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Fig. 4. Occurrence of ground water in study area.
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Table 1. A comparison of soil properties in main land and JEJU island

(Hyon et al, 1994)

Soil of Study Area
Dark brown Black Upla.nd
nonvolcanic Very dar}< br(?wn volcanic soil (Main
] volcanic soil land)
soil
pH 6.2 54 54 55
Organic
matter 2.7 9.2 15.7 25
content(%o)
CEC
(meq/100g) 14.3 21.6 36.7 10
Hydraulic
conductivity <50 200 ~ 300 100 ~ 200 <50
(cm/day)

LLLLLLELLLLELLELL
LLLELLLLELLELLLL
LLLELELLLLLLLLL
LLLELELLLLLLLLL
LLLLLLLLLLLLLLL
LLLLLELLLLELLLL
LLLLLELLLLELLLL
LLLLLLLLELLELLY
LLLLLLELLLLELL
LLLLLLLLLL

Fig. 5. Soil map of study area (modified from Hyon et al., 1994).
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Table 2. Land-use types and area at Hanlim (JEJU province, 2001)

Land use Area(m’)
Field 29,357,047.0
Paddy Field 228,204.0
Orchard 6,108,794.0
Pasture 12,037,537.0
Forest 32,186,133.0
Residential Area 2,671,725.2
Factory 161,067.8
School 241,444.0
Road 5,297,460.9
River 140,869.0
Embankment 16,504.0
Drain 198,667.0
Open Space 137,000.0
Total 91,094,916.9
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Fig. 6. Land-use map of study area.
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A3, A+ 4

e

AFA e FE FEHA E4E FA - Ao #9398k
20029 89 19 ~ 23913k 2AHH 11€ 9 ~ 13923} ZAL) 219

21 ~ 2643 =AHY 3zl 2AH Aske AlRE AFSAT. 2L FALL
S AT s AFHE 3A 2AMIA o]FojFon, AL - FA FYAL AR
1= 233 ZALe} Ao we WsE 5obsly] 98t 20039 8¢ 11 ~ 14
A4zt 2Ahel F7tE AFSAT Astee AFEoM BEEte T4 BF
Aok 108 AR Gt oo AN Sy AEE AFHSIATH 12 A
A 347l BN A Astes AR, 24, 33, 43k AL A= A8 3470
AR &1 570 AHES F7i8td A8E AF st AthFig. 7). 531, sigtel 91X

o

S
o

N
e

N

3 8HF AEES 24 MRS st TxA] A EAT
" 247k AlgEL @A F&, EC, pH, Ehg S48t 13k 24}l

A= portable meterg ©]83 &, EC(ORION Model 115), pH(ORION
Model 290A), Eh(TOA RM-12P)E 73+, 22 2 3% ZAlo| A= Hydrolab
MinisondeE ©]-&3le] SAsAT 3t 245 S8 Fol B ol Alge
0.45um membrane filter2 o33 & Zg]o

A% A BE 4T o)tz BESGOH, ol

N
A AFEE t7] T AL FAE A GIFS AT At A Tt
5 @of &715 9¥ H#AFOM, 32 AA Y dA FHLL BAS AT
AEe HAES S BRG] et - ZFY 0.001-M d3t-2(HgCh)S 3
7vste] A E 35S JASHA

A BEAo) M §o]2(F, Cl, Br, NOs;, POy, SO)& AAthstn x| G-A) 25 3} 8}
7] IC(DX-80)5 ©]-&3t L, HCO;= §%Y 7ol U= Titroprocessors ©]-&3}
o 0.0IN-HCl Aoz EXN3Ath ¥ol2(K, Na, Ca, Mg, Si, Fe, Mn)> &=
71238 A DAL (KBSI) A-&EAlA ICP-AES(Jobin Yvon 138 Ultrace)E ©]-§
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A
ot AlgEAoH, 2
AHs FF57]714E 6 2 F 3t Continuous Flow
AE 224 A g QA/QCE 95t ¥4 FW(Field blank) A&, A3 A
T (LAB. blank) A%, =5 v|g] &3 3= Spike sampleS A&} Th &3,
A 383 A5 EL At ¥ (Charge balance)s ©]§3led 259 4l=A4
AsstA

o

33°26NON

Fig. 7. Sampling locations in study area.
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Aag. A7 € E9

41 £4 54

411 8% ZAF A8

Aol ZHE Astre 4 24E th53 2 th(Table 3).

Table 3. In-situ water quality parameters of ground water samples

Temp EC Eh
pH
©) (@S/cm)  (mV)
Min. 15.4 6.80 106.0 460
August, Max. 18.7 8.52 500.0 595
2002 Avg. 16.9 7.63 231.2 494
Std. 0.8 0.40 109.8 31
Min. 12.1 6.91 90.0 296
Ground November,  Max. 172 850 399.0 446
Water 2002 Avg. 15.7 7.67 188.4 380
Std. 1.0 0.46 80.9 41
Min. 14.4 6.30 80.1 305
April, Max. 17.6 8.72 415.0 605
2003 Avg. 15.9 7.50 175.8 380
Std. 0.8 0.62 80.2 65

rlo

A& A e 20029 89 154~18.7C (HT 169T), 11¥€ 121~17.
2, A5l ALERY APH HIE st} Fd o 1T A=
Zpol7h wom 1143 2003 4€2 WIsd #¥E Hoh 339 A 2
pHE 89 Hd 763, 11¥ HF 767 2181 49 FT 75002 AP Wss A
o] JetA ggod, did dae] wE7F &

Z3ste ABEME 89 FAT 729, 119 FT 722, 49 FT 70602 A4

N
(@)
—~~
o
EY
—_
921
N
(@)
N

W He & 712 10mg/LE

ol mla) AwrHow xF e pHE 7}A Air8h(nitrification) 28-S ¢HAI S

o},
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ECE= 2002 8%¥ 106.0~500.0uS/cm(¥ v 231.2uS/cm), 11€  90.0~399.0uS/
em (T 188.4pS/cm), 2003 4€ 80.1~415.0uS/cm (3t 175.8uS/cm) o2 E}
Stk durd o2 ECe 3o &&= o9 F7iet 9 S #™o] =, o
TASL Farl sopAEA ECTt Skt w3HE BX SAS HIt(Fig. 8).
w3 7)o Fste 11939 49 Als5Esol vls) $-719 8 C gko] A
Ao g w2 S 7HAEH, ol AR wAY dF 9 FrER A% AKX L

o =29 7Y 2 EGH vixsiiol dol A" AL §-e] FFE 713

o)

] August November

0
\ \ \ \ \ \ \ \

100m 200m 300m 100m 200m 300m 100m 200m 300m
Elevation(m)

Fig. 8. Seasonal and spatial variation of EC in ground water samples.

8

e

2002 11€3 20039 4L AAZE FALY] & Aol A L4 4

840 U5 Zt(Table 4).

A\
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Table 4. In-situ water quality parameters of spring water samples

Temp EC Eh
pH

©) (@S/cm)  (mV)

Min.  15.2 7.14 221.0 316

November, Max. 15.7 7.50 836.0 385

2002 Avg. 155 7.28 570.0 348

Spring Std. 0.2 0.15 301.9 34
Water Min. 15.3 6.38 231.0 349
April, Max. 157 7.70 1946.0 615

