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ABSTRACT

Heavy metal pollution has become a serious environ-
mental issue in the last few decades. There is a need
to develop potential technology that can remove toxic
heavy metals ions found in polluted environments.
This study was undertaken to determine the resis-
tance levels of different concentrations of heavy me-
tals using filamentous fungi of Trichoderma aureovi-
ride, T. harzianum, and T. virens. Based on the results,
the T. virens strain T128 gave the highest tolerance
ability for Ni** and Pb* in a 1200 mg/L concentration.
The accumulation and uptake capacity was determin-
ed by the maximum removal of Pb?, Cu?*, and Ni*"
by a T. harzianum in liquid medium when compared
to other fungi. The metal removal occurred at a con-
centration of 500 mg/L and was 13.48 g/g for Pb*,
3.1254 g/g for Cu®* and 0.8351 g/g for Ni*". For Zn*,
the highest tolerance and uptake capacity of metal
was recorded at 3.1789 g/g by T. virens.

Keywords: Bioaccumulation; Biosorption; Heavy
Metals; Trichoderma Species; Bioremediation;
Wastewater Treatment

1. INTRODUCTION

Environmental degradation is a global phenomenon to-
day. Nevertheless, it is significantly more deleterious in
the developing countries that house some of the largest
populations of human inhabitants over relatively small
areas. With an increasing population, the demand for de-
velopment, especially in the areas of agricultural and
marine sectors, is required for economic growth and in-
dustrialization. The accelerated growth in the agricultural
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sector through the enhanced dependency on fertilizers,
pesticides, and chemical uses as well as the development
of industrialization has resulted in an overwhelming ef-
fect on the environment. This is because all the related
biota and processes are not given enough time to recover
for their optimal conditions.

Due to the recent development of industries, heavy
metal pollution has become one of the most serious en-
vironmental concerns today. Heavy metals have drasti-
cally increased in the environment and are also found in
nature and industrial wastewater. They naturally occur in
varying concentrations as heavy metal elements in all
ecosystems. Elements or compounds having different
properties, such as Zn, Cu, Ni, Fe, and Mn are essential
trace elements in living organisms too [1].

However, if these metals accumulate at high levels or
are ingested in greater amounts than the required con-
centration, they can cause serious problems in living or-
ganisms, including human beings. Alleviating the con-
centrations of heavy metals in water is crucial to the
quality of life of aquatic organisms. Besides, heavy me-
tals can cause severe toxic effects in exposed plants, ani-
mals, and humans when present in excessive concentra-
tions [1]. Due to their capability of binding with proteins
and other bio-molecules, they act as potent enzyme inhi-
bitors that hamper biochemical processes and compro-
mise DNA and cell membrane integrity. With the rapid
development of many industries, such as mining, surface
finishing, energy and fuel production, fertilizers, pesticides,
metal surface treating, electric appliance manufacture,
and others activities, wastes containing metals are direct-
ly or indirectly discharged into the environment, produc-
ing serious environmental pollution and posing a signifi-
cant threat to the health of humans, soil, and sediments
[2,3].
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Therefore, researchers have manipulated the microbe-
metals interactions, including reduction for anaerobic
respiration, reduction for detoxification, biosorption, bio-
leaching, bioaccumulation, and biomineralization [3,4].
It is important for researchers to explore microbes from
the ecological environment for use in metal biosorption.
The biosorption process has been studied extensively us-
ing microbial biomass as a biosorbent for heavy metal
removal. Biosorption is the process that involves the use
of microbes to detoxify and control the environmental
contaminants. Based on the interaction between living
and non-living microorganisms, metallic ions in the sys-
tem clean up the polluted sites. Consequently, the com-
bined living and dead biomass can be entirely utilized in
the biosorptive process as it often demonstrates clear to-
lerance toward metals and other adverse conditions, such
as low pH [3,5].

Fungi are a versatile group as they can adapt and grow
under various extreme conditions of pH, temperature,
and nutrient availability as well as a high metal concen-
tration [6,7]. Qazilbash [8] reported that fungi are one of
the most suitable organisms used to run bioremediation.
It is also able to tolerate and detoxify heavy metal ions
from contaminated sites by several mechanisms, includ-
ing valence transformation, extra and intracellular pre-
cipitation, and active uptake. Kapoor et al. [9] reported
that living and dead cells of fungi are able to remove
heavy metal ions from aqueous solutions and the uptake
of heavy metal ions by fungal microorganisms may offer
an alternative method for their removal from wastewater.
The removal of heavy metal ions by the fungal biomass
is much better compared to the removal of heavy metal
pollutants by conventional adsorbent techniques includ-
ing use of activated carbon, coal, or ion exchanges [8].
The increasing use of fungal biomass in numerous bio-
technological processes is widely documented, especially
in the fermentation and bioremediation industries, which
include the production of antibiotics, enzymes, and in-
dustrial acids.

