ACTA VET. BRNO 2012, 81: 169-174; d0i:10.2754/avb201281020169

Polycyclic aromatic hydrocarbons and risk elements in honey
from the South Moravian region (Czech Republic)

Petra Batelkové', Ivana Borkovcova', Olga Celechovska?, Lenka Vorlova!,
Klara Bartakova!

"Department of Milk Hygiene and Technology, 2Department of Biochemistry, Chemistry and Biophysics,
Faculty of Veterinary Hygiene and Ecology, University of Veterinary and Pharmaceutical Sciences Brno,
Czech Republic

Received August 31, 2011
Accepted April 11, 2012

Abstract

The aim of this study was to determine the actual content of some exogenous contaminants in the
honey from the South Moravian region of the Czech Republic. The content of polycyclic aromatic
hydrocarbons (PAHs) and risk elements (Mercury - Hg, Cadmium - Cd, Lead - Pb, and Arsenic - As)
in multifioral blossom and honey dew samples of honey were determined by high-performance liquid
chromatography and atomic absorption spectroscopy methods. The samples were collected form
beekeepers and from retail stores located in South Moravia in the Czech Republic. Concentrations of
individual PAHs in honey samples ranged between 0.02 pgkg'—1.93 pg-kg'. The limit of benzo[a]
pyrene for infant formula (1.0 pg-kg™) was not exceeded and fluoranthene was not quantified in any
of the samples. Concentrations of Hg, Cd, and Pb were in the range of 3.24 pug-kg'-11.31 pgkg?,
0.95 pgkg'-32.35 ngke!, and 22.80 pgkeg'-177.85 pgkg!, respectively. Concentration of As
exceeded the detection limit only in three samples, ranging from 3.51 pg'kg' to 4.35 pgkg'.
Acceptable limits for trace elements in infant formula were met. Results of this study complete present
knowledge of the contaminant content in Czech honey and confirmed high quality and safety of honey
from the South Moravian region.

Persistent organic pollutants, toxic elements, HPLC, atomic absorption spectroscopy

Honey contains a number of nutritionally valuable compounds and is appreciated for its
healing and prophylactic properties. These result from its composition and are reflected
by physicochemical and chemical indicators (Lachman et al. 2010). According to some
authors, honey is considered an environmental marker due to its ability to contain harmful
substances coming from polluted environment and beekeeping practices, e.g. trace elements
(Conti and Botre 2001), pesticides (Blasco et al. 2003), antibiotic residues (Hammel et
al. 2008), and polycyclic aromatic hydrocarbons (PAHs) (Dobrinas et al. 2008). On the
other hand, honeybees use their own detoxification mechanisms to decrease the content of
harmful substances (Ferreira etal. 2010; Niu et al. 2011). The PAHs belong to the family
of persistent organic pollutants with properties negatively impacting the human organism
such as carcinogenicity, mutagenicity, etc. (Ramesh et al. 2004). Inhaled air and foodstuffs
represent the main exposure source of PAHs for most of the population (Alexander et
al. 2008). Data on the PAHs content in honey are very rare, nevertheless, some authors
reported high concentrations of PAHs in honey (Dobrinas et al. 2008). Trace concentration
of metals in honey and their high variability are dependent very strongly on the botanical
and geographical origin, and less on the climatic and seasonal criteria (Celechovska and
Vorlova 2001). Remarkably elevated values of trace elements in honey were reported
in samples from industrial and otherwise polluted arcas (Bogdanov et al. 2007). The
influence of environmental anthropogenic contaminations on the risk element content in
honey is still discussed (Claudianos et al. 2006; Fredes and Montenegro 2006; Tuzen
et al. 2006) because of evident low metal bioaccumulation (Conti and Botre 2001). On
the other hand, according to previous studies the presence of toxic metals in honey is
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significantly influenced by the environmental pollution (Toporcak et al. 1992; Pisany et
al. 2008).

The aim of our study was to determine the actual content of exogenous contaminants, i.e.
PAHs and toxic elements (Hg, Cd, Pb, and As) in honey from the South Moravian region
of the Czech Republic, to compare our results with known data obtained from previous
studies, and to confirm the quality and safety of the honey tested.

Materials and Methods

Sample characterization

Samples of honey were obtained from beekeepers located around the city of Brno (honey no. 1-10) and from
Brno retail stores (honey no. 11-20). The country of origin of all honey samples was declared as the Czech Republic.
Samples no. 1 and 2 were honey dew honeys and the remaining samples were multifloral blossom honeys.

