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ABSTRACT

In this study, the contents of cadmium, lead, nickel, zinc and copper in bee
honey samples were analysed by Varian ICP-OES. Honey samples which are
collected from different regions of Kayseri at 2003. Although, honey samples
which are collected from Kayseri were of good quality, they were not free of
heavy metals. The results obtained for samples which are collected from the
residential area were higher than those of the other areas as a result of pollution.
Observed that, metal concentrations in honey samples ranged between 0,11 and
0,18 ppm for cadmium, between 0,15 and 0,66 ppm for copper, ranged between
2,2 and 11 ppm for zinc, ranged between 0,2 and 0,8 ppm for nickel and 0,18 ppm
for and between 0,1 and 0,85 ppm for lead. As a result, the results of the present
study indicate that mean intake of heavy metals due to consumption is generally
tolerable daily intake is fairly satisfactory.
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PLAZMA OPTIiK EMiSYON SPEKTROMETRESI (ICP-OES) KULLANILARAK BAL
ORNEKLERINDE AGIR METAL TAYINi

OZET

Bu calismada, Kayseri ve yoresinden toplanan bal orneklerinin kadmiyum,
kursun, nikel, ¢inko ve bakir igerikleri Varian ICP-OES cihazi kullanilarak
belirlenmistir. Bal ornekleri 2003 yilinda Kayseri Erciyes Dagi’nin farkli
bolgelerinden toplanmustir. Kayseri bolgesinde iiretilen ballarin iyi kalitede oldugu
ancak tamamen agir metalden yoksun olmadigi gdzlenmistir. Incelenen bal
ornekleri igerisinde en yiiksek metal konsantrasyonunun oldugu istasyonun
yerlesim bolgelerine yakin oldugu dikkat g¢ekmektedir. Bal oOrneklerindeki
kadmiyum konsantrasyonunun 0,11 ile 0,18 ppm, bakir konsantrasyonunun 0,15
ile 0,66 ppm, ¢inko konsantrasyonunun 2,2 ile 11 ppm, nikel konsantrasyonunun
0,2 ile 0,8 ppm ve kursun konsantrasyonunun ise 0,1 ile 0,85 ppm arasinda oldugu
gozlenmistir.

Sonug olarak, bal 6rneklerindeki agir metal konsantrasyonunun kabul edilebilir
siirlar dahilinde oldugu sonucuna varilmastir.

Anahtar Kelimeler: ICP-OES, bal, agir metal, Kayseri

1. GIRIiS

Bal, diinyanin bir c¢ok bolgesinde yiyecek olarak
kullanilan miikemmel bir maddedir. Bal iiretimi bitkilerin
ciceklerinde bulunan nektaryumlardan veya bazi
Hymenoptera tiirli boceklerin salgiladiklart maddelerin bal
arilar1 tarafindan toplanmasi ile baslar. Toplanan 6zler bal
arilarmin  viicutlarinda degisime ugramakta ve petek
gozlerine depo edilerek olgunlasmaya birakilmakta,
sonugta da koyu kivamli tathh bir {iriin meydana
gelmektedir (1).

Stiztilmiis balin iceriginde, % 79,59 oraninda seker, %
0,57 oraninda asitler, % 0,26 oraninda protein, % 0,17
oraninda mineral maddeler ve % 2,21 oraninda seker

1. INTRODUCTION

Honey is an excellent and widely used food that is
popular all over the world. Honey production starts
valuable nourishing healing and prophylactic properties
which are produce by Hymenoptera collected from bees.
Collected nourishes is changed in body of bees and stores
in comb eyes for maturation, as a result honey bee that is
dense and desert (1).

