo
213t BAe] Yesdo]l ZFRAch F3I, ik £48 AHg3ln o= 301 &
o] WAl e A YEF T FAdel WAH Y A= 3h¢
L Elgol 2% 2ol ¥t

HMFEolA 2|3t o] FY AFE 'B0dY] 2P EH A e 4
of 2%t 2]3l42] o] VY AT} thFolglon, o] BaFo] AU
21g @ AP g2 A 3teolA NOs-N 571 &t B2 i
5, 1986, + &, 1988 ¢ &, 1989: - &, 1991).

23l 2@ 7= EUFAM NO-N2 HBUE7 71 w2 429 3}
Ltolti(Somasundaram &, 1993). EA]x]HollA NOs-Noil 2j§t =8} ogL
Long Island(Flipse &, 1984), Nassau county(Katz %, 1980), Bermuda.
(Thomson=} Foster, 1986) &2 2| HollA R ¥ v} alch o] A FoHL& tf
2 M, SO Tl FAlel AEHATEL EAR FolA NOs-No| 57} &o}
& 4U4e F2 AR KEYzt EAsHeo] o3l Ueld 4 oo, «f
2 @A Aol njste] VA3 2 T2 A Utk Walker %, 1973
; Walker &, 1973 b: Hantzsche and Finnemore, 1992). mjelx x|3}42] o2&
& ZA2A717] Sl I BRYPolNE AR 45 1 km'F 1557] o4&
22351%] A& A sl QltHYates, 1986).

FRAAAM HlEY FAERSY AMEE AF4FY NO:-No BEF ¥ole
ol YA og & ujAc} Nebraska: ¥ A2 & ¥ (nonpoint source)ol]l &)3)
237t Aad ALE e@Ecty Ha¥ Y0 2(Spalding 5, 1978) A&
THULE o83t ZARY ule] g3 eddo]l F2 v E(Gormlys}
Spalding, 1979) X+ E¥ R71824%EH #A¥ 2oz W AcrHLindaust

N

dc rr

2

-3-



Spalding, 1984). Gerhart(1987)2 Pennsylvaniaolls &4Hex o] Egdazls o
g ZE2F T3 242 fodsed, et YIS B39 AYsHe 3
fole sduldl AsteFe &7t §olAd, EGE TH FRoles 3 &
3 o}y 7Ztol A3 S wl golZrt 3tgdch TR oA AR F

UE NO:-N2 sE& 2stseet 22 Y2 vx71 HoHR7IE 3t W)
2 Yo7l x ¥rta B3t GE HIIES EYl AEY A9y 234
t vl24d AlYe ¥]dld NO»-N w7t ®A3] &2 HolrKGerhart, 1986
weil &, 1990). uteld, Al-83& RAAAN ELGFY NOs-No $ =& 244
Z& o A3leFY = A v A3 e HIxgrkHal,
1992).

TR AM vl R A8 A3trF Y ALY HEE woled $8
T AEE st AL vRe} dErlelE AlEL A YoM NOs-No| =7}
< ¥3 ofyzl CI/NO3-N |7} d33lct B ¥ glcHSaffigna?l keeney,
1977). £ U K718} W47} $713} 248g Lol HHY NO;-NE E
BFolM Ao dAolz FARY HEZ wiEH dPolFdlo 2|3t4E 24
A4 4 9ltHAdriano ¥, 1972; Walker &, 1973). Q322 o Eol= EQS
2] NO3-Neo| 2tgo] ol &¥7| wiZe] Ast4Fe Hx7t Waiut 2Fo] =g}
2 Ue AL EY 3 FAM v=E71 wolxlE Z¥el Adckohnson %,
1976). EQUl NOs-N2| 3130|532 7|44 Zoutel 2A ¥¥& Yed, %
F¥ Ex WPl USTHE EY FTY sxt AHI] golAr)
(Bergstrom, 1987). o] & 475319 th¥-22 2| 34Fe NOs-No =71 A
2F golA| 2 glen, S84 £ JIEE 2Y3AY AR YT ¥ 2d £
& 233 A3 471 FUBt dvka ddckSpalding F, 1987
Madison and Brenuit, 1985).

