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Abstract

Honey is a natural animal product. The elemental composition of honey varies greatly depending on the source of nectar,
honeydew, pollen and environmental conditions. The aim of the present study was to determine the levels of chromium (Cr),
copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), selenium (Se), zinc (Zn), cadmium (Cd), lead (Pb) and aluminium (Al)
in a total of 65 honey samples procured from different regions of Turkey. Element levels were measured by using an inductively
coupled plasma optical emission spectrophotometer (ICP-OES). Minimum and maximum levels of the elements, indicated as
ug/g wet weight were as follows: Cr: 0.126-7.964, Cu: 0.223-198.361, Fe: 3.506-1278.778, Mg: 5.830-309.783, Mn: 0.096-29.496,
Se: 0.418-19.879, Zn: 1.734-245.205, Cd: 0.000-0.297, Pb: 0.000-3.035, Al: 0.775-155.585.

Keywords: trace element; toxic element; heavy metal; ICP-OES; honey.

Practical Application: Honey contains many elements necessary for life. Alongside its nutritional value, honey may also

contain toxic elements.

1 Introduction

Turkey ranks second among the other honey producing
countries with an annual (2017) production of 114.471 tons
(Turkish, 2017; Kaftanoglu, 2017). Botanical and geographical
origin of honey is of great importance in terms of its chemical
quality (Barganska et al., 2016; Kili¢ Altun et al., 2017). Turkey,
owing to its rich plant diversity and favorable climate due
to geographical features comes to the forefront in terms of
production of high quality honey varieties with high mineral
content (Kili¢ Altun et al., 2017). Pine honey which is rich
in mineral content is mainly produced in Turkey. Honeydew
honey is known to have a higher mineral content (0.6-2%) in
comparison with blossom honey (0.1-0.5%) (Mutlu et al., 2017).
Honey contains high levels of potassium, sodium, calcium and
magnesium, the sources of which were shown to be pollen and
nectar (Kili¢ Altun et al., 2017; Turhan, 2007; Batista et al., 2012;
Fernandez-Torres et al., 2005). Apart from the above mentioned
minerals, honey may contain Fe, Cr, Se, Cu, Mn, Zn, Al, Pb, As,
Cd and Hg, depending mainly on environmental factors (Kili¢
Altun et al.,, 2017; Mutlu et al., 2017; Fernandez-Torres et al.,
2005). Environmental factors may be listed as soil, air, water and
environmental pollution as well as the contaminated materials,
tools and equipment used in beekeeping. Therefore, honey is
recognized as one of the indicators of environmental pollution
(Mutlu et al., 2017; Turhan, 2007).

Different descriptions have been defined for the metals
currently known as heavy metals which have deleterious effects
on human health. A heavy metal is essentially defined as a metal
of relatively high density (above 5g/cm®). In medicine, the

concept is used for metals with toxic properties regardless of
their atomic weights. Although more than sixty elements were
identified as heavy metals, the most frequently encountered and
the most pronounced heavy metals are Hg, Mn, Fe, Co, Ni, Cu,
Zn, Cd, As, Sn, Pb, Ag and Se. Heavy metals are accumulated
particularly in certain organs, ultimately reaching up to toxic levels
(Yilmaz-Aksu & Sandikci-Altunatmaz, 2017; Jaishankar et al.,
2014). Some of them, for instance zinc, selenium and copper
are essential for maintaining metabolic activities, however may
elicit toxic effects at high concentrations. Elements which are
required in minor quantities for physiology of organism are
referred to as trace elements. In this regard, Fe, Cu, Se, Zn, Ni
and Mn are recognized as trace elements which are needed by
the organism for maintaining vital activities (Kili¢ Altun et al.,
2017). It has been indicated in research studies that honey may
contain several minerals, trace elements and heavy metals at
various concentrations, which differ according to regional and
environmental conditions, seasonal and annual differences, as well
as beekeeping and agricultural techniques applied (Batista et al.,
2012; Fernandez-Torres et al., 2005).

