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Abstract: The use of microorganisms, mainly fungi, is an alternative
processing method for removing heavy metals from contaminated
environments. These microorganisms have the ability to resist severe
environments such as the presence of heavy metals and salinity. The aim of this
study is to isolate natural fungi capable of accumulating lead (Pb), zinc (Zn)
and copper (Cu) from polluted Algerian beaches. Heavy metal-resistant fungal
strains were screened with different concentrations of these metals for 7 days at
25 £ 2 °C. The isolate showing the highest resistance to tested metals was
selected to determine its ability to simultaneously uptake lead, zinc and copper
from CYA broth medium. The kinetic models were applied on the metal
tolerant Penicillium citrinum. Biosorption of the heavy metals was investigated
under pH ranging from 1 to 11 and at temperature ranging from 15 to 45 °C.
The screening of the heavy metal-resistant fungal strains showed one resistant
strain to the three heavy metals at once. It followed the Langmuir model
biosorption towards initial concentrations of the three metals showing an
important affinity when compared with the earliest studies. The optimal pH and
temperature were determined as 5.5 - 6 and 27 - 30 °C, respectively.

Keywords: biosorption, heavy metals, Langmuir model, optimization,
Penicillium
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INTRODUCTION

The pollution by heavy metal represents one of the most severe problems of the
environment nowadays [1 — 3]. It is the result of various industrial sources such as
mining and smelting of metalliferous, surface finishing industry, energy and fuel
production, fertilizer and pesticide industry, metallurgy, iron and steel, etc. Thus, some
of them are becoming shortage and also brings about serious environmental pollution.
In general, toxic metals (such as Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co, Sn, etc.) affect
human and animal health and ecosystem [4].

Conventional methods for removing heavy metals are expensive; they are not efficient
due to their metal-binding properties and non-specificity to one metal. Therefore,
alternative processing methods were proposed, using microbial biomass. There are
several fungi that can grow at high concentrations of metals and they are capable to
adsorb them [5 — 10]. These microorganisms can be employed for eliminating heavy
metals from the contaminated ecosystems. Thus, fungi present the most important group
due to their ability to resist severe high values of metal concentrations, extreme pH ...
[11].

This study aims to study the potential of natural fungi isolated from sand of the polluted
Algerian eastern beaches and application of the kinetic modeling to understand the
biosorption mechanism, furthermore, it aims to optimize this process for the
simultaneous removal of three heavy metals, namely lead (Pb), zinc (Zn) and copper
(Cu).

MATERIALS AND METHODS
Isolation of fungal strains from polluted beaches

The fungal strains isolation from sand samples of polluted eastern Algerian beaches was
carried out using the decimal dilution technique on Potato-Dextrose Agar (PDA)
medium from acacia tree (Sigma-Aldrich). Colonies of the isolated fungi were further
purified on PDA plate by the method of spot inoculation repeatedly [12]. Purified
isolates were identified after observation under light microscopy using a Paralux L1200
BINO SP 1600X microscope (France).

Screening of heavy metal-resistant fungal strains

The isolated strains were screened on Czapek Yeast agar (CYA) medium at different
concentrations (200, 400, 800, 1000 mg'L'l) of PbSOy4, ZnSO4 and CuSOy for 7 days at
25 + 2 °C. The mean of perpendicular diameter measurements was recorded [7].

All reagents were of analytical grade.

Influence of metal concentration on metal absorption

In order to determine the relative ability of the screened fungus to accumulate lead, zinc
and copper, the fungi were cultured in 100 mL CYA broth in Erlenmeyer flasks

(250 mL) with concentrations: 0, 500, 1000, 1500, 2000, 2500, 300 and 350 mg-L".
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The final pH was adjusted to 5.5. 10 mm plugs were inoculated in each flask. All
cultures were incubated at 25 + 2 °C for 7 days on a rotary shaker (KS 40001 Control,
United Kingdom). The liquid phases from this fungus were separated using
centrifugation at 10000xg for 30 min then washed. Fungal biomass was dried at 70 °C.
The amounts of lead, copper and zinc uptake by dried biomass were analyzed by atomic
absorption spectrophotometer (AA-6200 SHIMADZU, Australia) [13, 14].