AZEE 2ol wtet B2 o8 el L WL v4e FF) vl
HFAot MAEAE Q77 BHEA UM Bz K&t st oyt

L2Ho] fEE AHoln], HRAHLS FAHA = T A ¢ =24

—4-
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II. Al 58 2 99

1L AeHH 2 E43Y

28t B4 Al AAFE, AFAl dHAY, MHEA, AF D FHA| G
A &2 AR A ASEE AAHSIATHIY D, AAFA gL TEY
A A 478 BHIAM AL, MHREA FFoMe JdFUIE}
¥ 71U Aol 1A% 370 B A3 dtdct EY, C-5& HFA
A¥Age g Y 300m ¥ Rk 2EY #l¥Ao] vay L Yo
th MER A2} FFAGY AEs AETEE Niso] SE&FE AE3t
= 27 197 B2 9Bl A3t BEFL AFAl W A XA 2]
Aol AR M3 A] FoA% Mo, FFe} MEAFoME 2|34 F24A]
FAFAN FAY AFFAEAN De SEFTE o837 fidld Uy
drinking well, wi B8&8202 A3 well§ Uehdch $E2199 D-19& 3
At Fh7bE Rl A BT 4ol UIY Aoy, D-42& Y
200m o]gell $1A| VP o= A AHA A3l 2@ 1Pl A2 Rolad
th

HFEAl, MHEA 9 olelFEAL Al 19929 1¥%E 19934 64 71X
4 13 A2 3, AF W FFAGY AEE 19939 3, 4, 5ol 2231
43t 2H3-& 7] polyethylene8 & ARg3ld e, A3 FA] HEHE &
wste] 3 B Uty FA 3t

Age 42 EEFEEMUSE ol8ddled, pH: pH meter(Orion
520A)%, A7|A =X+ conductivity meter(Toa CM-11P)&, Ca, Mg, k % Na
+ atomic absorption spectrophotometer(Pye Unicam SP 9)&, NOs-N, Cl ¥
SOs= membrane filter(O 0.45um)§ E}A#H ion chromatography(Dionex
94086)2 & 3tdem, HCOs= HCIZ 3Bt 3t THClesceri &, 1989).

-6—



®A2
eD211

2

Fig. 1. Map of the sampling locations.

2. 2 o1 FA

EQuUold NOs-No] o548 EF & Ui AUMdELE £33dcha
Y 2). EFE Zo] 150 mm, AZ 32 mm¥ acryl columnl & gtEo] =tz
HEFY 7554 729 tE EYU U5 S FU3dch EF oA
NO3;-Nz} Cl, SOs I POs2te] 0] 54& vladlty] §l3le F/R+E 27145 0
mli/hr2 2200 mlE EFejRuleon, HEAPF Foriees AL gzt 3
F Fo4EE 15 mlhrelddrl olE4Y Aol EFE FAY WYL
fraction collector® 473}o] ion chromatography(Dionex 94086)2 NOs, Cl,
SOs W POsE 243t nlasielct

°olF &ol22 EY ¥ 4L FTFTE EFU 2ol ¢ WA




W F 20, 50 ¥ 50 mg/1g] NOs, Cl @ SO & Fejufo] 2939

ol& 0|22 58 &A35lo] breakthrough curved 218 v]| 2 3lAc)

P

-

eluent bottle

e

soil column

-—— fraction collector

Fig. 2. Schematic diagram of experimental set-up for
mobility of NOz, Cl, SO4, and PO, ions in
Mureung and Namwon soils.

