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Determination of 16 kinds of polycyclic aromatic hydrocarbons in spicy
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B 4 ARk R ., 45§16 £ PAHs £ 0. 005 ~
0.500 pg/mL J& B & M B4, 48 % & # A 0.998 4 ~
09999, W B Rf &2 ZMRH AA 004~
0.55 pg/kg #= 0.12~1.85 ng/kg;10,20,100 pg/kg =k
F AR AE S, 16  PAHs F 3 mAr @k B3k 71.54% ~
103.70% AR ST AR ety £ A 2.4%~9.3% . K A& F ik
20 AR TEKREH R P 16 & PAHs 5 £ HLHATT 4
AMoEF U RRHFRE R SAT R, SFE 0.42~
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Abstract: Objective: This study aimed to effectively improve the
risk warning and quality and safety supervision of polycyclic aro-

matic hydrocarbons (PAHs) in spicy strip. Methods: The target
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compounds in the samples were extracted with acetonitrile and
purified by QuUEChERS, containing 100 mg N-propyl ethylenedi-
amine (PSA), 100 mg octadecylsilane bonded silica gel (Cyg)
and 1 000 mg neutral alumina adsorbent, and then were separated
by DB-EUPAH column. It was detected by gas chromatography-
triple quadrupole mass spectrometer with multiple reaction moni-
toring mode and matrix matching external standard method. Re-
sults: The 16 kinds of PAHs showed good linearity in the range
of 0.005~ 0.500 #g/mL, and the correlation coefficients were
0.998 4~0.999 9. The limits of detection and quantification were
0.04~0.55 pg/kg and 0.12~1.85 pg/kg, respectively. The aver-
age recoveries of 16 kinds of PAHs were 71.54 % ~103.70% with
the relative standard deviations of 2.4% ~ 9.3% at three-level
spiked standard sample of 10, 20 and 100 pg/kg. The method
was used to analyze the contamination of 16 kinds of PAHs in 20
batches of spicy strip. PAHs were detected in 14 batches with the
content ranging from 0.42 pg/kg to 42.28 pg/kg. Conclusion:
The method is easy to operate with high sensitivity, and suitable
for daily detection of 16 kinds of PAHs in spicy strip.

Keywords: QuEChERS; gas chromatography-triple quadrupole

mass spectrometry; spicy strip; polycyclic aromatic hydrocarbons

% 3155 12 (polycyclic aromatic hydrocarbons, PAHs)
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B PR AR THFE A DLIE R A S A AR R AR VS G
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PRI — ) 2 BRI AR R /D = 0, DU R L A
BBl SR Sy 2 EORE 58 5 B e I 1k 0 R s, B
Fe A 7 ok AR v A S I R R i R B T R
il A RE Ok PAHs J5 3¢, H T A X QUEChERS %5
4G GC-MS/MS H AR KM B4 16 Fh 2 36 35 1 53 77
P L STk AR GE . B 880kl QuEChERS fij 4 38 07 1%
#hi4 GC-MS/MS K Il £ AR JF & — Fb H 300 % B 2%
16 Fh 22 BR 05 98 R T 7 325, IR X 20 HE YR T 65 8 A B i E
TR, B 7E Jy B Ik v 22 B0 05 8 T e AU RS 101 45 f T o 42
2 W R ALK
1 FRLS 5%
L1 &E5REA
L1 AR5

16 FhZ 35 iR An (B & 28 e 8 4 VIE VLK
BB R Lo BRI (b9 B R I (k22 B R 3F
Lot EiF[1.2,3-c.d]iE . % H [ h ]  FEFH[g. h.i]
B 1200 pg/mL 35 R0 IE O e Jb a3 A Bk A IR ]

ECHE SR CBR NG - ik 26, 48 = 8K 5 A 7 5

PSA K% 40~63 pum,100 g/l , 1 ¥ % %% 5L 3 Bl %
JBE A BR 2 ) 5

b\ Jod 2 Bk ok 4 A BE IR (Cog) s RL 42 40 ~ 75 pm,
100 g/, b 22 % e I Bk 2 ey A BR A 7 5

PR R AL B4R 125 pm. 100 g/3f . b i ah B RH4
AHIRAT

Agilent J&W DB-EUPAH £ 41 & #1 (30 m X
0.25 mm X 0.25 pm) : & E Agilent A 7 ;

