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Article 
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31000Osijek, Croatia 
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* Correspondence: nrfajdetic@unisb.hr 

Abstract: The aim of this study was to determine the concentration of heavy metals Cd, Pb, and 
essential trace elements Zn, Fe in the button mushroom fruits depending to the growing substrate 
quality (substrate A and B) and time of picking (mushroom picking stages). Beside that based on the 
results obtained, the accumulation coefficient of the studied elements from the substrate into the 
mushroom fruiting bodies was determined. The measurement results for Fe, Zn, and Pb 
concentrations in mushrooms grown on substrate A indicated an increase in their levels toward the 
end of the production cycle, while Cd concentrations remained unchanged. In mushrooms cultivated 
on substrate B, the concentrations of Fe, Zn, and Pb increased toward the end of the production cycle, 
while the concentration of Cd decreased. The highest accumulation coefficient in mushrooms grown 
on substrate A was recorded for Zn, with a value of 0.66. The lowest accumulation coefficient in 
mushrooms from substrate A was recorded for Fe at 0.04, while the coefficients for Pb and Cd were 
0.14 and 0.30, respectively. In mushrooms grown on substrate B, the accumulation coefficient was 
highest for Cd at 1.45, while the lowest was observed for Fe at 0.06. The coefficients for Pb and Zn 
were 0.08 and 0.78, respectively. It can be concluded that concentrations of heavy metals significantly 
depended on the substrate origin. Although the accumulation of Cd in button mushroom fruit from 
substrate B was almost five times higher than from the substrate A all determined values were below 
the RDA limits set by the European Commission Regulations EC No. 466/2001. 
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1. Introduction 

Food safety is a crucial strategic priority throughout Europe, as foodborne hazards pose a direct 
risk to human health. These hazards can originate from biological, chemical, or physical sources. 
Among the chemical contaminants, heavy metals are of particular concern due to their potential 
toxicity. Heavy metals are a group of mineral elements that can have harmful effects on health, and 
they are categorized as either essential or potentially toxic trace elements in the human diet. Essential 
trace elements include iron (Fe), zinc (Zn), manganese (Mn), and molybdenum (Mo), while 
potentially toxic trace elements include cadmium (Cd), lead (Pb), mercury (Hg), nickel (Ni), 
chromium (Cr), cobalt (Co), and copper (Cu). Heavy metal pollution is a major environmental 
concern that impacts ecosystems, including aquatic systems, microorganisms, and human health. 
These metals are non-biodegradable and tend to accumulate in biological systems, such as 
mushrooms, plants and aquatic organisms [1]. Many studies have examined the presence of heavy 
metals in edible mushrooms and assessed the associated risks [2–6]. Recently, a growing body of 
research has focused on the rising concentrations of toxic heavy metals in mushrooms, with particular 
attention given to the accumulation of these harmful substances [7–13]. Cadmium contamination in 
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soil can arise from both natural and anthropogenic sources, such as industrial emissions, fertilizers, 
and sewage sludge. This contamination increases Cd uptake by crops, vegetables, and mushrooms 
intended for human consumption. [14]. Prolonged exposure to potentially toxic elements can lead to 
a range of adverse health effects, including an elevated risk of cancers (such as gastric, breast, lung, 
and renal cancers), reproductive disorders, skin conditions, and pain in the bones and muscles [15–
17]. While some heavy metals like Zn and Fe are essential for living organisms, others, such as Cd 
and Pb, have no known biological function [18]. Dunkwal et al. [19] noted that mushrooms, due to 
their low caloric value and high content of proteins, vitamins, and minerals, can play a significant 
role in alleviating protein deficiencies, especially in developing countries like India. Cd and Pb are 
heavy metals of significant concern due to their toxicity to both humans and animals [20]. The 
primary route of exposure to these metals for most individuals is through the consumption of 
mushrooms or plant-based foods. Previous studies indicate that toxic elements can severely harm the 
human body; cadmium (Cd) is toxic to the kidneys and cardiovascular system, while lead (Pb) 
damages the central nervous system and reduces IQ in children [21]. Zn and Fe on the other hand, 
are among the most abundant essential trace elements in the human body, playing a vital role in cell 
function and human health [22]. Iron deficiency, often caused by inadequate dietary intake or 
impaired absorption, is a leading contributor to malnutrition. While mushrooms are an excellent 
source of iron, they are not yet widely recommended by nutritionists as part of an iron-rich diet [23]. 
Recent research has focused on the concentrations of various nutrients in mushroom fruits and their 
role in preventing several diseases [24]. Since edible mushrooms accumulate Pb, Cd, Hg, and As, and 
cause serious harm to humans, it is necessary to evaluate contamination and human exposure to 
them. The most widely cultivated mushroom globally is Agaricus bisporus (button mushroom), 
followed by Lentinus edodes, Pleurotus species, and Flammulina velutipes [25]. Button mushrooms play 
an important role as both a nutritional and functional food [26]. The substrate used in mushroom 
cultivation is typically made from calcite, horse and chicken manure, and straw, all of which must 
undergo fermentation and pasteurization before mushroom mycelium is added [27]. The wheat straw 
used in mushroom substrate preparation [28,29] can come from various sources. Mushroom 
production in controlled environments presents significant challenges and requires a thorough 
understanding of production technologies as well as high-quality substrates to achieve optimal 
results. The ratio and quality of the substrate ingredients, along with production methods, are critical 
factors in producing high-quality mushrooms. Wheat straw is often sourced from areas near compost 
factories, where soil chemical properties can influence the quality of the substrate. Additionally, the 
translocation of essential and trace elements from the substrate to the mushroom fruit is closely linked 
to their concentrations in the substrate [30]. Heavy metal accumulation in mushroom, plants and soils 
from both natural and artificial sources raises significant environmental pollution concerns. These 
metals accumulate in the biological environment through the food chain. Increased accumulation in 
living organisms can lead to morbidity and mortality [31–33]. Studies [34,35] indicate that potentially 
toxic elements pose a significant challenge in agroecosystems, especially in mushroom cultivation 
settings. Agaricus bisporus is known to bioaccumulate several heavy metals, including lead (Pb), 
cadmium (Cd), mercury (Hg), iron (Fe), copper (Cu), manganese (Mn), and zinc (Zn) [36]. Therefore, 
the aim of this study was to investigate the transport of heavy metals (Cd, Pb) and essential elements 
(Zn, Fe) into button mushroom fruiting bodies from different substrates. It sought to determine the 
concentrations of Pb, Cd, Zn, and Fe in mushrooms based on the substrate type (substrates A and B) 
and the harvesting time. Additionally, the study determined the accumulation coefficients of these 
elements during their transfer from the substrate to the mushrooms. 

