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Abstract Objective of this paper is to assess the available data
on the pesticide uses and regulations in the golf courses, and
provide the nationwide systematic management options. Numbers
of golf courses in Korea are rapidly increasing from 2000s and
reached at 421 sites by the end of 2011. Accordingly pesticide
usage has been increased with years in direct proportion to the
increasing number of golf courses. Amounts of pesticide applied
in 2011 were 118,669 kg as of an active ingredient and were in the
orders of fungicides (54.9%) > insecticides (24.4%) > herbicides
(13.3%) > growth regulators (0.1%). Average pesticide usages in
2011 were 280.9 kg per golf course and 5.4 kg ha™. Frequencies
of the residual pesticide detections in green and turf were higher
than those in fairway and soil, respectively. Residue of highly
toxic pesticides was not detected in golf courses. Ministry of
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Environment in 2010 has developed the ‘golf course pesticide
monitoring and management system” which is the advanced on-
line registry for kind and amount of pesticides applied in each golf
course. This system is intended for monitoring of the pesticide
uses and residual levels and protecting the environmental
pollution from pesticides in the golf course. In 2009, management
of pesticides in the golf courses became the task of Ministry of
Environment, being merged from many federal agency and
ministries. The protocol for the site-specific best management
practices, on which to base results from the risk assessment,
should be set for pesticides in the golf to minimize the
environmental impacts.

Keywords best management practices - golf course - monitoring
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Fig. 1 The yearly changes of golf courses (A) and their geographical
distributions (B) in Korea.
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Table 1 Residual analysis of pesticides in golf courses in Korea

Year Classification Pesticides subject to residual analysis
DDVPY, Chlorpyripos?, Diazinon?, Dimethoate", EPN?, Fenithrothion”, Methyl
Organophosphorus Pesticides (13) demeton”, Meghidathion]), Phentoate", Parathion", Malathion®, Phosmet",
Before 2005 Phosphamidon®
(20) Organochlorinated Pesticides (4) Chlorothalonil?, Dicofol®, Captane?, Endosulfan®
Pyrethroid Pesticides (3) Tralomethlin?, Deltamethlin®, Lamda Cyhalothlin®
Benfuracarb, Endosulfan, EPN, Methidathion, Parathion, Triazophos, Demeton-S-
Highly Toxic Pesticides (13) methyl, Dichlorvos, Methamodophos, Methomyl, Monochrotophos, Omethoate,
Phosphamidon
After 2006 Captane, Daconil, Oxine-copper, Thiophanate-methyl, Tolclofos-methyl, Carbofuran,
(40) Common Pesticides (17) Chlorpyrifos, Cyhalothrin, Deltamethrin, Diazinon, Dicofol, Fenitrothion, Phenthoate,

Pyraclofos, Tralomethrin, Bensulide, Pendimethalin

Optional Pesticides (10)

Iprodione, Thiram, Amitraz, Bromopropylate, Chlorpyrifos-methyl, Fenpropathrin,
Furathiocarb, Phosalone, Propargite, Tetradifon

DRecommended by Ministry of Culture and Sports.

YRecommended by both Ministry of Culture and Sports and Ministry of Environment.

9Recommended by Ministry of Environment.
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Table 2 The yearly trends in quantity and rates of pesticide application in golf courses in Korea

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Numbers of golf course 49 59 72 83 85 96 101 108 120 137 149
Area (10° ha) - - - 9.63 11.12 11.26 11.6 12.2 13 14.4 15.5
Pesticide use (ton) - - - 105 150 127 118 131 149 186 190
Pesticide use rate (kg ha") 10.8 11.2 11.0 10.9 14.8 11.2 10.2 10.7 11.5 12.9 13.2
Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Numbers of golf course 161 163 179 198 222 279 314 340 363 396 421
Area (10° ha) 16.7 17.1 18.4 19.9 22.1 22.6 29.4 31.5 32.8 359 379
Pesticide use (ton) 196 199.3 2252 229.2 237.9 272.4 322.6 352.9 366.4 391.8 399.9
Pesticide use rate (kg haﬁl) 11.7 11.7 12.2 11.5 10.8 12.03 12.8 11.2 11.2 10.9 10.5

Data during 1990-1992 were based on the white paper of the Ministry of Environment and others were estimated based on reports and briefings by

Ministry of Environment.

