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Determination of 9, 10-Anthraquinone in Tea Packaging Paper
by GC-MS/MS

LIANG Jianfeng, LI Ya“, WEI Shigin, QIAO Ruying, CHEN Meiban

(College of Chemical Engineering and Resource Recycling, Wuzhou University, Wuzhou 543002, China)

Abstract: A gas chromatography-mass spectrometry (GC-MS-MS) method was established for the detection of 9, 10-
anthraquinone in tea packaging paper. The sample was extracted with acetone-n-hexane mixed solution, and then the extract
was concentrated by centrifugation and nitrogen blowing, and then purified by SPE with a Florisil solid phase extraction
column. The purified liquid was analyzed by a gas-mass spectrometer. The instrument used DB-5MS gas chromatography.
Column (20 mx0.18 mmx0.18 um) was separated, scanning in multi-reaction monitoring mode was selected, and internal
standard method was used for quantification. The results showed that the method had a good linear relationship in the mass
concentration range of 10~200 ng/mL, the linear regression equation was Y=0.23249X+0.001203, the fit R’ was 0.9989, the
detection limit of the method was 3 pg/kg, the limit of quantification was 10 pg/kg, the recovery rate of standard addition
was 89.3%~98.7%, and the relative standard deviation (RSD) was 3.01%~4.42%. This method was suitable for the
qualitative and quantitative detection of 9, 10-anthraquinone in tea packaging paper.
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BRSSP BT A TS YL R | m R ER L SRR
T HEREE RIS, 2014 4F 10 A BRI K AR
NO1146/2014 R Z5mr PRl mBRE, 20 pg/ke!,
X —HLE B 2 2014 AEFR EH AT B TE] e
TR, gy B BRER R RS A R R Y 27 4t
AR, R B AR bR 220k 8 fby & i 7, EHE
FRPRIARAZE TR A Cse—xe vhidi o

9,10-E L= —FERIML 5, DM TR F
R, LR ZEEEDT AN, AR, B
KEMFFE ARG H5) R “ XF A nT gesusE” (2B 4)
JIE, X AR — 2 s HOR A T R S ) IR
SFAEY AT . RIS 9,10- BIERWL AT LT,
A%, BT RO AE = HR RS, I8 SR & BN
e FEFNC. BT, i a4t B E S B
FTEE 4GS AR P, AT R AR AT LA e s
YR L S5 2T 4 ) iy i B 3 AH D i HP T 3 Y5
Yellot - B2 R A IR AG I T 3BT oA h-AT W4y
FEAERE LT S RCE AN kRN S RO AH
U820 S AH A - S R P | A i - R B R
VPP R b e g B, i JGaE A AR T A 4R
R EERASIN 732 . B AT I L 4R b R 252
E4 R GB/T 230204-200845 M1 519 Ffife 24 K AH 5
A2 i % BE o 0 5 ASORH €1 - o 1 ) HP U ) A
W3R A T e e ik, HANGE S e gl
&S AT HE ) AT 2 S R o BRI e . R,
FLF X RTALEE | o il 445 B, #Sr —Fh
P | A | 35S E LA R YT R ) R SR £
1% 1% AR e AT T s, SIFSE 2R rp R U,
M RS Y AL 4T RS AT, SRSt
TP IR 2L 4, THRRICER F R BE 22 HAA PR R
1 #MRI5EE
1.1 MRS5S

AL ACRE T T RWASE4SSe | 4UEse |
GRS AUTTE R A, B A LR AR (AR 4R 4R
FRAR . R, EAAHOVE R ST i 9,10- 2R
bR WY 5 CAS 5. 84-65-1, 4fi i 99.0% & [
DrEhrenstorfer 2 7l ; Dg-ELliiE CAS *5: 10439-39-1,
4l 99.0% FEE TRC A F]; N, aigal  S2E
Honeywell 23 F]; IECVEE, 354l FEE Merck 23 H];
To/KBRIREE, srbral  E 25 k2450 A IR A 7
SPE /M¥E 1000 mg/6 mL, 5% B+ SEEZEES
2NHE]

