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ab s t r ac t
Different polymers including tragacanth, vermiculite, perlite, silica gel and bacterial polymer were 
used to form biofilter for desalination. Salt tolerant Z1 bacterium was isolated from leachate and 
identified as Bacillus atrophaeus. It could produce high amount of exopolysaccharide with antifungal 
activity. The biofilters were made to contain several layers that include a thin layer of cotton, silica 
gel, tragacanth itself or tragacanth plus Z1 or Z1 exopolysaccharide, vermiculite and perlite. The bio-
filter included tragacanth itself had the capability to remove ammonium by 5% from 1 mM solution 
of NH4Cl. Adding Z1 bacterium to tragacanth, ammonium removal increased to 72%. Different salt 
solutions were exposed to certain amounts of alive Z1 bacterium, boiled Z1 bacterium and Z1 polysac-
charide. Among them, extracted Z1 exopolysaccharide showed the most efficiently on the desalination 
of iron and cupper by 84.93% and 89.74%, respectively. Therefore, a synergistic effect of mixed Z1 
exopolysaccharide with antifungal activity and tragacanth, to make biofilter were studied to remove 
different ions from salted well water. Our results have indicated that using Z1 polysaccharide and 
tragacanth in biofilter construction could effectively reduce Ca, Cl, Na, K, Pb, Cd and Zn from brack-
ish well water. Using Z1 polysaccharide instead of Z1 bacterium prevents biofouling in biofilter con-
struction. The different tests include UV-Vis spectroscopy, Fourier transform infrared spectroscopy 
(FTIR), X-ray diffraction and atomic absorption were used for relatively understanding the performed 
processes. FTIR analysis of Z1 polysaccharide itself, and with different salts showed interaction of 
Z1 polysaccharide functional groups, such as –OH, –COO and C–O–C involved in different ions and 
metal biosorption process.

Keywords:  Antimicrobial biofilter; Bacillus atrophaeus; Bacterial polymers; Microbial desalination; 
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1. Introduction

The water crisis is one of the oldest and most import-
ant problems in the world. With increasing population and 
decreasing freshwater sources, using different desalination 
methods to reduce salt from brackish or saline water, and 
re-use wastewater and remove salts from available sources is 

considered as an important strategy for solving this problem. 
For this manner, several treatment methods, such as chem-
ical precipitation, membrane filtration, reverse osmosis, ion 
exchange, and adsorption have been used for the removal of 
different salts, heavy metals and dyes [1–6]. Among them, 
adsorption is known as the preferable methods for wastewa-
ter treatment. It could be due to its potential to absorption 
different materials and its simplicity of design [7,8]. Many 
natural and synthetic polymers such as silica gel, vermicu-
lite, perlite and tragacanth could be used as adsorbents in 
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absorption method. Silica gel is a granular, porous form of 
silicon dioxide made synthetically from sodium silicate. It is 
a naturally occurring mineral that is purified and processed 
into either granular or beaded form. It has a strong affin-
ity for water molecules; therefore, it is used as a desiccant 
to control local humidity to avoid spoilage or degradation 
of some materials. It could be simultaneous adsorption of 
cations and anions from aqueous solution [9]. Vermiculite 
and perlite are porous ceramics. Vermiculite is a hydrous 
phyllosilicate mineral by a high cation exchange capacity 
[10]. Perlite is an amorphous volcanic glass with high water 
content, typically formed by the hydration of obsidian. It is 
an industrial mineral and a commercial product useful for 
its light weight after processing [11]. Tragacanth is a natural 
gum obtained from the stems and branches of Asiatic spe-
cies of Astragalus [12,13]. Gum tragacanth (GT) is a branched, 
heterogeneous, anionic carbohydrate consists of a linear 1, 4 
linked α-D-galacturonic acid backbone with three types of 
side chains: single β-D-xylopyranose and disaccharide units 
of 2-O-α-L-fucopyranosyl-D-xylopyranose and 2-O-β-D-
galactopyranosyl-D-xylopyranose [14]. GT is one of the most 
acid resistance gums having two major structures: tragacan-
thin, water-soluble part of tragacanth make of galacturonic 
acid, and bassorin that is insoluble in water and water-
swellable. It was shown that tragacanth have antimicro-
bial activity against fungi and different gram-negative and 
gram-positive bacteria [15]. Presumably the L-sugars consti-
tute of tragacanth (L-arabinose and L-fucose) are responsi-
ble for its antimicrobial activity and resistance to microbial 
biodegradation. Usually most organism would not be able to 
metabolize these kinds of sugars [16].

