
Introduction

Honey is a sweet natural product, produced by 
honeybees (Apis mellifera) that collect nectar from 
flowers and turn it into a product considered to be a 
delicious food and known to be a healthier nutritional 
choice than sugar (1). It is mainly composed of 
fructose and glucose (65 %) and water (18 %), while 
protein contents are low (2). The mineral content 
in honey is low and ranges from about 0.04 % in 
pale honeys to 0.2 % in dark honeys (3). Honeybees 
are estimated to forage on plants growing over a 
relatively large area (more than 7 km2) and when 
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Summary: Multifloral and unifloral honeys [black locust (Robinia pseudoacacia L.), chestnut (Castanea sativa Mill.), lime 
(Tilia spp.), indigobush (Amorfa fruticoza L.) and rapeseed (Brassica napus)] were collected from Koprivnica-Križevci County 
in northwestern Croatia during 2010 and 2011. The concentrations of Cd, Pb, Hg, As and Cu were determined and mean levels 
of elements (mg/kg) in honey samples measured were: in multifloral 1.26 for Cd, 163 for Pb, 135 for As, 1.35 for Hg and 11.7 for Cu; 
in black locust 1.52 for Cd, 182 for Pb, 23.2 for As, 0.46 for Hg and 7,697 for Cu; in lime 2.92 for Cd, 340 for Pb, 116 for As, 0.74 for 
Hg and 7,798 for Cu. Significant differences in Hg and Cu levels were observed between honey types. Average Cu levels found 
in lime and black locust honey types were much higher than those reported in other European countries. The highest element 
contents measured in different honey types were: Cd 4.0 mg/kg and As 502 mg/kg in rapeseed, Hg 6.11 mg/kg in chestnut, Pb 
2,159 mg/kg in black locust and Cu 79,167 mg/kg in indigobush. Lead concentrations measured in all honey types were much 
higher than levels obtained in Italy, Slovenia, Poland, Romania and Turkey. These indicate that special attention should be paid 
to ensuring positions of hive in zones of bee forage that are more distant from highways and railways. The results presented 
indicate a differentiation of the trace element content of honeys of different botanical origin obtained from the same area.
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going from flower to flower, are also in contact 
with air, water and soil, branches and leaves. 
Therefore, honey is the result of a bio-accumulative 
process useful for collecting information about the 
environment and may be considered a bioindicator 
of environmental pollution (4).

The great variability of the trace element content 
in different honey types is closely related to botanical 
and geographical origin with regards to soil and 
climate characteristics (5). Environmental pollution 
factors that may contribute to the presence of metals 
in honey may be caused by non-ferrous metallurgy, 
industrial smelter and factories, leaded petrol, 
and agrochemicals such as cadmium-containing 
fertilizers, and organic mercury and arsenic-based 
pesticides still in use in some countries (6, 7).
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In addition to the environmental importance, 
the determination of trace metals is important 
regarding to quality control of honey and because 
the fact that today’s total production of honey in 
the world is increasing. The European Union is 
the world’s largest consumer of honey (1, 8).

In the past decade, different trace metals content 
have been determined in different honey types 
in European countries: France (9), Italy (10-12), 
Slovenia (13, 14), Poland (15), Czech Republic (16), 
Romania (6), Spain (17-19) and Turkey (20-23). In 
most of these studies, the botanical influence on 
honey composition has been neglected and only 
the differences among regions and the geographical 
origin of honey have been tested. 

In Croatia, the most common unifloral honey 
types are black locust (Robinia pseudoacacia L.), 
chestnut (Castanea sativa Mill.) and lime (Tilia 
spp.), while the unifloral honeys indigobush 
(Amorfa fruticoza L.) and rapeseed (Brassica 
napus) are rarer. Unifloral honeys originating 
from Lavandula stoechas and Salvia officinalis 
are also rare and are indicative of the southern 
geographical origin in the country.