PAHs analysis

‘We monitored the content of 15 PAHs pollutants in honey according to the US EPA (EPA/630/R-98/002, 1986),
namely acenaphtene (Ace), anthracene (Ant), benzo[aJanthracene (BaA), benzo[a]pyrene (BaP), benzo[g,4,i]
perylen (BghiP), benzo[b]fluoranthen (BbF), benzo[k]-fluoranthene (BKF), chrysene (Chr), dibenzo[a,/]
anthracene (DahA), fluorene (Fl), fluoranthene (Fu), indeno[/,2,3-c,d] pyrene (IPy), naphthalene (Na),
phenanthrene (Phe), and pyrene (Py). The honey sample (10 g) was mixed with anhydrous sodium sulphate,
and 40 ml of dichloromethane were added and mixture was extracted by means of ultrasonic bath and Ultra
Turrax. After filtration the solvent was evaporated to dryness (Biichi, Flawil, Switzerland), redissolved in
1 ml of acetonitrile, filtered (0.45 um nylon membrane filter) and analysed by HPLC — Waters 2695 Alliance
chromatographic system equipped with Empower 2 software, and the Waters 2475 Fluorescence Detector
(Waters, Milford, USA) using an excitation and emission wavelength program. The PAH C18 column (250 mm x
4.6 mm 1.D. 5 um — Waters, Milford, USA) was used. Column temperature was 30 °C, mobile phase A (water) and
B (acetonitrile). The gradient elution was programmed as follows: 50% B (0-5 min), 50% B to 100% B linearly
(5-20 min), 100% B (20-28 min), 100% B to 50% B linearly (28-32 min). The flow rate was set at 1.4 ml'min’'.
Quantification was carried out by the external standard method.

Risk element analysis
Risk elements Cd and Pb were determined by electrothermal atomization HR-CS AAS (High Resolution
Continuum Source Atomic Absorption Spectrometry) on the ContrAA 700 apparatus (Analytik, Jena, Germany)
after mineralization of the sample with concentrated nitric acid and hydrogen peroxide in a laboratory autoclave
with microwave heating (Ethos Sel, Milestone, Sorisole, Italy). For determination of As, the sample (after
mineralization in autoclave) was
Table 1. Additional information about the experimental conditions of risk ashed with the addition of magnesium

elements analysis in honey. nitrate in a muffle oven at 450 °C. The
ash was dissolved in hydrochloric
Element A (nm)  Atomization (°C) Modificator Calibration acid and As" was reduced to As'
(ngl" Ars}leqic was deter}rl‘r_lined by_ hydr}i;l;

technique in graphite atomizer,
cd 228.8018 1500 PdNO,), 0.5-40 60 (Aqnalytik).g 'lPhe apparatus was
Pb 283.3060 1900 Pd(NO,), 5.0-40.0 set to the conditions recommended
As 193.6960 2200 Ir 0.25-2.0 by the producer and the temperature

program was optimized for the
individual elements (see Table 1). The
measurement of Hg was done by HR-CS AAS on an Advanced Mercury Analyzer AMA — 254 (ALTEC, Dvur
Kralové nad Labem, Czech Republic).

Statistics

Basic statistical characteristics (mean, standard deviation, minimum, maximum) for the exogenous elements
were calculated using Microsoft Excel 2003. Statistical assessment of the data was carried out using the statistical
and graphic software STAT Plus (Matouskova et al. 1992).

Results

Polycyclic aromatic hydrocarbons

Limit of detection (LOD) and limit of quantification (LOQ) ranged from 0.01 ugkg! to
0.21 pg'kg! and from 0.02 pgkg! to 0.68 pgkg!, respectively. Recoveries of PAHs ranged
from 60.5% (F1) to 103.2% (Ace). Repeatability expressed as relative standard deviation (RSD)
of 12 parallel measurements was no higher than 3.0%. The average concentrations of individual
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PAHSs in samples from beekeepers and in samples from retail ranged from 0.02 pg-kg' to
1.60 pg'kg!' and from 0.04 pg-kg! to 1.93 pg-kg', respectively. Maximum value of BaP was
0.83 pg'kg! (samples from retail) and 0.81 pg-kg' (samples from beekeepers) (Table 2, 3).

Table 2. Concentrations of polycyclic aromatic hydrocarbons (ng-kg™) in honey samples collected from beekeepers.

