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Abstract

Biosorption of silver ions onto A. chroococcum XU1 biomass and exopolysaccharide (EPS) was in-
vestigated. It was found that the overall biosorption process was the best when cell biomass and
EPS were used together. Metal adsorption experiments showed that the final precipitate obtained
by cell biomass and EPS, contained 7.85% of Ag. Based on the results presented in this study, the
biomass and EPS of A. chroococcum XU1 indicated the possibility of application of them as biosor-
bent for removal of silver from waste waters.
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1. Introduction

Microorganisms and microbial products can be highly efficient bioaccumulators of soluble and particulate forms
of metals, especially from dilute external solutions, and microbe-related technologies may provide an alternative
or adjunct to conventional techniques of metal removal/recovery [1]. Heavy metals usually form compounds that
can be toxic, carcinogenic or mutagenic, even in very low concentrations [2]. The conventional methods of re-
moving metals from waste waters are generally expensive and have many limitations [3]. Alternative methods of
metal removal and recovery based on biological materials have been considered. The use of biomass for the up-
take of heavy metals has been extensively studied over last decade and it may represent an alternative for the
existing technologies. A wide variety of microorganisms have been found to possess natural capability to se-
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quester heavy metals [1]-[3]. Besides, certain types of microbial exopolysaccharides (EPS) can adsorb relatively
high quantities of metals by means of passive processes known as biosorption, which is dependent on the affin-
ity between the metallic species or its ionic forms and the binding sites on the molecular structure of the micro-
bial EPS [4] [5]. The employment of microbial EPS for the metal removal treatment of effluents is a perspective
suggested by many researchers dealing with metal-EPS interactions. The presence on microbial EPS polarizable
groups, such as carboxyl, hydroxyl and amino-groups [6], which are capable of interacting with cations, is re-
sponsible for their reversible metal binding capacity.

The present work investigates the potential use of Azotobacter chroococcum XU1 biomass and its exopoly-
saccharide as metal sorbent to remove silver from aqueous solutions. The resting cell of the strain has ability to
adsorb silver ions, furthermore the EPS of this strain has a strong affinity to bind one valent metals, including
silver. Application of Azotobacter chroococcum and its EPS as sorbent for silver removal has not been reported.
In this article, the overall kinetics of silver biosorption is studied.

2. Materials and Methods
2.1. Preparation of Sorbent (Biomass and EPS)

Azotobacter chroococcum XU1 was cultivated at 30°C in 2 L flasks containing 1 L of Ashby medium (g-1™%):
mannose, 20; KH,PO,, 0.2; MgSO,-7H,0, 0.2; NaCl, 0.2; K,SO4, 0.1; CaCOs, 5, and shaken at 200 rpm for 3
days with supply of sterile air.

2.2. Production and Purification of EPS

Upon completing the cultivation culture liquid was centrifuged at 6000 rpm for 10 min for pelleting the bacterial
cells and obtaining supernatants. EPS in the supernatant then precipitated adding cold ethanol in 1:2 (v/v). Pre-
cipitated EPS filtered out, dried and weighed [5].

2.3. Effect of Carbon and Nitrogen Sources and Concentration on EPS Production by
A. chroococcum XU1

The effect of carbon source on the production of EPS was studied using Ashby medium supplemented with 1%
of glucose, sucrose, mannose and lactose. As nitrogen source there used peptone, tryptone, yeast extract, L-try-
ptophan, (NH4),SO,4, NH4;NO; and (NH,),CO, which were rich in nitrogen content.

Sucrose concentration in the growth medium varied from 0.25% to 3% in order to assess the effect of carbon
concentrations on EPS production by Azotobacter chroococcum XUL. After 8 days, cells were removed by cen-
trifugation at 6000 rpm for 15 min. The supernatant was passed through 0.2-um-pore-size filter. Filtrate was di-
alysed against distilled water at 4°C to eliminate any low molecular weight sugars and salts using dialysis bags
(MW cutoff of 8000). The dialysed supernatant was again concentrated using rotary vacuum evaporator at 40°C
and adjusted to a known volume. A known aliquot was used to estimate EPS by the phenol sulphuric acid
method.

