F28EF1H SR ELEE Volume 28 Number 1
2022% 3 A ANALYSIS AND TESTING TECHNOLOGY AND INSTRUMENTS Mar. 2022

S H iR F A SR (068~ 079)

[ =B -S4 B -RgENE 3 fdzast g
18 M &I T )2

I, e F2 3E
(REMFLZHEAEHRAT, RE 300499)

FEE . #7 T WAHZE - - Tk il 3 AP 2y 18 F 2 3005 48 (PAHSs) I RGIN 5 5. U2 F I
B JREANRE BT, DLIE CBER L, 28 Fiorisil \ProElut PAH & JHEAHAC U5 15+4E. SR JH DM-PAH AE73 8 e+
BT (SIM) BN, BE R VE FL AR i e . 45 R SR I . SEBRAE M, 18 i PAHs £E 5 ~200 pg/L [ BT =i N
BV R R AHC R KT 0.998. K i FRTE 0.6~ 1.2 ne/kg Z 0], ERFRLE 2.0~4.0 ng/kg Z 0. UL 4.0 8.0,
40.0 wg/ kg INAKEEAT 7 B2 0000E , PFS A IR 81.5% ~ 106.3% , MAXT bR R 22 7E 1.5% ~7.8% 2 I7]. - Il £
B BN 87.1% ~ 108.3% , FXFFRUEAR 2215 2.1% ~8.4% 2 [8). EAMK IR K 82.4% ~ 107.9% , At b i i 25 7
1.8% ~6.9%Z ). J7 kbR TR R BUE RAT, v HTFES P TURERURAR 3 R 2814 & 18 Ff PAHS
Ak B PRI,

KRR 22 50 s Th 24 5 [EDRH AR B SORH 3i- T i v

PESES: 0657.63 M HEFRE B X EHES :1006-3757(2022) 01-0068-12

DOI ; 10.16495/j.1006-3757.2022.01.011

Determination of Eighteen Polycyclic Aromatic Hydrocarbons in
Three Traditional Chinese Medicine Herbs by Solid Phase
Extraction-Gas Chromatography-Mass Spectrometry

LI Wen-bin, CHI Yan-yan, CHENG Fei
( Dikma Technologies Inc. , Tianjin 300499, China)

Abstract: A simple and rapid method for the determination of 18 polycyclic aromatic hydrocarbons (PAHs) in 3 traditional
Chinese medicine ( TCM ) herbs has been established using the solid phase extraction-gas chromatography-mass
spectrometry ( SPE-GC-MS). Salvia miltiorrhiza, Fritillaria ussuriensis and Magnolia officinalis were selected as the
samples. The samples were extracted with n-hexane. The extracts were purified on Florisil cartridges and Proelut-PAH SPE
columns. 18 PAHs were separated on DM-PAH columns (30 mx0.25 mmX0.25 pm). Selective ion monitoring ( SIM)
mode was used for the mass spectrometry, and matrix-matched external standard method was used for the quantification. The
results showed that the 18 PAHs had a good linearity over the concentration range of 5~ 200 wg/L and the correlation
coefficients (R*) were all greater than 0.998. The limit of detections (LODs) were 0.6 ~1.2 pg/kg (S/N=3) and the
limit of quantifications (LOQs) were 2.0~4.0 pg/kg(S/N=10). The recoveries (spiked at 4.0,8.0, 40.0 png/kg) were
81.5% ~106.3% ( Salvia miltiorrhiza) , 87.1% ~ 108.3% ( Fritillaria ussuriensis) and 82.4% ~ 107.9% ( Magnolia
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officinalis) , respectively. The relative standard deviations (RSDs) were 1.5% ~7.8% ( Salvia miltiorrhiza) , 2.1% ~8.4%

( Fritillaria ussuriensis) and 1.8% ~ 6.9% ( Magnolia officinalis )

, respectively. The method has a high purification

efficiency, accuracy and sensitivity, and can be used for the detection of 18 PAHs in TCM herbs. Using this method , Salvia

miltiorrhiza , Fritillaria ussuriensis and Magnolia officinalis samples were tested and found to have varied levels of PAHs.

