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Determination of Petroleum Aromatic Hydrocarbons in Seawater
Using Headspace Solid-Phase Microextraction Coupled to Gas
Chromatography/Mass Spectrometry

Joon Geon An, Won Joon Shim, Sung Yong Ha and Un Hyuk Yim'
Oil and POPs Research Group, Korea Institute of Ocean Science and Technology (KIOST), Geoje 656-834, Korea

Q o
g U 54 35l A9l BTEX(benzene, toluene, ethylbenzene, xylene)9} TheH k< €k3]= 4 (polycyclic
aromatic hydrocarbons: PAHs)E FA]ol 418 4= Q1= 7|% 71k $J8ll GC/MSelA LAl du|&5=25 (solid phase
microextraction: SPME)& ©]8-8to] 2] o] #4175 38tk SPME 7172 A52] 4 o} vjw e o) =
#o] Fhdatal, sfolHE AR = Qlar, Fdish | faL, AR fRtou Ashs Bt e 9e Hast & 5 Qe
o] Slek. # A €] SPME 2715 AHab7] S8l ofe] W =, SPME 24, &2+ ARF, 2 &5, wil £, GC
G2 AIFES RIS tRekst SPME =2A(100 um PDMS, 75 um CAR/PDMS, 65 um PDMS/DVB)E ©]-88
o] BTEX®} PAHsGEARS 785-E] 2027H4))E BAlol 413 A3} 65 um PDMS/DVBE- &4 9] =212 A7s15itt). 24
9] 272 65 um PDMS/DVB A48k U1 =214 0 & thE W45-S 2918190t} 71 23 BTEXS PAHs $A] &
2138171 913+ FZ 2] SPMD 273 F2AZE 60, T2 50 °C, W 750 rpm, GC B3MA7E 350 7 AAE e},
##8}gk HS-SPME-GC/MS w4175 o] 8-38lo] 138l Wl 77 Wa=etslra w4 A3} ojd A+ vt
ARSI, HP-SPME-GC/MS w4142 710 {1718 0iE ARS8 o] 7T Wl Alghals melel o= glom], s
g Ul §-57ol sk BTEX % PAHs w40l £&2 02 2835t 4= Qlr),

p

Abstract — The headspace solid-phase microextraction (HS-SPME) followed by gas chromatography/mass spec-
trometry procedure has been developed for the simultaneous determination of petroleum aromatic hydrocarbons
such as benzene, toluene, ethylbenzene and xylene isomers (BTEX) and polycyclic aromatic hydrocarbons (PAHs)
in seawater. The advantages of SPME compared to traditional methods of sample preparation are ease of operation, re-
use of fiber, portable system, minimal contamination and loss of the sample during transport and storage. SPME fiber,
extraction time, temperature, stirring speed, and GC desorption time were key extraction parameters considered in
this study. Among three kinds of SPME fibers, i.e., PDMS (100 um), CAR/PDMS (75 um), and PDMS/DVB (65 pm), a
65 pm PDMS/DVB fiber showed the most optimal extraction efficiencies covering molecular weight ranging from
78 to 202. Other extraction parameters were set up using 65 um PDMS/DVB. The final optimized extraction con-
ditions were extraction time (60 min), extraction temperature (50), stirring speed (750 rpm) and GC desorption time
(3 min). When applied to artificially contaminated seawater like water accommodated fraction, our optimized HS-
SPME-GC/MS showed comparable performances with other conventional method. The proposed protocol can be
an attractive alternative to analysis of BTEX and PAHs in seawater.

Keywords: SPME(ZL A A1 #3221) GO/MS(7F AT E v E 18 9)-A A1) BTEX(HH 3 a6 3]
422), PAHS(CFEH R85, WAR(Q12-2.%30157)

fCorresponding author: uhyim@kiost.ac
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Frie theFsh 1914, A Vo SFo R felEt
MARPOL¥} 22 #1411 Q=] ok} Ml 594
o] TE 7Eedol s Estar Alarel ol ) 9%
T2 A&H oz whAskar gtk MAIA ko z el i+ 4]
221,300,000 ton/year® 4% 31 QITHNRC[2003]). A& Q1
o T8 FY9> F24 AbaLelal, FE o]o] F Ak, At
A FE, AR FE 283 P9 el dleke.de @l
FAENA 2] TE 7FAE SRk ol o] & 1k R ool
Fa 22 o)y, g, A, WA 80 X|& B2
&35 72t 20079 122 ElRbellA] A o] AT ES
(12,547 kL)$} 20101 49 w5 HEIE $2H0]5(780,000 kL) -
Akl o] tidfesd Alare] $13e- Ad<Estar 9lom, o]
o th&t thu] w3t A QEFCH(Yim e al[2012]; Schrope[2011]).

