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FHREHL GC-MS/MS IRIE K Hh 3R 55 B ot

" EEE” REXL m WL AEwm!, RER Rk’
CLFPEREE BT, WL T 315832; 2.7 K% BRMSZZEFEE, Wil T 315832;
3RO Rl S & SRlE2ERE, WL Bl 311300)

FE: A3 T RENEHEKRT 1047 2 2R 2 045 2 240 7 k. A B4 ER GC-MS/MS %,
HE 10 Fr % IR Gk B K R, R HT. AT R E B Al R B Fe R
Bt % MG R ERAR R CI8 ARMEEAAMFERA, REERMEN A=A TR, R,
GC-MS/MS 8 % B Y m 4 X (MRM) & R A7k 2%, Z 5 H0 &SR A 1.0~200.0ug L,
o R A 0.01~0.08ng- L', AnArEbik &4 83.0%~108.7%, AAxttrAk £ 0T 6.5%. kA ZF kL
HEIF ERBE AT, BRI TRLBEKT SIRFEHNZ, 10 F $RFRNG%

4 100%.

KR AMG - WA RERA X, SRR, BAER, &K

FESES: X834

%2 155 %2 (Polycyclic Aromatic Hydrocarbons,
PAHs)J&—Z8EA 2 Nk 2 NLLEIRIRSE RS
e&t, HoRIE) iz, PFbArE e, HAR
GiVEfk, STEEMIENER, sliRAEY sy, 3
W . oA TR, PAHs W EE T RS
T3 KBRS — R BAT R AN
BIAEHLIE Y (Persistent Organic Pollutants, POPs)™.
H A & B0 PAHs KZ5H 200 270, H 16 Fibk
S E PR SR (EPA) S A Stz 5 Yetn ™. k=t
¥ 7 B PAHs N KPS INTG Yey H %, B
rpZEF[a]tE(Benzo(a)pyrene, BaP/WE A 1 MA
B 2 5 IR 2RI AL 2205 Yl , AR 5L
JEME, CSChTE PAHs SRS, PAHs RE
I 2R, TR AKFATETE KHERC. FRK
Whigs . MRS . it S R S TR
NIRRT, WHEEA SRS DL ROK
A AR At ™ ) IR

H i, K4kH PAHSs B9RGN 7k A S A
BB TR (GC-MS)® | ST — BTk

XERFRRRD: A

XEHS: 1001-5132 (2021 ) 04-0015-06

(GC-MS/MS). BRI iEMHPLO)Y | A
B F ik (LC-MS) &5, SR, /KRB
Hae . BT, H PAHs &8 AR BL% 5N,
Kl PAHs A —EXMEE, INGEREAENE Eidik
RGN 7 VE G 2E. PAHs IETALFE T vE A
Wi % B (Liquid Liquid Extraction, LLE)!" | [l AH#£
B (Solid Phase Extraction, SPE)!'" . [l 4H 4 %% Bt
(Solid Phase Microextraction, SPME)[]O]%. O
WO ZEBE R, 2ot . AOLAKIEFEE R . 5
FEATEYY, FESCRRRESHER I H R AR, i [ AH
FAWEAEER R AR 2D BB
HALRCR IS, EKIR B AL &R |l
bR AR R [, GC-MS/ MS HA R
FEE . RIS, X ELEY N T SPE-
GC-MS %, W] ] i E 7K i 2 3R 55 AR R —
HREER, HAbiB T C18 SPE A Rim Ry [ AL
BUME. BRIz %t C18 SPE A%k . T
PRI S5 et R 0 DA i T BATRE AR B ) 2 7K
H PAHs W SEHR, ALEIN T IETER IS K
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FESHER I B T B ROR.

