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Summary

The characteristics of groundwater quality (such as water pollution level
of studied items, evaluation of water pollution level through their distribution
patterns, correlation between water quality items, and water quality variability
according to precipatation, etc), were investigated for all groundwater wells
except for those due to the failure of motor pump, unused wells, owner's
disapproval of their use, in the western part of Jeju Island (Hanlim-eup,
Hangyeong-myeon, and Daejeong—eup), which are known to be increasing in
pollution due to the existence of various contaminants. Moreover, water
quality characteristics and identification of contamination source using stable
nitrogen and oxygen isotopes for nitrate nitrogen (NO3—-N) which is used as
an Indicator of groundwater quality pollution in Jeju Island, were also
examined.

The concentrations of HCO3 and K" mainly produced by the reaction of
groundwater and geological media were high in Hanlim-eup, and those of
NOs;-N, CI, and SO, and etc, caused by anthropogenic source or seawater
inflow rather than natural source, were high in Hangyeong-myeon, indicating
that the groundwater quality in the latter was relatively affected by
anthropogenic contaminants, compared with other areas.

According to the evaluation of groundwater quality using the skeletal
box—and-whisker plot, two groundwater wells were thought to be affected by
seawater inflow, and groundwater pollution level was higher than that of
other areas due to seawater inflow or surface pollutants in
Hangyeong—-myeon, and in Daejeong—eup, the average groundwater quality
pollution level was increased by a large distribution of groundwater wells

with higher abnormal values than in other areas.

_vi_



According to the correlation analysis between groundwater quality items,
NO3;-N showed a normal or high correlation with SO.*, Ca®’, and Mg®" in all
the areas but in the correlation between NOs;-N and stable nitrogen isotope
ratio (8°N-NOjs ), the correlation coefficient (r) was 0.358, -0.464, and - 0.369
in Hanlim-eup, Hangyeong-myeon, and Daejeong-eup, respectively, assuming
that the source of nitrogen pollution was different between in Hanlim-eup and
in Hangyeong—myeon and Daejeong—eup.

Looking at the groundwater quality variability according to precipitation, it
was high in the order of Hangyeong-myeon > Hanlim-eup > Daejeong—eup
for NO3;—N, indicating that the concentration of NOs—N was the most affected
in Hangyeong-myeon and the least affected in Daejeong—eup by precipitation,
and was high in the order of Hanlim-eup > Hangyeong-myeon >
Daejeong—eup for the other items.

As a result of examining the changes in water quality type with NOs;—N
concentration by the Piper diagram, it was similar in Hangyeong-myeon and
Daejeong—eup, 1.e., in Hangyeong-myeon and Daejeong-eup, compared with in
Hanlim-eup, anions were further directed into Cl type at NOs—N concentration
of 3 mg/L or less, and at NOs—N concentration of 10 mg/L or above, anions
were further evolved into SO, + NOs type and cations were more evidently
directed into Ca + Mg type, assuming that the source of nitrogen pollution
was different between in Hanlim-eup, and in Hangyeong-myeon and
Daejeong—eup.

As a result of examining the stable oxygen and nitrogen isotope ratio in
nitrate (6’'N-NO; and 8%0-NO5) for all the groundwater wells (711 wells)
in this study, the values of §®0-NO; were in the range of - 6.46~+16.89%,
indicating that nitrate was mainly derived from nitrification process, and those
of 6°N-NO; were mostly in the range of +3~+8%,, which was considered to
have been affected by two or more sources of nitrogen pollution. Looking at

the source of nitrogen pollution with study area, the values of §°N-NOj

= Vii -



were high and low in Hanlim-eup, and in Hangyeong-myeon and
Daejeong—eup, respectively, indicating nitrate nitrogen source was mainly
derived from manure and sewage, and derived from soil and chemical

fertilizer, respectively.
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Fig. 1. Map showing the study area (Hanlim-eup, Hangyeong-myeon, and
Daejeong—eup) located in the western part of Jeju Island.



