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Abstract
Arsenic is a global environmental contaminant that imposes a big health threat which requires an immediate attention to clean-up
the contaminated areas. This study examined the biosorption ability of a novel Bacillus strain for the removal of arsenate
(pentavalent arsenic) from aqueous solution. The optimum biosorption condition was studied as a function of biomass dosage,
contact time and pH. Dubinin-Radushkevich (D-R), Freundlich, and Langmuir models were applied in describing the biosorption
isotherm. Themaximal biosorption capacity (92%) was obtained at 25 °C, biomass concentration 2000mg/L at pH value of 4 and
contact period of 50 min. Strain 139SI act as an admirable host to the arsenate. Thermodynamic assessment (ΔG0, ΔH0, and
ΔS0) also suggested the chemisorption and feasible process of As(V) biosorption. The reuse study illustrated the highest recovery
of 93% using 1 M HCl, and a decrease of 25% in recovery of As(V) ions after 10 times desorption process.
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Introduction

Large volume of metal-burdened wastewater is generated as a
result of human activities as well as fast industrialization [1].
The metal (loid)s polluted water constitute a great environ-
mental and health threat. Due to their possible toxic and
cancer-causing effects, strict restrictions have been imple-
mented for discharge of several metal ions in wastewaters so

as to avoid environmental contamination. Based on the United
State Environmental Protection Agency (EPA) priority pollut-
ants list, arsenic (As) being a naturally occurring metalloid is
considered highly toxic. Terribly, it has been reported that
more than 250 million people worldwide, particularly from
developing nations, are facing As toxicity, which causes neu-
rological harm and even death [2, 3]. In developing countries
as India, Pakistan, Bangladesh, Iran andMexico, the impact of
As toxicity is particularly alarming. For example, despite vis-
ible health effects related to As toxicity in Malaysia based on
the soil, water and plant analysis inMalaysia [4, 5] potential of
bioaugmentation for treatment of As-contaminated water has
been marginally explored which makes it a very attractive
research subject to explore. Recently, In Malaysia expert on
environmental health announced that public consumption of
seafood harvested from the area with high concentration of As
should be avoided [6]. This is due to disposal of untreated
industrial wastewaters into rivers and consequently accumu-
lation of As in fish body. The authority concern must move in
hurriedly to lessen the risks associated to public. Moreover, a
study conducted by Kato et al., [7] indicated the concentration
levels of As reached up to 19% of well water samples in
Sabah, Malaysia in 2010. Since this As level is exceeded the
permissible level as far WHO health-based guidelines
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permission level, it can be concluded that the level of As in
Malaysia has had increased due to anthropogenic activities.
Hence, an urgent need to establish cost-efficient treatment
technology proficient of separating arsenic from both indus-
trial effluents and drinking water is of paramount importance.
An ideal treatment strategy is to concentrate on accumulating
and recovering metals during the treatment process rather than
treatment and disposal. Therefore, this research focuses on the
establishment of technological answers, that are economically
achievable and environmentally friendly which are able to
reduce the costs and take full advantage of the treatment effi-
ciency. Arsenic is present both in +5 and + 3 oxidation forms
in aqueous solution depending on the prevalent redox condi-
tions [8]. In majority of water system, arsenate (As(V)) in
inorganic forms, prevails over arsenite [9]. While considering
remediation studies, speciation of As is an important factor
and it is importantly species dependent. In addition pH and
redox potential are the two utmost vital parameters which
controls As speciation [10]. In oxidizing states, As(V) exist
as HAsO4

2− and H2AsO4
− at high pH (7–11) and at low pH

(2–6.9), respectively. Generally, in extremely acidic and alka-
line conditions, As(V) are present as H3AsO4, and AsO4

