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Environmental Isotope-Aided Studies on Water Resources in the Region
of Cheju(V)

Zang-Kual U, Chang-Cho Choung Sung-Jun Song and Jong-Sung An

Summary

The salt contents and electrical conductivity of groundwater sampled below 50m
altitude in the area of Pyoson and Namwon were 2-30 times higher than those of
groundwater above 50m altitude and those of Cheju and Sogwipo cities. The
groundwater in the Pyoson coastal area has higher salt contents than those in the
Namwon coastal area. Especially, the chloride content of P4 and P5 samples of the
Pyoson area were more than 150ppm, indicating unsuitable for drinking water,

The groundwater in the coastal area has higher ratios (3.00-97.2) of chloride /
bicarbonate and deuterium / oxygen-18 than those in the inland area, and it was
classified as a Na-Cl type water, It is concluded that the groundwater in the coastal
area is already contaminated by sea water.

The salt content of the spring water(P8) was 4-6 times higher than those of
groundwaters of the inland area and its chloride-bicarbonate ratio was 7.48-9.81.
However, the P8 spring water can be used for agricultural purpose because the SAR

of the water is relatively low,

x PP A7a FEVIEH



2 Cheju App. Rad. Res. Inst. Ann. Report Vol 5 (1990)

F @

BHEE KUEEo2 #MRY BERLE
HE2 slo] QoA #E KA BHRS 7|
APAE AKe FEE wWa Eskm o)
BEZERC2 K diife] pksAut,
e RESA @S AEHSL &l
BA KFe2e 4R kAt BRA, #
TR olde ZHHzz] oiygc}.” ols} e Kk
RiRe MET BMts EERE 2 IR
a9l Ha el KKEHe BARE mERs
WM BARtS XARE= sio] gloh, 19704
FE EMEE KEHHES 9sted T KES
S A2 ol=l 19874EK BYE 236(@IL.
394,967m/HE BAREslel & Mol BHEel
WTFAE FFstz Ug.?

EHES] BKES AnHm, #Bree o
BARERES] BEL2 sl oid @Bmsn gl
oo, ¥HH mTAKe REést ol AHAdy
EHE 1% HKol «gsict, &35 K
‘iR 8% FiHoR @Ko @ w2
TR BKEE B8t & RIES)

<o, FHHRe] TR FES 9=
olo} BRBIY B BrFEsF AAlsich 94, ¥
MBS WEE 2y EME R &R
Y= 2B 220l 9l Picrite TEE, #
MEE TR LRE, FRBELRE, B
ARE, FRERIUE, Trachyte® KL
& ¥ Trachyte2 HE# 4 o, wEKS
b dFo] mael Az 9 kilikzE FAW
HEBRUEE ol Hfnsle] glevt o #imel o5

=

ERe 28l WAk gk dge 32 &
o Picrite LREMS BEE 4 AR
ole}, —fmoz JFSHE KLEL SiE
BERREST gasich Y 3, B A%
Mol Z3E FERF TR EHRES 1) &
Huy 2 2 MESJY BE5" tTK
2) wEEds B Lavash 2 LA 3)
BRI KLEEES +0stn e 24 &
fEel AaY wTke BHdch =% B
Eel HTFAE ohE KL SRl 2
o, LfriFket HEMTAZ BEHoc”
TR E BEBTA LB BAEL
olfm glow EEMTAE KK’ KBS
oz gikel WA B Ut EF TR
=2 okl AAR BRY 4+ o —Bm
oz EMHIRS AXEES Bkol oF &
of BV BEIF U FERAHEHAN e 2
A HRERE et thTE BEEY, oEL
AL Ze Foz @EslY] KEMTAE ol
Eob.” BNl UNDPE# o2 19694 o
% 120042 RBILF 0@ BAELS B
B3Hedl, ¥ 116m ZHolot 1Y T
22 1,.300M/Tell olax o9 BIFS HFHL
GAZES b Qich. =3, 19739 o3 BEER
Aftel o8 2049} BHAHE BEslo] R
< BT v T FEE 1lenolM 1Y Py
1.176M/Te] @@ #FAE BRY o ot
ol Selx BE HFHS BBl AFAK
o BERKEZ FASIT Sloh. MTFK R
RIESES vl REMTK RS doz ¥
Ml AR F3 B pRmeY BE B

