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Persistence and Behavior of Organophosphate
Insecticides, Ethoprophos, Fenitrothion,

Chlorpyrifos Applied on Golf Course Putting Green

Su-Mi Kim

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University

Supervised by Professor Mock Huh

Summary

Study on pesticide fate in turf ecosystems is important to better understand
the potential impact of pesticide use on the environment and human health.
Therefore, this study was conducted to evaluate the environmental fate of three
commonly used organophosphate  insecticides, ethoprophos (O-ethyl-S,S-
dipropyl-phosphorodithioate), fenitrothion(O,O-dimethyl O-4- nitro -m- tolylphosphoro—
thioate), and chlorpyrifos (O, O-diethyl-0O-3,5,6-trichloro-2-pyridylphosphorothioate)
in a creeping bentgrass (Penncross) putting green under customary field
management practices at the turf research lysimeter facility made with USGA

specifications during 2005. Clipping removal and soil residues of the insecticides



were quantified and leaching loss was monitored using lysimeters installed in
putting green plots.

1. During the experiment, rain depth was 276.lmm and the leached depth,
including irrigation through surface profiles was 77.5mm, which was 28% of rain
depth. So no run—off was observed.

2. The dissipation half-lifes for ethoprophos, fenitrothion and chlorpyrifos in
putting green were 5.4, 4.8, and 15.4 days, respectively. The persistence, period of
reducing below the minimum detection limit(MDL) were 12, 10, and 30 days for
removed clippings and 28, 22, and 64 days for green surface soil, each of which
was twice and four times longer than soil half-life.

3. The maximum concentration of insecticides detected in leachate sampled
from the reservoirs installed under 70 centimeters from the surface were less than
20.6ppb, 1.6ppb, and O0.2ppb for ethoprophos, fenitrothion and chlorpyrifos,
respectively. This leaching trend was proportional to the water solubility(770, 30
and 0.3mg/L) and exponentially proportional to groundwater ubiquity score(GUS
1.8, 1.0 and 0.5).

4. Of applied mass, grass clipping removal and leaching loss accumulated
to 0.08~0.45% and 0.002~0.109%, respectively. It suggested that the potential
impact of insecticides applied on putting green on the surface run-off or ground

water contamination be minimal or below 0.7% of the applied mass.

Key words : insecticide, lysimeter, leaching loss, putting green, application rate,

ethoprophos, fenitrothion, chlorpyrifos, grass clipping removal
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Table 1. Pesticide application amount (kg) on four areas in a golf course

Pesticide Green Tee Fair Rough Total
Insecticide
fenitrothion 31 24 40 95
chlorpyrifos—methyl 4 3 17 29
ethoprophos 47 47
ethofenprox 8 8
Fungicide

iprodione 21 27 48 28 124
mepronil 24 36 60
polyoxin D 1 1 1 3
thiram 3 7 9 4 23
thiophanate—methyl 37 37 15 27 116
fenarimol 1 4 5
etridiazole 9 4 13
hymexazol 8 8
tebuconazol 7 7
azoxystrobin 13 13 17 43
metalaxyl 9 9
focetyl—Al 10 38 48
propineb 57 57
streptomycin 3 3
oxine—Cu 17 17

Total (kg) 173 158 148 236 715

Area (ha) 1.5 1.8 22.8 24.8

Rate (kg/ha) 115.3 87.8 6.5 9.5
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o)ste] Foke §BA ] gl o GUS 280149 o2 AstsolA PE7EA ol

we otow BRagon, GUS 18~289 Horg Fuudel wotew ¥Rad

2002b), dUlA Ao A= EGT w77t vtolx= 54 wiidd #HrF 2 ERVIEE
24 A4gst 483 AS FHs)
TEa 3 A el el FeF 1 &

