
Introduction

The area of the Green Lungs of Poland, which clusters
regions of five provinces, is located in the northeastern ter-
ritories of Poland. The area takes its name from the fact that
it is free from big industry and is characterized by forest
lands and low urbanization. The eastern area of GLP
encompasses the territory of Podlaskie province. 

Wild edible mushrooms are appreciated for their
numerous culinary features like taste, aroma, texture, and

flavor. Generally, mushrooms are considered a balanced
food as they contain considerable amounts of nutrients,
such as carbohydrates, proteins (all essential amino acids)
and water-soluble vitamins, especially from the B-group,
few fatty acids, energy, and lipids [1, 2]. Mushrooms are
also good sources of macro- and microelements. But one
must be aware that they are able to accumulate considerable
amounts of toxic metals such as lead, cadmium, or mercury
[3, 4]. Therefore, regular consumers of mushrooms are
characterized by higher cadmium dietary exposure than
from other foods [5].
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Abstract

The aims of this study were to determine Cd and Pb contents in wild mushrooms from the eastern region

of the “Green Lungs” of Poland (GLP), compare them to Cd and Pb contents in some popular species of cul-

tivated mushrooms, and evaluate mushroom contribution to the daily intake of Cd and Pb. Trace elements

were determined in 21 species of edible mushrooms: 18 species of wild mushrooms and 3 species of cultivat-

ed mushrooms.

The mean Pb contents in wild mushrooms ranged from 0.14 µg/g dry mass (DM) in Tricholoma por-
tentosum to 2.61 µg/g DM in Russula vinosa, and for Cd from 0.10 µg/g DM in Russula heterophylla to 10.20

µg/g DM in Boletus chrysenteron. The Pb mean contents in cultivated mushrooms ranged from 0.03 µg/g DM

in Agaricus bisporus to 0.12 µg/g DM in Lentinus edodes, and for Cd – from 0.09 µg/g DM in Agaricus bis-
porus to 1.20 µg/g DM Pleurotus ostreatus.

Wild mushrooms from the eastern GLP region is generally safe with regards to Pb intake. In contrast to

Pb, the consumption of two species of wild mushrooms (Rozites caperatus and Boletus chrysenteron) may

marginally exceed provisional tolerable monthly intake (PTMI) in temporary high consumers of these fungi,

which pose a risk in Cd toxicity.
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Lead and cadmium are metals with a tendency to cumu-
late in living organisms. 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
development in children and increased blood pressure and
cardiovascular diseases in adults [6]. Cadmium is a natural
constituent of earth crust. As a result of human activity, the
amounts of cadmium in the soil increase. The main source
of Cd exposure for non-smokers is food (90%), particular-
ly cereals and vegetables. Exceeding cadmium can nega-
tively affect kidney function and cause skeletal and repro-
ductive disorders [6].

Mushrooms are not precise bioindicators of environ-
mental exposure to heavy metals [7, 8]. A high variability
of metal concentration was observed in mushrooms col-
lected from the same areas [9]. 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 collection,
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 [10]. Some mushroom species like
Boletus edulis tend to accumulate metals due to the pres-
ence of Cd-binding proteins [11, 12].

The aims of this study were to determine Cd and Pb
contents in wild mushrooms from the eastern GLP region,
compare them to Cd and Pb contents in some popular
species of cultivated mushrooms and evaluate mushroom,
contribution to the daily intake of Cd and Pb. Trace ele-
ments were determined in 21 species of edible mushrooms:
18 species of wild mushrooms and 3 species of cultivated
mushrooms.

Experimental Procedures 

Twenty-one mushroom species were analyzed, includ-
ing 3 species of cultivated mushrooms: Pleurotus ostreatus,

