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ABSTRACT

Zinc has been used in many industrials and removal of Zn (I1) ions from
waste waters is significant. Biosorption is one of the economic methods
that used for removal of heavy metals. In this project we used oscillatoria
(cyanobacteria, microalgae) as per biomass. In this study effect of contact
time, initial metal ion concentration, temperature, pH & biomass dosage
were studied. Maximum metal uptake was observed at pH 4.5. Maximum
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metal uptake (q ) was 192.30 mg/g .The biosorption followed both
Langmuir and Freundlich isotherm model and the adsorption equilibrium
was reached in about 1 h. Thekinetic of biosorption followed the second -
order rate. The biomass could be regenerated using 0.1 M HNO,.
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INTRODUCTION

Heavy metd pollution has posed aseriousthrest to
theaquati c environment. At high concentrations, metals
aretoxictoanimalsand plantsalike, asthey could be
dispersed inwater and consequently in human beings
through food chain biomagnificationsthat could cause
serious hedth hazards.In view of thehuman heathim-
pacts, each metal impartsdifferent effectsand symp-
toms. For instance, in the case of minor zinc
exposure,irritability, muscular siffness, lossof appetite
and nausea are commont?. Zincisan essential ele-
ment asenzymeactivatorsin humans, but itisequally
toxic atlevels of 100-500 mg/day and it is a known
carcinogen*™. However, thesemethodswerefound to
beeither inefficient or expensvewhenmetd ionsexist
inlow concentrations (<100 mg/L) and may also be
associ ated with the generation of secondary environ-
mental problemsfromwastedisposd™. Biosorptionis
the binding and concentration of heavy metalsfrom

agueous sol utions (even very dilute ones) by certain
typesof inactive, dead, microbia biomass®. Someof
the advantages of biosorption include competitive
performance, heavy metal selectivity, cost-effectiveness,
regenerative and no dudge generation. Sourcesof bio-
mass include seaweeds, microorganisms (bacteria,
fungi, yeast, and molds), activated dudgeand fermen-
tation waste. Studiesus ng Biosorbentshave shown that
both living and dead microbial cell areableto uptake
metal ionsand offer potentia inexpensvedternativeto
conventiona absorbents*%. However, livingcdl issub-
ject totoxic effect of theheavy metals, resultingin cell
death. Moreover, living cell often requirethe addition
of nutrientsand henceincreasetheBOD and COD in
the effluent. For these reasons, the use of non-living
biomaterialsor dead cellsasmeta binding compounds
has been gai ning advantage becausetoxicionsdo not
affect them. Inaddition, dead requirelesscareand main-
tenance, and cheaper!™. Furthermore, dead biomass
could beeasily regenerated and reused. The capability
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of someliving microorganismsto accumulate metdlic
elements hasbeen observed at first fromtoxicologica
point of view!*24  Mechanisms responsible for
biosorption, although understood to alimited extent,
may beone or combination of ion exchange, complex-
ation, coordination, adsorption, ectrodaticinteraction,
chelation and micro precipitation®°17, Greenalgaeare
typically comprised of xylans and mannans, whereas
red ad gaecontain sulphate estersof xylansand gd actans
intheir cell wallg3,

MATERIALSAND METHODS

Biomassand culturemedium

Oscillatoriawas obtaining from agriculture collage
from pune, which wasisolated and thoroughly pure.
The biomasswas maintained in modified Bold’ basal
medium (MBBM) at 25°C with 12:12 h of light/ dark
cydeusng30001x lightintensity. After 21 dayscultiva-
tion period cellswere harvested by centrifugation and
werewashed several timeswith deionised Water in or-
der to remove culture mediaand was kept on afilter
paper to reducethewater content. The biomassdried
at 60°Cinanovenfor 24 hand milled toagritty con-
sstency. Thebiomasswassevefor particlesizesmdler
than 1 mm and stored indark bottleand keepsinadry
cabinet for experiments.