Agilent Intuvo9000-7000D — & PU K ¥ < AH BT
TEIR FHAY D B, 735 5 2 F1b U & Masshunter oAb

B EELEEISLNS F]; Multi reax IR IEIR S A%
15 [E heidolph 2y Fl; X-30 R .00l #2[E Beckman
INHE] NAI-DCY-12G AWML AR OSSN A
BRZNE]; CPA225D U, FRSF % [E Sartoriu 2N &l
Million Q #4lizk#s 3 Milli-pore 23F] .
1.2 SLWHE
1.2.1 FESAHTALIE
1.2.1.1 PRSI R AURE Sh 3R B B/ IMARAR, T
SIIE ST Ry, — 0y FH R, 55 b — 1 A7 A
FESHT A5 . BURESS 0.50 g T 50 mL S ZF B0
B, A 5.0 mL A 2EKIRHL 30 min, A NER Dg-
BRAEACUE 16.7 uL A1 15.0 mL PIEA-1F C IR 1
BUAEW (VHV=1+4), A $EH 30 min, INIA 3.0 g JC
IKBRFRENEE, ST EIFES], ARG B TR R B OHL (L
4000 r/min, ¥#E 4 °C)ES.C> 10 min, F2H 6.0 mL |-
T 15mL EL04 . 35 C AR T, 2.0 mL N
Hiil- 1F e e (VA+V=1+39) I sk i, Frige ik,
1.2.1.2 &SI B 5.0 mL WEE-IFE Ok
(VHV=1+39) Pe itk SPE /M, e L3 iR, 2R
Ja E R A Ak W, hn A 10.0 mL 4 Bl -1F & &%
(V+V=1+39) BEML IR el B r s tr ), WS i v
T 35 C &S WK, 1.0 mL N BH-1E & %t (V+V=
1+39) PRI M 15 fr ik s, 1k 0.22 pm A3 HLIENRE T ERE
/NI, JERAE_EALIE .
1.2.2 gk Cigie: SEELHERRHY A R
7] DB-5MS #1(20 mx0.18 mmx0.18 pm); #K<.: &
R (4liF = 99.999%); JiLi: 1.0 mL/min; FEE MR
280 °C; #FAE T =: ANG3iE; PFRE IR 1 pl; AETRAR TR
FEJF: WIHARVERE 120 °C, L 30 °C/min F} & 280 °C,
£#4F 3 min.
1.2.3 st s B2 (ED, 70 eV;
MR, 22 52 7 Wil (MRMD) , Waili s 1~ R 2
B 1; B TFURIRES: 230 °C; 1L 5L IEE: 280 C;
REFE A = 2E A, WSy 1.0 mL/min; 3% 71 2838
3 min,
1.2.4 PrAEfhZReshl  FREL 9,10-BHERFRES 25.3 mg
F 25 mL Z5EE T, RG2S 2205, 285 PSR
e BE 1.00 pg/mL 1Y 9,10- R AR HEAS & W, & T
4 °C vKFA T EDCLRAT

FREL Dg- B ERAR R 10.1 mg T 10 mL 2
v, FHPIERE 25 225, SR TP RGBSR 100 pg/mL
1) Dg- B ERNPRMER I, BT 4°C VKA R CIRAT

I B AT, M H 10, 20, 50, 100, 200 pL A9 9,10-

F 1 BUEIUGINS %L

Table 1 Detection parameters of mass spectrometer
W4 Fx BB F(m/z) FEF(m/z) fillAE e A (ev) GE R 1] (ms)
9, 10k 208.0 152.0/180.0" 22/10 40
Dy- B bR 216.0 160.0/118.0 20/10 40

T ERE T



£ 248 -

B Tl B

2021 4 6 H

BBRARVEAS £ (1.00 pg/mL) T 1.0 mL &8,
Sy IO 5 pL 1Y Dg- BERNFRE R (100 pg/mL),
JH PR B 2 R R e i R B2 43 53] 2 10, 20, 50, 100,
200 ng/mL F4 9,10- B ERARME R, De-BlR PRI
FBE N 0.50 pg/mL. LA 9,10-BIBRHE B kAR, &5
X1 (208.0>180.0) I T AR 5 INARIGE T AR Hb g0
AR, ZtilbriEthZk
1.3 HELIE

