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Fungi are successful microorganisms in the bioremediation of environmental pollution. So, this
study aimed to determine the potential of Trichoderma tomentosum to remediate cadmium, lead,
and nickel contaminations from potato dextrose agar (PDA) and potato dextrose broth (PDB)
media. Growth rates, toxicity tolerance sporulation, bio-sorption capacity, and bio-sorption ef-
ficiency of the fungus were evaluated under different concentrations of CdCl,, Pb(NO,),, and
NiCl,. The findings demonstrated that the growth rate of the fungus differed depending on con-
centration, metal type, and medium. More metals in PDA medium induced more inhibition on
fungus growth rates; however, the rate was independent from the heavy metals concentrations
in PDB medium. Cadmium was the most toxic metal tested against 7. tomentosum, with a 72h
LC50 of 37 ppm. It was about 3.16 and 4.24 times as toxic as nickel and lead, respectively. In
the control condition, sporulation of the fungus began at 72 hours, but under the heavy metals, it
began at 168, 168, and 192 hours, respectively, for Pb, Ni, and Cd. Both the bio-sorption capacity
and efficacy of the fungus were significantly enhanced by an increase in metal content and the

highest values were obtained at 200 ppm of the salts. The heavy metals total bio-sorption capac-
ity order was Ni < Cd < Pb in the aqueous medium. The conclusion was that 7. tomentosum has
a greater potential for the biosorption of heavy metals; hence, the fungus may be employed for
the bioremediation of heavy metals from polluted sites, particularly wastewater and industrial
influents.
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INTRODUCTION

The importance of the environment to human health is inevitable; therefore, scientists
and environmentalists consider its sustainability. There are many factors that cause disorder
in the environment functions; one of these factors is the occurrence of pollution substances
such as metals, semi-metals, and organic contaminants in the environment that have harmful
effects on the organisms (Shi et al., 2022; Mohsenzadeh and Shahrokhi, 2014; Siddiquee et
al., 2013). During economic transitions, industrial activities and technological advancements
have significantly increased the levels of heavy metals in the environment, making heavy metal
contamination a serious environmental threat, so, they accumulated to the extent of toxicity in
the tissues of organisms (Yaashikaa et al., 2022). They easily interfere with plant physiological
functions, soil microbial community, and soil physicochemical characteristics. They are long-
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term persistent in the environment, so eliminating them is essential for public health (Iram
et al., 2015; Singh et al., 2012; Kumar et al., 2006 ;Yang et al., 2005). Metal plating, paint
industry, metallurgy, mining, surface finishing, energy and fossil fuel production, fertilizers,
washing pesticides, and natural rock erosion are the primary sources of heavy metals released
into the environment (Alengebawy et al., 2021; Mohsenzadeh and Shahrokhi, 2014; Siddiquee
et al., 2013; Iskandar et al., 2011). The spread of these contaminations is to such an extent that
even the reports show the sediments of water reservoirs are a source of accumulation by heavy
metals (Mohammadi et al., 2018). Due to the easy mobilization and accumulation of metals
in animal and human bodies through the food chain the threat is significant. For instance, the
findings of Shokri et al.(2022) demonstrated that all onion samples contained heavy metals,
particularly, Cd concentration in the province of West Azerbaijan, Iran was 10 fold more than
the standard value. They bind to biomolecules such as proteins and act as enzyme inhibitors,
preventing biochemical processes, DNA construction, and cell membrane integrity. Due to of
their mutagenic ability, they also exhibit carcinogenic properties (Rao et al., 2010; Yang et al.,
2005).

