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Abstract: Wild edible mushrooms are a popular food consmderiheir nutritional value. However, some
mushroom species can harm human health by accunguime elements excessively. To evaluate theitpmil
level of toxic elements in wild edible and non-ddimushrooms from two private natural areas inAlies de
Cantillana mountain range in Central Chile (Altos @antillana Natural Reserve and Cerro Poqui Nature
Sanctuary) present in them were quantified. All maems contained Pb, Zn, Fe, Cu, and Ni. Mushrooms
obtained in Los Altos de Cantillana have higher anmt® of metals. In mushrooms of the typavista brunnea
(sample 27) there are maximum amounts of Pb (566®, Zn (1152.31g/g), and Cu (568.Ag/g) while those of
the typeLycoperdon sp. (sample 14) have maximum amounts of Fe (1780¢§) and Ni (27.6.g/g). On the
other hand, only the speci&ereum hirsutum (samples 1 and 4) has very low amounts of As |(8/@¢ and 6.5
Hg/g) and only this one arhaeoclavulina flaccida contain low amounts of Cd (0.Q®&/g and 0.041g/g). On the
other handSb and Au were not found in any sample; all valwese < LOQ (Limit of quantification). Although
intraspecies differences were observed, not aleveggnificant. It is important to highlight the dyss of wild
mushroom species that people can consume, sudheagehusCyttaria, which should be evaluated for trace
element content.
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I ntroduction

Edible mushrooms are a favourite food of many pe@specially in some Asian and
European countries due to their delicious taste anttitional value [1-3]. Edible
mushrooms are highly nutritious and can be compargdeggs, milk and meat in terms of
nutrient profile. Fruiting bodies of mushrooms aappreciated for their properties,
including low in calories, high in proteins, vitamsj and mineral§4]. Agaricus bisporus,
the most cultivated mushroom in the world, exhitdtshigh proportion of fatty acids.
Literature survey shows that palmitic, stearicjo#nd linoleic acids are the most abundant
fatty acids inAgaricus species[5-7]. Mushrooms have also been used for preventing
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diseases such as hypertension, hypercholestero]8mé They are the fleshy and edible
fruit bodies of several species of macrofungi anelytcan appear either below ground
(hypogeous) or above ground (epigeous). Macroscapishrooms are distinguished into
two significant phyla, Basidiomycota and Ascomyset8ome of the edible mushrooms
have been artificially cultivated, and need a wgrief nutrients from the surrounding
environment for growth and reproduction, but mostthem are wild grown. Because
mushroom consumption increasing worldwide, it ispamant to know about the
concentration of different toxic metals due to méavariety of different mushroom species
is considered edible. Edible species, suchAgaricus bisporus, Hericium erinaceus,
Flammulina velutipes, Lentinu sedodes, Pleurotus eryngii, and Pleurotus ostreatus have
significant antioxidant and free radical scavengangyvities [10]. Such properties have also
been reported for medicinal mushrooms, includiggricus blazei, Sparassis crispa,
Phellinus linteus, Ganoderma lucidum, and Inonotus obliquus [11]. Artificially planted
mushrooms are generally less susceptible to chéooogamination due to the controllable
sources of raw materials. Others mushrooms accuenutetallic elements by absorbing
them from the soil substrate via mycelia and sopeeigs by rhizomorphs (mycelial cords),
which they form undergrourd.2-15. Mushrooms in contact with soil, air, and rain niwezy
used as biological monitors for trace elements.cHipally mushrooms (macromycetes,
macrofungi)Amanita strobiliformis hyperaccumulates Ad 6], Cyanoboletus pul verulentus
and Sarcosphaera coronaria hyperaccumulate AEL7, 1§, andCystoderma carcharias is

a facultative hyperaccumulator of 9, 2(Q. Interestingly, mushrooms can accumulate
extremely high concentrations of elements even winey grow above soils with low
contents of these elemen{21]. Some of the mushroom species are capable of
accumulating certain heavy metals like arsenic,comgr lead, copper, cadmium, and
selenium. More than 50 species of mushrooms wegerted with high concentration of
arsenic into their fruit bodies [22-25].