DAASE B3 Bk 1] i P 8 b e e, LARE B 0f
MBS T i, SEOOEAN . RIS R A AHE U
BRI A T4 MassHunter GC/MS Acquisition
(A B.07.06.2704, 18-JTul-2017) , &l < il V& % 1
Origin7.5, IXFEH 9,10-BBR & iE AR N
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b = P i i 1 D1 7R 1y e S = S Q1 7 o

100 ng/mL) R A8 (3% 261 5¢ AR S5 T-He o7
BEE LV RS ROR, AR RS B AR o251
SLULE 1~1F] 4,
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1701P PUZREE S B A5 R F a5 432 4E, b DB-
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B4 9,10- B HRIEA 743250k, A HugeRsfTa] | map B, 3k
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] HEAE F EEARE CHRRE S &, RS R AER S 9,10-15
BRAEDERE TS0 o, SRR NAE B R R, 275
SYAIT, SR 270 °C VEREERE CHRE PR GaEb
22 FgFEHMHL

ARG ] %#ﬁnﬂz)il&ﬁéﬂf*(scanﬂ
F HARSIHT 9,10- R A4 TR I (ULIE 6), 264 5
K% PE R, AT =R B R BOE S AR =S 1, SRS
SRHZ ANy AT (MRM) . AR5 AR e+
A, GE AR R AR, SRk 208.0>152.0 N AE
B X, 208.0>180.0 Sy H B T X, BEHL 10 eV,
22 eV Sy HWE A AN TS X BRI e A
23 ZMSEBERFERHR

FIRAS I 1.3 P SEEe A5 TIN5 , LA 9,10-08
BRI A R AR, DAE B B X (e T AR PRl

AL LUAE S AR bR, SIVERRUERIZR . DL 3 5 (50 L

(S/N) & H 46 H BR (1imit of detection, LOD), 10 1%
{5 e S B FR (1imit of quantity, LOQ)

FEHLZEH, 9,10-BINRTE 10~200 ng/mL HBTHEHE
BEVE I P B Rl &R, LRt mA 7 72 R



- 250 - 5 Tk BB 2021 4F 6 H
4.345 min
1 3.54 180.0

2.0 01 3.04
s S g 25,
< 0.6 <50l 1520
2 4 g~
g 1.0 = =]
2 = 0.4 2 1.54
O =z o}

0.5 0.2 1.0

0. - 0. AL - 051 208.0
0

T T T T T T T T T T
34 363840424446 485052
KA (min)

T T T T T T T T 1
3436384042 4446485052
SRAERTE] (min)

T& T T T T T
150 160 170 180 190 200 210
st (m/z)

Kl 6 9,10- R B It I A B 1]

Fig.6 Ion flow and mass spectra of 9,10-anthraquinone

Y=0.23249X+0.001203, {45 R’ “hy 0.9989, J5 ki
HBRA 3 ng/ke, B PR 10 pg/kg.
24 HERERYNESL

TEPEAAH (0135 5T 5 I FH 7 2500 2 B o, 0288 48
e i 1A S SE L JT T HE 23X H AR 10 B8 HLAT BRIy
M e PR, PR AR TR E BT B AR HL
A 55 v W SABUE FNAERPE . 4 DURR A TR 25 P 3 ot
FESMH, X285 AR UEAT 10, 50, 100 ng/mL 3 4>
R (USROS 56, FESOAR B INEER Dy AR R
SMNPRARUE N ZEA T2 BT, SRR AR 2R y=
0.564516x+0.001421, IG5 R° 4 0.9950, HAKZE R
L 2,

TER MR I e B G AT, 53325 8k
Filfl . 2 9 3 SR S W B R 9, 10- B BRI bR e BE R 10,
50. 100 ng/mL ARG, AR 2 251 mT DUE Y, E17]
TENIAR IR | AR R 25 07 AR 2E AN, 600
B AT ISR FH PN ERAVE A 9,10- R AR v T A% 2R i pec il
T, AR 5 oR 2 PR RS S TR b A
LAAEH 225
2.5 SCRRFERINFREIER S 2 E

