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Abstract: To monitor changes of polycyclic aromatic hydrocarbons (PAHs) in fresh tea leaves, PAHs were separa-

ted and purified by ultrasonic extraction-solid phase extraction (UE-SPE). By comparing the recovery rates of PAHs under

different extraction and purification conditions, the optimal

W5 B #7:2025-06-10
E4WB: LMK HH LR REEFES TEIMERIE o ) '
(2024) 37T 35 48 B B e 2 A B35 A1l 15 5 31 % 351 [ determination of PAHs in fresh tea leaves based on high

pretreatment protocol was obtained, and a method for the

( GX-2024-0660 ); H % & 4 W % i % Wi A performance liquid chromatography ( HPLC) was estab-
(2024YFF1105705 ) 5 5PN HEAY 37 A 25 245 £ [) VB fek e lished. The optimal pretreatment and liquid chromatogra-
BIHTEEA 1A B (KY2025PT09) phy detection conditions for PAHs in fresh tea leaves were
EHEBMN 0k mi(1986-) 40, INPERA N, 1+ B2, TENF determined as follows: 3.0 g of sample was extracted ultra-
A7 i i 7 2 5Y . (E-mail) zhangli_szd@ 163.com sonically with 15 mL of acetone-n-hexane (1 to 1, v/v) as

BIAEE XM K, (E-mail) liutengfei@ jaas.ac.cn the extraction solvent. The extract was first purified through
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a dual-sorbent SPE column packed with Florisil and N-propylethylenediamine (PSA) , then eluted with 10 mL of n-hexane-
dichloromethane (3 to 7, v/v). Separation was performed on an Agilent ZORBAX Eclipse PAH column (4.6 mmx250
mm, 5 pm) using gradient elution with acetonitrile-water as the mobile phase at a flow rate of 2.0 mL/min. Detection was
carried out by HPLC with a fluorescence detector (HPLC-FLD) , and quantification was performed using the external stand-
ard method. The results showed that good linearity was observed for the 15 PAHs in the concentration range of 0.005-0.500
mg/ L, with correlation coefficients (r) greater than 0.999 9. The average spiked recoveries ranged from 72.6% to 115.1%,
with relative standard deviations (RSDs, n=6) of 1.0%—16.5%. The limits of detection (LODs) were 0.000 2—-0.003 0
mg/kg, and the limit of quantitation (LOQ) was 0.005 mg/kg. The developed method was applied to the determination of
PAHs in fresh Biluochun tea leaves. The results showed that the total PAH concentrations ranged from 6.55 pg/kg to
122. 67 pg/kg, with a mean concentration of 56.75 wg/kg. The PAH profile was dominated by 3- and 4-ring PAHs, among
which fluorene exhibited the highest detection frequency (96% ) and mean concentration (27.82 pg/kg). These results

indicate that the developed method exhibits satisfactory accuracy, precision, and sensitivity, providing important technical

support for PAH-related research in fresh tea leaves.
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W7E2002-2016 4, KA PAH B4 H R 45800
100% , & & 100~ 10 000 wg/kg'"’ ; 7£2020-2021
A E 7 SR P IR ORI 2 R R 13
Flt PAH ARG H RIS 70% , S oA 11.4~1 251.0
pe/ kg TE 2022 AF - HEHI T AS I A0 AR T 45
#F W, 15 F PAH ) B &% & O 212.2~ 953.9
pe/kgt ™ AT L Y ET PAH B 28N 5% 2% i
pil JB 2 4 ) — > E XU PR 1