PAHS Honey samples

2 3 4 5 6 7 8 9 10
Na <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Ace <LOQ <LOQ <LOQ .12 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ-1.12

Range

Fl 058 130 081 160 <LOQ 122 082 <LOQ 065 135 <LOQ-1.0
Phe 071 083 067 071 126 072 084 008 158 087  0.08-158
Ant 071 073 072 073 074 072 072 004 074 075  0.04-0.75
Fu  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ  <LOQ

Py 044 049 047 045 056 051 047 <LOQ 058 053 <LOQ-0.58
BaA 139 141 139 140 140 140 139 004 141 141  0.04-141
Chr 122 128 124 125 125 122 123 005 131 126  0.05-131

BbF 045 046 042 002 045 041 044 <LOQ 003 092 <LOQ-092
BKF 08 08 08 08 08 08 08 <LOQ 083 084 <LOQ-0.84
BaP  <LOQ <LOQ <LOQ <LOQ 080 <LOQ 079 <LOQ 081 <LOQ <LOQ-0.81
DahA 071 069 086 071 071 071 035 <LOQ 071 073 <LOQ-0.86
BghiP 099 099 098 099 099 099 099 <LOQ 099 110 <LOQ-1.10
Ipy 079 039 078 078 078 079 078 <LOQ 079 081 <LOQ-0.81

PAHs — polycyclic aromatic hydrocarbons, Na — naphthalene, LOQ — limit of quantification, Ace — acenaphtene,

Fl - fluorene, Phe — phenanthrene, Ant — anthracene, Fu — fluoranthene, Py — pyrene, BaA — benzo[a]anthracene,

Chr — chrysene, BbF — benzo[b]fluoranthene, BKF — benzo[k]-fluoranthene, BaP — benzo[a]pyrene, DahA — dibenzo [a,4]
anthracene, BghiP — benzo[g, /,i]perylene, Ipy — indeno[/,2,3-¢,d] pyrene

Table 3. Concentrations of polycyclic aromatic hydrocarbons (ng'kg™") in honey samples collected from retail.

PAHs Honey samples

12 13 14 15 16 17 18 19 20
Na < LOQ < LOQ 130 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ-130
Ace  <LOQ <LOQ 1.10 0.53 1.92 <LOQ 147 <LOQ <LOQ 1.14 <LOQ-147

Range

Fl 055 062 088 <LOQ <LOQ 129 024 080 063 193 <LOQ-193
Phe 068 130 150 006 031 180 085 077 092 013  0.06-150
Ant 073 074 005 <LOQ <LOQ 074 004 073 073 043 <LOQ-0.74
Fu  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ  <LOQ

Py 054 <LOQ 097 <LOQ <LOQ 058 <LOQ 053 054 <LOQ <LOQ-097
BaA 141 140 020 0.5 013 140 011 141 140 052  0.05-141
Chr 128 128 024 010 003 126 019 130 126 042  0.10-130

BbF 044 044 <LOQ <LOQ <LOQ 045 <LOQ 091 044 <LOQ <LOQ-091
BKF 083 041 004 <LOQ <LOQ 083 004 083 083 004 <LOQ-083
BaP  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 083 081 <LOQ <LOQ-0.83
DahA 071 036 009 <LOQ <LOQ 071 004 071 072 010 <LOQ-0.72
BghiP 099 050 010 <LOQ <LOQ 099 011 099  1.00 017 <LOQ-1.00
Ipy 079 039 <LOQ <LOQ <LOQ 079 <LOQ 080 079 0.9 <LOQ-0.80

PAHs - polycyclic aromatic hydrocarbons, Na — naphtalene, LOQ — limit of quantification, Ace — acenaphtene,

F1 - fluorene, Phe — phenanthrene, Ant — anthracene, Fu — fluoranthene, Py — pyrene, BaA — benzo[a]anthracene,

Chr - chrysene, BbF — benzo[b]fluoranthene, BKF — benzo[k]-fluoranthene, BaP — benzo[a]pyrene, DahA — dibenzo [a,/]
anthracene, BghiP — benzo[g, /,i]perylene, Ipy — indeno[/,2,3-c,d] pyrene
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Risk elements

The method AAS showed the following detection limits (defined as the concentration
equivalent to three times the standard deviation of the analytical blank signal, n = 10)
0.25 pg-kg', 4.5 pg-kg' and 0.9 pg-kg! for Cd, Pb and As, respectively. The recovery test
ranged from 93.5% to 104.1% for individual elements. Detection limit for mercury was
0.01 ng-kg!. Concentrations of Hg, Cd, and Pb were found in the range of 3.24 pg-kg!
to 11.31 pgkg', 0.95 pgkg!' to 32.35 pgkg!, and 22.8 pgkg! to 177.85 pgkg!,
respectively. Concentration of arsenic exceeded the detection limit only in three samples,
ranging from 3.51 pg-kg' to 4.35 ng-kg' (Table 4 and 5). Table 6 presents comparisons
of toxicology limits of provisional tolerable weekly intake (PTWI), and the calculated
amount of honey that would meet the toxicology limit (NTL — weight of honey sample

Table 4. Concentration of trace elements (ng-kg™') in honey collected from beekeepers.