2. Materials and Methods 

The study was conducted during the four cycles of button mushrooms vegetation on two types 
of substrates for the mushrooms production. Both substrates are produced in the European Union, 
one in Eastern Europe (substrate A) and the other in the North (substrate B) and they are commonly 
use in Croatian button mushroom production. 
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In each cycle of vegetation were three stages of mushroom picking: initial, middle, and end. The 
experiment was set up in four repetitions according to completely randomized block design with two 
factors. In each repetition two briquettes of inoculated substrate with the surface area of 38 cm x 58 
cm, weighing 36 kg were used. Production was monitored through four cycles of button mushroom 
vegetation, so the entire study included 128 substrate briquettes. Mineral analyses for substrate and 
mushrooms were carried out in Laboratory for soil at Faculty of agrobiotechnical sciences Osijek, 
Department for Agroecology and environmental protection. 

Substrate Sampling and Preparation 

Briquettes of substrates were weighed at the beginning and at the end of each production cycle 
to determine the change in weight. 

Samples were collected in an amount of about 5 kg, and divided into two sub-samples for 
analysis [37–39]. Part of the sample was oven dried at 75 ± 2°C for 48 hours or until constant weight 
according to the method Tmecca (Test Methods for the Examination of Composting and Compost, 
[40], homogenized, ground, sieved through a sieve of 1 mm [39] and stored in paper bags in 
desiccator. In dry samples the following analysis were made: ash content, organic carbon, and macro- 
and microelements content. 

The rest of the samples stored in polyethylene bags and stored in a refrigerator at 5°C. The fresh 
samples were conducted for the following analysis: dry matter, pH, electric conductivity (EC), total 
nitrogen, mineral nitrogen and physical properties. Chemical analysis of the fresh samples were 
performed within 48 hours. 

Determination of Zn , Fe, Cd and Pb in Substrate 

The basic solution to determine the concentration of trace elements and heavy metals was 
prepared by sample digestion with aqua regia [40] and the concentration of the elements was 
determined by Perkin Elmer ICP-OES (Zn, Fe, Cd, Pb). 

