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ABSTRACT

The objective of this study is to investigate #maaval efficiency of Cr(VI) and Ni(ll) by Bacillus
subtilis immobilized in agarose gel from aqueouduttmn under different experimental
conditions. Batch mode experiments were carriedasua function of solution pH, Cr(VI) and
Ni(Il) concentration and contact time. It was foutitht the equilibrium of the process was
reached after 60 min. The optimum pH value wasddorbe 4 for Cr(VI) adsorption and 6 for
Ni(ll) adsorption. Bacillus subtilis immobilized mgarose gel was found to posses relatively
high sorption capacity for Ni(ll) compare to Cr(VIJhe data obtained from the equilibrium
experiment were analyzed using Langmuir and Fraahdisotherm models. The equillibrim
data fitted the Langmuir model better than Freucdliwith high correlation coefficients for both
adsorbate. According to the Langmuir model, theimam uptake capacities (qe mg)af the
biosorbent used for Cr(VI) was 31.77 +0.03 my §3.64 +0.53 mggand 39.78 +3.14 mg'y

at 298K, 308K and 318K respectively and for Nitilvas64.94 +0.01 mg g, 72.61 +2.32 mg
g' and 78.13 +0.61 mgyat 298K, 308K and 318K respectively. This shotteat there was
increment in adsorption capacity with increasingnperature and this indicated that the
adsorption process is endothermic in nature. Theugs first order and pseudo second order
kinetic models were used to describe the depend#ribe adsorption on time. The kinetic data
fitted with the pseudo second order kinetic modéh Wwigh correlation coefficient and better
than the pseudo-first order kinetic model. Indingtithat the adsorption processes were
chemisorptions. The results showed that Bacillusilssiimmobilsed in agarose gel can be used
to remove Cr(VI) and Ni(ll) ions form agueous syste
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INTRODUCTION

The discharge of heavy metals into environmentbdeme a matter of concern over the last
few decades. The heavy metals like lead, mercumg, aluminum, arsenic, nickel, chromium,
cobalt etc. are the common pollutants present @& @hvironment from various natural and
industrial sources [1]. Chromium is a toxic metélwidespread industrial use and exists in
several oxidation states. The most stable and comimons are the trivalent Cr(lll) and the
hexavalent Cr(VI) species, which display quite eliféint chemical properties. Cr(VI) is
designated and widely recognized to be a humaratiba carcinogen [2]. Cr(lll) is less toxic
when compared to Cr(VI) and it has low acute angmie toxicity to humans at high doses.
High doses of Cr(VI) compounds are also associaidd nephrotoxicity [3]. Acute exposure to
high levels of Cr(VI) can produce nervous systermalge and liver disorder [4]. Nickel is
another metal widely used in many industries. Thghdr concentration of Ni(ll) in ingested
water may cause severe damage to lungs, kidneydrogmdestinal distress, e.g., nausea,
vomiting, diarrhea, pulmonary fibrosis, renal edemad skin dermatitis [5]. Nickel is toxic to
plant at concentration as low as 1007Y@]. It adversely affects reproduction of fresh erat
crustacean at concentration as low as 0.995'ffglin human (mammals) nickel acts to inhibit
insulin release, depress growth and reduces ckot¢dqB]. Extensive use of chromium and
nickel eg in Ni-Fe battery industry, electroplatin@nning, textile dyeing results in the effluents
containing Cr(VI) and Ni(ll) at concentrations ramg from tenths to hundreds of
milligrams/litre.

Several procedures have been proposed for rembvaése metal ions from aqueous systems .
Conventional methods for removing these ions froratew include: chemical reduction,
membrane separation, electrochemical treatmenteimmange and evaporative recovery [9].
Although the effectiveness of these methods has h@eved, they suffer from a major
disadvantage, namely lack of cost effectivenessieOtimitations include energy, intensive
processing and concentration dependence, low e&fifigi, not feasible to reduce the Cr(VI) and
Ni(Il) concentration to levels as low as requirgddmvironmental legislation and production of
toxic chemical sludge, which needs additional treatit. These processes may be ineffective or
extremely expensive especially when the metal®iatisn are in the range of 1-100 mg/l [10].
Hence many researchers worked on the biosorptiomedfl ions using different biosorbents
such asRhizopus dead fungal biomass @spergillus niger, Rhizopus oryza@accharomyces
cerevisiae, Eckloniabiomass, peat moss and modified saw [11,12,13].s@pion, an
environment friendly technology to clean up theismmnment based on the utilization of dead
biomass and biopolymers can be an efficient anteftective remedy.

