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Abstract samples of the golf course were in the range of 0.01 ~1.26

mg/kg and 0.0001~0.0089 mg/kg, respectively. The
BACKGROUND: At these days, the human health and residue levels for detected pesticides in neighboring area

environmental concerns of pesticide used for turf grass were at 0.01 ~0.04 mg/kg and 0.0001~0.0029 mg/kg,

management at golf courses in Korea have increased. The respectively, well below those level in golf course.

objectives of the study were to determine the pesticide CONCLUSION: This study indicate that the pesticide
residues for golf course and neighboring area and evaluate residue levels of golf course and neighboring area in Korea
the impact moved into neighboring area of pesticides may not a possible risk of exposure on soil and aquatic
treated at golf courses. environment. For future work, more monitoring should be

METHODS AND RESULTS: Three golf courses and performed so that the evaluation data becomes more valid.
neighboring areas in Korea were monitored from July to

October, 2017. The soil sample collection was divided the Key words: Aquatic environment, Exposure, Golf Course,
golf course into its logical parts (such as a greens, fairways, Pesticides, Soil
and rough) and neighboring area soil samples were

collected at three different points. The water samples of the

golf course and neighboring area were collected at three M=
different points, respectively. The pesticide residues for soil U FZA o] g AS= 20129 2,700%H Bt} 2018\
and water sample were monitored by the multi-residue of 31% =7ket 35325 o® X&HHoR Frketal Stk
screening method of 98 pesticide with HPLC-MS-MS. The (Jung et al, 2014). &= ]?ﬂ*}%‘] A At 20189 A= F
concentrations of detected pesticide in soil and water IRALE AR AETIAS Z7) &2 g &
Hleow =% O] 8 *17‘7]- 7k Zlo® oidstar ik
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Table 1. Target pesticides analyzed by HPLC/MS/MS in this study

Acephate (water sample only), Amitraz, Azinphos-methyl, Azoxystrobin, Benthiavalicarb-Isopropyl,

Buprofezin, Carbaryl, Carbofuran, Cadusafos, Chlorfluazuron, Chlorpyrifos, Chromafenozide,

Clofentezine, Clothianidin, Diazinon, Emamectin benzoate, Ethoprophos, Fenazaquin, Fenpyroximate,
Insecticides (45) Fipronil, Fluacrypyrim, Flubendiamide, Flufenoxuron, Fosthiazate, Imidacloprid, Lufenuron,

Malathion, Methiocarb, Methomyl,

Methoxyfenozide, Milbemectin, Novaluron, Phenthoate,

Pirimiphos-methyl, Pyridaben, Pyridaphenthion, Spirodiclofen, Spiromesifen, Sulfoxaflor,
Tebufenozide, Tebufenpyrad, Tebupirimfos, Thiacloprid, Thiamethoxam, Toclofos-methyl

Acibenzolar-S-methyl, Benfuracarb, Bitertanol, Boscalid (water sample only), Carbendazim,
Cyazofamid, Cyflufenamid, Diethofencarb, Difenoconaole, Dimethomorph, Diniconazole, Ethaboxam,
Fenarimol, Fenbuconazole, Fenhexamid, Fludioxonil, Fluopicolide, Fluquinconazole, Flusilazole,

Fungicides (43)

Flutolanil, Fluxapyroxad, Folpet, Hexaconazole, Imibenconazole, Isoprothiolane, Kresoxim-methyl,

Mepronil, Metalaxyl, Metconazole, Metrafenone, Oxadixyl, Pencycuron, Prochloraz,
Propamocarb(water sample only), Propiconazole, Pyraclostrobin, Pyrimethanil, Simeconazole,
Tebuconazole, Tetraconaole, Thifluzamid, Triadimefon, Trifloxystrobin

Herbicides(10)

Carfentrazone-Ethyl, Dithiopyr, Flumioxazin, Foramsulfuron, Metamifop, Napropamide, Oxadiazon,
Oxaziclomefon, Thiobencarb, Thiodicarb
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System)°l| o5t T34 FoARER TAMA I, 20161 wOoF
FAEFE AEF 71E 17280% Add] 107% S8t
a1, 2016 Y AREOR: F 26470 HEOE At
(1167H), EA(687), A=A (677N, B384 5 7IEK13
) o]tk

