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Full scanning technology by high resolution and accurate mass spectrometer (HRAM) is one of most
advanced methodology for identification and quantification of organic compounds. In this study, column
switching technique based online preconcentration method was combined with high resolution full scan mass
spectrometer to measure trizazine pesticides in water. After parameter optimization of online preconcentration,
1 mL volume of filtered sample was used. For instrumental analysis, electrospray ionization (ESI) and orbitrap
mass spectrometer with 100~600 amu scan range at 50,000 resolving power was tested. By this approach,
available mass accuracy below 2.7 ppm (parts per million of monoisotopic mass), calibration linearities above
0.997, method detection limit (MDL) for 0.2~1.8 pg/mL, recoveries for 102~117% and repeatabilities below
4.3% were obtained. Method performance of online preconcentration with HRAM method is comparable to the
state-of-the-art solid-phase extraction (SPE) with triple quadrupole mass spectrometer (MS/MS).
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Fig. 1. Chemical structures of target triazine pesticides.
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Table 1. Chemical formula, CAS and molecular weight of
target triazine pesticides

Average

Compound CAS Formula  molecular

weight

Ametryn 834-12-8 CoH,NsS  227.330

Atraton 1610-179  CgH;,N;O  211.264

Atrazine 1912-24-9  CgH;,CIN;  215.683

Prometon 1610-18-0

Secbumeton 26250-45.0  C10tlolsO - 225.291

Terbutryn 886-50-0

Prometryn 7287-19-6 CrotioNsS 241356

Terbuthylazine  5915-41-3

Propazine 139-40-2 CoHysCIN - 229.710

Simetryn 1014-70-6  CgH;N;C  213.303

Simazine 122-34-9 CgH,CIN;  201.078

Y32 ™  ametryn, atraton, atrazine, prometon,
terbutryn, terbuthylazine, propazine, simetryn, si-
mazine® & 9 Lo FAEST 7t BFEHo] o
gt gslrzel Eakg Soll I JEE Fg 1
Table 19 QoFslSith HIERS, oM ELo|EE Fo| &
714mE J.T Baker(N], USA)] HPLC gradeZ
gaton, SRTe 94T WA (ELGA, Marlow,
UK)s 5343 33 /5 AREsiSith

A

100 pg/mL HY = 594 34 zAsIon, AT
o A% % A58 NE A R
KR _114 h—.x:g} _43 D:]X-hj]i 7:ﬂ 3} 1:}

T =
o, AL

23. 22i0l AlESS Feluy

L 04—7“31]*15 Alge] Axe] APS Haslst
AI7FS ©=5)7] Q8 A 29A Hkalo) gﬂ.

l“#‘ﬂo“?.ﬂ% 28 o}°iE‘r(F1g 2). 2Tl A 5
2 Flof| ARE-E A UPLCYF ke Equan Max
(Thermo-Fisher, CA, USA) Rduloy, 5= ZH
Thermo-Fishere] Hypersil Gold aQ(20 mm, 12 pm),
24 AL Hypersil Gold C18(50 mm, 1.9 ym)E

K

o
>

AN
hl
=

L=

ARR-EIA T AFEEE mdle A A)g 9 WU}
~20mLolttl B o= WHO 7fol=alel, 717] 7+
=, 93 29 ig].o] ZFolo] = Hjg 58 17

0}04 A& S 1mlE AA3Hon AFIAE
EEEd 4 5—1011 AREEE RE AEE F7 13mm
9] 0.2 um GHP ZHE AMg35le] o33t oAl g o] &
A=

=
Sk

25. 717|2M

7171322 a1sls full range scan
Orhitrap Exactive(Thermo-Fisher, Bremen, Germany)
wES ALgSTt ole] walsat 23 A3l A

HRAlS A3k

22 BZ2N N= 2 HEIZM (identification) 7|91 A% Y& (mass accuracy)q=
=9 EE8de vekE ¥ SR Ao RE 5] 747} 50,000 3 5 ppm(parts per million) 27164 S
Aste] 2 ugmlollA IngmL M2 A & 4°Co] Aok 22191 A8 5 9 9 273 Orbitrap
WAl Bl ATk BRAS Bgely) ARl 9 AR 21L Table 2 R 390 e}
e FFEHLe FHFVS o]8ste] 10, 25, 50, 75, WAtk 7171 ¥4 F, A F FHES TOXID 1.0
Hypersil GOLD aQ Hypersil GOLD
PRECONCENTRATE ANALYZE
Waste LC Pump Waste LC Pump
v\% /
5&400 ul/min 5&
Preconcentration Preconcentration g )
Column ‘%\ Column}’_’
faful - indal / %‘:DQU
Load Pump Analyical ~~MS Load Pump/CTC Analytical “~>M$
and CTC Column Column
1 mL/min
PEEK Tubing