The remediation methods used to remove heavy metals from the environment are divided into
two basic categories: non-biological and biological. The earlier includes physical (precipitation/
neutralization) and chemical (ion exchange, membrane separation, electrodialysis, and activated
carbon adsorption) methods (Sahuetal.,2012; Raoetal.,2010). For example, studies of Dehghani
etal., (2018) showed that poly urea-formaldehyde can be efficiently remove highly concentrated
cadmium ions from aqueous solutions. The downsides of these technologies include partial metal
removal, high cost, limited specificity, high energy needs, labor intensiveness, environmental
disruption, and the production of harmful chemicals (Idris et. al., 2023). Therefore, researchers
focus increasingly on biological approaches (Bioremediation) that are eco-friendly with higher
performance and without the mentioned disadvantages for non-biological methods (Lin et al.,
2022; Irametal.,2015; Selen et al., 2014; Faedda et al., 2012; Sahu et al., 2012). Bioremediation
uses biological agents like plants, algae, bacteria, fungi, and yeasts for remediation of heavy
metals from contaminated sites; indeed, they act as biosorption agents (Yaashikaa et al., 2022;
Mohsenzadeh and Shahrokhi, 2014; Mohsenzadeh et al., 2012; Kumar et al., 2006; Yang et al.,
2005). Macro- and micro-organisms alone or in combination with other synthesized substances
can play a role in the absorption of heavy metals. For example, absorption of chromium by
Fe304 loaded on activated carbon prepared from alga has been reported (Afshin et al., 2021).
The type of selected bioagents for the bioremediation of heavy metals is critical. They must be
able to efficiently work in a polluted environment and adapt to the conditions. One of the most
effective bioremediation groups is fungi. Their biodiversity and adaptability are remarkable.
So, they are frequently used to reduce contaminated sites (Kaur et al., 2023; Liu et al., 2017;
Dugal and Gangavane, 2012; Kumar et al., 2012; Mohsenzadeh et al., 2010). The cell wall
compositions of fungi have a high affinity to binding with metals; thus, they are more efficient
in the sorption of heavy metals even without physiological activity. Fungi can adapt and grow
under various conditions and detoxify heavy metals through valence transformation, extra and
intracellular precipitation, and active uptake (Siddiquee et al., 2013).

Trichoderma species belonging to the Hypocreales order of the Ascomycota division are
naturally common, soil-inhabiting, teleomorphic, genetically very diverse, and act as biocontrol
agents. They are saprophytic fungi that grow in the soil, rhizosphere, and bark, and it has
been shown that they can adapt to many environmental conditions (Tyskiewicz et al., 2022).
Trichoderma spp. have various functions in agriculture; There are reports of their use to remove
heavy metal contamination from soil and water (Malkoc et al., 2021; Zin and Badaluddin, 2020;
Khan et al., 2020; Zhang et al., 2015; Tripathi et al., 2013; Kacprzak et al., 2014; Faedda et
al., 2012; Fu et al., 2012; Druzhinina et al., 2011). For instance, Siddquee et al. (2013) studied
the tolerance of Trichoderma species (T. virense, T. harzianum, and T. auroviride) to remediate
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lead and nickel contamination. They found that 7_ virense had the maximum tolerance to heavy
metals. Dixit et al. (2011) used T virense ability to increase endurance and refine heavy metals
in tobacco. Wang and Wang (2013) found copper removal from acid wastewater by 7. viride.
Yazdani et al. (2010) studied the uptake capacity of Zn by 7. atroviride; the results showed that
the uptake capacity of 7. atroviride ranged from 18.1 to 26.7 mg.g'. Kumar et al. (2011) have
studied the sorption of heavy metals ions immobilization by 7. viride biomass at a packed-
bed column. The research of Puglisi et al. (2012) on 7. harzianum tolerance in mercury and
cadmium polluted conditions identified genes expressions differences in response to mercury
and cadmium that had a significant role in their tolerance mechanism.

Based on our litterateurs, the studies on Trichoderma tomentosum potential to remediate
heavy metals pollution are rare; therefore, in this research, we tried to answer the following
two important questions. a) Does this fungus could tolerate heavy metals of Cd, Pb, and Ni
and what is the concentration of their toxicity? b) Is there a difference in bioremediation of this
fungus in aqueous and semi-solid environments? To our knowledge this is the first report on 7.
tomentosum potential to bioremediation of the heavy metals.

MATERIAL AND METHODS
Preparation species of fungi

Trichoderma tomentosum was obtained from the Institute of Genetics and agricultural
biotechnology, Sari University of Agricultural and Natural Resources Sciences, Iran. The
fungus was incubated in sterilized potato dextrose agar (medium at 29 °C for 7 days until to
complete growth). After incubation and the full growth of the fungus, plates were stored in the
refrigerator at 4°C for use in future experiments.