Bacillus subtilisis a Gram-positive, aerobic, rod-shaped bacterinth @iquitous in soils and

waters. Its parietal structure is well known andcanposed primarily of peptidoglycan and
teichoic acid [14]. Peptidoglycan is a polymer akfylglucosamine and acetylmuramic acid,
which carry mainly carboxylic and hydroxyl functelrgroups. On the other hand, teichoic acid
is a polymer of copyranosyl glycerol phosphate,chhcarries mostly phosphate and hydroxyl
groups.B. subtilisis widely used in the commercial production of vas enzymes[14]. Agarose

is a polysaccharide consisting of linear polymebejalactose and 3, 6-anhydro-L-galatose[15].
And it is a biopolymers that is nontoxic, inexpensavel can be effectively use to remove metal
ions from aqueous systems[16]. It can be efficiened to immobilse microorganism in order
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to produce adsorbent with good characteristic ideal size, mechanical strength, rigidity, and
porous characteristics that may be lacking if foedl is used.The use of inactive cells in
biosorption is most advantageous for removal ofamiens from water, in that, the organisms
are not affected by toxic wastes; they do not megaicontinuous supply of nutrients and they
can be regenerated and reused for many cycles [17].

The objectiive of this work was to study the adsiorpability of Bacillus subtilismmobilized in
agarose for removal of Cr(VI) and Ni(ll) and fromueeous solution. The effect of initial metal
ion concentration, initial pH, temperature, and taoh time were examined. Langmuir and
Fruendlich adsorption isotherm were applied to e¢leilibrium adsorption data. The pseudo
first-order and pseudo second-order kinetic modetse used to study the dependence of
adsorption on contact time.

MATERIALSAND METHODS

PREPARATION OF ADSORBATE SOLUTION

1000ppm stock Cr(VI) solution was prepared by diseg 2.828 g of potassium
heptaoxodichromate(VI)(3Cr.0O;) in 200ml of distilled deionised water in a beakéhen 1.5ml
of conc. HNQ(Sigma-Aldrich) was added. This was then quantigdyi transferred into a 1- litre
flask and diluted to the mark with distilled deised water. Similarly,1000ppm stock Ni(ll)
solution was prepared by dissolving 4.9434g of dli@Rtrioxonitrate(V)hexahydrate
(Ni(NO3),.6H,0)(BDH) in 200ml of distilled deionised water inbaaker. Then 1.5ml of conc.
HNO3(Sigma-Aldrich) was added. This was then quantiédyi transferred into a 1- litre flask
and diluted to the mark with distilled deionisedteva/arious working solution were prepared
from the stock by serial dilution.

GENERATION OF BIOMASS

Pure strains oBacillus subtiliswas collected from the Microbiology departmentAdfmadu
Bello University, Zaria and maintain by monthly suliuring on plate count agar and kept at
4°C. The biomass grown in a 250 ml corked conicalkfleontaining 100ml Muller Hilton broth
medium having the composition (g/l): beef infusgmiid (2.0), casein peptone (2.0), starch (1.5),
calcium (0.05 mg), magnesium (0.02 mg) atG35120 rpm in a thermostated water bath for 24
hours. After 24hours, biomass was harvested byitegation at 4000 rpm for 15minute at room
temperature (25 + 2) and washed twice with sterdemal saline solution[18]. After washing,
the required amount of wet biomass was used fordhilization.

PREPARATION OF THE ADSORBENT

4% agarose solution was prepared by dissolving d0ggarose in 240 ml of autoclaved
deionised distilled water. The solution was heateal microwave oven until a clear homogenous
solution is observed. The heating was such thatrtixture was not allowed to boil over. The
agarose solution was cooled to aboutGthen 100ml of cell suspension corresponding to 10
McFarland nephelometer standard was thoroughly dnwi¢h the agarose solution. The mixture
was poured into petri and kept on ice. After séilidtion on the petriplate 3 by 3 ninsubes
were cut and wash with deionized distilled wafgyarose gel only was prepared to serve as the
control.
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DETERMINATION OF pH POINT OF ZERO CHARGE OF THE ADSORBENT.
The pH point of zero charge of the adsorbents wletermine as described by Onyarejaal,
2004 [19].

