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ABSTRACT

In this research, heavy metal contents (Al, As, Pb and Cd) of 6 honey samples obtained from Marmara
and Aegean regions of Turkiye (chaste berry, chestnut, jerusalem torn and sunflower kind of honeys)
and 4 honey samples obtained from Bulgaria (lavender, acacia and sunflower kind of honeys) with
micro and macro element contents including Ba, Cr, Co, Ni, Fe, Cu, Zn, Mn, Mg, P, B, Na, K, Sr, S and
Ca were analyzed by ICP-OES (Inductively Coupled Optical Emission Spectrometer). It was found that
the heavy metal contents (Al, As, Cd and Pb) in the investigated honey samples were below the toxic
limit values specified by the World Health Organisation and the Turkish Food Codex. In general, the
mineral contents of honey samples vary according to the regions where they were taken. Among the
honey samples taken from different regions; the contents of Pb, Al, As, Cr, Cu, Ba, Sr, Zn, B, Ca, K, Na,
P and S changed at 1% significance level, while Mn, Ni and Fe contents differ at 5% level of
significance. It was determined that as the apiary locations from which honey samples were taken
approached the urban areas, the Pb content increased statistically by 1%, while the As and Co content
increased at the 5% level of significance.
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Arasgtirmada Tiirkiye Marmara ve Ege boélgelerinden temin edilen 6 bal 6rnegi (hayit, kestane, karacgali
ve cicek ballari) ile Bulgaristan’dan temin edilen 4 bal 6rnegi (lavanta, akasya ve ¢icek ballari) agir
metal igerikleri (Al, As, Pb ve Cd) basta olmak uizere; Ba, Cr, Co, Ni, Fe, Cu, Zn, Mn, Mg, P, B, Na, K, Sr,
S ve Ca gibi mikro ve makro element igerikleri ICP-OES (indiiktif Eslesmis Optik Emisyon
Spektrometresi) ile analiz edilmistir. incelenen bal érneklerindeki agir metal diizeylerinin (Al, As, Cd ve
Pb) WHO ve Tiirk Gida Kodeksi’ nde belirtilen toksik limit degerlerinin altinda oldugu tespit edilmistir.
Genel olarak, bal o6rneklerinin mineral igerikleri alindiklani boélgelere goére degismektedir. Farkli
bolgelerden alinan bal 6rnekleri arasinda Pb, Al, As, Cr, Cu, Ba, Sr, Zn, B, Ca, K, Na, P ve S igerikleri
%1 onem dizeyinde; Mn, Ni ve Fe icerikleri ise %5 Oonem dizeyinde farklik godstermektedir.
istatistiksel analizler sonucunda; bal érneklerinin alindigi ariliklar yerlesim yerine yaklastikga Pb %1,
As ve Co icerikleri ise %5 6nem duizeyinde artig gosterdigi ortaya ¢cikmigtir.

Anahtar Kelimeler: Bal, Agir Metaller, Mikro Element, Makro Element, Mineraller, ICP-OES
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GENISLETILMiS OZET

Amag: Bal, arn sutl, polen ve propolis gibi ari
drtnlerinin saglikh yasami sirdirme ve hastaliklara
karsi vicut badisikligini guclendirme gibi insan
saghgi agisindan 6nem tasiyan pek cok faydasi
vardir. Bu ari trlnleri icerdigi vitaminler, mineraller,
enzimler, fenolik bilesenler ve diger biyoaktif
maddelerden dolayl antibakteriyel, antimikrobiyal,
antiviral ve antiparaziter gibi birgok saglik
fonksiyonuna sahiptir. Demir, bakir, ¢inko, kalsiyum,
sodyum ve potasyum gibi mineraller balda siklikla
bulunan ve insan beslenmesi igin 6nem
tasimaktadir. Bu faydali minerallerin yani sira bal ve
diger ari Urlnleri sehir merkezleri, otoyollar ve
endustriyel kirlilik faktérler nedeniyle insan saghgina
zararli bazi agir metaller igerebilmektedir. CUnku ar
kovandaki bal ve diger Grtnlerini 3-4 km ¢apinda bir

alandan topladigindan, cevresel kirlilik
kaynaklarindan bazi bulasanlari kovana
tasiyabilmektedir. Bu nedenle ballar insan

beslenmesine katki veren besleyici mineraller
acisindan incelenmesi yaninda, gida guvenligi
acisindan bdlgesel bazda c¢evre kirliliginin bir
yansimasi olan agir metal icerikleri bakimindan da
stk stk incelenmelidir. Turkiye ve Bulgaristan
aricilhikta 6nemli potansiyele sahip iki tlkedir. Her iki
Ulkenin cografi konumu, bitki cesitliligi, ekolojisi,
nektar kaynaklari ve koloni varhigi bal dretimi icin cok
uygundur. Calismada, Tirkiye’de Ege ve Marmara
bolgelerinden 4 farkli bal cg¢esidine ait 6 ve
Bulgaristan’dan temin edilen 3 farkh bal ¢esidine ait
4 6rnek, 16 farkh mineral (Ba, Cr, Co, Ni, Fe, Cu, Zn,
Mn, Mg, P, B, Na, K, Sr, S ve Ca) ve 4 farkl agir
metal (Al, As, Cd ve Pb) incelenmistir. Bal
orneklerinin sehit merkezleri ile otoyollarin neden
oldugu agir metal kirlilik dizeylerinden etkilenme
durumlari ortaya konulmaya calisiimigtir. Temel
analiz yontemlerinin gelismesine paralel olarak, son
yilllarda besinlerin adir metal analizlerinde daha
glvenilir sonuglarin elde edilmesi talep edilmektedir.
ICP-OES analiz teknigi, temel arastirmalar icin en
hassas ve glvenilir bir mineral madde ve agir metal
analizi 6lgiim yontemi olarak kabul edilmektedir. Bu
nedenle 6rneklerin mineral ve agir metal iceriklerinin
incelenmesinde, ICP-OES teknigi kullaniimistir.