@ 5 9t Ao WAL gk

5 SZE FH Xzt HS =Y

T TRl AE 27 EUHYE 0dE 2VRH Y

e
i

PN

T
2 234 =270 E8HE carbaryl, dimethoate, diazinon, fenitrothion, parathion,
malathion % F7]274] A&AS FHor EAHgoY AFYA FUYHAFE,

1991; $HA % 2002). T3F 1999 EHE FEZFoA thEko 7 AMgEE 1659 FoF
I GFEF, ARE HFAFE SAAA HAEEH THAHELS Table 29

veld Hle} 2o] diazinon, fenitrothion, ethoprophos, tebuconazole % ©] & il 65ppb
A AEH AL 5, 1999-2003)
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Table 2. Pesticide concentration detected in surface water in golf courses

Pesticide Samples No. c.>f Percentage Concentration Years
detection % ppb surveyed
ethoprophos 42 4 95 0.1-1.0 "99
fenitrothion 106 3 2.8 0.4-0.5 99, 02
diazinon 64 1 1.6 2.0 02
tebuconazole 48 9 18.8 0.8-65 '01. '02
others 1,308 0 0 0
Total 1,568 17 1.1

224 Ass F wobdRel od AF% ZAAFE Table 301 e o}
72t} 199199l chlorothalonil, dicofol, captafol, captan, diazinon, fenitrothion, DEP,
phenthoate, EPN & 9% s s W@ oz ZARSE Aol A golw, 1
oe 85 2 Ao F27]Fd E¢®H  dimethon-S-methyl, diazinon,

fenitrothion, parathion, malathion & 7|4 &4FAE THo=E EAHJoY A=
£

iy

BuE AL gk ®=3 1999W=RE ZTEZ A F

16%9] sS A g A (Table M= HAEHA= ¥ 3o

FEH AgEdoy g Aate] Adds AEHA & Aow BustAthEPA,
1992; Barbash, 1996). &3] AMg® soF 1175 sl 2UE s & A3 Cohen
5 (1990), Odanaka 5(1994), Swancar(1996) 5ol 23] 22%F F AR H=E=% A
o2 Hustgon, GCSAA997) M E 134F T 21F Aol HAus=7|+ 0.04~
126pph, A& 52 1.3%= B sty UthFig. 7). B3 AZ oA ko] AEES

52062 A A8kel Hls] 4¥) =4 HE=5 o)
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Table 3. Pesticide concentration detected in ground water in golf courses
from 1999 to 2003

Years

Pesticide Instruments
1999 2001 2002 2003 used
hexaconazole 0.000 0.000 GC-TSD
tebuconazole 0.000 0.000 0.000 ”
metalaxyl 0.000 0.000 0.000 ”
iprodione 0.000  0.000 0.000 0.000 ”
mepronil 0.000 0.000 0.000 ”
etridiazole 0.000 0.000 0.000 ”
pencycuron 0.000 ”
oxadixyl 0.000 ”
ethoprophos 0.000  0.000 0.000 0.000 GC-FPD
fenitrothion 0.000' — 0.000 0.000 0.000 ”
chlorpyrifos 0.000 - - -
chlorpyrifos—methyl 0.000 0.000 0.000 0.000 ”
tolclofos—methyl 0.000 0.000 ”
diazinon 0.000 0.000 ”
deltamethrin 0.000 GC-ECD
thiophanate—-methyl 0.000 HPLC-UV
No. of Wells 14 26 32 34
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Triclopyr
Triadimefon
TCP

Simazine
Propiconazole
Pronamide

_Oryzalm BSurface Water
Methamidophos OGround Water
Metalaxyl
Malathion
Lindane
Isophenphos
Iprodione
Glyphosate
Fenarimol
Fenamiphos-
Fenamiphos-sulfone
Fenamiphos
Ethoprophos
Ethofumesate
Diuron
Dicamba
Dacthal diacid
Chlorpyrifos
Chlorothalonil
Bentazon
Atrazine
Arsenic
Ametryn
Acephate
24-D

|

it

0.01 0.1 1 10 100 1000
Max. conc. detected(ug/L)

Fig. 7. The comparison of concentration detected in the surface and
ground water estimated from the pesticides applied on golf
course(quoted from the data of GCSSA, 2002).

