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Abstract: An internal standard HPLC method was established for simultaneous determination of 15 kinds of PAHs in
spices by. The samples were dissolved in sodium hydroxide, extracted with acetonitrile, redissolved by n-hexane, cleaned
and concentrated by the Florisil SPE cartridge, and determined by HPLC, with benzo/a] pyrene D,, being used as the
internal standard. This method had a good linear relationship in the range of 0~100 ng/mL, with the detection limits of PAHs
in Capsicum being 0.5~3.0 pg/kg and the limits of quantitation as 2.0~10.0 pg/kg. The limits of detection and limits of
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quantitation of PAHs in Zanthoxylum were 0.5~1.0 ng/kg and 2.0~3.0 pg/kg, respectively. When the spiked levels were 2.0, 10.0 and
50.0 pg/kg, the recoveries in the two spices were 60.58%~119.48% and 60.46%~119.24%, with the RSD (n=6) being 1.25%~9.61%

and 1.10%~8.56%. The concentration of Y PAHs in the five spices from high to low were : green Zanthoxylum (561.2 yg/kg) >
erjingtiao (448.8 ng/kg) > red Zanthoxylum (358.3 pg/kg) > shizhuhongi (353.6 pg/kg) > chilli (243.5 pg/kg). The more seriously

polluted areas of Chongqing were Bishan, Jiangjin and Rongchang, with Y PAHs being 721.5, 626.6 and 621.0 pg/kg, respectively.

The more seriously polluted compounds in PAHs were phenanthrene, fluoranthrene and pyrene, with their average contents being

215.10, 80.25 and 75.35 pg/kg, respectively. The internal standard method established in this study has high accuracy and good

repeatability, which is suitable for the determination of PAHs in spices.

Key words: Polycyclic Aromatic Hydrocarbons (PAHs); pollutant; internal standard method; high performance liquid

chromatography; spices
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Table 1 Sample information of spices
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FEHC: FRE 1 g WFETF 50 mL F0EH, A
100 pL BaP-D,, WHrfEH (100 ng/mL), JIA 5 mL
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B FE 3% B I 1] : 0~25 min, 40% A ; 25~35 min,
40% A~100% A ; 35~40 min, 100% A ; 40~45 min, 40% A

JiE: 1.0mL/min. AH3E: 30 C. HEFEE: 10 pL.
BEKEE: L&k 2,

&2 ZUFRIEKIRSH
Table 2 15th PAHs parameters of excitation wavelength and
emission wavelength and switching time

BF ) /min - KKK /Mmm KKK /mm

0.0 270 320
11.5 270 320
13.0 270 350
14.0 270 350
17.0 265 387
18.5 256 450
19.5 320 375
22.0 270 387
232 260 362
24.8 280 425
26.5 384 406
28.5 280 387
30.0 290 487
L4 B HE

¥ F Dionex UltiMate 3000 [/] Chromeleon % i
EH ARG EAESSE, WRIEEIEM ST o
F SPSS 22.0 LA & Origin Pro 2022 #47
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3.22%~22.42% Z|8], HIA g%, s H bR
g DRIBRRRUR EES A HME, FMERNES 25
PR, HBA DO R™, il i w i s
Z, FRATTHE BB ZE A 5 W B R 22 20 Ja i A
MEFEREK, Fit, L5 HECH T &R S A
B RUR 1) 2 3805 RS WO AT b (B D &5
BRI, HE B 200 ng/mL [ ZHR TR E5AE
BRI 1) 2 305 e BB A ZZ AN K, (H & B R
40 pg/mL [ 2 FR 5 F e NAE AR AS & B 1+
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Fig.1 Comparison fluorescent response of standard solution
of polycyclic aromatic hydrocarbons containing different
concentrations of capsaicin
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Fig.2 The recovery of adding sodium hydroxide and not

adding sodium hydroxide
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Fig.3 Comparison of retention time between internal and

external standard mixed solutions of PAHs
JZ: (a)l. BaA; 2. Chr; 3. BbF; 4. BKF; 5. BaP;
(b) 1.BaA-D,, ; 2.Chr-D,,; 3.BbF-D,,; 4.BkF-D,,; 5.BaP-D,,.
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Fig.4 Comparison of recoveries of samples pretreated by

internal standard method and external standard method
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Fig.5 Comparison of recovery of 4th purification method effect on pepper
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Fig.6 Concentrated chilli samples after processed by

monolithic molecular imprinted, QuEChERS and Florisil
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Table 3 Methodological parameters of 15th PAHs

4y FEREFE DL & QUEChERS AL AT WK 6. 45
GG, AT LGS Florisil /M.