Table 3 Quantities of pesticides applied in golf courses in Korea during 2010-2011

Total Fungicide Insecticide Herbicide Mixture* Growth regulators Others
Kinds of 229 97 68 51 3 5 5
pesticide used
2010 Total 391,811.4 217,104.4 129,197.2 34,390.4 204.1 1,018.9 9,396.5
quantity, kg (100.00) (55.4)° (33.0) 8.9) (0.05) (0.3) 24
Active ingredient  115,845.1 70,478.0 27,174.4 14,756.7 117.4 172.7 3,145.9
quantity, kg (100.0) (60.8) (23.5) 12.7) (0.1) (0.1) 2.7
Kinds of 216 94 58 51 3 6 4
pesticide used
2011 Total 399,922.8 219,534.4 1294154 39,786.4 101.5 1,014.1 10,071.1
quantity, kg (100.00) (54.9) 34 9.9) (0.0) (0.3) 2.5)
Active ingredient  118,264.5 70,021.4 28,862.8 15,749.2 11.5 165.3 3,454.2
quantity, kg (100.0) (59.2) (24.4) (13.3) (0.0) (0.1) 2.9)
*Mixture is the blend of fungicide and insecticide.
$Numbers in parenthesis indicate % of total quantity.
144%2 713 @o] AFE-E A3, metalaxylmancozeb 10.0- Fo] f59] Wwr) &2 FxAgo] )] I&j7t 43 Ao

11.0%, tebuconazole 8.5-9.7%, thiopahanate-methyl 9.3-9.6%,
flutolanil 5.7-5.9%, pencycuron 5.3-62% 5 <=2 AME-EST)

Shim 5(1994; 1995)°l <J8lH, =] Fx= Aol A==
sgo] W T Rhizoctonia spp.ol| 23 Bl X, x|
A, 4% ve 5 EGAGAERS wANIErE 2o, Ut
Hog APl E DD X(Agrostis stolonifera L)7} 2 A=
putting green|X S. homoeocarpa Lo FXVEHE §1
AA ZA7E B Bt ok mEba Su Zae] 7
5 fairwayell 2JA1E =TS} greencl]l 2A1E A T
of HEE ZMYnEH, e § F%e] HAdEHs
thA8k7] $18 iprodione¥} tebuconazole 3 thiopahanate-methyl
T Al Fepe] Bol ARE ZeR AttEth(Chang 5, 2012).

AZA| = organophosphorousZll <1 fenitrothiono] A4
FARRFH F 51.3-532% AHEEICH | chlorpyrifos-methyl
22.6-24.7%, ethofenproxdiazinon 9.6-9.8%, etofenprox 3.5-4.0%,
machine oil?} thiamethoxam= Z}7} 1.8, 1.6%7} A=t}
(Table 4).

U ZEAgA s 8 S FholFe iRl
), Choo 5(1999)2 ZxAd MAEE Fdole= 8& 1282
2 Y EFdol(Exomala orientalis)®} T F-H XA F T 0]

(Adoretus tenuimaculatus)?} FH N EE=O] UL TLHFH

2 B3E3 Jud E=3F Kim $(2011)¢] AEXS 2] v
W AdA WWiRE AAAR N (Agrotis ipsilon), ZFH]RE
Wi (Spodoptera depravata), B73I ¥ (Pseudaletia separata) &
o] e IFE Frial HAEIL o] organophosphorousZ] 2
Pyrethroid7A|©] 25A17}F Bo] AMEE Zo2 AtteL)

AzA|2] 7§ carbamate”] T2 asulam sodium©] | ZA|
FTREF T 19.0-234%7F AHEEI ™, mecoprop 16.7-
17.3%, napropamide 11.8-13.2%, pendimethalin 11.4-12.3%,
prodiamine 6.9-10.1%7} AM8-E ZOo=Z ZALE A TH(Table 4).
Wz FE IAEe FRe vk ol(Digiaria
sanguinalis L.), M 2Z°}Z&(Poa annua L.), I+ 7}2l(Killinga
brevifolia var. leiolepis Hara.), E7ZE(Trifolium pratense L.),
vl 5-E(Kummerovia striata (Thunb.) Schindl), % (Artemisia
Japonica Thunb.), "§Z(Erigeron candensis L), 21Z=7](Equsetum
arvense L) & 1A T thdA J2EZH o]F HlElo] ¢
MzolE 5 WAE A% Forkgo] Bd Ao wAdHEn
(Kim %, 1990).