_62_



Environmental Isotope—Aided Studies on Water Resources 3

Mol g el d=eo BHFE ARt
o ZEMTKRKE HK3tz glen 2% IV
o} FHE BERC YT BEEAA 2L A
ooz o] HKE Asld RAH W=z WA
K7 @€ f7 deh gz EKiEH
T& BARE oldel 7P AlFsHAl MEfTalol ¥
s Bk Bkl He RESA o @
EHols B #TKE BIRE &+ Us &
FHI0 TR REREE 3] fdde D
Bkl Bketel KEmQ A7 THE=lolok
st, 2) kel ks HTKERL H
I BEBRA1Z RENEE BRRAEMTERE A
A BiTslelel & Zojrt,

A Bt BME BT KRR REe <
A FIAE Y AL PIREES dYPe=

BN WA (RE, RT) MuiKe Tk, #

K o BREKY KEHE EMJR St

RBRErT#E Tritium, Deuterium,

Oxygen-18& HIE3ste] #MTKSE BRKY

kel 2%t Hg mEE dob e,
MR R Gk

1. BEUHER

P Rk B Bk (PS5,
P13), #BREK(P8) St #MTXK(P1, P3, P4,
P6, P7, P9, P10, P11, P12, Pl4)2 BH
o 3,4,8, 104 ZZ {LBH5HA 1liters}t
BRERIN TR TR liiterd-& FKsiq
(Table 1, Figure 1 #=)

Table 1. Specifications of sampling sites in Pyoson and Namwon areas.

Sal\rlr;p‘le Location Description froll)riSt::aCka) D?”?)th
P1 Pyoson-myun Songup-ri Ground water 7.00 143
P2 Songsan-up Samdal-ri Ground water 2.50 80
P3 Pyoson-myun Pyoson-ri Ground water 0.63 46
P4 Pyoson-myun Pyoson-ri Ground water 0.63 23
P5 Pyoson-myun Pyoson-ri Sea water 0 0
P6 Pyoson-myun Sewha-ri Ground water 0.25 -
P7 Pyoson-myun Sewha-ri Ground water 2.25 95
P8 Pyoson-myun Tosan-ri Spring water 0 2
P9 Pyoson-myun Tosan-ri Ground water 1.00 50
P10 Namwon-up Sinhung-ri Ground water 0.13 -
P11 Namwon-up Sinhung-ri Ground water 3.50 101
P12 Namwon-up Taehung-ri Ground water 0.50 28
P13 Namwon-up Taehung-ri Sea water 0 -
Pl4 Namwon-up Namwon-ri Ground water 1.20 68
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Table 2. Environmental tritium of water samples from Pyoson and Namwon areas.

Sample Tritium (TU)
No, March May August October
P1 16.4 10.0 9.76 9.62
P2 15.8 10.7 11.7 10.7
P3 18.1 13.8 - 11.9
P4 17.5 8.77 9.36 10.3
PS5 7.15 3.46 5.57 2.61
P6 20.0 11.7 12.3 12.1
P7 16.6 13.8 12.6 11.9
P8 13.2 13.9 12.9 12.7
P9 16.3 12.1 13.0 11.5
P10 15.1 14.3 11.3 10.9
P11 10.7 11.7 11.7 11.2
P12 15.7 9.92 9.76 8.73
P13 7.22 3.94 5.81 3.07
P14 13.1 15.0 13.2 12.6
- not sampled,
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Table 3. Environmental deuterium and oxygen-18 levels of water samples from

Pyoson and Namwon areas.