ADSORPTION EXPERIMENT

Adsorption experiments were conducted at varying, pidntact time, and adsorbate
concentration. The experiments were carried oupdigh method using 100 mL corked conical
flask, 10mg of the adsorbents and the total voloinihe reaction mixtures was kept at 50 mL.
The pH of solution was maintained at a desiredevélyiadding 0.1 M NaOH or 0.1M HCI. The
flasks were shaken for the required time period thermostated water bath shaker (Gallenkamp
BKS-300010 F model). The isotherm study was peréatnusing various concentrations of
Cr(VI) and Ni(ll) solutions ranging from 25 to 100g/L at 298K, 308K and 318K and pH 6.
The kinetics study was carried out with 50ml volgnoé 100mg/l initial Cr(VI) and Ni(ll) ion
concentration, 10mg adsorbent adsorbent dose and fa Cr(VI) and pH 6 for Ni(ll). The
mixture was agitated at 120 rpm and@3or different contact time ranging from 10-180mvxt
predetermined time, the flasks were withdrawn fribke shaker and the reaction mixtures were
filtered through Whatman 1 filter paper. The filsinl of the filtrate was discarded. All
experiments were performed in triplicates. Thedie samples were analyzed by flame atomic
absorption spectrophotometer (Bulk scientific 2@@&del). The Cr(VI) and Ni(ll) concentration
retained on the adsorbent phase was calculateddiegdo the equation below:

V(Co —Ce)

g = =2 (1)
The metal percentage removal (%) was calculatetube following equation:

Removal(%) =CeC_—C° x 100 (2)

o

Where @ is the amount adsorbed in mg/g of the adsorbeetjailibrium, G and G were the
initial and the equilibrium concentrations in mgéspectively, V is the volume in liters of the
solution used during the experiment and M is theswd the adsorbent in gram.

RESULTSAND DISCUSSION

pH POINT OF ZERO CHARGE OF THE ADSORBENTS

The pH point of zero charge (pHpzc) of the adsdabevere assessed from the plot of zeta
potential (mV) versus initial pH(pHinitial) presewt in Figurel. The pHpzc d&acillus subtilis
immobilized in agarose gel was 5.21 and that ofAbarose gel only(i.e the control) was 5.53.
pHpzc ofBacillus subtilisimmobilized in agarose was lesser than that ofasgagel only due to
more acidic group present in the cell wallsB#cillus subtilis[20]. It was reported that the
pHpzc of oil palm fibre was 7.1 and on modificatiwith acidic marcapto group it reduced to 6.4
for 0.5 M modification and 6.0 for 1.0 M modificati with marcapto aecetic acid [21]. At pH
value less than that of pHpzc, the surface changih@ sorbent is a net positigkarge, while at
pH value greater than that of pHpzc the surfacegehan the sorbent is a ne¢gative charge
[22]. Therefore, more favorable adsorption will &epected for chromate ion at pH value less
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than pHpzc while favorable adsorption of Ni(ll) ldle expected at pH value greater than pHpzc
of the adsorbent.
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Fig.1 Zeta-potential against initial pH for the determination of pH,. of the adsor bents.

EFFECT OF SOLUTION pH ON ADSORPTION OF THE METAL IONS

igs. 2 show the variation of sorption percentag€g¥I) and Ni(ll) ions by the adsorbents with
pH of the solution respectively. The highest samptipercent removal byacillus subtilis
occurred at pH of 4 for Cr(VI) ions, while that dfli(ll) occurred at pH of 6. It was observed
that Cr(VI) percentage removal increased from 25.® 46.0 % as pH increases from 2.0 to 4.0
and decreased to 24.25 at pH 6. Also, the pergenmamoval for Ni(ll) increased from 54.33 to
89.00% as pH increases from 2.0 to 6.0 and deate¢as$.00% at a pH 8.0.

100.0 -
90.0 A
80.0 -
70.0 A
60.0 -
200 1 —o—Cr(VI)
40.0 1

200 /—\\' —m—Ni(ll)
20.0 -

10.0 A
0.0 T T

sorption %

0.0 2.0 4.0 6.0 8.0 10.0 12.0
pH

Fig.2. Sorption percentage against pH for the adsorption of Cr(VI) and Ni(Il) ion onto Bacillus subtilis.

