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This study presents the concentrations of radionuclides and heavy metals in twenty-six table
olive (Olea europaea L.) samples, and an assessment of the health risks associated with their
consumption. The samples were collected from different towns in the Mediterranean region
of Turkey, one of the major olive-producing countries in the world. The average activity con-
centrations of 226Ra, 232Th, 40K, and 137Cs in the edible parts of the table olive samples were
found as 37.9+4.1,7.1£0.5,274.6 + 14.7,and 7.2 + 0.7 Bqkg (dw), respectively, by using a
gamma ray spectrometer. The effective radiation dose due to the intake of these radionuclides
through ingestion of olive samples varied from 3.4 to 22.7 pSv with an average value of
11+ 1 uSv. The average concentrations of Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, and Pb in the edible
parts of the table olive samples were determined as 2.04, 11.08, 166.60, 0.20, 10.29, 13.81,
14.34, 4.50, and 4.55 ngg-1, respectively, by using an inductively coupled plasma optical
emission spectrometer. Based on the measured content of the radionuclides and heavy metals,
the results imply that table olives are safe for human consumption.
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optical emission spectrometry

INTRODUCTION

People have been exposed to ionizing radiation
emitted from natural and artificial radioactive sources.
The annual effective radiation dose per person, aver-
aged over the world's population, is about 3.0 mSv, of
which 2.4 mSv (80 %) comes from natural radioactive
sources, while the remaining 0.6 mSv (20 %) is from
artificial radioactive sources [1]. Natural radioactive
sources are composed of cosmogenic radionuclides
(e. g.*H, "Be, '*C, and ?*Na) present in the Earth's at-
mosphere and primordial radionuclides (e. g. 233U se-
ries, 2*?Th series, and *°K)) that originated in the Earth's
crust. Primordial radionuclides are present every-
where in the environment, such as rock, soil, water,
vegetation, and animals as well as human body tissue
[2]. Artificial radioactive sources contain fallout
radionuclides from nuclear explosives testing and nu-
clear accidents, medical and industrial sources, and
medical devices. Internal exposure arises from the in-
take of these radionuclides by inhalation and inges-
tion. Inhalation exposure is mainly caused by >*?Rn
and its short-lived decay products (>'®Po, 2!4Po, 214Pb,
and '“Bi), while ingestion exposure is mainly caused

* Author's e-mail: mkaratasli01@gmail.com

by the 233U and 232Th series radionuclides and “°K
present in food and drinking water. Ingestion of natu-
ral radionuclides depends on the consumption rates of
food and water and the radionuclide concentrations
[2].

Heavy metals such as chromium (Cr), manga-
nese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper
(Cu), zinc (Zn), arsenic (As), strontium (Sr), mercury
(Hg), and lead (Pb) are present at various levels in soil,
water, and the atmosphere. These metals can also oc-
cur as residues in food as a result of human activities
such as farming and industry, or contamination during
food processing and storage. Therefore, people are ex-
posed to these metals from the environment or by in-
gesting contaminated food or water. Accumulation of
these metals in the body can lead to harmful effects in
the body and brain.

Food is required by all organisms to sustain life
and its associated functions, such as growth, develop-
ment and maintenance of the body [3]. It is one of the
main sources of elements and radionuclides for hu-
mans. Therefore, a knowledge of radioactivity and
heavy metal levels in the environment and foodstuffs
is essential for assessing health risks for populations
exposed to these either directly or indirectly [4]. Up to
now, several studies have been performed on the deter-



M. Karatasli: Radionuclide and Heavy Metal Content in the Table Olive (Olea ...

Nuclear Technology & Radiation Protection: Year 2018, Vol. 33, No. 4, pp. 386-394

387

mination of heavy metals and nutritional elements in
olive samples [5-11]. However, literature review re-
veals no detailed studies related to determining the
concentrations of natural and anthropogenic radio-
nuclides in table olive samples produced in Turkey.
The olive (Olea europaea L.), which is a member of
the Oleaceae family, contains beneficial and nutritive
elements. The consumption of olives contributes to a
long and healthy life because it boosts the immune sys-
tem and protects the body from some diseases caused
by undernourishment. The homeland of olives is the
eastern Mediterranean coast in what is now southern
Turkey, Syria, and Lebanon [12]. Table olives and ol-
ive oil are two of the most important agricultural ex-
ports of Turkey. In Turkey, the Aegean, Marmara,
Mediterranean, and Southeast Anatolia regions are the
major olive-producing areas. Over the past five years,
about 428 000 tons of table olives have been produced
[13]. In Turkey, the average annual consumption of ta-
ble olives per person is about 4 kg [13].