(soil column: length, 150 mm; I.D., 32 mim)
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nr. 2 3¢9 3 2

1. NO3-N 559 943}

92d 19458 939 69712 AAF 292 2 3t+F NOs-N =2 g4y
& 2% 3o Yehiglch NOs-N8| 55+ 16 ~ 67 mgleE &AHX|7]e] u}
g} atol7t Zith 92@ ol 3 ~ 6¥ Alololl HE7} wolAThzt 7HRE 124
72 3 ~ dmg/IeE Yol 11 o]F tiA wolxle Z¥oldrt AAF
292 1980l XFE =AI7F B F2 BIAL S Telo] W
Ae Aoz #3t JISFE AgAlelo] B <zt wth wepd olg}

10
Shincheju
O0-0C 1
8 e-oC2
Oo-o0C3

& o]

N

NO,-N concentration (mg/l)

JFMAMJJASONDJFMAMJ

1992 1993
Month

Fig. 3. Monthly changes in NO;-N concentration in ground
water at Shincheju.



& NO-N =9 dstes 33 4471 AY dAshe Rog A o|5o]
AHERE Bhpofl 23te] YRS W AL Holn, AF olof AR AR} o] %
ojAo} & Zeo=z PzHcl

MAZA] Aol 2] NO;-N €% Hihs BHL 2olglo] vls8tA W3}
ged, 929 6¥olA 109 Atolollt 8 mgl W E wolZrirl 1196l od
19 Apololls 4 mgN2 Yoldl F tiA] FolxlEe Z¥PoldrHay 4). ol 2
< HeE Wde 29T A e ZROoT Holn AAFoM Ay
Apol7h gl Zoldlth MAZAAN AEE MY G2 HALA M 20
ARE AR Fol U B4 doM A3t4E 28D £ U= Y 2
ddo]l W2 A9, Fupzlo] AF eFof osto] {x]H2) edHo] AFl2
FUE 2oz Rt AN NO-N $E8 fwHste 280 48sl:

10

o
T
o
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o
0O
O
e
p [}
oo e

F -
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Nl

n

NO;-N concentration (mg/l)
(o]
O e
(o]
[ ]
o
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2
O\o
O

n
- / \a. n
Ll Sy "aEE g
JFMAMJJASONDJFMAMJ
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Fig. 4. Monthly changes in NO;-N concentration in ground
water at Seogwipo city(Samp. No. S 1,S 2, S 3) and
forest region (C 5).
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Age ¥EI W3 ALl =7 Ho vl Weil 5, 1990 walker 5, 1973 b:
Johnson &, 1976; Hubbard %, 1984), A& 2|2} AMFIEA] 2o e]
NOs-No] s=+ o]&9 Rishs xlo|7t aath o] Adoly NOs-N £
Yuizte 2EEAY At FUPA VS oA £ U= 5 wEY 59
T BR ZePel 3l A== Aoz Bk TAA Yo BERAA
FEH e 3taol Al A3t 2EHA FEF NE2E XU dE= o
EAlolA R IE|dcHWalker ¥, 1973 b: Hantzsche and Finnemore, 1992).
Madison®} Brunett(1985) n]ZoflA 25\ @ FQt 124000748} =|3}4=2ef] #3}o
HIuH AFE FUSHY 4 20%71 AZ”Fol 3¢ 247 EA 3mgNE 23}
3t 6%t &4 TAUNFEY 10mgN& 2JEclz  stdch  Nielson
Lee(1986) u]=uie] ZA1AAF 29%7t 3mgNE Xstedcin Rastgct &
91384 294 €& 3 mg/ME 71£318& wi(Madison} Brunett, 1985), 414
212t MIARA] MY delHA 2dof st e o] Ays] UYH Ao
Halch