Gere¢ ve Yontem: Bu calismada Turkiye'nin
Marmara Bdlgesinde Bursa-Mudanya’'nin 4 kdyu ile
Bursa-Karacabey’'in Malkara Kdyu kirsal alanindan
1 ve Ege Bolgesi'ndeki izmir Bergama’'dan 1 olmak
Uzere Ulke genelinde 6 &rnek incelenmigtir.
Bulgaristan'in ise Oblast ili Sumnu, Benkovski,
Kayaloba ve Dobromirtsi sehirleri kirsal alanlarindan
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4 bal 6rnegi temin edilmis ve incelenmistir (Tablo 1).
Bu boélgelerin bal dretimi icin énemli oldugu
bilinmektedir. Calisma boyunca agir metaller de
dahil olmak Uzere 20 mineral analiz edilmistir.
Analiz, Bursa Uludag Universitesi Ziraat Fakiltesi
Toprak Bilimi Bolimu ve Bitki Besleme Arastirma
Laboratuvari'nda ICP-OES cihazi kullanilarak
gercgeklestiriimistir. Bal 6rnekleri asitte mikrodalga
kullanilarak yakilmis ve seyreltme isleminden sonra
analiz edilmigtir. Kalibrasyon testleri sonrasinda
ICP-OES cihazi analize uygun hale getiriimis ve
numuneler standart  bir egri  kullanilarak
hesaplanmistir.

Sonuglar ve Tartisma: Tirkiye'den alinan bal
ornekleri igerisinde en yiiksek Al (4,04+0,20 ppm) ve
As (0,39 icerikleri T5 ve T2 (3,60+0,24 ppm) bal
orneklerinde ol¢limustir. Bulgaristan’da ise en
yiuksek Al igerigine Kayaloba’ dan alinan c¢igek
balinda (B3; 2,06+0,18 ppm), As icerigine ise B4
orneginde rastlanilmistir. Tuarkiye bal 6érnekleri
icerisinde en ylksek kurgun (Pb) igerigine izmir
Bergama’dan alinan bal 6érneginde (2,79+ 0,16 ppm)
rastlanirken, Bulgaristan bal &rnekleri iginde Pb
kalinti miktari en yuksek B1 6rneginde (0,84+0,01
ppm) tespit edilmistir. Kadmiyum icerigi en yuksek
Tarkiye bal 6rnegi olarak T5 6rnegi (0,36+0,00 ppm)
ve en ylUksek Bulgaristan bal 6rnegi olarak B3
(0,13+0,16 ppm) bulunmustur. Analizler sonucunda
tim bal o6rneklerinde element igeriklerinin kabul
edilebilir dlizeyde oldugu, toksik agir metal (As, Al,
Pb ve Cd) iceriklerinin toksik diizeyin altinda oldugu
belirlenmistir. Ozkul ve digerleri (2018) de belirledigi
gibi, sehir merkezi ve yerlesim alanlarina
yaklagildikca bal 6rneklerindeki kirlenme oraninin
(Pb ve As icerikleri) arttigi ve bu artislarin istatistiksel
olarak %1 ve %5 dluzeylerinde dnem tasidigi tespit
edilmigtir. Arastirma sonunda en yuksek kursun
icerigine sahip olan hayit balinin bile gunlik
tuketilebilecek  maksimum  bal  miktann ile
orantilandiginda FDA'nin glivenli limit degeri altinda
kaldigi belirlenmistir.

Diger yandan ballarin besin degeri ve mineral
zenginligi bakimindan degerlendirildiginde (Tablo 2);
tim bal érneklerinin kemik sagligr agisindan énemli
bir mineral olan Ca igeriklerinin ylksek oldugu ve
67,44+2,21 ile 198,70+1,44 ppm arsinda degistigi
bulunmustur. Ballarin kansizlik agisindan énemli bir
element olan Fe igeridi bakimindan da zengin bir
kaynak oldugu ve bu element igeriginin ballarda (B1)
29,1340,36 ppm’e varan dizeylere kadar ¢ikabildigi
belirlenmistir. Yine bir koenzim faktérii olarak
vicutta gorev yapan Zn; Turkiye ballarinda (T5)
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2,94+0,02, Bulgaristan ballarinda (B3) ise 3,79+0,01
ppm duzeylerinde 6l¢cilimis olup balin zengin bir
mineral madde kaynagi olarak beslenmede rol
oynadidi ortaya konulmusgtur.

INTRODUCTION

In recent years, the impact of rapid industrialization
on nature in terms of environmental pollution
increased significantly in our country parallel to the
World. Industrial plants in business enterprises such
as paint, automotive and plastic cannot completely
prevent toxic and harmful chemicals from
production, although waste treatment units are
mandatory, toxic substances continue to spread to
the environment through water and air (Tchounwou
et al. 2012). Bees are accepted as indicator
creatures due to their interaction with nature in
maintaining the balance in nature. They are living
organisms that are indispensable in ensuring the
sustainability of plant production by pollination (Sirali
and Cinbirtoglu 2018). Environmental problems such
as heavy metal pollution in nature pose a risk not
only to human health and nutrition but also to bee life
and health, elevating the risk of pollution of the
products such as honey, pollen and royal jelly
produced by bees.

