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This study pres ents the con cen tra tions of radionuclides and heavy met als in twenty-six ta ble
ol ive (Olea europaea L.) sam ples, and an as sess ment of the health risks as so ci ated with their
con sump tion. The sam ples were col lected from dif fer ent towns in the Med i ter ra nean re gion
of Tur key, one of the ma jor ol ive-pro duc ing coun tries in the world. The av er age ac tiv ity con -
cen tra tions of 226Ra, 232Th, 40K, and 137Cs in the ed ible parts of the ta ble ol ive sam ples were
found as 37.9 ± 4.1, 7.1 ± 0.5, 274.6 ± 14.7, and 7.2 ± 0.7 Bqkg (dw), re spec tively, by us ing a
gamma ray spec trom e ter. The ef fec tive ra di a tion dose due to the in take of these radionuclides
through  in ges tion  of  ol ive  sam ples  var ied  from  3.4  to  22.7  mSv  with an av er age value of
11 ± 1 mSv. The av er age con cen tra tions of Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, and Pb in the ed ible
parts of the ta ble ol ive sam ples were de ter mined as 2.04, 11.08, 166.60, 0.20, 10.29, 13.81,
14.34, 4.50, and 4.55 mgg–1, re spec tively, by us ing an in duc tively cou pled plasma op ti cal
emis sion spec trom e ter. Based on the mea sured con tent of the radionuclides and heavy met als, 
the re sults im ply that ta ble ol ives are safe for hu man con sump tion.
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IN TRO DUC TION 

Peo ple have been ex posed to ion iz ing ra di a tion
emit ted from nat u ral and ar ti fi cial ra dio ac tive sources. 
The an nual ef fec tive ra di a tion dose per per son, av er -
aged over the world's pop u la tion, is about 3.0 mSv, of
which 2.4 mSv (80 %) co mes from nat u ral ra dio ac tive
sources, while the re main ing 0.6 mSv (20 %) is from
ar ti fi cial ra dio ac tive sources [1]. Nat u ral ra dio ac tive
sources  are  com posed of  cosmogenic radionuclides
(e. g. 3H, 7Be, 14C, and 22Na) pres ent in the Earth's at -
mo sphere and pri mor dial radionuclides (e. g. 238U se -
ries, 232Th se ries, and 40K) that orig i nated in the Earth's 
crust. Pri mor dial radionuclides are pres ent ev ery -
where in the en vi ron ment, such as rock, soil, wa ter,
veg e ta tion, and an i mals as well as hu man body tis sue
[2]. Ar ti fi cial ra dio ac tive sources con tain fall out
radionuclides from nu clear ex plo sives test ing and nu -
clear ac ci dents, med i cal and in dus trial sources, and
med i cal de vices. In ter nal ex po sure arises from the in -
take of these radionuclides by in ha la tion and in ges -
tion. In ha la tion ex po sure is mainly caused by 222Rn
and its short-lived de cay prod ucts (218Po, 214Po, 214Pb,
and 214Bi), while in ges tion ex po sure is mainly caused

by the 238U and 232Th se ries radionuclides and 40K
pres ent in food and drink ing wa ter. In ges tion of nat u -
ral radionuclides de pends on the con sump tion rates of
food and wa ter and the radionuclide con cen tra tions
[2].

Heavy met als such as chro mium (Cr), man ga -
nese (Mn), iron (Fe), co balt (Co), nickel (Ni), cop per
(Cu), zinc (Zn), ar senic (As), stron tium (Sr), mer cury
(Hg), and lead (Pb) are pres ent at var i ous lev els in soil,
wa ter, and the at mo sphere. These met als can also oc -
cur as res i dues in food as a re sult of hu man ac tiv i ties
such as farm ing and in dus try, or con tam i na tion dur ing
food pro cess ing and stor age. There fore, peo ple are ex -
posed to these met als from the en vi ron ment or by in -
gest ing con tam i nated food or wa ter. Ac cu mu la tion of
these met als in the body can lead to harm ful ef fects in
the body and brain.

Food is re quired by all or gan isms to sus tain life
and its as so ci ated func tions, such as growth, de vel op -
ment and main te nance of the body [3]. It is one of the
main sources of el e ments and radionuclides for hu -
mans. There fore, a knowl edge of ra dio ac tiv ity and
heavy metal lev els in the en vi ron ment and food stuffs
is es sen tial for as sess ing health risks for pop u la tions
ex posed to these ei ther di rectly or in di rectly [4]. Up to
now, sev eral stud ies have been per formed on the de ter -
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mi na tion of heavy met als and nu tri tional el e ments in
ol ive sam ples [5-11]. How ever, lit er a ture re view re -
veals no de tailed stud ies re lated to de ter min ing the
con cen tra tions of nat u ral and anthropogenic ra dio-
nuclides in ta ble ol ive sam ples pro duced in Tur key.
The ol ive (Olea europaea L.), which is a mem ber of
the Oleaceae fam ily, con tains ben e fi cial and nu tri tive
el e ments. The con sump tion of ol ives con trib utes to a
long and healthy life be cause it boosts the im mune sys -
tem and pro tects the body from some dis eases caused
by un der nour ish ment. The home land of ol ives is the
east ern Med i ter ra nean coast in what is now south ern
Tur key, Syria, and Leb a non [12]. Ta ble ol ives and ol -
ive oil are two of the most im por tant ag ri cul tural ex -
ports of Tur key. In Tur key, the Aegean, Marmara,
Med i ter ra nean, and South east Anatolia re gions are the 
ma jor ol ive-pro duc ing ar eas. Over the past five years,
about 428,000 tons of ta ble ol ives have been pro duced
[13]. In Tur key, the av er age an nual con sump tion of ta -
ble ol ives per per son is about 4 kg [13]. 

