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ABSTRACT

The dead biomass of P. chrysosporium has been used for the removal of lead (I1) from an aqueous solution. The
effects of various parameters such as contact time, adsorbate concentration, pH of the medium and temperature
were examined. Optimum removal at 20°C was found to be 98.4 % at pH 6.5, with an initial Pb (I1) concentration of
100 mgL ™. Dynamics of the sorption process and mass transfer of Pb (11) to P. chrysosporium were investigated and
the values of rate constant of adsorption, rate constant of intraparticle diffusion and the mass transfer coefficients
were calculated. Different thermodynamic parameters viz., changes in standard free energy, enthalpy and entropy
were evaluated and it was found that the reaction was spontaneous and exothermic in nature. The adsorption data
fitted the Langmuir isotherm. The data were subjected to multiple regression analysis and a model was developed to
predict the removal of Pb (I1) from an aqueous solution.
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INTRODUCTION

The presence of heavy metals like Pb, Cd, Hg, Gr,Qd, Zn and Co are, at elevated concentratiomghe
environment specifically in various water resourisesf major concern because of their toxicity, #odegradable
nature and threat to human, animal and plant\ifelO recommend in their guidelines for drinking wag@ality a
threshold limit for lead is 1Qig L™. In order to fulfill the threshold criteria and teduce pollution contaminated
waters need to be cleaned. To minimize this proplEosorption can be part of the solution. Biosiptof heavy
metals by bacterial fungal or algal biomass (livedead cells) and agricultural waste biomass [11i23 been
recognized as a potential alternative to existewhhologies such as precipitation, ion exchangegsbextraction
and liquid membrane for the removal of heavy mefiam industrial wastewater because all these ms®Es have
the limitations of technical and/or economical Viajn

The literature reveals two distinct approachess® of living organisms and the use of a non- vidienass [13-
14]. There are significant practical limitations &ystems, which employ living microorganisms. Thesm
significant limitation is that microbial growth ishibited when the concentrations of metal ions ta high or
when significant amount of metal ions are adsorbgdnicroorganisms [13]. Dead cells or agriculturadstes
accumulate heavy metal ions to the same or to @arextent than living cells [13-14]. The reasonthis is that
the changes, which occur in the cell structurerdfie cells are dry- killed, affect adsorption ipasitive manner
[15]. For metal removal applications, the use ohAdidiomass or agricultural waste may be preferabldarge
guantities are readily and cheaply available agmduluct of various industries [16]. TherefoRe,chrysosporium

was used for the removal of Pb (II) from aqueoustsm.

EXPERIMENTAL SECTION

2.1 Mediaand Culture condition
The following medium and culture conditions weredior maintenance of cultures.
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2.1.1. Maintenance of Culture

Nutrient agamrmedium were used as the maintenance media for ib®@anganismsP. chrysosporium strain was
maintained by transfer every three weeks on slemtsaining Malt Extract Agar- Blakeslee’s formulhe medium
had the composition: Malt Extract- 20 §LGlucose- 20 gt', Peptone- 1 gt, Agar- 20 gL, Distilled water- 1000
mL, pH- 5.5.

212 Growth Medium

P. chrysosporium was grown on the broth medium having the compmsitD-glucose- 10 gi, KH,POs- 2 gLt
MgSO,.7H20- 0.5 gL}, NH,CI- 0.1 gL*, CaC}h.2H,0- 0.1 gL}, Thiamine- 0.001 gt, Distilled water- 1000 mL,
pH- 4.5.

2.1.3 Culture Condition
The culture condition of the. chrysosporium was given as: temperature- 28 °C, pH- 4.5, Aercdjitation rate-
100 rpm.

Initially, biomass of microorganisms was obtaindarotigh the cultivation in broth media followed by
centrifugation, then autoclaved to obtain the deiadhass.

