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BB ETAEW W, AARIRBE S 20. 0 pg/L, MKELH .
3.14 HLB FEAMZEBE A 2 # :200 mg,6 mL. FARTH 5 mL Z A48 AR A A8 .
3.15  Envi-Carb BEAH R B 840 2 :200 mg,3 mL, AR 5 mL IF O TERE K (3. 6) AL, {45
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B 5.0 mLEBUKT 15 mL BOEF,40 CFHAN, REET. REM 2.0 mL EC k- NEER
VA W5 U SR I &b B8 5 9 Envi-Carb B A ZEBCHE (3. 15) #, BAZ9 1.5 mL/min f) 3 2 {5 A W 22 ¥ 8
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F. B 2.0 mL IE 2 %e- 79 B % W07 f % VA R WO A 4 38 5 9 Envi-Carb B AHZEBAE S, LYY
1.5 mL/min § 3 2 B R 2 308 o E A B, B A 5 mL IEC G- S BOE A& E P R
— 3 A Envi-Carb [E MR, WELTHREE T 15 mL BL0EH,40 CREAZET. KREMHLHK-
KBBRERZE 1.0 mL, FEIRIREJG » i fCFL U8 B, L OAE 23 - BRI / R 3k A 5E .
6.3 ME
6.3.1 WHEBEFRH

a) ik Acquity BEH Ci 84,50 mmX 2.1 mm(H#),1. 7 pm, B A0 24 E;
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Foreword

Annex A,B and C of this standard is an informative annex.

This standard was proposed by and is under the charge of the Cerrification and Accreditation Admin-
istration of the People’s Republic of China.

The standard was drafted by S Quarantine of the People’s Repub-
lic of China and Shenzhen Ent

China.

reau of the People’s Republic of

The main drafters of this standard are:Sh , Lu Jingzhang, Xiao Lailong, Xiong Bebe,

Chen Bo.
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Determination of herbicide residues—
Part 5. Determination of thiocarbmate herbicide residues
in foodstuffs for import and export—by LC-MS/MS

1 Scope

This standard specifies the methods of determination by liquid chromatography-electrospray mass
spectrometry of 9 kinds of thiocarbmate herbicide residues including molinate, pebulate vernolate,
triallate, diallate, thiobencarb, cycloate, EPTC and butylate in foodstuffs for import and export.

This standard is applicable to the qualitative and quantitative determination of 9 kinds of thiocarb-
mate herbicide residues including molinate, pebulate vernolate, triallate, diallate, thiobencarb, cy-

cloate,EPTC and butylate in rice,soybean, radish, baby bok choy, broccoli, ginger, orange, grape, pea-
nut, tea, chicken and chicken liver.

2 Abstract

The residues of thiocarbmate herbicide in the test sample are extracted with acetonitrile. The extrac-
tion is cleaned by passing through a HLB and Envi-Carb cartridge. The residues are determined by LC-
MS/MS, using internal standard method.

3 Reagents and materials

Unless otherwise specified,all reagents should be of analytical grade; “Water” is deionized water.
3.1 Acetonitrile.:HPLC grade.

3.2 Hexane.

3.3 Acetone.

3.4 Acetic acid:HPLC grade.

3.5 Sodium chioride.

3.6 Hexane-Acetone (7+3,V/V).
12
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3.7 Acetonitrile-Water (1+1,V/V).

3.8 Standards:See table A. 1 in annex A, purity more than 99%.

3.9 Internal standard:D;-carbary,100 pg/mL.

3.10 Standard stock solution: Accurately weigh adequate thiocarbmate herbicide standard (3. 8),
_dissolve in acetonitrile (3.2) to make a standard stock solution of 100 pg/mL in concentration. The

solution can be preserved in the temperature below —18 C.

3.11 Intermediate standards mixed solution: Accurately draw an adequate volume standard stock

solution (3. 10), dilute with acetonitrile to make an intermediate standard mixed solution of 1. 0 pg/mL

in concentration. The solution can be preserved in the temperature below —18 C.

3.12 Intermediate internal standard solution: Accurately draw an adequate volume internal standard

stock solution (3. 9), dilute with acetonitrile to make an intermediate standard mixed solution of

1.0 ug/mL in concentration. The solution can be preserved in the temperature below —18 C.

