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Abstract. We are using everyday spices in food as pigment taste, flavor of foods or in human diet and some of them
have great benefits for our health and body. In Albania the type of spices in food has been increased in recent years and
these vary from country to country, depending on the type of soil and how they are grown. Thus, the aim of this current
study attempts to determine the level of radioactivity in different types of spices, which are consumed by people living
in the city of Tirana in Albania, where is concentrated the largest number of the population and to estimate their effective
dose to the human body. Samples of spices are collected randomly in some different markets in Tirana city, which may
be produced in Albania or imported. The activity concentration of natural radionuclides of 4K, 226Ra and 232Th were
measured in twenty types of spices. A high-resolution HPGe detector was employed to perform the measurements. The
obtained results indicate that +°K, 226Ra and 232Th was detected in all selected samples for study, whereas the presence
of artificial radionuclide of 37Cs was found only in two spices samples. #°K activity concentration varies from
173.72 = 9.34 Bq kg' to 849.47 + 39.36 Bq kg. The range of activity concentration of 226Ra varies from
5.15 = 0.52 Bq kg to 21.01 + 1.80 Bq kg. The activity concentration of 232Th varies from 2.04 + 0.31 Bq kg to
21.90 * 1.78 Bq kg. The estimated Average Annual Committed Effective Dose (AACED) due to ingestion of these spices
varies from 5.61 + 0.29 uSv y to 10.91 + 0.56 uSv y-. All these values are far below than the world average value dose
for individual of 290 uSv y- for all foods reported by UNSCEAR 2000. This indicates that no risk is expected by the
intake of spices samples in food. The obtained data provide us the baseline levels of natural radioactivity and

background information for future research on foodstuff for radiological protection of the human.
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1. INTRODUCTION

Spices come from the bark, roots, dried seeds, fruit
of plants and trees. We are using everyday spices in food
as pigment taste, flavor of foods widely used ingredient
in food preparation and processing or in human diet
and some of them have great benefits for our health and
body. Benefits of spices are in preventing and treating of
diseases such as cancer, aging, metabolic, neurological,
cardiovascular, and inflammatory diseases [1]. Spices
are also used in food industry, where many foods
isolated with spices inside after preparations, have
antimicrobial activity against many of the common
microorganisms that affect the food quality and shelf
life, so we can use these foods later [2]. Preparation and
use of spices in the meals has many various beneficial
effects as well. In this way, effects of spices can stimulate
the secretion of saliva, promote the digestion, prevent
from cold, to have immunity from influenza, and reduce
nausea and vomiting [3].

Nowadays, humans around the world are using in
their food over 100 varieties of spices, coming from
different countries or produced locally. Countries from
Asia are known mainly for production of spices, such as
cinnamon, pepper, different kinds of seeds, cloves,
ginger, etc. In Europe grows mostly spices of basil, bay
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leaves, bay laurel, celery leaves, chives, dill, different
kind of peppers, etc., while in America grows mainly,
pepper, nutmeg, ginger, allspice, and sesame seed are
mostly produced [4].

In Albania the type of spices used in food has been
increased in recent years and these vary from country to
country, depending on the type of soil and how they are
grown. Some types of spices are grown in Albania, while
some others are imported abroad. As we know,
radionuclides are found everywhere in the air, water,
soil and therefore in the drinks and foods. During and
after World War II, many nuclear bomb tests in
atmosphere led to a contamination in water, air, soil and
by fallout of the Northern Hemisphere with different
kind of radionuclides, such as isotopes of cesium,
strontium, plutonium etc. Environmental
contamination was then more heavy after the reactor
fire of Chernobyl in April of 1986 [5]. Thus, the control
of radioactivity in air, water, soil and food is an
important task of every state.

The aim of this current study is to determine the
level of radioactivity in different types of spices which
are consumed by people living in the city of Tirana in
Albania, where is concentrated the largest number of
the population and to estimate the Average Annual
Committed Effective Dose (AACED), due to the
ingestion of radionuclides to the human body. It has
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been estimated that about, at least one eighth, of the
average annual dose due to natural sources is caused by
the intake of food [6].