AR ZAE carboxylic acid esterAl2] AJFAAAR] trinexapac-
ethyl7} AA] AR 82.0-89.9%2 2FA 81312 M, butralin -
decylalcohol 5.8%, prohexadione-calcium 3.6-17.4%, 4734&%1
A1 o}& Y (Sodium-5-mononitro-guaiaco)S  0.5-0.6%% AT
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Table 4 Relative abundance of pesticide application in golf course in 2010 and 2011

2010 2011

Pesticides Active (llr(lgg)redlent % of class % of total Pesticides Active (llr(lgg)redlent % of class % of total
Fungicides
iprodione 10,093.9 14.3 8.7 iprodione 9,618.3 13.7 8.1
metalaxylmancozeb 7,722.7 11.0 6.7 metalaxylmancozeb 7,003.8 10.0 5.9
Tebuconazole 6,812.4 9.7 5.9 thiopahanate-methyl 6,497.5 9.3 5.5
thiopahanate-methyl 6,730.8 9.6 5.8 tebuconazole 5,964.8 8.5 5.0
flutolanil 4,178.6 59 3.6 pencycuron 4,323.7 6.2 3.7
pencycuron 3,739.6 53 32 flutolanil 4,024.6 5.7 34
Insecticides
fenitrothion 14,465.5 53.2 12.5 fenitrothion 14,807.6 513 12.5
chlorpyrifos-methyl 6,129.8 22.6 5.3 chlorpyrifos-methyl 7,134.1 24.7 6.0
ethofenproxdiazinon 2,491.8 9.2 22 ethofenproxdiazinon 2,834.7 9.8 24
etofenprox 1,092.5 4.0 0.9 etofenprox 1,019.0 35 0.9
thiamethoxam 427.9 1.6 0.4 machine oil 505.4 1.8 0.4
Herbicides
sulam sodium 3,449.0 23.4 3.0 sulam sodium 2,997.2 19.0 2.5
mecoprop 2,555.4 17.3 22 mecoprop 2,632.9 16.7 22
napropamide 1,940.6 13.2 1.7 pendimethalin 1,939.1 12.3 1.6
pendimethalin 1,683.1 114 1.5 napropamide 1,861.2 11.8 1.6
prodiamine 1,019.8 6.9 0.9 prodiamine 1,587.3 10.1 13
Growth regulators
trinexapac-ethyl 155.2 89.9 0.1 trinexapac-ethyl 135.5 82.0 0.1
butralindecylalcohol 10.1 5.8 0.0 prohexadione-calcium 28.7 17.4 0.0
prohexadione-calcium 6.2 3.6 0.0 atonik 0.9 0.5 0.0
Mixture
carcarpropamid - fludioxoni -imidacloprid 100.8 85.9 0.1 metam-sodium 8.25 71.7 0.0
Others
spreader 1,669.8 53.1 1.4 spreader 1577.1 45.7 1.3
siloxane 827.4 26.3 0.7 siloxane 1012.2 29.3 0.9
caba 633.5 20.1 0.6 caba 861.0 243 0.7

AREETE, Al Al E3A= carpropamid - fludioxoni -
imidacloprid®} metam-sodium®] Z}2} 85.9%, 71.7% AFE-ES]
o} 2 gl AREE Fo 2= XA (polyoxy ethylene alkyl
aryl ether-sodiumligno sulfonate) 45.7-53.1%, siloxane 26.3—
29.3%, 7}uk(blend of alkylaryl polyethoxylate and sodium
salt of alkylsulfonated alkylate) 20.1-24.9% S°] AR-E3ch
(Table 4).

Tt AlbertaS=oll Al 1990-1991A7E4] 917 ZZAof st
TS S ZARE Aol =W FoRREE ALgRRS A

A (64%) > A Z2A (34%) > AEA(2%) SO2 AFA] ARE-Fol
g AQTh P ol AHeE seke AkgAle]l % thiram,
quintozene, phenyl mercuric acetate, mercurous/mercuric chloride,
carbathiin, oxycarboxin, chlorothalonil, iprodione, benomyl,
thiophanate-methyl, maneb 5, #A|ZA|= 24-D, mecoprop,
dicamba, glyphosate, MCPA, paraquat, napropamide, chlorsulfuron
%5, A&Al= Malathion, diazinon, insecticidal soap, carbaryl,
dimethoate, methoxychlor 59 <22 A& % 3 tHAlberta
Environmental Protection, 1998).