"= New Jersey Department of Environmental
Protection<> =227 §SFA}g-of] W2 golf course pesticide
monitoring program+e 6t =X FORAgo] whE st
AT olF 7Feie ARSI, MassachusettsT Cape
Code®] 47} 242 dpow Asleol e sk 297}
A B AT T B2 A7Vt FYHAHKHCohen et al,
1990; Suzuki et al, 1998). fellA= =324 5241 FopA}
S 7l mE =2 ARE-sotol QI A9 Il o
g B} A 5o g edde] tist wido] AGH 0w A
71=aL glo, =l 2] sopAgol S @l wlA|
T Gl tigt AR =3k

W ATe S FEA 33k skl uielitel A
EoF B FAARY] TR FARRANC o9t sok AR

= Fsglon, ol dite ExH Tkl

uhE S e gl QAo Al 9 Bk f9t 71x

2

rL

]

CHAH=SOF QI A|ok
oo 1 =X =
tdsore = 2 At E sk T ATA 4570,

(Table 1), 4 3%F35-2 Chem Service (USA), Dr. Ehrenstorfer
GmbH (Germany) ¥ Wako Pure Chemical (Japan)=
AREFIEE HPLC grade 87 acetonitrile, methol %
water?} analytical reagent grade A|°F formic acid ¥
ammonium formatet= Merck(Germany)& AH&-3t3Ith.

reeen 2
fairway 9} =32 9ol 242k 37) A& AAsto] A
a3, PR 22 W hazard 9 =2 959
FrE X Rl 42t 37) AR skl AFE
ok AR AHE FxAe] Feko] FE ARHE A7 7
2~109°] €13 = F 33 FHa, =2 AHEE
k9] QI FAA G0 RY ofF Tk TARE flete, =
BollA soks AT F 2441 o]ujel]l AEE AT
B g AR AR 2 AR 224 sk
F A 9 FeRRE AP Sl et (88
A2016-265%, 2016. 12. 30.)°l w2l F~3ick

fikd
H
o
o r
T
aq

NE FAE o sonRy 2
ABAR $5Y B Amt
WSO A §

o
2016-2653%., 2016. 12. 30.)°l W} E4

A7 s H(-20C ofshst F, 79 ©] Tyt
L, FAANRE APAR e} 2441 offell A&
TS & A7 R TS S
oM Rt 22 woF YT A (1) B () AellA

I3t Tablel, 2).
A AT ook 9859 EdETE 100 ng/mL
O] ARFENE ZAIgE §, 25% acetonitrileZ 3|45}



Pesticide Residues Monitoring of Golf Course

279

Table 2. Parameters of analysis condition for LC/MS/MS

Instrument

Shimadzu 8060 LC/MS/MS system

Column
Column Temp.

Injection volume

Capcellcore C18 (2.1 mm LD. X 150 mm L., 2.7 um )

40C

1 uL (Soil), 10 L. (Water)

Flow 0.3 mL/min
Mobile phase A :0.1% for@c agid + 5 mM ammon.ium formate .in Water
B : 0.1% formic acid + 5 mM ammonium formate in Methanol
Run Time 20 min
LC Gradient :
Time (min) A (%) B (%)
1 85 15
1.5 40 60
10 10 90
12 10 90
12.1 98
16 98
16.1 85 15
20 85 15
Mass Spectrometer Parameters :
Scan type Scheduled MRM
Ion mode Positive and negative ESI

Ion spray voltage
Collision gas
Nebulizing gas flow
Drying gas flow

5 kV
Ar
3 L/min
15 L/min

0.0005, 0.001, 0.002, 0.005, 0.01 pg/mL 2 EFE-
ZARIE A ASE flete] AR B 9 A
S 0|83t matrix matched 89 ZASt] F=FetAl
A

A W S5 sk

kil o

<

EAe A B 9 Bl 47 3 1E8dE
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B B8 0.0005~0.01 pg/mLe] sL=RelolA 517129
ARA)7F 0.9901 02 2A4S FIE9ITE B R0
A BES 70~117%, ¥ H K relative standard
devialtion, RSD)+= 0.1~7.5 %%1o™, FAA goH+= 42t
83~116%, 0.0~14.1%% ZFZH2| FAM AL 2 FoF
A AAPE ol et (3T IAl A2016-265%F,
2016. 12. 30.)<] 71s=oll A §shsich