HFA A2 G AgAGo XY C-5 AFH4e NOs-N 5= &3
AZPEE 47t zlole dent 05 mg/!l YR Tt X Yol st WA SIA
stoleh 4t AY 2steFo] AAbd A4 2L 02 mg) £E 1.0 mg/l o
32A o] +FY = F UHAYU ado] Y3l 2HEA] 2 Aefe] Re
2 83 gled(Weil &, 1990 Hubbard®, 1984), C-5 st Heluiol 2l

ch

LU

2. A9 32 NOs-N 55

219 NOs-N9 24, Hdf 9 BF $E& F 1ol YUehhgdch MR
28] NOs-N BTt 7.2 mg/le2 7MY waton, 2428 Uehis =
B8] =X 30 mg/l oldeR ULF 2¢¥71EY 3 mgA(Madisonzt
Brunet, 1985)& Z3}staich AFAleh Nz HelAMe] NO; BdsEE 2t
42 mg/N R 41 mg/Z ANITARchs Yoy} 3 2@471EE 2334
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th 53], ARGl NE S84 £UANES 234U H£ 5EF e
€ Z3tert ZEEdnh W, F2 w39 227 2A4F] = FRAY
AMe B 11 mgholdded, AEEE 27 mg/l2A U9FA 2EAINE o
slojolrt. uteby FH2 G 2dleE NOs-NE 71822 31 o 295 xR
2 o2 michEch

E2] o] FHeEjol ulel x34F NO;-N2| HEE= xjo]7} ey, 5=
3G 3 AA>FARG>AURAA &2 A YeEhIE #9(Komor 5,
1993; Pionke2} Urban, 1984), H|& A] &3] @2 A PoME F4H2xe A&
2|98t of g4 YEIUWZ]IE ¥cHGormly#t Spalding, 1979). £A]7} A Si=]
L2} Aol A A[3}47F NOs-Nojl &J3le] o5& €A 32 Az {2
T2t Bhgof] % Z1e® B3I gltKSomasundaram %, 1993; Flipse 5, 1984;
Katz &, 1980). £ ZAlolAM NOs-N& B w5 7Y e M4
o] MF2] FEUA W FHo AR vsle] AT FEHL A9
LEHA 42 Aoz Ueiged), o]RE HRA9} 2271 A Y= R
2ol u|ge] Al§o]l Hol I o] R dtgol Uehta] ¢htAL pH &
A7 @ ZPC7 &S FAN AN ES BEXEFo ool Eoke] oy ¥}
ol deoju} A3t fUFol AAAY] wfEo® AAHCLE MEAA =] sl
NOs-N2&| =t f+ §(1988)0] th¥-E 1mg/ oldletz R Rof vlsle o
23] w2 Zoldedl, o2 AR A VYL ol & Ao Balrh

Table 1. Mninmum, maximum and mean concentration of NOs-N in
ground water at 4 divided regions

East West Shincheju’ Seogwipo
Min 0.4 0.1 1.5 3.0
Max 2.7 13.9 6.7 9.7
Mean 1.1 41 4.2 7.2

* excluded analysis results for C-5 well

MF2Gol X NOs-N 557 AFHo8 A Ushls St 39y
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PER WA A9 d2Y AdpeolM ‘939 3, 4 R 599 HF SEEF 1Y
5-Acol Uehigch @EFel WAEl Adx 2 Jizlolel A% D-413
D-202 ¥3 2] NO;-N 5+ 11.02} 131 mgN2A €443 7122 10 mg/
& 23t em, D-65 D-35 @ D-120 FHME 84, 85 U 95 mglEA
THIIEA 7 2 $EE Yehldch

ol2} o] NOs-N ¥ =7t &2 A3t BHL 1Y 5-Be YE3 o] U
ot Azt ALY dxsHe HyPoldrl HA BEx MIEL Ai4Z9
NOs-No| =& A= F2U2 shEM(Gerhart, 1986; Exner, Spalding,
1985; Komor, 1993) ®7]& tin] 322 A3l4F =71 v @x|Hof v]3ly
AA3) A ZAEEO(Weil, 1990), H7]1E¢] B Helatg 2427 of =3}
39 =% sl ZtAshe ez RasldcrHHall, 1992). Exners}
Spalding(1985)2 Nebraska A% Aol 71%7} NO3-N2| 384 7I&X&
2380, eddo]l F2 FA4F o ¥ Zoletx sjgich n]Ze] H9 &4t

A B \
456 7 8 9 10 11 12 13 1
CONC. (MG/L)