This method can provide theoretical and practical significance for the detection of PAHs in TCM herbs.

Key words: polycyclic aromatic hydrocarbons; traditional Chinese medicine herbs; solid phase extraction; GC-MS
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1 000 pg/mL, A R LB, 4l KT 99.9%,
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Table 1 MS parameters for 18 PAHs

e TRERNE ERET ENET
/min /(m/z) /(m/z)

P 5.851 128.00  127.00,129.00
e 8.657 152.00  151.00,150.00
& 8.862 153.00  154.00,152.00
% 9.703 166.00  165.00,82.00
E[d 11.591 178.00  176.00,179.00
B 11.657 178.00  176.00,179.00
KR 14.739 202.00  200.00,203.00
4 15.712 202.00  200.00,101.00
KIF[a] & 20.832 228.00  226.00,229.00
J# 21.231 228.00  226.00,229.00
FIf[b] e 26.404 252.00  226.00,229.90
FIF[ k] 26.530 252.00  250.00,126.00
ESIENID S 26.673 252.00  250.00,126.00
HH[al i 28.208 252.00  250.00,126.00
FH[e]it 28.464 252.00  250.00,126.00
BiA[1,2,3-c,d] i 33.627 276.00  277.00,274.00
I [a,h] B 33.687 278.00  279.00,139.00
HIH[g,h,ildE 35.096 276.00  277.00,138.00
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0.25 pm) P AR @5 AE 1Y 3 B ROCR. 45 R &I, A
7] 3 A AR I EE R T [ e ] BE LA SR I [ k] 26 A
MHEIE[ ] 9 AL DM-5SMS | Jo it JE 4R 4 85, fdi
DM-PAH £ AL FHERE R Bk TEiIR[1,2,3-c,
d J EERN R e il B A FE A e S MG,
ALE AT EAT 0 B RN R X 4, HE
16 F' PAHs 7E 40 min P58 4253 25, pn i3 BT & 1
Jias, al WA 5 B BAFI BT 45 .
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1 18 7 PAHs ;R A7/ R KA B IEE (SIM)
Fig. 1 Chromatograms of 18 PAHs mixted standard
solutions in SIM mode
Peak identification: 1-Naphthalene ; 2-Acenaphthylene ;
5-Phenanthrene; 6-

Anthracene; 7-Fluoranthene; 8-Pyrene; 9-Benzo [ a]

3-Acenaphthene; 4-Fluorene;

anthracene; 10-Chrysene; 11-Benzo [ b] fluoranthene;
12-Benzo [ k ] 13-Benzo [ j ]

fluoranthene; 14-Benzo [ a] pyrene; 15-Benzo [ e]

fluoranthene;;

pyrene; 16-Indeno [1,2,3-c,d] pyrene; 17-Dibenzo
[a, h] anthracene; 18-Benzo [g, h, i] perylene
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A, i B sk G W oA W R T 5358,
X F BRI SR CIEHRIUR 3R BORE @
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WUk, SR IE C b AT SR, ISR 4R T A
&, 100 H R R LT, HET R E O e TR Y
PAHs ¥t i, ] s o 28545 i v AP 1 4R 4 o
IECREAZ B K, TR BCE Z 1 Hirib &9
PRI T /D J B 1) B BRI U 26 O B AR S 4
YR AR ot AN [] 9 790 4 JBC %) [l s 23R 235 2R %) L dn
Kl 20178,

B2 AEREEGEFIZT 18 # PAHs B ZRZNE (n=3)

Fig. 2 Effect of extraction solvents on recoveries of 18 PAHs (n=3)
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B3 FARERESEKASHBITEITL
(A) PAH ZEE4E41Y, (B) Florisil %L /5 PAH U &4L