The largest producer, consumer, and exporter diledungi is China globally; the
output exceeded 41 million tonnes (tonne £ k@)= 16 g = Mg) in 2021 and keeps a high
growth rate of about 5 % per year [26, 27]. Largaks cultivation of medicinal mushrooms
is mainly carried out in Asian country, where theistnroom-based pharmaceutical and
nutraceutical industry is highly developed [28].

Mushrooms are collected for consumption as a gandce of digestible proteins,
minerals, carbohydrates, amino acids (e.g., leuclgsine, methionine, tryptophan),
carbohydrates, as well as fibres (mainly in therfaf chitin), vitamins (B, B,, By, C, D,
niacin, folic acid), phenolics, organic acids, etgr alkaloids, terpenoids polysaccharides,
polyphenols, etc. These components give mushrooarsous properties, including
antitumor, anti-inflammatory, antioxidant, antivirantibacterial, antiparasitic, antidiabetic,
and cytotoxic properties, among others [29, 30]e Tinst and foremost compound in
mushrooms are polysaccharides, responsible, fompgbea for their health properties,
including improving the immune system. Bioactivdysaccharides found in mushrooms
include o and  glucan, galactans, chitin, xylans, hemicellulosesl mannans [31, 32].
Shiitake mushrooms are also rich in polysacchariies protein, containing almost all
essential amino acids the human requif88]. They have been utilised to extract
polysaccharide$34], proteins[35], phenolic compoundf36], terpenoidq37], minerals,
and vitaming 38].
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According to the reported background, it can bechated that mushrooms present
notable duality: they are nutritional and possessedininal properties, yet their
extraordinary capacity to absorb metals from thg sometimes their consumption is not
appropriate, especially those that grow in soméufel places. However, they can serve as
biomarkers for the area under study and could piatBnbe used for the remediation of
contaminated waters. Trustworthy and traceable ureasent of inorganic elements such
as Cd, Pb and Hg is important for the safety evamnaof mushrooms as a food product.
Metals are directly and/or indirectly involved ifl aspects of mushrooms growth,
metabolism and differentiation. While many metais assential, e.g. K, Na, Mg, Ca, Mn,
Fe, Cu, Zn, Co and Ni, many others have no appass#ntial function, e.g. Rb, Cs, Al,
Cd, Ag, Au, Hg and Pb. Both essential and nonesddravy metals are toxic for fungi,
when present in excess. The mushroom is able toeségr essential trace metal ions from
various sources, where the metals can be preseardnicentrations ranging from trace to
toxic levels [39, 40]. With this objective, we déed to conduct this study, starting with
detecting toxic and some essential metals in mwshsothat grow in different places of
Altos de Cantillana mountain range (central Chilg)e metals chosen were: Zn, Fe, Cu,
Pb, Ni, Cd, Au and nonmetals as Sb and As, becaasy mushrooms have been reported
to have high tolerance levels, allowing them toalbimumulate rapidly. These analytes were
chosen due to their toxicity and high presencenvirenmental and food media. Some of
them, even at very low concentrations, are cytatoxiarcinogenic, mutagenic and
sometimes even have higher concentrations in thehmoms than in the surrounding
water and soil. It has been determined that theemee of these metals and nonmetals has
increased over time, due to industrial activitynmg, and the use of fertilisers. This allows
mushrooms growing near mining areas to absorb sdrtieese metals. The ability of fungi
to uptake metals depends on their concentratioemaal form, interactions with other
metals, and soil characteristics, among other facto

Experimental

Sampling site, sampling, and species identification: The mushroom samples were
collected in two private natural areas, Altos dent@lana Natural Reserve (Metropolitan
Region-Chile, between 373 m - 438 m altitude) angflr@€ Poqui Nature Sanctuary
(O’Higgins Region-Chile, between 341 m - 698 mtatte), on September 2&nd October
5" 2023, respectively, marking the beginning of dmg season. Both sample sites are in
Altos de Cantillana’s mountain range, representirgMediterranean central Chile climate
and forests. The studied area comprises varioustaggn communities and is currently
a priority site for conservation due to its highdemism and, at the same time, high
anthropogenic pressure and vulnerability to climdtangg41]. Table S1 summarises the
geographic coordinates (using an Etrex 10 GPS, BarbhSA) and the classification
of the diverse macrofungal species assigned bas#¢iteomacroscopic characteristics of the
samples compared with the local species recognitioide [42]. Figure 1 shows
representative photographs of the sampling site$ some specimens collected and
subsequently analysed.
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Fig. 1. Representative images of the sampling sitessome collected specimens: a) Altos de Camilla
Natural Reserve, b) Cerro Poqui Nature Sanctuajy,P.c flaccida, d) Lycoperdon sp.,
e)B. brunnea, f) S. hirsutum

