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ABSTRACT

This study describes a simple and rapid analytiogthod for the determination and quantificationpofycyclic
aromatic hydrocarbons (PAHS) in edible oils. Aftssolution in tetrahydrofuran, edible oil samplesre detected by
reverse-phase high-performance liquid chromatogsafiPLC). PAHs had a linear response at 56 (g/L with
correlation coefficients >0.999. The PAH recovenese 87.698.7%. The detection limits and quantification teni
were 0.07-0.61g/kg and 0.23-2.04g/kg, respectively. The developed method was fasdtle determination of
PAH content in 116 edible oils. Compared to thalitianal method, this HPLC-based method is fast ssttlices
solvent waste. The recoveries of low molecular nrAgss were significantly improved without any evaion or
concentration steps.
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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHS) compriskarge group of organic compounds with two or marsefl

aromatic rings. Polycyclic aromatic hydrocarbon&HB) are widespread contaminants in the environjrsnne of
the PAHs proved to be mutagenic, carcinogenic aratdgenic, and are listed as priority pollutantthe U.S. EPA
and the European Community environmental regulati®®\Hs are lipid-soluble and can be absorbedhédungs,

gut, and skin. PAHs are converted to dihydrodigishe hepatic enzyme hydrocarbon hydroxylase. Dibgidls and

their epoxide derivatives, which bind to DNA andtein molecules, are highly mutagenic [1, 2]. Expeso PAHSs is
a major concern for human health; individuals wlaweh been exposed to PAHs for long periods of tiraeeh
developed cancer.

In certain European countries, e.g., Germany, Aysand Poland, the maximum permitted levels ofzbefa) and
pyrine (BaP) is 1 ppb in smoked foods [3]. In Chitree maximum permitted levels of BaP is 10 pplkedible oils;
however, there is no maximum limit of PAHs in odad fats [4]. The German Society for Fat Science &t
maximum limits of 25 ppb for total PAHs and 5 pjlo fieavy PAHs [5-7].

There are several PAH determination methods, whedia on different extraction, purification, and €etion
techniques [7-10]. However, these methods invaiwe-£onsuming and complex extraction and cleanrapeulures.
Liquid—liquid extraction (LLE)[7], caffeine complation[8] and saponification [19]are mostly used éxtracting
PAHs from the oil. The three procedures are vepfulsbut they are tedious, time-consuming and iregu large
amounts of toxic and flammable solvents. SPE snamonly used technique, but it also has some dasadyges, such
as particle blockage and slow sample processing taght PAHs are often lost during the evaporatenmd
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concentration step [10]. Cloud point extraction(GREanother technique that has been developedxfoaction of
PAHSs from oil samples. Despite many benefits ohg<LPE, the main disadvantage is not compatilofitgxtraction
phase with instrumental analysis such as HPLC-Fldbhod. A fast, simple, and accurate method wouéhtly
facilitate the determination of PAHs in edible oils

In this study, we developed an HPLC method for de&ermination of PAHs in edible oils using directvent
dissolution and fluorescent detection. Several ydical parameters, including sensitivity, linearitgccuracy,
precision, and limits of detection (LODs), wereess®d. Due to its fluorescence, PAHs can be aetyiqiantified
with a fluorimetric detector avoiding any interfaoes from complex components present in edible dife
HPLC-based method developed in this study can kd ts quantify PAHs in most edible oils. Comparedhe
traditional method, this method is fast and redwsodgent waste.

