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ABSTRACT

Sankovska, E., Safilov, T., éajn, R (2Q06/2007). The content of cadmium in honey from
the Republic of Macedonia. Ekal. Za&. Zivot. 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 ug kg?) to 267.9 pg kg* with the mean con-
tent of 3.63 ug kg*. The highest content of Cd was found in the honey samples from the centra
part of Macedonia (region of Vees) in connection to the existence of lead, zinc and cadmium
smelter plant in this region. Mean va ue of Cd in honey samples from the region of Veesisthree
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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Cmankoscka, E., Cmagpunos, T., Llaju, P. (2006/2007) Coopoicuna na kaomuym 6o meo
00 Penybnuxa Makedonuja. Exon. 3awm. JKusom. Cpeo., Tom 10, bp. 1-2, 11-17, Ckonje.

Omperernena e CoxpKUHAaTa Ha KagMuyM Bo 123 mpumepory o Mex 3eMEeHH O] pa3IuHu
peruonu Bo PemryOimika MakeioHHja co MprMeHa Ha eIeKTPOTEPMHUYKATa aTOMCKA allCOPIIIHOHA
criekrpomerpuja. IIpuMepormTe ce pa3IokeH! co IIOMOII Ha MUKPOOPaHOB CHCTEM. Y TBPICHO €
JieKa COApIKHHATA HAa KaJMHyMOT C€ JIBW)KM OJf IpaHuiara Ha aerekuuja Ha meroxot (1.0 pg kg
Y 10 267.9 pg kg, mpu mro cpemmara Bpeasoct nsnecysa 3.63 ug kg Hajsucoku BpemsocTH
3a COApXKMHATA HA KaMHYM C€ HAjJCHH BO IIPUMEPOLMTE OX MEX Of LECHTPATHHOT el Ha
MaxenoHUja TO € Kako pe3ynTar Ha paborata Ha TonHMIHMIATA 32 OJIOBO, IIMHK M KaJMHUYM BO
Benec. CperHaTta BpeHOCT 3a COAPKMHATA HA KQIMUYM BO HPHMEPOLUTE OJf OBOj PETUOH € 3a
TPH IIaTH NOBHCOKa Of OHaa 3a MakeloHHMja. PeIaTHBHO BHUCOKHM COAPXKHMHU CE HAjICHU H BO
HOPUMEpOL OJf MCTOYHHOT A€l Ha MakeloHHja INTO MOXE Ja Ce IOBpP3e CO IPHUPOIHO
3rojieMeHaTa COAPKMHA Ha KaJMHYM BO TEOJOLIKUTE (OpMalMi BO OBOj PErHoH (pyAHMIH 3a
osoBo u 1uHK Caca n Topanuna).

Kityunu 300poBH: Mejl, €1€MEHTH BO TParoBH, MUKPOOPAHOBO Pa3IoxkKyBambe, aTOMCKa

aICcopIHIOHA CIEKTPOMETPU]ja
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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 paleto
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 nutritiona value, content of
vitamins, essential elements, antioxidant sub-
stances but also due to its antibacterial, an-
timutagene and probiotic characteristics (Ar-
vanitoyannis & 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 a., 2004). It is aso 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 (AAYS)
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 ¢ al., 2000; Conti
and Botre, 2001; Przybylowsky & Wilczyn-
ska, 2001; Vorlova and Celechovska, 2002;
Tadia e al., 2004; Rashed and Soltan, 2004;
Atrouse et al., 2004; Erbilir and Erdogrul,
2005, Tuzen and Soylak, 2005).

It is known that honey could be very
useful biomonitor for heavy metals (Przyby-
lowsky and Wilczynska 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. Theaim is to con-
tribute to the scarce data about the minera

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

M aterials 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 givenin Tab. 1.

Tab. 1. Instrumental parameters for determination
of Cd by ETAAS

Tab.1 Bpegnoctu Ha mapaMeTpuTe IpY OIpe-
nenyBamero Ha Cd co ETAAS

Par ameter SIlapamerpu Cd
Wavel ength/nm 228.8 nm
Slit width/nm 0.5nm
Lamp current/mA 4 mA
Calibration mode ?gd(?ork?:ir(‘]] (;ﬁ
Background correction Zeeman
Drying

Temperature 95°C
Ramp time 40s
Hold time 10s
Ashing

Temperature/°C 250°C
Ramp time/s 10s
Hold time/s 15s
Atomization

Temperature/°C 1800 °C
Ramp time/s 0.8s
Hold time/s 2s
Cleaning

Temperature/°C 1800 °C
Ramp time/s 2s
Hold time/s 2s
Gas Argon

Reagents and samples

All reagents and standard solutions were
p.a. grade. Redistilled water was used for the
preparation of al solutions. Stock standard
solution with a concentration of 1000 mg L™
for Cd was manufactured by Solution Plus Inc.
(USA).
A total of 123 samples were collected from
individual bee keepers al over the territory of
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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 HNO;
and 2 ml of H,O, (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. Vertilation 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.

