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411 BELB-T IR Y E A A B 500 mg/6 mL,
412 PEFELHEUELR. fL12 1.5 pm,

5 {UFEMIgE

5.1 S ARG S-S B A . Ao A E1 BB U . SR B U RAF B & o A 4«
5.2 Hr R EEHN 0.01 mg 1 0.01 g,

5.3 L,

5.4 M BRI,

5.5 B HL:4 500 r/min,

5.6 [EAHABUCKE.

5.7 HZEB.LHE 50 mL,

5.8 U iR 7R KA .

5.9 #4EH:50 mL,100 mL,

6 AEHESKREF
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AR ZE 290 C f3£4F 5 min;
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10.1 Ecke:[H 4.1,

10.2 & H ke [H 4.2,
10.3 ZJfiE:HPLC %4,
10.4 ECk-—F@ B HGHLEBE) [ 4.3,

10.5 ZJE-7K(85+15 &It . B HL 850 mL Zi§ 5 150 mL /KIE& ¥4,

10.6  HIF (@) EEAREY L« H] 4.4,

10.7  FIF () EEARMERE VAW - [A] 4.6,
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c) KR35 C;

d) AW 384 nm; K G 406 nm;
e) P :1.0 mL/min;
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5.0 86.4 5.0 81.6~101.2
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# i 2.0 2.0 80.0~98.0

5.0 87.2~103.6 5.0 81.4~100.6

1.0 79.0 1.0 76.0~96.0

HH 2.0 81 2.0 78.0~99.0

5.0 8 5.0 80.0~99.8

1 0 1.0 78.0~101.0

FH 2, 0 .0 78.5~102.5
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%4k 2.0 80.5~101.5 2.0 79.0~98.5

5.0 86.8~102.6 5.0 79.6~105.8

1.0 83.0~103.0 1.0 79.0~100.0

Ffc 2.0 83.5~102.5 2.0 79.5~98.0

5.0 88.2~104.2 5.0 80.4~99.6

1.0 82.0~107.0 1.0 79.0~101.0

L 2.0 86.0~102.0 2.0 80.0~101.5
5.0 88.8~104.2 5.0 80.6~102.8
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* B.1 (&0)
AR 8 1 - E3 I B vk VA £ 33
b bRk S 1] 15z < 3 sk 1] 15 < i [l
rg/kg % rg/kg %
1.0 83.0~102.0 1.0 78.0~101.0
L 2.0 86.5~102.0 2.0 79.5~100.0
5.0 88.6~101.0 5.0 82.0~101.2
78.0~101.0
3 75.0~100.0
77.6~98.6
77.0~97.0
HES 78.5~99.0
82.0~97.2
75.0~99.0
U 80.0~97.5
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Foreword

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

Please note that this document may involve some of the contents of the patent. The standard filepub-
lishing institutions does not assume the responsibility of identifying these patents.

This standard was proposed by and is under the jurisdiction of the Certification and Accreditation
Administration of the Pepple’s Republic of China.

This standard is drafted by Shaanxi Entry-Exit Inspection and Quarantine bureau of the People’s Re-
public of China.

The standard is mainly drafted by He Qiang,Kong Xianghong, Li Jianhua,Li Gaohua.Wu Shuangmin,
Zhangying.Zou Yang.Zhang lu.Li Ying.Fu Chengyu.
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Determination of benzo(a)pyrene residue
in Chinese herbal medicine for export

1 Scope

This standard specifies the determination of benzo(a)pyrene residues in Chinese herbal medicine by
GC-MS/MS or HPLC.

This standard is application to the determination and confirmation of benzo (a) pyrene residues in
Radix Rehmanniae Praeparata.Ginseng, Astragalus, Licorice, Pinellia, Senna, Chrysanthemum, Medlar,

Bitter almond, Gynostemma, Poria. Stiff silkworm, Propolis, etc. The first method can be used for
confimation the benzo(a)pyrene.

2 Normative references

The following document is essential for the application of this document. For dated references,only
dated version apply to this document. For undated references. the latest edition (including all the
amendments) apply to this document.

