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The occurrence of polycyclic aromatic hydrocarbons (PAHS) in five samples of olive pomace oil has
been studied to determine the contamination degree of this type of oil and to evaluate if specific
purification steps must be introduced during its manufacture. The PAHs present have been determined
by gas chromatography—mass spectrometry. A high number of PAHs, with a wide range of molecular
weights and in very high concentrations, have been found in four of the samples studied. A very high
number of alkyl derivatives and, in many cases, in higher concentrations than their respective parent
PAHSs, have also been identified. One of the samples, however, presents a more reduced number of
PAHs and in significantly lower concentrations than the others. These findings reveal that it is
necessary to introduce adequate cleanup steps in the manufacturing process of olive pomace oil,
which can give rise to oils with a relatively low content of PAHS. Some carcinogenic PAHs have also
been identified, both unalkylated and alkylated.

KEYWORDS: Polycyclic aromatic hydrocarbons; olive pomace oil; gas chromatography; mass spec-
trometry

INTRODUCTION Olive pomace oil contains proportions of the different acyl
groups similar to those in olive and in virgin olive oils, slightly
The presence of polycyclic aromatic hydrocarbons (PAHs) lower in oleic and higher in linoleic and saturated acyl groups
in a wide variety of vegetable oils has been revealed by the (12); however, even though olive pomace is a rich source of
studies of many authorsl£9). The occurrence of PAHs in  antioxidants (13), its oil is slightly poorer than virgin olive oil
edible oils is attributed mainly to environmental contamination in natural antioxidant components, probably due to their
of the vegetable raw material and to contamination coming from €limination during refining (14). It must also be noted that the
some operations carried out during their processing, such asmanufacturing processes of each type of oil derived from the
seed drying or solvent extraction, although some authors indicateolives are different, to such an extent that it can determine the
that the endogenous origin of some PAHs cannot be totally PAH contamination level of the final product. The influence of
discarded (510). Among all of the vegetable oils, olive oil is  the manufacturing process on PAH contamination is clear in
highly appreciated not only for its excellent organoleptic and the case of some types of vegetable oils, such as coconut oil,
nutritious characteristics but also for its known healthy properties Where very high concentrations of this type of contaminant have
(11). For these reasons, its consumption is increasing continu-been found in the crude product (without refining), which can
ously. also appear in the refined oil if no specific cleanup stage is
Different types of oils can be obtained from the fruit of the Carried out during its processing (85).
olive tree: virgin olive oil, obtained solely by mechanical or A wide range of PAH concentrations have been found in olive
other physical means under conditions that do not lead to 0Oils and in virgin olive oils {, 3, 4, 6, 8, 9, 16, 17); however,
alterations in the oil and which has not undergone any treatmentlittle attention has been paid to olive pomace oil, which is
other than washing, decantation, centrifugation and filtration; usually employed in the frying or cooking of foods and also in
refined olive oil, obtained from virgin olive oils by refining  canned food. To the best of our knowledge, only two papers
methods that do not lead to alterations in the initial glyceridic have been published on the occurrence of PAHs in this type of
structure; olive oil, which is a blend of refined and virgin olive  0il (9, 18); moreover, they refer to only a reduced number of
oil fit for consumption as it is; and olive pomace oil, which is these toxic contaminants.
obtained by treating the solid residue remaining after the It must be pointed out that until now the European Union
extraction of olive oil (olive pomace) with solvents, excluding has not established legal limits for PAHs in edible oils. However,
oils obtained from re-esterification processes and from any in Spain, a legal disposition was put into effect in July 2001
mixture of oils with other properties. (19) limiting the concentrations of eight PAHs in olive pomace
oils: benzp]anthracene, benzoffluoranthene, benz&[fluo-

* Corresponding author (telephone 34-45-013081; fax 34-45-013014; ranthene, benzole]pyrene, benzo[a]pyrene, indeno[Ld]3-
e-mail knpgulod@Vvf.ehu.es). pyrene, dibeng,hlanthracene, and benzbiijperylene; a similar

10.1021/jf035259q CCC: $27.50  © 2004 American Chemical Society
Published on Web 03/12/2004



2124 J. Agric. Food Chem., Vol. 52, No. 7, 2004 Guillén et al.

approach was put into practice in Ital®(). Previously, DGF standards. These were acquired as pure compounds from Supelco

had proposed 2&g/kg as a limit for total PAHs and Bg/kg (Bellefonte, PA) except for pyrenedl which was purchased from

for the sum of heavy PAHs10) and, recently, the Canadian Symta (Madrid, Spain), and different solutions containing a mixture

Food Inspection Agency has suggested correcting results on the?f them were prepared in dichloromethane or cyclohexane.

basis of toxic equivalency factors (TEFQL1) It must be pointed out that some of the PAH standards above-
Due to the few studies on the resencé of PAHSs in olive mentioned are cancer suspect agents, so precautions must be taken in

I . P L the handling of these compounds. The purity of all pure PAH standards
pomace oil, in this paper some samples of this oil have been

. A } ; ranged from 97 to 99.5%.
studied. The study has been carried out following a classical \ethodology. Before the treatment of the samples for the determi-

SCheme for PAH '_50|5_’-t|0n and subsequent separation, identifica-nation of PAHs is begun, two aspects related to the procedure must be
tion, and quantification by gas chromatograptmgass spec- noted. First, it must be guaranteed that all of the glassware is free of
trometry (GC-MS) operating in scan and in selective ion PAHSs. For this purpose, it is recommended that all the glass be cleaned
monitoring (SIM) modes. The aim of this work is to study those with dichloromethane, several times, in an ultrasonic bath, concentrating
PAHSs present in the samples selected and capable of determithe washing solvent and analyzing the concentrate by GC-MS in SIM

nation by GC-MS, to determine the degree of PAH contamina- mode to check for the absence of residual contamination. Second, the

tion of olive pomace oil, and to assess the need to introduce purity of the solvents employed should be carefully monitored in order
adequate cleanup steps for PAHs during the manufacture of thisto avoid the incorporation of impurities and even of additional PAHs
oil. to the samples of study. _
The scheme of the methodology employed for the study of the oils
is shown inFigure 1.

MATERIALS AND METHODS The extraction of PAH$rom the oil samples was carried out by

Samples.The samples are five different commercial olive pomace taking as the starting point the liquidiquid partition scheme with
oils, designated OP1, OP2, OP3, OP4, and OP5. Samples OP4 DMSO described by Natusch and Tomkins (22); it must be pointed
were acquired prior to the year 2001, before the Spanish order of July out that the ratio of 2 volumes of water to 1 volume of DMSO employed
25th (L9), and OP5 was acquired during the year 2002, after the previous for these authors was changed to a ratio of water/DMSO of 2.4/1,
order. These olive pomace oils are blends of refined olive pomace oil because a better separation of phases in the subsequent extraction of
and virgin olive oil; the latter is added in a small proportion to improve PAHs with cyclohexane was observed with the latter proportion. This
the organoleptic properties of refined olive pomace oil. Each sample same ratio has also been used by Garcia Falcon eR3).if the

was studied in duplicate. determination of benza]pyrene in lipid soluble liquid smokeThe
Reagents and Materials.The solvents employed werehexane  cleanup procedurdy SPE silica tubes was performed according to

for analyses, dimethyl sulfoxide (DMSO) for spectroscopy, cyclohexane that in a previous paper (24).