Formulaof preparation MBBM to 950 mL of d-
H,O add:10.0 mL of stock solutions 1, 2, 3,4, 5and
1.0 mL of stock solutions 7, 8 and 2.0 mL of stock
solution 10, 1.0 gm of bacto-peptone and 5.0 gm of
sucrose.1) 25.0gmNaNO, 2) 2.5gm CaCl,.2H,0 3)
7.5gmMgS0O,.7H204) 7.5gmK HPO, 5) 17.5gm
KH,PO, 6) 25gmNaCl 7) 50.0gmdisodium EDTA,
31.0gm KOH 8) 4.98 gm FeSO4.7H,09) 11.42gm
H,BO, 10) 8.82 gm ZnSO,.7H,O, 1.44 gm
MnCl,.4H,0,0.71gmMoQ,, 1.57 gm CuSO,.5H.0,
and0.49 gm CoNO,.6H,0 per liter d-H,O.MBBM.

Preparation of glasswaresand syntheticsample

Cleaning of glassware used intheexperimentswas
doneasfollows: First, washed with detergent solu-
tion, then rinsed with tap water; secondly, rinsed with
10% nitric acid, and then rinsed with tap water; finaly
rinsed with distilled water. The cleaned glasswarewas
dried prior to usein experiments.A stock solution of
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1000 mg/I of Zn (I1) was obtained by dissolving zinc
chloride (Merck Company) indistilled water. Thetest
solutions of various concentrationsrangefrom 10 mg/
L to 200 mg/L were prepared from the stock solution.
The solution pH was adjust using 0.1 M HNO, and
0.1 M NaOH at the beginning of the experiment and
not controlled afterwards. Theconicd flasks (250 mL)
were shaken at 200 rpm in atemperature controlled
rotatory shaker.

FT-IR spectroscopy

Inorder to determinethefunctiona groupsrespon-
siblefor Zn biosorption, IR spectroscopy was used that
about 0.1 g biomasswas mixed with KBr for FT-IR
spectraanalysis (Shimadzu model 8400).

Analysisof Zincions

ZincasZn (1) was determined spectrophotometri-
cally by atomic adsorption spectrophotometer
(UNICAM, model 929,UK) at 620 nm.

Batch biosor ption studies

Batch modeadsorption studiesfor individuad meta
compoundswerecarried out to investigate the effect of
different parameters such as adsorbate concentration,
adsorbent dose, contact time and pH. Solution con-
taining adsorbate and adsorbent wastakenin 250 mL
capacity conical flask and agitated at 200 rpm in a
shaker at predetermined timeintervals. The adsorbate
was decanted and separated from the adsorbent using
Whatman No.1 filter paper.

Effect of contact time

For the determination of rate of metal biosorption
by oscillatoriafrom 100 ml (at 10, 20, 50, 100 mg/L),
the supernatant was analyzed for residua meta at dif-
ferent timeintervas. ThepH and the adsorbent dosage
was kept constant, which varied according to the ad-
sorbent and adsorbate under consideration.

Effect of adsorbent dosage

Theeffect of adsorbent dosagei .e., theamount of
theoscillatoriabiomass onthe adsorption of metalswas
studied at different dosagesranging from0.1t0 3 g
with varied metal concentrationsof 10, 20 and 50 mg/
L. Theequilibriumtime and the pH were kept constant
depending on themetd under consideration.
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Effect of pH

To determinetheeffect of pH onthe adsorption of
metal solutions (100 mL ) of different concentration
ranges (10-50 mg/L) were adjusted to desired pH val-
ues and mixed with known weight of adsorbent and
agitated at preset equilibriumtime. Theequilibriumtime
and adsorbent dosage varied with themetal and adsor-
bent under consideration.

Desor ption studies

After adsorption, the adsorbates— loaded adsor-
bent were separated from the solution by centrifugation
and the supernatant was drained out. The adsorbent
was gently washed with water to remove any
unadsorbed adsorbate. Regeneration of adsorbatefrom
the adsorbate—laden adsorbent was carried out using
the desorbing media— distilled water at pH ranges us-
ing dilutesolutionsof EDTA, HCL and HNO, (Stirred
at 200 rpm for 120 min at 25 °C) . Then they were
agitated for the equilibrium time of respective adsor-
bate. The desorbed adsorbate in the sol ution was sepa-
rated and analyzed for theresidua heavy metals.