Investigations and studies carried out by some re-
searchers have reported that the metal uptake mecha-
nisms of free-living fungi involves three distinct proc-
esses that include the extra cellular uptake through an ion
exchange process, intracellular accumulation, and the
trapping of particulates rich in metal contents [7,10]. Re-
searchers have found good agents for the biosorption of
heavy metal ions using Trichoderma autroviride, T. har-
zianum and T. virens; these are also being used for clean-
ing polluted areas [2,3,7,11]. Comparative studies done
by Filipovic et al. [12] report that the Aspergillus niger
strain showed better biosorption capabilities of Cu®",
Zn*" and Ni*', at pH ranging from 4 to 6. Michael et al.
[13] also found that 4. niger is able to remove 70% of
Zn*" and 91% of Cu*" from the wastewater.

Copyright © 2013 SciRes.

The tolerance and ability to detoxify metals by several
mechanisms, which include valence transformation, extra
and intracellular precipitation, and active uptake are
among the reasons that they considered as potential al-
ternatives to synthetic resins for the remediation of dilute
solutions of metals and solid wastes. They are a versatile
biosorption group as they can grow and work under ex-
treme conditions of pH, temperature, and nutrient avail-
ability as well as high metal concentrations. The resis-
tance toward heavy metals can be defined as the ability
of an organism to survive metals toxicity by means of
mechanisms produced in direct response to the metal
group concerned. Compared to other biosorption agents,
fungi biomasses have a high percentage of cell wall ma-
terials that show excellent metal binding properties in
which they can take considerable quantities of heavy me-
tals even in the absence of any physiological activity.

Many definitions for heavy metals can be found but
scientists define heavy metals according to three differ-
ent criteria-their density, atomic number, or chemical pro-
perties. According to Radojevic et al. [14], heavy metals
can be defined as metals having a density of more than 5
g/em’, which is five times denser than water [15], and
can be categorized as metals with an atomic number of
higher than 20 [16], excluding alkaline metals, alkaline
earth, lanthanides, and actinides [17].

The accumulation of different types of heavy metals,
such as Pb*", Cd*, Cu*’, Ni**, Zn**, and Mn*’, in sea
water not only contaminates the water but also the soil.
As a result, it also affects the sources of drinking water
and builds up a dangerous concentration of heavy metals
in grains and vegetables. There are several cases that
have involved heavy metals contamination, with the most
popular case occurring in 1963 in Minamata Bay, Japan.
Its tragedy is related to the high amount of mercury con-
centration in shellfish, which was consumed by locals
near the Minamata Bay. The spread of diseases happened
due to the chemical substances released and discharged
without control by the chemical factory that operated
near the bay [18]. High amount of mercury concentration
was discharged into the sea as wastewater and affected
the marine food chains, such as shellfish and other sea-
food that can build up high concentrations of mercury
and become poisonous to consumers [18].

Heavy metals are one of the serious environment pol-
lutants as they derive from both direct sources, such as
industrial effluents and sludge dumping and indirectly
through highway runoffs. As a result of these problems, a
great interest in metal-microbe interactions has arisen in
recent years from researchers as well as industrialists
who wish to find suitable methods to remove as well as
recover and stabilize the heavy metals in seawater, soil,
and effluents [19]. In the present study, the Trichoderma
species have been investigated for their ability to grow in
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the presence of four heavy metals, that is, Pb*, Cu®’,
Ni**, and Zn**, using different concentrations. Solid and
liquid medium were used for the determination of the
resistance levels of different concentrations of heavy me-
tals. The maximum biosorption capacity based on dry
weight was determined by varying the concentrations of
four heavy metals ions in aqueous solution.

2. MATERIALS AND METHODS
2.1. Trichoderma Samples

Trichoderma samples were collected from the Biotech-
nology Research Institute (IPB), Universiti Malaysia Sa-
bah (UMS), which were morphologically and genetical-
ly previously identified by Siddiquee et al. [20-22].