Table 1. Current situation of land use and population in study area

Land use (ki)

. Number of
Classification » Agricultural Pastures ) Populati
Total (%™) Forest land Bulding land etc opulation
land land

Total 249.05 (13.46) 121.65 66.53 13.03 10.48 37.36 56,682
Hanlim-eup 91.21 (4.93) 34.81 27.42 10.89 391 14.18 25,080
Hangyeong-myeon 79.12 (4.28) 41.71 24.44 0.24 2.68 10.05 9,405
Daejeong-eup 7872 (4.25) 45.13 14.67 1.90 3.89 13.13 23,105

* Percentage ratio to the total

area of Jeju Island
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Table 2. Monthly precipitation of study area

Year precipitation (mm)*
Month 2019 2020 2021 Max. Min. Aver.
1 174 76.1 72.0 76.1 174 55.2
2 34.1 41.6 41.9 41.9 34.1 39.2
3 46.0 61.2 111.8 111.8 46.0 73.0
4 279 32.5 101.2 101.2 279 539
5 122.6 90.3 132.2 132.2 90.3 115.0
6 1729 290.5 1745 290.5 172.9 212.6
7 191.3 247.8 122.7 247.8 122.7 187.3
8 321.5 181.2 196.7 3215 181.2 233.1
9 400.1 132.8 348.0 400.1 132.8 293.6
10 127.2 34.7 19.8 127.2 19.8 60.6
11 16.1 194 48.8 48.8 16.1 28.1
12 33.8 20.8 18.3 33.8 18.3 41.0
Total 1560.9 1228.9 1387.9 1560.9 1228.9 1392.6

* quoted from Gosan meterological observatory
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Fig. 4. Monthly precipitation of study area.
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Table 3. The current situation groundwater development with elevation level (EL)

Elevation level (EL)

Classification Total < EL. 50 m EL. 50~100 m EL. 100~150 m EL. 150~200 m > EL. 200 m

Number % Number % Number % Number % Number % Number *
of wells WIA of wells WIA of wells WIA of wells WIA of wells WIA of wells WIA

Total 1,013 11,131,306 639 6,190,755 231 2,361,067 84 1,052,729 31 898,920 28 627,835
Hanlim-eup 177 2555484 63 873,443 36 447596 30 396,040 15 210,570 28 627,835
Elrir;geggong 227 4,072,145 93 1,859,110 74 913551 44 611,134 16 688,350 - -
Daejeong-eup 609 4,503,677 478 3458202 121 999,920 10 45555 - - - -

* Water intake allowance (m'/month)
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Table 4. Classification of groundwater wells with use in the study area

Groundwater wells

Classification Total Domestic Agriculture Industry
Number of X Number of X Number of X Number of *
wells WIA wells WIA wells WIA wells WIA
Total 1,013 11,131,306 112 1,379,854 880 9,678,503 21 72,949
Hanlim-eup 177 2,555,484 50 538,062 114 1,960,547 13 56,875
Hangyeong-myeon 227 4,072,145 20 742,565 206 3,329,080 1 500
Daejeong—eup 609 4,503,677 42 99,227 560 4,388,876 7 15574

* Water Intake Allowance (m'/month)
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Table 5. Number of groundwater wells sampled in this study with elevation

level (EL)

Elevation level (EL)

Total < EL. 50 EL. 50 EL. 100 EL. 150 > EL.
Study area m ~100m ~150m ~200 m 200 m

************** Number of groundwater wells —————--——-

Total 734 425 175 70 34 30
Hanlim-eup 167 55 35 29 18 30
Hangyeong—eup 210 87 71 36 16 -
Daejeong—eup 357 283 69 5 - -

Table 6. Number of groundwater wells sampled in this study with use

Groundwater wells

Stduy area Total Domestic Agriculture Industry
Number ,, x Number 04 * Number 04 * Number o4 *
of wells 7° of wells 7° of wells 7° of wells 7°

Total 734 100 94 128 621 846 19 2.6
Hanlim-eup 167 228 48 6.5 107 146 12 1.6
Hangyeong-eup 210 286 18 25 191 26.0 1 0.1
Daejeong—eup 357 486 28 3.8 232 44.0 6 0.8

* Percentage ratio to the total sample number
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B Ao A ZAF A3 g Aty Aol (pH), A7 HE=(EC
eectronic conductivity), #A3t4 2 FIFE& HAdsr] Y S0l (HCO;,
NOs-N, Cl, SO/2) 9 <Fo]2(Na', K', Ca*, Mg?) 871 3% 183 Fe, Mn,