Pretreatment and analysis of total metals: The samples were collected and stored in
the dark and at room temperature, until analysidigestion of 0.5 g - 1.0 g of fungi
biomass samples was mineralised using the wet midthdeflon bombs with 10 mL of
nitric acid (Instra Grade, J.T. Baker, USA) for 2150 °C in a homemade ceramic oven
with an internal temperature sensor and externaltrob After cooling, the digested
samples were filtered through 0.45 pm (Advantec-MFgpan) and made up to 50.0 mL
with deionised water. For arsenic analysis, 10 rhthe previous solution is taken, 0.5 mL
of sulfuric and 0.25 mL perchloric acid (Suprapua@e, Merck) are added. The mixture
was then maintained at 200 °C in a reflux systemoize hour. Finally, it was filtered
through 0.45 pm and adjusted to a final volume®f with 0.1 M HCI[40, 4]. Metal
ions were quantified using GFAAS (Thermo Scientii®E3000 Series AA Spectrometer,
USA) and a conventional FAAS (novAA 350, Analytilkenh, Germany) with the
manufacturer’s optimal conditions and an extermdibcation curve. The analytical merits
figures are in Table 1, which includes information the linear range, LOD (Limit of
detection), LOQ (Limit of quantification), regresnilinear coefficient, and internal quality
control with synthetic spiked solutions informatialuring the calibration (validation).
Standard quality was performed using AAS (from Mérand the salts and acids used
were according to the manufacturer's recommendsiignSuprapur Quality (from Merck).
Milli-Q water of 18,2 M) cm quality was used.

Statistical analysis: According to the different requirements for pragey the results,
graphs were created using GraphPad Prism 8.0,rPnigi2024 (with Google Map Import
App), and Statgraphics Centurion software. The wag- ANOVA test with multiple
comparisons ANOVA test was used to compare thdtsesu
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Table 1
Analytical performance by FASS and GFAAS for theahanalysis in real samples
. 5 iked Founded Relative
Metal | Linear range LOD log R conggntration concentration |error [%]
As | LOQ-45ug/L| 2.80 ug/ll 9.30 ug/L  0.9950 10.00 pg/L 10.02 pg/L 0.2
Au | LOQ-18 mg/L| 0.89 mg/L| 2.96 mg/Ll 0.9986 3.00 mg/L 3.10 mg/L 3.3
Cd | LOQ-1.5 mg/l 0.06 mg/L| 0.18 mg/L} 0.9993 0.50 mg/L 0.54 mg/L 8.0
Cu LOQ-5mg/L| 0.41 mg/lj 0.71 mg/L.0.9940 2.00 mg/L 1.95 mg/L -2.5
Fe | LOQ-7 mg/L| 0.25mg/ll 0.95 mg/L0.9979 1.00 mg/L 1.08 mg/L 8.0
Ni” LOQ-12 pg/L| 0.80 pg/ly 2.60pug/L 0.9976 5.00 pg/L .0Bpg/L 0.6
Pb | LOQ-2.5 mg/l] 0.11 mg/L| 0.37 mg/L] 0.9966 0.50 mg/L 0.52 mg/L 4.0
Sb | LOQ-30 ug/L| 4.50 pg/L| 14.80 pg/L0.9931 15.00 pg/L 14.98 pg/L -0.1
Zn [LOQ-2.5 mg/l] 0.09 mg/L| 0.33 mg/L] 0.9991 0.50 mg/L 0.51 mg/L 2.0

"Metals analysed with GF-AAS

Results and discussion

The initial identification of the species collectéd the field was conducted in
collaboration with the park rangers of each endles®nce in the laboratory, species
names were assigned based on the local guide tedsarid the macro characteristics of
the specimenf4d]. Table S1 shows the identified species from masiected specimens;
32 were chosen before analysis, comparisons, atidtstal tests. The GPS location of each
specimen is also reported, along with their divisimd order. The samples were identified
based on the substrate where the organism was fmohthe macroscopic characteristics of
its fruiting bodies. The different species weresslfied into two phylogenetic divisions:
Basidiomycota and Ascomycota. The following species are presented in decreasider
the numbers of collected specimers: hirsutum, Lycoperdon sp., P. papilionaceus,

T. versicolor, C. critina, C. atramentaria, B. brunnea, Cyttaria sp., andP. flaccida (Table
S1) founded in the sampling area.