Biosorption is an alternative method of adsorption and 
referred to such treatment methods that employs a wide vari-
ety of biological agents such as algae, fungi, and bacteria [17]. 
It could employ non-living biomass such as killed microor-
ganisms, exopolysaccharides or other polymers produced 
by living cells. It was shown that pretreatment and killing of 
biomass either by physical or by chemical treatment or cross- 
linking could be improved the biosorption capacity of biomass 
[18]. Bacillus is a genus of gram-positive, rod-shaped spore 
forming bacteria and a member of the phylum Firmicutes. 
Some species could be produced exopolysaccharide to form 
capsule. They could be reacting as absorbent in wastewater 
treatment [17,19–23]. The aim of this study was to investi-
gate desalination of NH4Cl, NaCl, FeCl3, CuSO4, Na2SeO3 and 
CoCl2 by a variety of natural and synthetic polymers such as 
tragacanth, silica gel, vermiculite and perlite, and a Bacillus 
species isolated from leachate. The different tests like UV-Vis 
spectroscopy, Fourier transform infrared spectroscopy (FTIR) 
and X-ray diffraction (XRD) and atomic absorption were used 
for relatively understanding the performed processes. 

2. Materials and methods

2.1. Isolation of salt tolerant Bacillus from leachate

The salt tolerant Bacillus strain for microbial desalination 
was isolated from municipal leachate. Heat shocking at 80°C 
for 10 min was done to obtain spore suspension. Serial dilu-
tion of samples were prepared and the 0.1 ml of them were 
cultured on Caso Agar medium supplemented by 15% NaCl 

by pour plate technique. Plates were incubated aerobically 
at 28°C for 24 h for the growth of the genus Bacillus as the 
aerobic spore-forming microorganisms. The pure culture of 
each isolated strains were obtained on Caso Agar. Among 
them, Z1 strain was selected for further studies because of 
producing large quantities of exopolysaccharides based on 
its mucoidal colony. The pure culture was maintained on 
Caso Agar slants and stored at 4°C.

2.2. Identification of bacterial strain 

Z1 strain showed the maximum salt tolerance and exo-
polysaccharide production identified by morphological and 
molecular characteristics. Molecular identification of the 
strain was performed by 16S rDNA sequencing. The genomic 
DNA was extracted by the boiling method according to 
the procedure described by Zhou and Jiao [24]. Universal 
primers RW01 (5′-ACCTGGAGGAAGGTGGGGAT-3′) and 
DG74 (5′-AGGAGGTGATCCAACCCGCA-3′) were used for 
amplification of the 16S rDNA gene for a ribo-typing pro-
cedure using the EzTaxon server (http://www.ezbiocloud.
net/eztaxon [25]). The results were analyzed and compared 
by using the BLAST server (http://www.ncbi.nlm.nih.gov/
BLAST), and finally, the phylogenetic tree was constructed 
using the MEGA6.0 program [26].

2.3. Exopolysaccharide extraction

Z1 strain was cultured on Caso Agar medium for 24 h at 
30°C. Harvested bacterial suspension in distilled water was 
centrifuged at 447 × g for 5 min to remove bacterial cell. Two 
volumes of cold ethanol in 96% were added to supernatant 
and kept at –20°C for 24 h to precipitate the polysaccharides. 
The suspension was centrifuged at 7155 × g for 1 h. Additional 
alcohol was removed from the tube, and the whole precipi-
tated polysaccharide was dried at room temperature.

Extracted exopolysaccharide construction was exam-
ined by several methods. Concentration of polysaccharide in 
extracted polymer was estimated by anthrone assay against 
glucoses standard curve as described by Gholampoor et al. 
[27]. The total protein in extracted polymer was determined 
using Bradford assay against bovine serum albumin stan-
dard curve. FTIR analysis was used for identification of func-
tional groups of extracted polymer. 

2.4. Antifungal activity of Z1 and Z1 polysaccharide

One of the problems in biofilter construction is biofouling 
mostly caused by fungal pollution. The antifungal properties 
of Z1 and Z1 polysaccharide were studied against fungal 
pollutions on PDA medium. Certain amounts of precipitated 
Z1 bacterium in nutrient broth (NB) and Z1 polysaccharide 
were placed on sterile blank disks. Common biofilter fungal 
pollutions, which observed in biofilters stored in the labora-
tory and refrigerator, were placed against them. Antifungal 
properties were detected after 7 d.

2.5. Biofilter construction

One of the most common methods for desalination 
studies is using biofilter. In this study, several biofilters was 
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constructed in 5 ml sterile syringes. Each filter contained 1 g 
of silica gel on a little amount of cotton, which was filled by 
a layer containing 3 g of 20% (w/v) tragacanth plus different 
kind of bacterial or biological polymers. A schematic view of 
these filters is shown in Fig. 1.

