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Abstract
The Osamu Utsumi mine was the first uranium mine in Brazil and ceased activities in 1995. Since then, it has encountered prob-

lems in rehabilitating the mine site due to high levels of contamination. Thus, the present investigation aimed to isolate and identify 
fungi from the Osamu Utsumi mine that may be suitable candidates for the bioremediation process and thus get to know the local 
mycobiota. The pH of the water samples was 3.3. The mean water activity (aw) of soil samples was 0.98. From this extreme environ-
ment, a total of 57 fungal species were isolated and identified, with genus Penicillium being the most abundant. The identification by 
classical techniques demonstrated that these fungi, despite being of the same species, in many cases, present different morphology. 
The accurate knowledge of the mycobiota capable of growing and survive on this type of environment, which fungi are dominant, 
provides essential data to help in futures studies. Effluents from the contaminated uranium mine can pose severe risks to the health 
of the population, as they can contaminate rivers and lakes close to the mine area, so it is necessary to properly treat the water from 
the acid mine drainage. In the future, the fungi isolated can potentially be used in the bioremediation process, providing an economi-
cal and eco-friendly alternative to conventional treatment.
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Introduction 
Considerable amounts of uranium can be mobilized and re-

leased into the environment as a consequence of the uranium 
mining and milling operations associated with the nuclear indus-
try [1]. Pathways of exposure to uranium and associated contam-
inants may be direct or indirect. Direct exposures may occur by 
eating or drinking contaminated material, breathing dust or radon 
gas, skin contact, or from gamma-ray emissions. Indirect expo-
sures occur when the uptake of uranium occurs by, for example, 
worms, insects, or plants, which then enter the food chain and may 
eventually enter the diets of humans [2,3]. Typically, ingestion and 
inhalation the primary routes of entry into the body [4].

The most significant exposure pathways for ecological resources 
occur via surface waters. Such water may contain high concentra-
tions of radionuclides, particularly if waste treatment systems do 
not perform as designed. Thus, the environment can be contami-
nated. High levels of uranium in humans have been reported to 
affect the kidneys and bone marrow [5]. Studies suggest a strong 
correlation between environments with high uranium concentra-
tions and a high prevalence of leukemia in local inhabitants, with 
uranium intake, mainly linked to the consumption of well water, 
animal meat, and the inhalation of dust [6].

In Brazil, Osamu Utsumi mine was the first uranium extrac-
tion and processing site operated by Indústrias Nucleares do Bra-
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sil (INB). The mine is located in Caldas city, in the state of Minas 
Gerais, and began operation in 1982. In 1995, the mine entered 
in the decommissioning phase, but still requires large efforts for 
environmental reclamation [7,8].

During exploration for uranium and the initial mine stripping 
operations, barren waste rock was sent to sites around the open-
pit mine (OPM). These tailings piles are referred by the term “Bota-
Fora” (BF), being BF-4 and BF-8 (volumes of 12.4 and 14.8 million 
m3, respectively) considered the most important [7]. These piles of 
contaminated tailings contain high concentrations of pyrite (FeS2) 
which contributes to the formation of acid mine drainage (AMD).

AMD causes an increase in the concentration of heavy metals 
and radionuclides in rivers and lakes around the mine area [9]. To 
the control the flow of AMD, basins (BNF and BIA) have been con-
structed to capture the drainage water flowing from the BF-4 and 
BF-8 tailings piles. Contaminated water at the mine site is treated 
by the addition of calcium hydroxide to increase the pH and pre-
cipitate the heavy metals. The treatment generates a waste (alka-
line mud) it is pumped back in the formed OPM created during the 
excavation of the mine.

Bioremediation has been proposed to improve upon or substi-
tute for classical technologies for the remediation of contaminated 
areas [10]. The principle of this process is the removal of metals 
and radionuclides from contaminated environments using micro-
organisms to sequester contaminants or transform them into a 
less-toxic state. 

Fungi have a high potential for bioremediation and the ability 
to accumulate and immobilize, at high concentrations, a variety 
of heavy metals such as Cu, Zn, Fe, U, Ni, Cd, Pb and Hg [11,12]. 
The potential of fungal biomass as adsorbents for the removal of 
heavy metals and radionuclides from polluted waters has been 
recognized [13-16]. Indigenous fungi under stress in extreme en-
vironments develop mechanisms of resistance and tolerance to xe-
nobiotics agents, such mechanisms can be used in biotechnology 
research, as in the bioremediation of toxic metals. 

In Brazil, problems related to the disposal and treatment of 
waste are very frequent, for example the recent environmental 
tragedies of Mariana and Brumadinho in Minas Gerais, where af-
ter the rupture of containment dams, tons of mining tailings have 
caused destruction and contamination of sites and immeasurable 

damage to life and the environment. The population living close to 
the uranium mine area can be contaminated by heavy metals in the 
soil and acidic water, despite the treatment and construction of tail-
ings containment basins, significant amounts of heavy metals can 
contaminate effluents and rivers that are used for the supplying 
thousands of people.

In this study, we screened fungi in wastes samples in uranium 
mine from Brazil in order to understand which indigenous fungi 
grow in these contaminated environments.

The accurate knowledge of the mycobiota capable of growing 
and survive on this type of environment, which fungi are dominant, 
provides essential data to help in futures studies. These microor-
ganisms can be used in uranium mycoremediation analyzes and 
other heavy metals, providing economical and eco-friendly alter-
native tools for the treatment of uranium-contaminated water. We 
also highlight the pioneering of this research in the mine area.

Material and Methods

Sampling collection 

The sampling was carried out in Osamu Utsumi mine located 
in Caldas, state of Minas Gerais, Brazil. Samples of soil, water and 
sediment were collected from the main basins with acid water and 
waste piles. The collection points are shown in figure 1 and ex-
plained in the table 1. During sampling, the marking of collection 
points was performed by GPS (Global Positioning System).

Four soil samples (2 kg each), 3 water samples (3L each) and 
2 sediment samples (2 kg each) were collected. A Van Veen collec-
tor was used to collect sediment from the bottom of the lake in the 
open-pit mine.

Figure 1: Osamu Utsumi mine, sampling locations are indicated as 
dark dots. 
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Sample collection locations are described below (Supplemen-
tary figures):

•	 “Bota-fora” 8 (BF-8) and “bota-fora” 4 (BF-4) tailings are 
mountains of waste rock/soil produced during the excava-
tion of uranium ore.

•	 “BIA and BNF” are basins built in the mine area to limit the 
spreading of AMD. The BIA and BNF basins receive acidic 
water coming from tailings pile BF-8 and BF-4, respectively. 