Agaricus bisporus, and Lentinus edodes, and 18 wild grow-
ing mushrooms: Armillaria mellea, Boletus badius, Boletus
chrysenteron, Boletus edulis, Boletus subtomentosus,
Cantharellus cibarius, Lactarius deliciosus, Leccinum
aurantiacum, Leccinum scabrum, Macrolepiota procera,
Rozites caperatus, Russula heterophylla, Russula vinosa,
Suillus bovinus, Suillus grevillei, Suillus luteus, Tricholoma
flavovirens, and Tricholoma portentosum. The wild mush-
rooms were sampled in three specimens in six communal
areas of Podlaskie Province (Fig. 1). Collected in distant
places, three specimens of each mushroom species were
analyzed. Mushrooms have been picked during the time
period 2007-10. The samples were harvested in distant
places so as to not originate from one mycelium. The pur-
chased fruiting bodies were fully developed (size typical of
each species) and non-verminated. Cultivated mushrooms
from Polish cultivations were purchased at local food mar-
kets. Wild mushrooms were identified according to The
Atlas of Mushrooms [13]. Mushroom fruiting bodies were
cleaned and cut to pieces, then dried in an air-dryer to a con-
stant mass, and afterward pulverized in a grinder. Dried
samples were stored at room temperature in a desiccator.
Approximately 0.300 g dried mushroom samples were
taken for analysis. Four milliliters of concentrated nitric
acid were added to the sample, which was than mineralized
in an automatic microwave digestion system (Speedwave,
Berghof, Germany). Lead and cadmium were assayed
using inductively coupled plasma mass spectrometry (ICP-
MS, NexION 300D Perkin Elmer, USA). The accuracy of
the ICP-MS measurements was verified by determining
metals in a certified reference material – Corn Flour INCT-
CF-3 (Institute of Nuclear Chemistry and Technology
INCT – Warsaw, Poland). Detection limits for lead and cad-
mium were as follows: 0.16 µg/l and 0.017 µg/l.
Repeatability expressed as a coefficient of variation for lead
(2.6%) and for cadmium (3.5%).

Contents of moisture were calculated for every mush-
room sample and were given in percentages. Average Pb
and Cd contents were expressed as µg/g dry mass (DM)
and fresh mass (FM). Daily intakes of Cd and Pb from
mushrooms were expressed as mg/100g FM. 
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Fig. 1. A map of the study area.



To identify the high metal-contaminated mushrooms
species, a sum of chemical Pb and Cd equivalents was cal-
culated as follows: a molecular weight of each analyzed
metal was divided by its valence, and then the mean content
of each metal in mushrooms was divided by its equivalent.
Finally, both metals in mushrooms were added up. 

Descriptive statistics (minimum, mean, maximum, and
standard deviation) were computed for the concentrations
of lead and cadmium in fungal species. Microsoft Excel
2010 Software was applied for data computation.

Results and Discussion

The average moisture contents of the studied mush-
rooms were 90.8% FM, ranging between 82% and 95.7%
(Table 1). These percentages were similar to values found
in recent reports [14, 15].

Lead and Cadmium Contents 
in Wild Mushrooms 

The average concentrations of lead (Pb) and cadmium
(Cd) in wild and commercial mushrooms species expressed
as µg/g dry mass (DM) and fresh mass (FM) are given in
Table 1.

The highest Pb level was observed in Russula vinosa
– 2.6 µg/g DM. Lead levels in the remaining wild mush-
rooms ranged from 0.1 µg/g DM in Tricholoma portento-
sum to 2.1 µg/g DM in Macrolepiota procera. Pb values
reported earlier in the literature were 0.1-13.4 µg/g DM in
Poland [16] and 0.2-1.3 µg/g DM in unpolluted areas of
other countries [3], while these from the polluted areas
reached hundreds µg/g DM [17, 18]. According to other
reports published, lead concentration in mushrooms from
unpolluted areas may vary between <0.5 µg/g and 5 µg/g
[19] with an exception of a few mushroom species with
high bioaccumulation potential, such as Macrolepiota
procera for instance. As some authors reported [8, 20],
this latter species demonstrates relatively high back-
ground levels of lead, as evidenced by the high Pb con-
centration in mushrooms obtained from unpolluted areas.
Despite the generally high concentration of lead in
Macrolepiota procera in our own study, the Pb content is
still below the tolerance limit of 3.0 µg/g DM set for cul-
tivated mushrooms in EU [20]. Mean lead content in
Macrolepiota procera in a Spanish study was similar to
our result [21]. In conclusion, Macrolepiota procera from
Podlaskie Province was characterized by very low con-
tents of Pb, but it should be mentioned that M. procera
may accumulate other metals, i.e. mercury [3], which was
not tested in this study.
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Table 1. Lead and cadmium contents tested in wild edible mushrooms. 