The data from the analysis of each individual s&gan be found in Table 2, along
with the analytical parameters of the GFFAAS andABAtechnique listed in Table 1.
All the correlation coefficients of the standardlitwation were greater than 0.99
(R?> 0.99). Similar figures of analytical merit such lmear range, precision and accuracy
have been obtained with similar instruments instugly of trace elements in mushrooms as
biomonitors in forest areas [44]. At the same tittte relative errors were less than or
equal to 8 % concerning the control synthetic spikelutions during the analysis of the
samples. This method was used because certifiederefe material for the matrix under
study was not available. For the presentation efdhta in Table 2, the guidelines from
Hites [45] were followed, used whereby reporting, dependingh® number of samples
below the limit of detection (< LOD). In the casktlbe Cu and Pb metals, where samples
below LOD constituted less than 50 % of the totapydation, they were reported as
LOD/2. It is important to note that Sb and Au wafesamples below the detection limit.
For As and Cd, very few samples showed detectagtals; two individuals of the same
species $. hirsutum) were notable for As, with values in the same pafeoncentration in
ppb. A similar situation occurred for Cd, with 3dimiduals falling within the same
concentration range. The Sb, Au, As, and Cd date wet considered for subsequent
analyses.

Figures S1 and S2 show the distributions of thiedifit species at the sampling points
at Altos de Cantillana and Cerro Poqui sites, rethpgely. The bubble graphs indicate the
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spatially distributed concentration of each metapioportion to the metal. In the Altos de

Cantillana Nature Reserve (Fig. S1), random digtidims can be observed with no apparent
relationship to the cyclical section of the samgli\ similarity can be seen between the
proportions of Zn-Cu-Pb and Fe-Ni. Meanwhile, ire t€erro Poqui Nature Sanctuary

(Fig. S2), the linear layout of the sampling canbleéer seen, with noticeable similarities

between Zn-Pb. It should be noted that in this $&et lower values were found at a lower
altitude and close to the beginning of the traill &he entrance to the park, not correlated
with the height of the rest of the specimens.

Table 2
Content of total Zn, Fe, Cu, Pb, Ni, As, Cd.;,Stnd Al in samples [ug/g d.m.]
Sample Zn Fe Cu Pb Ni As Cd

1 176 +8 2962 +16 65 +2 30 2.80.3 3.9+0.6 | 0.018 +0.004
2 105 +7 1885 +14 2510 40 6 2.4 0.3 <LOQ <LOQ
3 183 +13 206 +3 9 +1 64 2.2 0.3 < LOQ <LOQ
4 102 £5 2121 +11 56 +0 17 3.040.3 6.5+1.0 <LOQ
5 197 +14 240 +2 78 67" 6.9 +0.5 <LOQ <LOQ
6 173 £10 325 +2 69 3 51 1.4 0.2 <LOQ <LOQ
7 185 +9 545 +5 49 +0 35 2.3 0.2 <LOQ <LOQ
8 125 +7 355 +3 34 +0 37 1.0 0.1 <LOQ <LOQ
9 165 +10 3301 +18 84 +1 60 9 3.3+0.4 < LOQ <LOQ
10 428 +32 1847 #15 232 +4 171 +27 48+0B < LOQ LCQ
11 365 +24 6560 31 221 +6 139 +24 7.9+0.6 <LOQ LGQ
12 379425 | 11372 #1( 206 +3 177 +21 18.0 +0[9 <LOQ <LOQ
13 177 11 157 £2 128 £2 19 1.8 0.2 <LOQ <LOQ
14 1076 +82 | 17807 +21F 103 £2 528 +76 27.6 +0.2 <LOQ <LOQ
15 230 +12 5400 +22 299 +2 76 +8 7.3+0.5 < LOQ GQ
16 608 +47 424 +7 259 309 +14 4.6+0.3 <LOQ <LOQ
17 790 +66 428 +12 331 48 427 +87 12.1 +0|8 < LOQ LCQ
18 285 +14 1021 #7 80 27" 2.9+0.3 <LOQ <LOQ
19 186 +11 147 #1 36 +1 2 1.4 0.2 < LOQ <LOQ
20 310 +18 487 +13 58 +8 33 2.5+0.2 <LOQ <LOQ
21 173 £12 122 £5 28 +1 67 +12 3.0+0.2 < LOQ <LOQ
22 113 +8 81 +1 45 54 45 0.8 +0.1 <LOQ <LOQ
23 821 62 2558 £23 91 355 67 7.0 0.5 < LOQ cQ
24 458 +38 2470 +6 20 +2 196 6.8 +0.5 <LOQ <LOQ
25 234 16 608 +8 792 67 3.8+0.2 <LOQ <LOQ
26 201 11 1178 +5 170 £2 T8 2.2+0.1 <LOQ <LOQ
27 1152 +99 22 +6 569 567 6.7 +0.5 <LOQ <LOQ
28 356 +21 82 45 272 +1 126 +17, 8.3 +0.6 < LO(Q QO
29 104 +7 55 +5 2141 43 +4 2.4 +0.2 <LOQ <LOQ
30 31324 86 9 70 99 12.8+0.9 <LOQ <LOQ
31 208 11 572 +3 589 +7 50 +10 1.9 +0.2 < LO(Q 6.80.005
32 156 +9 752 +2 394 +4 47 +6 1.6 +0.4 < LOQ 0.889D06