It determines that filtered honey bee consists of 79,59
% of sugar, 0,57 % of acid, 0,26 % of proteins, 0,17 of
minerals and 2,21 % of alkaloids, tannins, acetylcholine,
enzymes, vitamins (2). In addition, pollens are important
structure for honey bee. Pollens consist of minerals,
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alkolleri, taninler, asetilkolin, enzimler, vitaminler,
pigmentler, aroma ve tat maddeleri bulundugu
belirlenmistir (2). Bunun yani sira bal i¢in 6nemli bir yap1
da polendir. Polenin bilesiminde, mineral maddeler,
karbonhidratlar, protein ve lipit bulunmaktadir. Ayrica,
polen igerisinde, eser elementlerden 87 ppm ¢inko, 14
ppm bakir ve 4,5 ppm nikel oldugu tespit edilmistir (3).

Bal, sadece besin maddesi olarak degil ayni zamanda
gesitli hastaliklarin tedavisinde de kullanilmaktadir (3).
Sulandirilmamis bal sahip oldugu pH degeri sayesinde iyi
bir antibakteriyel 6zellik gostermektedir (4). Bunun yani
sira bal, yara ve yaniklarin tedavisinde, kronik sindirim
sistemi  hastaliklarinda, 0zellikle peptik {ilser ve
hazimsizlikta, agiz ve bogaz enfeksiyonlarinda, iist
solunum yollar1 enfeksiyonlarinda ve larenjit gibi bir ¢ok
hastaligin tedavisinde tercih edilen bir gidadir (5, 6, 7 ve
8).

Ayrica, bal gida ve ilag olarak kullanilmasinin yam
sira, agir metal (9), radyoaktivite ve pestisitler (10, 11)
tarafindan kirletilen ortamlarda c¢evre kalitesi tayini igin
biyomonitor olarak kullanilmaktadir (12). Agir metaller
cevre kirliliginde onemli fonksiyonlara  sahiptir.
Polonya’da yapilan bir arastirma sonucuna goére, yogun
trafigin ve metal isletmeciliginin oldugu bolgelerin
yakinlarinda bulunan kovanlardan alinan bal &rnekleri
yiiksek oranda agir metal igermektedir (13).

Plazma Optik Emisyon Spektrometre (Inductively
Coupled Plasma Optical Emmision Spectrometry = ICP-
OES) cihazi agir metal tayini i¢in olduk¢a uygun olup
cogu arastirma merkezleri tarafindan tercih edilmektedir
(14, 15).

Farkl1 aragtirmacilara gore, ¢cevresel kalitenin tayininde
bal orneklerinin agir metal igeriklerinden yararlanmak
gecerli bir yontem olarak kabul edilmektedir. Bu
caligmanin amaci, Kayseri Erciyes Dagi’min farkli
bolgelerinde iiretilmekte olan bal drneklerinin kadmiyum,
nikel, ¢inko, bakir ve kursun igerikleri tespit edilmesi ve
bu degerlerin insan sagligi agisindan potansiyel risk
tasty1p tasimadiginin arastirilmasidir.

2. MATERYAL VE METOT

Dogal bal oOrnekleri Kayseri Erciyes Dagi ve
cevresindeki toplam 6 farkli lokaliteden 2003 yilinda
toplanmistir  (Cizelge 1). Bal o6rneklerinin alindigi
lokalitenin yillik bal iretim degerleri Cizelge 2’de
verilmigtir. Her bir lokaliteden alinan 5 farkli 300’er
gramlik bal 6rnekleri dnceden steril edilmis kavanozlara
aktarilmig ve kristallesmenin giderilmesi i¢in 65-70 °c
deki su banyosunda bir miiddet karigtirilarak homojen hale
getirilmistir. Bu rneklerden 2,5 g alinarak 450 C° *de kil
haline getirilmistir. Kiil haline gelen numuneler nitrik asit
icerisinde ¢oziilerek agir metal igerikleri ICP-OES
cihazinda tayin edilmistir (16).

carbohydrates, proteins and lipids. Furthermore, it
determines that pollen contains 87 ppm zinc, 14 ppm
copper, 4,5 ppm nickel (3).

