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ABSTRACT

“Mucor heimalis”, a fungal biomass immobilized inVR- alginate, was utilized as potential biosorbémt
removal of Pb(Il) and Cd(ll) from aqueous solutiorcolumn system. The experiments were conduatstidy
the effect of important design parameters sucheasheight, flow rate, and initial metal ion conamtion. At a
bed height of 13 cm, flow rate 1.0 mL/min, andahinetal ion concentration 15 mg/L, the maximunglPland
Cd(ll) uptake capacity of Mucor heimalis was fouade 2.53 and 1.83mg/g respectively. The bed dsthce
time (BDST) model was in good agreement with ewpmrial data with high correlation coefficient (3999 for
Pb(ll) and > 0.998 for Cd(lIl)). The bed sorptionpaity (N,) at 1 and 3 mL/min were found to be 410.64 and
415.54 mg/L for Pb(ll) and 353.34 and 386.91mg/t_Gal(ll) and rate constant (K were 0.0960 and 1.296
L/mg/h for Pb(Il) and 0.0874 and 0.299 L/mgh for(lDd respectively. The column regeneration stediere
carried out using 10% HCI as eluant for three s@ptdesorption cycles. The high Pb(ll) and Cd(tgmoval
ability and regeneration efficiency of this biosent suggest its applicability in industrial processand data
generated would help in further up scaling of tbeption process.

Key words: Lead; CadmiumMucor heimalis IHB); Column system; Bed Depth Service Time Model.

INTRODUCTION

The intensification of industrial activity in theaent years is greatly contributing to an incregsiischarge of toxic
compounds in the natural environment, particularhaquatic systems. Among the widely found toxismpounds,
heavy metals bear a special significance becaudbenf highly toxic nature even at very low concatibns.
Increased usage of these heavy metals has evdtedesutheir depletion from their natural resowchloreover,
stricter environmental regulations have led to rmeréased and urgent need for controlling heavy Ingiisaharge
into the environment. The major industries that r@sponsible for the discharge of wastewater cointgimetals
include mining, metallurgy, electroplating, andimefg industries [1].There are several conventional techniques,
utilized for removing heavy metals from aqueougains such as chemical precipitation as syntheiguants,
solvent extraction, ion exchange and reverse osnddie application of such traditional treatmernthtéques
however, needs enormous cost and continuous irfphiemicals, which becomes impracticable and unewdcal
and causes further environment damage [2, 3]. Hetheesearch for easy, effective, economic andfeendly
technique is underway which is required for the finning of effluent/wastewater treatment.

The use of biological material for removing andoering heavy metals from contaminated industritdients has
emerged as a potential alternative method to teerttional ones. Many microorganisms have been shovbe
capable of concentrating heavy metals from theilreags environment, and the term biosorption is teetkscribe
for such passive, non-metabolically mediated pr@agsnetal binding by living or dead biomass [4lngi may be
better suited for this purpose than other microbgialups owing to their high tolerance towards nsgtiatracellular
metal uptake, and wall-bindingapacities [5].Fungal species such d&hizopus arrhizus, Rhizopus nigricans
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Aspergillus nigerMucor roxii, Mucor racemosustc. have been extensively studied for heavy méddialsorption,
and the process mechanism seems to be specieficsfedi2]. However, relatively only a few studiesive been
reported withMucor heimalis[13].

The ultimate success of these studies, howeveridideveloping engineering systems employing tingiseobes in
treating large quantities of contaminated wateraogontinuous basis. Among the available reactoedyfor

biosorption, packed bed columns offer several athg@s, viz., simple to operate, high process vyiafd] easy
scale-up[1]. For this, the use of free microorgarsiss technically and economically not feasible $omall and
medium-flow treatment application due to high cast@lved in the process. In such cases, immolullizgcrobial

cell system in fixed bed columns could provide &#ddal advantages over freely suspended cells.abvantages
include ease of regeneration and reuse of the lEsneasy solid—liquid separation operation, andmahclogging

in the fixed bed [4].

Therefore, the present work was aimed to investighé regeneration and reuse of the immobilizednbgs of
Mucor heimalisin the biosorption of lead and cadmium in indiatiipacked bed columns operated under
continuous mode. To analyze the performance ofetlbedumns in the removal of the metals, severataigy
parameters investigated. In addition to this BDS3ded was also analyzed for scale up the sorptiongss.