N %eg@\

1 HanayufiG-myuN

%j; o LT r\"\.,.‘
%3041 ?ﬂ /
mz»oCEL 202,/ é: -
8- an;s/ % /N

Fig. 5. NO3-N concentrations(A) and pig facilities(B) at Hangyung-myun and Hallim-eup.
(O. pig facility; W, Well)
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T R HEE AL AEY AR AsteFY NOs-No| B=7 195049 %
19744 Alojofl 2.8 mg/NollA 121 mgNE B 57} HolAlE x|5tE7) ZAE &
312 (Spalding §(1978), @AM E & 02 ~ 1 mgA7t &oMRE 28147}
A&Hctn B aEdcHCarey and Lloyed, 1985).

MEAYY EYS F2 EQFol d4E A U2 £UF A == B
%ol ¥8=2 U2 Entisolse] £XF o] AUAN(FUERE, 1976) ERol |
H A dEo] T3 gl o) BPH NOs-No| B3 4A 23}ty
2shrE LG A 4 A& AR AzHch H3 o] Ao ¢E Uty RE
T W AN Me WAE 2E, ExE kMo Yol o} 4RI vy
3 F EQ AMestAU HAse HRE 572 £38 B3l A3 ARy
22 Aesia glch wetd o] 2 A|slfFol NO3-No =7t & 2
FE QE HIE ¥ 2¥o2 Holn, N9 #A59UL &3 S(Komor
S, 1993, Heaton, 1986)8] ¥<& A& T3l 2@ FHo] iyt g7} o]
FolAol & 2o AzHc)

A9 pH, EC ¥ o] &9 2|4 o] g H¥F $== ¥ 29} Zcl HF pH
€ NOs-N %7t 71 &2 MIARA] 2]H9o] pH 6924 tlE x]dof u]sly
sotem, pH 66% A3+E A& ek $E2Y99 pHE § $(1988)0] 22}
T R AASAM, ARG E F 5(19De] d¥dH, A W A do
A, AHEA] A G B 5(1986)0] R%t gt} wsstadch

ClY B s5& $12Ado] 7 &2 Holglen, 3 27 S84 7
EA(150 mgME 2343t At ZANEACH AAF M EA] A G2 v
=t on, NFAHL 7H3 W2 oz yeludch FRA QY AstgolM Cl
TEL 2 A2 & AR YAMME HuFdon, O YA 2 S
Aol &yt Fojeta stdch

SOs BEFEE R4ty A FollN vl B3P Rgoy}, X2 o]
At w3 MAEA 2 go] 4zt whe Holrh FHAGME 40 mgA o4
| A&He Astez Addch 3 5(1986), & FU1988), & SUNPDE 342

[+
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Table 2. Chemical properties of ground water at 4 divided regions

East West Shincheju Seoguipo
—————————————— concentration® ------—--—-co—--
pH Min 7.1 6.9 7.0 6.6
Max 8.0 8.7 8.0 7.3
Mean 7.6 7.8 7.6 6.9
Cl Min 7.4 4.3 14 23.1
Max 199.5 38.3 51.5 48.0
Mean 43.9 15.4 31.5 32.8
S0y Min 3 2.3 3.8 4.8
Max 40.6 24.1 16.5 18.4
Mean 10.9 9.6 10. 4 9.0
Ca Min 2.1 1.6 1.6 3.9
Max 10.8 16.0 8.1 12. 4
Mean 4.1 50 5.0 7.7
Mg Min 3.5 1.8 3.41 4.0
Max 17.9 18.1 12.9 10.2
Mean 7.1 7.6 8.3 6.4
Na Min 7.0 4.1 8.9 9.9
Max 113.0 25.0 43.2 19.9
Mean 23.4 11.9 21.63 15.7
K Min 0.9 0.7 1.9 2.3
Max 8.6 6.5 5.6 4.8
Mean 2.6 2.7 3.4 3.3
EC Min 86 57 146 201
Max 733 366 361 342
Mean 220 166 236 247

* mg/] except for pH and EC(uS/cm).

