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i OE: BR S ROM - 88 BB I R 2 2 Y R 16 Fh 23595 2 (polycyclic aromatic hydrocarbons,
PAHS) & ®BM L. BE  WIBLE O RBUGILS, RAFLEHE AR PAHs 5754, 38l A - s I s
PGHATRN . BSOS IR AR, EaSAE R OLAk, SRIBUA TR IO A AR L R e 0 W ) 1655 . e fie
PRHTALET 0 5 mL LI, PAH BARAE B IF] 15 mL LR C B S Be(V:V=1: )30 . SR
A RAE R AR B B IRAE IE B TR R AT 74k, (671 Eclipse PAH WUMIEISFEHT T/ 8. &R 16
M PAHs 7E 0.1~500.0 pg/L A5 e FE VU Bl S B AT IO Se kG R, R BRTE 0.04~1.72 pg/kg, & PR7E
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ABSTRACT: Objective To establish a method for simultaneously determining 16 kinds of polycyclic aromatic
hydrocarbons polycyclic aromatic hydrocarbons (PAHs) in edible oil by liquid chromatography-tandem mass
spectrometry. Methods After extracted the oil by acetonitrile, PAHs was enriched by column purification
technology and detected by liquid chromatography-tandem mass spectrometry. The selection of ion source,
chromatographic column, extraction solvent, extraction solvent volume and elution solution were emphasized.
Determined the optimal pretreatment method to be 5 mL acetonitrile extraction, PAH solid phase extraction column
purification and 15 mL ethyl acetate: dichloromethane (V:V=1:1) elution. The optimal detection conditions were
ionization using APCI ionization source in positive ion mode and separation using Eclipse PAH liquid chromatography
column. Results The 16 kinds of PAHs showed a good linearity ranging from 0.1-500.0 pg/L. The limits of detection
were determined from 0.04—1.72 pg/kg, while the limits of quantification were from 0.11-17.01 pg/kg. The recovery rates
of the spiked samples were between 75.71%—117.60%.

0.09%—8.00%, and the interday relative standard deviations were between 0.10%—8.18%. Conclusion The established

The intraday relative standard deviations were between

method is rapid and efficient, capable of accurately extracting and detecting 16 kinds of PAHs, making it suitable for the
rapid detection of PAHs in edible oils.
KEY WORDS: solid phase extraction; polycyclic aromatic hydrocarbons; high performance liquid chromatography

tandem mass spectrometry; oils and fats; rapeseed oil
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SR E AR R M SR e U, g2y L RIS JESh, PAHs IS FTRER AT AL G
. RANEWIR . 3RS . AR ITINEESC Y a0 RS, JE TN ARG IEN DIRET. i T PAHs

Z(polycyclic aromatic hydrocarbons, PAHs)J&—2S i P4~k
P DL b 05 3 R 25 0 3 3 Bl - e SR S 4 M B AL S 4, &
14 PAHs 88 4:0 100 %0 LA, 24 PAHs U A7 16 F(%
1) PAHs 75 HAR A A LAV iE s b )2 A1, JFHHEA AR

FRARE, FECOLH L0t LT RS £
H) PAHS SR T ORI T s g 4,
AR RERRI . R BRI R R S
BRI A 111405

£1 16 MESHEFR
Table 1 Sixteen kinds of polycyclic aromatic hydrocarbons

HhSCA R B & A fRI R 5 F LU AR Danm i CAS &
% naphthalene NAP CioHg 128.17 91-20-3
JE J acenaphthylene ACPY CioHs OO 152.19 208-96-8
& acenaphthene ACP CpHyo O 154.21 82-32-9
% fluorene FLU CisHio Q.O 166.22 86-73-7
E[8 phenanthrene PHEN Ci4Hyo Og 178.23 85~01~8
# anthracene ANTHR CiaHio 178.23 120-12-7
® pyrene PYR Ci¢Hio ‘O‘O 202.25 129-00-0
D3 fluoranthene FL Ci¢Hio O 202.25 206-44-0
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22 b A T A A F15E
= 1(8)
LA FR YL AT fRIFR s ERLEN B2ty CAS 5
KI[a] B benz[a]anthracene BAA CisHyp, OO‘O 228.29 56-55-3
JiE chrysene CHRY CisHy, OO?O 228.29 218-01-9
ZKIF[a]tE benzo[a]pyrene BAP CyoHy, O‘O‘? 252.31 50-32-8
I [b]2E benzo[b]fluoranthene BBF CyoHy, O‘.;O 252.31 205-99-2
I [k benzo[k]fluoranthene BKF CaoH), CQQ8 25231 207-08-9
Bigf[1,2,3-cd]iE indeno[1,2,3-cd]pyrene IND CypHy, Qi"% 276.33 193-39-5
‘ ‘O
FIH[gh,ilFE benzo[g,h,i]perylene BGHIP CypHjs QCQ 276.33 191-24-2
-
s i . O
T IF[a,h]E dibenz[a,h]anthracene DAA C22H14 ‘OOO 278.35 53-70-3
W E & M Y PAHs i, JEXT & FHmE T s YT G P 4 PE T 8 A b vl B A BR A )); AR 6 v R