•	 “DUCA” is an alkaline mud waste formed during the treat-
ment of water in the “treatment plant”. The DUCA has been 
discarded in the open-pit mine.

•	 “OPM” (open-pit mine) is where the extraction of uranium 
ore took place. The OPM is currently flooded with acidic wa-
ter to form a lake. The edge of the OPM is used for the dis-
posal of the DUCA waste.

No. 
sample

Collection 
site

Sample

type

GPS

coordinate

1 BF-4 Soil
21o56’27.0S

46o29’21.8W

2 BF-8 Soil
21o57’14.4S

46o30’33.1W

3 BIA Soil
27o57’28.2S

46o30’37.5W

4 OPM Soil (edge)
21o56’48.8S

46o30’13.2W

5 BIA Water
21o57’27.8S

46o30’37.3W

6 OPM Water (lake)
21o56’46.4S

46o29’57.7W

7 BNF Water
21o56’27.6S

46o29’23.9W

8 DUCA Sediment
21o57’24.4S

46o30’29.9W

9 OPM Sediment (bottom)
21o56’46.4S

46o29’57.7W

Table 1: List of the samples, collection sites, sample 
types and their GPS-coordinates.

Water activity (aw) and pH
The aw of soil samples was determined using an AQUALAB CX-2 

water activity meter, Decagon Devices Inc (Pullman, WA, USA). The 
pH of the water samples was measured at the moment of sampling 
by digital pH meter (Kasvi).

Fungi isolation and identification

Sediment and water samples were placed directly on Petri 
plates (90 x 15 mm) containing Potato Dextrose Agar (PDA) (Ox-
oid, Basingstoke, UK) supplemented with chloramphenicol. For soil 
samples, 10g of soil was mixed with 90 mL of sterile distilled water 
(dilution 10-1) and serial dilutions were prepared up to a dilution of 
10-5. From each dilution, an aliquot of 0.1 mL was inoculated onto 
plates containing PDA. Triplicate plates were incubated at 25°C for 
7 days in the dark. The quantification of fungi was expressed in 
colony forming units per gram (CFU g-1) for solid samples and CFU 
mL-1 for liquid samples [17,18].

 The fungal isolates were identified at genus level by morpho-
logical features [19-22], were maintained in 15% glycerol stocks at 
−80°C in the Department of Microbiology at the University of Sao 
Paulo. 

Molecular identification
DNA was extracted directly from fungal colonies grown on yeast 

extract sucrose agar (YES) [23,24] using the PrepMan Ultra® kit 
protocol (Applied Biosystems, Carlsbad, CA, USA). The DNA was 
quantified using the NanoDropTM 2000c spectrophotometer (Ther-
mo Fisher Scientific, Waltham, MA, USA). 

The internal transcribed spacer (ITS region) of the rRNA, widely 
used in molecular studies of fungi, has been selected as the formal 
barcode marker for fungi, the conserved ITS region is located be-
tween the 18S and 28S rRNA genes, includes two variable regions 
(ITS1 and ITS2) and the highly conserved 5.8S rRNA gene [25].

The universal primers indicated for fungal amplification are 
ITS1 (5′ TCC GTA GGT GAA CCT GCG 3′), which hybridizes at the 
end of 18S rDNA, and ITS4 (5′ TCC TCC GCT TAT TGA TAT 3′) which 
hybridizes at the beginning of 28S rDNA. The primers indicated for 
beta-tubulin gene are Bt2a (5’ GGT AAC CCA ATC GGT GCT GCT TTC 
3’) and Bt2b (5’ ACC CTC AGT GTA GTGACC CTT GGC 3’). The frag-
ments of ITS region of rDNA and beta-tubulin gene (BenA) were 
amplified with the primer pairs (Invitrogen, life technologies, CA, 
USA). Beta-tubulin protein-coding gene, involved in the generation 
of microfilaments, are more variable than ITS region, thus, is often 
used as a marker that allowing closely related Penicillium lineages 
to be discriminated [26,27].

 The PCR mixture contained 12.5 μL 2 × PCR Master Mix 
(Promega, San Luis Obispo, CA, USA), 6.5 μL Milli-Q water, 2 μL DNA 
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(40 ng), and 2 μL (20 pmol) of each primer (Prodimol Biotecnolo-
gia, Minas Gerais, Brazil) in a final volume of 25 μL. The amplifica-
tion program included an initial denaturation at 94°C for 3 min, 
followed by 40 cycles of denaturation at 94°C for 1 min, annealing 
at 57°C (ITS) and 55ºC (BenA) for 1 min, and extension at 72°C for 
1 min. A final extension step at 72°C for 7 min was included at the 
end of the amplification.

 The amplification products were purified with the QIAquick 
PCR Purification kit (Qiagen, Hilden, Germany) following the man-
ufacturer’s instructions. The PCR products were sequenced using 
the same primers as those employed for amplification with the Big 
Dye® Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). 
The reactions were run using a 3100 DNA sequencer (Applied Bio-
systems). Consensus sequences were obtained using the software 
Sequencher version 4.1.4 (Gene Codes Corporation, Ann Arbor, 
MI, EUA) and were used to perform BLASTn searches to confirm 
preliminary identifications at the NCBI (http://blast.ncbi.nlm.
nih.gov/) and MycoBank (http://www.mycobank.org/) websites. 
The nucleotide sequences were deposited in the GenBank data-
base [25,28,29].

Due to the limitations associated with the sequencing of the ITS 
region to identify the Penicillium genus, it is recommended that a 
second gene be used to confirm the identification of the species, 
with beta-tubulin indicated as being the best option for this [27].

 Fungi isolated from Osamu Utsumi mine were compared with 
those found in GenBank. In the database, all the isolated fungi had 
a similarity ranging from 99 to 100% and an e-value ≤ 0 with the 
related fungi recorded in the bank.

Data Analysis and phylogenetic tree 
All the nucleotide sequences were aligned with those corre-

sponding to closest matches from GenBank using MUSCLE soft-
ware included in the MEGA 7.0.26 package. Aligned data sets were 
analyzed using the maximum likelihood method with the Kimura 
2-parameter model, the bootstrap analysis used 1000 replicates 
[26].

Results and Discussion

pH, water activity 
The pH values of the water samples from Osamu Utsumi mine 

was ultra-acidic (pH 3.3 ± 0.1). AMD is responsible by the acidity 
of water samples, because the natural oxidation of metal sulfides 

(exposed in the pit, waste rock and tailings dam). As a result, sulfu-
ric acid is formed, pH reduction and dissolution of heavy metals as-
sociated to rocky matrices with severe environmental impacts [30].

