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Abstract
Globally, the underlying peril of cumulative toxicity of heavy metals in water bodies contaminated by industrial effluents is 
a matter of great concern to the environmentalists. Heavy metals like lead, cadmium, and nickel are particularly liable for 
this. Such toxic water is not only hazardous to human health but also harmful to aquatic animals. Remedial measures are 
being taken by physico-chemical techniques, but most of them are neither eco-friendly nor cost-effective. Biological means 
like bioaccumulation of heavy metals by viable bacteria are often tedious. In the present study, biosorption of heavy metals 
is successfully expedited by surfactant exopolysaccharide (SEPS) of Ochrobactrum pseudintermedium C1 as a simple, safe, 
and economically sustainable option utilizing an easily available and cost-effective substrate like molasses extract. Its efficacy 
in bioremediation of toxic heavy metals like cadmium, nickel, and lead have been studied by UV–Vis spectrophotometry and 
verified by inductively coupled plasma–atomic emission spectroscopy (ICP-AES). FTIR and zeta potential studies have also 
been carried out to explore this novel biosorption potential. Results are conclusive and promising. Moreover, this particular 
SEPS alone can remediate all these three toxic heavy metals in water. For futuristic applications, it might be a prospective 
and cost-effective resource for bioremediation of toxic heavy metals in aqueous environment.
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Introduction

Metals having high atomic weight and density, at least 
five times greater than water, are regarded as heavy metals 
(Tchounwou et al. 2012). They are often toxic to human and 
sub-human animals (Singh et al. 2011). History reminds us 
about the disastrous consequence of lead toxicity in ancient 
Rome where leaden water pipes and containers used by 
Roman citizens happened to be a leading cause of the fall of 
Roman Empire (Riva et al. 2012). Today, due to widespread 
industrialization, various toxic heavy metals are found in 
industrial effluents disturbing natural ecosystem. Petroleum, 
chemical, and textile industries emit toxic heavy metals 
as by-products which eventually drain into water bodies. 

Alarmingly, 42 rivers in India have already surpassed per-
missible toxicity limits of 10 μg/l, 20 μg/l, and 3 μg/l for 
lead, nickel, and cadmium respectively (Pandey et al. 2018; 
Kaushik et al. 2009). Even some non-alcoholic beverages 
are reported with toxic metal content exceeding permissible 
limit (Abdel-Rahman et al. 2019). Cumulative toxicities of 
heavy metals like nickel and cadmium exhibit dangerous 
physical, immunological, and genetic consequences. Pro-
longed exposure to nickel leads to respiratory disorders, 
asthma, bronchitis, pulmonary, and nasal cancer (Brera and 
Nicolini 2005). Cadmium affects cell proliferation, differen-
tiation, and DNA repair by inducing reactive oxygen species 
(ROS). It causes chromosomal aberration and mutations, 
interferes with apoptosis (Skipper et al. 2016), and binds 
with mitochondria to inhibit cellular respiration and oxida-
tive phosphorylation (Belyaeva et al. 2012).