Button Mushroom Sampling 

Mushrooms were collected in three picking stages (initial, middle, end) during each production 
cycle for a total of 32 samples per picking stage (total of 96 samples per production cycle). After 
picking, mushrooms were manually separated into two parts in order to determine the mineral 
composition: cap and rate and then weighed to determine the mushrooms yield. About 1500 g button 
mushrooms were sent to a laboratory where button mushrooms were dried, milled, and stored in 
paper bags. The prepared samples were analyzed for their content of essential trace elements (Zn and 
Fe) and heavy metals (Pb and Cd). 

Determination of Zn , Fe, Cd and Pb in Button Mushrooms 

The samples of mushrooms were prepared for measuring the concentration of heavy metals by 
sample digestion with aqua regia. Sample mass of 1 g sample was weighed into a teflon flask, topped 
with 9 ml of 65% HNO3 and 2 ml of 30% H2O2. After digestion in the microwave oven, the sample 
solution was filtered through a fluted filter paper twice in a 50 ml flask. The sample solution was 
filled up to measuring mark on the flask with distilled water. Concentrations of heavy metals (Cd, 
Pb) in the solutions were determined by direct measurement with Perkin Elmer ICP-OES according 
to absorption technique. 

ICP-OES Analysis 

Measurement on ICP-OES was obtained from three analytical replicates for each element. 
Technical data and working conditions of the ICP-OES were: 

ICP producer: Perkin Elmer 2100DV, cyclonic spray chamber, Meinhard type A 
RF power: 1500 W 
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Plasma gas flow rate (Ar): 15 L per min (axial) 
Auxiliary gas flow rate (Ar): 0.2 L per min 
Reading time: 5 sec 
Nebulizer flow: 0.65 l per min 

Data Analysis 

The results were statistically analyzed using SAS 9.01 software for Windows (SAS Institute Inc., 
Cary, NC, USA). Significant differences were tested by ANOVA to assess the differences between 
elements and mushrooms parts. When statistically significant differences were determined (p‹ 0.01) 
the means were further separated using Fisher`s multiple range test. All results were presented as 
mean values. 

3. Results and Discussion 

3.1. Mineral Elements in Substrate 

The major substrate properties (pH, EC, dry matter -DM) for substrate A as well as macro 
elements (N, C, P, K) content and C/N ratio are shown in Table 1. 

Table 1. Chemical properties of substrate A. 

Cycle 
vegetation 

Substrate 
pH (H2O) 

1:10 
EC mS/cm 

1:5 
DM  
%  

N  
%  

C  
%  

C/N 
 P  
%  

K  
%  

I 
Substrate 

A 6.16 8.27 
46.8

3 
2.4
9 

25.9
7 

10.4
7 

1.9
1 

1.0
9 

II 
Substrate 

A 6.07 8.55 
47.4

6 
2.2
7 

25.4
6 

11.2
4 

1.9
3 

1.0
9 

III 
Substrate 

A 6.26 8.05 
46.5

1 
2.4
9 

25.9
7 

10.4
7 

1.9
4 

1.0
9 

IV 
Substrate 

A 6.25 8.06 
46.5

1 
2.2
5 

24.2
3 

10.7
4 

1.9
2 

1.0
9 

Average 
Substrate 

A 6.19 8.23 
46.8

3 
2.3
8 

25.4
1 

10.7
3 

1.9
3 

1.0
9 

The major substrate properties varied by vegetation cycle from 6.07 (cycle vegetation II) to 6.26 
(cycle vegetation III) with average of 6.19 for pH, from 8.05 to 8.55 mS/cm with average of 8.23 mS/cm 
for EC and from 46.51 to 47.46 % with average of 46.83 % for DM content. Content of macro elements 
were very similar for each vegetation cycle and in average was: 2.38 % N, 25.41 % C, 1.93 % P, 1.09 % 
K, and C/N ratio was 10.73. 

Trace elements and heavy metals concentrations in substrate A are shown in Table 2. The greater 
variability was found in concentrations of heavy metals by the vegetation cycle especially for Zn, Fe 
and Pb while the concentrations of Cd were almost the same in all four vegetations cycles. 
Concentrations of essential and toxic heavy metals in substrate A were: Zn from 150.26 to 163.99 
mg/kg with average of 155.38 mg/kg, Fe from 1596.21 to 3361.49 mg/kg with average of 2695.99 
mg/kg, Pb from 0.97 to 2.26 mg/kg with average of 1.67 mg/kg and Cd from 0.13 to 0.15 mg/kg with 
average of 0.14 mg/kg. 

