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Polycyclic aromatic hydrocarbons in commercial brands of dry whole soybeans
for direct human consumption
Laura Pereira Garciaa, Fernanda M.L. Gomesb, Silvia Tfounib, Eduardo Vicenteb, Geovana D. Savia,
Karolina Santosa and Vildes M. Scussela

aLaboratory of Mycotoxicology and Food Contaminants, Food Science and Technology Department, Center of Agricultural Sciences, Federal
University of Santa Catarina, Florianopolis, Brazil; bFood Science and Quality Center, Food Technology Institute, Campinas, Brazil

ABSTRACT
A total of 13 polycyclic aromatic hydrocarbons (PAHs) were surveyed in dry whole soybeans
(Glycine max L.) sold for human consumption. The analysed samples were commercialised in
vegetarian shops and food stores in Southern Brazil regions. The determination of PAHs levels
was carried out by high performance liquid chromatography (HPLC)with fluorescence detection.
PAHs were present in 89.7% of the samples. Chrysene (Chy) and 5 methyl chrysene (5MeChy)
were the main PAHs detected (76.9% and 71.8%, respectively) followed by dibenzo(ai)pyrene
(DaiP), however in a much less percentage of samples (23.1%). Apart from those PAHs, also benzo
(a)antracene (BaA), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF) and benzo(a)pyrene
(BaP) were found. The ΣPAH levels in the positive samples ranged from 0.80 to 38.78 µg kg−1,
with exception of one sample that reached 204.46 µg kg−1 (ΣPAHs of six compounds). Despite
the present contamination there are no maximum limits set for PAHs in soybeans.
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Introduction

Soybean (Glycine max L.) is an important crop for the
food industry, mainly for oil production, however it is
also utilised as protein source for vegetarian consumers.
Although they can get protein from different vegeta-
bles, soybean protein is the most preferred either itself
as whole beans or as protein meal (Gomes et al. 2009;
Garcia et al. 2014). Soybean meal (proteins) from oil
industries is further processed for human consumption
(texturised vegetable protein) or utilised unprocessed
for animals as feed ingredient, including husk. As far as
food consumption, such as whole, oil, protein or husk
soybeans and safety are concerned, they should be free
of contaminants like pesticides, polycyclic aromatic
hydrocarbons – PAHs, heavy metals and mycotoxins
(Bohn et al. 2014; Garcia et al. 2014; Savi et al. 2014).

PAHs are a group of organic molecules with two or
more condensed aromatic rings, produced during
incomplete combustion processes at high temperatures
from 400°C to 800°C and are widely distributed in nat-
ure (air, soil, plants, water). They also can be produced
during food heating (Vives et al. 2001). Some of them (>
molecular mass) are highly carcinogenic (EFSA 2008a;
Alomirah et al. 2011; Xia et al. 2013; Rengarajan et al.
2015). Cereals (maize, wheat, rice) and pulses (beans,
peas, lentils) have been reported to be contaminated

with PAHs (Camargo & Toledo 2002; Falco et al. 2003;
Martorell et al. 2010; Camargo et al. 2011). Furthermore,
they can be found in roots of soybean, wheat and
carrot, as well as in sunflower, soybean and virgin
olive oils (Teixeira et al. 2007; Camargo et al. 2011;
Rojo Camargo et al. 2012; Yin et al. 2013; Pongpiachan
2015). Reinik et al. (2007) and Garcia et al. (2014) report
them contaminating food mainly by environmental
exposure (soil, water or atmosphere contaminated),
produced during processes (high temperature of dry-
ing, roasting, baking, among others) and packaging
(food contact materials). Their formation depends,
apart from the temperature intensity, also on grain
characteristics as type, size, shape and chemical com-
position (Scussel et al. 2014).

The extraction step of PAHs from food has mainly
been carried out by Soxhlet liquid–liquid extraction,
pressurised liquid extraction or ultrasound extraction,
whereas gel permeation chromatography or solid phase
extraction (SPE) have been applied in the clean-up step.
The determination of the different PAH compounds
may be performed by high performance liquid chroma-
tography (HPLC) coupled to fluorescence (FLD) and
ultraviolet (UV) light detection or gas and liquid chro-
matography with mass spectrometric detection (Rey-
Salgueiro et al. 2009; Martorell et al. 2010; Plaza-
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Bolaños et al. 2010; Pongpiachan 2015). In this study,
the SPE technique was applied to achieve an adequate
limit of detection. Also, analysis was performed by FLD
detection, since it is more selective and sensitive than
UV detection.