2.4. Metal Adsorption Experiments and Analysis

The cell-free culture broth was added to metal solutions at optimized condition of pH at 25°C. Two volumes of
cold ethanol were added to the solutions. Then, the solution consisting of insoluble EPS was filtered through fil-
ter paper and the filtrate used for metal analysis. In order to account the effect of filter paper on adsorption of
heavy metals, a separate set of control experiment was done with the same conditions for all experiments [5].
Total Ag in the sample was quantitatively determined by Inductively Coupled Plasma Atomic Emission Spec-
trometry (ICP-AES, Optima 2100DV, PerkinElmer, USA). All samples were analyzed in three replicates.

2.5. Calculation of Adsorption and Isotherms Parameters

The isotherms data were characterized by the Langmuir (1) and Freundlich (2) equations:

Cf/q:(]/qmax)b+cf/qmax (1)
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where q is the metal uptake by polysaccharide (mg-1™), C; is the equilibrium concentration of metal in solution
(mg-17Y), (b, dmax) and (Ks, n) are empirical constants of Langmuir and Freundlich isotherms respectively [5].

3. Results and Discussion
3.1. Effect of Carbon and Nitrogen Sources on Biomass Formation and EPS Production

In recent years, increasing attention has been paid on exopolysaccharides produced by several bacteria genera in
particular Bacillus [4] [7], Azotobacter [5], Pseudomonas [8], Paenibacillus [9], Shewanella [10] and Methylo-
bacterium [11]. It is interesting that most bacterial polysaccharides are characterized by the presence of uronic
acids, pentoses, a polypeptide moiety or other nonsaccharide components, such as organic (e.g., acetyl, pyruvyl,
succinyl group) or inorganic (e.g., sulphate or phosphate group) substituents [12] [13], have been documented
for EPS synthesis, metal adsorption properties. But, little data exist on biomass and EPS utilization for metal
removal treatments. Apart from EPS, microbial biomass also plays an important role in metal biosorption, as
mentioned above [1]-[3]. In previous studies, A. chroococcum XU1 revealed high adsorption rate and played a
major role in immobilization of heavy metals, such as Hg and Pb [5], but its biomass was not tested for heavy
metals removal from aqueous solutions. For this purpose it was important to research biomass formation of the
strain in different cultivation conditions.

Out of tested carbon and nitrogen sources mannose and L-tryptophan were the best substrates for biomass
formation by A. chrooccoccum XUL. In these substrates the biomass yield was 3.2 g in mannose, 2.85 g in L-
tryptophan (Table 1). In mannose and L-tryptophan EPS were produced up to 8.2 and 11.4 g/l respectively.
Therefore, these substrates were the best carbon and nitrogen sources for both biomass yield and EPS produc-
tion.

3.2. Effect of pH on Biosorption and Adsorption Kinetics

Previous studies showed that the EPS of Azotobacter chrooccoccum XU1 was basically mannose containing [5]
and in a crude form (when it obtained without heat treatment for protein inactivation) contained 3% of total pro-
tein. Adsorption of Ag ions was affected by pH. It affected the solution chemistry of the metals, the activity of

Table 1. Cell biomass and EPS production by A. chrooccoc-
cum XU1 on different carbon and nitrogen sources.

Substrate Cell biomass (g/l)  EPS production (g/l)

Carbon sources”

Glucose 1.67 7.2
Mannose 3.2 8.2
Sucrose 1.157 1.6
Lactose 0.305 1.0

Nitrogen sources™

Peptone 2.67 8.5
Tryptone 2.18 7.8
Yeast ext. 242 8.2

L-tryptophan 2.85 114
(NH4),S04 2.3 7.8

NH4NO, 2.1 7.6

(NH),CO 2.0 7.5

“For each variant the carbon sources were used in 20 g/l amount; ~"In these
variants glucose was used as soul carbon source.
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functional groups in biopolymer, and the competition of metallic ions for biosorption [4]. In this study biosorp-
tion rates increase as pH of solution increases towards acidic. This may be due to interaction between cations
and negative charges of acidic functional groups of polysaccharide. The decrease of biosorption at alkaline pHs
might be attributed to start of insoluble hydroxide precipitating from solution at higher pH values, making true
metal biosorption studies impossible [4].

