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This study investigated the ability of pavement mushrooms (Agaricus bitorquis (Quél.)
Sacc.) to uptake heavy metals (Cu, Zn, Pb, Cr, Cd, and Ni) from the soil in Sarajevo’s
urban area and the potential health hazards related to their consumption. The levels of
tested heavy metals in soil and mushroom samples were determined using the flame
atomic absorption spectroscopy technique. The phytoextraction potential was estimated
using bioaccumulation factor (BAF) analysis, while the evaluation of the non-
carcinogenic, long-term risk to human health through the consumption of the studied
mushrooms was performed using the Target Hazard Quotient (THQ) value. The study
revealed that particular soils within the urban zone of Sarajevo are contaminated with Cu
and Pb. The average content of tested heavy metals in the fruiting bodies of pavement
mushrooms decreased in the order of Cu > Zn > Pb > Cr > Ni > Cd, regardless of the soils
from which the mushrooms were collected. The BAF values obtained in this study
indicated that pavement mushrooms have a high ability to accumulate Cd and Cu, while
showing a limited ability to absorb Pb and Ni. The THQ values for all heavy metals
analysed in pavement mushrooms were considerably lower than one for both adults and
children, suggesting that consuming pavement mushrooms gathered from experimental
sites poses no non-carcinogenic health risks related to the heavy metals studied.

HIGHLIGHTS

» Particular soils within the urban zone of Sarajevo are contaminated with Cu and Pb.

»  The pavement mushrooms have a high ability to accumulate Cd and Cu.
» This report offers valuable insights into the potential health risks of consuming pavement mushrooms.

1. INTRODUCTION

Rapid urbanization, coupled with intensive
industrialization and fast population growth, generates
considerable quantities of pollutants, including toxic
heavy metals, that adversely affect air and soil quality,
particularly in urban areas (Tu et al., 2025). Toxic
heavy metals, including cadmium (Cd), chromium
(Cr), and lead (Pb), are recognized for their serious
health implications for humans, stemming from their
bioaccumulation and persistent nature in the
environment. Sustained exposure to these pollutants
has been correlated with the initiation of multiple

cancers, including those that affect the skin, lungs, and
kidneys (Balali-Mood et al., 2021). Essential heavy
metals vital for human existence, including zinc (Zn)
and copper (Cu), can also be harmful and carcinogenic
when ingested in excessive quantities (Khatoon et al.,
2025). Consequently, the rising levels of heavy metals
in the environment have emerged as a significant
global environmental issue (Kholikulov et al., 2025).

The first step in resolving this issue is to
monitor both the presence and the amounts of heavy
metals in the environment. Up to now, investigations
into the concentrations of heavy metals in the

Citation: Hasanbegovi¢ A, Avdi¢ J, Turalija A, Pintari¢ D, Hadzi¢ A, Murti¢ S. Heavy metal content in pavement mushrooms harvested within
the urban area of Sarajevo (Bosnia and Herzegovina) and an assessment of Associated Health Risks. Environ. Nat. Resour. J. 2026;24(5):590-

599. (https://doi.org/10.32526/ennrj/24/20250344)

590



Hasanbegovic¢ A et al. / Environment and Natural Resources Journal 2026; 24(5): 590-599

environment have shown that numerous mushroom
species have a high ability to accumulate heavy metals
(Ab Rhaman et al., 2021; Qin et al., 2024; Liu et al.,
2025). Generally, fungal mycelium can accumulate
heavy metals in concentrations significantly higher
than the substrate on which it develops and lives. In
the research conducted by Zhu et al. (2011), the ranges
of Zn, Cd, Cr, and Pb in 14 different wild-growing
edible mushrooms collected from Yunnan Province in
China were 42.9-94.3, 0.06-0.58, 10.7-42.7, and 0.67-
12.9 mg/kg, respectively. High concentrations of
heavy metals in edible wild mushrooms were also
observed in the study by Singh and Nyau (2020),
ranging from 1.1 to 2.0 mg/kg for Pb, 46.9 to 141.8
mg/kg for Cu, 0.1 to 6.6 mg/kg for Cd, and 44.8 t0 79.7
mg/kg for Co. This study found that the levels of heavy
metals in a greater number of the mushrooms
examined were above the threshold limits established
by the World Health Organization (WHO, 2021). It
follows from the above that there is a potential risk
associated with the consumption of edible wild
mushrooms that residents gather from natural or urban
areas and use as food ingredients (Shackleton et al.,
2017).

Dowlati et al. (2021) reported that the ability of
mushrooms to accumulate heavy metals from the soil
is influenced by numerous factors, including the
genetic characteristics of fungi, their growth stages,
and various edaphic factors such as total and available
heavy metal content, soil pH, organic matter, and clay
content. Additionally, most mushrooms respond to
exposure to heavy metals by synthesizing
metallothionein-like proteins, which are essential for
binding heavy metals, thereby promoting their
accumulation in fruiting bodies (Aslam et al., 2025).

Agaricus bitorquis (Quél.) Sacc., commonly
known as banded agaric, urban agaricus, or pavement
mushroom, is a species of fungi that can be found in
fields, meadows, and along the edges of pavements,
and sometimes even erupts through asphalt. This
mushroom is tasty, featuring a slightly dry and
pungent scent (Zhao et al., 2023). In the Sarajevo
region, it typically fruits from June to September,
often in association with coniferous and deciduous
trees. Its distribution in the Sarajevo urban area is
relatively extensive, with occurrences noted at several
sites, primarily in urban parks and promenades.