2003 Avg. 155 7.13 840.2 462

Std. 0.2 0.50 711.8 105

T2 2002 1193 2003\ d 4¥ AlFoA A HISEEA Ve, e Al
719l AskE Azt Hustgde WE ZA 924 4k pHe 119 7.14~7.50
(Bt 7.28), 49 6.38~7.70 (B 7.13)0lu}, WFE 7 oGO E COs AR T
o] wj-¢ A& AFEH FHFUS HoAFr(oleF, 2002). EC= 11¥ A% XAt
AE 221.0~836.0uS/cn (BT 570.0uS/cm) -2 wl$- ThFEA Vel ol A
ol Yx3t= 38 H4A(S5 ; 221.0uS/cn) 2 2 A2 SHF(S4 ; 264.0uS/
cm) AlZE9F E3l 10m ©]3ke] sfetel X3 &HF Sl (727.0uS/cm), S2 (802.0
uS/cm), S3 (836.0uS/cm) A BEFHS] 2polrt =LA YEhsky] wWEo|th S1, S2, S3
& BT sfijtel]l f1AIste] WAl st ettt txA] SEHE §HF(EAHT
9], 1998)2 4] o]E52 sl FYPY TS Wi JYth(Fig. 9). 4¥ X A=
231.0~1946.0uS/cm (B 711.8pS/m) o2 11¥ dF ZAjoMHTE ZAwrxoz
=2 EC #to] yestth shAT, S4, S5 A8 5L vld e hRon, 2 8§
bl A% 52, S3 Al&EC EC7F AAl S7HstAT. ol Alg AFA BA 7%
ofsl B whxg Qldte] sfpoke] &9 Ago] B oA dold Ao AtRH
koS U A 549t S5 A REY A AFH AHECl £ o 10mo] A A
o Xtz AR FHl Fre] SPdPoR2RE AEA ol 9% IF T

S 2 EC7F S7Fete 7HeAds wiAE = floh

R
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Fig. 9. The pictures of S2 and S3 springs in study area.
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#32 shetatr] Aste] F Fole(Na, K,

hugust, 202

Novenoer, 2012

o, 203

Fig. 10. Piper diagrams of spring- and ground- water

November, 2002 and April, 2003.

2002} 8¢ - 11€, 2003 4¢
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SO4)S Piper diagramdl =A| 3} th(Fig. 10).

samples in August,



bicarbonate types ©]Fi ATt ol AFEo UutAH<l FHo] AAEA Q] ©
TAHoZ T FFol| 23t bicarbonate type©] A FHOoZ H
(1992)¢] A7ZAFHete AT} olHF Fd £AHS T3] AxFY AFH dF
S AdtrddA vetvde 5o AFEe Adr= FF(Recharge)d WiE
(Discharge)®] <% GAML w9 &5 AT S, S2, S3 AlREd EF
22 C type, ¥ol22 Na typeol EAIEC] a4 JFS o S5S AF
skt

HCOs= 3ol 93t J&S wx] gbe dub AsoA 943 FEC 2 (Jeen
et al, 2001), AlAA o2 ZA wWglshe P YElA ot E=3, 1% u
gt diet AdlelA FAzt AFez gHASFE Tt tga ASe FHEQ
SA40] UElRthFig. 11). olelg 1A S AN ol i T
= AF=e 54 wet As

120 —

[
November | April

|
0
T T T T T T T T T

100m 200m 300m 100m 200m 300m 100m 200m 300m
Elevation(m)

I
H
H
i
HT
HI—
[H

August

Fig. 11. Seasonal and spatial variation of HCO; ion in ground water

samples.

2002 8¢ Piper diagramolA= 11¥€¥ 49 M3 Jo]29 A5 C %
Bt A= S £ F AH o€ AEES HI, H3, H20, H2290| & 3at=

[«
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AEEZA H3% H20& 1% oF 20me] ®lw A stz 7i7te] §1x]skar Qo Cl
o 71922 Todd(1976)= sll=o A<l A A Al <t vl HF3 3
T, dEFY 4, T EFE ARES B9 AT, AAHA A9 #H7 55 A
Alsta e, o £ Hounslow(1995)= 3l F(Sea spray) &< 93-S Ao
whebA], @] AP A advks 1S wl, H3, H20 AREdME 34 2]
H3 & Aok AT, H1F H2= 3% 9F 50m ©]de A
Aol BE2sts Alm AFH AHS2A sk A7 oF 2km o] Bloju 3l
o] AFE BF Fo A LAE A A 2 A
a1 g AHA 2 TheAl e E s oprt gt
A EAsts A4 A9E HE 10mg/L U9l Cs &
fata o sFdME HE 19000mg/LY £ S /A Aoz A

ol
o
ol
1o
o2
oft
tlo
K

ATH(Garrels et al., 1975). S1, S2, S3 A5 59 A%+ 11€ ZAMAA Cl1Y =7}
155.23 ~ 183.71lmg/L(¥E T 170.32mg/L), 4¥ ZAtolA 15417 ~ 601.74mg/L(%
# 30529mg/L)2 EF 150mg/L o249l mE =2 A A} A%, YuA A=

5& AU 40mg/LE ZFeA g WIS Holu glo] dFe] AYgow A%
FFETG AAAA 2ol o3 dF 5o & A7 AQelAM o 2% F Us
S FART ARl s=el SlolAd 1719 493 119l HIE) 71 8€o] Ml A
=2 S UegHlen, aAdE 245 w7t gadte e0H%] B HEES
Holi thFig. 12). 8¥ AFoA DEHWE AHEW 3% 20 ~ 100m | oA
© W 2491mg/L, 1% 101 ~ 200m A3} 1= 200m ©]Fe] FAE Al

e 27 HF 1357mg/LeF 10.00mg/LE e )
Aletroll A SO0 AREARI 7He FE &3 FEo A &afol] ot
EA54 Fth(Hounslow, 1995). X3, AF=o} o] sty AHI A&
ol o3t FEFoZ Aakg W SO, TE7F M F den, AxY TH &
ol o3 Hlm Foll girE AEo] FdH] 1 v
2 AFAYY Fd FF S ol A ¥ Fxol wet SO0 IF
o] A9l Ueh}A &Eth e} Clat o] 7)o Hls|

o
7} Fhee FFe BYom, Al AR ANE W eSS st Frhshe

flo
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EAS HQt(Fig. 12). 82 AEA nEWE A¥EE 3% 20 ~ 100m A Y
M it 11.60mg/L, 1= 101 ~ 200m AYH 1= 200m ©]4e] F4kzt A9
AMe Ztzt #HF 487mg/L9t 297mg/LE UElYI gk A A g vz

7 =
A Aol A gt Hlgol ] SR, WL AaeAi+de e &

& MR E ARREH, 53] AsEFKA)Y A AwS 719 ZEoly Ak

7k o A2 FA S Asted FADHEKSO)Ol FHE ME G ol A
8513 gtk 2ARE VIBE A AES AWS] A 893 9% AA Avls
Eoulazd £ Fo gob JE ARl 89 g3 4F J5E 8 Egom
RE §950] AFFAZ 492 /b540l Aok S0l F C% SOE M=
100mE 71202 AAYAA F43] F7she 304 BE PPe BelFu g

o

(Fig. 12). °]&= Q13 SO; =2 F7P7F F2 1% 150m ©]8te] AAHAAN &
g5o] o]FoAe AT AHe EA o|& EAN LI #He] USS IS
ct.

PO,= 85 719y 134 Fof AAHQ 71dn b, AL, HlE Gl
s 7+ + dth(Hem, 1992). <
F 59 T s 9FE 19T 5 ok AT, F59
I AEEY PO; =7 SIAIEAA T 0.22mg/L(2002 11 #}
)2 Y g2 /\]E%(SZ, ss)oﬂﬁ% d= @A olstel e dUEhHb. o=

(Krapac et al, 2002) 579 &S wF
T2 Qs EYF Fo Foldd A&l &5 AdE
ALE €

rr
s
lo
il
S
>
Al
i,
(g + ok

H
&
2
allf
ey
)
o
o
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0 \ \ \ \ \ \ \ \ \
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Fig. 12. Seasonal and spatial variation of Cl, SOs and PO, ions in ground

water samples.
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Piper Diagramol|X %o]&<& No-dominant Typeol Z=AIE Ao}, Cadl &
M7l gl Hos wm F2 Mgsh Na+K 2o ¢A44 =AH 53], 71719

493} 11900 7191 89e] ¥ls) Casl FFu7h Ba3tn Na+K Gzt 371

A= EEHZ YO E(Montmorillonite) 59 HEFE T3

$o 2 o]FojtH(Hounslow, 1995) :

9Na— Clay+ Ca’"— Na ™+ Ca— Clay

o1& NaCle] Z7h} HIge] AREC o8 AFTH7% 3l dutxom
AMEEANA 497 112 v A JeElUH, AANE 255 s27F gadte
H

3} EAS HYo)(Fig. 13). 8¥ 7|FO® 1T 20 ~ 100m A

fu
o

ol A ¥ 18.22mg/L, 1% 101 ~ 200m A HA B 12.96mg/L, 1% 200m

S zYste AYeA H 10.66mg/L 2 YERT A-E BE¥x ®E 8¢
2260 ~ 733mg/L (¥ 1450mg/L), 11¥€ 2162 ~ 695 mg/L (BT

13.00mg/L) Z18]al 49 2380 ~ 7.17mg/L (HF 12.93mg/L)E YElT} S1, S2,
S3 A5 E9 AFE 119 FAMA 8524 ~ 97.08mg/L(H 1 91.04 mg/L), 4€

BN

Abo| Al 86.83 ~ 320.56mg/L(i 167.89mg/L)Z EF 80mg/L o4 1FvEE

SRE A
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Na(mg/L)

1 August November April

4
I I I I I I I I I
100m 200m 300m 100m 200m 300m 100m 200m 300m
Elevation(m)

Fig. 13. Seasonal and spatial variation of Na ion in ground water samples.