The objective of the present study was to determine the
elemental composition of different honey samples consumed
in Turkey by taking into account the regional differences.
The results were considered to assist the establishment of legal
permissible limits for certain minerals, trace elements and
toxic heavy metals that may be found in honey and as well as
to contribute to the assessment of the levels of trace elements
from a nutritional perspective.
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2 Materials and methods
2.1 Sample collection

Honey samples were collected from areas of intensive
beekeeping. Measurements for pre-determined minerals,
trace elements and heavy metals were carried out in a total of
65 honeys. These samples were obtained from different regions
of Turkey representing; Central Anatolia, the Black Sea, Eastern
Anatolia, Aegean, Marmara, the Mediterranean, and Southeastern
Anatolia (Table 1).

2.2 Preparation of samples for measurements

Honey samples were placed into tared tubes, weighed
using a precision balance and the results were recorded. 2 mL
of nitric acid (HNO,) was added to honey samples placed into
a heat-resistant graduated tubes and left to dissolve in a drying
oven at 150 °C. The honey and nitric acid mixture was left to
cool at room temperature and then 1 mL of perchloric acid
(HCIO,) was added into the mixture which was returned to oven
and subjected to wet ashing. Finally, all samples were vortexed
and distilled water was added into the tubes to a total volume
of 12 mL and vortexed once again getting ready to conduct
elemental analysis in an ICP-OES device.

2.3 Measurements of elements

Suitable wavelengths of 267.716, 324.754, 259.940, 285.213,
257.610,196.090, 206.200, 228.802, 220.353 and 167.079 nm were
used for the analysis of Cr, Cu, Fe, Mg, Mn, Se, Zn, Cd, Pb and
Al respectively in an ICP-OES device (Thermo ICAP 6000 series)
(Ali et al., 1988). Samples were subjected to wet ashing and
prepared for measurements. Four samples were prepared from
each honey type and mean values were calculated based on the
results of elemental analysis.

3 Results and discussion

Levels of macroelement, Mg; microelements Cr, Cu, Fe,
Mn, Se and Zn and toxic elements (heavy metals) Cd, Pb and
Al were determined in a total of 65 honey samples. The results
of the analyses were presented in Table 2 as pg/g wet weight.
Minimum, maximum and mean values of the results were shown

in Table 3 as pg/g honey.

On the basis of the findings, it may be assumed that lead
and cadmium contamination was prevalent in honey samples.
Out of 65 samples, only 5 and 2 honeys did not contain cadmium
and lead, respectively. Cadmium free honeys were from the

Table 1. Regional distribution of honey samples.

Region Honey Sample No
1-2-3-6-41-62-63-64
4-5-7-8-9-10-20-24-38-43-47-49-50-53-54-57-58

