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ABSTRACT

Removal of Zn (I) ions was investigated from aasesolution using the leaves of Araucaria cookiie factors
influencing Zn (1) ion adsorption were pH, cootaime, and adsorbent mass and metal ion conctotra
Maximum adsorption of Zn (Il) ions was at pH 9, b time of 70 min, adsorbent mass of 2g, and ion
concentration of 200 ppm with agitation speed d® 20m. Maximum uptake of bio sorbent was 97.9%ind)
contact time  pseudo first order and pseudo seamdgr reactions were studied. Isotherm investiyadi were
studied using Langmuir and Freundlich equations.
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INTRODUCTION

Zinc is a very common heavy metal that occurs @dlium the environment and its spread throughaheronment
is a natural phenomenon. Zinc is occurring in theteés crust at an average concentration of 70 ggtd it is
classified as a border line metal. Under aerobiwditmns, Zinc is the predominant species at aqudic but it is
replaced by Zn (OH) at pH 8-10 [1]. Zinc is put at ¥4rank with a score of 932.89 points in the serietogic
heavy metals, as per Comprehensive Environmentgdtese Compensation and Liability Act (CERCLA) 2[&).7

Zinc is naturally released into the environmentha@lgh industrial activities are mostly responsifide zinc

pollution. Elevated levels of zinc may come fromaaiety of sources like mining and foundry actiesj zinc, lead
and cadmium refining, electroplating, steel progugtcarbon combustion, and solid waste incineratiarious

zinc salts are used as in wood preservative, ctgiotographic paper, and accelerators for rubbleanization,
ceramic, textiles, fertilizers, pigments, and bétte [3]. Due to its mobility in natural water egetems and its
toxicity to higher life forms it causes bio transfation and biomagnifications in the food chain [4]

United States Environmental Protection Agency (USE&hd World Health Organisation (WHO) have demteda
the permissible limit of Zinc in waste water andigie water as 5 mgLand 3mgL}, respectively [5, 6].The
excessive intake of metal by man leads to sevesal irritation, widespread capillary damage, tiegnd renal
damage, central nervous problems followed by depyasgastrointestinal irritation and possible ogicrchanges
in the liver and kidney [7].

The traditional approaches for the removal or vedog metals such as precipitation, oxidation/cidum, ion
exchange, filtration, electrochemical processes,mbrane separations and evaporation, exhibit several
disadvantages such as high cost, incomplete remiovalselectivity, high energy consumption, and eyation of
toxic slurries that are difficult to eliminate [8]
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Biosorption of heavy metals by biomass has beenhnexplored in recent years. Activated carbon iommon
adsorbent but due to its high cost , and cheaperg accessible, eco friendly and highly efficiaisorbent
materials like [9] rice husk [10], saw dust [11ing bark and canola meal [12, 13], sea weed [14¢ jpiark, pine
needles and leaves [15], cashew nut shell [16htBqteel waste [17].

The present work is aimed to develop a cost effedin adsorbent frorAraucaria cookii(Commonly called X-mas
tree) leaves powder. It is a coniferous tree inetlch the family Araucariaceae. They are magniticarergreen
trees with apparently whorled branches and st#fténed pointed leaves. In the present study dakabe leaves of
A.cookiiwere examined for their sorption properties towafd (Il) ions. The effects of various parametershsas
pH, contact time, initial Zn (I1) concentration, rale size and it does have been studied. Adsmmgtinetics and
isotherm models were used in to evaluate experimhéata and to find out the possible biosorptiomimagism.

MATERIALS AND METHODS

Biomass preparation

Leaves ofA.cookiiused as the biosorbent were obtained in dry feomfMysore city, Karnataka state, India. The
leaves were washed with deionised water, cut inmtallspieces, sun dried for seven days followeddtyng in an
oven at 78C for 24 h. Subsequently, the material was grouriisieved through laboratory sieves to get fractibn
100 um, 200 pm and 300 um. The sieved biosorbestweshed several times to remove the dust pariicldse
dried form and stored in a dry place until the @sag

Preparation of adsorbate

Metal ion solution of Zfi" was prepared from Zinc sulphate 7- hydrate putifigerck- A.R. grade stock standard of
concentration 1000 mg/LThe synthetic waste water was prepared by ddutive stock standard. The pH of the
solution was adjusted using 0.1 M HCI and 0.1 M Na®he final concentrations of metal ions were psadl by
AAS.

