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Simultaneous Determination of Polycyclic Aromatic Hydrocarbons and
Phthalate Esters in Sea Water by Gas Chromatography-mass
Spectrometry with Solid-phase Extraction
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Abstract: A method for simultaneous determination of polycyclic aromatic hydrocarbons (PAHs)and phthalate es-
ters (PAEs) in seawater was established. The chromatographic separation conditions and the qualitative and quantitative ions
for 15 kinds of polycyclic aromatic hydrocarbons and 13 kinds of phthalate esters were determined by gas chromatography-
mass spectrometry (GC-MS) with solid-phase extraction (SPE). C18 SPE was found to be the best SPE after comparing the
extraction effects of different solid phase extraction columns (C18, Cleanert PEP, Florisil and Alumina-N). The detection
limits for the PAHs and PAEs were 0.01 ~ 0.11 ng/mL, the recoveries ranged from 70.87% to 119.13 % , and the relative
standard deviations ranged from 0.98 % to 17.64 % . The results show that the method is simple, reliable, with a high accu-
racy, and is suitable for the analysis of PAHs and PAEs in sea water.
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1.1 LB

456-GC Scion TQ RV BTIk HAY, & EAT & A
A5 Mili-Q 47K AL (FEFH218.2 MQ-em) , 3 [F1 %31
1#/ %] ; C18 . CleanertPEP | Florisil . Alumina-N {63
ANEE, RN SEANIR A w5 BWAY s AR AR G

15 FhEII5IEM 13 Rl ok — W BRERISPRIES
W AR - SRS L SRR IERRARAE s IR 8 R
Yp: ARSI Bk 32 AccuStandard 2y
H AL P NED L EC R 2RO . A ke,
kel Rt fb il — .

1.2 (USB[EH

638 25 1 . Agilent DB-5MS %% #1: (30 m x
0.25 mm x 0.25 um) ; FEAE IR 300 °C; FEFP RS
. WERIRE 80 C{#4F 1min, S C/min J} & 3|
300 C, f84F 5 min; 4MfHE 10 10; A MEAES;
FEF R 1 mL/min.

JiE S BL R (70 eV) 5 B FUREE 230 C; f&
FILRIREE 280 C; WFAEREFE] 3 min; 444 vE
J5ifas kb 45 ~ 500.
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R AE I TR KRR S B B R 2 L 4 CYR IR AT
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0% : 0.8 pm YT YE 500 mL TREZKAE .

C18 /MEMITEAL: SmL & H%E.5mL Z#RE
fif . 10 mL HHEE . 10 mL 4K KUEEE C18 /M.

FES & 4 B 500 mL A KRR & T 40 T T -
H, A 100 ng/mL (TRG NARY, THR HA5 3R, il
i W AHZE O, IR R FEAE R B2 Tem K
FE, G5 HGARSEhELZS 20 min, DAL R T4 EE & 8
AT

FRNAE A PR VER : DUMARIEE R 1 1 BIEC b
AN TR 10 mL HETVER, AR EIE T,
A HIECSEER 2 1 mL.

R T kG ARIR T R ER S AR IS ) B, FE AL B
AR R TR AR T C18 /MR IR
il , WO R 2 LR R DA T, 2 SR
B Al KA KRR i, HAR AR BAP BRI . 25 fn
B S5 - 76 500 mL 2l K EES A 1 mL Y
100 ng/mL ) 22 3R 55 K FN4R 2K — F BR S 2TR & i
FESFIR & NRY , AP IR |
1.4 fRAERREIE

KH 1.000 g/L /) 15 FPZER05481.000 g/L 1)
13 FP4E2E — F RREESPRUEA AT 100 mg/L TRA
bRy, Bl 10,50, 100,200, 500 ng/mL YIRS+
HEVS T, FHoh AR Btk B2 154 100 ng/mL.
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EYIR R, ng/mL; 4, ATFINKAE R HARE &
PR RHE 25 R T A 5 Ay S RRIDKAE h AR &
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Tab.1 Retention time, qualitative and quantitative ions, correlation coefficient, detection limits, recoveries and precision of the
method
N 100 ng'mL™" (n=3)
ety R wtennr 7 pam emm
Ff Rl/min S ) S R RS

