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Abstract: The aims were: (a) to biomonitor vanadium (V) in wild edible mushrooms collected from
urban/rural areas across Leicestershire (England); (b) to characterise the risk to humans caused by
its content in topsoils. Thirty-four mushrooms were collected: twenty-two Agaricus bitorquis from
a green area close to a busy traffic area; four Marasmius oreades from the NE; and eight Coprinus
atramentarius from Bradgate Park, which is northwest of Leicester city. Moreover, 850 topsoil samples
were collected and processed as composite samples (eighteen urban and eight rural), which were
further processed in duplicate. The level of V was measured twice in each of the 52 composite samples
and in the cleaned, dried and homogenised mushrooms by ICP-MS. Significant higher levels of V
were found in C. atramentarius (0.856 (0.175–4.338)) than in the edible mushrooms collected in the
urban areas (M. oreades, 0.305 (<LoD-0.852), and A. bitorquis, 0.078 (<LoD-0.187); the median and
range are given in mg/kg dw). The health risk quotients calculated suggested a minimal risk to V if
eaten. The presence of V in Leicestershire’s topsoils would also not represent a significant risk for
the population.
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1. Introduction

Vanadium (V) is the 21st most abundant element in the Earth’s crust, water bodies
and atmosphere [1]. Humans are exposed to small amounts of V through their diet and
drinking water; although it does not represent a potential risk, as most of the dietary V
is excreted in faeces [2]. V plays an essential and toxic role in humans at concentrations
below 10 µg/day; meanwhile, at concentrations higher than 3 mg/day, it is considered
extremely toxic for humans [3]. Contrarily, the essentiality of V has been proven for some
terrestrial fungi [4]. For example, some wild mushrooms can accumulate high amounts of
this element, such as the poisonous species of Amanita [4,5]. Although the presence of V
in mushrooms could represent a risk for human health, the data on the mineral profile of
V in cultured and wild edible mushrooms are still limited. This information is crucial to
protect human health, as metal accumulation in mushrooms can significantly vary between
species, including within the same taxonomic rank [6]. Thus, Neves et al. [3] has reported
on the concentrations of V in shitake mushrooms that are below the limit of detection
(0.022 µg/kg), while Niedzielski et al. [6] has described averages of V of 1.3 mg/kg dry
weight (dw) in Lactarius deliciosus.

Owing to the lack of data regarding the current presence and distribution of V in
the English urban media, the aims of our work were: (a) to biomonitor V in wild edible
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mushrooms collected from urban and rural green areas across Leicester, a main city in East
Midlands (England); and (b) to determine the presence and distribution of V in topsoils to
identify the potential risks to humans.

2. Material and Methods

A total of 34 edible mushrooms were collected as follows: twenty-two Agaricus bitorquis
mushrooms were collected from an open green area close to St Augustine Road, a busy
traffic area close to Leicester city centre; four Marasmius oreades from Jesse Jackson Park
in the NE of the city; and eight Coprinopsis atramentaria (previously known as Coprinus
atramentarius) from Bradgate Park, an 850 acre public park in Charnwood Forest, northwest
of Leicester city. Although C. atramentarius has been described as poisonous, it is generally
considered edible and safe if cooked and if no alcohol is ingested within 2–3 days of
eating the mushroom [7,8] because these species can produce coprine, especially when they
mature, which is a disulfiram-like compound that reacts with alcohol and produce a toxic
reaction, including vomiting [9].

The mushroom samples were carefully cleaned, dried and homogenised as previously
described by our team in Jagdev et al. ([10]; submitted for publication). Briefly, species identi-
fication was confirmed by DNA barcoding using internal transcribed spacer 1/4 primers
after extracting the DNA from 100 mg of frozen homogenised ground mushroom material
using the DNeasy Plant Mini Kit® (Qiagen Inc., Germantown, MD, USA) following the
methods described by Sgamma et al. [11]. V was monitored by ICP-MS in the homogenised
mushrooms mineralised with HNO3/H2O2 [10].

Additionally, 850 topsoil samples were collected across 18 different urban parks
and open green areas across Leicester city and 8 surrounding rural areas from 2017 to
2018, which were appropriately prepared, pulverised, pooled together and thoroughly
homogenised with a motorised rotating mixer to be further processed as composite samples
per park in duplicate. V was measured in duplicate in each of the 36 composite sample also
by ICP-MS after acid digestion with nitric acid (69%) and chlorhydric acid (37%) with a
microwave [12].

The quality of the measurements was checked using the certified reference materials
(Sigma-Aldrich, Saint Louis, MO, USA) of NIST1570a and CRM059 for mushrooms and
topsoils, respectively.

Human health risk tests were carried out following the US EPA Risk Assessment
Guidance for Superfund (RAGs) methodology [13,14], which have been described in more
detailed by Peña-Fernández et al. [15].

Statistical analyses were performed using the free software R, version 3.3.2. The data
were processed with the ‘NADA’ statistical package available in R, owing to the high levels
of censored data for V found in the mushroom samples analysed (38%; LoD = 0.062 mg/kg
dw). Thus, the data were processed following the recommendations suggested by Shoari
and Dubé [16]. The Peto-Prentice test was used to identify differences in the concentrations
between areas. The levels of significance for statistical analyses were set at 0.05.

3. Results and Discussion

The recoveries recorded for the reference materials used suggest that the methods
used were appropriate (80% and 104% for NIST1570a and CRM059, respectively) [17].

