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Simultaneous Determination of Organo-phosphorus and Organo-chlorinated Pesticides in Soil
and Lawn Samples of Golf Courses

Yong Chan Seot

Department of Environmental Engineering, Sangji University

ABSTRACT : Organo-chlorinated pesticides have been seldom measured in Korea because their use was banned for more than two decades.
Nevertheless, the environmental persistency of these pesticides requires regular monitoring. Only organo-phosphorus pesticides are currently
being monitored in Korea. Simultaneous determination of organo-chlorinated and organo-phosphorus pesticides was attempted using gas
chromatography/mass spectrometer detector. Pressurized fluid extraction(PFE) was used in sample preparation. PFE showed equivalent extraction
efficiency to traditional soxhlet extraction with less solvent use and less sample preparation time. Average recovery of spiked pesticides to
soil and lawn samples was 62% tanging 52 to 154%. Method detection levels(MDLs) for these pesticides ranged from 3.4 to 10.5 ug/kg.
Endosulfan, fenitrothion, and diazinon were found in the samples from 5 different golf courses out of 9 courses.
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Fig. 1. Annual pesticide use in Korean golf courses.
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Table 1. Sample number and matrix

Number of samples

Date Golf Soil Lawn Course name
courses
Fairway Green Fairway Green

2001.06.18 G -1 2 2 2 2 East, West
2001.06.19 G-2 3 3 3 3 In, Out, West
2001.06.19 G-3 3 3 3 3. East, West, South
2001.06.21 G - 4 1 1 1 1
2001.06.22 G-5 3 3 3 3+ Mount, Lake, Public
2001.06.25 G - 6 1 1 1 1
2001.06.26 G -7 1 1 1 1
2001.06.26 G - 8 1 1 1 1
2001.06.27 G-9 1 1 1 1

Total 9 32 32

NEE AYI9e 458 HYadY 527 o9 Al
22 AAYAT. @ & 219} AL2W] Yk B F R
25 AR A5 HY1d Egos Fua BAstt
g9 AR Bole oF 15 cmz %Y AHFS AAT ¥
A% 5 om oo BE2E ARG B eI A
A B¢ ABE o o4 B @AHE AL PR
71 S8l A” A7A -15C olFNA YERY FAT

21.2. &l

ERNEE AAT 5L AAAAM IYAEE ARSI
M ZE AlgE doldo] JHst B9l FHE FEIHA
AF - g3 AAS FoAEE 92e 27 A6 2
Bt APAR uleiglnt 2709 SXFAA 29 240
o B5g AF] ARE A5 Ax FHE AASAS
AR 7D Age FEd g Inst FAHe AL 2
Ask7] o AP A7A -15T olsolA WFEFE FHTh

22. Al22| HMAE|

EFANEE 9 AURYE AAT F 2 mme] AE
ERAZ AL Mo Agath IHARE AEHH B
H7k $d 2] =] Algs AddA A222 124
4% ¥ o2 EE I EY Zo] gol259 &
ol gs] AFF /IR B E AANL JUE BA AE
Efsted 240 ALgstdth Al AdlA 15
A7 BHL EPA Method 3545A%) w2 7}k
%Z(PFE) Yo JI& £l F&7](Accelerated Solvent
Extractor, Dionex ASE 200)E A}23%13 Table 2= ASE
9 4 2dg RAZT Fig 2= A2Y XY HE9

B dor min N >

32L RAFTh ASE AXE FE3F F sodium sulfated
ol gd] FEES AASNRL florisil columng o] &3l W&
Ag AAGGer AZ 23S | mLE DFYUTh B4

£33 BRE B2 go]24Millipore, Milli-Q)E AHE3S
I 229 AT A8 F&, FA, EFAY A ALE



Table 2. Running parameters of ASE-200

Accelerated solvent extractor condition

Solvent Acetone/dichloromethane(1 : 1)
Oven temperature 100°C
Pressure 1,500 psi
Static time 5 min

60% of the cell volume
60 sec at 150 psi
Static cycle 1

Flush volume

Nitrogen purge

Soil sample 20 g, or lawn sample 5 g

Add surrogate standard

Extract sample with ASE-200

Dehydrate with Na,SO4

Clean-up with florisil column

|

Evaporate with K-D concentrator

Concentrate to 1 mL with N> gas blowing

|

Add internal standard

Analysis with GC/MSD

Fig. 2. Flow chart of soil and lawn sample preparation for
organo-phosphorus and organo-chlorinated pesticides.
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Table 3. GC/MS operating condition for pesticide analysis

GC model CP-3800, Varian
Column CP-Sil8 CB Low Bleed/MS.
(30 mx0.25 mmx1.2 pm), Varian
Temperature Rate Holding time
(C) (C/min) (min)
30
Oven temp. 190 10 2
202 2 2
220 4 2
300 20 2
Injection temp. 250°C
Transfer line temp. 200°C
Carrier gas Helium
Column flow 0.8 mL/min
Injection type Programmed Splitless(0.75 min)