 The National Environmental Quality Standards (NEQs) indi-
cated the permissible limit for the pH of wastewater range from 6.5 
- 8.5. Therefore, our results showed that pH values of all the waste-
water samples were found above the permissible limit by NEQs-
WHO. Water pH analysis is crucial to indicate the degree of water 
corrosion, according to the WHO the lower the pH, the higher the 
level of corrosion. Water pH lower than 4 may cause eye and skin 
irritation in humans [31].

Two of the most important environmental parameters that de-
termine the ability of molds to grow in substrates are aw and tem-
perature. Usually, many filamentous fungi species shows excellent 
growth capacities at temperatures close to 25ºC [32,33]. In the 
mine area on the day of sample collection the temperature was 
25ºC, this ambient temperature probably increases the survival ca-
pacity of isolated fungi in this extreme environment.

Water activity is a factor that can predict which fungal species 
will predominate in the environment. The aw mean of soil samples 
was 0.98, a value which favors the growth of several species of fila-
mentous fungi [33,34].

In previous studies carried out by our research group, uranium 
concentrations measurement of soil, water and sediment samples, 
were soil 50 to 245 mg kg-1; water 1.05 to 4.46 mg L-1; sediment 268 
to 577 mg kg-1 [35]. The water samples showed uranium levels up 
to 200 times above the maximum permissible value (0.02 mg L-1) 
by Brazilian environmental legislation. 

Comparing the maximum levels established by Brazilian legisla-
tion with those of other countries, the values are very similar, rang-
ing from 0.01 to 0.03 mg L-1 in Canada, Germany and the United 
States [36-38]. Uranium can be toxic to organisms even at low con-
centrations. According to the WHO Drinking Water Quality Guide-
line, the permitted limit for uranium in drinking water is 0.015 mg 
L-1.

In the most of countries there is no resolution that establishes 
maximum limits for uranium concentrations in soil and sediment. 
In the literature, the only published acceptable limits of uranium in 
soil have been established by the Canadian Council of Ministers of 
the Environment (CCME), which establishes the maximum limit of 
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uranium in agricultural, residential and industrial areas of 23, 23 
and 300 mg kg-1, respectively.

Researches conducted in Germany and the United States indi-
cates a strong relationship between the consumption of water with 
high uranium concentrations and the increase in the incidence of 
various types of cancer such as lung, colorectal, kidney, prostate, 
thyroid, and leukemia [36,39,40].

Fungal diversity

A total of 57 fungal isolates, from 14 genera, were identified at 
the species level by classical and molecular identification methods. 

The Colony-Forming Units per gram (CFU g-1) from soil samples 
ranged from 15 x 102 to 12 x 106 CFU g-1; values in water were from 
0 to 4 x 103 CFU mL-1; and in the sediment samples ranged from 1 x 
102 to 8 x 102 CFU g-1 (Table 2).

No.

sample
Collection site/ 

Sample type
CFU g-1 or CFU mL-1 

average ± (SD)
Amount

of fungus
Species

1 BF-4 - soil 11 x 103 ± (3.5)

1

2

1

1

2

1

2

1

Aspergillus sect. versicolores

Talaromyces amestolkiae

Trichoderma koningiopsis

Umbelopsis ramanniana

Penicillium pulvillorum

Penicillium amphipolaria

Penicillium ludwigii

Penicillium citrinum

2 BF-8- soil 15 x 102 ± (1.0)

1

3

1

1

1

1

1

1

2

1

1

1

Talaromyces loliensis

Talaromyces amestolkiae

Tolypocladium album

Purpureocillium lilacinum

Metarhizium robertsii

Pochonia chlamydosporia

Verticillium leptobactrum

Gongronella butleri

Penicillium pulvillorum

Penicillium brasilianum

Penicillium amphipolaria

Penicillium citrinum

3 BIA - soil 5 x 105 ± (2.7)

1

1

2

1

Aspergillus sect. versicolores

Trichoderma koningiopsis

Purpureocillium lilacinum

Penicillium piscarium

4 OPM - soil 12 x 106 ± (1.8)

1

1

1

1

1

1

2

1

1

1

1

Talaromyces amestolkiae

Trichoderma asperellum

Bionectria ochroleuca

Phoma cf. nebulosa

Mucor cicirnelloides

Mucor fragilis

Penicillium piscarium

Penicillium ochrochloron

Penicillium brasilianum

Penicillium janthinellum

Penicillium citrinum

5 BIA -water - - Fungi not isolated
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Table 2: Identification of fungi isolated from soil, water and sediment samples, CFU g-1, CFU mL-1 and average + standard 
deviation.

The low amount of fungi isolated from sediment and water 
samples can be attributed to the acid water. The high concentra-
tions of uranium in the sediment samples [35] and the fact that 
the samples were collected from the bottom of an acid lake (in the 
OPM) may also have interfered with the isolation of fungal species 
from these samples. In comparison, fungi were more abundant in 
the soil samples. Radionuclide contamination may change fungal 
communities in the environment, including an increased propor-
tion of melanized fungi and a reduced diversity of species [41]. 

The ITS and beta-tubulin phylogenetic tree of the fungi species 
isolated from Osamu Utsumi mine can be check out in figure 2 and 
3, respectively. The sequences of amplicons from ITS region (rRNA) 
and beta-tubulin (rDNA) were highly similar to the sequences of 
the respective species of closely related fungi documented in Gen-
Bank®. Thus, in our findings we have determined homology from 
the degree of similarity between strains found within the database 
and our isolates.

6 OPM - water 4 x 103 ± (4.0)
3

1

Penicillium piscarium

Penicillium citrinum

7 BNF - water 1 x 103 ± (4.7) 1 Penicillium citrinum

8 DUCA - sediment 1 x 102 ± (2.1) 1 Penicillium piscarium

9 OPM - sediment 8 x 102 ± (2.6)

6

1

1

Penicillium piscarium

Penicillium janthinelum

Penicillium citrinum
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Figure 2: Neighbor-joining phylogenetic tree (ITS region) of fungi species isolated from Osamu Utsumi uranium mine (isolated species 
identified by USPMCT+number) reference strains of corresponding fungi were included in the tree. Trichoma paradoxa CBS 103.73 was 

used as an outgroup. 

Nucleotide sequences of the ITS and beta-tubulin region of 18s 
rRNA genes of isolated fungal were deposited in GenBank database 
and numbers are shown in table 3. 