Beekeeping is a socio-economic activity that uses
plant resources, bees, technical knowledge, and
labor to produce various bee products. (Burucu ve
Glulse Bal 2018). The orientation towards providing
the nutrients and energy elements needed by the
body from natural sources with the understanding of
healthy life has led to the development of
beekeeping activities and to a significant increase in
the value of these products. Bee products such as
honey, royal jelly, pollen and propolis have great
benefits in terms of maintaining a healthy life,
preventing certain diseases and strengthening the
immune system. These products have antibacterial,
antimicrobial, antiviral and antiparasitic health
functions due to their antioxidant elements such as
vitamins, minerals, enzymes, phenolic components
and their bioactive substances. In addition to all
these benefits, beekeeping is important in
agricultural activities due to the reasons such as
earning income in a short time, it can be done with
little capital and it does not require a lot of land area
(Tepge 2021).

Turkiye has significant potential in beekeeping and
is very favorable for honey production due to its

geographical location, plant diversity, ecology,
nectar reserves and the existence of colonies or
hives (Borum 2014). Approximately 5.9% of the
honey obtained in the world in 2019 was produced
in Turkiye. This brings Turkiye to second place in the
world in honey production (Guler 2021). Projection
studies show that honey production will increase
even more in Turkiye. According to the data of 2021,
while around 97 thousand tons of honey was
produced in Turkiye (TUIK 2021), honey production
is expected to be between 121 thousand and 125
thousand tons in 2023 (Burucu ve Gulse Bal 2017).

Due to the rapid increase in the world population,
industrialization and agricultural production activities
recently, heavy metal pollution in soil and nature has
reached serious levels (Mikhailenko et al. 2020). Soil
is an important medium in which plants grow and
acts as filtration for pollutants. Since there is an
exchange of substances and energy between the
three main ecosystems in nature (water, air and soil),
the pollutant is able to transport from one ecosystem
to another (Figure 1). As a result of the accumulation
of heavy metals in the soil, these can be transported
to humans through these plants and can play a role
as significant risk factors responsible for some
chronic diseases (Kara and Kara 2018). The
increase in the heavy metal concentration in
Turkey's natural resources with each passing day
keeps this issue on the agenda and leads to an
increase in the number of studies on this subject
(S6nmez and Kilig 2021). In a study conducted in the
province of Istanbul, soil samples were examined
from 40 different locations and the highest pollution
values were determined in the unwashed leaf
samples taken from the roadside as 14.90 + 2.96
pg/g for Pb, 0.65 + 0.13 pg/g for Cd, 19.94 + 1.17
pg/g for Cu and 42.53 + 3.08 ug/g for Zn (Ozturk et
al. 2017). It has been determined that there is a
linear relationship  between heavy metal
accumulation, traffic density and proximity to the
roadside. In a study carried out in the Altintas plain,
located in the south of Kitahya, a region where
agricultural activities are intense, the heavy metal
contents were analyzed by ICP-MS by sampling
from 15 points of agricultural lands. (Ozkul 2018). As
a result of the analysis of soil samples taken from the
study area, while the pollution was moderate for Cu,
Pb, Sb and Zn heavy metals, Hg, As and Ni were
found as the heavy metals that cause the most
pollution, respectively. In another study, the heavy
metal contents of the soils in the playgrounds in the
city center of Kutahya have investigated, and found
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significant soil contamination in terms of heavy metal
contents of As, Cd, Hg, Ni, Pb, and Zn (Ozkul 2019).
Among these, it has been observed that the
contamination rate of heavy metals, especially As
and Cd, has reached serious levels. Pollution
caused by heavy metals is easily able to transport
between the ecosystems through the food chain. In
this respect, heavy metals can be transmitted to
humans through many pathways including food
production, drinking water, inhalation and skin
contact (Figure 1). Pollution sources occurring in the
ecosystem causes serious negative effects if it is
taken into the metabolism of the living organisms
(Vareda et al. 2016). Heavy metals mixed with the
soil can be transported to the human body either
directly through plants or indirectly through animal
meats and products that consume plants (Kara and
Kara 2018).

Figure 1: Pollution caused by heavy metals.

Sekil 1: Agir metallerin sebep oldugu kirlilik.
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In Turkiye, which has a wide and diverse flora
potential and geography where flowering continues
at all times of the year; beekeeping is an agricultural
business area that can be done almost anywhere
from sea level to high plateaus (Tepge 2021). The
high quality of honey in our country is based on the
abundance of nectar-producing plant varieties in
different climatic conditions and different periods.
For these reasons, an important part of the honey
produced from these regions is a mixture, that is,
multi-floral. In addition, herbal kinds of honey
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specific to a local plant flora, which are unique to
certain regions in Turkiye, can also be produced.
Chasteberry honey, one of these kind of honey, is
one of the only plant kind of honey that is produced
intensively in the Aegean and Marmara Regions and
consumed in common. Chasteberry (Vitex agnus-
castus) is an herb, also known as priest pepper or
five-finger plant. The chasteberry plant is a good
source of nectar for honey bees and has an
estrogenic effect and hormone-balancing
characteristics (Ugak Kog et al. 2017).

Jerusalem thorn honey is produced mostly in
Marmara and Thrace regions in Turkiye (Malkog et
al. 2019). Paliurus spina-christi, known as Jerusalem
thorn, is a shrub plant belonging to the Miller
Rhamnaceae family. The flowers of the Jerusalem
thorn plant turn yellow in May and July depending on
the weather conditions; medium sweet and slightly
bitter honeys that can crystallize very quickly are
obtained. Jerusalem thorn herb has traditionally
been wused for the treatment of diuretic,
antirheumatic, hypocholesterolemic, and chronic
obstructive pulmonary disease (Sen 2018, Zor et al.
2017).

Lavender honey is among the most admired high-
quality honeys for its pleasant aroma and taste.
Lavender is a popular aromatic Mediterranean plant
belonging to the Lamiaceae family (Castro-Vazquez
et al. 2014).