and methanol, both of HPLC grade (99%), and dichloromethane Samples OP3 and OP4 were subjected talkaline treatmenafter

(99.8%). Other reagents and materials used were potassium hydroxidethe whole procedure, because their analyses by GC-MS in scan mode
sodium chloride, anhydrous sodium sulfate, and Supelclean LC-Si solid showed that they contained fatty acids. For this purposk.,.2 g of
phase extraction (SPE) tubes, 3 mL (500 mg). All solvents, reagents, potassium hydroxide dissolved in 100 mL of a mixture of methanol
and materials mentioned are commercially available from Riedel-de and distilled water (9:1 v/v) and boiling chips were added to the
Haén (Seelze, Germany), Merck (Darmstadt, Germany), Aldrich previous samples, and the whole mixture was refluxed for 4 h. The
(Steinheim, Germany), Panreac (Barcelona, Spain), Symta (Madrid, resulting mixture was diluted with 100 mL of methanol/water (8:2,

Spain), and Supelco (Bellefonte, PA). vlv), and PAHs were again extracted with cyclohexane. This extract
Four groups of PAH standards were used for the identification and was concentrated to a smaller volume in a rotary evaporator &€40
quantification of the PAHs present in the samples: dried over anhydrous sodium sulfate, and concentrated to 1 mL in a

(1) A commercial mix of PAHs dissolved in a mixture of dichlo-  rotary evaporator first and then under a nitrogen stream. This second
romethane/benzene (75:25), contained naphthalene, acenaphthenextract was injected directly into the gas chromatograph. When the
acenaphthylene, fluorene, phenanthrene, anthracene, fluorantheneguplicates of the samples needing alkaline treatment were performed,
pyrene, benzo[c]phenanthrene, benz[a]anthracene, chrysene, 7,12this step was included after the extraction of PAHs with cyclohexane.

dimethylbenzfjanthracene, benzoffluoranthene, benzgfluoranthene, The identification and quantification of PAKgas carried out with
benzo[Kk]fluoranthene, benzo[a]pyrene, 3-methylcholanthrene, indeno- a Hewlett-Packard gas chromatograph model HP 6890 series, equipped
[1,2,3cd]pyrene, dibenz,hjanthracene, benzghilperylene, dibenzo- with a mass selective detector 5973 and a Hewlett-Packard Vectra XM
[allpyrene, dibenzd,i]pyrene, and dibenzalh]pyrene, in concentra- series 4 computer. The column used was a fused-silica capillary column
tions of ~500ug/mL. This mix was obtained from Supelco (Bellefonte, (60 m longx 0.25 mm i.d.x 0.25um film thickness), coated with a
PA). nonpolar stationary phase (HP-5MS, 5% phenyl methyl siloxane). The

(2) Commercial individual cyclohexane solutions of 1,7-dimethyl- operation conditions were the following: the oven temperature was
naphthalene, 1,4-dimethylnaphthalene, 1,5-dimethylnaphthalene, 1-methset initially at 50°C (0.50 min hold), increased to 13C at 8 °C/min
ylphenanthrene, 3,6-dimethylphenanthrene, 2,3-dimethylanthracene,and again increased to 29G at a rate of 3C/min (50 min hold); the
9,10-dimethylphenanthrene, 2-methylfluoranthene, 1-methylfluoran- temperatures of the ion source and the quadrupole mass analyzer were
thene, 1H-benzof]fluorene, 1-methylpyrene, 6-methylbeaidn- kept at 230 and 158C, respectively; helium with a purity of 99.999%
thracene, 7-methylberglanthracene, 3-methylchrysene, 2-methylchry- was used as carrier gas at a constant flow of 1.0 mL/min; injector and
sene, 5-methylchrysene, 4-methylchrysene, 6-methylchrysene, 1-methyl4transference line temperatures were held at 290 and®’G0@espec-
chrysene, dibenafjlanthracene, benzgfchrysene, picene, anthanthrene, tively; pulsed splittess mode was used for injection with a pressure
coronene, and dibenzo[a,e]pyrene were in concentrationslofug/ pulse of 30 psi, and AL of each sample was introduced into the gas
mL. All of these solutions were purchased from Symta (Madrid, Spain). chromatograph. The data acquisition modes employed were scan and

(3) Pure PAHSs included 1,6-dimethylnaphthalene, 2,6-dimethyl- SIM. Scan mode was used to determine the type of compounds present
naphthalene o-terphenyl, 2-methylanthracene, 9-methylanthracene, in the samples, whereas SIM was used to identify and quantify the
m-terphenyl, 11H-benzo[a]fluorene, 11H-benzol[b]fluorene, benzol[e]- PAHs present.
pyrene, and perylene, all of which were obtained from Sigma-Aldrich Identification of the compounds was based on their retention times
(Steinheim, Germany); 2,3-dimethylnaphthalene, from Symta (Madrid, and on the relative abundances of the specific ions selected for each
Spain); andp-terphenyl, from Merck (Darmstadt, Germany). All of  PAH. Quantification in SIM mode is based on the measurement of the
these standards were used to prepare different solutions in dichlo- peak area corresponding to the most abundant ion of each compound
romethane or cyclohexane. and was carried out by the internal standard quantification method.

(4) Naphthalenals, acenaphthendr, phenanthreneho, pyrenee, For this purpose, a calibrant solution was prepared with the different
p-terphenyl-gs, chrysene-¢, and perylene-g were used as internal PAH standards previously mentioned and was spiked with the same
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Oil sample
(11-14 g)

«—— Deuterated Internal Standards

| DILUTION with 25 ml of n-HEXANE‘

EXTRACTION of PAHs with 50 ml of DMSO
in three stages

v v
Discard ~ €— Oil+n-Hexane DMSO+PAHs

ADDITION of 120 ml of DISTILLED WATER+6 g of Na Cl

|

BACK-EXTRACTION of PAHs with 150 ml of CYCLOHEXANE
in three stages

v v
Discard ~<€— DMSO+Water Cyclohexane+PAHs
R e et
| WASHINGS of the extract |

Concentration ————>

¢ ALKALINE TREATMENT 3 ’ Drying on anhydrous sodium sulphate |

Concentration to 1 ml ——

‘ CLEAN-UP on SPE Silica Tubes‘

.................................................... > «— Concentration to 1 ml

IDENTIFICATION and QUANTIFICATION of PAHs
GC-MS (SIM)

Figure 1. Scheme of the methodology employed for the study of the olive pomace oil samples.