K o]lee Azl 5 (KAL(AISiz)O10(OH)2) 9
FeelA e F Atk TS, K o]22 "R FHREE T FFo] SEs
Aol e} A9 Hez AstFAR FAE 7heAdol U dubHoz Aol A

a1 oY vre 24 TheAdS AAIHALE

al < AR hEEe] A
25X 5mg/L ¥ F=E Yehdth 171 493 11€ A =& HlE) 84
AEEAA HIA EL Fo] YetYE AdH EAS Bt 1xd wE 3t
2 X W9e 8¢ AEoIAM IE 20 ~ 100m A HiF 510mg/L, 1= 101

N
e,
flo

S
=

o

>
’%
>
)
9
i)
ok
Mo

[*]

¥
fr
n
=
wn
S
wn
[O8]
>
il
t

00moll A F 4.15mg/L, L% 200m ©]/+e] A djo|A Ht 3.97mg/LEZA A
oA T A el mla) ozt A yEEY. 53], ik 100m FZoA 7t
F ES FEEES HAEW Y4, HE ol2F S vE AAHEY A

Ex0] plokatA vehgeh ol K7b A= A0 o) MAsy] H5e, 2
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Fig. 14. Seasonal and spatial variation of K ion in ground water samples.

374 22004 AHEGRO] AFAGY HRES o]
Jde FFIFY 2UIFY FoE olFox Ut ol IHe
(Mg Fe):Si0Oy), 34 (CaMgSi:0e), 44 TO 2 o] Foxl WIS A7)
Aol AR SRl Bla] Aoz Fstol o3t FE=EE WA FAE

Aol MAE PP ATATFE, 2000). webd, Fohol ok Mg} Cash Lo

N
H
o
o,
o
N
()
_110{_',
B
A

Buye Aoz Ats "t Mge Turekian(1977)e oJstd  U¥b A st A

mg/L Wele] g& 7Ktk 89 XA 119 A 9 4 XAt A 242} 22,60 ~
733mg/L (33 14.50mg/L), 19.10 ~ 4.49mg/L (31 9.17mg/L), 2141 ~ 3.84
mg/L (B 8.05mg/L)S] wX WHAE Ve HluF e Fxot A AAH
W3S HoFnh S1, S2, S3 AIBREL 11¥ ZFAM] 1621 ~ 2023mg/L (B

18.44mg/L), 4¥ ZAMA 1738 ~ 38.70mg/L(FE+ 25.12mg/L)e] F= HIAE Y
EHllth ol 9719 8€¥ AmAA tE AstE AlREH HuIAS W FE7H
2 AREHR 3A A7t Qe Fxolth webx, 4R Astg AlsEo] AA
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Z wjA eke] Wk Bl A A eFe FF el s dFS B S Ve
dol slem= ofof tigh nFe] JaAs AT BT, 84 AR V|ELE AL
= 20 ~ 100m Athe] HF 1515mg/L, A= 101 ~ 200molA HF 8.15mg/L,
X 200m ©]e] AtlelM HF 657mg/LEA ILE 150m ©|dF A A o)A I
glo] F7lete 34 B 540 YEnTh

Piper diagramolA] Ca2] 2l gHFHl= NatK 2 Mgol vl wl-$ $A
UEldth Ca o]0 e Iy oR 7|2 493 11€H T 97| 8€9] ¢

& FEE YeHleH, AAAAN F

=
t}. £3], 89 AZoA 1% 20 ~ 100m A HF 17.
6

(0]

8mg/L, 1% 101 ~

R

200mol Al H 8.70mg/L, 200m ©]’Fe] A oA H 2mg/LZA] Ca 94

I% 150m ©]3F AR FZ3] Zrlste T ¥ 57d0°] YERsth(Fig.

)
e
F

15).

2

November

J

August April
0 \ \ \ \ \ \ \ \ \

100m 200m 300m 100m 200m 300m 100m 200m 300m
Elevation(m)

Mg(mg/L)
T

Fig. 15. Seasonal and spatial variation of Mg and Ca ions in ground water

samples.
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Fig. 15. Continued.

B AF Ao Aaty B fHE AFEA 7L o]2FEL Hukzlog A7)
QA 11€3 499 vl3] 7] 8Yd] F=7
HE WHLFE Ak W &5 9

or, aiet Aol FHFAM= st BdE F o] 2F(Na, Cl, Mg, SO )9
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ol\
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1% 150m oWl FH FH FFo] o]FoAAE &
AR AR Z g =3, A A AX o] o]27]|7tA] 3182}
Wyl 2A YEdA gon, o X3t 3ol W madE AL A
o niger B A7 AHe Ass £ FFE viAe FoI 89S
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A 74 FEES ER/sH7] Hske] Stiff diagramell EA] 8 THFig. 16).
119 % 2003 49 2% AREZo® (Na, Mg)-HCO; typed] HlS:

& 100m wWele] Ax[9elX Mg-HCO; type

°] YElYH, 1% 20 ~ 40m W] 9|9 BAHdA Mg-HCOs+Cl typeo] #ZH T}
FHHeR A fF¥o 2 AE AL Askro fF AR wE AAAHA (1)

o % slol AAYNA (2, (31 FFol AA FUT & A AAB 53,

=

sS¥Th
84 FAtolA CAHe] H28 ANEe SAZXCRE (Ca, Mg)-HCO; typeo 2

Atk AR, 1193 49 FAtolA H28 A9 FZ2 F3o] 47 (Na+k,
Mg)-HCO; type E Na+K-HCO; typeo 2 AEW WH3lE Yeheg A4 BE
Gl mE 594 dFsd beA8e sttt EE, H28 g AH A
S(F 40m)9] afictel AT AMoew o FFE uAHT F
At olel Wi F=s AT, 84 FALA Cl19 F=7F 742t 2242mg/L, 11
¥ 19.64mg/L, 49 16.78mg/L=E A-d W& W7t IA YEhA 23k 23]
g 7lddle FUlele S EATh Na9 ¥& 9] ZAbs @¥=E 747} 17.10
mg/L, 16.90mg/L, 1820mg/LE HI5=g TEgts 7HAth a9 T8 Adio] A

=

A e

ol wE Wgs HolA ¥E A& H28 At AFA s 9% 2 3l
A F&E AANG FAT, A FEE AF NG g2 ARE HE w2

Hola, EAHA AxE F A HiA HFA9 F=7F 89 1.54mg/L, 114Y
3.64mg/L, 49 234mg/LE A vy Ax 2F =49 FdY FEF 94 A
o] YA 55 & F Atk webA, ol HER vFo| Kol 4T o
FoZ AtRHH, Cad] AUAQ FFR7F 52 AR Hol fdF 7149 A



]