It is widely recognized that pavement
mushrooms are abundant in nutrients and health-
promoting components (Muszynska et al., 2017,
Usman et al., 2021). It is also a well-established fact
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that they can accumulate heavy metals from polluted
soils, but to date, this type of research has not been
carried out in Bosnhia and Herzegovina. This study
aimed to assess the ability of pavement mushrooms to
absorb certain heavy metals from the soil in Sarajevo's
urban area and to evaluate the potential health risks for
humans from consuming these mushrooms. This study
IS pioneering in evaluating the accumulation of heavy
metals in the fruiting bodies of pavement mushrooms
that grow in Bosnia and Herzegovina. In this light, this
study provides valuable information for both
authorities and citizens about the risk of consuming
pavement mushrooms grown in the Sarajevo urban
area.

2. METHODOLOGY
2.1 Materials

Pavement mushroom (A. bitorquis) is an edible
white mushroom belonging to the Agaricus genus. It
is distinguished by its “double-skirted” stem and its
propensity to thrive in urban settings. Characterized by
its stout and firm structure, this mushroom has a dry,
smooth, greyish brown to off-white cap that varies
from convex to flat, typically measuring 4 to 18 cmin
diameter. The stipe ranges from 3 to 11 cm long and 1
to 4 cm thick. Notably, it possesses a robust upper ring
that resembles a funnel, along with a more delicate,
skirt-like lower ring. Initially, the gills exhibit a dark
pink to clay colour and become chocolate brown upon
reaching maturity. The spore print is dark brown (Lu
et al., 2020; Yingying et al., 2023).

2.2 Chemicals

All used reagents were of analytical grade.
HNO; (69%), HCI (37%), and H2SO4 (95%) were
purchased from Merck (Darmstadt, Germany),
whereas a 1 M KCI solution was obtained from
Semikem, Sarajevo. Heavy metal stock solutions were
prepared through the dilution of the respective 1,000
mg/L standards (Merck, Germany). Working solutions
were prepared daily by suitable dilution using distilled
water.

2.3 Experimental sites

The soil samples and fruiting bodies of the wild
edible mushroom A. bitorquis were collected at
weekly intervals from May to the end of June 2025
from four distinct sites within the urban area of
Sarajevo (Figure 1).

The sites were as follows: (1) central part of
Wilson’s Promenade (43.853971° N, 18.400323° E),
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(2) urban garden nestled in the heart of Franjo Racki
Street at number 3 (43.853766° N, 18.403904° E), (3)
meadow located near the western side of Wilson’s
Promenade (43.851689° N, 18.387352° E), and (4)
walkway next to the M18 route (43.852857° N,

Experimental sites:
@ Central part of Wilson’s Promenade
@ Garden in the Franjo Ragki Street
© West side of Wilson’s Promenade
@ Walkway next to the M18 route

18.387405° E). All selected sites represented areas
with a higher prevalence of these mushrooms, which
is why they were chosen. In total, twelve A. bitorquis
mushrooms were collected from site 1, eight from sites
2 and 3, and nine from site 4.

Figure 1. Experimental sites from which soil and mushroom samples were collected

2.4 Soil chemical analysis

At each site under investigation, soil samples
weighing about 0.5 kg were taken just below the
mushroom fruiting bodies at a depth of 10 to 30 cm.
Soil pH was measured in 1 M KCI solution utilizing a
pH meter at a ratio of 1:2.5 (ISO 10390, 2021).
Organic matter content and the available forms of
phosphorus and potassium were evaluated through the
potassium dichromate redox method (ISO 14235,
1998) and the ammonium lactate (AL) method (Egnér
et al., 1960), respectively.

Extraction of heavy metals from soil samples
was performed using acid digestion. Briefly, 3 g of air-
dried, 1-mm sieved soil sample was placed in a
crucible and ignited in a muffle furnace at 550°C for 6
h. The resulting ash was treated with 20 mL of aqua
regia (a mixture of HCl and HNO:s in a ratio of 3:1),
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followed by heating on a hot plate for 1 h at 60°C.
After the mixture cooled to room temperature, 10 mL
of deionized water was added, followed by filtration
through quantitative filter paper (Whatman, No. 42)
into a 100 mL volumetric flask. The final volume was
then brought to 100 mL with deionized water (ISO
11466, 1995).

2.5 Extraction of heavy metals from mushroom
samples

Immediately following the harvest, all
mushroom samples were transported in a portable
refrigerator at a temperature of 10°C to the Laboratory
of the Faculty of Agriculture and Food Sciences in
Sarajevo, where they were stored at 4°C until further
analysis. Before commencing the heavy metal
extraction, mushroom samples were dried as follows:
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fresh and cleaned mushroom samples (each weighing
approximately 100 g) were dried in an oven at 40°C
for three days and then ground into powder with an
electric blender. The resulting powdered material was
separately stored in resealable plastic bags.

Mushroom samples were digested according to
the method described by Lisjak et al. (2009). Briefly,
2 g of dry mushroom powder samples were weighed
and transferred to a crucible, and then ignited in a
muffle furnace at 550°C for 6 h. Upon reaching room
temperature, the resulting ash was treated with 10 mL
of a mixture of HNO3 and H,SO; in a ratio of 2.5:1,
followed by heating on a hot plate for 20 min at 60°C.
After 30 min, 10 mL of deionized water was added:;
then the mixture was filtered through quantitative
filter paper (Whatman, No. 42) into a 50 mL
volumetric flask. The final volume was adjusted to the
mark with deionized water. Heavy metal extraction
was performed on the three mushroom samples from
each experimental site.

