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ARTICLE INFO ABSTRACT

Keywords: The activity concentration of 1*’Cs and “°K and total K content in the sclerotia of the Chinese medicinal fungus
Asia Wolfiporia cocos collected mainly from Yunnan province of China during the period 2013-2015 were investi-
Functional foods gated. W. cocos in Yunnan is collected from the wild and is cultivated in field conditions and the wood substrate
PM;‘:I:SE: fungi used is derived from the local pine (Pinus yunnanensis Franch.) logs from neighborhood forests. The outer part of
Radiocaesium sclerotia was found to be richer than the inner one in both 1*’Cs and “°K with median values of 7.3 and 3.2 Bq
Traditional medicines kg1 dry weight (dw) for 1%7Cs, 220 and 140 Bq kg ™! dw for “°K. The median K concentrations were 6800 mg
kg~! dw in the outer and 3700 mg kg ™! dw in the inter parts. No statistically significant correlation was found for
activity concentrations between the inner and outer parts, both for 13’Cs and *°K (p > 0.05). Using the median
activities of '*’Cs, the nominal values of effective dose (mSv) for exposed adults annually consuming 50 g of
sclerotia, were estimated at 0.0035 mSv and 0.084 mSv (outer part), and 0.0020 mSv and 0.040 mSv (inner part)

per capita, respectively. Sclerotia of W. cocos seemed to be a relatively good source of K.

1. Introduction

Traditional herbal medicines are an important part of the traditional
welfare and economy in some Asian countries. In particular, Chinese
herbal medicines are prospering in continental Asia and overseas. The
products used in herbal medicine include various herbal plants, teas and
fungi that can be vulnerable to contamination with radionuclides
including radiocaesium and other contaminants (Zaidman et al., 2005).
Traditional Chinese herbal medicine uses many fungal (mushroom)
products including the sclerotia of the fungus Wolfiporia cocos which are
also used as functional foods with physiological benefits (Fig. 1) (Chang
and Wasser, 2012).

Sclerotia (singular, sclerotium) refer to the dense mass of mycelium
that is produced underground by some saprophytic fungi that grow in
the warmer regions of the world (Kibar, and Peksen, 2012). The scle-
rotium or storage tuber of wood-decaying fungi is buried within the
decaying wood or in the underlying soil substrate. As a tuber, the scle-
rotium stores energy in proteins and polysaccharides and is also rich in

other food nutrients. For example, the sclerotia of Pleurotus tuber-regium
(Osu), called king tuber oyster or tiger milk mushroom, is a food
resource used in the tropical and subtropical regions of the word
(Nnorom et al., 2013).

The Wolfiporia cocos (Schwein.) Ryvarden & Gilb. [previous names
Wolfiporia extensa (Peck) Ginns or Poria cocos F.A. Wolf.] (Species
Fungorum, 2019), is a species of wood rotting fungi (brown-rot) that
colonise dead wood buried in soil (Rios, 2011). This fungus growing in
the wild can produce sclerotia of large sizes that can reach more than 20
kg in fresh weight (Wiejak et al., 2016). Fungi extract mineral nutrients
and pollutants from soil and other substrates in which their mycelia
grow and their capacity to bio-accumulate certain mineral constituents
including radiocesium (}3*137Cs) in the fruiting bodies is astonishing
(Falandysz et al., 2016).

In China, W. cocos is widely collected from the wild and is also
cultivated in large quantities (the estimated annual production of dried
product was 19,000 tonnes in 2009 (Yu et al., 2011), and 30,000 tonnes
in recent years) (Chen et al., 2019). A review by Wang et al. (2013)
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noted that the sclerotia of W. cocos was: “one of the most important
crude drugs and is traditionally used as a medicinal mushroom in the
Chinese and Japanese traditional medicines”. The medicinal properties
of the W. cocos sclerotia are considered to be related to the presence of
various triterpenes and polysaccharides (Wang et al., 2013). They can be
also a source of minerals for consumers (Falandysz et al., 2017a) of this
fungi, but this aspect has been little studied so far apart from a few
studies on the sclerotial bio-accumulation of common environmental
contaminants such as mercury (Hg) and radionuclides (Wang et al.,
1998, 2015; Wiejak et al., 2016).

