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Rest 49 RIEKESEES 10) 0 DSl ST BRI R 1,000 rpm 308 1 5v4 > MBS
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CEREAETER

— B TR A bR M T A
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Table 1 The multiple reaction monitoring (MRM) parameters by LC/MS/MS for 195 pesticide items as 3-keto Carbofuran and internal standard

5597 Analyte EEFET¥ Quantitation ion pair EMEET-¥ Qualitative ion pair

_— e B 4 HISEREF>EYRET  ERERE iR FISEEE >V  ERSEER AR
Chinese English (m/z) V) (eV) (m/z) V) (eV)
fem Precursor ion>Product Cone Collision Precursor ion>Product  Cone voltage  Collision
ion voltage energy ion energy

1 3-FEELnfRFE  3-keto Carbofuran 236.0 >179.0 60 10 236.0 > 161.0 60 20

2 3-FEEN{RFE  3-OH Carbofuran 238.0 > 163.0 80 15 238.0>181.0 80 10

3 [T Abamectin 890.6 > 305.3 100 10 890.6 > 567.5 100 10

4 B Acephate 184.0 > 143.0 60 5 184.0 > 125.0 60 17

5 OEjEE Acetamiprid 223.0>126.0 140 20 223.0 >56.0 140 1

6 1R Aldicarb 208.0 > 89.0 60 8 208.0 > 116.0 60 8

7 R Aldicarb sulfone 223.0 > 76.0 80 5 223.0 > 148.0 80 5

8 {8ty Aldicarb sulfoxide 207.0 > 89.0 70 9 207.0 >132.0 70 1

9 EFlEE Allethrin 303.0 > 135.0 100 15 303.0 > 107.0 100 15

10 EEAE Alloxydim (sodium) 324.0 >234.0 70 15 324.0 > 266.0 70 11

11 FF Ametryn 228.0 > 186.0 120 20 228.0 > 96.0 120 25

12 Amisulbrom 466.0 > 227.0 112 13 466.0 > 148.1 112 57

13 EfF Atrazine 216.0 > 174.0 120 15 216.0 > 96.0 120 20

14 B Azinphos-methyl 318.0 > 261.0 80 1 318.0 > 125.0 80 15

15 EEFEH Azoxystrobin 404.2 >372.2 80 10 404.2 > 344.2 80 10




(453 —)(Table 1 Continued)

16 AL
17 #ECT
18 i
19 Az
20 4

21 [
22 {5l
23 AL
24 ANE
25 flizE(E
26 JIERF]
21 HEFE
28 JfREk
29 fEHE
30  wUZEE
31 FifElE
32 T[S
33 PEEE
34 FiSFEE
35
36 HET

Benalaxyl
Bendiocarb
Bensulfuron-methyl
Bentazone
Benthiazole (TCMTB)
Bitertanol

Boscalid
Bupirimate
Buprofezin
Butocarboxim
Carbaryl
Carbendazim
Carbofuran
Carpropamid
Chlorantraniliprole
Chlorfluazuron
Chromafenozide
Cinosulfuron
Clofentezine
Clomeprop

Clothianidin

326.0 > 148.0
224.2 >109.2
411.0>149.0
239.0 > 132.0
239.0 > 180.1
338.0>70.0
343.0 >307.0
317.3>166.1
306.3>57.0
213.0>75.0
202.0 > 145.0
192.1>160.1
222.0 > 165.0
334.0>139.2
483.7 > 452.7
540.0 > 383.0
395.0 >175.0
414.1>183.1
303.0>138.1
324.0 >120.0
250.0 > 169.0

70
80
70
-144
82
100
70
120
120
124
80
127
120
112
70
120
70
104
87
70
77

326.0>91.0

2242 >81.0

411.0>182.0
239.0 >197.0
239.0>136.2
338.0 > 269.0
343.0 > 140.0
317.3>272.0
306.3>201.0
213.0>116.0
202.0>127.0
192.1>132.1
222.0>123.0
334.0>196.2
483.7>111.9
540.0 > 158.0
395.0>147.0
414.1>157.1
303.0>102.1
324.0 > 203.0
250.0>131.9

70
80
70
-144
82
100
70
120
120
124
80
127
120
112
70
120
70
104
87
70
77

34
35
20
-17
25

20
20
10

20
33
20

75
15
50
17
20
17

L.+ internal standard.
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Table 2 The multiple reaction monitoring (MRM) parameters by GC/MS/MS for 116 pesticide items as DCBP and internal standard

- S3HT8) Analyte TEEHET-¥ Quantitation ion pair EMEEFE Qualitative ion pair

| te:n\ e e pISEsE T>EYIBE T (Wz)  RHERER(EV)  AUEEET>EYEET(Mz)  RifEREE (V)
Chinese English Precursor ion>Product ion  Collision energy  Precursor ion>Product ion  Collision energy