2.6 Determination of heavy metals in soil and
mushroom samples

Concentrations of the analysed heavy metals
(Cu, Zn, Mn, Pb, Cr, Cd, Ni, Co) in soil and mushroom
samples were measured according to the 1SO 11047
method, utilizing atomic absorption spectro-
photometry (ISO 11047, 1998) with a Shimadzu
Model AA-7000 instrument (Shimadzu Instruments,
Tokyo, Japan). Heavy metal concentrations in both
soil and mushroom samples were expressed in mg/kg
of dry weight.

2.7 Bioaccumulation factor (BAF)
Bioaccumulation factor (BAF) indicates the
degree of metal bioaccumulation in plants/mushrooms
compared to their concentration in the soil and is
calculated using Equation 1 (Ladislas et al., 2012):

_ Cmushroom

BAF @)

Csoil

Where; C mushroom represents the metal content in

mushrooms (mg/kg) and C s represents the metal
content in soil or other growth media.

2.8 Health risk analysis

The health risks of heavy metals due to
consuming pavement mushrooms were evaluated
using the target hazard quotient (THQ). According to
the United States Environmental Protection Agency
(USEPA, 2011), THQ is defined as the ratio of the
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estimated daily intake (EDI) of a metal to its oral
Reference Dose (RfD), and it was calculated using
Equation 2 (Nowakowski et al., 2021):

_ Estimated daily intake of metal (EDI)

THQ RfD

O]

Where; RfD represents the oral reference dose
for each specific contaminant, i.e., the highest level of
contaminant at which no adverse health effects are
expected. The RfD values established by the USEPA
(2011) are as follows: 0.001 mg/kg/day for Cd, 0.003
mg/kg/day for Cr, 0.040 mg/kg/day for Cu, 0.020
mg/kg/day for Ni, 0.035 mg/kg/day for Pb, and 0.3
mg/kg/ day for Zn. Any THQ value greater than 1
indicates a high health risk due to the consumption of
contaminated food.

EDI quantifies the transfer of contaminants
from plants or mushrooms to the human body, as
calculated by Equation 3 (Chukwuka et al., 2023):

CxIR
EDl = ——
body weight

3

Where; C represents the heavy metal content in
the analysed mushroom sample (mg/kg of dry weight);
IR represents the daily ingestion rate of mushrooms
per capita (0.0066 kg/person/daily), and BW
represents body weight (for adults 70 kg, for children
24 kg) (Senila et al., 2024).

2.9 Statistical analysis

All the measurements were performed in
triplicate on each mushroom sample and the results
were expressed as meanzstandard deviation. Data
were analysed using one-way analysis of variance
(ANOVA) followed by the least significant difference
(LSD) tests at the 5% level (p<0.05) to compare
treatment means.

3. RESULTS AND DISCUSSION

In this study pavement mushrooms were
collected from four distinct sites within the urban area
of Sarajevo. Regardless of location, the studied soils
were slightly alkaline, contained a very high level of
organic matter, and were sufficiently supplied with
available phosphorus and potassium (Table 1). Soils
rich in organic matter and adequately supplied with
nutrients are exceptionally favourable for mushroom
growth, which may be one of the key reasons for the
high prevalence of pavement mushrooms in the
studied area. However, the chemical properties of
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these soils are not typical for soils outside the urban
area of Sarajevo, suggesting that the formation of soils
at the experimental sites is the result of the intensive
influence of anthropogenic factors. Asabere et al.
(2018) indicated that urbanization factors, including

Table 1. Chemical characteristics of the soil at the experimental sites

urban soil management, housing, traffic, construction,
and waste, distinguish urban soils from those found in
natural, semi-natural, and agricultural regions. These
findings are in line with the findings of Sager (2020),
Zandybay et al. (2024), and Sun et al. (2025).

Parameter Experimental site”

1 2 3 4
pH KCI 7.32 7.41 7.31 7.47
Organic matter (%) 9.44 6.21 6.81 15.79
Available P (mg/100 g) 24.83 21.66 30.11 22.11
Available K (mg/100 g) 35.33 30.11 38.45 31.03

" Experimental site: (1) central part of Wilson’s Promenade; (2) urban garden nestled in Franjo Racki Street; (3) meadow located near the western side of

Wilson’s Promenade; (4) walkway next to the M18 route

In the current research, the soil at experimental
sites 3 (west side of Wilson’s Promenade) and 4
(walkway next to the M18 route) showed notably
higher concentrations of Pb and Cu (Table 2), which
can also be linked to anthropogenic influences, as
these soils are located near roadways. Hawari et al.
(2021) reported that most of the Cu and Pb found in
soils near roadways are a result of emissions from
vehicles. Similar observations were noted in the

studies conducted by Lee et al. (2021) and Kholikulov
etal. (2024).

The mean levels of all other heavy metals
studied, namely Zn, Cr, Cd, and Ni, in the soil samples
analysed were beneath the threshold limits set by the
legislation in Bosnia and Herzegovina (Official
Gazette of FBIiH, 2022). In accordance with this
legislation, the maximum permissible levels for Cu,
Zn, Pb, Cr, Cd and Ni in soils are set at 80, 200, 100,
100, 1, and 75 mg/kg, respectively.

Table 2. Heavy metal levels in soil samples collected from the experimental sites

Experimental Heavy metals content (mg/kg dry weight)

site” Cu Zn Pb Cr Cd Ni

1 35.1+1.6° 51.3£7.3 74.846.2¢ 7.6£0.9 0.16%0.02 24.9+3.2P
2 36.0+1.4°¢ 58.8+4.9 82.3+6.5°¢ 9.7£1.3 0.16+0.02 26.9+3.1P
3 49.2+3.4P 56.7£3.3 143.1+17.6° 8.2+0.9 0.14+0.02 34.9+3.12
4 83.614.6% 59.9+4.6 218.1+12.92 9.4+0.7 0.15+0.03 39.5+3.72
F test S. n.s. S. n.s. n.s S.