2.6. Effect of biofilters on NH4Cl removal

After preparation of each filter, 5 ml of 1 mM solution of 
NH4Cl in phosphate buffer (pH = 7) was filtrated by pushing 
the syringe slowly to pass the whole solution after 5 min. The 
amount of NH4Cl in filtrate was measured by Nessler method 
[28]. The absorbance of yellow to orange color produced by 
the Nessler-ammonia reaction was measured at 410 nm. The 
concentration of remained NH4Cl in each sample was deter-
mined via standard curve of NH4Cl.

2.7. XRD analysis

XRD analysis of the Z1 polysaccharide was performed 
by X-ray diffractometer, D8ADVANCE (Bruker, Germany). 
X-rays were produced by a copper X-ray tube with wave-
length 1.5406 A (Cu Kα) and Ni as a filter. Measurements 
were performed between 10° and 90° 2θ.

2.8. UV-Vis spectra analysis for other salts removal

Removal of different salts by alive Z1 bacterium, Z1 on 
Caso Agar, sterile Caso Agar alone, boiled Z1 bacterium and 
Z1 polysaccharide were examined by adding the certain 
amounts of them to different salt solutions: Fe2O3 0.005%, 
NH4Cl 1 mM, FeCl3 0.5%, CuSO4 1.5%, NaCl 0.9%, CoCl2 
1%, K2Cr2O7 0.2%, NiCl2 2% and Na2SeO3 1 mM. After 3 d, 
measurments were performed by measuring the optical den-
sity of the samples in the wavelengths ranging from 200 to 

800 nm by UV-Visible spectrophotometer (Shimadzu UV-160, 
Japan). The best samples were selected for further studies.

2.9. FTIR analysis

The dried exopolysaccharide were added to 25 ml of dis-
tilled water and several salt solutions. After 3 d, suspensions 
were centrifuged separately, and the pellets were rinsed by 
deionized water completely and dried in the oven with tem-
perature 50°C. The structure were analyzed by the FTIR tech-
nique (6300 model, JASCO, Japan) to determined functional 
groups , in the range 4,000–400 cm–1 at a resolution of 4 cm–1 
by making the KBr thin pellet. The results were analyzed by 
IRPal software.

2.10. The effect of bacterial polymers and tragacanth on different 
ions removal

The 30 ml of well water that include different elements and 
ions were passed from tragacanth or tragacanth with Z1 poly-
saccharide separately. In each filters, 1 g tragacanth were added 
to 5 ml distilled water or 5 ml of 20% (w/v) Z1 polysaccharide 
solution. The concentrations of Ca, K, Ni, Pb, Cd and Zn in the 
both well water and filtrates were analyzed by atomic absorp-
tion spectrophotometry (Model 3030, PerkinElmer, USA). 

3. Results and discussion 

3.1. Bacterial identification

Our results demonstrated that Z1 strain, which showed 
the maximum salt tolerance and exopolysaccharide produc-
tion, is a gram-positive spore forming bacteria with mucoidal 
colonies on Caso Agar. DNA extraction and PCR by universal 
primers were performed, and the 370 bp amplicons were ana-
lyzed. The bacterial isolates were identified using the EzTaxon 
server (http://www.ezbiocloud.net/eztaxon [25]) on the basis 
of 16S rRNA sequence data. Comparing the sequences by 
using BLAST server showed the most related species as 
Bacillus atrophaeus with a 97.87% similarity. Phylogenetic 
and molecular evolutionary analyses were conducted using 
MEGA version 6 [26]. Neighbor-joining phylogenetic tree 
based on provided 16S rRNA gene sequences showed the 
position of strain Z1 among the related species in Bacillaceae 
family (Fig. 2) with submission numbers SUB1222599.

Bacillus atrophaeus is a gram-positive, aerobic, spore form-
ing bacteria phenotypically similar to B. subtilis, except for 
the production of a pigment when cultured in media con-
taining an organic nitrogen source [29]. B. atrophaeus has a 
wide variety of biotechnological applications. Sella et al. [30] 
studied the taxonomy, multicellularity, life cycle, and some 
aspects of biotechnological applications of Bacillus atrophaeus 
as a biomolecule producer. They showed that Bacillus atro-
phaeus could be a vehicle and adjuvant for vaccine and as a 
biological indicators to evaluate the efficiency of the steriliza-
tion processes. The use of Bacillus atrophaeus in astrobiology 
and biodefense studies and as a biocontrol and plant growth 
promoting agent was demonstrated by them. They believed 
that due to their safety, high resistance, high production and 
cost effectiveness, Bacillus atrophaeus is a highly attractive 
microorganisms for biotechnological applications [30].Fig. 1. Schematic view of biofilter construction.
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3.2. Exopolysaccharide construction

Extracted Z1 exopolysaccharide construction was exam-
ined by different methods. Concentration of polysaccharide 
in extracted polymer was estimated by anthrone assay against 
glucoses standard curve as 1.72 mg/L. The amount of pro-
tein in extracted polymer was determined by Bradford assay 
against bovine serum albumin standard curve as 5.236 × 10–3 
mg/l. Due to these results, it was shown that the most con-
stitute of exopolymer as 99.69% was polysaccharide. FTIR 
analysis was used for identification of functional groups of 
extracted exopolysaccharide (Fig. 3). 