Chestnut honey is honey obtained from the extracts
collected by the bees from the flowers of the
chestnut trees in a certain period. Since chestnut
trees (Castanea sativa) begin to bloom in June, this
honey made by bees that work intensively during this
period is produced less frequently in our country, so
its economic value is higher than the many other
honey varieties (Alkan 2020).

Acacia honey (Robinia pseudocacia), with its light
yellow appearance, delicate scent and floral aroma,
is one of the most popular honey varieties available
in the European market (Oroian et al. 2015,
Schievano et al. 2019). In order for a honey sample
to be classified as real acacia honey, it must contain
at least 45% granular acacia pollen as specified in
the regulation on honey quality (Soares et al. 2017).

Sunflower honey (Helianthus annuus) is one of the
most produced monofloral (single flower) honey
varieties in Turkiye and it is the most exported honey
in the country after pine honey. It is generally used
by beekeepers as winter food or bee feed. Sunflower
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blooms in July and is harvested in August. Sunflower
honey is honey having golden yellow in color, has a
unique taste, and crystallizes very quickly. The quick
crystallization of this honey is due to its high glucose
and pollen content. It looks like a yellow candle when
it crystallizes (Sen 2019).

Chasteberry, chestnut and Jerusalem thorn are
plants preferred by bees, which naturally reproduce
in forest areas far from city centers for honey
production. Lavender, on the other hand, is an
aromatic plant that is extensively planted as an
important raw material for the perfume and
cosmetics industry, generally in the fields relatively
close to cities and industrial pollution sources
compared to other forest plants examined in the
research. These plants, which exist both in forest
areas and in areas close to cities, are among the
plants used extensively by honey bees (Apis
mellifica) to create unmatured liquid honey. Residue
levels in the honey produced by bees collecting
liquid honey extracts and pollen from these plants
may vary depending on the distance from the
environmental pollution sources of the plants where
the bee collects the nectar and the area where the
beehive is located.

Honey, which is loved and consumed by all age
groups, is a functional food that is easy to digest and
has a curative or protective effect against some
diseases. Honey contains elements such as
potassium, sodium, phosphorus, magnesium, sulfur,
manganese, chlorine and iron, which are important
for human health and nutrition. According to the
Turkish Food Codex Honey Communiqué, honey; is
defined as a natural bee product created by the
collection of plant nectars, the secretions of living
parts of plants, or the secretions of plant-sucking
insects living on the living parts of plants by honey
bees (TGK 2020). For this reason, honey is one of
the natural food products whose source is nature
and therefore can be affected by environmental
pollution sources such as heavy metal pollution in
nature.

In the composition of honey; there are main
nutritional components such as sugars (31%
glucose, 38% fructose), vitamins (ascorbic acid,
etc.), moisture (10-20%), elements (potassium,
sodium, calcium, magnesium, phosphorus and
organic acids (gluconic acid, acetic acid, etc.). The
amounts of major and trace elements in honey vary
according to the element contents of the sources
(soil and vegetation) from which the bee collects the

nectar. The elements are generally transported to
the honey through the nectars and nectars collected
by the bees from the plants through the roots of the
flowering plants (Lanjwani and Channa 2019). Apart
from environmental pollution, the amount of heavy
metals and minerals varies according to the
geographical and flora characteristics of honey.
Heavy metals are elements with a density higher
than 5 g/cm3 in terms of physical properties in three
or higher periods in the periodic table. More than 60
metals are in this group, including lead, cadmium,
chromium, iron, cobalt, copper, nickel, mercury and
zinc. The most common heavy metals determined in
polluted soils are Cr, Pb, Cu, Cd, Zn, Hg and As,
respectively (Khalid et al. 2017).

In many studies on the element contents in honey,
macro elements such as Na, K, CI, Ca, P, S and Mg,
and micro elements such as Al, Mn, Pb, Cd, Cu, Tl,
Co, Zn, Rb, Ni, Ba, Bi, Pt, Be, V, Pd, Te, Fe, Mo, Hf,
Sb, Sn, U, La, Sm, |, Tb, Th, Dy, Sd, Nd, Pr, Lu, Gd,
Yb, Er, Ho, Cr, B, As, Br, Ce, Cd, Se, Srand Hg have
been investigated in detail (Lanjwani and Channa
2019). However, since environmental pollution is a
rapidly increasing problem both in our country
parallel to the World, it is necessary to frequently
examine and evaluate foods such as honey, which
is a product obtained from nature, in terms of
pesticide and heavy metals which have serious toxic
effect on human health.

Bees take heavy metals from plants and water
sources on the soil surface while collecting nectar.
These heavy metals are transmitted to plants from
the soil, pesticides, chemicals and industrial wastes
in the region. Although the typical food collection
area of the honey bee varies according to the
distance of the food and water sources around the
hive; most of the time it is collected within a radius of
600-800 of an area. However, they can often fly
distances of 2 km to gather food and can even follow
a flight route of up to 5 km. It is stated that in cases
of food and water deprivation, bees can fly up to a
maximum distance of 13 km in order to find food
sources and under experimental conditions (Pahl et
al. 2011). Metals can contaminate honey by a
mechanism defined as migration, not only from the
environment and nature but also from the metal
surfaces, metal-based containers and cauldrons and
equipment used in the production steps (Ozcan and
AL Juhaimi 2012). Environmental pollution, on the
other hand, is a global problem of today, and its
effects are increasing day by day and reaching a
dangerous dimension. Among the main factors
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polluting nature, heavy metals, various pesticides,
organic compounds, radioactive substances and
hydrocarbon combustion products at first (Doelsch
et al. 2006). Due to food safety concerns, studies on
the determination of heavy metal content in honey
have increased in recent years. It is stated that if
these toxic substances are taken by the organism
above a certain level, they can harm the metabolism
and the body (Bengl and Kutlu 2020).

