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137Cs and 4K in Cortinarius caperatus
from the northern regions of Poland
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Gypsy mushroomQ. caperatus) is an efficient fungal accumulator of radiocaesiu
Decades after Chernobyl accidéhtcaperatus could exceed radiocaesium safety limits
Activity concentrations o€. caperatus fluctuate over time

Recent examples @. caperatus from hot-spots can show elevatéfCs levels

Dietary intake of some Polish C. caperatus canigeokelatively high radioactive dose
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Abstract

Cortinarius caperatus grows in the northern regions of Europe, North Acgeand Asia and

is widely collected by mushroom foragers acrossoper This study shows that in the last
three decades since the Chernobyl nuclear acci@emgperatus collected across much of
Northern Poland exhibited high activity concentas of radiocaesiunt{Cs) - a long-lived
radionuclide. The mushroomppears to efficiently bioconcentrdtéCs from contaminated
soil substrata followed by sequestration into irpmological parts such as the cap and stipe
which are used as food. The gradual leachintf’@fs into the lower strata of surface soils in
exposed areas are likely to facilitate higher bakability to the mycelia of this species which
penetrate to relatively greater depths and mayuwatdor the continuing high activity levels
noticed in Polish samples (e.g. activity within sap some locations was still at 11000 Bq kg
! dw in 2008 relative to a peak of 18000 in 2002)e Bssociated dietary intake levels9€s
have often exceeded the tolerance limits set bytirepean Union (370 and 600 Bqkgw

for children and adults respectively) during thangel996 to 2010. Human dietary exposure
to 2*'Cs is influenced by the method of food preparatiod may be mitigated by blanching
followed by disposal of the water, rather than dinsumption after stir-frying or stewing.
It may be prudent to provide precautionary advioel anonitor activity levels, as this

mushroom continues to be foraged by casual asasalkperienced mushroom hunters.

Key words: exposure, food, fungi, forest, radiocaesium,atakicity, soil
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I ntroduction

Surface vegetation and fungi, within the humifiagdr of soil are part of the forest ecosystem
that is susceptible to pollution with caesiufit®'Cs — half-life 2.1/30 yrs respectively)
particularly from radioactive fallout after nucleavents (Rommelt et al., 1990; Suchara,
2017). Mushrooms, the fruiting bodies of fungi, #xha remarkable aptitude and propensity
to bioconcentrate a variety of metallic elementd aretalloids, both of a beneficial (Cu, K,
Se, Zn) or harmful nature (As, Ag, Cd, Hg, Pb, oadesium) (Cocchi et al., 2017;
Frankowska et al., 2010; Giannaccini et al., 20@8rao et al., 1992; Jaragka et al., 2012a,
2012b; Komorowicz et al., 2019; Melgar et al., 1998kojevi¢ et al., 2019). This tendency
arises from genetic features of the species whictude a wealth of transport genes and
binding ligands which act as drivers of metalliereent accumulation on the one hand
combined with site-specific features related td geochemistry, biology and pollution on the
other. Mushrooms that grow in soil contaminated ttuenining or processing of metal ores,
metallurgy, metal waste management, chemical wadsposal, nuclear explosions and
nuclear accidents are often considerably contamhatith specific metal or metalloid
elements, e.g. arsenic (As), cadmium (Cd), lead, (Rlrcury (Hg), nickel (Ni), silver (Ag)
or radionuclides*“Cs, **'Cs) (Barcan et al., 1988; Borgka et al., 2014; Falandysz, 2016,
2017; Kojta et al., 2012; Komarek et al., 2007;degr et al., 1998; Mleczek et al., 2016;
PetkovSek and Pokorny, 2013; Steinhauser et al4)2@imilarly, those that grow in soils
with a naturally high polymetallic background fraegions with geochemical anomalies can
display high levels of Hg and As, e.g. affected hmaems in the mercuriferous belt in the
Yunnan province of China (Falandysz and Rizal, 268andysz et al., 2014, 2015a, 2015b;

Kojta et al., 2015), and those susceptible to danaeposition from sites and mining activity
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in Europe in the Middle Spis in Slovakia, Monte Aatai in Italy or the Idrija area in Slovenia
(Arvay et al., 2014; Bargagli and Baldi 1984; Vodikus et al., 2016).