3−

respectively. Several studied have illustrated that As can be
removed by various techniques namely, iron-oxide coated
sand, oxidation/precipitation, metal oxide adsorption, polymer
ligand exchange, electrocoagulation, ion exchange resin,
followed by nanofiltration, reverse osmosis, etc. [11–13].
Indeed, these techniques suffer some certain drawback such
as high maintenance cost as well as require expensive mineral
adsorbents. Among the biological techniques, bioaugmenta-
tion, involving microbial biomass is regarded as a potential
technology involved in As removal. The main advantageous
of microbial method is the present of functional groups on cell
wall structure that serves as a site for metal binding as well as
reducing operation cost and time, and regeneration of biomass
for reuse. Many researches have been cited the biosorption
ability of bacterium on removing metal ions from aqueous
solution such as Bacillus cereus [14], Pseudomonas
resinovorand [9], and Desulfitobacterium hafniense [15].
However, the biosorption process depends on the microbe’s
ability to immobilize and reduce the metal ions via sorption
and redox reactions. Bacillus salmalaya strain 139SI as a na-
tive strain isolated (in Selangor, Malaysia) from an agricultur-
al soil [16] has been found to be potentially suitable in reme-
diation of petroleum compounds from contaminated environ-
ments as well as high capacity in sorption of Cr(VI) from
aqueous Solution [17].

This study is aimed at examining the possible biosorption
capacity of this novel strain, for doing away with As(V) ions
from the watery (aqueous) solution under the controlled lab-
oratory condition. Optimum biosorption conditions were de-
terminate at different biomass dosage, pH, temperature, and
contact time. The mechanism of the As(V) biosorption was

investigated in terms of kinetics and thermodynamics. Models
including; Dubinin-Radushkevich, Freundlich, and Langmuir
isotherm were used for the evaluation of the equilibrium data.

Materials and methods

Bacillus salmalaya strain 139SI

B. salmalaya strain 139SI, was previously isolated from an
agricultural soil sample in a private farm located in Selangor,
Malaysia (2.99917˝N 101.70778˝E), the appropriate permis-
sions from the responsible authorities for obtaining soil sam-
ple from ‘private farm’ was provided. This strain is a gram-
positive and rod-shaped bacterium that exhibited strong
haemolytic activity [18], and is routinely cultured on the
Brain–Heart Infusion (BHI) blood sheep agar and sustained
in a glycerol stock suspension. The 139SI strain inoculated
from the plates onto the BHI agar and kept at 4 °C until needed
for further experimentations.

Determination of minimum inhibitory concentrations
(MICs)

MIC is considered the lowest concentration which hindered
the growth of bacteria; in this work it was assessed as previ-
ously described. The stock solution of sodium arsenate
(Na2HAsO4 · 7H2O) was prepared (0, 350, 700, 1400, 2800,
5600 ppm). Each of the tubes was then inoculated using ap-
proximately 1.5 X 106 CFU. The absorbance (optical density)
was measured at 600 nm after one day incubation [19].

Arsenate biosorption assay

Before the beginning of sorption experiment strain was
enriched by transferring one loop of cells from the agar slants
to previously sterilized liquid BHI broth in a shake flask cul-
tured (37 °C and 150 rpm) for two days (OD600 = 1). Viable
cells were collected by centrifugation/spinning for 20 min at
8000 rpm. The pelleted cells obtained were washed using
deionized water, followed by several times wash with
suspended phosphate buffer before prepared as biosorbents
for biosorption process. Arsenate stock standard solution
(1000 ppm) was prepared from KH2AsO4 and the sorption
experiment was performed by adding cell pellet to a sequences
of 100 mL conical flask containing 50 mL of test solution
(contains mineral salt medium and arsenate solution according
to the required concentration) at 130 rpm. Optimization of
experiments were carried out at the chosen pH value (3 to
9), contact period/time (0 to 80 min), biomass dosage (0.5 to
7 g/L), and temperature (20 to 60 °C). The biosorption assays
was performed until the equilibrium condition was reached.
Residual metal ion concentration of the Samples were
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analysed using inductively coupled plasma atomic emission
spectroscopy (ICP-OES). The biosorption experimentations
were conducted in triplicate and the values of ion sorbate (S)
and biosorption capacity (Qe) were calculated according to the
following equations:

S %ð Þ ¼ Ca–Cbð Þ=Ca � 100 ð1Þ
Qe ¼ Ca–Cbð ÞV=W ð2Þ

Where S is a sorption; Qe represent the metal uptake (mg/g);
Ca stands for the initial metallic concentration (mg/L); Cb is a
final metal concentrations (mg/L); V stands for the volume of the
solution (L); W stands for the amount of adsorption (g cell/ L).