Fig. 3 Chromatograms of different extraction columns

(A) Purified with Proelut-PAH SPE column, (B) pre-purified with Florisil cartridges following further purified with

Proelut-PAH SPE column

Peak identification: 1-Benzo [ b] fluoranthene; 2-Benzo [ k] fluoranthene; 3-Benzo [ j] fluoranthene;

2.2.3

L Y e

4-Benzo [a] pyrene; 5- Benzo [e] pyrene

AL, 230 0l 1 ] IE e 19% — S B 1E 2 e

[P R A H 4 Ak ask A8 v 0 R 5 e i e 45 SR 1Y
FERNRZ —. @i &, 7E 1T Florisil 4 1
T BT IR S A T Ky N 5 B 1B 4 b
1 mL/min, {8 [8] W 45 R 0w 1%, 22 804k 6 9 DR AR
T 80% , FFARI i E 24 0.5 mL/min B}, [8] i R B
BT, ¥R T 80% , AR A5 WK 4 FiR i
Z35%$% 0.5 mL/min A Florisil A3 T AL 7 5.
2.2. 4 VRBENIER

TEFPFSINBRAE S 2017 $2 3, 48 B L Florisil

5% AT IE O bE 10% — & T B IE 4% . 20% —
AR BEIE CREEA TV, TRER] 1. 2. 55L&l 5 BF
N, R ) 10% ,20% — & W B OE C S B, 18 A
PAHs SRR EER , DIV I 25 5 [al SR & Ui
WA S AT BRI A Jir 0], 7 38 38 [ i 8 SR Y [] Bsf
JS AT RE AU B T SR AR B, e AR 10% — AT
LA .

2.3 ERMM

FEJFRON (matrix effect, ME) 248 FE 5 i) —
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E 4 Florisil ¥ iEXT 18 7 PAHs EU R &N (n=3)

Fig. 4 Effect of flow rates on Florisil column on recoveries of 18 PAHs(n=3)

B 5 EBGRFIRT 18 1 PAHs BIULZE N (n=3)

Fig. 5 Effect of elution solvents on recoveries of 18 PAHs (n=3)

Fobv ) LT A5 D00 2 X o 000 0 i 2 sl o ) o4
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i 1.2 i R i Ak BAS B IR B MO A E S AR
sitr-55 AT RO AT ] e JEE v o it 19 07 X 228 Jo
ROVE(ME ) B2, TR A TR . ME = (FUBRA RS

STV B AR B AR R AR I AR e e
HIFR-1)x100% , >4 ME KT 0 B Ry 2 B o8, ME /)
T 0 BEAFEFHH]. ME F485FHE KT 20% A I AAF
FEI B A SR R84 SR W 6 Frzs , AS R EE A
B B A, 286G T 20% , Btk A
SR FHARE B B i e A v e, LA R R s
DA 7= ¢ A LR A T
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BEe6 ARERT 18 # PAHs BERXA (n=3)
Fig. 6 Matrix effects of 18 PAHs in different matrices (n=3)

2.4 KHR. EERSEKMEERE 200 wg/ LAY L N R ME G 2R R AT ZRPEAT G R
VWY Z JEAN CEDURERE S, SR 1. 3 05 BT 0.998. LAEME L 3 34580, K HH BR (LODs )
VRS [l B2 BE BRI, LA AR E i B 7 8 0.6~ 1.2 pg/kg. UIEME L 10 5, & fE KR
I T B PN AR () , X R AY i e BE M B2 AR (LOQs) M 2.0~4.0 pwg/kg. 18 Bt PAHs 1E#AF il i
(x) W bR e 2R, & FER R 18 Bl PAHs 78 5~ HERNZR MISCRE A BRLL R e R Ak 2 T

&2 187 PAHs frEH &k X R EHRIUREER
Table 2 Calibration equations, correlation coefficients (R*>), LODs and LOQs of 18 PAHs