Among monovalent alkali elements, stable caesitiic$), lithium (Li) and sodium
(Na) occur as minor constituents in mushrooms coetpao the high proportions of
potassium (K) with lesser amounts of rubidium (RBalandysz and Borotka, 2013). The
edible Gypsy mushroonGortinarius caperatus (Pers.) Fr., shows a high propensity to absorb
radioactive caesium¥’**Cs) from soil (Haselwandter et al., 1988). The eats of K, Rb,
Na and Cs*¢Cs) inC. caperatus (Pers.) Fr., collected from Precambrian shalekérMiddle
Bohemia region (background area without metallespmwere respectively 45000 + 1400 mg
kg dry biomass (db), 243 + 8 mg kglb, 720 + 25 mg K§db and 8.4 mg k§jdb Randa
and Kuera, 2004). K, Rb and Na @. caperatus (n = 3) sampled in a Norwegian mountain
area in 1988 occurred at concentrations of 55008,ahd 102 mg kydb, respectively, with
total Cs at 3.6 + 1.6 mg Kgdb (including®*%**"Cs at activity concentration of 282000 +
162000 Bq kg db) (Bakken and Olsen, 1990b).

The content of**Cs in the fruiting bodies of fungi is positivelyreelated to the value
of the bioconcentration factor/transfer factor (BOF for radiocaesium in mushrooms from
the soil substrata (Olsen, 1994). It is therefonsuuprising that the level of radiocaesium
activity correlates well witf**Cs at equilibrium state in mushrooms (Ismail, 199dradeniz
and Yaprak, 2007; Ruhm et al., 1999; Yoshida et28l04). Nevertheless, due to the high
biodiversity within mushrooms there is an insuffiti quantity of good quality data on this
topic.

The activity concentration df'Cs is often also positively correlated with Rb @orit
(Vinichuk et al., 2011) but not with K), Na and Li or P (Bakken and Olsen, 1990b; Bem
et al.,, 1990; Falandysz et al., 2019a; Ismail et1895; Karadeniz and Yaprak, 2010;

Strandberg, 1994; Vinichuk et al., 2011). Nyholnad dryler (2000) noted that: “low K status
5
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(pool of exchangeable K) in the soil, usually aggtad by high soil acidity which causes K
leaching losses, is compensated by increased upfdRie by plants and fungi”. Nevertheless,
any dependence on uptake or a substantial relafphetweent*cs and****Cs on the one
hand and Rb and K on the other has not been stadiét in mushrooms.

C. caperatus is a prized edible species with a fruiting bodyapbpreciable size. The
stipe height is typically from 6 to 12 (15 cm) waktthickness ranging from 1 to 2 (3 cm) over
most of the length, widening towards the base, ar@hp of up to 12 cm in diameter. Its
occurrence is widespread in the northern regiorisupbpe and it also occurs locally in other
regions of Europe, North America and Asia (sec8d). Its flesh has a mild smell (Laessoe
et al., 1996) and nutty flavor when cooked.

The culinary treatment and preservation of mushsamludingC. caperatus vary,
depending on the strain, abundance, region, lagéary tradition or the specific needs of
collectors or growersC. caperatus can be prepared for consumption as fried, stewed o
pickled (caps with a short part of the stipe preddrom young or button stage fruiting bodies
are especially preferred). Blanching (parboiling)hvhigh excess of water and blanching &
pickling can significantly decrease the contentadiocaesium in mushrooms prepared for
consumption due to high predilection and leakagéhefelement into the water phase, and
hence reduce exposure. However, blanching, in camwith stir-frying, frying or stewing,
causes, among other effects, a partial dehydraimshshrinkage of the prepared mushrooms
leading to an apparent increase in the elementatenb of the cooked produce when
expressed on a whole (wet) weight basis (relativthé uncooked mushroom weight). This
can result in an apparent increase in the intake @dmpound or radionuclide (Falandysz et
al., 2019b, 2019c, 2019d, 2019f), relative to ekaitons/estimations that are based on dry
weight results for both uncooked and cooked mushsoand can lead to misinterpretation.