The purpose of the study is to determine the con-
centrations of natural and anthropogenic radionuclides

(**°Ra, >*2Th, *K, and '3’Cs) and heavy metals (Cr, Mn,
Fe, Co, Ni, Cu, Zn, Sr, and Pb) in the table olive samples
produced in the Mediterranean region of Turkey and to
assess the health risks to the population by estimating
the effective radiation dose rate and daily intake of
heavy metals due to ingestion of table olive samples.

MATERIALS AND METHODS
Sample collection

A total of 26 table olive samples were collected
randomly from 26 different districts (Bahce, Hasanbeyli,
Duzici, Kanligecit, Dereli, Cumhuriyet Mahallesi,
Dereobasi, Akyar, Toprakkale, Mustafabeyli, Yassica,
Kadirli, Sumbas, Erzin, Dortyol, Hassa, Iskenderun,
Belen, Kirikhan, Kumlu, Reyhanli, Hatay Merkez I and
II, Samandag, Altinozu, and Yayladag) located in the
provinces of Adana, Osmaniye, and Hatay, as shown in
fig. 1. The provinces of Adana, Osmaniye and Hatay be-
long to the Mediterranean subregion [14]. The study area
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Figure 1. Map of sample location
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has an original Mediterranean climate. The climate of
the study area is very favorable for olive trees. Common
soil types in the study area are as follows: brown
calcarousless soils, brown forest soils, terrarosa soils,
reddish-brown Mediterranean soils, colluvial soils, and
mixed land types [15].

Sample preparation for
radionuclide analysis

The olive samples were dusted and the edible
parts were separated from the kernels. Then, 5 kg of
the edible parts of each sample was dried by heating at
110 °C for about three days before grinding. The sepa-
rated 2 kg of the olive kernels were ground by grinding
and pulverized. The homogenized edible parts and
kernel samples were separately placed in Marinelli
beakers, weighed and hermetically sealed. Before
starting the gamma spectrometric measurements, the
sealed samples were stored for two months to reach ra-
dioactive equilibrium of the >>°Ra, 2>2Th, and their de-
cay products.

Sample preparation for
heavy metal analysis

The samples were prepared for heavy metal anal-
ysis according to method EPA 3052 using a closed mi-
crowave digestion instrument (CEM MARS 5) as fol-
lows: firstly, a 0.5 g sample was placed in a 100 ml
polypropylene/TFM vessel [16]. The sample was di-
gested using the closed microwave digestion instru-
ment by adding 9 mL of concentrated nitric acid
(HNOs3), 4 mL of concentrated hydrofluoric acid (HF),
2 mL of concentrated hydrochloric acid (HCI), and
1 mL of concentrated hydrogen peroxide (1200 watts,
20 min ramp access, 0.300 PSI, 10 minutes at 200 °C).
The sample was then removed from the digestion in-
strument and cooled, and the boric acid procedure was
applied by replacing it in the digestion instrument to re-
tain chloride ions from the HF (1200 watts, 15 min ramp
access, 0.300 PSI, 5 minutes at 210 °C). Double-dis-
tilled water was added to the sample extracted from the
digestion instrument after it was filtered through a
Whatman-542 filter paper. The sample was then ready
for inductively coupled plasma optical emission spec-
trometer (ICP-OES) analysis. Before starting the analy-
sis, the ICP-OES spectrometer was calibrated by pre-
paring three different standard solutions (PerkinElmer
Pure, Quality Control Standard 21).