FBE U2 Aol SO; 2= S BA Uelhdrizn stded, $¥x)4
o] ABlgollM XTI B2 22 ol T Pl &3 Aol WML}
Ca 5+ MIEA #Ho] BF 77 mgNEA THE 2]¥o) u]sle] 27 ~
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36 mg/l waith olgh 2 UL FF(1986), f FUWY) W F F(1991)e] R
2E o wlsle] VA3 L& Folgd], oA ojFo] ZARRE BHo] B
BY 8ol Uehtks AdleoloN Ca X7 #4 Uehd Zleg Bch =
A2 st ol s Ca T ol o] 3 st AR f Y
H7l d gl A3te5e =7t A4 Uehds A9t ol:dl(Somasundaram
S, 1993), MHAEAA Ca $E7F & 2 ol9} T2 Paloy 2 oz
Azt Mge A9 & zlolglo] wlxstd o} AlA|Fxa| o] ot & W
olgdth K& FF MFAIo] 26 mg/l WHZAM vlxslgdon, Ao} A
HEA] A Y& 33 mg/l W =E v]stdch

Na®] B s F52 AAF 2do] 242} 2336 X 2163 mglE &
Holglon, ARAGL nff w2 Holglrt FEx|YolME 100 mgA o]Ato]
Zes e 9= et

B ECe MEA o] 167 uS/cme 713 wigton] T9]e] 2192 220
S/cm ol’goldltt. FAb Aok A 2¢do] AR AFFoMq AJAREE &
A W FA2 ] v3A #rhe B2 (Komor §, 1993)% oL} & Aol A
2he ol xpol7} Qlgirch

3. NO3-N3 & o] 239 37
3. 1. NO3-N<& A g c}f& o] &7 A

g A2 FFet Foll 23 = W ol BAV @
2l A HBE o]27te] BAE Schoeller, Piper diagram ¥ A3{AF 2
Al £ FEL 2732 etkMellouvel2}t Collin, 1992, Weil 5, 1990;
Pionke#} Urban, 1984; Saffigna®} Keeney, 1977). ©]&3te] @A} cl& oAb
& Hole T x93 4% xdollA 93d 3 ~ 59 Alojo] AT 2|42
NO:-N& A% 2} o] 27 A#BAE 2 60 matrix correlation® 2 L}E}
wiglch AH 2ol A pHE Ca, Mg W ECe} o] AaaA7 ldon} 52

m{u

Aetae] 24 R

0
a)

S
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> ]
Ca b':’pf’- Ca :'-n:’J .
Mg [\ Mg | 4y
Na [ Na | .. ," <
.
K 1 K| .. i
DU x
o [ o . y
}ﬂ § . . st "« _
Y N 3 - e :~-'}4x'- -"1 / -
HCOy | i vlgn” Lam | ] ™ gt g HCO, [l - P i i R 1T
xS e B L e
T 8525 4g T8 £ 2 *5° gg
I X
West region East region

Fig. 6. Matrix correlation of ifons in ground water at east and west regions.
(— significant at 1% level; ---, significant at 5% level)

z| Holl M ABHAZ et F R HolM BF Ca, Mg, Na, Cl % SO4 A}o]
o= A2 Ao ARUAZ 2gon, HCOsE TS o/ 23} ZUBAF Rolx|
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Fig. 7. Relationship between pH and NO;-N concentration
in ground water.

3. 3. CI1z}9} 2A
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3. 4. Ca @ Mg=e] A
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Fig. 11. Relationship between Na and NO;-N concentration
in ground water.
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2lA olor(Pionke2} Urban, 1984), BN fYUF = Ko o] 232 AE
B4 ool 3] S Uy dlFoeZ B3 dtHE F, 1990).

3. 7. ECste] Al
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4. B o] FA
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Fig. 14. Breakthrough curves of Cl, NO;, and SO, through
Namwon soil column leached with deionized water.

th PO A7 5 2831 4t
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