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Abstract 

The concentrations of seven trace elements (cadmium, cooper, zinc, lead, chromium, iron and nickel) and two macroelements 
(calcium and magnesium) were determined in two edible species of mushrooms (Boletus edulis and Hymenochaete 
rubiginosa) collected from adjacent zones of two urban areas. The concentration of the chemical elements was determined by 
atomic absorption spectroscopy. In the area with high degree of soil contamination the mushrooms samples presented the 
highest contamination with heavy metals. 
 
Rezumat 

Cu ajutorul spectroscopiei de absorbţie atomicǎ s-a determinat concentrația a şapte metale grele (cadmiu, cupru, zinc, plumb, 
crom, fier şi nichel) şi a douǎ macroelemente (calciu şi magneziu) din douǎ specii de ciuperci comestibile (Boletus edulis şi 
Hymenochaete rubiginosa) recoltate din împrejurimile a douǎ zone urbane. În zonele cu nivel mare de poluare a solului s-a 
constatat o contaminare crescutǎ cu metale grele şi în probele de ciuperci recoltate. 
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Introduction 

The soil pollution with heavy metals may pose risks 
to human health by drinking contaminated water, 
reduction of food quality (safety and marketability) 
and reduction of the land usability for agricultural 
production causing food insecurity. 
The soil contamination with heavy metals can originate 
from a wide variety of anthropogenic sources in the 
form of metal mine tailings, disposal of high metal 
wastes in improperly protected landfills, leaded gasoline 
and lead-based paints, land application of fertilizer, 
animal manures, pesticides, coal combustion residues, 
petrochemicals, the aerial emission of lead from the 
combustion of petrol containing tetraethyl lead and 
atmospheric deposition. Increased concentrations of 
zinc and cadmium are also increased in soils adjacent 
to roads, the sources being tyres, and lubricant oils 
[1-5]. 
Mushrooms, comparing to green plants, are capable of 
bio-accumulating more heavy metals found in the 
surface soil level. Many vegetarians consume them 
as a source of protein instead of meat or fish. Their 
cultivation is not common and edible species are 
mostly collected from nature, being also important 
as therapeutic vegetal resources [2, 4]. 
Several studies sustain the mushrooms capacity to 
concentrate several elements from the environment 

including heavy metals. For example, the amount of 
mercury in mushrooms (Boletus edulis) from Krompachy 
(mercury plant, Czech Republic) was 3200 µg/g dry 
matter, where the amount of this element for low 
contaminated areas was 2300 µg/g [3, 4]. 
The contamination of mushrooms depends of many 
factors including the type of species and the level of 
soil contamination where the mushrooms grow. 
Scientific literature sustains the bioindicator potential 
of mushrooms, which can be used in environmental 
protection due to their composition correlated with 
the field pollution level for some heavy metals [6-
10].  
Several studies are mentioning the commonly used 
methods for heavy metals determination in soils, 
phosphorus rocks, seawater, plants, biologic materials, 
steels and cast iron such as inductive coupled plasma - 
mass spectrometry, inductive coupled plasma - atomic 
emission spectrometry, atomic absorption spectrometry 
with flame or electrothermal atomization, spectro-
photometric methods, X-ray fluorescence, electro-
chemically with ultra-microelectrodes, anodic stripping 
voltammetry [11-16]. 
The study aims to determine the level of calcium, 
magnesium and some heavy metals in the soil of 
two urban areas and two edible mushrooms species 
growing in the same ground. The correlation between 
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the chemical composition of soil and the mushrooms 
was also considered for analyses in order to identify 
potential bioindicators of heavy metal soil pollution. 
 