_20_



m Az % 34

1. AlE =S| A= AlEAIE

o
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Fig. 8. Schematic golf course green constructed under USGA specifications
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2. =90 sy

ok F7|¢l Al F2k<l ethoprophos, fenitrothion, chlorpyrifos 5 3%<&

Table 4. Physical properties of organophosphate insecticides, ethoprophos,

fenitrothion and chlorpyrifos

Properties ethoprophos fenitrothion chlorpyrifos
molecular weight 242.3 214.2 350.6
water solubility(mg/L) 750 30 0.3
vapor pressure(mPa) 46.7 18.0 25
" Koc(mL/g) 70 332 3861
* ADI(mg/kg,b.w) 0.0003 0.003 0.01
"HAL(mg/L) 0.02
Soil half-life(days) 87 12 97

Koc : Pesticide adsorption coefficient normalized on organic carbon fractions

*ADI : Acceptable daily intake, "HAL : Health advisory level
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a) ethoprophos

0 5—(Hy—CHy—CH,
e
= CH=0=P

S — CHy — CHy — CH,

b) fenitrothion

5 0—CH
N/ 3
AN
0N o 0—CH,
CH,
c) chlorpyrifos
1 3 O—CH,—CH
_N \\\P/ 2 3
| \\ / C'/ \\O_CHE_CH3
1

Fig. 9. Structural formula of organophosphate insecticides, a) ethoprophos, b)

fenitrothion and c¢) chlorpyrifos

_23_



3. BREEY 59 HEH

ANgsef AEE oA e AXFHO s e FASE 8w TS FeA)
‘AN T d@ 3], 2005 =4 Table 59 #Zo] 3709 Foks A¥3kgh

ethoprophos(“#™; B+ £o2 A Axstgon vmAl fenitrothion(%

n-lH

o, 2=u]x2)3} chlorpyrifos(“d# %, Tl2=HWh = E57](backpack sprayer)ol| Al
20mLe} 3k4] 20gS 717 T B 20L Yol £33 3 FAo X3 A3

T 3ol ok EAS HAast sl YA SmmE ¥k tH(Potter, 1998).

H

Table 5. Pesticide rates applied to the lysimeters

Pesticide Co(rg/(t)e):nt égglt\lggtetro kg/ha Apphcatlor;];tgemz
ethoprophos 5 240g 3.0 2400
fenitrothion 50 20mL 5.0 4000
chlorpyrifos 20 20g 2.0 1600

xPesticide using manual, 2002
4. Al=2 A W B

D 2y % BEY

e Algs a2d Jdgag g dF7(2dREH)E o8t A7|sk=dH 87y
T E(REE 3~4mm)= #g sty 8 ZEad BE F oF 500gS polyethylene
zipper bagell AF st YR FASHEA EASAT EYGAEE FYE grass plot
sampler(Eijkelkamp) 2 107§ #13& #F 3 F polyethylene zipper bagol 1. ¥a}o]
AAA R Frkste] WA Basiglon, AF F BT 3YS 9A ¥EE A
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ARs o, A% %
o 2005 9€ 229 A X & 7047 Al ¥ BEYUEH

D Y 2 EgAE
AAR ATARE AR 272 Adn A ALHAE o o4 BHax @
 AAE AR F 10ge AATesA Agor], EFARE AAE AR AVE
HAd Yol #ARY F S0g Hstel HAZeprae] ¥tk of7]ol actone:

ethylacetate : water =2:2:19] H| &2 g9 E 7tE 59 50mlE € 277 A&
JYEFS ¥ ts oq#eta, oAl £33 50mL

atlon, FEE ofde FEal
2 Jbete] AH T REFAUEF 2o Eiste] oslgrt. o Ae Laabs &
(1999)2] A Algk WHoll ofs] HA * 2uLE GC-TSD(Varian 3800, USA)ol T3