Several studies were performed about using FTIR in 
analysis of foodborne pathogenic bacteria [31]. It could be 
used for detection and quantification of bacteria from cul-
ture and food, discrimination of viable, injured and dead 
bacteria, taxonomic classification of bacteria and analysis 
of structural components of bacteria [31]. In this study, 
we used FTIR for studying functional groups of Z1 poly-
saccharide. According to a simple approach to analysis of 

FTIR spectrum, looking a strong absorption in the region 
1,655 cm–1 (1,820–1,660 cm–1) showed that there is a car-
bonyl group (C=O) in the polysaccharide. Presence of a 
broad band near 3,400–2,400 cm–1 (3,305 cm–1) showed that 
it is carboxylic acids (–COOH) bond in the polysaccharide. 
Two weak absorptions near 2,870 and 2,750 cm–1 (2,875 
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Fig. 2. Phylogenetic tree of Z1 strain. Bold nodes indicate branches that were also obtained by minimum-evolution and maximum-like-
lihood methods. Numbers at nodes indicate levels of bootstrap support (%) based on analysis of 1,000 resembled datasets; only values 
above 50% are given. Bar, 0.02 substitutions per nucleotide position. The sequence of Escherichia coli ATCC 25922T was used as out-
group.

Fig. 3. FTIR spectrum of Z1 strain exopolysaccharide.
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and 2,854 cm–1) indicated aldehyde group (H–C=O) in 
polysaccharide construction. Aromatic C–H occurs to the 
left of 3,000 cm–1 and aliphatic C–H occurs to the right of 
3,000 cm–1. Two absorptions at 2,959 cm–1 (2,965–2,955 cm–1) 
and 2,927 cm–1 (2,930–2,920 cm–1) indicated –CH3 and –
CH2–, respectively. There are two absorptions at 1,600–
1,530 cm–1 (1,539 cm–1) and 1,390–300 cm–1 (1,386 cm–1) that 
indicated nitro groups in the polymer structure. Medium 
bound at 1,446 cm–1 (1,500–1,400 cm–1) indicated C–C in 
ring of aromatics. Medium bound at 1,237 cm–1 and strong 
bound at 1,071 cm–1 (1,320–1,000 cm–1), both of them recon-
firmed C–O stretch bound in carboxylic acid. Strong band 
at 1,071 cm–1 can be assigned C–C stretching in the pyra-
noid ring [32]. Presence of absorption at fingerprint regions 
(879 cm–1 (885–870 cm–1: 1,2,4-trisubstituted), 816 cm–1 
(825–805 cm–1: 1,2,4-trisubstituted), 768 cm–1 (780–760 cm–1: 
1,2,4-trisubstituted) and 700 cm–1 (710–690 cm–1: monosub-
stituted) indicated C–H out of plane bonds in aromatic 
compound structure of polysaccharide (Table 1). There is a 
539-cm–1 bond (689–500 cm–1) in the spectrum that it could 
be indicated C–Br in the structure. 

3.3. Antifungal properties of Z1 bacterium and Z1 polysaccharide

Tragacanth gum (TG) is a biodegradable polymer with 
good properties. The physical, chemical and biological 
 properties of TG including structure, thermal behavior, 
emulsifying, viscosity, acidity, stability, and also rheological, 
antibacterial, antifungal, biocompatibility and biodegrad-
ability have been reported by various researchers [15,33–37]. 
The main structure of our biofilters was tragacanth. Our bio-
filters polluted by some fungi after long time. We wanted 
to increase antifungal activity of tragacanth gum by adding 
Z1 bacterium. Bacillus atrophaeus produced surfactin, which 
is a biosurfactant. Biosurfactants are proteins that showed 
antimicrobial, emulsifier and detergent activities [38]. It was 

shown that Bacillus atrophaeus could produce bacteriocin, 
which showed antimicrobial and antifungal activities [39]. 
Antifungal activities of Bacillus atrophaeus against various 
fungal pathogens of cucumber and tomato have been sug-
gested by Zhang et al. They indicated that all extracted com-
pounds include lipopeptides, secreted proteins and volatile 
compounds produced by this strain involved in its antifun-
gal activities [40]. But biofouling may accrued by adding Z1 
strain to biofilter [41]. Therefore, we decided to use Z1 bio-
materials with antimicrobial activity. Among them, proteins 
and polypeptides may be denaturated under undesirable 
conditions, and polysaccharide extraction is easier and more 
cost effective than proteins and polypeptides extraction; 
therefore, we decided to examine antifungal activities of Z1 
polysaccharides for adding it to biofilter construction. In this 
research, both Z1 bacterium and Z1 polysaccharide showed 
antifungal activity. As it was shown at Fig. 4, Z1 bacterium 
had more antifungal activity than Z1 polysaccharide. It could 
be due to other antifungal materials, such as the bacteriocin 
subtilosin [42] with antimicrobial activity and lypolytic prop-
erties [39] or bioactive compounds such as bacillamide C and 
neobacillamide A [43], or biosurfactant proteins with emulsi-
fiers, detergents and antimicrobial activities [38]. 

