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Abstract A simple and efficient method for determina-
tion of kasugamycin in chilli and soil was developed, and
the fate of kasugamycin in chilli field ecosystem was also
studied. Kasugamycin residues were extracted from sam-
ple, cleaned up by solid phase extraction and chromato-
graphic column and then determined by ultra performance
liquid chromatography with tandem mass spectrometry
detection. The method got recoveries ranged from 77.82 %
to 83.35 % with relative standard deviations of 2.20 %—
6.54 %. As far as the accuracy and precision was con-
cerned, the method met certain standard. The LODs of
kasugamycin calculated as a sample concentration(S/N
ratio of 3) was 2.50 ug kg~ '. The degradation of kasuga-
mycin in chilli and soil was determined. The results
showed that kasugamycin degradation in chilli plant and
soil followed the first-order kinetics. The half-lives of
kasugamycin in chilli and soil was 2.76-3.77 and
3.07-3.91 days, respectively. The final kasugamycin resi-
dues in chilli and soil were undetectable at levels of rec-
ommended and 1.5 times recommended dosage with an
interval of 21 days.
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Kasugamycin (C4H,509N3) is an effective fungicide for
prevention of chilli disease by anthrax bacteria (Yoo et al.
2009). Improper and extensive use of the pesticide not only
pollutes the cultivated soil and groundwater, but also leads
to accumulation in the plants, and the chillies for import
and export must be free of chemical residues (Chanc-
haichaovivat et al. 2008). And nowadays public concern
over pesticide residues has become an important consid-
eration. Kasugamycin is a systemic fungicide with water
solubility of 125 g L' (25°C), it is not a toxic compound
with a LD50 value larger than 5,000 mg kg™' in rats
(Tomlin 1994), but as its strong inabsorbability, it may
leave residues in chilli. Because of potential risk of kasu-
gamycin residues to human and environment, a determi-
nation method for analyzing the residues of kasugamycin
in chilli should be set up.

Developing and validating analytical methods of target
compounds (may vary according to pesticide residue defi-
nition) is precondition for conducting supervised residual
study (Wang et al. 2011). Even though official product
analysis is conducted by a bioassay method, it is time-
consuming and non-selective, Gas chromatography (GC) is
not suitable to analyze the kasugamycin because of its high
melting point (Lo et al. 1996). To the contrary, LC is
proved to be a powerful technique for residue analysis
(Turnipseed et al. 2005; Sagratini et al. 2007; Mezcua et al.
2009; Nanita et al. 2009). Several literatures reported the
determination of kasugamycin, such as kasugamycin in
agricultural products by HPCE (Lo Hsiao 1996), kasuga-
mycin in fermentation broth, extract liquor and product by
RP-HPLC and HPCE (Niu et al. 2001), kasugamycin in
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water by HPLC (Sheu et al. 2010). Despite these studies,
no development of the fate of kasugamycin during degra-
dation in chilli fields has been observed. Thus, an efficient
and selective UPLC-MS/MS method for analyzing the
residues of kasugamycin in chilli was set up and research
on the degradation dynamics of kasugamycin was carried
out to evaluate the impact of using kasugamycin in chilli
field ecosystem, so as to reveal the possible approaches of
its degradation. This would help to provide basic infor-
mation for developing regulations to guard a safe use of
kasugamycin in chilli fields and to prevent any health
problem from consumers.

Materials and Methods

Kasugamycin hydrochloride hydrate (purity, 79.0 %) was
purchased from Dr. Ehrenstorfer (Augsburg, Germany).
4 9% Kasugamycin WP was obtained from yanbian bio-
logical Pharmaceutical Co., Ltd. (Jilin, People’s Republic
of China). LC grade acetonitrile was obtained from Merck
(Darmstadt, Germany). Methanol, analytical grade was
purchased from Guang Cheng Chemical Reagent Co.
(Tianjin, China). Formic acid (97 %) was purchased from
Alfa Aesar (26 Parkridge Road Ward Hill, MA 01835
USA). Ammonia solution, analytical grade was purchased
from Qiang Sheng Chemical Co., Ltd (Jiangsu, China).
Water was purified using a Milli-Q system from Millipore
(Bedford, MA, USA). Oasis® MCX extraction cartridges
(3 cc, 60 mg) were purchased from Waters (Milford,
USA).Stock solutions were prepared in methanol: water
(1:1, v/v) at 1.0 mg mL~! and stored in the dark at 4°C.
Working solutions were freshly obtained by appropriate
dilutions with methanol: water (1:1, v/v).