Zn, Pb ¥ FF%3 S, V, Si 5o viF R/BY 5& BAsdy 22 099

A3 A2HHigh Pure, ODLAB)S 2 Atxg]3tdt. 7}
Teo] W] Bytsto] AREsR

2 AFelM Y Fd AR A Table 70 YERW AT pH, EC+=
Fdl8& =471(Orion STAR A SERIES)E o] &3t d% A3 Fetilko]
o

stk Fol&(Na', K', Ca”, Mg”)7}

B\
o

(HCO3 )<= 0.01 N-HCI 4oz
20 &(NOs-N, CI, SO£)& o2z zZntE1ei3)(940 Professional IC Vario,
Metrohm)< o] €3] NOs-N, ClI, SO/ 59 Lo]l&& ASupp? column}
NaHCO; €84S 0.7 mL/min %22 Na’, K', Ca*, Mg %9 <%o]&2 (C6
column¥} Nitricacid/Dipicolimic acid €& 4 09 ml/min 522 ALE3H o
H A&E7]+= 80 IC Conductivity Detector® ApRg&3te] A&, T35 2
ng Frlede A EgEr dAHEEE7](ICP-AES,  SG/Aviob00,
PerkimElmer) & A}83}e] Z2}2vlfZ(plasma flow) 10.0 L/min, EZ7] A5
(auxiliary flow) 0.2 L/min, &A% (Nebulizer flow) 0.6 L/min, Z&h2=vhd=

(plasma forward power) 1.50 kKW 59| 7|7] Aoz FEA& At}
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Table 7. Analytical methods and instruments for each item

Items Analytical Methods and Instruments
pH pH meter (Orion STAR A SERIES)
EC EC meter (Orion STAR A SERIES)
HCOs 0.01 N-HCI titration method

NOs-N, CI', SO/

0 0 . Ion Chromatograph (Metrohm 940 professional IC Vario)
Ca“’, Mg”, Na', K

Fe, Mn, Zn, Pb, B,
As, Cr, Al, Cu, Cd,
Sr, V, Si, etc

Inductively coupled plasma Atomic Emission Spectroscopy
(PerkimElmer, SG/Avio500 )

2 oAFolA A" Astrde] A EE Frtstr] g dsteas: £ %
ow olo] VlEEA Ayst Fold Fol2o TR ol wig Hlw IYg=ZE
Table 8¢} Fig. 109 e AT}

Aol Aol HA 73419 EAAE i dste A= Hi 0.16%, x+H
Fi= 3599 0™ -41.80%~36.04% WS EAoY 5% 97+ -3.36%, 95%
T 512% 2 YES T dAE o]l 0.16% = w0l v ol o 3
%0 FUb HAa(HY) HUEEA FdEe & 7 AN 73439 AlEF 6687

91%7} Hatext +5% M9 oW, 7037 95.8%7F A3t x +10% WY o=

i

N

fe AN

i

f

Holil glo] & 24 A}E olgste] ATE FdAsv 4F{E Aew Ay
At
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Al g B e go] -41.80~36.04(FHF -0.05)%, AW -13.49~23.92(F
T -018)%, ARG -7.77~12.60(FF 0.45)%= 201998 20213 7bA 3d 7t

Table 8. Descriptive statistics results of charge error in this study

(unit : %)

Classification Hanlim-eup H?rrlr%geegélg Daejeong—eup Total

Min. -41.80 -13.49 -5.34 -41.80
5% percentile -3.11 -5.98 -2.81 -3.36

Max. 36.04 23.92 12.60 36.04
95% percentile 3.63 5.58 4.78 512

Aver. -0.05 -0.18 0.45 0.16

SD 497 4.33 2.43 3.59
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Fig. 10. Ionic balance between total cations and anions equivalent weight of

groundwater in this study.
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Table 10. Descriptive statistical results of analytical items for groundwater wells sampled in the study area ((a)

Hanlim-eup, (b) Hangyeong-myeon and (c) Daejeong—eup)

(a) Hanlim-eup

EL EC pH HCO;3 cr NO;-N SO Na' K' Ca”™ Mg*'
Items

(m) (uS/cm) (-) (mg/L)
Min. 1.0 52.8 6.9 32.6 5.1 0.0 1.5 5.6 2.3 3.6 0.3
One quarter percentile 39.0 148.2 7.6 49.3 9.7 15 2.6 10.6 3.8 6.8 55
Median. 90.0 202.0 79 54.5 15.1 5.1 5.6 134 4.4 9.7 8.5
Three quarter percentile 161.8 267.5 8.1 65.5 20.1 8.9 9.5 16.7 52 129 11.3
Max. 520.0 1583.0 9.6 233.0 107.7 22.6 31.8 65.8 22.9 25.7 24.0
Average 1195 226.4 7.8 61.5 179 59 6.9 14.6 4.8 10.5 8.9
SD 108.8 151.1 0.4 24.0 13.1 4.9 5.2 7.0 2.0 4.6 4.2
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(b) Hangyeong-myeon

