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ABSTRACT

In this study, the evaluation standard for nitrate nitrogen contamination degree (WELCUP) was established using six
factors that influence the groundwater quality in Jeju Island. To do this, weightings, ranges, and ratings were assigned for
each factor and the relative possibility of nitrate nitrogen contamination degree was evaluated using WELCUP index for
each well. As a result of calculating the WELCUP index using groundwater quality data of 5,112 wells in Jeju Island for
27 years (1993-2019), all 61 wells with the WELCUP index value higher than 100 are distributed in Daejung and
Hangyung watershed with relatively large area of farmland in Jeju Island. In particular, as the ratio of private wells is more
than 64%, it is necessary that systematic management is needed for private wells in terms of nitrate nitrogen
contamination. Consequently, based on the results of applying the WELCUP evaluation standard, it is necessary to select
the prioritization of nitrate nitrogen contamination pathways project for groundwater wells in Jeju Island.
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Table 1. Total number of wells and samples for analyzing groundwater quality in each watershed, Jeju Island

Number of wells

Number of wells

Watershed (Public/Private) Number of sample Watershed (Public/Private) Number of sample
Gujwa 132(94/38) 1,427 Daejung 813(188/625) 5,009
Jocheon 273(104/169) 2,985 Anduk 75(24/51) 577

East Jeju 167(56/111) 1,272 West Seogwi 230(56/174) 1,577

Middle Jeju 588(74/514) 4,007 Middle Seogwi 510(67/443) 3,573

West Jeju 84(48/36) 982 East Seogwi 527(61/466) 3,560
Aewol 176(99/77) 1,956 Namwon 653(91/562) 3,794
Hallim 232(113/119) 1,701 Pyosun 247(69/178) 1,698

Hangyung 290(167/123) 2,298 Seongsan 115(52/63) 963

Total 5,112 (1,363/3,749) 37,379
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Table 2. Basic statistics of nitrate nitrogen concentration for groundwater quality data

Watershed Mean Standard deviation =~ Minimum  First quartile Median  Third quartile Maximum
Gujwa 2.8 2.6 0.0 1.5 2.1 32 27.6
Jocheon 4.8 4.0 0.0 1.7 3.8 6.6 274
East Jeju 2.7 2.6 0.0 0.7 1.9 4.1 30.6

Middle Jeju 2.4 2.0 0.0 1.1 1.8 32 30.5

West Jeju 2.8 2.6 0.0 1.2 2.1 34 18.8
Aewol 3.9 3.6 0.0 1.3 2.8 4.8 29.3
Hallim 4.8 4.6 0.0 1.1 3.3 7.0 29.6

Hangyung 8.9 73 0.0 23 74 14.1 519
Daejung 6.4 7.3 0.0 2.1 3.8 72 81.5
Anduk 43 5.6 0.0 0.5 1.6 6.6 30.4

West Seogwi 4.0 4.8 0.0 0.8 22 54 389
Middle Seogwi 3.5 33 0.0 1.1 2.5 5.0 29.6
East Seogwi 4.1 4.1 0.0 12 2.8 54 32.1

Namwon 2.9 33 0.0 1.0 1.9 34 35.2
Pyosun 24 2.2 0.0 1.0 1.8 3.0 18.7
Seongsan 2.8 2.1 0.0 1.4 22 3.5 18.2
Mean 4.0 3.9 0.0 1.3 2.7 54 33.1
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Fig. 1. Distribution of maximum nitrate nitrogen concentration at groundwater wells in Jeju Island.
o 1993~-2019¢ 7Rt & WFET BHES X I I= EUZ 1] ol tigk Ads Beiks 24
2D AP 5,1123(1,363/3,7493)0) thate], & 37,379 st A}, WA B} Y 47 4.0 mg/Le} 2.7 mg/

1=}
e

o) A FAAEE B3I THTable 1), &
A AFE W Askr 2R 5879 L 9] 851
7z} 233} 33 7HHo 2 AASIANE, Arbd AL e
1993 o]¢ 8= AgE $E N F=o et 7~131
3|2 B4 3] \ApL uike- A JeRdn oleigt 2

J. Soil Groundwater Environ. Vol. 26(4), p. 8~19, 2021

Lo 99 Ayl Aidog vro v Huigke 33.1
mg/LZ AAHQ] LAEZA FYo= st W Wl st
I 2%0] FAM J3lEl= Aoz YePRITH(Table 2).

olEEt 7S EUE F 51090 (@38 34 2 =
g7 B AlQ)) AR digt AL B4 A8 E



A Ak #E W 24

Aol FF=lo] BEkar UchFig. 1).

