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ABSTRACT

Environmental monitoring of benzene, toluene, effegylzene and xylenes (BTEX) in river and well watenples
were performed by solid-phase microextraction (SPM&upled with capillary gas chromatography. Foiisth
purpose a novel SPME fiber was prepared based daazolium ionic liquids loaded on hollow fiber menate

pores using sol-gel formulation. Copper wire wagdigs mechanically durable support. Analytical nsedf the
method, including high correlation coefficients9@22-0.9943) and low detection limits (0.04-0.1511%y, made
the proposed method suitable for the trace deteatiin of BTEX.
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INTRODUCTION

Solid-phase microextraction (SPME) as a popularptamreparation method was introduced in the lastde of
20" century [1]. During this period of time from invémn of SPME, it is still a challenging field fomalytical
chemists. Introduction of novel SPME fibers provigeanalytical methods with improved charactegstior this
purpose various coating materials are used asotixiggphase[2-10] .

lonic liquids (ILs) are green solvents consistingikly organic cations together with an organic @mrganic anion as
counter ion with melting points lower than 100 &% important class of ILs which is known as roormyeerature
ionic liquids (RTILs) has melting points at or lowambient temperature. ILs have unique physico-ct&m
properties which make them suitable for variousliapfions in chemistry like solvents for synthesiH|, catalyst
for chemical reactions[12,13] and separation méaligextraction process[14-16] . Negligible vapoegsure, high
thermal and chemical stability and adjustable \d#godepend on nature of counter ion are the oodébg
characteristics of ILs which candidate them asagtiing phase in sorptive microextraction techniflids. So, ILs
and their derivatives like polymerized ILs wererintuced as novel fiber coatings in SPME[18-19] ofder to
introduce a new method for immobilization of ILs arfSPME fiber, we were examined hollow fiber membgafor
this purpose. Hollow fiber membranes are tubuldymperic membranes and their main application ididoid-
phase microextraction [20-21]. Hollow fiber memlearas extracting phase in SPME were used previoksht,
hollow fiber membrane without any modifications weised as SPME fiber coating and its applicatios reported
for extraction and determination of BTEX in aqueanedia[22] . Second, multiwalled carbon nanotulmesiéd
hollow fiber membrane was reported as SPME fibeickwkvas applied for microextraction of polycyclimanatic
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hydrocarbons (PAHS)[23]. In this study we tried rrtake a new SPME fiber using ILs loaded hollow fiber
membranes and for this aim, we used sol-gel fortimaln order to evaluate performance of the pegubfiber,
BTEX were selected as model analytes.

BTEX as a representative group of important arotnlayidrocarbons with wide range of applications lemical
industries are listed as hazardous materials byJth8. Environmental Protection Agency (EPA) and World
Health Organization (WHO)Petroleum and natural gas sources, volcanic emissiforest fires and chemical
industries like paint, adhesive, rubber, cosmetid pharmaceuticals are the main sources of the BirE¥e
environment. Smoking also is another source of huexgosure to the BTEX [24,25]. Exposure to BTEX khort
and long-term effects on human health. Some comsyomptoms of exposure to BTEX are minor nervousesyst
disorders like fatigue, nausea, weakness and domfuBTEX may also cause long-term, chronic problemshsas
more pronounced nervous disorders, bone marrownekidand liver damage, leukemia, aplastic anemia and
chromosomal aberration[26]. Because of the higleltewef toxicity and hazards of BTEX to human heattteir
levels are regulated by the EPA and the WIS0, there is a vital need for highly precise, aatajrand sensitive
analytical methods for determining the levels ofBXTin various samples. Generally, BTEX have notrbsteidied
individually; therefore, chromatographic methods preferred for analyzing them [27-30].

The present work deals with introduction of new $Pkber based on ILs and hollow fiber membranes isd
application in the solid-phase microextractiondaled by capillary gas chromatographic determinatibBTEX in
environmental water samples including river and wetter.