ZRSC R i AH ZE B AR, 38 3 %o [ A A O
IS LA IR Ak, AT C18 SPE AR
GC-MS/MS B A [ali € g7k Hr 10 4 PAHs #9J5
k. SRR SRR, TR T RARAY A R A
B Ey ISR, AR T I A i % R R A
BE, FFRIhRIN T SEPRIE KA PAHS HIFREE,
SRR K PAHS V5S4 T 2%

1 RIS

1.1 AL A

Sz R XS : Agilent 7890B-7000D %I,
AH 818 — = DU R AT B B TS (3B E Agilent
Technologies Zya]); EAHZEEUL(ZEE Supelco 4%
Al); HSC-12B BYAWAL(RIFERPHL & A TR 2
F]); UPT-11-10T Z4ti /KA (YN [P B 4tk A TR
2y H)); Vortex 3 BUMIEIR > )¢5 (T2IE] IKA 2V H]); C18
[ MRS O L HLB [ AHASHUHE(500 mg-(6 mL)™) ( F
LS SR Ry A B 23 7).

SEE R AR HEE, ZEH . . 1E
cbe(oprat, EZGERLERFIERAR);, Ed
pe(faigat, B St p R AR AR]), 2
IR AR 2000 mg L, NFRIE(TIATE
SR JRAREE) 2000 mg L (3ER o2si 24 ).
1.2 ARG EE

LT RARAERE £ (20.0 mg LBl B - i
#H 100.0 uL ZMTFRFREAE T 10 mL 225
H, HIECKmBEEZE, RS, £-20 TIKFEH
AR HL.

VA AR GE S (20.0 mg LIS : g
EH100.0 pLiRANARE T 10 mL 2585, HIE
iR R ZIE, 1R, 1E-20 CHKFEHEHRE
EH.

VAT PIRRERIE R (1.0 mg L BC B i it
B 50.0 uL {RAARREERE EET 1 mL &5,
MIECHRmBEEZIEE, 1R2], 7E-20 CUKF %
RfEsr .

Frife TARARELE : BOE & 2 355 Bbr e ik
B, HIECHEZREMBEESL, DI 100.0 uL A
PIBRBRIER R, Bl 1.0, 10.0, 20.0, 50.0,
100.0, 200.0 pg L BYIRAbRifE R 5 TARER.

1.3 #HeRXE5KA

KRS R B R L. AL R
IKES R TAR ORI, R T2
T, IF HEE IS, R E, RPugn sz
I, TE4 CHIR TR CATE. P RESTE 7 d
NS AEHL.
1.4 a4z

WK PSS B2 0.45 um BEIELTHEDENE
WESE, WERREE 500.0mL, hI 5.0 mL HE R4
SRIGMIN 20.0 L JRA INPRPREER. UL, TRA). ik
PO 10 mL A H 5% 10 mL SR 10 mL 2tk LA
13 -s™ MR IL C18 [EAHAR U, S35 Akia i
BETAE SR, DL SmL-min” B8 RIFLG B,
5 LAERIG SE R, BRI ARE TR I 10
mL Z7KkEE, T/ ME 30 min; HJEH 15mL
FHBEEL, PIAGYEBiRHR AT S min, YERHE
FEA Li-s™. WCEERME, SRR =R E T
+F, DL 200 pL IECUEE R, i 0.22 pm AHLAHIERR
J&i, ARSI
1.5 BBEHF

{63 244 DB-5SMS R BAH4E 45+ (30 mx
0.25 mmx0.25 um), A5 A AL, AR
1.0pL, | HEal He (4E>99.999%), ik 1.0
mL-min”', #EEELIIRE 280 C. BIFTHE M N:
WIHAIRE 70 C, #4% 2min, L 20 T min” F&
220 C, HLL 5 C min” 7% 300 C, {#4%F 5 min.

Foi i BT FIRED 70 eV, BFR
ILE 280 T, BHILRIEE 280 T, WUARAT IR E
150 °C, IEFIGER ] 4 min, 5% 2 ROW WS,
(MRM), RiESAEARARS, 2R
TR, BTN, E R T REEAE L 1.