The kinetics of adsorption of silver by Azotobacter chroococcum XU1 in tested samples was rapid during
early minutes and levelled out after 20 min of metal solutions and supernatants mixing together at 25°C. The ki-
netics of silver was rapider when both biomass and EPS were used together (Figure 1), than compared with
biomass and EPS that were both taken alone.

Experiments confirmed that using both biomass and EPS of A. chroococcum XU1 enhanced silver removal
from aqueous solutions. Similar results have been obtained by other authors [4] [5], where the adsorption kinet-
ics reached its highest level in early minutes of mixing the metals solutions and bacterial products.

3.3. Effect of Initial Concentration of Metal Ions on the Biosorption Capacity

In biosorption, either live or dead microorganisms or their derivatives are used, which complex metal ions
through the action of ligands or functional groups located on the outer surface of the cell, the metals may accu-
mulate inside the cells, and/or the intrafibrillar capilarities of the cell walls by a combined sorption-micropreci-
pitation mechanism [14]. Besides, a wide variety of secondary metabolites, such exopolysaccharides, proteins
take part in binding the metals ions [6]. Taking into account that the metals can be adsorbed by the biomass and
the secondary metabolites, it is important to determine the biomass’ and the secondary metabolites’ share in the
biosorption process. On the other hand, colloidal systems like microbial cultures occur another chemical
process—synthesis of silver nanoparticles in the presence of certain type of metabolites, like exopolysaccharides,
proteins [5] [6]. Like other organic compounds, exopolysaccharides are able to reduce and stabilize the silver
ions.

Current study shows that the presence of biomass of A. chroococcum XU1 and its EPS occur intensive bio-
sorption and reduction of silver ions. Maximal efficiency of biosorption of the metal is observed in the presence
of 15 mM of Ag" and biomass and EPS of A. chroococcum XU1 (Figure 2).

As shown in Figure 2 biosorption activity of EPS and culture liquid (cell biomass and EPS) was the same un-
til 5 mM of Ag", but further increasing the Ag* concentration, EPS alone was not able to adsorb the metal ca-
tions (in 0.71 g EPS/100ml supernatant). In this condition EPS alone formed the final precipitate with 2.4% of
Ag. Silver adsorption patterns were affected by its initial concentrations, but it was obvious that the increasing
trend would continue until the active adsorbing sites of EPS became saturated [15]. In the presence of cell bio-
mass and EPS together (culture liquid) Ag® biosorption proportionally increased until 15 mM of Ag®. In this
concentration all Ag was biosorbed by cell biomass and EPS and obtained precipitate with 7.85% Ag.
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Figure 1. Time course of silver biosorption by biomass and EPS of A. chroococcum XU1.
Initial silver concentrations were 100 mg-I".
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Figure 2. Biosorption of Ag” by EPS and cell biomass + EPS of A. chroococcum XU1.
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Figure 3. Difference in biosorption of Ag™ by cell biomass + EPS of A. chroococcum
XU1, obtained in traditional and modified Ashby medium.

It was obvious that the cell biomass of A. chroococcum XU1 together with EPS increased efficiency of bio-
sorption on 2.64 times in comparing with when the EPS was used alone (Figure 2). The role of cell biomass and
microbial EPS in the metals’ removal was well documented in the literature and analogical data were reported
[1]-[3] [16].

This work demonstrated increase of the metal removal efficiency via maximizing the cell biomass formation
and enhancing the synthesis of EPS. In case A. chroococcum XU1, choosing ideal substrates for biomass forma-
tion and EPS production led to increasing the biosorption several folds. In comparing with biosorption of Ag by
cell biomass of A. chroococcum XU1 and its EPS, it obtained in a modified Ashby to that of an ordinary Ashby,
the efficiency of the metal removal increased on 1.78 times (Figure 3).

Current work is the first step to evaluate the role of biomass and EPS of Azotobacter chroococcum in removal
of silver from aqueous solutions. Based on the results presented in this study, the cell biomass and EPS of
Azotobacter chroococcum XU1 indicates the possibility of application of this biosorbent for removal of silver
from waste waters, which affects environment.
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