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ABSTRACT 

Stankovska, E., Stafilov, T., Šajn, R. (2006/2007). The content of cadmium in honey from 
the Republic of Macedonia. Ekol. Zašt. Život. Sred., Tome 10, No. 1-2, 11-17, Skopje.  

The content of cadmium in 123 honey samples collected from different parts of the Re-
public of Macedonia was determined by electrothermal atomic absorption spectrometry. The mi-
crowave digestion system was applied for digestion of the samples. It was found that the content 
of cadmium varies from below detection limit (1.0 µg kg-1) to 267.9 µg kg-1 with the mean con-
tent of 3.63 µg kg-1. The highest content of Cd was found in the honey samples from the central 
part of Macedonia (region of Veles) in connection to the existence of lead, zinc and cadmium 
smelter plant in this region. Mean value of Cd in honey samples from the region of Veles is three 
times higher than the determined mean for Macedonia. Relatively high contents are also found in 
the eastern part of Macedonia which is a consequence of natural enrichment of Cd with the geo-
logical formations associated with Pb-Zn mines Sasa and Toranica. 
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ИЗВОД 

Станковска, Е., Стафилов, Т., Шајн, Р., (2006/2007) Содржина на кадмиум во мед 
од Република Македонија. Екол. Зашт. Живот. Сред., Том 10, Бр. 1-2, 11-17, Скопје. 
Определена е содржината на кадмиум во 123 примероци од мед земени од различни 

региони во Република Македонија со примена на електротермичката атомска апсорпциона 
спектрометрија. Примероците се разложени со помош на микробранов систем. Утврдено е 
дека содржината на кадмиумот се движи од границата на детекција на методот (1.0 µg kg-

1) до 267.9 µg kg-1, при што средната вредност изнесува 3.63 µg kg-1. Највисоки вредности
за содржината на кадмиум се најдени во примероците од мед од централниот дел на 
Македонија што е како резултат на работата на Топилницата за олово, цинк и кадмиум во 
Велес. Средната вредност за содржината на кадмиум во примероците од овој регион е за 
три пати повисока од онаа за Македонија. Релативно високи содржини се најдени и во 
примероци од источниот дел на Македонија што може да се поврзе со природно 
зголемената содржина на кадмиум во геолошките формации во овој регион (рудници за 
олово и цинк Саса и Тораница). 

Клучни зборови:  мед, елементи во трагови, микробраново разложување, атомска 
апсорпциона спектрометрија 

_________________________ 
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Introduction 
 

Honey is produced from the plant nec-
tar, as well as from honeydew, which bees col-
lect, process and place into honey combs. 
Honey contains mainly carbohydrates (mainly 
fructose and glucose, and also in small content 
maltose and saccaharose) and water. Mineral 
content in honey varies from 0.04 % in pale to 
0.2 % in dark honeys (Anklam, 1998). Among 
other components in honey, some traces of 
proteins and enzymes, amino acids, pigments, 
substances which give flavor and aroma, plant 
acids, alcohols and vitamins, are also present. 
Today the use of honey is widespread and not 
only because of its nutritional value, content of 
vitamins, essential elements, antioxidant sub-
stances but also due to its antibacterial, an-
timutagene and probiotic characteristics (Ar-
vanitoyannis et al., 2005). 

The content of the elements in honey 
depends on the soil composition on which the 
plants grow, and also according to the botani-
cal origin of the plant from which bees take 
nectar (Matei et al., 2004). It is also known 
that the content of some heavy metals (includ-
ing cadmium) in honey could be a result of 
anthropogenic contamination (Przybylowsky 
and, 2001; Tuzen and Soylak, 2005). The 
presence of cadmium in the environment is 
mainly because of the emission from the proc-
ess of cadmium production and manufacture 
of cadmium products (batteries, pigments and 
coatings). Cadmium is recognized to produce 
toxic effects on humans (Casarett & Doull's 
Toxicology 1995).  

Atomic absorption spectrometry (AAS) 
has frequently been used in analysis of heavy 
metals in honey. Due to very low content in 
honey, cadmium is determined by electro-
thermal atomic absorption spectrometry - 
ETAAS (Gonzales Paramas et al., 2000; Conti 
and Botre, 2001; Przybylowsky & Wilczyń-
ska, 2001; Vorlova and Čelechovska, 2002; 
Tadia et al., 2004; Rashed and Soltan, 2004; 
Atrouse et al., 2004; Erbilir and Erdoğrul, 
2005, Tuzen and Soylak, 2005).   