11-21-25-26-30-31-33-35-40-44-45-55-59-61-65

Central Anatolia
Black Sea
Eastern Anatolia

Aegean 13-17-34-39-42-46
Marmara 12-14-15-16-18-27-28-29-32-37-56
Mediterranean 19-22-23-36-51-52-60
Southeastern Anatolia 48
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Black Sea (2 samples) and Thrace regions, the cities of Kars
and Mus; whereas lead free honeys came from the Thrace
region and Kars city. Cadmium concentration was detected to
be below the level of 0.01 ug/g in 7 samples while lead levels
exceeded 0.01 pg/g in all samples that contained lead. Mean
lead concentration was found to be 0.349 ug/g and the highest
lead level of 3.035 pg/g was detected only in one sample. Lead
concentrations of other honey samples from the same city were
0.356; 1.586; 0.715 and 0.044 pg/g, which was considered to be
associated with subsequent contamination through water, tinware
and etc. Lead is a naturally occurring element; however emerges
as an environmental pollutant at excessive amounts by means of
several factors such as mining, battery manufacturing, brazing,
water pipe production, usage of paint and gasoline (Yilmaz-Aksu
& Sandikci-Altunatmaz, 2017). It is worldwide proposed that
all bee products, particularly honey must be free of any foreign
substances in order to be considered valuable and beneficial
(Cukur et al., 2016). Lead, cadmium, arsenic and mercury are
involved in the list of toxic substances published by the Agency
for Toxic Substances and Disease Registry (The Agency for Toxic
Substances and Disease Registry, 2015). The Joint FAO/WHO
Expert Committee on Food Additives (JECFA) withdrew
the previously suggested provisional tolerable weekly intake
(PTW1) level for lead in 2011 and indicated that there is no
such threshold limit value that can be adopted as healthy (World
Health Organization, 2011). Therefore, it is of utmost importance
that honey is by no means contaminated with any heavy metals
including lead. There are several studies available worldwide
and also in Turkey with respect to the determination of lead
and other elemental concentrations in honey (Kilig Altun et al,,
2017; Turhan, 2007; Batista et al., 2012; Fernandez-Torres et al.,
2005; Nascimento et al., 2015; Vanhanen et al., 2011; Doker et al.,
2014; Tuzen et al., 2007; Kolayli et al., 2008; Sireli et al., 2015;
Czipa et al.,, 2015; Chua et al., 2012; Liberato et al., 2013;
Celechovska & Vorlové, 2001; Caroli et al., 1999; Golob et al.,
2005; Bontempo et al., 2017; BilandZi¢ et al., 2017; Formicki et al.,
2013; Rashed & Soltan, 2004).

In the present study, minimum and maximum levels of
0.126 pg/g and 7.964 pg/g for chromium were found in Kars
and Artvin honeys, respectively. In other studies carried out in
Turkey, chromium levels in honey were indicated as <1 ppb,
88.1 ng/g (Doker et al. 2014) and 2.4-37.9 pg/g (Tuzen et al,,
2007) and in one study chromium was below the detection limit
(No Detection, ND) in selected honey samples (Kolayli et al.,
2008). In worldwide studies, chromium levels were detected
as 4.80-36.7 pg/g, 1.845-3.835 mg/kg, 0.023-0.170 pg/kg,
1.03-3.93 ng/g, 0.78-3.55 mg/kg, 0.0-0.0 mg/kg and 2.69-49.9 mg/kg
in Hungary (Czipa et al., 2015), Malaysia (Chua et al., 2012),
Brazil (Liberato et al., 2013), Czech (Celechovské & Vorlov4,
2001), Italy (Caroli et al., 1999), Slovenia (Golob et al., 2005),
Italy (Bontempo et al., 2017) and Croatia (Bilandzi¢ et al., 2017)
respectively. The amount of chromium in honey is strongly affected
by geographical, floral, environmental and geological factors.
Furthermore, it was assumed that stainless steel surfaces might
have been responsible for high levels of chromium contamination
(Doker et al., 2014).
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Table 2. Mean values of the elements analyzed in honey samples (pg/g honey).