2.2. Fungal Growth Screen

The Cu*, Pb*", Zn*', and Ni** stock solutions were pre-
pared by dissolving copper sulphate pentahydrate
(CuS0O4'5H,0), lead nitrate (Pb(NOs),), Zinc sulphate
(ZnS0O4:7H,0), and nickel oxide (Ni,0O5) (analytical grade,
Merck) in distilled water. The solid medium was pre-
pared by pouring 4 mL of stock solution of Cu*'/Pb*/
Zn*/Ni*", followed by 16 mL of sterilized potato dex-
trose agar (PDA) into a universal bottle to obtain the
desired heavy metal concentrations of 100 mg/L, 300
mg/L, 500 mg/L, 700 mg/L, 900 mg/L, and 1200 mg/L,
respectively. The universal bottle was then gently shaken
to homogenize the solution. The PDA incorporated with
the above-mentioned heavy metal solutions were then im-
mediately poured into the petri dishes and swirled gently.
The medium was inoculated with 3 mm diameter of agar
disc cut from the edge side of an actively growing pure
culture of Trichoderma species samples and were ob-
served daily until mycelia growth covered the whole pe-
tri dish. Three replicate plates were done for each treat-
ment, and the experiment was repeated thrice under room
temperature conditions (28°C + 2°C, 12 h daylight and
12 h darkness).

2.3 Toxicity Test of Selected Fungi Species

Potato dextrose broth (PDB) (Difco, USA) was prepared
as per the manufacturer’s instructions (10 g of PDB me-
dia were decanted into individual 500 mL Erlehnmeyer
flasks with cotton wool stoppers placed over the flask
mouths and then autoclaved at 121°C, 1.4 kg-cm ™' for 15
min). The used stock solution of either Cu®" or Pb*" or
Zn*" or Ni*" (10 mL) was added to the medium in each
250 mL conical flask separately to reach the required
concentrations (100, 200, 300, 400 and 500 mg/L) in a
volume of 100 mL. The medium was later inoculated
with six disks of pure culture of the selected Trichoder-
ma samples taken from the edge side of an actively
growing PDA culture [23]. The initial concentrations of
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each heavy metal in each conical flask were checked
using an inductive coupled plasma spectrometer (ICP-
OES Model Optima 2000 DV, PerkinElmer, United States)
before fungal inoculation [10]. Cultures were incubated
under room temperature conditions (28°C + 2°C, 12 h
daylight and 12 h darkness). Three replicates were done
for each heavy metal, and the experimental works were
repeated three times.

2.4. Determination of Fungal Growth at
Different Concentrations of Selected
Heavy Metals

After seven days of incubation, flasks containing fungal
biomass at different concentrations of heavy metals were
harvested and filtered through Whatman No. 1 filter pa-
per. Biomass samples were rinsed several times with dis-
tilled water and left in an oven at 50°C until a constant
weight was achieved and defined as dry biomass (g/L)

[6].

2.5. Removal of the Heavy Metals at Different
Concentrations by the Selected Fungi

According to the method proposed by Lopez and Vaz-
quez [10], concentrations of heavy metals in liquid cul-
tures were measured with ICP-OES before fungal inocu-
lation. The amount of heavy metal uptake (Q, mg/g) was
calculated by using the following equation [3,10,24]:

o1

where
0O (mg/g) = mg of metal ions uptake per gram biomass
Ci (mg/L) = initial metals concentration
Cf (mg/L) = final metals concentration
m (g) = amount of dry biomass
V (L) = volume of the medium

2.6. Data Analysis

Statistical analyses of data were performed by using the
Statistical Package for the Social Science (SPSS), ver-
sion 21.0. One way analysis of variance (ANOVA) was
carried out to show the significance difference at p <
0.05. Tukey test was used to compare the means.