LA BT R B SRR T B, BC AR PAHS
ST A R AR A3 YR (high performance liquid
chromatography with fluorescence detection, HPLC-FLD)!'5 11

KM 4 3% - [T 3% 1% (gas  chromatography-mass  spectrometry,
GC-MS!'T | i A €8 3% - 51 3% ¥ (liquid  chromatography-mass
spectrometry, LC-MSY!'® | S AH (5,31 7= (gas chromatography,
GO, GC-MS IL & PAHS Jc 3 FH i )ik, (R
SN TR AL S Y AR E R T AR E S
(53 B o T B O R ME . BRI FE e B A b 28 . JESR
FRAL . PERE MR 220 PAHs AFRINRCR AV . LA £
Fl PAHSs [R5 R, B 3HTAS [E] T4 (40~50 min), Kl
R ALE R HARPY, HPLC-FLD St 255 IR )5 v 2
—PU B G RI r TR ARG . U R,
B L) 5 ] 40 8 s 4 2 DG M ISR 55, S B8 T 900

S B 2R AT E BT

AR 6 3% - BB IK 1% 72 (liquid chromatography-tandem
mass spectrometry, LC-MS/MS)/&— Flri i il =& 43 F &,
S BRI AL S W E S 1 AT R, R REUE R Ll
FAMELF, T B e A VR 00 e 43 B O s U 22
PATNANA “UCRH] LC-MS/MS #A&, 528l T PAHs [Al45
SRR o3 B4R BT o T [a]

FEXFEL . PAHs KB ARAFAERY 0] 3, ABE A8
LC-MS/MS AR, @& T M 2zE i 16 f
PAHSs [R] 264 Ty i, Sy £ AT 22 4 VR PF o A BT = 45 1 2
PEER S

1 MRERZE

1.1 #E5RE
MR, RHEEWM . B3W. PR, B, /L

FHE R Z 52 o e A RIS 4 o B 1 R = e g o

25, ek B . dEL B B KHEL RIE[a]E.
Ji . HEIE[a] . HIF[0IPEHE . HIFKIFEH | EiIF[1,2,3-cd]
. I e hildE . T 2E I [a,h ] EURRUE A (4 >95%, K
HEREERHE AR A A, Z0F . ECke(tiba, £H
FEI CHRBHCA R A ), Z& Wb, MR R[5
ali, R (RE) =R R A A ] R (4l B >88%,
g BT T A AR R B A R A D), PAH RN AHZEHUEE
(500 mg/6 mL, KEIRHA: R A F]); Eclipse PAH
WA ISR (2.1 mmx100 mm, 1.8 pm). EclipsePlus Cg {2,
FEHE(3.0 pmx 150 mm, 1.8 um)(3E E"LHERBHE A B H));
Cyo T8 %4 (3.0 mmx150 mm, 2.7 pm, JCETi%Z ERHEA R
43 l); kinetex Fs % HE(150 mmx3.0 mm, 2.6 pm, S&[EY
AR-RIEE N,
1.2 UE5EE

JA3003 Z3HrRFCREIE 0.01 mg, i HRANARIL
A BR/AF]); KQ-500DE jH 7 i 1 Ve as [k se AR (L ) B
AR Yy [ AR A RS B (COR HE Dl B A R WD,
QTRAP6500 Y JFt Ik - — F UM AF i (5 B AB SCIEX
Z3+)); VORTEX-5S iR HER A di (1] T HAR DR A i ik
A BRZF]); 5810R /Ny B8 5k 250 ML (72 [ Eppendorf AG
NEINE
1.3 XWHE
1.3.1  AR/EZER 09 BB BT 42 42 69 24