Results expressed of media +Standard deviatien) in pLg/g d.m.

“Sb and Au were not found in any sample; all valuese < LOD

"< LOQ: value less than the LOQ reported

™ Value calculated with LOD/2 in the case of valuéthw LOD if that value was < 50 % of the total jpdgtion,

like a correction for censored environmental meament{42]

Figure 2 shows the data for the metals considese@dch species’ analyses (Zn, Fe,
Cu, Pb, Ni). In general, quite different rangesvafues are obtained for the different
metals. Still, when using one-way ANOVA and mukiptomparison analysis with
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ANOVA, for some species, the Fe content is the amlyg different from all the other metals
analysed, specifically irs. hirsutum, Lycoperdon sp., C. citrina, and C. atramemntaria.
The specie®. brunnea and Cyttaria sp. did not show differences in the contents of an
metal.
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Fig. 2. Tukey box-plot of the content of total nmietjug/g d.m.] in the different species samples:
a) S hirsutum, b) Lycoperdon sp., c) P. papilionaceus, d) T. versicolor, e) C. citrina,
f) C. atramentaria, g) B. brunnea, h) Cyttaria sp., i)P. flaccida

The differences among the various species can Beredd for the same type of
graphs, but separated by the metals analysed (datshown). No significant differences
were found between the contents of Zn, Pb, andANiotable difference in Fe content was
observed only in the speci8shirsutum andLycoperdon sp. Conversely, for CR. flaccida
differed from all the other species. AdditionallypeciesB. Brunner and Cyttaria sp.
differed from other specified species. In spece&oliected near mining areas in Slovakia,
like Lycoperdon perlatum, researchers found high levels of mercury and daanas well
as extremely elevated concentrations of Pb andréaching hundreds of milligrams per
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kilogram of dry mattef47]. This contrasts with our results, where the amaysetals were
found in theLycoperdon sp., with an exception for Cd. Differences have dlsen reported
based on the type of substrate on which the fungivgwith the fungi grow, with fungi
growing on wood generally accumulating fewer mefals observed irs. hirsutum and

T. versicolor) [48]. In this study, no significant differences werédewnt among the various
species, except for Cu, which does not conform he substrate pattern described.
In a study of global species suchSasirsutum, Turkish researchers found similar values in
the content of Fe and Pb in those analysed hece sire values of these metals were
3027 mg/kg and 19.42 mg/kg, respectivgig]. On the other hand, Swislowski and
Rajfur [44] studied the level of contamination (Mn, Fe, Ni,,@m, Cd, Pb) in soil and
edible mushrooms from two forest areas of Polandp@kow and Kup). Obtaining that
the soil collected from both study areas shows nhigher concentrations of Mn, Fe and
Pb, in comparison to mushrooms collected in thesasa For Ni, Cu, Zn and Cd, the
content of analytes in soil was lower than the eom@tions obtained in mushrooms.
Compared with Polish standards of soil quality, aHewable concentrations of Ni, Cu, Zn,
Cd and Pb were not exceeded. However accumulati@d,oCu and Zn in mushrooms was
detected.