Stewing or frying at higher temperatures lead toati@ration, hydrolysis and dehydration, and

6
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can cause partial leaching, but not loss of theéocagsium (and other metallic elements)
content which shows an apparent increase whensesa expressed on a whole (wet) weight
basis for substrate (fresh mushrooms) and product (stewreftied mushrooms). During
frying there can be partial leakage of mineral ithe oil residue (this is sometimes
recovered and used as a sauce and consumed, dramitf), but at the same time due to the
high temperature of the oil (around 160 °C duritigfsying in deep oil), partial dehydration
also occurs, resulting in enhancement of the met@tild metalloid element content, including
radiocaesium (Falandysz et al., 2019b-e). The gsooéstewing (often with other vegetables,
spices and a handful of butter or vegetable ailg covered pot, results in almost all minerals
remaining with the dish. Hence, due to the highabommulation potential for radiocaesium
and regardless of the kind of culinary processi@g,caperatus collected from areas
experiencing radioactive fallout can be a partidulasky source of exposure to consumers.
In this study the activity concentration and biczemtration of-*'Cs and*’K in C. caperatus
mushrooms collected from soil substrata (0 — 10ayrar) sampled from twenty two locations
in the northern part of Poland in 1996 — 2016 wasluated. Existing data on the
radiocaesium contamination in mushrooms (sixty gpecies) of the genwortinarius from
locations in Europe, Japan and China during 1972016 have also been collated and

discussed.

2. Materials and methods

2.1. Mushrooms and soil substrate

Samples ofC. caperatus matured fruiting bodies (sporocarps) and generétly underlying

soil substrata (0 - 10 cm upper layer) of humif@ed mineral soil (ca. 100 g) were collected

7
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from 22 locations in 20 geographically discretestrilbuted forested areas in the northern part
of Poland in 1996 — 2016 (Fig. 1). Between 8 andndividual fruiting bodies were collected
per sampling location. The fresh fruiting bodieseveoutinely cleaned to remove any visible
plant vegetation and soil debris at the site usingastic knife, and the bottom part of the
stipe was cut-off. The cleaned samples were @&ddor a few days. With the exception of
two sets from sites for which the whole fruitingdies were examined, each individual
fruiting body was then separated into cap (witmskind stipe, and dried at 85 °C to constant
mass. The dried fungal materials were pulverizea iporcelain mortar and kept in screw
sealed plastic (low density polyethylene) bags uddg conditions.

In parallel with the mushrooms from 17 locationsmgles of corresponding topsoill
layer (0—10 cm) of humified and mineral forest sedre collected from directly beneath the
fruiting bodies, and were pooled for each site. (€8 g of dried soil within a pool). After the
removal of any small stones, sticks and leavesptiided samples were air dried at room
temperature (constant 18 - A2) for several weeks under clean (preventing framt)dand
dry conditions. When constant air-dried weight weached, the soil samples were graded
through a plastic sieve of 2 mm pore size, intdesepolyethylene bags and kept under dry

and clean conditions in the laboratory sample store

2.2. Analysis

137Cs and™K contents were determined using a gamma spectesméth a coaxial HPGe
detector with a relative efficiency of 18 % andesalution of 1.9 keV at 1.332 MeV. All
measurements of the fungal materials were precegled background measurement (time
80,000 s or 250,000 s), and background counts sugrgacted (the GENIE 2000 program).

The equipment was calibrated using a multi-isotsndard and the method was fully

8
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validated. The reference solution ‘Standard sotutbgamma emitting isotopes, code BW/Z-
62/27/07' produced at the IBSlierk near Otwock in Poland was used for preparing
reference samples for equipment calibration. Tineesgeometry of cylindrical dishes with 40
mm diameter (as applied for environmental samphesy used for reference samples during
equipment calibration. Data obtained were recatedléor dehydrated materials (dried at 105
°C) and results were decay corrected back to time tof mushrooms and soil sample
collection (Falandysz et al., 2015a, 2017; Zalewahkd Saniewski, 2011). Concentrations of

stable K were calculated from tA% data (Table 1).

3. Results and discussion

3.1. ®’Csand “K in mushrooms

As in other locations in northern Europ&, caperatus that grows in the northern regions of
Poland is found in coniferous (spruce and pine) la@ech woods on poor and acidic sandy
soils, both humid and dry. Seasonally, in Polamd;an proliferate in forests in the late
summer and autumn. Caps in this study showed higgresentrations of 'Cs than stipes, the
median value of the quotient between level of tbivily concentration in caps and stipes
(index g for all locations was 2.4 (mean: 2.4 £ 0.5), amdimum and maximum values
were in the range 1.5 to 3.3 (Table 1).

As reported in Table 1, the determined activity asmrations of**'C in Bq per
kilogram of dry weight (dw) in pooled samples arat@ding to the period and place of
collection were in the range of 1500 + 16 to 96001+Bq kg" dw in stipes to 2800 + 52 to
18000 + 140 Bq kg dw in caps and fluctuated to some degree deperatimggion (Fig. 2).