Simulation studies

Industrial waste water samples were collected fedattroplating industries located in Mysore cityarKataka,
India. The water samples were shaken in a rotaakeshat 200 rpm for 10 min. The slurry after mixiwgh the
biosorbent was centrifuged at 5000 rpm for 30 mime clean filtrate after decantation was subjetdeahnalysis for
various parameters following standard methods (APE®8) [18]. The concentrations of heavy metalsewer
analysed by AAS. The results are given in the Table

Table 1: Physico-chemical characteristics of indusgl waste water

Parameter Characteristigs
Colour Brown
pH 5.8
Total dissolved solids (mg/L 15,000
Suspended solids 1,600
Chloride (mg/L) 510
Sulphate (mg/L) 380
Calcium (mg/L) 1890
Magnesium (mg/L) 610
Iron (mg/L) 2
Zinc (mg/L) 24
Nickel (mg/L) 6

Biosorption Experiments / Batch Experiments

The effects of various parameters on the removalréf using Araucaria cookiiwere studied. Batch adsorption
studies were conducted at room temperature bydaid ml of 1000 mg/lof Zré* in a pre cleaned capped tubes
and adjusting to required pH. 2 g/L adsorbent vedken at a constant stirring speed of 200 rpmristary shaker.
Samples were withdrawn at appropriate time interv@lO- 90 min) and the adsorbent was separated by
centrifugation at 6000 rpm for 10 min. The supeanatwvas analysed for residual metal ion conceptmattach
experiment was conducted in triplicate and the medues were considered. The per cent removal ofllXiwas
calculated for each run using the following formula

R= (G- C) x 100/ G 1)

Where, G and G were the initial and residual concentration of(Ehrespectively in solution in mg/L.
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The amount of metal uptake by plant biomass wasut@ked as the difference between the initial aimal f
concentrations of metal after adsorption in theeags solution. The metal uptake capacity was dé@beanusing
the following formula:

4=V (Cr G)/m @

Where, q is the Zn (ll) uptake (mg/g)e @nd G are the initial and final Zn (II) concentratiorspectively in the
solution (mg/l). V is the solution volume (L) andisithe mass of adsorbent (g)

Effect of pH on Biosorption studies

In order to find out the influence of pH on agst@n of Zrf* using the dried leaves Bfcookii were studied at pH
range of 1-10 by the following procedure as regbgarlier [19]. Twenty ml of 2000 mg/l of Zhons were taken
in pre-cleaned capped tubes. The pH of the soluti@amadjusted as required by using 0.1M HCI or ONAOH.

Effect of size variation on biosorption

The effect of size variation (100-400 pm) on ad#dorpcapacity was studied by taking 20 ml of 100§/Inof Zn
(1) ions in pre cleaned capped tube at pH 9, withtact time of 70 min. The resulting mixture wésred in a
rotary shaker. After 30 min it was filtered and @mtent was measured.

Effect of dosage

The adsorption capacity of Zn (ll) in biosorbentasmdetermined by taking varying dosage from 0.2doof
biosorbent in a pre cleaned separate capped tutiaicimg 20 ml of 2000mg/l of Zn (lI) solution amdjusting pH
to 9. The mixture was agitated for 30 min in medtanrotary shaker. The unadsorbed Zn (II) was mesak by
AAS.

Effect of contact time on Bio sorption

The effect of contact time on adsorption of Zn @hA.cookii.was studied by taking 20 ml of (1000mg/l) Zn(H) i
a pre cleaned capped tube containing 2g of adsbamehadjusting pH to 9. The mixture was shakerdftierent
time intervals varying from10 to 90 min. The reggtsolution was filtered and measured for residiral(ll) by
AAS.

Effect of metal ion concentration

The initial metal ion concentration was varied fr@m to 250 mg/l. Zn (Il) solution was taken in @& mleaned
capped tube and the study was done by taking Hiesbrdose of 2g/l, at pH 9 with contact time of mih
biosorbent volume of 100 um at room temperature. mixture was shaken (200 rpm) for 30 min. The sugtant
solution was used to measure unadsorbed Zn (1) igrAAS.

RESULTS AND DISCUSSION

3.1 Effects of Initial pH of the Biosorption

The pH of the solution is the most important pargmén the biosorption of Zfiions. The pH value affects the
surface charge of the biosorbent [20]. The pH ef dblution controls the biosorption process. A lowH to the
acidic range makes the biosorbent to be highlygmated hence the amount of metal ions sorption rgelisced to
55%. This is because the metal ions are prevended binding to the functional groups on the bioswitb Increase
in pH enhances the sorption process up to 97.9 8kl &. These studies were not extended to highebpEhuse of
the precipitation of Zn (Il) ions when it forms hgaides. According to Sengil et.al. [21] at lowed,pH" ion
competes strongly with Zinc ions for active sit¥8hen the pH is increased, the competing effect bfidths
decreases and consequently the metal uptake get¢aged Fig. 1.

