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DETERMINATION OF BENZO[A]PYRENE IN SUNFLOWER SEEDS, EDIBLE OILS AND
DERIVED PRODUCTS MANUFACTURED IN UKRAINE BY LIQUID CHROMATOGRAPHY
USING FLUORESCENCE DETECTOR AND GAS CHROMATOGRAPHY USING MASS
SELECTIVE DETECTOR

The method has been developed for qualitative and quantitative determination of benzo[a]pyrene
in edible oils and oilseeds by HPLC using fluorescence detector. Sample preparation comprised
alkaline hydrolysis of sample, liquid-liquid extraction of PAH and Florisil clean-up procedure. The
benzo[b]chrysene was used as internal standard for quantification. Confirmation of positive results was
carried out by GC-MS. The method described has been used for benzo[a]pyrene content determination
in edible oils, oilseeds and derived products manufactured in Ukraine. The benzo[a]pyrene content in
24 samples of sunflower seeds and in 41 samples of crude sunflower oil from different regions of
Ukraine ranged from 0.5 to 10.2 ug /kg of fat and from 0.8 to 21.0 ug /kg respectively.

Key words: polycyclic aromatic hydrocarbons, benzo[alpyrene, high performance liquid
chromatography, gas chromatography-mass spectrometry, edible oils, oilseeds.

Po3pobneno memoo saxichoco ma KinbKiCHO20 6usHaueHHs OeH3[alnipeny y HACIHHI ONiUHUX
KVIbMYp ma Xapyoeux OJNisIX 3 SUKOPUCMAHHAM pPIOUHHOI Xxpomamoepadii 3 ¢hayopecyenmuum
demekmopom. lliocomoexa 3paskie exaouae ayxcHull 2ioponiz 3paska, excmpakyiro I[IAB 6 cucmemi
piouna-piouna ma ouucmky Ha copoeumi Florisil. 3 memoro kinvkicnozco eusHauenus Oensfanipeny 6
AKOCMI  GHYMPIWHb020 cmaunoapmy eukopucmogyemocsi oOens[bjxpizen. I[losumusni pesynomamu
nIOMBEPONCYIOMbCL  MEemoOOM 2430801  XpOMAmo-mac-cnekmpomempii. 3 8UKOPUCAHHAM
PpO3pobaeno20 Memoody 0ylI0 8usHaAYeHo emicm OeH3[alnipeny y xapuosux omnisix, OMiUHOMY HACIHHI ma
OJlIE AHCUPOBUX NPOOVKMAX, 8upobieHux Ha mepumopii Ykpainu. Bmicm 6enzfalnipeny y 24 3paskax
HACIHHA COHAWHUKY ma V 41 3pasky cupoi cCOHAUWHUKOBOT Olii, 8upobeHux y pi3Hux pecionax Yxpainu,
koausascs 6i0 0,5 0o 10,2 mxe/ke scupy ma 6i0 0,8 0o 21,0 mxe/xe 8i0no8ioHo.

Knrwowuoei cnosa: noniyuxniyni apomamuuni 8yeneso0Hi, Oeus[alnipen, eucoxoegpexmusna
piouHHa Xxpomamozpaqhis, 2az08a Xpomamo-mac-cneKkmpomempis, Xapyosi olii, ojitine HACIHHS.