Mushrooms from a few sites in the Warmia region #mdn one site from the Mazovia

9
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(Mazowsze) region all showed relatively higHCs activity (Table 1). Nevertheless, a high
degree of contamination was also note@€iraperatus at a site in the Pomerania region. The
activity concentration of*'Cs in the pooled sample of the whole fruiting bediellected in
2010 was 3700 + 30 Bq Kgplw.

C. caperatus is considered to have a high potential to accutadf4Cs (Bakken and
Olsen, 1990a; Strandberg, 2004). Indeed, the &ctidincentrations of*’Cs in caps of this
species collected over 22 to 24 years after ther©hgl accident and examined in this study
were as high as 11000 + 82 Bgkdw in the Orzechowo place (Warmia region) and 5600
58 Bq kg' dw in theSliwice place (central area of the Tuchola Pinewdddsble 1). The
substantial variability in the activity concentmats of*’Cs within the caps and stipes ©f
caperatus observed in fruiting bodies seem to reflect lamatspecific differences in the
degree of soil pollution (Figs. 2 and 3). For exémpctivity in caps at four locations in 2003
was in the range 5000 + 49 to 14000 + 110 Bd Hg, and in 2007 at five other locations
was in the range 3500 + 38 to 13000 + 100 B{ #g (Table 1).

Edible mushrooms with greater gastronomic valuehsaslimleria badia (Fr.) Fr.
(previous nameXerocomus badius), and others such aBoletus edulis Bull., Boletus
pinophilus Pilat & Dermek,Boletus reticulatus Schaeff.,Leccinum scabrum (Bull.) Gray or
Cantharellus cibarius Fr. are also considered as good accumulatotd’®@$. During the last
four decades these mushrooms that are foragee isattme regions as those in this study and
elsewhere in Poland have been found to be cleesty tontaminated with radiocaesium than
the C. caperatus in this study (Bem et al., 1990; Falandysz et2fl15a, 2016; Malinowska et
al., 2006). An exception could be mushrooms forafgemn the hot spot area in the
southwestern region of Poland (cumulative depasitd **'Cs was 64 + 2 kBg M- as
calculated in autumn 2006) and described by Mikitets al. (2010; see also Fig. 3).

Considerable contamination with radiocaesium calsd be expected in mushrooms foraged

10
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from the region oBnieznik in the Sudety Mountains in the south-west ofaRd (Fig. 3).B.
edulis collected in 1998 from the Ktocka Dale in Sudetpwitains showed concentration
level of *'Cs at 5722 + 5 Bq kfdb (Falandysz et al., 2015a), but there is no detdlable
for other species from this location.

The degree of maturity of the fruiting body is asgible variable that could influence
the content of accumulatéd’Cs as well as certain other metallic and metalid@nents in
mushrooms, as seen for exampleAmanita muscaria (L.) Lam.) (Falandysz et al., 2019a,
2019g), but there are no similar observations @inatspecific taC. caperatus from this study
Clearly, the characteristics of accumulatiotd€s and°K by C. caperatus vary, regardless
of location and year of collection, or morphologiparts such as caps and stipes (Table 1, Fig.
2).

Unlike *'Cs, “%K activity concentrations (and hence also totaldfitent) were more
uniform across the range of sampling locations awer time, i.e. the median and mean
values in stipes was 1200 Bqkdw and 1200 + 140 Bq Kgdw respectively (range 960 +
130 to 1500 + 150 Bq Kgdw) (see also Fig. 2). The corresponding valueséps were
1100 Bq kg dw and 1100 + 160 Bq Kodw respectively (range 880 + 140 to 1600 + 130 Bq
kg' dw) (Table 1). Relative t5*'Cs however, the morphological distribution wasetiét in
the fruiting bodies. The stipes were usually richepotassium compared to the caps. The
median value of the quotient &) for “°K was 0.92 (mean: 0.95 * 1.2 and range 0.73 to 1.2)
(Table 1).