LSDo.0s 5.69 - 22.26 - - 6.11

" Experimental site: (1) central part of Wilson’s Promenade; (2) urban garden nestled in Franjo Racki Street; (3) meadow located near the western side of
Wilson’s Promenade; (4) walkway next to the M18 route; Different letters in the same column indicate statistically significant differences (p<0.05); s-

significant; n.s.-non significant

This study found no significant differences in
the levels of Zn, Cr, and Cd among the tested soils.
Conversely, a significant variation in the levels of Ni
was observed among the soil samples that were
analysed. In this context, the average concentrations of
Ni from sites 3 (meadow located near the western side
of Wilson’s Promenade) and 4 (walkway next to the
M18 route) were significantly higher than those from
sites 1 (central part of Wilson’s Promenade) and 2
(urban garden nestled in Franjo Racki Street).
Increased concentrations of Ni in soils near roadways
(sites 3 and 4) may arise from the abrasion of tires and
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brake pads, as well as from gasoline residues. These
observations correspond with the findings of
Radziemska and Fronczyk (2015).

Numerous studies have revealed that
mushrooms can accumulate certain heavy metals at
much higher concentrations than the substrate on
which they grow and thrive, indicating that
mushrooms are equipped with a highly efficient
mechanism that allows them to absorb certain heavy
metals from the soil efficiently (Siri¢ and Humar,
2023; Bucurica et al., 2024; Stihi and Dumitrescu,
2025). In this context, it is widely accepted that
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mushrooms generally absorb a higher content of heavy
metals compared to plants that grow in the same area
(Liu et al., 2022).

The average values of Cu, Zn, Pb, Cr, Cd, and
Ni in the fruiting bodies of pavement mushrooms
collected from four different experimental sites are
presented in Table 3.

The average content value of tested heavy
metals in the fruiting bodies of pavement mushrooms
decreased in the order of Cu > Zn > Pb > Cr > Ni >
Cd, regardless of the experimental sites from which
pavement mushrooms were collected. The levels of Cu
and Pb exceed the recommended limits of 30 mg/kg
for Cu and 0.3 mg/kg for Pb in food as set by the World

Health Organization (WHO, 2021). The presence of
significant amounts of Cu and Pb in the tested
pavement mushrooms is not unexpected, considering
that some of the soils from which these mushrooms
were collected are contaminated with these elements.
The study conducted by Demirbas (2000) revealed
that the pavement mushrooms exhibited lower
concentrations of Cu and Pb in their fruiting bodies,
with mean values of 26.4 mg/kg for Cu and 1.34
mg/kg for Pb, respectively. These results were also
anticipated since the soil where these mushrooms
grew had a lower content of Cu and Pb compared to
the soil in the current study.

Table 3. Heavy metal levels (mg/kg, dry weight basis) in pavement mushroom samples collected from the experimental sites

Experimental Heavy metals content

site” Cu Zn Pb Cr Cd Ni

1 63.5+5.4P 41.65.9¢ 2.2+0.3¢ 1.74£0.2 0.63+0.07° 1.6+0.3°
2 81.1+6.2% 71.245.42 3.8+0.3° 1.7+0.3 0.56+0.12° 1.6+0.4°
3 63.6+7.0P 54.446.1° 5.5+£0.52 1.7+0.2 0.83+0.082 0.7£0.3°
4 74.31£5.8% 52.6+2.4P 4.4+0.6° 1.8+0.3 0.49+0.08° 1.3+0.2°
F test S. S. S. n.s. S. S.
LSDo.0s 9.61 9.82 0.81 0.16 0.48

" Experimental site: (1) central part of Wilson’s Promenade; (2) urban garden nestled in Franjo Racki Street; (3) meadow located near the western side of
Wilson’s Promenade; (4) walkway next to the M18 route; Different letters in the same column indicate statistically significant differences (p<0.05); s-

significant; n.s.-non significant

According to the data for a number of Agaricus
species (Kosani¢ et al., 2017; Rashid et al., 2018), the
concentrations of Ni and Cr are mostly below 2 mg/kg.
This is in agreement with the present results. In
contrast, the study by Siri¢ et al. (2016) found higher
mean values for Ni (3.62 mg/kg) and Cr (3.01 mg/kg)
in the mushroom Agaricus campestris, indicating that
the accumulation of Ni and Cr is species-specific. The
study revealed a significant difference in the
concentrations of Cu, Zn, Pb, Cd, and Ni in pavement
mushrooms collected from four different experimental
sites. The fruiting bodies of pavement mushrooms
collected from experimental site 2 (an urban garden
nestled in Franjo Racki Street) exhibited a
significantly higher content of Zn and Ni compared to
those gathered from other experimental sites.
Conversely, the highest Pb content was observed in
the fruiting bodies of the pavement mushrooms
gathered from experimental sites 3 (a meadow located
near the western side of Wilson’s Promenade) and 4 (a
walkway next to the M18 route). It was an expected
outcome, taking into account that the soils at
experimental sites 3 and 4 possess the highest content
of Pb. There was no significant difference in Cr

595

content in pavement mushrooms the
experimental sites.