Maximum limits (MLs) for PAHs were established by
European Commission regulation EC n° 1881/2006 for
several food products and updated in 2011 (EC n°835/
2011). The 2011 revision introduced new MLs for the
sum of the 4 main PAHs (BaP, chrysene – Chy, benzo(b)
fluoranthene – BbF and benzo(a)antracene – BaA).
Apart from this MLs for benzo(a)pyrene (BaP) only
were maintained. For oils and fats the MLs are 2.0 and
10.0 µg kg−1 for BaP and PAH4, respectively. In addition,
MLs for processed cereal-based foods and baby foods
for infants and young children have been set at
1.0 µg kg−1, for both BaP and PAH4 (EC 2011a). Other
food commodities, such as smoked meat, fish and mol-
lusks, seafood, cocoa butter and chocolates have MLs.
However, soybeans are not covered by regulations.
Considering the lack of information on safety regarding
PAHs in dry whole soybeans, the objective of this study
was to determine the content of a total of 13 PAHs in
commercialised soybeans intended for direct human
consumption.

Materials and methods

Chemicals

The 13 total recommended warning PAHs were pur-
chased from Sigma Aldrich (St Louis, MO, USA): BaA,
Chy, BbF, BaP, benzo(j)fluoranthene-BjF, benzo(k)fluor-
anthene-BkF, dibenzo(ae)pyrene-DaeP, dibenzo(ah)
anthracene-DahA, dibenzo(al)pyrene-DalP, indeno(cd)
pyrene-IcdP, 5-methylcriseno-5MeChy, dibenzo(ai)pyr-
ene-DaiP and Dibenzo(ah)pyrene-DahP. Acetonitrile
and n-hexane were obtained from Panreac (Castellar
del Vallès, Barcelona, Spain). Water was obtained from
a Milli-Q system on 18.2 MΩ/cm (Millipore, Bedford,
MA, USA).

Equipment

The determination of PAHs was carried out by HPLC
(Shimadzu, Kyoto, Japan) with a quaternary pump
model LC-20AT, degasser model DGU-20A5, autosam-
pler (30 µl loop), model SIL-20A, column oven model
CTO-20A and FLD model RF-10Axl. The C18 chromato-
graphic column (250 cm x 4.6 mm, 5 µm particle size,
model 201 TP54) was obtained from Vydac (Hesperia,
CA, USA). Other materials used were SPE columns (Sep-
Pak Vac Silica, 500 mg, 55–105 mM particle size), nylon

membrane filters (0.45 µm pore size, 13 mm diameter)
and nylon syringe filter (0.45 mm pore size, 4 mm
diameter) from Waters (Milford, MS, USA).

Samples

Dry soybean samples sold in packs (0.5–1 kg) and bulk
(25–60 kg), commercialised in vegetarian shops and
food stores of Rio Grande do Sul (RS) and Santa
Catarina (SC) states (Southern Brazil) were collected
randomly. However, those samples were produced in
different Brazilian regions: Sao Paulo-SP, Parana-PR, RS
and SC states. They were stored in a refrigerator (4 ± 1°
C) before analysis in the Laboratory of Mycotoxicology
and Food Contaminants (LABMICO), Food Science and
Technology Department, Center of Agricultural
Sciences at the Federal University of Santa Catarina
(UFSC), Florianopolis. Table 1 shows sample origin, pro-
duced and commercialised, planting conditions (tradi-
tional and organic) and dimensions (length, width and
thickness) characteristics. Dry soybean dimensions were
determined by measuring diameter and length of indi-
vidual beans (n = 50) according to Siqueira et al. (2011).
By means of a caliper rule data were collected (mm) in
the orthogonal axes (length/major axis, width/middle
axis and thickness/minor axis) and their sizes calculated
as proposed by Mohsenin (1986).

PAH analysis

The method applied was of Rey-Salgueiro et al. (2009).
Briefly, soybean samples (0.5 kg) were milled in an indus-
trial blender jar and thoroughly mixed. A representative
subsample of 50 g was collected and small portions were
taken and weighed (1 ± 0.0001 g) for PAH extraction with
hexane (10 min at 35°C) followed by centrifugation
(4000 rpm for 10 min). The procedure was repeated 3
times, the supernatants collected (in total 30 ml) and
partially evaporated in a rotary evaporator (ca. 3 ml),
filtered, washed 3 times and reduced to 1 ml with a
nitrogen stream. Extract clean up was carried out
through SPE. The SPE column was solvent conditioned,
the sample extract was loaded and the PAHs eluted with
hexane. After complete extract evaporation, the residue
was redissolved in acetonitrile (500 µl), filtered and col-
lected in amber vials for injection in the HPLC system.
The mobile phase gradient started with 70–75% of acet-
onitrile/water (20 min), followed by 75–100% acetonitrile
(15 min) and kept 100% acetonitrile isocratic up to
(55 min) at a flow rate of 1 ml/min. The changing wave-
length programme of excitation/emission applied for the
fluorescence detection was: 0.01 min (274/414 nm) for
BaA, Chy and 5MChr; 16.70 min (312/507 nm) for BjF;
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18.20 min (290/430 nm) for BbF, BkF, BaP, DalP and DahA;
32.40 min (300/500 nm) for IcpD; 34.90 min (297/403 nm)
for DaeP; 45 min (304/457 nm) for DaiP and DahP. For
quality control of the routine analytical process, samples
were analysed on different days and studies on PAH
recovery were performed to demonstrate the viability
of the method. This work was performed in the
LABMICO Laboratory at UFSC and Food Science and
Quality Center at ITAL (Food Technology Institute), accre-
dited by MAPA (Ministry of Agriculture and Food
Supplies) and the National Institute of Metrology,
Quality and Technology (INMETRO), following ISO/IEC
17.025 (2005) procedures. Measurement uncertainty
(data not shown in the table) was performed according
to Commission Regulation No. 836/2011 (EC 2011b).