internal standard solution as the one used to spike the samples.As has already been mentioned, it is necessary to emphasize
Naphthaleneglwas used for quantification of naphthalene and its the importance of the purity of the solvents employed for the
methyl derivatives; acenaphthedgrfor acenaphthylene and acenaph-  axtraction of PAHs because, given the large volumes often
thene; phenanthrershy for phenanthrene, anthracene, and their methyl employed in these methodologies and the concentration degree
derivatives; pyrenegfor fluoranthene and pyrengsterphenyl-ds for in the final extracts, they can represent a significant source of

m-terphenyl,p-terphenyl, benzofluorenes, and methylfluoranthenes/ . . .
pyrenes: chrysenes for benzBjanthracene, chrysene, and their methyl interference. Nor must it be forgotten that many organic solvents

derivatives: and, finally, perylenecgfor PAHs with higher molecular  are derived from coal tar or petroleum, materials very rich in
weights. The response factors of each compound, relative to the internalPAHS, so the potential presence of PAHs should also be
standard chosen for its quantification, were calculated for each sample.considered (25). However, as far as we know, there are very
The response of the detector in SIM mode to different concentrations few studies dealing with the determination of PAHs in com-
of analytes is linear within 4 magnitude orders0(01—100 ng), with mercial solvents6), and very little work has been done in the
a correlation coefficient0.99. past decades. To verify if the solvents used for the determination
of PAHSs in oils contained PAHSs, it was decided to study two
RESULTS AND DISCUSSION commercial brands of hexane (H1 and H2) and two of
In relation to the methodology, it is worthwhile mentioning cyclohexane (CH1 and CH2). Moreover, in the case of cyclo-
that every procedure for the determination of any contaminant hexane, samples from two bottles of the same brand were also
in low concentrations, as is usually the case of PAHs, should taken (designated A and B), to determine if there were
aim to obtain extracts as free as possible from compounds whichdifferences from one to another. The results obtained, expressed
can hinder the identification and quantification of the analytes as micrograms per liter, are presentedTiable 1. It can be
of interest. Therefore, given that obtaining of clean extracts is observed that there are great differences in the PAH contents
often a difficult task in the study of complex matrices such as of the solvents studied, not only between solvents but also
foodstuffs, the incorporation of additional interfering compounds between brands of the same solvent, even though these
at any stage of the process should be avoided or minimized. differences are more noticeable in the case of hexane. Thus,
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Table 1. PAHSs Identified in Different Commercial Brands of n-Hexane (H1 and H2) and Cyclohexane (CH1 and CH2), and in Different Bottles of the
Same Brand of Cyclohexane (A and B), and Their Concentrations, in Micrograms per Liter, Expressed as Mean Value + Standard Deviation

PAH H1 H2 CHI-A CH1-B CH2-A CH2-B
naphthalene 0.27 £ 0.02 3.33+0.06 0.09£0.01 0.04 £0.01 0.25+0.01 0.10+0.01
2-methylnaphthalene =2 5.09 +0.05 0.01+0.00 0.01+0.00 0.05£0.02 0.02 +0.01
1-methylnaphthalene 0.05+0.01 4.17+0.07 0.01+0.00 0.01£0.00 - 0.02+£0.01
2,6-dimethylnaphthalene - 11.16 +0.09 <0.01 <0.01 - -
1,7-dimethylnaphthalene - 13.44 +0.82 0.01+0.00 <0.01 - 0.01°
1,6-dimethylnaphthalene - 11.49+0.14 0.01+£0.00 <0.01 - 0.01°
1,5-dimethylnaphthalene - 2.85+0.02 - - - -
fluorene - 1.34+0.01 - - - 0.02+0.01
phenanthrene - 2.92+0.04 0.01+0.00 <0.01 0.03+0.00 0.02 +0.01
3-methylphenanthrene - 3.17+0.04 - - - -
2-methylphenanthrene - 4.26 £0.04 - - - -
9-methylphenanthrene - 4.14+0.02 - - - -
1-methylphenanthrene - 2.30£0.00 - - - -
dimethylphenanthrene or isomer 1 - 1.38 £ 0.06 - - - -
dimethylphenanthrene or isomer 2 - 1.58 £ 0.00 - - - -
dimethylphenanthrene or isomer 3 - 1.20 £ 0.06 - - - -
dimethylphenanthrene or isomer 5 - 6.13+0.04 - - - -
dimethylphenanthrene or isomer 6 - 2.77+0.00 - - - -
dimethylphenanthrene or isomer 7 - 1.61+0.04 - - - -
dimethylphenanthrene or isomer 8 - 0.84 £0.02 - - - -
dimethylphenanthrene or isomer 9 - 1.10 £ 0.02 - - - -
dimethylphenanthrene or isomer 10 - 0.33+£0.01 - - - -
fluoranthene - - <0.01 - - 0.01+0.01
pyrene - 0.20£0.02 <0.01 <0.01 - 0.01+£0.01
1-MFt¢ + 11H-benzol[a]fluorene - 0.19+0.00 - - - -
methylfluoranthene or isomer 4 - 0.14£0.00 - - - -
methylfluoranthene or isomer 5 - 0.27 +£0.01 - - - -
1-methylpyrene - 0.14 +0.00 - - - -
o-terphenyl - - 0.01+0.00 - 0.10+0.01 0.01°
m-terphenyl - - - <0.01 - -
p-terphenyl - - 0.02+0.00 <0.01 - 0.02°
methylchrysene or isomer 3 - 0.19+0.01 - - -
2-methylchrysene - 0.08 £0.00 - - -

a Not identified. P Identified in only one of the aliquots. ¢ 1-Methylfluoranthene.

whereas in sample H1 only 2 PAHs have been identified, in peudnes
H2, 29 PAHSs have been found, in concentrations ranging from | s 2a
0.08ug/L of 2-methylchrysene to 13.44g/L of 1,7-dimethyl- 000000
naphthalene. In contrast, the analysis of different bottles from | e
the same brand reveals that there are very small differences in| ...
their PAH contents. These findings are in agreement with those bl o LJ 77777 ) _
of |_|J|nsky and Raha 26), who studied different commercial Zi;u;:m;o‘oo 1500 2000 2500 3000 2500 4000 4500 8000 5500 6000 6500 7000 7500
solvents, including hexane, and found that all of the solvents

examined contained PAHs. They also observed that the con-
centrations of these compounds varied widely, even among
solvents of the same grade from the same manufacturer, but w
the highest number and concentrations of PAHs were found in ‘ LL M[W L
one sample of hexane, too. Nevertheless, unlike the results Off,... %k i wn Ho w0 o0 50 500 =0 000 0 705 700

these authors, which revealed the presence of high molecularsy e 5 Total ion chromatograms corresponding to 45 mL of cyclohexane
weight PAHs in the solvents studied and, in some CaSes, cH1-A concentrated to 1 mL (a) and to 25 mL of cyclohexane CH2, also

carcinogenic ones, such as bejafithracene or benzajpyrene, concentrated to 1 mL (b). LH: Linear hydrocarbons.
all of the PAHSs identified in the solvents here studied are

compou_nds With_ two, thre, and_ four ‘aromatic rings and, to 45 mL of solvent and the second to 25 mL, concentrated to
predominantly, with two and three rings. Moreover, PAHSs larger 1 mL in both cases. It can be observed that, although the volume

than fluoranthene and pyrene have been found only in sample A . )
H2. It must be pointed out that no carcinogenic PAHs are of sample CH2-A is a.pprOX|mater. half that of CHl. A, the
amount of compounds in the former is far higher than in sample

present. Recently, Mottier et aRY) have also pointed out the CHI-A. Moreover, in cyclohexane CH2, many of these com-

presence of traces of some of these compounds in the solvents ounds are linear hvdrocarbons (LH). some of which interfere
used for the determination of PAHSs in barbecued meat sausagesp ith the determi t'y ¢ P(AH), fint ¢ and th
The highest contaminations were observed for naphthalene (1.5WI € determination of some S orinterest, and they can

uglkg), phenanthrene (0.4g/kg), pyrene (0.5ug/kg), and be difficult to remove when their concentrations are high.
fluoranthene (0.2tg/kg). It is clear from the above results that not only the purity of