PEHCRKE S 9,10-BUERAY 448, R4t FFFp

40, H4UH 4 Fh A5 e 40 5, A FRER 0.5 ¢ T
500 mL 2.0 45 v, 43 5 s i Bt Bk EE ol 10, 50,
100 ng/mL FRUEF, B UK 6 13- FATHE,
FEAMRSTIG, YR R A AT A B AN (s S AT 25 R T
B, M Z AT 89.3%~98.7% 7t FEl, AH % b v i 22
(RSD) M 3.01%~4.42%, ELARLE IR U3 3; T HAl
L2 ACHR 9,1 0- B ERAGIN 4 A A AR, FE SRARETT
e, 2% A5 e IR ARG I f) HF 1RSIy Tk SN/T
4777-2017, 532088 T ARSI e e, B
ZEIR L 4,

AL 38680 vT A & B, AR SCiRes ik 52
F )71 SN/T 4777-2017 FENIAR BN | AR AR HE
227 A T, FRWIZIRE 75455 GB/T 27404-
2008 52 T S HITE & B A Y [l
IO 25 B 1 R P2
2.6 SEPRMEGRNIE

FEHLRAETT A8 B AT 284t 20 4y, Hoh 4k
4%, BRRAR . FERP AR, FARARAS S 0. AR TERAG Y
B9 oy, Kp B 45% . B RAUK H R 60%, 4
RS H R 20% o Gl A SEBRAE S AG I 235 SR v
LB, B e gUn s & 9,10-BlRis 4ed, 771F

F 2 ORIFIFET) 9,10- R A [ e 3 FURH XS A o Bl 2
Table 2 Recovery and relative standard deviation of 9,10-anthraquinone in different solvents
R WK (ng/mL) (%) RSD(%)

10 81.7~84.0 4.67

AR 50 83.2~85.4 4.03

100 86.4~88.9 3.69

10 80.7~82.1 4.92

FARARE PR AR 50 81.8~84.0 4.59
100 84.1~86.4 3.99

10 80.2~83.0 4.81

FRRPARAS B TORE A I T 50 82.7~85.1 4.44
100 84.9~87.8 3.63

10 82.5~85.2 4.59

AR S RSO S TR 50 85.9~89.0 4.08
100 85.5~88.7 3.88

10 81.7~83.3 4.87

PR S R TR i i T 50 84.4~87.0 4.52
100 86.1~90.1 3.59
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3 9,10-BEERINAR [FISCRFA X BRI (22 (n=6)

Table 3 Recovery and relative standard deviation
of 9,10-anthraquinone
[ERTT BN WIN7KF(ng/mL) (%) RSD(%)
10 89.3~93.9 4.42
R 50 91.1~95.5 3.83
100 93.4~97.2 2.99
10 90.9~94.9 3.92
HER L 50 93.2~96.1 3.50
100 94.5~97.8 3.21
10 89.0~92.5 4.25
4% 50 91.1~94.5 3.72
100 94.3~96.0 3.11
10 89.5~93.9 4.01
SEivT 50 92.4~95.5 3.62
100 95.5~98.7 3.01

4 Jrik SNIT 4777-2017 B0 MIUCR A
FART 3 D 22 (n=6)
Table 4 Recovery and relative standard deviation of method
SN/T 4777-2017 (n=6)

TR WK (ng/mL) [ER (%) RSD(%)
10 79.2~83.4 5.89
4Ryt 50 81.9~85.4 4.92
100 86.9~89.2 3.56
10 78.9~84.0 5.52
kST LIES 50 82.1~86.5 4.62
100 85.5~89.5 4.12
10 82.9~86.7 5.01
il R4 50 85.9~89.5 4.09
100 87.3~90.9 3.55
10 86.5~91.2 4.69
45 50 88.4~92.9 4.01
100 90.5~95.4 3.42
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