RESULTS

Resultsonthe contact timeof Zinc (I1) at different
initid metal ion concentrationsby oscillatoriapresentin
theFigure 1. Thetimerequired toreach equilibriumfor
Zinc(Il) adsorption by oscillatoriais 60 minutesfor al
initial metal ion concentrations. Thetimetakenfor Zn
(I1) adsorption by oscill atoriawas dependent oninitial
metal ion concentration and increased withincreasein
concentration of Zn (I1). The amount of metal ions

—= Full Paper

adsorbedincreased withincreaseininitial meta ion con-
centration that resultsof that summarizedin TABLE 1.
Datafor theeffect of pH and the effect of different ini-
tial metal ion concentrationispresented in Figure 3for
Zn (1) biosorption by oscillatoria. Theresults of effect
of pH ontheremova of metalsreveal that irrespective
of theoscillatoriameta ionswere adsorbed. Zincre-
mova wasoptimal at pH4.5 that resultsof that summa:
rized in TABLE 2. Resultson the effect of adsorbent
dosageat variousinitial metal concentrationsare pre-
sented in this section showed Adsorption of Zn (11) by
oslllatoriaat differentinitial metal concentrationsand
various adsorbent dosages are presented in Figure 2.
The amount of adsorbent dosagerequired for the opti-
mum remova of themetd ionsincreased withincrease
intheinitid meta ion concentration that resultsof that
summarized in TABLE 3. ResultsontheZn (1) at dif-
ferent temperatureby oscillatoriapresent inthe Figure
4. Asshowninthat figure, thetemperaturehasno sig-
nificant effect onthebiosorption of Zn (11) over tested
10-40 °C at pH= 4.5. The temperature independent
biosorption of Crinthisstudy isin accordancewith the
study of Prernaet al.l®l, Wallace et al.[*%) and Vitor et
al . including biosorption to beapassiveenergy in-
dependent process.

Adsorption isotherms

Theisotherm studieswere performed inthe Zinc
solutionwiththeinitial concentrationsrangingfrom 10
to 100 mg/L at optimum pH vauesfor Zn (I1) (pH=4.5)
After shakingtheflask containing themixture of biom-
ass (200 rpm, 25 °C) and zinc ions for 120 min, the
amount of resdua Zincinthefiltrated sol ution wasana

TABLE 1: Effect of contact timeand initial concentration of Zn (1)

10 mg/L 20 mg/L 50 mg/L 100 mg/L
contact

Time % Adsorbed q % Adsorbed d % Adsorbed 9 % Adsorbed q
(min) (mg/g) (mg/g) (mg/g) (mg/g)
15 20.06 2.00 17.22 3.44 15.79 7.89 14.80 14.80
30 47.62 476 40.08 8.01 37.67 18.83 31.25 31.25
45 61.11 6.11 55.55 11.11 51.06 25.53 46.21 46.21
60 87.29 8.72 82.26 16.45 78.33 39.16 72.11 72.11
120 87.29 8.72 82.41 16.48 78.13 39.06 78.87 78.87
180 86.79 8.67 81.77 16.35 76.33 38.16 75.19 75.19
240 86.63 8.66 81.30 16.26 76.20 38.10 74.23 74.23
300 86.20 8.62 80.76 16.15 74.09 37.04 71.28 71.28
4] CHEMICAL TECHNOLOGY
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TABLE 2: Effect of PH and initial concentration of Zn (11)