Pollution of forest ecosystems due to deposition of airborne radio-
nuclides from nuclear weapon detonations and nuclear power plant
accidents can affect plants and various foods (Steinhauser et al., 2014).
Mushrooms, the fruiting bodies of fungi of any kind, can be prone to this
long lasting contamination with radionuclides aerially deposited (dry
and wet fallout) in forests and woodlands and meadows and fields as
well, especially with radiocaesium (Betti et al., 2017; Cocchi et al., 2017;
Falandysz et al., 2016; Saniewski et al., 2016; Tiirkekul et al., 2018). The
reason is that: (i) the physical half-life time of 1*’Cs is relatively long
(t1/2 = 30.15 years), (ii) deposited 137Cs is strongly retained in the
organic layer of forest soil (Koarashi et al., 2019), which also contains
large numbers of the mycelia and rhizomorphs network of many fungal
species (van der Heijden et al., 2015; Yafetto, 2018), (iii) radiocaesium
very slowly infiltrates deeper soil layers, (iv) mycelia easily absorb
monovalent ions such as K™, Rb™, Cs™ from soil solution, (v) while the
concentration of stable cesium (133Cs) in different fungi differ, there
appears to be to some degree a species-specific predilection for uptake of
133Cs and hence also favorable accumulation of radiocaesium and
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regardless hypothetical availability of Cs isotopes from contaminated
soil (it is not currently clear if Cs is an element essential for fungi)
(Falandysz et al., 2019, 2020), and (vi) 137¢s found in the fruiting bodies
(sporocarps, pileus) is extracted from whole layer of soil where myce-
lium lives including a deeper layers of soil (up to 50 cm) in case of some
species (no mention about a role of rhizomorphs, whose role so far has
not been studied regarding participation in accumulation of radio-
caesium in fruiting bodies), but when these decay and breakdown *’Cs
remains (through the biogeochemical cycle to some extent) in the top
layer of forest soils, ensuring availability for a longer time (Falandysz
et al., 2019).

The objective of this study was to obtain an insight into the occur-
rence, distribution and possible exposure to *’Cs and the intake of the
total K from sclerotium of W. cocos, by analysis, for the first time, of both
the outer and inner parts (layers) of the farmed and wild type sclerotia
products collected largely from the Yunnan province of China during the
period 2013-2014.

2. Experimental method

As in other locations in Asia, W. cocos that grows in the southern and
south-western regions of China is found in pine forests. In Yunnan
province this fungus is found on red and yellow earths, latosols and
lateritic red earths (according to the Chinese soil classification system)
that are polymetallic and humid. The conditions used by cultivars of
W. cocos largely mimic that of wild growing individuals and the wood
used for its cultivation are mostly pieces of pine (Pinus yunnanensis)
trunks. Seasonally, in Yunnan, sclerotia are excavated in November,

Fig. 1. Sclerotia of Wolfiporia cocos (colour figure available on-line). (For interpretation of the references to colour in this figure legend, the reader is referred to the

Web version of this article.)
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December and January. Sclerotia of the fungus Wolfiporia cocos
(Schwein.) Ryvarden & Gilb. were obtained either directly from the
cultivars: 10 composite samples from collectors across the Yunnan
province, 1 sample from Anhui province, 6 composite samples (wild
type) from Yunnan province collected during the period 2013-2015
with majority in 2014 (Fig. 2) and two samples of the inner part of
sclerotia of unknown origin were collected from retail outlets of tradi-
tional Chinese herbal medicine products (Table 1).

The sampling sites of sclerotia from Yunnan province were localized
at 617-2560 m above sea level. The collected individual sclerotia pieces,
which were perfectly cleaned from soil/wood debris by using a soft
brush (Li and Wang, 2018), were used. Each solely piece of sclerotium
(from 4 to 63 individual pieces per site; Table 1) was separated into the
outer (brownish) and inner (white; called fu-ling in Mandarin) parts. But,
the sclerotium size varied among individuals. Therefore, for individuals
at the small size (like < ~10 cm diameter; ~100 g dw), the whole in-
dividuals were used to make a composite sample and for the bigger ones,
was cut and selected a part of the individuals (~100 g dw) to make a
composite samples. The numbers for diameter or dry weight biomass
were estimated, because we didn’t measure them. Next, the sclerotia
parts within a pool were sliced using a ceramic knife into small pieces
and dried at 105 °C for 24 h, then powdered in a porcelain mortar. The
composite samples of ground dried sclerotia (from 300 to 700 g) were
divided into two parts (ca. 100 g and 600 g, respectively) that were
placed into sealed low density polyethylene bags and kept in dry and
clean condition. The ~100 g part was reserved for nuclides analysis.