EL EC pH  HCOz Cl NO;-N SO Na' K' Ca* Mg*'
Items

(m) (uS/cm) (=) (mg/L)
Min. 3.5 53.6 6.6 26.1 7.8 0.0 2.7 8.4 2.1 4.3 2.4
One quarter percentile 32.6 188.3 7.2 40.6 16.8 3.0 6.1 145 3.6 9.2 55
Median. 65.9 242.5 7.6 46.7 21.5 8.8 10.7 16.8 4.4 13.0 9.2
Three quarter percentile 98.0 308.0 7.8 63.3 26.9 155 17.6 19.1 5.0 15.6 14.5
Max. 164.0  2360.0 9.2 128.8 658.5 37.4 101.2 283.9 14.6 63.8 75.5
Average 69.3 265.0 7.6 53.8 217.0 9.6 12.8 19.3 45 134 10.5
SD 42.5 208.7 0.4 18.1 57.7 6.9 11.0 25.5 1.3 6.9 75
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(c) Daejeong—eup

EL EC pH HCO;3 cr NO;-N SO Na' K' Ca™ Mg*'
Items

(m) (uS/cm) (-) (mg/L)
Min. 1.0 32.3 6.6 176 8.0 0.1 2.8 5.8 2.5 4.4 1.5
One quarter percentile 15.0 127.0 7.2 35.1 10.7 2.7 5.2 9.0 3.3 6.1 4.5
Median. 32.0 148.8 7.4 37.7 12.3 3.9 6.9 9.8 3.5 7.8 5.4
Three quarter percentile 46.0 185.7 77 434 159 5.7 9.2 12.4 4.0 10.1 6.7
Max. 110.0 1016.0 9.5 118.2 256.6 41.5 735 92.2 14.2 51.5 34.7
Average 33.8 193.3 75 43.5 18.1 5.7 10.0 13.2 3.9 104 7.1
SD 22.2 131.7 0.4 155 22.8 6.3 9.9 10.3 14 8.2 55
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Table 11. Correlation between analytical items in the study area. ((a) Hanlim-eup, (b) Hangyeong-myeon, and (c)
Daejeong—eup)

(a) Hanlim-eup

r Altitude ~ EC pH HCO; ClI'  NOsN SO#  Na K’ Ca®  Mg” 6°N-NO; 6%0-NO;
Altitude 1.000 -0381 0258 -0185 -0.448 -0.413 -0459 -0.466 -0.560  -0.363 0.229
EC 1.000 -0479 0422 0768 0377 0599 0639 0246 0533 0502

pH 1.000 -0205 -0533 -0575 -0632 -0423 -0.283 -0620 -0.638 -0.220
HCO3 1.000  0.181 0365 0374 0396  0.229 -0.219
Cr 1.000 0444 0768 0866 0295 0671 0554 0.000
NO;-N 1.000 0838 0272 0373 0739 0881 0.358 0.237

SO 1.000 0676 0534 0861  0.828 0.256
Na’ 1.000 0400 0670 0415 -0.192

K’ 1.000 0512 0542 0.272

Ca® 1.000  0.800 0.226
Mg** 1.000 0.328 0.159
§N-NO3 1.000 0.198
§%0-NO3- 1.000

* Pearson correlation coefficient, p<0.05
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(b) Hangyeong-myeon

r Altitude  EC pH HCO; CI° NO3N SO/  Na’ K Ca®  Mg® &°N-NO; 6%0-NO;
Altitude 1.000  -0.301 0160 -0518 -0.194 -0167 -0250 -0227 -0.329 -0477 -0.244 0.394 -0.382
EC 1.000 -0337 0039 0955 0350 0909 0935 0769 0817 0921 -0.250 0.273
pH 1.000 0302 -0185 -0628 -0.476 -0.269  -0.470 -0.500 0.223 -0.264
HCO;3™ 1.000 -0.446  -0.094 0156 0162 -0.160
Cr 1.000 0803 0990 0691 0660 0817 0.185
NO;-N 1.000 0561 0361 0574 0617 -0.464 0.291
SO 1.000 0759 0708 0848 0952 -0.312 0.326
Na' 1.000 0679 0624  0.762 0.181
K’ 1.000 0714 0696 -0.215 0.268
Ca* 1.000  0.816 -0.367
Mg** 1.000 -0.345 0.305
§'°N-NO;3 1.000
§"0-NO; 1.000

* Pearson correlation coefficient

¥ p<0.05
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(c) Daejeong—eup

r Altitude  EC pH HCO; CI° NO3N SO/  Na’ K Ca®  Mg® &°N-NO; 6%0-NO;
Altitude 1.000 -0293 0194 -0328 -0222 -0162 -0239 -0297 -0.307 -0266 -0.219

