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Abstract. The study was conducted on Cambisols soils and wild edible mushroom
(Suillus Luteus) from the Batak Mountain, Bulgaria. The total cadmium content in
the soils was measured after their decomposition with HCI and HNO, acids. The
mushroom samples were prepared by dry ashing and subsequent dissolution in HCL.
The cadmium levels were determined by PerkinElmer A Analyst 800 model atomic
absorption spectrometer (PerkinElmer Instruments, Shelton, CT, USA) equipped
with transversely heated graphite atomization (THGA), and a longitudinal Zeeman
effect background corrector was also used. A correlation/regression analysis was
carried out to reveal possible associations between pH, humus content, and total
cadmium content of the soils and the concentration of this element in the mushroom
samples. It was calculated BF = 0.38. BF < 1 indicates that the fungus is a metal
ion bioreactor.
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Introduction

The wild edible mushrooms are appreciated for their numerous culinary fea-
tures like taste, aroma, texture, and flavor. Generally, mushrooms are considered
a balanced food as they contain considerable amounts of nutrients, such as car-
bohydrates, proteins (all essential amino acids) and water-soluble vitamins, es-
pecially from the B-group, few fatty acids, energy, and lipids (Witkowska et al.,
2011; Dewanjee et al., 2013; Kalac, 2013; Petkovsek & Pokorny, 2013; Dospatli-
ev et al., 2018a). Mushrooms are also good sources of macro- and microelements
(Dospatliev & Ivanova, 2016; 2017a; 2017b; 2017¢). But one must be aware that
they are able to accumulate considerable amounts of toxic metals such as lead,
cadmium, or mercury. Therefore, regular consumers of mushrooms are character-
ized by higher cadmium dietary exposure than from other foods'? (Kalac, 2010;
Fang et al., 2014; Dua et al., 2015; Wang et al., 2015; Dospatliev & Ivanova,
2017a; Dospatliev et al., 2018Db).

Lead and cadmium are metals with a tendency to cumulate in living organ-
isms. Lead pollution of soils is observed mainly in industrial areas. Exposure to
lead is related to a wide range of health effects, including reduced intellectual de-
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velopment in children and increased blood pressure and cardiovascular diseases
in adults.'? (Dospatliev & Ivanova, 2017e). Cadmium is a natural constituent of
earth crust. As a result of human activity, the amounts of cadmium in the soil in-
crease. The main source of Cd exposure for non-smokers is food (90%), particu-
larly cereals and vegetables. Exceeding cadmium can negatively affect kidney
function and cause skeletal and reproductive disorders'? (Dospatliev & Ivanova,
2017e). Generally, mushrooms picked in uncontaminated areas are characterized
by lower contents of heavy metals, when compared to mushrooms growing in
contaminated soils. Heavy metal contents in mushrooms are largely dependent
on their trophic pattern, physiology of mushroom species, area of sample collec-
tion, mushroom accumulation of other metals, and the distance from the pollution
sources. Moreover, the age of mycelium and lag between fructification seem to
be further factors affecting metals content. Some mushroom species like Bole-
tus edulis tend to accumulate metals due to the presence of Cd-binding proteins
(Guerra et al., 2011; Sarikurkcu et al., 2011; Chew et al., 2016; Dospatliev and
Ivanova, 2017¢).

The aims of this study were to determine Cd contents of wild mushroom Suillus
luteus growing in the Batak mountain, and thus to Calculation of Bioaccumulation
factor (BF).

Materials and methods

The study was conducted on Cambisols soils with wild edible mushrooms.
Fifteen Cambisols soil samples were taken from a depth of 0 —20 cm. The following
Cambisols soil characteristics were determined: pH in water, humus according to
Turin (Tanov et al., 1978), total content of cadmium through decomposition by HCI
and HNO, acids, following ISO (International Organization for Standardization)
11464 standard.”

Mushroom samples were collected in 2018 from the Batak mountain. Samples
of mushroom and Cambisols soil was taken from the same place. All samples were
washed so as to remove any adhering soil particles and rinsed with distilled water,
after which they were dried at 105°C for 24 h and ground.