The increase in percentage metal ion removal amptgdases can be explained on the basis of a
decrease in competition between proton and the Inmtafor the surface sites and by the
decrease in positive surface charge, which reguléslower coulombic repulsion of the sorbing
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metal ion [23]. Similar observation was made foe thdsorption Cd(ll) onto activated
carbon[24]. Some of the functional groups preserthe cell wall ofBacillus subtilis, such as
amines, are positively charged when protonatednaayl electro-statically bind with negatively
charged metal complexes[25]. Also, it has beenrntefdadhat at pH value greater than pHhe
functional groups on the surface of biosorbentshetsnegative charge and at pH value lower
than pHc the functional groups on the surface of biosorbéiats net positive charge[26]. These
accounted for the highest percentage removal obdeior Chromium (which exists as >
anion in aqueous solution) at pH 4 and that of Bli¢which exists as Ki ion) at pH 6.

THE EFFECT OF CONTACT TIME AND TEMPERATURE

Figs.3 and 4 show the variation of adsorption paege with time (minutes) for the adsorption

Cr(VI) and Ni(ll) from aqueous solution onBacillus subtilisimmobilized in agarose gel at
different temperature.
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Fig. 2 Variation of Sorption percentage with Time (minutes) for the adsorption of Cr(VI) onto Bacillus
subtilisat different temperature.
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Fig. 4 Variation of Sorption percentage with Time (minutes) for the adsorption of Ni(ll) onto Bacillus
subtilisat different temperature.

Obviously, the rate of adsorption was rapid infiret 30minutes. Almost 60 percent removal of
the metal ions by the adsorbents occurred atithis. fThere was an increase in the concentration
of metal ion adsorbed, but at slower rate, untin@Qutes after which, there was no significant
change in the adsorption percentage with furtherease in contact time. This indicated that 60
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minutes was the time required to achieve equiliarand the uptake and unadsorded metal ion
concentration at the end of 60 minutes were givaoes g (mg/g) and ¢ (mg/l) respectively.
Such a fast adsorption rate before 30 minutes dosilattributed to available functional group on
the surface of the adsorbent [27]. The slower odtadsorption in the latter stages may be
attributed to great decrease of the binding sitethensurface of the adsorbent [28]. A short
contact time necessary to reach equilibrium in gtgm studies indicates that the predominant
mechanism of reaction is chemical adsorption [29].

Considering the effect of temperature on the treihddsorption, it is evident that the amount of
metal ion adsorbed increases with increase in teatyre. This indicate that the adsorption of
the metal ions support the mechanism of chemicabradion. For a chemical adsorption
mechanism, the extent of adsorption is expectethdease with increase in temperature as
observed in this study [30]. With increase in temapg@e, the attractive forces between
adsorbents’ surfaces and metal ions became str@mgethese usually resulted in increase in
extent of adsorption [31]. This behavior is typifat the adsorption of most metal ions from
their solution onto natural materials [32]. It waported that adsoption of Ni(ll) dByzygium
aromaticusattained equilibrium within 40 minutes[28]. Simileapid metal uptake has been
reported for the biosorption of Pb(ll) usikgklonia radiatewherein the system reached over
50-60% of the equilibrium uptake capacity in 10 j38]

EFFECT OF INITIAL METAL ION CONCENTRATION

Fig. 5 show the effect of initial metal ion conaerion on the adsorption of Cr(VI) and Ni(ll) by
Bacillus subtilis immobilized in agarose gel at 298 Khe increase in initial metal ion
concentration decreased the percentage removainarehsed the amount of metal ion uptake
per unit mass of the adsorbent (mg/g). The figuegsaled that for Cr(VI) ions percentage metal
ion removal decreased from 50.66 % (6.33 mg/g) 2098 (20.00 mg/g) and for Ni(ll) it
decreased from 75 % (9.38 mg/g) to 61 % (38.13 jrigygncreasing the concentrations of the
adsorbates from 25 to 125 mg/L. The increase iratheunt of metal ion uptake per unit mass of
the adsorbent (mg/g) observed as initial concdotras increased was as a result of increase in
concentration gradient, the driving force for agsion. Though an increase in metal uptake
(mg/g) was observed, the decrease in percentagerptids may be attributed to lack of
sufficient surface area to accommodate more metal available in the solution as the
concentration increases.