o B T R RUEY A3elM
et BE T F 18T AFA 3%, Al 14% 9 Al
24| 1%0] AZEoH, AEFEE 001~1.26 mg/kg T+
]It Table 3). F3x72] 13 (green) EYA HEH &
ok azoxystrobin, carbendazim, fludioxonil, fluquinconazole,
flutolanil, fluxapyroxad, metalaxyl, propiconazole,
pyraclostrobin, pyrimethanil, tebuconazole, tebufenozide 2]
12522 0.01~0.38 mg/kg Tol%laL, #los)o]l(fairway)

ol azoxystrobin, dthiopyr, fenbuconazole, fludioxonil,
flutolanil, fluxapyroxad, hexaconazole, imidacloprid,
pencycuron, propiconazole, simeconazole, tebuconazole,
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Table 3. Pesticide residues of soil sample for golf course and neighboring area

Residual Amount (mg/kg)

Cfgiie I]’De Scieccitsgs Golf Course Neighboring Area

Green Fareway Rough 1 2 3
Azoxystrobin 0.10~0.13 <0.01 <0.01 <0.01 <0.01 <0.01
Carbendazim 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
Fluquinconazole 0.01~0.11 <0.01 <0.01 <0.01 <0.01 <0.01
Flutolanil 0.01 0.06~0.26 0.09~0.17 <0.01 <0.01 <0.01
A Fluxapyroxad 0.01~0.07 <0.01 <0.01 <0.01 <0.01 <0.01
Hexaconazole <0.01 0.01 0.01 <0.01 <0.01 <0.01
Metalaxyl 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pyraclostrobin 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Tebuconazole 0.04~0.20 0.26 0.27 <0.01 <0.01 <0.01
Tebufenozide 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Azoxystrobin 0.02 0.01~0.20 0.04~0.15 <0.01 <0.01 <0.01
Carbendazim 0.17 <0.01 <0.01 <0.01 <0.01 <0.01
Dithiopyr <0.01 0.01 0.03~0.09 <0.01 <0.01 <0.01
Fenbuconazole <0.01 0.04~0.21 0.01~0.02 <0.01 <0.01 <0.01
Fludioxonil 0.01~0.03 0.02 0.06 <0.01 <0.01 <0.01
Fluquinconazole 0.26~0.38 <0.01 <0.01 <0.01 <0.01 <0.01
Flutolanil <0.01 0.02 0.01~0.02 <0.01 <0.01 <0.01
Hexaconazole <0.01 0.01~0.08 0.03~0.04 <0.01 <0.01 <0.01
B Imidacloprid <0.01 0.08~0.84 0.22~0.37 <0.01 <0.01 <0.01
Metalaxyl 0.02 <0.01 <0.01 <0.01 <0.01 0.01
Pencycuron <0.01 0.03~0.15 0.05~0.16 <0.01 <0.01 <0.01
Propiconazole 0.01 0.01 0.01~0.04 <0.01 <0.01 <0.01
Pyraclostrobin 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pyrimethanil 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Simeconazole <0.01 0.03 0.02~0.04 <0.01 <0.01 <0.01
Tebuconazole 0.01 0.01~0.15 0.03~0.08 <0.01 <0.01 <0.01
Thifluzamid <0.01 1.01~1.26 0.15~0.54 <0.01 <0.01 0.02
Azoxystrobin <0.01 0.02 <0.01 <0.01 <0.01 0.02
Dithiopyr <0.01 0.05~0.08 0.01~0.12 <0.01 <0.01 0.04
Flutolanil <0.01 0.01 <0.01 <0.01 <0.01 0.01
c Fluxapyroxad <0.01 0.11 0.11 <0.01 <0.01 <0.01
Pencycuron <0.01 0.16~0.24 0.10 <0.01 <0.01 <0.01
Propiconazole <0.01 0.01 <0.01 <0.01 <0.01 <0.01
Pyraclostrobin 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Tebuconazole 0.01 0.01~0.19 0.01~0.22 <0.01 <0.01 <0.01

thifluzamid¢] 13F2.% 0.01~1.26 mg/kg T°1%3L, &
(rough) EFIX= azoxystrobin, dthiopyr, fenbuconazole,
fludioxonil, flutolanil, fluxapyroxad, hexaconazole,
tebuconazole, imidacloprid, pencycuron, propiconazole,
simeconazole, thifluzamid®| 13%°.% 0.01~0.54 mg/kg
FolQitt ZaA QA Yol AEH §2R azoxystrobin,

dthiopyr, metalaxy, flutolanil, thifluzamid®] 5%
0.01~0.04 mg/kgT O, =324 EgolA] HAEH 5
wstel, B4 QA AEH SO A3, FES
0] 0.05 mg/kg OJaFe] e ST, ofel], Tz
A AHgEE Boke) H7] % o] mE QiAo ol
7¥s/d0] vk Zlo® ket
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Table 4. Pesticide residues of water sample for golf course

and neighboring area

Residual Amount(mg/L)