Potassium generally occurs to a high level andhismportant functional metal in the
flesh of mushrooms. It is essential as an intratallcation for osmotic regulation of water
content and as a co-factor in enzymes. The repgrtgdssium content in a large set of
fruiting bodies of the mycorrhizal (mutualistic) shuooms such as King Bolet8d|etus

edulis) and Fly Agaric Amanita muscaria) was in the range 20000 to 38000 mg'kdp
11



274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

(median values) and 37000 to 45000 mg Kb (Drewnowska et al., 2013; Falandysz et al.,
2007Db; Lipka and Falandysz, 2017). Saprotroph nagshs are also rich in potassium, e.g. in
caps of Parasol Mushroornviécrolepiota procera) potassium occurs in the range 33000 to
46000 mg kg db (Gucia et al., 2012; Jarska et al., 2011; Kojta et al., 2011 and 2016;
Kutdo et al., 2014) with higher concentrations I fruitbodies ofCoprinus micaceus, i.e.
from 99000 to 135000 mg Kgdb (Tyler, 1980), 79500 (74500 to 87000) md kip (Seeger,
1978) and 69000 + 2400 mgkglb — all values rounded (Vetter, 1994). On thephand,
mycorrhizal species whose mycelia extract nutritimm wood, e.gAuricularia auricula-
judae (Bull.) Quél have considerably lower potassiunelewthan saprotrophs (4300 mg K kg
! db) (Vetter, 1994).

The value of @sfor *XK in fruiting bodies of many species of mushroomsisually
above 1.0 (Falandysz et al., 2017 and 2018). &tant study oA. muscaria, the caps to stipe
quotients (Q9) of *°K decreased with increasing development of the muash, i.e. from 1.5
(1.4 to 1.6) in the button stage and young indigldyn = 97) down to 1.0 (0.62 to 1.2) in the
older and mature specimens (n = 144) (Falandysal.e2019a). However, based on the
results for one species in one location, it wowdddifficult to generalize on the influence of
the development stage of fruiting bodies on thg Qralues for other species, as there is no

other reported data on this parameter.

3.2. ¥Csand “K in the soil beneath fruiting bodies and bio-concentration

137Cs activity concentrations in the forest topsoilxad layers including organic and mineral
layer) samples showed values in the range from 1@Ltbork site, Pomerania, 2007) to 70 +
3 Bg kg’ dm (Strzebielino, Pomerania, 2006). Soils samiteth other locations during

1996 to 2008 contained’Cs at level 33+1 to 41+2 Bq Kgdm (Table 1). This level df'Cs
12
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322

activity is similar to that reported earlier (Madiwska et al., 2006) for soils sampled below
the fruiting bodies of. badia, that were collected from sites in the northerd aarth-eastern
regions of Poland in 1996-19983'Cs activity concentrations were in the range of:3lto
100 + 4 (total 11 to 260) Bq Kgdm, with areas in the north-eastern region showigher
pollution.

Bioconcentration factors (BCFs) and aggregatedstes factors (TFs) are generally
calculated to understand the potential of someispencluding mushrooms, to accumulate
chemical elements contained in the soils or sutestria which they grow. BCFs and TFs are
ratios of radionuclide specific activity in mushros to the activity concentration in the
underlying soil (0-10 cm layer) or the surface wgtiof the soil (nf kg?) respectively. It is
evident that the BCF estimate is highly specificaaese it relates to the soil collected directly
beneath the sampled fruiting body of the mushrodrienthe distribution of radiocaesium in
the surrounding surface soils can be more hetesmyen

The variability of**'Cs pollution of Polish soil resulting from the Chebyl accident
is evident from geospatial imagery (Fig. 3) whialegents a slightly mosaic-like distribution
highlighting areas of higher concentration. Thitaded picture differs form more generalized
images (Betti et al., 2016). Fig. 3 can be parédyluseful in identifying possible “hot spot”
forested areas, where mushrooms can show sitefisdeuels of high pollution, both for one-
off sampling or for trends from longer term samglin

An earlier study (Borio et al., 1991) showed noatde correlation between the
radiocaesium activity concentration of mushroomsl ahe underlying soil. However,
mushrooms collected from forested areas (FalandgsgzBorovika, 2013; Falandysz et al.,
2008; Mietelski et al., 2010) that correspondedhtot spot” visualized in Fig. 3, with soils

showing substantially elevatétCs levels (due to the Chernobyl fallout), appeabeamore
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contaminated with*’Cs. Moreover the elevation i'Cs levels for these areas seems to be
regardless of the species of mushroom under study.