Materials and Methods 

The concentrations of seven trace elements (cadmium, 
cooper, zinc, lead, chromium, iron and nickel) and 
two macroelements (calcium and magnesium) were 
determined in both two edible species of mushrooms 
(Boletus edulis and Hymenochaete rubiginosa) and 
respectively soil samples where the mushrooms were 
grown. 
The mushrooms were collected from adjacent zones 
of two neighbouring cities (noted soil 1 and soil 2) 
during September - November 2017. The samples 
from the two species of mushrooms were analysed from 
each urban area by atomic absorption spectrometry.  
In order to analyse the concentrations of heavy metals, 
the mushrooms samples were washed, hashed, dried 
at 105°C for 24 hours and mineralized by the wet 
digestion method (mixture of 66% HNO3 and 98% 
H2SO4). The soil samples were dried and mineralised 
by wet digestion method too. All samples were 
homogenised and 2 g of homogenate were weighed, 
placed in vessels in the ash unit with 10 mL 65% 
HNO3, 5 mL 37% HCl and 2 mL 35% H2O2 and 
gradually heated (Velp DK-6 Heating Digester) (150ºC 
for 1 h, 200ºC for 2 h, 250ºC for 1 h, 300ºC for 2 
hours). The solutions were allowed to cool at room 
temperature, transferred into 25 mL volumetric flasks 
and diluted with ultra-distilled water [6, 7].  
All used reagents were of analytical grade (Merck). 
The solutions were analysed with an atomic absorption 
spectrophotometer Shimadzu AA 6300 (air/acetylene 
flame) in order to determine the heavy metals 
concentration: cadmium (λ = 228.8 nm), cooper (λ = 
324.7 nm), zinc (λ = 213.9 nm), lead (λ = 217 nm), 
chromium (λ = 357.9 nm), iron (λ = 378 nm) and 
nickel (λ = 232 nm), calcium (λ = 422.7 nm) and 
magnesium (λ = 285.2 nm). A blank digestion solution 
was made for comparison. A standard solution for each 
element under investigation was prepared and used 
for calibration. The determinations were performed 
in triplicate for each solution. Results are expressed 
as Mean ± SD (standard deviation).  

Statistical analyses 
Biostatistical analysis was implemented using the R 
statistical software (R version 3.5.3). The multivariate 
analysis of the variance (MANOVA) was utilized 
to analyse two factors (mushrooms and area) and 
nine chemical elements found in mushrooms, using 
bootstrap approach. We analysed each dependent 
variable in relation to both factors through the two-
way analysis of variance (ANOVA) and we also 
found important descriptive statistics and confident 
intervals for the mean. Our data were verified for 
normality using Shapiro-Wilk’s test and that data 
conformed to the assumption of normality. We used, 
also, the t-student to find if there is a difference between 
samples for different concentration of some chemical 
elements and the correspondent samples from the 2 
type of soil. Finally, we analysed the influence of 
the concentration of some chemical elements from 
the soil on the concentration determined in the 
mushrooms. Statistical significance level was considered 
at 5% (p = 0.05) [17-19]. 
The normal levels for certain heavy metals in soil in 
respect to Romanian legislation according to Order no 
765/1997 of the Ministry of Waters and Forests [20] 
are: cadmium 1 µg/g, cooper 20 µg/g, zinc 100 µg/g, 
lead 20 µg/g, chromium 30 µg/g and nickel 20 µg/g. 
 
Results and Discussion 

The calcium, magnesium and heavy metal concentrations 
in analysed samples are presented in Tables I - IV. 
The relation between the soil concentration and the 
mushrooms level of the analysed chemical elements 
are presented in Figure 1. 
The data presented in Tables I - IV revealed that 
there were some differences between the chemical 
elements concentrations in soil samples collected 
from different areas due to the industrial activities 
specific of each urban zone. We observed that heavy 
metals concentrations in soil samples overtake normal 
value. The concentrations of cadmium, cooper, nickel, 
lead and zinc in the soil samples from urban area 2 
(soil 2) were exceeding the normal range. The highest 
concentrations of cooper (88.3 ± 3.1 µg/g), chromium 
(43.1 ± 1.5 µg/g) and zinc (81.2 ± 2.7 µg/g) were 
detected in the soil samples from urban area 1 (soil 1). 

Table I 
Macroelements concentrations in the analysed mushroom and soil samples 

Sample Calcium Magnesium 
Soil 1 (S1) 2900.02 ± 2.4 ppm 2300.01 ± 2.8 ppm 
Soil 2 (S2) 3400.02 ± 1.3 ppm 2800.03 ± 2.5 ppm 
Boletus sample from S1 0.62 ± 2.6 µg/g 0.71 ± 1.7 µg/g 
Boletus sample from S2 1.05 ± 1.3 µg/g 0.65 ± 1.1 µg/g 
Hymenochaete sample from S1 0.87 ± 1.2 µg/g 1.22 ± 2.2 µg/g 
Hymenochaete sample from S2 0.44 ± 3.1 µg/g 0.75 ± 2.5 µg/g 
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Table II 
Heavy metals concentration (reported at dry weight) 

in soil samples 
Chemical  
element 

Normal value  
(µg/g) 

Soil 1  
(µg/g) 

Soil 2  
(µg/g) 

Iron - 42.4 ± 1.4 55.1 ± 3.4 
Cooper 20 88.3 ± 3.1 63.2 ± 2.2 
Cadmium 1 0.3 ± 1.1 6.1 ± 2.8 
Chromium 30 43.1 ± 1.5 30.7 ± 1.7 
Nickel 20 20.9 ± 2.1 34.2 ± 1.9 
Lead 20 17.9 ± 2.5 35.6 ± 3.3 
Zinc 100 81.2 ± 2.7 271.4 ± 3.5 