Kinetic modeling
The model of cell metal binding sites of each metal was determined by application of

the Langmuir-Freundlich absorption model [15], the following equation describes the
Langmuir model (1916) [16]:

gm-b-ce
m=1-" " 1
1 1+b-ce M
Rearrangement of the linear form of the above equation may be:
ce__1 ,ce @)
ge bgm qm

where: Ce is the equilibrium concentration (mg+*L™") and ge is the adsorbed amount of
metal ion per gram of biomass at equilibrium (mg-L™). gm is the maximum amount of
metal ion per unit weight of biomass to form a complete mono layer on the surface
bound at high Ce (mg-L™), b is a constant related to the affinity of the binding sites
(L-mg™"). A plot of Ce/ge versus Ce should indicate a straight line of slope //gm and an

intercept of 1/bgm.
The Freundlich model (1906) [17] equation is of the form:
qezk-ce-(lj 3)
n
and the linear equation is:
Inge=k- (lJ Ince 4)
n

Influence of pH and temperature on metal biosorption

The metal uptake by the dry biomass of Penicillium citrinum was investigated under pH
ranging from 1 to 11 (1, 2, 3,4, 5,6, 7, 8,9, 10 and 11). The pH of the medium was
adjusted using 0.1 N HCI and 0.1 N NaOH solutions. For each tested pH, the cultures
were incubated at 25 + 2 °C for 7 day [18].

The optimal temperature for biosorption efficiency was determined by incubation of the
fungal culture at different temperatures (15, 17, 20, 23, 25, 27, 30, 33, 37, 40, 43 and
45 °C) [18]. All tests were carried out in triplicate, in presence of each tested metal with
3500 mg-L™".
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RESULTS AND DISCUSSION
Isolation of fungal strains from polluted beaches

The strains were isolated, purified and identified. The fungal cultures were identified
based on macroscopic (colonial morphology, color, texture, shape, diameter and
appearance of colony) and microscopic characteristics (septation in mycelium, presence
of specific reproductive structures, shape and structure of conidia and presence of sterile
mycelium) [19]. This identification was achieved according to the literature [20, 21].

Screening of heavy metal-resistant fungal strains

The growth of all strains was tested at different heavy metal concentrations.
This screening showed a resistant strain, which was identified as Penicillium citrinum
(Figure 1 and Figure 2).

Figure 1. Growth of Penicillium citrinum on CYA without metals at 25 £ 2 °C for 7days
(A: surface, B: back)

SENE S S

Figure 2. Microscopic observation (60X) of Penicillium citrinum on CYA without
metals at 25 + 2 °C for 7 days

This strain was able to resist the three heavy metals (Pb, Zn and Cu) at once (Figure 3).
On the basis of the mycelial diameter, the isolated Penicillium citrinum showed a good
colony growth on medium at different concentrations of the three metals (Table 1) when
compared to the control (3.5 cm) (Figure 1). This strain can consequently grow easily in
presence of these heavy metals even at high concentrations.

Table 1. Mycelial growth diameter of Penicillium citrinum at different concentrations of
the three metals (mean = SD)

oncentration
mg* L7 200 400 600 800 1000
Metal ions
Lead (Pb) 6.1 £0.7 7+0.1 8.1+13 8.2+0.7 7.9+0.7
Zinc (Zn) 51+1.1 57+13 7.1+0.8 7.7+0.9 8.1+0.3
Copper (Cu) 53+09 5.6+0.7 6.2+09 63+12 6.1+12
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Figure 3. Growth of Penicillium citrinum after exposure to 1000 mg -L™ concentration
of heavy metals on CYA at 25 + 2 °C for 7 days (A: CYA + 1000 mg of PbSO,,
B: CYA + 1000 mg of ZnSOy, C: CYA + 1000 mg of CuSOy)

Influence of metal concentration on metal absorption
Figure 4 indicated that the concentration of lead affects strongly the uptake ability.