The pur pose of the study is to de ter mine the con -
cen tra tions of nat u ral and anthropogenic radionuclides

(226Ra, 232Th, 40K, and 137Cs) and heavy met als (Cr, Mn, 
Fe, Co, Ni, Cu, Zn, Sr, and Pb) in the ta ble ol ive sam ples 
pro duced in the Med i ter ra nean re gion of Tur key and to
as sess the health risks to the pop u la tion by es ti mat ing
the ef fec tive ra di a tion dose rate and daily in take of
heavy met als due to in ges tion of ta ble ol ive sam ples.

MA TE RI ALS AND METH ODS 

Sam ple col lec tion 

A to tal of 26 ta ble ol ive sam ples were col lected
ran domly from 26 dif fer ent dis tricts (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) lo cated in the
prov inces of Adana, Osmaniye, and Hatay, as shown in
fig. 1. The prov inces of Adana, Osmaniye and Hatay be -
long to the Med i ter ra nean sub re gion [14]. The study area 
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Fig ure 1. Map of sam ple location



has an orig i nal Med i ter ra nean cli mate.  The cli mate of
the study area is very fa vor able for ol ive trees. Com mon
soil types in the study area are as fol lows: brown
calcarousless soils, brown for est soils, terrarosa soils,
red dish-brown Med i ter ra nean soils, col lu vial soils, and
mixed land types [15].

Sam ple prep a ra tion for
radionuclide anal y sis

The ol ive sam ples were dusted and the ed ible
parts were sep a rated from the ker nels. Then, 5 kg of
the ed ible parts of each sam ple was dried by heat ing at
110 °C for about three days be fore grind ing. The sep a -
rated 2 kg of the ol ive ker nels were ground by grind ing 
and pul ver ized. The ho mog e nized ed ible parts and
ker nel sam ples were sep a rately placed in Marinelli
beak ers, weighed and her met i cally sealed. Be fore
start ing the gamma spec tro met ric mea sure ments, the
sealed sam ples were stored for two months to reach ra -
dio ac tive equi lib rium of the 226Ra, 232Th, and their de -
cay prod ucts. 

Sam ple prep a ra tion for
heavy metal anal y sis

The sam ples were pre pared for heavy metal anal -
y sis ac cord ing to method EPA 3052 us ing a closed mi -
cro wave di ges tion in stru ment (CEM MARS 5) as fol -
lows: firstly, a 0.5 g sam ple was placed in a 100 ml
poly propy lene/TFM ves sel [16]. The sam ple was di -
gested us ing the closed mi cro wave di ges tion in stru -
ment by add ing 9 mL of con cen trated ni tric acid
(HNO3), 4 mL of con cen trated hy dro flu oric acid (HF),
2  mL  of   con cen trated   hy dro chlo ric   acid   (HCl),  and
1 mL of con cen trated hy dro gen per ox ide (1200 watts,
20 min ramp ac cess, 0.300 PSI, 10 min utes at 200  °C).
The sam ple was then re moved from the di ges tion in -
stru ment and cooled, and the bo ric acid pro ce dure was
ap plied by re plac ing it in the di ges tion in stru ment to re -
tain chlo ride ions from the HF (1200 watts, 15 min ramp 
ac cess, 0.300 PSI, 5 min utes at 210 °C). Dou ble-dis -
tilled wa ter was added to the sam ple ex tracted from the
di ges tion in stru ment af ter it was fil tered through a
Whatman-542 fil ter pa per. The sam ple was then ready
for in duc tively cou pled plasma op ti cal emis sion spec -
trom e ter (ICP-OES) anal y sis. Be fore start ing the anal y -
sis, the ICP-OES spec trom e ter was cal i brated by pre -
par ing three dif fer ent stan dard so lu tions (PerkinElmer
Pure, Qual ity Con trol Stan dard 21).  