Samples of spices are collected randomly in some
different markets in Tirana city, which are produced in
Albania or imported. The activity concentration of
natural radionuclides of 4°K, 238U (226Ra) and 232Th and
artificial radionuclide of 137Cs were measured in twenty
types of spices. A high-resolution HPGe detector was
employed to perform the measurements.

40K, 238U and 232Th are long-lived naturally
occurring radionuclides, but also 37Cs has a great
impact on human lifetime and enter in human body
through the food spices in our case. These radionuclides
accumulate in different parts of human body, 4°K
accumulates in muscles, 238U in lungs and kidney, 232Th
in lungs, liver and skeleton tissues and 137Cs to be
distributed in the soft tissues, especially muscle tissue.
These radionuclides are dangerous when activity
concentration becomes high due to half-life and
chemical behavior. So, 4°K is radiotoxic as well as
nutritionally important element, 238U is both radiotoxic
as well as chemically toxic, 232Th and 37Cs are mainly
radiotoxic [7].

In the case when activity concentration of these
radionuclides is large quantities, in particular organs,
this radiation produces damages, biochemical and
genetic changes. Therefore, also deliver radiation dose
accumulated in these organs will be higher. All of these
will increase the probability of weakening the immune
system, developing different types of diseases
associated with cancer risk and increasing the mortality
rate. In this way, we are interesting to investigate
exposure of the general public due to intake of spices in
Albania, to establish baseline values and to control the
exposure of the public from natural and artificial
radionuclides, due to the consumption of spices.

2. MATERIALS AND METHODS

2.1. Sampling and sample preparation

We collected samples of spices that are most often
used in food in some markets of the city of Tirana.
Samples were open in air for drying on trays for a period
of one week and then in oven were dried at a
temperature of about 100°C for 2 to 4 hours until
constant mass was obtained and to remove as much as
possible moisture. All samples examined were
powdered to average particle size lower than 1 mm, and
then their mass is accurately weighed. Each of them is
placed in a Marineli beaker with a volume of 500 ml,
hermetically sealed so that we do not have radon gas
222Rn leaks. Isolated Mrineli beaker are kept for about
30 days until the secular equilibrium of 222Rn is reached
with the daughter nuclei produced after decay chain and
then the measurements are performed.

2.2. Sample analysis

Measurement of activity concentrations of
radionuclides of samples was studied by gamma
spectrometry and were performed by using a p-type
High Purity Germanium (HPGe). Our detector is Model
GX4018-7500SL (by Canberra Industry) which was
incorporated with digital spectrum analyzer, DSA-1000
and has equipped with a carbon epoxy window. Relative
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efficiency of detector is 40% and Full Width at Half
Maximum (FWHM) is 1.8 keV for 1332. 5 keV from
gamma emission of 6°Co. In order to minimize gamma
radiation by the surrounding environment HPGe was
shielded with 10 c¢cm lead, 1.6 and 1 mm copper-
cadmium foils. The detector was cooled in liquid
nitrogen at —196 °C (77K) provided in a 25 liter Dewar.
HPGe detectors have a very good energy resolution, in
this way, even complex spectra can be analyzing without
using processes of chemical separation. Therefore, two
properties of resolution and sensitivity, are more
important for this kind of detectors. Analyzing of
spectra for spice samples in this study, are performed by
used software Genie 2000 (V3.2.1). Counting time
interval for each spice sample was the same by
86400 seconds, respectively. Energy calibration is
performed using some point sources and absolute
efficiency calibration in every photopeak is performed
in the energetic range from 30 keV to 2000 keV, using
software Laboratory Sourceless Calibration Software
(LabSOCS) [8]. The absolute efficiency uncertainties
vary in energetic range from 4% at high energies to 10%
at low energies. The efficiency calibration curve was
validated by using reference material supplied by the
International Atomic Energy Agency (IAEA) and
through the international participation in IAEA
Worldwide Proficiency Test for environmental
radionuclides [9]. The activity concentration and
uncertainties of natural and artificial radionuclides of
40K, 226Ra, 232Th and 137Cs in the food spices were
determined after background correction.