No. Mushrooms n Moisture %
Pb Cd

µg/g DM µg/g FM µg/g DM µg/g FM

1. Armillaria mellea 3 86.57-91.76 0.16±0.13 0.02±0.02 4.53±1.20 0.53±0.24

2. Boletus badius 3 89.23-93.55 0.59±0.37 0.05±0.03 0.51±0.24 0.05±0.03

3. Boletus chrysenteron 3 93.44-94.38 0.15±0.05 0.01±0.00 10.20±4.01 0.61±0.22

4. Boletus edulis 3 90.72-92.04 0.47±0.38 0.04±0.03 3.70±1.53 0.31±0.12

5. Boletus subtomentosus 3 88.39-92.62 0.30±0.18 0.03±0.01 0.91±0.27 0.09±0.04

6. Cantharellus cibarius 3 91.50-93.17 0.47±0.15 0.04±0.01 0.41±0.14 0.03±0.01

7. Lactarius deliciosus 3 90.79-92.11 0.34±0.17 0.03±0.02 2.79±0.65 0.24±0.04

8. Leccinum aurantiacum 3 90.50-91.53 0.38±0.20 0.03±0.02 0.44±0.26 0.04±0.03

9. Leccinum scabrum 3 83.91-91.84 0.37±0.22 0.05±0.04 0.79±0.43 0.11±0.05

10. Macrolepiota procera 3 82.00-87.06 2.08±1.80 0.30±0.21 1.76±0.78 0.26±0.09

11. Rozites caperatus 3 91.15-93.26 0.37±0.18 0.04±0.02 9.29±2.93 0.68±0.20

12. Russula heterophylla 3 92.50-94.83 2.03±1.70 0.20±0.23 0.10±0.06 0.004±0.001

13. Russula vinosa 3 86.27-90.36 2.61±2.06 0.18±0.19 0.32±0.12 0.03±0.01

14. Suillus bovinus 3 82.91-85.73 0.27±0.15 0.04±0.02 0.22±0.09 0.03±0.01

15. Suillus grevillei 3 92.38-95.73 0.21±0.09 0.01±0.01 2.28±0.56 0.13±0.01

16. Suillus luteus 3 91.32-94.22 0.33±0.03 0.02±0.00 0.58±0.27 0.04±0.01

17. Tricholoma flavovirens 3 86.30-92.09 1.39±0.62 0.15±0.11 1.11±0.37 0.11±0.03

18. Tricholoma portentosum 3 91.59-93.36 0.14±0.13 0.01±0.01 1.79±0.34 0.13±0.02



Among the mushrooms studied, Russula vinosa exhib-
ited the highest lead contents (2.6±2.1 µg/g DM). There is
a lack of literature data available, however, regarding Pb
content in this species for comparison purposes, possibly
because Russula vinosa is not a popular consumed species. 

The lowest Pb values in the present study were found in
Tricholoma portentosum and Boletus chrysenteron (0.1
µg/g DM and 0.2 µg/g DM, respectively). These values for
Tricholoma portentosum were similar (<0.6 µg/g DM) to
other studies [21], but differed for Boletus chrysenteron
from those reported in the literature, which were lower
(0.05 µg/g DM) [22] or higher (2.5 µg/g DM) [16] than our
data. As compared to the EU limits for Pb – 0.3 µg/g FM,
Pb concentrations in wild edible mushrooms in the present
study were generally low [23].

The minimum and maximum levels of the second stud-
ied metal (Cd) were between 0.1 µg/g DM in Russula het-
erophylla and 10.2 µg/g DM in Boletus chrysenteron. In a
French study cadmium concentrations in mushrooms col-
lected from control plots (unpolluted) ranged from 1 to 12
µg/g DM [8]. Some national data show even higher con-
tents of Cd in wild mushrooms – 20 µg/g DM [16]. Higher
contents of cadmium in mushrooms from unpolluted areas
may possibly be a result of high cumulative properties of
some mushroom species, which was evidenced for Boletus
chrysenteron [7]. In the present study Boletus chrysenteron
and Rozites caperatus cumulated the highest cadmium con-
tents among the mushrooms tested, exceeding 9 µg/g DM.
An Italian study [9] showed similar values for Rozites
caperatus, which was one of the most Cd-polluted species
among the studied mushrooms. According to some nation-
al reports, Boletus badius is another species that accumu-
lates Cd [16, 24, 25]. Our study did not corroborate these
findings, but evidenced that Cd content in Boletus badius
was generally low.

When compared to the literature, the Cd contents in
mushrooms in our study were about twelve times lower
than those in mushrooms growing in the vicinity of the
industrial emission sources like copper, zinc, and mercury
smelters [7, 11, 18, 26].

Generally, wild mushroom species in the present study
were characterized by low concentrations of Cd as com-
pared to the EU regulation set for mushrooms species other
than Agaricus bisporus, Pleurotus ostreatus, and Lentinus
edodes (1 µg/g FM) [23]. According to this regulation, all
samples of fresh mushrooms do not represent a risk from
cadmium exposure.

