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Estimation of Pesticide Leaching Potential Using GUS, RF and AF Index in Cheju Citrus

Orchard Soils

Sang-Sil Oh, Hae-Nam Hyun™, Doo-Khil Moon” and Jong-Bae Chung” (Cheju Provincial Institute of Health and Environment, Cheju
690-171, Korea, 1)Facul'cy of Horticultural Life Science, Cheju National University, Cheju 690-756, Korea, “Dept. of Agricuttural

Chemistry, Daegu University, Kyongsan 712-714, Korea)

Abstract : Contamination of groundwater by agrochemicals used in the regional-scale is now a major environmental problem, and this
is especially true for Cheju island where virtually all potable water is from groundwater. The objective of this study was to assess
leaching potential of eight pesticides in soils of citrus orchards using groundwater ubiquity score (GUS), retardation factor (RF) and
attenuation factor (AF). Considering GUS estimated in 30 citrus orchard soils, metribuzin and metolachlor were classified as leacher,
alachlor in volcanic ash soils and linuron in non-volcanic soils were classified as leacher, but chlorothalonil and chlorpyrifos were
classified as non-leacher. For RF values, metribuzin was classified to be mobile in soils of low organic carbon, metolachlor and
alachlor were classified to be moderately immobile in most soils, but linuron, diuron, diniconazole, chlotothalonil and chlorpyrifos were
all classified to be very immobile. For AF values, diniconazole, chlorothalonil, and chlorpyrifos were classified to be very unlikely
leachable in all of the soils, metribuzin was classified to be likely leachable, and metolahclor, alachlor, linuron and diuron were
classified to be leachable only in non-volcanic soils. Although there were some variations in the relative potential of leachability of
pesticides estimated with the three different indices, the ranking was essentially determined on the base of the intrinsic properties of the
chemicals and environmental properties. Among the eight pesticides, metribuzin, metolachlor, and alachlor, which have high water
solubility and low K. values, have a significant leaching potential especially in non-volcanic ash soils of low organic carbon. But
diniconazole, chlorothalonil, and chlorpyrifos, which have low water solubility and high K, vahes, were classified to be very immobile
in all of the soils. Therefore, to lower the possibility of pesticide contamination of the groundwater in Cheju island, those pesticides
which have high water solubility and low K. values should be used with care in soils of low organic carbon including non-volcanic
ash soils.
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Table 1. Soil properties at the series level for the soils of
Cheju citrus orchards

Soll Gees £S5 pf
Ora 0.0128 1.05
Aewol 0.0139 1.37
Haweon 0.0197 1.37
Mureung 0.0214 1.37
Mureung 0.0231 1.08 267 05% 041

Ido 0.0244 121 261 0336 039
Ora 0.0260 112 262 0595 042
Donghong 0.0261 127 261 0513 041
Ara 0.0306 091 245 0629 040

Donggui 0.0317 1.06 262 0595 043
Donggui 0.0318 119 257 0537 040
Donghong 0.0398 113 265 0574 = 041

Jeju 00464 090 255 0647 04l
Jungeom 00482 094 242 0612 045
Udo 00500 091 261 062 045
Jungmun 00576 078 243 0679 043
Sara 00712 088 251 0648 044
Ora 00752 062 254 0646 044
Jju 00043 052 23 0777 043
~ Jeju 00957 067 238 0719 044
Ora 009% 062 244 0664 043
Ora 01080 090 254 0741 043
Pyungdae 01100 066 240 0725 043
Wuimi 01110 074 241 068 043

Gimyeong 01120 071 242 0707 043
Hangyeong 01120 061 22 0727 042
Noksan 01160 072 239 069 043
Songdang 01270 061 238 075 044
Gimryeong 01430 046 235 0804 041
Songdang 01570 069 244 0717 039

* fraction of soil organic carbon, ¥ soil bulk density,  soil
particle density, § soil porosity, ¢ volumetric water content
at 1/3 bar.
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Table 2. The physicochemical properties of the eight pe-
sticides used in Cheju citrus orchards

Water Halflife
Pesticid , + ¥ !
esae solubility” K Ke {Retference)
mg/L L/kg days

Metribuzin 12200 04 - 48 10- 50 3232

Metolachlor 5300 01- 106 10- 140 403
Alachlor 220 06- 91" 25- 160 24 (32
Linuron 750 08- 670 40 - 480 60 (33)
Diuron 420 32-1630 200 -1200 90 (33)
Diniconazole 40 102-1060 300 - 1400 97 (34)
Chlorothalonil 06 94-1890 700-1800 30 (33)
Chlorpyrifos 20 43.0-5190 2000 - 8000 63 (5)

+ Water solubility data were cited from reference 31, ¥ Data

for K¢ and K, were cited from reference 15.
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Table 3. Relative scales of mobility or leachability used for
the three indices

Tndex ( lassification Reference
Attenuation Factor 8
0.0 - 0001 very unlikely
0.001 - 0.01 unlikely
001 -01 moderately likely
01 -025 likely
025 -10 very likely
Retention factor 6
> 10 very mobile
10- 20 mobile
20 - 30 moderately mobile
3.0 - 10.0 moderately immobile
> 100 very immobile
Groundwater 3
Ubiquity Score
<18 non-leacher
18 - 28 transitional
>28 leacher
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Fig. 1. Values of GUS, RF, and AF estimated for metribuzin
in 30 different soils of Cheju citrus orchards as a

function of soil organic matter content.
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Fig. 2. Values of GUS, RF, and AF estimated for metolachlor
in 30 different soils of Cheju citrus orchards as a

function of soil organic matter content.
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Fig. 3. Values of GUS, RF, and AF estimated for alachlor in
30 different soils of Cheju citrus orchards as a

function of soil organic matter content.
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Fig. 4. Values of GUS, RF, and AF estimated for linuron in
30 different soils of Cheju citrus orchards as a

function of soil organic matter content.
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Fig. 5. Values of GUS, RF, and AF estimated for diuron in
30 different soils of Cheju citrus orchards as a funct-

ion of soil organic matter content.
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ards as a function of soil organic matter content.
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Fig. 7. Values of GUS, RF, and AF estimated for chlorothal-
onil in 30 different soils of Cheju citrus orchards as

a function of soil organic matter content.
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