The preparation of mushroom samples was made by means of dry ashing and
dissolution in HCI acids. The cadmium levels were determined by PerkinElmer
AAnalyst 800 model atomic absorption spectrometer (PerkinElmer Instruments,
Shelton, CT, USA) equipped with transversely heated graphite atomization
(THGA), and a longitudinal Zeeman effect background corrector was also used.
Lumina lamp, electrodeless discharge lamp (EDL) and hollow cathode lamps were
employed as radiation sources. The operating parameters for working elements
by graphite furnace were set as recommended by the application note. Atomic
absorption spectrophotometer (AAS) graphite furnace operating parameters and
temperature programme are given in Table 1, respectively.
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Table 1. AAS parameters used

Parameters Cd
Lamp settings wavelength (nm) 228.8
Spectral band width (nm) 0.7
Lamp current (mA) 6
Furnace temperature (°C)

Drying 1 (ramp 1 s, hold 5 s) 110
Drying 2 (ramp 5 s, hold 15 s) 130
Ashing (ramp 10 s, hold 30 s) 350
Atomising (ramp O s, hold 5 s) 1500
Clean-up (ramp 1s, hold 3 s) 2450

Samples were injected into the graphite tubes using a PerkinElmer AS-800
Autosampler. The atomic absorption signal was determined in peak height mode
against a calibration curve.

Bioaccumulation factor (BF)
Bioaccumulation factor (BF): Bioaccumulation factor of heavy metals in mush-
room fruit body was calculated as:
C Q)
BF — __mushroom
C

soil
where C represents the metal concentrations in fruit and soil.

Statistical processing
SPSS (Statistical Package for Social Science) program for Windows was used
for statistical data processing.

Results and discussion

Soils

The total cadmium content in Cambisols soil ranges from 0.84 to 1.58 mg kg'!. Ac-
cording to the requirements of the Bulgarian standards for allowable cadmium content
in the Cambisols soil depending on the active soil reaction (pH) e below the limit con-
centration (0.8 — 1.5 mg kg™"). The arithmetic mean is X =1.17 mg kg™, as its value
is greater than the median (Me = 1.14), therefore there is a right-tail distribution. This
is proved by positive coefficient of skewness (Sk = 0.37). The coefficient of kurtosis
is negative (Kr = - 1.25), i.e. observed low peak height of the distribution. Not greater
dispersion of the values of Cd, the mean value cadmium to no higher values of standard
deviation (¢ = 0.26) and coefficient of variation, which reaches 22.22% (Table 2).
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Table 2. Soil properties, content of Cd in Cambisols soil and mushrooms (n = 15)

Statistical Total cpntept . Coqtent of Cd
index pH | Humus | of Cdin soil, |in Suillus Luteus, | BF
mg kg™ mg kg™
Mean 5.76 2.60 1.17 0.43 0.38
Standard Error 0.17 0.14 0.07 0.03 0.02
Median 5.85 2.68 1.14 0.44 0.36
Mode 5.45 3.15 0.96 0.44 N/A
Standard Deviation 0.65 0.56 0.26 0.10 0.09
Sample Variance 0.42 0.31 0.07 0.01 0.01
Kurtosis -1.52 | -1.38 -1.25 -1.35 -0.42
Skewness -0.15 | -0.16 0.37 0.14 -0.02
Range 1.84 1.70 0.74 1.28 0.32
Minimum 4.81 1.75 0.84 0.30 0.20
Maximum 6.65 3.45 1.58 0.58 0.52
Sum 86.41 | 39.06 17.57 6.51 5.71
Count 15.00 | 15.00 15.00 15.00 15.00
Con. Level (95.0%) 0.36 0.31 0.14 0.58 0.52
CV, % 11.28 | 21.54 22.22 23.25 23.68
Mushrooms