Radionuclide analysis

Radionuclide analyses were performed using a
gamma ray spectrometer with a high-resolution coax-

ial p-type horizontal HPGe detector (Canberra
GX3018) in the laboratory of the Cekmece Nuclear
Research and Training Center. The resolution of the
detector is 1.8 keV for the °Co gamma ray energy line
at 1332.5 keV, and it has a relative efficiency of 30 %.
The detector was shielded to minimize natural back-
ground radiation from the environment. The certifi-
cated standard calibration source of a 1 L Marinelli
beaker, which contains multiple nuclides distributed
in 1.0 gem epoxy (Eckert & Ziegler Isotope Prod-
ucts), was used for absolute efficiency calibration of
the system in the energy range from 122 keV to
1836 keV [17]. The counting time for each table olive
sample was adjusted to obtain a gamma ray spectrum
with good statistics. The activity concentration of
226Ra was measured using the 351.9 keV gamma ray
line from 2!4Pb and the 609.3 keV gamma ray line
from 2!“Bi. The activity concentration of >*>Th was
measured using the 911.2 keV gamma ray line from
228 Ac and the 583.2 keV gamma ray line from 2°%TI.
The activity concentrations of “°K and '3’Cs were
measured directly from their own photopeaks at
1460.8 keV and 661.8 keV, respectively [17].

The minimum detectable activity (MDA, in con-
fidence level 95 %) of the gamma ray spectrometric
system was calculated as [18, 19]

275+4.665,
ePtM

where B is the standard deviation of the background in
the region of interest, ¢ — the absolute efficiency of the
detector, P — the absolute emission probability of the
gamma decay, 7 [s] —the measurement time, and M [kg]
— the mass of the sample. The detection limits for
226Ra, 22T, 40K, and "’Cs in the table olive samples
were 1.3, 1.4, 8.6, and 1.5 Bakg ', respectively.

The uncertainty of the activity concentration, A4,
is calculated by the following formula [20]

(S 2] ] (2] 3o

where A4 is the activity concentration of the
radionuclide, ACR — the count rate uncertainty, AP —
the emission probability uncertainty found in the nu-
clear data tables, A¢ — the efficiency uncertainty and
AM — the weighing uncertainty.

MDA[Bqkg ' ]= (1)

Heavy metal analysis

Analyses of heavy metals in the table olive sam-
ples were carried out using the ICP-OES in the labora-
tory of the Cekmece Nuclear Research and Training
Center. The spectrometer is the ideal solution for re-
search and quality assurance laboratories that have a
wide variety of samples and a lower frequency of anal-
ysis. The CCD array detector provides flexibility and
speed. It has exceptional reliability with a solid-state



M. Karatasli: Radionuclide and Heavy Metal Content in the Table Olive (Olea ...
Nuclear Technology & Radiation Protection: Year 2018, Vol. 33, No. 4, pp. 386-394 389

RF generator. A dual-view optical system ensures the
widest working range and excellent detection limits.
Auto-integration by element dramatically improves
the sample throughput. Dynamic wavelength stabili-
zation eliminates peak profiling and searching, ensur-
ing exceptional long-term stability. It has enhanced
sample throughput and performance with simulta-
neous background correction [21].

Estimation of the annual effective
radiation dose

Internal exposure occurs by inhalation of con-
taminated air, or ingestion of contaminated water and
food. Estimating the effective dose in foodstuffs is
useful for assessing the health risks associated with in-
take of radionuclides into the body, which are propor-
tional to the total dose delivered by the radionuclides.
The effective dose rate (AED in puSv per year) due to
ingestion of a radionuclide with table olive samples is
calculated using the following expression [22]

AED =Cry, 4,DCF, 3)

where C'is the average annual consumption of table ol-
ives (4 kg), r — the average ratio of the dry to the fresh
mass of table olive samples (0.2 kg dw per kg fw); 4,—
the activity concentration of radionuclide i in the sam-
ples, and DCF; — the dose conversion factor for
radionuclide i. The values of this conversion factor for
adults are: 0.28, 0.23, 0.0062, and 0.013 uSvBq ' for
226Ra, 32T, 40K, and "'Cs, respectively [22].

Estimation of the daily intake
of heavy metals

The daily intake of heavy metals (DIM) was esti-
mated using the following [23]

DIM = Cmetalr'DIF

“4)
where Ciero — the concentration of heavy metals in the
table olive samples, » — the average ratio of the dry to
the fresh mass of table olive samples, D/F — the daily
average consumption of table olives (11 gd '), and M
is the average adult weight (70 kg).

RESULTS AND DISCUSSION
Radionuclide content

The activity concentrations of 22°Ra, 232Th, 4°K,
and ¥’Cs measured in the edible parts and kernels of
the table olive samples are presented in tabs. 1 and 2,
respectively. As can be seen from tabs. 1 and 2 the av-
erage activity of 2°Ra measured in the edible parts is
twice that of the average activity in the kernels, while

the average activity of 23>Th, “°K, and '*’Cs measured
in the edible parts is 1.5 times higher than the average
activity in the kernels.