3.4. Effect of biofilters on NH4Cl removal

Several filters were prepared by tragacanth and dif-
ferent kinds of bacterial and chemical compounds (Fig. 
5). In the all experiments, 5 ml of 1 mM solution of NH4Cl 
was filtrated at the time zero. Initially, NH4Cl removal by 
different part of each biofilters checked to determine the 
best parts for using them in biofilter construction. In our 
experiments, we used silica gel to maintain tragacanth and 
its derivatives in biofilter. It was shown that silica gel had 
no effect on ammonium removal; therefore, we considered 
to test other materials to replace it. Vermiculite and perlite 

Table 1 
Definition of FTIR bonds selected from IRPal software

Polysaccharide Class Structure High–Low Typical 
second

Intensity Assignment 

3,305 Carboxylic acids RCO–OH 3,400–2,800 S (broad) Dimer OH
2,959 Alkanes –CH3 2,965–2,955 2,960 M, S –CH3

2,927 Alkanes –CH2– 2,930–2,920 2,925 M, S –CH2–
2,874 Alkanes –CH3 2,875–2,865 2,870 M, S –CH3

2,854 Alkanes –CH2– 2,855–2,845 2,850 M, S –CH2–
1,655 Amides RCONHŔ 1,655–1,645 1,650 S C=O stretch (H-bond)
1,539 Misc. N–O nitro comp 1,545–1,535 1,540–1,380 S N–O asym. strech
1,446 Aromatics C–C in ring 1,500–1,400 M Ar C–C stretch
1,386 Misc. S=O sulfate 1,450–1,350 S S=O sulfate ester
1,237 Carboxylic acids RCO–OH 1,300–1,150 M C–O stretch
1,071 Carboxylic acids RCO–OH 1,320–1,000 S C–O stretch
879 Aromatics 1,2,4-trisub. 885–870 877 M C–H out of plane
816 Aromatics 1,2,4-trisub. 825–805 815 M C–H out of plane
768 Aromatics 1,2,4-trisub. 780–760 770 M C–H out of plane
700 Aromatics Monosubst. 710–690 700 M C–H out of plan
536 Alkyl halides R–Br 689–500 S C–Br stretch
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were used for this manner, like silica gel; they had no sig-
nificant effect on the content of ammonium in the effluent, 
but they were the more cost effective. Vermiculite was used 
for the first layer in biofilters. Among different biofilters, 
tragacanth with Z1 bacterium showed the most effect on 
ammonium removal (Fig. 6). The reminded ammonium in 
filtrate was 0.28 mM. This kind of biofilter could remove 
72% of ammonium from initial influent. Surprisingly, 
tragacanth itself and Z1 itself had no significant effect on 
removal of ammonia, but together they had synergistic 
effect on ammonium removal.

Treating of silica gel with different reactive groups could 
be prepared selective adsorbent [44]. Wang et al. [9] treated 
silica gel by adding a ditopic zwitterionic Schiff base to 
simultaneous adsorption of anions and cations from aque-
ous solutions. Chemically activated vermiculite by H2O2 or 
HCl affected the removal efficiency for both cadmium and 
lead ions [10]. The initial concentration and triangular molec-
ular structure of methylene blue (MB) and crystal violet 
(CV) affected the adsorption behavior of them onto natural 
vermiculite [45]. The in vitro binding capacity of eight non-
starch polysaccharides such as tragacanth gum to zinc, iron 
and calcium showed that except iron, there were no signifi-
cant binding in acidic condition, but in natural condition, the 
amount of binding affected by cation exchange capacity of 
the polysaccharide [36]. Natural polysaccharide-based inter-
penetrating polymer network (IPN) such as tragacanth could 
adsorb crude oil from water due to its high affinity for it [13]. 
Combination of silica gel, vermiculite, tragacanth and Z1 bac-
terium as a strain of Bacillus atrophaeus in our biofilters con-
struction increased different salt removal capacity by them. 