2N

fepgy REHH T N Ll L] A lalG)
min wARE ey wAA iR
Nap 12.26 »=0.079 3x+0.063 3 0.999 5 1.0 0.5 3.0 2.0
Ace 15.17 »=0.213 4x+0.208 3 0.999 6 2.0 1.0 6.0 3.0
Flu 15.55 y=0.125 6x+0.113 2 0.999 5 1.0 0.5 3.0 2.0
Phe 16.74 y=0.171 4x+0.256 5 0.999 4 1.0 0.5 3.0 2.0
Ant 17.83 »=0.045 6x+0.019 4 0.998 6 2.0 0.5 6.0 2.0
Fle 19.13 »=0.084 1x+0.066 0 0.999 1 1.0 0.5 3.0 2.0
Pyr 20.11 y=0.317 4x+0.434 9 0.998 7 0.5 0.5 2.0 2.0
BaA 22.92 y=1.384 3x+1.964 2 0.997 4 0.5 0.5 2.0 2.0
Chr 23.56 y=1.549 3x+2.232 5 0.9977 0.5 0.5 2.0 2.0
BbF 25.97 y=0.341 9x+0.334 7 0.999 8 0.5 0.5 2.0 2.0
BKF 26.93 »=0.260 9x+0.347 0 0.998 8 1.0 0.5 3.0 2.0
BaP 28.05 »=0.549 1x+0.591 4 0.999 0 0.5 0.5 2.0 2.0
DahA 29.29 »=0.301 0x+0.185 2 0.999 5 1.0 1.0 3.0 3.0
BghiP 30.80 »=0.021 0x+0.000 2 0.996 4 3.0 1.0 10.0 3.0
InP 31.34 y=0.057 7x-0.080 3 0.996 6 2.5 1.0 8.0 3.0
& 4 B ESIRTEEYZEFIRSD
Table 4 Recovery and relative standard deviation of PAHs in Capsicum (n=6)
o 2 2.0 ng/kg 10.0 pg/kg 50.0 pg/kg
EELES RSD/% = HE /% RSD/% = CE /% RSD/%

Nap 92.30 4.07 97.06 3.87 87.29 5.70
Ace 92.78 7.18 88.36 1.61 96.24 4.02
Flu 111.09 2.63 112.85 1.68 96.10 3.71

Phe 99.32 5.26 104.55 5.48 106.39 5.92
Ant 78.03 8.38 80.05 6.14 76.76 5.38

Fle 109.38 6.69 95.35 2.08 86.34 5.19

Pyr 101.38 6.73 119.48 1.25 108.43 5.48
BaA 114.88 3.42 110.29 4.64 114.86 3.72
Chr 101.81 7.67 110.51 2.45 100.92 6.28
BbF 111.42 7.88 105.26 4.05 99.84 7.91
BKF 107.65 3.04 99.13 2.02 86.22 6.24
BaP 104.75 5.03 86.68 2.01 85.93 5.34
DahA 101.56 8.62 79.19 232 77.21 7.36
BghiP 61.55 6.01 63.20 7.20 67.44 1.35
InP 70.31 9.61 61.72 7.10 60.58 3.08
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Table 5 Recovery and relative standard deviation of PAHs in Zanthoxylum (n=6)
Py 2.0 pg/kg 10.0 pg/kg 50.0 pg/kg
EE /% RSD/% B /% RSD/% ECE /% RSD/%
Nap 92.32 6.07 98.81 1.73 85.63 3.21
Ace 95.77 4.45 87.53 1.27 96.38 242
Flu 109.08 3.41 113.60 1.28 96.61 4.29
Phe 95.29 6.77 108.56 4.02 107.24 7.82
Ant 72.58 7.03 76.86 3.79 78.78 1.14
Fle 106.49 6.08 97.87 5.33 85.37 6.13
Pyr 104.19 4.25 119.24 1.37 112.73 6.84
BaA 115.31 3.17 113.40 4.94 116.09 1.10
Chr 103.06 4.86 109.64 1.76 118.09 3.73
BbF 105.52 6.35 107.72 4.67 111.61 3.55
BKF 110.98 7.18 97.93 1.97 84.35 3.99
BaP 104.27 441 86.50 5.11 88.26 1.41
DahA 102.86 5.39 78.26 1.83 75.75 5.90
BghiP 63.29 8.48 60.46 7.87 67.57 1.99
InP 71.07 8.56 60.95 8.05 61.01 2.43

24 FEFRIE

e i) J5 VA 9 0~100 ng/mL () PAHs 41 br ik
W (% BaP-D,, 10 ng/mL), LAARAEXIGR I (x)
KA RR, PAHSs WETHIARS AFRIETHIARAILLE O
YRR, ZehlbrdEfik, 45088 15 Ff PAHs £ R
UFLYE, MIEREL () 1F 0.996 4~0.999 6 2 [], 43
5l 1) 225 1 AR AR 8 I — 5 VR B PRI AE VA, DA
3£ 10 55 LLAf @ 72 PR AR e PR, SRR
fr PR = 0.5~3.0 ng/kg ;s EEMR 2.0~10.0 pg/kg s LA
R - 0.5~1.0 pg/kg ;s &R 2.0~3.0 ng/kg, T
WK 3.