Sample March May August
no, Deuterium Oxygen Deuterium Oxygen Deuterium Oxygen
(per mill) {per mill) (per mill)  9per mill) (per mill) (per mill)
P1 -39.7 -7.84 -42.8 -7.90 -41.6 -8.19
P2 -38.9 6.71 -40.6 -7.62 -39.3 -7.64
P3 -37.5 -6.73 -38.8 -7.40 - -
P4 -36.8 -6.49 -33.1 -6.14 -34.2 -7.33
P5 -2.10 -0.87 -1.30 -0.58 -1.50 -1.96
P6 -38.8 -6.80 -39.5 -7.17 -33.6 ~-7.96
P7 -40.0 -7.14 -39.5 -7.36 -35.1 -7.95
P8 -38.0 -7.12 -40.7 -7.45 -39.7 -7.88
P9 -39.9 -7.18 -39.9 -7.59 -40.4 -8.09
P10 -38.6 -6.64 -39.1 -7.54 -41.2 -8.07
P11 -38.5 -7.09 -38.8 -7.20 -39.8 -7.87
P12 -41.7 -7.82 -39.0 -7.45 -39 .4 -7.76
P13 -0.30 -0.87 -3.2 -1.50 -14.1 -3.33
Pl4 -41 .4 -7.68 -41.5 -7.76 ~-43.7 -8.29
5180 in %
-80 75 -70 -65 -60 -55 10 -05 O
o P13
P>
-5
-30 S
p=3.35 + 5.97 5! 5
(r=0.990 ") 35 2
‘- p7 "'100
PI.Z Plb
-45

Figure 2. Stable isotope composition of water samples in Pyoson and Namwon areas
(March).
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Figure 3. Stable isotope composition of water samples in Pyoson and Namwon (May).

Figure 4. Stable isotope composition of water samples
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in Pyoson and Namwon

(August).
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Table 4. Chemical data of water samples from Pyoson and Namwon areas (March).

Temp. Na K Ca Mg Ci NOy SO, HCO, Conductivity
Sample pH (amho
(0 ppm  ppm ppm ppm ppm ppm ppm  ppm g
Pl - 8.3 87 30 64 3.5 153 0.12 3.0 454 105

P2 16.5 1.6 91 23 5.2 50 166 1.12 28 39.0 13
P3 16.0 7.2 56.4 5.3 8.1 1.1 121 2.3 19.2 384 485
P4 16.0 7.4 600 323 209 782 1,300 2.3 70 %7 3,770
pP5 15.0 8.5 8.420 375 425 1,305 24.605 051 2653 119 42,000
P§ 16.0 74 140 9.0 121 249 3 14 46.2 3.0 1,210

P7 16.0 7.7 83 2.3 5.3 42 135 0.70 1.8 375 103
P8 15,0 7.5 99.0 6.3 7.3 141 197 151 6.4 345 691
P9 17.0 7.4 85 2.0 5.6 45 147 176 25 438 105
P10 15.3 7.4 5 49 112 150 119 072 16.5 36.3 444
P11 16.0 7.8 8.6 2.7 43 35 12,0 0.10 23 39.0 92.8

P12 16.0 7.6 172 28 8.2 61 367 429 76 56.0 199
P13 15.0 85 8210 358 407 1,265 23,710 056 254 116 41,200

P14 15.0 7.8 5.2 1.8 31 2.1 9.8 0.3 20 214 62.2
-, not measured

Table 5. Chemical data of water samples from Pyoson and Namwon areas May).