Bioaccumulation factor (BAF) is an important
index for evaluating the ability of plants or mushrooms
to transfer heavy metals from soil into their
harvestable (edible) parts. A BAF value higher than 1
indicates that the mushroom has a strong capacity to
accumulate the studied metal (Zakaria et al., 2021).
Table 4 displays the BAF values for the heavy metals
that were analysed.

In the current study, the highest BAF value was
observed for Cd, while the least was noted for Pb and
Ni. Various studies have demonstrated that
mushrooms generally possess a significant ability to
absorb and accumulate Cd in their fruiting bodies,
indicating that Cd is one of the primary sources of
health risks associated with edible mushrooms
(Gatgowska and Pietrzak-Fiecko, 2021; Ordak et al.,
2025). However, the high BAF values of pavement
mushrooms for Cd observed in this study should be
interpreted cautiously due to the fact that the
determined Cd content in all examined soils was
relatively low.

among
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Table 4. Bioaccumulation factor (BAF) of selected heavy metals in pavement mushrooms obtained from different sites

Experimental site”

Bioaccumulation factor

Cu Zn Pb Cr Cd Ni
1 1.81 0.81 0.03 0.22 3.94 0.06
2 2.25 121 0.05 0.18 3.50 0.06
3 1.29 0.96 0.04 0.21 5.93 0.02
4 0.95 0.88 0.02 0.19 3.27 0.03

" Experimental site: (1) central part of Wilson’s Promenade; (2) urban garden nestled in Franjo Racki Street; (3) meadow located near the western side of

Wilson’s Promenade; (4) walkway next to the M 18 route

From a health point of view, low BAF values
for Pb in pavement mushrooms are highly desirable
since Pb is a well-established hazardous heavy metal
that can cause a number of health hazards in humans
(Jomova et al., 2025). In different studies, it was noted
that the BAF values for Pb in mushrooms are below 1,
suggesting that mushrooms typically possess a limited
capacity to absorb Pb from the soil (Falandysz and
Borovicka, 2013; Mleczek et al., 2025). On the other
hand, Hacioglu et al. (2025) reported BAF values for
Pb exceeding 1 in specific mushroom species in their
study. These variations indicate that the mushrooms’
ability to uptake Pb and generally heavy metals can
vary widely depending on the mushroom species,
heavy metal content in the soil and the soil’s physical
and chemical properties (Gebrelibanos et al., 2016).
Among these soil properties, soil pH is considered the
most important factor controlling the solubility and
mobility of heavy metals. In alkaline conditions (high
pH), most heavy metals, including Pb, tend to form
insoluble precipitates like hydroxides, carbonates, or
phosphates, thereby decreasing their bioavailability
(Adamczyk-Szabela and Wolf, 2022). In this research,
all the analysed soils where pavement mushrooms
thrived showed an alkaline reaction, likely resulting in

reduced Pb absorption by the pavement mushrooms.

The BAF values for Cu and Zn in pavement
mushrooms were observed to be in the ranges of 0.95-
2.25 and 0.81-1.21, respectively, demonstrating that
these mushrooms can efficiently transfer Cu and Zn
from the soil to their fruiting bodies. High BAF values
for Cu and Zn in various mushroom species were
similarly reported in the studies of Budzynska et al.
(2022) and Wang et al. (2024). Many scientists argue
that mushrooms do not possess effective mechanisms
to restrict the transfer of Cu and Zn from the growth
medium into their bodies, as these elements play a
crucial role in numerous metabolic pathways and
physiological functions in mushrooms (Wang et al.,
2015; Golubkina et al., 2025). The outcomes of this
study are in line with this hypothesis.

Nonetheless, it is significant to point out that at
high concentrations, Zn and Cu might negatively
influence mushroom growth and development. Many
mushroom species exhibited abnormal morphological
changes when subjected to environments rich in Zn
and Cu (Golubeva et al., 2020; Robinson et al., 2021).

The established THQ values for each heavy
metal found in pavement mushrooms are summarized
in Table 5.

Table 5. THQ values for heavy metals in pavement mushrooms collected from different sites

Experimental Target hazard quotient

site” Cu Zn Pb Cr Cd Ni

Adult  Child _Adult _Child Adult _Child Adult Child Adult _ Child _ Adult _Child
1 0.149 0437 0013 0035 0006 0017 0053 0156 0059 0173 0008 0.022
2 0191 0558 0022 0065 0010 0029 0053 0156 0053 0154 0008 0.022
3 0150 0558 0017 0049 0015 0043 0053 0156 0078 0223 0003 0.010
4 0175 0511 0017 0048 0012 0034 0057 0165 0046 0135 0006 0.018

" Experimental site: (1) central part of Wilson’s Promenade; (2) urban garden nestled in Franjo Ra&ki Street; (3) meadow located near the western side of

Wilson’s Promenade; (4) walkway next to the M18 route

The THQ values for all heavy metals tested in
pavement mushrooms were much lower than 1 for
both adults and children, suggesting that the
consumption of pavement mushrooms collected from
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experimental sites has no non-carcinogenic, long-term
risk to human health in terms of contamination with
the heavy metals examined. To better assess health
risks, the THQ of a range of heavy metals can be
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further summed to calculate the hazard index (HI),
which reflects the combined health risk associated
with exposure to several heavy metals. If the HI
exceeds 1, it means the health risk is elevated. From
the results shown for THQ for each heavy metal
analysed, it is evident that the HI values would not
reach the critical threshold that suggests a greater
health risk for those consuming the mushrooms
studied. However, this observation requires careful
consideration, as the amounts of certain heavy metals
assessed, specifically Cu and Pb, were above the
acceptable thresholds set by the WTO. In this context,
it is essential to acknowledge that the continuous
intake of pavement mushrooms gathered from
Sarajevo's city area may potentially result in a serious
health hazard.