3.2 Effect of Particle size

The average particle size was changed from 10@@n keeping the other variables constant. Therpten
capacity of metal ions oAraucaria cookiiincreased by decreasing the particle size (FigTB)s result can be
attributed to the relationship between the effecipecific area of the adsorbent particles and #iees. This can be
explained by the fact that for small particle aglaexternal surface area results in a power drifémge per unit
surface area for mass transfer [22]. Similar resukre obtained by Israel et al., [23].
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Fig.1. Effect of pH on adsorption of Zn (lI) by A.cokii
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Fig.2. Effect of particle size on adsorption of Zr{ll) by A.cookii
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Fig.3. Effect of biomass variation on adsorption oZn (I1) by A.cookii
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3.3 Effect of Biomass dosage

The biosorbent dose is an important parameter udystdsorption capacity of Zn (Il) with fixed metan
concentration (200 mg/t). The percent removal of metal ion increases Withieasing weight of the biosorbent
from 0.2g to 4g/[* as shown in Fig 3. The percent removal of Zni@f) reaches maximum at 2g/lof biosorbent.
The maximum biosorption efficiency of Zn (Il) ohcookiiwas 97.9% at 2gt biomass dose. Increase in the
adsorption with increasing dose of adsorbent isetqu due to the increase in surface area and aus@rption
sites available [24, 25]. Further increase in aolsor dose beyond 2d/keeps Zn (Il) adsorption static which may
be due to attainment of equilibrium between liqail solid phases [26]. The adsorbed ions eithexkiilee access
to the initial pores or cause particles to aggredfatreby reducing the active available site [Stthilar results were
reported by Kannan et al., [26] and Greene ef248],

3.4 Effect of contact time on biosorption

The effect of contact time on biosorption was stddbnA.cookii (Fig 4). This was achieved by varying the contact
time from 10 - 90 min in a separate runs. The mdtadsorption increased with increase in contaoeti The
biosorption of Zn (1) orA.cookiiwas rapid in the first 10 min and maximum (97.9Wa reached at 70 min. After
70 min the rate of adsorption was static. This maylue to the decrease in available sites causbtbbking access

to initial pores or aggregation of particles redwgchctive site availability [27]. Similar resultseve reported by
Saeed et al [29].
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Fig.4. Effect of contact time on adsorption of by & () A.cookii
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Fig.5. Effect of Zn (1) ion concentration on adsoption by A.cookii

3.5 Effect of initial metal ion concentration
The removal of Zn (Il) as a function of metal iooncentration by A.cookii .is depicted in Fig 5. Tingial metal
ion concentration was increased from 25 to 250 mgilhe percentage removal of Zn (II) was highetoater
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concentration and decreased at higher concentra@ien cent removal decreased from 99.2 to 78.32%ital
metal concentration was increased from 25 to 250. Mbis may be due to the fact that at lower conicion the
ratio of the initial moles of Zn (Il) surface areaailable was low and subsequently fractional sompbecame
independent of the initial concentration [20]. Sanstudy was reported by Lehman [30] also.

3.6 Adsorption Kinetic study

The effect of contact time on biosorption has besed to examine the mechanism of biosorption pessesuch as
mass transfer and chemical reaction, and a suitafdtic model was used to analyze the data. Hgresydo- first
order and pseudo- second order rate equationsappiid.

Pseudo- first order model
The pseudo- first order rate expression based lahapacity is generally expressed as follows [31]

log (— ) = log q— K;t/ 2.303 )

Where, gis the amount of metal adsorbed (mg/g)sdhe amount of metal adsorbed at time t (md{g)s the rate
constant of pseudo first order adsorption (I/min)/alues of adsorption rate constant)(kor the metal adsorption
onto Araucaria cookiewere determined from the straight line plot of [@g—q, against t. The data fitted with a
poor correlation co-efficient (Fig 6) thereby ingliimg that rate of removal of Zinc onfgaucaria cookiedid not
follow the pseudo first order equation. The valudsPseudo first order equation parameters togetiidn
correlation co-efficient are given in the Table 2.