3. RESULTS AND DISCUSSIONS
3.1. Screening for the Most Tolerant Fungi

This research work was designed to determine the capa-
bility and absorption methods of the selected Tricho-
derma species for the different concentrations of heavy
metals. According to Gadd [25], it has been reported that
exposure of filamentous fungi to heavy metals can lead
to physiological adaptation or the selection of mutants
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and such changes may be associated with increased me-
tal absorption capacity. Filamentous fungi are able to
grow in the presence of heavy metals even at higher
concentrations. The selected fungi that were used belong
to the genera Trichoderma which consisted of 7. harzi-
anum, T. aureoviride, and T. virens. In the present study,
the selected fungi were observed at different concentra-
tions of 100 mg/L, 300 mg/L, 500 mg/L, 700 mg/L, 900
mg/L, and 1200 mg/L in Cu®*, Zn*", Pb**, and Ni** heavy
metals on PDA. From the analysis of Cu®" ion in differ-
ent concentrations, it was found that 7. harzianum strain
T32 obtained the highest mycelia growth values, follow-
ed by T. harzianum strain T30, T. virens strain T128, and
T. aureoviride strain T121 within 3 days of incubation.
At 100 mg/L-1200 mg/L concentration of Cu*", the high-
est mycelia growth values were 7.5 cm for 100 mg/L, 7.2
cm for 300 mg/L, 6.2 cm for 500 mg/L, 5.4 cm for 700
mg/L, 2.9 cm for 900 mg/L, and 2.1 cm for 1200 mg/L,
respectively, by using 7. harzianum strain T32. When
comparing with other fungi, T. harzianum strain FA30
recorded the lowest growth rate. Even though the same
species of T. harzianum was used, a different strain ex-
hibited different ability and biosorption capacity with dif-
ferent concentrations of Cu®’. This result suggests that
different strains of even the same species do not exhibit
the same tolerance capacity. After five days, all fungi
fully covered the whole petri dish at concentration ranges
of 100 mg/L - 700 mg/L. Concentrations of 900 mg/L
and 1200 mg/L of Cu** showed completely grown myce-
lia within 20 days. Nur Liyana et al. [2] reported that
Aspergillus niger has a high tolerance ability in the pres-
ence of Cu®" than the P. simplicissimum species with a
concentration of 1000 mg/L. Zapotoczny et al. [23] also
reported that Acremonium pinkertoniae could tolerate up
to 600 mg/L concentration of Cu®" in malt agar. Anand et
al. [6] reported that there is no growth at 300 mg/L of
Cu*" using T. viride species. Tsekova and Todorova [26]
also reported similar level of tolerance to Cu®" ions by A.
niger B-77 strain where 300 mg/L of the Cu*" ion was
inhibitory to the growth of the organism. In comparison
with previous research results, we first reported up to
1200 mg/L concentration of maximum tolerance on
PDA.

By increasing the initial concentration of Zn*" up to
1200 mg/L in the PDA culture medium, significantly
different mycelia growth rate was found for those fungi.
In Table 1, T. virens strain T128 showed the highest
growth rate value compared to other fungi. Even though
other fungi had a slow growth rate, they still showed
tolerance with a high Zn*" concentrations. Maximum
concentrations (1200 mg/L) of Zn>" with a value of 4.40
mg/L of T. harzianum strain FA30, 2.70 mg/L of T. har-
zianum strain T32, 4.70 mg/L of T. aureoviride, and 4.81
mg/L of T. virens strain 128 were found. In 100 mg/L -

Copyright © 2013 SciRes.

500 mg/L concentrations of Zn*', the mycelia growth of
T. harzianum strain T32 was higher than that of T
aureoviride strain T121; after that, with increasing con-
centrations of 700 mg/L - 1200 mg/L, the mycelia growth
decreased. Based on the heavy metal study of Zn®", the T.
virens strain T128 showed the best selected filamentous
fungi to tolerate and reduce the toxicity at low to high
concentrations of metal solutions.

With increasing concentrations of Pb*" from 0 mg/L -
1200 mg/L, the mycelia growth of the selected fungi in
the PDA media decreased. The highest mycelia growth
was recorded for the 7. harzianum strain T32 at different
concentrations for 3 days whereas compared to other
fungi, almost the same growth rates were recorded. These
fungi were determined as being the most tolerant fungi
for Pb>" when compared to other heavy metal ion con-
centrations. The maximum tolerance of Pb*" for metal
solution occurred at 1200 mg/L concentration with a va-
lue of 6.10 mg/L for T. harzianum strain FA30, 6.90 mg/L
for T. harzianum strain T32, 6.71 mg/L for T. aureovi-
ride, and 6.60 mg/L for T. virens, respectively.

There was fluctuation of the data as the fungal mycelia
growth of T. harzianum decreased with the increasing
concentration of Ni*~ when compared to T virens. This
result indicated that the T virens is the most suitable fun-
gus for biosorption and tolerance to Ni’*" pollutants be-
cause it can be adapted to such environments, followed
by other fungal species.

According to Kapoor et al. [9], reported fungi are
well-known to be tolerant and even able to accumulate
Pb*, Cu*", Zn*, Ni**, and Cd*" concentrations. Some
species of fungi can accumulate a broad range of heavy
metal contaminations, while others are specific for cer-
tain types of heavy metals. Different types of fungi, such
as Trichoderma species that show high tolerance to toxic
metals, may be useful in metal recovery systems.

This study showed that the 7. virens strain T128 had
the highest tolerance toward Ni** and Pb** concentrations
when compared to other heavy metals, even at the ma-
ximum concentration of 1200 mg/L. For Cu®" heavy me-
tal ion solutions, 7. harzianum recorded the highest ave-
rage growth rate compared to other fungi. The colony
growth rate observed in the 7. aureoviride strain T121
after 5 day cultures on a solid medium containing Cu**
solutions at low to high concentrations also supported
fungal growth. According to Baldrian et al. [27], differ-
ent ranges of heavy metals tolerance on solid medium
may be caused by the metal binding property of various
agar medium or the diverse ability of different fungi.