2 HREA®

2.1 GC-MS/MS %4448

18 F GC-MS/MS BT LI H AL &4 1 508
WEFIRSHEE B, RH MRM Waiiliss, e £t
FHIE & - LIS B brib S5 M faaT . & bt
FHehae S, HE &t B REES | B
Fh, EHEEARL TS RIREAILE
Yy, S ira ] S

HE, TEEFHE(Full Scan)iEx T 27 R A



a4 AN, S [EAHAEEL GC-MS/MSS VEIISE 7K h 2 IR 2T 17
®1 BIFRH GC-MS/MS &8
) N E & ENE
Ik PREAHIIE) min BT R eV BT R eV
% FLU 9.641 166.1>165.1 15 165.1>164.0 20
JE PHE 11.007 178.1>152.1 20 178.1>176.1 40
B ANT 11.093 178.1>152.1 30 178.1>176.1 35
FEH FLT 13.377 202.0>200.0 40 202.0>199.0 45
tE PYR 13.937 202.0>200.0 40 202.0>199.0 45
FEFF[a] & BaA 17.674 228.1>226.1 30 113.0>112.2 10
i CHR 17.795 228.1>226.1 30 113.0>112.2 10
RFF[b] I BbF 21.574 252.1>250.1 40 250.1>248.1 35
ARk R BKF 21.676 252.1>250.1 40 250.1>248.1 35
FEFF[a]tt BaP 22.714 252.1>250.1 40 250.1>248.1 35
2.0} PHE
< 1.6}
% FLU PYR
2: 1.2t ANT FLT
5
E;:f 0.8 CHR
0.4 Bam BbFBKF b
0 L l A
10 11 12 13 14 15 16 17 18 19 20 21 22 23
{84 i E)/min
Bl SRERHEEFRAIE

[ B ERE R R TR R X PAHS TR A PRI
BEETOHT, TERAL S A TEIe S B sy 35 H A
LB Than, B AR R P AR LR
e, TERaIbFE T Agilent MassHunter
AR E P BT AR S AR B i i, e H
PSRRI ), B TR AR
IE & FAE AR, 3 — P P2y &
(Product Ion Scan)#&i=7E 5~50 V RiffERESAE T H
UOSHRRAE BR S 7 BEAT IR ML, e B i
IEF BB MRM k51, FifE s
iR, fJa, @7 PAHs () GC-MS/MS HJ) MRM
ik, GESREH, MRM WIS PAHSs 4 3R T,
BETRaEmeE 1 R
22 BAAFERAENLE

AHAE B0 8 3 3 B R T Btk & )
ER ALV, e B 1 Y [ AH A2 iU o] IR
RRFEE B B & 5T 8, FHliE
IKFE S B bRAE & 015 2 S & SRk, 52

B el C18 F1 HLB WipRAHASHU:, TEhIbRE A
50.0 pg- L™ AR T4 e KA T bR Rl
FIE, LUl 3 04T, SR PRE 1.4 TR,
SERAE R NE 2 Fow.

1400 —

1201 ;HLB

100

80

[l 2/ %

60

40t

20

}LU PHE ANT FLT PYR BaA CHR BbF BkF BaP
EZ )
B2 EEEERE SRR E %
C18 WAHAPHERZCRIA RO T HLB #, H
IIFRIENSCZRTE 83.0%~99.7% 2 18], FHXThRifEE /N T

6.0%, 1 HLB XF3E. B, AIZEIFKZEE 4 fp



18 TR (BT 2021

PAHs WNIBREMCERENET 70%, HER RIS
121.3%. 32 2 D] 2 5 o1 A A O ) 32D K,
C18 FEAHZEBUH L C18 Belembi Aok} it K AH
(o] AH A B, [ A B AR T PR R R
PAHs MKH - HR, FMEAEH 1320 e
5177, MR KR R T EEEH; W HLB
A A BER IR R R — o R Y, T E
Sk 2K SERE T RS A [ AH RE B, X AR D AR
AL A P39 S W i, i 2 5% E R
AR AL A, R C18 AHAEHU: % PAHSs HAT
TR FEBIR.
2.3 BBLEF B4

P BRI 700 A2 Ay W B 7 1 A AEBRURE 1 4 H b
AP T ok, HABAMBER TR, X
oM REPUCR I SRR IR 2. YR FIARYE B ARfk
A4 L% 35 AH A R A P S5 EL A A 7 B A 1 4
B D K — 58 B Vs 7o) ot B AN e . AR AR AR
FHVE IR, ST IEC e . S H BERIPNRER 3 B
I, A S A RS (Vg Vs =
1:2) . ZEHEEAIECH (Vg Vi =2:1) 3 Fh
VEMERE 7058, SCI IR 1.4 TR, BRI
FERIIMNLAAS B RS, SR C18 [EIAHZCHUE,
IR EH 50.0 pg- L, Z55anE 3 k.