Honey bee uses both for nutrient and treatment o some
disease (3). Undiluted honey bee has antibacterial activity
due to value of pH (4). Furthermore, it can be use
treatment of many disease such as burned and wound,
disease of chronic digestion system especially peptic ulcer
and indigestion, mouth and throat disease, for upper
respiration system and laryngitis (5, 6, 7 and 8).

In addition, bee honey has been used as monitors of a
variety of environmental contaminants, including heavy
metals (9) low level radioactivity and pesticides (10, 11,
and 12). Heavy metals have an important function for
environmental pollution. Experiments carried out in
Poland show that, large amounts of heavy metals were
found in honeys from hives located near extra urban
crossroad and steelworks (13).

Inductively coupled plasma optical emission
spectrometry (ICP-OES) is widely recognized as a suitable
technique for the determination of heavy metals (14, 15)

According to different researchers, it is possible that
contents of heavy metals in bee honey may be useful for
assessing the presence of environmental contaminants.
The aim of this study is determination of cadmium, nickel,
zinc, copper content of honey bee produced in Kayseri
Erciyes Mountain and investigation of potential health
risks for humans.

2. MATERIALS AND METHODS

Natural honey samples collected from 6 different
station in the Erciyes mountain and its environment in
Kayseri at 2003 (Table 1). Annual production rate of
honey bee of study area are presented in Table 2. Five
different 300 g honey samples collected from each stations
transfered to glass pots that are sterilized before study and
they shacked in the water-bath which is temperature is 65-
70 C ° for prevention to crystallization. Honey samples
collected from each station The 2,5 g samples of honey
were incinerated at 450 °C and next dissolved in nitric
acid. Concentrations of heavy metals were determined by
ICP-OES (16).
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Table 1: Name of stations from where honey bee samples were obtained and their altitude from the sea side
Cizelge 1: Bal 6rneklerinin alindigi istasyonlarin isim ve deniz seviyesinden yiikseklikleri

Stations/ Name of station and altitude/ Distance of Futures / Ozelligi
istasyonlar | listasyonun adi ve yiiksekligi road/ yoldan
uzakhig
1 Erciyes Tiirk Diinyasi forest/ 1 km There are no industrial company near to it
Tiirk Diinyast Ormani, 1850 m however closes to city / yakinida endiistriyel
bir yap1 bulunmamakla birlikte sehre yakindir
2 Erciyes Glinayag area / Roadside / There are no industrial company near
Erciyes Glinayag1 bolsesi , Yol kenart, to it/ yakininda her hangi bir
2000 m 0-100 m endiisriyel yap1 bulunmamaktadir
3 Erciyes Besparmak Mountain / 1 km There are no industrial company near to it /
Erciyes Begparmak dagi, yakininda her hangi bir endiisriyel yap1
Develi, 1900 m bulunmamaktadir
4 Plateau of Erciyes Sthgaban 5 km There are no industrial company near to it /
village/ Erciyes Sthsaban koyii yakininda her hangi bir endiisriyel yap1
yaylast, 1600 m bulunmamaktadir
5 Plateau of Erciyes Kiziléren 5km There are no industrial company near to it/
village / Erciyes Kiziloren yakininda her hangi bir endiisriyel yap1
koyii yaylast, 1550 m bulunmamaktadir
6 Erciyes Hacilar, Sakar Farms/ 2 km It is within the residential area/ yerlesim
Erciyes Hacilar, Sakar ¢iftligi, bolgesi igerisindedir
1500 m

Table 2. Distribution of product of apiculture produced in Kayseri as to county (* its state that stations which are

collected of honey bee) (17)

Cizelge 2. Kayseri ilinde Aricilik ve Uriinlerinin lgelere gore dagilim, (* Bal 6rneklerinin alindigi istasyonlari ifade

etmektedir) (17)

Number County / Count of
/ Say1 Iigeler Hives /Kovanlar Products /iiriinler village / koy
Old procedure | New procedure | Honey bee / | Wax (Kg) / sayist
hive / eski usiil | hive / yeni usiil bal(kg) bal mumu
kovan kovan