2.2 Experimental Procedure

In the present investigation batch mode of openatias selected in order to measure the progresslsarption.
Thus in a representative experiment 1.0 gm deaudss ofP. chrysosporium was shaken with 50 ml of lead nitrate
of desired concentration (100,125 and 150 riyat different temperatures (20, 30 and@and pH (3.2, 4.0, 5.0,
5.5, 6.0, 6.5, 7.0, 7.5 and 8.0) in different glaettles in a shaking thermostat set at 20, 3040@ at a constant
speed of 125 rpm. The pH of the adsorbate solwtias adjusted by adding 0.1M HCI or 0.1M NaOH. Thagpess
of the adsorption process was observed at diffdheat intervals till the attainment of saturatid.the completion
of predetermined time intervals, the adsorbateasbrbent were separated by centrifugation at 150®0and the
supernatant liquid was analysed by AAS to deterrthieeresidual concentration of lead ion.

RESULTSAND DISCUSSION

3.1 Effect of contact time and concentration

A series of experiments were performed at diffegstsorbate concentration viz., 100, 125 and 150 thgnd time
interval. The removal of Pb (Il) was found to be8% 92.15 and 85.75 % respectively, at’@0and pH 6.5. The
extent of adsorption increased rapidly in the a&histages and became slower at later stages batattainment of
equilibrium. Equilibrium time for the adsorption Bb (II) onP. chrysosporium at various adsorbate concentrations
was found to be 100 minutes, which showed that libguim time was independent of the initial adsdeba
concentration. The following correlation had beaveloped between percentage removal and initiabradse
concentration () to predict the percentage removal of Pb (II)Poghrysosporium at any initial concentration.
Percentage removal &b (I1)= 33.5 G ¢

3.2 Dynamics Study
The rate constantk(min) for lead (Il) adsorption off. chrysosporium was determined by using the first order
rate kinetic equation [17].

k d
| —q)=I -2t 1
09 (G—q) =log g 5302 1)

Where q (mgg) and g (mgg?) are the amounts of adsorbate at time t (min.) @nequilibrium respectively. The
linear plots of log (gq) versus t (Fig. 1) suggest the first order Kosebf the uptake of Pb (II). The values Qf k
(5.675 x 1%, 5.148 x 10 and 4.665 x 10min™) at different temperatures were calculated fromdiopes of these
plots.

The data was also tested for pore diffusion udiegfollowing equation [18]:

q=kqt% (2)

Where, q is the amount sorbed at time t &his the square root of the time. The values;@{%582 x1C, 3.245
x102 and 2.825 x18 mgg'min™?) at temperatures 20, 30 and@®@espectively, were calculated from the slopes of

respective plot q versu$ {Fig. 2) at later stages. The dual nature of tees was obtained due to the varying
extent of sorption in the initial and final stagdshe experiment. This can be attributed to thet flaat in the initial
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stages, sorption was due to boundary layer diffusibect whereas, in the later stages (linear portif the curve)
was due to the intraparticle diffusion effects. Hwer, these plots indicated that the intrapartifiision was not
the only rate controlling step because it didn$pthrough the origin. This was further suppoktgaalculating the

intraparticle diffusion co—efficientE, cnf sec?) using the following equation [19].

D = 0.03F ty, )

where r (cm) is the average radius of the sorbartighe and #,(min.) is the time for half of the sorption. Accorg
to the Michelsen et al.[20] ® (cn? sec') value of the order of 18 is indicative of intraparticle diffusion as rate

determining step. In this investigation, the valoédD (8.142 x 1, 7.255 x 10 and 5.778 x 18 cnfsec! at 20,
30 and 40°C respectively) obtained was in ordet®f cn? se¢* which was more than two order of magnitude
higher, indicated that the intraparticle diffusiaas not the only rate controlling step. It was doded that both
boundary layer and intraparticle diffusion mightibeolved in this removal process.