AFEs Sxsit] 9 Aaked] st vie- i f£9
U B4 AT 237 kst =3t A4
I3k, F71AABKE, 71AA Bk =2 FHEET, 9FAY

735 AR EERE filEe L 9Ede] Ak

Qo] F8 aloz Agsla Aot 53| As
WA e A o8 IR 7Y
slol AR P uk= o Z ehdrhISSGP
and JRI, 2019).

A AFEERAR =M s AL &
o] &84 7IF(10mg/L) oPdelH A7k
A TS tPdeE, LA YT A
A N ARES Alssla ik ey oid
A FAFR] 71l §lo], AFE A8 F &9 74
SHAIZE ok wEbA] o] AMdE ##ste] JSSGP and
KRC-J(2020y7} AlF% Aekr 41854 9% A3
7IES SAZ ISl Uish AL o B9 #
Ho] &l FEE AES A4S &, 7 dxpEE

B Anle] BAREE V%28 5939 /A H9E B

N

[e]
.
A}

o £ 4 1o
@ gy W

o

i

[e)

g

o
3}

=3

pul

i
y

mlo(lz ¥
(E
o g L

o
o

!

e
2

4
2,

T (o

Y
iy
B~
to
2
ol
i,
N

¢

B e
2
>

QI8 Y Ul Ak o9l FAS e 9%
rstel Aojgre ol83tsick

2.1, 2EE FMYH =

AR ATl Aok LAY} RUHPES A% &5
o= &P e sk 7259 Y A A8 7IE
< 29 A, =, HHEE Ay
M-DRASTIC A|4=(Panagopoulos et al., 2006), EA]o]&
)t LA EMEEA FE)Y TS At
1~108e2 Bt & foE H4E 23S * 79
AR WHOZ Fo] 35570 FHEEt] 2§
SITHISSGP and KRC-J, 2020).

k>
to
2

o

W LE9EE FU7 AT AN 989 VI ek
s, g EA 28 A9 2
7 RER E d% W 7IE
A8t WELCUPE: 674 QIAKHS 54, slidals,
EXo]l& 54, I o dY, o] &7, AR AG Al
7hEe] HEEAE XZ3e 802, Aake W A
2 el gk AriFR] zlelE Brkek] flsl 2 1At
o 715X (weighting), ] (ranges), 55 (rating)s X2
okt

Table 3. Distribution of maximum nitrate nitrogen concentration in each watershed

Nitrate nitrogen concentration (mg/L)