1 Kocasinan 150 2.500 37.500 2.500 40
2 Melikgazi 50 2.000 30.000 2.000 10
3 Akkisla 50 1.100 17.600 500 6

4 Biinyan - 1.070 15.470 270 14

5 Develi* 1.600 12.000 290.000 1.300 14

6 Felahiye 20 650 13.000 - 12

7 Hacilar - 773 7.730 - 3

8 Incesu 75 4.500 85.000 4.800 4

9 Ozvatan 50 507 8.355 - 5
10 Piarbasi - 2.004 36.000 1.500 27
11 Sarioglan 10 1.000 10.000 1.000 8
12 Sariz 215 3.200 56.710 1.500 13
13 Talas* - 650 10.000 750 5
14 Tomarza - 4.032 100.800 4.500 19
15 Yahyali* - 5.000 80.000 4.500 10
16 Yesilhisar - 1.500 22.500 1.200 9
TOTAL / TOPLAM 2.120 42.486 820.665 26.320 199
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3. BULGULAR

Bal orneklerindeki ortalama agir metal

konsantrasyonlar1 Cizelge 3 ve Sekil 1°de verilmistir.

Cizelge 3’den de goriildiigl gibi, en yiiksek Cd, Ni ve
Cu konsantrasyonu 1 numarali istasyondan alinan bal
orneklerindedir.  Ozellikle  yerlesim  bélgelerinden
uzaklasildikca Orneklerin agir metal iceriginin azaldigi
belirlenmistir. Calisma alaninin farkli noktalarindan alinan
bal 6rneklerindeki Zn konsantrasyonunun 2,2 ile 11 ppm
arasinda oldugu belirlemistir. Sekil 1’den de goriilecegi
gibi en yiiksek Zn konsantrasyonuna sahip istasyon 4
numarali olandir. Analiz sonucunda bal érneklerindeki Cd,
Pb, Ni ve Cu konsantrasyonunun sirast ile 0,11-0,18 ppm,
0,1- 0,85 ppm, 0,2- 0,8 ppm ve 0,15- 0,66 ppm araliginda
oldugu belirlenmistir.

3. RESULTS

Mean heavy metal concentrations of honey bee are
presented in Table 3 and Figure 1. It can be seen from
Table 3, the highest Cd, Ni and Cu concentrations in
honey bee collected from station 1. Especially, results
indicated that heavy metal concentration decreased when
is far away from the residential area. It determined that Zn
concentrations of samples of honey bee collected from
different point of study area are range between 2.2 ppm
and 11 ppm. It can be seen from Figure 1 the highest Zn
concentration observed in station 4. at the end of the
analyses concentrations of Cd, Pb, Ni and Cu in honey
samples are 0,11-0,18 ppm, 0,1- 0,85 ppm, 0,2- 0,8 ppm
and 0,15- 0,66 ppm, respectively were determined.

Table 3: Mean heavy metal concentrations of honey bee (ppm) with standard errors
Cizelge 3: Bal 6rneklerindeki ortalama metal konsantrasyonlar1 (ppm), standart sapmalari

Elements/ 1 2 3 4 5
Elementler
Cd 0,18 0,01 0,12+ 0,003 0,11 £+ 0,002 0,13 +0,01 0,15+0,03
Pb 0,14 £0,01 0,1 £0,04 0,12 £ 0,009 0,85 £ 0,002 0,11 £0,06
Ni 0,8 £ 0,05 0,2+0,07 0,6 £0,02 0,4+0,01 0,5+ 0,05
Zn 6,2 £0,04 6 + 0,008 6,6 £ 0,02 11,0 £ 0,04 2,2+0,01
Cu 0,66 + 0,07 0,36 + 0,07 0,15+ 0,09 0,26 = 0,03 0,4 + 0,009

Concentrations /Konsantrasyon

pm)