Radionuclide anal y sis

Radionuclide anal y ses were per formed us ing a
gamma ray spec trom e ter with a high-res o lu tion co ax -

ial p-type hor i zon tal HPGe de tec tor (Can berra
GX3018) in the lab o ra tory of the Cekmece Nu clear
Re search and Train ing Cen ter. The res o lu tion of the
de tec tor is 1.8 keV for the 60Co gamma ray en ergy line
at 1332.5 keV, and it has a rel a tive ef fi ciency of 30 %.
The de tec tor was shielded to min i mize nat u ral back -
ground ra di a tion from the en vi ron ment. The cer tif i -
cated stan dard cal i bra tion source of a 1 L Marinelli
beaker, which con tains mul ti ple nuclides dis trib uted
in 1.0 gcm–3 ep oxy (Eckert & Ziegler Iso tope Prod -
ucts),  was  used  for  ab so lute  ef fi ciency  cal i bra tion of 
the  sys tem  in  the  en ergy  range  from  122 keV to
1836 keV [17]. The count ing time for each ta ble ol ive
sam ple was ad justed to ob tain a gamma ray spec trum
with good sta tis tics. The ac tiv ity con cen tra tion of
226Ra was mea sured us ing the 351.9 keV gamma ray
line from 214Pb and the 609.3 keV gamma ray line
from 214Bi. The ac tiv ity con cen tra tion of 232Th was
mea sured us ing the 911.2 keV gamma ray line from
228Ac and the 583.2 keV gamma ray line from 208Tl.
The ac tiv ity con cen tra tions of 40K and 137Cs were
mea sured di rectly from their own photopeaks at
1460.8 keV and 661.8 keV, re spec tively [17]. 

The min i mum de tect able ac tiv ity (MDA, in con -
fi dence level 95 %) of the gamma ray spec tro met ric
sys tem was cal cu lated as [18, 19]

MDA
PtM

B[ ]
. .

Bqkg - =
+1 275 4 66 d

e
(1)

where  B is the stan dard de vi a tion of the back ground in 
the re gion of in ter est, e – the ab so lute ef fi ciency of the
de tec tor, P – the ab so lute emis sion prob a bil ity of the
gamma de cay, t [s] – the mea sure ment time, and M [kg] 
– the mass of the sam ple. The de tec tion lim its for
226Ra, 232Th, 40K, and 137Cs in the ta ble ol ive sam ples
were 1.3, 1.4, 8.6, and 1.5 Bqkg–1, re spec tively. 

The un cer tainty of the ac tiv ity con cen tra tion, A,
is cal cu lated by the fol low ing for mula [20]
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where A is the ac tiv ity con cen tra tion of the
radionuclide,  DCR – the count rate un cer tainty,  DP –
the emis sion prob a bil ity un cer tainty found in the nu -
clear data ta bles, De – the ef fi ciency un cer tainty and 
DM – the weigh ing un cer tainty.   

Heavy metal anal y sis

Anal y ses of heavy met als in the ta ble ol ive sam -
ples were car ried out us ing the ICP-OES in the lab o ra -
tory of the Cekmece Nu clear Re search and Train ing
Cen ter. The spec trom e ter is the ideal so lu tion for re -
search and qual ity as sur ance lab o ra to ries that have a
wide va ri ety of sam ples and a lower fre quency of anal -
y sis. The CCD ar ray de tec tor pro vides flex i bil ity and
speed. It has ex cep tional re li abil ity with a solid-state
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RF gen er a tor. A dual-view op ti cal sys tem en sures the
wid est work ing range and ex cel lent de tec tion lim its.
Auto-in te gra tion by el e ment dra mat i cally im proves
the sam ple through put. Dy namic wave length sta bi li -
za tion elim i nates peak pro fil ing and search ing, en sur -
ing ex cep tional long-term sta bil ity. It has en hanced
sam ple through put and per for mance with si mul ta -
neous back ground cor rec tion [21]. 

Es ti ma tion of the an nual ef fec tive
ra di a tion dose

In ter nal ex po sure oc curs by in ha la tion of con -
tam i nated air, or in ges tion of con tam i nated wa ter and
food. Es ti mat ing the ef fec tive dose in food stuffs is
use ful for as sess ing the health risks as so ci ated with in -
take of radionuclides into the body, which are pro por -
tional to the to tal dose de liv ered by the radionuclides.
The ef fec tive dose rate (AED in µSv per year) due to
in ges tion of a radionuclide with ta ble ol ive sam ples is
cal cu lated us ing the fol low ing ex pres sion [22]

AED Cr A DCFi i= å (3)

where C is the av er age an nual con sump tion of ta ble ol -
ives (4 kg), r  – the av er age ra tio of the dry to the fresh
mass of ta ble ol ive sam ples (0.2 kg dw per kg fw); Ai –
the ac tiv ity con cen tra tion of radionuclide i in the sam -
ples, and DCFi – the dose con ver sion fac tor for
radionuclide i. The val ues of this con ver sion fac tor for
adults are: 0.28, 0.23, 0.0062, and 0.013 µSvBq–1 for
226Ra, 232Th, 40K, and 137Cs, re spec tively [22]. 