HESE 1)<k New Jersey+2] 744 4

[
2l 33T A}

=2-—0

g

=

3241(2003-2011)00 =W 20033 5RA Y] FOEEE ALL-F
& AA(40%) > A Z2A (29%) > ASA(19%) 5 TolAT). vt
Hol| 20050l AR FZAde] 79 AA| (87%) > AFAI (7%)
> A 24 (5%) > A FEHZA(1%) 5 =22 AL, 20119
ZAPNME ARA| (85%) > AHEA (8%) > A Z2A (5%) > AR =2
AN2%) & oIt == AME TR AtAle] ¢
fosetyl-al, iprodione, chlorothalonil, thiopahanate-methyl, propamocarb
HCI, mancozeb 5, 24= oil, cabaryl, chloropyrifos, trichlorfon,
imidacloprid 5, #A|ZA|= dithiopyr, 2,4-D, bensulide, dicamba,
mecoprop 5 wlZ ZAE AT New Jersey Department of

Environmental Protection, 2003; 2005; 2011).
ZIAY $MNEF. Selel 2] W wopg R A
BaF 71F02 201080 292.5kg, 20110 280.9 kgol o,
& FFAHEH A (green 5 77H) M) FRARERRS 20101
Skgha, 201139 54 kgha'2 FAFEATHTable 5). =
pa sopLEYst B WA CsoAREXID) ] S
A=z o) Aolatrle IAT AR Frge] I3
fo] AR R0 ZAI. oleld Frge] Fopit
FOIGRIRT /17 ool

=

[l

9]

rlo oX

&'ﬂ

53

oo Q o K = il A
o

[S] T
Ak F7A el AMEH e
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Table 5 Ranks of golf courses based on the amounts and rates of pesticides applied to each of golf courses in 2010 and 2011
2010 2011
Golf Amount Golf Rates Golf Amount Golf Rates
Course (kg), (%) Course (kg ha™) Course (kg) (%) Course (kg ha™)
Total 115,845.1 118,264.5
Avg. 292.5 5.5 280.9 5.4
Max 1,638.1 30.8 1,784.5 21.9
1 SK 1,638.1 (1.4) YR 30.8 EE 1,784.5 (1.5) GS 21.9
2 JW 1,623.4 (1.4) NH1 22.0 SK 1,545.5 (1.3) NH1 21.0
3 EE 1,543.9 (1.3) NH2 20.4 GY 1,335.3 (1.1) NH2 20.5
4 GY 1,524.9 (1.3) LH 19.3 GS 1,204.2 (1.0) PG 18.8
5 SR 1,345.4 (1.2) KP 18.8 AG 1,186.4 (1.0) KP 18.8
6 AG 1,280.5 (1.1) HS 16.4 LB 999.5 (0.8) GR 18.1
7 JJ 1,261.9 (1.1) HY 15.4 TD 974.9 (0.8) SN 17.4
8 HY 1,148.6 (1.0) JW 15.2 TN 950.3 (0.8) SS 17.1
9 HP 1,008.6 (0.9) GJ 15.2 SA 918.0 (0.8) BA 16.3
10 GJ 913.9 (0.8) SD 14.7 JJ 904.4 (0.8) LG 15.9
Table 6 Total amounts of pesticide applied for agricultural purposes in Korea
1970 1980 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Total active
ingredient quantity 3.7 161 251 261 282 258 246 253 245 241 243 254 228 204 191
(ton)
Active ingredient
per hectare 1.6 5.8 104 124 135 128 127 13.0 128 129 131 13.8 122 112 106
(kgha™)
Ministry of Agriculture, Forestry, Fishery and Food.
0.6% FEolr, 744 DAUAT FAHAEFR] 106kghaol S TFE TF IFF T -5 Fx 5 A=
Hlel 172 7 ©]{TH(Table 6). WA de SER H s A7) Wzl Fke] FHel w
= i‘”b‘}ﬁh X WA 9 SRR ®Eo] Bl gt Aolsle AN YA S-S AU drh /‘ﬂ ﬁliﬁﬂ
_,7_31 5}% LA o] Zo J#o]OJ [e) tq r)r_r]uqm o} lr:ow\}_&ak ?‘(WHO)‘—‘E %:911:5 .‘_.T:'.H o]] u;}a]. ugg 4 —/E}d om]- E./H 1;_3