Paszpaboman memoo kauecmeennoco u KoOaUYeCmeeHHO20 onpeoeienus OeH3[alnupena 6
CeMEeHAax MACIUYHBIX KYIbMYp U NUUEeBbIX PACMUMENbHbIX MACIAX C UCHONb308AHUEM HCUOKOCTHOLL
Xpomamoepaguu ¢ pryopecyenmuvim  demexkmopom. Ilpobonodcomosxka exnouaem WenoUHOU
euoponus, sxkcmparkyuio IIAY 6 cucmeme sncuokocmo-scuokocmos u ouucmky Ha copdoeume - Florisil.
Ilpu konuuecmeennom onpedenenuu Oensfajnupena UCNONBL3YEMCS BHYMPEHHUN CMAHOApM —
benz[b]xpusen. Ilonoxcumenvruvle pe3yibmamol NOOMBEEPHCOAIOMCL MEMOOOM 2A3080U XPOMAMO-MAC-
cnekmpomempuu. C  nomowpto  paspabomanHoco Memooa Obli0  ONPedeNeHo  COO0epHCAHUe
bensfalnupena 6 nuwjesvix maciax, cemeHax MACIUYHBIX KYIbMYp U MACLOHCUPOBLIX NPOOYKMAX,
npousgedeHHvlx Ha meppumopuu Ykpaumnsl. Coodepxcanue Oeuzfalnupena 6 24 obpasyax cemsH
nooconneynuka u 8 41 obpasye cvipoco NOOCOIHEYHO20 MACIA, NPOU3BEOCHHBIX 6 PA3HLIX PESUOHAX
Yrpaunwi, konebanoce om 0,5 oo 10,2 mxe/xe scupa u om 0,8 0o 21,0 mxe/ke coomeemcmeenHo.
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Knrwoueevle cnosa: nonuyuxiuveckue —apomamuvecKue — yeaeso0opoowvl,  bemus[alnupen,
8bICOKOI(hekmuenas HCUOKOCMHAL  Xpomamozpadus, 2a308ds  XPOMAMO-Macc-CReKmpoMmempus,
nuuesvie MAcid, CemMena MACIUYHbIX KYIbmyp.

Introduction

Polycyclic aromatic hydrocarbons (PAH) are known as the widespread pollutants of edible oils
and oil-containing alimentary products. Considering the fact that some PAH are potent carcinogens in
human [5], it is necessary to establish the maximum allowable concentrations (MAC) thereof to protect
public health and to monitor vendor compliance. Benzo[a]pyrene is used as a marker for carcinogenic
PAH presence in food. As any PAH, it can be formed in foodstuffs when heated; it was found in furnace
combustion gases, tobacco smoke, smoked meat and dairy products [1, 6]. The most probable oilseeds
PAH pollution way is drying by flue gases containing smoldering products. PAH are also formed at
waste, food and petrochemicals incineration [3, 4]. Benzo[a]pyrene MAC for oils and fats for human
consumption or use as food ingredient is 0.002 pg/kg according to EC 208/2005 of 4 February 2005.
However, an equivalent MAC norm is not still approved in Ukraine under excuse of lack of
benzo[a]pyrene occurrence data for domestic edible oils and food products.

The most popular analytical methods for PAH determination are gas chromatography using
flame ionization (FID) or electron capture detectors (ECD), GC-MS, and HPLC using diode-array
detector (DAD), fluorescence detector or both connected in series [2, 7]. Determination of
benzo[a]pyrene at 0.002 pg/kg level calls for high sensitivity and selectivity methods. Both fluorescence
and mass-selective detector (MSD) do have high selectivity; however, the former is over 10 times more
sensitive than MSD (see Table 1). High sensitivity means less sample consumption, larger volume after
sample preparation, and, finally, significantly less matrix effect. As neither UV-detector, nor FID has
such performance, those are not so much used for PAH determination.

Table 1
Limit of quantitation (LOQ) for benzo[a]pyrene in edible oils and fats
Analytical method LOQ, pg/kg
HPLC with fluorescence detector 0,07
GC-MS 0,5
GC with ECD 5
HPLC with UV-detector 7

The objective of our work was to develop and to validate a method for benzo[a]pyrene
determination in edible oils and oilseeds by HPLC with fluorescence detector. GC-MS has been used for
positive results confirmation. The main purpose of the research was monitoring of benzo[a]pyrene
content in sunflower seeds, oil and derived products manufactured in different regions of Ukraine.

Experimental

Chemicals and reagents

HPLC grade hexane (Pestanal®), acetonitrile, N,N-dimethylformamide, benzene, reagent grade
sodium sulphate anhydrous and potassium hydroxide, activity grade II Florisil PR (60-100 mesh) have
been used. All chemicals and solvents were made by Riedel-de-Haén.
Ultra pure water was produced by a Millipore Milli-Q system (Millipore, Bedford, MA, USA).
Benzo[a]pyrene and benzo[b]chrysene were also Riedel-de-Haén made.