To obtain an idea about the presence of impurities in the the solvents must be checked but also their PAH content,
solvents employed, samples of the two different brands of because the presence of variable concentrations of these
cyclohexane (CH1 and CH2) were also analyzed in scan mode.compounds can lead to mistaken data, especially in the case of
Figure 2 shows the total ion chromatograms of samples CH1-A low PAH content samples. Therefore, it is recommended that
(Figure 2a) and CH2-A Figure 2b). The first one corresponds  commercial solvents be analyzed before use, to verify both their

8000000 2b
6000000)

4000000

20000001
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bandance decanoic acids previously mentioned and elute at the same time

20407 3a as fluoranthene and pyrene, disappear with the treatment,
1gesor allowing a correct identification of these PAHs.

180407 The recoveries of the deuterated internal standards added to
140407 the samples at the beginning of the process we88% except
120007 for naphthalenegland acenaphtherdyn, which were lower

toxcr (51.94 and 61.13%, respectively). It must be pointed out that
6000000 the recovery of naphthalertg-is lower in the samples subjected
60000001 to the alkaline treatment (38.11%). The detection limits of the
4000000 heaviest PAHSs in the oil samples are approximately (.66
2000000 kg for indeno[1,2,3-cd]pyrene and its isomers, Ouljikg for

oLt B WRNRIOR Y [ S benzoB]pyrene and its isomers, and, finally, 0.28/kg for
m‘;:m 1 .00 2000 2500 30.00 3500 4000 4500 5000 5500 6000 €500 70.00 7500 80.00 d | be n Z O pyre n eS .

20407 3b The PAHs identified in the samples studied and their
180407 concentrations, in micrograms per kilogram, expressed as mean
180407 values+ standard deviation, are givenTiable 2 The asterisked
s compounds have been identified by comparison with reference
120007 standards. This table also shows the total PAH concentrations,

as well as the concentrations corresponding to parent PAHs and
alkyl derivatives separately. It can be seen that a very high

1e+07-

80000001
— number of PAHs (71), with a wide range of molecular weights
o and aromatic ring numbers, have been identified; thus, com-
2000000 ‘JJL pounds of both low molecular weight (naphthalene, acenaph-
B VIO TUUIN A, S thylene, and acenaphthene) and high molecular weight (coronene
Mime—> 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 €000 6500 700C 75.00 80.00 and dlbenzopyrenes) Can be Observed |t must be pOII’]ted Out
Figure 3. Total ion chromatograms of two extracts of sample OP4, one that more than a half of the PAHs identified (38) are alkyl
before the alkaline treatment (a) and the other, after (b). derivatives, of both light (naphthalene and phenanthrene) and
heavy PAHs (chrysene, benzopyrene, or isomer). It is also worth
lon 202 Pyrene 42| ton202 Pyrene 4b pointing out that, in this work, a high number of PAHs have
Fiuoranthene Fluoraninene ﬂ been identified which had not been studied by other authors
] [{ [ L earlier, such as the alkyl derivatives of besiznthracene and
s m;{ e e u.w"m Pt chrysene or the dibenzopyrenes, which, paradoxically, include
o 200 . some of the compqunds W|th_the highest carcinogenic activities
e o (28, 29). Only Hopia et al.J) included 1,2,3,4-dibenzopyrene
g \\\ (dibenzo[a,l]pyrene) in their study on vegetable oils. As far as
- ;;j %ﬁh oy o e u,wﬂas_,w Pt we know, this is the first time that such an exhaustive study of
' the presence of PAHs in edible oils has been carried out.
fon 203 Y lon 203 Although there are many studies dealing with the determination
% \ of PAHSs in this type of food, most of them make reference to
= S e RS N U, a limited number of these compounds, which usually varies
it BR T wp Mh En v 2w between 6 and 16, all of them unalkylateld 4, 6—8, 16, 17).
Figure 4. Chromatograms of the ions selected for the identification of Moreover, there are studies in which bergpjrene is the only
fluoranthene and pyrene (202, 200, and 203), one before the alkaline PAH determined (30—32). However, it must also be said that
treatment (a) and the other, after (b). there are a few papers in which the number of PAHs is higher,
purity and the presence of PAHS, either to remove them or to Petween 20 and 3&(3, 5); some of these latter, besides, include
be taken into account in quantification. some alkylated PAHS3(5), although these compounds are not

Apart from the compounds that can come from the solvents, taken into account by most of the authors. _Despite this, t_he
there are others present in the samples in this study, such afresent study shows the great number and high concentrations
fatty acids, which not only interfere in the determination of some ©Of alkylated PAHSs in olive pomace oil. Therefore, in view of
PAHs by GC-MS but also are detrimental to the equipment. this fl_ndlng, it seems clear that the determination of these
For these reasons, when acids are present in the oil extracts, agubstituted PAHs cannot be overlooked.
alkaline treatment is necessary to remove them. To illustrate As can be observed in Table 2, the highest number and
the effect of this treatmenigure 3 shows two chromatograms ~ concentrations of PAHs are found in samples ©RP4, which
of sample OP4, one before the alkaline treatmé&igure 3a) obviously have not been adequately purified during their
and the other afterward=i{gure 3b). It can be observed that manufacturing process. It must be noted that although the
the large peak irFigure 3a, corresponding to a mixture of numbers of compounds identified in these samples are very
9-octadecenoic acid (oleic acid) and hexadecanoic acid (palmitic similar (60-69), the total PAH concentrations vary widely from
acid), is removed from the extract after the alkaline treatment, 831.75ug/kg in sample OP4 to 3199.7&y/kg in OP1. It is
as can be seen Figure 3b. Figure 4 shows the chromatograms  also observed that the total concentrations of alky! derivatives
of the three ions selected for the identification of fluoranthene in samples OP1, OP2, and OP4 are higher than those of parent
and pyrene (202, 200, and 203), before (Figure 4a) and after PAHs, especially in the latter. With regard to individual PAH
(Figure 4b) the alkaline treatment. It is observed that the concentrations, sample OP4 has the highest concentrations of
interfering ions with mass-to-charge ratios of 200 and 203, naphthalene and its alkyl derivatives; sample OP2 has the highest
which come from the mixture of 9-octadecenoic and hexa- concentrations of phenanthrene, anthracene, fluoranthene, pyrene,
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Table 2. PAHSs Identifed in Olive Pomace Oil Samples, Together with the Major lons Selected for Their Identification in SIM Mode (in Parentheses),
Their Number of Rings (n), and Their Concentrations, in Micrograms per Kilogram, Expressed as Mean Value * Standard Deviation (lons in Bold

Correspond to the Molecular lons)

PAH n OP1 OP2 OP3 OP4 OP5
naphthalene* (128, 126, 102) 2 1142 £1.77 4.95+1.06 1345+1.01 24.88 + 4.86 15.23+£0.51
methylnaphthalenes (142, 141, 115) 2 11.74 2.75 12.93 39.76 27.16

