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W OE: BM @ FEEE ARG 16 2SO AR RS- = PURAT R L . B A
FESVBYBEI AT IG, FHIE C Bl S AR, 43 B3l [ AR AE R e fb, RO i, T A0RE €3 - — S DUAR R H Bk
B HAR), SMRdiE i AR AR 16 FRZ 5 IRAE 5~2500 pg/L JEHE N ARG R AT, FOCRE(r)
. 0.9986~0.9999 ZZ[i], FELEACHIEAHE LA 20, 100, 500 pgkg 3 A4 KA ks [ R 4
80.1%~104.4% 2 [8], AHXTHRAEN 22 KT 8.0%, 4 HAR YA th BRYE N TE 0.4~4.3 pghkg ZIH], RN
1.3~14.3 ngkg, @i Oy BRAERIAIE . REUE R . MEMRED S | PRk RAT . RMSEETE, & BHAsP e
BORAT, BEA RO BEARA AR AL L BT T, RRASVE N2 i 16 P 2 BR 5508 5t R B A0 Ay T 77 % o
KERA: 5, 205K AR EARASIRG AOM 3 - = E DR BRI T

Simultaneous determination of 16 kinds of polycyclic aromatic hydrocarbons
in tea by gas chromatography-triple quadrupole tandem mass spectrometry

WANG Zheng', XU Qing, ZHAN Chong-Qing, LIU Wen-Jing, HE Meng-Hang, QIU Xiu-Yu

(Fujian Inspection and Research Institute for Product Quality, Fuzhou 350002, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 16 kinds of polycyclic
aromatic hydrocarbons in various teas by gas chromatography-triple quadrupole tandem mass spectrometry. Methods
The tea samples were crushed, extracted under ultrasonication using hexane, cleaned up by molecular imprinted
polymer solid phase extraction column, blown and concentrated by nitrogen, analyzed by gas chromatography-triple
quadrupole tandem mass spectrometry, and quantified by external standard method. Results The 16 kinds of
polycyclic aromatic hydrocarbons showed good linearity in the range of 5-2500 pg/L, and the correlation coefficients
(r) was 0.9986-0.9999, the average recoveries from the green tea and dark tea samples at the 3 concentration levels of
20, 100, 500 pg/kg were in the range of 80.1%—-104.4%, and the relative standard deviations were no more than 8.0%,
the limits of detection were 0.4—4.3 pg/kg, and the limits of quantification were 1.3—14.3 pg/kg. Conclusion This
method is simple and fast, has high sensitivity, high accuracy, good selectivity and wide linear range, the separation
effect of each target substance is good, and the matrixes interference of tea samples can be effectively reduced, and

can be used as a method for the simultaneous determination of 16 kinds of polycyclic aromatic hydrocarbons in tea.
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Z 5 #Z (polycyclic aromatic hydrocarbons, PAHs)/&
HABUE . 8w, B2, I HSRARSCmE RS
fy . B RZIBIEY B, Ett e E A Lt
W IREE 5 Yt AR 4™ i, — 7 422 215K A
PRI PAHs 155, I3 —J5 A IR 3 n T A an T4 |
RWE KB — B BUEZ5™ rh PAHs TG 52K
AR PAHS IOWETE SCHRANZS, T LI 86 SCRRXT
M PAHs BYT5 QOK-PHGE 22 OR (B2 in 4 Dot
ORI L R RS PAHS
75 Y K g IR — B 53—y i U B H G A oh
PAHs YRS IG 7 VLA B, AR A4k AN RS 7 145 3
RS 25 S A 2 BEAR K

AR, FTARIE S PAHSs (9575 32 24 = 30
FAETEEDT | B @R AR @Rl <A
- S - = T PUARFT BT g )
S5 H AR B | R OB 3 AU - B
P R AHRHRAR, S IR PR, FE A TR M 2
PR SR BRI, WA (3% Bk A I PAHS A4 U7 &
FHI™, FF bl b PAHSs (4R B0 7k 32 204 75 I B
TAESRI . AR PRI, A R AL, Al s A
30 AT R A B T AR A IR 23 B35 [T AH A€ B (molecular
imprinted polymers solid phase extraction, MIPs/SPE)®™, 7%
WFFEAUR B P e R[] AR A I T 25 fT P8 1) i Az
AR, FIH MIPs/SPE %t PAHS i) % — MW BHE A = 5
DU AR AT ER OB BT 35 T 8 2 S B W I (multiple  reaction
monitoring, MRM)BLZ, LU RETE A4 AR ZE L R A 15 5%
T, LB 16 Ry LAY 23R 57 R AR HEE PR RE B AT,
RZRTE 60 AR M IRIEA T A MRS 2 TE R ] 17
PE, FEXT TR AR RS A5 0t PAHs B9T5 e AKCE- #1100
I3HT, AT Yy R A b 1) ) B AR OR T B A il
B S