3.2. Comparison between the Growth Rates of
Selected Fungi at Different Concentrations
of Heavy Metals

T. harzianum strain FA30 showed the most tolerant and
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Table 1. Growth rate of fungi on PDA at different concentrations of Cu2+, Zn2+, Pb>" and Ni**.

Cu” concentrations (mg/mL)

Species 100 300 500 700 900 1200

T. harzianum strain FA30 ~ 6.50 + 0.03a 6.30 £ 0.03* 5.21+0.02° 3.61 £ 0.03° 2.21£0.03° 1.60 +0.03*

T. harzianum strain T32 ~ 7.51 £0.01b 7.20 £ 0.02° 6.21+0.02° 5.41+0.03° 2.95+0.05° 2.10+0.03°

T. aureoviride strain T121 ~ 6.70 £ 0.01c 6.40 £ 0.02° 5.70 + 0.03° 432+021° 2.51+0.02° 1.84 +0.03°

T. virens strain T128 7.40 +0.03d 6.71 £0.02¢ 5.60 = 0.02¢ 4.73 £0.04¢ 2.70 +0.04¢ 1.91+0.03°
Zn** concentrations (mg/mL)

T. harzianum strain FA30 ~ 6.51 +0.02a 6.20 +0.02a 5.90 +0.02a 5.50 +0.02a 5.10+0.02a 4.40 +0.02a

T harzianum strain T32  7.50 + 0.02b 7.40 +0.02b 7.01+0.02b 5.41+0.02b 4.80+0.03b 2.70 +0.02b

T. aureoviride strain T121  7.10 + 0.02¢ 6.60 £ 0.04c 6.30 £ 0.03c 5.81+0.03c 530 +0.03c 470 +0.03¢

T. virens strain T128 7.71+0.01d 7.50 £ 0.04d 7.10 £0.03d 6.51+0.02d 5.90+0.01d 4.81+0.04d
Pb** concentrations (mg/mL)

T. harzianum strain FA30 ~ 7.41 +0.03a 7.30 £ 0.02a 6.91 = 0.02a 6.70 + 0.02a 6.31+0.03a 6.10 £ 0.03a

T harzianum strain T32 ~ 7.91 +0.03b 7.70 +0.03b 7.50 = 0.03b 7.30+0.03b 7.11£0.03b 6.90 = 0.02b

T. aureoviride strain T121 ~ 7.81 +0.02¢ 7.41 +0.04c 7.32+0.02¢ 7.01+0.03¢ 6.90 = 0.02¢ 6.71 +0.03c

T, virens strain T128 7.70 +0.02d 7.51+0.03d 7.01 +0.03d 6.90 +0.02d 6.70 +0.02d 6.60 + 0.03d
Ni*" concentrations (mg/mL)

T. harzianum strain FA30  6.50 = 0.02a 6.10 £ 0.04a 5.70 £ 0.03a 5.30+0.03a 5.10+0.02a 491 +£0.04a

T harzianum strain T32  7.51 +0.04b 6.70 = 0.03b 6.01 £ 0.03b 5.30 +0.02a 4.61+0.01b 4.11 + 0.04b

T. aureoviride strain T121 ~ 7.41 +0.03¢ 7.20 + 0.04¢ 7.00 = 0.03¢ 6.41 +0.04b 6.21+0.03¢ 6.01 +0.02¢

T. virens strain T128 7.61+0.05d 7.41+0.03d 7.10 +0.03d 6.91+0.02¢ 6.51+0.02d 6.10 +0.03d

The growth rate of fungi were compared by using one-way ANOVA and Tukey test for different concentrations of Cu®*, Zn>*, Pb*" and Ni**. Means with dif-
ferent letters in each column of Cu®", Zn*", Pb*>" and Ni** concentrations were significantly different at p < 0.05.

higher absorption skill with Ni** and Pb*" concentrations,
as shown in supplementary Figure S1. The increasing
growth rate was found for Pb*" and Ni’" when compared
to Cu®" and Zn*" concentrations, and no visible appear-
ance changes occurred in the mycelium or sporulation.
Subheading on screening for the most tolerant fungi re-
sults also indicated that 7. harzianum strain T32 showed
high ability and tolerance skills to absorb the toxicity of

heavy metals when compared to 7. harzianum strain FA30.

T. harzianum strain T32 always recorded faster growth in
the heavy metals consisting of Ni’*, Pb*", and Zn** con-
centrations (supplementary Figure S2).