The aim of the present study is to examine the 
concentrations of the toxic trace metals Cd, Pb, 
Hg, As and Cu in different honey types collected 
in the same geographical region, in Koprivnica-
Križevci County in northwestern Croatia. 

materials and methods

Sample collection 

A total of 14 different honey type samples were 
collected: 3 multifloral, 5 black locust (Robinia 
pseudoacacia L.), 3 lime (Tilia spp.), 1 chestnut 
(Castanea sativa Mill.), 1 indigobush (Amorfa 
fruticoza L.) and 1 rapeseed (Brassica napus). 
Honey samples were produced and collected 
during 2010 and 2011 from individual beekeepers 
near the towns Križevci, Đurđevac, Koprivnica and 
Virovitica in Koprivnica-Križevci County (Table 1). 

Koprivnica-Križevci County covers an area of 
about 1,746 km2 and the urban centres Križevci, 
Đurđevac, Koprivnica and Virovitica each have 
populations of 20,000 to 55,000. The region is 
relatively clean, as economic activities are primarily 
agricultural with cultivated fields and woods, and 
a high representation of vineyards. The region has 
no pronounced industrial activities and vehicular 
traffic is rather low in comparison with European 
standards and the more populated, urbanized and 
industrialized Centre region around the capital 
city, Zagreb. 

Following collection, honey samples (500 g) 
were placed into clean glass bottles, labelled and 
brought to the laboratory and stored at 4-8°C 
until analysis.

Sample no. Sample 
identification

Honey type
(common name)

Geographical
origin Year

1 BL 1 Black Locust Đurđevac 2010

2 BL 2 Black Locust Đurđevac 2011

3 BL 3 Black Locust Đurđevac 2011

4 BL 4 Black Locust Koprivnica 2011

5 BL 5 Black Locust Križevci 2011

6 L 1 Lime Đurđevac 2011

7 L 2 Lime Đurđevac 2010

8 L 3 Lime Koprivnica 2011

9 MF 1 Multifloral Koprivnica 2011

10 MF 2 Multifloral Đurđevac 2011

11 MF 3 Multifloral Križevci 2011

12 C Chestnut Đurđevac 2010

13 I Indigobuch Virovitica 2010

14 R Rapeseed Koprivnica 2010

Table 1: Geografical and botanical origin of honey samples
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Standard preparation

Acid used, HNO3 and HCl were of analytical 
reagent grade (Kemika, Croatia). Ultra high 
purity water processed through a purification 
system NIRO VV UV UF 20 (Nirosta d.o.o. Water 
Technologies, Osijek, Croatia) was used for all 
dilutions. Calibrations were prepared with element 
standard solutions of 1 g/l of each element (Perkin 
Elmer, USA). Stock solution was diluted in HNO3 

(0.2 %). In the preparation of Hg standards, 1 ml 
of HNO3 conc., 0.1 ml 10 % K2Cr2O7, and 0.1 ml 
HCl conc. were added to all working standards 
and prepared in brown glass volumetric flasks. 
As matrix modifiers in each atomization for As, 
Cd, Cu and Pb, 0.005 mg Pd(NO3)2 and 0.003 
mg Mg(NO3)2 (Perkin Elmer, USA) were used. 

Plastic and glassware were cleaned by soaking 
in diluted HNO3 (1/9; v/v) and by subsequent 
rinsing with high purity water and drying prior 
to use.

Sample preparation 

Honey samples (0.5 g) were digested with 4 ml 
HNO3 (65 % v/v) and 2 ml H2O2 (30 % v/v) with a 
Multiwave 3000 microwave closed system (Anton 
Paar, Germany). A blank digest was carried out 
in the same way. The digestion programme began 
at a power of 500 W, ramped for 1 min and hold 
for 4 min. The second step began at a power of 
1000 W ramped for 5 min and hold for 5 min. The 
third step began at a power of 1400 W, ramped 
for 5 min and hold for 10 min. Digested samples 
were diluted to a final volume (50 ml) with double 
deionised water. 

Determination of metals

Atomic absorption spectrometry by AAnalyst 
800 and AAnalyst 600 (Perkin Elmer, USA) 
equipped with an AS 800 and AS 600 autosamplers 
(Perkin Elmer, USA) was used for measurement of 
As, Cd, Cu and Pb concentrations. Argon was used 
for graphite furnace measurements. Pyrolytic-
coated graphite tubes with a platform were used. 
The atomic absorption signal was measured in 
peak area mode against a calibration curve. 