Uptake kinetics and thermodynamics

A quantitative understanding of biosorption dynamics is possi-
ble through investigating the mechanism of the biosorption
process. To evaluate the adsorption kinetic data, the pseudo-
first-order and pseudo-second order (Eq. 4) models were intro-
duced in this study [20, 21]. Moreover, the Kinetic study de-
scribes the essential qualities (characteristics) of the sorption
process towards its positive utilization [17]. The first kinetic
order was not included in this paper as the values of correlation
coefficient (R2) were relatively low. The following formula has
been used to calculate the pseudo second-order kinetic model:

t=qt ¼ 1=K2qe
2 þ t=qeð Þ ð3Þ

Where K2 represents rate constants of the pseudo-second
order (g/mgmin), qt and qe are sorption capacities at time t and
sorption capacities at equilibrium (mg/g), respectively.

Effects of different temperature (20 to 60 OC) in the
biosorption process were calculated through thermodynamic
parameters from the equations as follows:

ΔG0 ¼ −RT lnKD ð4Þ
lnKD ¼ ΔS0=R

� �
– ΔH0=RT
� � ð5Þ

WhereΔG0 is Gibbs free energy change,ΔH0andΔS0 are
the enthalpy change and entropy change, respectively. KD is
distribution coefficient. R represent the universal gas constant
value (8.314 X10−3 KJ/mol K) and T stands for absolute
Kelvin temperature.

Biosorption equilibrium

The plots of the three sorption isotherm models that are
Langmuir, Freundlich, and Dubinin-Radushkevich (D-R)
were employed in order to study the mechanism of
biosorption and surface properties of the biomass. These
models used, described the nature of the adsorption potential-
ity of As(V) onto live biomasses of the novel B. salmalaya

strain 139SI, which is expressed in terms of the amount of
As(V) adsorbed for each unit of mass of adsorbent utilised
(mg/g).

Langmuir sorption isotherm

One of the basic assumptions of the Langmuir model is that, it
predicts adsorption of monolayer by means of a kinetic ap-
proach that is carried out as a single layer positioned onto
surface cells and defined by the following equation:

qe ¼ qm βCe=1ð Þ þ βCe ð6Þ

Where qe and qm are amount of arsenate adsorbed per unit
mass biomass at equilibrium state (mg/g) and maximal ad-
sorption capacity (mg/g), respectively. β represents the equi-
librium constant for adsorption (L/mg) related with the free
energy biosorption and Ce indicates residual ion concentration
in solution (mg/L).

Freundlich sorption isotherm

The Freundlich isotherm predicted a heterogeneous adsorption
surface. This model can be explained by following formula:

log qe ¼ log kf þ 1=n logCe ð7Þ

Where Kf and n indicate constant relating the biosorption
capacity and the intensity of the sorbent, respectively.

Dubinin-Radushkevich sorption isotherm

The equiblrium data were applied to evaluate the mechanism
of biosorption process using D-R isotherm model. This model
expects the dissimilarity of the surface energies and can be
written as follow formulas:

ln qe ¼ ln qm–α ε2 ð8Þ
ε ¼ RTln 1þ 1=Ceð Þ ð9Þ
E ¼ −2αð Þ−1=2 ð10Þ

Where α and qm are slope and intercept of the plot (ln qe
against Ɛ2), respectively. E is defined as the mean sorption
energy to transfer 1 mol of ions to the surface of the biomass
from solution. To analyse the results statistically, a universal
SPSS 19 linear model was utilised for the Analysis of variance
(ANOVA) among the means of the treatments.

Evaluation of desorption efficiency (DE)

Desorption protocol was performed in order to study the ca-
pability of biosorbents of being used again (reusability).
Biosorption-desorption experiment was carried out by using
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25 ml volume of sample containing 10 ppm As(V) and 10 ml
buffer solutions (0.1, 0.5, and 1 M of HNO3 and HCl). After
fast shaking, 2 g/L of biomass was added and sample was
shacked for a period of 1.5 h at 130 rpm, before determining
the final arsenate concentration.

DE %ð Þ ¼ Mr=Ma � 100 ð11Þ

Where Mr and Ma denotes the amount of arsenate released
into the supernatant and initial amount of adsorbed As(V)
respectively.