Fo g9 B4 Fol gazel Uet oz AmEth 8 Aol

th A A GolM AFH3F H34 A EE Na-HCO; typel 2 mj$- B& AMA A4
o] FL 2 A= Wtale] g2 AR E0) vlE ClF Nao =71 AdFez =
A Vet H283 H34 AHEQ #4 A= To g J&3 Jrrt Q3R
gh, CAY Aol A g Fo Pl YEhde O R Al ETh

S5 (%1 ¢F 10m)dA = ATy 4 F383H} Hl=g (Na, Mg)-HCO; type 5°l

e T

2 o (1), 2, B9 9] BFHeE Yete 5 A7 A9

4 whgo] Batshl Uehde AAgh
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Fig. 16. Stiff diagrams of spring- and ground- water samples in August,

November and April.
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Fig. 16. Continued.
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Fig. 16. Continued.
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42 o I

3led SM.I(Seawater Mixing Index)E AH&-3FA ). dREA <l 3
% FEE U3 ZtH(Table 5) :

Table 5. Representative ionic concentrations of ground-" and sea- water”

(after R Turekian, 1977, ? Hem, 1992)

Concentration (mg/L) Concentration (mg/L)
Constituent Constituent
Groundwater Seawater Groundwater Seawater
Cl 20 19000 Ca* 50 410
Na* 30 10500 K* 3.0 390
SO 30 2700 HCOs 200 142
Mg** 7.0 1350

A 9](2002)7F ALotE SMI AFE 7R

Cl, Mg, SO ©]&3te] Aite =, 42 b5 2o

)
o
it
:?L_"
ol
lo
N
Fo
o,
e
ro
g
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N
o
o
ofN
Lo
A\
o,
i
Ad
=
5
3
5
o
RS
o
T
o
Y
o
re
e Hi
-
2
>
Ir
:Olzl"l
b
Lo
of
oot
o

e Aog Hud AFE 5 A Astro] Wi FEH(EAE, 2000)

o
i
10

= 37.54mg/L, Mg = 8.09mg/L, Cl = 33.64mg/L, SO; = 16.59mg/L)°o.=
AASTh B SMI ghel 18T Athy, ol sifete] Bl o JFL W

i

SMIE ©o]&3le] £ Ay, A& H28 AlZE vIE3 AF X9 g
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Fig. 17. Spatial distribution of the calculated Seawater Mixing Index(S.M.L).
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& o/l Aol TH Ak 119 ZAMNAM = HA AskE A5 AF 3470 AH
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AsGa, S ABEF FANES 220G 2L 244U 49 24 PG
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Fig. 18. Correlation between Na and Cl ions.
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Fig. 19. Correlation between NOs-N and CI ions.

Table 6. NOs-N concentrations and §°N-NO; data of spring- and ground-

water samples

NO;-N(mg/L) 8"°N (%)
Sample No.  2002. 8. 2002. 11. 2003. 04.  2003. 04.
S1 10.66 10.38" 24
Spring S2 11.77: 13.58: 0.6
S3 11.58 10.22 5.1
Water sS4 12.29° 12.15" 32
S5 8.36 991 29
Avg. 10.93 11.25°

* > Drinking water standard : 10mg/L
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Table 6. Continued

NO;-N(mg/L) 8"°N(%)
Sample No. 2002. 08. 2002. 11.  2003. 04.  2003. 04.

H1 28.17 23.30 21.06 0.6
H2 2143 10.10° 7.58 1.8
H3 27.26° 14.84° 16.24° 26
H4 7.12 7.80 9.02 2.7
H5 2.11 7.12 1.67 3.5
H6 9.80 3.69 5.34 2.9
H7 0.41 0.39 0.42 5.9
HS8 0.52 1.00 0.80 45
H9 6.25 2.61 2.61 0.2
H10 15.50" 11.20° 11.33 28
H11 6.41 6.80 9.59 0.2
H12 2.09 1.27 1.45 23
H13 3.71 3.55 0.44 6.1
H14 6.78 7.54 7.73 1.1
H15 1.46 1.38 1.60 43
H16 24.54° 20.99° 12.38" 0.5

Ground H17 211 2.03 1.93 41

Water H18 13.76° 1.09 1.07 2.5
H19 8.17 6.59 8.14 1.1
H20 28.27" 15.91° 15.90° -1.0
H21 21.39° 10.88" 22.61° 3.4
H22 16.47 10.90° 11.90° -0.9
H23 9.95 6.34 5.98 0.8
H24 14.61° 7.83 3.35 7.3
H25 7.74 1.47 1.21 6.7
H26 4.04 1.57 1.43 9.2
H27 1.42 0.94 0.99 5.7
H28 1.54 3.64 2.34 2.1
H29 13.03 12.81° 11.64° 2.2
H30 3.65 3.50 3.88 1.9
H31 1.95 1.87 2.28 44
H32 212 1.31 1.56 8.1
H33 2.25 1.90 2.03 1.0
H34 0.76 0.29 0.25 1.2
Avg. 9.32 6.31 6.11

* > Drinking water standard : 10mg/L
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Fig. 21. Spatial distribution of NOs;-N concentrations in study area.
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5mg/Lol/de] Hlw A & 55 At A #Aglo]l A&EHJA 2 7Hs
A& JUelE= H4, H11, H14, H19 A8 E F

T 100m 2A ¢ AA el &3trh webA, 2 AFAHe] 2 54 1% 150m
olate] At AAANA FH EEel o3 Hid i FH 4o Y
AAY 7 F Aoz Al o#d v TS 5T F

[
3 oqle] B4 wmA 1 WA Y 2w A7k AR oloUrk(rolEa

252}, 1996).
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oI Yr A AJREL A% 200m Welo] T AFeM MFHI ANBREEZAM &

A FAbel AR A Aol duow $F 09 Ao B Aoz A

A% 20 ~ 40m(Group I)¢] AAthell &ab= H28, H349 A& A3 A5l
Me A Hdae sx7F $7190 88 FAM 742 1.54mg/L, 0.76mg/Lo] A2
o, 7719 119 ZAMA] 47 3.64mg/L, 2.34mg/L, 49 ZAMA 247+ 0.29mg/L,
0.25mg/LE ®lad A Yebgth 15 32003) ol st MAxST Ro) A
AE BAEY AstFe 4P Y *H 22 /HAEH, ol AAXSZY v
Frder A3 At FEe] AgEo] Aol LAY WEolth 53], H28
I H34 AREL A& nish o] AAXSTH LT Bde] 3le A= g
WSk webA, o] A9 AAdE Byeta AEe] 1 Astgrt FdE

5

webs, AA oA o] AHES Aelsta YA AHES 1
Schoeller diagram®l] NO;¢} 7 TA3] R Qkth(Fig. 22). B& ©]
FEHEZE 100m o]/ T Aol AANZ WHeFs S/ ol

A Azt FAd0 A dFE PR Aes BAFH, Fel2dAM= Ca

flo
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Fig. 23. Correlation between EC and NOs-N ion.

=
LHdS EFstY B9, 318t vlg 7192 4 ~ +4% (Freyer and Aly, 1974;
Heaton, 1986), £ W #7184 719 +3 ~ +8% (Farrell et al, 1996; Koba
et al, 1997), A& 3t Fedl= +6 ~ +10% (Komor and Anderson, 1993) 1]
I FEOIY A = 7Y +10 ~ +20% (Kretler, 1979; Karr et al., 2002)
olgtx d#HA Utk e A FAie 29dS yEhd A X (Fig. 24)¢}

2003\ 49 FAle] A AL TR Ha T

e
b

H]

F
i

©A% 18 o] th(Fig.
25).
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Fig. 24. Schematic diagram showing various sources of nitrate through
relationships between NO3;-N concentrations and §°N-NO; in
ground water. A and B zones indicate denitrification and C zone

is an incomplete nitrification zone (modified from Choi et. al,

2003).
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Fig. 25. Relationships between NOs;-N concentrations and §°N-NO; in

spring- and ground- water samples.
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AHEFL 1,167kg/haz2 A -2zt §A57 8 QR o] of 3w,
nj=o] ¢F 13ujo] @3l Folt) o]lE 2 ~ 3% F o FR A AL dukHola, 3}
k3o S ol FAH HuE Ego R Qste] HEE o AuHEs #Y
o7 3 Aolth AFE &7 WA (2002)°] W= wE Aul Ag 2 AEFd
M= HlE AH FHFERG dPFFom AnEH= v o] o 20jo 4 3u7HA]
Z¥ste Ao® ®HiuEo] gtk oyt HIF] ) AlH] JFO T AFE E
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Fig. 26. Temporal variation of soil properties due to fertilizer in JEJU island

