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Abstract

Introduction

Artificial and natural radionuclides are found in diverse environmental compartments, such as water, soil,
rocks, vegetables, animals, and human body tissues. As such, humans and environments are at constant
exposure of these radiation types. In this research investigated specific activities of radionuclide and dose
assessment of some species of mushrooms.

Materials and Methods

In this study, natural and artificial radioactivity concentrations were determined in Agaricus bispora
(nourished mushrooms), Cantharellus cibarius, Coprinus micaceus (wild fungi species) and their composts
through gamma-ray spectrometry using a high-purity germanium (HPGe) detector with 30% relative
efficiency.

Results

Radioactivity concentrations of ?*U and #*Th in edible mushroom samples were lower than the minimum
detectable activity (MDA). For “°K and “*’Cs, these concentrations were within the ranges of 1895.24-
1920.24and <0.45-0.72Bq/kg, respectively. Moreover, specific activities of 22U, 22Th, K, and **Cs in the
composts varied within the ranges of < 0.47 - 3.40, 6.59-7.82, 1166.12-1428.27, and 0.75-1.97+Bq/kg,
respectively. Excess lifetime cancer risk due to the ingestion of nourished mushrooms was calculated as
1.28x10™*, which is lower than the maximum acceptable value.

Conclusion

Results of this study showed that the radioactivity concentrations of edible mushrooms are close to or lower
than MDA. In addition, radioactivity concentrations of the composts were indicative of the low pollution of
the studied regions by radiocesium. Annual consumption rate threshold was calculated as 26.7 kg in dry
weight (fresh weight: 267 kg). Therefore, it could be concluded that consumption of these mushrooms is
associated with no health consequences for consumers.
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1. Introduction

Natural and artificial radionuclides are the main
sources of radiation exposure for humans.
Uranium (**U, #°U), thorium (**Th), and
potassium (*°K) are among the main elements
contributing to natural terrestrial radioactivity
[1]. Average U content of the Earth’s crust has
been estimated at2.7 mg/kg, while this
concentration may reach 120 mg/kg in
phosphate rocks [2]. As for %?Th, the average
content of this compound in the Earth's crust is
approximately 9.6 mg/kg[3].Therefore, humans
and their environment are at constant exposure
to these radiation types, 81% of which accounts
for natural radiation and 19% is attributed to
artificial sources [4].

Environmental pollution induced by radioactive
isotopes is caused by nuclear weapon tests and
incidents in  nuclear power plants [5].
Furthermore, release of radioactive materials
.9, ¥'Cs and *°Sr) from different nuclear
industries is likely to increase the radioactivity
level of the environment. High environmental
radioactivity has been shown to increase the
radiation dose in general populations.

Food is a major source of various elements and
radionuclides  for  humans. As  such,
measurement of radioactivity in the environment
and foodstuff is of paramount importance to
assess the direct or indirect exposure of humans
to different radiation levels. Radio cesium
pollution is considered a major health hazard for
humans as these radioactive elements could be
transferred through food chains [6].

After the Chernobyl disaster, mushrooms
absorbed substantial amounts of radioactive
elements [7].This study aimed to determine
radionuclide activity concentrations in nourished
mushrooms (Agaricusbispora) and two species
of wild fungi (Cantharelluscibarius and
Coprinellusmicaceus) and their composts in two
regions of Iran. Radioactivity concentrations
were measured through gamma-ray
spectrometry using high-purity germanium
(HPGe) detectors. In addition, we determined
the radiological hazards associated with the
ingestion of edible mushrooms and their
maximum consumption threshold.
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2. Materials and Methods

2.1. Fungi and Compost Sampling

Nourished mushroom samples were collected
from Sahneh region (Iran), and two types of
wild fungi species were obtained from
Songhor Koliai township gardens located in
Kermanshah province, Iran. Using random
integration and  experimental  sampling,
samples were collected through a combined
operation. Edible mushroom samples were
obtained during various stages from Gharch
Baran Company (Iran) (average weight: 10 kg
of fresh mushrooms).