1 16 Fp PAHs SRfEVE TR NG I U FE S 1 mg/L,
R e 5 . A& PAHS O ISR U B 25
W, S AAEE B 500.0, 250.0. 100.0, 50.0. 25.0.
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10.0, 5.0, 1.0, 0.5, 0.1 pg/L AYFESRICECA AR, T
2hilbR 2R, PRSI,
132 W5 % RFRGRBFE

FERRRE 0.1 g EES T 5 mL .0, A 2 mL
LGRS W75 R, A $EHL 10 min J5 4000 r/min &0
10 min, iEHBEHAE.OE R, TIEH M DR RECE
BEESHRBMK, 5IF 3 WA LWER, RAKRTE R E
FHZEUE A T A

14 PAH 2lifb A 8 FREIAHZERCEE |, %6 5 mL —
A, 5 mL IEC B/, BRI SIE R _EAE,
EHEAEBW T, B 5 mL IECkEHEE, &/ 15 mL
AN CFROBE(V V=1 D) IR, WA IR o e
MRS, H 100 uL ZWEE%, FEIET 14000 r/min
B0 5 min JEBE_EAVINE, R,
133 BHERMKEE

BUHBERES,, 4328 3 4, lhE Ik 3 NIARAL,
HFRACEAY 51k 5. 10, 25 pg/kg, K254 3 4~
TPoLss, W EE 3 d, TG M SO X o e 22
(relative standard deviations, RSDs), %5771k M MERE )L
1.3.4 REIEA WP % 25 0R 6040 m 4547

AAIRAE 6 Ay HhARATLYA B 2k U USSR B4k B A R BH
FEAR . MBI &8 WA AR RSFm A = k2 b, &
ARAEEEEM . BB, B3, TR N
A AR IS 6 A0 TS BET A B AR, TR A B Af PAHS
M= . PAHSs Rl i 2.3.2 Wiy 5 b Ab
1.4 LC-MS/MS &%

i 2% Eclipse PAH fA3%4E(2.1 mmx100 mm,
1.8 pm); AEdk: 30 °C; MEAFED, 2 uL; WANAMH A Db 0.1%
HRAK, Wl B R 01% R IRAG, BRI W3k 2
Fi7R o

F2 BEXRRER

Table 2 Gradient elution procedure

Bisf [61] /min A% B/% 3% /(mL/min)
0 50 50 0.3
2.0 50 50 0.3
20.0 0 100 0.3
22.0 0 100 0.3
22.1 50 50 0.3
25.0 50 50 0.3

B A B A KRR E
(atmospheric pressure chemical ionization, APCI), 1F & T
s BUEEH ZRNAN; KA SUET): 30 kPa; fiffiE

SUES): Medium; BE55HLUE: 5500 V; B FIRIRE: 501 °C; %%
ARSI 50 kPa; HHBIINSETT: 50 kPa; STAHE:10 V;
MRS R 13 V; 16 FIZ 05 R M TS50 3,
1.5 BUEALE

11 Analyst Software #F77%0#E K4, Multi Quant3.0
HEATARMER 2R 022 I F1 PAHs FO5E & . PAHs K04 i J1
Microsoft Office Excel 2021 #4748 #r, KL RH
GraphPad Prism 8.0.2. Adobe Photoshop 2020 #il1f .