Temp. Na K Ca Mg Cl NO, SO, HCo, conductivity
Sample pH (zumho
() ppm ppm ppm ppm ppm ppm ppm  ppm ™)
Pl 16.5 7.7 88 31 6.2 35 15.3 0.02 25 387 100
P2 16.5 7.9 8.9 2.3 53 5.0 16.6 1.30 2.7 39.0 110

P3 16.5 7.6 26 48 7.4 95 8.2 557 158 38.4 378
P4 16.0 7.9 242 13.7 129 #1571 3.04 66.1 28.4 1,660
P5 18.5 83 8080 448 422 1,312 17,161 043 2,970 117 42,420
P 16.0 7.8 94 7.0 8.9 155 230 4.00 34 35 721
P7 16.0 79 83 24 5.8 44 139 0.93 20 389 102
P§ 16.0 78 7.1 55 7.1 121 154 165 65.6 35.4 547
P9 17.5 7.9 86 2.0 55 45 121 1.92 23 M2 104
P10 14.5 7.9 41.3 4.6 7.0 9.1 8.3 1.3 148 37.5 359
P11 16.5 7.9 9.0 25 43 37 121 0.09 23 402 9.4
P12 16.0 7.1 B0 40 7.3 1.9 515 879 7.1 222 313
P13 19.0 83 818 3% 3% 1227 22,81 064 2,470 116 40,700
Pl4 15.0 7.7 6.1 2.0 4.1 29 116 2.00 2.0 226 7.4
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Table 6. Chemical data of water samples from Pyoson and Namwon areas(August).

sampie T¥™:  ; Na K Ca Mg C NO, SO, HCO, C°‘(‘Z‘;°;(‘)‘“ty
(© ppm  ppm ppm ppm ppm ppm ppm  ppm o)

P1 17.0 79 76 28 5.9 2.4 17.3 0.03 22 4038 %
P2 16.5 7.9 73 18 47 20 20.1 1.55 55 393 109
P3 - - - - - - - - - - -
P4 17.0 7.5 581 333 301 403 1,394 3.9 538 3.8 3,114
P5 26.0 85 9,53 3% 365 %22 2,78 040 2270 116 0,189
P8 17.0 7.5 116 7.7 8.1 146 210 3.3 319 335 874
P7 16.0 7.9 68 2.1 5.0 28 19.4 1.03 29 3.0 102
P8 16.0 7.9 81.9 8.4 5.3 6.0 187 1.9 208 36.0 506
P9 16.5 7.5 89 24 3.9 2.2 14.7 0.28 36 384 9.7
P10 17.8 7.6 296 3.1 43 3.2 646 2.39 7.1 36.3 24
P11 18.0 7.6 71 18 5.0 3.1 18.1 2.3 34 29 108
P12 16.0 7.8 308 34 151 174 68.0 9.22 55 400 287
P13 26.0 84 6280 2N 303 773 18,462 1.20 1.900 101 32,661
P14 15.5 7.7 50 1.2 3.3 1.8 147 1.9 33 195 7.4
-: not sampled

Table 7. Chemical data of water samples from Pyoson and Namwon areas(October).

sampie TE™P- oy Na K Ca Mg C NO, SO, HCO, C°‘(ljr‘;‘;ltci)v“y

Q) ppm  ppm ppm ppm ppm ppm ppm ppm o)

P1 16.5 8.0 74 21 5.6 24 18.8 0.07 35 510 106
P2 15.0 79 73 2.0 45 6.1 19.1 1.05 36 41.2 107
P3 16.5 7.5 514 48 7.2 .7 13 2.02 12.9 3.6 n
P4 16.0 7.1 800 UL 3.0 50.1 1,996 2.41 679 353 4,338
P5 21.0 85 9,360 41 44 1,024 24400 039 2,640 12 39,844
P6 16.0 8.0 136 8.2 9.8 6.2 300 1.5 9 .7 915
P7 16.0 7.9 68 20 5.0 2.8 18.8 1.45 26 37.0 103
P8 16.0 7.8 616 43 i1 46 170 1.8 13.7 37.2 421
P9 17.0 7.9 6.7 2.4 3.8 2.1 15.0 0.25 3.0 39.0 87.8
P10 17.0 7.9 319 34 47 3.7 759 1.78 81 38.9 247
Pl 170 8.0 62 19 39 24 181 0.8 33 25 89.9
P12 16.0 1.6 169 29 15 58 488 7.18 46 26.8 208
P13 21.0 83 7,820 364 373 994 20,73¢ 057 2520 115 38.153
P14 15.5 7.8 47 16 2.8 1.4 13.7 1.06 1.1 27 66.0
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Figure 6. Trilinear diagram of water samples from Pyoson and Namwon (May).
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Table 8. Classification water

samples from Pyoson and Namwon areas.