Samples were washed with distilled water
twice (10 min) in order to remove soil and
other materials. Afterwards, edible mushrooms
were cut into small pieces with a plastic knife
and spread for preliminary drying in the oven
at 200°C (2h).In the next stage, The samples
were ground into powder and passed trough
mesh number 50 and then packed in standard
Marinelli beaker containers with a net weight
of 330 g. In addition, compost samples were
randomly collected from media before and
after the first mushroom cultivation and
following the second cultivation.

2.2. Fungi ldentification

After transferring the cultivated and wild
mushrooms to the systematic plant laboratory
of Arak University, morphological features
(e.g., cap, stipe, shape of gills, and position)
were assessed. Moreover, sample spores were
evaluated using lacto phenol cotton blue and
light microscopy. Afterwards, fungi were
identified based on the available data and keys
[8]. Morphological  characteristics  of
mushroom samples and their scientific labels
are depicted in Figure 1.

2.3. Determining radionuclide activity
Measurements were performed wusing a
gamma-ray spectrometer, P-type coaxial
HPGe detector with 30% relative efficiency
(model: GCD30195BSI; Baltic Scientific
Instrument LTD (LV-005 Latvia) Energy
resolution of the detector was 1.95 keV for a
1332.52 keV energy gamma ray produced by
®0Co.Operating voltage was 3000 V, and
standard Marinelli beakers were used in all the
measurements.
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In this study, graded shield detector in the
chamber was composed of two lead and
copper layers (thickness: 10 cm and 3 mm,
respectively); this shield was applied to reduce
background radiation. Soft components of the
cosmic ray (consisting of photons and
electrons) were decreased to a very low level
using100 mm of the lead shield. Moreover, the
X-ray (73.9 keV) emitted from the lead
through interaction with external radiation was
suppressed by the copper layer [9].

To minimize the effect of scattering radiation
from the shield, the detector was located in the
center of the chamber. Following that, samples
were placed over the detector in a face-to-face
geometry for 86,400 sec. Features of the
Marinelli beakers employed in this study were
as follows: 800 cc volume, 14 cm outer
diameter, 11 cm height, 10 cm inner diameter,
and 7.5 cm internal height.

All the measurements were conducted in the
nuclear laboratory of Arak University, and the
system was calibrated in terms of energy and
efficiency. Energy calibration was carried out

Fig. 1. Mushrooms under consideration,
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©
a) Coprinus micaceuc (wild mushroom) ,(b) Cantharellus cibarius (wild
mushroom), and (c) Agaricus bispora (cultivated mushroom).

using a standard radioactive source. For
efficiency calibration, we applied the Marinelli
beaker standard source, consisting of
radioisotopes with exact activities of “**Am,
12Ey, and *¥'Cs.

Absolute  efficiency of the detector
configuration was calculated based on the
registered gamma ray spectrum, using the
following equation (1):
= %100

ActXPu(E;)XT (1)
Where Ni represents the net count under the
full-energy peak corresponding to Ei energy,
Act is the radioisotope activity, Pn(Ei)
signifies the probability of Ei photon emission,
and T denotes the counting time [10].

The fitting function to the experimental data
by the polynomial curve was as follows:
y=a+blnx+c/Inx+d(Inx)2+e(Inx)2+f(Inx)3+g/(l
nx)3+h(Inx)4(2)

where y represents efficiency, x is the gamma
ray energy (keV), and a, b, c, d, e, g, and h
signify constants.
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Figure2. Detector efficiency curve for standard Marinelli Beaker source

Plot of efficiency versus gamma ray energy is
depicted in Figure 2 (constant coefficients
shown on the top).

The specific activity of “*U was determined
considering the intensity of 92,35 and 92.78
keV of 2*Th with sum intensity 5.41 %. To
measure the 232Th activity, we used 911.21
keV gamma line of *®Ac with intensity of
26.6% and 968.97 keV of “*Ac and an
emission percentage of 17.4%. In order to
determine ?°U activity concentration, 143.78
and 205.03 keV gamma lines were employed.
Moreover, 40K and *'Cs were obtained
at1460.75 and 661.66 keV gamma ray lines,
respectively [10].

After the analysis of all the registered gamma
ray spectra (n=15), specific activities were
calculated using EG&G Ortec Maestro 1l
GammaVision32 software (Tennessee 37831,
USA). Additionally, background correction for
all the analyzed spectra was performed using a
gamma ray spectrum for empty Marinelli
beakers (with the same geometry used for
samples).