slFstdell f&¥ e w5kl slradel BiA ghakE A,
]_

|

roro

8
T8 7g& AA BhNRC[2003]). F-Fol ohF gH-skar 9
BTEX(benzene, toluene, ethlybenzene, xylene)2} TF3H)-&F=gh
#Z~(polycyclic armatic hydrocarbons, PAHs)2} 22 --7-A] 1
FElrAas oA B2 FRE EAI] 48 AEAl 71
& =X B47 2430 (Abbriano et al.[2011)). ©15 AE-E2] &
A= efshd, alF Al 9 SAS 4o 7 7 W
ol BE 54 AN A SRl AL A5
9l &=o]|tkSinger ef al[2000]).

T Ul BTEXS} 22 3 249 342 Aol 329 (liquid-
liquid extraction: LLE)® 2 F-4o] 315 =3 214 $2%]W (direct
aqueous injection)¥} tholue] & = H| o]~ (dynamic headspace)
o L X E = (Purge& Trap) 7= A8kl S th(Bianchi
et al.[2002]; Zwank et al.[2002]; Han et al[2006]; Nejad et al.[2011]).
PAHsS} 22 RERUAER S A o] Eishe, W <F9]
Alg7t desta ool e ARSIERE 22H4Ql B0 dS
A= dadE 2Ud ¢ gk ol s WS Heksl] 9
S AR A PO R AT WSS SAl ol o]
=% (solid phase microextraction: SPME)
#hol AHsta §ulE ARgkA] Ykomax HA &t
3

R

olel FAlel T, &l Eal, ol dAdst, Gaks), ARs 5 it
]

oft fob

d

2
oy
=
oft

<+ SPME 7'M 8+, 215, 98t 52 theksl Fofel| 9]
shA AgEa glom, tiy] ool Hol] &1 itk
(Balasubramanian and Panigrahi[2011]; Wang et al.[2011]; Mastrogianni
et al.[2012]).

& Al SPMES} 7| A| AR vkE T2 9] DA (gas
chromatography/mass spectrometry, GC/MS)& ©]-8-5} BTEXS}
PAHsE X33t §-577 BaFsaslrae] H4 B4 212 24

1
3k, o] & 2Ql¥ 2 3l (water accommodated fraction: WAF)©]l

2. M= 3 U

2.1 M=

A WS E5l 2 (BTEX+PAHs) 145 9 Y2554
(internal standard, IS) 75~ Supelcor}t2} AccuStandardAFollA Z}
Z}F g518to] ARgSIITh. 3E8-o Aol F Q3 wehe-2 Burdick
& Jacksor[olA] 3510 ARESIIT, AES $13t S5 Milli-
RO systems &3t 32} SHT5 ARSI A d e AR8-H o]
@k Yf-(Iranian Heavy Crude: IHC)= SGS KOREAE 53l
SETE

A% 7194 22 mL 4 vlo]d, RPM Z220] 7Fseh tiAE 1w
HE7], HEEE bR} 10 mmE ARESEIEE. SPME 8415 Supelcor 2]
SPME manual holder} 352 241100 um PDMS, 65 pm
PDMS/DVB, 75 um CAR/PDMS)S -4J38lo] AR&a}3itt.

2.2 HS-SPME E[X5} A% dpH

# 2] SPME QIS gRlah] flste] Al Wakdalra
EFANRE AFste] AMESISITE EFAIE= BTEX(10 pg/mL)S}
PAHs(1 pg/mL)e] - 20 uLE A¥F315(35%0) 5 mL7} &
©] Q1= 22 mL SPME Hlo|&el] HAI7THA] F=9Jate] A|x3)sict.