EC 1000 -0235 0555 0847 0748 0891 0838 0641 0945 0937 -0.267 0.178

pH 1.000  0.358 -0.466  —0.357 -0.282  -0.361 0.185
HCO;3™ 1000 0465 0190 0372 0690 0488 0491  0.407 0.186
Cr 1000 0330 0569 0907 0675 0694 0694 -0.116 0.204

NO;-N 1.000 0919 0330 0261 0849  0.881 -0.369
SO 1.000 0574 0451 0935 0941 -0.353 0.122
Na' 1.000 0673 0654 0634 -0.144 0.233
K’ 1.000 0531 0478 0.139
Ca® 1.000 0950 -0.305 0.139
Mg** 1.000 -0.304 0.120
§N-NO3 1.000 0.162
§"0-NO; 1.000

* Pearson correlation coefficient

¥ p<0.05
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Table 12. Statistical results on the coefficient of variation of groundwater quality in dry and rainy season in the study area

EC pH HCOs5 Cr NO;-N SO Na' K' Ca” Mg
Classification (uS/em) )
uS/cm ~ mg/L 3
Dry season aver. 272.3 7.6 60.4 24.3 9.2 10.3 17.1 5.3 13.2 11.7
Hanlim-eup Rainy season aver. 269.9 7.6 58.7 20.5 10.9 12.1 15.1 5.0 13.6 11.8
(n=71) std dev. aver. 30.5 0.1 59 3.7 1.7 2.1 1.7 0.4 1.8 15
Ccv* 11.2 15 10.1 13.2 179 195 9.0 7.0 13.7 13.3
Dry season aver. 265.0 7.6 53.8 27.0 9.6 12.8 19.3 4.5 134 10.5
Hangyeong
Rainy season aver. 262.6 7.2 51.0 219 10.2 13.8 16.4 4.5 13.6 10.3
-myeon
std dev. aver. 27.8 0.2 35 4.1 1.8 2.0 1.9 0.3 15 14
(n=167)
Ccv* 7.8 3.3 6.6 6.9 21.0 13.2 52 4.8 115 12.2
Dry season aver. 193.3 75 435 18.1 5.7 10.0 13.2 3.9 104 7.1
Daejeong—eup Rainy season aver. 213.3 7.4 46.7 194 6.6 11.6 13.6 4.1 115 7.8
(n=357) std dev. aver. 18.7 0.1 2.6 1.7 1.1 1.6 0.7 0.2 1.3 0.8
Ccv* 7.6 15 5.7 6.5 154 114 3.8 49 3.8 8.8

* Coefficient of variation [= (standard deviation/mean) x 100]
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Fig. 14. Results of coefficient of variation (CV) for major (a) anions and (b)

cations in the study area (Hanlim-eup, Hangyeong-myeon, and

Daejeong—eup).
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Table 13. Number of groundwater wells with NO3-N concentration level in

the study area

Number of groundwater wells (%)

Study area NO3;-N (mg/L)
< 3.0 3~10 10~20 >= 20
Total 227(30.9) 338(46.0) 134(18.3) 35(4.8)
Hanlim-eup 62(37.1) 70(41.9) 33(19.8) 2(1.2)
Hangyeong-eup 52(24.8) 65(31.0) 77(36.7) 16(7.6)
Daejeong-eup 113(31.7) 203(56.9) 24(6.7) 17(4.8)
I percentage ratio to total groundwater wells.
Q2s Median Qr7s
50 I
* Hanlim-eup
o Daejeong-eup
C
40 - & Hangyeong-myeon

NO3-N (mg/L)

Quantiles

Fig. 15. Quantile plot of NOs-N with study area.
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Table 14. Concentrations of NO3-N with altitude in the study area ((a)

Hanlim-eup, (b) Hangyeong-myeon, and (c) Daejeong—eup)

(a) Hanlim-eup

NOs-N concentration (mg/L)

Altitude Number of
(m) G\fvilflr;d\(zzgler Number of ..
Average wells? ()] Minimum Maximum

< 50 m 55(32.9) 7.8 18(32.7) 0.0 20.2
50~100 m 35(21.0) 6.5 7(20.0) 0.3 14.4
100~150 m 29(17.4) 7.0 7(24.1) 0.6 17.3
150~200 m 18(10.8) 4.2 3(16.7) 0.4 22.6
>= 200 m 30(18.0) 1.6 0(0.0) 0.3 7.1

lpercentage ratio to total number of groundwater wells; 2Number of groundwater wells which
exceeded the environmental standard of groundwater (10 mg/L for NO;-N).