Preparation of solid medium and determine radial growth and sporulation

After the initial incubation of species of fungi, PDA solid medium containing concentrations
of 0, 25, 50, 100, and 200 ppm of CdCl,, Pb(NO,),, and NiCl, was prepared. The mediums were
inoculated with Smm diameter of agar disc cut from the edge side of 7-day actively growing
cultivations of Trichoderma tomentosum. The discs were placed in the center of the petri dishes
and incubated at 29° C. Cultures were observed daily, and their radial growth were measured
until the radial growth of treatment (in more than 50% replications) reached the edge of the
medium. The treatments were checked for the initial phase of sporulation every day. For each
treatment, the growth inhibition percentage was obtained by equilibrium (1). The toxicity factor
(TF) of treatments was calculated by equilibrium (2). Five replicates were performed for each
treatment as subsamples, and the experiments were repeated five times.

o 1
IP = (1—)x 100 (1)

Where IP= the growth inhibition percentage (%); r, =radial of final growth (mm); R = radial
of plate (mm)

72 h Leb0 value of other metals

~ 72 h Lc50 value of most toxic metal

)

Where LC50= the median lethal concentration at 72% hour

Preparation of broth medium
PDB (potato dextrose broth) liquid medium was autoclaved at 121°C, pressure 25 for 15
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minutes; then the mediums were inoculated with Smm diameter of agar disc cut from the edge
side of 7-day actively growing fungus. The flasks were agitated on a rotary shaker for 8 days at
150 rpm and at 29°C. All the experiments were repeated 3 times.

Determination of fungal growth at different concentrations of heavy metals

After 8 days of incubation, flasks containing fungal biomass were filtered through Whatman
No. 42 filter paper. The supernatant was stored for further testing. The fresh weight of biomass
was measured, and then samples were left in an oven at 60°C for 24 to lose all the moisture
content and achieved a constant dry weight.

Removal of cadmium, nickel and lead at different concentrations by the fungus

The remaining metals that exist in the supernatant were determined by an atomic absorption
spectrophotometer (Shimadzu, AA-6300, Japan). The bioaccumulation capacity of the fungus
about any of the metals was calculated by the following equilibrium (3).

0= (CI- — Cf) v 3)

m

Where Q=mg of metal uptake per gram biomass (mg.g"'); C=initial concentration of the
metal (mg.1"); C= final concentration of metal (mg.I"'); m= dry weight of the biomass (g); and
V= volume of reaction media (ml).

Determining the efficiency of metal uptake
The following equilibrium (4) was used for determining of metal bioaccumulation efficiency

by fungus.

C— G

E=( ) X 100 &)

1

In this equilibrium, E= percentage of metal uptake by the fungal biomass; Ci= initial
concentration of the metal (ppm); C= final concentration of metal (ppm) in the experimental
media.

Statistical analysis and Dose-Response analysis

The statistical analyses of variance were analyzed by SAS Ver. 9.1 software, included
ANOVA and Duncan’s multiple range test (p<0.05) procedures. Toxicological dose-response
data involving quantal response (inhibition percentage) were analyzed by probit analysis
(Finney, 1971) based on IBM SPSS Statistics 20 software.

RESULTS AND DISCUSSION
The heavy metals and growth of Trichoderma sp on PDA

Petri dish assays showed that 7. tomentosum could grow on PDA contaminated with 100
ppm of CdCl,, 200 ppm NiCl, and 300ppm Pb(NO,),. With the increasing in the concentration
of the metals, the radial growth was decreased significantly (p < 0.05). According to the Table
1, the inhibition percentage (IP) was increased with the increasing of metals concentrations.
For CdCl,, with increasing concentrations of the metal from O ppm to 100 ppm, the IP was
significantly increased; thereafter; the growth was stopped completely. The result for cadmium
revealed a severe inhibition by passing from 25 to 50 ppm, so that, the rate reached up to 80
percent at 50 ppm concentration (Table 1). The similar trend was found for Pb(NO,),, however,
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Table 1. Inhibition percentage of different concentration of CdCl,, Pb(NO,), and NiCL, on growth of 7. tomento-

Inhibition percentage (%)

Concentration of salts

(ppm) CdClz Pb(NO3)2 NlClz

0 00.00+£0.0° 00.00 £0.00 © 00.00 £0.00 ©
25 15.87+39°¢ 00.00 +£0.00 © 00.00 +0.00 ©
50 82.00+1.2¢% 7.12 +4.5 4 00.00 £0.00 ©
100 95.62+0.5¢% 35.08+11.5° 35.62+16.1°
200 100.0+£0.02 4586+73 ° 92.12+0.83*
300 100.0+£0.0? 88.87+£0.6 * 100.0 +0.00 @