4. CONCLUSION

This study’s findings reveal that particular soils
within the urban zone of Sarajevo are contaminated
with Cu and Pb. The mean concentrations of heavy
metals in the fruiting bodies of pavement mushrooms
collected from soil at the experimental sites in
Sarajevo’s urban area were observed to decrease in the
following order: Cu > Zn > Pb > Cr > Ni > Cd. The
BAF values obtained for the heavy metals tested
indicated that pavement mushrooms have a strong
capacity to accumulate Cd and Cu, while showing a
limited ability to absorb Pb and Ni from the soil at the
experimental sites. The observed BAF values for Cd
and Cu ranged from 3.27 t0 5.93 and from 0.95 to 2.25,
respectively. In contrast, the ranges for Pb and Ni were
0.02 to 0.05 and 0.02 to 0.06, respectively. The THQ
values for all heavy metals analysed in pavement
mushrooms were significantly below 1 for both adults
and children, suggesting that the consumption of
pavement mushrooms collected from experimental
sites has no significant non-carcinogenic risks to
human health in relation to the heavy metals studied.
While calculated THQ values suggest negligible non-
carcinogenic risk at typical consumption rates, the
exceedance of food safety limits for Cu and Pb
indicates that frequent or long-term consumption
could still pose potential health concerns.

AUTHOR CONTRIBUTIONS

Conceptualization, A.H. and S.M.; Methodology,
AH.; Software, A.T.; Validation, J.A.,, AH. and D.P,;
Formal Analysis, J.A. and S.M.; Investigation, S.M. and
A.H.; Resources, J.A.; Data Curation, S.M.; Writing-
Original Draft Preparation, S.M.; Writing-Review and

597

Editing, A.H., D.P., AT., and J.A.; Supervision, S.M,;
Project Administration, S.M.

DECLARATION OF CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

Ab Rhaman SMS, Naher L, Siddiquee S. Mushroom quality
related with various substrates’ bioaccumulation and
translocation of heavy metals. Journal of Fungi (Basel,
Switzerland) 2021;8(1):Article No. 42.

Adamczyk-Szabela D, Wolf WM. The impact of soil pH on heavy
metals uptake and photosynthesis efficiency in Melissa
officinalis, Taraxacum officinalis, Ocimum basilicum.
Molecules (Basel, Switzerland) 2022;27(15):Article No. 4671.

Asabere SB, Zeppenfeld T, Nketia KA, Sauer D. Urbanization
leads to increases in pH, carbonate, and soil organic matter
stocks of arable soils of Kumasi, Ghana (West Africa).
Frontiers in Environmental Science 2018;6:Article No. 119.

Aslam A, Kanwal F, Javied S, Nisar N, Torriero AAJ. Microbial
biosorption: A sustainable approach for metal removal and
environmental remediation.  International Journal  of
Environmental Science and Technology 2025;22:13245-76.

Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR, Sadeghi
M. Toxic mechanisms of five heavy metals: Mercury, lead,
chromium, cadmium, and arsenic. Frontiers in Pharmacology
2021;12:Article No. 643972.

Bucurica IA, Dulama ID, Radulescu C, Banica AL, Stanescu SG.
Heavy metals and associated risks of wild edible mushrooms
consumption: Transfer factor, carcinogenic risk, and health
risk index. Journal of Fungi 2024;10(12):Article No. 844.

Budzynska S, Siwulski M, Budka A, Kala¢ P, Niedzielski P,
Gasecka M, et al. Mycoremediation of flotation tailings with
Agaricus bisporus. Journal of Fungi 2022;8(8):Article No. 883.

Chukwuka KS, Adesida SO, Alimba CG. Carcinogenic and non-
carcinogenic risk assessment of consuming metal-laden wild
mushrooms in Nigeria: Analyses from field based and
systematic review studies. Environmental Analysis, Health
and Toxicology 2023;38(2):e2023013.

Demirbag A. Accumulation of heavy metals in some edible
mushrooms from Turkey. Food Chemistry 2000;68(4):415-9.

Dowlati M, Sobhi HR, Esrafili A, FarzadKia M, Yeganeh M.
Heavy metals content in edible mushrooms: A systematic
review, meta-analysis and health risk assessment. Trends in
Food Science and Technology 2021;109:527-35.

Egnér H, Riehm H, Domingo WR. Investigations on soil chemical
analysis as a basis of the evaluation of plant nutrient status of
soils 1. Chemical extraction methods for phosphorus and
potassium determination. Kungliga Lantbrukshégskolans
Annaler 1960;26:199-215 (In German).

Falandysz J, Borovicka J. Macro and trace mineral constituents
and radionuclides in mushrooms: Health benefits and risks.
Applied Microbiology and Biotechnology 2013;97(2):
477-501.

Gatgowska M, Pietrzak-Fiecko R. Cadmium and lead content in
selected fungi from Poland and their edible safety assessment.
Molecules (Basel, Switzerland) 2021;26(23):Article No. 7289.

Gebrelibanos M, Megersa N, Taddesse AM. Levels of essential
and non-essential metals in edible mushrooms cultivated in
Haramaya, Ethiopia. International Journal of Food
Contamination 2016;3:Article No. 2.



Hasanbegovi¢ A et al. / Environment and Natural Resources Journal 2026; 24(5): 590-599

Golubeva P, Ryo M, Muller LAH, Ballhausen M-B, Lehmann A,
Sosa-Hernandez MA, et al. Soil Saprobic fungi differ in their
response to gradually and abruptly delivered copper. Frontiers
in Microbiology 2020;11:Article No. 1195.