10 mg/L 20 mg/L 50 mg/L
PH % q % q % q
Adsorbed (mg/g) Adsorbed (mg/g) Adsorbed (mg/g)
38.88 3.88 32.66 6.53 28.35 14.17
66.29 6.62 65.01 13.00 51.11 25.55
80.23 8.02 74.45 14.89 65.92 32.96
45 8729 8.72 82.41 16.48 78.13 39.06
5 83.07 8.30 80.01 16.00 72.20 46.10
55 77.21 7.72 70.98 14.19 66.67 33.33
6 68.20 6.82 62.88 12.57 59.93 29.96
100
3 80 7
-
2 60
-4
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Figurel: Effect of contact time
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= 10
=
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0 2 4
Biomass dosage
Figure2: Effect of biomassdosage
TABLE 3: Effect of biomassdosageof Zn (I1)
10 mg/L 20 mg/L 50 mg/L
T % Q% @ % g
(g)g Adsorbed (mg/g) Adsorbed (mg/g) Adsorbed (mg/g)
0.1 87.29 8.82 8441 1648 7813  39.06
0.2 89.35 4.46 86.66 8.66 80.37 20.09
0.3 91.20 3.04 88.86 5.92 83.25 13.87
0.5 92.02 1.84 90.01 3.60 86.27 8.62
1 94.46 0.94 92.73 1.85 89.18 4.45
2 95.28 0.47 93.72 0.93 91.00 2.27
97.33 0.32 95.12 0.63 93.35 1.55
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lyzed. The biosorption equilibrium uptake capacity for
each samplewas cal culated according to massbaance
onthezincionsexpressed inthisequation:
= (CO - Ce) x V

M

e

whereV isthesamplevolume(L), C istheinitia zinc
ion concentration (mg/L), C_istheequilibriumor fina
zincion concentration (mg/L (, M isthe biomassdry
weight (g), and g, isthe biomass biosorption equilib-
rium zinc uptake capacity (mg/g).Langmuir and
Freundlichisotherms, thetwo class cd adsorption mod-
els, were used to describe the equilibrium between
adsorbed zincionson thebiomasscell (ge,q) and zinc
ionsinthesolution (Ce,q) inthisstudy. Langmuir iso-
thermmodd:

q _qmaxceb

° 1+Cpb
That after arrangewe have;
C__1 . ¢C

e Omax B O
Thesevalues(q__ b) can beobtained fromtheslopes
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and the intercepts of the linear plots respectively as
showninFigure5, where experimenta dataof Ce/ge
asthefunctionof C_

Theempirical Freundlich equation based on sorp-
tion on aheterogeneous surface, ontheother hand, is
asfollows
9.=K(C)"

Theeqguation can belinearized inthefollowing logarith-
micform:

In g.=1In kf+%ln C.

0.3

*
0.25 ¢
021 ¢

g 0157
g
5 0.1 y = 0.0052x + 0.1722
© 505 R2=0.6136

O T T T T

0 5 10 15 20 25
Ceq

Figure5: Langmuir isotherm
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3
& 2.5
o)
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0 ‘ . ‘
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Ln Ceq

Figure6: Freundlichisotherm

Thesevaues(n& K, can be obtained from the slopes
and the intercepts of the linear plots respectively as
shownin Figure6, whereexperimenta dataof Lng_as
thefunctionof LnC_

Theresultsof modelsof isotherm summarizedin
TABLEA4.

TABLE 4: Reaultsof isotherm models

Langmuir isotherm Freundlich isotherm
b(L/mg) R? K n R?
0.030 0.6136 6.77 129 0.9901

Omax (mg/g)
192.30

—= Pyl Paper
Kineticmodeling

Figure 7 shows the experimental break through
curvesfor theeffectsof contact time on abound rate of
Zn (I1). It can be observed that the adsorption of zinc
ionsquickly increased at the beginning of biosorption,
but after 15 min, the adsorption slowed down. There-
sult indicated that the maximum adsorbed amount of
thezincionswasachieved within 60-120min, and then
followed by alonger equilibrium period. After thisequi-
librium period, the amount of adsorbed ionsdid not
significantly changewith the adsorption time. There-
fore, for thefollowing experiments, thecontact timewas
maintained for 60 minto ensurethat equilibriumwas
fully achieved.

The pseudo-second-order equation isalso based
on the sorption capacity, whichisexpressed as:

t 1 t
L —
g (K9%) a.