T. aureoviride strain T121 showed the highest toler-
ance toward the concentrations of Pb*" and Ni*", as
shown in supplementary Figure S3. This species strain
was fully grown at low concentrations of 100 mg/L - 500
mg/L, but no change occurred in physical appearances.
Based on Figure 1, the 7. virens strain T128 showed al-
most the same growth rates at low concentration when
the concentration increased for Cu”" and Zn*', the growth

Copyright © 2013 SciRes.

rate of mycelia were decreased compared to Pb>" and
Ni** concentrations. The concentrations ranged from 300
mg/L to 1200 mg/L of Cu®’, the mycelia physical ap-
pearance changed as it turned from green to a darker
colour. These similar changed results were also observed
by Venkateswerlu et al. [28], who determined that there
are blue colored particles in the presence of Cu®" in Neu-
rospora crassa and Cunninghamella blackesleeana and
they proposed that this was caused by the binding of the
Cu”" ions to the protein in the cell wall of the mycelium.
Anand et al. [6] tested in agar medium at concentration
ranges of 1000 mg/L - 5000 mg/L of Cu®"; the mycelia
turned blue both on the agar media and in broth culture at
all concentrations of copper, which is due to the binding
of Cu®" to the fungal cell wall.

3.3. Metal Uptake Capacity by Selected
Filamentous Fungi

Dry biomass of 7. harzianum, T. virens, and T. aureo-
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T. virens strain T128)

Nickel Zinc

Control

100 mg/L

300mg/L

500 mg/L

700 mg/L

900 mg/L

1200 mg/L

Figure 1. Comparison between the growth rates of T. virens strain
T128 with different concentration of heavy metals.
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Figure 2. Uptake capacity of Ni** with different concentrations of Ni*" in liquid medium by 7. virens, T.

aureoviride and T. harzianum.
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Figure 3. Uptake capacity of Zn>" at different concentrations of Zn*" in liquid medium by 7. virens,

T. aureoviride and T. harzianum.

viride decreased with increasing initial concentrations of
heavy metals ( Ni**, Zn**, Pb*, and Cu®") for 7 days at
room temperature conditions of 28°C + 2°C. With in-
creasing concentrations of Ni*’, the dry biomass values
of those fungi decreased. The result indicated that the
highest biomass values of those fungi were at the control
concentration level while the lowest biomass values were
recorded at 500 mg/L of Ni** (Table 2). It was found that
the 7. aureoviride strain T121 obtained the highest dry
biomass values of 0.3518 g/L, followed by the 7. virens
strain T128 (0.1963 g/L) and T. harzianum strain T32
(0.137 g/L) at 500 mg/L concentration. The lowest dry
biomass of 7. harzianum strain T32 compared to the
other fungi, however, gave the highest Ni** uptake ca-
pacity (Figure 2), even though the dry biomass of the T.
aureoviride strain T121 recorded the highest values, but
gave the lowest Ni’" uptake capacity.

By increasing the initial concentration (0 mg/L) of
Zn*" up to 500 mg/L in the liquid culture medium using
selected fungi, the level of dry biomasses decreased. A
remarkable decrease of the biomass values was observed
in the T. harzianum strain T32 while compared with the
T. virens strain T128 and the 7. aureoviride strain T121.
From 0 mg/L - 500 mg/L concentration of Zn*", the high-
est biomass values occurred between 0.5 g/L - 0.3 g/L by
using 7. aureoviride, followed by T. harzianum and T.
virens (Table 2). With the increase of Zn?*, the metal
uptake capacity by T. harzianum, T. virens, and T. aure-
oviride were always increasing. The maximum uptake of
Zn*" from the metal solution occurred at 500 mg/L con-
centration with a value of 3.1789 g/g for T. harzianum,
2.1719 g/g for T. virens, and 1.5065 g/g for T. aureo-

Copyright © 2013 SciRes.

viride, as shown in Figure 3.

With different concentrations of Pb*", dry biomass
values of T. aureoviride were higher compared to 7. vi-
rens and T. harzianum (Table 2). The dry biomass ob-
tained for 7. aureoviride was 0.1078 g/L and followed by
0.0981 g/L for T. virens and 0.0244 g/L for T. harzianum
at 500 mg/L Pb*" concentration. The noticeable decreas-
ed dry biomass value was found for 7. harzianum at dif-
ferent concentrations of Pb*" (0 mg/L - 500 mg/L). The
growth and metal removal properties of the three fungi
were highly affected by initial metal ion concentrations.
The highest Pb*" uptake (13.48 g/g) at 500 mg/L of the
initial Pb>" concentration was obtained for 7. harzianum,
whereas T. virens and T. aureoviride were only able to
remove 7.9126 g/g and 4.6683 g/g of Pb*", respectively
(Figure 4).