EXPERIMENTAL SECTION

Preparation of microorganism

The strain used in this study wilicor heimalis KCIM 873) and taken from National Chemical LaborgtBune,
India. The culture was routinely maintained € 4n potato dextrose agar medium slant (200 g efepepotatoes;
20g of dextrose 0.1 g of yeast extract and 20 ggaifr) and aerobically cultivated in potato dextrbegth. The
flasks were incubated at %D in orbital shaker at 120 rpm for 48 h. The grayviells from the culture broth were
separated from the liquid by filtration and waslsederal times with double distilled water. The well biomass
was dried for 24 h at 60°C in an oven. Dried celtse powdered by blender in uniform size and useddrption
experiment.

Immobilization of MHB in Poly Vinyl Alcohol (PVA) a nd alginate

Slurry of PVA and alginate was prepared by dissm\2.0 g PVA (Himedia chemical) and 1.0 g of sodmiginate
(Himedia chemical) in 100 mL of hot double distillevater and mixed with 5.0g of biomass powder aimced. A
100 ml aliquot of this suspension was then extruigéol 500 mL of 2 mM CaGI2H,O (Qualigens Chemicals)
solution in a drop-wise manner by syringe for podyimation and bead formation. The suspension dggis
precipitated upon contact with solution CaZH,O, forming gel beads of nearly 0.3 cm diameter.sehgeads were
then soaked in CagH,O solution for 8 h for the complete gelling. Af@&ih of curing, the beads were subjected to
three cycles of freezing and thawing to get splélieads. Blank PVA-alginate beads were also peebaithout
adding biosorbent and used as control.

Preparation of standards and reagents

All chemicals and reagents used were of analytjcadle and were used without further purificationrghased from
E. Merck, India Ltd., Mumbai, India). Stock soluteof Cd(ll) and Pb(ll) of 1000 mg/L were prepafemm 2.749g
of Cd(NG)».4 H,O and 1.59 g of Pb(N{) in 1000 mL of de-ionized, double distilled watamtaining a few
drops of concentrated HNCo prevent the precipitation of Cd(ll) and Pb(Hy hydrolysis. Required initial
concentration of Cd(ll) and Pb(ll) samples wereppred by appropriate dilution of the above stocndard
solution. Standards for calibration of AAS for Qiind Pb(ll) were prepared from standard solutbreadmium
and lead purchased from E. Merck, India Ltd. Mumbadia.

Batch sorption experiments

Biosorption experiments were performed in 250mlicainflasks previously rinsed with HNOn order to remove
any metal that remained unabsorbed on the glasls Wa pH of the metal solutions in the conicalsRavas
initially adjusted to desired values by using 0.IHMO./NaOH; the sorbents (free biomass and immobilized
biomass) were added to each flask and were agitatatie shaker until the equilibrium was reachdtk $orbent
(free biomass and immobilized biomass), separageckhtrifugation/ filtration at 15000 rpm for fivainutes, was
analyzed for remaining Cd(Il) concentration in Hzenple. The biosorption capacity of the metal i@s walculated
by the equation:

q=(G— Gy XV/M @)
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Where q is the metal uptake (mg/g), V is the volyige W is the amount of biomass (g) angsGC. are the initial
and equilibrium metal concentrations (mg/L) resivety. All experiments in this work were conductedriplicate
and concurrent values were taken.

Column design and Experimental procedure

Experiments were carried out in borosilicate gladamn of 30 cm height and 2.0 cm internal diamdtewxas filled

with different amount of immobilized beads i.e.@l.9g and 9.1g in order to achieve different begtteof 7, 10
and 13cm respectively. In the column, 0.5 mm &amsteel mesh and 1.0 cm glass wool were kaheaiottom
and the at top of the column respectively to suppue beads in the column and to minimize the effectsiof
bubble at the inlet and outlet regions of a paak@dmn and ensure a closely packed arrangemeniO Arf layer
of glass beads was placed at the column base doidimg a uniform inlet flow and good Pb(ll) andi@) solution

distribution into the column. The reactor was @ped in an up flow mode and the flow rates (1, @ aml/min)

were regulated with a peristaltic pump (Miclins immdModel No. PP-10). Immobilized beads without itidd of

biomass were used as control. The treated Pb@)Cat{(ll) solution was collected from the top witlnse flow rate
of feed stream and was estimated for the Pb(Il) @d@l) concentration. Operation of the column veispped
when effluent metal concentration exceeded a vafu@% of the initial metal ion concentration. Tleed Pb(ll)
and Cd(Il) concentration was varied in the range5afo 15 mg/l. The reactor system was operatedoainr
temperature (zZ€).