Golubkina N, Plotnikova U, Koshevarov A, Sosna E, Hlebosolova
O, Polikarpova N, et al. Nickel, Cu, Fe, Zn, and Se
accumulation, and the antioxidant status of mushrooms grown
in the rrctic under Ni/Cu pollution and in unpolluted areas.
Stresses 2025;5(2):Article No. 25.

Hacioglu B, Paladino G, Edman M, Eivazi A, Hedenstréom E.
Exploring metal bioaccumulation ability of boreal white-rot
fungi on fiberbank material. Bioengineered 2025;16:Article
No. 2507539.

Hawari AH, Qasem M, Alhajyaseen W. Concentration of Pb, Cu,
Zn and Cd in the roadside soil of Doha: Effect of traffic
volume and season. Polish Journal of Environmental Studies
2021:30(4);3579-86.

International Organization for Standardization (1SO). ISO 11466:
Soil Quality-Extraction of Trace Elements Soluble in Aqua
Regia. Geneva, Switzerland: 1SO; 1995.

International Organization for Standardization (1SO). ISO 11047:
Soil Quality - Determination of Cadmium, Chromium, Cobalt,
Copper, Lead, Manganese, Nickel and Zinc - Flame and
Electrothermal Atomic Absorption Spectrometric Methods.
Geneva, Switzerland: 1SO; 1998.

International Organization for Standardization (ISO). ISO 14235:
Soil Quality-Determination of Organic Carbon in Soil by
Sulfochromic Oxidation. Geneva, Switzerland: 1SO; 1998.

International Organization for Standardization (ISO). ISO 10390:
Soil Quality-Determination of pH. Geneva, Switzerland: 1SO;
2021.

Jomova K, Alomar SY, Nepovimova E, Kuca K, Valko M. Heavy
metals: Toxicity and human health effects. Archives of
Toxicology 2025;99(1):153-209.

Khatoon N, Ali S, Hussain A, Huang J, Yu Z, Liu H. Evaluating the
carcinogenic and non-carcinogenic health risks of heavy metals
contamination in drinking water, vegetables, and soil from
Gilgit-Baltistan, Pakistan. Toxics 2025;13(1):Article No. 5.

Kholikulov ST, Bobobekov IN, Nematov KM. Heavy metals
contamination of irrigated soils around highways. BIO Web of
Conferences 2024;149:Article No. 01059.

Kholikulov ST, Erdem H, Bobobekov IN, Demir S, Gence CC.
Assessment of the levels of heavy metal pollution in roadside
soils of Termiz-Taskent, Uzbekistan. Journal of Ecological
Engineering 2025;26(3):283-95.

Kosani¢ M, Rankovic B, Rancic A, Stanojkovic T. Evaluation of
metal contents and bioactivity of two edible mushrooms
Agaricus campestris and Boletus edulis. Emirates Journal of
Food and Agriculture 2017;29(2):98-103.

Ladislas S, El-Mufleh A, Gerente C, Chazarenc F, Andres Y,
Bechet B. Potential of aquatic macrophytes as bioindicators of
heavy metal pollution in urban storm water runoff. Water, Air,
and Soil Pollution 2012;223(2):877-88.

Lee HG, Byun YJ, Chun YW, Noh HJ, Kim DJ, Kim HK, et al.
Identification of metal contamination sources and evaluation
of the anthropogenic effects in soils near traffic-related
facilities. Toxics 2021;9(11):Article No. 278.

Lisjak M, Spoljarevi¢ M, Agi¢ D, Andri¢ L. Practicum-Plant
Physiology. Osijek, Croatia: Faculty of Agriculture in Osijek;
2009 (in Croatian).

598

Liu S, Liu H, Li J, Wang Y. Research progress on elements of wild
edible mushrooms. Journal of Fungi 2022;8(9):Article No.
964.

Liu X, Lin S, Deng T, Gao A, Wei F, Wei T, et al. Characteristics
and comprehensive evaluation of heavy metal concentrations
in wild and cultivated morel mushrooms. International Journal
of Food Properties 2025;28(1):Article No. 2522238.

LuH, Lou H, Wei T, Liu Z, Jiao Y, Chen Q. Ultrasound enhanced
production of mycelia and exopolysaccharide by Agaricus
bitorquis (Quél.) Sacc. Chaidam. Ultrasonics Sonochemistry
2020;64:Article No. 105040.

Mleczek M, Szostek M, Siwulski M, Budka A, Mleczek P,
Kuczynska-Kippen N, et al. Linking soil properties to
elemental uptake patterns: Species-specific accumulation in
Boletales mushrooms. Environmental Geochemistry and
Health 2025;47(6):Article No. 236.

Muszynska B, Kata K, Rojowski J, Grzywacz A, Opoka W.
Composition and biological properties of Agaricus bisporus
fruiting bodies: A review. Polish Journal of Food and Nutrition
Sciences 2017;67(3):173-81.

Nowakowski P, Markiewicz-Zukowska R, Soroczynska J,
Puscion-Jakubik A, Mielcarek K, Borawska MH, et al.
Evaluation of toxic element content and health risk assessment
of edible wild mushrooms. Journal of Food Composition and
Analysis 2021;96:Article No. 103698.

Official Gazette of FBiH. Rulebook on Determination of
Allowable Quantities of Harmful and Hazardous Substances
in Soils of Federation of Bosnia and Herzegovina and methods
for Their Testing No 96/22. Sarajevo, Bosnia and
Herzegovina: Official Gazette of FBiH; 2022.