Globally, an efficient and cost-effective solution for 
remediation of toxic heavy metals in water bodies has 
become a burning need. Researches are being carried out 
involving various physico-chemical and biological means. 
Reverse osmosis (RO) has long been implemented for 
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water-softening, but it requires considerable amount of 
pressure and energy. Considering biological options, sev-
eral bacterial strains and their metabolites were explored 
as they are non-toxic or less toxic (Kapahi and Sachdeva 
2019). For instance, a cocktail of four bacterial strains in 
synergy successfully remediates lead and cadmium up to 
98.3% and 85.4% respectively (Kang et al. 2016). Biore-
mediation may be accomplished either involving bioaccu-
mulation by viable bacterial cells or biosorption by dead 
bacterial cells or their metabolites. Bioaccumulation is an 
active process (Diep et al. 2018) involving cellular gated 
channels. But biosorption is a simple, safe, fast, and mostly 
reversible process, and so it is preferred to bioaccumulation 
(Velásquez and Dussan-G 2009). Bioaccumulation of toxic 
heavy metals has several practical limitations. Sometimes 
even the bacteria might pose serious side effects (Belsito 
et al. 2002; Deguchi et al. 2015). Also, other factors like 
requirement of ideal nutrient media, definitive physico-
chemical parameters, stringent temperature or pH obligation, 
large-scale operators, and judicious effluent treatment often 
make such processes tedious and cumbersome (Wang 2016). 
Biosorption, on the contrary, is a simple process of adsorp-
tion by bacterial metabolites which does not require strin-
gent measures. Production of bacterial metabolites is usually 
convenient (Osemwegie et al. 2020). Several bacterial spe-
cies produce appreciable amounts of secondary metabolites 
like exopolysaccharides (EPS) by utilizing easily available, 
low-cost, or discarded substances like industrial, household, 
or agro-wastes as potential substrates (Amao et al. 2019; 
Ventorino et al. 2019; Vaishnav et al. 2019, 2020). For effec-
tive biosorption of toxic heavy metals in water bodies, a 
surfactant EPS is required because amphiphilic architecture 
of a surfactant comprises hydrophilic heads and hydrophobic 
tails oriented in such a manner that its basic structural moi-
ety remains undisturbed in aqueous solution (Santos et al. 
2016).

Ochrobactrum pseudintermedium is capable of producing 
two contrasting types of EPS, a surfactant EPS (SEPS) and 
an emulsifier EPS (EEPS), by utilizing different hydrocarbon 
substrates (Sengupta et al. 2019). The EEPS has already 
proved its worth in bioremediation of waste lubricating and 
crude oil (Bhattacharya et al. 2014). Here, SEPS has been 
explored to find out whether it can remediate toxic heavy 
metals like cadmium, nickel, and lead in aqueous solution 
at different concentrations. Results are affirmative and con-
clusive. Moreover, this particular SEPS can singly reme-
diate these three toxic heavy metals. Simple method like 
UV–Vis spectrophotometry was primarily carried out and 
was verified by sophisticated one like inductively coupled 
plasma-atomic emission spectroscopy (ICP-AES) to esti-
mate metal concentrations in aqueous solution before and 
after such biological treatment. Inherent charge of SEPS 
was also analyzed by zeta potential analyzer to demonstrate 

its interaction with metal ions. FTIR spectroscopy of fresh 
and metal bound SEPS helped identify its functional groups 
involved in biosorption. Due to convenience of its produc-
tion by utilizing easily available and cost-effective sugar-
based substrate like molasses extract, it appears to be a 
potent and economically sustainable tool in bioremediation 
of toxic heavy metals in water bodies.

Materials and methods

Screening of bacterial strain

Several bacterial strains, like Bacillus cereus K1 (Gen-
Bank accession no. KJ922989), Bacillus stratosphericus 
A15 (GenBank accession no. KU644139), Ochrobactrum 
pseudintermedium C1 (GenBank accession no. KJ094035), 
and Pseudomonas aeruginosa C2 (GenBank accession 
no. KU291381), readily available at the laboratory in the 
Department of Chemical Technology, University of Cal-
cutta, were considered for their propensity to produce EPS. 
Corresponding yield of EPS was monitored and the particu-
lar bacterial strain showing the highest yield was selected.

Maintenance of selected bacterial strain

Consequent upon its highest yield of EPS, Ochrobactrum 
pseudintermedium C1, having accession number KJ094035 
following 16S rRNA sequence in GenBank database and 
selected for the present study, was serially sub-cultured in 
sterile nutrient agar at an interval of 14 days, regularly main-
tained under 4 °C refrigeration and Gram stained for identi-
fication and verification before further studies.