The activity concentrations of the spice samples
were determined by main energy peaks of every
radionuclide or daughter products in secular
equilibrium. In the case of 4°K activity concentration
was found by using energy key line of 1460.82 keV, with
intensity gamma emission 10.55%.

The activity concentration of 226Ra was estimated by
averaging activities of 214Pb and 214Bi. Energy lines for
activity calculated of 214Pb are in 241.99, 295.22 and
351.93 keV, with intensities of 7.27%, 18.41% and
35.60%, while energy lines for 214Bi are 609.31 keV and
1120.29 keV, with intensities of gamma emission of
45.49% and 14.91%. The activity of 232Th was estimated
from energy lines of 338.32 and 911.20 keV of 228Ac,
with intensities 26.20% and 11.40%. Activity
concentration of artificial radionuclide 37Cs, was
estimated from photopeak of 661.66 keV, with intensity
84.99%. The intensities of gamma emissions for every
energy line were taken from library Nuclide-LARA [10].

The activity concentration A4 of every radionuclide,

in each main energy line, were estimated by the using of
formula (1):

Nnet

Azs(Ey)-Iy-t-m M

and is expressed in Bq kg, while N, is the net peak
area for the radionuclide in the peak energy, &(E, ) is the
measured counting efficiency of the detector in every
peak, I, is the intensity of the gamma line from the
radionuclide, t is the counting live time and m is the
dried sample mass in kilogram [11].

Minimum Detectable Activity (MDA) were
calculated by using Currie formula as following [12].
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271+ 4.65,/C
S(Ey)-ly-t-m

where Cj is the background counts in the corresponding
peak, while the other terms entering the formula are
mentioned above.

MDA = )

3. RESULTS AND DISCUSSION

3.1. Activity concentrations in food spice samples

The values of activity concentration of natural
radioactivity of radionuclides of 49K, 226Ra, 232Th and
artificial radionuclide of 137Cs were found. In the Table
1, results of activity concentrations of natural
radionuclides 4°K, 226Ra and 232Th in twenty spices
samples collected in the markets of city Tirana are
presented. The activity concentrations for every
radionuclide are given in Bq kg and the uncertainty in
all calculated values is within +1c. The results indicate
that natural radionuclides 4°K, 226Ra and 232Th were
present in all selected spice samples, whereas the
presence of artificial radionuclide of 137Cs was found
only in two spices samples.

Range of activity concentrations for 4°K is from
173.72 + 9.34 Bq kg for Sri Lanka cinnamon spice,
which has the lowest value to 849.47 + 39.36 Bq kg™ for
Turmeric spice sample, which has the highest value.
Range of activity concentration of 226Ra is from
5.15 + 0.52 Bq kg for Dill, which has the lowest value
spice to 21.01 + 1.80 Bq kg for Bay laurel spice, which
has the highest value. The activity concentration of
232Th varies from 2.04 + 0.31 Bq kg for Mixed spices
2 to 21.90 + 1.78 Bq kg for Sri Lanka cinnamon spice.
The values calculated for the artificial radionuclide of
137Cs are 0.53 + 0.21 Bq kg? in Oregano spice and
0.41 + 0.10 Bq kg in Bay laurel spice, while in all other
spice samples are below MDA.

Table 1. Activity concentration of radionuclides of 40K, 226Ra
and 232Th were measured in twenty types of spices.