There is no separate classification regarding the
heavy metal limit values in honey. There are
regulations published by the World Health
Organization (WHO 2007), European Union (EC
2006), The Food and Drug Administration (FDA
2021) regarding heavy metal residue limits in foods.
In Turkiye, heavy metal limit values are considered
as toxic residue values in foods like in other
countries, and there is no separate legal
classification for heavy metal contents only in honey
(Resmi Gazete 2011).

In this study, 16 different micro and macro elements
and 4 heavy metals were tried to be measured in the
honey samples (chasteberry, chestnut,
jerusalemthorn, and sunflower honeys) obtained
from two regions of Turkiye and the honeys
(lavender, acacia, and sunflower honeys) from four
settlements of Bulgaria. With statistical methods, it
has been tried to reveal the level of being affected
by environmental pollution according to the distance
of the honey to the pollution sources that cause
environmental pollution such as city centers and
highways.

MATERIALS AND METHODS
Collection of Samples

In the study, 10 honey samples produced in Turkiye
and Bulgaria were used. For this purpose, 6 honey
samples belonging to the Marmara and Aegean
regions of Turkiye and 4 honey samples belonging
to 4 settlements of Bulgaria were examined in terms
of heavy metals (4) and micro and macro elements
(16) (Table 1 and Figure 2). Honey samples without
honeycombs (500 g) were brought to the laboratory
in clean glass jars, labeled and stored at 4-8 °C until
analysis.

Figure 2. Honey sampling locations on the map

Sekil 2. Bal érneklerinin alindiklar bélgeler
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Table 1. Geographical coordinates and regions for honey sampling

Tablo 1. Bal drneklerinin alindiklari bélgeler ve cografi koordinatlari

Sample Code Honey Variety Geographical Position Coordinates

T1 Chasteberry Turkiye/lzmir/Bergama 39.29774,27.28536
T2 Chestnut Turkiye/Bursa/Malkara/Karacabey 40.31248,28.34772
T3 Jerusalemthorn Turkiye/Bursa/Mudanya/Sogutpinar 40.46111,28.62627
T4 Jerusalemthorn Turkiye/Bursa/ Mudanya/Mesudiye 40.57991,28.58261
T5 Jerusalemthorn Turkiye/Bursa/ Mudanya/Camlik 40.45518,28.56538
T6 Sunflower Turkiye/Bursa/Mudanya/Evciler 40.55469,28.49159
B1 Lavander Bulgaria/Sumnu 43.45616,26.90330
B2 Acacia Bulgaria/Benkovski 41.60622,25.22514
B3 Sunflower Bulgaria/Kayaloba 41.52410,25.17348
B4 Sunflower Bulgaria/Dobromirtsi 41.46227,25.15832
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Sample Preparation and ICP-OES Method

Approximately 1 g of honey samples were weighed
and burned with 4 ml of 37% HCI (Honeywell,
Germany) and 3 ml of 65% HNOs (Merck,
Darmstadt, Germany) using a Multiwave 5000
(Anton Paar, Austria) microwave device. The
samples were completed with ultrapure water to a
final volume of 50 ml. The samples were burned
using HNOs and H20:2 in a Berghof MWS-2 model
microwave oven. In the extracts obtained, 4 heavy
metal types (Al, As, Pb and Cd) and micro and macro
elements (Ba, Cr, Co, Ni, Fe, Cu, Zn, Mn, Mg, P, B,
Na, K, Sr, S and Ca) were determined with Perkin
Elmer OPTIMA 2100DV model ICP OES apparatus.
Measurement conditions applied in the device are
given in Table 2.

Table 2. The Measurement Conditions Of ICP-OES
Tablo 2. ICP OES 6l¢iim kosullari

Reding Time 5(s)
Rf Power 1.20 (kW)
Stabilization Time 15 (s)

Chemical Analysis

During heavy metal and other element analyses,
appropriate calibration standards were used at
periodic intervals to maintain measurement
accuracy between samples and to minimize
productivity loss. For this purpose, the accuracy of
the ICP-OES data was checked using blank
reagents and calibration standards prepared with
standard solutions (Agilent Technologies Co.).
Calibrations were generally applied in the range of
0-0.1 ppm for micro elements and 5-80 ppm for
macro elements.

Statistical Analysis

Whether the heavy metal contents of honey samples
showed normal distribution was analyzed by
Kolmogorov-Smirnov test. As a result of the
analysis; It was determined that Pb, Al, Cr, Cu, Ba,
Zn, B, Ca, Fe, K, Na and S elements showed normal
distribution, while As, Cd, Co, Mn, Ni, Sr, Mg and P
elements did not show normal distribution. Whether
there is a difference between the mean element
levels of honeys was analyzed by t-test.

At the same time, whether there is a relationship
between heavy metal levels of honey and their
distance from settlements and highways was
examined with the help of Pearson correlation tests
for elements with normal distribution and Spearman

correlation tests for elements that do not show
normal distribution.

RESULTS

The contents of the heavy metals with micro and
macro elements determined in the honey samples
are given in Table 3.

Toxic Heavy Metal Contents (Pb, Cd, Al and As)
of the Honey Samples

Ballarin Toksik Agir Metal (Pb, Cd, Al ve As)
Igerikleri

Toxic heavy metal (Pb, Cd, Al and As) contents of
the honeys are given in Table 3.