EXPERIMENTAL SECTION

Materials and Reagents

A poly-nuclear aromatic hydrocarbon mixture from2@ smart solutions. Charleston,USA) was used fier t
identification and quantification of PAHs. The hgdarbon mixture consisted of 200 pg/mL of naphthaigNa), 200
png/mL of acenaphthene (Ace), 200 pug/mL of fluor€dhre 200 pg/mL of phenanthrene (Phe), 209mL of
anthracene (Ant), 200g/mL of fluoranthene (Flu), 200g/mL of pyrene (Pyr), 20Qg/mL of benzf]anthracene
(BaA), 200ug/mL of chrysene (Chr), 20@y/mL of benzop]fluoranthene (BbF), 20Qg/mL of benzoK]fluoranthene
(BKF), and 20Qug/mL of benzof]pyrene (BaP). This hydrocarbon mixture was staee?0°C in the darkness to
avoid volatilization and photodegradation. Standarlditions (200 pg/L) were prepared by diluting iyerocarbon
mixture with tetrahydrofuran and acetonitrile (lvd). HPLC-grade acetonitrile and tetrahydrofuveare purchased
from Fisher (Fisher Scientific, USA). Purified watgas used throughout the experiments (Milli-Q &ltture Water
Purification System, Millipore, Bedford, MA, USA).

Instruments

The following instruments were used during sampépgration: a vortex mixer (WH-866, Huamei Corpiarat\Vuxi,
China), an electronic balance (AL 204, Mettler TaeShanghai ,China), and Supelco nylon SCAA-1GB4nfin x
0.22um) membrane filters (ANPEL Scientific Instrument.Clad., Shanghai ,China).

Samples
Different brands of vegetable oils (crude and edisoconut oil, sunflower oil, olive oil, soybealh grape-kernel oll,
rapeseed oil, peanut oil, and sesame oil) werehagiex from local supermarkets in 2012.

Oil Sample Preparation
Aliquots (0.5 g) of vegetable oils were dissolved tetrahydrofuran (1 mL) and diluted to 2 mL with
tetrahydrofuran:acetonitrile (1:1, v/v). The sobums were filtered and injected into an HPLC system.

PAHsin Organic Solvents

In this experiment, 10 mL of organic solvents (nagibl, ethanol, hexane, ethyl acetate, pentanecwridhexane)
were drawn in a 15 mL-centrifuge tube. The residuer dissolved in 1 mL of tetrahydrofuran:acetdlei{(1:1, v/v)

under a constant stream of nitrogen gas. The solutas filtered through a 0.45 pm-membrane andtegeinto an
HPLC system.

HPLC Conditions

Selected analytes were separated with an HPLCray#tgilent series 1200, Agilent Technologies, Saiaa, CA),
which consisted of a vacuum degasser, autosangoleimn thermostat, binary pump, diode array, andréiscence
detector. The HPLC system was equipped with a sevehase C18 column (250 mm x 4.6 mmpbparticle size,
SupelcosilTM LC-PAH). The column temperature wasntaaned at 25C. The injection volume was 20 pL and the
flow rate was 1 mL/min. The mobile phase consistesblvents A (acetonitrile) and B (water). Thetgn conditions
consisted of 50% A for 0-5 min; 50-100% A for3® min; and 100% A for 3660 min. The column was
re-equilibrated for 10 min between injections. Peatkre identified by comparing their retention tanwdgth those of
PAH standards. A PAH standard plot was used for Bé&ghtification.

RESULTSAND DISCUSSION
Optimized Detection Wavelengths

Excitation and emission wavelengths were scannedsi@ering that changes in detection wavelengthsguhe
elution gradient might cause baseline drifts, dnme detection wavelengths were used for analytesevheak times
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were similar to ensure accuracy in the measurememptsmized detection wavelengths were 0-13.5 mi2l@ and
336 nm; 13.5-18 min of 260 and 336 nm; 18.0-196¢N230 and 420 nm; and 26.0-50.0 min of 260 &wrin.
The 12 PAHSs studied were identified and quantifigccomparing their retention times with those oHP#tandards.

The chromatogram of ajfg/L standard mixture is shown in Figure 1.
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Fig.3. Chromatogram of CRM 459 and of CRM 459 spiked with 2 pg/kg of PAH (equivalent tothe 0.5 ug/L PAH standard). 1, Na; 2, Ace; 3,
F; 4, Phe; 5, Ant; 6, Flu; 7, Pyr; 8, BaA; 9, Chr; 10, BbF; 11, BkF;12, BaP

PAH Interference from Solvent

Oils have PAH content in theg/kg level (trace level); therefore, any interfezerfrom solvents should be minimized.
Solvent interferences arise during oil pre-treatim&he PAH content in commonly used solvents amwshin the
Table 1.