Mercury in honey samples were quantified 
using the AMA-254 (Advanced Mercury Analyzer, 
Leco, Poland) without acid digestion by direct 

combustion of the sample in an oxygen-rich 
atmosphere. The operating parameters for working 
elements are presented in Table 2. 

Detection limits for the five metals were 
determined as the concentration corresponding 
to three times the standard deviation of twenty 
blanks. All samples were run in batches that 
included blanks, a standard calibration curve, 
two spiked honey samples, and one duplicate. 
In order to determine the method accuracy and 
to calculate the recovery percentage, ten honey 
samples were spiked with known amounts of Cd, 
Pb, As, Hg and Cu analytical standards. 

Data analysis

Statistical analysis was performed using the 
software package Statistica 6.1 (StatSoft® Inc., 
USA). One-way analysis of variance was used to 
test for differences in honey metal concentrations. 
Data were log-transformed to improve normality 
prior to analysis to meet the underlying 
assumptions of the analysis of variance; the 
values given are therefore geometric means. The 
differences between the metal concentrations in 
different honey types were analyzed using the 
t-test. A probability level of p ≤ 0.05 was considered 
statistically significant. 

Results and discussion

In this study, concentrations of heavy metals 
and Cu were determined in six different honey 
types from the same geographical origin under the 
same climatic conditions. 

The quality of data was checked by analysis of 
the recovery rate with spiked honey samples for 
Cd, Pb, Hg As and Cu and showed good accuracy, 
with recovery rates for metals of 95.9 % to 99.2 % 
(Table 3). The limits of detection (LODs, mg/kg) 
were: Cd 1.0, Pb 4.7, Hg 0.1, As 5.0 and Cu 1.2. The 
concentrations of the five elements in multifloral 
and unifloral honey samples are reported in Table 
4. Statistical analyses by one-way ANOVA showed 
a significant difference in Cu levels (p<0.01). 
However, no significant differences were observed 
in Cd, As, Hg and Pb levels. It has to be point out 
that element levels results presented for honey 
types chestnut, rapeseed and indigobush is for 
one sample only.
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 In the present study, Cd content in all honey 
samples range from 1 to 5 μg kg−1. No significant 
differences were observed between different honey 
types. Literature values for different honey type 
originating from European countries are given 
in Table 5. Cadmium multifloral levels observed 
were similar to contents obtained in different 
geographical regions of Turkey (23), Macedonia 
(3.63 mg/kg; 24) and to previously reported levels 
in multifloral honey samples from different regions 
in Croatia (1.51 mg/kg; 25). In general, Cd levels in 
all honey types were 2 to 10 times lower than those 
reported in Italy (12) and Turkey (21, 22) and more 

Element Spiked value (mg/kg) Measured value (mg/kg) Recovery ( %)

Cd 10 9.67 ± 0.33 96.7

Pb 50 48.9 ± 6.45 97.8

Hg 10 9.92 ± 0.14 99.2

As 10 9.59 ± 0.27 95.9

Cu 50 49.4 ± 5.23 98.8

than 100 times lower than the high Cd levels found 
in mixed flower honey from Bologna, Italy (11). 

Lead is one of the most widespread metal 
pollutants and, like Cd, can reach humans through 
air, water and food. This metal had no beneficial role 
in human metabolism and produces a progressive 
toxicity and can cause health disorders such as 
fatigue, sleeplessness, hearing and weight loss. 
A provisional tolerable weekly intake (PTWI), as 
acceptable levels of major toxic elements that can 
be ingested on a weekly basis and may accumulate 
in the body established by WHO (The World Health 
Organization) and FAO (Food and Agriculture 

Table 3: Trace metal concentrations and recoveries in spike honey samples

Table 2: Geografical and botanical origin of honey samples

Conditions for graphite furnace atomic absorption spectrometry

Lead Cadmium Copper Arsenic

Wavelength (nm) 283.3 228.8 324.8 193.7

Argon flow (ml/min) 250 250 250 250

Sample volume (µl) 20 20 20 20

Modifier volume (µl) 5 5 5 5

Heating pogram tempetature °C (ramp time (s), hold time (s))