BREAE T
112 FEALGREA

M 1 — = U R AT BB AL Agilent 7890B-
7000C 1, & H Agilent A Al 5
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% $%:QUEChERS SEBIE—ZEMRFRIEZNERFZF 16 HSHFR

7 U T VR A KQ-500B B, B 1Ly T 8 7 A #% A PR
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Zl

A e 5 4% - XH-B B, V154 B B 57 W A BR A )
B VR B 0 Wl : Eppendorf 5804R Y , £ [&] 1 % 48 i /3
FESR W 4L HN132 20, 5 g 15 BE I 2 A BR A 7] 5
2 YRR R AL . XY-100 B, W VL 48 7K B T AL

I
1.2 R AE
L2.1 FREiEmmcH  MEFRRE K 0.5 mL 16 B PAHs iR
APRE W E 10 mL 28 1 . 7 IE O %6 i R i B K
10 pg/mL POARUE P RIS MR . K 0 B B0 — s & 19 A3 1
V) P T TE © e 1 700 B 2 | o o 4 BBOR 8 B UIR &
Tk o T A W Bk 366 5T DG bR o VR . T R B 4 o
0.005,0.01,0.02,0.05,0.10,0.20,0.50 pg/mL, LI .
1.2.2 A8 5B &A1

(1) {83 % 1 : Agilent J&W DB-EUPAH F 41 % #
(30 m X 0.25 mm X 0.25 pm); A K &4l &4 <
(99.999 %) s EFE M 1.0 mL/min; ¥ £ 11 E B 300 C;
T FHR BRI 40 C A 4F 2 min, LA 50 *C/min F+ii
% 200 C.FHLL 5 C/min JHEZE 300 C A£4F 15 min; #F
A 1 s BERE J5 2O AN 3 T E AT

(2) Ui &M Em Lo m FREE IR (ED; B
BIREEE 70 eV B F IR BE 300 C 5 AT EE 150 °C ;1%
2R BE 300 Cs BN £ O W (MRMD
16 fr PAHs WSS 8% 1.
1.2.3  FEERTAL IR

(1) $RICFREUB P 199 55 R 5.0 ¢ B T 50 mL &
O H. M A 10 mL Z 5. iR §E R % 2 min, A
QuEChERS #:#75 (& 1.0 g NaCl #1 4.0 g TL/KBRIREE) .
WHEYE % 2 min, # 7 i BY HEEL 10 min, — 20 C ¥ %
30 min, F 4 000 r/min ¥ ¥R & L 3 min, LR ERE 2
50 mL O, % FRSBEEERR K 5 L
THW

(2) il B BRI Y 6 mL, BT 15 mL B0 %
. im A QUEChERS ¥4k 5 CH: il [ 57 7 100 mg PSA,
100 mg Cis Fl 1 000 mg FE4EALER) , 8 HEPR T 2 min, 7
F 4 000 r/min B EE L 3 min, #EF R FWE ) 4.0 mL
T 10 mL B0, 40 CR W ZE T, HIE C b i I
ERTE 1.0 mL,id 0.22 pm A HLIE MK, Bt GC-MS/MS 43
MRS, SR ) 6 J DG T A0 A 325 0 3 o

(3) A IR B . 76 25 B B4 FE S iR i 100 pg/kg
16 B PAHs & b 1V W SO ARFE &b $ IR B3R T ik
BEATR I, 43 50 B 5 AR B M QEC B 2R R . 2
) Al B AR AT 1] (0, 5,10, 20 min) Ak DR Rl 25
MAE 1 5:100 mg PSA;2 5:.100 mg PSA+ 100 mg
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Cis33 5 :100 mg PSA+200 mg Cis;34 5 :100 mg PSA+
100 mg Cis +1 000 mg "4 & AL 45) X B &% b 16 Ff
PAHs $& IR #5210

L.2.4 SEFURCNLIEAY 4% B S O ¥k TR A TR 8 S5 00
I B AN T e B TR A AR E AR R BRI R A
P R AR V- 22 ) o o 2 e 5 ) T 58 4% 21 03 # R
SRE (ME {81,

Mg=(B—A)/AX100%, €))
X
M‘ — JE RN (ME ), % 5
VAR AE I 2R R
—— L TR R R R R

1.2.5 z&@;&% 8 it
W4y ILh 16 f PAHs [ i
A A ok 22 T AR HE I 4R
1.2.6  f it BR R BRI 76 25 1 B4R R T s
—EWRE Y 16 B PAHs I8 G F5 #E WL DL 3 A5 {5 M L
(S/N=3) I X i i H A9 vk B2 1 54 3 J7 i 4 e R DA
10 REAEME L (S/N =101 5515 8] Jr ik B R .

