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Dear Editor-in-Chief

Currently, 14000 mushroom species are known
to exist (1). This study aimed to determine Pb,
Cd, Ni, Cr, Mn, Co, Cu and Zn contents in 9
species wild edible mushrooms growing in the
Batak Mountain, Bulgaria and thus to assess the
health risk index arisen from the long-term con-
sumption of them.

Mushroom samples were collected in 2014 and
2018 from the Batak Mountain, Bulgaria. The
Batak Mountain is located in western Rhodopes,
Bulgaria (GPS41°46'02.6"N 24°08'48.4"E). The
region is industry-free and is characterized by
forests, land and low buildings. R 3.4.4 program
for Windows was used for statistical data pro-
cessing. Quantitative determination of the con-
centration of the studied elements was carried
out in the mineralized samples by ICP Optima
model 7000 DV. The daily intake of metals
(DIM) was determined (2).

The average BW was taken as 70 kg for adults
and 61, 43, 23, 12 kg for children: 14-18, 10-14,
3-10, 1-3 yr old. The health risk index (HRI) for
the local population through the consumption of
mushrooms was assessed using (3). HRI of <1
means the exposed population was assumed to
be safe.
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For the age group 1-3 years the HRI values were
bigger than 1 for the following mushrooms Ama-
nita caesarea (1.4638), Cantharellus anrora (1.3545)
and C. tubaeformis (1.1839). The quantity of 0.071
g fresh weight was too high for this age group
and the daily intake should be half of it at most.
Mushroom types A. caesarea, C. aurora and C. tu-
baeformis had the most highest percentage content
of Cu from HRI (46.46%, 29.32% and 32.54%).

The second element with the highest percentage
content from HRI was Cd (33.47%, 24.77% and
23.84%). For the mushroom types Lactarius deli-
ciosus and Tricholoma equestre the element Cd had
the highest percentage content from HRI
(35.09%, 72.14%) and the element with the
smallest percentage content was Co (0.25%,
0.23%). The elements Cd and Cu (35.60%,
34.54%) had highest percentage content from
HRI for the mushroom Boletus pinophilus, while
the element Co had the smallest percentage con-
tent (0.35%). The element Cu (36.95%) had the
highest percentage content from HRI for the
mushroom C. cibarius, while the element Ni
(1.45%) had the smallest percentage content. The
element Cr (37.92%) had the highest percentage
content from HRI for the mushroom Craterellus
cornucopioides, while the element Ni (3.44%) had
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smallest percentage content. The element Cd
(38.45%) had the highest percentage content
from HRI for the mushroom Morchella esculenta,
while the element Zn (0.96%) had the smallest
percentage content. The concentration of Cd in
the mushrooms were under the threshold accord-
ing to Commission Regulation Ne 629/2008 (4).

Principal component analysis (PCA) was used to
demonstrate similarities and differences in the
accumulation of 8 trace elements in 9 species
wild edible mushrooms. From the screen plot
graph of eigenvalues of the PCA (Fig. 1a) we may
notice that first two PCs are enough to explain
69.7% of total variability of mushrooms to the
observed element accumulation (5). The first
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principal compound (PC1) explained 45% of the
variation, while the second principal component
(PC2) contributed 24.7% of the total variation.
Graphical representation of the mushroom spe-
cies in the space of the first two components of
the performed PCA is presented in Fig. 1b. Ac-
cumulation of Co, Cr, and Mn was independent
of Cu, Ni, and Zn as well as Cd and Pb. Simulta-
neously two groups of elements predominantly
influenced element accumulation in individual
mushroom species, ie. the following relation-
ships were observed: C. tubaceformis and C. cibarius
about Co, Cr, and Mn; A. caesarea and C. aurora -
Cu, Ni, and Zn.
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Fig. 1: PCA of 9 species wild edible mushrooms: a) Eigenvalue of the correlation matrix; b) PCA of mushrooms
based on their trace elements; ¢) Heatmap with presentation of a hierarchical tree plot to show the groups of mush-
rooms characterized by a high similarity to all element accumulation

To show the similarities or differences with re-
gard to all 8 elements contents between mush-
room species, the obtained results were illustrated
using a Heatmap analysis, where two-dimension
variables were represented by colors. Cluster
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Analysis allowed the selection of mushroom spe-
cies and analyzed elements in the way that the
relation between observations inside the same
group was shown to be possibly the highest,
while between different groups it was the lowest.
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Using Ward Hierarchical Clustering and Euclide- risks of heavy metals in contaminated soils
an distances, dendrogram showing clustering was and food crops irrigated with wastewater in
obtained. The first cluster contains C. cornucopi- Beijing, China. .E”Wm” Pollut, 152(3)3.686—92-

oides, M. esculenta and T. equestre while the second 3. USEPA (2010). Risk Based Concentration Table.

United States Environmental Protection
Agency. Philadelphia, Washington.

4. European Commission (EC) (2008). Commis-
sion Regulation No 629/2008 of 2 July 2008
Amending Regulation (EC) No 1881/2006

cluster contains Lactarius deliciosus, A. caesarea, Bo-
letus pinophilus, C. cibarius, C. anrora and C. tubae-
Sformis (Fig. 1c).
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