Selection of suitable substrate

Several easily available and cost-effective substrates were 
primarily chosen. Among them different sugar-based sub-
strates, like sugarcane extract (bagasse), molasses, fruit pulp, 
and rice starch were considered, because they were readily 
utilizable by the bacteria and were capable of producing 
adequate SEPS (Sengupta et al. 2019).

Bacterial incubation and extraction of bacterial 
SEPS

Consequent upon its ability for highest yield of SEPS, molas-
ses extract, an easily available byproduct of confectionery, 
was chosen. Ochrobactrum sp. was cultured in Bushnell Haas 
media (BHM) supplemented with 4% molasses extract after 
microwave treatment for 2 min. The strain was incubated in 
Scigenics Biotech Orbitek LJE incubator at 34 °C for 8 days 
under optimum shaking condition for maximum production 
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of SEPS. After incubation, bacterial cell mass was removed 
by centrifugation in Remi C24 Plus Centrifuge at 6000 rpm 
and the collected supernatant was treated overnight with dou-
ble volumes of chilled ethanol (v/v). Precipitate comprising 
of crude SEPS was collected and purified by adding equal 
volume of ethanol (w/v) and centrifuged at 10,000 rpm for 
15 min, thereafter discarding the supernatant and collecting 
the SEPS precipitate. The process was carried out thrice for 
ensuring purification. Finally, purified SEPS was stored at 4 °C 
in sterile Tarson tubes sealed with Parafilm tapes.

Characterization of bacterial SEPS

Total sugar content of purified SEPS was estimated by 
phenol–sulfuric acid method using glucose as the standard 
(DuBois et al. 1956) followed by UV–Vis spectrophotometry 
(UV-1800, Shimadzu Corp., Japan).

SEPS was subjected to percentage analysis of respective 
carbon, hydrogen, and nitrogen concentrations by CHN ana-
lyzer (CHNS 932, Leco Corp., USA) to analyze the intrinsic 
constituent of the biosorbent. Acetophenone was considered 
as reference.

For understanding the intrinsic functional groups FTIR 
spectroscopic analysis of EPS at mid-spectral range of 
4000 to 400 cm−1 was performed with KBr as standard 
(Mathivanan et al. 2021; Kumar et al. 2019) and the pro-
cess was repeated thrice using Perkin Elmer Spectrum Ver-
sion 10.5.1, Germany.

Scanning electron microscopy of bacterial SEPS

Bacterial sample and the purified SEPS were separately fixed 
in 3% glutaraldehyde solution for 2 h followed by sequential 
dehydration with 20%, 40%, 60%, 80%, and 90% v/v ethanol. 
Then, the samples were sputter-coated with platinum and 
images were recorded at different magnifications under SEM 
(Zeiss Evo 18 Special Edition, Zeiss, Germany at 15 kV).

Preparation of simulated aqueous environment 
for toxic heavy metals

Water soluble salts of toxic heavy metals like cadmium, 
nickel, and lead were considered which included cadmium 
sulfate [3CdSO4.8H2O], nickel sulfate [NiSO4.6H2O], and 
lead nitrate [Pb(NO3)2] respectively. All these salts were 
prepared in concentrations ranging from 5 to 100 ppm in 
deionized water for standardization.

Spectrophotometric estimation of heavy metal 
concentrations

Cadmium ion concentration was estimated by Alizarin Red 
S (1,2-dihydroxy anthraquinone-3-sulfonic acid sodium salt) 

followed by subsequent standardization using UV–Vis spec-
trophotometer (Ullah and Haque 2011). Similarly, nickel 
was estimated by dimethyl glyoxime (DMG) (Mitchell 
and Mellon 2002). Standardization of lead nitrate solution 
was directly carried out by atomic absorption spectroscopy 
(Shimadzu AA-6200 Atomic absorption spectrophotometer, 
Japan).