Based on Table 2, dry biomass of T. virens, T. aureo-
viride, and T. harzianum decreased with increasing initial
concentrations of Cu®*. The result indicated that the
highest biomass values of those fungi were at the control
concentration while the lowest biomass values was re-
corded at 500 mg/L of Cu®". It was found that at 500
mg/L of Cu®', the maximum Cu®" uptake occurred and
the highest dry biomass was obtained by 7. aureoviride
(0.3505 g/g), followed by T. harzianum (0.1678 g/g), and
T. virens (0.1552 g/g) (Figure 5).

These three species of fungi are tested to determine the
Minimum Inhibitory Concentration (MIC) for the dif-
ferent types of heavy metals. The following order of tox-
icity found Cu*" > Zn** > Ni** > Pb*" by the selected
fungi. The MIC values suggest that the resistance level
against individual metals was dependent on the fungi.
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Table 2. Dry biomass values of fungi on PDB at different concentrations of Cu**, Zn**, Pb*" and Ni*",

Cu®" concentrations (mg/L)

Species 0 100 200 300 400 500
T. harzianum strain T32 0.29+0.01a 0.24 £0.02a 0.22 +0.03a 0.20+0.01a 0.19 +0.02a 0.16 £ 0.02a
T aureoviride strain T121 0.45+0.02b 0.41 +0.02b 0.40+0.01b 0.39+£0.01b 0.36+0.01b 0.36 +£0.01b
T. virens strain T128 0.24 £0.02¢ 0.22 +£0.03a 0.22 £0.02a 0.20+0.01a 0.19+0.01a 0.15+0.01a

Zn*" concentrations (mg/mL)

T. harzianum strain T32 0.29+£0.01a 0.25+0.01a 0.24 +0.02a 0.22 £0.02a 0.20 +0.02a 0.18+£0.01a
T. aureoviride strain T121 0.42 +£0.02b 0.40 £ 0.02b 0.39+0.02b 0.38 £0.02b 0.37+0.02b 0.33 +£0.02b
T virens strain T128 0.34 £0.02c 0.26 £ 0.02a 0.24 £0.02a 0.23+£0.01a 0.24+0.02a 0.19+£0.01a

Pb** concentrations (mg/mL)

T. harzianum strain T32 0.20 £0.02 0.18 +0.02a 0.14 £0.02a 0.10£0.01a 0.05 +0.02a 0.02 £0.02a
T. aureoviride strain T121 0.42+0.02 0.40 £ 0.02b 0.36 £0.01b 0.27+£0.03b 0.13£0.02b 0.11 +£0.02b
T. virens strain T128 0.26 £0.02 0.23 +£0.02¢ 0.22+£0.02¢ 0.19£0.02¢ 0.12£0.02b 0.09 £ 0.02b

Ni*" concentrations (mg/mL)

T. harzianum strain T32 0.31+0.02a 0.26 = 0.02a 0.24+0.01a 0.23 +£0.02a 0.22+0.01a 0.13+0.01a
T. aureoviride strain T121 0.47 +0.02b 0.43+£0.01b 0.42+0.02b 0.40 £ 0.03b 0.38+0.01b 0.35+0.02b
T. virens strain T128 0.33+0.01a 0.32+0.02¢ 0.30 £ 0.03¢ 0.27 £0.02a 0.26 +0.01c 0.19+0.01c

Dry biomass values of fungi were compared by using one-way ANOVA and Tukey test for different concentrations of Cu*’, Zn*", Pb*" and Ni*". Means with
different letters in each column of Cu®*, Zn®", Pb*" and Ni** concentrations were significantly different at p < 0.05.

Pb2+

)
[ |-

—==T. harzianum

10 - =—T aureoviride

8 - T virens

Pb** uptake (g/g)
N

0 100 200 300 400 500

Concentration of Pb** (mg/L)

Figure 4. Uptake capacity of Pb*" with different concentrations of Pb*" in liquid medium by 7.
virens, T. aureoviride and T. harzianum.

The growth and metal removal properties of these fungi the decrease of microbial growth biomass. At 500 mg/L,
were highly affected by the initial concentration to in- where the highest Pb>" uptake occurred, the dry biomass
crease different heavy metals concentrations. Based on obtained for T. aureoviride was 0.13 g/L and the uptake
the results, increasing Pb”" concentrations may lead to capacity of Pb** concentrations by 7. aureoviride was the
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Figure 5. Uptake capacity of Cu®" at different concentrations of Cu®" in liquid medium by 7. virens, T. aureoviride and T.

harzianum.

lowest at 4.7 g/g compared to other fungi.