3.5. The effect of Z1 polysaccharide on NaCl sorption detected by 
XRD analysis

XRD analysis of Z1 polysaccharide showed that this 
polymer absorbed NaCl from its environment, and they 
were coupling together tightly and reminded with its struc-
ture even after washing them. The XRD patterns of the poly-
saccharide samples precipitated in alcohol are shown in 
Fig. 7. Several reflections were observed in the region 5° < 
2θ < 80° for the patterns of them. This pattern is defined as 
Halite that its formula is NaCl. This indicate that Z1 polysac-
charide could absorbed NaCl from its environment (Fig. 7). 
Some functional groups such as carbonyl group in carbox-
ylate anionic form can be the cause of Na+ absorption by Z1 
polysaccharide. Strong peak at 1,655 cm–1 in FTIR spectra 
can be assigned to carbonyl group in carboxylate anionic 
form (COO–) [32] confirmed that Z1 polysaccharide could 
adsorbed Na+ [46] by this functional group.

3.6. UV-Vis spectra analysis results for different ions removal

By these experiments, it was found that Z1 bacte-
rium showed significant effect in microbial desalination. 

Fig. 4. Antifungal activity of Z1 bacterium and Z1  polysaccharide.

Fig. 5. Different biofilter construction.

Fig. 6. Concentration of NH4
+ (mM) remained in different filtrate.

Line Color Compound Name Formula PDF Number 

- Halite, syn NaCl 05-0628 (*) 

 

Fig. 7. XRD analysis of polysaccharide precipitated in alcohol.
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For further studies, several topics should be noticed: (a) which 
part of the bacterium had more effect on desalination, and (b) 
if there were any differences between the kinds of salt and 
its desalination. Therefore, certain amounts of alive Z1 bac-
terium, boiled Z1 bacterium and Z1 polysaccharide were 
added to different salt solutions. FeCl3 as an example sample 
is shown in Fig. 8.

The effect of the samples on different salt solutions were 
checked by measuring the optical density of the samples in the 
wavelengths ranging from 200 to 800 nm by UV-Visible spec-
trophotometer. The results showed that Z1 polysaccharide 
had the most potential in the microbial desalination. Colored 
salts such as CuSO4, FeCl3, CoCl2 and Na2SeO3 had detectable 
peaks in certain wavelengths. But there was no significant 
peak for colorless salts such as NH4Cl. Reminded NH4

+ in this 
cases were measured by adding Nessler reagent. In order to 
study desalination, the absorption in the same peaks of the 
control and sample curves were compared together (Fig. 9). 
Reduce the absorption in the specific wavelength indicates the 
removal of salt by a sample that is shown as the salt removal 
percentage. The results are shown in Table 2. 

The results showed that Z1 polysaccharide had the most 
effect on CuSO4 desalination (89.74% at 415 nm). After that, 
FeCl3 and NH4Cl were removed significantly by Z1 polysac-
charide. There were no considerable effects in other salts. For 
further studies, FTIR analysis was performed on the pellet of 
the polysaccharide in each solution after rinsing and drying 
them.

3.7. FTIR analysis for interaction of different salts to Z1 
polysaccharide 

FTIR measurements were carried out to identify possible 
functional groups responsible for the reduction of different 
salts by Z1 polysaccharide. FTIR spectra peaks of polysac-
charide and their assignments are shown in Table 3. In the 
 comparison of FTIR spectra of polysaccharide itself with 
polysaccharide in each salt, there are some similarity and 
differences in the wave number and shape of the peaks. 
Different peaks are shown in Figs. 10–14 and Table 3. 

3.7.1. FeCl3

FTIR spectra peaks of polysaccharide in 0.3 mM FeCl3 are 
shown in Table 3. As it is shown in Fig. 10, in the presence of 
FeCl3, there is a shift from 3,305 to 3,362 cm–1 that both of them 
represents the OH stretching in –COOH (carboxylic acids), 
and 2,854 cm–1 is disappeared. Other differences are shown 
in the fingerprint region. There are some shifts: from 1,446 
to 1,422 cm–1, from 1,071 to 1,111 cm–1, from 879 to 838 cm–1, 
from 700 to 689 cm–1 and from 536 to 481 cm–1, and two peaks 
at 816 and 768 cm–1 are disappeared. The most differences in 
presence of FeCl3 are at the fingerprint region of spectra. But 
some of carboxyl groups (from 1,700 to 1,600 cm–1) engaged 
in an Fe–carboxyl bond [47]. The strong peak at 1,655 cm–1 
that assignment C=O stretch (H-bond), shift to 1,653 cm–1, 
suggesting a strong COO––Fe(II or III) interaction. 