%3 16 # PAHs FIRIESH
Table 3 Mass spectrometry parameters of 16 kinds of PAHs

A BT FET  AREE ill 43 B

() (m'z) /V eV
78 40

NAP 128 . 110
102 40
126 50

ACPY 153 . 40
151 35
152 55

ACP 154 . 60
153 30
115 30

FLU 166 . 50
165 30
152 60

PHEN 179 . 45
176 55
152 40

ANTHR 178 . 45
176 55
201 60

PYR 203 . 50
202 55
200 60

FL 202 . 110
201 55
202 60

BAA 229 . 95
226 55
226 50

CHRY 228 . 105
202 55
250 70

BAP 253 . 100
251 55
226 50

BBF 252 . 100
250 55
250 70

BKF 253 . 100
226 55
275 70

IND 277 . 80
277 55
274 80

BGHIP 277 . 70
275 46
274 70

DAA 279 . 80
276 46

VS
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2.1 HEIFEAEE

oA WITE B T IR AT 38 00 1 B8 1Ak 2 A T BTG 43 BT
BB AR, B WL IR A HL BT 55 HL B (electrospray
ionization, ESI) & F Al APCI & FI&, ANJAIEFEE K
LAWY, EST J53E A b P K ik &4,
meiyy . MK =R . WS, 1 APCL I IS & M h 45
WPk A PE b 59, Fk, BE%ET 16 Fi PAHs
fE ESI RS APCI F RIS S m R, il 1 s,
i APCI LB, 16 F PAHs HIRERH, 1M (s B ESI HEL B
J5, NAP. ACPY. ACP. FLU, PHEN, ANTHR, FL 7 fi
PAHs #{ I A WA {55, H APCI B 5 A PAHs HI(5 5
R T ESIIE, R PAHs BIESH APCI 4T
B,

2.2 BEIEFERIERE

ARG HEAT X4y M523 IND . BGHIP 25 [f] 43 S M R i A7
BB, A EA Cig. Cy. HIHAREL(Fs). PAH 4
FORRIZEAI ) G HEXT 16 F PAHs #E4740 3, WIE 2, 45
SUESE PAH 31 1 43 BRI R B 308 F Cog.
Cso. Fs(0I5FE, Cig. Cso TEFERT B RCRAAL, Fs (a1
R B U B 22

9 00E+05. =ESI= APCI

8.00E+05}
7.00E+05+
# 6.00E+05F
= 5.00E+05f
o> 4.00E+05+
{1z 3.00E+05}
2.00E+05}

1.00E+05} | I
0.00E+00
Q

PAHs

1 ESI. APCIH B JEX R PAHS 5 55 B A5

. _ X _ . Fig.1 Effects of ESI and APCI ionization sources on the signal
H1 T PAHs fA7EZ RN A 3 Ak, HLIR) o S Ab iAo intensity of detecting PAHs
A 1.7¢6} 14.059 B
L6661 1306 15235
1.5e61
1.4¢6/] i'?eg
1.3e6} e
1.2e6f 1.0e6 16.788
1.1e6 16,049 9.0e5 16.599
2 1.0e6f i £.8.0e5 15.790.
5 9.0e5} S
) g.0e5} 15.808 17.088 #7.0e5
B 7.0es5} S 085 ‘ 2 6.0e5
6.0e5} 10.69713 39 5.0e5
5.0e5¢ | 4.0e5
4.0e5t
3005 3.0e5
2.0e5} 5 7;17 2.0e5
1.0e5f ' 12224 | B 1.0¢5)
AR
0.0¢0 : e .00
1234567 89101112131415161718192021222324 1234567 89101112131415161718192021222324
it ] /min i i) /min
C 14.031 D
1.2e6 9.5¢5 9.050
1.1e6 9.0e5
1.0e6 §oe
7.5e5
9.0e5 11.836 7.0e5 10.216
8.0e5 15757 .
: . 917
E’- 7.0e5 5:18I15.903 g 3
# 6.0e5 Ny 10.015
# 5.0e5 13.68 4
4.0e5 :
3.0e5 .
2.0e5}0.025 :
105, >3 :
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A} [A] /min

123456789101112131415161718192021222324

1234567 89101112131415161718192021222324
fisf ) /min

1 ANPAHETER:; BRC s (i CHCfaifit:; DAF A,
K2 R[] s 4 PAHS 23 B SR A 52

Fig.2 Effects of different chromatographic columns on the separation efficiency of PAHs
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k2L VEAE PAH AR R 43 S PR 0 43 B AR, 43
$EI A: PHEN F1 ANTHR(4>F1: 178), B: FL #l PYR (202),
C: BAA #il CHRY (228), D: BBF., BKF #il BAP (252), E:
BGHIP #1 IND (277)3t 5 4[R5 FAG /R i 4 BCES 7t i &
(F 3), Z5RFHEH PAH €Ay S T [ 43 A {4
2.3 ARG

WEE P& REMH R =ER . R Y EE A
fig 45 P, FERN PAHS Hs i AR, TR A
A R TNy e L B AT RO A PAHS
FRTAD BT 1 B A R A BOAPY | BARAERGL U7