Honey samples Acceptable
Trace 1 7 3 4 5 6 7 8 9 10 Range  limits
elements (ugkgy
Hg 506 873 1131 9.49 8.69 6.22 6.53 6.84 697 578  5.06-11.31 20
Cd 125 405 124 3235 3.05 0.95 1.55 19.6 4.15 1.85  0.95-32.35 100
Pb 39.25 17785  24.1 455 419 3715 22.8 76 974 516 22.8-117.85 200

As <100 435 <1.00 351 <1.00 <1.00 <1.00 <100 <1.00 <I1.00 <1.00-435 100

# Acceptable limits for infant formula (Decree no. 305/2004 Coll. and Commission Regulation (EC) No. 1881/2006)

Table 5. Concentration of trace elements (ug'kg™") in honey collected from beekeepers and from retail.

Honey samples Acceptable
Trace 11 12 13 14 15 16 17 18 19 20  Range  limits
elements (ugkg'y
Hg 723 597 595 3.24 4.44 4.99 4.49 5.18 429 378  3.24-7.23 20
Cd 5.8 1.65 1.5 21.65 21.65 3.9 2.25 1.35 4.15 7.55 1.35-21.65 100
Pb 69.75 31.55 31.05 37.05 78.4 78.9 53.8  46.55 94 3475 31.05-94.00 200
As 3.65 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00-3.65 100

# Acceptable limits for infant formula (Decree no. 305/2004 Coll. and Commission Regulation (EC) No. 1881/2006)

Table 6. Comparison of maximum concentration of pollutants in honey with toxicology limits of the World Health Organization.

PTWI (WHO) Honey c (pg'kgh) D (ug) NTL (kg)
. beekeepers 11.31 24.76

H 4 ngkg!' bw per week? 280
& Hete P retail 7.23 38.72
As 15 pgkg! bw per week® beekeepers 435 1050 241.4
retail 3.65 287.7
Pb 25 ng'kg! bw per week beekeep ers 177.85 1750 9-84
retail 94.00 18.61
cd 7 pgke! bw per week beekeepers 32.35 490 15.15
retail 21.65 22.63

PTWI - provisional tolerable weekly intake (JECFA/72/SC 2010), WHO — World Health Organization, bw — body weight,

¢ — maximum concentration, D — tolerable weekly amount of pollutant expressed in micrograms per person; D = PTWI x W,
W — average personal weight (70 kg), NTL - weight of honey sample for filling toxicology limits expressed in kilograms per
week; NTL = D/c, *— value for inorganic Hg (other than fish and shellfish), *— value for inorganic As
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for meeting toxicology limits). Calculation was carried out for maximal concentration of
target analytes in honey.

Discussion

There were no significant differences of PAH and trace element contents between honey
samples collected form beekeepers and from Brno retail stores, and between blossom and
honey dew honey.

The results of polycyclic aromatic hydrocarbon content in honey obtained in our study
correspond with data published by Perugini et al. (2009) from Italy and are lower than
PAH values in honey from Romania (Dobrinas et al. 2008). Maximum residue levels
(MRLs) for PAHs in honey are not set. The Commission Regulation only sets limits of
BaP for oils, fats, smoked meats, smoked fish and sea food, processed cereal-based food,
baby food, infant’s formula and milk and dietary foods for special medical purposes
intended specifically for infants. Our results may be compared with limits for BaP in
uncontaminated food matrix, e.g. infant formula (1.0 pg-kg') (Commission Regulation
(EC) No 1881/2006). This limit was not exceeded in any of the samples.

The values of risk elements could be compared with maximum levels of heavy metals
in children’s food. The maximum level limits for mercury, cadmium, and arsenic in
children’s and infant’s food is 20 pg-kg', 100 pg-kg™', and 100 pg-kg™, respectively (Decree
no. 305/2004 Coll.), for lead 20 pg-kg' (Commission Regulation (EC) No 1881/20006).
Lead fills toxicology limits. The value of lead in honey in our study are similar to results
from Lithuania (Juodisius and Simoneliene 2009). Higher concentration of lead and
cadmium were detected in Turkey (Leblebici and Aksoy 2008). Concentration of
cadmium in our samples was higher than in the samples from Lithuania (Juodisius and
Simoneliene 2009), Italy (Pisany et al. 2008), and Canary Islands (Trias et al. 2008).
The samples analyzed in our study were collected from an urban area, so possible sources
of contamination include anthropogenic activity, industry or traffic. The concentrations
of mercury and arsenic in our samples were very low compared to the concentrations in
honey from other European countries (Pisany et al. 2008) and correspond to the amount
of these elements in honey from an area with no industrial load (Toporéak et al. 1992).
The concentration of trace elements did not exceed acceptable limits for infant’s food. In
reference to these results of trace elements analysis and the average consumption portion
of honey (20 g) we can conclude that the daily intake of honey poses a very low hygienic
risk for consumers.

In conclusion, our results confirm that Czech honey from the South Moravian region of
the Czech Republic may be considered safe food of high quality indicating good hygiene
of manufacturing and bee keeping practices.
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