Cd and Pb Contents in Cultivated 
Mushrooms

Cd and Pb contents were assayed in the three most pop-
ular cultivated mushrooms (Table 2) and expressed on a dry
and fresh mass basis. The lowest mean lead content was
found in Agaricus bisporus (white botton mushroom) –
0.03 µg/g DM (0.002 µg/g FM), while the highest in
Lentinus edodes – 0.1 µg/g DM (0.010 µg/g FM), while the
lowest mean cadmium content was found in Agaricus bis-
porus 0.1 µg/g DM (0.01 µg/g FM), and the highest in
Pleurotus ostreatus 1.2 µg/g DM (0.10 µg/g FM).

Pb and Cd concentrations were mostly lower in the cul-
tivated than in the wild species, except Pleurotus ostreatus,
in which cadmium content was 1.2 µg/g DM, and exceed-
ed Cd contents of a few wild mushroom species:
Cantharellus cibarius, Leccinum aurantiacum, Leccinum
scabrum, Russula heterophylla, Russula vinosa, Suillus
bovinus, Suillus luteus, Tricholoma flavovirens, Boletus
badius, and Boletus subtomentosus. A Mexican study con-
cerning cultivated mushrooms (Agaricus bisporus and
Pleurotus ostreatus) demonstrated much higher contents of
Pb than these presented in our own study (in Pleurotus
ostreatus 29-fold and in Agaricus bisporus 14-fold higher)
[27]. 

Cd values determined in the cultivated mushrooms in
this study presented similar values to the literature [28, 29,
30]. In a Hungarian study cultivated mushroms demon-
strated generally higher concentrations of cadmium than
these in our own study, except Pleurotus ostreatus, which
exhibited similar Cd concentrations [31]. Considerably
higher levels of cadmium have been noted in cultivated
Chinese mushrooms [32, 33].

Summing up the collected data, the lead contents in the
cultivated mushrooms did not exceed the statutory limits of
0.3 µg/g FM established by EU [23]. The cadmium con-
centrations of assayed mushroom samples were grossly
inferior to the tolerable upper limit of 0.2 µg/g FM [23].
High values of standard deviation in most of the species
prove that great variation occurs even among individual
fruit bodies from the same region [9]. 

To indicate the most Pb- and Cd-contaminated mush-
room species, a sum of chemical equivalents was calculat-
ed (Fig. 2). The two most Pb- and Cd-contaminated species
were Rozites caperatus and Boletus chrysenteron. These
results are indicative of metal accumulative properties of
these two species.

1762 Mirończuk-Chodakowska I., et al. 

Table 2. Pb and Cd contents in the cultivated mushrooms assayed.

No. Mushrooms n Moisture %
Pb Cd

µg/g DM µg/g FM µg/g DM µg/g FM

1. Agaricus bisporus (white) 3 91.48-92.54 0.03±0.01 < 0.01 0.09±0.04 0.01±0.00

2. Lentinus edodes 3 90.94-90.76 0.12±0.05 0.01±0.00 0.42±0.09 0.04±0.01

3. Pleurotus ostreatus 3 90.93-91.91 0.03±0.01 < 0.01 1.20±0.34 0.10±0.03



Cd and Pb Dietary Intake from Mushrooms

Lead and cadmium dietary intakes from mushrooms are
presented in Table 3. To calculate the possible Pb and Cd
intakes from wild and cultivated mushrooms, a 70 kg body
mass of average consumer was used for calculations in
accordance with the EFSA Scientific Committee for adult
weight parameter [34], considering that a dish of mush-
rooms weighs 100 g FM [35]. 

The provisional tolerable weekly intake (PTWI), set by
the Joint FAO/WHO Expert Committee on Food (JECFA),
for Pb is 0.025 mg/kg body weight [36] (equivalent to
0.0036 mg/kg bw per day), resulting in a 1.50 mg Pb intake
/week for a person with a body weight of 70 kg. This result
recalculated per day gives value of 0.214 mg. With respect
to this, neither of the tested mushrooms represented a
source of Pb exposure. The calculated daily Pb dietary
intakes from wild mushrooms ranged from 0.0009
mg/100g FM in Boletus chrysenteron to 0.0295 mg/100g
FM in Macrolepiota procera and between 0.0002-0.0010
mg/100g FM in the cultivated mushrooms. Summing up,
the consumption of studied mushrooms does not represent
a risk from lead intoxication, even for the most Pb-contam-
inated mushroom assayed – Macrolepiota procera – 0.0295
mg/100g FM (equivalent to 0.2065 mg/100g per week),
because the calculated Pb intake from this mushroom was
about seven times lower than the PTWI.

