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Foreword

This standard was drafted in accordance with GB/T 1.1—2009.

Please note that some of the elements of this standard may involve patents, but the standards organ-
ization does not assume responsibility for identifying these patents.

This standard was proposed by and is under the charged of Certification and Accreditation Adminis-
tration of the People’s Republic of China.

This standard was drafted by Zhejiang Academy of Science & Technology for Inspection & Quarantine,
Shanghai Entry-Exit Inspection and Quarantine Bureau of the People’s Republic of China.

The main drafters of this standard are Xie Wen, Lu Xunyuan. Huang Chaoqun, Chen Li, Shen Tuyan,
Lou Chengjie, Yu Zhuoran, Deng Xiaojun, Xie Yundi.

1) Note: This english version, a translation from the chinese text, is solely for guidance,
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Determination of anthraquinone residues in tea for
export—GC-MS/MS method

1 Scope

This standard specifies the method of sample preparation and determination by GC-MS/MS of 9,10-
anthraquinone residues in green tea. black tea. pu’er tea and oolong for export .

This standard specifies the method of determination 9,10-anthraguinone residues in green tea, black
tea, pu’er tea and oolong by GC-MS/MS.

2 Normative references

Following documents are necessary for this standard. For dated references. only dated editions shall
apply to this standard. For undated references, the latest edition of the normative document referred
to applies.

GB/T 6682 Water for analytical laboratory use—Specification and test methods.

3 Principle

Anthraquinone residues are extracted from the sample with n-hexane-acetone. It is cleaned up with
florisil column. The residues are determined by GC-MS/MS and quantified by internal standard meth-
od.

4 Reagents and materials

Unless otherwise specified, all reagents used should be analytical reagent grade. “Water” is first-
grade water prescribed by GB/T 6682.

4.1 n-hexane: HPLC grade.
4.2 Acetone. HPLC grade.

4.3 Ethyl ether. HPLC grade.
8
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4.4 Sodium chloride.
4.5 Anhydrous sodium sulfate: Ignite for 4 h at 650 C, and keep in a tightly closed container.
4.6 Florisil: 75 pum—150 um granule size (100 mesh—200 mesh) . ignite for 4 h at 650 C . then heat
for 4 h at 130 C in an oven befor using a day, and keep in a tightly closed container, cool to room,
add 2% water inside.
4.7 n-hexane: Acetone(1+1,V/V).

4.8 n-hexane. Ethyl ether (8+2,V/V).

4.9 Standards: 9,10-anthraquinone (C,,H:O,,CAS NO. 84-65-1).9. 10-anthraquinone-D8 (CAS NO.
10439-39-1) , purity of standards are = 99%.

4.10 9,10-anthraquinone stock solution: Accurately weigh an adequate amount of standard (4.9)
(accurate to 0.1 mg) .dissolve in acetone.and prepare a solution of 0.4 mg/mL as the standard stock

solution respectively. It should be stored in brown volumtric flask at 0 C—4 T ,6 months.

4.11 9,10-anthraquinone-D8 stock solution: Accurately weigh an adequate amount of standard (4.9)
(accurate to 0.1 mg) .dissolve in acetone,and prepare a solution of 0.4 mg/mL as the standard stock
solution respectively. It should be stored in brown volumtric flask at 0 CT—4 T ,6 months.

4.12 Intermediate standard working solution: Diluted the standard stock solution (4.10) by acetone

to 10 pg/mL.,diluted the standard stock solution (4.11) by acetone to 0.2 ug/mL. It should be stored
in brown volumtric flask at 0 'C—4 C .3 months.

4.13 Standard working solution: Diluted the standard stock solution (4.12) by acetone to appropriate con-
centration.

4.14 Column;200 mm X 15 mm(id) glass column, pack with ca 5 mm absorbent cotton at the bottom
of the column and fill in 10 mm anhydrous sodium sulfate, 10 g florisil(4.6) with n-hexane, fill in

10 mm anhydrous sodium sulfate at top. (eluted curve should be done befor using the column),

4.15 Membrane filter;:0.22 pm,organic type.

9 Apparatus and equipment

5.1 Gas chromatography-tandem mass spectrometry: Equipped with electrospray ionization source
(ED),

5.2 Analytical balances: Accuracy 0.000 1 g and 0.01 g.
g
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5.3 Vortex mixier.

5.4 Homogenizer.

3.9 Centrifuge: = 4 000 r/min,respectively.
5.6 Rotary vacuum evaporator.

5.7 Pulverizer.

6 Sample preparation and storage

Take about 250 g of representative sample. Grind in a pulverizer for granule with size of 20 mesh.
Keep the prepared sample intou a clean container,seal and label.

In the course of sample preparation, precautions shall be taken to avoid contamination or any factors
which may cause the change of residue content.

/7 Analysis procedure

7.1 Extraction

Weigh ca 5 g test sample (accurate to 0.01 g) into a 50 mL centrifuge tube. Add 0.5 mL 9, 10-anthra-
quinone-D8 (4.12) and 20 mL n-hexane:acetone(1+ 1, V/V) (4.7).Homogenize for 0.5 min 10 000 r/min.
Add 2 g sodium chloride, vortex for 1 min,centrifuge at 4 000 r/min for 3 min. Transfer the superna-
tant layer into flask. Repeat the extraction of the residues in the same way with 20 mL n-hexane: Ac-
etone(1+1,V/V) (4.7) ,and combined the solution. The solution evaporate to nearly dryness in wa-
ter bath below 45 C. It is ready for the next clean up.