3.13 Standard working solution: According to the requirement,accurately draw an adequate volume

of intermediate internal standard solution (3. 12) and intermediate standard mixed solution (3. 11),

dilute with blank sample extract solution and prepare a series of standard working solution of 0 mg/L,

1.0 #g/L.5.0 pg/L.10. 0 pg/L.20. 0 pg/L.40. 0 ug/L.100. 0 ug/L. The concentration of internal

standard in each preparation is 20. 0 #g/L. The solution should be prepared daily.

3.14 HLB cartridge:200 mg,6 mL or equivalent. The column is activated with 5 mL acetonitrile be-
fore use. The column should be kept wet always.

3.15 Envi-Carb:200 mg,3 mL or equivalent. The column is activated with 5 mL Hexane + Acetone
(3. 8) before use. The column should be kept wet always.

3.16 Membrane filter.0. 22 pum, for organic phase.
4 Apparatus and equipment

4.1 Liquid chromatography tandem mass spectrometry,equipped with electrospray ion source.
- 4.2 Solid phase extraction.
4,3 Nitrogen evaporator.

4.4 Homogenizer.
13
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4.5 Vortex mixer.

4.6 Analytical balance,sensitivity:0. 1 mg,0.01 g.

4.7 Micropipettor,10 pL~100 pL and 100 p#L~1 000 pL.

4.8 Polypropylene centrifuge tube:50 mL or 15 mL,with screw cap.

4.9 Volumetric flask,25 mL.

4.10 Centrifuge =5 000 r/min
5 Sample preparation and'storage

5.1 Sample preparation
5.1.1 Soybean,rice,peanut an
Take approximately 500 g of re ly by a pulverizer, mix thorough-
ly. The prepared sample would be devided into tw, ut into clean containers,seal and label
them. The test sample could be st

5.1.2 Radish,baby bok choy, n,chicken liver and fish

Take approximately 500 g of le parts (do not wash with wa-
ter) and cut into minces. Cru horoughly. The prepared sample
would be devided into two pa | and label them. The test sample

should be stored at the temper
5.2 Sample storage

In course of sampling, it should be taken to avoid contamination or any factors which may cause the
change of residue content.

6 Procedure

6.1 Extraction
6.1.1 Soybean,rice,tea and peanut

Weigh 5 g of the test sample (accurate to 0. 01 g) in a 50 mL centrifuge tube,2.5 g for tea, added
14
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100 pL intermediate internal standard solution (3. 12) ,and added 10 mL distilled water, mixed, placed
for 1 h. Add 4. 0 g sodium chloride (3. 3) and 15 mL acetonitrile, homogenized for 3 min, extraction
by surge for 15 min, then centrifuged at 5 000 r/min for 5 min. Transfer the supernate into a 25 mL
volumetric flask (4. 9). Repeat the above extract procedure with 10 mL acetonitrile,combined the su-
pernates,dilute the extract to 25 mL with acetonitrile.

6.1.2 Radish,baby bok choy,broccoli,ginger,orange,grape, chicken, chicken liver and fish

Weigh 5 g of the test sample (accurate to 0. 01 g) in a 50 mL centrifuge tube, Add 4. 0 g sodium chlo-
ride (3. 3). The following oper3ismi

6.2 Cleanup

6.2.1 Radish,baby bok choy,broccoli,gin »chicken, chicken liver and fish

Accurately draw 5. 0 mL extract in ge tube,concentrate the extract to near dryness
under nitrogen at 40 C for f idiies with 2. 0 mL hexane-acetone
(3. 6) , Transfer the concentrat arb cartridge (3. 15) and keep the
flow speed at about 1.5 mL/m ntrifuge tube. Rinse the centrifuge
tube with 5 mL more hexane- o n onto the cartridge and keep the
flow speed at about 1. 5 mL/min, combine the el centrate to dry under nitrogen at 40 C.