No Cr Cu Fe Mg Mn Se Zn Cd Pb Al
1 6.635 4.941 117.318 152.824 1.129 6.706 16.729 0.282 3.035 49.624
2 1.305 4.365 566.769 41.314 1.451 0.910 5.116 0.040 0.356 25.385
3 2.700 2.871 135.043 78.514 0.814 3.343 8.357 0.086 1.586 36.900
4 2.320 3.400 81.720 91.840 0.720 1.680 21.000 0.120 0.840 110.880
5 1.320 1.350 61.800 38.850 0.390 2.340 7.080 0.060 1.050 40.380
6 1.615 1.477 19.777 40.869 0.300 2.192 7.038 0.046 0.715 35.885
7 1.521 1.436 141.000 57.086 0.771 1.907 5.421 0.043 1.050 33.279
8 2.032 2.067 30.986 86.055 11.465 2.376 5.596 0.297 0.154 1.592
9 7.964 27.382 411.655 103.091 1.636 4.964 35.291 0.164 1.800 8.400
10 1.148 1.156 37.679 61.760 0.530 1.936 4.807 0.007 0.088 3.983
11 4.629 3.257 115.303 140.743 2.331 4.457 18.857 0.000 0.960 13.097
12 2.924 2.858 70.364 202.233 4.560 3.840 13.549 0.022 0.524 8.487
13 0.285 0.986 12.722 15.142 0.132 0.915 4.332 0.010 0.122 11.786
14 1.059 3.362 32.374 122.294 5.462 2.179 6.150 0.009 0.309 4.262
15 1.539 2.764 25.961 148.386 1.349 1.705 6.331 0.000 0.174 4.452
16 1.888 1.438 27.400 74.300 0.438 1.825 10.813 0.013 0.188 7.200
17 1.319 3.891 57.742 161.366 2.169 1.461 11.672 0.007 0.060 15.980
18 0.812 0.889 17.816 55.426 0.275 1.525 3.656 0.014 0.085 5.619
19 0.545 0.669 13.324 35,217 0.392 0.992 4.983 0.010 0.069 5.197
20 0.779 2.862 18.407 134,690 21.076 1.269 11.848 0.000 0.097 155.586
21 0.384 0.351 9.320 14.343 0.194 0.678 2.220 0.005 0.104 3.581
22 0.282 1.444 8.395 14.699 1.140 0.662 7.482 0.005 0.152 6.174
23 5.326 9.684 80.505 28.295 0.842 1.916 39.137 0.021 0.253 12.611
24 5.120 1.394 76.366 51.840 2.560 0.971 18.274 0.011 0.309 14.823
25 0.914 0.700 13.314 30.571 0.271 1.671 14.014 0.014 0.357 29.586
26 0.794 5.848 21.718 25.690 0.338 1.099 14.096 0.000 0.439 41.037
27 0.806 1.110 16.442 49.039 0.430 1.075 4.925 0.018 0.143 20.812
28 0.538 0.766 6.610 16.097 0.114 0.476 6.083 0.021 0.000 10.459
29 0.863 0.327 11.623 21,332 0.208 0.714 5.296 0.010 0.099 7.567
30 0.682 0.567 20.712 36.879 0.173 0.863 1.734 0.016 0.123 2.877
31 0.447 0.404 17.498 33.327 0.185 1.058 3.905 0.000 0.305 22.451
32 0.185 0.223 9.761 16.125 0.096 0.418 2.331 0.003 0.069 7.505
33 0.408 0.400 5.224 16.992 0.128 0.872 2.104 0.016 0.320 13.536
34 0.752 4.352 16.640 50.704 0.432 1.200 10.608 0.032 0.240 33.664
35 0.126 7.529 3.506 12.207 0.151 0.496 7.904 0.008 0.000 3.364
36 0.240 2.741 37.277 60.836 1.022 0.542 5.543 0.039 0.031 92.903
37 1.418 3.678 120.031 52.769 1.060 3.319 5.283 0.094 0.327 11.610
38 0.672 0.561 14.020 9.963 0.187 1.960 2.736 0.033 0.094 1.817
39 2.046 3.010 94.190 50.597 0.826 2.597 7.770 0.079 0.138 10.938
40 1.296 1.147 66.018 20.286 1.191 2.470 4.756 0.026 0.131 4.923
41 0.372 11.984 46.455 12.071 0.210 1.461 14.297 0.012 0.048 1.921
42 0.345 1.248 41.028 42.092 0.679 2.051 1.985 0.011 0.088 2.382
43 1.035 6.066 41.659 14.059 0.495 2.587 84.330 0.044 0.319 3.457
44 0.506 2.176 31.104 7.862 0.146 1.711 3.824 0.018 0.068 0.808
45 0.911 33.482 315.214 15.086 1.211 2.239 37.093 0.096 0.407 6.043
46 0.594 10.885 44.170 32.800 0.479 19.879 12.830 0.018 0.224 3.745
47 1.493 3.224 1278.779 50.913 29.496 3.151 6.357 0.027 0.330 5.405
48 0.689 2.074 18.222 17.902 0.203 2.123 6.382 0.018 0.283 2.332
49 0.931 20.620 39.714 12.824 0.408 2.294 30.702 0.041 0.212 2.694
50 0.670 7.886 25.645 51.605 18.696 2.566 9.321 0.021 0.064 1.784
51 1.333 1.600 159.911 18.800 0.498 2.996 5.324 0.044 0.204 1.449
52 0.497 4.552 7.850 5.830 0.099 1.622 7.920 0.021 0.017 1.167
53 0.925 3.126 79.796 309.783 0.359 2.117 4.716 0.038 0.352 0.986
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Table 2. Continued...