SPME =24 Aele th F4 2718 dAsH) ok vhe 359
42 A(100 pm PDMS, 65 um PDMS/DVB, 75 um CAR/PDMS)®]l
EFEAS FuAdo) A o7 FHAIA AE v aHAs
H| W3St} #H A 9] F2A| S AElsh o] 9ol thekst A QA=
%, SR (30-80 °C), FEAIZH(1-1204), WS (0-1000 rpm),
SEAATH1-10 S WA 4] 9] A4S vl wsigict,

SPME &2 A3 WS XFAIS7E 50 Ol vloldg T34
71HA WREARE o] &-3to] wRIAIZITE Wk FAle] SPME 43}
AE 4 cm d2A & F A5 9] FlEAmo] 8] F3E A FelA
FEAAT BFA RS SPME Aol Sak8E $ofl GC 91
2 ZA] o]Fste] AT

2.3 WAF HIZ=

e sdel ot A==d9TFH7HE 918 = WAF(water
accommodated fraction)”} A& TH(Singer e al.[2000]). = &1+
M= WAFS 729 AlaL A allre] 2 eddu® 7Pgst
1, AFLANFE H sl WAFE o)At A2 ALg-8lo]
E53hE W 0 2 A2tk Singer er al.[2000]). O] AT 915
o hel #9045 pm)2] V&S 77} 14020 Bolom, wRb &
o]g3sl] ZHFEL 120 ripmOE 24875}t E&slo] A x5}t

2.4 FAIHLH

7| A Az v EE T 2 A2 7= GC/MS-QP2010(Shimadzu,
JAPANYS ARE3I9ITE. GO/MS 495 §1st 7l deie] 2+ DBS-
MS(30 m x 025 mm x 0.25 um)E AH-3815.2H, je]Ldi= 0.75 mm
x 5.0 mm x 95 mm2| 714 ARSBISITE. e 5= AIRREE 40°C
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Table 1. Operational conditions of GC/MS for the analysis of petroleum
derived hydrocarbons

Instrument GC/MS-QP2010
DB5-MS(30 m x 0.25 mm x 0.25 um)
40 °C (3 min)—>80 °C(5 °C/min)
—300 °C(10 °C/min)(10 min)

Separation column
Oven temperature

Injection temperature 250 °C
Ms source temperature 200 °C
Split ratio 10:1
Carrier gas flow 1.27 mL/min(He)
Ionization EL (70 eV)
Data acquisition SIM mode

2

A 357 HEA 3 5 B 500 80 °C7HA] A A7) AL mhA]
uko g 2 10°CE 300 °C7HA] S+ F 10 53 MEA el
A&z FY472 AE719 2=+ 7H) 250 °C2}F 200 °CE 3FATE.
Mg TP B T (spli) 2 8 Bl 10:12 si3lt
SR ARE 1% DE(99.999%)yS ARSI AL, £452 1.27 mL/
min A7 3}3IT}. 0123} of|L1%]3= 70 evell o A o] 52
A7 o] FUE R (SIM: selected ion monitoring) - A
sto /3 Jetsitt. SPME F2HAlel| Sate FAUVHEES GC
Tl g2lwo] Ge ezl e U2 FU=h GOMS
A 2712 Table 190 2.9Fste] eI

J

e | 29

3.2 3
3.1 HS-SPME FAHO| GC/MS EMZH HE
GC/MS ¥4 z4ellA BTEX 65, PAHs &&, 18] 1 WH-%
7o) Ae o] &3} -5 AIZFS Table 201 YERAITE 24
Sl Bl W AgAS 218l A BEE o] gato] AR
Eq A5E doom JFs fleia AeA] ol es 2835181
ok A SRl A) oist 54 34 o2 Agd 32
vhE 732 Fig. 1of] YERNQITH BTEX A1 (1€ 6H7kA] )y
107 ool &HdsbA Fel=o] HE =3ew, PAHs AlG(7HH
Bl 1697142 30 ool HEETE. Mz (a)RERHIF A7
Ale AZvE Y HES H3ou, Bl gt 83l|%=7} sto}
57 5 LIA7IA okt 7 A5 WSl uist
SAAR] 712 3 ol& AAslen, 11 aHaE RUEY

3lo] SPME & 23}l ARE51IT)

N

&

3.2 = HO| ~AH| MEH

F A ] A AEle AR FEs) oS AT
7] 9131 SPME AT kel A 71 a3t ot g3k
3%9] SPME $°ZA4(100 pm PDMS, 75 um CAR/PDMS, 65 pm
PDMS/DVB)E ARg8te] At dsliteae] w9l Soli)s vl
3}93 t(Bianchin et al.[2012]).