No.| Sample code | Activity Concentration (Bq kg + 10)
English name 40K 226Ra 232Th
1 | Black pepper [457.97+20.31]|12.75+1.34|6.32+0.95
2 Curry 178.93+8.65 | 7.66+0.79 [10.84+1.63
3 Ginger 612.83+26.51|7.63+0.80 | 6.56+0.98
4 Turmeric 849.27+36.94|15.90+1.67| 5.20+0.78
5 | S. L. cinnamon | 173.72+9.34 |12.28+1.30|21.90+1.78
6 Cloves 518.17+23.54 |15.32+1.60| 7.89+1.18
7 Chia 231.94+10.6411.9241.26 | 3.62+0.54
8 |Cayenne pepper|720.82+31.27]17.07+1.80[4.00+0.60
9 | Mixspices1 |[411.84+18.55]13.73+1.43|2.79+0.42
10 | Mix spices 2 |429.51+19.24]11.81+1.22 | 2.04+0.31
11 Garlic 337.15+15.36 | 14.74+1.50| 3.52+0.53
12 Celery 674.02+29.32| 11.70£1.21 | 4.46+0.67
13 Parsley 674.94+29.45|15.08+1.60| 5.46+0.82
14 Dill 812.75+34.57| 5.15+£0.52 | 4.46+0.67
15 | Winter savory |420.44+18.89| 9.87+1.05 |5.48+0.82
16 Oregano 564.68+24.76 9.22+0.73 | 4.21+£0.63
17 Rosemary 516.19+22.63 |14.54+0.85/ 3.89+0.58
18 | Peppermint [587.05+25.60/18.30+1.32|5.60+0.84
19 Bay laurel 247.41+12.41 |21.01£0.95] 5.65+0.85
20 Basil 742.85+31.77]11.20+0.52| 5.78+0.87

If we look at a comparison between activity
concentration values, the highest values are those of
natural radionuclides. Activity concentration of isotope

of 49K is much higher compare with three other
radionuclides of 226Ra, 232Th and 37Cs.

The activity concentration of 4°K is expected to be
higher, due to using of potassium in the soil of fertilizers
by farmers for many years. Also, transfer factor of 40K
from soil to spices that come from the bark, roots, dried
seeds, leaves, fruit of plants and trees, is higher than
some natural radioisotopes [13]. But, 4°K is important
element in biological processes that occur in living
organisms and it is controlled in plants and humans, in
this way, potassium is remain constant by metabolic
process. In the previous studies, we have found activity
concentration of twenty medicinal and herbal plants,
mostly produced in Albania [14]. Their values showed
relatively a low level of the activity concentrations of
232Th and artificial radionuclide of 137Cs. In that study,
activity concentration for 4°K ranged between
133.54 and 839.96 Bq kg1, where the highest activity
concentration was found in Chamomile sample. The
most values of activity concentration for 226Ra varies
from 5.28 to 25 Bq kg, where the highest activity
concentration was found in Sage sample. For 232Th
activity concentration ranged between 4.22 and
8.16 Bq kg, while almost all samples except two of
them shows a for 232Th, these values are < MDA. In the
case of 137Cs the mostly of values varies from 0.40 to
1.55 Bq kg and the highest activity concentration was
found in Mistletoe sample, while 14 of 20 samples
showed that for 137Cs these values were < MDA. If we see
the range of activity concentration for radionuclides of
40K, 226Ra, 232Th and 137Cs, found in the previous study
for medicinal and herbal plants, it is comparable to
spices.

3.2. Average annual committed effective dose from
ingested spice foods

The activity concentration of natural radioactivity of
radionuclides of 4°K, 226Ra, 232Th, and artificial
radionuclide of 137Cs were found above. We found
activity concentration for each radionuclide, showed the
range of values as well as those spices that had the
lowest and highest values and discussed them. In this
way, we have determined the level of radioactivity in
different types of spices which are consumed by people
living in the city of Tirana. Now we will estimate the
Average Annual Committed Effective Dose (AACED) in
food spice samples, due to the ingestion of radionuclides
to the human body, which is the aim of this work.

