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Abstract “Hydrotach Research Instute, Natonal Taiwan Universy,Taiei 1067, Taiw
This sty cramind 42 musbroom sampls sndcorrsponding cuivaid subis 'n: radfonucid activiy conce- *Departmentof v Engineering, Natonsl Pngtung University of Science and Technology, Pingtung 81201, Tawan
ions factor (BCF) from s
were 59.1-727.5, 4.5-37.6, and 4.0-53.0 Bg/kg dw (dry weight) for K, *Ra, and an respectively. The average K =
concentrations were 1546.5, 11157, and 749.3 Ba/k dws the BCFs wers 2.49, 3.56, and 5.58 for A. bisporus, F. velutipes, 2
and L. edodes, respectively. The # K concentrations were insignificantly correlated with each species’” corresponding sub- Abstract
strate concentration. The ® K BCFs had a significantly negative correlation with the substrate concentration for cach spe- Th:;g:daz mvelsug!amd rkr:l':ra! glag‘e"ﬂ‘az frlglmlng radgxamlms "‘:: and WRT in gﬁ uons’u‘;r:d in ‘Tarwan mz'?v mrmw%ag;msa
0 " » col rom local markats, inclu cal fice and 6 imported rice samples. Radionuciide activities ware 24.05 £ 10.21 an
chea. Edch ."‘f‘m ""'ZZR K concentration "“5 e ;’“""3 4“:3“"'8 that BEFMS a “5‘;’;7)‘,"””7 o:.u;;< lurln 0,62 0,61 By/g for ©Kand %R for all rice samples. The activity of each radionuciide was insignficantly diferent for local and
givea spocics. The meraye* *Ra coucentrations wore 5.5, 3.4, and 3.4 Eqfkg dw; tho BCFs wes £ad0 % for imported samples {p = 0.33 and 0.52 for “°K and 2%°Ra, respectively). The annual effective doses from rice consumption were
edodes. A. bisporus., and F. velutipes, respectively. The ave >Th concentrations were 4.7, 4.7, and 3.0 Bg/kg dw: the estimated to be 6.80 + 2.89 and 786 + 781 uSwvly for ¥K and 2%Ra, res| and the sum ingestion dose of ?%Ra and
BCFs were0.50,0.11, and 0.53 for L. edodes, A. bisporus, and F. velutipes, espectively. The —"'R. and 2Th concentrations 5K was 14.66 + 857 uSuk. Thesa values wet on order of magnitud loss than the 290 Sviy worid average of the ingestion
in mushrooms had a weak the 2Ra exposure from natural sources. The rasuts suggast that rica in Taiwan is safo for the
and “*Th from substrate-to-mushroom was similar to the hypothesis of the lincar model that mushmom concentration yields radionuclides.
a positi i it i
Introduction be used as a reference for the internal

Keywords Natural radionuclides - Bioconcentration factor - Mushroom - Cultivated substrates - Linear absorption

Introduction

hy  many

edombansly ool e s e come ol ycorcifen)
in the case

Wild-grown under cer-
tain conditions are considered a good biological indicator
for some metallic elements and metalloids (Ag. As, Cd, Hg.
Pb. Ni, Cu, and Zn), and radionuclides (K, "*7Cs, and
PSr) (Falandysz and Borovika 2013; Rakié et al. 2014;
Chatterjee et al. 2017; Falandysz et al. 2019; Melgar and
Garcia 2021). Mushrooms absorb inorganic compounds
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of hytes. The inorganic compound solutions are trans-
ferred to the mycelium and further to developing fruiting
bodies, which is a complicated behavior (Rakic et al. 2014;
Kioupi et al. 2016; Falandysz et al. 2018; Weller et al. 2010;
Melgar and Garcia 2021). For example, R: (2014)
investigated radioactivity kevels of four radionuclides (¥ K,
1Cs, Ra, *Ra) in the basidiomata of six lignicolous
and three mycorrhizal species as well as their soil (wood)
substrates. The highest activity concentrations of all an:
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were found in speci fleshy basidi-
omata. A species-specific influence on radionuclide uptake
was mor: prominent compared to habitat differences. Weller
et al. (2019) studied radiositver ("”*"A g) and radiocesium
(Cs) for shiitake mushrooms from an artificially contami-
nated sawdust substrate. They found the main fraction of
radiosilver was inthe stalk rther than the cap, whereas adi-
s bt