(b) Hangyeong-myeon

NO3-N concentration (mg/L)

. Number of
Al(tgsde Groundwater
wells (%) Number of .. .
Average wells? (9)! Minimum Maximum
47
< 50 87(41.4) 10.8 (54.0) 0.2 374
~ 31
50~100 71(33.8) 9.6 (43.7) 0.0 23.7
N 15
100~150 36(17.1) 8.8 (41.7) 1.2 21.2
N 0
150~200 16(7.6) 4.2 0.0) 1.3 95
>= 200 - - - - _

Lyercentage ratio to total number of groundwater wells; 2Number of groundwater wells which
exceeded the environmental standard of groundwater (10 mg/L for NO3;-N).
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(¢c) Daejeong—eup

| Number of NOs-N concentration (mg/L)
Al(t;g;de Groundwater

wells (%)! Number of
Average wells? (96)!

Minimum Maximum

<50 m 283(79.3) 6.2 38(13.4) 0.1 41.5
50~100 m 69(19.3) 4.0 3(4.3) 0.7 35.1
100~150 m 5(1.4) 2.5 0(0.0) 1.8 4.6
150~200 m - - - - -

>= 200 m - - - - _

lpercentage ratio to total number of groundwater wells; 2Number of groundwater wells which
exceeded the environmental standard of groundwater (10 mg/L for NO3;-N).

| 0 F LE

Hanlim-eup Hangyeong-myeon Deajeong-eup

Fig. 16. Comparison of average concentration of NO3;-N with altitude in the

study area.
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Table 15. Concentrations of NOs;—N with use of groundwater in the study

area
Number of NOs3-N concentration (mg/L)
Study Use of
area groundwater groundxévatﬁr Numb £
wells (26 umper o .
Average wells? (9)! Min. Max.
Domestic 94(12.8) 4.4 10(10.6) 0.0 20.2
Total Agriculture 621(84.6) 72 151(24.3) 0.0 415
Industry 19(2.6) 7.2 8(42.1) 0.1 22.6
‘ Domestic 48(28.7) 4.2 7(14.6) 0.0 20.2
Egglm Agriculture 107(64.1) 6.3 20(18.7) 04 185
Industry 12(7.2) 9.0 &(66.7) 0.3 22.6
Domestic 18(8.6) 5.3 3(16.7) 1.3 16.1
Hangyeong .
“myeon Agriculture 191(91.0) 10.0 90(47.1) 0.0 374
Industry 1(0.5) 6.0 0(0.0) 6.0 6.0
' Domestic 28(7.8) 4.3 0(0.0) 2.1 9.9
ijgfong Agriculture 323(90.5) 5.9 41(12.7) 0.1 415
Industry 6(1.7) 3.9 0(0.0) 0.1 7.7
Lyercentage ratio to total number of groundwater wells; 2Number of groundwater wells which

exceeded the environmental standard of groundwater (10 mg/L for NO3;-N)..

NOs-N (mg/L)

Fig.

12.0

10.0

8.0

6.0

4.0

2.0

0.0

& Domestic Agriculture ® Industry

ey

Hanlim-eup

Hangyeong-myeon

Daejeong-eup

17. Comparison of average concentration of NO3-N with use of

groundwater in the study area.

_62_



4) NOs-N s&=o] W& 2479

Aska Foll EAsHE T8 Fel&2 Ca”, Mg”, Na', K' §oli, F8 Fo|&
& HCOs, CO5*, SO, ClelBR ol5 Fa dol2 3 Fol29 Frs T2

2 @asa o] B Fa % golee FuHA 7

o
off
ki
2
=
)
n
w
do
ofk
flo

3= Aelste] Table
1601 Yetislon, g5, d4H, A 5 AGEZ 273 Fo]y tholo]
WS Fig. 18~2001= =A8HA T

BHoodtol A AA Askge F3S Ca-Mg-HCO; #38 377%(51.4%), Na-K-
HCO; & 367%(36.4%), Na-K-CI-SO, & 17%(2.3%), Ca-Mg-CI-SO, 3
738(9.9%)°] FF o2 YEyTh ol& A9gHEE FEstY BU g A9
Ca-Mg-HCO; #3  119%(71.3%), Na-K-HCO; #3d  413(24.6%),
Na-K-CI-SO; %4 5&(3.0%), Ca-Mg-Cl-SO, 8 23(1.2%), 34He 2%
Ca-Mg-HCO; $% 74%(35.2%), Na-K-HCO; £3 83%(39.5%), Na-K-CI-SO;,
39 2¥(1.0%), CaMg-Cl-SOs 3% 51¥(243%), WHEFd HS
Ca-Mg-HCO; #3  184¥(515%), Na-K-HCO; &3  1433(40.1%),
Na-K-CI-SOs & 10&(2.8%), Ca-Mg-Cl-SOs 4 20%5(5.6%)2 #+dS 1ol
a9l
oA A AT AREAA A5 F3-2 Ca-Mg-HCO; 3 >Na-K-HCO;
Fd>Ca-Mg-Cl-SO; F&>Na-K-CI-SO, #38 o2 & E¥XZ Holu g
2 ¢ F AU NOs-N w57t Eod55 -4 whgo ue z8she