¢

F

o] A=FalgdHFig. 10). ©] ®Wj ethoprophos, fenitrothion, chlorpyrifos®] 3]4=& 3}
FHA U HEFSA = Table 63 72t}
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Table 6. Accuracy of pesticide analytical results for soil and grass samples

Ethoprophos Fenitrothion Chlorpyrifos
Re(g%ery * Stdev " MDL Re%%ery Stdev MDL Re‘g%ery Stdev MDL
Soil
116.1 0.005 0.016 78.2 0.001 0.003 75.2 0.006 0.017
(mg/kg)
Grass
137.6 0.026  0.081 67.9 0.005 0.016 82.9 0.006 0.017
(mg/kg)

"MDL : Minimum detection limit, * Stdev : Standard deviation
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Soil 50g, Lawn 10g

Acetone : Ethylacetate : water = 2:2:1 Mix 50 mL

Shaking for 2hrs

Extracting

Filtrate

Anhy. NazSOy

Concentration to near
dryness in rotary

evaporator

Cleanup with SPE

Vial 2 mL

Determination(GC/TSD)

Fig. 10. Flow chart of pesticide analysis for soil and lawn using a gas

chromatography equipped with thermionic selectivity detector

N)

) g%

o

ZFde BAe GC/MS(Varian 4000, USA)E o] &3te] HS-SPMEW o=
Sakamoto®?} Tsutsumi(2003)7} #|¢kek WHez FA31¢th(Fig. 11). ©] wWl ethopro
—phos, fenitrothion, chlorpyrifos®] 3|&-2 94.3, 75.8, 783 X +HA= Z+Z} 0.159,
0.063, 0.032°1% o™ A=A = 0.5ppb, 0.2ppb, 0.1ppbE YEF AT}
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Leachate 16 mL

Anhy. NaxSO, 4g

Combi PAL-SPME
(Solid Phase Microextration)

Determination(GC/MS)

Agitator Temp. : 40C
Pre incubation time : 2 min
Extraction time : 30 min

Desorb time : 10 min

Fig. 11. Flow chart of pesticide analysis for leachate using a mass
spectrometor equipped with Combi Pal, automated HS-SPME

system

2t 10g, % 50g< #Aske] EE 500ppm &4 10, 20, 30, S0uLE 23to]

2 @ F AEUFig. 101 o EAsta Sl AT A} LA g W]
F&s SANeH, 7P e o EFEdS 33] 24 F AL gl xFdA

ehtoprophos, fenitrothion, chlorpyrifos 22t 0, 1, 2, 4, 8 mg/LE GC-TSD=

¥4 ¥ Fig. 12 2 Fig. 139 2o A34S 483

Fig. 143} 7t}

o

M, Zhzte] AEAbEIRE
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y = 2E-05x - 0.0715
R?=0.9991

oo

- y = 5E-05x - 0.2454
> R?=0.9969
E
5 6 y = 2E-05x - 0.139
® R®=0.9976
S ¢4
(&)
§ « ethoprophos

2 M fenitrothion

A chlorpyrifos
0
0 100000 200000 300000 400000

peak area(Au)

Fig. 12. Calibration curves of ehtoprophos, fenitrothion and chlorpyrifos

for soil and lawn

100
y= 0.215x - 3.3594 & ethoprophos
— 80 | R =0.9859 W chlorpyrifos
2 A enitothion
R y =0.0055x + 1.9237
= R?=0.9971
§ 40
o y =0.0004x +0.286
8 2 R?=0.9974
0
0 5000 10000 15000 20000 25000 30000 35000
peak area(Au)

Fig. 13. Calibration curves of ehtoprophos, fenitrothion and chlorpyrifos for

leachate
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b) Soil
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L] L] [l 7] e L] e
i é [ T T ST
c) Leachate
. e
|
P |8
LE Ei l P
£ H 1y 3 I
T S A __._-1. | Jil'—l-"P}u—F— —F
E] "] h -