The recommended provisional tolerable monthly intake
(PTMI) for Cd is 0.025 mg/kg body weight (bw), which is
equivalent to 0.0008 mg/kg bw per day [6]. An estimated
provisional daily intake (PDI) calculated for the average
consumer (70 kg) is 0.056 mg per day. 

The Cd dietary intakes per day for the tested mush-
rooms ranged from 0.0004 mg/100g FM in Russula hetero-
phylla to 0.068 mg/100g FM for Rozites caperatus in the
wild mushrooms group. The highest cadmium intakes were
calculated for Rozites caperatus – 0.068 mg/100g FM and
Boletus chrysenteron – 0.061 mg/100g FM. These Cd lev-
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Table 3. Daily Pb and Cd dietary intakes from a 100 g mush-
room portion by a 70 kg consumer.

No. Wild mushrooms
Pb 

mg/100g FM
Cd 

mg/100g FM

1. Armillaria mellea 0.0018±0.0016 0.053±0.024

2. Boletus badius 0.0045±0.0033 0.005±0.003

3. Boletus chrysenteron 0.0009±0.0003 0.061±0.022

4. Boletus edulis 0.0040±0.0030 0.031±0.012

5. Boletus subtomentosus 0.0027±0.0012 0.009±0.004

6. Cantharellus cibarius 0.0037±0.0013 0.003±0.001

7. Lactarius deliciosus 0.0029±0.0016 0.024±0.004

8. Leccinum aurantiacum 0.0026±0.0020 0.004±0.003

9. Leccinum scabrum 0.0049±0.0042 0.011±0.005

10. Macrolepiota procera 0.0295±0.0213 0.026±0.009

11. Rozites caperatus 0.0036±0.0017 0.068±0.020

12. Russula heterophylla 0.0198±0.0231 0.0004±0.0001

13. Russula vinosa 0.0183±0.0190 0.003±0.001

14. Suillus bovinus 0.0042±0.0022 0.003±0.001

15. Suillus grevillei 0.0013±0.0007 0.013±0.001

16. Suillus luteus 0.0023±0.0003 0.004±0.001

17. Tricholoma flavovirens 0.0154±0.0109 0.011±0.003

18.
Tricholoma 
portentosum 0.0010±0.0008 0.013±0.002

No.
Commercial 
mushrooms

Pb 
mg/100g FM

Cd 
mg/100g FM

1. Agaricus bisporus
(white)

0.0002±0.0001 0.001±0.0001

2. Pleurotus ostreatus 0.0003±0.0001 0.010±0.003

3. Lentinus edodes 0.0010±0.0004 0.004±0.001

Fig. 2. The sum of chemical Cd and Pb equivalents in the wild mushrooms tested. 
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els may marginally exceed the PTMI set for Cd. In culti-
vated mushrooms daily Cd dietary intakes were low –
0.001-0.010 mg/100 g FM.

It can be concluded that the consumption of wild-grown
or cultivated mushrooms is safe with regarded to Pb expo-
sure for humans. Two species of wild mushrooms tested,
however, may pose a risk with regard to Cd toxicity.
Among the mushrooms exceeding limits set by the EU
were: Rozites caperatus and Boletus chrysenteron. In a
good mushroom year, large servings of Rozites caperatus
and Boletus chrysenteron may cause short-term (few weeks
up to one month) exposure of the wild mushroom fanciers
to elevated Cd doses exceeding the PTMI.

Generally, mushrooms are not advised to be eaten raw
[37]. Various methods of food-processing may be efficient
for cadmium leaching from mushrooms. Boiling or
microwaving with water can reduce Cd level in mushrooms
to nearly 40% [32, 38]. 

But it must be kept in mind that the primary sources of
toxic elements in the diet (including Cd and Pb) are not
mushrooms, but other food products (meat, vegetables,
fruits), and also drinks.

Conclusions

In conclusion, it must be emphasized that the concen-
trations of Pb and Cd found in the wild-growing and culti-
vated mushrooms tested in this study were much lower than
these from areas affected by industrial pollution found in
the literature. According to the EC Regulation No.
629/2008 [23], none of the mushroom samples assayed in
this study represented a toxicological risk from lead and
cadmium exposure. The consumption of two mushroom
species – Rozites caperatus and Boletus chrysenteron, how-
ever, may marginally exceed provisional tolerable monthly
intake (PTMI) for Cd established by the JOINT FAO/WHO
Expert Committee on Food Additives, when temporarily
high consumption of mushrooms (100 g/day monthly) is
taken under consideration [6]. 
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