ZRE AR g 2 T JRORE, e et T
A BT A . BT, ST AR PAH (YBF5E
FRART A S LA B A BT I A iy AT S s
Ho 7E PAH 3t &l , 5 FH R $2 0 A R IRHR
e MBI AR AR BOLSE . R ICHRHU A
HWAFEL6~20 h, A7 16 A B ] K i ol ot o7 5 o ke
VR AC U AF AR BEA UAS W8y A6 U 72 Hh IR3F PAH
PG AR BB AR BUA T L )
B, IFREAS BB (AR BORCR Y Hoan, B N A
PAH BRI 7 ik 24 A %7k (GC) VR
OG-S 2 (GC-MS) | i RO 1 1% -5 ' ez
% (HPLC-FLD) &, H.rf GC | GC-MS £ £ X} 3 43

Biluochun; fresh tea leaves; polycyclic aromatic hydrocarbons; high-performance liquid chromatogra-

PAH [R5 S FI PR (U FNFE i AR [ a ] B MELL
ARG B IR, FLEE B | R R R . HPLC-
FLD" | AHF 5 400K A 75 $2 B ( UE ) -3 AH %5 B
(SPE) B X ZE - rfr i) PAH #4725 4k, 454
HPLC-FLD X} 15 Fl PAH 47 5 &8I0 % , LA 4
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Table 1 Excitation and emission wavelengths of fluorescence detec-

tor

A ] ( min ) PR (nm) KA (nm)

0 270 323

7.0 260 336

8.7 248 380
10.7 230 420
11.6 248 382
14.5 275 380
17.0 260 420
21.0 305 430
22.5 305 506

1.43 #fmaTa®  FRE3.0 g ilFE, A 7.5 mL N
- 1E CUE i (ARFREEL ¢ 1), IR AL FE 2 min J5,
500 W 40 kHz FYFE R P42 15 min, FF8 000 r/min
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1.7.1 Rz R RS & & 1P Al
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FF, IE-/KRER: 15 Fl PAH B 58 40055 [ it
WP HAE AW s A0, i — 2L B R TR W (1.0
ml/min 2. 0 mL/min) X 73 B RCR B 00, 2558
N, FE 2.0 mL/mindi R, BT Hbrfb & Y3468
P AR 43 B B, HAAT A ) 4 56 2 24 min Y, 42
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B, AP PR ZEDAR AR 35 55 R, 25 B bR
B YR ETEALGT, o3 8 BE R, mT LA 2 2 B 70 7
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Hf ] (min)
1255206332034 065 8056 0B 7 8658139 R I [ a ] B
10 FF [ b] B 11 2R IR [ k1200 12 8 FF [a] ¥ 13 Bl [ 1,
2,3-c,d]t6;14. ZKFF[a,h ] ;15 . 89 [ g,h,i]dE, [a] . &KX
PG TEETER a B(ED C1-C2 88) ;[ b] . BABE TR EM b
PCED C2-C3 ) 5 [ k] AR A T2 B k 11 (RI C8-CO 4) 5
[1,2,3-c,d] BfiFRM 1 AL.2 AL 3 ALBRIEF S EERY ¢ 30 d 33 (X
B C3 7 .C4 {37 .C5 1) B A s [a,h] .2 DR NBEA T A a
J(CL1-C2 ) AT h 31 (C5-C6 #) ;[ g, h,i] . RIS THEM ¢
8GR (ERAES R 1,12 X))
El1 0.05 mg/L15 MZIRFIE (PAH) fRERRHBILER
Fig.1 Chromatogram of 15 polycyclic aromatic hydrocarbon

(PAH) standard solutions at 0. 05 mg/L
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ISR = 70. 0% LI, AT RE i T A N R S
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FLmALBR, TR = T LR R O, R R P - 1
Ot (ARBRLEL = 1) AE R IBGH, I e A A8 ik
X 15 B PAH [BISCRAG 2, aniEl 2 iR, A5
BT R 3.0 g, BEHGH A 5308 10 mL Al 15 mL
iF, 15 B B A58 5 [mI 3 53531 24 68.6% ~ 85. 4% Fil
77.6%~111. 1%, WEEBHCRKE  HiE A KLGH,
PR A 2 B BGRI P 52 15 mL,,