In order to calculate activity concentration,
equation 3 was applied, as follows [10]:

_ Net Area
ACt_ex(BR)xTxmx 100 (3)

where Net Area denotes the net counts under
the peak, Act (Bg/kg) is the activity

concentration, ¢ represents the energy
efficiency for the gamma ray by the detector,
BR signifies the branching ratio of gamma ray
intensity (%), T (s)is the time of spectra, and m
(kg)indicates sample mass. Considering the
inadequacy of wild fungi contents, wild
mushrooms were mixed with locust leaves
(Robiniapseudoacacia) for standard sample
preparation.  Prepared samples included
124.5+0.1 and 33.0+0.1 g of
Cantharelluscibarius (WCCM code sample)
and  Coprinusmicaceus (WCMM  code
sample), respectively. Spectrum of pure locust
leaves was analyzed before mixing, and
reduction of background radiation was carried
out as well. In the current study, HPGe
gamma-ray  spectrometry was used to
determine the specific activity of radionuclides
of 28U, #2Th, K and **'Cs of locust leaves
which were lower than MDA. Consequently,
only the wild fungi could be containing the
mentioned radioisotopes.

2.4. Transfer Factor Calculation

Transfer factor (TF) values were determined in
compliance with the definition proposed by
Shyamal Ranjan et al., using equation 4, as
follows [11]:

TF=

Concentration of radionuclides in crop (Bq/kg dry crop mass) (4)

Concentration of radionuclides in soil ( Bq/kg dry soil mass)
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2.5. Measurement of
Committed Effective Dose
Due to the ingestion of naturally occurring
radioactive materials (NORMs) in edible
plants, the average annual committed effective
dose (AACED) was estimated using the
following equation [12]:

AACED=Y!=4CrxDCFixAi (5)

where Cr is the radionuclide consumption rate,
DCFi represents the dose conversion factor for
each radionuclide (2.8x107, 2.3x10”, 6.2x10"
® and 1.3x10°%Sv/Bq for 28U, #**Th, “K, and
B37Cs, respectively), and Ai signifies the
activity concentration of each radionuclide.

According to equation 5, AACED of an
individual is directly proportional to the
consumption rate of the components of edible
plants. Using the same equation, threshold
consumption rate of edible plants was

calculated, as follows [13]:
Cr = AACED

~ TE, (OCFixay) )
Where AACED (0.3 mSvl/y) is the threshold
due to the ingestion of NORMs in edible
plants, Ai denotes the activity concentration of
radionuclide i, and DCFi indicates the dose
conversion factor of radionuclides.

Averageannual

2.6. Excess Lifetime Cancer Risk Assessment
Assessment of excess lifetime cancer risk
(ELCR) for the consumed foodstuff
contaminated radionuclides was calculated, as
follows:

ELCR=Aing.DL RF @)

Where Aing denotes the annual consumption
rate of radionuclides (Bg/kg), DL is the mean
lifetime (year), and RF represents the risk
factors of radionuclide ingestion (1/Bq). RF
values of radionuclides 28U, #?Th, “°K, and
137Cs  were determined to be 4.80x10%

2.30x107, 5.90x10°  and  1.3x10°%,
respectively [14].
3. Results

According to the results of fungi identification,
all the examined species (n=3) were
basidiomycetes. In this study, Agaricusbispora
were the cultivated  mushrooms, and
Coprinusmicaceus and Cantharelluscibarius
were the wild fungi species. Weighted mean
values of the activity concentrations of *®U,
232Th, K, and **'Cs of all samples are presented
in Table 1. In this study, Agaricusbispora were
the cultivated mushrooms, and
Coprinusmicaceus and Cantharelluscibarius
were the wild fungi species.