The radioisotope *?°Ra, which is produced by
phosphate, mining and coal combustion industries, is im-
portant from the viewpoints of health physics and envi-
ronmental protection because it may enter the food chain
by dissolving in ground water and passing through plant
roots. It is easily incorporated into mammalian bones due
to its chemical and biological behavior, which is similar
to that of other alkaline earth metals such as Ca, Sr, and
Ba [24]. The activity concentration of ?°Ra in the edible
parts varied from 7.6 + 0.4 to 87.8 3.2 Bgkg™' with an
average of 37.9 + 4.1 Bgkg™'. The highest activity of
226Ra was measured in a table olive sample from Hatay
(Samandag), while the lowest activity was measured in a
sample from Osmaniye (Sumbas).

Deposition of large quantities of >*?Th in lung,
liver and skeletal tissues affects the health of humans by
weakening the immune system and inducing various
types of diseases [25]. The activity concentration of
232Th in the edible parts varied from 2.7 + 0.5 to 12.0 +
+0.5 Bgkg ! with an average of 7.1 + 0.5 Bgkg ™. The
highest activity of 2Th was measured in a table olive
sample from Hatay (Yayladag), while the lowest activity
was measured in a sample from Osmaniye (Dereobasi).

The radioisotope *°K, which occurs in plants as
soluble inorganic salts, is the most important from the
viewpoint of health physics because it is one of the
most important nutrients and an essential element in
life processes [26]. The activity concentration of K
in the edible parts varied from 158.2 + 11.1 to 488.3 =
+ 34.1 Bqkg ! with an average 0f274.6 + 14.7 Bqkg ™.
The highest activity of *°K was measured in a table ol-
ive sample from Hatay (Erzin), while the lowest activ-
ity was measured in a sample from Osmaniye
(Dereobasi). The activity concentrations of “°K mea-
sured in the table olive samples are higher than those
obtainedbyBallesteroset al. [27] (50.0-379.6 Bqgkg ™).

The radioisotope '3’Cs occurs mostly as a result
of fallout after nuclear accidents such as Chernobyl and
Fukushima or from atmospheric nuclear weapons tests.
Itis absorbed, distributed and excreted in the same man-
ner as stable cesium ('33Cs). It is strongly adsorbed by
soils. The activity concentration of *’Cs in the edible
parts varied from 2.0 £ 0.1 to 12.6 + 0.4 Bgkg™' with an
average of 7.2 + 0.7 Bgkg™'. The highest activity of
137Cs was measured in a table olive sample from
Osmaniye (Dereli), while the lowest activity was mea-
sured in a sample from Osmaniye (Dereobasi). The av-
erage activity of 13’Cs was significantly lower than the
permitted value of 1000 Bgkg™' [28].