AN 1
537

PRI AERLPS | QUECKERS 348270 - e L
FARPUE: RS EAAL T PAHs $RIE AP A
i AR A PO SR, A A IO RO S 0 B S, SEEN
T 16 F PAHs B804
2.3.1 FRIENGGRFS KA

CLHRIE R PAHs $REBUAFIG G . IEC k. & H 5
MR ERERY, R —Fi S PAHs MBI A LS
7, IECBEAEM AR T 206, EL 0 =R 0 A 5 T
Nt o ARITEA T N5 S IE OB i 1) PAHS
R 4), S55UESE Z TG FRICE A 9 PAHS [HIIBCRAR
FIECHE, 16 Flt PAHs [l IEE7E 78.98%~122.53% 2 [
PR 7 HEE PAHs 205 rh, IE CU e T AFE s i & H

. B
{:§gg [ l ANTHR %-%eg &o‘g PYR
[ 2e
1.6e5 I 3003
1.5e5
1.4e5¢ 2.8¢e5
1.3e5t 2.6e5
» 1205} , 243
S0l 5 77063}
™ 9.0edt = 1.8e5¢
B 8.0edt = 1.6e5
7.0edr 1.4e5¢
6.0e4 1.2e5¢
5.0e4 1.0e5f
e =
.0e .0e .
2.0e4r PHEN G, 4.0e4 Hf"
1033 b5t s ) Ljfo %o, %%, Y Y0 P Py 0 10 e 2-063 %0, % e a0t % | B % e Y O el B e it Yy Y Y
0 20 4.0 6.0 8.0 10.012.014.016.0 18.020.022.024.0 0 20 40 6.0 8.0 10.012.014.016.018.020.022.024.0
Hsf []/min A5 ] /min
C D
5.0e5¢1 san P08y 5.9¢4 1
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Fig.3 Effects of PAHs chromatography column on the separation efficiency of isomers
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Fig.4 Effects of different extraction solvents on the recovery
rate of PAHs

W, HIRBORWE . BT NS =8 0 AL,
S NGB M PAHs IRREFE 0 MR E, IS
TER i AR AR LR Y (18] 5), {22 PAHs R LAFE >
B ZHEHEI, 1525 F RS HRIBOR P 0 H Ik = R A AR
fIX, RRBEALT SR 85 fbBr RN B s B, b T 185
Yo SR B B T SRS, 2N B A R, Xt
FREEFIHRAE N AR B 264y, AR kB S &
FH3 AR PAHSs HI4RIBUE 7
232 REEANAZTHHA

h FE 4 EICE F I Y 16 Bl PAHS, AHIFSE 2 B2 28
T 1:30, 1:50, 1:70(E& 205, w:V) 3 A H B3R Bk 32
I PAHs HIRCR(E 6) 25 R R B 44 B EL )k 1:30 H &1,
KRR AL 9 ACPY \ACP .FLU #1 PHEN 4 F PAHs
PP E AT, (A2X RN £ 1) PAHs FEBUSUR K AL,
KRR Z R PAHs 16 25 A0 75 7 BE AR G A IR,
T ZLHEN 2 R B R AR USRS B I 1) 38 o #4)

i AR ZE; BAIEC K.
FS  AFEFEIOE R PE I PAHS AR

Fig.5 Effects of different extraction solvents on extracting PAHs

200 =1:30 =1:50 =1:70

PAHs

K6 AR A IBOA R AT PAHS IR A S0
Fig.6 Effects of different extraction solvent dosages on the
recovery rate of PAHs

17010, BRI L1 PAHSs BLIRCRG BRI, (B[R}
o T BRBOR R H I AR i, S AR T R A
IR S 25 F RN 1:50 B, BR4RE T 2502 1) PAHS
PR, MR T B A A SRR S, LR 16
i PAHSs (1% RN ZK 76.86%~137.12%, i /& & 5K .
233 BEMFERMEGLE SR