Optimization of SEPS concentration, biosorption 
time, and others

Purified SEPS concentrations from 100 to 1000 mg/l were 
aseptically added to separate Erlenmeyer flasks containing 
100 ppm of respective heavy metal solutions under shak-
ing and non-shaking conditions. Decrement in heavy metal 
concentration with respect to each SEPS concentration 
was recorded by spectrophotometric analysis. Temperature 
(15 °C to 45 °C) and shaking speed (0 to 200 rpm) were 
separately considered for optimized adsorption. Tempera-
ture and shaking speed were regulated in incubator and pH 
was also varied by Systronics Digital pH Meter 335. Time-
dependent optimization of biosorption was carried out up 
to 18 h. For each study, the concentration of heavy metal 
in solution before and after adsorption was determined and 
compared by UV–Vis spectrophotometry. For understand-
ing the effect of initial metal concentration in presence of 
biosorbent and for interpretation of biosorption capacity, 
the initial concentrations up to 100 ppm were considered. 
To each particular concentration of metal solution, SEPS at 
optimized concentration was added.

Biosorption capacity (Q) was calculated as follows:

where Q = biosorption capacity, Ci = initial metal concen-
tration, Cf = final metal concentration, V = volume of metal 
solution, and m = mass of adsorbent (He et al. 2018). A rela-
tionship between metal adsorbed and the concentration of 
SEPS was determined graphically (Lakzian 2008).

Assessment of foaming and surfactant nature

Foaming tendency was assessed with respect to increase 
in concentration of SEPS in culture media. Based on such 
findings a probable correlation was established between 
the two parameters. Surface tension along with critical 
micelle concentrations (CMC) of SEPS, before and after 
biosorption was determined by digital tensiometer (Data-
physics DCAT 11, Germany) with the surface tension of 
deionized water at air–water interface being 71 mN/m 
(Lunkenheimer and Wantke 1981).

Q =
(

Ci − Cf

)

V∕m
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FTIR of metal bound SEPS

After studying FTIR spectra with purified SEPS, the same 
was carried out with metal bound SEPS for a comparative 
analysis. Here, SEPS following adsorption of cadmium, 
nickel, and lead separately, at optimized parameters, were 
vacuum desiccated and analyzed at spectral range of 4000 
to 400 cm−1 with KBr as standard for understanding the 
qualitative changes in functional groups.

Estimation of charge of SEPS

Zeta potential of purified SEPS and SEPS after metal 
adsorption was determined by dynamic light scattering 
(DLS) (Zetasizer Nano ZS, Malvern Instruments Ltd., UK) 
and compared accordingly. The system temperature was set 
at 25 °C. Both studies were carried out with 4 mW He–Ne 
laser beam at 633 nm with 173° back scattering angle. The 
procedures were repeated twice for verification.

Estimation of bioremediation efficiency of SEPS

Maintaining standardized parameters for optimization of 
heavy metals, aqueous solutions of cadmium, nickel, and 
lead at concentrations from 200 ppm (high toxicity) to 
6.25 ppm (low toxicity) were prepared by serial dilution. 
Purified SEPS was added to each solution and kept under 
optimum shaking condition. After SEPS treatment, the 
resultant decrements in metal concentration in each case 
were recorded by ICP-AES (Arcos, Simultaneous ICP Spec-
trometer, Spectro Analytical Instruments GmbH, Germany). 
A second round of treatment of the bioremediated metal 
solution was carried out with fresh sample of SEPS and veri-
fied again by ICP-AES.

Results

Selection of bacterial strain

Among the available bacterial strains stated above and con-
sidered for their capability to produce SEPS, Ochrobac-
trum pseudintermedium C1 was selected as it showed the 
highest yield of EPS (~ 1800 mg/l) when molasses extract 
was utilized as sugar-based substrate in BH media. Optical 
microscopy after Gram staining revealed its Gram-negative, 
rod-shaped morphology (Fig. 1a).

Production of bacterial SEPS

Optimized incubation for 8 days resulted in formation of a 
thick (approximately 6 mm) layer of SEPS matrix on the sur-
face of the culture media in Erlenmeyer flask (Fig. 1b). Such 

an architectural orientation of the bacterial biofilm is often 
due to cellular oxygen demand following depletion of the 
dissolved oxygen in culture media (Ahn and Burne 2007).