Dissolve the residues with 1.0 itri ilter for further LC-MS/MS analysis.
6.2.2 Rice,soybean,tea an

Accurately draw 5. 0 mL ext mL for tea extraction,concentrate
the extract to about 1.5 mL

ed extract onto the activated

r cleanup. Transfer the concentrat-
d at about 1. 5 mL/min, collect the
eluate into a 15 mL centrifuge acetonitrile,combine the eluate and
concentrate to dry under nitroge s with 2. 0 mL hexane-acetone. Trans-
fer the concentrated extract onto the artridge and keep the flow speed at about
1.5 mL/min, collect the eluate into a 15 mL centrifuge tube. Rinse the centrifuge tube with 5 mL
more hexane-acetone (3. 6),add the rinse solution onto the cartridge and keep the flow speed at
about 1.5 mL/min,combine the eluate and concentrate to dry under nitrogen at 40 C. Dissolve the

residues with 1. 0 mL actonitrile-water and filter for further LC-MS/MS analysis.

6.3 Determination

6.3.1 LC operating conditions

a) Column:Acquity BEH C;s column,50 mm X 2.1 mm(i.d.),1.7 um,or equivalent;

b) Column temperature:40 C ;
15
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¢) Injection volume:10 uL;

d> Mobile phase and the elution gradient are listed in table 1.

Table 1—Mobile phase and elution gradient

Time/min Flow rate/(mL/min) 0. 1% acetic acid solution/% methanol/%
0 0.25 70 30
15.0 0.25 0 100
15.1 0.25 70 30
18.0 0.25 70 30

6.3.2 MS operating conditions

a) lon source:ESI;

b) Scan mode:positive mode;

¢) Detection mode: MRM;

d) Resolution:Unit resolution;

e) Other operating conditions are listed in annex B.

6.3.3 LC-MS/MS determination

6.3.3.1 Qualitative determination

Select one parent ion and two or more than two daughter ions for each analyte. If the deviation of re-
tention time of analyte between test sample and standard solution is within *2.5% under the same
experiment conditions, and the difference of relative ion ratio of analyte between test sample and
standard solution is also within the error allowed (the max deviation allowed for relative ion ratio are

listed in table 2, corresponding analyte would be considered to be in the sample.

Table 2—Max deviation allowed for relative ion ratio in qualitative determination

Relative ion ratio/% >50 >20~50 >10~20 <10

Max deviation allowed/ % +20 *+25 +30 +50

6.3.3.2 Quantitative determination

Under the optimized instrument working condition, different mixed matrix calibration solutions are
injected into the instrument in a separate run. Using analyte peak area/internal peak area as y-axis,
16
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and concentration as x-axis, the content of each thiocarbmate herbicide in sample is quantified by
each standard calibration curve. The response of thiocarbmates herbicide in the standard working so-
fution and sample solution should be in the linear range;if the concentration is over the linear range,
the sample should be diluted by blank sample extract solution. The multiple reaction monitoring
(MRM) chromatograms of thiocarbmate herbicides are shown as figure C. 1 in annex C.

6.4 Blank test

The operation of the blank test is the same as that described in the method of determination, but
with omission of sample addition.

7 Calculation and expression of result

The calculation of thiocarbmates herbicides content in the sample is according to formula(1), the
blank value should be subtracted from the result of calculation:

_cX e X AXAgXVX1000

X = XA X A.x mx1 000

e (1)

Where
X—the residue content of thiocarbmates in the test sample,ug/kg;
c—the concentration of thiocarbmates in the standard working sqlution,yg/L;
¢;—the concentration of intermal standard in the sample solution, ug/L;
A—peak area of thiocarbmates in the sample solution;
A,—peak area of thiocarbmates.in the standard working solution;
V—the final volume of sample solution, mL;
cs—the concentration of internal standard in the standard working solution,ug/L;
A ,—peak area of internal standard in the sample solution;
A —peak area of internal standard in the standard working solution;

m—the corresponding mass of test sample in the final sample solution,g.
17
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8 Limit of determination and recovery

"8.1 Limit of determination

The limit of determination of each thiocarbmate herbicide is 5. 0 pg/kg.