From calculated values of the activity concentrations
in the spice samples, the AACED due to ingestion of
natural and artificial radionuclides were estimated by
expression as following:

AACED = C, - DCF - A 3)

where C: (in kg/year) is the consumption rate of food
spices in a year. In our study, the consumption rate
values for spices foods are assumed an average 1 kg/year
for an adult person according to UNSCEAR 2000 report
[15]. DCF (in Sv Bq™) is the internal dose conversion
factor for ingestion, for each radionuclide, that we have
calculated activity concentration, which are: for 4°K
dose conversion factor is 6.2 x 1079 Sv Bq?, for 226Ra
DCF is 2.8 x 107 Sv Bq?, for 232Th is 2.3 x 107 Sv Bq?
and for artificial radionuclides of 137Cs is 1.3 x 108 Sv
Bq respectively for an adult [16]. The average annual
committed effective dose in spices foods due to the
ingestion of 4°K, 226Ra, 232Th, and 37Cs are presented in
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Table 2. Range of values of AACED is from 5.61 puSv y!
t0 10.91 uSv y. The lowest value of AACED 5.61 uSv y*
that was found in Chia spice sample and highest values
of 10.91 puSv y* was found in Turmeric spice sample.

Table 2. Average annual committed effective dose (AACED in
uSv y) by radionuclides of 40K, 226Ra, 232Th and 137Cs were
found in twenty types of spices.

No.| Sample code [AACED (uSvy?)
1 | Black pepper 7.86 £ 0.45
2 Curry 5.75 £ 0.44
3 Ginger 7.44 £ 0.36
4 Turmeric 10.91 £ 0.56
5 | S. L.cinnamon | 9.55+ 0.55
6 Cloves 9.32 + 0.55
7 Chia 5.61+ 0.38
8 |Cayenne pepper| 10.17 £ 0.56
9 | Mix spices 1 7.04 £ 0.43
10 | Mix spices 2 6.44 + 0.37
11 Garlic 7.03 £ 0.45
12 Celery 8.48 £ 0.41
13 Parsley 9.66 + 0.52
14 Dill 7.51 + 0.30
15 | Winter savory 6.63 + 0.37
16 Oregano 7.06 £ 0.29
17 Rosemary 8.16 + 0.31
18 | Peppermint 10.05 + 0.45
19 Bay laurel 8.72 + 0.34

20 Basil 9.07 + 0.32

Range of values for the activity concentration of
natural radionuclides from Table 1is wide, from 2.04 Bq
kg for 232Th to 849.27 Bq kg for 4°K, while range of
AACED is small, from 5.61 puSv y! to 10.91 pSv y*.
Higher values of the activity concentration are for
natural radionuclide of 4°K, but dose conversion factor
DCEF for this radionuclide is very smaller than the others
radionuclides of 226Ra and 232Th. The artificial
radionuclide of 137Cs has lowest values of the activity
concentration and small dose conversion factor, so the
dose contribution from this radionuclide in the two
spices Oregano and Bay Laurel, is also very small. The
estimated average annual committed effective dose
(AACED) due to ingestion of these spices varies from
5.61 uSv y* to 10.91 pSv y . Average of AACED for all
spices is about 8.12 uSv y* and higher value is 10.91 uSv
v, therefore, these values are far below than the world
average value dose of 290 uSv y for all foods reported
by UNSCEAR 2000 [15]. In previous study, we have
estimated AACED, due to ingestion from some
medicinal and herbal plants used in Albania, and range
it was from 4.84 uSv y* to 34.13 uSv y, but consume
rate was assumed 2 kg/year [14]. Values of AACED for
medicinal and herbal plans and spices in food are
somehow approximates, but more important is then
these values are very lower than the world average
value.

4. CONCLUSION

In this paper our interest has been to know the level
of radioactivity in some spices regardless of the purpose
of use. Also, to estimate the average annual committed
effective dose in spices foods due to the ingestion of
natural radionuclides of 4°K, 226Ra, 232Th and artificial
radionuclide of 37Cs and therefore, to indicate if there is
risk by the consumption imported and locally produced
of spices samples in food.
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The obtained results indicate that 4°K, 226Ra and
232Th was detected in all selected samples of study,
whereas the presence of artificial radionuclide of 137Cs
was found only in two spices samples. The activity
concentration varies from 173.72 + 9.34 Bq kg to
849.47 + 39.36 Bq kg for 4°K, from 5.15 + 0.52 Bq kg
to 21.01 + 1.80 Bq kg! for 226Ra and from
2.04 + 0.31 Bq kg to 21.90 + 1.78 Bq kg for 232Th.