(ng'mL™) (ng'mL™)
AR — H g — W1 TG 15.145 163%,77,135,194  0.999 3 0.04 0.12 88.46 6.19
JE M 15.309 152%,151,76 0.999 3 0.03 0.09 86.30 8.00
)iA 16.102 153%,152,76 0.999 7 0.01 0.02 106.33 0.98
AR R — 2 TG 18.454 149%,177,121,222  0.9996 0.01 0.05 93.10 232
il 18.547 165,166%,139 0.999 7 0.01 0.04 83.59 2.10
3 22.976 178%,176,89 0.999 3 0.01 0.05 101.80 2.26
J3 22.240 178%,176,89 0.999 7 0.02 0.06 102.74 3.13
AR W — F T e 24.347 149%,223,205,167  0.997 7 0.01 0.04 91.69 2.00
AR R — T g 26.251 149%,233,205,121  0.999 3 0.03 0.11 96.71 5.46
ARoR iR — Q-4 LTg 26.965 59%,149,193,251 0.995 4 0.01 0.04 110.05 2.13
AR T HIiR — (4-H1 K21 L) TiE 28.288 149%,251,167,121  0.9957 0.07 0.24 70.87 11.95
P 28.486 202*,200,101 0.999 7 0.01 0.04 119.13 2.08
AR Wi — (-2 58K 2T 29.136 45%,72,149,221 0.996 7 0.04 0.14 118.01 6.87
Eb 29.473 202*,200,101 0.999 2 0.01 0.03 117.10 1.52
AR R R R 29.822 149%,237,219,167  0.9978 0.02 0.06 95.52 2.97
8K H R — O e 33.138 149%,104,76,251 0.996 2 0.11 0.35 83.37 17.64
£ S e S T 33.250 149*,91,206,238 0.999 3 0.01 0.04 109.95 2.16
RIH[a] 35.224 228%,226,114 0.994 4 0.02 0.05 107.31 2.50
Jiit 35.367 228%,226,114 0.999 6 0.02 0.06 97.93 3.03
PR H iR I R 35913 149%,167,83,249 0.997 7 0.02 0.08 112.52 4.02
AR HR — (2-2.3) O Fg 36.232 149%,167,279,113  0.992 8 0.07 0.24 80.70 12.07
7R H R R g 36.356 225%,77,153,197 0.994 8 0.01 0.04 113.54 1.98
FRIE[b]e 39.930 252%,250,126 0.998 1 0.07 0.24 81.69 11.85
IR 40.036 252%,250,126 0.994 6 0.07 0.24 103.92 11.77
HI[alk 41.238 252%,250,126 0.994 0 0.08 0.25 109.65 12.64
Big[1,2,3—cd]iE 45374 276%,277,138 0.994 2 0.04 0.14 85.65 6.97
TR IH[a, h]E 45.509 278%,279,139 0.998 1 0.05 0.16 84.29 8.21
HH (g, h, i dE (T 2= A 46.253 276%,277,138 0.993 1 0.03 0.11 85.39 531

T R EHE T

22 EHEERFGHMAL
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Alumina-N #, BRV/IMEHTT 3 DA TRIZS F bR SE
55, DAEAT ISR (R o . FirAR By 1k bR s AL AT A
FEF R AN [F S, 2B BRIS S 1.3 Al

A [6] [T AR 28 30/ N X 22 3R 05 s AR 28 — T IR TR
RN 3./ 4 PR, 2555KW, 1 C18
A g 1R 25 UL 1) 25 1T [l SRS FEIE. 70.87% ~
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119.13% , #F4 US EPA HpifE 70% ~ 130% FRHEsR .
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Fig.1 Total ion chromatogram of PAHs, PAEs and mixed internal standard
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Fig. 2 Extracted ion chromatogram of diethyl phthalate

(m/z 149) with fluorine (m/z 166) , and dphenan-
threne (m/z 188) with phenanthrene (n:/z178)
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Fig. 3 Extraction effects of different kinds of SPE on PAHs

180t 5 C18 1 ClearnertPEP 1 Florisil 1 Alumina-N

160
140
S 120
ﬁ 100
= 80
E 4o
40
20
0
FEH AL SHVE S SIS PP
B N Q" QLS S
* %@ %égiﬁ%% R
R
7y .\%\"—gx\
TR
N
)2/&%