Characterization of bacterial SEPS

Phenol–sulfuric acid test of SEPS resulted in formation of 
reddish-brown complex characteristic of furfural deriva-
tive which exhibited maximum absorbance at a wavelength 
of 490 nm (Nowotny 1979). The percentages of elemen-
tal carbon, hydrogen, and nitrogen concentrations of SEPS 
obtained after CHN analysis was C 30.22%, H 4.75%, and N 
5.88% respectively which typically suggested a glycoprotein 
nature of the biomaterial. FTIR spectra of purified SEPS dis-
played functional groups correlated to bacterial EPS which 
on comparing with that of metal bound SEPS showed certain 
subtle changes as mentioned later.

SEM findings of SEPS

SEM findings displayed the potency of Ochrobactrum sp. 
to produce SEPS biofilm (Fig. 2a). Further detailed SEM 
analysis of SEPS exhibited a characteristic scaffold like 
matrix with intermittent pores which was somewhat similar 
to cellulose fibers (Krishnamachari et al. 2011) but unlike 
fungal hyphae they did not follow any definite architectural 
pattern. The overall network of fibers was less complex and 
considerably thicker which offered a wider spanning of the 
overall surface area that might facilitate biosorption of toxic 
substances (Fig. 2b).

Detection and standardization of dissolved heavy 
metal concentration

Dissolved cadmium and nickel were detected from their 
characteristic greenish yellow and rose red colors with maxi-
mum absorbances at 422 nm and 445 nm respectively. Upon 
standardization, a linear curve was obtained from metal 
concentrations of 5 ppm to 100 ppm at their characteristic 
wavelengths respectively (Fig. 3a). A linear curve was also 
obtained upon standardization of lead by atomic absorption 
spectroscopy.

SEPS concentration and other parameters 
for optimum biosorption

Optimum concentration of approximately 800 mg/l of SEPS 
resulted in significant adsorption of cadmium and nickel 
ions in solution (Fig. 3b). Optimum shaking speed between 
90 and 110 rpm was preferred for favorable adsorption of 
metal ions in solution by SEPS. It was observed that shaking 
speeds below 85 rpm did not result in considerable remedia-
tion of metal ions within the optimized time. This might be 

444 International Microbiology (2021) 24:441–453



1 3

due to the fact that such rates of agitation were insufficient 
for maximum binding of metal ions to functional groups 
present in SEPS surface (Raza et al. 2015). Again, speeds 
above 120 rpm did not attribute to quantitatively enhanced 
biosorption (Rezaei 2016). Also, a temperature of 36 (± 2) 
°C and a pH between 6.25 and 7.63 effectively favored 
biosorption. Lower pH values did not favor metal binding 
to SEPS. Acidic pH of SEPS surface might predominately 

be masked by hydrogen ions, thereby restricting the bind-
ing of metal ions (Wei et al. 2016). UV–Vis spectral find-
ings for determining time dependent optimization revealed 
an optimum time of about 8 h for maximum biosorption 
of cadmium (Fig. 4a) and nickel by SEPS (Fig. 4b). Pro-
longation of the process did not significantly reduce metal 
ion concentration in solutions. Maintaining such standard-
ized parameters, the graphical representation of adsorbed 

Fig. 1   a Ochrobactrum pseud-
intermedium C1 after Gram 
staining at different magnifica-
tions; b SEPS produced by 
Ochrobactrum pseudinter-
medium C1 on the surface of 
culture media

Fig. 2   SEM images showing 
a SEPS produced by Ochro-
bactrum pseudintermedium 
C1 (left); b detailed architecture 
of SEPS (right)
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metal concentration with respect to biosorbent showed that 
at optimum SEPS concentration of 800 mg/l the bisorption 
capacity (Q) to cadmium, nickel, and lead were 87.6, 77.7, 
71.6 mg/g respectively (Fig. 4c).