Drying 1 110 (1, 30) 110 (1, 30) 110 (1, 30) 110 (1, 30)

Drying 2 130 (15, 30) 130 (15, 30) 130 (15, 30) 130 (15, 30)

Ashing 900 (10, 20) 700 (10, 20) 1200 (10, 20) 1600 (10, 20)

Atomisation 1850 (0, 5) 1550 (0, 5) 2000 (0, 5) 2000 (0, 5)

Cleaning 2450 (1, 3) 2450 (1, 3) 2450 (1, 3) 2450 (1, 3)

Conditions for determination on mercury analyzer

Wavelength (nm) 253.65 

Drying time (s) 60 

Decomposition time (s) 150 

Wait time (s) 45 

Weight / volume of sample 100 mg / 100 ml

Working range 0.05 – 600 ng 

Table 2: Instrumental conditions for atomic absorption spectrometry and mercury analyzer and graphite furnace 
program (temperature and time) for Pb, Cd, Cu, As and Hg determination in honey samples
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Sample 
identification

Cd
(mg/kg)

Pb
(mg/kg)

As
(mg/kg)

Hg
(mg/kg)

Cu
(mg/kg)

BL 1 4.0 270 11.0 0.90 318

BL 2 1.0 134 10.1 0.62 1091

BL 3 1.0 62.1 12.2 0.13 1272

BL 4 2.0 2159 499 0.53 124

BL 5 1.0 41.3 10.0 0.51 665

Geometric mean 1.52 182 23.2 0.46 515 ab

L 1 5.0 303 512 0.75 47.5

L 2 2.0 364 11.1 1.21  195

L 3 2.5 358 279 0.45 86.1

Geometric mean 2.92 340 116 0.74 92.7 ac

MF 1 2.0 438 185 2.41 10.1

MF 2 1.0 134 118 0.83 12.1

MF 3 1.0 73.2 112 1.22 13.2

Geometric mean 1.26 163 135 1.35 11.7 bc

C 1.0 1637 30.1 6.11 53.4

I 1.0 159 11.1 1.62 154

R 4.0 180 502 1.11 29.2

Country
Honey type (reference)

Element
(μg/kg)

Italy
MF1-mixed floral (11)

C-chestnut  (11)
MF2- multifloral (12)
MF3- multifloral (10)

Slovenia
MM-monofloral (13)

Spain
MM-multifloral

+ monofloral (18)

Turkey
MF1 -multifloral (21)
MF2 -multifloral (22)
MF3-multifloral (23)

Cd
MF1 305
C < 50

MF2 4.25
- -

MF1 10.9 – 21.2
MF2 1.1 – 17.9
MF3 0.38 – 2.03

Pb
MF1 620
C < 50

MF2 76.4
MM 1.86 - 4.3 -

MF1 17.6 – 32.1
MF1 8.4 – 106

MF3 1.54 – 36.7

Hg MF2 < 2 - - -

As MF2 6.59 MM 1.24 to 1.49 - -

Cu
* mg/kg

MF1 890
C < 50

MF2 647
MF2 0.31*

MM 1.4 to 2.7 * MM 0.1-1.73*
MF1 0.25 – 1.1*

MF2 0.23 – 2.41*

MF3 9.97 – 29.5

Table 4: Concentrations of trace elements Cd, Pb, As, Hg and Cu (mg/kg) in honey samples of different botanical 
origin from Koprivnica-Križevci County

Significant differences between honeys: a BL:L p < 0.05; b BL:MF p < 0.01; c L:MF p < 0.01; 

Table 5: Overview of the element contents in different honey types from different countries
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Organization): Cd (7 mg/kg b.w.), Pb (25 mg/kg 
b.w.), As (15 mg/kg b.w.) and Hg (5 mg/kg b.w.) 
(26-28). In 2000 the maximum residue limit (MRL) 
values of 0.1 mg/kg for Cd and 1 mg/kg for Pb 
were proposed for the European Union. However, 
until today there are no established MRL values 
for heavy metals in honey. In Croatia there is not 
established maximum permitted levels for the Cd, 
Hg, Pb, As and Cu. According to the published 
data, only in Macedonia maximum permitted value 
for Cd and Cu in honey is set to be 0.03 mg/kg 
for Cd and 1 mg/kg for Cu (24, 29). In the present 
study, obtained mean concentrations of Cd and Pb 
were below MRL values proposed by EU. 