Standard solutions preparation

Benzo[a]pyrene and benzo[b]chrysene stock solutions (100 pg/ml) were prepared by commercial
standards dissolving in acetonitrile. An intermediate standard solution of 10 pg/ml concentration was
used for working solutions preparation. The working solutions of benzo[a]pyrene of 0.005 pg/ml to 1.0
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ug/ml concentrations were prepared by further dissolving of intermediate solution.
Internal standard solution of benzo[b]chrysene 1.0 pug/ml concentration was prepared from stock
solution.

Reagents purity check

50 ml of hexane was evaporated to dryness at 40 °C. The residue was dissolved in 1 ml of
acetonitrile, left for 15 minutes and analyzed by HPLC. The benzene purity was checked in a similar
way.
For the sake of purity check 50 ml of N,N-dimethylformamide was placed in a separating funnel and
100 ml water and 30 ml hexane was added subsequently. After 3-5 minutes the supernatant was taken
and evaporated to dryness at 40 °C. Residue was dissolved in 1 ml of acetonitrile. Prepared solution
was analyzed by HPLC.
The purity check was performed for every reagent batch. Solvents were considered suitable for the
analysis if no benzo[a]pyrene peak was present on chromatogram.

Sample preparation

Seed samples were finely ground, and fat was extracted by hexane. Samples of oils and other
products were homogenized and prepared as follows: 10 g of homogenized sample was weighed into a
flask. 50 ml of potassium hydroxide solution and 50 pl of internal standard solution were added. The
flask was fitted to the condenser and heated at 90 °C for 3 hours. Flask was cooled to ambient
temperature, and 100 ml of water was added. Solution from flask was transferred into a separating
funnel and extracted three times with 30-ml portions of hexane. The hexane layers were separated into
one flask and washed by water until neutral pH. After adding of 50 ml of 9:1 v/v N,N-
dimethylformamide:water the lower layer was separated. The extraction was repeated two times and
followed by adding 100 ml of water. PAH were extracted from solution of N,N-dimethylformamide
three times with 50-ml portions of hexane. Extracts were washed by water and filtered through the paper
filter with sodium sulfate layer into the round-bottom flask. Extract was evaporated until 1-2 ml under
reduced pressure at 40 °C and put to Florisil column. 40 ml of 1:1 v/v hexane:benzene was used as
eluent. The eluate was collected into the round bottom flask and evaporated to dryness at 40 °C. Residue
was dissolved in acetonitrile:water (8:2 v/v) mix.

Analytical system

The system consisted of HP 1100 liquid chromatograph (Hewlett Packard, USA), quaternary
pump with vacuum degasser, autosampler, scanning fluorescence detector and column oven, and was
controlled from PC with Chemstation software. The reversed-phase Hypersil MOS (200 x 2.1 mm, 5 pm
particles) analytical column was used. The mobile phase consisted of acetonitrile and water in the
gradient mode (from 20 to 100 % of water, v/v,). The flow rate was 0.3 ml/min. The excitation and
emission wavelengths were set at 399 and 418 nm respectively.

The GC-MS system comprised gas chromatograph and HP 6890/5973 mass detector. The
capillary column was a 30 m HP-5ms (5 % phenyl methyl polysiloxane) having 0.25 mm bore and 0.25
um film. The carrier gas was helium at 1.0 ml/min flow. The injection port was kept at 250 °C, the oven
temperature was programmed from 40 °C (1 min) to 320 °C. Ion source was kept at 320 °C and used
70eV electron impact ionization. Full scan data acquisition mode with 3.5 scan/sec scan rate was applied
through the mass range from 35 to 450 u.

Results and Discussion

Benzo[a]pyrene Determination by HPLC

Retention time was used for benzo[a]pyrene identification. Benzo[b]chrysene, a substance rarely
present in oils and fats, was used as the internal standard. Response of fluorescence detector for this
compound is linear in 0.1 to 10 ng range and at 1.0 pg /ml is comparable with benzo[a]pyrene response.



Retention time of benzo[b]chrysene is close to retention time of benzo[a]pyrene ( Fig.1).