EXPERIMENTAL SECTION

Chemicals and reagents

Benzene, toluene, ethylbenzene, Xylene isomerdpmreehydrogen chloride, 2-propanol, ethyl acetataium
chloride and acetonitrile were all obtained fromrbke(Darmstadt, Germany). 1-vinyl imidazole, hegyloride,
sodium hexafluorophosphate, methyltrimethoxysil@d&MOS) and tetramethoxysilane (TMOS) were purcldase
from Sigma-Aldrich (St. Louis, USA). The 50/280 Arel polypropylene hollow fiber membranes (280 ub)l
from Membrana GmbH (Wuppertal, Germany) were us&tlogen and hydrogen (99.999 % purity) were oledin
from the Sabalan Oxygen Co. (Tehran, Iran). Copper was purchased from a local electronic shopus®tl after
removing insulation.

To prepare mixture of standards, 2 mL of each camgoadded to a vial, well mixed and stored at -@8rf a
refrigerator as stock solution. Aqueous solutioB®EX compounds were made by dilution of approgriatlumes
of stock solution with water in calibration flasks.

Instrumentation

An Agilent 7890A, GC apparatus (Agilent technolagi@/ilmington, DE, USA) equipped with an FID detacand

split/splitless injector was utilized for sampleadysis. Separations were performed using an HP% (Bphenyl-95
% dimethyl polysiloxane) capillary column (30 m 82 mm I.D., film thickness 0.2bm) (Agilent technologies,
Wilmington, DE, USA).ChemStation software was used to acquire and psatas.

A laboratory-made SPME device was used in all érpants. Coating surface morphology was studiedgusin
1430VP Zeiss-Leo scanning electron microscope atewsity of mohaghegh ardabili (Ardabil, Iran). Theal
stability of the fiber was studied using thermognaetric analyzer (Mettler Toledo, Columbus, OH, USRCT
basic model heater-stirrer (IKA, Staufen, Germawgs used to make temperature adjustments and foplsa
agitation.

Synthesis of 1-vinyl-3-hexyl-imidazolium hexafluorphosphate [VMIM][PF ]

The mixture of 1-vinyl imidazole (0.06 mol) and lyexhloride (0.06 mol) in 20 mL of 2-propanol wafluxed at

60 °C for 16 h under vigorous agitation. After ¢oglto room temperature, 2-propanol was evaporateder
vacuum. The prepared IL was then dissolved in 20ahilvater and extracted five times with 10 mL pams of
ethyl acetate. Ethyl acetate was then removed uratrrum at 80C and the product was dried in a vacuum oven at
70 °C for 2 days. The purity of prepared IL wasfiared by FT-IR andH-NMR spectra (Fig. 1a and b). Lastly,
metathesis anion exchange reaction was appliechfamging the chloride ion with the hexafluorophaagh
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Preparation of SPME Fiber

The proposed fiber was prepared in four stepst,Firts sol solution was prepared as follows: 100NMOS, 10 pL
MTMOS and 100 pL KO were mixed in a clean tube and then 100 puL IL added and a clear and homogeneous
liquid mixture was prepared (Sol solution). Secamgjece of copper wire (1cm length, 280 um O.a$wounted

on a SPME device.

Next, it was entered into the narrow bore hollokefimembranes (280 um, 1.D.), and any excess hdilmev was
cut. Third, the hollow fiber-coated copper wire wiasmersed in the sol solution for 5 min. After Iaagl sol
solution in hollow fiber pores, the fiber was immed in 1mM HCI solution. Gelling process was takdace in
hollow fiber porous structure.

Fourth, the IL incorporated sol-gel loaded in hallfiber pores was left for aging for 12 hours. Tirepared fiber
was heated at 150 °C for removing fiber contamimatin the GC injection port.

Solid-phase microextraction of BTEX from water sampes

The proposed fiber was exposed to the headspati® afater sample. During the extraction, the sarsplation
was stirred with a magnetic stir bar and the \@ahperature was thermostated at 20 + 1 °C. Afteogirg the fiber
to the headspace of the sample for 40 min, the fibataining retained analytes was withdrawn fréwa vial and
immediately inserted in the hot injection port bétGC, where the analytes were thermally desorb&8@&°C for 6
min. During the introduction of analytes, the sphtve was kept closed.