GB/T 6682 water for analytical laboratory use-Specification and test methods

Method 1. Gas chromatography-tandem mass spectrometry method
3 Method summary

The sample was soaked in water, than extracted with n-hexane, following by a cleanup step with
silica solid phase extraction column and Polystyrene-divinyl benzene copolymer solid phase
extraction column. Then determined and confirmed by gas chromatography-tandem mass spectrome-
try (GC-MS/MS) using internal method.

4 Reagents and materials

Unless otherwise specified, all the reagents used should be analytical grade, and water for a water
provisions in accordance with GB/T 6682.

11
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4.1 n-hexane: HPLC grade.

4.2 Dichloromethane: HPLC grade.

4.3 n-hexane-dichloromethane (3+1,V/ V) .Measure 300 mL n-hexane and 100 mL dichloromethane,
mixed uniformly.

4.4 Benzo(a)pyrene standard substance(Benzo(a)pyrene,Cy,H;, .CAS: 50-32-8) : purity—=99%.

4.5 D,,-benzopyrene internal standard (Benzo (a
—=98%.

o D1, CAS: 63466-71-7): purity

4.6 Benzo(a)pyrene standard n adequate amount benzo(a) py-

rene standard and dissolve in volume of dichlor ock solution is 1 000 pg/mL in con-
centration,and stored at 0 C~4 TC.
4.7 Benzo(a) pyrene-D,, intern solution: Accurately weigh an adequate amount
benzo(a)pyrene-D,, standard an e stock solution is 100 pg/mL in
concentration, or buy the benz the stock solution is stored at
0C~4T.
4.8 Benzo(a)pyrene-D,, internal s benzo (a) pyrene-D,, standard stock
solution is diluted with n-hexane is stored at0 CT~4 C.
4.9 Series of standard work s olume benzo(a)pyrene standard
work solution and benzo(a)p on,add to volume by n-hexane,
the benzo(a)pyrene concentr ng/mL and the benzo(a) pyrene-
D, concentrations was 10 ng/ 0C~4T.
4.10 Silica solid phase extractio
4.11 Polystyrene-divinyl benzene copolymer solid phase extraction column. 500 mg/6 mL.

4.12 Glass fiber filter paper: Aperture 1.5 um.

5 Instruments and equipment

5.1 Gas chromatography-tandem mass spectrometry: El ionization source with a tandem quadrupole
mass analyzer.

5.2 Analysis Balance: 0.01 mg and 0.01 g.

12
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5.3 High-speed grinder.

5.4 Ultrasonic extraction instrument.

5.5 Centrifuge: 4 500 r/min.

5.6 Solid phase extraction device.

5.7 Centrifuge tube: 50 mL.

5.8 Vacuum rotary evaporator.

5.9 Concentrated bottle: 50 mL

6 Sample preparation and preserv.

For Ginseng, Astragalus, Licorice, er almond, Gynostemma, Poria,

Stiff silkkworm: take not less tha h-speed grinder.then through a
diameter about 0.3 mm sieve, ta ntainer, sealed and marked, and
stored at 0 C ~4 C.For Radix Rehmanniae Praeparata r,Propolis: samples were cut into small
pieces,and frozen at —18 C for mor rind quickly.crushed samples were

taken into a clean container, seale

7 Procedure

7.1 extract
weigh about 2 g(accurate to 0.0 ifuge tube, add 200 pL benzo(a)
pyrene-D,, internal standard work sol ,then add water. Soak and ultrasonic wave ex-
tracted 30 min, then add 15 mL n-hexane,oscillation extracted 10 min,centrifuged at 4 000 r/min for
3 min,n-hexane solution was transfered to a 100 mL bottle,the residue is extracted with 15 mL and
15 mL n-hexane again. And combined the n-hexane extracts.concentrated to about 5 mL at 40 ‘C .and
waiting for cleanup operation.

Propolis samples need to filter with glass fiber filter paper filter after concentrated.and elution the
glass fiber filter with about 5 mL n-hexane.