1201 PLU ZZZPHE S ANT [l FLT PR
BaA CHR BbF BkF BaP

100

ANAANNANNNNNNNYY
L A

S S SSSSSSSNNSININ

L A

SSSSSSNNNNNNS
7

L A
SNANANNANNNNNNNNNAYY
L A

SANAANAARNANNNANANYY
L7 7 A

SNNANNNNNANNNNRY

QO

A

e Vieans =21 Viw Vg =201
Bt
3 AREBAEFIX SRS R E

M 3 AT LB, S HEERIE CLE (Vg
V=2 1) BUPERERC IR, U . AR
G (Vi Vs = 1:2) BOSEACR IO 35 5,
T AR (K] 7€ AN S R e A A e i e s, Jul
Ry 83.0%, THRRN SV (V stV s =1:2)
AR (76.7%), LRaB I8, B S bR
PR,

2.4 FikiE

R Y R 53 BT T TR BB R A BTl A ZEoR,
FEO ARSI 25 S R P AN BT 52 %, SFRT @AY
J7 A TIRIE.
2.4.1 ikt LT B A R

EEALRYSER ST, MR ER PAHS
TR A PRE G TN E, Hrh AR R A
100.0 pg L, LA BERI AR FE 2 MR AL b,
LL B bRl A i m AR P bR TR AR L kg Ak
bR, &brieh 2R, SRR, E S A kg
HEAKAEES, DL 3 SN R TR ROR R, 45280
L 2.

F2 OFEMIGMIERE. X RERA R

&AL (e L) R KeHBR/(ng L")
% FLU 1.0~200.0  0.9998 0.02
3¢ PHE 1.0~200.0  0.9997 0.02
BANT 1.0~200.0  0.9996 0.04
PR FLT 1.0~200.0  0.9993 0.02
 PYR 1.0~200.0  0.9999 0.01
HIf[a]E BaA 1.0~200.0  0.9993 0.04
il CHR 1.0~200.0  0.9998 0.04
FIFDIERE BOF  1.0~200.0  0.9989 0.08
FIEKPERE BKF  1.0~200.0  0.9994 0.08
H#FF[a]tt BaP 1.0~200.0  0.9990 0.08

MFE 2 T, 7E 1.0~200.0 pg L ZelETE AN,
10 Fl PAHs FYZ&ESE R IF, R2>0.9989, J7iki
K R 47 0.01~0.08 ng- L™, FHHiZ 7 1E HA BT
2R R
242 FiEWIEI R B A

HRAE O S I 7 VR AT DIAR SR 5258, i
FRITRIREES> 520 10,0, 50.0, 100.0 pg'L”, 4
WHEE 3 HP4T, 193] PAHs BYNIERENLCER A
83.0%~108.7%, HHXIREZEINT 6.5% G 3). IFE
3 g, AT A KERS T PAHS RN TR
AR SEAOTE DR, ARSO7ER
KB BRAG . IR, A bRiEZE B 2 T bR
Tk, FEMHASC T HAT 5 ) R i .
2.5 S LB ERKERGRE

SRRASOTER G 6 ANl Sp R 2K
HEFTRSIN 34T, S5 4.
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®3 FEHIMAREIKE R AEHE