1 MR5RE

1.1 #R5ERF

£ W -N-TN FE e AL B i (primary  secondary amine,
PSA). H/\BEREELEE S R (C g) « A1 881k ¢ B (graphitized
carbon black, GCB)(H A&t AH]); IEC ke, NIH., & H
Be( % 9%) . £ fLAK 40K % (multi-wall carbon nanotubes,
MWCNTS). % Bk + (florisil) . CNWBOND MIPs/SPE #1:
(1 g/10 mL)(T&E CNW 2AF])o

16 FiZ 735 BB G ARMER: Z¥(naphthalene, Nap).
J& 4 (acenaphthylene, AcPy). J&(acenaphthene, AcP). %j
(fluorene, Flu). FE (phenanthrene, Phe). [ (anthracene,
Ant). %¢ B (fluoranthene, Flt). £ (pyrene, Pyr), 3 (a)
H[benzo(a)anthracene, BaA]. Jii(chrysene, Chr), ZJf(b)
¢ i [benzo(b)fluoranthene, BbFL]. ZKIf:(k)7< B [benzo(k)
fluoranthene, BKFL], #<3(a)if[benzo(a)pyrene, BaP], Efi
(123-cd) € [Indeno(1,2,3-cd)pyrene, Inp]. — 7 Jf (ah) &
[dibenzo(a,h)anthracene, DBA)]. & Jf(ghi)dE[benzo(g,hi)
perylene, BghiP] (100 pg/mL, ¥ fi# T 1F & %8, 3% E
Accustandard A ).

ASMFESL: 10 (4G L2 2 4y, B4t 2
iy, FEMTTEE 3 7). G2 10 fr(EFERILER 1 h,
TEAZ Ly, IR 2 0, EILBEMES LSS 3
1) FE5 10 R (BASRFIESS) . SIS 10 (L IEERW
B RELEL 5 M) L4048 10 I (EIGLLE AR m Ll
A 3y, NFRRLLZE 2 0y, BURJE 1y, ARTTZIR 1),
B2 10 (IEE AL S 0y, LAEEAS 3 1, HBaEd 2
), B TFAEdA N . M TR AR T
RTINS
12 UHF5RE

DB-5MS i A 3B HE(30 mx0.25 mm, 0.25 pm)
HP-5MS 3 ATEBAMEH(30 mx0.25 mm, 0.25 pm),
7000D “SAH {1k - = F DU AT 0 i B PR AN (38 22 B 1R A A,
DTC-27 7 1 VEHLOR 28 A AL B 15 & il s A BRA 7)),
IKAMS 3 basic 5K I SR % di (D 8 BB A B
23HD); Avanti J-E SE#RTREDHLAEEE Beckman A H]);
K600 # i HL(HE E Braun 23 F)o
1.3 SSWHE
13,1 BT i i A A i I BRAT AL 5 69 B )

TP ERE # EL . MERIIIIL 16 Fh PAHS IR A FR
HEdh 1 mL JHIECHERS 10 mL, 15855 kLA
10 pg/mL MFRAERE AR (4 °CLLU TR IRAT), FRAHZEH
BT, BRI 5. 100 50, 500 F1 2500 ng/mL ¥ FIFR
HE LR W, AR .

FERTVCFCARMEVA MR BLAS AR AR O, 4% BRA% E Y
Rb PR A BRAS ) B SR VR L] 16 Fh PAHs TR G FRIES,
753 5 J5T DT TC A i 25 VRN 6 o DR RE s o AR, LA
BT
132 A& PR

B 20 g ZEmHFRimepl e, 95 10 R45% SO 3 min
#H, WETFRBUR TR SIMAST K 2.00 g, BT 20 mL
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RLELAE T, IIA 10 mL IEC 4, 78 40 kHz 5 TS
FEH 10 min, LA 10000 r/min B5.0> 3 min, B &R E9ES
rh, FIRE 2.0 mL IMHER A, RRgb.

FEMKRAH 5 mL ZEF K 5 mL IECkETELL
MIPs/SPE # . ¥4 R b L A HEAE T, 5 TR 22 4 RIS,
i 6 mL IEC BEMkpAE T, B 6 mL &P Berein, I
TR AR EIE T, HECHERS] 1.0 mL, 1.