1.2.7 [ FOR 25 B e 7625 B BRARRE b rh 40 i i
Jmie v PAHs & & b5 M % W W ok SF 2 10, 20,
100 pg/kg, A KFPATIE 6 W5 43 F T35 F- 2 i %

{)'/T_Z:IE]%E P14 i Jo A o AR ¥
B 2l b L 45 K JEE A5 R

FIRG 2

1.2.8  SZBRAESLINE  H B ST 09 J7 IR AR 20 diE iR
Bk 16 # PAHs & s #4700 & .

1.3 BiEIE

X Agilent Mass Hunter #{}:X%} 16 f PAHs #E47

£1 16 FEHE

BE 2498 | 20225 7 A | a5V

B SR A B B4 A 715 T Excel ik#ﬁ%#ﬂt%ﬁﬁ%‘ﬁ
it B AN | [ A R R R TR S KO B E
Ab R,
2 RS0
2.1 (UB/BEHHMRL

AR A 5%k 4y Bt PAHSs B 8 R B HP-
5MS 5 DB-EUPAH . i F 2 [ b5 BRI (k1%
R R 4y SR A B, 2,3 Cvd]tblﬁgﬂiﬂ:[avhju/u
FARARL . 7245 58 ) HP-5MS | JGvk 58 240 B . 36 Al DB-
EUPAH €4 #: % 16 fif PAHs i ﬁ/}m,?ﬂfﬁﬂzi:ﬂ’]@
W4T 16 A PAHs W] LIS 40 85, FL W B AE X 2R 456
BN,

K AR X 16 F PAHs 4744, 15 5] 85
TR AR kB 2~ 3 MR AR N T
X 5 1 B B HEAT T ??ﬂ?“qjita‘jﬁfn”ﬁ%ttiﬁcmﬂﬁffj‘
TR F % 43 B0 A by M L = B T % R B O Ak Rl R R
. fRAKIE Y 16 1 PAHSs £ /2 I W I 488 =X 33 2 0 %
PREABFE AN ER 1 iR, GC-MS/MS 35 %€ 16 Fr PAHs
FE TR A v VA P e R LR L
2.2 HRELEAENER
2.2.1 RIBUARMSEE b FHASEE S &6 B
WX ERETMY R LT AR T AE 32 & 16
PAHs (4@ IURLCH B AIK 56 30 T 40 o 5 2 % & IO 770 A 2%

AT AL, A BIRAIEC k. LR LR, L R5 Xt 16 Ff

PAHs ii#rtt 2 100 pg/kg 09 B 4% HE i 2F 17 38 B, 4% IR
1.2.3 W75 kA0 ol 4 J5 W H AR 4 1 & &, A ] iR