Gostivar Kigevo
Veles

@ Probistip

Berovo

Stip

Strumica

Fig. 1. Sketch map of researched areas with sampling locations
Cn. 1 Illemarcka KapTa Ha UCTPAXKXYBAHUTE no;[paqja CO JIOKAJIMTCTHU O KaJ€ C€ 3€MaHHU Hp06I/I

Tab. 2 Procedure used for the digestion of honey
samples
Kopucrena npouenypa mpu coropyna-

BECTO Ha MIPUMEPOLUTEC ME/]

Tab. 2

- i
FEc 3555
SEE,c22¢

]
56 PEEalsSac
1 180 5 500 20
2 180 10 500 20
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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 Hedlth
Organization, 1992, 2004). Levels in fruit,
meat and vegetables are usually below 10 pg

3
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kg'. Average daily intakes from food in non-
contaminated aress is at the lower end of the
10 to 25 pg range of which approximately 0.5
to 1.0 pg 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 aso used as a biomonitor for
cadmium contamination of the environment
(Przybylowsky and Wilczynska 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
ug kg*. Only 6 out of 123 samplesin total had
Cd content higher than 30 pg kg* and only
one much higher content of 267.9 ug kg™. The
highest mean content of Cd was detected for
Veles region, being 11.28 pg kg™. In 55 sam-
ples the Cd content was below the detection
limit of the method (1.0 pg kg™).

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 Velesregionis
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.

Tab. 3. Content of Cd in honey samples from 12 different regions (ug kg™).
Ta6. 3 Conpuna va Cd Bo mpumeporiTe o Mex o 12 pazmmuru peruo (ug kgr).

Geometric Geometric mean/
Region (No. of samples) Range I Mean Median ~|CGeometric meanfor M ace;jon'a
Peruon (6poj npumeporn) Ormcer comeTpucia Menujana Feomerpucka cpea
cpenuHa I'eomeTpucka cpenyaa 3a
Makenonuja
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
Kicevo (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
Probi &ip (10) <1.0-22.68 2.34 1.0 0.644
Skopje (15) <1.0.-38.19 2.65 1.0 0.729
Stip (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 (Stefilov, e a., 1994; Jor-
danovska and Stafilov 1996; Stafilov and Jor-

danovska 1997; Filipovski 2003; Pancevski
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 (Gonzalez Paramas et al.
2000; Terab et al. 2004; Gonzalez-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 & Wilczynska
2001 or from Czech Republic, Celechovska &
Vorlova 2001).

Cd (ng/g)

13 20 27

4.6 7.2 15

Fig. 2. Areal distribution of Cd in Macedonian honey
Ci. 2 Coppxuna Ha Cd Bo MeoT 110 pernoHu Bo Make/10HH]a

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 pg kg™ to 11.28 ug kg for Veles re-
gion. The maximum permitted value for Cd in
honey in Macedonian legidlation is set to be 30
ug kg™. Only 6 out of 123 samples in total had
Cd content higher than 30 pg kg* and only
one much higher content of 267.9 ng kg™. 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

Exon. 3amrr. Xusor. Cpen. 10(1-2): 11-17.

(Berovo and Strumica regions) which are con-
sequences of natura enrichment of Cd with
the geological formations associated with Pb-
Zn mines Sasa and Toranica.
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COAPXKXUHA HA KAIMUYM BO MEJ
O PEIIYBJINKA MAKEJIOHHUJA

Enena CTAHKOBCKA®, Tpajue
CTA®UJIOB?, Pobepr ILIATH?

YUncmumym 3a xemuja, Hpupoono-mamemamuuru
axynmem, n. gpax 162, 1000 Cronje, Maxedonuja
Teonowxu 3a600, Jumuresa 14, 1000 Jbyb.mana,

Cnogenuja

Pe3snme
OrmpeneneHa € cCoapKMHATa Ha KaaMUyM BO

123 npumepory o1 MeJl 3eMEHU OJ] Pa3JInYHU
permonn Bo PemyOnmka Maxkenonuja co
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MpUMEHa Ha eIeKTPOTepMUYKAaTa aTOMCKa
arncopruoHa cnekrpomerpuja. [Ipumeponure
ce Pas3NoKEeHH CO IMOMOII Ha MHKPOOpaHOB
cucTeM. YTBPACHO € JeKa COApXKHHATa Ha
KaJMUYMOT C€ [BW)KM O TpaHHLaTa Ha
nereximja Ha Merogata (1.0 pg kg?) no 267.9
ng kg', mpm mro cpeaHata BpPETHOCT
usHecysa 3.63 pg kg'. Iokaxano e nexa Ha
JUCTpUOyHMjaTa Ha KagMUyM BO MakenoHHja
HAjroJieMO BIIMjaHWE HMAaT AaHTPOIOreHUTE
AKTUBHOCTU. Taka, HajBUCOKH BPETHOCTH 3a
COAp)KMHATA HAa KaJMHyM C€ HajJeHH BO
MIPUMEPOLIUTE O MeJ] O] IEHTPATHUOT AN Ha
MakefoHija IITO € Kako pe3yiaTaT Ha
paborata Ha TonmuiHUIATa 3a OJOBO, IIMHK H
kagmuyM Bo Benec. Cpennara BpenHOCT 3a
COApKMHATA HAa KaJAMUYM BO MPUMEPOLIUTE O]
OBOj PETHOH € 32 TPU NaTH MMOBHCOKA Of] OHaa
3a MaxkenoH#ja. PenaTHBHO BUCOKH COPKUHH
Ce HajAeHH M BO MPUMEPOLHU O]l HCTOYHHOT
Jen Ha MakeJoHHja IITO MOXKE Ja Ce TOBp3e
CO TMPHUPOJHO 3rojJeMeHaTa COApKHHA Ha
KaJJMUyM BO T€OJOMIKATE (hOpMalUU BO OBO]
peruon (pymHunu 3a onoBo u IuHK Caca u
Topanuia).
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