SCMRE S PAHs $BUECR I 32 22 I 3 A S HGE
B FIARNE | SRBUA R A RO R R U
PAHs MM ME855, WM& TK, ZiE RGN, SBUE
) — Mk FIE O8I B S B AR P
PAHs # FHMHBOT AR Riet | R, fiid
LRI A BN PAHS IZRMEE S, FFESTIN 100 ng/mL

R FIARUEVS W, LA 16 Rl PAHS (14X [l % 5 4%, LA
SRR R (A) . SRIBUN ) (B) . e ARG RI(C) L ST
KDY WA, HATIOEZ =K IERE S8, %K
KWHE 1,
133 &R Eitt

DB-5MS #iiE A S B A4 (30 mx0.25 mm, 0.25 um);
HERE PR 250 °C; AR BUPFHE, WILRTEEE 60 °CHHF
1 min, LA40 °C/min J+2 170 °C, {435 1 min, FLL 10 °C/min
FHEE] 310 °CHAREF 5 min; FHIZIEIE: 290 °C; HEFE#EL:
AIYHEERE, PR 1 pl; 2R 1.0 mL/min, HF3R
7% T (electron impact ion source, EI); JEIRE 230 °C;
FREHE 70 eV RHESCN A BEREE 4.5 ming MRM
B, 16 Fl PAHs B IESELE 2.

®1 ERHEREXRSERE

Table 1 Orthogonal experiment table of extraction efficiency
SN
KA
A SRIGA R Hl i /mL B $= I H] /min C FEBUA D X
1 5 5 ECKE T BRI
2 10 10 R TS
3 20 15 - PR FE L
#2 167 PAHs KIRILSH
Table 2 MS parameters for 16 kinds of PAHs
la=g? PR BRI 1] /min FRAE B T XF(m/2) il i L /e V
Nap 5.993 128.1—102.17, 128.1—78.1 20,20
AcPy 7.912 152.1—102.17, 152.1—78.1 30, 30
AcP 8.131 153.1-77.0", 153.1—126.0 30, 45
Flu 8.745 166.1—165.1", 166.1—115.1 15, 45
Phe 10.034 178.1—152.17, 178.1—128.0 25,40
Ant 10.105 178.1—152.17, 178.1—128.0 25,40
Flt 12.405 202.1—176.0", 202.1—152.1 30, 30
Pyr 12.954 202.1-200.0",202.1—151.0 15,45
BaA 16.729 228.1-226.1", 228.1—-202.1 30, 30
Chr 16.863 228.1-226.17, 228.1—-202.1 30, 30
BbFL 20.705 252.1-250.1", 252.1—-226.1 40, 30
BKFL 20.837 252.1-250.1%, 252.1—226.1 40, 30
BaP 21.244 252.1-250.1%, 252.1—226.1 35,30
Inp 26.924 276.1—-274.1", 276.1—249.0 35,50
DBA 26.955 278.1—252.07, 278.1-276.1 35,40
BghiP 27.919 276.1—274.17, 276.1—249.0 35,50

T R ERE R
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2.1 EIRCIBRHFRYIERE
IEACSERZE IR LR 3, R 3 WA, XK
AR UR A BB 70 Fh 28> HE B 77 FH >3 U 2> HE

S R], H2% P8 S 7S AR HOE & T R AR AR b 14 [R] i b 2,

TAERCR I iR eI, Lk T BUSCR i AT 1R
TREHE R B I, B R B A AR ABoC Do
22 BUEHEEE

QuEChERS Fl[E AH % BG4 A6k 52 H T8 F 0
ek, ARBFSERTE T florisil, Cis. PSA. MWCNTS ., GCB
5 PR PSR S e A TR B ) ) T iR, 25 SRR, A
8 MWCNTS Hl GCB B, JoikA 3R LA it g g
K@, H6H MWCNTS F1 GCB i, PAHs fY 1] i 53
WAET 50%, ik, QUEChERS bk AE H, #3%2AL
L0V A Jr vk, SR MIPs/SPE AL #EATRE Sk, 455
W, ZEE AT, 16 F 235 kB2 Bl R 7E
81.3%~103.2%Z i, VLEAEHLRCR RAF, Kb, m4kst
T MIPs/SPE #4115k
23 BE-FEEREFNML

&t 0y kit

PAHs AWM RS, MR HIUAT IR R, Joredt
HP-5MS S A BB HE(30 mx0.25 mm, 0.25 pm)FE 74>
B, 455N, BbFL fl BKFL AR | M, DLE la, @515
WTFHRRYT, JORUGEESER, 1 DB-5SMS #k Al