Table 2. Physical properties and target ions of BTEX, PAHs and their internal standards analysed in this study

Peak No. Compound Compound Type Solubility at 25 °C (mg/L)* LogKk,* Target m/s
S1 Benzene-d6 ISTD" 84
1 Benzene Target 1780 2.15 78
S2 Toluene-d8 ISTD" 98
2 Toluene Target 535 2.69 92
S3 Ethylbenzene-d10 ISTD’ 116
3 Ethylbenzene Target 152 3.15 106
p-xylene Target 200 3.15 106
5 m-xylene Target 173 3.20 106
S4 O-xylene-d10 ISTD" 116
6 o-xylene Target 204 2.77 106
S5 Naphthalene-d8 ISTD" 136
7 Naphthalene Target 12.5to 34.0 3.37 128
S6 Acenaphthene-d10 ISTD’ 164
8 Acenaphthylene Target 34 4.07 152
9 Acenaphthene Target 3.5 3.98 154
10 Fluorene Target 0.80 4.18 166
S7 Phenanthrene-d10 ISTD" 188
11 Phenanthrene Target 0.44 4.46 178
12 Anthracene Target 0.06 4.50 178
13 Fluoranthene Target 0.26 4.90 202
14 Pyrene Target 0.13 4.88 202
S8 Chrysene-d12 ISTD’ 240
15 Benzo[a]anthracene Target 0.11 5.63 228
16 Chrysene Target 0.02 5.63 228

*Internal standard; *Octanol/water partition coefficient (Heath er al.[1993]).
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Fig. 1. GC/MS selected ion chromatograms of target BTEX(4 ng/L)) and PAHs(4 ng/L). Refer to Table 2 for peak identification.
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AAA | W HE 42 65 um PDMS/DVB7} 67%= 7 =39k
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Fig. 2. Comparison of absorption capacity of three different SPME fibers.

(CAR)E 531l Q1= 75 um CAR/PDMS7} 71 58 v =

A R
& Btk R3S EEHEE 11614 14744)2 100 p
PDMS7} 7F3 =& I A S o, o= H|=A]

seh=
PDMS7} & Ealsl= Axjoltt, PDMS/DVB A2 2] $=2tA=
E 7014 107140014 71 =

SPME 24| 9] o] uhs
Ao =2 0] EAI} BA o)At 31EHE9)

K, )°l mEt xlo] & Bl vh(Fig. 3) %E‘r:%/g
w2} CAR/PDMS éxﬂ—“— s
PDMS/DVB &A= &
xl—;q] 9]_ _,_}H EHAL §}_6

o e

g}

lo

AT STl
RHel HJHdOH PDMSQ}

FT

Z13

94 2l
= 7PA HEE
wj 0| th(Zhang et al.[1994]). b}‘_%} Aol F$- log K, 7} 3.37%2
BTEX$} PAHs 53 759 #k& Bk YEGRIA Al71A] 4=
A 9] Fayee] xfo|7} 71 Agkon e 3Rl vlE A
3t B2 Horh JEERS FAog log w/]. AL oA
of| whet S 2HA| g tell SRS ApolE Bl BTExeL A
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Fig. 3. Plots of log K,,, versus peak area for three different SPME fibers.
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0 a) Absorption temperature (TC)

(Fig. 4).

331 F&2% A%

gx% gil T AL 65

=

&

m PDMS/DVBE AM51aL 71 9] TR
218 F& A7F 605, WRESE 750 rpm, BEF AJ7F 3E0 7
At skar 2 25 30°C, 50 °C, 80 °CE W3S Fo] A9

2 7} 313EE Al 93 W8S Ak

°c<>ﬂH Bt 68%% 7P Egkon] theow
1 1 B3t 58%, 80 °CollA] 55%w=ol et F2F &
0 °CollAls= Eﬁ ﬂW k= T 1904 o7HA 7P 2 vA
25 80 °C°1W 1194 14704 7 =&
F38H= 52k SPME F2Al 9}

A& Alolol] BES o] F=d] F3 FES vIX]i= UAI0|tHLouch
et al[1992]). B4 3150 257} A Hd A= =

7vE| 3 1 B ) WA AAse] AvA o R FEA &

PO R AR &% ST #
:Il,‘—_;ﬁ o] \;l-_‘il. E_A%
27k el

b) Absorption time (min)
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: /- \.' —& ’.\\O /) . '/’.‘—I—-I/
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0o ———————————————— o ———————————

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig. 4. Multivariate optimization of SPME extraction conditions were simultaneously optimized. (a) absorption temperature, (b) absorption time,