RUSMHRERER MRM S

Table 1 Retention time and MRM parameters of 16 kinds of PAHs compounds
& PREI ] /min - R TR REREE/ eV @R TX iRV EME TN MHERER/ eV
% 5.79 128.1>>102.1 20 128.1>78.1 20 127.1>77.1 15
T s 7.19 152.1>151.1 25 152.1>126.1 30 152.1>102.1 35
& 7.33 153.1>152.1 25 154.1>127.0 40 153.1>127.0 30
% 7.98 166.1>165.1 15 165.1>164.1 20 165.1>163.1 35
E[d 10.13 178.1>152.1 25 176.1>>150.1 25 179.1>153.1 25
h 10.20 178.1>152.1 25 178.1>151.1 30 176.1>150.1 25
B 13.97 202.1>>200.1 45 201.1>174.1 45 202.1>176.1 35
B 15.07 202.1>>200.1 45 201.1>175.1 45 201.1>174.1 45
I BE 20.15 228.1>226.1 30 226.1>>224.1 35 229.1>>227.1 30
J# 20.53 228.1>>226.1 30 226.1>224.1 40 113.1>112.1 10
831 (]9 25.08 252.1>>250.1 45 250.1>>248.1 45 126.0>113.1 15
HIk]FE A 25.19 252.1>250.1 45 250.1>>248.1 45 126.0>>113.1 15
# Lot 27.02 252.1>>250.1 45 250.1>>248.1 45 125.0>124.1 15
Bidf[1.2.3-c,d]g 34.48 276.1>274.1 45 138.1>>137.2 10 137.0>>136.0 15
Z % Lo h ] 34.63 278.1>>276.0 45 138.1>137.2 10 139.0>>138.1 15
#f[g, h,ili 37.82 276.1>274.1 45 138.1>137.2 10 137.0>>136.0 15
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2.2.2 EBAEHBRBON E A 2 BEE 4 R R R E
7 PEIET ] 0,5,10,20 min, % 88 1.2.3 XF ks 5 617
D7 , 25 S8R 75 i R 48 BUBCR 19 s i . f 18] 3 ) 0 A8
P Al B AR ISR T 4R BRORCR A TR R R SR I,
A O min FEHKF] 10 min FPCR PRI 5. B
IF[E] A 10 min FE4C F) 20 min W, 4 20 43 (9 W 418 4 R
K HLEBR 4R 43 1l Wi 8 T B, dme 28 R 5 R S A ) 4 BB
[8] 24 10 min,

2.2.3 AL ERB RO EHE QUEChERS J5 25X 4% il
PRWOR HEAT A AL B, H T 09 A6 BB L 45 PSALCos P
PEAALR AR . PSA AIA R BRFE & A HLIR B 2 VAR Dy
MR B RS Cou MRS AR TR B R FE R TY
JBT A R T R A S8 S 5 v AR A R R T T AR AR M R M
SRR I I B LA AR A B R A AE B ik
oo G AR % AN [ R o 286 TR ok 3 9% B A% R IO v R T
—RABER BR MAERE R EEELK T PSA,
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| = l s ClEN CEN
A =1 = £ [ [ FERE HEE
| = l s ClEN CEN
A =1 = £ [ [ FERE HEE
| = Kl p ClE CEEN D
B OLER RN LM R D e
| = Rl S CEN FEE S
B OLER RN LM R D e
| = Rl S CEN FEE S
B CEE CEE CEE CON CHN O RN BN
B MED el HER ) RER L e, O CER . Cias
Ao BIEDPEE AIFa JfF[a h]
J FI kPR B [1.2.3-c.dE R IF[gh.ili

B 2 GEE R 2 &R A
Figure 2 Effect of different solvents on the extraction efficiency of 16 kinds of PAHs in spicy strip
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Figure 3

Effect of ultrasonic extraction on extraction efficiency the of 16 kinds of PAHs in spicy strip

71



72

2L 57 SAFETY & INSPECTION

Cis  H 1 A0 B0 AN TR TE B 1 0 A SRR X AR 5 1) v fh s 3R
4 HERNSLSS 16 F PAHs py Bk 4 R E 4, K%
LR P R B BE A BORE P A0 3 R R 2 R L A
TR R VB AR M R RN —, A Cos i b ) =
H3E K .16 F PAHs fy [l 32 B AR HEWT W) R i T Coe %
B B3R B3k 24 4[] B, 2 R R 75 D0 Ak 5 9 Cs 199 P B 20
K BT A B Ak A 1 B R AR AR . X L4 AR
R E I R 25 R 4 5 R (100 mg PSA+
100 mg Cis+1 000 mg Hrik AL 58D f O - 4 T AT A o ok
AR R BRI BOR AT A R T AL B A A . B R
4 S EACORHE R AL QUEChERS ¥ Ak KL
2.3 BERME