C(ogl(;ifse Detected Pesticide Golf Course Neighboring Area
1 2 3 1 2 3
Azoxystrobin <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001
Bitertanol 0.0001 <0.0001~0.0001 0.0001 0.0001 0.0001 0.0001
Buprofezin 0.0004 0.0004~0.0005 0.0004 0.0004 <0.0001 0.0004
Carbendazim 0.0001 <0.0001 <0.0001 0.0003 0.0001 0.0001
A Flutolanil 0.0002~0.0006 ~ <0.0001~0.0051  <0.0001~0.0015 <0.0001 <0.0001 <0.0001
Hexaconazole 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Metalaxyl <0.0001~0.0001 <0.0001 <0.0001~0.0001 <0.0001 <0.0001 <0.0001
Tebuconazole 0.0037 0.0002 <0.0001 0.0001 <0.0001 <0.0001
Tebufenozide 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Thifluzamid 0.0001~0.0004  <0.0001~~0.0004 <0.0001~0.0001 <0.0001 <0.0001 <0.0001
Acephate 0.0002 0.0028 <0.0001 0.0005 0.0001 0.0001
Azoxystrobin 0.0001~0.0010  <0.0001~0.0003  <0.0001~0.0001  <0.0001~0.0001 <0.0001 <0.0001
Bitertanol 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Boscalid <0.0001 0.0001~0.0008 <0.0001 <0.0001 <0.0001 <0.0001
Buprofezin 0.0004~0.0005  <0.0001~0.0005 <0.0001~0.0004 <0.0001~0.0004 <0.0001~0.0005 <0.0001~0.0004
Carbendazim 0.0001~0.0012  0.0001~0.0016 0.0001~0.0021  <0.0001~0.0007  <0.0001~0.0004 <0.0001~~0.0004
Carbofuran 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Carfentrazone-ethyl 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Clothianidin <0.0001 0.0001 0.0001 <0.0001 <0.0001 <0.0001
B Fenbuconazole 0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Flutolanil 0.0001~0.0016  <0.0001~0.0004 <0.0001~0.0001  <0.0001~0.0002 <0.0001 <0.0001
Hexaconazole <0.0001~0.0004 <0.0001~0.0002  <0.0001~0.0001  <0.0001~0.0001 <0.0001 <0.0001
Imidacloprid 0.0003~0.0089 0.0001~0.0007  0.0001~0.0015 0.0001~0.0010  <0.0001~0.0001  <0.0001~0.0001
Metalaxyl 0.0001 <0.0001~0.0008 <0.0001 <0.0001~0.0011  <0.0001~0.0001  <0.0001~0.0001
Pencycurom 0.0001~0.0006 ~ <0.0001~0.0002  <0.0001~0.0001 <0.0001 <0.0001 <0.0001
propamocarb 0.0006 <0.0001 <0.0001 0.0005 0.0002 0.0002
Simeconazole 0.0001~0.0002  <0.0001~0.0006 <0.0001 <0.0001~0.0002 <0.0001 <0.0001
Tebuconazole 0.0001~0.0006 ~ <0.0001~0.0012  <0.0001~0.0004 <0.0001~0.0003 <0.0001 <0.0001~0.0001
Thiamethoxam <0.0001 0.0003 <0.0001 0.0001 <0.0001 <0.0001
Thifluzamid 0.0003~0.0014  0.0001~0.0034  0.0003~0.0015  <0.0001~0.0010 <0.0001~0.0003  <0.0001~0.0003
Azoxystrobin 0.0001~0.0002  0.0002~0.0005 0.0001~0.0003 0.0001 0.0001 0.0001
Bitertanol 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Buprofezin 0.0004~0.0005 <0.0001 <0.0001 <0.0001 <0.0001~0.0005 0.0004
Carbendazim 0.0001~0.0003 0.0002~0.0006 0.0001~0.0003  <0.0001~0.0001  <0.0001~0.0001  <0.0001~0.0001
Clothianidin <0.0001~0.0002  0.0001~0.0004 0.0001~0.0003  <0.0001~0.0001 0.0001 0.0001
Demethomorph 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
C Diazinon 0.0001 0.0001 0.0001 <0.0001 <0.0001 <0.0001
Flutolanil 0.0001 0.0002 0.0002 <0.0001 <0.0001 <0.0001
Foramsulfuron 0.0002~0.0003 <0.0001 0.0001~0.0003  0.0001~0.0003  0.0001~0.0003  0.0001~0.0003
Metalaxyl 0.0001~0.0005  0.0001~0.0008  0.0001~0.0006 <0.0001 <0.0001 <0.0001
Pencycuron <0.0001 0.0001 <0.0001~0.0001  <0.0001~0.0001  <0.0001~0.0001  <0.0001~0.0001
Tebuconazole 0.0002~0.0005 0.0001~0.0019 0.0001~0.0015  <0.0001~0.0013  <0.0001~0.0013  <0.0001~0.0013
Thiamethoxam <0.0001~0.0004 <0.0001~0.0004 <0.0001~0.0002 <0.0001~0.0029 <0.0001~0.0029  <0.0001~0.0029
o A UZXY +E T SUURE gl A zA| 2F0] HAEH e, HEEEs 0.0001~0.0089
=23 3l QA A T FrtEE EUEY Ayl mg/kg oI tHTable 4). == guelM HEd sok
A tEet 96%F T T 24T O0F ASA 9%, A 13F acephate, azoxystrobin, bitertanol, boscalid, buprofezin,
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carbendazim, carbofuran, carfentrazone-ethyl, clothianidin,
dimethomorph, diazinon, fenbuconazole, flutolanil,
foramsulfuron, hexaconazole, imidacloprid, metalaxyl,
pencycuron, propamocarb, simeconazole, tebuconazole,
tebufenozide, thiamethoxam, thifluzamid®] 24%°=
0.0001~0.0089 mg/kg oIStk &2 ATA A A
=5 TR acephate, azoxystrobin, bitertanol, buprofezin,
carbendazim, clothianidin, flutolanil, foramsulfuron,
hexaconazole, imidacloprid, metalaxyl, pencycuron,
propamocarb, simeconazole, tebuconazole, thiamethoxam,
thifluzamid €] 175°.% 0.0001~0.0029 mg/kg T+O.%E,
=324 Yolli &9 sokel nlstol, = Q1o skl
A AEE skl B TR HEFEC], I AMEE