Results

The tolerance of strain 139SI to various concentration of As(V)
was achieved using MICs experiment. B. salmalaya strain
139SI represented high resistant to As- toxicity under aerobic
condition. Bacterial growth was inhibited at 5600 ppm; conse-
quently, this concentration was considered as the MIC. This
concentration is considered considerably high [22].

The pH of the solution is one of the vital parameters which
control the biosorption process. It is well known that it can
heavily effect the competition of sorbets for the binding sites,
activity of functional groups present on the biomass cells as
well as sorption chemistry of the sorbets [20]. The effect of pH
on sorption process of arsenate was monitored for a range of
pH from 3 to 9 (Fig. 1). The highest amount of sorption was
recorded in acidic condition at pH 3 to 6. The maximum value
of arsenate biosorption was about 92.1% at pH 4; however,
more than 70% of biosorption was observed in an alkaline
condition i.e. at pH 8. It is evident from Fig. 1 that biosorption
of As(V) decreases with a further increase in pH. Thus, all
experiments were conducted at pH 4 for biosorption of As(V).

The influence of contact time with changed (at different)
initial metal concentration on biosorption of As(V) was

studied (Fig. 2). In order to examine the effect of time on
biosorption of arsenate onto B. salmalaya biomass, 2.0 g/L
of biosorbents wasmixed with sorbate (500 and 1000μg/L) in
pH 4 and temperature 25 °C. maximum sorption of As(V)
were recorded 86.9% and 54.6% after 50 min of mixing sor-
bent with 1000 and 500 μg/L of sorbate, respectively (Fig. 2).
Results indicated that the number of ions adsorbed from solu-
tion with higher metal concentration (1000 μg/L) is more than
from solution with less concentration of metal (500 μg/L).
The biosorption efficiency in various biomass doses (0.5 to
7 g/L) was investigated at pH 4, temperature 25 °C, and metal
concentration 10 ppm. The biosorption rate sharply increased
with increasing the biomass doses beyond 2 g/L. It was ob-
served that the sorption efficiency for biomass doses of 2 and
7 g/L were 83% and 85%, respectively.

The effect of temperature on equilibrium biosorption of
arsenate was studied at pH 4, contact time 100 min, sorbent
dose 2.0 g/L and As(V) concentration of 500 μg/L. Results
shows a rapid adsorption in all temperatures for the first
50 min followed by a slow rate of adsorption in the later
stage. The highest and lowest biosorption capacity was
recorded about 305.89 μg and 196.2 μg at 25 °C and
60 °C, respectively. It is illustrating that temperature might
be an important factor for metal sorption by microbial
cells. Thermodynamics parameters are shows according
to the Fig. 3 (the lnKD vs. 1/T plot). The enthalpy (ΔH0)
was determined from the slope of the plot while entropy
(ΔS0) was determined from the intercept of the plot. Gibbs
free energy (ΔG0) was computed as −2.21, −1.87, +0.093,
+1.81, and + 3.01 for the As(V) biosorption at following
temperature values; 20, 30, 40, 50, and 60 °C, respectively.
The free energy values with negative signs implied that
biosorption of As(V) onto B. salmalaya strain 139SI is
spontaneous in nature and thermodynamically feasible.
The ΔH0 and ΔS0 parameters were found to be 0.276
(KJ/mol K) and − 41.3 (KJ/mol), respectively.
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The prediction of adsorption rate through the kinetics of
pollutant uptake provide an imperative information for
selecting batch adsorption schemes under optimum operating
conditions. To clarify the sorption kinetics of arsenate ions
onto living cells of B. salmalaya strain 139SI biomass, the
pseudo-first-order and pseudo-second order models were
employed. The values of K1 and Qe of the first model were
obtained from intercept and slope of the plot [(ln qe-qt) against
time]; while the value for the secondmodel were computed from
the intercept and slope of the plot [t/qt against time]. The lowest
coefficients of determination (R2 = 0.66) was recorded in the
pseudo-first-order, while pseudo-second order showed 0.96 cor-
relation. The pseudo-second-order model for the sorption of
arsenate ions onto B. salmalaya at 10–50 °C is shown in Fig. 4.