(A=} 95y B Hh 22 R’ KR/ (ng/kg)  EEMR/(pg/kg)

% VEE y=1067.888 0x+8 579.182 0 0.999 5 0.6 2.0
DBk y=454.468 Tx-56.406 8 0.998 4
JEAR y=832.799 3x+11 616.880 0 0.998 7

JE & y=579.134 4x+605.379 0 0.999 4 0.6 2.0
DBk y=376.275 2x+326.009 3 0.999 5
JEAN y=687.925 1x-755.196 7 0.999 2

& F1& y=379.280 0x+888.868 2 0.999 7 0.6 2.0
DBk y=229.258 8x+13.227 6 0.999 8
JEAN y=458.760 6x-374.803 3 0.998 1

%) & y=393.740 8x+3 038.301 0 0.998 6 0.6 2.0
- DUBE y=235.919 8x+580.978 4 0.998 6
JEAb ¥=523.604 3x+1 985.893 0 0.998 6

8 & y=456.781 5x+8 153.519 0 0.999 5 0.6 2.0
- DUBE y=313.205 2x—118.999 0 0.998 2

JEERR y=604.615 2x+12 926.360 0 0.999 1
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ES )
Ey £ PRl £ R’ KBy (pe/ke) ALY (peg/ke)

= F+& y=452.165 5x+1 130.715 0 0.999 0 0.6 2.0
DUk y=327.119 7x+553.154 5 0.999 2
JEAN y=645.020 9x+281.157 6 0.999 2

W F1& y=456.245 9x+2 406.219 0 0.998 9 0.6 2.0
DBk y=313.028 9x+556.812 6 0.998 5
JEAN y=640.870 2x+3 817.326 0 0.998 5

4 VAE y=425.500 8x+1 990.367 0 0.999 8 0.6 2.0
- DLBE y=306.320 8x+655.251 3 0.998 8
JEEAR y=638.239 4x+3 275.803 0 0.999 3

HIf[a] E = y=263.042 3x+1 057.116 0 0.999 5 0.6 2.0
Dbk y=161.056 5x+226.210 1 0.999 4
JEEAR y=446.400 5x+173.966 0 0.998 7

J# VRE y=263.940 3x+882.664 3 0.999 0 0.6 2.0
S DLBE y=180.159 8x+354.912 5 0.998 3
JEEAR y=506.696 2x-289.503 6 0.998 7

RIE[b]KE F+& y=283.951 0x+943.643 0 0.999 2 0.6 2.0
S DLBE y=161.064 5x+243.194 6 0.999 0
JEAH y=525.911 6x+1 207.170 0 0.998 7

FIF[K)HE F1& y=268.129 3x+836.872 3 0.999 5 0.6 2.0
DBk y=140.952 4x+386.388 3 0.999 3
JEEER y=508.541 6x+1 326.915 0 0.998 1

S AR SR y=228.695 6x+1 119.201 0 0.998 1 0.6 2.0
DBk y=126.450 0x+38.794 0 0.998 4
JEAN y=428.709 4x-96.518 0 0.999 5

AIf[alih & y=310.395 0x+992.987 6 0.998 3 0.6 2.0
DBk y=191.033 4x+227.858 9 0.998 9
JEAN y=409.439 5x+9.462 4 0.998 8

HIt[e]tE = y=237.695 8x+627.683 8 0.999 6 1.2 4.0
S DURE y=126.236 1x-249.981 5 0.998 0
JEEAR y=415.000 6x-151.869 2 0.999 6

B[ 1,2,3-c,d]tE & y=512.000 8x—40.551 0 0.998 7 1.2 4.0
S DURE y=203.850 0x—784.876 4 0.998 2
JEEAR y=651.371 8x—1 369.858 0 0.999 6

Z I [a,h] & VA y=379.183 6x+833.383 1 0.999 0 1.2 4.0
- D1BE y=150.543 7x—645.221 4 0.998 6
JEEAR y=481.213 6x-771.037 1 0.999 5