Determination of foaming and surfactant character

Under shaking conditions, SEPS production was also associ-
ated with foaming on the surface of culture media (Fig. 5a). 
Such phenomenon is often a character exhibited by several 
microbial exopolysaccharides (Deng et al. 2016). Gradual 
increase in SEPS production was associated with increased 
production of foam. However, such a tendency was limited 
up to a certain concentration of SEPS. On the other hand, 
the interaction of SEPS with metal ions in aqueous solution 
resulted in reduction of such foaming tendency (Fig. 5b). 
This might be due to interaction between metal cations and 
SEPS matrix leading to formation of a transient complex 
(Mohite et al. 2017; Sibikina et al. 2009).

Surfactant property of purified SEPS and that following 
metal adsorption showed contrasting differences. Purified 
SEPS exhibited a surface tension as low as 28.27 mN/m, 
which accounted for about 60% reduction of surface tension. 
Such finding is comparable with other bacterial surfactant 
exopolysaccharides (Liang et al. 2014). However, this nature 
was not that pronounced in SEPS after metal adsorption 
and the lowest surface tension recorded was 33.62mN/m 
(Fig. 5c). Critical micelle concentrations (CMC) were found 
to vary accordingly (Behera et al. 2014). CMC of purified 
SEPS was found to be as low as 5 g/l, whereas that after 
metal adsorption was found to be as high as 18–20 g/l.

FTIR findings of SEPS and metal bound SEPS

In the FTIR spectra of purified SEPS, broad peak at 
3317 cm−1 was indicative of either hydroxyl group or inter-
molecular hydrogen bonding pertaining to its constitutional 
integrity (Sardari et al. 2016). Similar peaks at 3420 to 

Fig. 3   a Standardization of cadmium and nickel at different concen-
trations; b absorbances of dissolved cadmium and nickel following 
biosorption by SEPS at different concentrations

Fig. 4   Time-dependent estima-
tion of SEPS mediated biosorp-
tion of a cadmium and b nickel 
at 0, 4, 6, 8, 18 h represented 
by A, B, C, D, E respectively; 
c graphical interpretation of 
adsorption capacities (Q) of 
SEPS for cadmium, nickel, and 
lead
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3000 cm−1 were also present in metal bound SEPS. Puri-
fied SEPS as well as metal bound SEPS displayed medium 
to strong peaks around 2925 cm−1 which ascertained pres-
ence of constitutional alkane (C-H) groups (Gugliandolo 
et al. 2015). Presence of N–H group was also indicated by 
peaks around 1650 to 1660 cm−1 in both pure and metal 
bound SEPS (Upadhyay et al. 2017). This indicated a prob-
able glycoprotein nature of SEPS which was also evident 
from CHN analysis. Presence of a short yet sharp peak at 
1743.3 cm−1 in purified SEPS suggested carbonyl (C = O) 
group (Castellane et al. 2015). However, such a peak was 
absent or insignificant in case of its metal bound fraction.

Upon detailed investigation and comparison between IR 
spectra of purified SEPS and that of metal bound SEPS, 
certain spectral shifts were identified particularly in the 

fingerprint zone (Fig. 6a). In purified SEPS, a peak char-
acteristic to C–O–C bond stretch due to glycoside linkage 
of the constitutional carbohydrate units of SEPS moiety 
was noted at 1035.72 cm−1 (Wang et al. 2020). But in case 
of cadmium, nickel, and lead, the adsorbed SEPS showed 
a shift to 1080.5 cm−1, 1042.21 cm−1, and 1040.71 cm−1 
respectively. Even such small shifts in the fingerprint zone 
of IR spectra of macromolecules often quite assertively 
render a change in overall electronegativity. Functional 
groups like C = O, C–O–C, or –OH generally display the 
potential binding sites of metal biosorption by bacterial 
EPS (Zhang et al. 2017). Among the three metal ions con-
sidered here, cadmium exhibited highest spectral shifts 
in comparison with nickel and lead which was evident by 
complete absence of carbonyl stretch and relatively high 

Fig. 5   a Production of foam on the surface of SEPS suspension; b foaming tendency at different concentrations of SEPS compared with that 
after metal binding; c surface tension at different concentrations of SEPS compared with that after metal binding
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spectral shift at C–O–C stretch of the cadmium bound 
SEPS.