Desorption was carried out by passing selectedrdesbtthrough the column bed in upward directioa #bw rate

of 2.0 mL/min. The effluent metal solution was eglied and analyzed for Pb(Il) and Cd(ll) contenh Be
completion of desorption cycle, the column wasethsvith deionized double distilled water in the samanner as
for biosorption till the eluting distilled watertains pH between 5 to 7. The desorbed and regetecalumn bed
was reused for next cycle. Another cycle of sorptiesorption was repeated in the same manner age abo
mentioned. All the experiments were performed iplitrates.

Modeling and analysis of column data

To analyze the dynamic removal of metal ion infleg+ fixed bed column breakthrough curves/( vs. time t)
were drawn and the data was evaluated with thedfdldlowing equations as previously used by [18]:

Effluent volume:

Vi = F.t, o

Total amount of metal ion sent to column:

m = C,Ft _ /1000 @3)

total

Total percentage removal of metal ion

Total metal removal (%) = m,, /m,,x100 4

total

The metal desorbedn() can be calculated from the area below the deisorgurve (outlet concentration vs. time)
multiplied by the flow rate. The desorption efficty can be calculated from

Desorption efficiency (%) = m, / m_, x100 (5)

Where, ¢ is the breakthrough time at which the outlet comion reached 1 mg/L, s the exhaustion time at
which the outlet concentration exceeded 98% of @h#te inlet concentration. The total quantityratal biosorbed
in the column if,g) was calculated from the area above the breakgfraurve (outlet metal concentration vs. time)
multiplied by the flow rate (F). Dividing thewy by the biosorbent mass (M) leads to the uptakaagp(Q) of the
biomass.

Modelling of breakthrough curves

Bed Depth Service Time (BDST) approach based oraBand Adams equation is widely used [16, 17]. BOS
the simple model for predicting the relationshigweEen bed height (Z) and service time (t) in terfimpmcess
concentration and adsorption parameters. Hutchiopgsed a linear relationship between bed heigtitssmvice
time given by equation
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N7
f=of oL Gy ©)
kC. 'C,

(o] a-o

Here t is the service time,Ns the dynamic bed capacity (mg/L), Z is the bedyht of the column (cm), u is the
influent linear velocity (cm/h) defined as the oatif the volumetric flow rate F (mL/h) to the crasectional area of

the bed S(cnf), G, is the breakthrough concentration of solute (mgf,)the initial concentration of solute in the
liquid phase (mg/L) and ks the rate constant in BDST model (L/mgh). Eqig)ewritten in the form of straight

line.

t=azb @

here, slopa=——, 8

w P C.u (8)
1 C

interceptb = ——In(—=-1). 9

i p kC. (Cb ) )

Thus, N, and K, can be evaluated from slope (a) and the inter@gpif the plot of § versus Z, respectively.

The critical bed depth (X is the theoretical depth of the sorbent suffitiem ensure that the outlet solute
concentration does not exceed the breakthrougheodration G at time t=0, 4 can be calculated by Eq (10) [16,
18]:

C
In(=2-1 10
NLK. (Cb ) (10)

Z, =

Analysis of Pb(Il) and CdIl) in aqueous solution

The analysis of lead and cadmium in sample solutiaa done using Atomic Absorption Spectrophotomet&S
(Shimadzu AA-6300, Japan). The hollow cathode larap used as light source and was set at 283.3 rwalevayth
for Pb(Il) and 228.8 nm wavelength for Cd(ll), usib0 mA lamp current and 0.7 nm slit width, andwdeuterium
lamp for background correction. In order to gereeftme instrument grade (98%) acetylene, delivatetiO L/min
at a pressure of 0.9 kg/cm2, together with comeebssr supplied at 17.5 L/min flow rate and 3.5ckgf gas
pressure. The instrument was calibrated from 0.1Q® mg/L for Pb(Il) and Cd(ll). Other range saemplvere
diluted until results within the calibration rangere obtained for the metal ion.

RESULTS AND DISCUSSION

Batch study

Effect of initial pH and removal efficiency of Pb(ll) and Cd(ll) by free and immobilized biomass