It is known that honey could be very 
useful biomonitor for heavy metals (Przyby-
lowsky and Wilczyńska 2001; Tuzen and Soy-
lak 2005; Bogdanov 2006). Therefore, in this 
work cadmium content was determined in 123 
honey samples collected from 12 regions of 
the Republic of Macedonia. The aim is to con-

tribute to the scarce data about the mineral 
content of Macedonian honey and to investi-
gate possible anthropogenetic influence on 
cadmium content in honey by the regions in 
Macedonia.   
 

Materials and methods 
 

Apparatus 
 

The measurements were performed us-
ing Varian SpectrAA 640Z atomic absorption 
spectrometer with Zeeman corrector, equipped 
with electrothermal atomizer GTA 100 and 
autosampler Varian PSD 100. As a source, 
hallow cathode lamp was used. The optimal 
instrumental parameters are given in Tab. 1.   
 
Tab. 1.  Instrumental parametеrs for determination 

of Cd by ЕТААS 
Таб. 1  Вредности на параметрите при опре-

делувањето на Cd со ETAAS 

Parametеrs/Параметри Cd 
Wavelength/nm 228.8 nm 
Slit width/nm 0.5 nm  
Lamp current/mA 4 mA 

Calibration mode Absorbance, 
peak height 

Background correction Zeeman 
Drying 
Temperature 95 oC 
Ramp time 40 s 
Hold time 10 s 
Ashing 
Temperature/оC 250 oC 
Ramp time/s 10 s 
Hold time/s 15 s 
Atomization 
Temperature/оC 1800 oC 
Ramp time/s 0.8 s 
Hold time/s 2 s 
Cleaning 
Temperature/оC 1800 oC 
Ramp time/s 2 s 
Hold time/s 2 s 
Gas Argon 

 
Reagents and samples 

 
All reagents and standard solutions were 

p.a. grade. Redistilled water was used for the 
preparation of all solutions. Stock standard 
solution with a concentration of 1000 mg L-1 

for Cd was manufactured by Solution Plus Inc. 
(USA).  
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A total of 123 samples were collected from 
individual bee keepers all over the territory of 
the Republic of Macedonia (Fig. 1). The sam-
ples were collected from 12 regions in the 
country. About 250 g of each sample were 
placed in plastic bottles and kept in a dry and 
clean place until the analysis. 

 
Sample preparation 

 
In order the effects of the organic matrix to be 
minimized, microwave assisted sample diges-
tion was performed prior analysis. Milestone 

Ethos Touch Control medium pressure micro-
wave digestion system was used. 
Approximately 0.5 g of honey was placed into 
PTFE vessels and 2 ml of concentrated HNO3 

and 2 ml of H2O2 (30%, m/V) were added. The 
vessels were capped closed, tightened and 
placed in the rotor of microwave oven and di-
gested with the two step procedure given in 
Tab. 2. Ventilation was performed for 20 min-
utes after the end of the second step. Finally 
the vessels were cooled, carefully opened and 
quantitatively transferred in 50 ml calibrated 
flasks.

 

 
Fig. 1. Sketch map of researched areas with sampling locations 

Сл. 1 Шематска карта на истражуваните подрачја со локалитети од каде се земани проби 
 
Tab. 2  Procedure used for the digestion of honey 

samples 
Таб. 2  Користена процедура при согорува-

њето на примероците мед 
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Results and discussion 
 

Food is the main source of cadmium in-
take for non-occupationally exposed people. 
Crops grown in polluted soil or irrigated with 
polluted water may contain increased concen-
trations of cadmium (Bogdanov, 2006). Kid-
neys and livers concentrate cadmium (Casarett 
& Doull's Toxicology, 1995; World Health 
Organization, 1992, 2004). Levels in fruit, 
meat and vegetables are usually below 10 µg 
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kg-1. Average daily intakes from food in non-
contaminated areas is at the lower end of the 
10 to 25 µg range of which approximately 0.5 
to 1.0 µg is actually retained in the body. Up-
take of cadmium from smoking could more 
than double that amount. More recently, the 
possible role of cadmium in human carcino-
genesis has also been studied in some detail 
(Casarett & Doull's Toxicology 1995; World 
Health Organization 1992, 2004).  

 Therefore, it is very important to ana-
lyze the content of Cd in honey samples in 
terms of its toxicity, as well as the fact that Cd 
can be transported trough the root system into 
the nectar of the plants (Bogdanov 2006). 
Honey could be also used as a biomonitor for 
cadmium contamination of the environment 
(Przybylowsky and Wilczyńska 2001; Tuzen 
and Soylak 2005; Bogdanov 2006). 