8.2 Recovery

According to the experimental data for rice, soybean, radish, baby bok choy, broccoli,ginger, peanut,

tea,orange,grape, chicken, chicken | on of thiocarbmates is in the

range of 5.0 pg/kg~200 pg/kg,rec

18
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Annex A
(Informative)
Relate information of thiocarbmate herbicide

Table A. 1—Relate information of 9 thiocarbmate herbicides

Compound CAS No. Formula Structure
O
CH
pebulate 1114-71-2 ,C jl S
H;C
molinate 2212-67-1 Q
O)\S/\CHS
»—H,C (0]
AN /
EPTC 759-94-4 N—C
AN
S—CH;—CH;
thiobencarb 28249-7 S/\©\
CH; Cl
(0]
diallate 2303-16-4 S/Y\Cl
Cl
e
CH;—CH—H,C O
butylate 2008-41-5 Ci1Hs NOS N—C
CHz—[CH—HQC S—CH,—CH;
CH;
i
CHa—HC\ /O
/
triallate 2303-17-5 CioHis ClsNOS N—C flil (’31
/
CHS—H(|3 S—CHZ—C=(|I
CH; Cl
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Table A. 1 (continued)
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Compound CAS No. Formula Structure
CH;—CH,;—H;C O
/
vernolate 1929-77-7 CioH21 NOS /N——C
CH;—CH,;—H,C S—CH,—CH,—CH;
(0]
N CH,
cycloate 1134-23-2 Ci1H2: NOS

H,.C” N s
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Operating condition of mass spectrometer

a) lon spray voltage:3 000 V;

Annex B

(Informative)

Operating conditions of mass spectrometer”

b) Nebulizer gas flow rate:700 L/h;

¢) Collision gas:argon;

d)> Cone gas flow rate:50 L/h;

e) Source temperature;105 T ;

) Nebulizer gas temperature:350 C;

g) qualitative ions,guantitative ion,dwell time,cone and collision energy are listed in table B. 1.

Table B. 1—MS parameters for the detection of thiocarbmates herbicides

Reference . . ) Collision
Compound . . Parent ion |Daughter ion| Dwell time/s Cone voltage/V
retention time/min energy/eV

126° 14

molinate 7.20 188 0.10 32
83 18
128° 11

EPTC 8.57 190 0.05 28
86 13
57° 17

butylate 10. 56 218 0. 05 32
156 11
86° 15

vernolate 9.79 204 0.05 30
128 13
57° 4 19

pebulate 9.84 204 0.05 28
72 . 13
86° 14

triallate 11.62 306 0.05 30
145 26

1) Non-commercial statement ; The reference mass parameters in Annex A are accomplished by Waters Quattro Premi-
er LC-MS/MS, the equipment and its type involved in the standard method is only for reference and not related to

any commercial aim,and the analysts are encouraged to use equipments of different corporation or different type.

24
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Table B. 1 (continued)
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Reference . Collision
Compound . . ) Parent ion |Daughter ion| Dwell time/s Cone voltage/V
retention time/min energy/eV
100° 12
thiobencarb 9.77 258 0.05 28
125 22
154° 11
cycloate 9.89 216 0.05 24
134 14
86° 16
diallate 10. 30 270 0.05 34
109 28
D;-carbary 4,22 205 145° 0.05 20 10

a jons for quantitative determination. For the different MS equipment, the parameters may be different, and the

MS parameters should be optimized to the best before analysis.
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188>126
150 2. 382¢+0. 04
%
0—Lnperperirryremmere £/min
5.0 10.0 15.0
a) molinate
204>72
100 | 3. 196e+0. 05
%
0 Gl b} oy 1/min
5.0 10.0 15.0
e) pebulate
216>154
0 5. 980e+0. 05
%
0 t/min
5.0 10.0 15.0
i) cycloate
270>86
1% 4.417¢+0. 05
%
0 t/min
5.0 10.0 15.0
m) diallate
218>57
160 7. 096e+0. 05
%
0 t/min
5.0 10.0 15.0
Q) butylate

100

Annex C
(Informative)
MRM Chromatogram of thiocarbmate standard solution

188>83
6. 822¢+0. 03

5.0 10.0 15.0

r) butylate

100

190>128 100 190>86
1. 474e+0. 05 9.921e+0. 04
%
0 t/min
5.0 10.0 15.0
d) EPTC
204>128
100 6. 420e+0. 05
%
0 t/min
5.0 10.0 15.0 5.0 10.0 15.0
h) vernolate
258>100
100 3.122e+0. 05
%
t/min
5.0 10.0 15.0
1) thiobencarb
306>145
100 2.041¢+0. 05
%
0 T Ll T T M Al ’/mln
5.0 10.0 15.0
p) triallate

5.0 10.0 15.0

s) Ds-carbaryl

Figure C. 1—MRM chromatogram of 5. 0 ug/L thiocarbmate herbicide standard
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