1 KTelik%fi@y)  4,4'-dichlorobenzophenone (DCBP) 139.0>111.0 15 139.0>75.1 30

2 L Acetochlor 222.9>132.2 20 222.9>147.2 5

3 P 4Py 28 Acrinathrin 288.9>92.8 10 246.7 > 67.9 30

4 e Alachlor 188.1 > 160.2 10 237.0 > 160.1 5

5 PeT s 8 Aldrin 263.0>193.0 40 254.9 >220.0 20

6 BIess Benfluralin 292.0 >160.0 20 292.0 > 206.0 10

7 NS Bifenox 311.0>279.3 10 311.0>216.3 20

8 L E Bifenthrin 181.2 > 165.2 25 181.2 > 166.2 10

9 THEL Bromacil 205.0 > 188.0 15 205.0 > 162.0 15

10 PR 9l UN Bromophos-ethyl 358.7 > 303.0 15 358.7 >331.0 5

11 EBRSIEAT YN Bromophos-methyl 331.0 > 316.0 20 331.0 > 286.0 30

12 WA b Bromopropylate 341.0 >183.0 20 341.0 >185.0 20

13 AT Bromuconazole 173.0 > 109.0 30 293.0 > 172.9 10

14 TR Butachlor 236.9 > 160.2 5 237.0>188.2 5

15 bhiEss Butralin 266.0 > 220.2 10 266.0 > 190.0 10

16 JIIEESVA Carbophenothion 342.0 > 157.0 10 199.0 > 47.1 20

17 EDANIR Chlorfenapyr 246.9 >227.0 15 327.8>246.8 15
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Table 3 Solvent gradient program used for elution during LC/MS/MS analysis

kefiE] (min) St (uL/min) MBENHIER A (%) BEIHIE R B (%)
Time Flow rate Mobile phase A Mobile phase B

0 400 95 5

1 400 95 5

4 400 40 60

14 400 0 100

18 400 0 100

WU ~ 36 {RIRE IR A g L B PEmi 34 2 E 7

Table 4 Top ten detected pesticides in 36 soil samples

i) Analyte

FatiE R {E (ng/mL)

g IME (ng/mL)

P4 Rt (%) _ -
Ranking 74 Fr Detection rate Maximum detected Minimum detected
Chinese English value value
1 Sl Difenoconazole 30.56 2339.51 21.86
2 N Imidacloprid ~ 27.78 196.35 26.47
3 v MK Chlorfenapyr  22.22 5841.39 29.72
3 GiEEoE s Buprofezin ~ 22.22 260.63 26.39
3 THfEEL Azoxystrobin  22.22 463.63 23.17
6 ForIE Flufenoxuron 19.44 684.46 23.42
6 HorE Bifenthrin 19.44 727.59 21.52
6 H e Pyraclostrobin 19.44 623.93 25.08
6 J=Bis= Carbendazim  19.44 217.03 22.83
10 KELIEUN Chlorpyrifos  16.67 4818.29 33.01
10 —187F Tridemorph  16.67 3205.09 27.40
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Fig. 1. Total ion chromatograms from LC/MS/MS.
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A: blank soil sample with internal standard (triphenyl phosphate);
B: soil sample spiked with 227 pesticides at 100 mg/kg.

A

+TIC MRM (** -> **) SAGO15.D (SAGO15)
£ x10°5

8 12

T T T T T 7 T T T T T T T T T
4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
Acquisition Time (min)’

B

+TIC MRM (> ) SPSAGO15.D (SPSAGO15)
£ x105,

16

7 18 1o
Acquisition Time (min)

B~ oA 174 FEREEREELY 1Y GCIMSIMS 4REE T ifTlE

Fig. 2. Total ion chromatograms from GC/MS/MS.

A: blank soil sample with internal standard (triphenyl phosphate);
B: soil sample spiked with 174 pesticides at 100 mg/kg.
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Fig. 3. Mean recoveries and relative standard deviation (RSD, n=3) of 311 pesticides in soils

(Spiked level = 0.05 pg/mL)
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Development of a Multi-residue Method for Pesticides
in Tea Garden Soils Using a Modified QUEChERS
Method Combined with LC/MS/MS and GC/MS/MS

Hsiao-Ying Yang"” Hui-Chun Lin> Ru-Hong Lin*
Summary

The purpose of this study was to establish a multi-residue method for pesticides in soils. The
QUEChERS method was used for sample preparation and analyzed by LC/MS/MS (liquid chromatograph
tandem mass spectrometer) and GC/MS/MS (gas chromatograph tandem mass spectrometer). Totally 311
pesticide compounds were analyzed in this method, 195 pesticides analyzed by LC/MS/MS (recovery
between 32.41-136.10%) and 116 pesticides by GC/MS/MS (recovery between 52.52-106.64%). 308
pesticide compounds obtained limit of quantitation of 0.02 pg/mL, and the other 3 compounds were 0.05
pg/mL. Analyzed 36 soil samples, there were 46 pesticides detected. The highest detected rates were
difenoconazole (30.56%).

Key words: Soil, Pesticide residues, Liquid chromatograph tandem mass spectrometer,
Gas chromatograph tandem mass spectrometer

1. Assistant Researcher, Associate Researcher, Dongding Branch of Tea Research and Extension Station,
Nantou, Taiwan, R.O.C.

2. Contract Employee, Dongding Branch of Tea Research and Extension Station, Nantou, Taiwan, R.O.C.

* Corresponding author.

14