2 springer

for food consumption. Internal radioacti

Radioactivity in the environment originates from 5
7 ® used to assess the annual effective dose of rice that is

natural and anthropogenic sources(’> 2. Natural  © ; Erine

radionuclides, which include isotopes of potassium  important for the general public. Studies on the annual
50, adium (6Ra) and cortm (90T, are  Siecivedoseo consumpion i hav b performed
frequently detcted in food1» -1 Potassim & in some regions('+ 112, The annual cffeciv dose

value for rice consumption is lacking in Taiwan. Hence,
the aim of this study was to quantify the presence of
gamm emitters “°K and ***Ra in rice consumed in

Taiwan, and to estimate the annual effective doses to
the general public because of rice consumption. Results
of these studies will help in establishing the baselines
of radiation exposure to the general public from rice
consumption.

an essential nutrient for the b body, whereas
radium and thorium are not!» 7 %), These natural
radionuclides are typically present n food samples -
4, 6,10, 12, 13) yith subsequent transfer to humans
through the ingestion of the food'!+ 13, Therefore,
there is a global interest in the human radiation
exposure because of the radionuclide intake from
food'!s 6 10-20), Rice is the staple food and ca]om-
source for Asian countries including Taiwan(!
Studics onthe adioactivty of rice have been Perfommd
invarious regions across the globe!1» .

consumption of rice results in the mmmal radmnuc]ldc
activity, which is a route to establish a baseline for
the general publict . 11. 12}, UNSCEAR(28) determined
that the world average annual effective dose of ingested
food from natural sources is 290 uSviy, which can

Materials and methods

Rice samples were collected from the local markets in
southern Taiwan. The collection took place from June
to August 2019. To ensure a comprehensive and a wide-
spread representation, 30 different brands including
24 local and 6 imported rice products (three from
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nimmwwwmmwwm«»mwmmm”x 137Cs, 226Ra and P2 Th of 44

local markets in Tai
bu’am}>lmill3wkg-dw(

70 + 150 Rdl[-dw (A;lnﬂ]

iwan. K activ ere 15
ummulina nl.mm ieais Ay ‘Bafkz dw ( Lentinala edodes)

mmd’mlnms(ntlu.lmtlﬂiuﬂlutmwﬁ:ﬂldn’nm&%tll&!“tlunﬂ
290 = 1.9 By/kg-dw for F. seluripe, L. edodes and A. bisporus, respectively. In seven of the 44 samples, 137Cs activity

of 1.5 = 1.75 Ba/kg-dw. The total annual effective dose ranged

from 0.90 to 3.50 Sy, with an average of 1.94 = 0.62 uSviy at an ingestion rate of 0.235 kg-<wly.

INTRODUCTION

Many countries have shown a growing consumption
of mushrooms because they have a refined flavor,

mushrooms can efficiently ace
and radionuclides®~*). The radionuclides "'Cs and
“K were mos| frcqumlly studied in different mush-
room species(+
Nm..uny occurring radionuclides account for
more than 70% of the total effective dose of
fonizing radiation received by the general population
throughout life™ * * 2. They are the primary
source of internal exposure through the ingestion
of food and water™ 2, However, studies have
revealed high “K md.lo lide levels in various
mushroom  species(+ 12-14, 23, 25-3) Lintle
attention, however, has been given 1o determining the
radioactive content in mushrooms and the respective
ingestion dosage ingestion by natural l'n\lwmn.lldes
from uranium and thorium decay series®: *-32).
Evaluating radiological hazards caused by ingest-
¢ foods can hcl}a assess radiological and health
Hence, radioactivity measure-
ks, the-eiisonmicnt 45 food itve, béco
very important in evaluating the radiation levels
humans are exposed 1o, cither directly or indirectly.
To increase the limited available information, we
collected 44 mushroom samples from the three most
consumed, commercialized edible mushroom species
in southern Taiwan. The mushroom consumption

ratios are 70 and 30% for domestic and imported
products, respectively®™. This study aimed to
quantify the presence of gamma emitters K, ey,

Ra and “?Th in mushrooms consumed in Taiwan
and estimate the annual effective doses 1o the general
public due to mushroom consumption. Results
of these studies will help establish the baselines
of radiation exposure to the general public from
mushroom consumption.

