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Abstract: Simultaneous analytical method has developed for the determination of anion biocides in soil by
liquid chromatography-tandem mass spectrometry (LC-MS/MS). Chlorite and chlorate in soil were extracted
with pure water, and cyanuric acid and sodium dodecylbenzenesulfonate (Na-DBS) were extracted with mobile
phase (0.25 mM ammonium formate in 20 mM formic acid : acetonitrile (1:1)). The extract was injected into
the LC-MS/MS system after filtration. The method detection limits in this study were 0.04 mg/kg for chlorite,
0.04 mg/kg for chlorate, 0.27 mg/kg for cyanuric acid, and 0.05 mg/kg for Na-DBS, respectively. The method
was applied to the analysis of 50 soil samples collected from 40 sites sprayed with biocides and 10 background
sites. As a result, anion biocides were not detected in all sites.
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Table 1. Instrument conditions of LC-MS/MS system for the
analysis of anion biocides

Parameters Conditions

Eclipse Plus Cg column, 2.1 mm i.d.,,
50 mm length, 1.8 um particle size

A: 0.25 mM ammonium formate in 20
mM formic acid

B: Acetonitrile

Column
Mobile phase

Gradient

Time (min) 0 2 6 12 12515
Solvent B (%) 50 85 100 100 50 50
Column flow rate .
L 0.2 mL/min
Injection volume
10 pL
Column temperature 40 °C
Ionization mode .
. Negative ion electrospray
Capillary voltage
4.00 kV
Gas temperature o
Gas flow 330°C
. 8 L/min (N.
Nebulizer . (N2)
35 psi
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Table 2. Parameters for the determination of anion biocides by LC-MS/MS

Compounds Fragmentor Precursor ion Quantitation ion (m/z) Confirm ion (m/z)
P voltage (V) (m/z) (Collision energy, eV) (Collision energy, eV)
Chlorite 40 67 67 (1) 51(13) 35(19)
Chlorate 50 83 83 (1) 67(21) 51(31)
Cyanuric acid 80 128 128 (1) 84.8(1) 42(7)
Na-DBS 160 325 325 (1) 197(39) 183(33) 119(59)
ISTD 150 241.2 241.2 (1) 223.3(13)  142.2(25)
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Fig. 1. MRM chromatogram of anion biocides from blank soil sample and the spiked samples at 1.0 mg/kg
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Tuble 3. The limit of detection and limit of quantification, linearities (r?) and calibration curves in the matched matrix of the

anion biocides

Conc. range o 2 LOD LOQ
Compounds Calibration curves r
P (mg/kg) (mg/kg) (mg/kg)
Chlorite 2.5~20.0 y=0.3792x+0.0656 0.9979 0.04 0.14
Chlorate 0.1 ~10.0 y=1.647x+0.2293 0.9914 0.04 0.12
Cyanuric acid 0.5 ~10.0 y=0.0885x+0.0239 0.9971 0.27 0.87
Na-DBS 0.1 ~10.0 y=5.886x+0.1886 0.9958 0.05 0.15
LOD (limit of detection)=SDx3.14, LOQ (limit of quantification)=SDx10
Table 4. Precision and accuracy from samples spiked at two concentrations
Spiked Measured Conc. Precision Accuracy
+
Compounds Conc. (mg/ke) Mean + SD %) %)
Chlorit 5.0 6.0,5.1,53,56,57 5.5+0.34 6.1 111
orte 20.0 19.9, 18.8, 19.3, 19.8, 19.9 19.540.48 2.4 98
Chiorat 1.0 1.0, 1.0, 1.1, 1.0, 1.0 1.0+0.04 3.6 102
orate 5.0 4.1,46,45,50,53 4.7+0.44 9.4 94
c . i 1.0 12,15,13,15 1.6 1.4+0.15 10.3 141
yanune act 5.0 49,50,5.0,54,53 5.1£0.25 48 102
Na.DBS 1.0 1.0, 1.1, 1.1, 1.0, 1.1 5.5+0.06 55 107
& 5.0 47,52,5.1,5.7,58 5.340.44 8.4 106
wE} B3] 34ES A S ul 90~126% B chlorite, chlorate®} cyanuric acid® 4] 3} Na-DBS
9e] gt u e £ 2 AR BT 228EE 540 e »
ESAE F 2ol AEAQ chlorate, chlorite, ANEDES FA 243517 9 A4 o)lsdevl=

cyanuric acid®} Na-DBS+ =U] E<

7} glon o)w NEHZ/\]— AP NE ZE ZAA A

S REREEERL)

=

20 mM formic acid®] 0.25 mM ammonium formate<}
acetonitrile (1:1)°]N o™ F=FA A AESHA 7}
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aEAEol % %Qﬂ B2 olfrE TASH EYS AA EY T AFAdEHE = }fi FEFFT S
T2 Fol2S HOoEA o]2uhlg Qg FFo] ol amAle ASHA BRI AL FEEd ol
o5 ol et &l =7t obr A%l o8l 4 =2 B EEE0] EY R OW QL -l 9]
A AAHUNE A= i"l‘q * cyanuric acid®] 3¢ 3 AAHAG BF T dtH ool o Eaf =]
EgZolu 347 W @A dhe|E]ofe] <] 2] Aoz HAn vk sro 2 Wejo] ALH
3 wh=A o] st asl dRUoLE FH L Na-  thE o] mE Fol axAe] &4 T IF The
DBS 94 EY F WA dadoz AgHAY Aoju 4 T A ¥ Hai = FEs] a4
o ulo] AEHA 2 Ao Helrh < 7HAL RUBE S stojof 2 RS gl -
pow o] w & Aol e FUHE st
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