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1 Scope

This Standard specifies the liquid chromatography-tandem mass spectrometry method for
the determination of chlorate and perchlorate in food.

This Standard applies to the determination of chlorate and perchlorate in vegetables and
their products, fruits and their products, cereals and their products, meat and meat
products, aquatic products, eggs and egg products, milk and dairy products, condiments,
beverages, infant formula foods, infant supplementary foods, and tea.

2 Principle

Use an acidified acetonitrile-water mixed solution to extract the chlorate and perchlorate in
the specimen; use a solid-phase extraction column to purify; use high-performance liquid
chromatography to separate; use tandem mass spectrometry to test;

use the isotope internal standard method to quantify.

3 Reagents and materials

Unless otherwise stated, all reagents in this method are chromatographic grade; the water
is grade 1 water specified in GB/T 6682.

3.2 Reagent preparation
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3.2.1 0.1% formic acid aqueous solution. Take 1 mL of formic acid; use water to dilute to
1000 mL and mix well.

3.2.2 Acetonitrile-formic acid aqueous solution. Take 60 mL of acetonitrile; use
0.1%

formic acid agueous solution to adjust the volume to 100 mL; mix well.

3.3.1 Sodium chlorate (NaClO3, CAS number. 7775-09-9). Purity is >99%; or a

standard certified by the state and granted the reference material certificate.

3.3.2 Sodium perchlorate (NaClO4, CAS number. 7601-89-0). Purity is >99%; or a
standard certified by the state and granted the reference material certificate.

3.3.3 1803-chlorate (chlorate isotope internal standard). 100 ug/mL (calculated as
1803-chlorate).

3.3.4 1804-perchlorate (perchlorate isotope internal standard). 100 ug/mL (calculated as

1804-perchlorate).

3.4.1 Chlorate standard stock solution (1.0 mg/mL, calculated as chlorate).
Accurately

weigh 1.2801 g of sodium chlorate; use water to dissolve and dilute to 2000 mL; mix well.
Store it at 2 °C~8 °C. The validity period is 1 year.
3.4.2 Perchlorate standard stock solution (1.0 mg/mL, calculated as perchlorate).

Accurately weigh 1.2300 g of sodium perchlorate; use water to dissolve and dilute to 1000
mL; mix well. Store it at 2 °C~8 °C. The validity period is 1 year.

Note. The standard stock solutions of chlorate and perchlorate can use standards certified

by the state and granted the reference material certificate.

3.4.3 Perchlorate standard stock intermediate solution (100 ug/mL). Accurately
pipette

10.0 mL of perchlorate standard stock solution; place it in a 100 mL volumetric flask;
use water to dilute and make up to volume; mix well; transfer the solution to a reagent

bottle. Store it at 2 °C~8 °C. The validity period is 1 year.

3.4.4 Chlorate and perchlorate mixed standard intermediate solution.
Respectively
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pipette 1.00 mL of chlorate standard stock solution AND 1.00 mL of perchlorate standard
stock intermediate solution; place them in the same 100 mL volumetric flask.

Use water to dilute and make up to volume; shake well; prepare a mixed standard
intermediate solution with mass concentrations of chlorate and perchlorate of 10 ug/mL and
1.0 ug/mL respectively; transfer the solution to a reagent bottle. Store it at 2 °C~8 °C. The
validity period is 3 months.

3.4.5 Chlorate and perchlorate mixed standard use solution I. Pipette 1.00 mL of

chlorate and perchlorate mixed standard intermediate solution; place it in a 10 mL
volumetric flask. Use water to dilute and make up to volume; shake well; prepare a mixed
standard use solution with mass concentrations of chlorate and perchlorate of 1000 ng/mL
and 100 ng/mL respectively; transfer the solution to a reagent bottle. Store it at 2 °C~8 °C.
The validity period is 1 month.