Table 4. Target compounds - golf course pesticides

Class Compound Molecular formula

Parathion CioH1sNOsPS
Fenitrothion CoHi2NOsPS

Organo-phosphorus Diazinon Ci12H21N205PS
Phenthoate CoH,704PS,
Methidathion CgH(1N2O4PS;

0 hlorinated Endosulfans CoHeCl038

reano-ciorinate Chlorothalonil CsCuN,

Ciotety 3ote(X] 278 122, 20059 124
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Table 5. MS running parameters for pesticide analysis

MS model Saturn 2000
Mass type Ton trap
Mass range 50~450 amu(Selected Ion Monitoring)

Ionization mode Electron impact
0.600 sec

8.0 min

Scan rate
Fil/Mul delay time

Table 6. Selected ions used for pesticide analysis

Class Pesticide l?etentlf)n Ions monitored
time(min)
Diazinon 22.624 137, 199, 305
Fenitrothion 25.936 260, 277, 125
Organo phosphorus  Parathion 27.066 291, 109, 292
Phenthoate 29.331 274, 246, 121, 177
Methidathion ~ 30.303 145, 85, 125

Endosulfan 24,067 241, 239, 277
Endosulfan I 34.646 195, 241, 243
Endosulfan II  31.139 237, 207, 281
Chlorothalonil ~ 23.016 266, 265, 268

2,4,5,6-TCMX  20.162 210, 207, 244

Naphthalene-d8  13.641 136, 108, 134
Internal standard Anthracene-d10  22.858 188, 160, 189
Chrysene-d12  38.962 240, 241, 237

Organo chlorine

Surrogate

2.4. Quality assurance/quality control(QA/QC)
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Compound :;;;Irﬁli:.l) Quantitation Ions

Naphthalene-d8 13.641 136 +108 + 134
2,4,5,6-TCMX 20.162 2104207 +244
Diazinon 22.624 137+199+305
Anthracene-d10 22.858 188+ 160+ 189
Chlorothalonil 23.016 266 +265 1268
Endosulfan 24.067 24142394277
Fenitrothion 25.936 260+277+125
Parathion 27.066 291+4-109+292

Phenthoate 29.331 2744246+ 121 +171

Methidathion 30.303 145+85+125
Endosulfan IT 31.139 2374207 +281
Endosulfan I 34.646 19542414243
Chrysene-d12 38.962 240+241+237

Fig. 3. Chromatogram of standard solution.

Table 7. Calibration curves and coefficients of determination
2

Compound Equation r
Parathion y =1009.2x - 290.3 0.962
Fenitrothion y =2108.9x - 705.3 0.987
Diazinon y=2175.5x - 1283 0.960
Phenthoate y =5626.2x - 2991 0.967
Methidathion y=911.9x - 336.3 0.984
Endosulfan y =2003.9x + 53.3 0.999
Chlorothalonil y =1403.0x - 137.8 0.995
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Table 8. MDL and percent recovery of pesticide added to soil
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Table 10. Residual pesticide in soil samples of golf courses

samples Residual
MDL, QC, MS, MSD, Class  Pesticide Golf courses  Division concentration

Class Analyte ngke o o 9% (mg/kg)
Parathion 10.5 102 98 116 G - I(East) green soil 0.090
Fenitrothion 3.7 10299 120 Highly o oeutfan @ 7 3(Eash)  green soil 0.015
Organo- Diazinon 34 - 7 toxic G-9 g.reen 5011. 0.161
phosphorus G-9 fairway soil 0.023
Phenthoate 6.3 95 92 101 G - 1(East) green soil 0.028
Methidathion 42 114 127 175 G - 1(West) green soil 0.062
Organo- Endosulfan 3.5 123 713 32 Toxic Fenitrothion g ;Eg;:t)) gi:: ZZI; ggiz
chlorinated  Chlorothalonil 43 103 118 104 G .7 green soil 0014
Diazinon G - 1(East) green soil 0.010
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Table 9. AFCEE's acceptable limits of spike recovery for water

samples

Analysis Re((:;f)ery Analysis Rez;v)ery
Volatile Organics 70 ~30 | Organo-chlorinated Pesticide 50~ 140
Volatile Gases 50~150 Captan 20~130
Base/Naturals Extracts 60~ 140 Endosulfans 25~140
Acids Extracts 80~120 Endrin Aldehyde 25~140
Herbicide 40~160| Organo-phosphorus Pesticide 50 ~200
Triazine Pesticide 50~200 Trichlorophon 20~200

Carbamate Pesticide 50~ 150

Source : U. S. Air Force Center of Environmental Excellence®
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Fig. 4. Residual pesticides in golf courses.
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