A total of 25 different species were isolated, with the greatest 
fungal diversity observed in the soil samples, where 20 different 
species were isolated. Low diversity was found in the water and 
sediment samples, being 2 and 3 different species, respectively, all 
belonging to the genus Penicillium.

Penicillium genus was the most isolated in the soil samples 
from the Osamu Utsumi uranium mine, were isolated 7 different 
species (Table 2), being P. piscarium the most frequent. Classical 

identification analyzes showed that, despite being of the same spe-
cies, the fungi often demonstrated different morphology despite 
growing under the same conditions of temperature, humidity, and 
nutrients (Figure 4).

Previous studies have isolated Penicillium species in soil sam-
ples contaminated with high concentrations of heavy metals, pos-
sibly indicating that these fungi can better adapt to the selective 
pressure in these contaminated environments [42-45]. Authors 
have investigated Penicillium spp. isolated from uranium mines for 
bioremediation processes, because this high resistance and bioac-
cumulation of uranium and other heavy metals [46,47]. 
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Figure 3: Phylogenetic tree (BenA gene region) of Penicillium species isolated from Osamu Utsumi uranium mine (isolated species iden-
tified by USPMCT+number). reference strains of corresponding fungi were included in the tree. Penicillium tularense CBS 43169 was 

used as an outgroup. 
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Isolates

ID
Species

GenBank access 
number.

ITS/BenA
USPMCT76 Aspergillus sect. versicolo-

res
MH137656

USPMCT130 MH137674
USPMCT68 Talaromyces loliensis MH137651
USPMCT42

Talaromyces amestolkiae

MH137642
USPMCT63 MH137650
USPMCT73 MH137654
USPMCT109 MH137665
USPMCT148 MH137680
USPMCT165 MH137688
USPMCT111 Tolypocladium album MH137667
USPMCT72

Trichoderma koningiopsis
MH137653

USPMCT127 MH137672
USPMCT40 Trichoderma asperellum MH137640
USPMCT53

Purpureocillium lilacinum

MH137646
USPMCT129 MH137673
USPMCT131 MH137675
USPMCT69 Metarhizium robertsii MH137652
USPMCT135 Bionectria ochroleuca MH137677
USPMCT104 Pochonia chlamydosporia MH137664
USPMCT156 Verticillium leptobactrum MH137684
USPMCT136 Phoma cf. nebulosa MH137678
USPMCT74 Umbelopsis ramanniana MH137655
USPMCT54 Gongronella butleri MH137647
USPMCT47 Mucor cicirnelloides MH137644
USPMCT43 Mucor fragilis MH137642
USPMCT9

Penicillium piscarium MH724302

USPMCT13
USPMCT16
USPMCT19
USPMCT21
USPMCT26
USPMCT79
USPMCT88
USPMCT99
USPMCT114
USPMCT132
USPMCT153
USPMCT169

USPMCT62

Penicillium pulvillorum MH724303
USPMCT144
USPMCT159
USPMCT161
USPMCT38 Penicillium ochrochloron MH724304
USPMCT44

Penicillium brasilianum MH724305
USPMCT56
USPMCT81

Penicillium amphipolaria MH724306
USPMCT102
USPMCT94

Penicillium ludwigii MH724307
USPMCT124
USPMCT23

Penicillium janthinellum MH724308
USPMCT152
USPMCT110

Penicillium citrinum MH724309

USPMCT115
USPMCT122
USPMCT151
USPMCT158
USPMCT167

Table 3: Fungi isolated from Osamu Utsumi uranium 
mine with Genbank acess number.

Trichoderma was also isolated in this study. Durand., et al. 2017 
reported Trichoderma as a dominant fungus in a Hg contaminated 
soil. Penicillium and Trichoderma are highly competitive genus 
due to their ability to outcompete other microorganisms, produce 
abundant conidia and survive in most environmental conditions 
[49].

Other fungal genera such as Aspergillus, Talaromyces, Tolypocla-
dium, isolated from the mine environments, are also cited in the lit-
erature as resistant to heavy metals and other extreme conditions, 
this give them a high capacity for bioremediation [50-53].

In our experiments, no fungi were isolated from water samples 
in the BIA basin, and the amount of fungi isolated was lower in 
water and sediment samples when compared to soil samples. The 
low isolation of fungi in water can be attributed to the pH of the 
samples, also because the water mycobiota is transient. 

According to Plumridge [54], acid pH plays an important role in 
inhibiting some fungal species. The optimum pH for the growth of 
filamentous fungi is close to 5, but there are fungal species that may 
adapt to a pH ranged from 1.5 - 11.
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In addition to the low pH and high uranium concentrations in 
sediment samples, the fact that these samples were collected from 
the bottom of the acid lake, it causes a reduction in oxygen, this 
may have caused the low isolation of fungal species on these sam-
ples [55]. 

The most isolated fungi in our study have an adaptive advan-
tage that guarantees their ecological advantage in stressful envi-
ronments and locations with a lack of nutrients. The hypothesis is 
that in contaminated environments there are “signs” that can trig-
ger the production of conidia, dispersion and survival of filamen-
tous fungi in the environment, these signs can be light, mycelial 
lesions, low pH, minerals and heavy metals [56-58].

 As noted, the local of the mine is very selective environments, 
characterized by extreme conditions to life. So, the fungal isolated 
from this mine are strongly adapted to acidic medium and high 
uranium concentrations.

The fungi isolated from the tailings piles in Osamu Utsumi mine 
have a high potential to be used in bioremediation processes, as 
previously demonstrated by our research group, where eleven of 
the fungal isolates were analyzed as promising candidates for my-
coremediation being able to remove more than 60% of uranium 
from solutions: Penicillium piscarium, Gongronella butleri, Phoma 
nebulosa and Talaromyces amestolkiae species [35]. Mycoremedia-
tion using indigenous fungi is considered an economical and eco-
friendly alternative to conventional treatments for the decontami-
nation of sites with uranium and other heavy metals.

Conclusion

The water from Osamu Utsumi mine is highly acid. Fungal bio-
diversity analysis revealed that greater quantity and diversity of 
fungi were isolated from soil samples. A total of 57 fungal isolates, 
from 14 genera, were identified at the species in soil, water, and 
sediment samples. Although Talaromyces, Trichoderma, Aspergil-
lus, and other species were isolated, most fungi belonged to the 
genus Penicillium, being the most prevalent the Penicillium pisca-
rium. Inhospitable environmental conditions can cause stress on 
microorganisms and select the most suitable to survive in the en-
vironment. Thus, it is important to know which fungi are capable 
of growing and survive on this type of environment, these can 
be important as an alternative to conventional processes in the 
treatment of uranium contaminated environments. The accurate 
knowledge of the mycobiota capable of growing and survive on 
this type of environment and which fungi are dominant provide 
important data to help in advanced study. In the future, the fungi 
isolated can potentially be used in the bioremediation process, 
providing an economical and eco-friendly alternative to conven-
tional treatment.
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Supplementary figures

Figure 1: Panoramic view of the Osamu Utsumi open-pit mine 
(Lake with acid water pH 3.3).