A multivariate principal component analysis (PCAasvperformed to demonstrate
group differences. The PCA analysis indicated thdtacting two principal components
can explain 85.5 % of the accumulated variancegchvigian also be verified graphically
with the eigenvalue less than 1 (Fig. 3a). In Fég8b, in a two-dimensional plane of the
first and second principal components reveals aeclelationship between Pb and Zn.
When evaluating this relationship univariately,ighhsquared linear correlation coefficient
of 0.9508 is observed (data not shown). AdditignddCA analysis suggests that the metal
contents of Fe and Ni could be grouped. At the sime, Cu does not fit into any group
(Fig. 3b). In another polluted context, a quanitimevaluation of the relationship between
element uptake by mushrooms from the substratecaagucted by calculating conducted
the coefficient accumulation. A high accumulation z5f was observed in mushrooms
growing near the metal smelfgQ]. However, these authors did not analyse the Ptentn
They did not find the same classification obserwedler conditions without evident
contamination or point source of pollution, ashiststudy. Although no tests were carried
out in this work to calculate bioaccumulation camieg the substrate, in other articles that
do address this issUi&1], no correlations are made in the contents of tfferdnt metals
that, according to the authors, this may indichéefresence or past existence of a potential
source of natural or anthropogenic contamination.
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Interestingly, the current EU regulations regardingtal content in edible mushrooms
are expressed on a wet-weight basis. The reguliamitd metals for Pb and Cd, are set at
0.3 mg/kg and 0.2 mg/kg, respectivg\g]. In the present study, the values were expressed
based on dry weight. The only fungi edible spetoesd and analysed, such@gtaria sp.
[52], showed undetectable values for Cd, indicatingml@mce with regulations. However,
the dry weight values for Pb were significantly lreg than the wet weight regulations.
Species of this genus, such@dderteroi andC. hariotii are widely consumed in the central
and southern areas of Chile and Argenfisig, hence the importance of monitoring toxic
elements present in them. Therefore, future rebeahould consider evaluating metal
content based on the wet weight to assess they se#febnsuming these mushrooms in the
human diet. Other research has reported varyingalmegintent in edible mushrooms
growing in urban environments, with results diffeyi based on species, habitat, and
proximity to traffic [54]. The dry weight results suggest that, despitestmaples being
collected from nature conservation areas, it iasary to monitor metal content, including
those regulated by the EU, as significant levels ba present even without obvious
contaminating sources. Future studies will seefteimonstrate the accumulation factors of
these species, in addition to increasing the sapgfrilation and the sampling area near
urban sites, to evaluate the effect of contamimatbip toxic elements in edible mushrooms.

Conclusion

In this work, the metal content (Zn, Fe, Cu, Pb, Ns, Cd, Sb, Au) of different
macrofungal species collected in protected aredlseoAltos de Cantillana mountain range
(Central Chile) was analysed for the first timeeTdontents of the metals Sb and Au were
all below the limit of detection. At the same timery few samples presented detectable
levels for Cd and As, which was insufficient to foem statistical studies. However, the
content of the rest of the metals (Zn, Fe, Cu,Nipjn the different species collected with
32 individuals & hirsutum, Lycoperdon sp., P. papilionaceus, T. versicolor, C. critina,

C. atramentaria, B. brunnea, Cyttaria sp., andP. flaccida) allowed observing differences in
the contents of the same ones without followindguas according to the type of substrate
of the fungi or according to species. Principal poment analysis showed similar
behaviours in Pb-Zn contents, obtaining a high edation, not while in Cu. Although
intraspecies differences were observed, not aléwagnificant. This initial study also made
it possible to highlight the importance of studyitige species that can be consumed by
people since, although the Cd contents were nactidile, the regulated Pb content in
cultivated commercial mushrooms could be harmfuhéalth in these wild mushrooms.
More studies are needed to make these measuresientbaneous, with lower detection
limits and a higher n, in addition to obtaining thi@concentration factor concerning the
substrate and considering non-pristine environmantshich, for example, fungi of the
genusCyttaria may be available.
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