Ve A AY A AL BORE, AT LUA SO R B B AR B
Y. EBRTIRYR U LR R, HIEEER T Cg G
FIUHE . EMR-Lipid LA K PAH A 3 Fh R AHAE IR, T
e AR BOR T Y PAHS, W0 H I SRS e R T
Yoo Crg FEAIAEBUE PT L I PAHS, 4% 5 0] 27375 [ AH A% Bk
F:lk . EMR-Lipid J&—7Fh% [0 bR A A1 H-Ih = 05 64 [ AR
RO, T PAHs AS#l 0 B B2 0% H [ AHAE IO . PAH
AHZEBURE 2 — R & T Tk PAHs & HME 65, I
WL Bt PAHSs F9&—1h . AWFGE HAL T 3 Fi IR 2K BURE
FALTEBR P 16 Bl PAHs PU{5 5 MmN sk 8, 455 U
AR MR () PAHS, % PAH H:#{LJR 16 Fh PAHSs A6 115
SRR, R EMR-Lipid A TSR Ci AERT 16 Fh
PAHs YJRAEAGINE] . DL 25 RAES: PAH [EHH AL BUH: 4
RO AT (B 7).

1.00E+06
8.00E+05

% 6.00E+05

o> 4.00E+05

dz
2.00E+05
0.00E+00 L1

CIS | EMR-Llpld mPAH

PAHs
P17 N TR) A A U XS R PAHS IR 17 5560 JBE (4 5 ]
Fig.7 Effects of different solid-phase extraction columns on signal
intensity for detecting PAHs

2.3.4 BRBLAREEELS KA

PAH [EAHZE I IME DRIV T 32 31 PAHS 1 R
B, VENIE RN S B AR AR PEARDCEL . BT PAHS
B AR P 22 AR, T B B T8 1V TR AL LR LA AR A i
s, Wik, AR ST —EH k. 2RO, —&H
Yt LR CTR(V:V=1:1) 3 FIeliiAiiF ik PAHs(& 8), 454
WS A B BRI E B S T A ke 22
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Fig.8 Effects of elution solvent on the recovery rate of PAHs
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0.1~500.0 pg/L BTty By RN M SR Y 47, AHOCREL

¥t 0.999 L b #1028 R L psis i 16 ' PAHS
BB B s, Wl AT 9 LOD £E 0.04~1.72 pg/kg, 11
F GB 5009.265—2021 { B eEZRE BRHPEZHTT
JEEISE ) (0.3~3.3 pg/kg), LOQ £ 0.11~17.01 pg/kg, 10 Fi
PAHs & =R F GB 5009.265—2021 (1~10 pg/kg).
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Fig.9 Effects of eluent dosage on the recovery rate of PAHs
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PAH #1:#t4k 16 i PAHs IR, 4370 1) 25 AR b AR B AN
AL NG P IINA FAREE ) 250, 500, 1000 pg/L f4 16 Fh
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N, R EREIE NAP £ 3 MRMBREKETA
20%~40%7: 47 A S4i], PHEN 7E 250 pg/L 15 53458
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Table 4 Linear range, linear equation r’, LODs and LOQs

A 2P/ (ne/L) BdyE r? LODs/(ug/kg) LOQs/(ug/kg)
NAP 0.1~500.0 Y=87.797%+307.37 0.9936 1.72 17.01
ACPY 0.1~500.0 Y=219.06X+381.51 0.9992 0.64 9.67
ACP 0.1~500.0 Y=986.87X+1717.5 0.9995 0.38 2.94
FLU 0.1~500.0 Y=968.35X+4033.6 0.9992 0.36 3.46
PHEN 0.1~500.0 Y=23.181X%+146.54 0.9929 0.23 0.76
ANTHR 0.1~500.0 Y=278.86X%+600.37 0.9989 0.91 436
PYR 0.1~500.0 Y=863.65X-228.87 0.9999 0.56 1.26
FL 0.1~500.0 Y=370.82X%+1579.1 0.9986 0.23 0.78
BAA 0.1~500.0 Y=433.35X-739.28 0.9999 0.15 0.50
CHRY 0.1~500.0 Y=718.06X+1756.4 0.9992 0.08 0.28
BAP 0.1~500.0 Y=2893.5X-5933.9 0.9997 0.04 0.11
BBF 0.1~500.0 Y=90.946X-19.051 0.9998 0.73 2.40
BKF 0.1~500.0 Y=739.47X+313.28 0.9999 0.10 0.31
IND 0.1~500.0 Y=964.42X-1248.9 0.9997 0.10 0.34
BGHIP 0.1~500.0 Y=3358.5X-2654.6 0.9996 0.04 0.12
DAA 0.1~500.0 Y=2638.5X-478.84 0.9999 0.04 0.14
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Table 5 Recovery rate and precision of spiked methods(n=3)