The activity concentrations of '*’Cs and *°K in the dehydrated
samples (extra lyophilized for 48 h before analysis; biomass was in the
range from 10 to 25 g dry weight and were measured in cylindrical
dishes, ¢ 40 mm) were determined using a gamma spectrometer with a
coaxial HPGe detector with a relative efficiency of 18% and a resolution
of 1.9 keV at 1.332 MeV. All measurements of the fungal materials were
preceded by background measurement (time 80,000 s or 250,000 s),
which were subtracted (the GENIE, 2000 program) from the sample
measurement. The equipment was calibrated using a multi-isotope
standard and the method was fully validated. The laboratory partici-
pates in national and international intercalibration trials annually. Each
year are determined the activity concentrations of *°Sr and 'Cs in sea
water and every few years also in other materials including certified
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reference materials for radionuclides in Bikini Atoll sediment (IAEA-
410) and Pacific Ocean sediment (IAEA-412) in 2013, certified reference
material IAEA-446 for radionuclides in Baltic Sea seaweed in 2011 and
reference material (IRMN-426) wild (blue) berries in 2011, and reli-
ability and accuracy of the measurements were accepted (Pham et al.,
2016).

The detector system was calibrated using the gamma mixed stan-
dards (Standard solution of gamma-emitting isotopes, code BW/Mix-
¥/14/16) produced at the IBJ-Swierk near Otwock in Poland. The ra-
dionuclides used in the reference solution during equipment calibration
were 241Am, 109Cd, 57Co, 51Cr, 113Sn, SSSr, 137Cs, 54Mn, 657n, %0Co and
approximation errors were at a level of 0.8-2.1%. This reference solu-
tion was used for preparing reference samples for equipment calibration.
For equipment calibration, reference samples were analyzed in cylin-
drical plastic containers (¢ 40 mm) with the same geometry as those
applied for sclerotia samples. The calibration was carried out using
standards with a density of approximately 1 g cm™ (liquid) with
different heights: 1, 3, 5, 7, 10, 15, 20, 25 mm, in order to match samples
varying in thickness layer. The reliability and accuracy of the mea-
surements, as well as comparability, were positively verified by the
participation in the intercalibrations organized within the National
Atomic Energy Agency in Poland (PAA) and analysis organized yearly by
IAEA-MEL Monaco where activity of '%Cs were analyzed in water
samples. In the IAEA intercalibration trial, the reported laboratory result
for *Cs in water sample was 0.24 + 0.01 Bq dm > (assigned value was
0.26 + 0.01 Bq dm3), and in the PAA trial was 18.52 + 0.52 Bq dm >
(assigned 18.78 + 0.56 Bq dm~>). The results were decay corrected back
to the time of sclerotia samples collection.

Concentrations of stable K (Table 1) were calculated using the ac-
tivity concentration of # K in natural potassium which ranges between
27.33 and 31.31 Bq g_l of potassium (Samat et al., 1997). Statistical
analysis was performed using R 3.5.3 (R. Core Team, 2019).

3. Results and discussion
3.1. 137¢s, “OK and total K in sclerotia

As given in Table 1, the determined activity levels of '*’Cs in the
composite samples of sclerotia differed according to the period and site
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Fig. 2. Localization of the sampling sites of W. cocos from China.
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Table 1
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137Cs and*°K activity concentrations and K (total) contents in sclerotia of Wolfiporia cocos from China.