2.3.1

BHFE(30 mx0.25 mm, 0.25 pum) A ¥ BbFL Fl BKFL AR5,
WERIRBENTFR, DL 1b, FHULEI UL, BPHIRA 5% kI 2R
AR A TR ANE R, AT Z7 2 A A
[F. % b, (AR PE DB-5SMS ik £ S B 4iqs .
232 RiEEe R

T PURRAT SR TR BRI, KR 2002/657/EC
B4, TR 2 AN E 2 AN LA B A I A,
5 AT RE P43 HT R RE 43 HT (R MR o B 16 Fh PAHS 1R
G FRUEIE IR (500 pg/L), %M EI BB 7 R T — B A3,
MFEE AT LR, &R PAHSs 45 % A W 5 A KL, ik
Ve SV I A ROV S B, PRAT IR R 2 115 3 F B feik
= BE R i I - B W 43 AR D S R M
Fo B LRETERE ) ESH, SR B FE A, W
F 2, ERAEFIEAMT, 0.10 mg/kg 20 JE FINAR AL LR
BUAK) MRM i B UL 2. B 2 7] I, 16 Fl 23555 18 7E
AR B B 2544 T 35 ] DAk 31 R AT o 3R, |
RYE .
2.4 ERMNAITEN

Xt TR A ISR AN, I ST AN S i B A M I O . Bk
JoT 3400 T 32 B LA o G T v o ot 6 A 3 R i i 50 s o it
RARPRI R E . 2RI H<0.9 B, Sy 5L 3500 ;
M 09<sHPRI< 1.1 BF, BTN AT LLZ N, 2R
Fe>1.1 B, W FERRBEIR AL P, AAs (42 R S SR L AR
YT 2R 2B FIARAE I 2 EA T L4, 16 Fh PAHSs 3L JTis%
NIFE 0.9~1.04 SR, JEJF0N AT LAZm, T AAHIFSE R
FHAMRIEE .

xR3 EXIHER
Table 3 Experimental results of orthogonal experiment

PBGAF S /mL  HEHUR ] /min PRI TP FREHCTT ST R %

SEE 1 5 5 ECkE R IR 89.1
SEE 2 5 10 L] T e H 1 85.3
SEE 3 5 15 AR PR B 83.5
LI 4 10 5 P il PR P 85.7
SRS 10 10 AR e 7 R I 91.3
SLE 6 10 15 EChE TE I 97.1
S8 7 20 5 T T e 2 1 89.6
S 8 20 10 ECkE PRG-I 91.4
S 9 20 15 PPl R AR 86.1

K, 0.860 0.881 0.925 0.888

K, 0.914 0.893 0.857 0.907

Ks 0.890 0.889 0.881 0.869
&= 0.054 0.012 0.068 0.038
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x10° X105
16} 1.6
14t 14+
12} m 12
@ ol = 1.0}
Zosl E 0.8+
=06 06|
0.4t 0.4+
I 0.2
0'(2) ! ! | | ! ! | ! ! | 0 ' ! ! ! ! ! ! ! ! I
15 16 17 18 19 20 21 22 23 24 25 15 16 17 18 19 20 21 22 23 24 25
£ B4 B /] /min £ B8 B ) /min
1 a: HP-5MS S E 7 BB 41454 (30 m=0.25 mm, 0.25 pm); b: DB-5MS #4977 JEE 41454 (30 m=0.25 mm, 0.25 pm).
1 AR 4~ BbFL il BKFL ) MRM £ 1% %]
Fig.l MRM chromatograms of BbFL and BKFL under different column conditions
x10*
35
33 - Flu
3.1F
29
27+
25+
23 |
m 21}
21
jz;; 19 |
1.7
15 F
13 Nep
11 Phe
BaA Chr
09 Ant BbFL
0.7
0.5 r AcH BIFL
. AcPy Bap
03 Fltpyr DBA mons
0.1 Lﬁt»_ - L jL In%kf ?ghlP
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
PR B8 B [7] /min
E 2 0.10 mg/kg JEFINFRFE S HRIBOK Y MRM €235 &
Fig.2 MRM chromatogram of the sample spiked with 0.10 mg/kg standards
. " F 4 16 7 PAHs B M EASTE
2.5 z‘lz—'l‘i’;a_'ﬁ*ﬁ;é’%é& Table 4 Linear regression equations of 16 kinds of PAHs
FEARME IR A I R AR S A 5. 10, 50, 250, e’ LRl 0 )y ot LR [ ) )5
2500 pg/L AR VC FCAR S WA MR HE W, LA E R Nap  Y=2.8x10°X-1.6x10° BaA  Y=2.0x10°X-8.8x10°
PIr S e BE (X, pg/kg) AR AR, AETHIRL(Y) Ry PN Ak A AcPy  Y=LIx10°X-2.1x10°  Chr  Y=1.8x10°X-1.6x10°
SEAHE IR R, AR IR IR ILR 4, MR E(NTE AcP  Y=78x10°X-5.8x10° BbFL  Y=3.9x10°X-2.3x10°
~ Seh Bl - 3
0.9986~0.9999 yL[H A o HIUEAT L, 7 5~2500 pg/L i [l PN, Flu  Y=35x10°X_33x10° BKFL  Y=5.8x10°X5.0x10°
i Aty LR VESLZ 1L 3 A0 R
16 F HArdn1k i%iﬁz RIFMIZME R UL 3 01 1, Phe Y=1.7x10°X=1.3x10° BaP Y=1.2x10°X-1.0x10°
BE2.00g, EA1.0mL, i & BR (limits of detection,
HAHE g FEAF 1.0 mL, TS iR (limits of detection Ant  Y=2.0x10°%-1.4x10°  Inp  Y=4.4x10°X-4.1x10?
LODs)& 0.4~4.3 pg/kg, =& i PR (limits of quantification, \ \ . ,
. . . N Flt  Y=2.7x10°X-1.5x10° DBA  Y=5.1x10’X-3.9x10
LOQs)H 1.3~14.3 pg/kg, R HIEALMTEE 8 H &M%
Pyr  Y=3.7x10°X-2.3x10°  BghiP  Y=6.0x10°X-5.6x10"