Ordak M, Galazka A, Konieczynski P, Wesolowski M, Plenis A,
Muszynska E, et al. Temporal changes in lead and cadmium
levels in Amanita muscaria samples collected in Poland.
Toxics 2025;13(2):Article No. 101.

Qin G, Liu J, Zou K, He F, Li Y, Liu R, et al. Analysis of heavy
metal characteristics and health risks of edible mushrooms in
the mid-western region of China. Scientific Reports
2024;14:Article No. 26960.

Radziemska M, Fronczyk J. Level and contamination assessment
of soil along an expressway in an ecologically valuable area in
Central Poland. International Journal of Environmental
Research and Public Health 2015;12(10):13372-87.

Rashid MH, Rahman MM, Correll R, Naidu R. Arsenic and other
elemental concentrations in mushrooms from Bangladesh:
Health risks. International Journal of Environmental Research
and Public Health 2018;15(5):Article No. 919.

Robinson JR, Isikhuemhen OS, Anike FN. Fungal-metal
interactions: A review of toxicity and homeostasis. Journal of
Fungi (Basel, Switzerland) 2021;7(3):Article No. 225.

Sager M. Urban soils and road dust—civilization effects and metal
pollution—A review. Environments 2020;7(11):Article No. 98.

Senila M, Resz M-A, Torok I, Senila L. Nutritional composition
and health risk of toxic metals of some edible wild mushrooms
growing in a mining area of Apuseni Mountains, Western
Carpathians. Journal of Food Composition and Analysis,
2024:;128:Article No. 106061.

Shackleton CM, Hurley PT, Dahlberg AC, Emery MR, Nagendra
H. Urban foraging: A ubiquitous human practice overlooked
by urban planners, policy, and research. Sustainability
2017;9(10):Article No. 1884.



Hasanbegovi¢ A et al. / Environment and Natural Resources Journal 2026; 24(5): 590-599

Singh IS, Nyau C. Quantification of heavy metal accumulation in
edible wild-mushrooms in Copperbelt and Western Provinces of
Zambia. Journal of Environmental Protection 2020;11(1):1-12.

Siri¢ I, Humar M. Preface to the Special Issue ‘Heavy Metals in
Mushrooms’. Journal of Fungi (Basel, Switzerland) 2023;
9(12):Article No. 1163.

Siri¢ I, Humar M, Kasap A, Kos I, Mio¢ B, Pohleven F. Heavy
metal bioaccumulation by wild edible saprophytic and
ectomycorrhizal mushrooms. Environmental Science and
Pollution Research International 2016;23(18):18239-52.

Stihi C, Dumitrescu C. Assessment of the impact of metals in wild
edible mushrooms from Dambovita County, Romania, on
human health. Foods (Basel, Switzerland) 2025;14(20):Article
No. 3540.

Sun J, Chen M, Xiao J, Xu G, Zhang H, Zhang G, et al. Exploring
the spatial distribution characteristics of urban soil heavy
metals in different levels of urbanization. Agronomy
2025;15(2):Article No. 418.

Tu J, Zhang F, Huang F, Ran J, Wang Y, Xie S, et al. Effects of
urbanization on soil heavy metal accumulation and
improvement using Glomalin-related soil protein. Scientific
Reports 2025;15:Article No. 22000.

United States Environmental Protection Agency (USEPA). United
States Environmental Protection Agency - USEPA: Regional
Screening Levels (RSLs) - Generic Tables: USEPA, 2011.

Usman M, Murtaza G, Ditta A. Nutritional, medicinal, and
cosmetic value of bioactive compounds in button mushroom
(Agaricus bisporus): A review. Applied Sciences 2021;
11(13):Article No. 5943.

Wang C, Bi J, Zhang Y, Zhang Y, Liu X. Metals transfer in
mushroom Tricholoma matsutake from regional high

599

geochemical background areas: Environmental influences and
human health risk. Journal of fungi (Basel, Switzerland)
2024;10(9):Article No. 608.

Wang XM, Zhang J, Li T, Wang YZ, Liu HG. Content and
bioaccumulation of nine mineral elements in ten mushroom
species of the genus boletus. Journal of Analytical Methods in
Chemistry 2015;2015:Article No. 165412,

World Health Organization (WHO). Human Health Risk
Assessment Toolkit: Chemical Hazards. WHO; 2021.

Yingying D, Yingchun J, Zhenzhen Y. The antioxidant mechanism
of exopolysaccharides’ synthesis from Agaricus bitorquis
(Quél.) Sacc. Chaidam under the influence of Lycium
ruthenicum Murr. anthocyanin extract. Macromolecular
Research 2023;31:1001-17.

Zakaria Z, Zulkafflee NS, Mohd Redzuan NA, Selamat J, Ismail
MR, Praveena SM, et al. Understanding potential heavy metal
contamination, absorption, translocation and accumulation in
rice and human health risks. Plants 2021;10(6):Article No.
1070.

Zandybay A, Adylbek Z, Saspugayeva G, Khussainov M,
Karelkhan N, Kydyrova A. Assessing the impact of urban
development on soil health and nutrient cycling across urban
areas. Journal of Ecological Engineering 2024;25(12):106-23.

Zhao C, Feng X-L, Wang Z-X, Qi J. The first whole genome
sequencing of Agaricus bitorquis and Its metabolite profiling.
Journal of Fungi 2023;9(4):Article No. 485.

Zhu F, Qu L, Fan W, Qiao M, Hao H, Wang X. Assessment of
heavy metals in some wild edible mushrooms collected from
Yunnan Province, China. Environmental Monitoring and
Assessment 2011;179:191-9.