2-methylnaphthalene* 4.19+1.06 1.58+0.07 7.76 £0.58 22.05+4.38 14.71+£0.95
1-methylnaphthalene* 7.55 +1.82 117 £0.04 517+0.15 17.71£3.71 12.45 +0.69
dimethylnaphthalenes (156, 141, 155) 2 12.56 478 23.00 175.49 137.21
2,6-dimethylnaphthalene* 2.71+0.10 1.59+0.23 7.25+1.03 40.41 +13.42 31.20+2.64
1,7-dimethylnaphthalene* 2.90 +£0.68 151+0.11 7.34+0.33 4721 £11.32 36.63 £ 3.57
1,6-dimethylnaphthalene* 6.37£0.34 1.68 +0.07 6.71£0.35 43.41+15.53 32.95+2.72
1,4- + 2,3-dimethylnaphthalene* —a - - 22.25+10.08 18.10+1.64
1,5-dimethylnaphthalene* 0.58£0.21 - 1.70 +0.01 10.23£2.99 8.33+0.76
dimethyl-/ethylnaphthalene - - - 11.98 +4.05 10.00 +0.83
acenaphthylene* (152, 151, 153) 3 1.08 +0.22 1.56 +0.04 441+0.18 0.87£0.13 0.43+0.01
acenaphthene* (154, 153, 152) 3 0.45+0.09 0.50 +0.02 1.10+0.13 - 1.09 +0.01
fluorene* (166, 165, 163) 3 12.18 + 0.54 176 £0.14 2.08+0.13 327+0.13 2.88+0.08
phenanthrene* (178, 176, 179) 3 46.92 +0.10 83.53 +£1.97 35.49 + 0.64 14.22 £0.22 8.25+0.13
anthracene* (178, 176, 179) 3 6.32 +0.55 11.19+0.69 3.95+0.25 - -
methylphenanthrenes/-anthracenes (192, 191, 189) 3 90.47 149.14 51.91 35.54 25.08
3-methylphenanthrene 28.39 £ 2.55 48.02 + 0.66 16.23 +1.04 9.32+051 6.17+0.30
2-methylphenanthrene 15.77+1.01 25.09 +0.80 9.78 +£0.18 9.56 +0.71 7.16+0.28
2-methylanthracene* 8.08 £1.32 12.16 +1.52 3.42+0.13 - -
9-methylphenanthrene 14.66 +1.19 27.88 £1.27 7.95+0.33 8.86 +0.63 7.24+0.35
1-methylphenanthrene* 2357 +1.46 35.99 +0.50 1453 +1.15 7.80 £0.46 4,51 +0.00
dimethylphenanthrenes/-anthracenes (206, 191, 205) 3 130.84 168.06 89.67 46.06 29.66
dimethylphenanthrene or isomer 1 12.29+0.19 17.29+0.32 7.64+£0.24 417+0.33 2.69 £ 0.06
dimethylphenanthrene or isomer 2 16.68 £0.11 25.49 + 0.69 10.60 £ 0.32 511+0.59 2.81+0.04
dimethylphenanthrene or isomer 3 3.00+0.03 4.33+0.01 2.76 £0.08 270+0.24 1.79+0.01
dimethylphenanthrene or isomer 5 14.94 +0.28 22.52 +1.46 12.92 +0.64 14.06 + 0.81 11.68 +0.90
dimethylphenanthrene and/or isomer 6 63.60 +1.30 98.43 £5.06 45.19 +0.58 14.38 £2.23 7.84 £0.06
dimethylphenanthrene or isomer 7 13.23+0.77 - 10.56 £ 0.25 5.64 £0.75 2.85+0.01
dimethylphenanthrene or isomer 10 7.10£0.21 - - - -
o-terphenyl* (230, 229, 215) 3 353+0.92 1.99 124 +0.29 254 +0.29 0.39+0.09
fluoranthene* (202, 200, 203) 4 110.48 + 7.52 154.24 +0.83 91.89 £ 2.26 13.86 £ 0.72 371+0.17
pyrene* (202, 200, 203) 4 141.47 +18.76 211.76 + 14.36 133.24 +4.45 17.41+0.28 521+0.12
methylfluoranthenes/-pyrenes (216, 215, 213) 4 149.97 212.20 81.13 17.32 5.65
2-methylfluoranthene* 11.49+1.24 19.37 +1.34 6.30 +0.26 1.15+0.23 0.31+0.12
methylfluoranthene or isomer 1 16.51 + 0.04 52.12 £6.73 8.84 +0.06 1.74 +0.01 0.30+0.01
methylfluoranthene or isomer 2 31.84+£2.13 41.07 £5.76 19.81 + 0.66 3.52+0.27 0.81+0.02
methylfluoranthene or isomer 3 2.78+0.38 3.33+£0.31 - - -
methylfluoranthene or isomer 4 25.35+1.56 27.39+1.00 13.42 £0.28 3.26 £0.04 1.03 +£0.02
methylfluoranthene or isomer 5 30.70 £ 2.41 3425+ 2.67 16.29 +0.23 3.80 £ 0.06 1.87+0.20
1-methylpyrene* 31.30+2.28 34.67 +0.88 16.47 £0.30 3.85+0.02 1.33+0.11
1-MFt* + 11H-B[a]FI* (216, 215, 213) 4 31.07+£0.48 30.49 £ 4.63 18.73+0.04 4,00 +0.43 1.61+0.02
11H-benzolb]fluorene* (216, 215, 213) 4 7.84 +0.53 13.48 +0.27 5.91+0.64 1.15+0.15 -
11H-benzol[c]fluorene* (216, 215, 213) 4 458 +0.33 - 3.28 £0.06 - -
m-terphenyl* (230, 231, 228) 4 6.88 +£0.10 - 5.62 +0.06 1.34+0.12 0.61+0.02
p-terphenyl* (230, 231, 228) 4 6.17+0.18 8.41+0.25 4.35+0.07 1.02 +0.00 -
benz[a]anthracene* (228, 226, 229) 4 123.67 +14.51 82.32+7.52 62.19 +5.41 16.33£1.01 1.22 +0.06
chrysene*d + triphenylene* (228, 226, 229) 4 339.88 £ 1.42 190.32 +1.34 169.35+7.76 59.38 +2.63 467+0.14
methylbenz[a]anthracenes/-chrysenes (242, 241, 239) 4 596.30 288.71 320.14 118.83 6.89
methylbenz[a]anthracene or isomer 1 7.29+0.43 - - - -
methylbenz[a]anthracene or isomer 2 43.00 £ 0.27 2120 +1.99 23.19+0.96 8.75+0.33 -
methylbenz[a]anthracene or isomer 3 26.91+1.57 19.16 £6.31 271.25+6.37 7.14 +£0.06 -
3-methylchrysene* and/or isomer 320.60 +2.03 157.20 £ 33.71 172.67 £ 15.40 66.70 £ 0.43 5.74£0.20
2-methylchrysene* 68.65 + 1.44 31.14+0.76 34.40 +1.80 13.78 £ 0.33 -
4-* or 6*d-methylchrysene 16.99 + 0.63 8.07 £0.63 7.17+£0.35 2.94+0.07 -
1-methylchrysene* 112.86 + 3.00 51.94 £ 4.00 55.46 +£5.22 19.52 +0.72 1.15+0.01
dimethylbenz[a]anthracenes/-chrysenes (256, 241, 239) 4 693.50 331.90 306.15 78.31 -
dimethylbenz[a]anthracene or isomer 1 23.62+£3.97 12.41+0.09 - - -
dimethylbenz[a]anthracene or isomer 2 60.51 + 10.46 - 27.54+0.13 - -
dimethylbenz[a]anthracene and/or isomer 3 609.37 + 100.35 319.49+£5.92 278.61 +23.75 78.31+2.45 -
benzofluoranthenes (252, 250, 126) 5 237.03 124.00 107.32 39.15 141
benzofb]fluoranthene*d 108.63 + 4.47 61.79+1.73 50.64 +1.92 16.47 £ 0.60 0.66 +0.04
benzoj+k]fluoranthenes*d 88.05 £5.30 40.54 +£1.07 4115+091 18.36 +1.28 0.75+0.02
benzo[a]fluoranthene 40.35 £ 1.64 21.67 £0.05 15.53+0.91 4.32+0.06 -
benzopyrenes (252, 250, 126) 5 182.65 111.80 105.59 36.49 1.64
benzo[e]pyrene*d 89.94 +0.82 57.64 £ 4.07 53.33£0.93 19.74 + 0.05 1.29 +0.04
benzo[a]pyrene*d 92.71+3.38 54.16 +2.90 52.26 +£0.91 16.75 + 1.07 0.35+0.03
methylbenzopyrene or isomer (266, 265, 267) 5 11.66 + 1.53 479+0.22 - - -
perylene* (252, 250, 126) 5 20.72£0.45 - 13.46 +£0.29 3.89+0.80 -
276¢ (276, 2717, 274) 27.63+1.81 12.84+0.19 17.16 +0.78 6.39 +£0.22 -
indeno[1,2,3-cd]pyrene*d (276, 277, 274) 5 42.81+1.78 17.17+1.17 30.55 +1.97 14.60 + 1.04 -
dibenz[a,h*d or a,c*danthracene (278, 276, 279) 5 9.50+£0.35 3.45+0.01 453+0.35 2.19+0.25 -
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Table 2. (Continued)