#JF[g,h,i]3E VA y=462.492 9x+1 393.371 0 0.998 0 1.2 4.0
- DLBE y=241.979 6x—1 053.192 0 0.998 6
JEAb y=669.207 1x—340.123 6 0.999 9
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2.5 FEMERRSERE N 3 g, jisk 3 AL, PR ICRTE 81.5% ~
Hrf 25 b By 0 B R, i = 50 (R AR, 106.3% Z [H), XS BRE R 2% (RSD) R 1.5% ~ 7.8%.

355 um), B2 5 g, %%%E, 0L 4.0,.8.0,  SEDUEERINAR SR FE 87.1% ~ 108.3% Z 1], A Xt
40.0 wg/kg@S 7K N 18 F PAHs IR G AR#ME  Frifidm2E (RSD) N2.1% ~8.4%. JEEAMfINAR [ml i %
W F 1L 2 kAT A R RE AT I 7E 82.4% ~ 107.9% Z 6], A X Bk A 25 (RSD)
6 U, THE AR ISR AR XS FRUfEfw 22 (RSD) , 4528 1.8%~6.9%.

&3 18 # PAHs %1% F NEFEA R AR E U R MBI AR AERZE (n=6)
Table 3 Spiked recoveries and RSDs of 18 PAHs in Salvia miltiorrhiza, Fritillaria ussuriensis and
Magnolia officinalis (n=6)