Watershed The first half The latter half Total Group
Daejung 69.3 81.5 81.5 I (=80.0)
Hangyung 51.9 37.1 51.9 I (50~80<)
West Seogwi 372 38.9 38.9
Namwon 352 31.1 35.2
East Seogwi 32.1 30 32.1
: I (30~50<)
East Jeju 18.7 30.6 30.6
Middle Jeju 30.5 18.4 30.5
Anduk 304 30 30.4
Middle Seogwi 29.6 22.8 29.6
Hallim 19.5 29.6 29.6
Aewol 29.3 279 29.3 IV (20~30<)
Gujwa 27.6 26.8 27.6
Jocheon 213 274 274
West Jeju 18.8 17.5 18.8
Pyosun 17.2 18.7 18.7 V (<20)
Seongsan 18.2 17.6 18.2
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2.2. 7 SM(W, Watershed)
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Fig. 2. Grouping of maximum nitrate nitrogen concentration in each watershed.
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Table 4. Maximum nitrate nitrogen concentration in each elevation range (unit: mg/L)
Watershed Elevation (m)
<25 25~50< 50~75< 75~100<  100~150<  150~200<  200~300< >300
Gujwa 17.2 16.7 27.6 15.7 12.8 2.6 7.1 -
Jocheon 274 24.0 19.7 17.8 22.6 11.1 15.8 10.0
East Jeju 11.8 30.6 10.7 14.3 13.4 6.9 54 42
Middle Jeju 30.5 15.0 14.6 17.4 11.9 4.0 6.6 4.4
West Jeju 16.9 18.8 11.7 9.3 13.1 8.9 42 4.7
Aewol 29.3 20.0 17.8 232 17.8 8.8 14.2 159
Hallim 253 22.8 18.7 13.2 29.6 15.7 18.3 19.2
Hangyung 46.8 43.7 345 252 51.9 10.6 13.1 17.2
Daejung 81.5 60.0 42.7 39.5 14.7 7.1 9.0 4.1
Anduk 9.6 30.4 20.4 18.9 30.0 19.2 7.5 16.2
West Seogwi 372 31.4 30.8 38.9 21.6 21.0 24 8.8
Middle Seogwi 232 29.6 28.5 17.0 204 12.3 17.0 8.5
East Seogwi 27.9 32.1 24.6 19.8 26.5 11.9 11.8 8.4
Namwon 22.0 352 28.8 28.3 184 12.9 9.8 1.3
Pyosun 18.7 17.2 12.1 16.1 9.4 8.2 6.2 6.1
Seongsan 17.5 16.0 18.2 17.6 17.0 2.2 - -
Mean 27.7 27.7 22.6 20.8 20.7 10.2 9.9 9.2
Table 5. Maximum nitrate nitrogen concentration in each land use (unit: mg/L)
Watershed Urbanized area Agricultural land Forest Grass Wetland Barren Water
Gujwa 17.2 27.6 26.8 16.1 - 104 -
Jocheon 274 24.0 10.1 172 - 10.3 -
East Jeju 30.6 143 12.8 1.9 - 13.4 -
Middle Jeju 17.5 30.5 2.5 5.8 3.4 10.7 -
West Jeju 154 18.8 9.6 4.7 - 13.1 -
Aewol 29.3 232 12.9 9.3 8.5 8.4 -
Hallim 204 29.6 22.6 19.2 - 3.1 -
Hangyung 31.8 51.9 27.0 17.0 - - -
Daejung 48.5 81.5 18.3 28.4 - 16.9 -
Anduk 18.9 30.4 10.3 16.2 - 14.9 -
West Seogwi 22.5 372 54 389 - 4.8 -
Middle Seogwi 17.6 29.6 6.6 9.9 - 5.5 -
East Seogwi 21.8 32.1 1.5 0.9 - 4.0 -
Namwon 18.2 352 13.6 94 10.9 5.9 -
Pyosun 18.7 17.2 15.1 6.5 - 4.6 2.6
Seongsan 17.5 18.2 4.8 8.0 - 5.4 -
Mean 233 31.3 12.5 13.1 7.6 8.8 2.6
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Fig. 4. Frequency distribution of wells in each nitrate nitrogen concentration range except less than 5 mg/L.

Table 6. Maximum values within the range of nitrate nitrogen concentration

Watershed

Nitrate nitrogen concentration (mg/L)