=~ =N

3%}

Concentrations / Konsantrasyon (p

=3

3
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b

Stations / Istasy onlar

Figure 1: Mean a) cadmium, nickel and lead, b) zinc and copper concentrations in honey bee samples and standard error bars
Sekil 1: Bal 6rneklerindeki ortalama a) kadmiyum, nikel ve kursun, b) ¢inko ve bakir konsantrasyonlar1 ve standart sapmalari
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4. SONUC VE TARTISMA

Elde edilen sonuclar, yerlesim bolgesine yakin olan
istasyonlardan alinan bal 6rneklerinin agir metal igeriginin
genelde daha yiiksek oldugunu gostermektedir. Cizelge 3
ve Sekil 1’e gore, 1 numarali istasyon bazi elementler
acisindan en yiiksek degerlere sahiptir ¢linkii, istasyon
yerlesim bdlgesine ve karayoluna yakindir. Bilindigi gibi
insan aktivitesinin oldugu bolgelerde degisik kaynaklarin
neden oldugu agir metal kirliligi s6z konusudur. Bu
kaynaklar icerisinde evsel atiklar, ¢opler ve trafik kokenli
unsurlar yer almaktadir. Bu tarz kirletici faktorlerin etkisi
altinda yetisen bitkilerde degisik oranlarda agir metale
rastlanmaktadir. Arilar farkli tiirden ¢igeklerin polenlerini
topladig1 igin, bitki biinyesindeki fazla miktardaki agir
metal bal igerigindeki konsantrasyonun da artmasina
neden olmaktadir.

Cinko bitkiler i¢in esansiyel bir element olup, Zn"
formunda alinir. Bitkinin farkli kisimlarina tasinmasi
kolay olan bir elementtir. Bakir da tipki ¢inko gibi
esansiyel bir elementtir ve toksik olmayan degerlerde aktif
tasinma yolu ile alinirken toksik degerlerde ise pasif
taginim ile bitki biinyesine alinmaktadir. Her iki elementte
insanlarda bazi metabolik aktiviteler i¢in son derece
onemlidir (18). Yiyeceklerle alinacak giinlik Zn
miktarinin 15-12 mg giin ', Cu miktarmimn ise 30 mg giin"
‘oldugu belirtilmektedir (19, 20). Bu elementler igin
istasyonlardan elde edilen degerlerin verilen smirlar
dahilinde oldugu  goriilmektedir. Aksi  durumda,
karacigerde leke olusumu sinir sistemi bozuklugu, bobrek
fonksiyonlarinda zayiflama ve o6liime neden olmaktadir

@n

Kadmiyum, insan sagligini biiyiik 6l¢lide tehdit eden ve
esansiyel olmayan toksik bir agir metaldir. Kadmiyum
kirliliginin en 6nemli kaynaklari arasinda metal endiistrisi,
plastikler ve seramikler yer almaktadir. Gida yoluyla
yiliksek miktarda kadmiyum alinmasi, akut toksikasyonlara
neden olarak, kardiovaskiiler ve iskelet sisteminin
bozulmasma yol agar (17). WHO (1982 a)’a gore,
gidalarla buulnmasina izin verilen giinliik Cd miktari, 60
pg giin ' olarak belirlenmistir (20).

Insan dokularinda kursun birikimi, stresle beraber
beyinsel bozukluklara neden olmaktadir. Emilen kursunun
% 90’indan fazlas1 kirmizi kan hiicrelerinde toplanir ve
anemiye yol acar. Bu nedenle gidalarla bulunmasina izin
verilen kursun miktar1 210 pg giin "' olarak belirlenmistir
(20). Fazla miktardaki kursun, insanlarda, hipertansiyon,
duyma zorlugu, anemi, bobrek hastaligi ve zeka kaybina
neden olur (21).

Gidalarla alinmasi gereken Ni miktarnin asilmasi
durumunda insanlarda zehirlenme olaylart gozlenir. Nikel
bagirsaklarda az miktarda olmak {izere emilir ve viicuda
yayilir. En fazla karaciger ve beyinde depo edilir. Bunun
yani sira burun boslugunda kansere yol agmaktadir (21).