3.3Mass Transfer Study
Mckay et al. model [21] has been used for the pitaseestigation:

C 1 mK 1+ mK
I A — =| - t 4
n[CAO 1+mKJ n(“ij ( mK jBiSS .

where, m is the mass of the biosorbent per unitimel K is the constant obtained by multiplying &nd b
(Langmuir's constantsfp, is the mass transfer coefficient, iSthe outer specific surface of the biosorbemtiglas
per unit volume of particle-free slurry. The valwfsn and Swere calculated using the following relations:

m=W (5)
V ]

S = 6—m , (6)
dpdp (L - €p)

where, W is the weight of the adsorbent, V the maduof particle-free slurry solution, and dip andep are the
diameter, density and porosity of the adsorbeniiqas, respectively. The values Bf (5.585X 1C°, 4.965X 10°
and 4.126X 18 cm set) calculated from the slopes and intercepts ofplbés (Fig. 3) of In (Ct/CO — 1/1+ mK)
versus t (min.) at different temperatures (20, 80 40 °C). The values @ obtained show that the rate of transfer
of mass from bulk solution to the biosorbent sugfa@s rapid enough so it cannot be rate controibeg [22]. It
can also be mentioned that the deviation of sonthe@points from the linearity of the plots indiedtthe varying
extent of mass transfer at the initial and finabsts of the sorption.

3.4 Thermodynamic Study

This was again confirmed by thermodynamic paramsetech as free energh@’, k cal mol), enthalpy AHC, k cal
mol ™) and entropy4S’, cal mol*k™) changes during the process. These parameterke(Tpiere calculated by the
method described by Singh et[aR] at 20, 30 and 4C temperatures. The negative and small valuesefdnergy
change £G% were an indication of the spontaneous naturehef adsorption process. The negative values of
standard enthalpy changaH?) for the intervals of temperatures was indicatbfethe exothermic nature of the
adsorption process and the negative valued$f for the corresponding temperature intervals suggeshe
probability of favourable adsorption.

3.5 Isotherm Study

The experimental data was found to fit the Langnmotherm [23]. The basic assumption of Langmusaagtion
isotherm is based on monolayer coverage of therbdoon the surface of adsorbent. The saturatetlaner is
represented by the following equation.

cC. 1 C,
9. Q% Q° "

- = +
Where, G(mg L™ is the equilibrium concentration of the adsorbaiémgg?) is the amount of adsorbate adsorbed
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at equilibrium; @ (mgg?) and b (Img) is the Langmuir constants related to the capaaityi energy of the
adsorption respectively. The linearity of the plGt&g. versus ¢ (Fig. 4) showed the applicability of the Langmuir
isotherm for the present systen” &d b were determined from the slopes and intéscefpthe respective plots.
The decrease in their values (Table 1) with tempesaincrease also supported that removal of Pbofil P.
chrysosporium was exothermic in nature [22, 24]. Higl! @alues (Table 1) also showed that the adsorbahiaha
good capacity to remove Pb (II).

The equilibrium parameter, Rvhich is defined as R= 1/ (1+bG) in the range 0 <R 1 reflects a favourable
adsorption process [25] where b (I Mgis the Langmuir's constant and, Gmg L7 is initial adsorbate
concentration. In the present investigation theldgium parameter (Table 1) was found to be inthege 0 < R<

1 indicating that the adsorption process was faatolerand the Langmuir isotherm was applicable [25].

3.6 Effect of pH

Experiments were performed at different pH valu®g,(4.0, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 Pkrcentage
removal increased from 23.60 to 96.85 % with amease of pH from 3.2 to 6.5 and thereafter remdeafreased
from 96.85 to 31.20 % with an increase of pH frof #® 8.0, at 3% and Pb (ll) concentration of 100 mg.LThe
optimum pH for the removal of Pb (II) d& chrysosporium was found 6.5 (Fig. 5). Furthermore, the adsorptio
process can be explained on the basis of the nafuadsorbent used which contained several meideex These
oxides when mixed up with adsorbate solution undargface hydroxylation and form hydroxyl compoundsthe
surface which gives positively or negatively chargairface as a result of subsequent acid baseciditiso [26,
27]. It can be seen that adsorption increaseddamth range 3.0-6.5 and beyond pH 6.5, it startedketrease. The
increase in adsorption correlated with the presarideb (II) ions up to pH 6.5. Beyond pH 6.5, tloenfiation of
hydroxide of Pb (ll) occurred which resulted inectease in adsorption. This fact was supportedhéylistribution
of lead species at various pH values [28].