430 1) 25 BORUAN A2 AR A N 2.0 10.0 1
50.0 pg'kg =AU FE K AR HEVE W, 58 1.2 7
Ab PR BREFAN KCEA 6 ASFAT IS, 25 R ILER 4 AN
5, 1FRNBHH T EUSCERTE RS 60.58%~119.48%,
RSD A 1.25%~9.61%. {& UK H [5] i 2R 5 [l
60.46%~119.24%, RSD A 1.10%~8.56%.

PAT IR FE K AA W LA R St il Ay [ 5 R
MW NN &, AT T 2R T ZE 00, MANE
HAmEATEEZ RN, UL P<0.05ENZERRE
EhriE. SR EIR, AR K LA AL G D)
MR A 5227 (P<<0.05), T &R A 22 54 kK
(P=0.133).

25 MFEHFRF LT IRITLEAF

K FH B S0 7 iR FR T M S ) 69 LR
fEEAT T E GBI 30 HEvk, FEHR 39 LV, &
T AR, ANKBIE TG Z0AE0L 5 AN i
Fi, ZHSREE (X PAHs) & HE M KB/ MK IR
Jo: HAEM (561.2 ng/kg) > 3% (448.8 ng/kg)
> BB (358.3 ng/kg) >FAE4L (353.6 ng/kg) >
/INKBR (243.5 nglkg) o AN[A SR H 2 30 05 R H
w2 K, H, Nap. BghiP F1 InP £ H R 5%
I, AFE IR MFEA R tH, AR AN KB
YRR X = M4 ; Ace. BKF. BaP. DahA “F
A& BT 10.0 pg/kg ; Phe. Fle. Pyr £ Hi F
m, HAR & WA R B EE S S Y, Phe 1)
SRR B B, YU 170.8~243.6 ng/kg 5 Fle [
FIE TG Y 28.3~83.0 ng/kg 5 Pyr HIFIMETEE N
21.7~118.2 ng/kg, FAE X B, Bl VTEE SR &
BVLZ Z 0 75 f2 05 Qe B0 " 8, Y PAHs K Hi B 7
500 ng/kg UL o VEILE 7 FIIE 8. HEAE A AN &5 R
HEAT T 20 W7, 5 H) F=6.022, P<<0.05. Hrfr, 77,
SRR S8 P<<0.05, Ui BAAS[E] 7= 1, AS 5] R
ARt &R RA REES, i S5HEY 2
ZHAERAME, HILE 6.
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Fig.7 Contamination levels of 15 kinds of PAHs in
5 kinds of spices (ng/kg)
UL AE K, [ A ARG PAHSs 76 PR L HL R
Ky BREEN B IR . A RORFIESEBEAT TR

BT, W Agarwal 4T T ENEE R K AR
FJZE T4 16 i PAHSs 6 [ 7E 830~3 880 pg/kg 2
], IF B RS s TR s M P
BH ZR VT — A I B2 X el ook 1= 388 b 16 FF PAHS 1)
FH4 5 & 24 412 pg/kg H UL =IFFPY IR ) PAHs A
Fs eI R T TN [ X 3 S RS

S PAHs & &5 B 7E 140.62~741.06 pg/kg ; A /b
EIRIERAFERAEN TP A S 2R 2 H R
V54, U Rozentale ZEP 58 K L, & TG0
KESTERE CREAML BREUR AN S5 A
N B E By ) FE S PAH4 2 50
T4 1.0~25.8 pug/kg ; Fasano 25 I 15 74 BT 2 i
BE UK %) 10 Bl PAHSs, JEFEIM 5 332 ng/kg #
18 118 ng/kg, FEAZRERITE, 5AW L FARLL.
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Fig.8 Distribution total content of 15 kinds of PAHs in
different districts of Chongqing spices materials (ng/kg)

®6 HRAESH

Table 6 Variance analysis of samples

R I E-F7f  AEE ¥ F 2EM
& AR 3280 975.959 179 18 329.475 9.35 0
% 540 620.378 1 540 620.378  275.771 0
3 60 466.884 9 6718.543 3.427 0
S Fh 9 439.721 1 9 439.721 4815 0.029
ot 1835 115.628 14 131 079.688  66.864 0
P S 933.959 1 933.959 0.476 0.49
JE R e 207 371.028 126 1 645.802 0.84 0.89
S R V] 25 898.681 14 1 849.906 0.944 0.511
JE 3 SFb A 10 710.741 14 765.053 0.39 0.978
#E 1470 295.548 750 1960.394
Bt 5596 863.244 930
8B JE Bt 4751 271.508 929

R=0.691 (A5 R,,*=0.617)

E: AR AWM. ¢ P BR B oAt BT E; S 15 A S IRF)R,
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