Fig. 1 shows the biosorption of Pb(ll) and Cd(§) foee and PVA- alginate immobilizéducor heimalisbiomass
as a function of pH (blank beads were used as @dnirhis study were carried out by varying the fsbim 1.0 to
6.5 for Pb(ll) and 1.0 to 8.0 for Cd(ll) a pH beldihe onset of metal hydrolysis and precipitatio,[20]. The
experiment was performed in Erlenmeyer flask canitgi 50 mL of 15 mg/L of initial cadmium and leaaligion at
room temperature (£28°C). It was clear from figthiat Pb(ll) and Cd(ll) sorption were very low at fdlow 2.0
for both free and immobilized biomass. The maximuptake of Pb(ll) 14.3 and 13.2 mg/g were achievesl@for
both the free and immobilized biomass respectivliiile in case of Cd(ll) the maximum uptake of 1ared 11.5
mg/g were achieved at pH 6.0 for both the free iamdobilized biomass respectively. It is also cléam figure
that an increase in uptake of Pbh(Il) and Cd(ll)swaserved with increasing pH from 2 to 5 for Blghd 2 to 6 for
Cd(ll) for the free and immobilized biomass resp@ty. At pH around 6 and 6.5, the Pb(ll) and Cdbllosorption
capacity leveled off at a maximum value for botpey of biomass respectively. It can be explainat ahlow pH
the functional group on the surface of biosorbesitgrotonated which restrict the approach of metdions as a
result of the repulsive force whereas high pH iases, more of the functional group would be expagaidh will
carrying negative charges that subsequently atiaict the metal ions. In addition to this, thealpt capacity of
free biomass was greater than that of the PVAnatgi immobilized biomass in both the cases. Thimtian could
be due to many reasons. First, the binding of natiand anionic metal species to the fungal cell isassumed to
occur predominantly through surface adsorptiono8écthe mass transfer of the metal ions from aggsighase to
the solid sorbent sites is dependent on porosityhefsorbent. Third, the native biomass in condtit the metal
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ions under the conditions of moderate agitation itdbinding sites freely exposed to the sorbateweler, in
immobilized systems, the sorbent particles entrdpped retained at the interior may not have acb#igito the
metal ions [21].

16 - —— P(ll): Free biomass
—0— Pb(ll): immobilized beads

14 1 —a— Cd(ll): Free biomass

12 4 —o— Cd(Il): immobilized beads

10 -

Amount of Pb(ll) and Cd(ll) sorbed
(mg/g)
0]

Fig. 1 Effect of pH: pH range= 1 to 6.5 for Pb(Il)and 1 to 8.0 for Cd(ll), G;=15 mg/L, room temp. = +28C

Column study

Effect of bed height

In order to optimize bed height for the maximum IBb&dnd Cd(ll) removal, experiments were carried oy
varying the bed height 7, 10 and 13 afrflow rate of 1 mL/min and 15mg/L Pb(Il) and Qyi@oncentration. The
plot of effluent concentration versus time/(& vs. Time) at different bed heights were plotteid)(2 for Pb(Il) and
Fig. 3 for Cd(ll)) and data calculated from thedkthrough curves are presented in Table 1. Reaslittates that
the breakthrough time, exhaustion time, uptake @apaercentage removal and volume treated inecasth the
rise in bed height from 7 to 13 cm for both the ah&in. This displacement of the front of adsomptiith increase
in bed depth can be explained by mass transfergshenon that takes place in this process. When ¢ldedepth
reduced, axial dispersion phenomenon predominatdsei mass transfer and reduces the diffusion ¢éltiteions.
The solute (metallic ions) has not enough timeiffuge into the whole adsorbent mass. Consequeamtlymportant
reduction in the volume treated (1539.6 to 759.6forlPb(ll) and from 1140 to 600 mL for Cd(ll)) wabserved
when the bed height decreased from 13 to 7 cm.héwnyrit was also observed that the sorption capaeits
increased with the increase in bed height for Bil) and Cd(ll). This increase in adsorption aafawith an
increase in the bed height can be due to the isergathe specific surface of the adsorbent, whigbplies more
fixation binding sites. In addition to this, brelatdugh time and exhaustion time were increased thighncreasing
bed height. Since breakthrough time is the deténgiparameter of the process, the larger it is, iater the
intraparticulate phenomenon and the bed adsorptpacity are.

Effect of flow rate

The effect of flow rate on Pb(ll) and Cd(Il) sagst was studied by varying the flow rate (1.0, 20@ 3 mL/min) at
bed height of 13 cm and 15 mg/L of initial Pb@nd Cd(Il) concentration. The plot of/C, vs. time at different
flow rate is also shown in Fig. 2 for Pb(ll) andyFB for Cd(ll). The breakthrough time, exhaustione, treated
volume effluent, percentage removal and uptakeagpaith respect to flow rate were evaluated frima sorption
data and presented in Table 1. It was found thedkihrough time, exhaustion time, percentage Ptgijoval and
uptake capacity decreases as the flow rate inateagweereas the volume of treated effluent incred4689.6 to
1710 mL for Pb(Il) and 1140 to 1198.8 mL for CdyINvith increase in flow rate from 1.0 mL/min tav@./min. At