5 png/kg 10 pg/kg 25 pg/kg
PAHs " HH H [ " HH H [ o~ HH H ]
HERE/% RSD/% RSD/% HEREL/% RSD/% RSD/% e /% RSD/% RSD/%
NAP 117.60 7.42 6.31 108.04 0.99 0.92 107.82 1.23 1.14
ACPY 106.49 3.95 3.71 106.33 0.65 0.61 107.75 0.61 0.57
ACP 79.81 1.71 2.14 75.71 3.52 4.65 76.53 1.01 1.32
FLU 80.50 2.85 3.55 78.12 5.14 6.58 76.90 1.45 1.89
PHEN 107.48 4.90 4.56 110.05 1.94 1.76 109.82 1.27 1.15
ANTHR 92.61 6.02 6.50 90.63 0.59 0.66 87.48 1.96 2.24
PYR 85.64 4.32 5.05 81.83 2.10 2.57 86.05 2.09 2.43
FL 85.76 7.02 8.18 96.67 4.42 4.57 98.09 1.50 1.53
BAA 91.52 1.16 1.27 90.25 2.40 2.66 92.67 1.09 1.18
CHRY 92.25 4.59 4.98 89.08 2.55 2.87 90.46 1.16 1.28
BAP 116.77 8.00 6.85 113.50 5.73 5.05 110.55 0.37 0.33
BBF 98.63 5.63 5.71 96.22 0.09 0.10 96.81 1.12 1.16
BKF 107.41 3.86 3.59 100.51 2.59 2.58 100.81 0.57 0.56
IND 90.53 5.08 5.61 94.55 4.58 4.84 92.71 0.65 0.70
BGHIP 90.64 1.15 1.26 91.34 1.07 1.17 92.82 1.23 1.33
DAA 96.68 0.59 0.61 95.02 0.24 0.26 94.02 2.81 2.99
#*z 6  LPRHEMRAVEEIN LS R (ng/kg, n=3)
Table 6 Testing results of actual samples (pg/kg, n=3)
PAHs S1 S2 S4 S6 S6
NAP 993.08+4.12 1246.92+26.01 1748.93+98.34 1724.19+17.53 94.49+4.15 114.62+1.24
ACPY 76.23+1.80 125.22+6.39 229.78+2.99 73.04+3.59 3.43£0.42 5.42+0.42
ACP 161.45+4.49 96.83+2.46 213.00+6.48 80.05+3.32 3.76+0.55 6.09+1.36
FLU 263.58+6.80 171.53£1.91 365.36+16.72 121.754£9.45 11.49+1.22 8.25+0.89
PHEN 2439.21+33.97 1341.44+6.27 1338.23+11.36 283.30+11.96 153.20+2.47 100.03+2.93
ANTHR 178.05+8.85 120.77+6.69 265.23+5.12 12.63+1.24 5.55+1.23 7.73+£1.27
PYR 314.01+13.49 236.23+£11.20 372.63+0.45 110.05+6.53 40.22+3.70 26.87+2.46
FL 461.42+7.39 362.58+8.21 509.98+1.40 199.83+5.39 39.58+1.32 28.94+2.13
BAA 124.86+9.87 54.09+2.24 182.86+5.16 7.65£1.24 20.98+2.45 10.61+3.68
CHRY 220.25+5.73 111.22+7.77 277.1946.53 25.91+0.83 31.34+1.24 22.37+2.86
BAP 97.85+9.40 53.79+2.47 109.25+7.83 4.26+0.90 24.76x1.94 11.96+1.44
BBF 192.5+6.58 105.04+4.08 280.93+9.85 47.06+5.72 47.13+£1.48 7.74+£1.27
BKF 120.66+3.09 71.57+6.12 95.27+3.35 19.93+3.27 9.30+2.34 21.00+2.45
IND 59.80+5.40 35.31+6.19 54.94+7.75 1.09+0.23 15.65+2.05 22.25+3.69
BGHIP 51.45+9.52 27.39+6.13 44.32+5.24 4.76+0.34 16.80+2.09 20.66+1.26
DAA 59.59+1.97 20.8+7.35 64.85+4.25 0.59+0.09 13.97+2.45 14.54+2.86
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