Multiple Regression Analysis

The effect of initial adsorbate concentration, eshtime, temperature and pH of the system on Bbefnoval by

P. chrysosporium had been examined. The cumulative effect of ab¢hindependent variables (lead removal) are
given by the following relation:

Y= 6.5593 + 0.6385a+ 0.5168a— 0.4679a+ 0.2835a— 0.0959a 8)

Where, Y is the predicted value of Pb (lI) remowal,concentration of adsorbate, aontact time; a temperature;
a;, pH; &, agitation rate of the system. The model valudsutated with the help of equation (8) and the
experimental values are given in Table 2. It map®en that predicted values were pretty closeg@fperimental
valuesFrom these results it is concluded that all ind€jean variables have cumulative effect on lead reahbyP.
chrysosporium.

Table 1: Values of thermodynamic parameters, Langmuir constantsand R, values of Pb (I1) adsorption on P. chrysosporium at different

temperatures
0 -AG° -AH° -AS Q° b
Temp-"C 1 calmol®) | (k cal mol) | (cal molk?) | (mag?d | (mg?y) |

20 1.470 142.86 0.959 0.01Q03

30 1.067 18.344 57.019 140.8p 0.542 0.0181

40 0.497 136.98 0.204  0.0467

Table2: Percentageremoval at different conditions (experimental and predicted values at equilibrium time, pH 6.5 and agitation rate
125 rpm).
" . 1 Per centage removal Temp. Per centage removal
Initial adsor bate concentration (mg L") Exp. value | Predicted value | (°C) Exp. value | Predicted value

100 96.85 97.9 20 98.64 99.8
125 92.15 91.0 30 96.85 97.9
150 85.75 86.5 40 90.78 93.2
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Fig.1 RATE CONSTANT PLOT FOR ADSORPTION OF Pb (I1) ON Bacillus subtilis
AT DIFFERENT TEMPERATURES
CONDITIONS: PARTICLE SIZE: < 178im; CONCENTRATION 100 mg L;
pH: 6.5; TEMPERATURED, 30 and 4%C.
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Fig.2 INTRAPARTICLE DIFFUSION PLOT FOR ADSORPTION OF Pb (I1)
ON Bacillus subtilisAT DIFFERENT TEMPERATURES
CONDITIONS: PARTICLE SIZE: <178im, CONCENTRATION: 100 mg £, pH: 6.5.
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Fig.3MASSTRANSFER PLOT FOR THE ADSORPTION OF Pb (I1)

ON Bacillus subtilisAT DIFFERENT TEMPERATURE
CONDITIONS: CONCENTRATION: 100 mg Ll; PARTICLE SIZE: < 17&m; pH: 6.5.
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Fig.4 LANGMUIR ISOTHERM PLOT FOR THE ADSORPTION OF Pb (1)

ON BacillussubtilisAT DIFFERENT TEMPERATURES.
CONDITIONS: PARTICLE SIZE:<178um; pH: 6.5; CONCENTRATION: 100, 110, 125, 140 &ismgL™.
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pH
Fig.5 EFFECT OF pH ON THE REMOVAL OF LEAD BY BacillusBacillus subtilis.

CONDITIONS: CONCENTRATION: 100 mg Ll; PARTICLE SIZE: <178um;
TEMP.:°80 pH: 3.2, 4.0, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 arid 8

CONCLUSION

The dead biomass &f. chrysosporium was found to be an effective biosorbent for thaaeal of Pb (II) from an
aqueous solution. The study showed that the terhperand pH of the solution strongly influenced #usorption
process. Adsorption in the initial stages was dwehe boundary layer diffusion whereas in the latrges
adsorption was due to intraparticle diffusion. Thedynamic studies confirmed that the process wastapeous
and exothermic. The fit of the adsorption data ith® Langmuir isotherm confirmed monolayer adsorptiMass
transfer studies confirmed that the rate of mamssfer from sorbate to adsorbent was rapid encligh.data thus
obtained from this investigation would be usefutl#signing and fabricating an efficient treatmeanpfor Pb (lI)

rich effluents.
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