At lower concentrations, all metal ions presentsalution could interact with the functional
group and binding sites on the surface of the ddsdrand thus the percentage adsorption was
higher than those at higher metal ion concentratiém higher concentrations, lower adsorption
yield is due to the saturation of adsorption sifEsus, purification yield can be increased by
diluting the wastewaters containing high metal goncentrations.
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Fig.5 Variation of Sorption percentage with Initial concentration for the adsorption of Cr (V1) and Ni(ll) onto
Bacillus subtilis immobilized in agar ose.

ADSORPTION ISOTHERMS

Adsorption isotherms were used to characterizenteeaction of each Cr(VI) and Ni(ll) species
with the adsorbent. This provides a relationshifwben the concentration of Cr(VI) and Ni(ll)

in the adsorption medium and the amount of Cr(VilJ &li(ll) adsorbed on the solid phase when
the two phases are at equilibrium. Langmuir anduikaéch adsorption isotherms, the two
widely used isotherms were used to study the atlearprocesses.

The Langmuir model is based on the assumption dlase homogeneity such as equally
available adsorption sites, monolayer surface @gesrand no interaction between adsorbed
species. This model assumes :(i) no change in iygepies of the adsorbed molecules (ii) no
lateral interaction between adsorbed moleculésdiie adsorption site per molecule and (vi) that
all adsorption sites have the same affinity for oebate [34]. The following represents the
linearised Langmuir isotherm equation,

Ce 1
e K1Q°

Ce . . o . B . o N
L 3)

Where K (L/g) is a constant related to the adsorptionbdgon energy and YYmg/g) is the
maximum sorption upon complete saturation of theoduakent (biosorbent) surface[35]. The

experimental data were fitted into the equationb{Bplotting of% against, (Figures 6 and 7).
K. (L/g) and @ (mg/g) were calculated from the slope and therdefet of the plots respectively.
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Fig.6 Langmuir isotherm at different temperaturefor Cr(VI) ion adsor ption on Bacillus subtilisimmobilized
in agar ose.
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Fig.7 Langmuir isotherm at different temperaturefor Ni(ll) ion adsor ption on Bacillus subtilisimmobilized
in agarose.

The Freundlich equation is the empirical relatiopsikihereby it is assumed that the adsorption
energy of a metal ion binding to a site on an dusar depends on whether or not the adjacent
sites are already occupied. One limitation of theuRdlich model is that the amount of adsorbed
solute increases indefinitely with the concentratmf solute in the solution. The linearised
empirical equation takes the form

Ing, =InKl+(%) InC, ------ S—— )

Whereq, (mg/g) is the adsorption densit, is the concentration of metal ion in solution at
equilibrium (mg/l),Ks and n are the Freundlich constants which determiinescurvature and
steepness of the isotherm [36]. The experimental @are fitted into the equation (4) by plotting
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InC, againsting, (Figure 10 and 11).The value élfandlnl(l were determined from the slope
and intercept of the plots respectively.
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Fig.8 Freundlich isotherm at different temperaturefor Cr(VI) ion adsor ption on Bacillus subtilisimmobilized
in agarose.
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Fig.9 Freundlich isotherm at different temperaturefor Ni (I1) ion adsor ption on Bacillus subtilisimmobilized
in agar ose.

The adsorption constants and correlation coefftsieabtained from the Langmuir and

Freundlich isotherms are provided in Table 1. Frbable 1 it can be concluded that the data
generally fitted Langmiur adsorption isotherm witilgher correlation coefficients greater than
0.9 and also better than the freundlich adsorptsmtherm. This implied that a monolayer

adsorption occurred over a surface containing @efinumber of adsorption sites and the
adsorbed ions cannot migrate across the surfaicgéenact with neighboring molecules [37].
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Table 1 Langmuir and Freundlich isotherms constants and correlation coefficientsfor Cr (V1) and Ni(ll)
adsor ption onto Bacillus subtilisand Escherichia coli immaobilized in agar ose.