Table 2. Trace elements and heavy metals concentrations in substrate A (mg/kg). 

Cycle vegetation Substrate Zn   Fe  Pb  Cd  

I Substrate A 163.99 1596.21 0.97 0.15 
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II Substrate A 155.20 2464.11 1.19 0.13 
III Substrate A 151.47 3362.16 2.26 0.15 
IV Substrate A 150.86 3361.49 2.26 0.15 

Average Substrate A 155.38 2695.99 1.67 0.14 
According [41] ideal pH of fresh substrate for the production of mushrooms is pH = 6, 6, C/N 

ratio from a minimum of 10:1 to a maximum of 15:1 ideally 13:1. Average N content in the substrate 
for the mushrooms production is an average of 1.12% (wet condition) and 2.65% (dry condition), C 
of a minimum 10.60% up to a maximum of 18.80%, 0.29% P (wet) and 0.69% (dry) and P from 
minimum 0.8% to a maximum of 1.3%. The average concentrations of Fe ranges from a minimum of 
0.04% to a maximum of 0.57% and a minimum of Zn<0.01 up to a maximum of 0.15%. EC fresh 
compost is 13.30 dS m-¹. According to “The regulation of the agricultural land protection from 
pollution in Croatia”, maximum permissible Pb concentration in the substrate for mushroom 
production is 100 mg/kg and Cd 2 mg/kg [42]. 

The results indicate that Substrate A, based on its chemical properties, is a typical substrate for 
mushroom production, characterized by a slightly lower EC value and higher phosphorus content. 

The major properties for substrate B as well as macro elements content are shown in Table 3 
while trace elements and heavy metals concentrations in substrate B were shown in Table 4. 
Variations of chemical properties in vegetation cycles for substrate B were low and the results were: 
pHH2O from 5.96 to 6.21 with average 6.12, EC from 7.29 to 8.03 mS/cm with average 8.23 mS/cm and 
DM content from 41.97 to 43.27 % with average 42.64 %. Content of macro elements were: N from 
2.30 % to 2.38 % with average 2.33 %, C from 25.64 % to 29.81 % with average 27.89 %; P from 1.73 % 
to 1.75 % with average 1.72 %, K from 1.01 % to 1.04 % with average 1.03 % and C/N ratio from 11.04 
to 12.84 with average 11.96. 

Table 3. Chemical properties of substrate B. 

Cycle 
vegetation 

Substrate 
pH (H2O) 

1:10 
EC mS/cm 

1:5 
DM  
%  

N  
%  

C  
%  

C/N 
 P  
%  

K  
%  

I 
Substrate 

B 5.96 8.03 
42.0

7 
2.3
2 

29.8
1 

12.8
4 

1.6
9 

1.0
1 

II 
Substrate 

B 6.09 9.18 
41.9

7 
2.3
0 

25.6
1 

11.1
1 

1.7
3 

1.0
3 

III 
Substrate 

B 6.21 7.29 
43.2

7 
2.3
2 

29.8
1 

12.8
4 

1.7
5 

1.0
4 

IV 
Substrate 

B 6.21 7.33 
43.2

7 
2.3
8 

26.3
4 

11.0
4 

1.7
2 

1.0
2 

Average 
Substrate 

B 
6.12 7.96 

42.6
4 

2.3
3 

27.8
9 

11.9
6 

1.7
2 

1.0
3 

Table 4. Trace elements and heavy metals concentrations in substrate B (mg/kg). 

Cycle vegetation Substrate  Zn   Fe  Pb  Cd  
I Substrate B 127.24 1438.23 2.66 0.22 
II Substrate B 105.61 1216.62 2.78 0.16 
III Substrate B 121.89 1701.86 3.09 0.21 
IV Substrate B 122.89 1702.53 3.06 0.23 

Average Substrate B 119.41 1514.81 2.90 0.21 
Similar to substrate A, substrate B also exhibited greater variability in heavy metal 

concentrations across vegetation cycles. Therefore, concentrations of essential and toxic heavy metals 
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in the substrate B were: Zn from 105,61 mg/kg to 127.24 mg/kg with average of 119.41 mg/kg, Fe from 
1216.62 mg/kg to 1702.53 mg/kg with average of 1514.81mg/kg, Pb from 2.66 mg/kg to 3.09 mg/kg 
with average of 2.90 mg/kg and Cd from 0.16 mg/kg to 0.23 mg/kg with average of 0.21 mg/kg. 