GC Operating Conditions

The column temperature was initially set at 55°CXanin, then increased to 75°C at the rate ofig* and held
for 7 min. Nitrogen was used as the carrier andengkgas, and flow rates were 1.0 mL.thand 45 mL.mif,

respectively. Temperatures of the injection pod datector were set at 150 °C and 250 °C, respgtilnjections
were carried out in splitless mode.

RESULTS AND DISCUSSION

Fiber Structure and Composition

The components of the proposed fiber were:

1. Copper wire was used as a mechanically duratgpast to hold the hollow fiber membranes.
2. Hollow fiber membranes with a porous structureléading IL.

3. Sol-gel network to fix IL in hollow fiber pores.

4. IL as liquid separation media.

Use of hollow fiber membranes as fiber coating regmrted previously[22]. Results showed good exitvacability
of hollow fiber membrane due to its porous struetlnut weak ability of it in retaining BTEX is a noaj
disadvantage. It isn’t able to retain the analytese than 2 minutes. In order to solve this prohlemmorporating IL
as a green separation medium in porous structurbotddbw fiber using sol-gel formulation was congiek.
Comparative results between these two fibers (loflber and IL-loaded hollow fiber) shows that exttion time
was increased from 2 min to 40 min and the analte®n’t leave the fiber at room temperature. Motpgical
studies on fiber surface were performed using sognelectron microscopy (SEM) and were presentdeigare. 2.
SPME fibers are exposed to the hot injection pérthe GC. So, thermal stability of them must bed&d. The
backbone of the proposed fiber is polypropylene lfinge point 160-170 °C). According to the result§ o
thermogravimetric studies (Figure 3-a, b and 5t °C amount of converted hollow fiber was 7.80%¢he case
of IL loaded hollow fiber and sol-gel based IL legdhollow fiber amount of conversion were 1.99% arizB%,
respectively. Results indicate significant increiasthermal stability of the proposed fiber.

Optimization of the SPME process for water samples
Because of the sufficient volatilities of the sedlicompounds, the headspace extraction method elested for
this study.

Selection of microextraction temperature and time

Extraction temperature and time are effective patans for headspace SPME. Due to interference of tw
equilibriums, microextraction temperature affecksra&ction efficiency in two different ways. Pantiting of the
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analytes between the sample and the headspaceaditibping of them between the headspace andities &re
two equilibriums involve in headspace microextmttprocess. Microextraction was performed at 10,320 40,
50, 60 and 70°C. (Figure. 4-a) shows that 20 + is’the best extraction temperature, so it wasctadefor further
studies.

Distribution equilibrium of the analytes seriouslgpends on exposure time of the fiber to the sanjilés a key
parameter for better extraction. For this invesiagg extractions were performed at different timasging from 10
to 50 min. Results (Figure 4-b) showed that eximactquilibrium was achieved in 40 min.

Selection of desorption temperature and time

Analytes were introduced to GC via SPME by therghedorption in the injection port. Complete transfethe
analytes needs selection of the optimum desorpggarperature and time for fiber duration in the étign port.
Desorption temperature was varied within a rang&®fL60°C. Higher temperatures were not examineal tdu
melting point of polypropylene (170°C). Desorptitimes varied from 1 to 6 min. 150°C and 6 minutesre
selected as the best desorption temperature aed taspectively (Figure. 5-a, 5-b).

Effect of ionic strength on microextraction efficiency

Decreasing aqueous solubility of organic compoudds to increasing ionic strength in solution bysdising
inorganic salts is known as salting out. Salting, ési generally used for increasing extraction ¢igl sample
preparation methods. But this phenomenon doesfettaéxtraction efficiency positively, all the timeFigure 6
shows that salt addition has negative effect onuarnof extracted BTEX.

This result could be related to thiggh vapor pressure of BTEX at the headspace o$dhaple at salt-less condition
and equilibrium establishment between headspacetlmdiber. So, according to the Le Chatelier'shgiple
enhanced amount of BTEX in the headspace phastodadting out, affects distribution equilibriumcadecreases
extraction yield.

Effect of sample agitation on amount of extracted malytes

Another parameter which affects extraction efficieis sample agitation, the degree of which majaffected the
transfer of studied compounds into the extractingge. To examine this, we set our stirrer on diffespeeds (400
— 1000 rpm), and results indicated that the besaetxon occurred at 1000 rpm.