Na-K-HCO; §39] A5t 251 $9BF 5 A4 2999 92 2

Z
e
z
off
ol
2
=
)
do
1o,
N
)
X
do
oflt
o



Aol T

B
T

ki3

o)
G

&+
o}

J_,NO
e
B

ﬁ
N
el

]_

0

o
TR
o]
&
F

p—

0

ox

+
ol
el
ojn

ok

™

ol eht
o},

Al

e]

195 Ca-Mg-Cl-SO,
Fo 10 mg/L ©]7/do]

w0l g Fol vl Ca-Mg-Cl-SO,
o, NOs-N ¥%=7} 3

°©

-

el o]g
o]
AT

1=

=2 s}

o
S —

-

Holx

Al

o

o°
o] o] ClI'

st mol

S

]
1=

Cl

-

R

ol mlE]

1

A Wbt NOs-N

°©

HH 371 A9 25 NOs-N

Al

mj o

3

=

H52 NOs-N &%=7F 3 mg/L ©l

A vEbd™ 3~10 mg/LY el

1

Fig. 18~20
Kl

Na+K 3 9]
mg/L ©]3}

© 2 Na+K

A YEbU T NOs-N %7} 10 mg/L o] delA= Ca, Mg

S

oF

;OL
&

ojm

o

o

¢}

Al

o

o
5

3 ©]

)
T

)

Hgoll vl 535

ki3

il

ok

Holx

)

o)

_64_



Table 16. Number and ratio of water types with NOs—N concentration in the study area

Total Ca-Mg-HCOs3 Na-K-HCOs Na-K-Cl-5S04 Ca-Mg-Cl-SOq
NO3-N conc. (mg/L)
Number of wells (%)!

Total 734(100.0) 377(51.4) 267(36.4) 17(2.3) 73(9.9)
Total <30 227(30.9) 47(6.4) 177(24.1) 3(0.4) 0(0.0)
(n=734) 3.0~10.0 338(46.0) 243(33.8) 82(11.2) 7(1.0) 1(0.1)

> 10.0 169(23.0) 82(11.2) 8(1.1) 7(1.0) 72(9.8)

Total 167(100.0) 119(71.3) 41(24.6) 5(3.0) 2(1.2)
Hanlim < 30 62(37.1) 29(17.4) 33(19.8) 0(0.0) 0(0.0)
(fffm) 3.0~10.0 70(41.9) 58(34.7) 7(4.2) 5(3.0) 0(0.0)

> 10.0 35(21.0) 32(19.2) 1(0.6) 0(0.0) 2(1.2)

Total 210(100.0) TA(35.2) 83(39.5) 2(1.0) 51(24.3)
Hangyeong <30 52(24.8) 8(15.4) 44(34.6) 0(0.0) 0(0.0)
-myeon
(1-210) 3.0~10.0 65(31.0) 28(43.1) 37(56.9) 0(0.0) 0(0.0)

> 10.0 93(44.3) 38(40.9) 2(2.2) 2(2.2) 51(54.7)

Total 357(100.0) 184(51.5) 143(40.1) 10(2.8) 20(5.6)
Daejeong < 30 113(31.7) 10(2.8) 100(28.0) 3(0.8) 0(0.0)
;53557) 3.0~10.0 203(56.9) 162(45.4) 38(10.6) 2(0.6) 1(0.3)

> 10.0 41(11.5) 12(3.4) 5(1.4) 5(1.4) 19(5.3)

'percentage ratio to total number of groundwater wells
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¥
Ca Na+K HCO3+C03 Cl Ca Na+K HCO3+C03 Cl

(c) > 10 mg/L NO3-N (d) Total

Fig. 18. Piper diagram with NO3;-N concentration in Hanlim-eup ((a): < 3

mg/L NOs-N, (b): 3~10 mg/L NOs-N, (c): > 10 mg/L NOs3-N, (d):
Total).
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Ca Na*K  HCO3+CO3 cl .
ca Na+K  HCO3+CO03 cl
(c) > 10 mg/L NO3-N (d) Total

