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the Multi-resdual M easurement

Jaewon Choi' and Bushik Moon
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Shintanjin-ro 560, Daedeok-gu, Dagjeon 306-711, Korea

Minimizing the detection limits of environmental analytical chemistry field is one of the hot issues for risk
assessment, data mapping and policy making etc. At present study, measurement conditions using high res-
olution mass spectrometer with gas chromatograph (GC-HRMS) were optimized for the anaysis of orga-
nophosphorous pesticides (OP) group-11 from ambient water samples. Exact masses for each compound were
calculated using exact mass of elements listed in National Institute of Standards and Technology (NIST). Exact
masses using selected ion monitoring (SIM) were verified for the target pesticides and internal standards on
DB-5MS capillary column. As an internal standard, isotopes of polycyclic aromatic hydrocarbon (PAHs) were
used. High sengitivities and available separations for the pesticides were obtained by grouping test. Cdlibration
curves was performed using 0.5~200 ng/mL with R? value ranges for 0.9945~0.9994. Instrumental recoveries
for the known concentrations showed 73~99% with acceptable repeatabilities with some exceptions. Com-
mercialy available solid phase extraction cartridges were compared to optimize the sample preparations.
ENVI-18 showed the highest recovery ranges with 88~124% for the target compounds.

Key words. multi-residual measurement, high resolution mass spectrometer, water, organophosphorous pes-

ticide, solid phase extraction
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EREIPE (gas chromatograph, GC), 7F~I=rIE
= A#EA7] (gas chromatograph-mass spectro-
meter, GC-MS) & dAaZvlEad=Z (liquid
chromatograph, LC), 4| ZZw}E 13 2 2R A7)
(liquid chromatograph-mass spectrometer, LC-MS)
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A AsAlE=AEA o] AR (MS-MS)H 37 3L
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2.1 AlgF & 7T
carbophenothion, chlorfenvinphos,
ethion, ethoprophos, fenamiphos, isazofos, isofenphos,

xEEA1

mevinphos, phenthoate, phosmet, phosphamidon,
pirimiphosethyl, pirimiphosmethyl, profenofos, pyri-
daphenthion, triazophos= Dr. ErhenstorferA} (GA,
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AREE T A Blael] AREEE AFFEA|AE
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Table 1. Instrumental conditions of gas chromatography 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 id., 0.25 um film thickness

Ramp of oven temp.
Injection port temp.: 240°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)

Tonizing current: 0.5 mA
ITonizing energy: 42 eV
Ton source temp.: 230°C

Accelerating voltage: 5.0 kV
Ion multiplier voltage: 1.5 kV
Resolution: R> 5,000~10,000 (10% valley)
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Table 2. Molecular information and unit masses of organophosphorous pesticides group II and internal standard

compounds
Compound CAS NO. Formula Molecular Weight 1st Mass 2nd Mass

Carbophenothion 786-19-6 C,;H,CI0,PS, 342.96 157 342
Chlorfenvinphos 470-90-6 C,H1,CL,O0,.P 359.60 267 323
Ethion 563-12-2 CoHy,0,P,S, 384.48 231 97
Ethoprophos 13194-48-4 CgH;90,PS, 242.30 158 97
Fenamiphos 22224-92-6 C,3Hy,NO4PS 303.30 303 154
Isazofos 42509-80-8 CoH,;,CIN;04PS 313.74 161 97
Isofenphos 25311-71-1 CsHyuNOLPS 345.39 58 213
Mevinphos 7786-34-7 C;H.504P 224.15 127 109
Phenthoate 2597-03-7 C,H,,0,PS, 320.37 274 121
Phosmet 732-11-6 C;H,;,NO4PS, 317.33 160 317
Phosphamidon 13171-21-6 C1oH4CINOsP 299.70 127 264
Pirimiphos-ethyl 23505-41-1 Cy5Hy,N;05PS 333.40 153 305
Pirimiphos-methyl 29232-93-7 C11HyN;05PS 305.30 290 276
Profenofos 41198-08-7 C1,H;5BrClO4PS 373.60 337 338
Pyridaphenthion 119-12-0 CH;,N,0,PS 340.30 77 97
Triazophos 24017-47-8 C1,H4N;05PS 313.30 161 77
Acenaphthene-d;,, 15067-26-2 CyoDyg 164.27 164 -

Perylene-d;, 1520-96-3 CyoDyy 264.38 264 -

Phenanthrene-d;, 1517-22-2 CiuDyg 188.29 188 -

Chrysene-d;, 1719-03-5 CigDyy 240.36 240 -
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Fig. 1. Structures and molecular formula of organophosphorous pesticides group II.
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Fig. 2. Chromatograms of exact masses of profenofos for quantification and identification.