Table 1. PAH content in commonly used solvents

PAHs[ug/L]

Solvents Na Ace F Phe Ant Flu Pyr BaA Chy BbF BkF aPB Total PAHs
Methanol 1.96 -- 021 069 005 0.09 004 -- 00201 001 o0.01 3.09
Tetrahydrofuran 0.44 -- 005 017 001 0.04 007- - -- 001 0.01 o001 0.81
Acetonitrile 1.60 - 016 048 005 005 003 --001 0.01 0.01 o0.01 241
Dichloromethane  1.20 -- 017 045 007 005 0.06.2 0004 0.03 0.01 0.03 231
Petroleum 188 003 048 157 0.09 002 012 0.040300.01 0.10 0.15 4.52
n-hexane 0.98 -- 014 040 005 0.07 002 - - 0.01 0.01 1.68
ethyl acetate 0.77 -- 008 023 007 006 003 ---- - 001 1.25
cyclohexane 1018 - 084 6.21 239 383 307 15821 08 043 183 32.34
Pentane 1.76 -- 048 192 018 036 021 - @ - - - - 491
Acetone 5.66 - 108 049 194 067 050 -- —— e e 10.34
Isopropanol 651 030 060 13 - 016 014 - -- - -- 9.06

Different PAHs were found in the solvents. Cyclofes had the highest PAH content (32i8#fkg) whereas
tetrahydrofuran had the lowest PAH content (Qu8kg). The detected PAHs were mainly light PAHshsas Na, F,
Phe, and Pyr because most organic solvents wetiledisby cracking and fractionating crude petrateuThe
polarities of certain PAHs were similar to thosetlt# organic solvents. Sometimes azeotropes amgetbbetween
organic solvents, which are very difficult to reneoand thus affect PAH determination. To removelyicgrides
present in oil and fat, 50—100mL of organic solweas used during oil pre-treatment (SPE, liquidsligextraction,
LC-LC extraction). After a series of extraction,rification, and concentration steps, the solventdacentrated,
thereby affecting PAH determination. The developedhod, which relies on the direct dissolution dibée oils, can
greatly reduce interferences from organic solvents.

Tetrahydrofuran, acetone, and isopropanol areieflicat dissolving oils and can also be used ferliduid phase.
Tetrahydrofuran has been used to dissolve edilddai HPLC analysis because it has the lowest BAhtent.
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I nterference by Vitamin E

Qils are rich sources of vitamin E. Vitamin E, wiibas strong fluorescent properties, affects PAtérdanation.

Figure 2 shows the chromatogranefitamin E,B-vitamin E,y-vitamin E, and-vitamin E. The polarity of vitamin
E is weaker than that of PAHs. As a result, vitafBielutes later than PAHs in a reverse phase caldie four

vitamin E forms eluted at 40—-45 min; PAHs elutefbbe 36 min. Consequently, vitamin E does not feter with

PAH determination.
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Fig.2. chromatogram of Vitamin E

Validation Sudy

Calibration, LOD, and Limit of Quantification

Calibration was performed using standard PAH meduat six different concentrations: 0.5, 1, 2,&, 20, and 50
pg/L (conversion to the samples of 2, 4, 8, 20, 40 aiug0kg for all 12 PAHSs. The linearity of the calibration
curves was assessed by the peak area. Good §neastobserved in the concentration range studitdogrrelation
coefficients >0.999.

Detection and quantification limits were calculabaxin the concentrations corresponding xaBd 1&, respectively,
of the standard deviation of the blank noise. Tdwlts are shown in Table 2.

The limits of quantification were ¢/kg for most PAHs. The concentrations of PAHtimoil samples were within
the linear range, except for the crude coconuarmd virgin olive oil, which had high PAH contentiserefore, it was
necessary to dilute these samples.