The results obtained for the content of 
Cd in honey samples from different regions 
from the Republic of Macedonia, determined 
by ETAAS (previously digested by microwave 
digestion system) are given in Tables 3. In this 
table the mean content for each location, as 
well as the median, minimum and the maxi-
mum value are given.  

The maximum permitted value for Cd in 
honey in Macedonian legislation is set to be 30 
µg kg-1 . Only 6 out of 123 samples in total had 
Cd content higher than 30 µg kg-1 and only 
one much higher content of 267.9 µg kg-1. The 
highest mean content of Cd was detected for 
Veles region, being 11.28 µg kg-1. In 55 sam-
ples the Cd content was below the detection 
limit of the method (1.0 µg kg-1).  

The distribution of Cd in Macedonia is 
influenced mainly by the anthropogenic activi-
ties. The highest contents of Cd are concen-
trated in the central part of Macedonia (region 
of Veles) in connection to the existence of 
lead, zinc and cadmium smelter plant in this 
region (Fig. 1). Mean of Cd, in Veles region is 
three times higher than determined mean for 
Macedonia (Tables 3). Relatively high concen-
trations are also found in the eastern part of 
Macedonia (Berovo and Strumica regions) 
which are consequences of natural enrichment 
of Cd on an outcrops of Neogene dacite-
andesites and pyroclastites. On that geological 
formations are associated Pb-Zn mines Sasa 
and Toranica.  

 
Table 3. Content of Cd in honey samples from 12 different regions (µg kg-1). 

Таб. 3 Содржина на Cd во примероците од мед од 12 различни регион (µg kg-1). 

Region (No. of samples) 
Регион (број примероци) 

Range 
Опсег 

Geometric 
Mean 

Геометриска 
средина 

 

Median 
Медијана 

Geometric mean/ 
Geometric mean for Macedonia 

Геометриска средина/ 
Геометриска средина за 

Македонија 

Berovo (5) 1.43-67.71 9.50 11.14 2.615 
Bitola (5) < 1.0-6.20 1.96 1.99 0.540 
Gostivar (9) <1.0-6.87 2.06 1.36 0.569 
Kičevo (6) <1.0-6.29 1.72 1.0 0.474 
Kumanovo (21) < 1.0-16.21 3.09 3.06 0.850 
Ohrid (5) <1.0-32.58 3.92 1.0 1.080 
Prilep (14) <1.0-267.9 6.32 6.50 1.741 
Probištip (10) <1.0-22.68 2.34 1.0 0.644 
Skopje (15) <1.0.-38.19 2.65 1.0 0.729 
Štip (13) <1.0-18.96 1.68 1.0 0.463 
Strumica (6) 5.26-27.70 10.50 10.77 2.892 
Veles (14)  <1.0-55.27 11.28 12.45 3.107 
Macedonia (123) <1.0-267.9 3.63 3.06 - 

 
It is obvious that the emission from the 

lead and zinc smelter plant influence on the 
cadmium content in honey samples from Veles 
region which confirms previous data about the 
high content of Cd in soil and some vegetable 
and fruit products (Stafilov, et al., 1994; Jor-
danovska and Stafilov 1996; Stafilov and Jor-

danovska 1997; Filipovski 2003; Pančevski 
and Stafilov 2006, 2007; Stafilov and Kule-
vanova 1994; Panovska et al., 1997).  

 The obtained mean values for Cd 
content in honey collected from Macedonia, as 
well as the content range, are similiar to those 
found for honey samples non-contaminated 
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regions: Middle Anatolia, Turkey (Tuzen and 
Soylak 2005), Spain (González Paramás et al. 
2000; Terrab et al. 2004; González-Miret et al. 
2005). However, data for honey from the 
Veles, Berovo and Strumica are comerable to 

literature data for simillar regions in Europe 
(France,  Devillers et al. 2002; Pomeranian 
region, Poland, Przybylowski & Wilczyńska 
2001 or from Czech Republic, Čelechovská & 
Vorlová 2001).  