No significant differences were identified in the basic chemical properties between Substrate A 
and Substrate B but there was significant difference in the concentrations of heavy metals. Substrate 
A had higher concentrations of essential heavy metals (Zn and Fe), whereas substrate B contained 
higher levels of toxic heavy metals (Pb and Cd). The assumption is that the straw used for producing 
substrate B was sourced from areas near roads or smelting industries, where significant lead-acid 
residues are generated and subsequently accumulate in the straw. In contrast, the producer of 
substrate A likely collected straw from rural areas, given its geographical orientation toward less 
industrialized regions of Europe. According to the Declaration of the mushroom substrate 
production, maximum permitted level of lead in the substrate for the mushrooms production is 100 
mg/kg of dry matter and cadmium is 2 mg/kg, same as prescribed by „The regulation of the 
agricultural land protection from pollution“ so, it can be concluded that both substrates have Pb and 
Cd concentrations bellow the prescribed limits and they were suitable for the button mushrooms 
production. 

3.2. Mineral Elements in Button Mushroom Fruits 

During the research, concentrations of essential (Fe mg/kg, Zn mg/kg,) and toxic heavy metals 
(Cd mg/kg and Pb mg/kg) in produced button mushroom fruits were investigated. Uddin et al. [43] 
noted that mushrooms have been regarded as an important component of the human diet since 
ancient times, primarily because they are an excellent source of protein and contain on average: 3g / 
100g carbohydrates, 1.98g / 100g fat, 0.34g / 100g fiber, vit. B₁ 7%, vit. B₂ 34%, vit. B₃ 24%, vit. B₆ 8%, 
vit. B₉ %, vit. B₁₂ 2%, vit. C 3% and vit. D 1%. Also, mushrooms contain an average of 0.5 mg Fe / 100 
g (4%), Mg (3%), 86 mg P / 100g (12%), 318 mg K / 100 g (7%), Zn 0.52mg / kg (5%). 

The average concentrations of heavy metals in button mushroom fruiting bodies grown on both 
substrates are presented in Tables 5–8, categorized by vegetation cycles. All results are expressed on 
dry weight. 

Table 5. The average concentrations of heavy metals in button mushroom mushrooms fruit during a vegetation 
cycle (1st month). 

Champignon fruit  
(picking stage) 

Fe 
(mg/kg) 

Zn 
(mg/kg) 

Pb 
(mg/kg) 

Cd 
(mg/kg) 

Substrate A initial 84.41 c 90.58 c 0.04 d 0.04 d 
Substrate A middle 101.98 b 114.40 a 0.16 c 0.03 d 
Substrate A end 116.14 a 116.11 a 0.33 a 0.04 d 
Substrate B initial 82.65 c 82.05 d 0.18 c 0.48 a 
Substrate B middle 90.46 cb 91.46 c 0.24 bac 0.21 b 
Substrate B end 90.77 cb 103.65 b 0.29 ba 0.11 c 

Average 94.40 99.70 0.20 0.15 

Means in each column followed by different letter(s) are significantly different (P<0,01) according to Fisher `s 
multiple range test. 

Table 6. The average concentrations of heavy metals in button mushroom fruits during a vegetation cycle (2nd 
month). 

Champignon fruit  
(picking stage) 

Fe 
(mg/kg) 

Zn 
(mg/kg) 

Pb 
(mg/kg) 

Cd 
(mg/kg) 

Substrate A initial 84.10 cd 88.58 c 0.14 c 0.04 c 
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Substrate A middle 102.10 b 115.51 a 0.14 c 0.03 c 
Substrate A end 123.14 a 110.36 ba 0.34 a 0.03 c 
Substrate B initial 79.02 d 79.42 c 0.18 c 0.49 a 
Substrate B middle 96.84 cb 88.21 c 0.23 bc 0.21 b 
Substrate B end 90.95 cbd 101.71 b 0.33 ba 0.15 b 

Average 96.02 97.30 0.45 0.16 

Means in each column followed by different letter(s) are significantly different (P<0.01) according to Fisher `s 
multiple range test. 

Table 7. The average concentrations of heavy metals in button mushroom fruits during a vegetation cycle (3rd 
month). 