The levels of cadmium found in the samples varied depending on the species
of mushroom, the sample collection site and the cadmium content of the soil at the
collection site. At least four factors could affect cadmium concentrations of the ed-
ible mushrooms: species, ecology (saprophyte, wood decaying and mycorrhizal),
morphological parts and physical properties of the soil. These factors influence
metal concentrations and thus Bioaccumulation factor (BF). BF measures the rela-
tionship between the metal concentration in mushrooms and the metal concentra-
tion in the underlying soil where mushrooms grow; a BF > 1 indicates an accumula-
tion of metal ions by the mushrooms while a BF < 1 shows that the mushrooms are
bioexclusors of the metal ions (Sun et al., 2017) (Table 2).

The total cadmium content in the samples of the mushrooms species varied in the
range from 0.30 to 0.58 mg kg'. These values are several times lower than those speci-
fied in The Annex to Regulation (EC) No 1881 (2006) having in mind that the average
water content in our samples was 90%. These results comply with the data published
by other authors (Brzezicha-Cirocka et al., 2016; Stefanovic et al., 2016; Mleczek et al.,
2016; Melgar et al., 2016; Dospatliev & Ivanova, 2017a; Gasecka et al., 2017).

Cadmium contents in the most of edible mushroom species growing in unpol-
luted areas are below 2 mg kg dry matter. However, levels in Boletus aestivalis,
Leccinum scabrum, Calocybe gambosa, Armillaria mellea and Russula cyanoxan-
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tha can be up to 5 mg kg™ dry matter and in the genus Agaricus up to 50 mg kg™ dry
matter, mainly in Agaricus species (Kalac, 2010).

Heavy metal contents in mushrooms are largely dependent on their trophic pat-
tern, hysiology of mushroom species, area of sample collection, mushroom accu-
mulation of other metals, and the distance from the pollution sources. Moreover,
the age of mycelium and lag between fructification seem to be further factors affect-
ing metals content (Pefia-Fernandez et al., 2014).

Cadmium is accumulated mainly in kidneys, spleen and liver and its blood se-
rum level increases considerably following mushroom consumption (Dospatliev &
Ivanova, 2017b). Thus, cadmium seems to be the most deleterious among heavy
metals in the mushrooms. It accumulates in bones and can take in the role of cal-
cium. The average Cd present in the studied wild mushrooms was 0.43 mg kg,
which was far below the 2 mg kg for dry matter limit set.?

Correlation dependencies among pH, humus,and total quantities of Cd in cam-
bisols soil and in the mushrooms.

Correlation coefficients among soil parameters and concentration of cadmium in
mushroom are summarized in Figs. 1 — 3.

Figure 1. Correlation between the total Cd content
in Cambisols soil and Cd content in mushrooms
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Figure 2. Correlation between the Cambisols soil pH
and Cd content in mushrooms

Figure 3. Correlation between the Cambisols soil humus
and Cd content in mushrooms
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The results of the conducted correlation/regression analysis show that there are
very few statistically significant dependencies determined between the total forms
and Cambisols soil pH and cadmium concentration in the mushrooms.

Cadmium concentration in mushrooms increases linearly with the increase of
the total element content in the Cambisols soil. Determination coefficient show
that nearly 11% of the cadmium concentration in mushrooms depend on the total
cadmium content in the Cambisols soils.

Conclusions

The results of the conducted correlation/regression analysis show that there are
very few statistically significant dependencies determined between the total forms
and Cambisols soil pH and cadmium concentration in the mushrooms.

It was calculated BF = 0.38. BF < 1 indicates that the fungus is a metal ion
bioreactor.

From the obtained concentrations of heavy metals one can say that the locality
Batak mauntain is ecologically clean area and very suitable for collecting wild ed-
ible mushrooms that we can use in our daily menu.

NOTES

1. https://ec.europa.eu/food/safety/chemical safety/contaminants/catalogue/cad-
mium_en

2. https://www.who.int/foodsafety/areas work/chemical-risks/jecfa/en/

3. https://www.iso.org/standard/37718.html
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