Tablel. Radionuclide concentrations (Bg/kg) in mushroom samples and their composts

Sample code /Y Z2Th K Bics
CBFC <MDA 745+106 11661243321 0.75 +0.24
CAFC 3.4+0.81 6.59+163  1326:36+11.93 1.97 +0.27
CASC <MDA 7824137  142827+1371 1.27 +0.25
EMFC <MDA <MDA 1920.24+14.71 <MDA
EMSC MDA MDA 1895241421 (., oo

WCCM
<MDA <MDA 426.42+42.41 MDA
WCMM <MDA <MDA 1833.94+164.28 <MDA

Abbreviations: CBFC= Compost before first cultivation, CAFC=Compost after First cultivation, CASC=Compost
after Second cultivation, EMFC =Edible mushroom first cultivated, EMSC = Edible mushroom Second,
WCCM= Wild Cantharellus cibaruc, mushroom, WCMM = Wild Coprinus micaceuc mushroom.
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4. Discussion

According to the results of this study,
radionuclides concentrations of 28U and %**Th
in different cultivated edible mushroom
samples (EMFC, EMSC) were lower than the
minimum detectable activity (MDA) showed
by < symbol. For °K and **’Cs, these values
were within the ranges of 1895.24+14.21-
1920.24+14.71 and <MDA-0.72+0.06 Bqg/kg,
respectively. Furthermore, specific activities of
28y, #2Th, “K, and *¥'Cs in the composts
were within the ranges of <0.44 - 3.40+0.81,
6.59+1.63-7.82+1.37, 1166.12+33.21-
1428.27+13.71, and 0.75+0.24-
1.97+0.27Bq/kg, respectively. Specific activity
0f137Cs in sample of composts before the first
cultivation (CBFC code sample) was
0.75+£0.24 Bqg/kg, which was close to MDA
(listed in Table 1 with the symbol<), while this
value increased 1t01.97+0.27 (CAFC code
sample) after the first cultivation. This
increase could be attributed to the addition of
covering soil to the composts during the first
process of mushroom cultivation and vertical
penetration  of this radionuclide to
composts.Moreover, in both species of the
wild fungi, only “°K was observed to be higher
than MDA  (four times higher in
Coprinusmicaceus than Cantharelluscibarius)
(Table 1). On the other hand, radionuclide
contents of the edible mushrooms were lower
compared to the standard limits recommended
by  the International ~ Commission  on
Radiological Protection (ICRP) as 1000 Bg/kg
in dry weight or 100 Bg/kg in wet weight [15].
Comparison  of  specific activities of
radionuclides in mushrooms of some countries
such Commonwealth of Independent States
(CIS), Slovenia, Austria and Brazil is
presented in Table 2 [16-18, 4]. Radio cesium
pollution in these countries is higher than the
two studied regions in Iran. This could be due
to the fact that the first three of these countries
are located in the proximity of Ukraine, and
consequently, artificial radionuclides are found
in greater concentrations in their soil. In the
mentioned regions, measurement  of
radioactive contamination in wild plants and
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mushrooms has revealed that the level of
contamination in most plant species is higher
than the limits recommended by the
International Commission on Radiological
Protection (ICRP)(1000Bg/kg) [15]. In a study
in this regard, Teherani (1988) measured the
level of **'Cs in several European mushroom
species within one year after the Chernobyl
disaster and reported the concentration to
range between 18-3852 Bq/kg [18]. Results of
another study conducted by Changizi et al.
regarding the radioactivity contamination of
edible mushrooms in Tehran province (lran)
have been presented in Table 2, which are in
congruence  with  our  findings  [19].
Furthermore, measurement of  specific
activities in the tea plant samples of Guilan
province (Iran) by Poursharif et al. indicated
that the specific activity of “°K in edible
mushrooms is about five times higher than the
tea plant samples [20]. In the present study,
mean TF value of *K and **¥'Cs in composts
and edible mushrooms was estimated at 1.54
and 0.36, respectively. Moreover, AACED
value of edible mushrooms (one kg) was
calculated to be 0.012 mSv, the permissible
consumption rate of which was obtained at
26.7 kgly in dry weight. With the assumption
that the per capita consumption of fresh
mushrooms in Iran is approximately one kg
per year, the evaluated ELCR value would be
1.28x10™, which is significantly lower than
the maximum acceptable value (10°) and
average international value (0.29x107%) [21].
As further lines of inquiry, it is recommended
that researchers evaluate **’Cs radionuclide
activity in wild fungi species growing in
different regions of Iran.

5. Conclusion

According to the results of this study,
measured radionuclide activity concentrations
in edible mushrooms were close to or lower
than MDA. Therefore, consumption of these
mushrooms is associated with no health risks
for consumers. With the exception of “°K,
radionuclide concentrations of the two wild
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