Region, sampling place and Year”  Heighta.sl.  Coordinates (North: East) n*  1¥7Cs(Bqkgldw)  “°K (Bqkg ! dw) Total K (mg kg~* dw)
kind of sclerotia (m)
Part
Outer Inner Outer Inner Outer Inner
Lijiang, Ninglang® 2014 2560 26°52'59.49" 100°55'39.13" 38 < 4.8" <26 <130 130 + < 3700 3700 +
63 1900
Nujiang, Lanpiﬂgd 2013 2495 26°39'48.19" 99°11'23.84" 22 59+ 39+ 340 + 130 + 6800 + 6900 +
1.2% 0.9 94 60 4400 2000
Nujiang, Lanping‘* 2014 2495 26°39'48.19” 99°11/23.84" 8 5.7 + 49 + 220 + 230 + 9900 + 3700 +
1.9 1.0 150 69 2800 1800
Dali, Yunloﬂgd 2014 2066 25°38'9.7512" 99°7'55.0811” 13 8.0 £ 3.1+ 310 + 180 + 9200 + 5400 +
2.1 1.2 150 65 4300 1900
Chuxiong, Shuangbaid 2014 2062 24°41'28.21" 101°38'57.42" 21 11+2 <22 440 + <73 13000 + < 2200
150 4000
Baoshan, Changning’ 2014 2011 24°28'08.51" 99°30'11.47" 22 7.3+ WD 210 + WD 6200 + WD
1.7 110 3200
Pu’er, Mojiang® 2014 1979 23°4'3.4824" 101°58'35.50" 8 9.1 + 8.6 + 210 + 240 + 6200 + 7100 +
1.9 1.0 130 64 3800 1900
Dali, Yongping‘J 2013 1943 25°32/09.82" 99°41'05.70” 20 7.4 + <1.4 340 + 180 + 9900 + 5400 +
1.7 110 60 3300 1800
Pwer, Zhenyuan® 2014 1892 23°49'12.04" 100°44'26.82" 5 7.3+ 3.4+ 170 + 140 + 5100 + 4000 +
1.7 1.1 130 73 3700 2200
Yuxi, Hongta“ 2014 1720 24°25'54.7" 102°31'5.6" 21 <3.0 < 3.0 < 150 220 + <4400 6500 +
75 2200
Baoshan, Tengchong® 2014 1582 25°25'20.32" 98°39'08.66" 18 < 5.8 3.7 + 440 + 150 + 13000 + 4100 +
0.8 150 61 4400 1800
Wenshan, Baozhu* 2014 1504 23°28'29.99" 103°56'50.35" 63 < 4.7 53+ 220 + 79 £ 6400 + 2300 +
1.1 120 64 3500 1900
Lincang, Shuangjiang 2014 1438 23°20'55.478" 100°0'17.0856" 15 10+ 3 3.7+ 340 + 120 + 10000 + 3600 +
0.9 150 65 5000 1700
Pu’er, Simao“ 2014 1474 22°44'55.295" 101°3'22.6368" 4 <57 4.7 + < 570 < 80 < 16000 < 2400
1.1
Pu’er, Jinggu© 2014 1077 23°25'13.454" 100°24'15.678" 19 7.8 + <27 310 + 120 + 10000 + 3700 £
1.6 150 69 3000 2000
Lincang, Shuangjiang* 2014 1052 23°28'40.537" 99°50'16.134" 11 < 6.8 <28 550 + <77 16000 + < 2300
170 5000
Yuexi, Anhui Province® 2015 617 31°4'8.584" 116°6'49.1472" 16 12+ 2 3.0+ < 140 170 + < 4100 5100 +
1.3 70 2100
Guangxi Province® WD 25+ WD <74 WD <2200
0.7
Pu’er, Simao® WD 31+ WD <83 WD <2400
0.6
Mean 5.4 3.0 270 130 7900 3800
SD 3.2 2.0 130 64 4800 1900
Median' 7.3 3.2 220 140 6800 3700
Minimal <3.0 <14 <130 <73 < 3700 < 2200
Maximal 12+2 86+ 550 + 240+ 16000 £ 6900 +
1.0 170 64 5000 2000

Notes: Year”: Usually excavated in winter time (November—January); n* (number of a solely sclerotia in a pool).

WD (without data, material not available).

Activity concentration and measurement uncertainty.

If < LOD, a half of the value was used for calculation of mean content.
cultivated.

4 wild.