222 AfmmAe KEnh AR 2 LS
F ARG AT E PAH 5 #dt
A, DT RGN 5 S e 1l T, 5% M YA o 2
I, FEHEAT HPLC S0 Al 202006 B OB A 7 i Ak A
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J AR b )Pk AR (K P RG L R [ By m: EiOF [ 1,2,3-
e, d]BEsn: THIF[a,h ] B 0 I [ g, h,i]dE, [a]  HHEPE
TREEEM a (W C1-C2 88) s [b] . MM A THEM b i
(B C2-C3 ) 5 [ k] AFRHRES THEHAY k 2L (B C8-CO #) ;[ 1,
2,3-c,d] BiFRM 1 AL.2 603 SLBRIEF S EERY ¢ 3 .d 3 (4
C3 fiL.C4 7 .C5 ) B4 [a, h] .2 DRI BTG TR a 38
(C1-C2 ) Fl h #1(C5-C6 ) ;[ g,h,i]  RIHE TAEH g 1,
ho 0 W RS TE 1,12 X))

B2 AERIFAET 15 MZIRFE(PAH) B EIKZE
Fig.2  Recoveries of 15 polycyclic aromatic hydrocarbons

(PAHs) at different extraction solvent volumes

L, AGRITE 0. 05 mg/ ke AR /KFE T, e %2 T
Iy ELE AR AU (d-SPE) M LR, 3T A5t nt
FEFAVER S, X T LA € JPSA FII MWCNT 1y i
BN, 15 B PAH By IRNBCR . bl Btk &
HIPSA (C JbHE L IR R ak o, R IIX 2 g
IR 2R 1 L BRBE T AR, 1T MWCNT 315,
VAR TR S TR B (0 100 BH X €8, 2% 45 2% IO 1 WL g
R, MR 2ATLUE M, 4 C AbH G | 2808 [l R
LA 14.0%, H 4 PAH (9 [0 0t Ky 68.4% ~
102. 0% ; 28 PSA Ab PR J5 , BRI [ a ] BAY MR
62. 1%k, A4y PAH # [FISCRBIK T 60. 0% , Hir
ZEHYIISCRAUA 3.1% , Ut B PSA X K7+ PAH 1Y
R EAVE A3 . MWCNT %F PAH 2 30 M 48 5 11 1
R, 28 MWCNT A3 (R 3025 8 2 3 V&
5 PAH, [0t % 4 8.0% ~ 104. 6% , A< K H H At
PAH, EBREZR LY, DL Cy \PSA MWCNT 2
AL d-SPE MELLTH AT ER

h T AT B AL BOR X SPE iEAT T %
g%, T Florisil BEEALZBRASH Py b2 2
REOERY R, PSA WREA LR Zx 2. L
KRR IR 2 P AR R SPE ik
BORE IE A T LIEC be- S P BE (IR 3 1 7).

CHE-FOR(RBEES = 1) AE M UR LW X 15 #F PAH
PIVEBRCR . BRI 3 ¢ 25 FIFE i, #2]0. 05 mg/kg
FIACEREAT IARRES , FH 10 mL _E IR IR HEATYER .
K2 15MERER(PAH) 23R ESELFI LB R E K E

Table 2 Recoveries of 15 polycyclic aromatic hydrocarbons

(PAHSs) after purification by different agents

FAL AL B ) ISR (% )

Zk
Cig PSA MWCNT
e 14.0 3.1 88.0
& 70.9 43.3 103.6
Vil 79.3 45.3 97.7
E[B 86.4 35.3 104.6
hs3 81.2 58.6 8.0
P 91.5 56.6 ND
E 102.0 52.1 ND
Jifi 79.9 59.2 ND
AIf[a] & 85.2 62.1 ND
ESIHRID S 80.7 59.8 ND
FHI[ k)T 80.3 58.8 ND
AIf[altE 78.2 57.2 ND
Bidf[1,2,3-c,d]EE 71.5 51.2 ND
ZIf[a,h] & 68.4 50.5 ND
HFf[g,h,ildE 75.0 56.4 ND