PAH n OP1 OP2 OP3 OP4 OP5
benzo[b]chrysene* (278, 276, 279) 5 9.40 +£0.49 3.08+0.56 3.79+0.04 2.03+0.08 -
picene* (278, 276 279) 5 32.55+2.06 12.65 £0.97 15.38 £0.51 7.47+0.05 -
benzo[ghilperylene* (276, 277, 274) 6 49.71+0.29 21.95+0.74 42.89 +5.42 18.78 £ 0.06 0.35+0.03
anthanthrene*d (276, 277, 274) 6 11.16 + 0.62 507 +0.81 8.49+0.34 412+0.22 -
coronene* (300, 301, 150) 7 12.89£0.71 3.06 143 12,60 £0.98 17.80£2.26 -
dibenzopyrenes or isomers (302, 303, 300) 6 12.76 2.58 12.76 7.26 -

dibenzopyrene or isomer 1 6.44 £ 1.90 1.73+£0.55 6.62+1.17 2.59+0.06 -

dibenzo[a,e]pyrene*d 2.45 +0.66 - 2.50 +0.04 1.84 +0.05 -

dibenzopyrene or isomer 2 3.87+148 0.85 % 0.46 3.64+0.13 2.83+0.07 -
total 3,199.79 2,276.48 1,815.73 831.75 280.35
parent PAHs 1,502.75 1,114.15 930.80 320.44 231.65
alkyl derivatives 1,697.04 1,162.33 884.93 511.31 48.70

2 Not identified. P Identified in only one of the aliquots. ¢ 1-Methylfluoranthene + 11H-benzo[a]fluorene. ¢ Compound with a certain degree of carcinogenicity, according
to refs 28, 29, 41, and 42. © Compound with molecular weight equal to 276.

and their alkyl derivatives, and, from beajdnthracene onward, types of PAH-contaminated matrices could be attributed to a
in general, the highest individual concentrations are found in selective reduction of the lightest PAHs at the deodorization
sample OPL1. If PAH concentrations irable 2 are observed  stage during the refining process, which has already been pointed
carefully, a series of similarities can be found among samples out by several authors (3, 8, 34).

OP1—-0P4, where the highest concentrations correspond in all The high PAH concentrations found in samples ©RP4
cases to PAHs with four and five rings. It can be seen that the can be due to the manufacture of olive pomace oil, which
sum of monomethyl derivatives of fluoranthene and pyrene is requires the elimination of the high water content of the olive
practically equal to the concentration of pyrene, except for pomace pulp (6570%) before the extraction of the oil. It seems
sample OP3, and that the concentration of 3-methylchrysenethat high temperatures are needed during this process, so, taking
and/or isomer is very similar to that of chrysene plus tri- into account that organic matter subjected to high temperatures
phenylene. Among the concentrations of PAHs with five or more gives rise to PAHSs, large amounts of these contaminants can
aromatic rings, there are also certain relationships that couldbe found in the final product if they are not removed. The
be considered almost constant, such as the ratio betweerformation of PAHs during the heating of oils has been shown
benzofluoranthenes and benzopyrenes, close to unity in all casedy the results of Chen and CheB5). The solvents employed
(OP1, 1.30; OP2, 1.11; OP3, 1.02; OP4, 1.07), or between for the extraction of oils have also been suggested as another
benzo[ghilperylene and indeno[1,2,3-cd]pyrene, which ranges possible additional source of PAHS)( However, on the basis
from 1.16 in sample OP1 to 1.40 in OP3. Moreover, if only of findings of several researcherd5( 34), solvents used for
alkyl derivatives are considered, a certain pattern can also beextraction are not significant sources of PAH contamination in
observed in their concentrations. It must be noted that their oils.

individual concentrations, in general, are lower than those of In relation to sample OP5, it can be said that both the number
their parent PAHs, with some exceptions, such as some (43) and especially the total concentration of PAHs (28&.@5
dimethylnaphthalenes in sample OP4, 3-methylchrysene and/kg) are significantly lower than in samples GPQP4, revealing