Different letters have significantly differences at p<0.05; Means has been shown by ‘means +SE’

Table 2. Lethal concentration (LC, ) of CdCl,, Pb(NO,), and NiCl, for Trichoderma tomentosum after 72 h growth
in PDA solid medium

LCso (ppm), 95% Confidence

The regression line equation TF

Elements (Lower Bound-Upper Bound)

Cd Y=4.954x - 7.776 37 (27-48) 1
Ni Y=6.614x — 13.675 117 (108 —125) 3.16
Pb Y=3.038x — 6.674 157 (93 -320) 4.24

LCso, The median lethal concentration at 72™ hour by probit ; PDA, Potato dextrose agar; TF, toxicity factor

the given concentrations did not stop the growth of 7. tomentosum even at 300 ppm (Table
1). Also, the inhibition rates among their concentrations were almost increased in a regular
maneuver than cadmium. Based on bioassay for NiCl,, at two first concentrations, T. tomentosum
grows without any limitation but at 100 ppm their growth was significantly decreased and 300
ppm of NiCl, halt the growth of the fungus. Nevertheless of increasing in IP percentage, fungus
performance under 200 and 300 ppm of NiCl, had not significantly differences (p < 0.05).

Relative acute toxicity test of the heavy metals tested against Trichoderma tomentosum

The cumulative percentage of inhibition in Trichoderma tomentosum exposed to different
concentrations of the heavy metals was analyzed by probit regression with log concentration in
ppm (Table 2). The LC, for Cd, Ni, and Pb individuals was 37, 117, and 157 ppm, respectively.
Cadmium, witha 72-hour LC, of 37 ppm, was the most toxic metal tested against 7. tomentosum,
followed by Ni and Pb in descending order of toxicity (Table 2). Cadmium was significantly
(no overlaps in 95% confidence of the 72-hour LC, values) more toxic than the metallic
compounds tested against 7. fomentosum. Computed toxicity factors (72 h LC, ratios) showed
that cadmium was about 3.16x and 4.24 x more toxic than Ni and Pb, respectively (table 2).
Due to overlaps at 95% confidence levels, there were no significant differences between Ni and
Pb; however, according to low LC_ records for Ni in comparison with Pb, this metal was more
toxic than Pb (Table 2).

Biomass of the fungus under the metals effect in suspension medium

According to the results measured in the suspension medium for Cd and Pb, the concentrations
used for both metals did not significantly (p<0.05) change the fresh and dry weights of the
fungus (Tables 3, 4). Interestingly for Ni, results found a stimulus influence of Ni on fresh
weight with adding the metal to the medium that had significant differences with the control. A
similar result was found at 50 ppm Ni for dry weights (Tables 3 and 4).
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Table 3. Fresh weigh of T. fomentosum biomass under different concentration of CdCl,, Pb(NO,), and NiCL,

Fresh Weighs (gr.L")

Concentration of Salts

(ppm) CdcCl, Pb(NOs3), NiCL,

0 1.61+£0.04 ¢ 1.61+£0.04°¢ 1.61 £0.04¢
25 2.35+0.28 ¢ 3.60 £ 0.46 2bed 440+041®
50 224+0.51 9% 2.98 £ (.53 bede 4.08 +0.49 2
100 2.36 + 0.44 cde 3.73 £0.55 @b 4.02+0.672
200 1.87+045¢ 2.60 £0.10 ¢ 496+0.14?

Different letters have significantly differences at p<0.05, Means has been shown by ‘means +SE’

Table 4. dry weigh of 7. tomentosum biomass under different concentration of CdCl,, Pb(NO,), and NiCL,

Dry weighs (g.L!)