The values found for 137Cs are 0.53 + 0.21 Bq kgin
Oregano and 0.41 £+ 0.10 Bq kg in Bay laurel, while in
all other samples are below MDA.

The estimated Average Annual Committed Effective
Dose (AACED) due to ingestion of these spices varies
from 5.61 + 0.29 uSv y* 10 10.91 £ 0.56 uSv y . All these
values are far below than the world average value dose
for individual of 290 uSv y for all foods reported by
UNSCEAR 2000. However, spices were of no special
problem because the consumption rate of spices is
relatively low in comparison with the consumption rate
in a year. Low dose values are by fact that mostly of
spices are imported from the Middle East, Far East and
Mediterranean countries, which is not affected by the
fallout from Chernobyl or nuclear test.

This indicates that no risk is expected by the intake
of spices samples in food, that we are using every day in
the city of Tirana. The obtained data provide us the
baseline levels of natural and artificial radioactivity, a
background information for future research on
foodstuff, for radiological protection of the human and
safety of our health and body, by the consumption of
spices foods.

REFERENCES

1. D. Gottardi, D. Bukvicki, S. Prasad, A.K. Tyagi,
“Beneficial Effects of Spices in Food Preservation and
Safety,” Front. Microbiol., vol. 7, 1394, Sep. 2016.

DOI: 10.3389/fmicb.2016.01394
PMid: 27708620
PMCid: PMC5030248

2. M.M. Tajkarimi, S.A. Ibrahim, D.O. Cliver,
“Antimicrobial Herb and Spice Compounds in Food,”
Food Control, vol. 21, no. 9, pp. 1199 — 1218,
Sep. 2010.

DOI: 10.1016/j.foodcont.2010.02.003

3. Cardamom: The Genus Elettaria, P.N. Ravindran,
K. J. Madhusoodanan, Eds., 1st ed., New York (NY),
USA: Taylor and Francis, 2002.

DOI: 10.1201/9780203216637

4. S. Prasad, S.C. Gupta, B. B. Aggarwal, “Micronutrients
and cancer: add spice to your life,” in Nutrition, Diet and
Cancer, S. Shankar, R.K. Srivastava, Eds., 1st ed.,
Dordrecht, Netherlands: Springer, 2012, ch. 2,
pp. 23 — 48.

DOI: 10.1007/978-94-007-2923-0_2

5. M. Zehringer, "Radioactivity in Food: Experiences of the
Food Control Authority of Basel-City since the
Chernobyl Accident", in Radiation Effects in Materials,
W.A. Monteiro, Eds., London, United Kingdom:
IntechOpen, 2016, ch. 6, pp. 131 — 160.

Retrieved from:
https://www.intechopen.com/chapters/50183
Retrieved on: Dec. 15, 2021

DOI: 10.5772/62460

6. T.T. Van et al, “Estimation of Radionuclide
Concentrations and Average Annual Committed
Effective Dose due to Ingestion for the Population in the
Red River Delta, Vietnam,” Environ. Manage., vol. 63,
10. 4, Pp. 444 — 454, Apr. 2019.

DOI: 10.1007/s00267-018-1007-8
PMid: 29453646



https://www.intechopen.com/chapters/50183

E. Spahiu et al., Preliminary investigation of naturally occurring..., RAP Conf. Proc., vol. 7, 2022, 7-11

10.

11.

PMCid: PMC6470118

R. Tykva, J. Sabol, Low Level Environmental
Radioactivity: Sources and Evaluation, Lancaster (PA),
USA: Technomic Publishing, 1995.

M. Shyti, “Calibration and performance of HPGe
detector for environmental radioactivity measurements
using LabSOCS,” AIP Conf. Proc., vol. 2075, no. 1,
130012, Feb. 2019.