7.2 Clean up

The residues is reconstituted in 3 mL n-hexane.transfer the solution into the column (4.14),elute the
column with 50 mL n-hexane: Ethyl ether (8 +2,V/V) (4.8).flow rate is 3 mL/min. Collect eluted
solution, it is evaporated to nearly dryness in a water bath below 45 'C. The residues is reconstitu-
ted in 2.0 mL acetone.mix it. The solution is passed through a 0.22 um filter (4.15). The filtrate is
ready for GC-MS/MS determination,

7.3 Determination
7.3.1 GC-MS/MS operating condition

7.3.1.1 GC column:HP-5MS,30 m X 0.25 mm (i.d.) x 0.25 um(film thickness) ,or equivalent,
10
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7.3.1.2 Column temperature:100 C (1 min),20 C/min 300 C (10 min).

7.3.1.3 Carrier gas:High purity Helium .purity-=99.999%. Flow rate of carries gas:1.0 mL/min.

7.3.1.4 Injection port temperature:300 C.

7.3.1.5 Injection mode:Splitless, purge after 1 min.

7.3.1.6 Injection volume:1 uL.

7.3.1.7 lon source:Electron impact ion source(El).

7.3.1.8 Electron Energy:70 eV.

7.3.1.9 Source temperature:280 C.

7.3.1.10 Mass transfer line temperature;300 C.

7.3.1.11 Detection mode:SRM.

7.3.1.12 SRM ions and energy are shown in table 1.

Table 1—SRM ions and energy

Compound MBRM(m/z) CE/V
. 208.0/180.0 = 10
anthraquinone
208.0/151.7 30
anthraquinone-D8 215.9/188.0 10

Note. “ = The product ion is used for quantification,

7.3.2 Quantitative determination

According to the concentrations of compounds in sample solution.select the standard working solu-
tion of similar concentration to that of sample solution. The responses of anthraguinone in the
sample solution should be within the linear range of the calibration curve. Under the above GC-MS/
MS operating condition. the retention times of anthraquinone is 8.6 min.respectively. The SRM chro-
matogram of anthraquinone is shown in figure A.1 of annex A.

7.3.3 Qualitative determination

Under above determination condition,the variation range of the retention time for the peak of analyte

in unknown sample and in the standard working solution can not be out of range of £0.5%. For the

same analysis batch and the same compound, the variation range of the ion ratio between the two
11
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daughter ions for the unknown sample and the standard working solution at the similar concentration
can not be out of range of table 2,and then the corresponding analyte must be present in the sample.

Table 2—Maximum permitted tolerances for relative ion intensities while confirmation

|
Relative intensity/ % =50 —=20—50 =10—20 | <10

Permitted tolerances/ % + 20 + 25 + 30 | + 50

7.4 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.

7.5 Calculation and expression of result

Calculate the content of anthraquinone residues in the test sample by GC-MS/MS data processor or

using the followed formula (1) ,the blank value should be subtracted from the about result of calcula-
tion.

_ ¢ x V x1000

= m x 1 000

lIiitiii‘I‘iilliiii( 1 }

where:

X —the anthraguinone residue content of analyte in the test samples (mg/kg) ;

¢ —the concentration of anthraquinone in the standard working solution (ug/mL) ;
V —the final volume of sample solution (mL);

m —the corresponding mass of test sample in the final sample solution (g).

8 Limit of quantification (LOQ) and recovery

8.1 Limit of quantification
The limit of quantification is 0.02 mg/kg.
8.2 Recovery

The recoveries of anthraquinone residues in different tea samples with different spike levels is
shown in table B.1 of annex B.
12
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Annex A
(Informative annex)
SRM chromatogram of standard

NL
4,95 E5

-
=
T

a8
=]

208.0/180.0

-9
=

Relative Abundance

b
=

(=1
=
e ol v g el oo bev it

7.89 B.37| 9-84

B. 64 NL
1. 40 E5

=
?l:'

(= ]
=

=
=

208.0/151. 7

Relative Abundance
(=5
=

B
=

pg g b v e Yoo oo u oy

H.49 || 8. 80
e - "

8. 61 NL
7.37 EbS

—
=
?‘G"

o0
=

-
-

215.9/188. 0

Relative Abundance

b2
=

o
=
AR AN N E NN

8.14 | 8.74
l|1"|_I"IT11"'f'1|||I|1I]1TT1[JTIHT1IT

0 1 2 J 4 5 (i} 7 H 9
Time/min

=

Figure A.1—SRM chromatogram of anthraquinone and anthraquinone-D8
standards solution (0.02 mg/kg)
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Annex B
(Informative annex)
The recoveries of anthraquinone residues in different tea samples
with different spike levels

Table B.1—The recoveries of anthraquinone residues in different tea samples with
different spike ievels

Sample spike levels /(mg/kg) recoveries /%
0.02 85.0—105.0
green tea 0.04 75.0—107.5
0.08 87.5—110.0
0.02 80.0—105.0
black tea 0.04 72.5—105.0
0.08 87.5—103.7
- 0.02 - - 75.0—105.0
pu’er tea 0.04 80.0—107.5
0.08 717.5~=107.5
0.02 “ 70.0—95.0
oolong 0.04 80.0—107.5
0.08 78.7—102.5
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