Concentration of Salts

(oom) CdCl Pb(NO3), NiCL,

0 0.63 +0.002° 0.63 +0.002° 0.63 +0.004 °
25 0.67+0.013" 0.67+0.012° 0.68+0.103°
50 0.66 + 0.009 ® 0.65 + 0.000 ® 0.81 +0.009 ®
100 0.63 +0.007 ® 0.68 +0.001 ® 0.69 +0.001 ®
200 0.64 +0.014° 0.64 + 0.008 ° 0.71 £0.002 ®

Different letters have significantly differences at p<0.05, Means has been shown by ‘means +SE’

Bio-sorption capacity of T. tomentosum in removing of Cd, Pb and Ni from aqueous medium

The biosorption ability of the 7. tomentosum was studied on different concentrations of
Cd, Pb, and Ni. Results revealed that the metal bioaccumulation capacity of the fungus was
significantly affected by both metal type and metal concentrations in the media (Table 5 and
Fig. 1). With increasing concentration from 25 to 200 ppm, bio-sorption capacity increased
significantly (p < 0.05) as follows; for Cd, it was increased from 1.91 to 23.81 mg.g'DW, for
Pb increased from 4.1 to 48.38 mg.g'DW and for Ni increased from 2.05 to 13.64 mg.g'DW
(Table 5). There were no significant differences at 25 ppm concentration among metals in terms
of bio-sorption capacity; however, at 50 ppm concentration, the value for Pb was noticeably
higher than the Cd and Ni. The highest bio-sorption capacity was also obtained by Pb at 200
ppm (Table 5 and Fig 1). The total bio-sorption capacity order of heavy metals was Ni < Cd <
Pb. Based on the regression equation that was plotted between biosorption capacity and metals,
the slope of the lines varied, and a high slope coefficient was recorded for Pb.

Bio-sorption efficiency of T. tomentosum in removing of Cd, Pb and Ni from aqueous medium
Analysis of variance for bio-sorption efficiency data revealed significant differences (p<0.01)
among heavy metals and their concentrations. With increasing the heavy metal concentrations,
the bio-sorption efficiency of the fungus was increased significantly and reached maximum
rates at 200 ppm (Table 6 and fig 2). Also, the biosorption efficiency of 7. tomentosum to
remove the metals was different. The highest efficiency was recorded for Cd, followed by Pb
and Ni, respectively (Table 6 and fig 2). The result showed high efficacy in removing Pb and
Cd at low concentrations than Ni. For the element, the fungus efficiency started from ~39% at
25 ppm and reached ~72 at 200 ppm concentration (Table 6, and fig 2). The results of fitting a
polynomial regression model to each element against the concentrations are shown in Fig. 2.
The predictors in the model are x and x2, where x2 is x2. Note the sign for x2 in each of the
models. The negative sign of x2 shows that the curve is concave. So, at higher concentrations,
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Table 5. bio-sorption capacity of 7. tomentosum under different concentration of CdCl,, Pb(NO,), and NiCL,

Bio-sorption capacity (mgg.g"'pw)

Concentration of Salts

cd Pb Ni
(ppm)

25 1.919+0.14 © 4101 £037°¢ 2.054 +£0.08°¢
50 4870+0.28 © 10.427 +£0.15¢ 4.082 +1.00¢
100 12.77+£0.73 ¢ 18.342+0.41 ¢ 10.195+0.38 ¢
200 26.12+2.80 ° 48.388 +3.65° 13.643£0.10¢

Different letters have significantly differences at p<0.05; Means has been shown by ‘means +SE’

60 | ¢ Cadmium Q Lead = 0.2284x
M Lead R?=0.97
A Nickel
= 50 - L
on
o)
E 40 -
é‘ Q Cadmium = 0.1163x
§ 30 R?=0.99
s T
8 1
e.20 - [}
2
.2 A
M 10 - A
Q Nickel = 0.0754x
R?=0.89
0 T T 1
0 100 200 300

Element concentration (ppm)

Fig. 1. Biosorption capacity of T. tomentosum in the presence of different Cd, Pb and Ni concentrations

Table 6. bio-sorption efficiency of 7. tomentosum under different concentration of CdCl,, Pb(NO,), and NiCL,

Bio-sorption efficiency (%)

Concentration of Salts

cd Pb Ni
(ppm)
25 66.53 £0.53 ¢ 70.00 = 1.97 9 38.94+ 1.64¢
50 79.43 £ 0.09 ¢ 80.90 + 0.97 ¢ 54.85+0.17°F
100 87.54+11.6° 84.63+1.34° 64.87 £0.72¢
200 92.71 +7.06 88.23+247" 71.74 +0.02 ¢