lower flow rate, the contact time of the Pb(ll) @dn and immobilized biomass in the column wasgmand
hence Pb(ll) ions got more time to diffuse onte immobilized biomass and better adsorption capaiid

percentage removal were obtained. Actually, wihenflow rates were low, the external mass trarssatrolled the
process and it was ideal for intra-particle difarsisystems. Thus, lower the flow rates; more dffectvas the
diffusion process and higher was the residence tinthe sorbate, which ultimately resulted in higlserption
capacity [22, 14]. At a higher flow rate, the bidsent got saturated early (certainly because oficed contact
time); a larger amount of ions was adsorbed orgdrtimobilized biomass and a weak distribution efliquid was
there into the column. This led to a lower diffusivof the solute onto the immobilized biomasswis also
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observed that at higher flow rate, the immobilizédmass got saturated easily. This resulted imérigrolume

treated at higher flow rate, i.e. improper utilinatof the sorption capacity of immobilized biomass

—O—2Z=7cm,F=ImL/min,
Co=Bmg/L

—0—2Z=10cm F=ImL/min,
Co=bmg/L

—&—Z=13cm F=ImU/min,
Co=bmg/L

—&—Z=13cm F=2mL/min,
Co=bmg/L

——Z=13cm,F=3mL/min,
Co=Bmg/L

—e—Z=Bcm,F=ImL/min,
Co=5mg/L

—e—2Z=13cm,F=ImL/min,

o
<5}
L

I
~
L

Cd(ll) Removal Ct/Co(mg/L)
o
D

o
)
L

—&—Z=7cmF=InL/min, Co=5
mg/L

—A—Z=10cm F=ImL/min, Co=15
mg/L

—A—Z=13cm,F=ImUUmin, Co=5
mg/L

—o—Z=13cm F=2 mL/min, Co=15
mg/L

—8—Z=13cm F=3 mL/min,Co=5
mg/L

—e—Z=13¢cm F=ImL/min, Co=5
mg/L

—e—2Z=13cm,F=ImL/min, Co=10
mg/L

Co=10mg/L

10 15 20 25 30 35 0 10 20 30
Time (h)

0 5

Fig.2 Breakthrough curve for Pb(Il) sorption: Z= 7,10 and 13 cm, F=1,2 and 3 mL/min and &5, 10 and 15mgL, pH =5, temp. = +2&
Fig. 3 Breakthrough curve for Cd(ll) sorption Z= 7,10 and 13 cm, F=1, 2 and 3 mL/min and &5, 10 and 15mgL, pH =6, temp. = +28

Effect of initial metal concentration

In order to optimize initial metal concentratiorr fmaximum Pb(Il) and Cd(Il) removal, experimentsrevearried

out by varying the initial Pb(Il) and Cd(ll) condeation viz. 5, 10 and 15 mg/L at constant bed Ihtegj 13 cm and
flow rate 1 mL/min respectively. The plot of efiot Pb(ll) and Cd(ll) concentration versus timg@gvs. Time)

at different initial Pb(Il) concentration wereofted (Fig. 2 for Pb(ll) and Fig. 3 for Cd(lIl)) amthta calculated
from the breakthrough curves are presented in TableResults indicate that immobilized beads of Mg&

saturated early at high concentration for bothntle¢al ion. The breakthrough time considerably

Table 1 Column data for packed bed immobilizedbeads column for biosorption of Pb(ll) and Cd(ll) onto immobilized MHB at different
process parameter