Heavy metal content

The concentrations of heavy metals found in the
edible parts and kernels of the table olive samples are
presented in tab. 3. As can be seen from tab. 3 the aver-
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Table 1. Radionuclide concentration in the edible part of the table olive samples
. - )
Sample location i 2A3§;11,:/1ty concentration [Bqli%K] e
Osmaniye province
Bahce 427+1.3 64+04 243.1£17.0 7.6+£0.2
Hasanbeyli 327+14 10.0+0.5 338.2+23.7 11.9+0.4
Duzici 48.0+1.9 6.6+04 2504 +£17.2 8.0£0.3
Kanligecit 432+1.7 8.7+04 3045+21.4 10.2£0.2
Dereli 436+ 1.6 104 +0.5 363.6+25.4 126+04
Cumbhuriyet mahallesi 48.0+2.0 7.2+0.6 262.1 £18.3 52+04
Dereobasi 122+04 2.7+0.5 1582 +11.1 20+£0.1
Akyar 48.0 £ 2.1 10.0 £ 0.6 339.4+23.6 123 £0.6
Toprakkale 64.0+2.3 7.2£0.6 269.5+17.7 83104
Kadirli 16.3£0.7 9.4£0.6 319.7+22.4 10.8+0.4
Sumbas 7.6+0.4 3.8+04 199.9 £13.8 43£03
Adana province
Mustafabeyli (Adana) 439+1.8 9. 314.10 £ 22.1 10.7£0.5
Yassica (Adana) 11.7£0.5 6.5+ 243.6+13.9 47+0.2
Hatay province
Erzin 445+ 1.5 44+04 488.2 +34.1 37+£04
Dortyol 51.0+1.6 32403 169.5+11.8 24+£0.5
Hassa 85+£04 42+05 2234+15.6 32+04
Iskenderun 38.0+1.1 6.5%£0.5 236.3+16.5 4.8£0.5
Belen 71.9+3.1 9.8+£0.6 335.1+235 11.7£0.6
Kirikhan 18.7+£0.9 34£03 179.6 £ 12.5 2.6+0.5
Kumlu 14.4+0.7 8.6+04 319.7+15.4 9.6£0.3
Reyhanli 342+ 1.1 41+05 2169+ 15.7 3.1+£02
Merkez [ 499+1.9 10.9+0.8 375.1+£26.5 12.5£0.8
Merkez 11 94+04 48+04 2242+ 154 3.7£04
Samandag 87.8+3.2 8.0£0.5 309.5£21.8 5.6+0.3
Altinozu 365+14 59403 228.6 + 16.1 6.8+£04
Yayladagi 58.6+1.8 12.0£0.5 226.7+15.8 9.1£0.5
Average 37.9 7.1 274.6 7.2
Standard deviation 20.9 2.7 74.8 3.6
Min 7.6 2.7 158.2 2.0
Max 87.8 12.0 488.3 12.6

age concentrations of Cr, Ni, Cu, Zn, and Co measured
in the edible parts are higher than those in the kernels,
while the average concentrations of Mn, Fe, Sr, and Pb
in the edible parts are lower than those in the kernels.
In the edible parts, the amount decreased with the or-
der of Fe, Zn, Cu, Mn, Ni, Pb, Sr, Cr, and Co, respec-
tively.

Fe accumulates in the liver and plays an essential
role in living organisms such as in the formation of he-
moglobin and transferrin, and in metabolic processes
[3]. The concentration of Fe found in the edible parts
of the table olive samples varied from 138.80 +4.00
to 194.40 + 0.80 pgg™' with an average of 166.60 +
+4.08 ugg!. Fe was found to have the highest concen-
tration among the other elements in the table olive sam-
ples. Several studies related to the concentration of Fe in
Turkish olive samples were performed using various an-
alytical techniques. The results obtained in the study
are higher than those obtained by Sahan er al. [7]

(6.11-48.58 ugg™), Nergiz et al. [9] (9.71-82.5 pgg™)
and Tuna [11] (14.51-64.82 pgg™).

Zn s one of the major essential elements required by
the human system and has several functions in the human
body, such as wound healing, blood clotting, proper thy-
roid function, maintenance of good vision, taste acuity,
protein synthesis, DNA synthesis, RNA transcription, cell
division and cell activation [3]. The concentration of Zn
found in the edible parts of the table olive samples var-
ied from 12.82 +0.02 to 15.86 +0.26 ugg™' with an aver-
age of 14.34 +0.26 ugg™'. Zn concentrations analyzed in
the table olive samples are higher than those obtained by
Sahan et al. [7] (4.25-13.33 pgg™), Nergiz et al. [9]
(0.77-1.98 ugg™") and Tuna [11] (2.36-7.66 ugg™).

Cu is found in the environment and its biological
functions include cell metabolism, normal iron metabo-
lism, red blood cell synthesis, connective tissue metabo-
lism and bone development [3]. The concentration of Cu
found in the edible parts of the table olive samples varied
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Table 2. Radionuclide concentration in the kernel of the table olive samples