When the metal level increased (from 100 up to 3500 mg-L™"), biosorption capacity
increased also (from 1.7 up to 402.8 mg-g") and it reached a saturation value at
3000 mg-L™".
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Figure 4. Effect of initial metal ion concentration on the Pb’" biosorption on dry
Penicillium citrinum biomass (biomass concentration = 1 mg -L™', agitation
rate = 150 rpm, temperature = 25 = 2 °C, pH = 5.5, contact time = 7 days)
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From Figure 5 it can be seen that the initial zinc ions concentration had a strong effect
on biosorption capacity. The amount of adsorbed Zn®" per mass unit was increased

(from 0.01 up to 620 mg-g"') while amount of zinc ions rises (from 100 up to
3500 mg*L™"). The maximum Zn"? uptake capacity of dry Penicillium citrinum biomass
was determined at 3000 mg- L™ initial Zn*" concentration.
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Figure 5. Effect of initial metal ion concentration on the Zn’* biosorption on dry
Penicillium citrinum biomass (biomass concentration = 1 g *L”, agitation
rate = 150 rpm, temperature = 25 + 2 °C, pH = 5.5, contact time = 7 days)

In case of Cu’" ion, the tested fungus exhibited an uptake capacity of 381 mg-g" at
3000 mg-L" (Figure 6).
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Figure 6. Effect of initial metal ion concentration on the Cu’" biosorption on dry
Penicillium citrinum biomass (biomass concentration = 1 g -L™
agitation rate = 150 rpm, temperature = 25 £ 2 °C, pH = 5.5, contact time = 7 days)

Kinetic modeling
Using the equations (2) and (4), the linear plots of each model (Langmuir and
Freundlich) were presented in Figure 7, Figure 8 and Figure 9.

326 St. Cerc. St. CICBIA 2020 21 (3)



KINETIC MODELING FOR THE BIOSORPTION OF COPPER, LEAD AND ZINC METAL BY
PENICILLIUM CITRINUM ISOLATED FROM POLLUTED ALGERIAN BEACHES

\J

7_
6_
< 5
o
g 4
A > 3
5 2
1
0
0,8 -
0,6
o
o 0,4 -
B E
g 072 -
0,0 -

-0,2 E']

10

Ln Co (mg-L'1)

0,002 0,003 0,004 0,005 0,006 0,007
Ln Co (mg-L™)

0,001

Figure 7. Linear plot of lead ions uptake: A - Freundlich model, B - Langmuir model
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Figure 8. Linear plot of zinc ions uptake: C - Freundlich model, D - Langmuir model
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The absorption of the three metals by the Penicillium citrinum followed the kinetic
Langmuir model. The amount of absorbed Zn*" (620 mg-g"') was greater than the
absorbed Pb”" and Cu®" but the affinity of the biosorption of Cu®" was the lowest, as the
linear regression coefficient was calculated.
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Figure 9. Linear plot of copper ions uptake: E - Freundlich model, F - Langmuir model

Effect of pH and temperature
The effect of pH on Pb*", Zn*" and Cu®’ uptakes by the dry biomass of Penicillium

citrinum is shown in Figure 10.
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Figure 10. The effect of initial pH of the medium on the metals (Pb, Zn, and Cu)
uptake by dry Penicillium citrinum biomass
(agitation rate = 150 rpm, temperature = 28 °C, contact time = 7 days)
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In accordance to other reported results metals biosorption efficiency is strongly pH
sensitive. A decrease in the absorbed three metals (Pb>", Zn*", Cu®") was observed at
lower pH (pH = 1) and mainly at higher pH values (pH = 11) indicating that the
optimum pH for absorption was around 5.5 for Cu>” absorption and was 6 for Pb>" and
Zn*" absorption. The comparison of pH sensitivity of the three metal ion uptakes
investigated in this study showed that the copper uptake was the most sensitive to pH
change; however the zinc uptake was the least affected by pH change.

The coefficients of determination (R*) were more or less greater than 0.90, indicating
that models adequately describe the experimental data of all metal ions biosorption
(Table 2). Langmuir model fits better than the Freundlich (R = 0.80) model in
describing the experimental data.

Table 2. Linear regression parameters for Langmuir and Freundlich models of three
metals onto Penicillium citrinum dry biomass

Kinetic model Langmuir model Freundlich model
Metal ions R? U b R? n k
Pb* 0.999 47.61 0.78 0.847 0.793 0.083
Zn” 0.982 4.56 0.046 0.828 0.247 0.509
Cu™ 0.977 27.77 0.47 0.858 0.564 0.303

Iram and Abrar (2015) [18] found that the maximum biosorption of copper and lead by
Aspergillus niger and Aspergillus flavus at 1400 mg-L™"' were 170 and 90 mg-g”,
respectively. In comparison with these previous investigations, this study suggested that
the isolated Penicillium citrinum was the most effective to uptake and to remove the
three heavy metals.