 
Table III 

Heavy metals concentration (reported at dry weight) 
in Boletus edulis samples  

Element  Soil 1 (µg/g) Soil 2 (µg/g) 
Iron 10.5 ± 3.7 8.72 ± 2.8 
Cooper 9.24 ± 2.2 7.3 ± 2.1 
Cadmium 0.33 ± 2.4 3.9 ± 3.1 
Chromium 4.21 ± 1.7 3.1 ± 1.2 
Nickel 0.32 ± 1.6 0.71 ± 1.9 
Lead 0.85 ± 2.8 1.4 ± 1.4 
Zinc 1.9 ± 3.5 2.61 ± 3.4 

 
Table IV 

Heavy metals concentration (reported at dry weight) 
in Hymenochaete rubiginosa samples 

Chemical element  Soil 1 (µg/g) Soil 2 (µg/g) 
Iron 7.6 ± 2.9 9.2 ± 2.4 
Cooper 11.82 ± 3.4 8.31 ± 1.5 
Cadmium 1.21 ± 2.7 5.11 ± 1.2 
Chromium 6.5 ± 2.2 3.3 ± 2.6 
Nickel 0.22 ± 3.5 0.68 ± 2.1 
Lead 0.31 ± 3.2 1.51 ± 3.3 
Zinc 1.43 ± 2.9 2.54 ± 3.4 

 
There were also some variations of elements 
concentration in mushroom samples analysed. The 
highest concentrations of chromium (6.5 ± 2.2 µg/g) 
were detected in Hymenochaete rubiginosa samples 
from soil 1 where was founded a high concentration 
of chromium in soil, lead (1.51 ± 3.3 µg/g) and 
cadmium (5.11 ± 1.2 µg/g) in high concentrations 
were detected in Hymenochaete rubiginosa samples 
from soil 2, in change, in Boletus edulis samples from 
soil 2 (Table III) were detected the highest amounts of 
nickel (0.71 ± 1.9 µg/g) and zinc (2.61 ± 3.4 µg/g). 
The samples belonging to the soil 2 presented also 
high concentrations in lead, cadmium, nickel and 
zinc (Table II).  

Using the multivariate analysis, we analysed the 
simultaneous research of the combination of 
multiple variables. The following characteristics were 
selected for the analyses: number and type of factors 
(independent variables) and number and type of 
dependent variables. 
For the studied experiment we considered 2 factors 
presented through categorical type variables. The first 
factor characterizes the type of fungus studied (Boletus 
and Hymenochaete) and the second factor characterizes 
the area from which they were collected (noted by 
“soil 1” and “soil 2”). The dependent variables are 
of continuous type and there are nine in number, 
representing the values of the chemical element 
concentrations analysed in the study: calcium, 
magnesium, iron, copper, cadmium, chromium, nickel, 
lead and zinc, relative to the type of mushrooms 
studied and the area from which they were collected 
(Figure 1). 
The multivariate analysis of the variance (MANOVA) 
was the most suitable statistical technique for this 
experiment to separate and test the significance of 
the effects caused by the unilateral and simultaneous 
action of the two factors on dependent variables. 
Although the assumptions on the parametric test are 
fulfilled, especially the multivariate normality, the 
independence of the data and the homogeneity of 
the covariant at different levels of the factors, there 
was still a problem related to the low number of 
values relative to each sampled subgroup, which 
could create a low confidence in interpreting the 
estimated results. Thus, we applied the multivariate 
analysis of variance using bootstrap approach, due to 
the resampling technique [8] with minimal assumptions 
[7]. 
In our study we found very significant effects (p < 
0.001) for both factors and also a very significant 
interaction (p < 0.001) between the type of mushrooms 
and the soil from which it was harvested at a level 
of significance α = 0.05. 
In the situation where we had achieved significant 
effects it was important to continue the statistical 
analysis by post-hoc tests to verify which of the 
dependent variables and what level of factor are 
responsible for the level of significance obtained 
above in the multivariate case. So, we treated each 
dependent variable in relation to both factors through 
the 2-way analysis of variance (ANOVA) to compare 
the differences obtained between the averages of the 
dependent variable relative to the levels of the two 
factors. 
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Figure 1. 

