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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

a5 U 754 35 esleAQl BTEX(benzene, toluene, ethylbenzene, xylene)9} Th3HaF<;
aromatic hydrocarbons: PAHs)E -S40l {418 4= Q1= 71 7Hd2 918l GC/MSelM 1Al w527 (solid phase
microextraction: SPME)= ©]-8-5fo] 4 2] H*U]‘t]& 14%8}93\1:]—, SPME 7]H-& AE.0] 2 v
#o] Zhekstar, oW S AR 4= QlaL, Fisly] a1, AR ] tolut Aehs B9 L 9S

o] Aok, # 4 9] SPME 2315 A5lsh7] 9lsl O%Ei A7 =, SPME 2|, F2F ARE, S &5, wik £, GC
22 AIZFSS 181900 Ykt SPME 4224 (100 um PDMS, 75 um CAR/PDMS, 65 um PDMS/DVB)E ]85
o] BTEXS} PAHsCEARE: 783E] 20272 EA]of #4138 A3} 65 um PDMS/DVBE 4] =&kA42 A4 s13ict. H4
o] FZHAIE 65 um PDMS/DVB 41788 Utk =2H4 02 T WG5S ERIsISIth. 71 29} BTEXS} PAHs $A] i
218171 913 2 2] SPMD 2712 FZAITE 604, S22 50 °C, WHHFE 750 rpm, GC E-2HA|7) 3450 2 AA =i},
#2313k HS-SPME-GC/MS w41 o]-8-8l0] QI sdallr W Al "=5aslras 14 At o) A iyt
SAFBISIT}. HP-SPME-GC/MS 2-A1HL- 7)Z0] 7] 8l1= A}4-3 Hhfo] 7Fe wha) A|3ha-S mekat 2= 9lor &)
4 U 5ol 9% BTEX 9 PAHs 240l &2 07 283 5= 9},

%%
24
g
)
=
«
(o]
<
o
o

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 pum 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(IL A4 v] 3% 4), GOMS(7H AT 2 v 1) v A 224 W) BTEX(H8hy aF= &3}
2), PAHs(CFFIBEES BRI 4), WAF(Q1 32 93815)

fCorresponding author: uhyim@kiost.ac
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LM B
T TRk 1917, AR Ve ® e w feldnt
MARPOL 22 =141 9. dmb=] o} Mubrl<s, S5k
of TE 7]=ddol e Estar Akarel aLoARl el oJetk
T AHA 07 ek ok, AAIA sike =z e i 4
21,300,000 ton/year® F7 % 1 QITHNRC[2003]). AFILE <1
g T FYLS 24 ARarelar, HE ofo] Fra Ak, At
A, AR E 283 P9 el sk @l
A A Q] TS 7hA & WRE ofufg}, o] & QIsh T oot

AT 22 o Qs TP, A, WA E-0] K& T

EE 7EALT). 2007 129 EijtelA] S SHlo| AR ES

(12,547 kL)$} 20101 49 vl H$IE 32F0](780,000 kL) -

T fraakarel o] @i sl Alare] SIS AdEstar Qlom, o

o ot tiin] TEst & 2 3ok(Yim et al.[2012]; Schrope[2011]).
]

Cig]
el 2 s w5 sierdel A ghabea,

=
2 54 27 Zg3H(Abbriano er al[2011]). ©15 AEE2] &
=g efshd, dlF el J 9 SAS 4o 7 7w
ol BE 54 AelA A SRl AL A5
21 gFEo|th(Singer et al.[2000]).