Sample location - gzctivity concentration [Bqli%’l] -
Ra Th K Cs
Osmaniye province
Bahce 9.9+04 55+04 2042+7.2 63+£04
Hasanbeyli 356+ 14 52403 196.3 £ 6.4 39+£0.5
Duzici 6.5£04 32+04 1474 +6.1 24+0.5
Kanligecit 43405 2.1+0.5 127253 1.6 £0.5
Dereli 29.7+1.2 33£0.5 1514+5.6 1.9+04
Cumhuriyet mahallesi 94+04 53+04 194.7+7.4 6.0+0.4
Dereobasi 31.5+1.1 52+04 1954 £6.9 6.1£0.3
Akyar 39.3£0.9 5204 196.2 + 6.8 6.1£0.3
Toprakkale 28.2+0.7 54+04 201.5+7.9 62+04
Kadirli 27.1+£0.6 72£0.5 252.5+8.7 8.6 £0.6
Sumbas 59405 22405 132.1+£5.0 1.7£04
Adana province
Mustafabeyli (Adana) 0.4 5. 196.6 + 6.8 6.0£0.3
Yassica (Adana) +04 4.0 + 170.3 £6.2 4.8+04
Hatay province
Erzin 8.7+04 24+0.5 1294 +4.7 1.8+£04
Dortyol 13.7+0.6 53+04 200.2+7.2 6.1£0.5
Hassa 11.1+0.4 24+0.5 135.1£44 2.8+04
Iskenderun 57405 2.6+0.5 137442 1.9+£04
Belen 40.8+1.5 55£0.5 2102+7.3 63104
Kirikhan 28.3+0.9 75+04 265.2+£9.0 8.7+0.5
Kumlu 19.4+0.7 53+04 200.9 £ 8.4 6.1£0.5
Reyhanli 8.6+04 32£0.5 1504+ 6.4 2.5+0.6
Merkez | 305+14 51£0.5 195.6+7.3 5.0+£0.6
Merkez 11 26.0+0.7 51£0.5 193.7+7.1 59+04
Samandag 92+04 53104 199.8 + 8.1 6.0+£0.3
Altinozu 9.1+0.5 5.0+04 190.4 £ 7.8 5.7+£0.3
Yayladagi 28.4+0.8 52+04 200.2 £8.6 62+04
Average 18.5 4.6 183.2 4.9
Standard deviation 12.2 5.1 35.7 5.1
Min 4.3 2.1 127.0 1.6
Max 40.8 7.5 265.0 8.7
Table 3. Heavy metal concentration in the kernel and edible part of the table olive dw samples
Concentration [ugg ']
Metal Edible part Kernel
Range (min-max) Average Range (min-max) Average
Cr 1.64 £0.01-2.43 £ 0.05 2.04 £0.05 1.13 £ 0.03-2.68 £ 0.05 1.91 £0.06
Mn 9.97 £ 0.20-12.19 £ 0.30 11.08 £ 0.36 12.05 £ 0.27-15.22 £ 0.18 13.64 £ 0.32
Fe 138.80 +4.00-194.40 + 0.80 166.60 +4.08 210.90 £ 4.30-215.70 £ 7.70 213.30 £ 6.37
Co 0.13 £0.01-0.26 £ 0.01 0.20 +£0.01 <DL-0.22 £ 0.01 0.17 £0.01
Ni 2.92+0.01-17.67 £ 0.26 10.29 +0.26 2.13 £0.04-2.35 £0.01 2.24 £0.04
Cu 9.84 £0.22-17.78 £ 0.67 13.81+£0.71 4.36 £ 0.26-4.80 £ 0.20 4.58+0.33
Zn 12.82 +0.02-15.86 + 0.26 14.34 £ 0.26 9.02 £0.14-9.15 £ 0.31 9.09 £0.34
Sr 3.14 £ 0.28-5.86 £ 0.11 4.50+£0.30 7.28 £0.23-13.75 £ 0.38 10.52 £ 0.44
Pb 3.88 £0.04-5.22 £ 0.01 4.55+0.04 3.93 £0.08-5.87 £ 0.03 4.90 +0.09

from9.84+0.22t0 17.78+0.67 pgg' with an average of
13.81+0.71 ugg™". Cu concentrations analyzed in the ta-
ble olive samples are higher than those obtained by
Sahan et al. [7] (0.73-2.55 pgg™), Nergiz et al. [9]
(1.61-4.51 pgg™) and Tuna [11] (0.60-3.85 pugg™).

Mn is needed by biological systems and plays an
essential role in living things including humans [3]. The
concentration of Mn found in the edible parts of the ta-
ble olive samples varied from 9.97 + 0.20 to 12.19 £
+0.30 pgg! with an average of 11.08 £0.36 ugg™!. Mn
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concentrations analyzed in the table olive samples
are higher than those obtained by Tuna [11]
(3.20-8.29 pgg™).