No Cr Cu Fe Mg Mn Se Zn Cd Pb Al

54 1.077 1.738 25.144 20.938 0.325 1.996 3.914 0.045 0.269 2.007
55 0.667 7.052 22.308 13.463 0.310 1.625 15.101 0.027 0.155 1.962
56 0.483 2.432 89.233 21.180 0.329 1.489 5.134 0.018 0.086 1.101
57 0.918 7.667 196.349 21.987 0.926 1.973 19.643 0.024 0.129 2.923
58 0.592 13.232 8.841 18.608 0.151 1.491 13.647 0.016 0.140 0.775
59 0.740 3.413 23.880 9.993 0.200 2.000 6.827 0.027 0.160 4.427
60 2.154 198.361 87.716 47.133 0.607 3.267 245.205 0.058 0.333 2.169
61 0.645 22.545 18.105 18.795 0.255 1.350 28.103 0.030 0.210 2.168
62 1.420 29.561 500.341 22.171 1.302 2.722 27.556 0.044 0.673 4.215
63 0.551 189.031 271.361 20.394 0.619 0.612 202.639 0.025 0.346 1.571
64 0.613 10.489 114.993 16.368 0.345 1.494 10.049 0.060 0.354 2.849
65 0.885 2.872 876.393 8.361 1.761 1.495 5.331 0.030 0.315 3.895

Table 3. Minimum, maximum and mean values for each element analyzed in honey samples (ug/g honey).

Elements Cr Cu Fe Mg Mn Se Zn Cd Pb Al
Min. 0.126 0.223 3.506 5.830 0.096 0.418 1.734 0.000 0.000 0.775
Max. 7.964 198.361 1278.779 309.783 29.496 19.879 245.205 0.297 3.035 155.586

Mean £ SE  1.364+1.27 11.030+10.03 107.824 £20.02 50.548 £7.59 1985%3.56 2.183+1.67 18201+9.12 0.038+0.27 0.349+0.81 15299*6.75

Mean + SE: Mean + Standard Error.

In the present study, minimum 0.223 pg/g and maximum
198.361 pg/glevels of copper were detected in Thrace honey and
Mugla pine honey, respectively. Pine honey is known to have
higher total mineral content in comparison with other types of
honey. Copper levels in honeys were reported as <1-929 ppb
(68.5 mean) (Kilig Altun et al., 2017), 0.70-4.12 mg/kg (1.90 mean)
(Turhan, 2007), 0.12-0.25 ug/g (0.17 mean) (Doker et al. 2014),
0.23-2.41 pg/g (Tuzen et al., 2007), 1.2-2.2 ug/g (Kolayli et al.,
2008), 0.011-0.098 mg/kg (0.06 mean) (Sireli et al., 2015) in
other studies conducted in Turkey. Levels of copper content
were detected as 0.531-2.117 mg/kg, 0.046-0.236 mg/kg,
0.07-1.29 mg/kg, 0.057-1.55 mg/kg, 144-216 ng/g, 1.4-2.70 mg/kg,
0.1-0.6 mg/kg, 0.07-2.14 mg/kg and 1.0-1.75 mg/kg in Spain
(Fernandez-Torres et al., 2005), Malaysia (Chua et al., 2012),
Brazil (Liberato et al., 2013), Czech (Celechovskd & Vorlova,
2001), Italy (Caroli et al., 1999), Slovenia (Golob et al., 2005),
Italy (Bontempo et al., 2017), Croatia (Bilandzi¢ et al., 2017)
and Egypt (Rashed & Soltan, 2004), respectively.