Field experiment was carried out in Jinan, Hangzhou
and Shijiazhuang during 2008-2009. The experiment was
carried out in nine plots, each with an area of 30 m*. A
complete randomized block design (CRD) was applied
with three replicates. Kasugamycin WP was applied at two
doses 1,410 g a.i.hmz(recommended)and 2,115 g a.i.hm?
(1.5 times recommended). 1.5 times recommended dosage
was applied as dynamics residue experiment, the repre-
sentative samples were taken about 1 h, 1,2,3,5,7,9, 12,
14 and 21 days after application of kasugamycin. The final
experiment was carried out with recommended dosage and
1.5 times recommended dosage, each with spraying of two
and three times, spraying interval of 7 days. The repre-
sentative samples were taken about 7, 14 and 21 days after
application of kasugamycin. The collected samples were
placed in a freezer at —20°C until analysis.

5 g of homogenized chilli was weighed in a 50-mL
centrifuge tube. After addition of 20 mL methanol, the
extraction was shaken for 1 min in a vortex mixer, and then
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pH was adjusted to 5.0 with formic acid. The supernate was
finally applied to Oasis® MCX extraction cartridges after
centrifugation at 4,000 rpm for 5 min.

5 g of soil was weighed in a 50-mL centrifuge tube.
After addition of 20 mL water, the extraction ultrasound
30 min, the supernate was collected in 50 mL volumetric
flask after centrifugation at 4,000 rpm for 5 min, and then
addition of 10 mL water, the extraction ultrasound 15 min,
and repeated three times, all supernate was collected in the
same volumetric flask. The supernate was constanted with
water after pH was adjusted to 5.0 with formic acid. Then
the supernate was finally applied to Oasis® MCX extrac-
tion cartridges.

The cartridge was firstly conditioned with 5 mL meth-
anol and 5 mL water sequentially. After application of
chilli supernate (5 mL) and soil supernate (20 mL), the
cartridge was washed by 5 mL water, 5 mL methanol and
dried with vacuum for 2 min. Finally, elution was carried
out with 6 mL methanol containing 5 % ammonia. The
eluate was evaporated with N, at 40°C and reconstituted to
2 mL with methanol: water (1:1, v/v) for analysis.

Chromatographic separation was performed on a Waters
ultra performance liquid chromatogramphy system
(Waters, Milford, MA, USA). Chromatography was per-
formed by ACQUITY UPLC BEH AMIDE column
(100 mm x 2.1 mm, 1.7 pm). Sample temperature and the
column temperature were set at 10 and 30°C, respectively.
The mobile phase used were 0.2 % (v/v) formic acid in
water (A) and acetonitrile (B) with a flow rate of
0.25 mL min~'. The linear gradient elution (A: B, v/v) was
30:70 at initial time, 50:50 at 2—4 min and 30:70 at 5 min.
The injection volume was 5 pL.

Quattro Premier'™ triple quadrupole mass spectrometer
(Micromass, Milford, MA, USA) was used for MS/MS
analyses in ESI (+). Data was acquired in multiple reac-
tions monitoring mode (MRM). Source working conditions
were as follows: capillary voltage, 3.5 kV; cone voltage,
35 V, source temperature, 110°C; desolvation temperature,
450°C; cone gas (argon, 99.9999 % purity) flow rate,
90 L h™'; desolvation gas (nitrogen, 99.9 % purity) flow
rate, 600 Lh~!. MRM transitions, retention time,

Table 1 Retention time and optimized spectrometric parameters of
kasugamycin

Compound Retention Qual trace  Quan trace Collisional
time (m/z) (m/z) energy
(min) €eV)
Kasugamycin 3.2 380.33/ 380.33/ 7
200.21 200.21
380.33/ 13
112.30
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Fig. 1 MRM chromatograms of kasugamycin standard. a Chromato-
gram of qualitative ion, b chromatogram of quantitative ion,
¢ chromatogram of total ion

individual and collision energy applied for the analysis
were listed in Table 1. The dwell time established for each
transition was 0.1 s and the interscan delay time was set as
0.1 ms. The interchannel delay time was 0.02 s. Data
acquisition was carried out by MassLynx V4.0 software.
The UPLC-MS/MS chromatogram of standard solution of
kaugamycin under these conditions is shown in Fig. 1.