<5 5~10< 10~15< 15~20< 20~25< 25~30< >30
Gujwa 49 10.0 14.4 18.7 20.2 27.6 -
Jocheon 5.0 10.0 14.5 19.9 24.0 274 -
East Jeju 5.0 10.0 15.0 18.7 214 - 30.6
Middle Jeju 5.0 10.0 15.0 17.5 - - 30.5
West Jeju 4.7 9.6 13.1 18.8 - - -
Aewol 5.0 9.8 14.9 20.0 23.2 29.3 -
Hallim 4.8 10.0 14.9 19.7 22.8 29.6 -
Hangyung 49 94 15.0 20.0 24.8 29.6 51.9
Daejung 5.0 10.0 15.0 19.8 24.8 29.8 81.5
Anduk 4.9 10.0 14.9 19.2 23.5 26.8 30.4
West Seogwi 4.8 10.0 15.0 19.6 23.5 25.8 38.9
Middle Seogwi 5.0 9.9 15.0 20.0 23.2 29.6 -
East Seogwi 5.0 10.0 14.8 19.8 24.6 27.9 32.1
Namwon 5.0 9.9 15.0 19.5 24.8 29.8 352
Pyosun 5.0 10.0 14.9 18.7 - - -
Seongsan 5.0 9.9 143 18.2 - - -
Mean 49 9.9 14.7 19.3 242 284 41.4
o=z gk, 7|2E, RIERAS Tt ol 8% HMAE ekt E
IATE. ofuf AL o] 8ol ek A TS Al
2.5, HEH 29 #2H(C, Contamination degree) 3 F 4,1827) BA ABE o831 HFig. 5).

W APdda A5 T 7RPE REE A7,
A 36,6007 4 AE F Smg/L PN 26,7870
Aelgt o7l 1kl gk B4 Ay A B JEH=E
UERATHFig. 4). oleigt Q99 38 REESS V)
F9% 5mglL "9 5-10mg/L H|¥h 10~15mg/L )
T 15~20mg/L H|9F 20~25mg/L |9 25~30 mg/L
HTk, 30 mg/L o] 7 FEeE FHESISATK Table 6).

2.6. 2PHY 0|22 S4(U, groundwater Use)
2014~2019d 717Fe] B et L o8 ARE
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olg bl W AL Hd s=E BAg 4
7 300 m¥E wRF F7elA 287 mg/LE 7P A4 U
ERgt} B3 1,200~4,000 m*/2 wEE F7EL 300~1,200
m’/ wvk PR 22 235 mg/Let 233 myLE
AVSHAl YRS W, 4,000~7,000 m/E wlw 7k
7,000~13,000 m*€ W|RF F7hel A ZkZE 19.8 mg/Le}
162 mg/LZ A= ST ¥FA 13,000 m* oPd 711l
Al 9.0mg/lL ==, o]&7Fo] A2 FIlolAe] Arkdd
& HieErt doiF o R 7P E=A4 UEPSTH(Table 7).



Fig. 5. Frequency distribution of wells in each groundwater use range.
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Table 7. Maximum nitrate nitrogen concentration in each groundwater use range (unit: mg/L)

Groundwater use (m*/month)

Watershed
<300 300~1,200< 1,200~4,000< 4,000~7,000< 7,000~13,000< >13,000
Gujwa 14.4 9.0 16.7 20.2 13.6 7.0
Jocheon 21.5 27.4 24.0 15.8 11.1 11.1
East Jeju 30.6 12.4 18.7 12.5 7.5 1.0
Middle Jeju 17.5 30.5 13.9 10.2 5.8 4.1
West Jeju 18.8 8.9 13.1 13.0 6.0 -
Aewol 29.3 18.4 23.2 16.1 27.9 12.1
Hallim 20.4 29.6 214 22.8 19.2 7.0
Hangyung 39.8 30.3 46.8 37.1 23.3 19.8
Daejung 81.5 60.0 69.3 38.0 22.5 6.1
Anduk 30.4 11.7 16.2 30.0 26.8 -
West Seogwi 372 314 389 25.7 22.5 44
Middle Seogwi 29.6 20.4 17.5 15.2 17.0 34
East Seogwi 32.1 279 24.6 13.0 11.0 13.1
Namwon 229 294 15.4 19.5 26.9 9.4
Pyosun 16.1 18.7 6.5 9.1 10.6 9.2
Seongsan 17.5 7.5 10.5 18.2 7.3 17.6
Mean 28.7 23.3 23.5 19.8 16.2 9.0
2.7. M2 == A|7|(P, Period for sampling) Z #PH WELCUP AFE 43l o] 95 Egiz
DR AR AT QS THE Aokl A% BUNE 09Ed AeT A Al e e
T olg AI7IE aeg WA Ak Alge] A A7) = kit 2+ A ViRl Ak w2t
= e 99242, 5~74, 8~1(ré 11~19)E &3} A 9ddd] nxE dakt QAR SAYE Ho
o BT B A} 5790 7P 2o BAEnpt S99, JSSGP and KRC-J(2020)7} A8l A4

Yehgorn, 8~10¥
(Table 8).