Fig. 14. Chromatograms of pesticide analysis for the samples of lawn, soil
and leachate
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Ll
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Ermz sppel dAE fETEE Bl ANY $YY T FHYES B4
B4 20l el Ausgor], HE F ARAFW $EFe] FAZHS 1A
HEY F gL 9@ okl AARS FHYUT

GCF : dA &= A AE(%)

C: dA=%F FALdFE%E ALt mg/kg
Y @ A=A E(0.024kg/m’)
A @ WA (4m X 2m=8m’")
P

LF : Leaching loss(%)

C:
Vo
P:

FEd AT F IFFE(ug/h)

A= (L)
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80

Rain depth(mm)

Days after treatment

Fig. 15. Rain depth during the experiment periods(2005. 9. 22 ~ 11. 30)

20

16 |

Leached depth(mm)

Days after treatment

Fig. 16. Depth of leachate during the experiments, in which the depth was

derived from dividing leaching volume by lysimeter area(8m’)
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2. O BES Sounsy

Aoz I HWu 5, 2002). 2 FwHo] ¥y A=A ethoprophos,
fenitrothion, chlorpyrifos®] 3= 13 Esl&E2d 71 A3 Hel=2 ERs).

e RS 71702 & u, chlorpyrifos> fenitrothion> ethoprophos®] %=¢]%}

At ZoR Hol R F2Y HTo dxdel ofsir A FFe L= AL
= FAEY

Table 7. Vapour pressure and Henry's constant

ethoprophos fenitrothion chlorpyrifos

Vapour e e e
47 x 10%(25TC) 214 x 10°(25C) 4.2 x 10°(257TC)
pressure(mmHHg)

Henry's constant

) 3.14 x 107 1.88 x 107 255 x 10"
(Pa m“/mol)

olg gt 3¢S chlorpyrifost F&4do] vol Fo &= A&o] & Fof
of Hla} G o Aa FUIHE /e woF T UHE W] uitel] 23 $AEx

A dEe HA Be Aoz AZHEAY ¥ ethoprophost chlorpyrifosel] B 3

7162 10191 W, S840 100011 2] ZF7E 347

Aol gt T vEA Yetdle e A7)+ chlorpyrifos7t
7}4 A 31, ethoprophos”’t 7F3 2He kS e

3 Watanabe(1993)&= E ol Ax g Fofel 3dA

ol
flo
o|\

714

¥
@
®
o
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Fig. 17 AA|E Ao 4 & o83t In y=-0.6903¢ wo] xgkel whih7]
= chlorpyrifos, ethoprophos, fenitrothion® o2 Z+Zb 154Y, 6.8, 4742 A4t
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ol#]gk k2 Wauchope 5(1992)3 Vogue 5(1994)0] A3t A= 97Y,
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7 r
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i

0
(@)

i

=

Ay
o2

gol Abolrk & washy

AA
e el E o Ee Balsklth
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Ln(C/Co)

Ln(C/Co)

Ln(C/Co)

Ethoprophos
-1
2 y =-0.1655x + 0.432
R%=0.9702
3
4 |
-5
0 10 20 30 40 50 60 70
Days After Treatment
0
Fenitrothion
-1 y =-0.1937x +0.2093
2 | R?=0.9768
-3
4 L
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Days After Treatment
0
Chlorpyrifos
-1
2 y =-0.0554x +0.1621
2_
3l R*=0.9849
4 |
-5
0 10 20 30 40 50 60 70
Days After Treatment

Fig. 17. Dissipation of organophosphate insecticides, ethoprophos, fenitrothion and

chlorpyrifos in the putting green surface
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2 | ethoprophos

Concentration(ug/L)

Days after treatment
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20 | fenitrothion
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Fig. 18. Insecticide concentration detected in leachate sampled from the reservoirs

installed at 70 centimeters below the putting green lysimeters.
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