In the present study, minimum and maximum iron levels
of 3.506 ug/g and 1278.779 ug/g were detected in Kars and Bolu
honeys, respectively. In other studies carried out in Turkey,
iron levels in honey samples were found to be <1-7254.62 ppb
(268 mean) (Kilig Altun et al., 2017), 0.84-18.21 mg/kg (7.95 mean)
(Turhan, 2007), 9.70-11.60 pg/g (10.5 mean) [15], 1.1-12.7 pg/g
(Tuzen et al., 2007), 3.2-6.7 pg/g (Kolayli et al., 2008), and
13.45-97.30 mg/kg (41.13 mean) (Sireli et al., 2015). Iron levels
in honeys in other countries such as Hungary (Czipa et al.,
2015), Malaysia (Chua et al., 2012), Brazil (Liberato et al., 2013),
Italy (Caroli et al., 1999), Italy (Bontempo et al., 2017), Croatia
(Bilandzi¢ et al., 2017, Poland (Formicki et al., 2013) and Egypt
(Rashed & Soltan, 2004) were detected as <0.005-2.86 mg/kg,
ND-32.480 ppm, 0.12-8.76 mg/kg, 191-651 ng/g, 0.5-3.1 mg/kg,
1.03-2.4 mg/kg, 0.08-0.24 ug/g x 10* and 58-202 mg/kg, respectively.
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In the study, minimum 5.830 pug/g and maximum 309.783 pg/g
levels of magnesium were found in honey samples collected from
Rize and Mugla cities, respectively. Other studies from Turkey
revealed levels of 23-64 mg/kg (39.10 mean) (Turhan, 2007) and
10.90-93.90 ug/g (26.7 mean) (Doker et al., 2014) for magnesium
in honeys analyzed. Magnesium levels in honey samples from
Spain (Fernandez-Torres et al., 2005), Hungary (Czipa et al.,
2015), Malaysia (Chua et al., 2012), Brazil (Liberato et al., 2013),
Italy (Bontempo et al., 2017), Croatia (Bilandzi¢ et al., 2017),
Poland (Formicki et al., 2013) and Egypt (Rashed & Soltan, 2004)
were detected to be 13.26-74.38 mg/kg, <0.104-35.1 mg/kg,
5.209-89.502 ppm, 2.48-28.33 mg/kg, 5.0-79.0 ppm, 11.0-195 mg/kg,
0.42-0.86 ug/g x 10* and 102-300 pg/g, respectively.

In the present study, minimum and maximum manganese
levels of 0.096 pg/g and 29.496 pg/g were detected in Bolu
and Thrace honeys, respectively. In other studies carried out
in Turkey, manganese levels in honey samples were found
to be <1-274 mg/kg (45.6 mean) (Kilig Altun et al.,, 2017),
0.47-2.60 mg/kg (1.13 mean) (Turhan, 2007), 0.04-0.25 pg/g
(0.13 mean) (Doker et al., 2014), 0.32-4.56 pg/g (Tuzen et al.,
2007) and 1.2-17.20 pg/g (Kolayli et al., 2008). Manganese levels
in honey samples from Spain (Fernandez-Torres et al., 2005),
Hungary (Czipa et al., 2015), Malaysia (Chua et al., 2012),
Brazil (Liberato et al., 2013), Italy (Caroli et al., 1999), Slovenia
(Golob et al., 2005), Italy (Bontempo et al., 2017), Croatia
(Bilandzi¢ et al., 2017) and Egypt (Rashed & Soltan, 2004) were
detected as 0.133-9.471 mg/kg, 0.026-4.23 mg/kg, 0.455-6.859 ppm,
0.06-1.96 mg/kg, 223-580 ng/g, 0.3-2.30 mg/kg, 0.2-8.3 mg/kg,
0.19-3.77 mg/kg and 0.50-1.70 mg/kg, respectively.