Niis one of the trace heavy metals and plays arole
in physiological processes as a cofactor in the absorp-
tion of iron from the intestine [29]. The concentration of
Ni found in the edible parts of the table olive samples
varied from 2.92 +0.01 to 17.67 + 0.26 pg ¢! with an
average of 10.29 + 0.26 pgg'. Ni concentrations ana-
lyzed in the table olive samples are higher than those
obtained by Sahan et al.[7](0.18-0.53 pgg ™), and Tuna
[117(0.10-0.42 pugg™).

Pb induces reduced cognitive development and
intellectual performance in children and increased
blood pressure and cardiovascular diseases in adults
[30]. The concentrations of Pb found in the edible parts
of the table olive samples varied from 3.88 + 0.04 to
5.22+0.01 pgg! with an average of 4.55+0.04 ngg".
Pb concentrations analyzed in the table olive samples
are higher than those obtained by Sahan et al. [7]
(0.57-0.91 pgg™"), Nergiz et al. [9] (0.09-0.278 ngg ™),
and Tuna [11] (0.25-0.88 ugg ™).

Sr is a mineral found in seawater and soil and is
similar to Ca. It appears to play a role in bones. The
concentrations of Sr found in the edible parts of the ta-
ble olive samples varied from 3.14 + 0.28 to 5.86 *
+0.11 ugg ! with an average of 4.50 + 0.30 pgg .

Cr is toxic and highly detrimental to humans
when its concentrations exceeds tolerable limits [3]. It
aids the biosynthesis of the glucose tolerance factor,
utilization of sugar protein and fats, and the mainte-
nance of blood glucose [3]. The concentration of Cr
found in the edible parts of the table olive samples var-
ied from 1.64 +0.01 to 2.43 +0.05 pgg! with an aver-
age of 2.04 + 0.05 pgg~'. Cr concentrations analyzed
in the table olive samples (0.35-0.88 pgg ') are higher
than those obtained by Sahan et al. [7].

Cois an essential (mineral) micronutrient for hu-
mans. The primary function of cobalt in humans is
based on its role in cobalamin (vitamin B12), which
acts as the cofactor for two enzymes present in humans
[31]. The concentration of Co found in the edible parts
of the table olive samples varied from 0.13 £ 0.01 to
0.26+0.01pgg ! with anaverage 0f0.20+0.01 ugg™'.
Co concentrations analyzed in the table olive samples
are higher than those obtained by Sahan ef al. [7]
(0.05-0.08 pugg™).

Annual effective radiation dose

Table 4 gives the AED estimated for the edible
parts and kernels of the table olive samples. The AED
for the edible parts and kernels of the samples varied
from 3.4 to 22.7 uSv per year with an average of
11.2 uSv per year and 2.0 to 11.3 uSv per year with an
average of 5.9 uSv per year, respectively. The average
AED from %2°Ra, 232Th, 4K, and 3’Cs in the edible
parts of the samples were estimated as 8.5, 1.3, 1.4,
and 0.1 pSv per year, respectively. The results show

Table 4. Annual effective radiation dose estimated for
the samples

Sample location Annual effective dose [puSv]
Edible | Kernel
Osmaniye province
Bahce 12.0 4.3
Hasanbeyli 11.0 9.9
Duzici 13.3 2.8
Kanligecit 12.9 2.0
Dereli 13.6 8.0
Cumhuriyet mahallesi 13.4 4.1
Dereobasi 4.0 9.0
Akyar 144 10.8
Toprakkale 17.1 8.4
Kadirli 7.1 8.7
Sumbas 3.4 2.4
Adana province
Mustafabeyli (Adana) 13.2 3.7
Yassica (Adana) 5.1 33
Hatay province
Erzin 13.2 3.0
Dortyol 12.9 5.1
Hassa 3.8 3.6
Iskenderun 10.9 2.4
Belen 19.7 11.3
Kirikhan 5.7 9.1
Kumlu 6.5 6.4
Reyhanli 9.5 33
Merkez | 15.2 8.8
Merkez I1 4.1 7.8
Samandag 22.7 4.1
Altinozu 10.5 3.9
Yayladagi 16.5 8.4
Average 11.2 59
Standard deviation 5.1 3.1
Min 3.4 2.0
Max 22.7 11.3

that the annual effective dose due to eating table olive
samples comes mainly from the naturally occurring
226Ra radionuclide. The average AED was significantly
lower than the global average annual radiation dose of
2400 uSv per year resulting from ingestion [1].