, 2~49, 11~1¥ o2 et

3.

ATz}

oL AAEF 671A] oA pE F1EX9} B3-S F73 Ay

%] A A] G&ko] ZA et BAW AAIALs

5} 19 QA4S 27 o1 e 65} S102 el

9THTable 9). T3+ AR 0] A QAo 2Hg
3}“5 EZ]OI%— ExN 9 AgAL Byl AjEo g =

N R R
Moz ARHGor], JrhHoR GFo] He s
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Table 8. Maximum nitrate nitrogen concentration in each sampling period (unit: mg/L)

Watershed Groundwater sampling period (month)
11~1 2~4 5~7 8~10
Gujwa 18.7 16.7 27.6 26.8
Jocheon 24.0 17.8 274 19.9
East Jeju 30.6 104 214 143
Middle Jeju 10.6 174 30.5 10.2
West Jeju 16.9 18.8 18.2 13.0
Aewol 17.8 29.3 279 23.2
Hallim 19.1 19.2 29.6 253
Hangyung 43.7 36.8 51.9 37.1
Daejung 582 69.3 60.0 81.5
Anduk 242 19.2 304 26.8
West Seogwi 21.3 37.2 389 25.0
Middle Seogwi 17.5 18.1 29.6 22.8
East Seogwi 26.5 32.1 279 30.0
Namwon 18.9 26.9 352 294
Pyosun 10.6 15.1 17.2 18.7
Seongsan 17.5 16.0 18.2 17.6
Mean 23.5 25.0 30.7 26.4

Table 9. Weighting distributions for each characteristic using
WELCUP criteria

Characteristics Weighting
Watershed (W) 5
Elevation (E) 2
Land use (L) 4
Contamination degree (C) 6
groundwater Use (U) 1
Period for sampling (P) 3

| I sk e

%8}935}. %&H, %@ Zlé%? FASEY 4 At Asl
g M 94X ﬁxé Al &go] 7Fs3itt

WELCUP 78 |83t
2ol (& 010’8}04 Alkst At

4

WELCUP index = WRWW + EREW + LRLW + CRCW + URUW
+PrPy )
&J7]A, R: 5F (rating) W: 715X] (weighting)
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Table 10. Rating distribution for watershed characteristics
(Weighting: 5)

Watershed

Watershed Rating Watershed Rating
Gujwa 2 Daejung 5
Jocheon 2 Anduk 3
East Jeju 3 West Seogwi 3
Middle Jeju 3 Middle Seogwi 2
West Jeju 1 East Seogwi 3
Aewol 2 Namwon 3
Hallim 2 Pyosun 1
Hangyung 4 Seongsan 1
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o) BEE FNFOR 1557 HlslgTH(Table 11).
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Table 11. Rating distribution for elevation characteristics
(Weighting: 2)

Elevation (m)

Elevation Rating Elevation Rating
<25 5 100~150< 3
25~50< 5 150~200< 2
50~75< 4 200~300< 2
75~100< 3 2300 1
3.3. EX|0|& §4

EAolg 542 N EAUERS] tiR VIES
283t T TR ERetieH, 724 549 AdE
2 BasErl 58 53AG13myL)et A7ER1(23.3
mg/L)yE 2 555 45a= FosIglon, Hissrt
AR 22(13.1 mg/L)2F A (12.5 mg/Ly2 3552
278t BEgt HitsErt AR WAI(8.8 mg/L)et &

(7.6 mg/LyS 25708, Biser}t 7P B £9(2.6
mgLye 153 Fo38l3ItH Table 12).