Figure 2: Open-pit mine with the local where DUCA (dark mud) is 
dumped.
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Figure 3: Effluent from the pile tailings bota-fora 4.
Acid water produced by the acid mine drainage is drained to the 

BNF basin.

Figure 4: Basin BNF collect acid water from Bota-for a 4.

Figure 5: Bota-fora 8 pile tailings.
Acid water from bota-fora 8 is drained to BIA basin.

Figure 6: Osamu Utsumi Uranium Mine Water Treatment Plant.
After the water treatment, the formed alkaline mud (DUCA) is 

discarded at the edge of OPM.
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Figure 7: BIA basin located at Osamu Utsumi uranium mine.

Bibliography
1. Arnold C. “Once upon a mine: The legacy of uranium on 

the Navajo Nation”. Environmental Health Perspectives 122 
(2014): A44.

2. Rufyikiri G., et al. “Arbuscular mycorrhizal fungi can decrease 
the uptake of uranium by subterranean clover grown at high 
levels of uranium in soil”. Environment Pollution 130 (2004): 
427-436.

3. Cumberland S A., et al. “Uranium mobility in organic matter-
rich sediments: A review of geological and geochemical pro-
cesses”. Earth-Science Review 159 (2016): 160-185.

4. NRC. Uranium Mining in Virginia : Scientific , Technical , Envi-
ronmental , Human Health and Safety, and Regulatory Aspects 
of Uranium Mining and Processing in Virginia Committee on 
Uranium Mining in Virginia, Committee on Earth (2012).

5. UNSCEAR. United Nations Scientific Committee on the Effects 
of Atomic Radiation: Sources, Effects and Risks of ionizing Ra-
diation UNSCEAR 1 (2013).

6. Winde F., et al. “Uranium contaminated drinking water linked 
to leukaemia—Revisiting a case study from South Africa tak-
ing alternative exposure pathways into account”. Science of the 
Total Environment 574 (2017): 400-421.

7. Souza AM., et al. “Contribuições dos metais provenientes das 
pilhas de rejeito da mina Osamu Utsumi a drenagens do Com-
plexo Alcalino de Poços de Caldas, Minas Gerais”. Geochimica 
Brasiliensis 27 (2013): 63-76.

8. Dutra P H., et al. “Impact of 210pb from osamu utsumi mine on 
sediment of rivers in caldas region, minas gerais”. 45 (2013): 
10.

9. Esmaeili A., et al. “Removal of heavy metals from acid mine 
drainage by native natural clay minerals, batch and continu-
ous studies”. Applied Water Science 9 (2019): 1-6.

10. Azubuike C C., et al. “Bioremediation techniques-classification 
based on site of application: principles, advantages, limita-
tions and prospects”. World Journal of Microbiology and Bio-
technology 32 (2016): 1-18.

11. Abd El Hameed., et al. “Biosorption of uranium and heavy met-
als using some local fungi isolated from phosphatic fertilizers”. 
Annals of Agricultural Sciences 60 (2015): 345-351.

12. Verma A., et al. “Biosorption of Cu (II) using free and immobi-
lized biomass of Penicillium citrinum”. Ecological Engineering 
61 (2013): 486-490.

13. Shumate SEII., et al. “Biological removal of metal ions from 
aqueous process streams”. Biotechnology and Bioengineering 
Symposium 8 (1978): 13-20.

14. Gadd G M. “The uptake of heavy metals by fungi and yeasts: the 
chemistry and physiology of the process and applications for 
biotechnology”. in Immobilisation of lons by Bio-sorption (eds. 
ECCLES, H. H. and HUNT, S.) 135-147. Ellis Horwood, Chiches-
ter (1986).

15. Gadd GM and Fomina M. “Uranium and Fungi”. Geomicrobiol-
ogy Journal 28 (2011): 471-482.

16. Liang X., et al. “Uranium phosphate biomineralization by fun-
gi”. Environment Microbiology 17 (2015): 2064-2075.

17. Silva N da and Junqueira VCA. “Metodos de analise microbio-
logica de alimentos”. Manual Técnico 229 (1995).

18. Clesceri LS. “Standard Methods for the Examination of Water 
and Wastewater”. American Public Health Association (1998).

19. Arx J von. “The genera of fungi sporulating in pure culture”. 
Cramer, Vaduz (1974).

20. Barron G L.” The genera of Hyphomycetes from soil”. R.E. 
Krieger (1972).

21. Kozakiewicz Z. “Aspergillus species on the stored products”. 
Mycological Papers 161 (1989): 188.

22. Pitt J I and Hocking AD. “Fungi and Food Spoilage”. Springer 
US (2009).

23. Abdollahi A and Buchanan RL. “Regulation of Aflatoxin Biosyn-
thesis: Characterization of Glucose as an Apparent Inducer of 
Aflatoxin Production”. Journal of Food Science 46 (1981): 143-
146.