9% Ul BTEXS} 22 g 249 242 Aol 29 (liquid-
liquid extraction: LLE)® % 2Jo] al&5m =3 217 =919 (direct
aqueous injection)¥} tholue] & =9 o] A~ (dynamic headspace)
o L H XN E = (Purge& Trap) 71> ARS8kl 2 th(Bianchi
et al[2002]; Zwank ef al[2002]; Han ef al2006]; Nejad er al[2011]).
PAHsS} 22 RIS ER S A o] Exbsh, W 9]
A 57F E o5kl e fulE ARstE R 22HAR 3 e uS
A= dads U gtk olgs WS Heksl] ¢
S ARZR WA o ® PIAI RS sRES F Aol o]

PFe gt A

il

3% (solid phase microextraction: SPME)
Z#o] golalal glo] AHslaL §ulE ARSA] oA LA =}
T3t 7 Qe o R A= 853 gith(Pawliszyn[1997]).
<+ SPME 71" 84, 213, 98t 52 thesl Fofel| 9]
SHAl AgE 3 9lom, ] FokelA Wol F&¥ 1k
(Balasubramanian and Panigrahi[2011]; Wang et al.[2011]; Mastrogianni
et al.[2012]).

B Ao A= SPMES 71 A A2 rkE ey AR (gas
chromatography/mass spectrometry, GC/MS) ©|-8-5} BTEXS}
PAHsE X33t f77 Wa5easlras] 4 B4 208 g5
3FaL, o] & Q¥ 2 3l (water accommodated fraction: WAF)]l
#-gato] 8738 SIS

2= 3 e

2.1 M=

T WEFS 854 (BTEX+PAHs) 145 9 R 2554
(internal standard, IS) 75~ Supelcor}2} AccuStandardAFollA 2}
7} gsto] AREBIITE. B8 Azl B o3 wEhE-S Burdick
& JacksorAtellA 78lste] ARESISIL, A3E 213 S5 Milli-
RO system= &3 32 S7TE ARSI A 3ol AR o]
@t 2f-(Iranian Heavy Crude: IHC)= SGS KOREAE &3l ++
Attt

A% 71952 22 mL 7 Hle]Y, RPM Z4o] 7kssh tAd o
7], B 22 A} 10 mmE ARESISITE SPME 1= Supelcor [
SPME manual holder®} 3% 2] 4=2#](100 um PDMS, 65 pm
PDMS/DVB, 75 um CAR/PDMS)Z T-418}0] AHE-313iTt.

2.2 HS-SPME %[5} A1 Hhd

# A ] SPME QIS gRlah] flste] f-7A Wakealra
EFARE AFSI] ARSI BFAI R BTEX(10 pg/mL)2t
PAHs(1 pg/mL)S] - 20 pLE AF35(35%0) 5 mL7} =
o] )= 22 mL SPME Hlo]&el] mHA|7|HEA F3J31e] A|x313ict.

SPME F2A] Aele- thE #4278 A48k oF ths 35
4=2FA(100 pm PDMS, 65 um PDMS/DVB, 75 um CAR/PDMS)®]l
EFEHE Feado) s 7o R FAAA A FauAS
H Wttt H A o] FatAE Aest o] o] thofst 24 AAbE
, SRR (30-80 °C), SEAIZH(1-120%), WHHESE(0-1000 rpm),
LAIZH1-102)S WM A4 93 A3E vl wsigict
SPME &2 A3 WP XFAI57E 50 Ol vlolds T34
71A WREARE o] &-sto] wRIAIZITE Wk BAle] SPME 473}
AE 4 cm oA & 5 AR ] slEado] ] F3E A HellA
FEAAT BFAEES SPME Aol SAH8E $ofl GC 91
T ZA] o)Fste] ATt

Y

2.3 WAF H|=

TR g AES5FFFF7HE Hdl F2 WAF(water
accommodated fraction)”} AF8-ETH(Singer et al[2000]). & A5+
X WAFE F-72% AR Al dll7e] 8 e A= 7Hgst
1, AFAMFE FsINT. WAFE o]eat A5 ARES}o]
X3l WO 2 A2 TKSinger et al.[2000]). ©]gHAF -2
oJ 2 S5=(0.45 pm)S] B 217} 14002 S oM, Wik E
olg3to] EFHE 120 rppmOE 24X7HERE E3151e] AlZSISIT