3.4.6 Chlorate and perchlorate mixed standard use solution Il. Pipette 1.00 mL of

chlorate and perchlorate mixed standard use solution I; place it in a 10 mL volumetric flask.
Use water to dilute and make up to volume; shake well; prepare a mixed standard use
solution with mass concentrations of chlorate and perchlorate of 100 ng/mL and 10 ng/mL
respectively; transfer the solution to a reagent bottle. Store it at 2 °C~8 °C. The validity
period is 1 month.

3.4.7 Chlorate and perchlorate isotope internal-standard mixed standard
intermediate

solution. Pipette 0.50 mL of chlorate isotope internal standard AND 50 uL of perchlorate
isotope internal standard; place them in the same 10 mL volumetric flask.

Use water to dilute and make up to volume; shake well; prepare a mixed standard
intermediate solution with mass concentrations of chlorate internal standard and
perchlorate internal standard of 5.0 ug/mL and 0.50 ug/mL, respectively. Store it at 2 °C~8
°C. The validity period is 3 months.

3.4.8 Chlorate and perchlorate isotope internal-standard mixed standard use
solution.

Pipette 2.00 mL of chlorate and perchlorate isotope internal-standard mixed standard
intermediate solution; place it in a 10 mL volumetric flask. Use water to dilute and make up
to volume; shake well; prepare a mixed standard use solution with mass concentrations of
chlorate internal standard and perchlorate internal standard of 1.0 ug/mL and 0.10 ug/mL,
respectively. Store it at 2 °C~8 °C. The validity period is 3 months.
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3.4.9 Chlorate and perchlorate standard series solutions. Respectively pipette 0
uL, 250

uL, and 500 uL of chlorate and perchlorate mixed standard solution II; 100 uL, 500 uL, 1000
uL, and 5000 uL of chlorate and perchlorate mixed standard use solution I; AND 200 uL of
isotope internal-standard mixed standard use solution. Use water to dilute and adjust the
volume to 10 mL. The mass concentrations of chlorate are 0 ng/mL, 2.5 ng/mL, 5.0 ng/mL,
10 ng/mL, 50 ng/mL, 100 ng/mL, and 500 ng/mL, respectively. The mass concentrations of
perchlorate are 0 ng/mL, 0.25 ng/mL, 0.50 ng/mL, 1.0 ng/mL,

5.0 ng/mL, 10 ng/mL, and 50 ng/mL, respectively. The mass concentration of the chlorate
isotope internal standard solution in the standard working solution is 20 ng/mL;

the concentration of the perchlorate isotope internal standard solution is 2.0 ng/mL.

Prepare at the time of use.

3.5.1 Solid-phase extraction column. Graphitized carbon black column (500 mg, 6
mL)

or one with equivalent performance. Before use, use 6 mL of methanol for activation;
use 6 mL of acetonitrile-formic acid aqueous solution to elute and balance. Before loading

the sample, drain the remaining solution in the column.

3.5.2 Ag/H column (1 g, 2.5 mL) or one with equivalent performance. Before use,
use

10 mL of water to rinse; let stand and activate for 30 min.

Weigh 1 g of specimen (accurate to 0.01 g); add 20.0 uL of chlorate and perchlorate
isotope internal-standard mixed standard use solution; vortex for 10 s; use a liquid
chromatograph-tandem mass spectrometer for determination.

5.2.2 Other samples For solid samples or condiments, weigh 1 g (accurate to 0.01 g). For
liquid or semi-solid samples (except condiments), weigh 2 g (accurate to 0.01 g). Place in a
50 mL centrifuge tube; add 40.0 uL of chlorate and perchlorate isotope internal-standard
mixed standard intermediate solution; mix by shaking and let stand for 30 min. Add 4.0 mL
of 0.1% formic acid aqueous solution; shake and mix after plugging; vortex and mix for

30 s; ultrasonic extraction for 15 min; add 6.0 mL of acetonitrile; ultrasonic extraction for 30
min; centrifuge at 10000 r/min for 5 min; take the supernatant for purification.

5.3 Specimen purification
5.3.1 High-salt samples (soy sauce, oyster sauce, spiced salt, etc.)

Pipette 2.0 mL of the supernatant through the graphitized carbon black solid-phase
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