Table 12. Rating distribution for land use characteristics
(Weighting: 4)

Land use
Category Rating Category Rating
Urbanized area 4 Wetland 2
Agricultural land 5 Barren 2
Forest 3 Water 1
Grass 3
34. Y oY HE

[e) P
2 (Table 6014 AAE AFE Edfz Argd4 Ao
FE7l 28 30mgl o 657, 2030 mglL M7 55
H, 1520mg/L IRt 455, 5~10mg/L "I+ 353, 10~
15mg/L wIEh 25+, Smg/ll Tk ISHOR 77 o
SI9TH(Table 13).

Table 13. Rating distribution for contamination degree
characteristics (Weighting: 6)

Contamination degree (mg/L)

Range Rating Range Rating
<5 1 15~20< 4

5~10< 2 20~30< 5

10~15< 3 230 6

> 33 185 24 29
£ o]83, 7} IAE HU1E ol & mE Hibdd
4 FEl Aol wE S35 VeAE Folske W
o2 3190} (Table 704 AAE A2 ALS Hit

TE 7o Z 300 miE mITE 77H28.7 mg/L)y> 55

ol off
H

, 1,200~4,000 m*€ Pk 7H23.5 mg/Ly2F 300~1,200

Table 14. Rating distribution for groundwater use characteristics
(Weighting: 1)

Groundwater use (m*/month)

Range Rating Range Rating

300< 5 4,000~7,000< 3
300~1,200< 4 7,000~13,000< 2
1,200~4,000< 4 213,000 1
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2 FASIAck(Table 15).

Table 15. Rating distribution for period of sampling characteristics
(Weighting: 3)

Period for sampling (month)

Range Rating Range Rating
5~7 4 2~4 2
8~10 3 11~1 1

P L el -.l
//‘_,:ﬁ . 0 * s
'y " 8
I“..“‘.'}!‘ : . ]

: West Jeju
Aewol

West Seogwi

6&Qi ungy Anduk
. .“a 8

.
i -
./ (23 -
T "‘J‘ 7
Rire ot 30e o
fegt 2 ¢, .';.‘_'"".. .
- ..

Q 0 10

. EstJeju
Middle Jeju

East Seogwi

Middle Seogwi
-
A

O ARy R 'j,d' 3
o BT e M
By i

4719 - AR - A7) - PR

3.7 AMMEA 29 Ty} Ao}

A AAE QIAPE FERA AAE 7122 WELCUP
715e AE3k Ax), AL Q9E X4 1004 9]
Aoz A9l &3 WHL F 61FO0RE U AHA|
Aol &3l= ASE UEIT o]#fdt Z3l= WELCUP
1= = F 7RV 2 383, 79 9 EX|o]89]
27y 64, 5H, 402, UMA sidals, o8 H
AEA A7) QAR 28 JEFS W3t Flo= vt
ot & dA] o9 83T 4R 5 o] Aidd
%o F FIS vRE Aoz FATHECHFig 6).
2t dy= Fig 1914 AAS FgE Aadda &
= Hdlge] FAFEo] Bxdhe ARAHY Aabdda
LA HUFo R =L Aol fABH, o] AYE B
U2 ol5 Aol gk AAX ] Wt 7ol
we 0= YT
A 2HE XF7F 1008 ol &3k 34
61% 5, Tad AL 2 2233 3980 =Z e}
ok E=gE AA 6132 thA-Rreld 8ol b,

2zt 5780 ATEN 43-(2F2F)CE EAEJY &
=

N

(o]

2 B

A

5] APdT o] HIEo] oF 64%E A UERdel wlet, 2
A AT gk x&Fel

¢

. Gujwa
Jocheon

.
Seongsan

Pyosun

Namwon ey ¥

L

PP
- = I e
..‘.:.{ k : Nitrate nitrogen
A - .

T contamination degree

(WELCUP)

90-100<
80-90<
. 70-80<
»  B0-70<
50-60<

20 30 Kilometers 40-50<

<40

Fig. 6. Evaluated result for nitrate nitrogen contamination degree (WELCUP).
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