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Characteristics of Groundwater and Soil Contamination
in Hallim Area of Jeju Island
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Department of food Science and Engineering Jeju national university

ABSTRACT

Contamination of groundwater from point and non-point sources is one of major problems of water resource
manangement in Jeju island. This study characterized groundwater and soil contamination in Hallim area which is one of
the areas of significantly contaminated soil and groundwater in Jeju Island. The amount of loaded contaminant (ALC) of
Jeju area was estimated as 13,212 ton N/yr and 3,210 ton P/yr, The ALC of Hallim area was amounted to 2,895 ton N/yr
and 1,102 ton P/yr, which accounted for 21.9% and 34.3% of the Jeju's ALC, respectively. The soil pH values (5.6-5.9)
were not much different in land use areas. By contrat, average cation exchange capacity (CEC) of 14.1 cmol’/kg was high
comparing to the nationwide range of 7.7-10.9 cmol*/kg. Further, Sodium adsorption ratios (SARs) of horse ranch,
pasture, and cultivating land for livestock were as high as 0.19, 0.17, and 0.16 respectively, comparing to the other landuse
areas. Nitrate nitrogen at 22.2% of total groundwater wells exceeded 10 mg/L (the criteria of nitrate nitrogen for drinking
water), averaginged 6.62 mg/L with maximum 28.95 mg/L. Groundwater types belonged to Mg-HCO;, Na-HCO;, Ca-
HCO;, and Na-Cl, among which Mg-HCO; type occupied more than 70% of the total samples, indicating the presence of
anthropogenic sources. The concentration of nitrate nitrogen was negatively related to altitude and well depth, and
positively related to the concentration of Ca, Mg, and SO, which might originate from chemical fertilizer. The ratio of
nitrogen isotopes was estimated as an average of 8.10%e, and the maximum value of 17.9%.. According to the nitrogen
isotope ratio, the most important nitrogen source was assessed as chemical fertilizer (52.6%) followed by sewage (26.3%)
and lfivestock manures (21.1%). :

Key words : Amount of loaded contaminant (ALC), SAR (Sodium adsorption ratio), Cation exchange capacity (CEC),
Nitrate nitrogen, Chemical fertilizer, Livestock manures
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Fig. 1. Location of groundwater and soil samplings.
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Fig. 2. The amount of loaded contaminant (ALC) of total nitrogen and phosphorus.
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Table 1. Chemical characteristics of soils

Hem oH TC TN P,0; Cations Exch.(cmol‘/kg) CEC SAR
(%) (%) (ppm) Ca K Mg Na  (cmolkg)
Mandarin orchards 5.6 6.7 0.31 603.5 5.50 0.69 0.89 0.21 12.5 0.12
Farm land 59 6.3 0.31 4172 6.42 153 1.08 0.17 132 0.09
House ranch 5.6 9.7 0.44 23.0 2.51 0.85 0.83 0.27 11.9 0.19
Ranch 5.7 12.8 0.73 949 5.38 131 1.50 0.33 18.2 0.17
Feed crops 5.6 10.5 0.54 140.0 533 1.36 1.49 0.29 163 0.16
Forest 5.6 8.0 0.30 74 6.03 0.39 1.56 030 12.3 0.14
Glassland 5.6 10.8 0.58 43.7 435 1.07 1.12 0.26 13.6 0.15
Avr. 5.7 8.4 043 2893 5.53 1.29 1.15 0.23 14.1 0.13

Fig. 3. Spatial distribution of nitrate concentration in groundwater.
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Fig. 4. Piper diagrams of water type in groundwater.
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Table 2. Correlation coefficients among NO3-N and ion species

NO;-N Na K Mg F cl SO4 NH, Br
Na 0.549" 1

K 0.268" 0.681" 1

Mg 0.858" 0680 0478 1

Ca 0.667" 08677 0716 0.848"

F 0.214" 0479 0352 0245 04377 1

Cl 0.643" 0948 06917 0766  0.910" 0461 1

SO, 0.773" 08747 0595 08417 09007  0429"  0.898" 1

NH, 0.215" 0.100 0.194 0258 0296™  0.117 0.123 1

Br 09077 0767  0.052 0.913”  0932" 0842 0894 0926”7 0336 i
Sample n = 90, * 0.05, ** 0.01
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Fig. §, Nitrate (NO3-N) variation of the groundwater depending
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Table 3. Predicted contribution of each source to NO;-N concentration using 6 15N and NO3-N at each sampling site

Well ID NO;N (mg/L) 5N (%o)

Chemical fertilizers

Livestock wastes and Natural soil (%)

(%) domestic sewages (%)
D280 491 14.89 1.6 90.3 8.1
F422 5.1 12.33 122 80.0 7.8
F246 12.90 111 96.9 0.0 3.1
D033 822 797 477 475 4.9
F317 6.37 6.43 57.8 36.0 6.3
F137 743 14.72 3.6 91.0 54
F135 1845 4.55 75.8 220 22
F314 6.15 14.93 1.0 92.5 6.5
S004 445 7.70 456 454 9.0
F453 6.90 5.06 68.5 257 5.8
F128 16.80 1.84 95.9 1.8 2.4
F481 10.29 792 49.0 ‘ 47.1 39
F046 6.26 6.32 58.5 35.1 6.4
F0359 5.71 6.16 59.1 339 7.0
F090 6.08 6.30 58.4 35.0 6.6
w022 25.83 8.76 450 534 1.5
DS1 8.82 17.90 1.8 93.6 4.5
CH1 15.72 -0.44 97.5 0.0 2.5
JEIL1 13.89 7.82 50.7 464 29
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