(Graph : JEJU province, 2002).
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Fig. 27. Correlation between Ca and SO, ions.
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Table 8. Statistics for 6O and 8D values of spring- and ground- water

samples

November, 2002 April, 2003 August, 2003

6"0(%) D(%) 8°0 8D 8"°0 8D

Max.  -7.0 43 -6.9 45 -6.7 -45

Ground Min. 7.5 -51 75 -48 75 -51
Water Avg. -7.2 -47 7.1 -46 -7.2 -47
Std. 0.1 2 0.2 1 0.2 1.6

Max.  -7.0 43 6.6 43 71 -47

Spring Min. 72 -50 7.1 -47 73 -50
Water Avg. 71 -47 6.9 -45 7.2 -48
Std. 0.1 3 0.2 2 0.1 1.3

2002 119 ZAFA Aske ARSS b UL Fa UL 24
o] Ztzt .75 ~ -7.0% (BT -72%), 51 ~ -43% (BT -47%)2 JEbsta,
2003 49 A BEL 75 ~ -6.9% (H -7.1%), -48 ~ -45%, (B -46%0)Z
Bt 8 AIREL 75 ~ -6.7% (B 7.2%), -51 ~ -45% (B -47%)Z Hl
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Fig. 29. §D-6"°0O relationships of spring- and ground- water samples.
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otz A% Wl Wee 7t Askre gl 9% F1 dua
ThLee et al, 1999). 2003'd 4€¥} 8¢ ZAMA AHAT A5 ik - 54 T4

2 2L U5 Zth(Table 9).
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Table 9. Isotope data of precipitation in April and August, 2003

April, 2003 August, 2003
8%0(%) 6D(%) 8"0(%) D(%)
R1 -2.5 -6.7 9.2 -59
R2 -3.1 -14.8
R3 43 -25.6
Avg. -3.3 -15.7 -9.2 -59

AF EEFTH(Lee et al, 1999). 71E9 2000 11€3 2001 49 ARAFE,
2001)E o83k 2003 49 B 8 ZAMA AFAZ A A8 A =AGE 2

November, 2000 a
April, 2001
April, 2003
August, 2003

* X+

| siberian Air Mass +-H¥
+

()

il North Pacific Air Mass

-100
\ \ \ \

“aroq)”
Fig. 30. 8D-8'°O relationships of precipitation in JEJU island (modified
from JEJU province, 2001).
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Fig. 32. Spatial variation of §" O values in study area.
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ABSTRACT

Environmental Hydrogeochemistry of Ground Water

at Hanlim area, JEJU island

Choung, Sung Wook
Dept. of Earth System Sciences
The Graduate School

Yonsei University

The purpose of this study is to evaluate ground water quality and to
identify the seasonal and spatial variation of ground water contamination at
Hanlim area, JEJU island. Ground- and spring- water samples were collected
three times in August, November, 2002 and April, 2003. Additional
investigation for observing seasonal variation of stable isotopes, §°O and &D
was conducted in August, 2003.

The main type of ground water is (Na, Mg)-HCO;. Spring water samples
collected from the sites located on shore indicate Na-Cl type affected by
seawater intrusion. Shell fossils of Seoguipo formation affect especially a
ground water sample, H28 showing (Ca, Mg)-HCO; type. These various water
types show complicated reaction processes due to various reasons in the study
area. S.M.I(Seawater Mixing Index) was adapted to evaluating quantitatively the

effect of seawater. Most of the ground water samples had less values of S.M.L

_72_



than 1. This result shows little effect of seawater in the study area.

Nitrate contamination is serious in the study area. The properties of spatial
distribution show a sharp increase of nitrate concentrations at low areas
around altitude 100m. Only two samples, H28 and H34, collected at low areas
had low concentrations of nitrate. It is considered that these wells have been
recharged by old ground water of Seoguipo formation. The concentrations of
nitrate in August, the rainy season, increased sharply compared with those in
November and April, the dry season. The relationships between §°N-NO; and
NOs-N concentrations show that the main origin of nitrate is chemical fertilizer.
It agrees with the properties of land-use below altitude 150m. The correlation
between constituents of fertilizer used generally in JEJU island and nitrate had
positive slope.

Seasonal variation of stable isotopes of precipitation in JEJU island depends
on air masses. The distribution of §%0-8D values of all ground water
samples appeared in similar ranges of diagram. It indicates the effect of mixing
in aquifer. The §"0-8D values of each season were grouped separately. It
shows very fast hydrologic cycling environment of the study area. Stable
isotope fractionation such as altitude effect is not observed in ground water
samples. Precipitation affected by amount effect in rainy season controls stable
isotopes of ground water. Some samples collected at low areas had relatively
low §®O values. It indicates that ground water recharged from high areas can

flow through long channels.

Key words : Hanlim JEJU, water quality, stable isotope, Seoguipo formation,

S.M.I, nitrate, chemical fertilizer
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APPENDIX 1

Precipitation in Hanlim, JEJU Island (mm)

Hanlim
2002 2003

onth
Day Jul. Aug. Sep. Oct. Nov. Dec.| Jan. Feb. Mar. Apr. May
1 19 6
2 40

3 3 10 3
4 3

5 56 1

6 1 68 13 7

7 1 74 12 3

8 22 60 1 15

9 2 1

10 23 2

11 1

12 17

13 2

14 36 2

15 22 41 1

16 37 16

17 1 2

18 33 7

19 3 1

20 11

21 21

22 13
23 10

24 14 1

25

26 51 3

27 21 3

28 2

29 1

30 27

31 67 14

Total | 254 424 80 64 17 66 16 0 0 6 0
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APPENDIX II

In-Situ Water Quality Parameters of Ground Water Samples

August, 2002 November, 2003
. Temp EC Eh Temp EC Eh
Site . pH . pH
(€) @S/cm) (V) | (C) (uS/cm)  (mV)
H1 187  7.07 310.0 490 17.0 6.96 399.0 440

H2 17.0 7.24 443.0 550 16.2 7.30 240.0 360

H3 181  6.88 466.0 500 16.1 7.09 298.0 380

H4 17.0  7.65 156.0 480 15.8 7.30 218.0 350

H5 164 822 144.0 600 15.6 7.57 202.0 360

He6 157 774 2220 470 13.8 7.90 131.0 330

H7 182 843 177.0 550 16.2 8.31 147.2 320

HS8 154 795 106.0 500 14.9 7.87 90.0 410

H9 175  7.69 260.0 550 16.2 8.50 162.4 370
H10 16.5 7.30 336.0 520 15.9 7.18 252.0 410
H11 16.7 722 257.0 500 16.0 7.36 192.7 450
H12 16.5 7.16 151.0 520 15.2 7.65 103.0 410
H13 16.7  7.83 181.0 470 15.8 7.85 140.4 420
H14 159 743 189.0 490 15.1 8.10 192.0 340
H15 162 792 130.0 460 14.8 8.39 98.6 330
H16 166  7.39 438.0 490 16.0 7.03 365.0 360
H17 156 7.84 118.0 480 14.7 7.86 104.0 400
H18 173 732 298.0 490 17.1 8.33 121.0 410
H19 169 749 118.0 470 16.1 7.22 186.0 430
H20 179  7.08 500.0 500 17.2 6.91 324.0 420
H21 171 696 268.0 500 155 7.10 260.0 370
H22 17.1 7.76 249.0 480 16.1 8.08 219.0 340
H23 16.5 7.83 270.0 460 15.1 7.44 187.9 320
H24 16.7 750 300.0 490 12.1 7.67 224.0 350
H25 16.1 7.77 188.0 500 15.2 7.92 101.0 410
H26 16.8  8.06 188.0 500 16.2 8.00 131.2 410
H27 171 822 127.0 480 15.7 8.20 106.9 350
H28 17.6  7.65 276.0 470 16.2 7.53 254.0 320
H29 166  7.63 308.0 480 15.7 7.35 286.0 390
H30 178 756 125.0 480 155 7.40 147.9 400
H31 172 7.69 120.0 470 15.7 7.54 123.2 410
H32 174 753 118.0 460 155 7.54 106.4 420
H33 16.7  7.86 114.0 470 15.9 7.68 112.7 410
H34 17.7  8.52 209.0 460 16.9 8.50 178.5 300
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Continued