Cyg: T/\BEILEE G Bk ; PSA . N-TN 3 £ — i ; MWCNT « £ BE ik 94 ok
END KA, [a]: S T B EE 1 a 34 (BD C1-C2 )
[b]ZEFFBATFHEEA b (B C2-C3 #) 5 [k KIFPA T
B k 371 ( BP C8-CO %) ;[ 1,2,3-c,d] :EiFREY 1 i 2 i 3 fiblkJF 75
PEY ¢ 141 . d 11 (HEBE C3 3%, C4 4 .C5 7)) B84 5 [ a,h ] 2 AAEFRAM 5
FAE T a 1 (CL-C2 5 Fl h 41 (C5-C6 7 ) ;[ g, h,i] : KRS
FIEHY o 1 b 0 O IREEA TR 1,12 B IX)

HE 3 AT LA 2 e i nd vk i 3k % 22 7
BR, BLLOKE-HR(EBES 1) E s,
H bRtk &9 0 BSCREAR JE 50% , 1 LA TE & 56- 5
FBE (RBREE3 = 7) VR R e B i i, 1 B 380R A5 2] (.
ZHTE BRI IA 81% DA ., itk J5 22k 6
PIIE O - e (RFREE3 = 7) VE MR

R T R F AR AR AR, X FEARTRARFL (5 mL,
10 mLAN 15 mL) BYPERL I XT 15 Fh PAH [FISCR ) 52
W, W0 3 7, SR AR s, 25 25 FidE
B RS RS e T v S RRAIG, T R4y 12 Ff PAH [ [RDISCR
PRI S, MU RS2 31 10 mL F115 mL
F,15 B PAH B89 [8] 0% 43 5] R 84.9% ~ 117. 4% F
90.4% ~115. 1% , 455 TR . A TR, i
RO AR IS BE BRI AR LA 10 mL,
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Fig.3  Recoveries of 15 polycyclic aromatic hydrocarbons
(PAHs) eluted with different solutions

x3 AREBRBRERT 15 MBIHFE (PAH) KL 2
Table 3 Recoveries of 15 polycyclic aromatic hydrocarbons

(PAHs) at different eluent volumes

AN [RIE L AR A I U (9% )

B2
5 mL 10 mL 15 mL
% 92.2 92.5 90.4
A 84.7 101.3 104.8
Vil 105.7 114.7 108.7
E[B 105.2 117.4 95.4
his 86.9 91.6 113.8
DI 89.9 99.5 115.1
3 87.8 94.7 103.5
it 81.3 92.0 104.8
HI[a] & 81.9 92.4 96.5
HKI[b]FEE 83.9 95.1 104.3
I[P 80.2 90.7 104.6
HH[aliE 81.1 91.8 100.8
BiJf[1,2,3-c,d] i 81.4 92.1 102.0
“If(a,h] B 79.9 84.9 96.7
HIH[g,h,i]dE 81.9 88.0 97.7

[a] KPS TR SEER a (B C1-C2 ) ;[ b] KPS TR
B9 b (B C2-C3 ) ;[ k] ARIFHRA TUE A k 34 (B C8-C9 ) ;
[1,2,3-c,d] :BHFRAY 1 0.2 1 3 iR R T S EER) ¢ i1 d 33 (XF R
C3 37 .C4 {7 .C5 F0) BAE ;[ a,h] 2 DRI ANIREFEN a #1(C1-
C2 B#) il h #1(C5-C6 88) ;[ g, h,i]  RAHETAEM g 38 h i1 i i
(RFREFES T 1,12 fEBIX)