 

 
 

Fig. 2. Areal distribution of Cd in Macedonian honey 
Сл. 2 Содржина на Cd во медот по региони во Македонија 

 
Conclusions 

 
In this work the content of cadmium in 

123 honey samples from the Republic of Ma-
cedonia was determined by microwave diges-
tion and electrothermal atomic absorption 
spectrometry. It was found that the mean con-
tents obtained, varied from below detection 
limit (1 µg kg-1) to 11.28 µg kg-1 for Veles re-
gion. The maximum permitted value for Cd in 
honey in Macedonian legislation is set to be 30 
µg kg-1. Only 6 out of 123 samples in total had 
Cd content higher than 30 µg kg-1 and only 
one much higher content of 267.9 µg kg-1. The 
distribution of Cd in Macedonia is influenced 
mainly by anthropogenic activities. The high-
est content of Cd was found in the honey sam-
ples from the central part of Macedonia (re-
gion of Veles) in connection to the existence 
of lead, zinc and cadmium smelter plant in this 
region. Relatively high concentrations are also 
found in the eastern part of Macedonia 

(Berovo and Strumica regions) which are con-
sequences of natural enrichment of Cd with 
the geological formations associated with Pb-
Zn mines Sasa and Toranica.  

 
References 

 
Anklam, E. (1998). A review of the analytical 

methods to determine the geographical 
and botanical origin of honey. Food 
Chem., 63:549-562. 

Atrouse, O. M., Oran, S. A., Al-Abbadi, S. Y. 
(2004). Chemical analysis and identifica-
tion of pollen grains from different Jorda-
nian honey samples. Int. J. Food Sci. 
Technol., 39:413-417.   

Arvanitoyannis, I. S., Chalhoub, C., Gotsiou, 
P., Lydakis-Simantiris, N., Kefalas, P. 
(2005). Novel quality control methods in 
conjunction with chemometrics (multi-
variate analysis) for detecting honey au-



STANKOVSKA et al. 2006/2007 

Ekol. Zašt. Život. Sred. 10(1-2): 11-17. 16 

thenticity. Critical Reviews in Food Sci. 
Nutr., 45:193-203.  

Bogdanov, S. (2006). Contaminants of bee 
products. Apidologie, 37:1-18.  

Klaassen, C. D. (ed.) (1995). Casarett and 
Doull's Toxicology, The basic science of 
poisons, Fifth edition, New York, 
McGraw Hill.   

Čelechovská, O., Vorlová, L. (2001). Groups 
of honey-physicochemical properties and 
heavy metals. Acta Vet. Brno, 70:91-95. 

Conti, M. E., Botre, F. (2001). Honey bees and 
their products as potential bioindicators of 
heavy metals contamination. Environ. 
Monit. Assess., 69:267-282.  

Devillers, J., Doré, J. C., Marenco, M., Poi-
rier-Douchêne, F., Galand, N., Viel, C. 
(2002). Chemometrical analysis of 18 me-
tallic and nonmetallic elements found in 
honeys sold in France. J. Agric. Food 
Chem., 50:5998-6007. 

Erbilir, F., Erdoğrul, Ö. (2005). Determination 
of heavy metals in honey in Kahraman-
maraş City, Turkey. Environ. Monit. As-
sess. 109:181-187. 

Filipovski, G. (2003). Soils degradation as a 
component of the environment in the Re-
public of Macedonia, Macedonian Acad-
emy of Sciences and Arts, Skopje.   

González Paramás, A. M., Gómez Bárez, J. 
A., Garcia-Villanova, R. J., Palá, T. R., 
Albajar, R. A., Sánchez, J. S. (2000). 
Geographical discrimination of honeys by 
using mineral composition and common 
chemical quality parameters. J. Sci. Food 
Agric., 80:157-165. 

González-Miret, M. L., Terrab, A., Hernanz, 
D., Fernández-Recamales, M. Á., Heredia, 
F. J. (2005). Multivariate correlation be-
tween color and mineral composition of 
honeys and by their botanical origin. J. 
Agric. Food Chem., 53:2574-2580. 

Jordanovska, V., Stafilov, T. (1996). Determi-
nation of lead and zinc in vegetables pro-
duced in the area near lead and zinc smelt-
ing plant in Titov Veles, Macedonia, Pro-
ceedings on Third International Sympo-
sium and Exhibition on Environmental 
Contamination in Central and Eastern 
Europe, Warsaw, 70-72.  

Matei, N., Birghila, S., Dobrinas, S., Capota, 
P. (2004). Determination of C vitamin and 

some essential trace elements (Ni, Mn, Fe, 
Cr) in bee products. Acta Chim. Slo., 
51:169-175. 

Pančevski, Z., Stafilov, T., Frontasyeva, M. V. 
(2006). Copper in surface soil of Veles 
Region, Macedonia. Geologica 
Macedonica, 20,:27-32.   