Lead (Pb) is an element with atomic number 82 in
the periodic table and has very important in terms of
its toxicity and food safety (Bengi and Kutlu, 2020).
In the analyzes made, the highest lead content was
found in chasteberry honey (T1), which is one of the
test samples, with a level of 2.79 ppm. The lead
content in other honey samples varies between
0.03-1.70 ppm (Table 3). The sources of lead
pollution in nature are usually lead-containing
industrial wastes and gasoline-powered car
emissions. The maximum amount of lead that can be
taken from food is stated by the US Food and Drug
Administration (FDA) as 12.5 micrograms per day
(FDA 2022). Considering the average daily honey
consumption in Turkiye, this limit corresponds to 4.1
ppm lead content that can be taken with honey.
When evaluated in terms of honey samples
examined in our research; even the chasteberry
honey, which has the highest lead content, has a
content far below the lead level that can be safely
consumed daily.

Cadmium (Cd) is a soft metal known for its bluish
color and is a metal that can slowly oxidize due to
moisture in the air. The cadmium mineral with atomic
number 48 is less than 0.01% in the earth's crust
(Bengii and Kutlu 2020). Long-term intake of
cadmium causes accumulation in the human
organism, especially in the liver and kidney. When
cadmium accumulates in the body and its level in the
renal cortex reaches 0.2-0.3 mg/g, it causes damage
to the tubules. The tolerable weekly dose for an adult
(70 kg) is considered to be 0.49 mg of cadmium
(Wang et al. 2012). The amount of cadmium in all
honey varieties examined in the study varied
between 0.01-0.36 ppm (mg/kg), and no significant
Cd presence that could cause toxicity in the human
organism was found.
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Aliiminyum (Al) is the third most common element
in the world (Rafati Rahimzadeh et al. 2022) and 50-
150 mg of aluminum is found in the human body. It
is stated that the level of aluminum is higher in aging
organisms. The daily intake of aluminum to the body
is at the level of 2-10 mg, and the dose that can be
absorbed by the gastrointestinal tract is very small,
that is, in trace amounts (Wang et al. 2012). It is
stated that as a result of environmental pollution,
aluminum can pose a great threat to humans,
animals and plants. Aluminum, which accumulates
in an overdose in the body, can cause damage by
increasing oxidative stress in the brain, liver and

kidney. This damage can occur in the form of
disruption of the mechanism of action of some
enzymes, protein synthesis, utilization of nucleic
acids and dysfunctioning of cell membrane
permeability in the body. It is stated that they can
affect triglyceride levels in plasma and fat
metabolism in the body (Bengi and Kutlu 2020,
Rafati Rahimzadeh et al. 2022). Al was found at the
highest level of 4.04 ppm in jerusalemthorn honey
(T5) and 3.60 ppm in chestnut honey (T2) in the
honey samples examined, and it ranged between
0.06-1.83 ppm in other honey samples.

Table 3. The Contents of Heavy Metals, Micro and Macro Elements in the Honey Samples (ppm)

Gizelge 3. Bal Orneklerindeki Agir Metal, Mikro ve Makro Element Igerikleri (ppm)
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Arsenic (As) is one of the important risk factors for
public health due to its high toxicity level. It can be
transmitted to individuals as a result of the direct
consumption of food and water contaminated with
arsenic or within the scope of the situations covered
by the definition of occupational disease in the
workplace (Gupta et al. 2017). Arsenic causes
neurodegenerative diseases in the body, especially
on the nervous system (Mitra et al. 2022). The World
Health Organization (WHO) has determined the
level of 10 ug/kg as the safe limit for arsenic (Singh
et al. 2017). In the study, arsenic was not detected
in chasteberry honey (T1), but it was found to be
between 0.06-0.39 ppm and at trace level in other
honeys. According to these results, it was observed
that the honey analyzed in the study was within the
safe limits determined by the World Health
Organization (WHO) in terms of arsenic content,
which has a serious toxic effect on humans.

Contents of Macro and Micro Element (Na, K, Ca,
Fe, Cu, Zn, Mn, B, Mg, P, Cr, S, Ba, Ni, Co and Sr)
in the Honeys

The macro and micro element contents of honeys
(Na, K, Ca, Fe, Cu, Zn, Mn, B, Mg, P, Cr, S, Ba, Ni,
Co and Sr) are given in Table 3.

Sodium (Na) was found to be between 41.48-111.46
ppm in the honeys examined and the highest was
found in jerusalemthorn honey (T5). When the
amount of honey consumed daily and the amount of
Na that can be taken into the body are compared, it
does not pose any risk. Sodium is a component in
the body that regulates the osmotic pressure of the
extracellular fluid. It also activates some enzymes
such as amylase. The absorption of sodium begins
3 to 6 minutes after ingestion, is quite rapid and is
completed within 3 hours. The average daily sodium
intake for the body with food is 2.5 g for women and
3.3 g for men. The average requirement for adults is
between 1.3-1.6 g/day, which is equivalent to 3.3—
4.0 g/day of table salt (NaCl) intake. Too little or too
much Na intake into the body can cause serious
disorders such as hypertension (Wang et al. 2012).

Potassium (K) is an alkaline and soft metal,
compared to the other elements examined, it is an
element found in the highest amount in honey. The
potassium levels in the honey samples varies
between 203.33-2697.75 ppm. Potassium is the
basic cationic element in the cell fluid and has an
important function in maintaining the acid-base
balance. Potassium is an important component of
the glycogenesis energy cycle and the regulation of

intracellular osmotic pressure in the cell (Bengi and
Kutlu 2020). It is an important nutritional element in
terms of cell membrane permeability and cofactor
functions for some enzymes. The daily amount of
potassium taken into the body by diet is 2-5.9 g. The
minimum daily requirement is estimated to be
around 780-800 mg (Wang et al. 2012). Therefore,
when honey samples are considered in terms of
nutrition, they can be recommended as one of the
important sources in providing the potassium that the
body needs for individuals other than diabetics.