B4 EEBZERMEX SR REREE R AFERBRR
Fig. 4 Extraction effects of different kinds of SPE on PAEs
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(CH: A AR 5 R B2 224 100 ng/mL) #E17 GC-MS
S3HT, Fer DL AR R I bR v B L R AR R
H Ay W T FEURI PN s 42 0 TR L R A s T A s 1
Mgk, 19 RE. R 1 vl MG REUEIITE
0.99 DA I 7EZS AR HIA 100 ng/mL i 2385542
FNGRIR — FPRTEIE S H N AR TR B R TE T, [F] i)
MR 3 ASEATRES,, 1525 ks thBR | DGR AR
I R ARENm2E RSD) , 25 L3 1. 5 ikAuA
BT R 3 sp/d, Jr ik e s BRI T3 ok
10 sp/A", Horbr s SARUEmZE , p S E I HIER B T
FE, A R HERP 0. 25 R R0, ke bR
7 0.01 ~0.11 ng/mL, IS 70.87% ~ 119.13%, K

FREN 0.98% ~ 17.64%. K T A4 IE I 72 2% 5 it ] g
P, R SRR Sy mCR IR /R Y, L IR
88.07% .
2.4 HBKERSH

FIHA T AE 2015 46 1 A1 6 A X501
A T TR, A XIECRAERIE KRS 15114
1 1562#, B KISCRAEHIEK G50 151341 15644,
SIPTEE IR IR 2. G5IRFRW, MoK 2 3805 LR
K HIREREIIA TR, 6 F A0 RAE A KA i
HAE HLTS P B M B ST 1 A0, A KIBWAE
VLS M B ST B X, H 4R — R ps2L
HARR IR — TR £,

x2 HKERPHSAFTREMOE _RBEELEN ISR
Tab. 2 Analysis results of PAHs and PAEs in seawater samples

AT SRR/ (ng'mL™")
1511# 15624 1513# 1564#
AR H R R 0.24 245 0.06 0.94
JE M 0.17 0.05 0.11 0.03
e N.D N.D N.D N.D
AR HR 2 0.21 0.44 0.07 0.24
Vil 0.01 N.D N.D N.D
5 0.19 0.16 0.11 0.10
h3 0.02 N.D 0.01 N.D
AP HIR % TG 6.08 22.50 3.99 12.18
PR HR T g 28.03 401.30 23.31 216.97
SRR R — Q-4 2Tk 0.03 0.08 0.02 0.04
ABFE T HIR . (4-H R 5E) iR N.D N.D 0.01 N.D
W N.D N.D N.D N.D
SRR IR — Q-5 2Tk N.D 0.09 0.07 N.D
B N.D N.D N.D N.D
A H R R N.D N.D N.D N.D
AR HR LR N.D N.D N.D N.D
SRR HER TSR NE 0.01 0.02 0.03 0.05
K [a]E 0.08 N.D 0.08 N.D
Jiit N.D N.D N.D N.D
A7 H R I G N.D N.D 0.05 N.D
AR7E T HIiR — -23%) CiE 0.31 1.06 0.45 1.46
A T H R KR N.D N.D N.D N.D
FIL[b]e N.D N.D N.D N.D
FIL[K] T N.D N.D N.D N.D
HIF[ali N.D N.D N.D N.D
EiIf[1,2,3—cd]iE N.D N.D N.D N.D
~ 9 [a, h]E N.D N.D N.D N.D
FIH[g.h, ilHE(CZEiRE) N.D N.D N.D N.D
Y AT SRS R H R R 35.38 428.15 28.37 232.01

. N.DRERKH.

3 & i&

SR AR AE BT G35 T4 R R E 1 TRk
HY Z 007 AR IR I IRIRSE , IRk C18 /)y

BN R AR A AL BORE . 45 R W, ik RN
0.01 ~ 0.11 ng/mL , [FI %K 70.87% ~ 119.13% ,
RSD 2 0.98% ~ 17.64% . 1% )7 P Hii AL B {5 , J5 57
FBD s s AR DU PERR Ty s A BRAG L 1Tl
R RGN, EIEL, & TR R 235557
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