¢ Commodity samples purchased from a Chinese herbal medicine market.
Without the commodity products.

a
b

c

.

of collection, but were relatively low, ranging from < 3 Bq kg1 dw to
12 + 2 Bq kg~ ! dw in the outer part (median 7.3 Bq kg ! dw), and from
<1.4Bqkg ! dw t0 8.6 + 1.0 Bq kg~ ! dw in the inner part (median 3.2
Bq kg~ ! dw). The outer, brownish parts of sclerotia samples from
Yunnan and from Anhui province (one sample) in this study showed on
average, around twice the activity levels of 1*’Cs as compared to the
inner white parts. Also in the case of *°K, around twice higher activity
was found for the outer part, and consequently they showed also greater
concentration of total K than the inner parts, which may have structural
reasons due to differentiation of shell (outer part) and core (inner part).
137Cs activity levels in the two commodity products of unknown origin
were 2.5 and 3.1 Bq kg~! dw. The !¥7Cs activity in the inner parts of
sclerotia as noted in this study were similar to the results in corre-
sponding parts of samples collected previously in Yunnan in 2012

showing median activity concentration at 3.4 Bq kg~! dw (range <
1.4-7.2 Bq kg’1 dw) (Wang et al., 2015), while two products from an
indoor cultivar in Taiwan (collected in 1994; no information on the
activity levels of the substrate used for indoor cultivation has been
provided) showed < 1.0 Bq kg’1 dw (Wang et al., 1998).

W. cocos has some potential to accumulate radiocaesium in sclerotia
and clearly the outer layers were more contaminated than the inner, but
there was no statistically significant correlation between the activity
concentration in the inner and outer parts (p > 0.05; y = —0.316X +
8.586, where X is the activity concentration in the inner part, and Y is
the activity concentration in the outer part; Pearson linear correlation).
Similarly, the potassium concentration in the inner part of sclerotia also
did not correlate with the concentration of this element in the outer part
(p > 0.05; y = —0.7921X + 401.4008, where X is the activity
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concentration in the inner part, and Y is the activity concentration in the
outer part), and there was also no correlation between the activity
concentrations of 13”Cs and °K in the inner part (p > 0.05; y = 13.25X +
100.76, where X is the '¥’Cs activity concentration, and Y is the “°K
activity concentration) and in the outer part (p > 0.05; y = —7.638X +
341.132, where X is the 137¢g activity concentration, and Y is the 40
activity concentration). On the other hand, the mercury concentration in
the inner part of sclerotia was highly dependent (p < 0.001; r = 0.82) on
the concentration of the element in the outer layer (Falandysz et al.,
2020b). Hence, a lack of a relationship between the parameters exam-
ined in this study cannot be used to make a subjective selection of the
inner and outer parts when processing sclerotia. The element K is
essential for fungi and it is also the major mineral constituent in their
flesh (Jarzynska and Falandysz, 2012). On the other hand, the element
Cs is a relatively minor mineral constituent of sclerotia [total Cs (*33¢s
and '%’Cs) in the inner layer was in the range from < 0.001 mg kg~! dw
to 0.043 mg kg‘1 dw)] (Falandysz et al., 2017a).

The activity concentrations of '3’Cs in both layers of sclerotia in this
study are within the values reported in caps and stipes of fruiting bodies
of numerous edible and medicinal fungi collected from the wild in
Yunnan in the period 2010-2016, which rarely contained this nuclide at
activity levels exceeding 12 Bq kg ™! dw (Falandysz et al., 2015a,b; 2016;
2017a,b; 2018; 2020c; Tuo et al., 2017). In this study, the higher, above
median values of the activity of '*’Cs in sclerotia (outer layer) from
several sites (Shuangbai and Shuangjiang at 1438 m a.s.l. in Yunnan
province or in Yuexi in Anhui province) may be related to local differ-
ences in past radioactive fallout and local weather patterns (local rain).