Lead contents decreased in the following order: 
chestnut > black locust > lime > multifloral > 
rapeseed > indigobush. The lowest and highest 
Pb concentrations obtained were 159 mg/kg in 
indigobush honey and 2,159 mg/kg in black locust 
honey. Mean Pb concentrations measured in black 
locust, lime and multifloral honeys were much 
higher (in some cases for more that 4,000 times) 
than levels obtained in other countries: Italy (12), 
Poland (70 mg/kg; 15), Turkey (21, 22) and Romania 
(0.07 mg/kg; 6).  However, only in multifloral honey 
were Pb levels for 3.8-time lower than those found 
in mixed flower honey from Italy (11). With regards 
to fact that studied region has no pronounced 
industrial activities and vehicular traffic is rather 
low it is not clear why higher concentrations of Pb 
were determined. It is only be assume that may be 
due to the position of hives in zones near highways 
and railways during, which is often the case. 
Other factor that may contribute is that in soils, 
and suspended air particulates, concentrations of 
Pb were influenced by distance from highway and 
direction of prevailing winds. Also it is demonstrated 
that Pb accumulation in and on plants next 
to highways were caused principally by aerial 
deposition and not by, at least to any great extent, 
absorption by the plant from contaminated soil 
(30). On the other hand, Pb is relatively unavailable 
to plants when the soil pH level is above 6.5. In case 
of pH values less than 6.5 there is actual increase of 
Pb uptake by the plant itself from soil. Recent study 
of soil metal content in Croatia shown that Pb is 
present in much higher amounts in soil (25.3–27.0 
μg/g d.w.) than for example Cd (0.2 μg/g d.w.) (31). 

In this study, As levels ranged from the lowest 
level of 11.1 mg/kg in indigobush honey to 502 mg/
kg in rapeseed honey. In comparison to the very 
few literature data, As levels obtained were higher 

than those found in Siena County, Italy (12), but 
more than 9 time lower than levels in Slovenia (13).

Environment pollution by mercury may be 
caused by industrial activities, mining and 
combustion and pollution from agricultural 
sources (32). Several reports were available for Hg 
concentrations in honey samples. Mercury levels 
ranged from 50 to 212 mg/kg in contaminated and 
from 1 to 3 mg/kg in uncontaminated areas in 
Slovakia (33). In multifloral and other honey types 
examined in Siena County in Italy, Hg levels were 
lower than the quantification level of 2 mg/kg (12). 
In the present study, Hg ranged from a minimal of 
0.13 mg/kg in black locust honey to a maximum 
of 6.11 mg/kg in chestnut honey. 

As an essential element, Cu may influence 
growth, skin pigmentation, bone mineralisation, 
gastrointestinal and heart function. However, Cu 
may also generate toxic effects such as dermatitis, 
liver cirrhosis and neurological disorders, while 
acute Cu poisoning causes symptoms of nausea, 
vomiting and abdominal and muscle pain (34). 
The provisional permitted daily intake for Cu 
determined in an average adult with 60 kg body 
weight is 3 mg (35). Copper can enter the food chain 
and also honey through the mineralisation of crops 
and due to its application on a large number of 
crop pests as a fungicide, bactericide and herbicide 
in the vicinity of the hives locations (36).

In the present study, Cu concentrations ranged 
from the lowest concentration of 10.1 mg/kg 
measured in multifloral honey to the highest of 
1,272 mg/kg in black locust honey. Mean Cu levels 
determined in multifloral honey were significantly 
lower than those of lime and black locust honey 
types (p < 0.01, both). Also, significantly higher Cu 
concentration was determined in black locust than 
in lime honey (p < 0.05). Differences in the element 
content between different honey types have also 
been reported in previous studies (12, 16, 23, 37). 