The relationship between substrate areas of myqaidiferation and growth (either
within layers or within the soil horizon), the seit of the radioactive fallout, speed BfCs
infiltration to deeper layers and the nuclide atticoncentration accumulated by mushrooms
can be effectively illustrated using the exampléhaf amethyst deceiver mushroooagcaria
amethystina Cooke), that feeds on decaying litter. Immediatdtgr the Chernobyl accident,
high levels of**'Cs and"*‘Cs were found ir_. amethystina, which is known to accumulate
activity through surface mycelia that absorb th&ilgavailable radiocaesium from fresh fall-
out (Stijve and Poretti, 1990). This is becausedbtopsoil rich in organic matter (humus)
can adsorb and retain a large portion of radiocaggrom airborne deposition (Lehto et al.,
2013).

According to a number of studies, the infiltratiohairborne™*'Cs from the surface to
wider soil horizons (or deeper layers) is a sloacpss (Mietelski et al., 2010; Nieswalzka,
2000). The soil layer with the highest density ofcelia and the extent of depth and space to
which the hyphae penetrate, largely depends otyffeeof mushroom. Therefore, bulk (0-10
cm layer) sampling of soils can only give a genédala of*‘Cs contamination and its
availability from soils. To better assess the @ficy of**'Cs uptake and sequestration®y
caperatus, a more detailed study would be required to idgnhe specific soil layers (e.g.: O-
1, 1-2, 2-3 cm etc.) that correlate with the highsensity ofC. caperatus mycelia and the
137Cs content.

For ectomycorrhizal fungi, the penetration zonehgphae is likely to be species-
dependent and if the soil profile is favorable tlvay follow the roots to deeper levels. For
example, the saprobiBgaricus bernardii hyphae lives at least down to a depth of 30 cm

(Borovicka et al., 2010). Ingrao et al. (1992) noted, tha¢ of difficulties in estimating the
14
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bio-concentration potential of mushrooms to accateuietallic and metalloid elements and
their suitability or not, as indicative speciesemnvironmental (soil) pollution monitoring, is
that hyphae can live down in soil to depths of B0 ©n other occasions, mushrooms can be
suitable in prospecting of the metal/metalloid teses and geochemical anomalies
(Borovicka et al., 2010; Falandysz et al., 2015a).

Relative to K, both*'Cs and'*Cs (stable) only occur at trace concentration€.in
caperatus, like other metallic and metalloid elements in imgpecies of macromycetes
(Falandysz and Boroska, 2013). The relatively high levels &'Cs that accumulated in
many mushroom species shortly after the Chernolbgidant have been interpreted as
possibly being due to its “better availability/assibility” when compared to stabt&Cs, and
a possible role (direct or indirect) of K in terrmsabsorption pathway. The latter influence
(of K availability) can in turn dependent on muléfactors such as the chemical state in
which K exists in the associated soll, its bio-#aality in soil and other competing alkali
ions during homeostasis.

As the mycelia oCC. caperatus penetrate to deep levels in the soil, the sangdlesils
collected from 0-10 cm layer can give only a gehitea of *'Cs pollution about the soil
horizons and its availability from forest soil8’Cs has been found to have penetrated into
deeper soil layers, and radiocesium levels inphigicular mushroom have long been on the
rise because it is increasingly available to theahym at lower depths. Ismail et al. (1995)
observed that activity concentration'8fCs inC. caperatus increased by around 20 percent
each year between 1991 and 1993 (Table S1). The s@% observed by Daillant et al. (2013)
in C. caperatus sampled in 1992, 1993 and 1995, while levels dedpm 1998 and 2011

(Table S1).

3.3. Risk of *¥'Csintake from C. caperatus
15
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The maximum and minimum values’3fCs activity concentration for caps Gf caperatus in
this study in the years 1996 — 2016 were 2800 &0d Bq mg kg db (280 and 1800 Bq
mg kg* on a fresh biomass basis - assuming a moisturemmoaf 90%). In view of the food
tolerance limits for radiocaesium that are 370 0@ Bq kg* whole (fresh) weight within the
European Union for children and adults respectividlg R. caperatus collected in this study
(in practice the caps with a piece of the upperrpast of stipes are used as food) (Table 1)
often exceeded these limits in the years 1996 tt020hus, while this species may be
avoided by knowledgeable and informed mushroomdranfmushroomers), the precaution
may not extend to casual or opportunistic foragBnse to their fresher appearance, it is
possible that mushroomers preferentially colleaing fruiting bodies, which can be more
contaminated with"*’Cs than more mature examples as has been obsesedtly for
Amanita muscaria (Falandysz et al., 2019a).