& 2010137 0.0- 308kgha“ 201149] 0.0-21.9 kgha % 3
2 AR e Wi ARRER]] BlE] w2 xjo]2 Btk E
sEAHA 7 AEglo] NHI 2 NH2ZIAL wjd =oka}
}% A olgit. Z= A ok dEUst, V1%
EY 5ol me} tdsles efdle 93 A3l

A o]t
Fig. 29} 7¥o] 20108 2 20119 FoRbee] 3% A,
fel3kel FORE009NT} e 0 ol ke %8

fild

e M
&‘j oN

{e]

|

£Q N ofo o
(=

e 12 o

¢

UER A Qo] AFREES 7R gkow, z‘”%b’l 22} 4.8+
3.8l14kgha’!, 45+3.652kgha'o 2 HFHA} vf¢- & Fog
FRIFATE. 53] Tl 10kgha™ olalel o] ¢
Heg BE7} 90%01 2AFAL Qo] FARR o] e &
o] ZaAe sl A Bk B WA Fol B IS F
= A8 g F Ad

ol=e] 7, 7HUrE‘r Alberta-0] 27 5F A2} FUE
B B (1998)0lM ZZAHEE HF FUAREHFL 76.9 kel
), 2 HAAY TS FE 12kgha '2 AT
Tk Ul New JerseyT=2] 739 24 B TR
2005 705.4 kg, 20113 580.1 kg2 U} F=F Hr}

Wo| AREEon, Fxgd FAHT FORAE-RE greens/tees
47% (2005: 43%)= 7V B, fairway 45% (2005: 50%),
rough 8% (2005: 7%) 5 °IUth.

A=A Fokog JEIIY QT FA E./Ho] 7}1} =& 7o) W

A1, ST A
54 Fofolrt. U= ol et weke RSk vk

L= A \:IE‘——

Foke] FA TF ERHT TR ARAHE ozt HuAh, #
gz 4 f&%“@ﬂ]ﬁ]«] e 93t Hasdk ot ¢2vet
= T%g TEAR A Aok F5S SsixE AT
oko] A, =4, A, A SOl e A ARE AE
ato] AOJHAE AXoF gt o] FFE AXA FAL Fofol
ANFE = A ol F5E s ddEn. ddde 4714
=l sﬂﬂﬂ—t— FFEe] AlERoH 20108 71HeR W
543 54 S FEIACAN ALE] A=A ko
o 54 ForEe] thiES &AL Stk

) A=A 2 A5 sHE9E A

Ui 199437 E Z2A4C] green 2 fairway?] EXF 7F
HE tgez mid 23] AA 4009F9 sRE ArE
AAE) @51 glTk 20002011714 - 8Rb7], BaF 94 ol
9 20-2537 ZAgellA] zit] g Bl diell seREs A
Abet A3, o 1459 JARsedEe]l A&EAn 53] 2010
Wl 749 NSD ¥ SFZZAe] §&Fl4 diazinon, iprodione
5 20 Aol Z+t 09, 0.6ugL! HEHE7IE 3K Table

2] WFEoF AR ARIER P EY SREY
7t =2 HEES BT AENEE 20104990 green-FHT] >
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Fig. 2 Distribution of regular probability for the pesticide usage of golf courses by area (ha).

fairway-ZtC] > fairway-E% > green-EY 22, 2011390
greenZHE] > fairway-ZE] > green-BEY > fairway-EY TOE 2
AbElo] Fofo] A AXE oA B2 AEFNEE BT
o] AXE FoRE tiiE TSt RE Atole] tiFHTol
TRl FAE T YHAE HE Scm & 7-8cmdl] &7
Hol SR HA olFHA ¥oH, EYY] FAE w2
Bl ofaf Zalgel wet E¢e] sebdi AERles
e o2 HoE.