Box plots considering the relation between the analysed chemical element (calcium, magnesium, cadmium, 
chromium, copper, iron, nickel, lead, zinc) and mushroom species from both soils (S1.B = Boletus sp. in soil 1, 

S2.B = Boletus sp. in soil 2, S1.H = Hymenochaete sp. in soil 1, S2.H = Hymenochaete sp. in soil 2 
 
In relation to the first factor, there were extremely 
significant differences noted between the two soils 
only for copper (p < 0.001), cadmium (p < 0.001), 

chromium (p < 0.001), nickel (p < 0.001) and zinc 
(p < 0.001). in relation to the second factor, significant 
differences were observed between the two types of 
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fungus only at magnesium (p = 0.026), iron (p = 0.006), 
copper (p < 0.001), cadmium (p < 0.001), chromium 
(p < 0.001) and lead (p = 0.07). Also, a significant 
interaction between the area factor and the fungus 
factor was observed only in calcium (p = 0.001), 
iron (p < 0.001), copper (p = 0.014), chromium (p < 
0.001) and lead (p = 0.007). 
To explain the differences between the averages of 
the samples for various chemical elements depending 
on the factor area we conducted a separate statistical 
analysis. We introduced a new variable in the statistical 
study that represents the concentration of chemical 
element for each area from which the mushrooms 
studied were collected. 
In order to demonstrate an influence of soil copper on 
the mushrooms Boletus, we performed t-student and 
for p < 0.001 the average concentrations (noted with 
m) measured in relation with the two soils (m1 = 88.3 
and m2 = 63.21) are extremely significance (Figure 2). 
Also, a significant difference was observed at a p = 
0.006 between the concentrations of copper from 
the Boletus mushrooms relative to the two studied 
areas (m1 = 9.24 and m2 = 7.29). The trend is ascendant, 

that is, the amount of copper in the soil implies a high 
amount in Boletus and therefore there is a positive 
correlation given by the Pearson coefficient 0.95 in 
soil 1 and 0.88 in soil 2 and the regression lines are 
suggestive in this case. 
 

 
Figure 2. 

The correlation between the copper concentrations in 
the mushroom species determined in both types of soil 

 
a 

 

b 

 
Figure 3. 

Proportion of errors without (a) and with (b) influence of copper concentration in soil 
 

a  b  

c  
Figure 4. 

The correlation between the nickel concentration in the Bolletus sp. (a) and Hymenochaete sp. (b) and cadmium 
concentration in Bolletus sp. (c) determined in both types of soil 
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Thus, we performed the analysis of covariance 
(ANCOVA) that involves the existence of a covariate 
(a continuous variable as independent one) that 
represents copper concentration found in the soil of 
each area under study to check how much influences 
the concentration of copper from Boletus samples. 
As a result of the ANCOVA analysis we can see 
that the covariate explains 53.7% ≅ 54% of the 
variability of the concentration of copper from Boletus 
samples to a p < 0.001 and an error of only 8%, 
unlike the situation where the covariate is missing 
and the error is 38% (Figure 3). 
Similarly, we obtain that the concentration of nickel-
soil (Figure 4) explains 53.14% of the variability of 
the concentration of nickel from the Hymenochaete 
samples to a p = 0.001 and 36.7% of the variability 
of the concentration of nickel from the Boletus 
samples to a p = 0.019. Also, we find that the 
concentration of cadmium-soil explains 73.3% of 
the variability of the concentration of cadmium from 
the Boletus samples to a p < 0.001. 
 
Conclusions 

There were some variations of trace elements amount 
between mushroom samples analysed. The calcium 
and magnesium are typical essential elements for 
different biota and these metals were usually found 
in higher concentrations than toxic elements.  
In the areas with high degree of soil contamination 
the mushrooms samples have presented the highest 
contamination with heavy metals. The highest 
concentrations of chromium were detected in 
Hymenochaete rubiginosa samples from the soil 1, 
lead and cadmium in high concentrations were detected 
in Hymenochaete  rubiginosa samples from soil collected 
in urban area 2, in change, in Boletus edulis samples 
from soil 2 were detected the highest amounts of nickel 
and zinc. An increased contamination with heavy 
metals of edible species of analysed mushrooms was 
due to the soil contamination with potential human 
health threat due to the mushroom’s consumption in 
the alimentation.  
According to the statistical analyses results, Boletus 
edulis is a potential marker of soil pollution for some 
heavy metals with toxic effect for human healthy such 
as nickel, cadmium, copper, chromium and iron. 
The most likely source of the contamination in both 
analysed urban areas was the high automobile traffics. 
Wild-growing mushrooms are valued ingredients of 
usual food or special dishes in the tradition of many 
people from those areas, but mushrooms could act as 
an effective bio-sorbent of toxic metals. Based upon 
the present safety standards, consumption of those 
mushrooms that grow in the polluted urban area 
should be avoided. 
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