(c) stirring speed, (d) GC desorption time.
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& 119A 147 1202004 7 =9k =2 shehs] 44
o] MZ thE 542 SPME FaA oA thE 53 RS Kol
Zog A4l AHAI ef al[1997]). 0= HZ E&F N7RS AA
a17] 918 A3 Anjelr= zF B4 gtEvi F2AIgR] uE

zhege] Aol th2 7] wiitel 4] Al B4 e
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thekst GC B2zl wh 7} sl3hEE A4 913 WS A
akst Az} d2AZ 3o Hit 91%E 7P =9k, o s
FZAIZE 1030014 90%, SEollx] 84%, 150lA 79%2] o= =
A Z4= At 3FE 1014 2714 gL 12 7 =
& S-S Holt} fhhshs A4S BGloH, 35HE 394 77k
A 3R 7P =S SRS wolu) 43St 3FE gl
A 17 G RTe] TN et AT STk AEgE
Btk SPME 573419 ¢ GC g0l 47 2&31gL- 150-
250 °C Ao]2] Zellx] 4 oy slgkEo] galu)= A o® o
A 9ot algo] & 3FEel B¢ Aol wel Ao 2 &
=7} 310°C o) 7HAg aHA] el E EHE0] gt A7}
A 7 Qik. & AdoA Alg YT 25 250 °CE 2733
©w, 65 um PDMS/DVB 53] 24 2581 200-270 °C A1o] 2]
2ol AAulo] QA EaRS 38 o] FXEF el3int. GC 23
AIREE SRl whet AAbel| A Ao B Eakgo] =
A vepgth 894 GC FYTolN RS ST A

L
fto

(]

a0

Bl 2RSSl A EW AEEFe] ol ¥
gk ghzol Al ol7izel E3E o] Ariehow gt
THEA Ak, 7577 el 24 SRR
THAE 5% 7HE B 3ol 9let

34 dEEM | FEE

SPME ®H& o] 8-¢F -] Walseslas 24 9] =142
S S8l B EFE BTEX 04, 4, 20, 40, 200 pg/LSh PAHs
0.4, 2, 4, 20, 40 pg/L= 45K W], BTEXS} PAHs 3492
S EE 20 pg/Lot 4 png/LS 77t 73] Ak AldAS gl
Skt

F A EERslAe) A SRS Ul 2EEde) A
tf] 98- A4 (relative response factorys AlFslo] A S <A
sl3ithk(Fig. 5). ¥A1ES] S5 S7FES 5 v]ElEkAl 65 pum
PDMS/DVB =2HA¢l| &&-513itt,

SPME "ol 9l& 4% BTEXS} PAHsS A7 Al (R)E=
0.999 ooz AP do] 9=3HA] Rt Bogh, 2t B A A
73O EFHAHRSD)E BTEXS] 7-9- 1.2-2.4%, PAHs®] 73-9- 0.8-5.2%
2 Ot 4 O3 EA oA Aol Ei1A ) s%elshe] ghe Kol
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Table 3. Calibration ranges, regression equation and reproducibility of target compounds analyzed by HS-SPME-GC/MS

Group No. Compounds Cal. range Regression eqn. R’ RSD (%)
(ng/L)
1 Benzene 0.4-200 Y=1.149462X+0.0904 0.9999 1.9
2 Toluene 0.4-200 Y=1.340251X+0.1582 0.9998 2
BTEX 3 Ethylbenzene 0.4-200 Y=1.547641X+0.0823 1.0000 1.6
4 p-xylene 0.4-200 Y=1.836238X+0.0185 0.9993 24
5 m-xylene 0.4-200 Y=1.659528X-0.0759 0.9992 1.2
6 o-xylene 0.4-200 Y=1.670486X-0.0328 0.9993 1.3
7 Naphthalene 0.4-40 Y=1.322099X+0.1568 0.9999 1.1
8 Acenaphthylene 0.4-40 Y=2.230676X-0.1666 0.9999 24
9 Acenaphthene 0.4-40 Y=1.320348X+0.0060 0.9998 0.8
PAHSs 10 Fluorene 0.4-40 Y=1.823361X-0.1411 0.9997 23
11 Phenanthrene 0.4-40 Y=1.274039X-0.0222 0.9999 0.9
12 Anthracene 0.4-40 Y=1.262223X-0.0614 0.9999 2.9
13 Fluoranthene 0.4-40 Y=0.806736X-0.0780 0.9996 5
14 Pyrene 0.4-40 Y=0.827027X-0.0876 0.9997 52
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