Elde edilen sonuglar diger arastirmacilar tarafindan
yapilanlar ile uyum igerisindedir. Przybylowski ve
Wilenzynka (2001)’e gore farkli noktalardan alinan bal
orneklerinin, 0,008- 0,027 mg kg™ oraninda Cd, 4,17-22,3
mg kg™ oraninda Zn ve 0,025- 0,071 mg kg oraninda Pb
icerdigi belirlenmistir (22). Cinko ve kadmiyum igin
verilen bu degerlerin, bu c¢aligmadan elde edilenlerden

4. DISCUSSION

The results obtained from this study shows honey bee
collected from stations of near to residential area contains
much more heavy metal than others. According to Table 3
and Figure 1, station number 1 has the highest value for
some of the elements. Because this station is near to
residential area and situated on the intersection of
highways and traffic density is rather high. As known,
some areas in where there is human activity have heavy
metal pollution due to different sources such as home
wastes, straw and traffic wastes. Plant which grown under
to effects of these pollutants can contain different range of
heavy metals. High heavy metal concentrations in plant
body can cause increasing of heavy metal concentrations
in honey bee because bees collect pollens from different
kind of flowers.

Zn is an essential element for plants and is taken up
forms of Zn*2. It is an element which can easily transport
to different parts of plants. Copper is an essential element
for plants like zinc and it takes with active transport in
nontoxic levels otherwise takes with passive transport to
plant body. Both elements are very important to some
metabolic activity for humans (18). The average
recommended daily intake in foods is estimated to be 12-
15 mgd’1 for zinc, 30 mgd'1 for Cu (19, 20). Results
obtained from stations for these elements are within the
limits are given otherwise it can cause spot in lung, defect
of nervous system, leak of function of kidney and die (21).

Cadmium is a heavy metal which is toxic and non
essential for human health. The most important sources of
Cd pollution are metal industry, plastics and sewers.
Higher cadmium concentrations cause defection of
cardiovascular and skeleton systems due to acute toxicities
(17). According to WHO (1982 a), the average
recommended daily intake of Cd in foods is estimated to
be 60 mgd™' (20).

Accumulation of lead in human tissue causes defection
of brain with stress. 90 % of absorbed lead accumulates in
blood cells and causes anemia. For this reason, it is
determined that the average recommended daily intake of
lead in foods is estimated to be 210 mgd" (20). Higher
lead concentration leads to hypertension, hearing
difficulty, anemia, kidney disease and lose of intelligence
21).

When the excess of average levels for Ni taken by
foods, it can cause toxicity. Nickel taken up in intestine
and distribute to all body. The highest accumulation of
nickel is in the lung and brain. Furthermore, it causes
cancer in nasal cavity (21).

The determined values were generally comparable to
the values reported by other authors. According to
Przybylowski ve Wilenzynka (2001), it determines that
honey bees collected from different areas contain 0,008-
0,027 mgkg™ for Cd; 4,17-22,3 mg kg! for Zn and 0,025-
0,071 mg kg' for Pb (22). These results for zinc and
cadmium given by these authors are lower than results
obtained from present study (Table 3).

Analysis of variance (ANOVA) was used to determine
if significant differences were present among means of
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diisiik oldugu goriilmektedir (Cizelge 3).