Results and Discussion

Trace analytes are often concentrated before detection
(Shao et al. 2009). However, the matrix interference was
also enriched while the analytes were concentrated. Ion
suppression phenomenon could possibly influence assay
sensitivity, linearity, accuracy and limit of quantification in
UPLC-MS/MS (Maurer 2005; Taylor 2005; Buhrman et al.
1996). In this paper, standard solution curves and matrix-
matched standard curves were used to study ion suppres-
sion in UPLC-MS/MS. The method of calculating ion
suppression was obtained as follows: one subtracted the
ratio between the slope of matrix-matched standard curves
and the slope of standard solution curves (Shao et al. 2009).
The linear ranges were obtained by plotting the calibration
curves using six different concentration levels in the range
of 2.0-100.0 pg kg~'. Table 2 shows the results of ion
suppression rates. In concentrated extracts of chilli and soil
after SPE enrichment, matrix induced signal suppression is
usually 40 % and 50 %. So matrix-matched standard
curves were used to quantify the analyte in chilli.

The recovery levels, precision and limits of detection of
the analytical method were investigated. The recoveries of
kasugamycin were obtained by spiking a series (n = 5) of
blank samples. As shown in Table 3, the average

Table 2 Calibration curve, correlation coefficient (rz) and ion sup-
pression of kasugamycin

Calibration curve (rz) Ton
suppression
(%)
Standard solution Y = 77.26X £+ 69.07 0.9993
curve
Chilli-matched curve Y = 46.83X £+ 26.11 0.9997 39.40
Soil-matched curves Y = 37.49X 4+ 34.39 0.9987 51.48

Table 3 Recovery and RSD (n = 5) of kasugamycin at the spiked
level in blank sample

Spiked level Chilli Soil
(ng kg™
Recovery (%) RSD (%) Recovery (%) RSD (%)
8.0 80.00 6.54 81.42 3.57
40.0 77.82 2.20 82.36 4.45
120.0 82.33 4.30 83.35 2.96
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Fig. 2 Dynamics of kasugamycin in soil in Jinan, Hangzhou and
Shijiazhuaang

recoveries of kasugamycin were in the range of 77.82 %—
83.35 %, the precision of the method in terms of relative
standard deviations (RSD) was from 2.20 % to 6.54 %.
The LODs, based on a signal- to-noise ratio (S/N) of 3, was
2.50 pg kg, The recovery and precision results showed
that it was a reliable method for determination of kasuga-
mycin in chilli and soil samples.

Figure 2 shows the residue of kasugamycin in soil over
the testing period. The original residues in soil were
46.67-66.00 pg kg~'. The half-lives of kasugamycin in
soil were 2.40-3.05 days. As expected, a gradual and
continuous degradation of the fungicide was observed as a
function of time after application. According to Fig. 2 it
also can be seen that the major deterioration of kasuga-
mycin took place within the first week after application.
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Table 4 Degradation dynamic of kasugamycin in chilli and soil

Test sites Test Chilli Soil
(years) . X X X . ; . .
Digestion equation  Correlation Half life Digestion equation  Correlation Half life
coefficient (r) (days) coefficient (1) (days)
Jinan 2009 C = 73.786e 02038t _(.8728 3.42 C = 49.428¢7 9244 _(0.9822 278
2010 C = 108.83¢ 92986t _(.9609 2.58 C = 36.283¢ %32 _0.9675 2.99
2009 C = 11251792 _0.8310 2.92 C = 703770388 _0.9643 2.40
Hangzhou 2010 C = 92.676e 171" _0.8954 3.52 C = 40.266e 2% _0.9756 3.05
2009 C = 141.69¢ %3218 _(.9664 2.15 C = 76.141e 792938 _(.9932 2.63
Shijiazhang 2010 C = 127.05¢ 793927t _0.9413 2.29 C = 50.198¢ 921" _(0.9864 2.65
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Fig. 3 Dynamics of kasugamycin in chilli in Jinan, Hangzhou and
Shijiazhuang