tb te Q
Process Parameter () (h) Ve (ML) % removal (mg/g)
Pb(ll)
Bed height, Z (cm): & 15 mg/L, F= 1mL/min
7 (4.909) 74 12.66 759.6 94.0 2.18
10 (7.0g) 11.5 19.8 1188 95.9 2.44
13 (9.19) 16.0 25.66 1539.6 99.5 2.53
Flow rate, F (mL/min): &= 15 mg/L, Z=13cm
1 16  25.66 1539.6 99.5 2.53
2 10.1 137 1644 90.5 2.19
3 4.5 9.5 1710 76.3 2.12
Initial Pb(Il) concentration, &(mg/L): Z= 13 cm, F= 1mL/min
5 19.4 30.6 1836 86.8 0.88
10 175 27.2 1632 90.9 1.63
15 16.0 25.66 1539.6 99.5 2.53
Cd(1n
Bed height Z (cm): & 15 mg/L, F= 1mL/min
7 (4.909) 5.6 10 600 925 1.69
10 (7.0g) 9.5 14 840 95.2 1.71
13 (9.19) 13.0 19 1140 97.2 1.83
Flow rate, F (mL/min): &= 15 mg/L, Z=13cm
1 13.0 19 1140 97.2 1.83
2 9.5 9.66 1159.2 90 1.71
3 7.5 6.66 1198.8 73 1.44
Initial Cd(ll) concentration €(mg/L): Z= 13 cm, F= 1mL/min
5 158 274 1644 84 0.758
10 143 242 1452 89 1.42
15 13.0 19 1140 97.2 1.83
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C, = Initial concentration,.t= exhaustion time (h), t= breakthrough time (h), ¥ = Volume effluent (mL), Q=
Column Uptake capacity, %= Percent decreases flmonte80.6 to 25.66h for Pb(ll) and 27.4h to 19 @al(ll) as
the concentration increases from 5 to 15 mg/L retsgaly. A rise in the inlet metal concentratiordoeed the
treated volume before the fixed bed sorption betl gdurated. A high metal concentration may satuthe
immobilized beads more quickly, thereby decreasimgbreakthrough time and exhaustion tirAkso, it is clear
that the maximum bed capacity of Pb(ll) and Cditigreased with the increase in the initial Pb(idaCd(ll)
concentration. Thenaximum bed capacities at 5, 10 and 15 mg/L ind@icentrations were 2.18 to 2.53 mg/g for
Pb(Il) and 0.758 to 1.83 mg/g for Cd(ll) respedijveDecreasing the initial Pb(ll) and Cd(ll) conceritvat
increasedhe treated volume that could be processed, shifted the breakthrough curve to the righte @hving
force for adsorption is the concentration differehetweerthe solute on the sorbent and the solute in thatisal

A high concentration difference provides a high drivingcéofor theadsorption process and this may explain why
higher adsorptiogapacities were achieved in the column fed witligadr Pb(Il)and Cd(ll)concentration.

Application of BDST Model

For this purpose the service time i.e. breakthraimgk of the column corresponding to bed heightrand 13 cm
at two flow rates 1.0 and 3.0 mL/min at constiaiital Pb(Il) concentration of 50 mg/L, was recedd Thereafter
the graph was plotted between service time anddbpth and is given in Fig. 4. From the slope amercept of the
BDST plot, the BDST parameter viz. sorption ratastant (k) and bed sorption capacity {\calculated. The good
values of correlation coefficient (> 0.999 for Rp@nd > 0.998 for Cd(ll)) showed that the variatiof the service
time with the bed depth is linear at both the flmtes for both the metal ion respectively, thuslidating the
validity of the BDST model when applied to the donbus column studies. The values of rate constanere
0.0960 and 1.296 L/mg/h for Pb(ll) and 0.0874 an299 L/mgh for Cd(ll) at 1 and 3mL/min of flow rate
respectively. The rate constant, which is calcddtem the intercept of BDST plot, characterizes tate of solute
transfer from the liquid phase to solid phase.dsviound that the values of the rate constant wfagenced by flow
rates and showed an increasing trend with the aserén flow rate indicating that the overall systkimetics was
dominated by external mass transfer in the iniat of the sorption in the column. In generakdfis large, a short
bed is required to avoid breakthrough, but gsd&creases a progressively longer bed is requivedvbid
breakthrough. The computed values of bed sorptagpacity were 410.64 and 415.54 mg/L for Pb(ll) 853.34
and 386.91mg/L for Cd(ll) at 1 and 3 mL/min flowteaespectively. The critical bed depth was aldoutated with
the Eq.10. It represent the sufficient height @& tdolumn bed in order to avoid breakthrough,at ©. The critical
bed depth was found to be 1.88 and 0.414 for Phfit) 2.40 and 1.927 for Cd(Il) at 1 and 3 mL/mispextively.
These result indicated that the critical bed delgtreased with an increase in the flow rate oktiete through the
column. And it represents a sufficient length of #idsorption zone to attain a satisfactory effly28f. Thus the
finding, that with the increase in flow rate thedinetical bed depth (Fdecreased correlated well with the observed
performance in the breakthrough curves and thutamaul the experimental results for poor perforneant the
column at higher flow rates.

The simplicity and advantage of using the BDST nhasléhat it can applied for prediction of the stofor any
unknown flow rate with a known slope at a givenwfliate without any further experimental run. Thihg values of
constants obtained from the experimental plot canektrapolated for alternative flow rates, by mwpidif the

a=N,/C.u

equation. A simplified form of the Bohart-Adams mebds: t = aZ — b, where a is the slo, and b

is the intercept,b =@/ kaCO)ln(CO /Ct _1). When a new flow rate, other than the one usedh&
development of constants, is used to the columtesyshe equation can be modified by utilizing tlesv slope:

. u F
a:a—':a—l
u F (11)

Where a and u are the old slope and influent linedocity, respectively, and a* and u™ are the sbype and
influent linear velocity. As the column used in ekment has the same diameter, the ratio of origunaand the
new influent linear velocity (u”) and original flomate (F) and new flow rate (F) will be equal.