201041 FoF AFF AAMES, 140 e Fofo] AEEUS
H, o5 AEYI=7} pendimethalin > iprodione > chlorpyrifos-
methyl > fenitrothion > deltamethrin > diazinon 52 <=°] %t}
2011l 115¢] 1H-geF Aol HEHA2H, fenitrothion >
pendimethalin > chlorothalonil > chlorpyrifos-methyl > deltamethrin
> iprodione 5 T2 HEWEI}F E9h)

HEE TR Foll Aol 7P B fenitrothion
(14212.7kg)2 green ] 9 EFol|A] Z+7; 173.16, 38.34
mgkg o2 A A FAENOH, T 2o F AL B
e iprodione (10,006.2 kg)y green FT]ollA 15513 mg kg,
green B4 pendimethalin (104.9 kg)©] 10.60 mg kg™'o
2 7K =A AU fairwayol e ZT]olA chlorpyrifos-
methyl (4,123.9kg)°] 151.16 mgkg™!, =A== fenitrothion
°] 6.79mgkg ' Z2 7P EA AEFH

201190l = 1159 s Adite] AEHNeH, AE=
7b 2 592 fenitrothion > pendimethalin > chlorothalonil >
chlorpyrifos-methyl > deltamethrin > iprodione > tolclofos-methyl

-

> diazinon > chlorpyrifos > thiophanate-methyl 5 0]t} &
H FAHE Fol chlorpyrifos (chlorpyrifos * diflubenzuron
374.5 kg + chlorpyrifos 8.5 kg + chlorpyrifos * cypermethrin 0.63
kgt green-AT]olA 5749 mgkg™!, green-EQIME= tolclofos-
methyl (859.8 kg)o] 2.63 mgkg ' O& AU =A AU 2
o 2= FoRe-o] 7P BWAH fenitrothion (14,807.6 kg)
o] green-7t] I green-EYolA 742t 542, 0.63 mgkg ' 2 =
Al AEHATE fairwayoll A= 2] 2 EGoA] pendimethalin
(1,939.0 kg)o] ZHzt 55.55, 1.6l mgkg o2 714 A A&H
ATt

53] 201020119 =2 SRR A, 224 3
o AN 4 = captane A3l faiway-ZIT]olA] 0.17mg kg,
carbofurane green-Hjol|4] 0.66-1.03 mg kg™, chlorothalonil®]
green-E %A 036 mgkg™!, cyhalothrin®] fairway- & %ol A
0.42mgkg™! 7AZE At} daconil (chlorothalonil)?] 73-$- 2011
ol JHFROo R ARERlo] HWAM AR 325.5 ket
A F43] S7IEINOH FE green E fairway2] T|9} &
oM 0.05-45.69 mg kg 7HA] AZEEATE

ool W) FoRAE-Fo] B9 metalaxyl -mancozeb (7,003.8—
7,722.7kg)2} tebuconazole (5,964.8-6,812.4kg)2l 7% Fs
oF HArleREol| EFERA] o} BE ZAX|HA AFHES &
Qlgh 4= gigdth S 20109 A FFAINL), FHE=
(17702) AQe] BE ZxAoa Fopdio]l AZEA 4ske
™, 201199l E BFA(H4), A=), ZHE=RIN
A, AFE=@UIE) A9 BE FxAox] TR 4
EHA FUTE 53] FFAlel SEEEE 2d ot wedE
o] A& HAEHA FUth SHEE, Apd= ¢
U A 22wkl 747t 38, 63,
&3 Aol
2) BEAY 54 o AR B HE
zxgole T4 9 FAA B #g

AyEEE

11.5%Z A}

b

Hol—
Aek) glate] wat Y47Ie] ol Brimsitia geke 7
Solgk A4S s gatT ATk

) ZzAe] A9 Lee 5(1996)S 3R 850 A8S <l
3te] 1991-19943 =W F279] green B fairway-E FolA]