Es ti ma tion of the daily in take
of heavy met als

The daily in take of heavy met als (DIM) was es ti -
mated us ing the fol low ing [23]

DIM
C r DIF

M
=

×metal (4)

where Cmetal – the con cen tra tion of heavy met als in the
ta ble ol ive sam ples, r – the av er age ra tio of the dry to
the fresh mass of ta ble ol ive sam ples, DIF – the daily
av er age con sump tion of ta ble ol ives (11 gd–1), and M
is the av er age adult weight (70 kg). 

RE SULTS AND DIS CUS SION

Radionuclide con tent

The ac tiv ity con cen tra tions of 226Ra, 232Th, 40K,
and 137Cs mea sured in the ed ible parts and ker nels of
the ta ble ol ive sam ples are pre sented in tabs. 1 and 2,
re spec tively. As can be seen from tabs. 1 and 2 the av -
er age ac tiv ity of 226Ra mea sured in the ed ible parts is
twice that of the av er age ac tiv ity in the ker nels, while

the av er age ac tiv ity of 232Th, 40K, and 137Cs mea sured
in the ed ible parts is 1.5 times higher than the av er age
ac tiv ity in the ker nels. 

The ra dio iso tope 226Ra, which is pro duced by
phos phate, min ing and coal com bus tion in dus tries, is im -
por tant from the view points of health phys ics and en vi -
ron men tal pro tec tion be cause it may en ter the food chain
by dis solv ing in ground wa ter and pass ing through plant
roots. It is eas ily in cor po rated into mam ma lian bones due 
to its chem i cal and bi o log i cal be hav ior, which is sim i lar
to that of other al ka line earth met als such as Ca, Sr, and
Ba [24]. The ac tiv ity con cen tra tion of 226Ra in the ed ible
parts var ied from 7.6 ± 0.4 to 87.8 ± 3.2 Bqkg–1 with an
av er age of 37.9 ± 4.1 Bqkg–1. The high est ac tiv ity of
226Ra was mea sured in a ta ble ol ive sam ple from Hatay
(Samandag), while the low est ac tiv ity was mea sured in a
sam ple from Osmaniye (Sumbas).

De po si tion of large quan ti ties of 232Th in lung,
liver and skel e tal tis sues af fects the health of hu mans by
weak en ing the im mune sys tem and in duc ing var i ous
types of dis eases [25]. The ac tiv ity con cen tra tion of 
232Th in the ed ible parts var ied from 2.7 ± 0.5 to 12.0 ±
±.0.5 Bqkg–1 with an av er age of 7.1 ± 0.5 Bqkg–1. The
high est ac tiv ity of 232Th was mea sured in a ta ble ol ive
sam ple from Hatay (Yayladag), while the low est ac tiv ity
was mea sured in a sam ple from Osmaniye (Dereobasi).

The ra dio iso tope 40K, which oc curs in plants as
sol u ble in or ganic salts, is the most im por tant from the
view point of health phys ics be cause it is one of the
most im por tant nu tri ents and an es sen tial el e ment in
life pro cesses [26]. The ac tiv ity con cen tra tion of 40K
in the ed ible parts var ied from 158.2 ± 11.1 to 488.3 ±
±.34.1 Bqkg–1 with an av er age of 274.6 ± 14.7 Bqkg–1. 
The high est ac tiv ity of 40K was mea sured in a ta ble ol -
ive sam ple from Hatay (Erzin), while the low est ac tiv -
ity was mea sured in a sam ple from Osmaniye
(Dereobasi). The ac tiv ity con cen tra tions of 40K mea -
sured in the ta ble ol ive sam ples are higher than those
ob tained by Ballesteros et al. [27] (50.0-379.6 Bqkg–1).

The ra dio iso tope 137Cs oc curs mostly as a re sult
of fall out af ter nu clear ac ci dents such as Chernobyl and
Fukushima or from at mo spheric nu clear weap ons tests.
It is ab sorbed, dis trib uted and ex creted in the same man -
ner as sta ble ce sium (133Cs). It is strongly ad sorbed by
soils. The ac tiv ity con cen tra tion of 137Cs in the ed ible
parts var ied from 2.0 ± 0.1 to 12.6 ± 0.4 Bqkg–1 with an
av er age of 7.2 ± 0.7 Bqkg–1. The high est ac tiv ity of
137Cs was mea sured in a ta ble ol ive sam ple from
Osmaniye (Dereli), while the low est ac tiv ity was mea -
sured in a sam ple from Osmaniye (Dereobasi). The av -
er age ac tiv ity of 137Cs was sig nif i cantly lower than the
per mit ted value of 1,000 Bqkg–1 [28].