Results and discussion

Sample characterisation

The sample characteristics regarding soybean origin
(where they were grown, produced and sold), the plant-
ing conditions (traditional or organic) and grain dimen-
sions (format: width, length and thickness) are given in
Table 1. As far as the origin of the soybeans sold in both
Southern Brazil states is concerned, most of the soy-
beans sold in RS were produced in that state, followed
by SP. Otherwise, the ones sold in SC were produced
among the 4 states PR/RS/SC/SP. Regarding planting
conditions, most of the soybean samples were from
conventional crops, being only 11% and 9% from
organic crops sold in RS and SC state vegetarian
shops, respectively. Those samples were produced
among the Southern region states surveyed (PR, RS,
SC) only.

The grain dimension characteristics showed that
soybean samples had different sizes, which may lead
to different pyrolys reaction, with variation on PAHs
formation and levels (Nazzal 2008). Part of them was
of small size (mean: 6.1 mm – min 5.6; max 6.6)
mainly from RS state and large (mean: 7.2 mm –
min 6.6; max 7.7) from PR, SP, SC states, similar to
the main two varieties utilised for region environ-
ment adequacy cultivation in Brazil. Previously, a
study of Nazzal (2008) showed that the increase of
the particle grain size caused a decrease in the
derived hydrocarbon gases. On the other hand,
decreasing the particle grain size used in the study
caused an increase in the PAH concentration in the
derived oil, which has been suggested as a result of
the aromatisation of the derived oils by secondary
decomposition reactions.

PAH method validation

Calibration curves with mean correlation coefficients of
0.994 were obtained for all PAHs. Recoveries at concen-
trations of 0.26, 45 and 132 µg kg−1, determined in
triplicate, were 73% to 101% with SDs ranging from
4.3% to 10.3%. The limits of quantification (LOQs) were
calculated as the lowest concentrations used in the cali-
bration curves. These data were 1.0 µg kg−1 for BjF/IcdP
and 0.1 µg kg−1 for the other PAHs. From these data it
was concluded that the applied method was valid.

PAH levels

In 39 soybean samples surveyed and sold in both (RS and
SC) states, 7 PAHs (BaA, Chy, 5MeChy, BbF, BkF, BaP and
DaiP) were detected (Table 1). Chy and 5MeChy were the
main PAHs, with 76.9% and 71.8% positive samples,
respectively, followed by DaiP (23.1%). Chy levels ranged
from 0.8 to 31.04 µg kg−1, with only 1 exception of a quite
high level (103.89 µg kg−1), which was from SP growers.
5MeChy levels ranged from 0.16 to 18.24 µg kg−1 and
DaiP from 0.18 to 8.06 µg kg−1. BkF and BaP were also
registered, however at the lowest concentrations. Figure 1
shows the different types of PAHs detected in the same
soybean sample, from which it is possible to observe that
most of the positive samples were contaminated by 2
PAHs (50%) followed by 3 to 6 PAHs (30%). It is important
to highlight that there is no ML established for PAH
contamination in soybeans. However, taking into account
the ML for BaP in processed cereals-based foods and oils
and fats, 1 (2.5%) sample did not comply with current
regulations for both products. On the other hand, taking
to account the ML for the sum of PAH4 in processed
cereals-based foods and oils and fats, 72% and 26% sam-
ples do not comply with current regulations, respectively.
This occurred mainly at high Chy contamination.