7.2 Cleanup
The silica gel solid phase extraction column is connected to the top of polystyrene-divinyl benzene

copolymer solid phase extraction column, washed with 5 mL dichloromethane and 10 mL n-hexane
13
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successively. Transfer the sample solution to the series solid phase extraction columns,and use 5 mL
n-hexane to wash the sample bottle.the wash solution is transferred to the SPE columns too. Then
use 15 mL n-hexane to wash the SPE colunms. Get rid of the silica gel solid phase extraction column,
use 5 mL n-hexane to wash the polystyrene-divinyl benzene copolymer solid phase extraction
column. Use 5 mL n-hexane-dichloromethane(4.3)to elute the polystyrene-divinyl benzene copolymer
SPE column and collect the eluent. All the process control the flow rate between 2 mL/min and 3 mL/min.
Evaporate the eluent to almost dry under 40 C ,add 1 mL n-hexane, wait for gas chromatography-tan-
dem mass spectrometry determine and confirm.

7.3 Determination

7.3.1 Gas chromatography-tandem mass spectrometry reference conditions

Gas chromatography-tandem mass spectrometry reference conditions are as following:

a) Chromatographic column. DB-5MS column elastic quartz capillary column,30 m X 0.25 mm(i.d.),

film thickness 0.25 um,or equivalent.

b) Column temperature: 120 C keep 0.5 min,with 20 C/min speed up to 250 C ,keep 8 min.with
10 C/min speed up to 290 C and keep 5 min.

¢) Inlet temperature: 280 C.

d) Interface temperature: 290 C.

e) Carrier gas: Helium,purity is greater than or equal to 99.999% ,the flow is 1.0 mL/min.

f) Injection volumn. 1.0 uL.

g) Injection mode: splitless.,purge after 1 min.

h) lonization mode: El.

i) lonization energy: 70 eV.

i) lon source temperature: 250 C.

k) Collision gas: argon.purity is greater than or equal to 99.999% . the pressure is 2.0 mTorr.

> measure mode: multiple reaction monitoring(MRM).

14
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m) multiple reaction monitoring conditions: The MS detection conditions of benzo(a) pyrene and

isotope internal standard benzo(a)pyrene-D,, see Table 1.

n) solvent delay time: 15 min.

Table 1—MRM conditions of benzo(a)pyrene and benzopyrene-D;,

compound

quantificational ion pair

collision energy

Qualitative ion pair

collision energy

m/z eV m/z eV
benzo(a)pyrene 252/250 35 252/224 50
benzo(a)pyrene-D;, 264/260 40

7.3.2 GC-MS/MS determination and confirmation

7.3.2.1 Quantification determination

According to the approximate concentration of the benzo(a)pyrene in the sample solution,select the
standard working solution with similar concentration of the sample solution. The response of the
standard solution and the sample solution should be within the linear range of the instrument detec-
tion. The standsrd working solution should be injected in between the injections of the sample solu-
tion with one common volume. Use internal method to quantitative. Under the above GC-MS/MS op-
erating conditions,the MRM chromatogram of benzo(a)pyrene see Fig. A.1 in Annex A.

7.3.2.2 AQualitative determination

Analyse the working standard solution and sample solution according the condition of 7.3.1. If the
mass chromotography retention time deviation of the peak of sample and peak of the standard is less
than +2.5% ,and the relative abundance of the qualititive ion pair is consistent to the similar concen-
tration standard solution.and relative abundance deviation is in the range of Table 2.then to deter-
mine that there is corresponding compound.

Table 2—Qualitative confirmatory relative ion abundance maximum allowable deviation

relative ion intensities/ % >50 >20~50 >10~20 <10

permitted tolerances/ % +20 +25 +30 +50

7.4 parallel test

Use the above detection step to analysis the same sample again.
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7.5 Blank test

The operation is same as the above detection step,but with omission of sample addition.

7.6 Calculation and expression of the result

Calculate Benzo(a) pyrene content in the sample with chromatographic data processor or using the
formula(1) .

oC 1)

Where:

X —benzo(a)pyrene content in the test
¢, —the concentration of benzo( g/mL;
c¢; —the concentration of benzo( lution,ng/mL;‘
A —the peak area of benzo(a)pyrene i
A, —the peak area of benzo(a)
V' —the constant volume of t
c,; —the concentration of benz
A, —the peak area of benzo(a)p
A, —the peak area of benzo(a)pyrene in the standard solution;

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

The calculation results shall be deducted the blank value.

8 LOQ and recovery

8.1 LOQ
LOQ of this method is 1.0 ug/kg.

16
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8.2 Recovery

The data of recovery see Table B.1 in Annex B.