In previous studies, upper Cu limit determined 
in other parts of the world was around 2 mg/g 
(38). Average Cu levels found in multifloral honey 
(11.7 mg/kg) were more than 25 lower than those 
reported in previous studies from Italy (10, 11, 
12), and more than 110 and 230 times lower than 
the highest level measured in Turkey (21, 22),  
Spain (18) and Slovenia (13). Also, the mean Cu 
level determined were more than 90 times lower 
than previously obtained results for multifloral 
honey samples from different regions in Croatia 
(1074 mg/kg; 25). On the other hand, the results 
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obtained were similar to levels found in the Black 
Sea region in Turkey (23). 

Copper levels determined in chestnut honey in 
this study are higher than those  from Bologna, 
Italy (11) but for 8 times lower than those found in 
chestnut honey from Anatolia, Turkey (0.42 mg/
kg; 39). On the other hand, Cu levels determined 
in monofloral honeys black locust and lime was 
lower that those found in Slovenia (13) and Spain 
(18). A soil metal study in Croatia showed low Cu 
levels raging form 10 to 25.4 μg/g d.w. in region 
studied (31).

The quantities of heavy metals in honey are 
usually so small that even 100 g eaten daily 
would not contribute appreciably to dietary 
requirements. However, if in the environment is 
increased one or more elements these increased 
content of it in honey which then has a significant 
impact. As a result of present study, trace element 
levels of Pb and Cu determined in multifloral honey 
were lower than in unifloral honey black locust, 
lime and chestnut honeys obtained in the same 
geographical region. Accordingly, these results 
represent a differentiation of the trace element 
content in honeys of different botanical origin 
obtained from the same geographical region. 

Acknowledgments

The authors wish to acknowledge Mirjana Hren 
and Tamara Nekić for their assistance in sample 
preparation.

References

1. Vanhanen LP, Emmertz A, Savage GP. 
Mineral analysis of mono-floral New Zealand 
honey. Food Chem 2011; 128: 236–40. 

2. Silva LR, Videira R, Monteiro AP, Valentão 
P, Andrade PB. Honey from Luso region (Portugal): 
physicochemical characteristics and mineral 
contents. Microchem J 2009; 93: 73–7.

3. Fernández-Torres R, Pérez-Bernal JL, Bello-
López MA, Callejón-Mochón M, Jiménez-Sánchez 
JC, Guiraúm-Pérez A. Mineral content and 
botanical origin of Spanish honeys. Talanta 2005; 
65: 686–91.

4. Conti ME, Botre F. Honeybees and their 
products as potential bioindicators of heavy 
metals contamination. Environ Monit Assess 
2001; 69: 267–82.

5. Bogdanov S, Haldimann M, Luginbühl W, 
Gallmann P. Minerals in honey: environmental, 
geographical and botanical aspects. J Apic Res 
2007; 46: 269–75.

6. Bratu I, Georgescu C. Chemical contamination 
of bee honey: identifying sensor of the environment 
pollution. J Cent Eur Agric 2005; 6: 95–8.

7. Rashed MN, El-Haty MTA, Mohamed SM. 
Bee honey as environmental indicator for pollution 
with heavy metals. Toxicol Environ Chem 2009; 
91: 389–403. 

8. Ma L. International comparison of the export 
competitiveness of Chinese honey. Asian Agric 
Res 2009; 1: 17–20. 

9. Devillers J, Dore JC, Marenco M, Poirier-
Duchene F, Galand N, Viel C. Chemometrical 
analysis of 18 metallic and non metallic elements 
found in honeys sold in France. J Agric Food 
Chem 2002; 50: 5998–6007.

10. Conti ME. Lazio region (central Italy) honeys: 
a survey of mineral content and typical quality 
parameters. Food Control 2000; 11: 459–63. 

11. Buldini PL, Cavalli S, Mevoli A, Sharma 
JL. Ion chromatographic and voltametric 
determination of heavy and transition metals in 
honey. Food Chem 2001; 3: 487–95.

12. Pisani A, Protano G, Riccobono F. Minor 
and trace elements in different honey types 
produced in Siena County (Italy). Food Chem 
2008; 107: 1553–60.

13. Golob T, Doberšek U, Kump P, Nečemer 
M. Determination of trace and minor elements 
in Slovenian honey by total reflection X-ray 
fluorescence spectroscopy. Food Chem 2005; 91: 
593–600.