or isomer in samples OP3 and OP4, or dimethylphenanthrenethat, in this case, a successful cleanup process seems to have
and/or isome6 and dimethylbenZ]anthracene and/or isomer been carried out. Unlike that observed in samples OP1—-0OP4,
3in all cases. Nevertheless, the sum of all of the alkyl derivative in sample OP5 the total of alkylated PAHs is much lower than
concentrations is, in general, higher than that of their parent the sum of parent PAHSs. It is also observed that not only has
PAHSs. On the other hand, if total mono and dimethyl derivatives the total PAH concentration gone down but also the distribution
are considered separately, some differences can be observedf PAH concentrations has changed in relation to samples-OP1
between both groups of substituted PAHs; whereas the total OP4. In sample OP5, the concentrations of naphthalene and its
concentrations of dimethyl derivatives are, in general, higher alkyl derivatives, which are the most abundant compounds
than those of parent PAHs in all of the samples, those of (64.06%), are of a similar order or even higher than those of
monomethyl derivatives vary depending on the parent PAH and OP1—0OP4. However, from phenanthrene onward PAH con-
on the sample considered. Finally, if monomethyl derivatives centrations in sample OP5 decrease significantly in relation to
are compared to dimethyl derivatives, the latter are, in general, the rest of the samples, to reach very low or undetectable levels
in higher proportions than the former, except for the derivatives in the case of the heaviest compounds. Therefore, from the
of benz[a]anthracene or chrysene in samples OP3 and OP4. Incomparison of samples OP1—0OP4 and OP5, it appears that a
view of all of these findings, it could be concluded that samples correct cleanup of olive pomace oil can drastically reduce the
OP1—-0P4 exhibit a characteristic PAH pattern, which reveals concentrations of PAHs. The treatment with active carbon during
that the PAH contamination could come from the same source. the bleaching step seems to be the best method to remove the
Nevertheless, the PAH distribution observed in these olive heaviest PAHsY, 36, 37). Therefore, the use of active carbon
pomace oil samples differs from the PAH profile found in other in combination with deodorization which, as mentioned earlier,
types of PAH contaminated matrices, such as liquid smoke has been reported to have an effect on the lightest PAHS, (
flavorings @4) or smoked cheese33), where PAH concentra- 8, 34), can lead to oils with low PAH contents. A high reduction
tions, in general, decrease with the molecular weight of the of PAH concentrations by treating the oil with active carbon
compounds and the highest proportions correspond to naphthahas already been observed in coconut 5jI38).

lene and its alkyl derivatives; however, in samples ©PP4, If the concentrations of those PAHSs included in the Spanish
these PAHs are in low proportions (0:588.87%). The order mentioned earlier (19), which have been identified in
differences observed in samples GRAP4 in relation to other  sample OP5 (benaJanthracene, benzo[e]pyrene, benzo[a]-
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Table 3. Carcinogenicity and Other Parameters Related to the Carcinogenicity of PAHs

PAH C1a c2b C3¢ Iballd  RPe PAH cle c2 C3¢  Iballd  RPe
naphthalene NDf - - ND ND triphenylene 3 - - 00 ND
fluorene 3 ND ND ND ND naphthacene ND - ND ND ND
phenanthrene 3 - - 00 ND benzo[b]fluoranthene 2B ND ND ND  0.141

1-methylphenanthrene 3 ND ND ND ND benzo[jJfluoranthene 2B ND ND ND  0.061
1,4-dimethylphenanthrene 3 ND ND ND ND benzo[k]fluoranthene 2B ND ND ND  0.066
anthracene 3 - - ND ND benzo[e]pyrene 3 - + 02  0.004
5,10-dimethylanthracene ND ND + ND ND benzo[a]pyrene 2A A+ T2 1.0
9,10-dimethylanthracene ND + ND ND ND 1-methylbenzo[a]pyrene ND ++++ ND ND ND
fluoranthene 3 ND ND ND ND 2-methylbenzo[a]pyrene ND  ++++ ND ND ND
pyrene 3 - ND ND 0.081 3-methylbenzo[a]pyrene ND  ++++ ND ND ND
1-methylpyrene ND - ND ND ND 4-methylbenzo[a]pyrene ND  ++++ ND ND ND
2-methylpyrene ND - ND ND ND 5-methylbenzo[a]pyrene ND  +++ ND ND ND
4-methylpyrene ND - ND ND ND 6-methylbenzo[a]pyrene ND  +++ ND ND ND
benzo[a]fluorene 3 ND ND ND ND 7-methylbenzo[a]pyrene ND  +++ ND ND ND
benzo[b]fluorene 3 ND ND ND ND 10-methylbenzo[a]pyrene ND + ND ND ND
benzo]c]fluorene 3 ND ND ND ND 11-methylbenzo[a]pyrene ND ++++ ND ND ND
cyclopentacd]pyrene 3 - ND ND  0.023 12-methylbenzo[a]pyrene ND ++++ ND ND ND
benzo[c]phenanthrene ND + ND ND ND 1,2-dimethylbenzo[a]pyrene ND  ++++ ND ND ND
1-methylbenzo[c]phenanthrene ND + ND ND ND 1,3-dimethylbenzo[a]pyrene ND  ++++ ND ND ND
2-methylbenzo[c]phenanthrene ND + ND ND ND 1,4-dimethylbenzo[a]pyrene ND  ++++ ND ND ND
3-methylbenzo[c]phenanthrene ND ++ ND ND ND 1,6-dimethylbenzo[a]pyrene ND  +++ ND ND ND
4-methylbenzo|c]phenanthrene ND ++ ND ND ND 2,3-dimethylbenzo[a]pyrene ND  ++++ ND ND ND
5-methylbenzo[c]phenanthrene ND +++ ND ND ND 3,6-dimethylbenzo[a]pyrene ND  +++ ND ND ND
6-methylbenzo[c]phenanthrene ND ++ ND ND ND 3,12-dimethylbenzo[a]pyrene ND ++++ ND ND ND
benz[a]anthracene 2A + + 07 0.145 4,5-dimethylbenzo[a]pyrene ND ++++ ND ND ND
1-methylbenz[a]anthracene ND - - ND ND 7,10-dimethylbenzo[a]pyrene ND - ND ND ND
2-methylbenz[a]anthracene ND - - ND ND 6-ethylbenzo[a]pyrene ND - ND ND ND
3-methylbenz[a]anthracene ND - - ND ND perylene 3 - - ND ND
4-methylbenz[a]anthracene ND ND - ND ND 3-methylcholanthrene ND ++++ ND ND ND
5-methylbenz[a]anthracene ND - - ND ND 1,3-dimethylcholanthrene ND ++ ND ND ND
6-methylbenz[a]anthracene ND ++ ++ ND ND 2,3-dimethylcholanthrene ND ++ ND ND ND
7-methylbenz[a]anthracene ND +++ +++ ND ND dibenz[a,clanthracene 3 + + 03 ND
8-methylbenz[a]anthracene ND - ++ ND ND dibenz[a,h]anthracene 2A +++ ++ 26 111
9-methylbenz[a]anthracene ND - + ND ND dibenz[a,jJanthracene 3 + ND 04 ND
10-methylbenz[a]anthracene ND ND + ND ND indeno[1,2,3-cd]pyrene 2B ND ND ND  0.232
11-methylbenz[a]anthracene ND - - ND ND benzo[b]chrysene ND ND - ND ND
12-methylbenz[a]anthracene ND ++ ++ ND ND 7,12-dimethylbenzo[b]chrysene ~ ND ND - ND ND
5,12-dimethylbenz[a]anthracene ND ND - ND ND picene ND - - ND ND
6,8-dimethylbenz[a]anthracene ND +++ ++++ ND ND benzo[ghi]perylene 3 - ND ND  0.022
6,12-dimethylbenz[a]anthracene ND  ++++ ++++ ND ND anthanthrene 3 + ND ND  0.320
7,12-dimethylbenz[a]anthracene ND  +++++ ++++ ND ND 6-methylanthanthrene ND ++ ND ND ND
8,12-dimethylbenz[a]anthracene ND ND ++++ ND ND 6,12-dimethylanthanthrene ND ++ ND ND ND
9,10-dimethylbenz[a]anthracene ND ND ++ ND ND coronene 3 - ND ND ND
6,8,12-trimethylbenz[ajanthracene ND = ++++ ND ND ND dibenzo[a,e]fluoranthene 3 ND ND ND ND
T-ethylbenz[a]anthracene ND + ND ND ND dibenzo[a,l]pyrene 2B+t ND 33 ND
chrysene 3 + + 05  0.0044 dibenzo[a,e]pyrene 2B +++ +++ 50 ND
1-methylchrysene 3 ND - ND ND dibenzo[a,iJpyrene 2B 4+ T4 ND
2-methylchrysene 3 ND - ND ND dibenzo[a,h]pyrene 2B ++++  ++++ 68 ND
3-methylchrysene 3 ND - ND ND dibenzo[e,lJpyrene ND - ND ND ND
4-methylchrysene 3 ND - ND ND
5-methylchrysene 2B +++ ++++ ND ND
6-methylchrysene 3 + - ND ND
2,3-dimethylchrysene ND ND - ND ND
5,6-dimethylchrysene ND ND ++?) ND ND
5,12-dimethylchrysene ND ND - ND ND