Heavy metal con tent

The con cen tra tions of heavy met als found in the
ed ible parts and ker nels of the ta ble ol ive sam ples are
pre sented in tab. 3. As can be seen from tab. 3 the av er -
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age con cen tra tions of Cr, Ni, Cu, Zn, and Co mea sured
in the ed ible parts are higher than those in the ker nels,
while the av er age con cen tra tions of Mn, Fe, Sr, and Pb
in the ed ible parts are lower than those in the ker nels.
In the ed ible parts, the amount de creased with the or -
der of Fe, Zn, Cu, Mn, Ni, Pb, Sr, Cr, and Co, re spec -
tively.

Fe ac cu mu lates in the liver and plays an es sen tial
role in liv ing or gan isms such as in the for ma tion of he -
mo glo bin  and  transferrin, and in met a bolic pro cesses
[3].  The  con cen tra tion  of  Fe  found  in  the ed ible parts
of  the  ta ble  ol ive  sam ples  var ied  from  138.80  ± 4.00
to 194.40  ±  0.80  µgg–1  with  an  av er age of 166.60 ±
±.4.08 µgg–1. Fe was found to have the high est con cen -
tra tion among the other el e ments in the ta ble ol ive sam -
ples. Sev eral stud ies re lated to the con cen tra tion of Fe in
Turk ish ol ive sam ples were per formed us ing var i ous an -
a lyt i cal  tech niques.  The  re sults  ob tained  in the study
are higher than those ob tained by Sahan et al. [7]

(6.11-48.58 µgg–1), Nergiz et al. [9] (9.71-82.5 µgg–1)
and Tuna [11] (14.51-64.82 µgg–1). 

Zn is one of the ma jor es sen tial el e ments re quired by 
the hu man sys tem and has sev eral func tions in the hu man
body, such as wound heal ing, blood clot ting, proper thy -
roid func tion, main te nance of good vi sion, taste acu ity,
pro tein syn the sis, DNA syn the sis, RNA tran scrip tion, cell
di vi sion and cell ac ti va tion [3]. The con cen tra tion of Zn
found  in  the  ed ible  parts  of  the ta ble ol ive sam ples var -
ied from 12.82 ± 0.02 to 15.86 ± 0.26 µgg–1 with an av er -
age of 14.34 ± 0.26 µgg–1. Zn con cen tra tions an a lyzed in
the ta ble ol ive sam ples are higher than those ob tained by
Sahan et al.  [7]  (4.25-13.33  µgg–1),  Nergiz  et  al.  [9] 
(0.77-1.98 µgg–1) and Tuna [11] (2.36-7.66 µgg–1). 

Cu is found in the en vi ron ment and its bi o log i cal
func tions in clude cell me tab o lism, nor mal iron me tab o -
lism, red blood cell syn the sis, con nec tive tis sue me tab o -
lism and bone de vel op ment [3]. The con cen tra tion of Cu
found in the ed ible parts of the ta ble ol ive sam ples var ied
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Ta ble 1. Radionuclide con cen tra tion in the ed ible part of the ta ble ol ive sam ples

Sam ple lo ca tion
Ac tiv ity con cen tra tion [Bqkg–1]