14. Kropf U, Korošec M, Bertoncelj J, et 
al. Determination of the geographical origin of 
Slovenian black locust, lime and chestnut honey. 
Food Chem 2010; 121: 839–46. 

15. Przybyłowski P, Wilczyńska A. Honey as 
an environmental marker. Food Chem 2001; 74: 
289–91.

16. Lachman J, Kolihova D, Miholova´ D, 
Košata J, Titera D, Kult K. Analysis of minority 
honey components: Possible use for the evaluation 
of honey quality. Food Chem 2007; 101: 973–9. 

17. Terrab A, Recamales AF, Hernandez D, 
Heredia FJ. Characterization of Spanish thyme 
honey by their physicochemical characteristics and 
mineral contents. Food Chem 2004; 88: 537–42. 

18. Hernández OM, Fraga JMG, Jiménez AI, 
Jiménez F, Arias JJ. Characterization of honey from 



N. Bilandžić, M.  Ðokić, M. Sedak, I. Varenina, B. Solomun Kolanović, A. Končurat, B. Šimić, N. Rudan174174

the Canary Islands: Determination of the mineral 
content by atomic absorption spectrophotometry. 
Food Chem 2005; 93: 449–58.

19. Garcia JCR, Rodriguez RI, Crecente RP, 
Garcia JB, Martin SG, Latorre CH. Preliminary 
chemometric study on the use of honey as an 
environmental marker in Galicia (northwestern 
Spain). J Agric Food Chem 2006; 54: 7206–12. 

20. Tuzen M. Determination of some metals 
in honey samples for monitoring environmental 
pollution. Fresenius Environ Bull 2002; 11: 366–70.

21. Tuzen M, Soylak M. Heavy metal levels in 
microwave digested honey samples from middle 
Anatolia, Turkey. J Food Drug Anal 2005; 3: 343–7.

22. Tuzen M, Silici S, Mendil D, Soylak M. 
Trace element levels in honeys from different 
regions of Turkey. Food Chem 2007; 103: 325–30. 

23. Silici S, Uluozlu O D, Tuzen M, Soylak 
M. Assessment of trace element levels in 
rhododendron honeys of Black sea Region, Turkey. 
J Hazard Mater 2008; 156: 612–8.

24. Stankovska E, Stafilov T, Šajn R. The 
content of cadmium in honey from the republic 
of Macedonia. Ekol Zaš Živ Sred 2006/2007; 10: 
11–7.

25. Bilandžić N, Đokić M, Sedak M, et al.  
Determination of trace elements in Croatian floral 
honey originating from different regions. Food 
Chem 2011; 128: 1160–4.

26. WHO. Evaluation of certain food additives 
and contaminants. 33rd Report of the Joint 
FAO/WHO Expert Committee on Food Additives. 
Geneva, Switzerland: World Health Organization, 
1989. (Technical Report Series No. 776)

27. WHO. Evaluation of certain food additives 
and contaminants. 53rd Report of the Joint 
FAO/WHO Expert Committee on Food Additives. 
Geneva, Switzerland: World Health Organization, 
2000. (Technical Report Series No. 896)

28. 64th Meeting of the Joint FAO/WHO 
Expert Committee on Food Additives. Summary 
of evaluation performed by the Joint FAO/WHO 
Expert Committee on Food Additives (JECFA). 
Rome: FAO/WHO, 2005. 

29. Stankovska E, Stafilov T, Šajn R. Monitoring 
of trace elements in honey from the Republic of 
Macedonia by atomic absorption spectrometry. 
Environ Monit Assess 2008; 142: 117–26

30. Holmgren GG, Meyer MW, Chaney RL, 
Daniels RB. Cadmium, lead, copper, and nickel in 
agricultural soils of the United States of America. 
J Environ Qual 1993; 22: 335–48.

31. Halamić J, Miko S. Geochemical atlas of the 
Republic of Croatia. Zagreb: Croatian Geological 
Survey, 2009.

32. Zhang I, Wong MH. Environmental mercury 
contamination in China: sources and impacts. 
Environ Int 2007; 33: 108–21.

33. Toporcák J, Legáth J, Kul'ková J. Levels of 
mercury in samples of bees and honey from areas 
with and without industrial contamination. Vet 
Med 1992; 37: 405–12.