Method 2. High Performance liquid chromatography method

9 Methods Summary

The sample was soaked in water, wing by a cleanup step with

silica solid phase extraction column and Polys nzene copolymer solid phase

extraction column. Then determined by liquid uorescence detection using external

method.

10 Reagents and materials

Unless otherwise specified, all the reagents used shou e analytical grade, and water for a water

provisions in accordance with GB/T 6682
10.1 n-hexane: see 4.1.

10.2 Dichloromethane: see 4.2.
10.3 Acetonitrile; HPLC grade.
10.4 n-hexane-dichloromethane(3

10.5 Acetonitrile-water(85+ 15, V/V) .Measure 850 mL acetonitrile and 150 mL water, mixed uni-
formly.

10.6 Benzo(a)pyrene standard material: see 4.4.
10.7 Benzo(a)pyrene standard stock solution: see 4.6.

10.8 Benzo(a)pyrene standard work solution: The benzo(a)pyrene standard stock solution is dilu-
ted with acetonitrile to 0.05 pg/mL~0.2 ug/mL,the work solution is stored at 0 C ~4 C.

10.9 series of standard working solution: Accurately remove an adequate volume benzo(a) pyrene
standard work solution,add to volume by acetonitrile, the benzo(a)pyrene concentrations are ranged
from 2 ng/ mL to 100 ng/mL,the standard solution is stored at 0 ‘C ~4 C.
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10.10 Silica solid phase extraction column: see 4.10.
10.11  Polystyrene-divinyl benzene copolymer solid phase extraction column: see 4.11.
10.12 Glass fiber filter paper: Aperture 1.5 uym.

10.13  Filter: 0.2 um,organic phase.

11 Instruments and equipment

11.1  Liquid chromatography: with fluorescence detector.

11.2  Other instruments and equipment. see 5.2 to 5.9.

12 Specimen preparation and preservation

See 6.

13 Procedure

13.1 Extract
In addition to not add 200 uL benzopyrene-D;, internal standard(4.8) ,others same to 7.1.
13.2 Cleanup

The silica gel solid phase extraction column is connected to the top of polystyrene-divinyl benzene
copolymer solid phase extraction column, washed with 5 mL dichloromethane and 10 mL n-hexane
successively. Transfer the sample solution to the series solid phase extraction columns.and use 5 mL
n-hexane to wash the sample bottle, the wash solution is transferred to the SPE columns too. Then
use 15 mL n-hexane to wash the SPE colunms. Get rid of the silica gel solid phase extraction column,
Use 5 mL n-hexane-dichloromethane(4.3) to elute the polystyrene-divinyl benzene copolymer SPE col-
umn and collect the eluent. All the process control the flow rate between 2 mL/min and 3 mL/min.
Evaporate the eluent to dry under 40 ‘C ,use 1.00 mL acetonitrile to dissolve the residue.then filter it

with 0.2 um membrane,wait for HPLC-FLD determine.

18
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13.3 Determination
13.3.1 Liquid chromatography conditions
Liquid chromatography conditons are as following:

a) Column: polycyclic aromatic hydrocarbons (PAHs) dedicated liquid chromatographic column,
length 250 mm, inner diameter of 4.6 mm, particle size 5 um,or equivalent;

b) Mobile phase: acetonitrile-water(85+15,V/V);

¢) Column temperature: 35 C;

d) Excitation wavelength: 384 nm; Emission wavelength: 406 nm;

e) Flow rate: 1.0 mL/min;

f) Injection volume: 20 uL.

13.3.2 Liquid chromatography determination

According to the approximate concentration of the benzo(a) pyrene in time sample solution, select
the standard working solution with similar concentration of the sample solution. The response of the
standard solution and the sample solution should be within the linear range of the instrument detec-
tion. If the response of the sample solution is out the linear range of the instrument detection, should
dilute the sample solution and inject again. The standard working solution should be injected in be-
tween the injections of the sample solution with one common volume. Use external method to quan-
titative. Under the 13.3.1 operating conditions, the HPLC chromatogram of benzo(a) pyrene see Fig.
A.2 in Annex A.

13.4 Parallel trial

Use the above detection step to analysis the same sample again.

13.5 Blank test

The operation is same as the above detection step,but with omission of sample addition.