Aryal and Liakopoulou-Kyriakides [48] used Pseudomonas 
sp. for biosorption of Fe(III) from wastewater. It could 
remove 86.206% of Fe(III) ions from solution. They showed 
that transmittance wave number in FTIR spectra at 3,370 and 
1,380 cm–1 shifted to 3,385 and 1,400 cm–1 after Fe(III) absorp-
tion. It could be due to participation of the carboxylic and 
amine groups for interaction of Fe(III) ions by Pseudomonas 
sp. biomass surface. They believed that Fe(III) generally acts 
as a harder Lewis acid, since it can accept the lone pairs of 
electron, whereas amine group acts as a strong Lewis base 
due to the tendency to donate the lone pair of electron from 
N-atom, and this interaction of lone pair of electron from 
N-atom to Fe(III)-atom is considered to be stronger than elec-
trostatic attractions (Fig. 11) [48].

In our experiment, transmittance wave number at 3,305 
and 1,446 cm–1 have been shifted to 3,362 and 1,422 cm–1 after 
Fe(III) sorption, suggesting that the amine and carboxylic 
groups are mainly participated for Fe(III) ions interaction on 
Z1 polysaccharide.

Fig. 8. Effect of Z1 and Z1 polysaccharide on removal of FeCl3 
0.5%.
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Fig. 9. Comparison of the absorbance in the peaks of UV-Visible 
spectra in FeCl3 and FeCl3 with Z1 polysaccharide.

Table 2 
The wavelengths showed in them the maximum desalination by 
Z1 polysaccharide

Salt λ (nm) Salt removal 
percentage (%)

CuSO4 415 89.74
FeCl3 350 84.93
NH4Cla 410 73.4
Na2SeO3 350 7.38
CoCl2 513 1.59
aAfter adding Nessler reagent.
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Table 3
FTIR spectra peaks in interaction of Z1 polysaccharide with different salts 

Z1 polysaccharide 
peaks (cm–1)

Structure Assignment P* + FeCl3 P* + CuSO4 P* + NH4Cl P* + Na2SeO3 P* + CoCl2

3,362 3,308
3,305 RCO–OH Dimer OH 3,315 3,319 3,306 3,088
2,959 –CH3 –CH3 2,955 2,959 2,959 2,959
2,927 –CH2– –CH2– 2,927 2,928 2,927 2,926 2,928
2,874 –CH3 –CH3 2,874 2,871 2,874 2,874 2,871
2,854 –CH2– –CH2–

1,728
1,655 RCONHŔ C=O stretch (H-bond) 1,653 1,652 1,658 1,655 1,644
1,539 N–O nitro comp N–O asym. strech 1,546 1,542 1,537 1,540 1,542
1,446 C–C in ring Ar C–C stretch 1,448 1,443 1,446

1,422 1,412 1,416
1,386 S=O sulfate S=O sulfate ester 1,388 1,386 1,383 1,392

1,311
1,237 RCO–OH C–O stretch 1,223 1,226 1,235 1,230 1,229

1,111 1,111
1,071 RCO–OH C–O stretch 1,065 1,066 1,069 1,058 1,072

971
879 1,2,4-trisub. C–H out of plane 838 879 876
816 1,2,4-trisub. C–H out of plane 827
768 1,2,4-trisub. C–H out of plane 778 768 775
700 Monosubst C–H out of plan 689 698 700

625 621 622
536 R–Br C–Br stretch 481 539 542

P*: Z1 polysaccharide.

Fig. 10. Comparison of FTIR spectrum between polysaccharide 
and polysaccharide with FeCl3.

Fig. 12. Comparison of FTIR spectrum between polysaccharide 
and polysaccharide with CuSO4.
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Fig. 13. Comparison of FTIR spectrum between polysaccharide 
and polysaccharide with NH4Cl.

Fig. 11. Schematic possible interaction between Fe ion and bio-
mass surface functional groups.
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3.7.2. CuSO4

FTIR spectra peaks of polysaccharide in 1 mM CuSO4 are 
shown in Table 3. CuSO4 itself showed peaks at 1,627, 1,453, 
1,345, 1,114, 988, 918, 851, 693, 582, 523 and 432 cm–1 [49]. 
Presence of the specific peaks at 1,311, 1,111 and 971 cm–1 in 
polysaccharide with 1 mM CuSO4 is due to attachment of salt 
to polysaccharide. Comparison of FTIR spectrum between 
polysaccharide and polysaccharide with CuSO4 is shown in 
Fig. 12.

As it is shown in Table 2, 89.74% of CuSO4 was removed 
from solution by Z1 polysaccharide. It was shown that Cu(II) 
adsorption in two ways: ion exchanging in exchangeable cat-
ions and specific adsorption by a reaction between Cu(II) and 
functional surface groups [50].

3.7.3. NH4Cl

FTIR spectra peaks of polysaccharide in 1 mM NH4Cl are 
shown in Table 3. It was shown that NH4Cl itself represent 
peaks at 3,150, 3,070, 2,860, 2,000, 1,780 and 1,410 cm–1 [49]. 
In the FTIR spectra, there is a shift from 3,305 to 3,319 cm–1 in 
presence of NH4Cl that could be due to interaction between 
them (Fig. 13). It refers to N–H stretch band related to R2NH 
structure of amines.