Calcium (Ca) is a metallic element of the alkaline
earth group. As a result of elemental analysis, when
all honey samples are taken into account in the
research, it has been determined that it varies
between 67.44-198.70 ppm. Calcium is another
essential element for healthy nutrition, which plays a
role in the regulation of the nervous system and the
realization of muscle functions, and is also found as
a building block in teeth and bones. In addition to the
conversion mechanism of prothrombin to thrombin in
blood coagulation; it is a vital element for muscle
contraction, nerve conduction and membrane
permeability (Bengl and Kutlu 2020).

Iron (Fe) is the most abundant element in the earth's
crust, and its total amount in the human body is 4-5
g. Most of the iron in the body is found in the
structure of hemoglobin in the blood and myoglobin
in the muscle tissue. Iron, which is also found in the
structure of enzymes such as hydroxylase,
peroxidase, and catalase, is an essential element in
terms of maintaining the normal function of the body.
For this reason, it is one of the important blood
markers sought in determining whether the body
maintains a healthy life. Although the iron
requirement of the individual varies according to age
and gender, it varies between 1.5-2.2 mg/day (Wang
et al. 2012). In the study, the highest iron contents
were determined as lavender honey (B1) 29.13 ppm
and then sunflower honey (B3) 13.46 ppm. It is
thought that, among the honeys examined in the
research, especially lavender and jerusalem thorn
honeys can be used as an important food in the diets
of individuals suffering from iron anemia and without
a history of diabetes.

Copper (Cu) is an important element that plays a
role in iron absorption (Chandra 1990) and its daily
requirement is 1-1.5 mg (Wang et al. 2012). The
copper content of the honey samples examined in
the research ranged between 0.17-0.86 ppm.
Although the Cu content of honey is not very high, it
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is stated that when taken together with other
nutrients in the diet, honey may be one of the food
sources that can play a role in meeting the daily Cu
requirement.

Zinc (Zn) is an element found in the structure of
plant and animal foods and in all living cells. There
is a total of 2-4 g of zinc in an adult human body, and
the daily requirement of the body is 5-10 mg. This
amount can be easily met daily with the foods
included in the diet in individuals with a normal diet.
Zinc is a cofactor component that plays a key role in
maintaining the function of many enzymes such as
malate dehydrogenase, alcohol dehydrogenase,
lactate dehydrogenase, glutamate dehydrogenase
and carboxypeptidase (Wang et al. 2012). Zinc (Zn)
was found between 0.44-3.80 ppm in research
honeys and is one of the important natural food
sources in providing the body's daily zinc
requirement in the daily diet.

Manganese (Mn) was found to be the highest in
chestnut honey (T2) at 2.22 ppm among the honey
types used in the study. It was determined between
0.13-0.64 ppm in the other three honey types
(chasteberry, jerusalemthorn and lavender).
Manganese is one of the important enzyme
cofactors like zinc; it is an essential element for the
functioning of decarboxylase, hydrolase and
transferase enzymes (Bengu and Kutlu 2020). The
amount of manganese in the body is about 10-40 mg
in total. The daily manganese requirement of the
body is a very small amount, such as 2-5 mg. This
requirement can be easily met up to 48 mg per day,
depending on the manganese content of the foods
consumed in the daily diet. It is stated that even if
manganese is taken in excess of the body's
requirement, it does not have a toxic effect (Wang et
al. 2012).

Boron (B) is an element found between 3.26-8.01
ppm in honey varieties evaluated in the research.
Turkiye is a country known for its rich boron reserves
(Elevli and Laratte 2022). As can be seen from the
boron content of local country honeys such as
chasteberry, chestnut and jerusalem thorn honey,
which are especially studied, this rich element
source is; it is estimated that it is carried to the hive
by bees through plants grown in the soil and running
water sources. It is stated that the daily boron
requirement for the body is 1-2 mg. In addition, it is
thought that boron is an element that interacts with
calcium, magnesium and vitamin D and has an effect
on bone formation (Wang et al. 2012).
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Magnesium (Mg), considering all the examined
honey varieties, is an element that is detected
between 15.84 and 41.00 ppm and can be taken into
the body as 300-500 mg in daily nutrition.
Magnesium is one of the important enzyme
activators like zinc and manganese. It has a function
in the stabilization of cell and plasma membranes
and nucleic acids. The lack of magnesium in the
body can pave the way for important problems in
metabolism (Wang et al. 2012).

Phosphorus (P) is an element with a daily
requirement of about 0.8-1.2 g. It was found that the
phosphorus content of the honey varieties used in
the research varied between 205.93 and 294.96
ppm, and chestnut honey had the highest
phosphorus content. Phosphorus is present in the
structure of bones and teeth, DNA and RNA in the
body. It is effective in the bipolarity of membrane
lipids and lipoproteins in the bloodstream.
Phosphorus also; it is an element involved in many
metabolic processes such as energy production
(ATP) and conversion in the cell, buffering of blood,
regulation of gene transcription, enzyme activation
(cofactor), renal system excretion function, immune
system activity and signal transmission (Calvo and
Lamberg-Allardt 2015).

Chromium (Cr) was found to vary between 0.09-
0.12 ppm in honey samples. Chromium, as an
enzyme activator (phosphoglucomutase enzyme), is
an element that has an effect on increasing the
activity of insulin and regulating blood glucose levels.
In case of chromium deficiency in the body, glucose
tolerance decreases and therefore the risk of
cardiovascular disease increases. It is stated that
feeding with 25 ppm chromate in experimental mice
does not cause any toxic effect (Wang et al. 2012).
Considering the maximum amount of honey that can
be consumed daily, it is seen that the chromium
content in research honeys has a content well below
the level that can be toxic.