SR FHIE O e ¥ 710 12 ) 5 Jo 8 JBC TR 43 31 T o s A o

RO e mon @38 men

100 I -
i - el F

ol ik

Recovery rate/%

BE 2498 | 2022 F 7 B | R@SHH

T AR, 5 & ok BE 43 3 R 0.005,0.01,0.02,0.05,0.10,
0.20,0.50 pg/mL, 7EAHE 408 T #EAT R0, #i B 1.2.4
(D5 ME {8, 5 ME {5 540 B 36 5 a0 ™. B
£ 251,16 R4 B9 ME {78 0.50% ~23.23% , Hp
25 I LB ]9 R I Lo M ME (3 & T
107 F B LT RK 0 25, B &b 16 Fh PAHs & Jy ik
5 ) 2 T UG C S0 A 12 A2 T >F T B ik JO 2% 7 o #E 47 UE
E
2.4 ZEXREAXREBAKG LR

R FFEZE FUK 16 #h PAHSs {8 & b5 i o 8] 1 AC )
BT AN TR BT A v BE B R SOIR A AR v T AR W 4 A
0.005,0.01,0.02,0.05,0.10,0.20,0.50 png/mL, 7
1 J7 s HEAT DN S . LA 16 0 EH B 0 1 e 0 T B Sy 0 A A

K 1 I
T

& I W
R V] B

2 5. 100 mg PSA+100 mg Cys

>
—
# [

N

1. 100 mg PSA
PR A

A 4

Figure 4

3 5. 100 mg PSA+200 mg Cys

HKIFIEE FIF[a B A IF [« h]E
e FEFEKPE T BHFE[1,2,3-c, At ZEFH (g h,ilEE
4 5. 100 mg PSA+100 mg Cy5+1 000 mg H

5l [

4 AR LS 16 A PAHs &0k &

Recover rates of 16 kinds of PAHs after purification by four groups of purification packings

K2 HBEPICHESRFTEMNEEFBZBAXFH ERAN QHR . EER

Table 2 Linear equations, correlation coefficients, matrixeffects (MEs), limit of detection (LOD),
limit of quantification (LLOQ) of 16 kinds of PAHs in spicy strip
& LA 5 R MXRE MEAfL/% KB/ (pg ke D R/ (ug - kg™ 1)

Z Y=9 969.882X 486 7921.652 0.999 7 14.36 0.16 0.54
G W Y=14 855.259X —3 135.032 0.999 4 1.21 0.32 1.08
A Y=23 809.368X +66 248.897 0.999 4 2.06 0.28 0.93
Vil Y=27 940.885X +767 470.007 0.999 9 0.50 0.35 1.17
JE Y=25 266.346X +2 093 429.670 0.999 8 1.04 0.04 0.13
Ji= Y=19 071.453X +99 508.779 0.999 8 2.22 0.55 1.85
W Y=24927.892X +673 764.589 0.999 9 3.76 0.04 0.12
g Y=26 825.091X +411 975.330 0.999 9 4.88 0.12 0.39
#IF Lo ] Y=25414.642X +127250.202 0.999 8 13.39 0.08 0.25
JiE Y=23 659.148X +170 388.370 0.999 7 6.69 0.08 0.26
HIE[b]PE Y =45 161.939X +5 167.895 0.999 8 11.66 0.21 0.71
E AR Y=233 211.417X +111 909.140 0.999 8 5.95 0.30 0.99
I L]t Y=19 662.186X —36 012.538 0.999 6 23.23 0.32 1.06
Bidf[1.2,3-c.d]iE Y=29 353.287X —147 774.561 0.998 4 5.61 0.33 1.11
%I [ah ] Y=12 301.335X —64 046.174 0.998 5 3.23 0.24 0.79
HKHLeg. h.iliE Y=12 089.004X —39 699.625 0.999 2 4.70 0.22 0.73
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WRE R A bR 2 AR E D R, S5 R SR 2 B R, 16 B
PAHs 7E 0.000 5~0.50 pg/mL ¥ J& 0 Bl £ 1 6 R B4,
ZRPEFHSE BB 0.998 4~0.999 9, 4 BILI(EME L S/N
Sy 3 R 10 BT RS N Ak BE L T A 20 43 R LR R E
B %7 B A e R AE 0.04~0.55 pg/ke. E & RALE 0.12~
1.85 pg/kg(L 2).