23 HEFEEE

2.3.1 Rmzm WK 4 Fios, 15 B PAH 78 45 &
IR R A | ME | EIATE 20% LAY, 26 B0k 55 BE TR A%
N, DB A5 7 e B e M T bR T SR, R T
i SIZ BRAE B, SR FH i 00 B v it e SR vk iR T
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Fig.4 The matrix effects of 15 polycyclic aromatic hydrocar-

bons (PAHs) in fresh tea leaves

2.3.2 15 #F PAH #9 & M4 XREKE N
0.005~0. 500 mg/LI¥ 15 F PAH Z bR TAEA
AT, IR hlbn i 2, sk 4 iR, 15 Fb
PAH )5 2 e i 5 0 o7 06 1T R RAF IR G R
R ZRE(r) =0.999 9,

233 EHEFMEEIE MR 4R, BB K
“90.005~0. 100 mg/kgfif, 15 Fft PAH 7E A5 fif i rpr 1y
SE g 0] i RN 72.6% ~ 115.1% , RSD 1 1.0% ~
16.5% (n=6) , W% 7 B HAT R A7 0 HERf B2 AR
WY

234 MEMAEER WK 4 TR, 15 F PAH
TEZREEMHHR Y LOD 30.000 2~0.003 0 mg/kg, LOQ
1#5°50.005 mg/kg.,

2.4 HRNESSH

W AR 5 2 S 0 R 7 i O N R IR R
A A S B I E A3 A IR S TR A BIESE O
SR T EE 25 U i AT [a] 85 B PAH,
oy e Bk R e, 3K 8 96% , Fk &
Jih, K IR E] 56% , 5 Fh PAH [ H6.55 ~
122.67 pg/kg, FHIE R 56. 75 peg/kg, Hi )
)RR S e, i PAH BB 48% L |
e PAH 41 A% &, 2 Ml A% & nf UK 2~ 4 3R
PAH, DL 3 38 4 o F HE &5 PAH 88 &
1 80% LA I,

S AT RVE Y fE 2 R kE o A 10
5(18.2 ng/kg) (19 5 (6.5 wg/kg) Al 49 5 (KK
H)3 AN PAH & &8T5k TP 14 N IEH
TR HIEH (10~20 peg/ke) , HAEEM B PAH & &
Vi h Tz s,
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Table 4 Linear equations, correlation coefficients (r) , limits of detection ( LOD) , limits of quantitation (LOQ) , average recoveries and rel-

ative standard deviations (RSD) of 15 polycyclic aromatic hydrocarbons ( PAHs)

0.005 mg/kg 0.050 mg/kg 0.100 mg/kg

w5 RAETTR r (rfg,(;llZg) (rfg(;gg) FHE - RSD FHE RSD FHE RSD
(%) (%) WR(R) (%) WE(%R) (%)

e Y=9.72x10"x+5.51x10° 0.9999 0.0020 0.005  72.6 14.6 78.5 14.8 79.4 7.8
JE Y=8.11x10"x+7.80x10° 1.000 0 0.0020 0.005  92.7 8.7 97.5 5.6 89.3 3.7
il Y=3.40x10%x+2.02x10* 1.0000 0.0004 0.005 115.1 12.7 105.8 4.0 94.3 4.9
E[B Y=1.21x10%x+3.90x10* 1.0000 0.0020 0.005  109.8 16.5 110.5 43 95.1 8.0
B Y=6.66x10%x+6.81x10° 0.9999 0.0002 0.005  99.2 7.3 112.9 1.9 98.7 5.5
P Y=1.56x10"x+7.83x10° 0.9999 0.0030 0.005  95.6 11.0 109.7 3.3 93.5 53
4 Y=8.59x10"x+1.14x10* 1.0000 0.0005 0.005  110.1 6.6 111.2 1.0 96.0 6.2
Jifi Y=2.76x10%x+8.31x10* 1.000 0 0.000 6 0.005  105.3 5.9 108.5 1.5 95.1 5.8
HIE[a] B Y=1.89x10%x+5.73x10* 1.000 0 0.0007 0.005  93.4 7.3 109.1 1.7 96.6 6.0
HIH[ b1 Y=1.52x108x+1.12x10* 0.999 9 0.0020 0.005 94.5 8.1 106.2 1.6 95.9 5.6
I[P Y=4.87x108x+1.96x10* 0.9999 0.0002 0.005  109.6 8.2 109.8 1.6 96.7 53
HIF[alte Y=3.51x10%x+3.97x10* 0.9999 0.0003 0.005 110.9 5.9 107.1 1.5 94.4 5.1
BiJE[1,2,3-c,d]®  Y=8.01x107x+1.20x10* 1.0000 0.0005 0.005  100.7 3.4 105.9 2.6 93.3 3.6
ZHJf[a,h] Y=1.04x108x-1.36x10* 0.9999 0.0020 0.005 84.6 7.2 102.6 2.6 88.7 3.9
#3F(g,h,ildE Y=9.05%x10"x-9.99x10° 0.9999 0.0030 0.005 88.7 7.9 99.4 4.5 91.7 4.4

