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Abstract: Polycyclic aromatic hydrocarbons (PAH) constitute one of the largest and most varied groups of
organic compounds with known toxic, mutagenic and carcinogenic properties characteristic of many
representatives of the group. Food contamination with PAH may result not only from environmental pollution
but also from certain technological processes used in processing of raw materials and in storage of agricultural
food products. The objective of the presented study was to determine the benzo[a]pyrene content in rape seeds
subjected to various post-harvest treatments and processing.

The study showed that rape seed contamination with B[a]P is dependent primarily on the temperature of
drying, but also on the regions of cultivation and on the weather conditions in particular years.
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The occurrence of polycyclic aromatic hydrocarbons in agricultural food products is
caused by their common presence in the environment and penetration into plants during
their vegetation or as a result of technological processes of food preservation [1]. In
recent years, in numerous countries, requirements have been published concerning the
content of PAH in vegetable fats. And thus, in Germany it is recommended that the
content of total PAH should not exceed 25 g kg–1, according to the British
requirements the content of benzo[a]pyrene (B[a]P) should not exceed 2 g kg–1, and
acc. to the Spanish ones – 5 g kg–1 [2]. Observed in Poland level of contamination of
agricultural materials (rapeseed, among other things) and food products with polycyclic
aromatic hydrocarbons does not differ from that observed in other countries (and
accepted by the requirements of the world standards). The highest share in the uptake of
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PAH is that of agricultural products, and especially products of plant origin, which PAH
content is low, but the level of their consumption is very high [3, 4].

The degree of rapeseed contamination with PAH depends on the region of
cultivation, level of contamination of the environment, and contamination resulting
from drying and supplementary drying of seeds. Frequently, rape seed is dried using
dryers that do not meet technical and operational requirements, eg such in which air
circulation is forced without the use of heat exchangers or with damaged exchangers,
and additionally without control of quality of the drying medium [5].

Monitoring of threats related with the occurrence of PAH appears to be strongly
recommended due to the presence of B[a]P in samples that were not subjected to the
processes of postharvest treatment. This indicates the common occurrence of the
compound in the human environment [6].

The objective of the presented study was determination of the content of benzo[a]pyrene
in rape seeds subjected to various post-harvest treatments.

Material and methods

The material for the study consisted of samples of rape seed obtained from suppliers
of the raw material from the regions of the north, south and west of Poland.

Determinations of benzo[a]pyrene were made with a method based on high-
-efficiency liquid column chromatography (HPLC) using an US-made Waters liquid
chromatograph equipped with Controller 600, Waters 600E Multisolvent Delivery
System pump and Waters 996 Photodiode Array Detector with resolution of 1.2 nm.
Operation of the chromatograph and data acquisition and processing were made with
the use of the Millennium Version 3.05 software package.

The studied solutions, obtained after ultrasonic extraction of benzo[a]pyrene from
rape seed samples by means of acetonitrile, were concentrated, purified and extracted
using the “BAKER spe 12G” system with spe filtration columns with two 20 m PE
sinters and 0.45 m filters and with Oktyl C8, 500 mg separation columns, and then
sprayed onto a Nova-Pak®, C18, 60 , 4 m, 3.9×150 mm column. Deaeration
(deoxygenation) of eluents was conducted with the use of helium at the rate of 30
cm3 min–1.

Remaining conditions of chromatographic analysis were: elution: gradient – 95 %
acetonitrile – 5 % water, mobile phase flow rate: 1 cm3 min–1, injection: 20 mm3,
wavelength: = 254 nm, limit pressure above which flow stops: 3600 PSI, measure-
ment temperature: 25 oC. Recovery, limit of detection and coefficient of variation for
determinations of benzo[a]pyrene were 91.23 %, 0.12 g kg–1 and 4.26 %,
respectively.

Reagents used for the analyses were BAKER ANALYZED® HPLC-reagent, while
the standards were prepared from benzo[a]pyrene produced by Fluka.

Results and discussion

The obtained results describing the content of benzo[a]pyrene indicate that the
compound occurs in greater amounts in samples of seeds subjected to the process of
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drying. This demonstrates that the treatment is the most hazardous in the process of
postharvest processing.

Drying temperature proved to be a factor significantly affecting the content of B[a]P
in rape seeds (Fig. 1).

Within the temperature range of 20–40 oC there occurred the lowest level of
contamination with B[a]P, at the level from 0.32 to 2.24 g kg–1, both for samples
subjected to the process of drying and for those immediately after the harvest. For the
drying temperature of 50 oC, the content of benzo[a]pyrene increased two-fold, and at
temperatures of 60 oC and 70 oC increase by 70 and 75 % in the level of B[a]P,
respectively, was recorded, which clearly demonstrates the growing hazard of seed
contamination with increase in the temperature of drying. A slight decrease in the
content of benzo[a]pyrene at the temperature of 80 oC may be attributed to partial
decomposition of the compound at high temperature, which is supported by data
available [7, 8]. Decreasing content of benzo[a]pyrene in rape seeds subjected to the
effect of high temperature creates the risk of their contamination with the products of its
decomposition that often prove to be more toxic due to the better solubility of lighter
PAH in water [9].