34. Olivares M, Uauy R. Limits of metabolic 
tolerance to copper and biological basis for 
present recommendations. Am J Clin Nutr 1996; 
63: 846–52.

35. 53rd meeting of the Joint FAO/WHO 
Expert Committee on Food Additives. Summary 
and conclusions performed by the Joint FAO/
WHO Expert committee on food additives (JECFA). 
Rome, Italy: FAO/WHO, 1999.

36. Provenzano MR, El Bilali H, Simeone V, 
Baser N, Mondelli D, Cesari G. Copper contents in 
grapes and wines from a Mediterranean organic 
vineyard. Food Chem 2010; 72: 89–95.

37. Nečemer M, Košir IJ, Kump P, et al. 
Application of total reflection X-ray spectrometry 
in combination with chemometric methods for 
determination of the botanical origin of Slovenian 
honey. J Agric Food Chem 2009; 57: 4409-4414. 

38. Cantarelli AM, Pellerano RG, Marchevsky 
EJ, Camina JM. Quality of honey from Argentina: 
study of chemical composition and trace elements. 
J Argentine Chem Soc 2008; 96 (1/2): 33–41.

39. Kucuk M, Kolayli S, Karaoglu S, Ulusoy 
E, Baltaci C, Candan F. Biological activities and 
chemical composition of three honeys of different 
types from Anatolia. Food Chem 2007; 100: 526–34.



Content of five trace elements in different honey types from Koprivnica-Križevci county 175175

VSEBNOST pETIH ELEmENTOV V SLEdOVIH V RAZLIÈNIH VRSTAH mEdu IZ OKRO�JA KOpRIVNICA-
KRI�EVCI

N. Bilandžić, M. Ðokić, M. Sedak, I. Varenina, B. Solomun Kolanović, A. Končurat, B. Šimić, N. Rudan

povzetek: V okrožju Koprivnica-Križevci na severozahodnem delu Hrvaške so bili med leti 2010 in 2011 zbrani vzorci medu, na-
brani na več rastlinah, ali sortnega medu robinje (Robinia pseudoacacia L.), kostanja (Castanea sativa Mill.), lipe (Tilia spp.), gr-
maste amorfe (Amorfa fruticoza L.) in kapusnice (Brassica napus). Koncentracije vsebnosti  Cd, Pb, Hg, As in Cu ter srednje vred-
nosti elementov (µg/kg) v vzorcih medu so bile: v medu, nabranem na več rastlinah: 1,26 za Cd, 163 za Pb, 135 za As, 1,35 za Hg in 
11,7 za Cu, v medu z robinje: 1,52 za Cd, 182 za Pb, 23,2 za As, 0,46 za Hg in 7,697 za Cu ter v medu z lipe 2,92 za Cd, 340 za Pb, 116 
za As, 0,74 za Hg in 7,798 za Cu. Opažene so bile značilne razlike v nivoju Hg in Cu med vrstami medu. Povprečna raven Cu v medu 
lipe in robinje je bil bistveno višji kot v ostalih evropskih državah. Najvišja izmerjena vrednost elementov v različnih vrstah medu je 
bila: Cd 4,0 µg/kg in As 502µg/kg v medu kapusnice, Hg 6,11 µg/kg v medu kostanja, Pb 2,159 µg/kg v medu robinje in Cu 79,167 
µg/kg v medu grmaste amorfe. Vsebnosti svinca, izmerjenega v vseh vrstah medu, so bile bistveno višje kot izmerjene vsebnosti 
v Italiji, Sloveniji, Poljski, Romuniji in Turčiji. Podatki kažejo na to, da je potrebno pozorneje izbrati lokacije čebelnjakov v področjih, 
kjer čebele nabirajo med.  Pomembno je tudi, da so oddaljena od avtocest in železnic. Rezultati kažejo na razlike v vsebnosti el-
ementov v sledovih v vzorcih medu, ki imajo različno botanično poreklo, pridobljeno na istem področju.

Kljuène besede: različni tipi medu; kovine; As; Cd; Cu; Hg; Pb