Pančevski, Z. (2007). Heavy metals 
distribution in soil from Veles Region, 
MSc thesis, Faculty of Science, Skopje.  

Panovska, T., Stafilov, T., Kulevanova, S. 
(1997). Determination of cadmium in rep-
resentatives of genus Thymus (Lamiaceae) 
by electrothermal atomic absorption 
spectrometry. Anal. Lab., 6:158-162.  

Przybylowsky, P., Wilczyńska. A. (2001). 
Honey as an environmental marker. Food 
Chem., 74:289-291. 

Rashed, M. N., Soltan, M. E. (2004). Major 
and trace elements in different types of 
Egyptian mono-floral and non-floral bee 
honeys, J. Food Compos. Anal., 17:725-
735.  

Stafilov, T., Kulevanova, S. (1994). 
Determination of some trace elements in 
propolis by atomic absorption 
spectrometry, Anal. Lab., 3:270-274.  

Stafilov T., Jordanovska V., Andov R., Miha-
jlović D., 1994: Occurrence of lead in 
soils and some beverage products in the 
area near the lead and zinc plant in Titov 
Veles City, Macedonia, Proceedings on 
Second International Symposium and Ex-
hibition on Environmental Contamination 
in Central and Eastern Europe, Budapest, 
907-909. 

Stafilov, T., Jordanovska, V. (1997). Determi-
nation of cadmium in some vegetables 
produced in the area near the lead and zinc 
smelting plant in Veles, Macedonia, Ecol. 
Protect. Environ., 4:35-38.  

Taddia, M., Musiani, A., Schiavi, S. (2004). 
Determination of heavy metals in honey 
by Zeeman electrothermal atomic absorp-
tion spectrometry. Ann. Chim., 94:107-
111. 

Terrab, A., Hernanz, D., Heredia, F. J. (2004). 
Inductively coupled plasma optical emis-
sion spectrometric determination of min-
erals in thyme honeys and their contribu-
tion to geographical discrimination. J. Ag-
ric. Food Chem., 52:3441-3445. 



The content of cadmium in honey from the Republic of Macedonia 

Екол. Зашт. Живот. Сред. 10(1-2): 11-17. 
 

17

Tuzen, M., Soylak, M. (2005). Trace heavy 
metal levels in microwave digested honey 
samples from Middle Anatolia, Turkey. J. 
Food Drug Anal., 13:343-347.  

Vorlova, L., Čelechovská, O. (2002). Activity 
of enzymes and trace element content in 
bee honey. Acta Vet. Brno, 71:375-378.  

World Health Organization, Environmental 
Health Criteria 134 - Cadmium, (1992). 
International Programme on Chemical 
Safety (IPCS) Monograph, WHO. 

World Health Organization, Cadmium in 
Drinking-water (2004). Background 
document for development of WHO 
Guidelines for Drinking-water Quality, 
WHO.   

 
СОДРЖИНА НА КАДМИУМ ВО МЕД 
ОД РЕПУБЛИКА МАКЕДОНИЈА 

 
Елена СТАНКОВСКА1, Трајче 
СТАФИЛОВ1, Роберт ШАЈН2 

 
1Институт за хемија, Природно-математички 
факултет, п. фах 162, 1000 Скопје, Македонија 
2Геолошки завод, Димиќева 14, 1000 Љубљана, 
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Резиме 
 

Определена е содржината на кадмиум во 
123 примероци од мед земени од различни 
региони во Република Македонија со 

примена на електротермичката атомска 
апсорпциона спектрометрија. Примероците 
се разложени со помош на микробранов 
систем. Утврдено е дека содржината на 
кадмиумот се движи од границата на 
детекција на методата (1.0 µg kg-1) до 267.9 
µg kg-1, при што средната вредност 
изнесува 3.63 µg kg-1. Покажано е дека на 
дистрибуцијата на кадмиум во Македонија 
најголемо влијание имаат антропогените 
активности. Така, највисоки вредности за 
содржината на кадмиум се најдени во 
примероците од мед од централниот дел на 
Македонија што е како резултат на 
работата на Топилницата за олово, цинк и 
кадмиум во Велес. Средната вредност за 
содржината на кадмиум во примероците од 
овој регион е за три пати повисока од онаа 
за Македонија. Релативно високи содржини 
се најдени и во примероци од источниот 
дел на Македонија што може да се поврзе 
со природно зголемената содржина на 
кадмиум во геолошките формации во овој 
регион (рудници за олово и цинк Саса и 
Тораница). 
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