APPENDIX II

April, 2003

. Temp EC Eh
Site . pH
(€) (nS/cm) (mV)
H1 16.3 7.31 332.0 520
H2 15.7 7.13 173.2 500
H3 16.4 7.05 322.0 370
H4 15.4 7.22 222.0 350
H5 15.6 8.60 123.2 350
H6 14.4 7.30 1441 360
H7 171 7.85 141.6 360
HS8 14.5 7.46 80.1 350
H9 16.5 8.72 166.1 350
H10 16.0 6.76 237.0 380
H11 15.5 7.31 218.0 370
H12 15.8 7.02 111.4 350
H13 14.6 7.60 100.5 350
H14 15.4 6.37 180.5 380
H15 15.2 7.30 96.6 360
H16 16.4 6.30 259.0 370
H17 14.6 7.93 103.2 360
H18 171 8.60 123.3 350
H19 15.9 7.22 199.2 360
H20 17.4 6.54 315.0 400
H21 15.7 7.06 415.0 370
H22 16.3 7.93 204.0 310
H23 15.6 7.92 168.8 370
H24 15.5 7.34 135.0 350
H25 15.4 7.60 94.6 340
H26 15.7 8.35 132.8 350
H27 16.6 7.82 99.5 350
H28 17.5 7.03 192.5 360
H29 15.8 7.49 248.0 550
H30 16.0 7.32 138.1 350
H31 15.9 7.52 128.0 370
H32 15.8 7.37 103.4 380
H33 15.1 8.01 104.3 610
H34 17.6 8.70 165.4 320
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APPENDIX II

In-Situ Water Quality Parameters of Spring Water Samples
; (A) November, 2002, (B) April, 2003

(A)
November, 2002
. Temp EC Eh
Site . pH
(€) (1S/cm) (mV)

S1 15.4 717 727.0 320
S2 15.7 7.20 802.0 330
S3 15.2 7.50 836.0 330
S4 15.7 714 264.0 380
S5 15.5 7.37 221.0 390

(B)

April, 2003

. Temp EC Eh
Site . pH
(€) (nS/cm) (mV)

S1 15.3 7.28 681.0 520
S2 15.6 7.38 1090.0 620
S3 15.3 7.70 1946.0 350
S4 15.6 6.93 253.0 420
S5 15.7 6.38 231.0 410

_77_



APPENDIX I

Chemical Constituents of Anions in Ground Water Samples

August, 2002

Site F @ Br PO, NOs3>-N HCOs; SO,

H1 0.04 34.86 0.10 0.28 28.17 54.46 15.59
H2 0.13 29.56 0.09 0.21 21.43 60.92 17.53
H3 0.12 35.42 0.11 0.14 27.26 46.96 16.59
H4 0.14 16.55 0.05 0.24 712 55.14 6.23
H5 0.15 9.03 n.d. 0.45 211 48.55 2.53
He6 0.05 14.07 0.04 0.20 9.80 34.68 4.81
H7 0.06 7.94 n.d. 0.14 0.41 71.88 294
HS8 0.15 5.51 n.d. 0.37 0.52 38.86 1.57
H9 017 21.73 n.d. n.d. 6.25 54.33 6.55
H10 0.03 22.18 0.07 0.16 15.50 61.78 9.56
H11 0.12 15.88 0.05 0.26 6.41 57.92 6.11
H12 0.04 12.71 0.04 0.33 2.09 36.83 3.14
H13 0.14 9.11 n.d. 0.29 3.71 51.99 2.68
H14 0.04 15.61 0.06 0.24 6.78 43.13 419
H15 0.05 7.25 n.d. 0.32 1.46 41.74 2.02
H16 0.12 25.67 0.08 0.14 24.54 57.48 17.98
H17 0.14 7.46 n.d. 0.29 211 40.35 2.34
H18 0.13 22.89 0.07 0.16 13.76 43.94 10.60
H19 0.13 15.33 0.05 0.23 8.17 41.79 5.18
H20 0.12 38.03 0.11 0.14 28.27 54.70 19.83
H21 0.12 26.48 0.08 0.32 21.39 77.18 11.91
H22 0.11 21.51 0.06 0.15 16.47 28.12 11.63
H23 0.14 17.22 0.05 0.22 9.95 51.70 7.47
H24 0.12 22.45 0.07 0.17 14.61 51.06 8.19
H25 0.13 13.57 0.04 0.21 7.74 39.25 3.53
H26 0.05 11.03 0.05 0.36 4.04 61.34 3.19
H27 0.15 8.01 n.d. 0.31 1.42 47.62 231
H28 0.13 22.18 0.07 0.17 1.54 140.64  10.55
H29 0.12 20.65 0.07 0.14 13.03 62.85 792
H30 0.14 11.65 n.d. 0.27 3.65 43.89 3.59
H31 0.17 10.50 0.04 0.66 1.95 44.06 2.53
H32 0.14 10.55 0.04 0.30 212 46.84 2.96
H33 0.15 9.62 n.d. 0.41 2.25 41.23 2.39
H34 0.07 11.60 0.04 1.20 0.76 84.75 3.70
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Continued

November, 2002
Site F Cl Br PO, NOs;-N HCO; SO,
H1 0.14 34.12 0.12 0.17 23.31 56.16 15.69
H2 0.14 19.00 0.07 0.18 10.10 51.21 7.99
H3 0.14 25.34 0.08 0.10 14.84 49.70 11.89
H4 0.15 16.75 0.06 0.18 7.80 53.36 6.26
H5 0.13 14.77 0.07 0.21 712 52.58 4.09
He6 0.05 10.76 0.04 0.15 3.69 34.49 2.96
H7 0.15 7.56 n.d. 0.04 0.39 70.79 2.82
HS8 0.06 6.10 n.d. 0.24 1.00 39.30 1.67
H9 0.17 13.77 0.05 0.13 2.61 54.75 3.48
H10 0.14 18.70 0.07 0.07 11.20 54.85 6.76
H11 0.15 14.87 0.07 0.40 6.80 52.04 4.99
H12 0.15 8.13 n.d. 0.29 1.27 41.20 1.97
H13 0.15 9.32 0.04 0.21 3.55 48.57 2.82
H14 0.13 17.44 0.07 0.19 7.54 40.35 4.64
H15 0.15 7.40 n.d. 0.26 1.38 38.35 2.15
H16 0.13 24.89 0.09 0.07 20.99 58.51 16.87
H17 0.15 7.61 n.d. 0.26 2.03 38.52 2.38
H18 0.16 9.15 n.d. 0.16 1.09 47.94 2.33
H19 0.14 15.00 0.05 0.15 6.59 46.11 4.79
H20 0.13 27.84 0.09 0.08 15.91 53.31 13.03
H21 0.12 19.45 0.08 0.05 10.88 61.85 6.90
H22 0.13 18.11 0.06 0.07 10.90 31.80 10.30
H23 0.17 14.32 0.05 0.49 6.34 46.57 6.15
H24 0.13 17.13 0.06 0.13 7.83 57.51 6.44
H25 0.15 6.78 n.d. 0.28 1.47 41.91 1.54
H26 0.15 8.22 n.d. 0.36 1.57 54.97 2.29
H27 0.16 7.28 n.d. 0.34 0.94 44.64 2.05
H28 0.15 19.64 0.07 0.11 3.64 89.12 8.57
H29 0.12 21.14 0.07 0.10 12.81 65.73 7.92
H30 0.14 12.38 0.04 0.32 3.50 45.06 3.46
H31 0.15 11.21 n.d. 0.29 1.87 42.32 2.66
H32 0.15 7.78 n.d. 0.26 1.31 4245 222
H33 0.17 9.33 0.04 0.65 1.90 40.32 224
H34 0.18 11.46 0.04 0.21 0.29 83.40 3.24
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Continued
April, 2003
Site F Cl Br PO, NOs;-N HCO; SO,
H1 0.06 31.72 0.10 n.d. 21.06 54.04 14.63
H2 0.08 15.53 0.06 n.d. 7.58 48.23 6.03
H3 0.06 28.26 0.09 n.d. 16.24 50.84 11.51
H4 0.04 18.57 0.07 n.d. 9.02 55.16 7.28