The mode of preparation of a mushroom dish canfagntly influence the content of
the metallic elements including’Cs (Drewnowska et al., 2017; Falandysz et al., BE19
Shutov et al., 1996). Blanching for 10 min or longe boiling water (often slightly salty)
leaches radioactivity into the water and can remioom around 20 to 90% - (based on dry
biomass data) of the radiocaesium from the mushspaithough there is no original data that
is specific toC. caperatus, (or knowledge of such estimations when based balav(wet)
weight basis). On the other hand, stir-frying cewahg is much less efficient at causing
leaching and removal of metallic and metalloidnedats or radiocaesium from mushroom

meals than blanching (Falandysz et al., 2019b-fit&het al., 1996).

Conclusions
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The mushroonCortinarius caperatus has been seen to efficiently bioconcentfaf€s that is
contained in the soil substratum in which its migcdive. The mushroom sequesters this
element in substantial amounts in its morphologzats such as the cap and stipe which can
be foraged and used as food.

The mechanistic pathways that lead to a highewtoit loading over time, in this
species is not fully confirmed, but it is thoughtt the gradual leaching 6¥'Cs from the
Chernobyl fallout, into lower strata of surfacelsamd decay combined with the relatively
greater depths to which the mycelia of this spepiesetrate, may account for the higher
levels of activity noticed in the samples colleciiedPoland.

Intakes of radiocaesium arising from the consummptd C. caperatus collected in
this study (and based on data collated from liteegthave often exceeded the tolerance limits
set by the European Union for radiocaesium (37060@Bq kg" ww for children and adults
respectively) during the years 1996 to 2010. Hunliatary exposure t&'Cs is influenced by
the method of food preparation and may be mitigatetlanching mushrooms for 10 min or
longer in boiling water (followed by disposal ofethvater), rather than direct consumption
after stir-frying or stewing.

As this mushroom continues to be foraged by caasiatell as experienced mushroom
hunters, it would be prudent to monitor levels-8€s in this species and mushrooms within

this region, in general, and provide precautiorstyice depending on the findings.
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787  Figure 1. Location of th€. caperatus and surface soil sampling places in Poland (fonea
788 and ID of the places see also Table 1).

789

790  Figure 2. Spatial visualisation of the distributioh**'Cs and**K activity concentrations in
791  surface layer of soils in Poland (Isajenko et2012).

792

793 Figure 3.3*'Cs and*K in caps and stipes @. caperatus from the northern regions of Poland
794  (Bq kg'dry weight).

795
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Table 1.*'Cs andK activity of C. caperatus— composite samples and beneath soils