In the study, minimum 0.418 pg/g and maximum 19.879 pg/g
selenium levels were obtained from Thrace honey and Mugla pine
honey, respectively. Other studies in Turkey revealed levels of
<1-65.9 pg/g (54.1 mean) (Kilig Altun et al.,, 2017), 54.1-67.50 ng/g
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(60.7 mean) (Doker et al., 2014) and 38-113 pg/g (Tuzen et al.,
2007) for selenium content in selected honey samples. Honeys
from Hungary (Czipa etal., 2015), Malaysia (Chua et al., 2012),
Brazil (Liberato et al., 2013) and Croatia (Bilandzié et al., 2017)
contained selenium at the levels of 2.66-36.4 pg/kg, ND-17.202 ppm,
0.0036-0.062 pg/kg and 0.16-36.3 pg/kg, respectively.

In the present study, minimum and maximum levels of
1.734 ug/g and 245.205 pg/g for zinc were found in Mugla pine
honey and Kars honey, respectively. In other studies carried out
in Turkey, zinc levels in honey were indicated as <1-237 ppb
(49.9 mean) (Kilig Altun etal., 2017), 0.98-4.35 mg/kg (2.69 mean)
(Turhan, 2007), 0.43-0.96 pg/g (0.67 mean) [15], 1.1-12.7 ug/g
(Tuzen et al,, 2007), 1.2-17.2 ug/g (Kolayli et al., 2008) and
6.76 mg/kg (Sireli et al., 2015). Zinc levels were detected to
be 0.132-7.825 mg/kg, 0.185-7.20 mg/kg, 2.353-18.112 ppm,
0.07-1.85 mg/kg, 0.190-22.9 mg/kg, 565-1144 ng/g, 2.92-4.73 mg/kg,
0.5-1.5 mg/kg, 0.46-7.19 mg/kg, 1.66-5.97 pg/g and 5.0-9.3 ug/g
in honey samples collected in Spain (Fernandez-Torres et al.,
2005), Hungary (Czipa et al., 2015), Malaysia (Chua et al., 2012),
Brazil (Liberato et al., 2013), Czech (Celechovskd & Vorlov4,
2001), Italy (Caroli et al., 1999), Slovenia (Golob et al., 2005),
Italy (Bontempo et al., 2017), Croatia (Bilandzi¢ et al., 2017),
Poland (Formicki et al., 2013) and Egypt (Rashed & Soltan,
2004), respectively.

Minimum and maximum cadmium levels in honeys were
found to be 0.000 pg/gand 0.297 pg/g, respectively in the present
study. Other studies from Turkey revealed different results
regarding cadmium content in honey samples such as <1 ppb
(Kilig Altun et al., 2017), below the detection limit-2.20 ug/g
(<1 mean) (Doker et al,, 2014), 0.9-17.9 pg/kg (Tuzen et al.,
2007) and 0.343 mg/kg (Sireli et al., 2015). Levels of cadmium
content in honey samples were detected as <0.003-3.31 ug/g,
ND-4.502 ppm, 0.5-77.4 g/kg, <0.50-0.74 ng/g, 0.12-16.4 ug/kg,
1.0-6.5 ug/g x 10”and 0.01-05 pg/g in Hungary (Czipa et al., 2015),
Malaysia (Chua et al., 2012), Czech (Celechovské & Vorlova,
2001), Italy (Caroli et al., 1999), Croatia (Bilandzi¢ et al., 2017),
Poland (Formicki et al., 2013) and Egypt (Rashed & Soltan,
2004), respectively.