Table 2. Limit of quantification, working linear range, and precision of the developed method

PAHSs Limit of detection Limit of quantification Linear range Intra-day Inter-day
[pa/kal [Hg/kg] [no/kal precision% precision%
Na 0.12 0.41 2-200 3.26 212
Ace 0.38 1.27 2-200 5.14 4.00
F 0.11 0.36 2-200 0.75 3.90
Phe 0.14 0.47 2-200 1.20 1.93
Ant 0.26 0.87 2-200 6.61 10.40
Flu 0.61 2.04 2-200 7.69 5.44
Pyr 0.24 0.79 2-200 7.51 11.59
BaA 0.15 0.50 2-200 8.91 7.76
Chr 0.27 0.90 2-200 8.96 5.84
BbF 0.20 0.66 2-200 4.25 4.62
BkF 0.07 0.24 2-200 1.49 3.14
BaP 0.07 0.23 2-200 2.97 6.02

Intra-day precision of a 0.5 pg/L standard solufios 6); inter-day precision of a 0.5 pg/L standastlison (n = 6).
Linear range of 2—20Qg/kg (equivalent to the 0.5-50 pg/L standard)
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The precision of the assay was assessed durirggdhses by intra- and inter-day analysis of sixiogés of a 0.pg/L
standard solution. The results are shown in Tabl&h2 intra-day precision was 0.75-8.96% and ther-iday
precision was 1.93-11.59%. The results revealedttieadeveloped method had good reproducibility pretision.
Additionally, the results revealed that the methad satisfactory for the determination of PAHsatuig/L level [17].
These results were similar to those obtained bgra#searchers.

Recovery and Precision
Recovery experiments were carried out by spikirigleails with three PAH concentrations (0.5, Za6d 5 pg/L); the

PAH content in the oils were 2, 10, and 26/kg, respectively. The spiked samples and blanie vemalyzed in
duplicate. Figure 3 shows the chromatogram obtairmed the blank spiked with gg/kg of PAH.

Recoveries were calculated from the differenceh@énPAH content between the spiked samples andldmk. The
recovery results are shown in Table 3.

Table 3. Recovery of the method

Recoveries [%]

PAHs Fortified at 2ug/kg Fortified at 1Qug/kg Fortified at 2Qug/kg
Na 90.7
Ace 90.5 95.4 93.6
F 90.6 93.6 94.0
Phe 93.8 95.2 89.6
Ant 88.9 88.6 92.6
Flu 87.6 91.5 92.5
Pyr 94.3 97.4 88.8
BaA 93.8 94.0 93.0
Chr 95.7 97.3 92.4
BbF 90.2 96.2 95.7
BkF 96.5 89.8 97.6
BaP 98.7 94.5 98.4

The recoveries were 8%88.7%. The recoveries of low molecular mass PAHs (8la, Ace, F, Phe, and Ant) were
88.6—95.2%, which were higher than those obtainedtber analytical methods [14, 16]. The recoveaéshese
PAHs were higher because there is no evaporaticorentration steps in the developed HPLC-bassttiod.