3.7.4. Na2SeO3 

FTIR spectra peaks of polysaccharide in 1 mM Na2SeO3 
are shown in Table 3. It was shown that Na2SeO3 represented 
peaks at 3,330, 1,450, 1,125, 788 and 730 cm–1 [49]. Therefore, 
presence of 1,728 cm–1 in polysaccharide with Na2SeO3 and 
the absence of it in polysaccharide itself spectra could be 
due to the interaction between Na2SeO3 and polysaccharide. 
These effects could be seen in their FTIR spectrum (Fig. 14).

3.7.5. CoCl2

FTIR spectra peaks of polysaccharide in 0.4 mM CoCl2 
are shown in Table 3. However, it was shown that CoCl2 
itself represented peaks at 3,440, 3,393, 3,151, 1,620 and 
781 cm–1 [51]. It can be concluded that presence of two peaks 
at 3,308 and 3,088 cm–1 in polysaccharide with CoCl2 are 
due to the effect of CoCl2. Differences that are observed at 
1,200–700 cm–1 indicated that CoCl2 can affected C–O–C and 
C–O groups, which dominated by ring vibrations in various 

polysaccharide. FTIR spectra of polysaccharide and polysac-
charide with CoCl2 are shown in Fig. 15.

Bacillus atrophaeus is a gram-positive microorganism. 
Cell wall of gram-positive bacteria is made of peptidoglycan 
linked with teichoic acid and polysaccharides. Our isolated 
strain produced a large amount of exopolysaccharides due 
to its mucoidal colony. These structures possess functional 
groups such as carboxylic anions (COO–), hydroxyl group 
(–OH), amine (–NH), and others, (–C–O), (–C=O), (–C–H), 
(–C–N–) that could adsorb different ions and molecules 
with different affinity [52]. Comparison of FTIR expectra of 
Z1-extracted polysaccharide with Z1 polysaccharides pres-
ence in different salt solution such as FeCl3, CuSO4, NH4Cl, 
Na2SeO3 and CoCl2 showed different picks resulted from 
interaction of functional groups with different ions. The 
results suggested that Z1 polysaccharide could be used as a 
biosorbent in water and wastewater treatment.

3.8. The effect of bacterial polymers and tragacanth on different 
elements and ions removal from well water

It was shown that when the same dry weight of traga-
canth were added to the same volume of water or Z1 poly-
saccharide suspension, after 24 h, Z1 polysaccharide added 
to tragacanth was more swallowed than tragacanth by itself 
(Fig. 16). The atomic absorption results of the effects of these 
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Fig. 14. Comparison of FTIR spectrum between polysaccharide 
and polysaccharide with Na2SeO3.

Fig. 15. Comparison of FTIR spectrum between polysaccharide 
and polysaccharide with CoCl2.

Fig. 16. Effect of tragacanth and Z1 polysacchride on biofilter 
construction.
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biofilters on different ions removal (Ca, K, Ni, Pb, Cd and 
Zn) showed that adding Z1 polysaccharide to tragacanth 
increased the ions deletion from well water (Table 4) and the 
most salt removal referred to Ni by 53.66%, and Zn removal 
was at least level between different metals by 7.69% (Fig. 17). 
The results of Na and Cl titration were added to atomic 
absorption results at Fig. 16. 

Biosorption of copper (II) [20], chromium (VI) [22], lead 
[19], Ni(II) [17] and metal ions from aqueous solutions [21] 
were performed by different strains of Bacillus species.

4. Conclusion 

A wide range of microorganisms such as bacteria, fungi, 
yeasts and algae are found in contaminated environments. 
Adsorption, oxidation, reduction, uptake and methylation 
are some of the mechanisms that they have developed to 
protect themselves against different salts and heavy metal 
toxicity [53]. The genus Bacillus has the important roles in 
the biotechnological application by producing antibiotics, 
exopolysaccharide, industrial enzymes and other commer-
cial products. It was used as a biosorbent in water and waste-
water treatments. Using bacterial polysaccharides instead 
of alive bacteria could prevent biofouling in biofilters. FTIR 
analysis of Z1 polysaccharide itself, and with different salts 
showed interaction of Z1 polysaccharide functional groups, 
such as –OH, –COO and C–O–C, involved in different ions 
and metal biosorption process. Participation of biopolymers 
such as tragacanth could improve biosorbent capacity of 
Z1 polysaccharide for different ions removal. Antimicrobial 
activity of Z1 polysaccharide adding to tragacanth in biofilter 

construction improved its properties for using them in water 
and wastewater desalination. 
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