% $%:QUEChERS SEBIE—ZEMRFRIEZNERFZF 16 HSHFR

2.5 FAEHEWEMBEEE

FEAS RS AR R I 16 Fh PAHSs IR & b 1A W
il /8 10,20,100 pg/kg = AT IARAE & W HEIR Y 2 min,
W 2 h e DU 7 BB AT 0 A KPS AT I
645 R 3 PR, T ECEN 71540 ~
103.70 %6 , K X 5 7 i 22 (RSD) 2y 2.4%~9.3%

®3 TEHERP IO HSFE _FRENMREKRENEEE
Table 3 Recoveries and precision of 16 phthalate esters in blank samples
10 pg/kg 20 pg/kg 100 pg/kg
ety
ElgR/%  RSD/% R/ % RSD/%  [EgR/% RSD/%
% 80.21 8.8 86.59 6.2 81.72 7.9
T W 85.74 3.5 91.50 1.7 91.12 2.8
A 90.52 3.2 89.54 3.8 91.19 6.2
% 88.35 3.1 92.87 2.4 103.70 5.6
E[S 94.71 2.8 103.10 3.9 102.00 2.9
hy 90.74 5.6 86.38 4.1 96.28 4.4
BB 92.93 5.0 99.46 4.4 95.81 1.8
B 95.02 5.1 92.94 4.5 96.78 4.2
I Lol 89.31 4.3 88.79 3.7 93.71 3.6
J& 90.02 5.7 91.51 1.7 93.96 3.9
FIE(b]Pe 81.15 5.3 76.45 4.6 78.20 4.4
FI[k]F 80.33 3.1 78.92 3.0 75.69 4.1
I Lol 73.54 6.2 76.37 5.1 75.54 6.7
Bi3[1.2,3c.d]t 72.44 7.4 74.84 4.7 73.59 4.2
Z 5t e h]E 79.24 5.3 81.53 4.1 81.03 8.1
#9F[g h.iltE 73.43 9.3 76.99 3.8 71.54 6.9
2.6 SEEREESNE x4 BREHERPSRFTRLEER
SR FHIZ 07 X BEALEL A 20 HE Bk S AL Shrp 16 A Table 4 The content of PAHs in spicy strip samples
ZWIFIR G RIEATIE  A5 R FR 4 PR, A 14 HEIREE ng/kg
il ORI 22 BRI RS L B R IR L]0 BBl LT oy BkaR  mooR  TEHaE
2,3-c,dJE . “F I Lo, K I (g, hy 1 BE AR A AN EE 2 2.39 15.22 8.27
FEZHRF R AR, KPR P& EEm. ik T 4 0.00 0.00 0.00
8.27 pg/kg; WK ZHE . E ¥ & &0 4.73 pg/kg, 20 LK EE A 0.09 0.27 0.16
IR R A BB N 0.42~42.28 pe/ke, T4 5 % 0.19 4.73 2.43
Frathy 11,12 pg/kg. W1t 52 BRAE SR I L BRAS h 2 00 ¥ 0.00 13.71 4.73
BAARIBRERE V5 REEHE e REHITENR. & 0.00 0.00 0.00
3 %I/I': W 0.61 6.71 4.49
B 1.03 1.95 1.53
I K QuEChERS Hif 4k 3 77 i 45 & GC-MS/MS ki 9 L] 1 0.05 2.50 1.30
WL AR B F B 16 Bl 2 36 35 & 1 B s 43 B ke, I 0.27 3.09 1.86
ghE LWL 7E 0.005~0.50 pg/mL 5 Fl N R B i, HIE[b e 0.00 0.00 0.00
e MEAHOC R B IK 0.998 4 DL b A i BRI E £ B 40 i) 7 Sk 7% 0.00 2.34 0.21
0.04~0.55 pg/kg 1 0.12~1.85 ng/kg; 25 HAEM H 10, Lot 0.00 0.43 0.12
20,100 pg/kg = 7K B9 35 fn AR [l g 3 71,54 % ~ Hiif[1.2,3-c.d]E 0.00 0.00 0.00
103.70 % M X AR EAW 22 0 2.4% ~9.3% . % J5 B fi S Lo B 0.00 0.00 0.00
PR EEREPE LT R MR L BR ST R B AR 16 Fh 2 ER DY AIfLe-hileE 0.00 0.00 0.00
K I F N A U R B LA 20 HE Y B A A gy DATS B 0.2 1228 1L
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