H5 0.09 8.74 n.d. 0.16 1.67 49.18 2.43
Ho 0.08 12.36 0.04 n.d. 5.34 40.47 3.84
H7 0.09 8.18 n.d. n.d. 0.42 72.49 2.99
H8 0.09 6.17 n.d. 0.07 0.80 38.91 1.73
H9 0.11 13.72 0.04 n.d. 2.61 56.58 3.62
H10 0.06 19.30 0.07 n.d. 11.33 56.65 6.71

H11 0.07 15.72 0.05 n.d. 9.59 48.67 7.99
H12 0.09 11.92 n.d. 0.03 1.45 38.79 2.96
H13 0.08 5.82 n.d. 0.14 0.44 45.40 1.72

H14 0.07 17.39 0.08 0.20 7.73 43.03 4.76
H15 0.08 7.94 0.04 0.18 1.60 40.42 2.29
H16 0.07 19.84 0.07 n.d. 12.38 59.73 10.19
H17 0.08 7.88 n.d. 0.06 1.93 38.81 245
H18 0.10 9.73 n.d. n.d. 1.07 4911 2.37
H19 0.09 17.78 0.05 0.05 8.14 41.13 6.52
H20 0.06 31.57 0.09 n.d. 15.90 56.85 12.33
H21 0.04 32.31 0.10 n.d. 22.61 82.87 13.38
H22 0.06 19.17 0.07 n.d. 11.90 33.00 10.83
H23 0.09 14.51 0.05 n.d. 5.98 51.92 5.83
H24 0.07 10.66 0.04 n.d. 3.35 46.03 3.07
H25 0.10 6.99 n.d. 0.05 1.21 41.49 1.64
H26 0.11 8.76 0.04 0.32 1.43 55.55 2.30
H27 0.09 7.72 n.d. 0.09 0.99 44.79 213
H28 0.10 16.78 0.06 n.d. 2.34 76.54 5.83
H29 0.06 20.63 0.08 n.d. 11.64 64.44 7.85
H30 0.07 14.26 0.05 0.01 3.88 42.98 4.02
H31 n.d. 12.83 0.05 0.18 2.28 45.94 3.01
H32 n.d. 8.32 n.d. 0.10 1.56 43.89 2.52
H33 n.d. 9.08 n.d. 0.05 2.03 44.23 2.35
H34 0.01 11.75 0.04 n.d. 0.25 85.04 3.45

n.d. : not determined, Unit : mg/L
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APPENDIX I

Chemical Constituents of Cations in Ground Water Samples

August, 2002

Site K Na Ca Mg Fe Mn Si

H1 6.65 20.50 25.09 19.50 0.01 BDL 16.00

H2 5.42 18.30 22.39 19.10 BDL BDL 15.00

H3 431 19.70 23.29 19.60 BDL BDL 14.10

H4 4.86 15.70 9.93 9.95 BDL BDL 14.30

H5 4.47 11.30 7.74 5.36 BDL BDL 14.10

He6 4.63 15.00 7.71 8.24 BDL BDL 13.90

H7 5.88 16.10 8.17 4.89 BDL BDL 13.60

HS 3.01 7.33 4.71 417 BDL BDL 15.10

H9 5.15 16.80 11.39 8.67 BDL BDL 15.50
H10 5.10 16.10 13.99 15.90 BDL BDL 15.50
H11 3.68 14.20 9.70 10.90 BDL BDL 15.00
H12 2.90 11.50 4.54 5.61 BDL BDL 16.70
H13 4.28 11.30 6.81 7.27 BDL BDL 14.90
H14 4.34 11.70 8.97 9.26 BDL BDL 13.10
H15 3.36 8.22 5.55 4.84 BDL BDL 14.10
H16 7.70 20.50 19.69 18.00 BDL BDL 13.90
H17 3.12 8.15 5.75 5.07 BDL BDL 13.50
H18 4.07 16.10 14.69 13.50 BDL BDL 15.00
H19 3.52 13.20 8.91 8.75 BDL BDL 14.00
H20 4.48 22.00 28.19 20.80 BDL BDL 13.10
H21 6.26 18.40 20.49 19.70 BDL BDL 14.80
H22 4.52 14.80 14.79 11.40 BDL BDL 11.90
H23 5.90 16.70 10.59 9.68 BDL BDL 13.30
H24 4.51 14.60 14.69 13.40 BDL BDL 15.30
H25 3.29 10.80 8.60 8.36 BDL BDL 14.60
H26 5.02 12.90 7.50 717 BDL BDL 13.90
H27 3.48 8.99 4.99 3.82 BDL BDL 12.70
H28 4.05 17.10 25.89 17.80 BDL BDL 11.90
H29 491 16.80 14.09 15.40 BDL BDL 14.00
H30 3.89 12.70 6.41 6.93 BDL BDL 14.70
H31 3.37 11.30 5.46 6.49 BDL 0.01 17.10
H32 3.68 11.10 5.32 6.43 BDL 0.02 16.90
H33 3.23 10.40 6.14 5.76 BDL BDL 15.40
H34 5.04 22.60 9.12 5.29 BDL BDL 15.50
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Continued

November, 2002

Site K Na Ca Mg Fe Mn Si

H1 5.96 19.42 23.27 19.10 BDL BDL 16.90
H2 3.98 13.62 12.77 12.10 BDL BDL 16.00
H3 3.44 16.72 16.37 14.80 BDL BDL 13.90
H4 4.62 15.32 10.07 10.80 BDL BDL 15.00
H5 4.26 12.72 10.37 10.40 BDL BDL 13.80
Ho6 3.62 11.52 5.36 5.68 BDL BDL 13.30
H7 5.28 14.72 7.42 5.02 BDL BDL 13.70
HS8 2.66 6.95 4.83 4.83 BDL BDL 14.90
H9 441 14.42 8.61 5.98 BDL BDL 15.20
H10 435 14.52 11.07 14.40 BDL BDL 16.10
H11 4.00 12.02 9.59 10.40 BDL BDL 14.30
H12 3.04 8.46 4.99 5.47 BDL BDL 15.30
H13 3.78 10.22 597 7.47 BDL BDL 15.00
H14 4.02 11.62 8.91 10.40 BDL BDL 12.70
H15 3.00 7.73 513 4.94 BDL BDL 15.20
H16 7.14 18.82 17.67 19.00 BDL BDL 14.40
H17 2.87 7.77 5.61 513 BDL BDL 14.80
H18 3.08 11.22 6.05 4.96 BDL BDL 15.20
H19 3.51 12.62 8.51 9.49 BDL BDL 15.00
H20 3.07 17.12 18.47 16.10 0.01 BDL 13.40
H21 448 14.92 13.27 13.50 BDL 0.02 14.40
H22 3.50 13.52 11.47 9.89 BDL 0.02 13.00
H23 4.72 15.72 8.36 7.78 BDL 0.02 14.80
H24 434 13.52 12.07 11.20 BDL 0.02 16.70
H25 2.64 8.07 5.38 5.49 BDL 0.02 16.40
H26 4.66 12.42 5.85 6.06 BDL 0.02 15.60
H27 3.68 10.12 548 4.49 BDL 0.02 15.30
H28 3.23 16.82 16.67 12.00 BDL 0.02 12.60
H29 435 16.72 14.07 15.80 BDL 0.02 14.80
H30 3.35 12.42 6.73 7.65 BDL 0.02 15.80
H31 2.83 10.82 544 6.45 BDL 0.02 16.90
H32 3.43 8.86 4.84 519 BDL BDL 15.50
H33 3.07 9.01 5.55 5.43 BDL BDL 15.30
H34 4.64 21.62 8.03 4.50 BDL BDL 15.90
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Continued
April, 2003
Site K Na Ca Mg Fe Mn Si
H1 517 18.50 18.82 16.71 BDL BDL 14.58