Fig.1 HPLC/fluorescence detector chromatogram of benzo[a]pyrene and benzo[b]chrysene (1.0 pug /ml)
standard solution

The column used is also applicable for fat analysis; therefore it is not critical if some fat remains
in the extract. The column is easily regenerated by tetrahydrofuran and acetone, its length is enough for
separating all basic PAH.

The special attention should be given to results verification. It is also quite important to check
the purity of all reagents. Some reagents available in the Ukrainian market are of poor quality and may
contain residue of PAH. For example, some batches of commercially available N,N-dimethylformamide
“for extraction” contained 5 pg/l benzo[a]pyrene as well as other PAH (Fig.2). Such reagents should not
be used for PAH analysis.

Fig.2 GC-MS chromatogram of N,N-dimethylformamide containing benzo[a]pyrene and other PAH

Results confirmation by GC-MS
Positive HPLC results require confirmation by GC-MS because the interfering substances co-eluting
with PAH may result in overestimation or false positives.

The extracts prepared for HPLC were concentrated under nitrogen steam and dissolved in 50 ml
of hexane for further GC-MS analysis. Identification of benzo[a]pyrene was done on the basis of
retention time and mass to charge ratio (m/z) equivalence for sample extract and standard solution. The
sample extract has to be cleared from fat before GC-MS analysis to prevent detector contamination.

Method performance

The method accuracy was checked up in two rounds of inter-laboratory testing. The results have
confirmed efficiency of the developed method (Table 2). The relative error of parallel determinations
did not exceed the reproducibility limit.



Table 2

Results of inter-laboratory testing of sunflower seed oils and sunflower seeds

Sample description Benzo[a]pyrene weight content, pg | Relative error,
/kg %*
Mf Mf,

Sunflower seeds 2,3 2,5 4.2

Sunflower seed oil (sample N1) 11 9,1 9,5

Sunflower seed oil (sample N2) 14 13 3,7

Sunflower seed oil (sample N3) 12 11 4,3

Sunflower seed oil, crude 4,5 4,0 5.9

Sunflower seed oilm refined 1,2 1,2 0,0

Mf; — benzo[a]pyrene content determined by other participant of the round;
Mf, — benzo[a]pyrene content determined by described method
* Relative error = (Mf2-Mean)/Mean x 100%

Results benzo|a]pyrene determination in seed oil

The described method was used for benzo[a]pyrene determination content in sunflower seeds,
seed oil and derived products samples.24 samples of the sunflower seeds originating from different
regions of Ukraine were analyzed. The occurrence of benzo[a]pyrene in the samples ranged from 0.5 to
10.2 pg /kg of fat. The benzo[a]pyrene content in 41 samples of crude sunflower oil was from 0.8 to
21.0 pg /kg (see Fig. 3-4). Maximum residual level of benzo[a]pyrene (2.0 pg /kg) was exceeded in 50

% samples of seeds and in 76% samples of sunflower oil.

Fig.3 Occurrence of benzo[a]pyrene in sunflower seed samples



Fig.4 Result of determination of benzo[a]pyrene in the samples of sunflower seed oil

The benzo[a]pyrene was also present in margarines, mayonnaises, spreads etc. at 0.5 to 6.6 ug /kg, thus
proving that the products manufactured from seed oil may have high PAH content. The extracts of these
samples contained not only benzo[a]pyrene, but also other PAH ( Fig.5).

Fig.5 Chromatogram of mayonnaise extract (HPLC/fluorescence detector).
Conclusions

The results demonstrate the necessity to control benzo[a]pyrene content in edible oils and derived
products. High-sensitivity HPLC using fluorescence detector has been shown to be an efficient method
for determination of this compound. However, co-eluting interfering substances may result in
overestimation or false positives. Therefore positive results require confirmation by GC-MS. All
reagents and solvents used for analyses should be free from PAH residues.

The data so obtained will be informative in estimating the distribution of benzo[a]pyrene in
sunflower seeds, edible oils and derived products manufactured in Ukraine. Our investigation confirms
necessity of soonest possible legislative approval of MAC for benzo[a]pyrene in edible oils and others
food products in Ukraine.
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