%o

TR R 10.0 pg L

TR B 50.0 pg L

TR EE 100.0 pg L

et EErEs AR 22 EEE AEXTRRE R EEE AR ZE
%; FLU 97.8 3.9 94.7 2.1 91.8 1.9
3E PHE 98.6 1.0 95.8 2.6 108.7 4.6
B ANT 85.2 2.0 93.3 1.7 100.3 3.4
P FLT 99.2 3.3 97.1 1.9 103.5 3.6
EEPYR 97.5 5.4 99.7 2.5 103.5 43
FEFH[aE BaA  100.7 6.1 97.9 5.9 102.2 4.5
i CHR 87.5 6.4 90.6 5.5 90.2 5.1
FRIE[b]R B BbF  88.0 2.1 87.1 2.6 86.1 3.9
FRIFKK B BKF  84.1 2.8 83.0 1.9 84.0 4.6
FEIF[a]tt BaP 90.3 4.1 89.3 4.1 85.1 52
x4 RUEBBKHESRFRIRNER ng-L!
s FRIRE
i 1 i 2 i 3 i 4 i 5 i 6
%; FLU 6.33 5.88 6.24 4.34 4.93 5.13
JE PHE 20.30 14.17 16.22 14.37 12.95 14.63
B ANT 4.37 3.29 3.33 3.14 2.91 3.53
PR FLT 5.68 3.79 4.80 4.29 4.08 3.85
EEPYR 9.21 6.14 9.91 5.16 5.62 5.22
FEFF[a]B BaA 2.08 1.81 2.30 1.66 1.65 1.41
i CHR 2.15 1.33 2.26 1.27 1.48 1.20
FRFH[b]PE L BbF 2.29 1.90 3.14 2.52 2.70 2.01
HRIE[K]PE R BKF 1.48 1.32 1.56 1.49 1.60 1.39
FEIF[a]tE BaP 2.18 1.57 2.33 1.89 1.96 1.60

MFE 4 TI5I, 6 ANRAERH 10 Fl PAHS BAGH
ok 100%, HPFER R ERE R, K5 12.95~
20.30ng- L, FE I (k]9 A IR = K E AR, M
1.32~1.60ng-L", ¥ 1 BESAE I RLEYIN S
BRI, X RE T ARSI A AE LR
BES A BTG SE RN O] S, BT IR R
SEBRR VT3, BT LA R /KR & PAHS 194347
il N

3 HiE

AP 3 56 3 A A Bk DL R e VA R ek, SR
H GC-MS/MS i) MRM Wit 57 TFHF C18
WA AEEORE . G e A R ) A 1) 22 K
10 P2 FFIEH EAHALE GC-MS/MS Faill 71k
WREEREH, 1 HAEIFR ENE . €80T

PERE, PRABROLERUET AT §E, BEWEHEKP PAHs
B BR BN,
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Simultaneous determination of polycyclic aromatic hydrocarbons in seawater

by solid phase extraction coupled with gas chromatography tandem mass
spectrometry (GC-MS/MS)

LI Wenwen', TANG Daojun'", ZHANG Rongrong', LU Yin?, SUN Aili', ZHANG Zeming', PANG Linjiang’
( 1.School of Marine Sciences, Ningbo University, Ningbo 315832, China;
2.College of Food and Pharmaceutical Sciences, Ningbo University, Ningbo 315832, China;
3.School of Agriculture and Food Science, Zhejiang A & F University, Hangzhou 311300, China )

Abstract: In the current study, a solid phase extraction coupled with GC-MS/MS method was established to
investigate 10 kinds of polycyclic aromatic hydrocarbons in seawater. The chromatographic separation

conditions and the qualitative and quantitative ions of PAHs were determined with experiments. The solid phase

extraction columns and extraction solvents were also optimized. Finally, the PAHs in seawater samples were

concentrated by C18 SPE cartridge and eluted by dichloromethane, qualified and quantified by multiple reaction

monitoring mode (MRM) with GC-MS/MS, where the internal standard method was used. Using the proposed
method, the limit of detection ranged from 0.01-0.08 ng-L™', the spiked recoveries were 83.0%—108.7%, and the
relative standard deviation was less than 6.5%. The method has been successfully applied to analyze target PAHs

in seawater samples collected from Xiangshan Harbor, with the detective rate being 100%.
Key words: GC-MS/MS; PAHs; solid phase extraction; seawater
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