According to Deshmokh and Rai [29], the increase of
the uptake capacity of metals may be often associated
with toxicity or the increasing permeability of cell mem-
brane on account of further binding of the metal to ex-
posed intracellular sites, causing the biomass to decrease
with elevated metal exposure. Kapoor ef al. [9] showed
that the lower uptake at higher biomass concentrations
can be attributed to the electrostatic interactions of the
functional groups at the cell surfaces. The cells at higher
concentrations in suspension attach to each other, thus
lowering the cell surface area in contact with the solu-
tion.

Among the fungi, T. harzianum are able to absorb
more amounts of Ni*" metal concentrations, especially at
lower concentrations between 300 mg/L - 500 mg/L. The
differences may be due to the larger surface area of T.
harzianum biomass for the adsorption processes. Zafar et
al. [3] suggested that the main mechanism of heavy me-
tal removal from aqueous solution was a redox reaction
between the heavy metal ion concentrations and the fun-
gal biomass. In addition to the removal of metals from
solution during growth, the grown biomass cells can ab-
sorb metals from solution. The grown biomass cells can
absorbs the metals at a high concentration especially where
tolerance to metals during growth is fairly low. Kacprzak
and Malina [11] reported that due to high growth, more
ligands and negative charge are exposed, which in turn
attract more positively charged metal ions from the aqu-
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eous solution.

Our result also proved that metal uptake occurred as a
consequence of physical binding to cell surfaces rather
than as an active process, since the mycelia appeared to
be partially degraded and the fungal cell wall plays an
important role in metal uptake (biosorption). The ability
of the Trichoderma species is to tolerate and undergo the
biosorption process of toxic metals based on ionic spe-
cies associating with the cell surface or extra cellular
polysaccharide, protein, and chitin. Usually, fungal cell
walls contain chitin and chitosan. Chitin and chitosan con-
tents of the fungal cell wall can change during the growth
of mycelia and this can account for the variations in the
metal-uptake capacity with the fungi [30].

The accumulation and uptake capacity of T. harzi-
anum for Ni**, Pb*, and Cu®" concentrations in liquid
medium were found to be highest when compared to T.
virens and T. aureoviride, while for Zn>*, the highest
tolerance and uptake capacity of metals were recorded by
T. virens. It was also showed that these fungi tested above
had their own ability to absorb different types of heavy
metals depending on the toxicity of each heavy metal.
Based on this study, there is a possibility that by increa-
sing the initial concentration, the removal of metals solu-
tion also increases due to the increase of metal uptake.
These results are in agreement with those of Yalcin e al.
[31], who reported that a higher initial concentration pro-
vided an important driving force to overcome all mass
transfer resistances between the heavy metals solution
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and the fungi cell wall.

4. SUMMERY

The present study focused on recent evidence that identi-
fies the potential selected filamentous fungi that are ca-
pable of tolerating and undergoing biosorption process
toward different concentrations of heavy metals. Results
support that the selected fungi have been successfully
used as the absorbing agent for the removal of metals ion
from different concentrations of heavy metals. These se-
lected fungi are able to survive the maximum concentra-
tion of 1200 mg/L of heavy metals. Determination of the
maximum absorption rate and the uptake capacity of va-
rious concentrations of heavy metals can be achieved in
the following order: Ni**, Cu**, Pb**, and Zn*", according
to T. harzianum, T. virens, and T. aureoviride. It was ob-
served in the experiments that an increase in the initial
metal concentrations results in an increase in the metal re-
moval capacity and dry biomass of the biosorbent, which
accumulates at very high metal concentration. The metal
removal capacity of the fungi touches its peak at these
higher metal concentrations and at low metal concentra-
tions of heavy metals; the biosorption capacity of the bi-
osorbent is not fully utilized.

The results in this work also indicated the possibilities
that exist for the clean-up of the contamination or pollu-
tion of heavy metals with the use of natural resources.
The contribution of the present study lies in the determi-
nation of the metal uptake by the biomass of naturally
occurring microorganisms that are isolated from soil pol-
luted with heavy metals ions. Although field studies are
necessary, these results suggest that using these fungi
may offer foundations to remediate and reclaim some con-
taminated or polluted areas.
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Figure S1. Comparison between the growth rates of 7. harzianum strain FA30 with different concentration of heavy

metals.
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Figure S2. Comparison between the growth rates of 7. harzianum strain T32 with different concentra-

tion of heavy metals.

Copyright © 2013 SciRes.

OPEN ACCESS



S. Siddiquee et al. / Advances in Bioscience and Biotechnology 4 (2013) 570-583 583
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Figure S3. Comparison between the growth rates of 7. aureoviridestrain T121 with different concentration
of heavy metals.
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