H2 2.87 12.20 9.19 8.91 BDL BDL 13.68

H3 3.92 17.00 15.82 15.61 BDL BDL 14.18

H4 3.78 15.90 9.52 10.91 BDL BDL 13.58

H5 3.23 10.00 6.18 4.65 BDL BDL 12.88

He6 3.42 12.10 5.98 6.67 BDL BDL 11.78

H7 4.24 14.60 6.74 4.64 BDL BDL 12.28

HS8 2.60 717 4.79 3.91 BDL BDL 13.98

H9 4.21 14.70 8.14 4.74 BDL BDL 14.28
H10 4.04 14.80 10.02 12.81 BDL BDL 13.98
H11 3.71 12.40 9.82 9.57 BDL BDL 12.88
H12 2.28 10.20 4.03 4.75 BDL BDL 15.68
H13 2.59 7.96 4.21 3.84 BDL BDL 13.58
H14 3.39 11.90 8.25 8.91 BDL BDL 13.38
H15 2.26 8.07 5.07 4.64 BDL BDL 14.18
H16 4.79 16.40 12.02 12.51 BDL BDL 13.78
H17 2.10 7.56 5.33 4.67 BDL BDL 13.98
H18 2.50 10.90 5.75 441 BDL BDL 14.58
H19 2.79 12.80 8.10 8.95 BDL BDL 14.08
H20 3.30 17.20 16.72 14.51 BDL BDL 13.68
H21 5.16 18.80 18.32 2141 BDL BDL 15.38
H22 291 12.90 9.79 9.70 BDL BDL 12.38
H23 4.05 15.10 6.93 7.13 BDL BDL 13.28
H24 2.44 9.56 5.74 6.29 BDL BDL 15.38
H25 1.87 7.88 4.15 4.42 BDL BDL 14.28
H26 341 12.40 4.99 543 BDL BDL 14.68
H27 2.89 10.10 4.70 4.07 BDL BDL 14.38
H28 3.19 18.20 10.72 7.46 BDL BDL 12.58
H29 3.84 16.00 12.02 14.51 BDL BDL 13.68
H30 3.65 12.50 6.22 6.37 BDL BDL 15.17
H31 3.21 11.50 5.51 5.94 BDL BDL 15.57
H32 3.42 9.27 5.11 5.02 BDL BDL 14.77
H33 3.34 9.25 6.16 5.47 BDL BDL 14.97
H34 4.76 23.80 8.33 4.31 BDL BDL 15.57

BDL : Below Detection Limit, Unit : mg/L
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APPENDIX I

Chemical Constituents of Spring Water Samples in November, 2002

; (A) Anions, (B) Cations

(A)
November, 2002
Site F Cl Br POy, NOs-N HCO; SO,
S1 0.07 155.23 0.44 0.22 10.66 46.86 24.10
S2 0.29 172.01 0.47 n.d. 11.77 55.53 28.45
S3 0.30 183.71 0.50 n.d. 11.58 61.92 27.79
S4 0.13 21.11 0.07 0.19 12.29 53.28 8.59
S5 0.25 17.41 0.05 0.19 8.36 53.50 6.53
n.d.: not determined, Unit : mg/L
(B)
November, 2002
Site K Na Ca Mg Fe Mn Si
S1 6.69 85.24 12.58 16.21 BDL BDL 13.32
S2 7.19 90.79 14.73 18.87 BDL BDL 13.28
S3 8.37 97.08 12.93 20.23 BDL BDL 12.47
S4 3.68 14.32 12.40 13.30 BDL BDL 15.10
S5 4.56 15.02 10.07 10.20 BDL BDL 14.00

BDL : Below Detection Limit, Unit : mg/L
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Chemical Constituents of Spring Water Samples in April, 2003
; (A) Anions, (b) Cations

(A)
April, 2003
Site F Cl Br POy, NOs-N HCO; SO,
S1 n.d. 154.17 0.53 n.d. 10.38 51.43 25.82
S2 n.d. 159.96 0.52 n.d. 13.58 54.85 28.39
S3 n.d. 601.74 1.56 n.d. 10.22 72.22 73.63
S4 0.07 21.31 0.07 n.d. 12.15 56.63 8.42
S5 0.16 19.30 0.05 0.01 9.91 55.72 7.79
n.d.: not determined, Unit : mg/L
(B)
April, 2003
Site K Na Ca Mg Fe Mn Si
S1 7.24 86.83 13.60 17.38 0.12 BDL 14.51

52 8.69 96.29 17.90 19.27 0.02 BDL 13.20
S3 17.08 32056  20.42 38.70 BDL BDL 12.31
S4 413 15.30 13.10 14.15 BDL BDL 15.07
S5 4.90 16.60 11.80 10.65 BDL BDL 13.67

BDL : Below Detection Limit, Unit : mg/L
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APPENDIX IV

Isotope Data of Ground Water Samples at Hanlim

November, 2002

April, 2003

August, 2003

Site| 6"°0(%) 8D(%) | °0(%) 8D(%) | 8"°0(%) 8D(%)
H1| -7.1 -47 7.0 -46 75 -51
H2| -72 -47 71 -47 73 -51
H3| -72 -48 7.0 -47 72 -49
H4| -72 -49 71 -46 71 -47
H5| -7.1 -46 73 -46 72 -47
H6 | -7.1 -48 7.0 -45 72 -47
H7| -7.3 -47 73 -46 72 -46
H8| -75 -50 73 -47 74 -47
H9| -70 -49 7.0 -45 7.0 -46
H10[ -71 -45 71 -46 71 -48
H11| -73 -47 71 -47 74 -49
H12| -71 -45 6.9 -45 6.7 -46
H13| -71 -45 75 -47 73 -47
H14| -72 -48 71 -47 7.0 -46
H15| -71 -46 72 -46 72 -46
H16[ -7.0 -48 71 -45 72 -48
Ground |H17[ 73 -46 74 -48 72 -48
Water |H18| 71 -50 71 -46 6.9 -47
H19| -71 -48 7.0 -47 71 -47
H20[ -71 -48 6.9 -46 72 -50
H21| -71 -47 7.0 -47 71 -47
H22[ -71 -51 7.0 -47 73 -51
H23| -71 -49 71 -46 71 -46
H24| -71 -48 72 -47 75 -50
H25| -74 -46 74 -47 74 -47
H26| -7.3 51 72 -45 72 -46
H27| -72 -45 72 -47 74 -46
H28[ -7.0 -49 7.0 -48 71 -48
H29| -7.1 -49 7.0 -47 7.0 -46
H30[ -71 -46 7.0 -47 71 -48
H31| -7.0 -47 7.0 -47 7.0 -46
H32| -73 -49 73 -46 74 -47
H33| -73 -45 72 -46 72 -47
H34| -70 43 7.1 -46 7.0 -45
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Isotope Data of -samples at Hanlim ; (A) Spring Water, (B) Precipitation

(A)
November, 2002 April, 2003 August, 2003
Site | 6"°0(%) 8D(%) | 6"°0(%) &D(%) | 6"°0(%) 8D (%)
S1 71 47 6.8 43 73 48
S2 71 50 6.6 44 73 50
Spring | o3 | g 47 67 44 71 47
Water
S4 71 50 71 46 7.2 48
S5 7.2 43 71 47 71 48
(B)
April, 2003 August, 2003
Site |  5"°0(%) 8D (%)) 8"°0(%0) 8D (%)
R1 25 7 92 59
Precipitation| R2 -3.1 15
R3 43 26
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