From a combined analysis of quantitative estimation by 
UV–Vis spectrophotometry and qualitative assessment by 
FTIR spectroscopy, it could be assumed that the process of 
metal biosorption is highly selective and is a conglomera-
tive effect of several factors like molecular state, atomic 
size and bond energy of the metal ions.

Analysis of contrasting changes in zeta potential

Purified SEPS displayed an intrinsic anionic character with 
a zeta potential of − 27.87 mV. However, such prominent 
anionic nature of the biomolecule showed significant change 
after its interaction with metal cations. A zeta potential 
of − 16.03 mV was observed after interaction of SEPS with 
heavy metals (Fig. 6b), particularly in case of cadmium. 

Fig. 6   a FTIR spectra of SEPS and different metal bound SEPS; b zeta potential of (i) SEPS and (ii) metal bound SEPS
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Such findings not only verified a successful binding of metal 
ions with SEPS moiety but also the contrasting change in 
zeta potential showed resemblance with exopolysaccharide 
of Bacillus pumilus and its interaction with silver nanopar-
ticle (Khan et al. 2011).

Estimation of biosorption percentage

From spectrophotometric analysis, which was further veri-
fied by ICP-AES, it was revealed that the SEPS was capable 
of reducing the dissolved heavy metal load even at a con-
centration of 200 ppm. It was also clearly noted that there 
was a further significant reduction in metal concentration if 
the bioremediation process was repeated for a second round 
with fresh sample of SEPS. After a first round of treatment, 
SEPS in a dose of 800 mg/l was capable of reducing a cad-
mium load from 100 to 29.96 ppm (70.04%), but after a 
second round it further reduced the concentration to as low 
as 6.41 ppm (Fig. 7a), thereby reducing the overall cadmium 
concentration by 93.59%. Similarly, nickel concentration 
was reduced from an initial load of 100 ppm to 37.88 ppm 
(62.12%) after first round of treatment and then up to as low 
as 9.23 ppm after the second round (Fig. 7b), thereby reduc-
ing the overall nickel concentration by 90.77%. In case of 
lead also, it was from 100 to 42.67 ppm (57.33%) after the 
first round and to as low as 10.97 ppm after the second round 
(Fig. 7c) showing an overall reduction by 89.03%.

Comparative assessment with other bacterial EPS

Comparative assessment of metal (cadmium, nickel, and 
lead) adsorption capacities and/or their bioremediation per-
centages by different bacterial EPS further justified SEPS 
of Ochrobactrum sp. to be an efficient biosorbent (Table 1). 
Its preferential adsorption capacity was found to be in the 
order: Cd2+  > Ni2+  > Pb2+. It is also worth mentioning here 
that this particular SEPS singly could remediate three met-
als whereas other bacterial EPS usually remediate a single 
metal.

Discussion

Even today, potentially hazardous, low-cost, synthetic sur-
factants, or chelating agents are being used indiscriminately 
as a readymade measure against industrial effluents con-
taining toxic heavy metals (Di Palma et al. 2015; Sobrino-
Figueroa 2018). Consequently, unprecedented accumulation 
of such surfactants in water bodies pose serious damage 
by significantly hindering the aquatic life forms (Lechuga 
et al. 2016; Jardak et al. 2016). Such consequences often 
involve drastic increase in cell membrane permeability lead-
ing to disintegration of exosomes and cellular structures of 

different aquatic life forms (Yuan et al. 2014). In the cir-
cumstances, exploring biosurfactants for their safety profile 
and intrinsic potentiality to bioremediate toxic heavy metals 
dissolved in water bodies is being judiciously considered.