LANGMUIR ISOTHERM

Bacillus subtilisimmobilized in agarose

Agarose gel only

TEMPERATURE 298K 308K 318K 298K 308K 318K
CHROMIUM
am(Malg) 31.77+0.03 33.64+0.53 39.78+3.14 121889 19.84+0.27 24.14+1.97
K. (L/mg) 0.014+0.00 0.018+0.00 0.021+0.00 0.80R00 0.010+0.01 0.013 +0.00
R? 0.973+0.00 0.957+0.00 0.974+0.00 0.97390.0.957 +0.01 0.974 +0.00
NICKEL
am(Malg) 64.94+0.01 72.61+2.32 78.13+0.61 241886 27.71+0.54 32.42+2.92
K, (L/mg) 0.032+0.00 0.036+0.01 0.040+0.01 0.8XF01 0.024+0.01 0.027 +0.01
R’ 0.986+0.00 0.960+0.04 0.984+0.01 0.96340.0.978+0.01 0.989 +0.01
FREUNDLICH ISOTHERM
CHROMIUM
K (Mg/g) 1.180+0.39 1.313+0.18 1.587+0.06 0.20.01 0.317+0.06 0.677 +0.19
1/n 0.598 +0.06 0.591+0.07 0.559+0.06 0.86080 0.799+0.00 0.725+0.05
*R? 0.879+0.03 0.899+0.02 0.876+0.06 0.901 +0.01853+0.01 0.836 % 0.00
NICKEL
K (Mg/g) 3.457+0.60 6.023+0.55 9.970+1.82 ©.39.02 0.583+0.02 1.146 +0.08
1/n 0.635+0.06 0.577+0.01 0.536+0.00 0.810G4 0.773+0.01 0.759 +0.01
*R? 0.815+0.08 0.879+0.00 0.872+0.03 0.895 +0.02903 + 0.01 0.913 % 0.00

Note: Rand *R are the correlation coefficient of Langmiur andekndlich isotherms respectively

The Langmuir constants Kand g, which are related to the affinity between the aldeot and
adsorbate and adsorption capacity were found tease with increasing temperature for all the
adsordate on the adsorbents used. This indicatadttie adsorption processes involved more
heat of adsorption and increased adsorption capdoit the adsorbent with increasing
temperature [38].Thus, the process is endother38iL [

It was observed from the table thBaccillus subtilisimmobilized on agarose gel has greater
affinity for the positively charged Nickel (Il) thathe negatively charged Chromate ion at all the
temperature of study. Hence greater qe( iy ig obtained for the Ni(ll) ion compare to the
Cr(VI) ion. This may be as a result of the facttttiee functional groups of the peptidoglycan
layer of bacterial cell wall generally assume negative charge in aqueous system. It was
reported that the functional groups on bacteriafases are similar to thoseund on mineral
surfaces in that they are proton active. Howeuaslike functional groups on mineral surfaces
that become doublgrotonated and positively charged at low pH, baaitesurfacefunctional
groups behave like monoprotic organic acids. Ndasterial surface groups are either protonated
and neutrallycharged or deprotonated and negatively chargetpwadh aminegroups are
positively charged when protonated [40]

The Langmuir based adsorption capacity)(gf several adsorbents was reported in mg/g, for
Novel saw dust (24.44 mg/g)[41]famarindus indica(25.34 mg/g)[42], resting cells of
Aspergillus sp34.8 mg/g)[43],Activated sludge (30 mg/g)[37] AlgaNile water (37.43 mg/qg),
Fucus spiralis(64 mg/g), marine-algae dead biomass (80 mg/g). [#4gse values were in
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agreement with the data reported in Table 1. Tiniglies thatBacillus subtilisimmobilized in
agarose gel is an effective potential adsorbentsttfe removal of Cr(VI) and Ni(ll), from
agueous solution.

ADSORPTION KINETICS

Kinetics of adsorption in terms of solute uptakieravhich governs the residence time, is one of
the important characteristics defining the efficgmf adsorption processes. Kinetic parameters
as a function of temperature were determined tdigr¢he adsorption behaviour of Cr(VI) and
Ni(Il) onto Bacillus subtillisimmobilized in agarose gel. Pseudo-second ordempaeddo-first-
order (Lagergren) kinetic models were used tdhi@ experimental data obtained at different
temperature.

The integrated form of pseudo-first order kinetiuiation can be written as:

keq
Log (qe — qc) = Log qe — 5t mmmmmmmmmssemmooneees B &)
ge(mg g*) and qt(mg 1) are the adsorption capacities at equilibrium antime t, k(I min™) is
the rate constant of pseudo-first-order adsorpfidre kinetic data were fitted into the equation
and k( | min™®) and g(mg g*) were determined from the slope and the interoéphe log (g -
g) against “t” (Figs. 10 and 11).