However, a further degradation at a slower rate occurred
during the next several days. All applied kasugamycin
became undetectable after 12 days application. The
dynamics could be described by the following equation

Table 5 The final residues of kasugamycin in chilli and soil

C, = Coe ™. Table 4 shows the first-order kinetics and
half-life of Jinan, Hangzhou, and Shijiazhuang in 2 years.

Figure 3 provides the residue of kasugamycin in chilli
over the testing period. The initial concentration of kasu-
gamycin in chilli were 227.83-355.00 pug kg~ " after 2 h of
application. Then a sharp decrease of kasugamycin resi-
dues occurred within the first day. The kasugamycin resi-
due in chilli was undetectable after 14 days application. In
the degradation phase, the half-lives of kasugamycin in
chilli were 2.15-3.52 days and Table 4 shows the first-
order kinetics and half-life of Jinan, Hangzhou, and Shi-
jiazhuang in 2 years.

The ultimate kasugamycin residue in chilli and soil was
shown in Table 5, the residue of kasugamycin in soil was
undetectable at levels of recommended (1,410 g a.i.hmfz)
and 1.5 times (2,115 g a.i.hm™?) dosage after 7 days appli-
cation. The maximum residues of kasugamycin in chilli were
35.17 pg kg™ ' after 7 days application and 27.17 pg kg™

Pesticide dose Times Interval time Residues (ug kg™
(g mu™") (days) ;

Jinan Hangzhou Shijiazhuang

2009 2010 2009 2010 2009 2010

Chilli Soil Chilli Soil Chilli Soil Chilli Soil Chilli Soil Chilli Soil
1,410 2 7 13.67 <25 11.17 <25 1767 <25 1533 <25 1850 <25 1417 <25
1,410 2 14 10.00 <25 750 <25 1267 <25 11.67 <25 1083 <25 11.17 <25
1,410 2 21 <25 <25 <5 LS5 QS5 LS5 LS QS LS LS LSS
1,410 3 7 3133 <25 2550 <25 2850 <25 2950 <25 3517 <25 2600 <25
1,410 3 14 16.17 <2.5 1217 <25 18.17 <25 1783 <25 2000 <25 1517 <25
1,410 3 21 <25 <25 <25 QLS5 LS5 QLS5 QLS ORL5S QLS5 LS5 QLSS
2,115 2 7 29.17 <25 2333 <25 29.00 <25 2850 <25 30.67 <25 2717 <25
2,115 2 14 11.00 <25 917 <25 1517 <25 1200 <25 1333 <25 1150 <25
2,115 2 21 <25 <25 <25 <5 <5 <25 L5 L5 QLS5 QL5 <5 <5
2,115 3 7 3133 <25 2750 <25 31.00 <25 29.00 <25 3050 <25 29.17 <25
2,115 3 14 1450 <25 1933 <25 1650 <25 21.17 <25 27.17 <25 2533 <25
2,115 3 21 <25 <25 QL5 QS5 LS5 LS5 LS LS QS5 LS LSS
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after 14 days application, and was undetectable after
21 days application.

In conclusion, the degradation rate of kasugamycin was
fast and kasugamycin is a low residual and easily degrad-
able pesticide. The kasugamycin final residue was not
detected in chilli field ecosystem. In some countries MRLs
of kasugamycin are reported, such as 50.0 pg kg™ in
tomato (Spain and China), 30.0 pg kg_1 in tomato (Japan),
40.0 ug kg~ ' in vegetables (USA), 25.0 pg kg™' in pome
fruit (EPA), 100.0 pg kg™' in rice (China). Therefore,
14 days interval between application and harvest was
thought to be safe due to its lower toxicity to biotic pop-
ulation, its short half-life and the final residue which below
the MRL. This would contribute to establish adequate
monitoring of the residue of this fungicide and its judicious
incorporation in pest management strategies in vegetable
fields and to prevent any health problem to consumers.
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