2.4 A

7| A Az e kE T AR 7= GC/MS-QP2010(Shimadzu,
JAPANYS ARE-3153T). GO/MS £418- 9138 7iZe]e] Z+2 DB5-
MS(30 m x 025 mm x 025 pm)s AR5 01| 2lo]U= 0.75 mm
x 5.0 mm x 95 mm2| 714& ARSBISITE. 2 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 EI (70 eV)
Data acquisition SIM mode

=2

A 3EZF HEA §F F Fg 50CE 80 °C7HA] A7 AL uhA]
O 7 10°CE 300 C7H] 5= - 103 52t #EA] sISiTh
FYTe} HEN Y 25 = 747} 250 °C 200 °CE BFIL).
Folub o 18k 91 (split) 02 F-8F H]E= 10:1% 313iTh
7 A= 1% FE(99.999%)y ARSI AL, 452 1.27 mL/
i A7g3elt. o238} AU =li= 70 evowiﬂi g olee
B2 o] 2 HUE R (SIM: selected ion monitoring)tdH-S A&
alol g4 deiolet. SPME kAol F3k 24tV dEd GC
G7relA 23 e] Ge AidelE] FH Uz 1=tk GoMS
22712 Table 10 Qokato] LreRglT).

Mo > > 8
rE ki

= B

of
o _I?i

r{gm

3. 24t 2 &

3.1 HS-SPME £AH9| Go/MS EMZTAH HE
GC/MS #4 7104 BTEX 6&, PAHs 8%, 121 UH-35
=40 Ae o] 23 WEE A7 Table 29 YERSIEE. &4 of
A slgtEe] gl Ul S 8l A7 HEE o] 85fe] A
Ef 255 dom RS f8iA] A8 o]RREE E8519]
t} o= 7;” ISFLEL Sl Aol U)st B4 AA o]0 Aed =7

PRI Fig, 19 UERAITE BTEX Al (1H-E 63714 )2
105 oJuje]l $haabA HelElo] A% =glom, PAHs A (7

B 16A714] )2 303 olulof] HEH Tt MZ(a)FE AT} F2]
WS F2rtE T3l HES Yo, Bl tidt g8 wr) Wol

=74 el TEATIA Akt 7 A e oie
=42Q) 712 921 ol & AAFon, 1 HARAE T
alo] SPME # 4l slell AMg 81Tt

3.2 X|™o| L&y MEH

A o] 2A AEle B3RS e} BolAde IAAY)
7] 913l SPME 419 AdkellA] 71 F a3k Fiolt. A4-8-51%

3%2] SPME T3
PDMS/DVB)E ARg310] HAtjpislate
39 th(Bianchin et al.[2012]).

141(100 um PDMS, 75 pum CAR/PDMS, 65
o) 7ws) Solgg v

B E

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 12.5t034.0 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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Fig. 2. Comparison of absorption capacity of three different SPME fibers.
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Fig. 3. Plots of log K,,, versus peak area for three different SPME fibers.
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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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A 147 & AR 71t wet @R STk A
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A o} BAlpo] & seHEQl 9 kA wEf Ho) 27 2
571 310°C oY 71 & 3HA] et s atEe] B3l A7t
A ik AeA Alg FYUT- &5 250 °CE 353
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2Izof| A Elo] GAEARE F6] o] FA = aIgint. GC 2
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Fig. 5. Calibration curves of (a) BTEX and (b) PAHs.
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Table 3. Calibration ranges, regression equation and reproducibility of target compounds analyzed by HS-SPME-GC/MS

Cal. range

Group No. Compounds 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 2.4
9 Acenaphthene 0.4-40 Y=1.320348X+0.0060 0.9998 0.8

PAHS 10 Fluorene 0.4-40 Y=1.823361X-0.1411 0.9997 2.3
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 29
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 5.2
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(Chemical Response to Oil Spill Ecological Effects Research Forum)®l|
A= el sk AR SAAEE 918 e = WAFR
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ik A s gt WAFS] =7 A7k o) dtellA 3l
9] 2} (Couillard e al.[2005]), WAF W] BTEXS} #3212 PAHs
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