Different letters have significantly differences at p<0.05; Means has been shown by ‘means +SE’

the efficacy will decline in comparison with low concentrations (Fig. 2). This mode is more
evident for Ni and Cd curves, respectively. Moreover, the high R-squared values recorded for
Ni and Pb (0.97 and 0.91) show that the models have fitted the data with high accuracy.
Besides other methods, the use of fungi to remove or degrade pollutants from contaminated
sites is going to become the most practical method due to their diversity and applicability. In
this study, we examined the growth tolerance of Trichoderma tomentosum in contaminated
mediums with Cd, Pb and Ni. Results revealed that the growth of the fungus in the contaminated
PDA medium varied among the metals. Cadmium started its inhibition from 25 ppm and was
determined at 100 ppm. Lead initiated its prevention at 50 ppm; however, it did not stop fungal
growth even at 300 ppm concentration. For nickel, the threshold of inhibition was 100 ppm, and



1135 Hoseinzadeh, S. et al.

100 -

o
>
1

®©
=
1

<
=
I

B § Lead =-0.001x2 + 0.3x + 64
R2=0.91

-
<
I

[
(=
I

4 E Cadmium = -0.0003x2 + 0.1x + 66

Bisorption effeciency (%)
E4

20 | R*=0.70
10 - A E Nickel =-0.0017x2 + 0.5x+ 28
R2=0.97
0 : : ‘ : ‘
0 50 100 150 200 250

Element concentration (ppm)

Fig. 2. Biosorption effeciency of T. tomentosum in the presence of different Cd, Pb and Ni concentrations

that 300 ppm concentration suppressed 7. tomentosum growth completely (Table 1). Further
information came out of probit analysis that proved the high toxicity of cadmium to the fungus
growth on PDA with low LC, (37 ppm), which was 3.16 and 4.24 folds more toxic than
nickel and lead, respectively (Table 2). Oxidative stress and ionic homeostasis are common
upsets of heavy metals in a living organism that lead to fast cellular damage and cell death.
The generation of reactive oxygen species as a result of heavy metals exposure may result in
systematic depletion or inhibition of the cell’s antioxidant defenses. So, the accumulation of
harmful free radicals damage biomembranes (especially phospholipids), enzymes, proteins and
DNA. Disruptions or inhibitions of the scavenging capacity of the antioxidant system in living
organisms by Cd, Pb and Ni have been reported by researchers (Xu et al., 2016; Sytar et al.,
2013; Nagajyoti, et al., 2010; Yadav, 2010). Differences in the level of toxicity among heavy
metals to living organisms are determined by many factors, and exposure-related, biological and
chemical properties are the main regulating factors in absorption, metabolism and elimination
of the toxicants. In the present investigation, Cd was found to be the most significantly fungi
toxic metal in PDA medium (Table 2). Distribution and mobilization of heavy metals play
a critical role in the growth rate of organisms. It has been reported that cadmium is easily
distributed through Sinapis alba plants (Fargasova, 2004). The same phenomenon was maybe
occurred in the cell wall or through the fungus hypha; therefore, the toxicity of cadmium was
raised in comparison with lead and nickel. Also, cadmium interferes with the S-H groups of
proteins (amino acid cysteine), iron and copper of cytoplasmic and membrane proteins like
ferritin, which leads to the dysfunction of related enzymes.

There is evidence that reported inhibition of spore germination of VAM fungi by heavy
metal ions. The study confirmed the phenomenon; however, sporulation time of the fungus was
only affect. The results revealed that the sporulation of Trichoderma tomentosum in the control
condition was initiated after 72 h while under the heavy metals, it was started later at 168,168
and 192 h for Pb, Ni and Cd, respectively. According to the finding, the toxicity ranking order of
the heavy metals was again seen at sporulation time. The result is in agreement with the finding
of Azevedo and Cassio (2010), who reported inhibitory effects of Zn, Cu, Ni, and Cd on the
growth and sporulation of aquatic fungi. Also, they found that cadmium was more toxic than
the other metals.
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The growth of Trichoderma tomentosum in liquid medium (PDB) was quite different from that
in solid medium (PDA). Given concentrations of Cd and Pb, slightly improved fresh weight of
the fungus, especially at low and middle concentrations; however, for nickel the value increased
remarkably (Table 3). For dry weight, the metals enhanced the rate but not significantly compared
to the control, except for nickel at 50 ppm. In the cells, vacuoles are the center of heavy metals
homeostasis. Their capability to compartmentalize heavy metals enables cells stay active under
the presence of high amounts of environmental contaminations. It has been reported that both
plants and fungi are capable of in heavy metal compartmentation (Gonzalez-Guerrero et al.,
2008; Sharma et al., 2016). This active transport of inorganic ions to inside vacuoles produces
osmotic pressure to maintain water influx. So, increasing fresh weight and stability of dry weight
of Trichoderma tomentosum in PDB medium may be due to osmoregulation processes. The
adaptive behavior of fungi has been studied by Valix and Loon (2003) and Anahid et al., (2010).
They reported that in some strains of fungi, with an increase in ion concentration, the growth
of fungi could be increased due to the development of fungi tolerance. In the present study, the
finding in dry weight supported that theory.