by, AR R PAHS [ AI
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2.6 FHEREMENBEE

FERACG P SEIR550F T, A3 BIfESh s . AR MR
FRERHIN 20, 100, 500 pe/kg 3 MNKEUEA AR I 5286, 4
AR 3 AT 7 3 DARFEEMKFET, 16 F PAHs
BRI AR T80 2K 80.1%~104.4%, #H X 4% 1E fi 22 (relative
standard deviations, RSDs)} 0.5%~8.0%, %% HH J7 ¥ 1 i
ORG240
2.7 EFRMEmOHT

FI AN W 7 IR B 60 AT 5 b i)
16 Fl PAHs #4712, FraeahyA L PAHs, PAHs S5
JEFEA 12.0~323.1 pg/kg, FTIUREREAAS. 45, E4%. 53
Jes 2025 BRZR P PAHs B MEHE S 69.0, 115.7,
121.6. 132.1, 185.3 F 240.0 pg/kg. ¥ PAHs Ll 3~4
Wk, HIURBEE AT 16 #h PAHSs WREEE AT 70%,
K 2R IEHT 4 209 PAHs 43510025 JE. Zifnk. 5. O
FANAERS T 5~6 F010 PAHs K AR 10%, KRR
IR S B R e SRSy 2 ARy e s
5~6 TR PAHSs K HRiK 70%, ARG H ARE S 1204 R
B EHAZAE LA, AT UL, 250k PAHS
15 YL A 2 ) A R A IR KRR BT A G,
R VAR XS S Sl e g KRR BE AR (155 . 445 PAHSs
V5 YL AR RSB, T A A e AR KR B A
AR CRERIR JBAE2R)  LL AR CRERIZ /NI LI5S PAHSs 15 Y
FERIT R, A AT AR S RAAY, FLIEAN TR
PAHs 75 AR BERIFE 7 T (125 115

3 Fi5iie

GRS T A 16 Ff Z A5 R M S - — &
U LRAT B R BT, 55 0E T kR ST TAEM L, &
R 1 B0 LSS A AL R A () R BB A A s It 2K IO 6
PAHs HA % — LR MIPs/SPE ¥k, 446 1 By b BRI ],
FESCERA TR, JFMANZOT IR T 60 HEYKOR RSN
ZITFRE BRI, T aE I R AT o % AN
R, WAME, SEfE AZEH T PAHs BRI AN G
TIEARTBe, DT 5 B OR B AS 7 i T ek KPR 2
B UR BB B, [ st Ay 398 5 3 ) 5 ) [ B 3 4 1 4
BERE B, (EAR T A2, A0t A /E—E i) PAHs
EY, FRAESR A TR K T LML RBE, RAA T
HE— B S P . AN R 25 450 PAHSs 4345 1 25531,
2R PAHSs 255 HLTE e R4 B 11 ) 5 42 (At S At 4
T B i S I R A
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