------------------- Internal Flow Routing

Fig. 2. Switching column method for on-line sample injection.
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Table 2. Conditions of column switching based online injection method
Pumpl Pump2
Column Hypersil GOLD C18 (50 mm) Column Hypersil GOLD aQ (20 mm)
Time A% B% uL/min Time A% B% uL/min
0.00 98 2 230 0.00 98 2 1,000
1.00 98 2 230 1.01 98 2 1,000
3.00 2 98 230 1.20 98 2 100
9.00 2 98 230 9.00 98 2 100
9.01 98 2 230 10.00 98 2 1,000
10.00 98 2 230 - - - -
Mobile phase A : 0.1% formic acid water Mobile phase A : 0.1% formic acid water

B : acetonitril

B : acetonitril

Column temp.
Injectioin volume

Table 3. Operating parameters of Orbitrap mass spectro-

meter

Instrument Orbitrap Exactive
Scan range 100~600
Resolution 50,000
Polarity positive
Run time 10 min
Tonization source Electrospray
Spray voltage 4,000 V
Capillary temp. 340°C
Capillary voltage 3BV
Tube lens voltage 95V
Skimmer voltage 18V
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Fig. 3. Total ion chromatogram and extracted triazine pesticides from full scan data.
Table 4. Measured m/z, accuracy and retention times of target triazines
Compound Formula Detected m/z Delta (ppm) Actual RT
Ametryn CoH,,NsS 228.12814 1.76 6.79
Atraton CoH,;N;0 212.15096 1.74 6.09
Atrazine CgH,,CINg 216.10162 2.66 7.7
Prometon
Sechumeton C1oHoN50 226.16661 1.65 6.46
Prometryn
H 242.14. . 24
Terbutryn CioHgN5S 363 0.98 7
Terbuthylazine 8.26
Propazine CoH,CIN; 230.11717 2.05 8.43
Simetryn CgH 5NsS 214.11255 2.13 6.35
Simazine C,H,,CINg 202.08589 243 7.11
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Fig. 4. Adduct validation of atrazine by electrospray
ionization (adduct 1: H, adduct 2: Na, adduct 3:
NH)).
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Fig. 5. Extracted chromatogram from full scan data by Orbitrap mass spectrometer.

Table 5. Linearities and correlation coefficients of calibration curves

Compound Concentrations (pg/mL) ? Linearity equation
Ametryn 10, 25, 50, 75, 100 0.9986 Y = -287013+43041.5*X
Atraton 10, 25, 50, 75, 100 0.9997 Y = -227391+52636.6*X
Atrazine 10, 25, 50, 75, 100 0.9988 Y = -194000+34181.7%X
Prometon 10, 25, 50, 75, 100 0.9994 Y = -455386+107098*X
Secbumeton
Prometryn 10, 25, 50, 75, 100 0.9991 Y = -1.76797e+006+128638*X
Terbutryn
Terbuthylazine 10, 25, 50, 75, 100 0.9970 Y = -318664+64025.1%X
Propazine 10, 25, 50, 75, 100 0.9984 Y = -320173+62898.4*X
Simetryn 10, 25, 50, 75, 100 0.9984 Y = -250009+39781.3*X
Simazine 10, 25, 50, 75, 100 0.9975 Y = -86494.1+15844.2%X
HlEele] BET 4ol AAAS NI EH B /)= s S5 o) AAIAe) AN 14
AT AT FANUE Hool vjolAzAzE el A% Fol ANPEE 5 %5 tdd 7]
(microcysting)S H]ESH R4 27540 Uiz sIgHEC tist F84o] ZuiE)
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Fig. 6. Calibration curve of triazine pesticides.
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Table 6. Results of the method validation test

Compound Spiked amount (pg/mL) MDL (pg/mL) PQL (pg/mL) Recovery (%) RSD (%)
Ametryn 10 0.7 2.3 117 1.7
Atraton 10 0.8 2.5 105 2.2
Atrazine 10 1.5 4.9 102 3.7
Prometon 10 2.4 74 111 2.3

Secbumeton

Prometryn
Terbutryn 10 0.5 1.8 108 0.2

Terbuthylazine 10 1.6 4.9 111 4.1

Propazine 10 1.6 5.2 103 4.3
Simetryn 10 14 4.4 109 34
Simazine 10 1.8 5.7 103 4.3

MDL: SD*t = SD *3.14, (n=7, 1-a=0.99), PQL: SD * 10
(Ref: Standard methods 20th edition, 1030C Method detection level)
SD: Standard Deviation, MDL: Method Detection Limit, PQL: Practical Quantitaion Limit
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