13.6 Calculation and expression of the result

Calculate Benzo(a) pyrene content in the sample with chromatographic data processor or using the
formula(2)
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X_A><cs><vx1ooo
T A X m 1 000

Where:

X —benzo(a)pyrene content in the test sample.ug/kg;

A —the peak area of benzo(a)pyrene in the test sample solution;

¢; —the concentration of benzo(a)pyrene in the standard solution,ng/mL;

V —the constant volume of the

>

—the peak area of benzo(a)pyrene in the sta
m —the corresponding mass of test sa ample solution,g.

The calculation results shall be de

14 LOQ and recovery

14.1 LOQ
LOQ of this method is 1.0 ug/k
14.2 Recovery

The data of recovery see Table

20
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Annex A
(Informative Annex)
GC-MS/MS chromatogram and HPLC chromatogram of benzo(a)pyrene standard

Benzo(a)pyrene Benzo(a)pyrene Benzo(a)pyrene — Dy
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11 000 252>250 252>224
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10001
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Figure A.1—GC-MS/MS chromatogram of benzo(a)pyrene standard solution
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Figure A.2—HPLC chromatogram of benzo(a)pyrene standard solution
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Annex B

(Informative Annex)

The add recoveris data of Benzo(a)pyrene residue detection

Table B.1—The add recoveries data of benzo(a)pyrene in Chinese herbal medicines

GC-MS/MS HPLC
sample Spiked level Range of recovery Spiked level Rage of recovery
g/ kg % Hg/ kg %
1.0 82.0~105.0 1.0 75.0~103.0
Radix Rehmanniae
—— 2.0 85.0~104.0 2.0 80.5~99.5
5.0 86.4~101.2 5.0 81.6~101.2
1.0 80.0~101.0 1.0 78.0~99.0
Ginseng 20 84.5~101.5 2.0 81.0~98.5
5.0 88.2~100.0 5.0 82.0~102.6
1.0 82.0~104.0 1.0 79.0~97.0
Astragalus 2.0 85.5~102.5 2.0 80.0~98.0
5.0 87.2~103.6 5.0 81.4~100.6
1.0 79.0~106.0 1.0 76.0~96.0
Licorice 2.0 81.0~103.5 2.0 78.0~99.0
5.0 85.8~105.0 5.0 80.0~99.8
1.0 83.0~103.0 1.0 78.0~101.0
Pinellia 2.0 85.2~100.0 2.0 78.5~102.5
5.0 88.2~102.6 5.0 80.0~100.2
1.0 83.0~102.0 1.0 78.0~96.0
Senna 2.0 86.5~106.0 2.0 79.5~100.5
5.0 87.2~104.4 5.0 81.2~102.2
1.0 81.0~101.0 1.0 78.0~102.0
Chrysanthemum 2.0 80.5~101.5 2.0 79.0~98.5
5.0 86.8~102.6 5.0 79.6~105.8
1.0 83.0~103.0 1.0 79.0~100.0
Medlar 2.0 83.5~102.5 2.0 79.5~98.0
5.0 88.2~104.2 5.0 80.4~99.6
1.0 82.0~107.0 1.0 79.0~101.0
Bitter
A 2.0 86.0~102.0 2.0 80.0~101.5
5.0 88.8~104.2 5.0 80.6~102.8
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GC-MS/MS HPLC
sample Spiked level Range of recovery Spiked level Rage of recovery
Hg/kg % Hg/kg %
1.0 83.0~102.0 1.0 78.0~101.0
Gynostemma 2.0 86.5~102.0 20 79.5~100.0
5.0 88.6~101.0 5.0 82.0~101.2
1.0 84.0~103.0 1.0 78.0~101.0
Poria 2.0 85.0~105.5 2.0 75.0~100.0
5.0 88.8~102.2 5.0 77.6~98.6
1.0 84.0~104.0 1.0 77.0~97.0
Stiff
sillworm 2.0 85.5~103.5 2.0 78.5~99.0
5.0 87.4~101.4 5.0 82.0~97.2
1.0 82.0~104.0 1.0 75.0~99.0
Propolis 2.0 84.0~102.5 2.0 80.0~97.5
5.0 86.2~103.0 5.0 79.4~99.0
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