Minimum and maximum levels of 0.000 ug/g and 3.035 ug/g
were detected for lead concentration in honeys analyzed in the
present study. According to other studies carried out in Turkey
with different honey samples revealed levels of <1 ppb (Kilig
Altun et al,, 2017), < below the detection limit-59.40 mg/kg
(12.1 mean) (Doker et al., 2014), 8.4-105.8 pg/kg (Tuzen et al.,
2007), ND (Kolayli et al., 2008) and 1.101 pg/g (Sireli et al., 2015)
for lead. Lead content in honeys from Hungary (Czipa et al., 2015),
Malaysia (Chua et al., 2012), Czech (Celechovské & Vorlova,
2001), Italy (Caroli et al., 1999), Slovenia (Golob et al., 2005),
Italy (Bontempo et al., 2017), Croatia (Bilandzi¢ et al., 2017),
Poland (Formicki et al., 2013) and Egypt (Rashed & Soltan,
2004) were detected to be 11.2-133 pg/kg, ND-4.502 ppm,
18.4-1000.3 pg/kg, 3.20-186 ng/g, 1.86-4.3mg/kg, 0.0-0.1 ppm,
3.28-50.0 pgrkg, 0.06-0.13 pg/g and 4.2-6.3 ug/kg, respectively.

In the present study, minimum and maximum aluminium
levels of 0.775 pg/g and 155.586 ug/g were detected in Kastamonu
mad honey and Rize honey, respectively. In other studies
carried out in Turkey, aluminium levels in honey samples were
found to be <1-960 ppb (69.7 mean) (Kilig¢ Altun et al., 2017),
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0.74-1.35 pg/g (1.06 mean) (Doker et al., 2014) and 83-325 ug/kg
(Tuzen et al., 2007). Aluminium levels in honey samples from
Hungary (Czipa et al., 2015), Malaysia (Chua et al., 2012), Italy
(Bontempo etal., 2017) and Croatia (Bilandzic et al., 2017) were
reported as <0.004-4.39 mg/kg, 0.708-1.872 ppm, 0.6-3.8 mg/kg
and 0.46-28.8 mg/kg, respectively.

Industrial applications and agricultural chemicals including
pesticides pollute the soil, water resources and plants. These
chemicals may contain various elements in their compositions.
Bees and bee products including honey are exposed to the
contaminants via polluted pollen, water and air. Furthermore,
poor beekeeping practices may be the source of elemental and
heavy metal residues in honey. Honeys can be contaminated with
miscellaneous elements through many factors such as containers
used in beekeeping, packaging materials (paints and finish-coat
materials used in the internal surfaces of the containers, uncoated
tins), metal lids, caring chemicals, tranquilizer bee smoke,
cleaning materials (residues on contact surfaces) and feeding
syrups given to bees. The mineral composition of honey differs
tremendously based on its geographic, geologic and floral origins
as well as the diversity of elemental resources. Therefore, despite
the concordant results recorded in some studies, different mineral
compositions may be obtained even from the honey samples
collected from the same region in the same study. Determination
of the mineral and heavy metal contents of honeys is a useful
tool for monitoring environmental pollution; therefore it is of
utmost importance that the consumers are informed about the
geographic origin (including the altitude and source of honey)
of the products in details by proper labeling.

4 Conclusion

The aim of the present study was to investigate the levels
of certain heavy metals and trace elements that may be found
in honeys. It is considered that the findings of the study will
be a contribution to assess whether or not honey varieties sold
in Turkey pose a risk for public health in terms of heavy metal
content and also it is assumed that demonstration of trace element
composition of honeys will elucidate the nutritional value of
these products. Moreover, it is anticipated that the findings will
serve as a tool for estimating the permissible limit of elements
in honey, which are yet neither nationally nor internationally
established.
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