DOI: 10.1063/1.5091297

A. Mauring, S. Patterson, B. Seslak, S. Tarjan, A. Trinkl,
IAEA-TEL-2020-03 World Wide Open Proficiency Test
Exercise, Pie-charts, S-Shapes and Reported Results
with Scores, Rep. IAEA-TEL-2020-03, IAEA, Vienna,
Austria, 2021.

Retrieved from:
https://nucleus.iaea.org/sites/ReferenceMaterials/Page
s/Interlaboratory-Studies.aspx

Retrieved on: Nov. 10, 2021

M.M. Bé, C. Dulieu, V. Chisté, Bibliotheque des
emissions alpha, X et gamma classees par ordre
d'energie croissante, Rapport CEA-R-6201,
Commissariat a 1'énergie atomique, Paris, France, 2008.
(M. M. Bé, C. Dulieu, V. Chisté, Library for alpha, X and
gamma emissions sorted by increasing energy, Rep.
CEA-R-6201, French Atomic Energy Commission, Paris,
France, 2008.)

Retrieved from:
http://www.nucleide.org/DDEP_WG/Nucleide-

LARA 2008.pdf

Retrieved on: Nov. 10, 2021

S. Turhan, A. Varinlioglu, “Radioactivity measurement
of primordial radionuclides in and dose evaluation from
marble and glazed tiles used as covering building
materials in Turkey,” Radiat. Prot. Dosim., vol. 151,
no. 3, pp. 546 — 555, Sep. 2012.

12.

13.

14.

15.

16.

DOI: 10.1093/rpd/ncso041

PMid: 22492819

L. E. De Geer, “Currie detection limits in gamma-ray
spectroscopy,” Appl. Radiat. Isot., vol. 61, no. 2 — 3,
pp. 151 — 160, Sep. 2004.

DOI: 10.1016/j.apradis0.2004.03.037

PMid: 15177337

Derivation of Activity Concentration Values for
Exclusion, Exemption and Clearance, Safety Reports
Series no. 44, IAEA, Vienna, Austria, 2005.

Retrieved from: https://www-
pub.iaea.org/MTCD/Publications/PDF/Pub1213 web.p
df

Retrieved on: Nov. 10, 2021

E. Spahiu, M. Shyti, I. Bérdufi, “Estimation of average
annual committed effective dose due to ingestion for
some medicinal and herbal plants used in Albania,”
IJEES, vol. 10, no. 3, pp. 441 — 446, Jul. 2020.

DOI: 10.31407/ijees10.302

Sources and effects of ionizing radiation, vol. 1,
UNSCEAR Report (A/55/46), UNSCEAR, New York
(NY), USA, 2000.

Retrieved from:
https://www.unscear.org/docs
SCEAR 2000 Report Vol.I.pdf
Retrieved on: Jan. 20, 2021

Age - Dependent Doses to Member of the Public from
Intake of Radionuclides:

Part 3, Ingestion Dose Coefficients, vol. 25, ICRP
Publication no. 69, ICRP, Ottawa, Canada, 1995.
Retrieved form:
https://www.icrp.org/publication.asp?id=ICRP%20Pub
lication%2069

Retrieved on: Jan. 20, 2021

ublications/2000/UN

11


https://nucleus.iaea.org/sites/ReferenceMaterials/Pages/Interlaboratory-Studies.aspx
https://nucleus.iaea.org/sites/ReferenceMaterials/Pages/Interlaboratory-Studies.aspx
http://www.nucleide.org/DDEP_WG/Nucleide-LARA_2008.pdf
http://www.nucleide.org/DDEP_WG/Nucleide-LARA_2008.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1213_web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1213_web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1213_web.pdf
https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Report_Vol.I.pdf
https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Report_Vol.I.pdf
https://www.icrp.org/publication.asp?id=ICRP%20Publication%2069
https://www.icrp.org/publication.asp?id=ICRP%20Publication%2069

