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It must be immediate ready for possible chemical terrorism that might range from water or food con-

tamination. In April 2012, there has been real pesticide attack in small scale drinking water facility

at Hong-

sung area. Early detection of any terrorism is dependent on a strong public health system. The objective of this
study was to develop a high-speed and accurate analytical method to identify pesticides in water using direct

analysis in real time (DART) ionization and accurate mass scanning by Orbitrap mass spectrometry. |

onization

temperature and time for DART were set at 300°C and 30 s, respectively. Resolution, scan range and mass
accuracy for Orbitrap mass spectrometry were operated at 50,000, 100~500 and 5 ppm, calculted parts per mil-

lion unit of monoisotope, respectively. Xcalibur 2.1 was used for identification and mass accuracy

test. Pro-

tonated molecular ions and carbon or chlorine isotopes for tested compounds were identified within 1 ppm
mass accuracy. Acetochlor (C,,H,,CINO,) was randomly selected for sensitivity test. Protonated molecular ion
m/z 270.1258 and chlorine isotope for identification m/z 272.1231 were detected with ratio of 3:1 for 100 to

1 ng/mL. This indicated that this approach is a sensitive and available direct analysis without sam
aration in case of urgent accidents.
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Table 1. Chemical formula, molecular weight and structure of target pesticides

Compound CAS number Formula Molecular weight Chemical structure
Fenpropathrin 39515-41-8 CyyH,,NO, 349.4 ) %%@
H3 Hy
i i
Azinphos-methyl 86-50-5 CyoH,N;0,PS, 317.3 s o
AN O~cH,
?/\cm
~CHs
Diazinon 333-41-5 C12H21N203PS 304.3 s

YT
X

Hy H,
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Table 1. Continued

Compound CAS number Formula Molecular weight Chemical structure
S
1l
Phorate 298-02-2 C,H,,0,PS, 260.3 HSCASAS’T‘O/\CHa
O _CH,
CH, O
H
Bromacil 314-40-9 CyH,3BIN,0, 261.1 oA T
o)\m H,
H
H
. cl oL
Trichlorfon 66758-31-4 CHyCl,0,P 2574 & 27 NCH,
Cl !
H3
_\ S
Isoxathion 18854-01-8 CysH,,NO,PS 313.3 O/QE\/LI!\OACW
O CHs
CH,
Prometryn 7287-19-6 CyoH oN5S 241.3 CH, Nj\,\. Hy
Hac)\m2\\%:)\'\1}1’?\:”3
cl Q  CH,
Procymidone 32809-16-8 Cy3H;;CLNO, 284.1
c H,

Iprobenfos 26087-47-8 Cy13Hy 04PS 288.3 @A . &{/;Hf”ﬁ
H3
CH, o
o H,C Y
Metribuzin 21087-64-9 CgH,,N,0S 214.2 H,C | AH,
L,
S
. . HC \Ll/o CH,
Fenitrothion 122-14-5 CoH;,NO-PS 277.2 oy $\CH
6~ 3
o
g 0" " CH,
Acetochlor 34256-82-1 C14H,,CINO, 269.7 cH
Hy N
Hy
Isoproturon 34123-59-6 C,HN,0 206.2 HVJ\ONJOH e
CH,
1
Propiconazole 60207-90-1 CsH;,CL,N;0 342.2
15011701 N30; Hﬁ/\)i |
»
/LO ﬁ
Dichlorovos 95828-55-0 C,H,CLO,P 220.9 cr \T/O\CHa
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Compound CAS number Formula Molecular weight Chemical structure
H3
Hexazi 51235-04-2 CioHyoN,0 252.3 " _}{
exazinone -04- .
122004V H3> }l_g—o
Edifenfos 17109-49-8 C.,H;50,PS, 310.3 O/,F’\O \©
Hy
\_O//S
Pyrazophos 13457-18-6 C1,HygN;05PS 373.3 )’\o PN N0 ek,
HJC/_O FN Hs
g F o F
. F 1, o
Tefluthrin 79538-32-2 C,;H,CIF,0, 418.7 CH,
(o]
Hy Hsy F
cl I
Prothiofos 34643-46-4 C,;H;5CL0,PS, 345.2 m ~o~cH
3
é\ACHa
M3
Terbutryn 886-50-0 CoHoN5S 2413 N)\P CH
H3
|-|sc/\m-|J\\N)\N('<iH3
H,C. s _O._CH
Terbufos 13071-79-9 CoHy, 0,PS, 288.4 H‘ Ci/s\/ Np 2
3
Hs é\/“'i1
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Fig. 1. Structure and ionization flow of DART.

Table 2. Operating condition of desorption ionization probe

Instrument DART-SVP
Temperature 300°C
Sample loading vol. 10 pL

Carrier gas, pressure helium, 75 psi

DART®] £ Z7& Table 20 Q°Fslitt.

23. 717|124

71718-2& 7885 full range scan WS 283t
Orbitrap Exactive(Thermo-Fisher, Bremen, Germany)
2dS ARSI Arle] wellea S3 ARl H4
(identification) 7191 2% A ¥ =(mass accuracy)
£ 7+t 50,000 2 5ppm ©]3F ZZAM =A%
Orbitrap F#FEA712] &9 MF Z7S Table 30 A
AlskaAch
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Table 3. Operating condition of DART-Orbitrap mass spec-

trometer
Instrument Orbitrap Exactive
(Thermo, CA, USA)

Scan range 100~500
Resolution 50,000
Polarity positive
Run time 0.5 min
ITonization source DART-SVP model
Spray voltage 1.5 Kv
Capillary temp. 250°C
Capillary voltage 25V
Tube lens voltage 170 V
Skimmer voltage 36V
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Fig. 2. Preliminary expanded ionization spectrum of Quinine (Cy,Hy50,Ny).
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Table 4. Protonated or molecular and isotopes for identification within 5 ppm mass accuracy

Compound [M+H1* Qual ionl Qual ion2 Qual ion3 Qual ion4
Fenpropathrin 350.1754 351.1784 352.1815 353.1843
Azinphos-methyl 318.0131 319.0166 320.0088 321.0122 322.7027
Diazinon 305.1083 306.1114 307.1038 308.1071 309.2028
Phorate 260.9805 261.9837 262.9761
Bromacil 261.0235 262.0266 263.0209 264.0240
Trichlorfon 256.9301 258.9271 260.9241 262.9208
Isoxathion 314.0610 315.0639 316.0564 317.0595 318.0609
Prometryn 242.1436 243.1459 244.1386 245.1417
Procymidon 286.0297 287.0275 288.0253
Iprobenfos 289.1022 290.1054 291.0978 292.1010
Metribuzin 215.0962 216.0989 217.0914 218.0946
Fenitrothion 278.0247 279.0278 280.0202 281.0232 282.027
Acetochlor 270.1255 271.1288 272.1226 273.1262
Isoproturon 207.1494 208.1522 209.1554
Propiconazole 342.0772 344.0739 346.0708
Pyrazophos 374.0932 375.0101 376.3505
Dichlorovos 222.9497 221.9448 224.9465
Hexazinone 253.1660 254.1688 255.1725
Edifenfos 311.0326 312.0306 313.0282 314.0317 315.2685
Tefluthrin 419.0645 420.0664 421.0615
Prothiofos 346.9667 348.9633 350.1746
Terbutryn 242.1435 243.1462 244.1387 245.1420
Terbufos 289.0515 290.0550 291.0572
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Fig. 3. Molecular and isotopes of expanded spectrum of target pesticides.
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Fig. 4. Sensitivity test of acetochlor spiked in tap water.
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