For the present study the BDST model parameterg walculated experimentally at two flow rates oérid 3
mL/min for Pb(Il) and Cd(ll). And the equation thobtained for Pb(ll) were y = 1.43333x + 2.7 and §.4833x +
0.2 with ¢ value of 0.999 and 0.999 at 1 and 3 mL/min reSpely (Fig. 4). For Cd(ll) equations were y =
1.23333x + 2.9667 and y = 0.45x — 0.8667 witlvalue of 0.999 and 0.997 at 1 and 3 mL/min respelgt In
order to show validity of application of BDST modelpredicting the column design at a new flow réte BDST
equations were predicted at the flow rate of 3 nib/far both the metal ion using sample flow ratelahL/min, so
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that direct comparison can be done between theriexpetal and predicted analysis. The results obthiafter the
prediction at 3 mL/min flow rate is 0.4777x + 2.Tttwr2 value of 1.000 for Pb(ll) and 0.4111x -0.866&ith r2
value of 1.000 for Cd(Il) respectively . It can been from the result that the predicted (0.47#7Pio(Il) and
0.4111 for Cd(Il)) and experimental (0.4833 for IBband 0.45 for Cd(ll)) values of slopes for flovate of
3mL/min were in good agreement for both the metal i

18

16 & Pb(ll): ImL/min

14 4 & Pb(ll): 3 mL/min y=1.4333x-2.7
| Cd(Il): ImL/min

O Cd(Il): 3mL/min

10 - y =1.2333x - 2.9667

12

8

6 y=0.4833x+0.2
N /

? y =0.45x - 0.8667

Service time (tbv) (h)

O T T T T T T 1
0 2 4 6 8 10 12 14

Bed Height (cm)

Fig. 4 Bed Depth Service Time (BDST) Plot

Regeneration and Reuse of biosorbent

A successful desorption process requires the prsglection of eluants, which strongly depends antilpe of
biosorbent and the mechanism of biosorption. Alse,elutant must be (i) non damaging to biomagdgeés costly,
(i) environmental friendly and, (iv) effective J4In the present section an attempt has been twadsyenerate the
exhausted biosorbent and to use it for varioustsorgeorption cycle.

The column regeneration studies was carried outvésious sorptions-desorption cycles. For this paep the
column was initially packed with 9.1 g of immobéid beads for initial bed height of 13 cm and flaterof to 1
mL/min at constant lead and cadmium concentratfoh5omg/L and temperature I8 with 10% HCI for Pb(ll)
and Cd(Il) metal ion. The pH of the solution waiially adjusted at 5 and 6.0 for Pb(ll) and Cd(i&spectively.
The breakthrough curves thus obtained for threptigor cycles for Pb(Il) and Cd(ll) was represented-ig. 4a.
The various parameter viz. volume of effluent, ktbeough time, exhaustion time, uptake capacititical bed
height, desorption time and desorption efficien@ravcalculated with the help of above mentionedrég and data
therefore are given in Table 3. It observed froigp4a and Table 3 that breakthrough time decrefises 16 to
14.6 h for Pb(ll) and 13h to 10.9 h for Cd(Il) agxhaustion time increased from 25.66h to 27.60HPf(tl)and 19
to 20.4h for Cd(Il) respectively, as the regenerattycle progressed from first to third cycle. Whiesulting a
broadened mass transfer zone. This behavior mawapity have been due to the gradual deterioratibithe
biosorbent because repeated usage and due to ysealistion processes which affected the biomasdirmnsites
.11 The percentage removal of were found to be?83&%95.9% for Pb(ll) and 97.2 to 93.0% for Cd¢by first to
third cycle respectively. Thus, the overall perfarmoes of the immobilized beads in all the cycleseweery
satisfactory so the removal efficiency was veryhhig

