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A gas chromatography-high resolution mass spectrometry (GC-HRMS) method with solid-phase extraction
has been developed for the quantitation of organophosphorous pesticides in surface water. Target compounds
in this study were bromacil, cyanazine, dichlorovos (DDVP), metribuzin, phorate, propazine, trifluralin, edifen-
phos, molinate, iprobenfos (kitazine), diazinon, parathion ethyl, fenitrothion, parathion methyl, simazine and
chlorpyrifos. Prior to sample analysis, solid-phase extraction was optimized using RP-1, FL-PR, C18, PES-
TICIDE, ENVIIS8 and LRC-SI. The result of the recovery test showed there was no ideal SPE cartridge to pro-
duce over 80% recovery. The order of recoveries was RP-1 > PESTICIDE > C18 > ENVI18 > FL-PR > LRC-
SI. The use of a 5% acetone in dichloromethane helped to increase the recovery rates for some pesticides.
Method detection limits of HRMS using RP-1 ranged from 2.2 to 11 ng/L for all of target compounds. The
method was applied to the measurement of organophosphorus pesticide residues in surface water (n=56) from
Han River. Major pesticides detected in the samples were iprobenfos (nd~160 ng/L), chlorpyrifos (nd~10 ng/
L) and others with the low ranges of ng/L. Higher concentrations for these compounds were observed in sites
close to highly populated or agricultural area. The use of HRMS with optimized SPE provides increasing sen-
sitivity of detection for target compounds.

Key words: multi-residual measurement, high resolution mass spectrometer, water, organophosphorous pes-
ticide, solid phase extraction
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Table 1. Instrumental conditions of gas chromatography coupled with high resolution mass spectrometer (GC-HRMS) for

the analysis of organophosphorous pesticides

Condition for GC (Trace GC2000, Thermo, Germany)

GC capillary column

DB-5MS, 30 m x 0.25 mm i.d., 0.25 um film thickness

Ramp of oven temp.
Injection port temp.: 235°C

90°C (1 min)-25°C/min-180°C-5°C/min-270°C (5.9 min)-30°C/min-290°C (1 min)

Injection mode : Splitless mode
Carrier gas : He, > 99.9999%

Gas flow mode: constant flow (1.0 mL/min) with vacuum compensation mode

Condition for HRMS (Finnigan MAT95XP, Thermo, Germany)

Ionizing current: 0.5 mA
Ionizing energy: 42 eV
Ion source temp.: 230°C

Accelerating voltage: 5.0 kKV
Ton multiplier voltage: 1.95 kV
Resolution: >8,000~10,000 (10% valley)
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Table 2. Chemical formula and molecular information of target organophosphorous pesticides group I.

Compound CAS Number Chemical Formula MW
Bromacil 314-40-9 C¢H;3BrN,0, 261
Cyanazine 21725-46-2 CoH,5CINg 241
Dichlorovos (DDVP) 62-73-7 C,H,CL0,P 220
Chloropryfos 2921-88-2 CoH;; CINO4PS 349
Isoproturon 34123-59-6 (CH3),CHC4H,NHCON(CHjy), 206
Metribuzin 21087-64-9 CgH,,N,0S 214
Phorate 298-02-2 (C,H;0),P(S)SCH,SC,H; 260
Propazine 139-40-2 CoH,4CIN; 230
Terbufos 13071-79-9 (C,H50)-p-(0)SCH,S0,C(CH3)4 288
Trifluralin 1582-09-8 F3C(NO,),C¢H,N(C5H), 335
Edifenphos 17109-49-8 C,H,50,PS, 310
Molinate 2212-67-1 CoH,sNOS 187
Iprobenfos(kitazine) 26087-47-8 Cy5H,,04PS 288
Diazinon 333-41-5 Cy,H,N,05PS 304
Parathion-methyl 298-00-0 CgH,(NOsPS 263
Parathion-ethyl 56-38-2 C,oH1.NO5PS 291
Fenitrothion 122-14-5 CoH,,NO5PS 277
Simazine 122-34-9 C;H,,CINg 201
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Table 3. Exact masses for the low mass group and labeled
compounds for the analysis of high resolution
mass spectrometer.

Compound (low mass) Quan. Mass Qual. Mass
Molinate 187.1031 126.0919
Metribuzin 214.0888 198.0701
Simazine 201.0781 186.0546
Bromacil 260.0160 161.9554
Dichlorovos(DDVP) 219.9459 184.9771
Propazine 229.1094 214.0859
Cyanazine 240.0890 225.0656
Simazine D10 (surrogate) 193.1094
Linuron D6 (surrogate) 254.0589
Atrazine D5 (internal std.) 205.1094
Lock mass 180.9883
Calibration mass 242.9851
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Table 4. Exact masses for the high mass group and label-
ed compounds for the analysis of high resolution
mass spectrometer.

Compound (high mass) Quan. Mass Qual. Mass

Phorate 260.0128  230.9737
Parathion-methyl 263.0017 232.9548
Fenitrothion 277.0174 124.9826
Terbufos 288.0441 153.0139
Iprobenfos(kitazine) 288.0949 246.0479
Parathion-ethyl 291.0330 154.9932
Diazinon 304.1010 137.0715
Edifenphos 310.0251 172.9826
Trifluralin 335.1093 264.0232
Chlorpyrifos 313.9574  348.9263
Linuron D6 (surrogate) 254.0589
Fenthion D6 (surrogate) 284.0670
Parathion-ethyl D10 (surrogate) 301.1113
Chlorpyrifos D10 (internal std.) 324.0357
Lock mass 242.9851
Calibration mass 330.9787
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Fig. 1. Representative chromatograms of standard mixtures, surrogates and internal standards of organophosphorous

pesticides group I
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Fig. 2. Example of calibration curves of organophosphorous pesticide group I (1~200 ng/mL, 50 ng/mL is excluded).
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Table 5. Coefficient of determination, recovery rates and

method detection limits achieved for the organo-
phosphorous pesticides group I by RP-1 and GC-

HRMS.

R? Recove MDL

Compound 1 900 ngimL) (%) i (ng/L)
Bromacil 0.999 103 39
Dichlorovos(DDVP) 0.999 82 9.7
Metribuzin 0.999 65 5.9
Phorate 0.999 110 8.3
Propazine 0.999 64 6.5
Terbufos 0.998 43 6.5
Trifluralin 0.999 67 2.8
Edifenphos 0.999 101 8.3
Molinate 0.999 40 10.0
Iprobenfos(kitazine) 0.999 111 7.0
Diazinon 0.999 59 36
Parathion-ethyl 0.999 106 2.2
Fenitrothion 0.999 110 5.6
Parathion-methyl 0.995 51 9.0
Simazine 0.996 55 10.6
Chlorpyrifos 0.999 79 8.9
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Fig. 4. Distributions of iprobenfos (Kitazine) and chlorpyrifos in surface water from Han River (unit : ng/L).
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