This observed low contamination with 137Cs of the sclerotia collected
in Yunnan can be explained due to the feeding behaviour of W. cocos as a
dead wood decomposer and by a low level of soil contamination with
this nuclide, which is characterized by activity concentrations of 0.7 +
0.5t0 2.8 + 0.8 Bqkg ! dw in the 0-1 cm layer, at 4.9 + 0.6 to 7.5 + 0.7
Bq kg~ ! dw in the 1-5 cm layer, and 0.5 + 0.4 to 3.3 + 0.3 Bq kg ' dw in
the 5-10 cm layer in a site in the Changning County (24.8503°N
99.5986°E) in Baoshan and in the Mengman site (22.1808 °N 100.1355
°E) in the Pu’er (Simao) region (samples collected in 2016) (Falandysz
et al., 2018). The wood substrate used in cultivation of W. cocos as well
as in natural conditions where mycelia develops is in a surface layer of
soil (Wang et al., 2013). The natural distribution and cultivation of
W. cocos is widespread in the central and southern regions of the prov-
ince in the humid subtropical highlands and almost true tropical envi-
ronments in the south, with the exception being the high mountain area
in the northwest of Yunnan Province, including Weixi County on the
Hengduan Mountains (around 1380-4000 m above sea level), where the
climate is cooler. A noted degree of soil pollution with '*’Cs in the
mentioned sites can be considered as typical for central and southern
Yunnan in the period of W. cocos sampling in this study (Table 1). In
earlier studies, surface soils collected from 45 sites [5 soil samples (10
cm x 10 cm x 10 cm for each) per site were pooled] in Yunnan province
in 1982-1987 were little contaminated with 137Cs, i.e. showed mean
concentration activity at 6.2 + 5.4 Bq kg~ dw (range 1.9 = 0.3 to 31.6
+0.8Bq kg’1 dw) (An et al., 1988). Moreover, in the territory of Yunnan
where W. cocos may normally be found, the concentration activity of
137Cs in surface soils sampled before 2001 was in the range from 0.20 Bq
kg_1 dw (Yuxi) to 29.6 Bq kg_1 dw (Nujiang) (Sun and Yu, 2002). At
elevation of 3000 m above sea level, top-soils from the eastern slope of
the Minya Konka (Gongga Shan) mountain in the Eastern Tibetan
Plateau showed '3’Cs activity concentrations in the range of 41 + 1 to
79 + 2 Bq kg~ ! dried soil in the 0-10 cm layer in 2012, and in conse-
quence, also at a higher level in ectomycorrhizal mushrooms when
compared to Yunnan (Falandysz et al., 2018).

Topography, due to the high altitude, cold temperature and humidity
can play a role in '%’Cs contamination in montane soils (Le Roux et al.,
2010; Pyuskyulyan et al., 2019). However, being a mountain province,
Yunnan, has wide variations in topography and climate, and apart from
the north westernmost edge with glacier caped mountains is a warm
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region with subtropical and tropical jungles in the south. Hence, this
variability may explain the lack of a clear, general relationship between
activity level of 1%’Cs in sclerotia and altitude above sea level. Never-
theless, two observations were available from the site Shuangjiang in
Lincang region at 1438 m a.s.l. and 1052 m a.s.l. with activities in the
outer parts at 10 & 3 and <6.8 Bq kg™ dw, respectively (Table 1). This
can suggest an existing relationship between a degree of sclerotia
contamination with *”Cs (and hence also soil/local environment at the
site) and elevation above sea level, but a larger number of data (sam-
pling points from the same high mountain/s) would be required to
support such an observation. It has to be noted that W. cocos in Yunnan is
cultivated in field conditions (harvesting is usually) and the wood sub-
strate used is derived from the local pine (Pinus yunnanensis Franch.) logs
from neighborhood (Wang et al., 2013). So this condition of cultivation
is largely similar to wild W. cocos. However, sclerotia from cultivar are
younger when harvested (typically is 10-12 months old) and hence also
usually are smaller in size compared to wild specimens and what was
without consequence for the activity levels of *¥Cs or *°K, which in this
study were in the range from < 1.4 to 11 + 2 and from < 2.7 to 10 = 3Bq
kg~ ! dw of ¥7Cs and from < 73 to 440 + 150 and from < 77 to 550 +
170 Bq kg™! dw of *°K in the wild type and cultivated products,
respectively (Table 1).