226Ra 232Th 40K 137Cs

Osmaniye prov ince

Bahce 42.7 ± 1.3 6.4 ± 0.4 243.1 ± 17.0 7.6 ± 0.2

Hasanbeyli 32.7 ± 1.4 10.0 ± 0.5 338.2 ± 23.7 11.9 ± 0.4

Duzici 48.0 ± 1.9 6.6 ± 0.4 250.4 ± 17.2 8.0 ± 0.3

Kanligecit 43.2 ± 1.7 8.7 ± 0.4 304.5 ± 21.4 10.2 ± 0.2

Dereli 43.6 ± 1.6 10.4 ± 0.5 363.6 ± 25.4 12.6 ± 0.4

Cumhuriyet mahallesi 48.0 ± 2.0 7.2 ± 0.6 262.1 ± 18.3 5.2 ± 0.4

Dereobasi 12.2 ± 0.4 2.7 ± 0.5 158.2 ± 11.1 2.0 ± 0.1

Akyar 48.0 ± 2.1 10.0 ± 0.6 339.4 ± 23.6 12.3 ± 0.6

Toprakkale 64.0 ± 2.3 7.2 ± 0.6 269.5 ± 17.7 8.3 ± 0.4

Kadirli 16.3 ± 0.7 9.4 ± 0.6 319.7 ± 22.4 10.8 ± 0.4

Sumbas 7.6 ± 0.4 3.8 ± 0.4 199.9 ± 13.8 4.3 ± 0.3

Adana province

Mustafabeyli (Adana) 43.9 ± 1.8 9.1 ± 0.6 314.10 ± 22.1 10.7 ± 0.5

Yassica (Adana) 11.7 ± 0.5 6.5 ± 0.4 243.6 ± 13.9 4.7 ± 0.2

Hatay province

Erzin 44.5 ± 1.5 4.4 ± 0.4 488.2 ± 34.1 3.7 ± 0.4

Dortyol 51.0 ± 1.6 3.2 ± 0.3 169.5 ± 11.8 2.4 ± 0.5

Hassa 8.5 ± 0.4 4.2 ± 0.5 223.4 ± 15.6 3.2 ± 0.4

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 ± 23.5 11.7 ± 0.6

Kirikhan 18.7 ± 0.9 3.4 ± 0.3 179.6 ± 12.5 2.6 ± 0.5

Kumlu 14.4 ± 0.7 8.6 ± 0.4 319.7 ± 15.4 9.6 ± 0.3

Reyhanli 34.2 ± 1.1 4.1 ± 0.5 216.9 ± 15.7 3.1 ± 0.2

Merkez I 49.9 ± 1.9 10.9 ± 0.8 375.1 ± 26.5 12.5 ± 0.8

Merkez II 9.4 ± 0.4 4.8 ± 0.4 224.2 ± 15.4 3.7 ± 0.4

Samandag 87.8 ± 3.2 8.0 ± 0.5 309.5 ± 21.8 5.6 ± 0.3

Altinozu 36.5 ± 1.4 5.9 ± 0.3 228.6 ± 16.1 6.8 ± 0.4

Yayladagi 58.6 ± 1.8 12.0 ± 0.5 226.7 ± 15.8 9.1 ± 0.5

Av er age 37.9 7.1 274.6 7.2

Stan dard de vi a tion 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



from 9.84 ± 0.22 to 17.78 ± 0.67 µgg–1 with an av er age of 
13.81 ± 0.71 µgg–1. Cu con cen tra tions an a lyzed in the ta -
ble ol ive sam ples are higher than those ob tained by
Sahan et al. [7] (0.73-2.55 µgg–1), Nergiz et al. [9]
(1.61-4.51 µgg–1) and Tuna [11] (0.60-3.85 µgg–1). 

Mn is needed by bi o log i cal sys tems and plays an
es sen tial role in liv ing things in clud ing hu mans [3]. The 
con cen tra tion of Mn found in the ed ible parts of the ta -
ble ol ive sam ples var ied from 9.97 ± 0.20 to 12.19 ±
±.0.30 µgg–1 with an av er age of 11.08 ± 0.36 µgg–1. Mn
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Ta ble 2. Radionuclide con cen tra tion in the ker nel of the ta ble ol ive sam ples

Sam ple lo ca tion
Ac tiv ity con cen tra tion [Bqkg–1]