Champignon fruit  
(picking stage) 

Fe  
(mg/kg) 

Zn 
(mg/kg) 

Pb 
(mg/kg) 

Cd 
(mg/kg) 

Substrate A initial 85.72 b 88.45 c 0.09 b 0.04 c 
Substrate A middle 103.47 b 112.94 a 0.12 b 0.03 c 
Substrate A end 140.53 a 109.61 a 0.37 a 0.04 c 
Substrate B initial 81.96 b 78.80 d 0.15 b 0.50 a 
Substrate B middle 95.28 b 87.77 c 0.19 ba 0.20 b 
Substrate B end 94.89 b 100.65 b 0.24 ba 0.15 b 
Average 100.30 96.37 0.19 0.16 

Means in each column followed by different letter(s) are significantly different (P<0.01) according to Fisher `s 
multiple range test. 

Table 8. The average concentrations of heavy metals in button mushroom fruits during a vegetation cycle (4th 
month). 

Champignon fruit  
(picking stage) 

Fe 
(mg/kg) 

Zn 
(mg/kg) 

Pb 
(mg/kg) 

Cd 
(mg/kg) 

Substrate A initial 85.08 a 91.57 c 0.07 d 0.04 dc 
Substrate A middle 103.56 a 119.22 a 0.15 dc 0.03 d 
Substrate A end 149.16 a 107.68 b 0.32 a 0.05 dc 
Substrate B initial 133.87 a 78.17 d 0.17 bc 0.50 a 
Substrate B middle 94.34 a 88.83 c 0.26 ba 0.22 b 
Substrate B end 91.29 a 104.90 b 0.26 ba 0.09 c 

Average 109.55 98.39 0.20 0.15 

Means in each column followed by different letter(s) are significantly different (P<0.01) according to Fisher `s 
multiple range test. 

The Table 5 presents the results of the concentration of heavy metals (Fe, Zn, Pb, and Cd) in 
button mushrooms at various picking stages, analyzed using the SAS statistical program. The 
statistical results were reported as means, with different letters used to indicate significant differences 
in metal concentrations across stages and substrates. The concentrations of Fe in Substrate A showed 
a significant increase from the initial stage to the end stage, with values of 84.41 mg/kg at the initial 
stage, 101.98 mg/kg at the middle stage, and 116.14 mg/kg at the end stage. The Fe concentration at 
the end stage (116.14 mg/kg) was significantly higher than at both the initial stage (84.41 mg/kg) and 
the middle stage (101.98 mg/kg). In Substrate B, Fe concentrations began at 82.65 mg/kg at the initial 
stage, increased slightly to 90.46 mg/kg at the middle stage, and reached 90.77 mg/kg at the end stage. 
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Substrate A showed a clear trend of increasing Zn concentration, rising from 90.58 mg/kg at the 
initial stage to 114.40 mg/kg at the middle stage and 116.11 mg/kg at the end stage. The Zn 
concentrations at the middle and end stages were significantly higher than those at the initial stage. 

In Substrate B, the Zn concentration was lowest at the initial stage (82.05 mg/kg), followed by 
91.46 mg/kg at the middle stage and 103.65 mg/kg at the end stage. Statistically, the concentrations in 
Substrate B differed significantly across stages, with the end stage (103.65 mg/kg) showing a higher 
concentration than both the initial and middle stages.. 

For Pb in Substrate A, significant differences were observed, with concentrations increasing 
from 0.04 mg/kg at the initial stage to 0.33 mg/kg at the end stage. In Substrate B, Pb concentrations 
were 0.18 mg/kg (initial), 0.24 mg/kg (middle), and 0.29 mg/kg (end). The middle and end stages were 
not significantly different, but both were significantly higher than the initial stage. 

For Cd, no significant differences were observed in Substrate A, with concentrations remaining 
at around 0.04 mg/kg (initial and end stages) and 0.03 mg/kg at the middle stage. 

In Substrate B, the Cd concentration decreased significantly from the initial stage (0.48 mg/kg) 
to the middle (0.21 mg/kg) and end stages (0.11 mg/kg). The initial stage was significantly higher than 
the middle and end stages. 

The statistical analysis revealed significant differences in metal concentrations across different 
picking stages and substrates, particularly for Fe, Zn, and Pb, while Cd shown less variation across 
stages in Substrate A but significant variation in Substrate B. 