The integrated form of pseudo-second order kiregjigation is express as [45]

t 1 t
- = + — -- — - — — — _— - 9
ac kq} g ©)

Where g(mg g') and qt(mg 1) are the adsorption capacities at equilibrium andime “t”
respectively, k (g mg* min™) is the rate constant of pseudo-second-order iequakhe kinetic
data were fitted into the equation gpdandk, were determined from the slope and intercept of
the plot oft/q, against “t” (Figs. 12 and 13)

1.5 -
f" 1.0 - A
=
@ 0.5 4 ® 298K
-
W 308K
® A 318K
0-0 L) L) L) L) L]
0.0 10.0 20.0 %0._0 40.0 50.0 60.0
t (min)

Fig. 10 Pseudo-first order kinetic plot at different temperaturefor the adsor ption of Cr (VI) onto Bacillus
subtilisimmobilized in agar ose.
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1.5 -
T 1.0 {
1
g
o
9 0.5 - ’ ® 298K
W 308K
A 318K
o
0-0 L} 1] L} 1] L) L) 1
0.0 10.0 20.0 30.0 t (min) 40.0 50.0 60.0 70.0

Fig.11 Pseudo-first order kinetic plot at different temperaturefor the adsorption of Ni(V1) onto Bacillus
subtilis immobilized in agar ose.
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g 20 -
[-T+]
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= 05 4 M 308K
A 318K
0.0 L] L] L] L} L] 1] 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

t (minutes)

Fig. 12 Pseudo-second order kinetic plot at different temperature for the adsor ption of Cr (V1) onto Bacillus
subtilis immobilized in agar ose.
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Fig. 13 Pseudo-second order kinetic plot at different temperature for the adsor ption of Ni(ll) onto Bacillus
subtilis immobilized in agar ose.
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Kinetic parameters obtained from the plots and tbmirelation coefficients (& are presented in
Table 2. From Table 2, it can be concluded thatiggesecond order kinetic model fitted the
adsorption data for both Cr(VI) and Ni(ll) bettdrah pseudo-first order kinetic model as
presented in their respective correlation coeffitié??). This indicated that the adsorption
process can be described as chemisorptions [31kthd&tequilibrium time, for each of the
adsorbent used, the amount of metal ion adsorbediie gram of the adsorbentc(mg g*)
increased with increase in temperature, indicatimg chemisorptive nature of the adsorption
processes [30].

Table 2 Pseudo first order and pseudo-second order kinetic parametersfor the adsorption of Cr(VI) and
Ni(l1) onto Bacillus subtilisimmobilsed in agar ose.

PSEUDO FIRST ORDER KINETICS
CHROMIUM NICKEL
Temperature  gmg g-1)  kix 10%(min™) R? a(mg g-1)  kix 10%(min™) R?
298K 15.19+1.10 4250+0.10 0.8883+0.03 3EM858 59.38+£0.01 0.8976 +0.04
308K 19.20 + 1.07 43.31 £0.08 0.9051 £0.02 32%&077 61.33+0.01 0.8744 £0.03
318K 2459 £2.24 45.40 £0.10 0.8850 £ 0.04 45142 63.33+0.01 0.8743 £ 0.06

PSEUDO FIRST ORDER KINETICS

1 ko X 10° 2 -1 ko x 10° 2
%(MIT) (g mintmg? R %(MIg) (4 minmg?) R
298K 3071 +120 1.220 +0.06 0.944+0.01 448842 1.261+0.05 0.997+0.00
308K 3359 +1.16 1.752 +0.06 0.989+0.00 5kP615 1.845+0.05 0.984+0.01
318K 3640 +133 1.995 +0.06 0.982+0.01 566316 3.963+0.02  0.973+0.02

CONCLUSION

The results of this study revealed tEacherichia colimmobilized in agarose gebuld be used
as an effective adsorbents material for the remo#@lr(V1) and Ni(ll) from water solution. The
adsorption of the metal ions onto adsorbents usesifaund to be time, concentration, pH and
temperature dependent. Maximum percentage renomeair at pH 4 for Cr(VI) and pH 6 for
Ni(ll) ions. The milligrams of metal ion adsorbedrmram of the adsorbentsgvere found to
increase with increasing temperature, indicatindomermic and chemisorptive nature of the
adsorption processes. Tragsorption equilibrium data fitteddangmuir model better than
Freundlich modelsTime dependent data indicate the applicability pgeudo-second order
kinetics model rather than pseudo-first order, Whshows that the adsorption process was
chemisorptions.
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