=
Fojol Wi 59 B34 el 4T LY A2

—
=2-—0

oY Y ATXY SUNRY I Tt
I ErY £ 2 FANI AE 5

8} v 9 Flele o Es X
¥ SRR S W AR A SR HA
HE&E AbFEste] Gl st 2 Frlsks e 38
3}3l QITHBaris et al, 2010; New Jersey Department of
Environmental Protection, USA, 2000, Wong ef al,
2014). = =2 9 JAIAH L B RN HEE 5o
o] EFAECl mAl= 9¥s Hrkebl Slste], EU ¥
OECD oA B 5 #4549 5497 A BAE=Z
ARESEAL gl AFolel digk SR rAAbsE
(Lethal Concentration 50, LCx)E ZAFH 23, 6 mg/kg
~>1,000 mg/kgATHAn et al, 2017; Lee at el, 2007
Pesticide manual, 2015). =324 3 Aol A] AEH F
18%F &k HuaEss A"olol tidh LCsE HlaLste]
AFEE 1SS 1/23~1/100,0000] HEIZ Sto}, EFAEA|
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A99] AN RN HAEE s A Bl nA=
&R FAEA & HAEH SAETE AR E
EARESRL Sl o, BHE 2 27 59 aASEAEY
HHE2]AFs 5 (Lethal Concentration 50, LCsp) ot ¥
8l % (Effective Concentration 50, ECsg) 3 Ak A48k
%13, 0.00096 mg/L ~>100 mg/L3ITHPesticide manual,
2015). =24 4 1A elx] AEE F 24F w0k H
AEFLe} T 3 ed SAH7E AudEY 4%
o Hagks vlaste] A9 HlES 1/10 ~ 1/250,0009]
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