Fig. 19. Piper diagram with NOs;-N concentration in Hangyeong-myeon ((a):
< 3 mg/L NO3-N, (b): 3~10 mg/L NO3-N, (¢): > 10 mg/L NOs3-N,
(d): Total).
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a+  HCO3+CO03 Cl

(d) Total

Fig. 20. Piper diagram with NOs;-N concentration in Daejeong-eup ((a): < 3
mg/L. NOs-N, (b): 3~10 mg/L NOs-N, (c): > 10 mg/L NO3-N, (d):

Total).
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2 AgelAe] Ak B4 71704 dE §°N-NOy, §°0-NO;y Hgd59<d
M2 2AEIQ e O ARE NE2EA B4l Table 179 A@st ) 6§
PN-NO; & -491~+18.01(F 3 +5.87)%, 6"0-NO3 & -646~+16.89(H+ +1.9
)% WAZ FAHATYG. AGEEE FHFN=167) 6°N-NO; = +245~
+18.01(F T +8.26)%), 5°0-NO; & -6.46~+860(F T +1.94)%, 374™(n=193)<
§°N-NO; = +2.03~+12.79(F 3 +5.66)%, §0-NO3 & -2.08~+7.81(HF +1.91)
%, MAG(=351)C 6°N-NOy & -491~+12.13(HTF +4.80)%, &°0-NO;y &
-3.02~+16.89(Ht +2.03)% &2 }EFRETH

A8kl Z-(NOs in precipitation)oll Al 213t NOs ¢ &2 73] wjn
Aoy, ol A9 AdAFTALL WA 71ATHEPN-NO; : ~13~+13%,
§0-NO; @ +25~+75%)). 3, §%0-NO; & Z$-olx A3z fd¥ NOy =
T23517) Yate] A=Ak F9-(NOs in precipitation)ol] A 213 §¥0-NO;
T A25~+T5% HHE A JAR, Haks A4S B3 AAE §%0-NOs
B -10~+10%9 w9z Yehdoh® B zaleld g A sheelM e 8
BO-NO; SHEE D 2u 9 Fe -646~+1689 %< W=Z YElY NOs &= F
2 Az RE FAERSS it w3 §PN-NO; HATdLLen e
-491~+18.01 % W= “NH, in fertilize”, “Soil N”, “Manure and Septic
Waste” 2471 #H9 el adlon, o= & AF4A9 Ao Fo A 2

Aol A9A acldl o7 Ads AAsta

Fig. 21& A94da §N-NO;3, §%0-NO; A=Y Lan e EXE Yl
o, Fig. 229} Fig. 239& §°N-NO; SHAEAAH] ZAMARE 3| A~E 1Y
I AT FE o] &t TAEATE §PN-NO; SHd =9 g4ne ExH &S

B, +3%°138F 5771(8.0%), +3~+8%°] 52871(74.3%), +8%°1% 1267 (17.7%) =
Uelston] g g2 +3% )8t 371(1.8%), +3~+8 %ol 7671(43.4%), +8% 0]
8871(50.2%), AW +3%°18t 117(5.7 %), +3~+8 %°l 16071 (80.5 %), +8%
ol 2271(11.1 %), HASFS +3% ]38t 4371(12.3 %), +3~+8%©] 29271(82.1%),
+8%0 014 1671(4.5%) .2 v}E}:

Ao zE §PN-NOy A5 AL au 7t +3~+8%01 Wl #8471 5287
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Table 17. Descriptive statistical results of §"°N-NOs; and §%0-NO; stable

1sotopes
§"°N-NO3 §0-NO3”
L NOs-N
Classification
(mg/L) ) ) . .
Aver. Max. Min. Medi. Aver. Max. Min. Medi
Total
6.9 587 1801 -491 587 198 1689 -646 581
(n=711)
Hanlim
—-eup 59 826 1801 245 8.07 1.94 860 -646 213
(n=167)
Hangyeong
-myeon 9.6 e 1279 2.03 5.25 1.91 781 -208 192
(n=193)
Daejeong
—-eup 5.7 484 1213 -491 467 203 1689 -302 194
(n=351)
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Fig. 21. Distribution of 8°N-NO; and 8§%0-NOs; stable isotopes (adpated

from Kendall et al’”) (a) Hanlim-eup (b) Hangyeong-myeon (C)

Daejeong-eup
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Fig. 22. Frequency of &°N-NO; stable isotopes in the study area ((a)

Hanlim-eup (b) Hangyeong-myeon, and (c) Daejeong—eup).
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