Analytical merits of the proposed method

Analytical merits of the proposed method for watamples were studied. The results are summarizédbife 1.
High correlation coefficients (0.9922-0.9943) apw Idetection limits (0.04-0.15 ug').in comparison with EPA
regulations (benzene, 5.0; toluene, 108@yylbenzene, 700; xylene isomers, 10000 iy made the proposed
method suitable for the ultra-trace determinatibBBEX.

In order to evaluate the precision of the methoa feplicate determinations were carried out usirgingle fiber,
and the relative standard deviations were caladl@f@ble 1). The results showed that the RSD% wabfethe
method range from (1.22-4.88%), which indicates the proposed method is repeatable. Five fibespared using
identical processes were examined to evaluate fég@moducibility. The RSD% values (1.58-5.36%) preed in
Table 1 indicate the reproducibility of the fiber.

Monitoring of BTEX in the environmental water samples

To evaluate the efficiency of the proposed methodeal sample analysis, the method was successipplied to

assay BTEX in environmental water samples includingr and well water. Sample of river water (Shélray

River, Urmia, West Azarbaijan, Iran) and well watidazloo village, Urmia, West Azarbaijan, Iran) we&xamined.
Typical chromatograms of distilled water spikedhnbhe standard mixture of analytes (Figure. 7) wed water

(Figure. 8) are presented. The quantitative resfli®al sample analysis are summarized in Takda@ indicate
that all samples were contaminated with BTEX but@tcentrations below than maximum contaminatiorlle
(MCLs).
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Figure 1 Spectroscopic Characterization of synthezed IL, [VMIM][PF ¢];(a) FT-IR spectra (b) *H-NMR spectra

495



Nasim Mohammadnezhackt al J. Chem. Pharm. Res., 2016, 8(1):491-502

10pm Signal A=QBSD Date :6 Sep 2014
l | EHT=1500kV WD= 6mm Photo No. = 9963 Time :16:14:59

Figure 2 SEM image sol-gel based IL loaded hollovitfer membrane
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Figure 3 Thermogravimetrograms of (a) hollow fibermembrane (b) IL loaded hollow fiber membrane (c) sbgel based IL loaded hollow

fiber membrane
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Figure 4 (a) Effect of extraction temperature on arount of extracted analytes. Experimental conditionsconcentration, 50 pgl™;
extraction time, 50 min; saltless. (b) Effect of eéraction time on amount of extracted analytes fromwater samples. Experimental
conditions: concentration, 50 pgL*; extraction temperature 20 °C; saltless
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Figure 8 : SPME-GC chromatogram of well water (1, enzene; 2, toluene; 3, ethylbenzene; 4, m,p-xylene)

Table 1. Analytical merits of the proposed method

Compound r LDR? LOD® Repeatability Reproducibility
Benzene 0.9943 0.30-100 0.15 4.88 5.36
Toluene 0.9936 0.30-100 0.15 1.22 1.58

Ethyl benzene 0.9922 0.10-100 0.04 3.40 5.20

m,p-xylene 0.9922 0.10-100 0.04 4.26 3.40

2 DR (Linear dynamic range) and LOD (Limit of detew), pg L*
® RSD%, relative standard deviations for 5 deterrtigrs, n=5
¢ RSD%, relative standard deviations for 5 identiiaér, n=5

Table 2. Results of real samples analysis

Compound Well Water River water
C+SD*(ugLlY) €+ SD(ugl?)
Benzene 0.50:0.02 ND"
Toluene 0.82+0.01 0.5¢+0.01
Ethyl benzene  4.71+0.16 ND
m,p-xylene 5.11+0.21 8.11+0.32
2 Standard deviation, n=4
®Not detected
CONCLUSION

In this study, the preparation and application absel fiber based on ILs loaded hollow fiber meartas using sol-
gel formulation were introduced. The high porosifythe hollow fiber together with the outstandingrtitioning
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characteristics of ILs in sol-gel matrix alongsigi¢h high mechanical and thermal durability proveleovel SPME
fiber for the extraction of organic compounds. Theposed fiber was successfully used in environaletalysis
of aromatic hydrocarbons as hazardous pollutants.
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