The quantity of data published on '*’Cs in fungi which develop
sclerotia or fruiting bodies underground is highly limited. For compar-
ison, brown desert truffles Terfezia claveryi collected from Al-Salman
desert in Samawah in the south of Iraq in February 2016 showed low
level of ¥’Cs activity that were comparable with activities in the scle-
rotia of W. cocos in this study, i.e. from 1.8 Bq kg~! dw (range 0.11-3.4
Bq kg ! dw), and the mean activity of “°K was 260 Bq kg~! dw (range
76-420 Bq kg’1 dw) (Mohammed et al., 2018).

The “°K activity concentrations (and hence also total K concentra-
tion) in sclerotia fluctuated across the range of sampling locations, i.e.
the medians in outer and inner layers were 220 Bq kg ™! dw and 140 Bq
kg~ ! dw respectively (range < 130 to 550 + 170 Bq kg~ dw and < 73 to
240 + 64 Bq kg’1 dw) (Table 1). Hence, the activity from 40K exceeded
that of 1’Cs, on average, by 30 to 40-fold. In another study, *°K in the
inner white part of sclerotia was not detected above the concentration
activity of 83 Bq kg’1 dw (Wang et al., 2015).

Potassium, as mentioned, is the major metallic intracellular cation in
fungi and, due to its osmotic properties and fundamental role as regu-
lator of the moisture content but also co-factor in enzymes, it undergoes
a marked and selective absorption by them in mycelium and fruiting
bodies from any substrate (Stijve, 1996). Hence, the fungal products and
meals can be considered as a valued source of K for human consumers.

Variations and greater concentration above the median value of K in
sclerotia of this wood-decay fungus from the selected sites (Shuangbai,
Shuangjiang at 1052 m a.s.l. or Tengchong) could be due to the higher
fertility of the local soils and hence also in wood substrate used by the
fungus. These values on *’K activity in the outer layer of sclerotia are
roughly similar to that cited above for brown truffles from Iraq. The
desert truffles have size from 5 to 15 ¢cm in diameter (Mohammed et al.,
2018). Hence, they are smaller than sclerotia of W. cocos from wild
(Fig. 1).

Based on the median values of the %’Cs activity concentrations in
the sclerotia sampled in this study, the nominal values of effective dose
(mSv) estimated for an exposed adult person eating annually 50 g of
sclerotia could be 0.0035 mSv (outer part) and 0.0020 mSv (inner part)
per capita. However, the consumed quantities of sclerotia and products
containing it can vary between the individuals. Intake recommendation
of sclerotia, after the Chinese Pharmacopoeia 2020, is 10-15 g daily for
dry inner part only and 15-30 g daily for dry shell only.

Being only slightly contaminated with 1%”Cs, sclerotia appear to be a
relatively good source of total K. The median value of K in the outer part
was 6800 mg kg~ ! dw (range < 3700 to 16,000 + 5000 mg kg~ dw) and
in the inner part 3700 mg kg~! dw (range < 2200 to 6900 + 2000 mg
kg’1 dw) (Table 1). It has to be emphasized that sclerotia is a dense mass
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of mycelia and fresh sclerotia of W. cocos have 41 + 7% of moisture
(Kubo et al., 2006). If expressed on the whole (wet) weight basis, the K
concentration of fresh sclerotia equals at 2800 mg kg~! ww in the outer
and 1500 mg kg~ ww in the inner part. Sclerotia of W. cocos are used or
sold as dried commodity. A 50 g portion of dried sclerotia (could pro-
vide, on average, 340 mg (outer part) and 185 mg inner part) of K, which
is relatively high. These concentrations of K are similar to what has been
found in valued mushroom such as King Bolete Boletus edulis(Falandysz
et al., 2011). The daily recommended intake of K is 4700 mg (National
Institute of Health, 2019).

4. Conclusions

In Yunnan province in China, the '¥Cs activity concentrations both
of the outer (shell) and inner (white) parts of the sclerotia of W. cocos are
low and could be explained by low contamination of the local soil. A
more refined study would be required to show a possible relationship
between '%’Cs sclerotia contamination and elevation above sea level.
Sclerotia were moderately rich in potassium and both the outer and
inner parts of sclerotia appear to be a good source of this element. No
statistically significant correlations were found for '*’Cs and “°K (total
K) in the sclerotia of W. cocos.
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