_______ YICs(Bakgdb) ¥'Cs K (Bq kg db) K

] Fruingbody _._(Bakgdm) __ ... Fruiingbody | (Bq kgdm) ___
Region, site, year and site”i{see Fig. 1) Cap Stipe Qs Soil BCFk:,BCFs Cap Stipe Qs Soil BCF:,BCF:
Pomerania; Trojmiejski Landscape Park, 1996 (n=pj 13000 + 110 4200 * 45 3.1 331 390 // 130 1200 + 110 12001 1.0 150 + 41 8.0//8.0
Pomerania, Wdzydze Landscape Park, 1998 (n=15) [5] 16000 + 180 5300 £ 65 3.0 WD WD 1200 + 130 1000 + 120 1.2 WD WD
Pomerania, Dalubska Wilderness, 2001 (n=15) [1a] 6500 + 60 2600 3.3 19+2 340 // 100 1100 + 140 1400 £100 .790 110+ 74 10//13
Pomerania, Datubska Wilderness, 2003 (n=53) [1b] 5100 + 43 2100 24 241 210/ 87 1200 = 100 1300 £ 91 092 12036 10//9.2
Masuria, Napiwodzko-Ramucka Wild., 2002 (n=15) [17] 18000 +140 9600 + 71 1.9 37+1 490 // 260 o8sea 1 980 + 97 1.0 180 + 34 541//54
Przymuszewo Forest Inspectorate, 2002 (n=16) [10] 200Q + 94 5400 + 43 2.2 WD WD 1300 + 130 1100+91 1.2 WD WD
Pomerania, Dziemiany, 2003 (n=14) [4] 9000 * 69 ®B1@7 2.9 171 530 // 180 1000 =110 1100 =98 910 97 +34 10//11
Pomerania, Kpice; 2003 (n=8) [12] 5000 + 49 2000 + 19 2.6 1B + 310// 120 1200 + 140 1200 + 100 1.0 100 + 69 /112
Masuria, Piska Wilderness, 2003 (n=52) [18] 14000 8 4700 + 40 3.0 WD WD 980 + 130 1200 + 100 0.82 WD WD
Pomerania, Ostrowo, 2006 (n=53) [2] 3800 + 36 1800 21 231 165// 78 1100 =130 1200 + 100 20.9 170 £ 41 6.5//7.0
Pomerania, Seaside Landscape Park, 2006 (n=43) [2] 4100 + 33 2100 + 18 1.9 16+2 260 // 130 1100& 10 1200 £90 0.92 <37 61/ 67
Pomerania, Seaside Landscape Park, 2007 (n=16) [2] 3500 + 38 1300 + 17 2.6 46 £ 3 7611 28 1600 + 130 1300 + 130 1.2 110 + 86 141/ 12
Pomerania, Sgtzyno, 2006 (n=70) [3] 5200 + 50 3500 + 25 15 4B + 120// 81 1200 = 140 1300 + 100 0.92 83+39 1114
Pomerania, Strzebielino, 2006 (n=16) [7] 4600 +42 1800 + 23 2.6 70+3 66 // 26 1200 + 130 1500 + 150 0.80 120+ 73 10//12
Pomerania, Kobylnica region, 2006 (n=61) [8] 46089+ 2100 + 18 2.2 25+1 180// 84 1000 + 110 12@9 0.83 <57 36 /143
Pomerania, outskirts of the town ofldork, 2007 (n=31) [3] 3600 + 36 1500 + 16 24 10+ 360 // 150 1200 + 140 1300 + 120 0.92 <40 &5/
Pomerania, Gotubie, 2008 (n=15) [11] 6500 + 47 3002 2.2 18+1 360 // 120 1100 + 100 1200 + 80 920. 150 + 36 7.31/8.0
Augustowska Primeval Forest, Suwatki, 2007 (n=18) [ 9900 + 99 3000 + 32 3.3 24+1 410// 120 12020 1200 + 120 1.0 230+ 37 5.2//5.2
Mazovia, Olszewo-Borki, 2007 (n=19) [20] 13000 #©10 5600 * 59 23 WD WD 950 £ 120 1300 + 150 0.73 WD WD
Notecka Wilderness, Lubusz region, 2008 (n=32) [19] 5300 £ 50 2000 + 17 2.7 WD WD 880 + 140 960 £130 0.92 WD WD
Warmia, Orzechowo, 2008 (n=52) [16] 11000 + 82 5Bt 1.9 41+2 270 /1 140 920 + 120 1100 + 100 920. 180 + 82 5.11//6.1
Pomerania, Commune Parchowo, 2010 (n=15) [9] 3780 NA WD WD 1100 £ 93 NA WD WD
Pomerania, Tuchola Pinewoods, Lubichowo, 2007 (h{B3 7300 £ 60 2900 + 24 25 20+1 360 // 140 098120 1100 + 93 0.89 140 £ 36 7.0/79
Pomerania, Tuchola Pinewooddiwice, 2010 (n=16) [14] 5600 + 58 1900 + 24 3.0 WD WD 970 + 150 980 + 140 0.99 WD WD
Pomerania, Tuchola Pinewoods, SE, 2016 (n=15) [14a] 2800 * 52 1700 + 84 16 WD WD 1100 =21 140096 0.79 WD WD
Mean NA NA 24 NA 280 // 110 1100 1200 0.95 110 171/ 18
SD NA NA 0.5 NA 140/ 51 160 140 0.12 57 17 /119
Median NA NA 24 24 260 // 130 1100 1200 0.92 110 10//12
Minimal 2800 1500 15 10 66 // 26 880 960 0.73 <40 1/%.2
Maximal 18000 9600 3.3 70 530 // 260 1600 1500 1.2 230 /61 /

Notes:Qc/s (The quotient of the activity concentration in @apl stipe); BCF (bioconcentration factor — cagtigre); Number of fruiting bodies in composite sample — in

parentheses (from 15 to 152 specimens per sifeectisely);”Sampling site — in brackets (see Fig."Btivity concentration + measurement uncertaintyd \(Without data); NA

(not applicable)
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Highlights

«  Gypsy mushroom (C. caperatus) is an efficient fungal accumulator of radiocaesium

«  Decades after Chernobyl accident C. caperatus could exceed radiocaesium safety limits
«  Activity concentrations of C. caperatus fluctuate over time

- Recent examples of C. caperatus from hot-spots can show elevated **’Cslevels

« Dietary intake of some Polish C. caperatus can provide relatively high radioactive dose