WhereK , istherate constant of pseudo-second-order
sorption (g- mg-min!). K ge* istheinitial rate con-
stant (represented by h, mg-g*-min™). Plotting t/q, ver-
sustwill giveastraight line. Thevauesof geandK,
can be determined from the dope and intercept of the
plot, respectively. Theresults showed that the pseudo-
second-order modd fitted the simulation curve much
better than the pseudo-first-order model for Zn (11).
Theresults of pseudo-second-order moddl showed on
theTABLEDS.

TABLE5: Resultsof pseudo-second-or der model for 20mg/L

Oeq (mg/g) K, (g/mg/min)(x10°%) R?
18.69 1.58 0.9710
40
——10mg/L
35 —®—20mg /L
30 50mg /L
100mg /L
25 1
T 20

200 300

TIME (min)

0 100 400

Figure7: Pseudo-or der kineticplot
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Equilibrium parameter R,
Theessentid characterigticsof aLangmuir isotherm

can be expressed in terms of adimens onlessconstant

separationfactor or equilibrium parameter R , whichis

defined by

R, =1/1+bC,

Where C_istheinitial adsorbate concentration (mg/

L) and b isthe Langmuir constant (L/mg). The pa-

rameter indicatesthe shape of theisotherm asfollows
(TABLE®6):

TABLE 6: Typeof isothermfor variousR,

RL RL>1 RL =1 0O< RL<1 RL =0
Type of
isotherm

Un favorable Linear Favorable Irreversible

TheR,_ valuesat differentinitial adsorbate concentra-
tionsindicatefavorableadsorptionfor al theadsorbents
and adsorbates studied.

Desor ption studies

Desorption and regeneration studies of the adsor-
bates showed that regeneration and recovery of thead-
sorbatesis possible. Chemisorption/ion exchangewas
the main mechanism by which the adsorbates (metas)
were attached to the adsorbents. Physical adsorption
played aminimal roleintheprocess.Theresult of des-
orption studiesof Zn(11) in abatch system showed that
HNQ, (0.1 M) was moreefficientin Zn (I1) desorp-
tion, which remove 95% zinc ions (TABLE 7).
Katarzyna et a. (2005) as also reported that HNO,
(0.1M) wasthemogt efficient desorbent of zincions.

TABLE 7: Thedesor ption efficiency of different desorbent

Desorbent EDTA (0.1IM) HCL(0.1M) HNO3(0.1M)
% Desorption 76 91 94
Infrared spectrum analysis

The FT-IR spectraof biomass before biosorption
(Figure8.) had an adsorption band at afrequency level
of 3300 cm! representing—OH stretching of carboxy-
lic groups. The adsorption band at 2930 cm™! was
caused by the stretching of —-CH groups. The adsorp-
tion peaksat 1660 cm! could beassigned to vibration
of C=0. Theadsorption bandsat 1515 cm'and 1040
cm ! werestretching vibrations of C-N and C-O-C
of polysaccharides, respectively. Thestretching vibra
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tion of -OH, —CH and C—N groups shifted for a cer-
tain extent in addition, whichindicated that these three
groupspossibly involved in the biosorption.

% Transmittance
N
X

4000 2000 1000 0

3000
Wave numbers (cm2)
Figure8: FTIR spectrum of biomass(befor e biosor ption) and
after biosorption

CONCLUSIONS

The batch experiment conducted with the
bi osorption demonstrated that biomassof Oscillatoria
exhibited thepotential for Zn (11) removal from aque-
ous solution. Optimum pH and temperature for
biosorptionin thisstudy were 1.5 and 25 °C, respec-
tively. Theremova of Zn(11) increasewith increasein
biosorbent . The biosorption process was followed
both Langmuir and Freundlich isotherm model. The
pseudo second-order kinetics described the experi-
mental datawell. The equilibrium timewas between
60-120min. TheR valuesat differentinitial adsor-
bate concentrationsindicate favorable (0<R <1) ad-
sorption for all the adsorbents and adsorbates
studied.HNQ, (0.1M) had higher efficiency of Zn(Il)
desorptionthan EDTA (0.1M) and HCL (0.1M) with
93% efficiency desorption. Thestretching vibration of
—OH, —CH and C—N groups shifted for a certain ex-
tent inaddition, whichindicated that thesethree groups
possibly involved in the biosorption.
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