Table 3. Calculated exact masses for the multi-residual analysis of organophosphorous pesticides group II in the high
resolution mass spectrometer

Compound M.W. 1st Mass 2nd Mass 3rd Mass
Carbophenothion 342.96 156.9879 170.9703 341.9739
Chlorfenvinphos 359.60 323.0007 294.9694 267.9015
Ethion 384.48 202.9424 199.0016 383.9876
Ethoprophos 242.30 200.0095 242.0564 199.0016
Fenamiphos 303.30 303.1058 288.0823 260.0510
Isazofos 313.74 285.0104 313.0417 256.9917
Isofenphos 345.39 345.1164 213.0377 -
Mevinphos 224.15 193.0266 224.0450 -
Phenthoate 320.37 273.9887 247.0016 320.0306
Phosmet 317.33 160.0399 161.0477 316.9945
Phosphamidon 299.70 264.1001 193.0266 226.9876
Pirimiphos-ethyl 333.40 305.0963 276.0572 290.0728
Pirimiphos-methyl 305.30 290.0728 276.0572 305.0963
Profenofos 373.60 336.9663 294.9193 338.9819
Pyridaphenthion 340.30 340.0647 341.0725 207.0119
Triazophos 313.30 313.0650 161.0589 285.0337
Acenaphthene-d;, 164.27 164.1565 - -
Perylene-d;, 264.38 264.1878 - -
Phenanthrene-d;, 188.29 188.1565 - -
Chrysene-d;, 240.36 240.1878 - -

calibration mass& A s}t EFFFEN S T4
St A3}, mevinphos, phosmet, ethoprophosel i3k

Hiy=x2X [e]
WHEEEES

acenaphthene-d;,© =, isazofos, phos-
phamidon, pirimiphos-methyl, pirimiphos-ethyl, iso-

fenphos, chlorfenvinphos, phenthoate, fenamiphos,
profenofos phenanthrene-d,,© =, ethion, triazophos,
carbophenothion, pyridaphenthion 5§ 471 %<&

chrysene-d;, & WHETEA=E o]&slo] FHsl=s
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Fig. 3. Chromatograms of 16 standard mixtures and 4 internal standards of organophosphorous pesticides group IIL
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Table 4. Exact masses and grouping references for the multi-residual analysis of organophosphorous pesticides group II

in the high resolution mass spectrometer

No Compound Group PFK RT* Mass 1** Mass 27%%*
1 Mevinphos Lock mass 5.19 224.0450 193.0266
2 Acenaphthene-d, I 180.9883 5.50 164.1565 -

3 Phosmet Calibration mass 6.18 160.0399 161.0477
4 Ethoprophos 218.9851 6.35 157.9625 200.0095
5 Phenanthrene-d;, 7.39 188.1565 -

6 Isazofos 7.55 285.0104 313.0417
7 Phosphamidon 8.00 264.1001 193.0266
8 Pirimiphos-methyl Lock mass 8.66 290.0728 276.0572
9 Pirimiphos-ethyl I 218.9851 9.51 290.0728 305.0963
10 Isofenphos Calibration mass 9.95 213.0377 345.1164
11 Chlorfenvinphos 280.9819 9.99 323.0007 294.9694
12 Phenthoate 10.09 247.0016 273.9887
13 Fenamiphos 11.11 303.1058 288.0823
14 Profenofos 11.26 336.9663 338.9819
15 Ethion 12.57 202.9424 383.9876
16 Triazophos Lock mass 13.03 161.0589 313.0650
17 Carbophenothion III 180.9883 13.27 156.9879 170.9703
18 Pyridaphenthion Calibration mass 14.83 340.0647 341.0725
19 Chrysene-d;, 330.9787 14.87 240.1878 -

20 Perylene-d;,**** 20.36 264.1878 -

* Typical retention times on DB-5MS (30 m, 0.25 mm i.d., 0.25 um film thickness).

** Masses for quantification and identification.

*#% Alternative masses for additional identification (not used in routine monitoring).

**%% Potential candidate of internal standard for group IIL

J3IAtH(Table 4). SFTEH] 94+, 7+ 24
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Aol ot 7‘0‘0% AS B8 A ERlo] 7HsE
= 3Kt

3.3. Ag=su

HAskek 153t 21 o83l 7} SjE] v=
He)oA SEAR Ak, W
7}7} 500 ng/mlL7} =8 Heat
&okﬂ GC-HRMSellA 1 L=

AR AT 2 dah= Flg.
AdER 9 UREEEde] 93
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Fig. 4. Calibration curves of organophosphorous pesticides group II (0.5~200 ng/mL).
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Table 5. Instrumental performance test for the organophosphorous pesticides group II

Compound Expected Calculated Ave. Accuracy RSD
Conc.(ng/mL) Conc. (ng/mL) (%) (%)
Carbophenothion 5 418 84 5.8
Chlorfenvinphos 5 4.09 32 10.2
Ethion 5 4.96 99 2.3
Ethoprophos 5 3.95 79 13.4
Fenamiphos 5 4.60 92 6.6
Isazofos 5 4.47 89 8.2
Isofenphos 5 4.56 91 3.5
Mevinphos 5 4.04 81 9.9
Phenthoate 5 3.65 73 125
Phosmet 5 4.10 82 12.3
Phosphamidon 5 454 91 8.1
Pirimiphos-ethyl 5 4.73 95 7.2
Pirimiphos-methyl 5 4.63 93 6.6
Profenofos 5 4.38 88 8.8
Pyridaphenthion 5 4.62 92 8.6
Triazophos 5 4.49 90 6.0
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Fig. 5. Average recoveries of three types of cartridges for the pretreatment of organophosphorous pesticides group II
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