In the second month of production, the concentration of Fe in button mushroom fruits continued 
to follow the same trend as observed in the first month, with a significantly higher concentration of 
Fe (123.14 mg/kg) recorded at the end of the picking stage on substrate A. Zn and Pb concentrations 
remained consistent with those observed in the first month. Additionally, Cd levels in the button 
mushrooms grown on substrate B remained significantly higher across all picking stages, ranging 
from 0.15 mg/kg to 0.49 mg/kg (Table 6). 

In the third month of production, no significant changes in the dynamics of heavy metal 
concentrations were observed compared to the first two months (Table 7). 

In the fourth month, a notable shift occurred. Unlike previous months, no significant differences 
in Fe concentrations were observed across any picking stage. The concentrations of other elements 
remained consistent with earlier months, while Cd concentrations in button mushrooms from 
substrate B continued to display statistically higher values (Table 8). 

Haldimann et al. [44] investigated heavy metal concentrations across all picking stages of 
cultivated mushrooms (Agaricus bisporus) and compared them to those in wild-grown counterparts. 
The study found that heavy metal concentrations were significantly higher in wild-grown 
mushrooms. This difference is attributed not only to the substrate but also to the age of the mycelium. 
In wild mushrooms, the mycelium can persist for years, whereas in cultivated mushrooms, it 
typically lasts only a few months. 

As a result, Cd and Hg are present in significantly lower concentrations in cultivated 
mushrooms compared to wild mushroom species. Generally, microelements can accumulate in 
mushroom fruiting bodies either directly from the atmosphere or through the mycelium from the soil 
[45]. For elements as Cd, As and Ni basic accumulation way is through the mycelium [46,47]. Tuzen 
et al. [35] claim that the accumulation of lead is mostly from the air. Garcia et al. and Kalac et al. 
[48,49] were observed that environmental conditions significantly influence the accumulation of 
heavy metals in mushrooms. Key factors include organic matter content, pH, heavy metal 
concentrations in the soil and substrate, fungal species, fruit morphology, developmental stage, 
mycelium age, and its biochemical composition. According to the European Commission Regulation 
EC No 466/2001 maximum allowed amount of Pb in mushrooms is 0.3 mg / kg and 0.2 mg Cd / kg 
wet weight [42]. Given that mushrooms are consumed fresh, translating all results to wet weight 
reveals that Cd and Pb levels were below the maximum prescribed limits. The Cd and Pb 
concentrations in mushroom fruiting bodies from both substrates are within the permissible limits, 
as shown in Figures 1–4. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 February 2025 doi:10.20944/preprints202502.1007.v1

https://doi.org/10.20944/preprints202502.1007.v1


 9 of 15 

 

 

Figure 1. Cd and Pb concentration in the mushroom fruits from the substrate A compare with the permissible 
limits (wet weight). 

 

Figure 2. Cd and Pb concentration in the mushroom fruits from the substrate A compare with the permissible 
limits (wet weight). 
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Figure 3. Cd and Pb concentration in the mushroom fruits from substrate B compare with the permissible limits 
(wet weight). 

 

Figure 4. Cd and Pb concentration in the mushroom fruits from substrate B compare with the permissible limits 
(wet weight). 

3.3. The Accumulation Coefficients of Essential and Toxic Heavy Metals in Button Mushroom Fruits 

The accumulation coefficients of essential and heavy metals from the substrate to the button 
mushroom fruits are obtained by the formula: 

Ka = Cm / Cs 
where Cm means concentration of heavy metals in the button mushroom fruits, and Cs means the 
concentration of heavy metals in the substrate 

The accumulation coefficients of heavy metals in button mushroom fruiting bodies are presented 
in Table 9 for Substrate A and Table 10 for Substrate B. 

Table 9. The accumulation coefficients of heavy metals accumulation in button mushroom fruits from the 
substrate A. 
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Heavy 

metals 

Vegetation cycle  
substrate A 

Average I II III IV 

Accumulation coefficients 

Fe 0.07 0.03 0.03 0.03 0.04 

Zn 0.61 0.69 0.67 0.69 0.66 

Pb 0.24 0.23 0.03 0.07 0.14 

Cd 0.28 0.33 0.33 0.25 0.30 

Table 10. The accumulation coefficients of heavy metals accumulation in button mushroom fruits from the 
substrate B. 