The results revealed a high potential biosorption capacity and biosorption efficiency of the
fungus against cadmium, lead, and nickel contaminations in the PDB medium (Tables 5 and 6).
The rates follow up on metal concentrations and metal types. Increasing the metal concentrations,
increased both of bio-sorption capacity and efficiency of the fungus, so that, the highest values
were obtained at 200 ppm of the salts. Heavy metals accumulation in fungi includes passive and
active mechanisms. The mostly purposed approaches are binding of the metal to proteins, and
polymers, compartmentation in vacuoles and formation of insoluble metal-S components.

The living cells of 7. tomentosum biosorbed the metal ions Cd, Ni, and Pb. The findings are
in agreement with the effects of Trichoderma sp. on heavy metals removal from contaminated
mediums. Removal of chromium and cadmium from contaminated soil by Trichoderma viride
has been reported by Singh et al. (2012), and the tolerance of 7. viride was up to 200 ppm for the
metals; this concentration is very close to the result of the present study for 7° tomentosum. Again,
the growth and bioaccumulation capacity of Trichoderma viride under different levels of Pb** and
Cd* have shown a more positive result for accumulation of Pb than Cd (Sahu et al., 2012). These
results are consistent with our findings. We found that the order of bio-sorption capacity was
Ni < Cd < Pb which lead was about biosorbed two fold than cadmium by the fungus. The most
recent result of Teng, et al. (2015) showed that Trichoderma reesei FS10-C possessed high Cd
resistance (up to 300 mg L™"). Also, the effectiveness of Trichoderma sp. fungi for Pb, Ni and Cd
removal has been verified (Ezeonuegbu et al., 2015). Nickel biosorption capacity of Aspergillus
niger, A. terreus, A. flavus, Rhizopus arrhizus, Cunninghamella echinulata, Alternaria alternata
and Trichoderma harzianum revealed the maximum biosorption capacity for 7. harzianum
(11.77mg. g ) (Shoaib et al., 2012). Similar results came out from this study that the result for
T. tomentosum biosorption capacity of Ni was 13.64 mg. g'' | . Moreover, it has been purposed
that the dried biomasses of Trichoderma sp. are able to remove total contamination of Cd, Cr
and Ni in the groundwater during 48 h and a greater affinity to the biomass has been reported for
Cd (Chew et al., 2012). According to the results, the biosorption capacity was increased at high
concentrations. It could be due to the existence of unsaturated charge sites (binding sites) on cell
the wall of hypha under low concentrations of heavy metals. So, the chance of binding with free
sites has increased with the increase of ions in the medium. Furthermore, the adaptive behavior of
1. tomentosum under high concentration could be more helped to increase biosorption capacity.
CONCLUSION

Heavy metals as contaminants in the environment cause very severe harm to the growth
and development of organisms. The results of the experiments presented in this paper allow
the establishment of preliminary lethal concentrations (in PDA medium) associated with 50%
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fungus inhibition after 72 hours (LC, -72hr) for the heavy metals which were 37, 117 and 157
ppm for Cd, Niand Pb, respectively. Also, Trichoderma tomentosum showed a high potential
for biosorption of the heavy metals in the following order; Ni < Cd < Pb at PDB medium. We
suggest using the ability of the Trichoderma to reduce heavy metals from water environments,
especially waste and sewage from factories before releasing them into the environment.
Because it is easier to manage biological agents in such environments than in urban and natural
environments. Also, recycling of these metals from biological substances should be emphasized
in research works.
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