For bioremediation of toxic heavy metals, dead and 
dried biomass of Ochrobactrum anthropi was earlier 
reported to exhibit its potency for adsorption of chromium, 
cadmium, and copper ions (Ozdemir et al. 2003). In the 
present study, SEPS produced and isolated from Ochro-
bactrum pseudintermedium C1 has been expedited to elicit 
its capability to adsorb toxic heavy metals like cadmium, 

Fig. 7   ICP-AES analyses showing reduced concentrations of a cad-
mium, b nickel, and c lead in aqueous solution after first and second 
round of SEPS treatment
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nickel, and lead dissolved in water. After a considerable 
period of bacterial incubation, this SEPS was found to 
exhibit a characteristic foaming tendency which happens 
to be a common indicator (Capodici et al. 2015) for sur-
factant production. It was verified by showing a decrement 
in surface tension of culture media to a significant degree 
which is quite comparable to several potent biosurfactants 
(Freitas et al. 2016). Physical method like ion-exchange 
chromatography or reverse osmosis is often employed as 
a separation technique for heavy metals, but it poses some 
practical demerits. Low thermal stability of ion-exchange 
resins restricts its application in processes demanding high 
temperature (Tulupov and Polyanskii 2007). This bacterial 
SEPS, like other biopolymers, offers metal selectivity apart 
from its inherent biosorption efficiency. In this perspective, 
less popular strains and their metabolites, isolated from 
remote geographical locations, having biosorption efficacy 
are being reported. Extracellular polymeric substance of 
Parapedobacter sp. is recently found to selectively adsorb 
chromium ions (Tyagi et al. 2020). Here, our SEPS of con-
cern exhibits its unique ability to target multiple heavy 
metals like cadmium, nickel, and lead; although, the degree 
of their biosorptions vary. When SEPS treatment of the 
concerned metal was repeated with fresh sample of SEPS, 
the overall reduction in metal concentration was found to 
be significant enough. After second round of treatment 
by SEPS under optimized conditions, there was highest 
reduction in concentration of dissolved cadmium (~ 94%) 
followed by nickel (~ 91%) and lead (~ 89%) from an ini-
tial load of 100 ppm of the metal in each case. Cadmium 
biosorption efficiency after the second round of treatment 
was better than that of EPS of marine metal-chelating 

bacteria Enterobacter cloacae which was reported to 
reduce cadmium load of 100  ppm by 65% (Iyer et  al. 
2005). It was noteworthy that such an adsorption process 
was an expression of interaction between constitutional 
anionic groups of SEPS moiety and respective metal cati-
ons. This was quite evident from the conspicuous increase 
in zeta potential of the SEPS from a level of − 27.87 mV 
to − 16.03 mV after a single round of cadmium ion treat-
ment. Such selectivity of SEPS towards metal ions was 
also predicted by subtle changes in their respective FTIR 
spectra. The participating anionic groups in biosorption 
are usually C = O, C–O–C, or –OH of the polysaccharide 
moiety (Shuhong et al. 2014). However, the predominant 
metal interaction is generally observed at the C–O–C bond 
which also indicates vibrations of glycosidic linkage of 
SEPS moiety (Zhang et al. 2017). Generally, O = groups 
of polysaccharides form complexes with metal ions dur-
ing biosorption thus reducing electron cloud density of 
oxygen-containing functional groups and altering the bond 
vibration frequency and intensity (Guibaud et al. 2005).

This bioremediation procedure also proves cost-effective 
because adequate SEPS production can conveniently be done 
by utilizing an easily available, sugar-based substrate like 
molasses extract, a common byproduct of confectioneries. 
So, this bioremediation property of SEPS obtained from 
Ochrobactrum pseudintermedium is likely to welcome fur-
ther works in future.
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