2 Carcinogenicity according to the classification of the IARC (36, 37): 1, carcinogenic to humans; 2A, probably carcinogenic to humans; 2B, possibly carcinogenic to
humans; 3, unclassifiable as to its carcinogenicity to humans; 4, probably not carcinogenic to humans. P Data from Cavalieri et al. (28): extremely active (+++++); very
active (++++); active (+++); moderately active (++); weakly active (+); very weakly active (%); inactive (-). ¢ Data from Loew et al. (29). ¢ Iball index, from Braga et al.
(43). ©RP: relative carcinogenic potencies, adapted from Krewski et al. (44). fND: no data.

pyrene, benzdifluoranthene, benzélfluoranthene, and benzo-  that it is difficult to compare these results, because both the
[ghilperylene), are compared with the limits established by this number of PAHs studied in each case and the techniques
regulation, it is observed that none of them exceed the individual employed for their determination are different. If the PAH
maximum limit of 24g/kg. Moreover, the total concentration concentrations here obtained are compared with those in olive
of these PAHs (4.62g/kg) is also lower than the maximum of  pomace oils from other authors (88), it can be observed that
5 ug/kg allowed for this sum. the total parent PAH concentrations of samples ©BP3 are

To compare the concentrations of PAHs found in the olive in the range of the amount found by Barranco et@).ii olive
pomace samples studied with the findings of other authors, we pomace oil with a high PAH contamination level (1158:6§
will take into account only the total of parent PAHs, because kg). It must be noted that these authors also found that the
most of the studies do not include alkylated compounds, even highest concentrations corresponded to PAHs with four aromatic
though some of them should be taken into account due to theirrings. Nevertheless, the total parent PAH concentrations in
carcinogenicity, such as some methyl derivatives of benz[a]- samples OP4 and OP5 (320.44 and 23Lg&g, respectively),
anthracene and chryser29j. However, it must be pointed out  although much lower than those of samples ©PP3, are
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considerably higher than that found by Barranco et @).if concentrations in most of the olive pomace oil samples studied.
the least contaminated samples of olive pomace oil (near 15.6Special attention should be given to the high number and
ug/kg) and the results of Weisshadi8j (89.6ug/kg, average concentrations of alkylated compounds, and the presence of
value). The total parent PAH concentrations of the samples of carcinogenic PAHs such as dibenzopyrenes, which are not
this study, especially of OP10P3, are comparable to those usually considered. It must also be pointed out that the highest
found in other types of vegetable oils highly contaminated by PAH concentrations in samples OP®P4 correspond to the
PAHSs, such as some samples of peanutjilof grapeseed oil  sum of benzfjanthracene, chrysene plus triphenylene, and their
(39), and crude coconut oil (8,5, 40). alkyl derivatives, among which some unidentified compounds
To evaluate the possible risk derived from the consumption are observed, which could be carcinogenic.
of any foodstuff contaminated with PAHs, not only their  The findings from this study reveal the great influence that
concentrations must be taken into account, but also the naturethe technological processes involved in the manufacturing of
and, in consequence, the biological activity and carcinogenicity some foods, such as olive pomace oil, can have on the PAH
of the compounds involved in such contamination. In this sense, contamination of the final product. The high concentrations of
it must be pointed out that some of the PAHSs identified in the pAHs found in samples OPIOP4 and the lower ones in OP5
samples of this study are considered to be carcinogenic show the importance of a purification step in the production of
according to data from differences source8, (29, 41-43), this type of oil, which can give rise to olive pomace oils with
such as benaanthracene, chrysene, berlzpKlfluoranthenes, 3 jow level of PAHs if it is carried out properly.
benzof]pyrene, indeno[1,2,8d]pyrene, or dibenzale]pyrene.
Table 3 shows the carcinogenicity of a high number of PAHs,
both unsubstituted and substituted, taken from different refer-
ences and expressed in different units. It can be observed in
this table that, among all of the PAHSs included (104), 68 are
alkylated compounds, of which 47 present a certain degree of
carcinogenic activity. It is also worth pointing that there can be
great differences among isomers and that sometimes the methy!
derivatives of weakly carcinogenic PAHs may have strong
carcinogenic properties depending on the position of the
substitution, as in the case of beajgnthracene. It must be

Although several carcinogenic PAHs have been identified in
the samples of this study and this fact cannot be overlooked, it
must also be noted that the carcinogenicity mechanism of PAHs
is very complex and there are many factors which can determine
their final effect. Among the factors that can have an influence
on the metabolic activation of PAHs in the organism some
pietary components such as antioxidants can be cied $ome
natural antioxidants, although not in so high concentrations as
in virgin olive oils, are present in olive pomace oil in higher
levels than in other edible vegetable oils4]. Therefore, the

emphasized that, even though alkylated PAHs are alwaysabsorptlon_ofthese compm_md§ togetherwnh PAHs may inhibit
to a certain extent the oxidation reactions necessary for the

excluded from most of the studies on PAHSs, the dat@able : o .

3 reveal that many of these compounds are considered to heMetabolic activation of these toxicants.
very active in relation to their carcinogenic activity, especially ~ Further studies on PAH toxicity are necessary but, meanwhile,
those derived from PAHSs with four and five rings. It must be caution must prevail and attempts must be made to minimize
noted that none of the alkyl derivatives of bemizinthracene  the exposure of humans to PAHSs. It is necessary to focus the
or chrysene identified in the samples of this study coincide with attention on those PAHs suspected to be more carcinogenic and,
the carcinogenic 6-methylberaanthracene, 7-methylberaif of course, alkylated PAHs must be considered in any study on
anthracene, 5-methylchrysene, or 7,12-dimethylbaanf- PAHs. Consequently, any regulation on the level of PAHs in
thracene, but the lack of reference compounds for the rest ofedible oils should include all of the carcinogenic PAHSs,
the isomers does not allow us to ensure that they are, or areunalkylated or alkylated. Moreover, laws to limit the presence
not, the other carcinogenic ones. In the same way, none of theof PAHs in any type of foodstuff able to be contaminated should
dibenzopyrenes or isomers tentatively identified, apart from be implemented.
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