The results revealed that the temperature (°C) plays a key role in biosorption of heavy
metals. The maximum lead biosorption was observed at 30 °C with a percentage of
98.04 % (Figure 11).
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Figure 11. The effect of the incubation temperature on the metals (Pb, Zn, and Cu)

uptake by dry Penicillium citrinum biomass
(agitation rate = 150 rpm, pH = 5.5, contact time = 7 days)

St. Cerc. St. CICBIA 2020 21 (3) 329



BOURZAMA, RIHANI, ENNAGHRA, OULED-HADDAR and SOUMATI

The reported results indicated the optimal temperature for zinc biosorption by
Penicillium citrinum that was 30 °C, whereas biosorption percentages of the three
metals decreased mainly at the high temperatures (0 % at 45 °C) except for zinc uptake.

DISCUSSION

The contaminated sites are the most important sources of metal resistant micro-
organisms [22]. Some fungi have the ability to accumulate and bind many heavy metal
ions like Penicillium citrinum, isolated in this study, while others are specific to only
one metal [23]. This specificity of bioaccumulation depends on the capacity of the
biosorbent for several types of metal ions with specific affinity for particular metals
using the sites with high and more covalent affinity towards resisted metal ions [24].

In this context, biosorption of the tested metals increased with the increase of the initial
metal ion concentration, this is explained by the biosorption through extracellular
mechanisms implicating cell wall components, this last exhibits excellent metal binding
properties as it is negatively charged due to the presence of various anionic structures,
such as glucan and chitin, this gives molds the ability to bind metal cations [25]. The
second mechanism is intracellular, with transport proteins of metal compounds that may
be involved in metal tolerance: efflux out of the metal ion cell or by
compartmentalization in vacuoles or also by complexation with cytoplasmic proteins
called metallothioneins [26]. However metal bioaccumulation efficiency of metals
decreased at high metal concentrations due to saturation of the biosorbent sites [27].

In addition, Ezzouhri et al. (2010) [12] reported that Pb*" uptake was passively and
actively carried out by Penicillium sp. cells. At low metal ion concentrations, lead ions
are perfectly tolerable by the fungus and lead uptake occurs as a result of simple ion
exchange between metal and functional groups present on cell wall surface of cells.
Whereas, at higher metal concentrations, the amount of biosorbed metal ions was more
than at low metal concentrations, where more binding sites were free for interaction.
Moreover, the higher Pb>" adsorption in cells of Penicillium citrinum was expected to
contribute to the intracellular uptake of Pb>" occurring in metabolically active cells in
combination with extracellular adsorption as a mechanism of metal detoxification.
A plausible mechanism of Zn*" uptake was already explained by living cells of
Penicillium sp. with extracellular adsorption and intracellular uptake as zinc phosphate
precipitates/complexes within the cell [28]. Despite copper is known to show toxicity to
fungal strain, Soares et al. (2002) [29] isolated highly copper-tolerant strain. In this
study, the isolated Penicillium citrinum resists and accumulates copper probably by
using the binding of Cu (II) onto the cell wall surface, as suggested by Anand et al.
(2006) [11].

At low pH of 2.0-3.0, the surface ligands are closely associated with the hydronium ions
(H;0") and the uptaken metal cations. As a result, a repulsive force causing decreased
metal sorption takes place at low pH. At low pH, the carboxylic groups cannot bind
these metal ions to the fungal cell wall [30]. While, at high pH value metals get
precipitated; therefore, there is a biosorption decrease [31, 32]. The dependence of
metal uptake on pH is related to both surface functional groups present on biomass and
metal chemistry in solution. Generally, the optimal pH for biosorption of heavy metals
by fungal biomass is between 5.0 - 5.2 [10]. Temperature also affects the stability of the
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cell wall; it can also cause ionization of chemical groups which represent the binding
sites on isolated fungal species causing reduction in heavy metal removal. The energy of
biosorption mechanisms is affected by temperature in nature [33].

CONCLUSION

As conclusion, some microorganisms provide answers to resolve environmental
pollution as Penicillium citrinum in this study affirmed its potential ability for removing
lead, zinc and copper. This strain may be used as an efficient biological agent for the
simultaneous removal of several metals from saline contaminated environments.
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