Equilibrium biosorption isotherm describes the capacity of
living biomass, which is defined by certain constants whose
values are expressing affinity of biomass and the surface proper-
ties [23]. Therefore, the analysis of isotherm data is vital in order
to develop an equation which could be used for design purpose.

The result of Freundlich isothermwas investigated by plotting qe
versus Ce values, which showed a non-linear association linking
the concentration of As(V) ions sorbed for every unit biomass
against the arsenate ions concentration of remaining in solution
(mg/L). Based on the statistical analysis the correlation coeffi-
cients for the Langmuir isotherm presents a higher value (R2 =
0.94), which demonstratedmore suitablemodel in comparison to
for both dead and Freundlich isotherm (R2 = 0.87). Values of qm,
1/n, and Kf found to be 76.5 (mg/g), 0.52 and 3.1, respectively.

Desorption study was performed using HNO3 and HCL at
different concentration, so as to assess the capability of bio-
mass for repeated biosorption process. The number of ions
were adsorbed from B. salmalaya with each eluent (10 mL)
was studied. Results shows the highest recovery about 93%
and 85%, at 1 mol L−1 HCl and HNO3, respectively.
Moreover, it was found the stability of biomass after repeated
10 times desorption process with a decline in about 25%
As(V) ions recovery. Therefore, biomass has shown a good
potential for its possible re-use in industrial process.
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Discussion

Many factors would have affect As bioavailability and tolerance
of bacterium which consequently cause variation in MIC values.
However, strain 139SI with high stability to arsenic toxicity al-
lows it to use in bioremediation process as it can survive in high
As-contaminated sites. This high resistant to As is critical be-
cause an effective bioremediation technology significantly corre-
lated with the activity of native bacteria at contaminated sites.

Many researchers reported a similar trend on the effect of
pH on arsenic biosorption process using diverse forms of
biosorbents [24, 25]. It is indicated that at low pH the surface
of bacteria cell is highly protonated thus, there would be a
strong attraction between surface of the biosorbent and
oxyanion. Consequently the uptake rate increased due to an
increase in H2AsO4

− ions along with the pH [26]. It is also
expected that as the pH rose the bacteria cell would positively
charge and became increasingly negative. The sorption at
pH 3 is slightly decreased in compare to pH 4, as shown in
Fig. 1. This might be correlated to the interaction involving
hydroxyl (-OH) groups on the biomass surface and the nega-
tively charged arsenate ions [25] . The gradual decrease in
metal uptake from pH 4 to 9 maybe explained as a repulsive
force between anions and the negatively charged surface.

It is further noted that sorption capacity increased as the
reaction time increased until the state of equilibrium was
reached due to saturation of vacant biomass surface. Thus,
the curve suggested that for an equilibrium to be attained, a
contact time of 50 min is required and indicate the probability
of monolayer coverage of the As(V) on the surface of bio-
mass. Similar sorption pattern was observed for the removal
of arsenic and arsenate by [27]. They reported 85.67% remov-
al rate of As(V) after 30 min mixing of Arthrobacter sp. as
biosorbents and 100 ppm sorbent. The difference in the

duration time might be due to using different type of bacteri-
um and arsenic concentration.

Probably the increase in sorption rate along with increase in
biomass concentration is due to availability of more biomass
surface and consequently interaction between binding sites.
However, there was no significant change in biosorption rate
after dosage of 2 g/L (Fig. 5).

The endothermic nature of the adsorption in the exothermic
nature of the biosorption processes is revealed by the negative
and positive values ofΔH0. In this study, the negative value of
ΔH0 shows the nature of biosorption process (20 to 60 °C)
which is either physical or chemical. It has been acknowl-
edged that, when the ΔH0 values ranges between 2.1 to 20.9
(KJ/mol), it implies a physical sorption whereas the values
found in the range from 20.9 to 418.4 (KJ/mol) illustrated
the chemisorption process of As(V). Hence, our results on
thermodynamic assessment suggested that the mechanism in-
volved in As(V) sorption is chemisorption. The same trend
was observed in study previously carried out on chromium
ions biosorption onto B. salmalaya strain 139SI [17].