FZEA 5 demton-S-methylo] 0.07 mgkg™, EPN©] 0.03-
443 mgkg™!, endosulfan®] 128 mgkg™!, methidathion®] 0.10
mgkeg”! HEE AL RIS ESE F7R] 3wl (1990
1996) ¥ HE=2}F(1999-2011)0] w2, 2007d7k4] vid
- Zx oAl phosphamidon, monocrotophos, methidathion,
endosulfan, omethoate, EPN 5 Z=A15Cfo] AL, =32
o] ] 2 EYoA endosulfan, phosphamidon, monocrotophos,
methidathion, EPN, dichlorvos & %574 soFgditol i
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Table 7 Results of the annual pesticide residue analyses in golf courses in Korea
2011 2010 2009 2008 2007
Numbers of golf course
where residues were 170 185 192 253 161
detected
11 14 13 12 14
- chlorothalonil - captane" - carbofuran” - chlorpyrifos - bensulide
- chlorpyrifos - carbofuran” - chlorothalonil” - chlorpyrifos-methyl - carbofuran”
- chlorpyrifos-methyl - chlorothalonil® - chlorpyrifos - deltamethrin - chlorpyrifos
- cyhalothrin? - chlorpyrifos - chlorpyrifos-methyl - diazinon - chlorpyrifos-methyl
- deltamethrin - chlorpyrifos-methyl - deltamethrin - fenitrothion - deltamethrin
Numbers and kinds of - diazinon - deltamethrin - diazinon - iprodione - diazinon
pesticides detected - fenitrothion - diazinon - dicofol - metalaxyl - fenitrothion
- iprodione - fenitrothion - fenitrothion - pendimethalin - iprodione
- pendimethalin - iprodione - iprodione - pyraclofos - metalaxyl
- thiophanate-methyl - methidathion? - pendimethalin - thiophanate-methyl - pendimethalin
- tolclofos-methyl - pendimethalin - pyraclofos - tolclofos-methyl - phenthoate”
- thiophanate-methyl - thiophanate-methyl - tralomethlin - pyraclofos

- tolclofos-methyl
- tralomethlin

- tolclofos-methyl - thiophanate-methyl

- tolclofos-methyl

DThe banned pesticides.
DHighly toxic pesticide.

648 mgkg A HAET7|E s tHLee 5, 1996).

2010 A= F2 s duizAr A, ICEEA green-
ZHe] el A organophosphorus7l 2254 5 2FQ] methidathion®]
0.49-0.85 mgkg™' HE=ATE FU ZZAox = 2006 ©]F
TH AsAEere] ARgAA o] BER] ¢kgkon, 20084 ]
THE|= 25 TR HEEA 3L Ati(Table ).
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Table 8 Status on application of the highly toxic pesticides and their residues in golf courses

1990 1991 1992 1993 1994 1995 1996
Use 11 8 5 9 9 5 0
methidathion phosphamidon  phosphamidon
Pesticides endosulfan NC NC monocrotophos  monocrotophos  phosphamidon )
(kg) phosphamidon o o methidathion methidathion endosulfan
(5,432)* omethoate endosulfan
Detection N.C. N.C. N.C. 1 7 5 5
phosphamidon endosulfan endosulfan
Ingredient EPN (N.C) (N.C) N.C)
(mg kg™) NC. NC. NC. (N.C) endosulfan EPN dichlorvos
(N.C) (N.C) (N.C)
1997 1998 1999 2000 2001 2002 2003
Use 6 3 5 1 0 0 0
Pesticides phosphamidon  phosphamidon  phosphamidon  phosphamidon ) ) )
(kg) (124.5) (270.5) (57) (60)
Detection 6 5 4 6 5 3 2
Ingredient endosulfan endosulfan endosulfan endosulfan endosulfan endosulfan endosulfan
(mg kg™?) 0.037-1.54 0.011-2.138 0.012-0.405 0.008-0.105 0.014-1.34 0.006-0.401 0.041-0.532
2004 2005 2006 2007 2008 2009 2010 2011
Use 0 1 0 0 0 0 0 0
Pesticides ) phosphamidon ) ) ) ) ) )
(kg) @
Detection 4 2 2 1 0 0 1 0
endosulfan
Ingredient endosulfan endosulfan 6.48 endosulfan ) ) methidathion
(mg kg™) 0.021-0.696  0.008-0.344 monocrotophos  0.11-0.52 0.49-0.58
0.10
The Gyounghyang Daily News, 1990. 11. 21.
N.C.: Not confirmed.
NN TR, ] B T YA E Q1] mx 2 &
= ¥ 5% @Wk] fsiMe SadEvke] =ye] A
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