226Ra 232Th 40K 137Cs

Osmaniye province

Bahce 9.9 ± 0.4 5.5 ± 0.4 204.2 ± 7.2 6.3 ± 0.4

Hasanbeyli 35.6 ± 1.4 5.2 ± 0.3 196.3 ± 6.4 3.9 ± 0.5

Duzici 6.5 ± 0.4 3.2 ± 0.4 147.4 ± 6.1 2.4 ± 0.5

Kanligecit 4.3 ± 0.5 2.1 ± 0.5 127.2 ± 5.3 1.6 ± 0.5

Dereli 29.7 ± 1.2 3.3 ± 0.5 151.4 ± 5.6 1.9 ± 0.4

Cumhuriyet mahallesi 9.4 ± 0.4 5.3 ± 0.4 194.7 ± 7.4 6.0 ± 0.4

Dereobasi 31.5 ± 1.1 5.2 ± 0.4 195.4 ± 6.9 6.1 ± 0.3

Akyar 39.3 ± 0.9 5.2 ± 0.4 196.2 ± 6.8 6.1 ± 0.3

Toprakkale 28.2 ± 0.7 5.4 ± 0.4 201.5 ± 7.9 6.2 ± 0.4

Kadirli 27.1 ± 0.6 7.2 ± 0.5 252.5 ± 8.7 8.6 ± 0.6

Sumbas 5.9 ± 0.5 2.2 ± 0.5 132.1 ± 5.0 1.7 ± 0.4

Adana prov ince

Mustafabeyli (Adana) 7.5 ± 0.4 5.3 ± 0.4 196.6 ± 6.8 6.0 ± 0.3

Yassica (Adana) 7.6 ± 0.4 4.0 ± 0.5 170.3 ± 6.2 4.8 ± 0.4

Hatay province

Erzin 8.7 ± 0.4 2.4 ± 0.5 129.4 ± 4.7 1.8 ± 0.4

Dortyol 13.7 ± 0.6 5.3 ± 0.4 200.2 ± 7.2 6.1 ± 0.5

Hassa 11.1 ± 0.4 2.4 ± 0.5 135.1 ± 4.4 2.8 ± 0.4

Iskenderun 5.7 ± 0.5 2.6 ± 0.5 137.4 ± 4.2 1.9 ± 0.4

Belen 40.8 ± 1.5 5.5 ± 0.5 210.2 ± 7.3 6.3 ± 0.4

Kirikhan 28.3 ± 0.9 7.5 ± 0.4 265.2 ± 9.0 8.7 ± 0.5

Kumlu 19.4 ± 0.7 5.3 ± 0.4 200.9 ± 8.4 6.1 ± 0.5

Reyhanli 8.6 ± 0.4 3.2 ± 0.5 150.4 ± 6.4 2.5 ± 0.6

Merkez I 30.5 ± 1.4 5.1 ± 0.5 195.6 ± 7.3 5.0 ± 0.6

Merkez II 26.0 ± 0.7 5.1 ± 0.5 193.7 ± 7.1 5.9 ± 0.4

Samandag 9.2 ± 0.4 5.3 ± 0.4 199.8 ± 8.1 6.0 ± 0.3

Altinozu 9.1 ± 0.5 5.0 ± 0.4 190.4 ± 7.8 5.7 ± 0.3

Yayladagi 28.4 ± 0.8 5.2 ± 0.4 200.2 ± 8.6 6.2 ± 0.4

Av er age 18.5 4.6 183.2 4.9

Stan dard de vi a tion 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

Ta ble 3. Heavy metal con cen tra tion in the ker nel and ed ible part of the ta ble ol ive dw sam ples

Metal

Con cen tra tion [µgg–1]

Ed ible part Ker nel

Range (min-max) Av er age Range (min-max) Av er age

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



con cen tra tions  an a lyzed  in  the  ta ble  ol ive  sam ples 
are  higher  than  those  ob tained  by Tuna [11]
(3.20-8.29 µgg–1). 

Ni is one of the trace heavy met als and plays a role 
in phys i o log i cal pro cesses as a co fac tor in the ab sorp -
tion of iron from the in tes tine [29]. The con cen tra tion of 
Ni found in the ed ible parts of the ta ble ol ive sam ples
var ied from 2.92 ± 0.01 to 17.67 ± 0.26 µg g–1 with an
av er age of 10.29 ± 0.26 µgg–1. Ni con cen tra tions an a -
lyzed in the ta ble ol ive sam ples are higher than those
ob tained by Sahan et al. [7] (0.18-0.53 µgg–1), and Tuna 
[11] (0.10-0.42 µgg–1).

Pb in duces re duced cog ni tive de vel op ment and
in tel lec tual per for mance in chil dren and in creased
blood pres sure and car dio vas cu lar dis eases in adults
[30]. The con cen tra tions of Pb found in the ed ible parts
of the ta ble ol ive sam ples var ied from 3.88 ± 0.04 to
5.22 ± 0.01 µgg–1 with an av er age of 4.55 ± 0.04 µgg–1.
Pb con cen tra tions an a lyzed in the ta ble ol ive sam ples
are higher than those ob tained by Sahan et al. [7]
(0.57-0.91 µgg–1), Nergiz et al. [9] (0.09-0.278 µgg–1),
and Tuna [11] (0.25-0.88 µgg–1). 

Sr is a min eral found in sea wa ter and soil and is
sim i lar to Ca. It ap pears to play a role in bones. The
con cen tra tions of Sr found in the ed ible parts of the ta -
ble ol ive sam ples var ied from 3.14 ± 0.28 to 5.86 ±
±.0.11 µgg–1 with an av er age of 4.50 ± 0.30 µgg–1.

Cr is toxic and highly det ri men tal to hu mans
when its con cen tra tions ex ceeds tol er a ble lim its [3]. It
aids the biosynthesis of the glu cose tol er ance fac tor,
uti li za tion of sugar pro tein and fats, and the main te -
nance of blood glu cose [3]. The con cen tra tion of Cr
found in the ed ible parts of the ta ble ol ive sam ples var -
ied from 1.64 ± 0.01 to 2.43 ± 0.05 µgg–1 with an av er -
age of 2.04 ± 0.05 µgg–1. Cr con cen tra tions an a lyzed
in the ta ble ol ive sam ples  (0.35-0.88 µgg–1) are higher
than those ob tained by Sahan et al. [7].

Co is an es sen tial (min eral) micronutrient for hu -
mans. The pri mary func tion of co balt in hu mans is
based on its role in cobalamin (vi ta min B12), which
acts as the co fac tor for two en zymes pres ent in hu mans 
[31]. The con cen tra tion of Co found in the ed ible parts
of the ta ble ol ive sam ples var ied from 0.13 ± 0.01 to
0.26 ± 0.01µgg–1 with an av er age of 0.20 ± 0.01 µgg–1. 
Co con cen tra tions an a lyzed in the ta ble ol ive sam ples
are higher than those ob tained by Sahan et al. [7]
(0.05-0.08 µgg–1).