The desorption experiment were performed with alyeastablished desorbing agent HCIl. The flow rate i
desorption process was maintained at 2.0 mL/miavinid the over contact of the desorbing agent. Dxtiem
curves for all the cycles are presented in Fig. T4te curves observed in all the cycles exhibitesinglar trend; a
sharp increase at the beginning, followed by a wghdecrease. The desorbent performed very wellpandent
desorption efficiency of 99.9, 99.5 and 99% forIBkgnd 99.1, 97.5 and 97.0% for Cd(ll) for first third cycle
respectively (Table 3). The desorption process eeased out for desorption time of 90, 80 and 72 fiar Pb(ll)
and 95, 90 and 84 min for Cd(ll) as compared taesgtion time of 25.66, 26.50 and 27.60h for Blaihd 19, 19.8
and 20.4h for Cd(ll) for first, second and thirccleyrespectively for the sorption process, whickuled in highly
concentrated Pb(ll) and Cd(ll) solutions in onlgraall volume of the desorbent and time. For inganctcycle 1 at

t = 10 min. and 20 min for Pb(ll) and Cd(ll) theleént concentration was 24.8 and 18.3mg/L respelsti The
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total volume of Pb(ll) and Cd(ll) bearing solutigh5 mg/L) treated during this regeneration studys vaeound
4.7856 and 3.552 L in three cycles and total volwh®.1N HCI utilized for desorption process wasnhe 0.240
and 0.270 L which corresponds to approximately 248 2.65 days of continuous operation respegtiCl is
the most efficient and inexpensive desorbent foiilCohetal ion desorption in this study.

w
o
J

1.2 4
Pb(ll): Cycle 1

(
Pb(ll): Cycle 2
Pb(ll): Cycle 3
Cd(ll): Cycle 1
Cd(ll): Cycle 2
Cd(ll): Cycle 3

25

—e—Pb(ll):Cycle 1
—o— Pb(ll):Cycle 2
—a— Pb(ll):Cycle 3
—a—Cd(ll):Cycle 1
—a— Cd(ll):Cycle 2
——Cd(ll):Cycle 3

outlet concentration (Pb(ll) and Cd(ll))
(mg/L)
&

0 10 20 30 40 50 60 70 80 90 100

Time (h) Time (min.)

Fig. 5(a) Sorption breakthrough curve for Pb(ll) and Cd(ll) during three sorption cycle: F= 1 mL/min, C, = 15mg/L, Z = 25 cm)
Fig. 5 (b) Column desorption curve for Pb(Il) and Gi(l) during three desorption cycle : Desorbing agat = 10% HCI, F = 2 mL/min

Table 3 Sorption-Desorption process parameter forarious sorption- desorption cycle

G o) % DT. %
@ @ VT 5g) Removal (min) D.E.
Pb(ll): C,=15 mg/L, F=1mL/min, Z=13 cm

Cycle No.

| 16 25.66 1539.6 2.53 99.5 90 99.9

1l 15.1 26.50 1590 2.54 97.1 80 99.5

I 14.6  27.60 1656 2.61 95.9 72 99.0
Cd(ll): C,=15 mg/L, F=1mL/min, Z=13 cm

| 13 19.0 1140 1.83 97.2 95 99.1

Il 124 19.8 1188 1.86 95.0 90 97.5

1l 10.9 204 1224 1.87 93.0 84 97.0

D.T.(h) = Desorption Time; %D.E.= Desorption efficicy
CONCLUSION

The following conclusions can be drawn from thespre study:
(1) This study identifies the immobilized microblibmass of Mucor heimalisif/HB)” as a suitable biosorbent to
be utilized for continuous removal of Pb(Il) and({dions from aqueous solution.

(2) The sorption of lead and cadmium is stronglpatelent on the bed height, flow rate, and initiatahion
concentration. An increase in bed height resulteithproved sorption performance. With the increiasibow rates,
however, the uptake capacity was found to decreBse.increase in initial metal ion concentratiosuléad in
higher uptakes. The maximum uptake of 2.53 and@ ng/g for Pb(ll) and Cd(ll), respectively, was ebsed at 13
cm bed height, 1.0 mL/min flow rate, and 15mg/ltialimetal ion concentration.

(3) The BDST model was used to predict the relatigm between service time and bed height, whidssential in
column process desighhe bed sorption capacitilf) at 1 and 3 mL/min were found to be 410.64 and34.5ng/L
for Pb(ll) and 353.34 and 386.91mg/L for Cd(ll) arade constant (K were 0.0960 and 1.296 L/mg/h for Pb(ll)
and 0.0874 and 0.299 L/mgh for Cd(ll), respectively

(4) The sorption performance of immobilized MHB fead and cadmium removal was successfully evalute
three sorption-desorption cycles using 10%HCI. sTlusing MHB as sorbent provides the opportunitgxiwact the
sorbed lead and cadmium from biosorbent to recywebiosorbent. Apart from this it being a muchager and
easily handled decontamination method. The regesebigiosorbent can be utilized again for the rerhpuapose
and then can be disposed of without any harm tetivironment.
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