Heavy 

metals 

Vegetation cycle  
substrate B 

Average 
I II III IV 

Accumulation coefficients 

Fe 0.07 0.07 0.05 0.07 0.06 

Zn 0.70 0.86 0.74 0.83 0.78 

Pb 0.10 0.08 0.05 0.09 0.08 

Cd 1.35 1.75 1.47 1.23 1.45 

Across all vegetation cycles, the highest accumulation coefficient of heavy metals in button 
mushroom fruits grown on Substrate A was recorded for Zn, with an average value of 0.66. The 
lowest accumulation coefficient, recorded for Fe, was 0.04 and remained consistent across all four 
vegetation cycles. The greatest variability in accumulation coefficients across the vegetation cycles 
was seen for Pb, with an average coefficient of 0.14. The accumulation coefficient for Cd was 0.30, 
showing minimal variability between the cycles. When comparing two heavy metals with similar 
modes of translocation—Zn (essential) and Cd (toxic)—the results indicated that the accumulation 
coefficient for Zn in button mushroom fruits was 2.2 times higher than that for Cd (Table 9). 

The accumulation of heavy metals in button mushroom fruits from substrate B was higher for 
all elements, except Pb, compared to the accumulation coefficients observed for substrate A. The 
accumulation coefficients for substrate B were as follows: 0.06 for Fe, 0.78 for Zn, and 1.45 for Cd, 
while the coefficient for Pb accumulation was lower at 0.08. For Pb, there was also significantly less 
variation in accumulation coefficients across the vegetation cycles in mushrooms grown on substrate 
B, compared to those from substrate A. The accumulation ratio for Cd in substrate B was 4.8 times 
higher than that for mushrooms grown on substrate A. When comparing the two heavy metals with 
similar modes of translocation—Zn (essential) and Cd (toxic)—the accumulation coefficient for Cd in 
button mushroom fruits was, on average, 1.85 times higher than for Zn (Table 10). Manzi et al. and 
Bucurica et al. [50,51] wrote that different heavy metals like As, Cd, Ni, and Hg accumulate in 
mushrooms in a greater concentration and they are toxic to human health. In contrast, elements such 
as Fe, Zn, Mn, Cu, and Cr serve as activators of enzymes essential for normal human metabolism, but 
they are accumulated in lower concentrations in mushroom fruits. These essential elements become 
toxic in situations when their concentrations increase above permissible concentrations. Mushroom 
substrate producers and mushroom producers should be aware of all these facts throught the 
production process, because these are ultimately reflected in environmental pollution and human 
health. 

4. Conclusions 
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All analyzed elements were influenced by the substrate’s origin, and a positive transfer of 
elements from the substrate to the button mushrooms was determined. The results were also used to 
calculate the accumulation coefficient for each element, which reflects the transfer from the substrate 
to the button mushrooms, providing an additional scientific contribution to this research. Among the 
elements studied, the highest accumulation coefficient was recorded for Zn (0.78) on substrate B, 
while the lowest was for Fe (0.04) on substrate A. The accumulation coefficient for Pb was 0.14 on 
substrate A and 0.08 on substrate B. Notably, the highest overall coefficient was 1.45, associated with 
Cd on substrate B, while the Cd accumulation coefficient on substrate A was 0.30. Although the Cd 
accumulation in button mushroom fruits grown on substrate B was nearly five times higher than on 
substrate A, all measured values remained well within the recommended dietary allowance (RDA) 
limits established by the European Commission Regulations (EC No. 466/2001). 

This research provides a complementary perspective by deepening the understanding of how 
mushroom consumption impacts human health in two key ways: the positive effects of Fe and Zn 
accumulation, and the potential risks associated with Cd and Pb accumulation. Given that the 
substrate’s origin significantly influences the accumulation of heavy metals, the choice of substrate 
becomes a critical factor. Mushroom producers hold a pivotal role in controlling the levels of heavy 
metals that enter the food chain, highlighting their responsibility in ensuring food safety and quality. 

The complementary aspect of this research lies in enhancing the understanding of how 
mushroom consumption affects human health from two perspectives: the beneficial impact of Fe and 
Zn accumulation, and the detrimental effects of Cd and Pb accumulation. 

Since the substrate serves as the primary source of heavy metals in mushrooms, producers play 
a decisive role in selecting substrates, and thus influence on the content of heavy metals in button 
mushrooms. Since the substrate’s origin influences the accumulation of heavy metals, mushroom 
producers play a crucial role in determining the level of heavy metals entering the food chain through 
their choice of the substrate. 
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