MATERIALS AND METHODS

Sample collection and treatment

This study analyzed the radionuclide activity con-
ions for 44 ial, edible

collected from local markets in Southern Taiwan.
The three most consumed, commercialized edible
mushroom species samples included ten domestic
dry Lentinula edodes, ten fresh Flammulina velutipes,
ten fresh Agaricus bisporus and 14 imported dry
L edodes. The sampling time of imported dry L.
edodes was 4 March 2020, and the production
time was between June 2019 and November 2019.
Seven mushrooms were imported from Miyazaki
Prefecture, Japan, two samples were imported from
Oita Prefecture, Japan, and four were imported from
Jangheung County, Korea. In addition, one sample
was imported from Vietnam, but the production
location is unknown. The production locations of

© The Author(s) 2022 Published by Oxford Usiversity Press
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Sample 01
Sample Code Analyte Measured by Reported Value Reported Uncertainty
1 gross_beta alpha’beta 104.67 243
1 Co-60 gamma 17.40 1.03
1 Cs-134 gamma 16.66 0.98
1 Cs-137 gamma 24.04 1.44
Sample 02
Sample Code Analyte Measured by Reported Value Reported Uncertainty
2 gross_beta alpha/beta 25.26 0.75
2 Am-241 gamma 10.25 0.71
2 Cs-137 gamma 8.56 0.61
Sample 03
Sample Code Analyte Measured by Reported Value Reported Uncertainty
3 gross_beta alpha/beta 2405 0.72
3 Cs-134 gamma 1263 074
3 Cs-137 gamma 2288 1.36
Sample 05
Sample Code Analyte Measured by Reported Value Reported Uncertainty
5 Cs-137 gamma 0.36 0.01
(a)111 & & 3% 29 % 5 #2348 [AEA R % %
Evaluation Result Table for Sample 1
Sample Code | Analte | Target Value | TargetUnc. | MARB | Rep. Value | Rep. Unc | Ral Bias Robust SD | 2-5core Acouracy | P Preason | Final Scome
1 Co-60 177 11 2% 1740 105 |-168% 1.1 0.27 A 8.58 A A
1 Cs13¢ 159 1 20% 1666 Das AT7EN 1 0re A a.61 A A
1 Cs-137 242 15 20% 2404 144 £0.56 % 15 0.11 A 8.62 A A
Evaluation Result Table for Sample 2
Sampie Code | Analte Target Vale | TagetUnc | MARB Rep Velos | Rep Unc | Rel Biss Robust 5D | Z-Score Acouracy | P Precsion | Final Soore
2 An-241 101 o0s 0% 1025 o7 149% 0e 025 A 913 A A
2 Ce-137 8.38 05 20 % 556 0.61 239 % 05 040 A 9.30 A A
Evaluation Result Table for Sample 3
Sampio Code | Anahte Target Value | TargetUnc. | MARS | Rep. Value | Rep. Unc | Rel Bias Robust SO | Z-Score Acoracy | P Precison | Final Score
3 Ca-134 121 07 20 % 1283 074 438 % 07 0.76 A 8.23 A A
3 Ca 157 226 14 20% 2280 1.56 124 % 1.4 0.20 A 8.58 A A
Sample Code | Analyte Robust Mean Robust SD Rep. Value Rep. Unc Z-Score Z-Score Evaluation
1 gross_beta 12475 29.46 104.67 243 0.68 A
2 gross_beta 28.54 6.35 2526 0.75 0.58 A
3 gross_beta 27863 6,78 2405 072 0.53 A
5 Cs-137 0.332 0.048 0.38 0.01 0.58 A

(D111 & & 30 25 &7 [AFA Rl A sk b B %
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