L Tt it/ & LBk JEAN

(pg/kg) IFTACR /% RSD/% FIACR /% RSD/% FICR /% RSD/%

% 4.0 94.2 2.5 90.2 3.4 97.2 2.3

8.0 106.3 2.6 108.0 3.3 104.4 2.1

40.0 95.0 1.5 91.0 2.3 103.0 1.8

TE 4.0 9.4 3.7 89.3 4.1 9.4 4.0

8.0 90.1 4.4 101.9 3.7 99.8 3.4

40.0 86.8 4.7 87.1 3.3 84.7 2.9

b 4.0 89.6 3.9 93.4 4.1 95.7 5.9

8.0 91.7 2.1 100.2 5.6 97.6 4.5

40.0 88.9 3.0 89.1 42 98.0 3.8

il 4.0 92.4 4.1 95.8 5.7 104.6 6.2

8.0 96.4 3.7 103.4 4.6 107.6 5.0

40.0 90.4 3.3 93.1 4.0 106.6 4.1

3 4.0 99.3 5.6 96.2 7.7 105.2 4.7

8.0 105.2 4.1 106.3 6.3 108.0 4.0

40.0 85.9 3.3 103.0 4.0 105.9 3.8

B 4.0 97.9 4.1 91.6 8.1 99.7 5.5

8.0 104.4 3.5 99.4 6.0 103.0 4.9

40.0 91.3 3.6 93.7 5.8 95.5 2.9

P 4.0 94.3 4.8 9.3 7.1 103.3 3.9

8.0 100.3 3.0 102.0 6.5 107.1 2.9

40.0 93.4 3.5 102.0 43 105.6 2.0

B 4.0 101.2 7.2 91.9 5.5 95.2 4.2

8.0 105.1 6.3 105.8 4.0 100.8 4.3

40.0 95.2 4.9 102.0 3.3 100.7 3.8

K[ a] B 4.0 93.2 5.5 93.2 7.5 92.1 2.9

8.0 98.1 6.0 107.3 5.4 101.2 3.1

40.0 95.7 4.1 105.7 3.2 90.1 2.0

Ji 4.0 89.3 4.3 90.9 4.8 89.3 5.3

8.0 85.4 3.1 102.7 3.3 99.1 4.6

40.0 98.0 3.4 101.6 2.9 86.9 4.9

FIF[b)PEH 4.0 103.5 4.4 95.6 6.6 85.3 3.3

8.0 105.1 5.0 101.4 6.0 97.8 3.8

40.0 95.4 4.1 99.5 5.9 82.4 3.0

FIF[k)PEH 4.0 97.8 3.2 97.9 4.3 87.8 5.7

8.0 94.6 2.8 103.1 2.1 95.3 4.3

40.0 94.2 2.5 108.3 2.5 89.1 2.0




514 S0, A5« AH ZE -SR-S il 3 Ahrh it h 18 M M5 R 77
gR3
e Jnkr it/ & DAL JEFN
(pe/kg) W2/ % RSD/% WK/ % RSD/% W2/ % RSD/%
BRI 198 4.0 93.0 4.1 96.3 3.9 84.3 4.1
8.0 87.8 3.2 106.1 3.4 86.2 3.2
40.0 90.7 2.8 107.5 2.8 87.4 2.7
I [aliE 4.0 102.4 5.5 98.3 5.6 83.6 5.2
8.0 98.0 5.2 105.6 5.0 89.1 4.4
40.0 97.4 43 108.1 42 82.8 4.7
FIF[e]t 4.0 88.9 4.1 89.1 6.1 88.9 4.8
8.0 85.5 4.3 89.0 4.1 93.7 4.2
40.0 90.8 3.5 90.8 3.8 85.2 3.6
BiZ[1,2,3-¢,d ] 4.0 86.4 5.8 91.2 5.8 94.3 4.7
8.0 81.5 4.8 104.6 5.0 105.6 4.0
40.0 88.9 5.0 91.7 42 93.2 3.3
ZHIf[a,h] E 4.0 88.0 6.9 88.8 7.8 93.2 4.0
8.0 83.1 4.4 89.6 6.0 107.9 4.1
40.0 87.8 5.7 88.0 6.5 87.3 3.3
I g, h,ildk 4.0 86.4 7.8 92.6 8.4 90.0 6.9
8.0 86.6 6.6 105.4 6.3 95.1 5.1
40.0 86.0 5.2 96.3 5.5 82.4 6.0

2.6 EEEESNE

i B b SR AN 7 R X T B PR S 7 DL RE
FMEE SR IEAT I A, 25 SR AN 4 Bral. i 4 g5 R
W, =N R S G HAS R B2 1 PAHSs, Horh
SR DS DR S DLREREf R
ARG R . EAME S ORI R [a] B
JE AT [a, h] EEARH, PAHs SR i H
293.38 pg/kg, I TP 2 MF DUEERY 15,24 il
3.55 wg/kg.

3 it

ARG T [ A AR IR SO 335 5T 1 K T v
[ A P32 SF DUREFIEEANAE 3 Al 2544 18 Fif
PAHs PRGN 575 X4 B 0] | 1 AF 28 BORE | 3t 3k
VR SRS AT AL, FEPES OF DUEE AR
st o USR] B2 VS SIS 3647 7 vk 2 i, [l
B X 5 o A 25 45 & 7 1k F 2K, 18 Bl PAHS
FE 5~200 /LAY BT 5 Wk BE N 2 Mk R 4F, & BR
FE0.6~1.2 pe/kgZ 0], E HBRAE 2.0~ 4.0 peg/ke
Z [a].

W ORCR R R RO R A, v
FIFE T o PAHS 224 1A AL i s o 420
S WL LB SR, 3 FR 2GR PAHS AR
R LA Y, 5 AT Sl T E R, R BBUAH I 4 i

R4 AL FENBMEIH 18 7 PAHs RBELER
Table 4 Detection results of 18 PAHs residues in

Salvia miltiorrhiza, Fritillaria ussuriensis and

Magnolia officinalis

Hi B S350 (ne/ke)

- DUEE

JEAD

R oy

Bi#R[1,2,3-c,d]
ZAJf[a,h] &
#I[g,h,i]dE

& PAHs

4

ik

15.24

3.55

27.76

170.8

293.38

* means the result below the LOD
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