Sample Types of Water

No. March May August October
P1 Ca HCO, Ca HCO, Ca HCO, Ca HCO,
P2 Ca HCO, Ca HCO, Ca HCO, Ca . Cl
P3 Na Cl Na . Cl - Na.,Cl
P4 Na Cl Na . Cl Na.Cl Na.Cl
P5 Na.Cl Na . Cl Na.Cl Na Cl
P6 Na Cl Na . Cl Na Cl Na . Cl
P7 Ca HCQ; Ca HCO; Ca HCO, Ca HCO,
P8 Na.Cl Na . Cl Na.Cl Ca HCO,
P9 Ca . HCO, Ca HCO, Ca HCO, Ca HCO,
P10 Na.Cl Na . Cl Na.Cl Na.Cl
P11 Ca HCO, Ca .HCO; Ca HCO, Ca HCO;
P12 Ca.Cl Na . Cl Na . Cl Ca.Cl
P13 Na.Cl Na.Cl Na Cl Na,Cl
Pl4 Ca HCO, Ca . HCQO, Ca.Cl Ca.Cl

- not sampled
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oAt Bol 8Fd ol Holth ™ =,
Ko} HTFKZ BESIE 55800 843 4 9
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Bt Zle) SSBeE e HEE®R, 13n @EH
R F3= F#&3A Chloride®t Bicarbonate
FEE WA o ohe AME ERISIA CL
/HCO:3bS FtHE3In WK Fie HB= F
H#tcl. & Chloride-bicarbonateft,7} 0.5
LTl 568 WK B3 RSy Aslglz 0.5
~1.3%0 =& < RS- =e 1.3~2.89
BB 2% A2 FHigsle) 3w, 2.8~6.62
B8 AR F% AE Jehdd’” ol

rir
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Figure 9. Chemical analysis of waters from Pyoson and
Chloride-bicarbonate ratios are shown above each quality diagram.
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Table 9. Chloride-bicarbonate ratios as a criterion of sea water intrusion.

Sample March May August October
No. CI/HCO, CI/HCO, CI/HCO, CI/HCO,
Pl 0.58 0.68 0.73 0.63
P2 0.73 0.73 0.88 0.80
P3 5.41 3.90 - 6.29
P4 62.6 34.5 77.8 97.2
P5 355 252 308 344
P6 16.1 12.9 13.8 13.0
P7 0.62 0.65 0.93 0.87
P8 9.81 7.48 8.93 7.85
P9 0.73 0.61 0.66 0.66
P10 5.63 4.05 3.06 3.35
P11 0.53 0.52 0.95 0.79
P12 1.13 3.99 2,92 3.13
P13 351 338 314 310
P14 0.79 0.88 1.30 1.04

- not sampled

Table 10. Sodium absorption ratio (SAR) of water samples from Pyoson and Namwon

areas.

Sample March May August October
No, SAR SAR SAR SAR
P1 0.68 0.70 0.67 0.66
P2 0.68 0.66 0.71 0.53
P3 3.02 2.44 - 3.17
P4 13.2 8.00 16.3 20.1
P5 457 43.7 60.4 55.8
P6 5.28 4.43 5.63 6.19
P7 0.65 0.63 0.60 0.60
P8 4.93 4.08 5.78 4.96
P9 0.65 0.65 0.89 0.68
P10 1.81 2.42 2.63 2.67
P11 0.74 0.77 0.61 0.61
P12 1.10 0.74 1.28 1.03
P13 42.3 45.8 43.5 40.0
P14 0.56 0.56 0.55 0.57

* Sodium absorption ratio (SAR) was calculated by the following formula,

Na

SAR = ———— _
[ Ca+Mg 79-
2
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