Citation: Ednei Coelho., et al. “Fungi that Survived in a Contaminated Uranium Mine from Brazil". Acta Scientific Microbiology 3.11 (2020): 03-17.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3915248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3915248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3915248/
https://www.sciencedirect.com/science/article/abs/pii/S0269749104000272
https://www.sciencedirect.com/science/article/abs/pii/S0269749104000272
https://www.sciencedirect.com/science/article/abs/pii/S0269749104000272
https://www.sciencedirect.com/science/article/abs/pii/S0269749104000272
https://www.sciencedirect.com/science/article/pii/S001282521630099X
https://www.sciencedirect.com/science/article/pii/S001282521630099X
https://www.sciencedirect.com/science/article/pii/S001282521630099X
https://www.sciencedirect.com/science/article/abs/pii/S0048969716319520
https://www.sciencedirect.com/science/article/abs/pii/S0048969716319520
https://www.sciencedirect.com/science/article/abs/pii/S0048969716319520
https://www.sciencedirect.com/science/article/abs/pii/S0048969716319520
https://www.researchgate.net/publication/276187912_Contribuicoes_dos_metais_provenientes_das_pilhas_de_rejeito_da_mina_Osamu_Utsumi_a_drenagens_do_Complexo_Alcalino_de_Pocos_de_Caldas_Minas_Gerais
https://www.researchgate.net/publication/276187912_Contribuicoes_dos_metais_provenientes_das_pilhas_de_rejeito_da_mina_Osamu_Utsumi_a_drenagens_do_Complexo_Alcalino_de_Pocos_de_Caldas_Minas_Gerais
https://www.researchgate.net/publication/276187912_Contribuicoes_dos_metais_provenientes_das_pilhas_de_rejeito_da_mina_Osamu_Utsumi_a_drenagens_do_Complexo_Alcalino_de_Pocos_de_Caldas_Minas_Gerais
https://www.researchgate.net/publication/276187912_Contribuicoes_dos_metais_provenientes_das_pilhas_de_rejeito_da_mina_Osamu_Utsumi_a_drenagens_do_Complexo_Alcalino_de_Pocos_de_Caldas_Minas_Gerais
https://link.springer.com/article/10.1007/s13201-019-0977-x
https://link.springer.com/article/10.1007/s13201-019-0977-x
https://link.springer.com/article/10.1007/s13201-019-0977-x
https://link.springer.com/article/10.1007/s11274-016-2137-x
https://link.springer.com/article/10.1007/s11274-016-2137-x
https://link.springer.com/article/10.1007/s11274-016-2137-x
https://link.springer.com/article/10.1007/s11274-016-2137-x
https://www.sciencedirect.com/science/article/pii/S057017831500038X
https://www.sciencedirect.com/science/article/pii/S057017831500038X
https://www.sciencedirect.com/science/article/pii/S057017831500038X
https://www.sciencedirect.com/science/article/abs/pii/S0925857413004242
https://www.sciencedirect.com/science/article/abs/pii/S0925857413004242
https://www.sciencedirect.com/science/article/abs/pii/S0925857413004242
https://www.osti.gov/biblio/7045075
https://www.osti.gov/biblio/7045075
https://www.osti.gov/biblio/7045075
https://pubmed.ncbi.nlm.nih.gov/25580878/
https://pubmed.ncbi.nlm.nih.gov/25580878/
https://agris.fao.org/agris-search/search.do?recordID=XF2016035643
https://agris.fao.org/agris-search/search.do?recordID=XF2016035643
https://link.springer.com/book/10.1007/978-0-387-92207-2
https://link.springer.com/book/10.1007/978-0-387-92207-2
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb14549.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb14549.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb14549.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb14549.x


16

Fungi that Survived in a Contaminated Uranium Mine from Brazil

24. Degola F., et al. “A multiplex RT-PCR approach to detect afla-
toxigenic strains of Aspergillus flavus”. Journal of Applied Mi-
crobiology 103 (2007): 409-417.

25. White TJ., et al. “Amplification and direct sequencing of fungal 
ribosomal rna genes for phylogenetics”. PCR Protocol (1990): 
315-322.

26. Yilmaz N., et al. “Polyphasic taxonomy of the genus Talaromy-
ces”. Studies in Mycology 78 (2014): 175-341.

27. Visagie CM., et al. “Identification and nomenclature of the ge-
nus Penicillium”. Studies in Mycology 78 (2014): 343-371.

28. Sambrook J., et al. “Molecular clonig: a laboratory manual”. 
Cold Spring Harbor: Cold Spring Harbor Laboratory (1989).

29. Sharma S and Baboo A. ISC Practical Chemistry. S. Chand and 
Company PVT.LTD (2008).

30. Nóbrega F A., et al. “Análise de múltiplas variáveis no fecha-
mento de mina: estudo de caso da pilha de estéril BF-4, Mina 
Osamu Utsumi, INB Caldas, Minas Gerais”. Rem: Revista Escola 
de Minas 61 (2008): 197-202.

31. World Health Organization. Guidelines for drinking-water 
quality, fourth edition (WHO, 2011).

32. Scott W J. “Water Relations of Food Spoilage Microorganisms”. 
Advances in Food Research 7 (1957): 83-127.

33. Mannaa M and Kim K D. “Influence of temperature and water 
activity on deleterious fungi and mycotoxin production dur-
ing grain storage”. Mycobiology 45 (2017): 240-254.

34. Andersen B., et al. “Associations between fungal species and 
water-damaged building materials”. Applied Environment and 
Microbiology 77 (2011): 4180-4188.

35. Coelho E., et al. “Resistant fungi isolated from contaminated 
uranium mine in Brazil shows a high capacity to uptake ura-
nium from water”. Chemosphere 126068 (2020).

36. Banning A., et al. “Drinking Water Uranium and Potential 
Health Effects in the German Federal State of Bavaria”. Inter-
national Journal of Environmental Research and Public Health 
14 (2017): 927.

37. Navratil J D. “Advances in treatment methods for uranium 
contaminated soil and water”. Archives of Oncology 9 (2001): 
257-260.

38. Weir E. “Uranium in drinking water, naturally”. CMAJ 170 
(2004): 951-2 (2004).

39. Wagner S E., et al. “Groundwater uranium and cancer incidence 
in South Carolina”. Cancer Causes Control 22 (2011): 41-50.

40. Radespiel-Tröger M and Meyer M. “Association between drink-
ing water uranium content and cancer risk in Bavaria, Germa-
ny”. International Archives of Occupational and Environmental 
Health 86 (2013): 767-776.

41. Gessler NN., et al. “Melanin Pigments of Fungi under Extreme 
Environmental Conditions (Review)”. Applied Biochemistry 
and Microbiology 50 (2014): 105-113.

42. Mohammadian E., et al. “Tolerance to heavy metals in filamen-
tous fungi isolated from contaminated mining soils in the Zan-
jan Province, Iran”. Chemosphere 185 (2017): 290-296.

43. Ezzouhri L., et al. “Heavy metal tolerance of filamentous fungi 
isolated from polluted sites in Tangier, Morocco”. African Jour-
nal of Microbiology Research 3 (2009): 35-48.

44. Iram S., et al. “Heavy Metal Tolerance of Fungus Isolated from 
Soil Contaminated with Sewage and Industrial Wastewater”. 
Polish Journal of Environmental Studies 22 (2013): 691-697.

45. Zafar S., et al. “Metal tolerance and biosorption potential of fil-
amentous fungi isolated from metal contaminated agricultural 
soil”. Bioresource Technology 98 (2007): 2557-2561.