ΣPAHs levels per sample ranged from 0.79 to
38.78 µg kg−1 (Table 1), except 1 sample with Chy of
103.89 µg kg−1, which reached a ΣPAHs of
204.46 µg kg−1 with 6 compounds (BaA, Chy, 5MeChy,
BbF, BkF and BaP at 58.75, 103.89, 16.10, 18.52, 3.71 and

Figure 1. Number of polycyclic aromatic hydrocarbons found
per soybean sample.
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3.49 µg kg−1, respectively). It was the most contami-
nated sample, grown in SP state (Southeastern region)
and sold in the SC state market. This was probably due
to bean crop grown under contaminated environment
(air, soil, water, industry chimneys) or near industrial
area with high car traffic roads (Camargo & Toledo
2002; Camargo et al. 2011; Garcia et al. 2014; Scussel
et al. 2014, 2015). PAH formation is also reported due to
processing, packaging and thermal processes like dry-
ing, smoking, baking, roasting, grilling, frying and
others. Smoke drying of oilseeds, drying degrees and
refining processes greatly varied PAHs content among
different batches. In a study of Rojo Camargo et al.
(2012) direct smoke drying of soybean seeds presented
10–208 µg kg–1 and 26–316 µg kg–1 PAH levels in 2007
and 2008. In our study, only 10.3% of the dry soybeans
samples did not show any PAHs contamination (< LOQ).

In addition, Paraíba et al. (2010) reported PAHs in
maize grown in soils treated with sewage sludge. The
highest contamination (mean: 3 µg kg−1) was of phe-
nanthrene (Phe), a low molecular mass PAH, which was
not included in the current survey. Falco et al. (2003)
analysed several foods, among them beans, rice and
lentils and reported contamination ranging from 0.11
to 4.28 µg kg−1 with the sum of PAHs reaching
2.89 µg kg−1, where the PAH with the highest contam-
ination was also Phe. Martorell et al. (2010) reported
PAHs in beans, lentils, peas and chickpeas with sum
levels varying from 0.75 to 2.30 µg kg−1. On the other
hand, Camargo and Toledo (2002) did not detect PAHs
in beans, however in rice and pea, the mean sum was
0.13 and 1.31 µg kg−1, respectively. The highest rice
contamination was of BaP (0.13 µg kg−1) and in peas
of BbF (0.48 µg kg−1).

There are no MLs for soybean established, either in the
country or elsewhere. MLs set for other food and espe-
cially for fat and oils (10 µg kg−1 for the PAHs4 only.).
Despite of not being detected in the soybean samples, all
PAHs4 and no BaP levels were rather high if compared to
those for high lipid content extracts (oils and fats).
Indeed, soybean is a pulse also high in lipids, utilised for
oil extraction. In a study of Camargo et al. (2011), the
presence of PAHs in different brands of soybean oils
available on the Brazilian market was detected in all 42
samples with mean summed PAH levels ranging from
10.4 to 112.0 µg kg−1. In addition, Tfouni et al. (2014)
showed that different brands of oil blends (mainly a
mixture of olive and soybean oils) were contaminated
with mean sums ranging from 2.59 μg kg−1 to
85.30 μg kg−1 and 50% of the samples were not in
accordance with MLs for BaP and PAH4 established in
the Brazilian and/or European regulations for this food.
Regarding to dietary intake of food contaminants like

PAHs, EFSA (2008b) summarised that the overall dietary
exposure, assuming a person of 60 kg, is about
235 ng day−1 (BaP), 641 ng day−1 (PAH2: BaP, Chy),
1168 ng day−1 (PAH4: PAH2, BaA, BbF), and 1729 ng
day−1 (PAH8: PAH4, BkF, benzoperylene-BPY, DahA,
IcdP). Therefore, the relationship between their quantities
contained in food products as well as nutritional habits
should be taken into account

Despite the samples that were mostly contaminated
(79.4%), half of them had only 2 PAHs per sample
(Figure 1). That should be of concern for vegans as
they focus on healthy food and more often consume
soybean protein. The source of that contamination
could be either from field exposure (atmosphere and
roads contamination deposition) or from the drying
process applied post-harvest (high temperature and
smoke contact). Therefore, methods of PAH reduction
need to be surveyed worldwide, taking into account
prevention of contamination of food with PAH as smok-
ing and direct drying processes (Codex 2009).

Conclusion

In dry soybean samples sold for direct human con-
sumption PAHs were detected in 89.7% of them, mainly
Chy, 5MeChy and DaiP. The highest contamination and
PAH number per sample (total: 6) were of soybeans
grown and produced in SP and PR states, sold in SC
market, followed by the ones grown in RS state and
sold in the same state. Regarding organic versus com-
mercial soybean planting conditions, no PAHs contam-
ination differences were observed. It is important to
emphasise that, despite of contaminants presence in
the soybean samples surveyed for human consumption,
there is no regulation. In order to reduce PAH contam-
ination and formation, the strategies should be through
(a) choosing soybean planting areas away from fac-
tories smoke chimneys or heavy traffic roads; (b) apply-
ing electricity oven instead of wood, as the heat source,
in the drying process. Although it is known that their
high temperatures (despite the heat source) can induce
PAHs formation and/or (c) applying mild temperature
during the drying process, if possible.
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