The result of sorption capacity is in line with finding of
Biswas et al. [26], in which the pseudo-second-order kinetic
model presented a appropriate correlation for the biosorption
of arsenic onto I. hispidus in contrast to the pseudo-first-order
model. Prasad et al. [27] also reported higher correlation co-
efficient values (0.99) of the pseudo second- order model for
biosorption of As+5 from aqueous solution by Arthrobacter
sp. Biomass. This indicates that pseudo-second order is more
likely to predict kinetic behaviour of arsenate biosorption.
Therefore, As(V) biosorption onto bacterial cell was through
chemisorption process and the rate determining stage is pos-
sibly surface biosorption, which gives explanation that the
process happens via valence forces like exchange or sharing
of electrons between adsorbent and As(V) metallic ions.
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Since the two Biosorption isotherms constants do not pro-
vide information on the mechanism of biosorption process as
chemical or physical, the Dubinin-Radushkevich isotherm plot
was calculated. Figure 6, shows the linear plots of ln qe vs Ɛ2,
with high correlation coefficient of 0.98. In this study, the esti-
mated value of E was found to be 11.2 KJ/mol. This value
provides useful information regarding the type of biosorption.
It is known that if E is between values 8 and 16 KJ/mol, the
process of sorption is taking place chemically [28]. Thus, re-
sults suggested that metal ions onto B. salmalaya strain 139SI
could be through chemical ion exchange mechanism.

Consequently, the obtained results suggested that it was in-
sufficient enough for the Freundlich to illustrate the association
between the equilibrium concentration and the amounts of met-
al biosorption in the solution. Since the Langmuir and D-R
isotherm models demonstrated higher correlation coefficient
values than the Freundlich model, so that it represents better
fitted into equilibrium. However, a comparison of biosorption
capacity between B. salmalaya biomass for arsenate ions with

various types of biomass reported in the literature reviews
indicated the high capacity of B. salmalaya strain 139SI
in biosorption of As(V) than that of majority of biomasses.
So, it is remarkable to mention that B. salmalaya biomass has
great potentiality in As(V) ions removal from the aqueous
solution.

Numerous organisms have been reported for As removal
from contaminated environments, for instance bacteria [14],
algae [29]. Although, in the majority of cases the organisms
were isolated from As-contaminated areas [30, 31]. To our
knowledge there is no application of indigenous bacteria in
Malaysia for bioremediation of As polluted areas. Therefore,
providing an alternative effective way through using a novel
native bacterium would be a great option for bioremediation
studies as strain 139SI exhibited effective sorption for As(V)
ions from polluted aqueous solutions. The current research is
focused on the As(V) treatment development fromwastewater
and in the next study the application of live biomass cells will
be considered for arsenite (As(III)) remediation from aqueous
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solution along with evaluation of various environmental pa-
rameters on sorption process. The results obtained will be
compared with the current achievements and the potential
competition for As sorption in the present of other ions such
as Zn2+and CO2+ [32] also will be examined.

Conclusions

This work focused on As(V) biosorption on a novel Bacillus
strain biomass from aqueous solution. B. salmalaya has been
found to be a prospective biosorbent for As(V) removal when
compared to other biosorbent. The process of biosorption onto
sorbent was highly depend on the pH, temperature, biomass
concentration as well as contact time. The maximum percent-
age of biosorption found was 92% at pH 4, biomass concen-
tration 2 g/L, temperature 25 °C, and contact time of 50 min.
The pseudo-second-order kinetic model presented a reliable
relationship of the As(V) the biosorption on biomass. The D-R
isotherm models demonstrated higher correlation coefficient
value, and the mean free energy values was found to be be-
tween 8 and 16 KJ/mol which suggested the chemisorption
mechanism of sorption process. Thermodynamic evaluation
also suggested that the chemisorption and feasible process of
As(V) biosorption. The reuse study illustrated the highest re-
covery of 93% using 1 M HCl, and a decrease of 25% As(V)
ions recovery following 10 times desorption process.
Therefore, B. salmalaya strain 139SI biomass exhibited a con-
siderable high potential of sorption capacity and can serve as
an efficient biosorbent alternative to treatment of As(V) ions-
containing aqueous solution.
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