Sulfur (S) is an element in the macro elements
group found in foods. Sulfur is found in the
composition of many metabolites that are important
for the maintenance of cell structure and the
maintenance of biological activities (Bohrer and
Takahashi 2016). After calcium and phosphorus, it is
the third mineral substance in the body, constituting
approximately 0.3% of the human body (Hewlings
and Douglas, 2019). It was determined that the sulfur
content of the research honeys varied between
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21.46-56-86 ppm and was found mostly in chestnut
honey.

Barium (Ba) is an element found in the skeletal
system (0.5-10 pg/g), teeth (0.1-3 pg/g), heart, lung,
kidney and liver in the human body. As a result of
excessive Ba intake into the body, especially; health
problems such as heart and/or kidney failure,
pulmonary edema, respiratory paralysis and
bleeding in the stomach and intestinal tract occur. As
an orally adult reference dose for barium, 0.2
mg/kg/day has been determined by the U.S.
Environmental Protection Agency (Kravchenko et al.
2014). In the study, although barium was not
detected in chasteberry honey; the Ba level in
chestnut, jerusalemthorn and lavender honeys is
between 0.01-0.18 ppm.

In the study, nickel (Ni) was found to be 0.07, 0.11,
0.15 and 0.04 ppm at trace levels in chasteberry,
chestnut, jerusalem thorn and lavender honeys,
respectively. Nickel is an element that is a cofactor
for many enzymes and plays a role in increasing
insulin activity. Nickel requirement is estimated to be
35-500 pg per day; The amount of Ni that can be
taken with the daily diet is at the level of 150-700 ug
(Wang et al. 2012).

Strontium (Sr) is a trace element whose function in
the human body is not fully understood. In some
animal experiments, strontium is thought to be
effective in physiological processes such as muscle
contraction, blood clotting, and secretion of certain
hormones. It is stated that the daily adult dose is
about 4 mg (Kotodziejska et al. 2021). In our study,
0.12-0.21 ppm of strontium was found in the honey
samples examined  (chasteberry, chestnut,
jerusalemthorn and lavender), and these levels are
far below the daily intake dose.

DISCUSSION

In our study, when the daily honey consumption of
people is evaluated in grams of portion, it is seen that
the possible heavy metal doses that can be taken
into the body with these portions are far below the
toxic values. While there are studies on honey that
overlap with the results of this research, there are
also research results that do not overlap and indicate
that heavy metal pollution increases as you get
closer to settlements. For example, in 11 different
honey samples taken from Bingdl and its
surroundings, 18 mineral substances were analyzed
(Bengi and Kutlu, 2020) and honey samples were

found to be reliable in terms of heavy metal contents,
in parallel with this study. But there are also research
findings to the contrary. For example, Demirezen et
al. (2005) determined that the heavy metal contents
of honey samples taken from places close to the
residential area were generally higher.

Although the honey used in our study was generally
supplied from the Marmara and Aegean regions,
where industrialization is intense, the amount of Al
contained in some honey samples was even lower
than the amounts contained in the honey obtained
from Bingdl, which is a city far from industrial and
production facilities that may cause environmental
pollution. For example, Cd, Zn and Ni concentrations
in honey samples taken from Kayseri Erciyes
Mountain and its surroundings were determined to
be in the range of 0.11-0.18 ppm, 2.2-11 ppm and
0.2-0.8 ppm, respectively (Demirezen and Aksoy,
2005). According to the analysis results, the contents
of Cd (0.01-0.02 ppm), Zn (0.44-1.69 ppm) and Ni
(0.04-0.15 ppm) in the present study were lower than
the honey samples investigated in Kayseri. It is
estimated that the difference in the honeys of these
two regions, which are not close to the industrial
zones, may be due to the metal content and
elemental composition in the soil and other natural
resources, rather than the pollution caused by the
industrial facilities and city centers in nature.

When honey samples were compared in terms of
heavy metals and elements examined, the statistical
significance level was found 1% between honey
samples and their Pb, Al, As, Cr, Cu, Ba, Sr, Zn, B,
Ca, K, Na, P and S contents. A significant difference
of 5% was found in terms of Mn, Ni and Fe contents.
No statistical difference was found between Cd and
Co levels.

Based on the coordinates of the apiaries where
honey samples were collected, the distance to the
highway and the nearest settlement was determined
in kilometers. Considering the relationship between
the distances of the apiaries from the highway or
settlement centers with the contents of elements
detected in honey; it has been determined that there
is an inversely proportional relationship between the
amounts of Pb, As and Co and the distance to the
settlements. In other words, Pb, As and Co contents
increase as the apiaries from which honey samples
are taken get closer to the settlement. The said
correlation value is significant at the level of 1% for
Pb and 5% for As and Co.
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There are many studies on heavy metal and trace
element contents in honey produced in Turkiye.
However, environmental pollution changes
depending on many factors such as geography,
climate and pollution sources, it is important for data
security to repeat the effects of environmental
pollution on people and food as often and in as many
different and many examples as possible. Heavy
metals, which are an indicator of environmental
pollution, seriously pollute the soil, water and air. The
increase in the heavy metal level in the soil also
increases the heavy metal accumulation in the
plants. The bees, which obtain most of their food
sources from plants, and their water needs from
water sources in nature, carry nectars such as sap,
nectar and pollen they collect from plants and heavy
metals to the hive. Therefore, heavy metal and
element contents in the composition of bee products
such as honey, pollen, royal jelly and propolis may
vary depending on the heavy metal and element
content in environmental sources such as soil, water
and air.

Preserving the naturalness of honey produced and
consumed in different regions of our country is very
important for our health. Honey, which is an
important food for human health in nutrition, can be
exposed to many sources of contamination during
the processes after it is produced.
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