Bal orneklerine ait verilere tek yonlii varyans analizi
uygulanarak istasyonlar arasinda element konsantrasyonu
bakimindan fark olup olmadig1 tespit edilmeye
calistlmistir (Cizelge 4). Sonuglar incelendiginde Cd
icerigi bakimindan istatistiksel olarak onemli bir fark
gozlenmemistir (F = 2,136; sd = 4; p = 0,077). Istatistiksel
sonuglara gore en fazla Pb igeriginin 2 numarali istasyona
(F = 409,044; sd = 4; p< 0,455), en az Pb igeriginin ise 4
numarali istasyon ait oldugu belirlenmistir (F = 409,044,
sd = 4; p< 0,001), ¢iinkii 2 numarali istasyonun yol
kenarina yakin olmasmin etkili olabilecegi diisiiniilebilir.
Bir ve li¢ numarali istasyonlarm Ni igerigi bakimindan
istatistiksel olarak bir fark gostermedigi, en diigik Ni
konsantrasyonunun bir (F = 29,169; sd = 4; p = 0,001), en
yiiksek Ni konsantrasyonunun ise iki numarali istasyonda
oldugu tespit edilmistir (p < 0,01). Bunun yam sira en
yiiksek Zn konsantrasyonuna sahip istasyonun 4 numarali
( F = 23822; sd = 4;, p < 0,001), en disiik Zn
konsantrasyonuna sahip istasyonun ise 5 numarali nokta
oldugu tespit edilmistir ( p = 0,062). Ayrica Zn miktari
bakimindan 3 ve 4 numaral: istasyonlar arasindaki farkin
istatistiksel olarak onemli olmadig1 gozlenmistir. Calisma
alaninda bulunan biitiin istasyonlardaki Cu
konsantrasyonundaki farkin istatistiksel bakimdan nemli
oldugu tespit edilmistir ve en yiiksek Cu igeren istasyonun
1 numarali, en diisiik Cu igeren istasyonun ise 3 numarali
alan oldugu gozlenmistir ( F = 304,171; sd = 4; p < 0,001).
1 numaral1 istasyon yogun olarak trafik aktivitesine sahip
yerlesim bolgesi yakininda bulunan bir noktada oldugu
i¢in Cu miktarmin yiiksek oldugu diisiinilebilir.

Sonug¢ olarak Erciyes Dagi ve gevresinde iiretilmekte
olan bal 6rneklerinin bir miktar agir metal icerdigi ancak,
oranlarin kabul edilebilir sinirlar dahilinde oldugu
belirlenmistir. Bu nedenle aricilik faaliyetlerinin kirlenme
tehdidinden uzak noktalarda yapilmasi yarali olacaktir.

samples of honey bees (Table 4). According to results
there are no statistical differences of Cd content of honey
bee (F =2,136; sd =4; p=10,077). According to statistical
results, the highest Pb content is observed for station 2 (F
= 409,044; sd = 4; p< 0,455), the lowest Pb content is
observed for station 4 F = 409,044; sd = 4; p< 0,001),
because station 2 is near to cross-section of highways.
There are no statistical significance for station one and
three, the lowest Ni concentrations is determined in station
1, the highest Ni concentrations is determined in station 2
(p < 0,01). Furthermore, the highest Zn concentrations
obtained from station 4 (F = 23,822; sd = 4; p < 0,001),
the lowest Zn concentrations obtained from station 5 (p =
0,062).

Furthermore, it’s observed that the differences of Zn
concentration for station 3 and 4 are not important for
statistically. Differences of Cu concentrations of samples
collected from all stations which in study area are
important for statically and the highest Cu concentrations
obtained from station 1, the lowest Cu concentrations
obtained from station 3 ( F = 304,171; sd = 4; p < 0,001).
It can be though; Cu concentration is highest in station 1
because it is near to residential area where density of
traffic activity has.

As a result, the results of the present study indicate that
the mean intake of heavy metals due to consumption of
honey bee produced in Erciyes Mountain according to
results, is generally well below the tolerable levels, so, the
recommended intake is fairly satisfactory. So, apicultural
activity must continue at the area where is far from
pollution.

Table 4. Results of analysis of variance for honey bee collected from different stations
Cizelge 4. Farkli istasyonlardan alinan bal érneklerine ait tek yonlii varyans analizi sonuglari

Elements Stations /Istasyonlar
/Elementler 1 2 3 4 5
Cd 0,426 a 0,357 a 0,38 a 0,36 a 0,378 a
Pb 0,3778 b 0,318 ¢ 0,347 be 09172 a 0,3525 be
Ni 0,835a 0,446 d 0,765 ab 0,635¢ 0,704 be
Zn 2,469 b 2,457b 2,57b 3,014 a 1,48 ¢
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