r MR REGLOD K B LOQ - 78 BB RSD AR AR iR 2%, [a] RIS T eREEM a L (RF C1-C2 #) 5 [ b ] ZRIFAAA T2 B b i1 (AP
C2-C3 ) ;[ k] PEIFAFAE THE A k 1 (BP C8-CO #) ;[ 1,2,3-c,d] EiFRMY 1 A7 .2 i 3 Pl F S50 ¢ 31 .d 3 (W) C3 {7 . C4 £ .C5
PE) B [a,h] 2 DIER B T A a 1 (C1-C2 58) Fl h 1(C5-C6 ) ;[ g, h,i] EHPS TIEM g4 h i i (MR THY 1,12 AiF

TIX)

x5 BEEFHHHERTSHFTEZ(PAH) RHER

Table 5 Detection results of polycyclic aromatic hydrocarbons ( PAHs) in fresh Biluochun tea leaf samples

o —_— Kot % L (he/ke) B TR

(%) B B (neg/ke) (neg/ke)
e 2 54 ND 30.97 532.70 19.73
% 3 96 ND 48.27 1335.24 27.82
P3Gy 4 96 ND 27.75 652.17 13.59
Jiti 4 56 ND 20.62 230.33 8.23
HIf[a] B 4 8 ND 9.05 30.43 7.61
> PAH - - 6.55 122.67 2 780.88 56.75

—FORTCX RIME ;ND ZoRAM o [a] SFG TR a (M C1-C24)

3 e

M 58 K F UE-SPE 3% Xt A% 6 i b i 15 Fif
PAH SEATRTALER g8 0k, K AR S 15 mL
PR -1E CBE (ARFRLEEL « 1) #4788 7 2 BUS , 28 Flo-
risil \PSA [FEAHAEBUSHE, B 10 mL ARFH LR 3 2 7
(A IE e - — T BETRAN , T DAAT AR ot 26 Sl

JNE R SR ARATH B ALK 7R AL HPLC 4%
PRI E B, AR A 5 [BLSCRAE 72. 6% K
LI b, RSD< 16.5%, LOD 4 0.000 2~ 0.003 0
mg/kg,LOQ ¥ 50. 005 mg/ kg, 7 B AHF 5% Jr ik B
A RAFMESE Roe e MR, Har, X FRet
HH PAH AT A BB gE e, SHIREY S TR
P — ST B (ARG AL ¢ 1) SR RERR R b4 &
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Fig.5 Contents and components of polycyclic aromatic hydrocarbons (PAHs) in different fresh Biluochun tea leaf samples

HPLC 358 T 258t h PAH 19 & & (HI2 R X
Tr AR B ORGSR R RS S SR =
FEAYHGAE, 52 A, A5 A A R I s 2k
RGNS R RAIE, AR EErf PAH ORI 2 41t
T TSR SRR

SRR AT BT 2 SR e B | SRR A A i o
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BIE N 56.75 pe/kg, 5B REE K WA
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