Table 4. PAH content (ug/kg) in different edible oils

oil sample Na Ace F Phe Ant Flu Pyr BaA Chr BbFBkF BaP Total PAHs light PAHs heavy PAHs
peanut oil 6.56 nd 4.5232.08 3.4820.28 22.32 13.36 3.08 4.96 2.72 492 118.28 105.68 12.60
peanut oil 396 nd nd 360 nd nd 432 nd 44 nd 060 16.88 16.28 0.60
cotton oil 5.04 0.84 nd 10.321.643.24 572 152 120140 nd 1.04 3196 29.52 2.44
cotton oil 420 nd nd 412 nd nd 220 nd nd nd nd65 16.28 10.52 5.76
cotton oil 076 nd nd 348 nd nd nd 168 nd nd n®d22 884 5.92 2.92
virgin olive oil 386.92 nd 2.52 16.16 nd nd nd nd nd nd nd nd 405.60 405.60 nd
virgin olive oil 12532 nd 068 11.88 nd nd 280 196 nd nd nd nd 142.64 142.64 nd
virgin olive oil 444 nd nd 8.64 nd 3.362.80 nd nd nd nd nd 19.24 19.24 nd
virgin olive oil nd nd nd nd nd nd nd nd nd nd nddn nd nd nd
virgin olive oil 40.48 nd 18.2485.244.0413.24 756 2.80 nd 1.08.68 0.28 174.64 171.60 3.04
rapeseed oil 484 nd nd 484 nd nd 5.88 nd nd nd 2nt6 17.72 15.56 2.16
rapeseed oil nd nd nd 312 nd 105228 nd nd nd nd nd 14.92 14.92 nd
rapeseed oil nd nd nd 624 nd nd 172 036 nd nd nd 8.32 8.32 nd
rapeseed oil nd nd nd 200 nd nd 320 240 nd 082156 10.96 7.60 3.36
sunflower oil nd nd nd 424 nd nd 128 104 140 nd nd 7.96 7.96 nd
sunflower oil 136 nd nd 236 nd nd 148 260 ndl1211.600.84 11.36 7.80 3.56
sunflower oil 256 144 nd 500 468nd 244 156 nd 16848172 2452 17.68 6.84
sesame oil nd 816nd 17.00 nd nd 11.00 nd 352 3.081.20156 4552 39.68 5.84
sesame oil nd nd 92.726.88 nd 61.08131.40126.96 nd nd 8.2811.32 638.64 619.04 19.60
sesame oil nd nd nd 23.3nd 8.32 33.16 1.44 18.443.04 0.723.32 91.76 84.68 7.08
safflower oil 1.28 18.60nd 248 7.00nd 1.36 nd nd nd nd nd 30.72 30.72 nd
safflower ol 552 nd nd 7.80 nd 10.721.60 10.16 4.96 13.16 nd 15.56 79.48 50.76 28.72
grape-kernel oil 096 188nd 212 nd nd nd nd nd 14&d nd 8.28 4.96 1.48
grape-kernel oil nd nd nd 136 nd 4.20nd nd 092 nd 0.44 nd 6.92 6.48 0.44
rice bran oil 388 144nd 752 nd nd nd nd 1.84nd 3.400.96 19.04 14.68 4.36
linseed oil 25.08 nd 3.92 29.32 2.7219.00 15.84 nd nd nd 132292 100.12 95.88 4.24
fish oil 16.08 nd 11.0410.401.124.72 596 184 nd nd 042.04 53.20 51.16 2.04
camellia japonicaseedoil 284 nd nd 1.00 nd nd ndnd nd nd nd 056 4.40 3.84 0.56

nd:not detected
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Sample Deter mination
The developed method was used to determine thedeitént in 29 edible oils to assess its effectigsn&he results
were shown in Table 4. Different PAHs were detedtetthe edible oils.

The results revealed that 3.44% of the oils wek@idieof PAH, 96.56% of the oils contained differéypes of PAHS,
and 72.41% of the oils contained heavy PAHs. Tilewdth a total PAH content above 28/kg were 41.38% and
heavy PAHs exceedif/kg were 24.14%.

CONCLUSION

In this study, a simple and rapid method for theedrination of PAHs in edible oils was describedmples were
dissolved in solvents and separated by HPLC. PA&te detected by fluorescence. Compared to traditimethods,
the developed HPLC-based method significantly reddbe amount of solvent used. Furthermore, thiodes fast:
the developed method requires <60 min whereadiadl methods require 10 h.

The developed method exhibits excellent precisiwh sensitivity and satisfactory recoveries. Thehmétimproved
recoveries of PAHSs, particularly the lighter PAHBhe recoveries of PAHs at the tested concentrativese
87.6-98.7%.The PAHs showed a linear response atS0.5ug/L with correlation coefficients >0.999. Alf these
features make this method suitable for routine R#kermination and analysis.

The developed method has been used for PAH detatiminin vegetable oils. Rapeseed oil, peanutotive oil,
cotton oil, sesame oil, and safflower oil containedable levels of total PAHs. Similar to the fings of Balenoic et
al. [11] and Pandey M.K et al. [18], some oil sagsphad a total PAH content >25 ppb. PAHSs pollutioedible oils
become a common problem with the development afstréhl production, we must take some necessargunes to
control its further generation and deterioration.
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