An nual ef fec tive ra di a tion dose

Ta ble 4 gives the AED es ti mated for the ed ible
parts and ker nels of the ta ble ol ive sam ples. The AED
for the ed ible parts and ker nels of the sam ples var ied
from  3.4  to  22.7  µSv  per  year  with  an  av er age  of
11.2 µSv per year and 2.0 to 11.3 µSv per year with an
av er age of 5.9 µSv per year, re spec tively. The av er age
AED from 226Ra, 232Th, 40K, and 137Cs in the ed ible
parts  of  the  sam ples  were es ti mated as 8.5, 1.3, 1.4,
and  0.1 µSv per year, re spec tively. The re sults show

that the an nual ef fec tive dose due to eat ing ta ble ol ive
sam ples co mes mainly from the nat u rally oc cur ring
226Ra radionuclide. The av er age AED was sig nif i cantly
lower  than the global av er age an nual ra di a tion dose of
2 400 µSv per year re sult ing from in ges tion [1].

Daily in take of heavy met als

Ta ble 5 gives the av er age DIM es ti mated for the ed -
ible parts and ker nels of the ta ble ol ive sam ples. The av er -
age DIM for the ed ible parts were found to be 0.06, 0.35,
5.24, 0.01, 0.32, 0.43, 0.45, 0.14, and 0.14 µgkg–1 for Cr,
Mn, Fe, Co, Ni, Cu, Zn, Sr, and Pb, re spec tively. The re -
sults showed that the av er age DIM were be low the max i -
mum daily in takes rec om mended by the WHO [32].

CON CLU SIONS

The ra dio ac tiv ity lev els of 226Ra, 232Th, 40K, and
137Cs in each ta ble ol ive sam ple in ves ti gated in the
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Ta ble 4. An nual ef fec tive ra di a tion dose es ti mated for
the sam ples

Sam ple lo ca tion
An nual ef fec tive dose [µSv]

Ed ible Ker nel

Osmaniye prov ince

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 14.4 10.8

Toprakkale 17.1 8.4

Kadirli 7.1 8.7

Sumbas 3.4 2.4

Adana prov ince

Mustafabeyli (Adana) 13.2 3.7

Yassica (Adana) 5.1 3.3

Hatay prov ince

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 3.3

Merkez I 15.2 8.8

Merkez II 4.1 7.8

Samandag 22.7 4.1

Altinozu 10.5 3.9

Yayladagi 16.5 8.4

Av er age 11.2 5.9

Stan dard de vi a tion 5.1 3.1

Min 3.4 2.0

Max 22.7 11.3



study were de ter mined us ing gamma ray spec trom e -
try, and the ra dio log i cal haz ards from these ta ble ol ive
sam ples were as sessed. It was ob served that the av er -
age an nual ef fec tive ra di a tion doses due to in take of
these radionuclides through in ges tion of the ol ive
sam ples pro duced in the Med i ter ra nean re gion
(Osmaniye, Hatay, and Adana) of Tur key are far be -
low the rec om mended level of 1 000 mSv. The con cen -
tra tions of heavy met als (Cr, Mn, Fe, Co, Ni, Cu, Zn,
Sr, and Pb) were de ter mined us ing ICP-OES spec -
trom e try and the daily in take of heavy met als was es ti -
mated. 

The re sults re veal that con sump tion of the ta ble
ol ives ex am ined in this study does not pose any health
haz ards from a ra dio log i cal and heavy metal tox ic ity
point of view.
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Met als
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Muhamet KARATA[LI

SADR@AJ  RADIONUKLIDA  I  TE[KIH  METALA  U  MASLINAMA
(OLEA  EUROPAEA  L.)  IZ  MEDITERANSKE  OBLASTI  U  TURSKOJ

U ovom radu prikazane su koncentracije radionuklida i te{kih metala u dvadeset {est
uzoraka maslina (Olea Europaea L.) kao i procena zdravstvenog rizika usled wihove potro{we.
Uzorci su prikupqani iz razli~itih gradova Mediteranske oblasti Turske, koja je jedan od
najve}ih proizvo|a~a maslina u svetu. Na osnovnu gamaspektrometrijskih merewa prose~ne
koncetracije aktivnosti radinuklida 226Ra, 232Th, 40K i 137Cs u jestivim delovima masline iznosile
su: 37.9 ± 4.1, 7.1 ± 0.5, 274.6 ± 14.7, i 7.2 ± 0.7 Bqkg–1, respektivno. Efektivna godi{wa doza usled
unosa ovih radionuklida ingestijom bila je u opsegu od 3.4 mSv do 22.7 mSv sa sredwom vredno{}u od
11 ± 1 mSv. Primenom opti~ke emisione spektrometrije induktivno vezanom plazom prose~ne
koncentracije Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr i Pb u jestivim delovima maslina su iznosile 2.04, 11.08,
166.60, 0.20, 10.29, 13.81, 14.34, 4.50, i 4.55 µgg–1, respektivno. Na osnovu izmerenog sadr`aja
radionuklida i te{kih metala, mo`e se zakqu~iti da su ove masline bezbedne za qudsku potro{wu.

Kqu~ne re~i: maslina, radionuklid, te{ki metal, efektivna doza, gama spektrometrija,
                          opti~ka emisiona spektrometrija induktivno vezanom plazom