46. Li M., et al. “Combined Application of Rice Straw and Fungus 
Penicillium Chrysogenum to Remediate Heavy-Metal-Contami-
nated Soil”. Soil and Sediment Contamination: An International 
Journal 23 (2014): 328-338.

47. Sana S., et al. “Biosorption of Uranium (VI) from Aqueous So-
lution by Pretreated Aspergillus niger Using Sodium Hydrox-
ide”. Iranian Journal of Chemistry and Chemical Engineering 34 
(2015): 65-74.

48. Durand A., et al. “Environmental Metabarcoding Reveals Con-
trasting Belowground and Aboveground Fungal Communities 
from Poplar at a Hg Phytomanagement Site”. Microbial Ecology 
74 (2017): 795-809.

49. Clocchiatti A., et al. “The hidden potential of saprotrophic fungi 
in arable soil: Patterns of short-term stimulation by organic 
amendments”. Applied Soil Ecology 147 (2019).

50. Bahobil A., et al. “Fungal Biosorption for Cadmium and Mercu-
ry Heavy Metal Ions Isolated from Some Polluted Localities in 
KSA”. International Journal of Current Microbiology and Applied 
Sciences (IJCMAS) 6 (2017): 2138-2154.

Citation: Ednei Coelho., et al. “Fungi that Survived in a Contaminated Uranium Mine from Brazil". Acta Scientific Microbiology 3.11 (2020): 03-17.

https://pubmed.ncbi.nlm.nih.gov/17650201/
https://pubmed.ncbi.nlm.nih.gov/17650201/
https://pubmed.ncbi.nlm.nih.gov/17650201/
https://www.scienceopen.com/document?vid=f4505cd7-6ec2-43f4-b1d4-ddee592ba145
https://www.scienceopen.com/document?vid=f4505cd7-6ec2-43f4-b1d4-ddee592ba145
https://www.scienceopen.com/document?vid=f4505cd7-6ec2-43f4-b1d4-ddee592ba145
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255554/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255554/
https://www.sciencedirect.com/science/article/pii/S0166061614000074
https://www.sciencedirect.com/science/article/pii/S0166061614000074
https://www.researchgate.net/publication/245406213_Analise_de_multiplas_variaveis_no_fechamento_de_mina_estudo_de_caso_da_pilha_de_esteril_BF4_Mina_Osamu_Utsumi_INB_Caldas_Minas_Gerais
https://www.researchgate.net/publication/245406213_Analise_de_multiplas_variaveis_no_fechamento_de_mina_estudo_de_caso_da_pilha_de_esteril_BF4_Mina_Osamu_Utsumi_INB_Caldas_Minas_Gerais
https://www.researchgate.net/publication/245406213_Analise_de_multiplas_variaveis_no_fechamento_de_mina_estudo_de_caso_da_pilha_de_esteril_BF4_Mina_Osamu_Utsumi_INB_Caldas_Minas_Gerais
https://www.researchgate.net/publication/245406213_Analise_de_multiplas_variaveis_no_fechamento_de_mina_estudo_de_caso_da_pilha_de_esteril_BF4_Mina_Osamu_Utsumi_INB_Caldas_Minas_Gerais
https://www.sciencedirect.com/science/article/pii/S0065262808602475
https://www.sciencedirect.com/science/article/pii/S0065262808602475
https://pubmed.ncbi.nlm.nih.gov/29371792/
https://pubmed.ncbi.nlm.nih.gov/29371792/
https://pubmed.ncbi.nlm.nih.gov/29371792/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3131638/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3131638/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3131638/
https://www.sciencedirect.com/science/article/abs/pii/S0045653520302617
https://www.sciencedirect.com/science/article/abs/pii/S0045653520302617
https://www.sciencedirect.com/science/article/abs/pii/S0045653520302617
https://pubmed.ncbi.nlm.nih.gov/28820453/
https://pubmed.ncbi.nlm.nih.gov/28820453/
https://pubmed.ncbi.nlm.nih.gov/28820453/
https://pubmed.ncbi.nlm.nih.gov/28820453/
https://inis.iaea.org/search/search.aspx?orig_q=RN:34047644
https://inis.iaea.org/search/search.aspx?orig_q=RN:34047644
https://inis.iaea.org/search/search.aspx?orig_q=RN:34047644
https://pubmed.ncbi.nlm.nih.gov/15023918/
https://pubmed.ncbi.nlm.nih.gov/15023918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3383652/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3383652/
https://link.springer.com/article/10.1007/s00420-012-0806-0
https://link.springer.com/article/10.1007/s00420-012-0806-0
https://link.springer.com/article/10.1007/s00420-012-0806-0
https://link.springer.com/article/10.1007/s00420-012-0806-0
https://link.springer.com/article/10.1134/S0003683814020094
https://link.springer.com/article/10.1134/S0003683814020094
https://link.springer.com/article/10.1134/S0003683814020094
https://pubmed.ncbi.nlm.nih.gov/28700958/
https://pubmed.ncbi.nlm.nih.gov/28700958/
https://pubmed.ncbi.nlm.nih.gov/28700958/
https://www.researchgate.net/publication/228675672_Heavy_metal_tolerance_of_filamentous_fungi_isolated_from_polluted_sites_in_Tangier_Morocco
https://www.researchgate.net/publication/228675672_Heavy_metal_tolerance_of_filamentous_fungi_isolated_from_polluted_sites_in_Tangier_Morocco
https://www.researchgate.net/publication/228675672_Heavy_metal_tolerance_of_filamentous_fungi_isolated_from_polluted_sites_in_Tangier_Morocco
https://www.pjoes.com/Heavy-Metal-Tolerance-of-Fungus-Isolated-r-nfrom-Soil-Contaminated-with-Sewage-r,89023,0,2.html
https://www.pjoes.com/Heavy-Metal-Tolerance-of-Fungus-Isolated-r-nfrom-Soil-Contaminated-with-Sewage-r,89023,0,2.html
https://www.pjoes.com/Heavy-Metal-Tolerance-of-Fungus-Isolated-r-nfrom-Soil-Contaminated-with-Sewage-r,89023,0,2.html
https://www.sciencedirect.com/science/article/abs/pii/S0960852406005001
https://www.sciencedirect.com/science/article/abs/pii/S0960852406005001
https://www.sciencedirect.com/science/article/abs/pii/S0960852406005001
https://www.tandfonline.com/doi/abs/10.1080/15320383.2014.827623
https://www.tandfonline.com/doi/abs/10.1080/15320383.2014.827623
https://www.tandfonline.com/doi/abs/10.1080/15320383.2014.827623
https://www.tandfonline.com/doi/abs/10.1080/15320383.2014.827623
https://www.ijcce.ac.ir/article_12684.html
https://www.ijcce.ac.ir/article_12684.html
https://www.ijcce.ac.ir/article_12684.html
https://www.ijcce.ac.ir/article_12684.html
https://pubmed.ncbi.nlm.nih.gov/28451743/
https://pubmed.ncbi.nlm.nih.gov/28451743/
https://pubmed.ncbi.nlm.nih.gov/28451743/
https://pubmed.ncbi.nlm.nih.gov/28451743/
https://www.sciencedirect.com/science/article/pii/S092913931930976X
https://www.sciencedirect.com/science/article/pii/S092913931930976X
https://www.sciencedirect.com/science/article/pii/S092913931930976X
https://www.ijcmas.com/abstractview.php?ID=2852&vol=6-6-2017&SNo=253
https://www.ijcmas.com/abstractview.php?ID=2852&vol=6-6-2017&SNo=253
https://www.ijcmas.com/abstractview.php?ID=2852&vol=6-6-2017&SNo=253
https://www.ijcmas.com/abstractview.php?ID=2852&vol=6-6-2017&SNo=253