Daily intake of heavy metals

Table 5 gives the average DIM estimated for the ed-
ible parts and kernels of the table olive samples. The aver-
age DIM for the edible parts were found to be 0.06, 0.35,
5.24,0.01,0.32,0.43,0.45,0.14, and 0.14 pgkg' for Cr,
Mn, Fe, Co, Ni, Cu, Zn, Sr, and Pb, respectively. The re-
sults showed that the average DIM were below the maxi-
mum daily intakes recommended by the WHO [32].

CONCLUSIONS

The radioactivity levels of 2*°Ra, 23>Th, °K,, and
137Cs in each table olive sample investigated in the
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Table 5. Daily intake of heavy metals estimated for the
samples

Daily intake of heavy metals [pgkg™']
Metals Edible Kemnel
Cr 0.06 0.06
Mn 0.35 0.43
Fe 5.24 6.70
Co 0.01 0.01
Ni 0.32 0.07
Cu 0.43 0.14
Zn 0.45 0.29
Sr 0.14 0.33
Pb 0.14 0.15

study were determined using gamma ray spectrome-
try, and the radiological hazards from these table olive
samples were assessed. It was observed that the aver-
age annual effective radiation doses due to intake of
these radionuclides through ingestion of the olive
samples produced in the Mediterranean region
(Osmaniye, Hatay, and Adana) of Turkey are far be-
low the recommended level of 1000 uSv. The concen-
trations of heavy metals (Cr, Mn, Fe, Co, Ni, Cu, Zn,
Sr, and Pb) were determined using ICP-OES spec-
trometry and the daily intake of heavy metals was esti-
mated.

The results reveal that consumption of the table
olives examined in this study does not pose any health
hazards from a radiological and heavy metal toxicity
point of view.
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Myxamer KAPATAIIVIN

CAJIPXKAJ PAIMOHYK/INIA N TENIKUX METAJIA Y MACIMHAMA
(OLEA EUROPAEA L.) U3 MEJIUTEPAHCKE OBJIACTH Y TYPCKOJ

Y oBOM paply mpuKa3aHe cy KOHIIEHTpal#je paAMoOHYKIna U TSIIKAX METalla y IBaJeCceT IIeCT
y3opaka maciuna (Olea Europaea L.) Kao W TPOIIEHA 3[APABCTBEHOI PU3UKA YCIE]] BUXOBE MOTPOIIHE.
Y3opiu cy NpUKYIJbAaHU U3 Pa3INuIMTUX TpajoBa Meaurepancke obmnactu Typcke, Koja je jemaH of
HajBehux mpom3Bobaua macnuHa y cBeTy. Ha OCHOBHY ramacnekTpOMETPHjCKHX MEpEHa MpOCcCeyHe
KOHIIETpalHje aKTUBHOCTH paguHykiuaa 22°Ra, 232Th, “°K u 1¥’Cs y jecTuBuM 1e1oBMMa MacIuHe H3HOCUIIE
cy:37.9+4.1,7.1£0.5,274.6 + 147, u 7.2 + 0.7 Bqkg™!, pecnekrusro. EdexTuBHa rouimba 03a ycies
YHOCA OBUX PaIIOHYKJIM/Ia MHIeCTUjOM OmJia je y orcery off 3.4 uSv 1o 22.7 uSv ca cpeamnoM BpeiHoIThy o7
11 £ 1 uSv. IIpuMeHOM ONTHYKE EMHUCHMOHE CIIEKTPOMETPHUjEe WHAYKTUBHO BE3aHOM ILTA30M IIPOCEUHE
kouneHTpanuje Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr u Pb y jecTuBuM frenmoBuma macinuta cy nzHocuie 2.04, 11.08,
166.60, 0.20, 10.29, 13.81, 14.34, 4.50, u 4.55 ugg!, pecnexTuBHO. Ha OCHOBY M3MepeHOr caapxaja
PaAMOHYKIIU/IA ¥ TEIIKUX METalla, MOXKE Ce 3aKJbYUHTH Jla Cy OBE MacinHe 6e30eiHe 3a JbyICKY TOTPOIIY.

Kmwyune peuu: macauna, paOuoHykauo, mewxy meitian, egpexitiuéHa 003a, 2ama cilekiipometupuja,
OUMIUYKA eMUCUOHA CHEeKTUPOMEUPUa UHOYKIUBHO 8€3AHOM HAA30M