In rape seed delivered to oil producing companies in the regions of southern and
western Poland, in a great majority of samples the values did not exceed the level of 2

g kg–1 (Fig. 2).

The lack of very high amounts of B[a]P (individual cases at the level of 3–4
g kg–1) and the use of relatively low drying temperatures (mostly within the range of

up to 50–60 oC) indicate very good condition of drying plants in those regions and
observance of principles of safe food production by the producers. In isolated cases a
relatively high content of benzo[a]pyrene was observed in spite of the use of low drying
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Fig. 1. Effect of drying temperature on the content of benzo[a]pyrene in rape seeds: S – dried seeds, P –
seeds before drying



temperature (30–40 oC). This may be a result of drying rape seed with air without heat
exchangers (a measure applied by unreliable producers for reasons of economy).

Results of analysis of samples obtained in the particular years of the study indicate
that also different weather conditions may cause variation in that feature of seeds, so
important for health (Fig. 3).

Worse weather conditions during harvest in 2001 had an effect on the conditions of
rape seed drying (samples with high moisture content required longer drying). Seeds
produced under such conditions displayed notably higher level of contamination with
B[a]P compared with seeds from 2002 which was a year with much more favourable
weather conditions. Another cause of contamination is the age and technical condition
of dryers used by rape seed producers.

Most of the samples tested in 2001–2002 came from producers from the north of
Poland. A study by Rybacki et al [10] showed that more than a half of the dryers in use
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Fig. 2. Effect of region of cultivation on the content of benzo[a]pyrene in rape seeds
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Fig. 3. Effect of year of cultivation on the content of benzo[a]pyrene in rape seeds



in that region are older than 15 years, and 24 % of them were made before the year
1980. Most of the dryers are operated after considerable modifications and upgrades
that not always resulted in sealing of the heating elements that would preclude exhaust
fumes penetration to the material dried. For these reasons, the highest amounts of
benzo[a]pyrene were recorded in the region of suppliers from the north of Poland. The
year 2006 was characterised by high temperature and low amount of rainfall during the
vegetation and harvest of rapeseed, hence the lowest level of B[a]P in the seed that
mostly did not require supplementary drying. In 2007, on the other hand, in spite of not
really favourable weather conditions, relatively low levels of benzo[a]pyrene were
found in the seed, which may have been a result of increased awareness of the
producers with respect to food safety and observance of regimes in the process of rape
seed drying. Lower content of that compound in seeds obtained in the years 2005–2007
was also due to the activity of agricultural services that eliminate from the list of
suppliers those producers who provide seed that is the worst in this respect.

Rapeseed is one of the major crop plants grown in Poland for many years, and is the
fundamental raw material for the production of vegetable oil. The results of the
presented study show that rape seed contamination with benzo[a]pyrene is at a level
acceptable in terms of the relevant world standards. However, the occurrence of
individual samples of dried seed in which the content of B[a]P exceeds the level of 8

g kg–1 (from the region of northern Poland) indicates that the problem of rape seed
contamination with PAH exists, and control of raw material for oil production is a
necessity. In some European countries (Czech Republic, Germany) actions are
undertaken to reduce the level of benzo[a]pyrene when food product contamination
occurs at the level of 2 g kg–1 [11, 12]. Also significant is the fact that rape seeds are
only the raw material that is then subjected to complex processes of refinement and
purification, in the course of which a notable part of noxious compounds can be
removed.

Conclusions

1. Generally, the content of benzo[a]pyrene in rape seeds does not exceed the
standards in force in the EU countries.

2. The process of rape seed drying is one of the major sources of contamination with
B[a]P. This creates the necessity of continuous control of dryers, aimed at elimination
of unreliable producers from the approved list of suppliers of the material.

3. Temperature of drying is the most important factor determining the content of
benzo[a]pyrene in rape seeds. Firstly, application of high temperature increases the level
of the compound, and secondly – the products of its decomposition may cause a
decrease in the health value of the seeds.
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Abstrakt: Wielopierœcieniowe wêglowodory aromatyczne (WWA, PAH) stanowi¹ jedn¹ z najwiêkszych
i zró¿nicowanych grup zwi¹zków organicznych o znanych w³aœciwoœciach toksycznych, mutagennych
i kancerogennych, którymi cechuje siê wielu przedstawicieli tej grupy. Ska¿enie ¿ywnoœci nimi jest wynikiem
nie tylko ska¿enia œrodowiska, ale mo¿e byæ równie¿ rezultatem niektórych procesów technologicznych
stosowanych w przetwórstwie surowców i przechowalnictwie produktów rolno-spo¿ywczych. Celem podjê-
tych badañ by³o okreœlenie poziomu zawartoœci benzo[a]pirenu w nasionach rzepaku poddanych zró¿ni-
cowanej obróbce pozbiorowej. Przeprowadzone badania wykaza³y, ¿e zanieczyszczenie nasion rzepaku B[a]P
jest uzale¿nione przede wszystkim od temperatury suszenia, ale tak¿e rejonu uprawy, jak równie¿ od
przebiegu pogody w poszczególnych latach.

S³owa kluczowe: benzo[a]piren, nasiona rzepaku
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