17

Fungi that Survived in a Contaminated Uranium Mine from Brazil

• Prompt Acknowledgement after receiving the article
• Thorough Double blinded peer review
• Rapid Publication 
• Issue of Publication Certificate
• High visibility of your Published work

Assets from publication with us

Website: https://www.actascientific.com/
Submit Article: https://www.actascientific.com/submission.php 
Email us: editor@actascientific.com
Contact us: +91 9182824667 

51. Bengtsson L., et al. “Studies on the biosorption of uranium by 
Talaromyces emersonii CBS 814.70 biomass”. Applied Microbi-
ology and Biotechnology 42 (1995): 807-811.

52. Kata Ş., et al. “Talaromyces aculeatus from acidic environment 
as a new fungal biosorbent for removal of some reactive tex-
tile dyes”. Anadolu University Journal of Science and Technol-
ogy A-Applied Sciences and Engineering 18 (2017): 521-534.

53. Svecova L., et al. “Cadmium, lead and mercury biosorption on 
waste fungal biomass issued from fermentation industry. I. 
Equilibrium studies”. Separation and Purification Technology 
52 (2006): 142-153.

54. Plumridge A., et al. “The weak acid preservative sorbic acid 
inhibits conidial germination and mycelial growth of Asper-
gillus niger through intracellular acidification”. Applied and 
Environmental Microbiology 70 (2004): 3506-3511.

55. Babič M N., et al. “Fungal contaminants in drinking water reg-
ulation? A tale of ecology, exposure, purification and clinical 
relevance”. International Journal of Environmental Research 
and Public Health 14 (2017): 636.

56. Deshmukh R., et al. “Diverse Metabolic Capacities of Fungi for 
Bioremediation”. Indian Journal of Microbiology 56 (2016): 
247-264.

57. Rangel DEN., et al. “Fungal stress biology: a preface to the 
Fungal Stress Responses special edition”. Current Genetics 61 
(2015): 231-238 (2015).

58. Selbmann L. “Extreme-fungi and the benefits of a stressing 
life”. Life 9 (2019).

Citation: Ednei Coelho., et al. “Fungi that Survived in a Contaminated Uranium Mine from Brazil". Acta Scientific Microbiology 3.11 (2020): 03-17.

https://link.springer.com/article/10.1007/BF00171965
https://link.springer.com/article/10.1007/BF00171965
https://link.springer.com/article/10.1007/BF00171965
https://dergipark.org.tr/tr/download/article-file/311587
https://dergipark.org.tr/tr/download/article-file/311587
https://dergipark.org.tr/tr/download/article-file/311587
https://dergipark.org.tr/tr/download/article-file/311587
https://www.sciencedirect.com/science/article/pii/S1383586606001237
https://www.sciencedirect.com/science/article/pii/S1383586606001237
https://www.sciencedirect.com/science/article/pii/S1383586606001237
https://www.sciencedirect.com/science/article/pii/S1383586606001237
https://www.researchgate.net/publication/8523200_The_Weak_Acid_Preservative_Sorbic_Acid_Inhibits_Conidial_Germination_and_Mycelial_Growth_of_Aspergillus_niger_through_Intracellular_Acidification
https://www.researchgate.net/publication/8523200_The_Weak_Acid_Preservative_Sorbic_Acid_Inhibits_Conidial_Germination_and_Mycelial_Growth_of_Aspergillus_niger_through_Intracellular_Acidification
https://www.researchgate.net/publication/8523200_The_Weak_Acid_Preservative_Sorbic_Acid_Inhibits_Conidial_Germination_and_Mycelial_Growth_of_Aspergillus_niger_through_Intracellular_Acidification
https://www.researchgate.net/publication/8523200_The_Weak_Acid_Preservative_Sorbic_Acid_Inhibits_Conidial_Germination_and_Mycelial_Growth_of_Aspergillus_niger_through_Intracellular_Acidification
https://www.researchgate.net/publication/317566701_Fungal_Contaminants_in_Drinking_Water_Regulation_A_Tale_of_Ecology_Exposure_Purification_and_Clinical_Relevance
https://www.researchgate.net/publication/317566701_Fungal_Contaminants_in_Drinking_Water_Regulation_A_Tale_of_Ecology_Exposure_Purification_and_Clinical_Relevance
https://www.researchgate.net/publication/317566701_Fungal_Contaminants_in_Drinking_Water_Regulation_A_Tale_of_Ecology_Exposure_Purification_and_Clinical_Relevance
https://www.researchgate.net/publication/317566701_Fungal_Contaminants_in_Drinking_Water_Regulation_A_Tale_of_Ecology_Exposure_Purification_and_Clinical_Relevance
https://link.springer.com/article/10.1007/s12088-016-0584-6
https://link.springer.com/article/10.1007/s12088-016-0584-6
https://link.springer.com/article/10.1007/s12088-016-0584-6
https://www.researchgate.net/publication/279300917_Fungal_stress_biology_A_preface_to_the_Fungal_Stress_Responses_special_edition
https://www.researchgate.net/publication/279300917_Fungal_stress_biology_A_preface_to_the_Fungal_Stress_Responses_special_edition
https://www.researchgate.net/publication/279300917_Fungal_stress_biology_A_preface_to_the_Fungal_Stress_Responses_special_edition
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6616957/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6616957/

	_Hlk38453168
	_Hlk38275289
	_Hlk38460959
	_Hlk38466962