Significantly higher levels of V were found in C. atramentarius (0.856 (0.175–4.338)) than
in the edible mushrooms collected in the urban areas (M. oreades 0.305 (<LoD-0.852) and
A. bitorquis 0.078 (<LoD-0.187); all the data are presented as median and range in mg/kg
dw; p-value = 2 × 10−7). The levels of V were similar to those reported in twelve different
edible mushroom species collected in Finland (range reported 0.04–0.33 mg/kg dw; [18]),
although very high levels of V were found in some of the eight C. atramentarius mushrooms
collected. These authors also reported an average of 0.07 mg/kg dw of V in the Boletus
species, which are very similar to those detected in A. bitorquis collected in Leicester
city centre.
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These results might suggest that, in general, Leicester city supports the low-level
contamination of V. Thus, the health risk quotients calculated for the consumption of
the edible mushrooms monitored (7.06 × 10−10, 2.76 × 10−9, 7.74 × 10−9 for adults and
3.29 × 10−9, 1.29 × 10−8, 3.61 × 10−8 for children; for A. bitorquis, M. oreades and C.
atramentarius, respectively) are below the safety threshold, suggesting the minimal risk
posed by V for these individuals (adults and children) that have incorporated these species
collected in Leicestershire in their diets.

In relation to the environmental presence of V, significantly higher levels were found
in the rural areas [61.403 (36.029–99.806) vs. 46.279 (25.861–84.653); the data are presented
as the median and range in mg/kg; p-value = 3 × 10−5], which might be attributed to
geogenic sources as the enrichment factor for rural topsoils, suggesting minimal enrichment
(0.0046–1.690). Despite this minimal enrichment, the presence of V in Leicestershire does
not represent a significant risk for the population, as the hazard quotients for oral, dermal
and inhalation exposure to V in the topsoils calculated were much lower than the threshold
considered as safe for adults and children.

4. Conclusions

In general, although the risk posed by V present in wild edible mushroom species
collected across Leicestershire would be minimal for adults and children, these species
should be avoided owing to the fact that V can bioaccumulate in the bones and other
human tissues, presenting a potential summative effect in conjunction with other toxic
or carcinogenic metals and metalloids that could be present in these edible mushrooms.
Moreover, the incorporation of wild species or C. atramentarius mushrooms into people’s
diets should be also avoided owing to their potential risks to human health, even though if
these mushroom species are properly cooked and intake of alcohol is avoided.

Author Contributions: Conceptualization, A.P.-F.; methodology, G.S.J., M.d.C.L.-B., T.S., M.D.E. and
A.P.-F.; validation, G.S.J. and A.P.-F.; formal analysis, G.S.J., M.d.C.L.-B., T.S. and A.P.-F.; investigation,
G.S.J., M.d.C.L.-B., T.S., M.D.E. and A.P.-F.; resources, M.d.C.L.-B. and A.P.-F.; data curation, G.S.J.,
T.S., M.D.E. and A.P.-F.; writing—original draft preparation, A.P.-F.; writing—review and editing,
G.S.J., M.d.C.L.-B., T.S., M.D.E. and A.P.-F.; visualization, G.S.J., M.d.C.L.-B., T.S., M.D.E. and A.P.-F.;
supervision, M.d.C.L.-B., T.S., M.D.E. and A.P.-F.; project administration, T.S., M.D.E. and A.P.-F.;
funding acquisition, M.d.C.L.-B., T.S. and A.P.-F. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was funded through the program EIADES: “Technology Assessment and Reme-
diation of Contaminated Sites” S0505/AMB-0296 and S2009/AMB-1478. Consejería de Educación,
Comunidad de Madrid, Spain.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to further processing for a future
submission as a manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rehder, D. The role of vanadium in biology. Metallomics 2015, 7, 730–742. [CrossRef] [PubMed]
2. Treviño, S.; Díaz, A.; Sánchez-Lara, E.; Sanchez-Gaytan, B.L.; Perez-Aguilar, J.M.; González-Vergara, E. Vanadium in biological

action: Chemical, pharmacological aspects, and metabolic implications in diabetes mellitus. Biol. Trace Elem. Res. 2019, 188, 68–98.
[CrossRef] [PubMed]

3. Neves, D.S.C.; Souza, A.S.; de Lemos, L.R. Extraction and preconcentration of vanadium from food samples using aqueous
two-phase systems by a multivariate study. J. Food Compos. Anal. 2023, 118, 105206. [CrossRef]

4. Braeuer, S.; Walenta, M.; Steiner, L.; Goessler, W. Determination of the naturally occurring vanadium-complex amavadin in
Amanita muscaria with HPLC-ICPMS. J. Anal. At. Spectrom. 2021, 36, 954–967. [CrossRef]

5. Rehder, D. Import and Implications of Vanadium in Live Aspects. Inorganics 2023, 11, 256. [CrossRef]

https://doi.org/10.1039/C4MT00304G
https://www.ncbi.nlm.nih.gov/pubmed/25608665
https://doi.org/10.1007/s12011-018-1540-6
https://www.ncbi.nlm.nih.gov/pubmed/30350272
https://doi.org/10.1016/j.jfca.2023.105206
https://doi.org/10.1039/D0JA00518E
https://doi.org/10.3390/inorganics11060256


Biol. Life Sci. Forum 2023, 26, 0 4 of 4
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