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This study aimed to investigate pesticides used in golf courses in Jeju and evaluate the possibility of ground-
water contamination by the used pesticides. In the recent past, the use of pesticides in golf courses at Jeju has
increased every year. In 2020, the use of products in which pesticide was the main ingredient reached 9.58 kg/ha,
which is 1.4 times higher than the national usage. The pesticides used in golf courses were ranked as follows by
usage: fungicide > insecticide > herbicide, and by ingredient used: chlorothalonil > thiophanate-methyl > iprodi-
one > tebuconazole > etridiazole. By monitoring the residual pesticides in golf courses, we detected a total of 11
ingredients from 2014 to 2020. Most of these included low toxic fungicides with a half-life of more than 30 days
in soil. Based on the groundwater ubiquity score (GUS), the top 10 most-used pesticides in 2020 were found to
have a low to moderate possibility of groundwater contamination. However, azoxystrobin and thifluzamide, which
were detected every year via monitoring of pesticide residues, have a high possibility of groundwater con-

tamination.
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Fig. 1. Location of golf courses in Jeju.
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Fig. 2. The annual amount of pesticides used in golf courses.
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Table 1. Ranks of the most pesticide formulations used

Ao 7K Bl A 49

Rank Pesticide formulation Mammalian toxicity  Fish toxicity Type  Rate of pesticide use (%)
1 Chlorothalonil SC* V& 17 Fungicide 18.4
2 Iprodione WP V& m& Fungicide 7.7
3 Thiophanate-methyl WP = m Fungicide 7.2
4 Etridiazole EC = I Fungicide 6.1
5 Propamocarb hydrochloride SL = m+ Fungicide 5.6
6 Propiconazole EC = o Fungicide 43
7 Chlorpyrifos-methyl EC m= Jig= Insecticide 3.8
8 Methiozolin EC m= o Herbicide 3.7
9 Tebuconazole EC V& I Fungicide 33
10 Fosetyl-aluminium WG V& m+ Fungicide 2.8

*SC: Suspension concentrate, WP: Wettable powder, EC: Emulsifiable concentrate, SL: Soluble concentrate, WG: Water

dispersible granule.

Table 2. Ranks of the most pesticide ingredients used

Rank Ingredient Type DTSO* (days) GUS Possibility of groundwater contamination
1 Chlorothalonil Fungicide 3.53 1.12 Low
2 Thiophanate-methyl Fungicide 0.5 0.5 Low
3 Iprodione Fungicide 36.2 0.43 Low
4 Tebuconazole Fungicide 63 1.86 Moderate
5 Etridiazole Fungicide 20 1.47 Low
6 Propamocarb hydrochloride Fungicide 39.3 1.5 Low
7 Propiconazole Fungicide 71.8 1.58 Low
8 Chlorpyrifos-methyl Insecticide 12 0.08 Low
9 Methiozolin Herbicide 49 - -
10 Fosetyl-aluminium Fungicide 0.018 -6.99 Low

*Time required for the concentration of the chemical to decline by 50% of the amount originally used (i.e., the half-life of

pesticide in soil)
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Fig. 3. Annual pesticide detection rate in the golf courses in Jeju.
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Table 3. Summary of the monitoring results of residual pesticides found in the golf courses

2014 2015 2016 2017 2018 2019 2020
Number of golf courses 40 40 40 40 40 40 41
Number of golf courses where pesticides were detected 35 35 35 33 35 32 36
Total 6 7 10 7 8 8 7
Number of pesticides High toxicity - § i . . . .
detected
Moderate (Low) toxicity 6 7 10 7 8 8 7
Detected pesticide ingredient
Azoxystrobin 4 v v v v v v
Carbendazim v v v v v v
Diazinon v v v
Fenitrothion v
Flutolanil v v v v v v
Iprodione 4 v v v v v v
Metalaxyl 4 v
Propamocarb hydrochloride v v v v v
Pyrimethanil 4 v
Tebuconazole 4 v v v v v v
Thifluzamide v v v v v v v
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Table 4. Residue concentration range and properties of detected pesticide ingredients

Detected Residue concentration range DT Possibility of
'pestic?de Type Green soil Fairway soil Pond ( daySSO) GUS ground.wat'er
1ngred1ent (mg/kg) (mg/kg) (mg/L) contamination
Azoxystrobin Fungicide N.D.-2.60 N.D.-0.77 N.D.-0.0117 78 3.1 High
Carbendazim Fungicide N.D.-0.18 N.D.-0.23 N.D.-0.0122 40 2.21 Moderate
Diazinon Insecticide N.D.-0.03 N.D.-0.06 N.D.-0.0012 9.1 1.51 Low
Fenitrothion Insecticide N.D. N.D. N.D.-0.0039 2.7 0.48 Low
Flutolanil Fungicide N.D.-0.87 N.D.-0.35 N.D.-0.0306 400 2.29 Moderate
Iprodione Fungicide N.D.-0.80 N.D.-0.40 N.D.-0.0071 36.2 0.43 Low
Metalaxyl Fungicide N.D.-0.02 N.D.-0.03 N.D. 36 2.06 Moderate
lfyrgfj;’li’gggz Fungicide N.D.-0.06 N.D.-0.04  ND-0.0242 393 1.5 Low
Pyrimethanil Fungicide N.D.-0.01 N.D.-0.01 N.D.-0.0007 50.9 2.17 Moderate
Tebuconazole Fungicide N.D.-3.17 N.D.-1.17 N.D.-0.0197 63 1.86 Moderate
Thifluzamide Fungicide N.D.-0.49 N.D.-0.51 N.D.-0.0087 1,145 3.47 High
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Table 5. Summary of pesticides used in the golf courses in Jeju using GUS

Possibility of groundwater

Pesticide ingredients

Pesticide usage

GUS contamination No. Rate (%) Usage (kg) Rate (%)
<1.8 Low 47 47.4 12,578.5 74.0
1.8-2.8 Moderate 15 15.2 2,034.4 12.0
>2.8 High 15 15.2 1,311.2 7.7
Unclassified - 22 222 1,063.5 6.3
Total 99 100.0 16,987.7 100.0
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