2.5 ~

log ge-qt

60 70

Time in minutes

Fig.6. Pseudo first — order sorption Kinetics for & (Il) by A.cookii

Pseudo second order model

Table 2: Pseudo first- order and Pseudo second —Oed constants for Zn (l1) biosorption by A. cooki

Metal Pseudo first order Pseudo second order
ge (mg/d) | Ky(min? | R? ge(mg/d) | K; g mg-1 min)| R h
Zn (1) | 1.2070 0.00427 0.9816 1.738 0.1297 0.999 3907

The pseudo second order equation is also baseaeasotption capacity of the solid phase. It predibe behavior
over the whole range of data. It is also in agregméth chemisorptions being the rate controllitgpsand is
expressed as [32].

dyt/dt = K> (Qe Qr)z 4)

Where, gand g are the amount of metal adsorbed at time t amdjaitibrium (mg.g') and K (g.mg* min?) is the
pseudo second order rate constant for adsorptmeeps. The integrated form of equation (4) candpeessed as
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t/q = 1Ko + 1/ t )
The initial sorption rate, h (mg/g. min), at t #sdefined as
h=K, q¢ (6)

Where, Kk and h values were determined from the slope aiedciept of the plots t/q against t (Fig 7). Thaight
lines in the plot of linear pseudo- second orderagign show good agreement of experimental datia thé pseudo
second order kinetic model for different initial takion concentrations. The values of pseudo seootér equation
parameters together with correlation coefficiemesshown in Table 2 and Fig.7. The correlation ffizient for the
equation was & 0.998 and this was true for all concentratiortse Talculated gvalues also agree very well with
the experimental data. This strongly suggeststheabiosorption of Zfi/ metal on toA.cookiiis most appropriately
represented by Pseudo second order adsorptiongsrf®, 25]. Thus pseudo second order models spit@iscribe
the adsorption of kinetic data in the present stddys model assumes two reactions non chemicaliledum and
non physical equilibrium [33, 34]. The first reaxtiis fast and second reaction is slower that canirue for a
longer period. The sorption rate h has been widséd for evaluation of sorption rates [35]. In pinesent study, the
value of h is 0.3917 and,HKs 0.1297 (g/mg/min). This confirms that therarigre than one mechanism involved in
the adsorption process [36]. Similar performancagehbeen observed in the bio sorption of‘Gan green algae
[25] Sugar beet pulp [37] and activated wood sast §i].
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Fig.7. Pseudo second- order sorption Kinetics foriZ(Il) by A.cookii

Isotherm studies

The equilibrium between an adsorbate in the adite of an adsorbent and the adsorbent remainiragjireous
phase is usually presented by adsorption isoth€&hm.effect of contact time on the biosorption of By A.cookii
was studied and the results shown in Fig.8. In otdalescribe the adsorption mechanism of low-eadlstorbents
used for water and waste water treatment experahaguilibrium data are most frequently modeled thg
relationship developed by Langmuir isotherm [38]Jakhis expressed as follows.

Cel =1/ b+ G/ 0 @)
Where, Ce and ge are the residual and metal uptapacity mg/L respectively, b is the adsorption equilibrium
constant (L/mg) related to adsorption andigjthe maximum monolayer capacity of the adsorlferg/g). The
constant b andy@re calculated from slope and intercepts of the mtweerC, / g.v/s C. and are 0.0520 and 1.26,
respectively where co-efficient is found to be elds unity( 0.9986) (Table 3).

Table 3: Langmuir and Freundlich constants for Zn(ll) biosorption by A. cookie

Metal Langmuir Freundlich
Omax b R2 Ky 1/n R2
Zn(ll) | 21.73| 0.0520 0.998 18.20 0.9666 0.999
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Fig.8. The linearized Langmuir adsorption isothermsof Zn (Il) by A.cookii

The Freundlich isotherm [39] model describes maler adsorption with the assumption of heterogesesurface
in which the energy, a term in the Langmuir equatiaries as a function of the surface area. Theemoah be
represented as

9= K; Cel/n ©)
And the linearized form can be represented as

log (q) = log (K) + 1/nlog (Q) ©)
Where, q is the amount of metal adsorbed per uright of the adsorbent at equilibrium (md)qGC is the

equilibrium of metal concentration (m@)] K; is the measurement of adsorption capacity (i liased on
Freundlich isotherm, n is the adsorption equilibriconstant shown in Fig. 9. The results are repteddn Table 3.
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Fig.9. The linearized Freundlich adsorption isothems for Zn (Il) by A.cookii
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Removal of Zinc (ll) ions from Industrial waste asat

The removal of Zn (Il) ions from industrial wasteter was carried out by batch method under optiroonditions.
Hundred ml of electroplating waste water was takesm 250 ml conical flask. The pH was adjusted tesiig 0.1 N
NaOH. The removal of Zn (II) was carried out asadig®d in adsorption experiments. Removal of Zh ifi A.C.
from industrial waste water was found to be 86%.

CONCLUSION

(1) The present study reveals that the leaves ofthecaria cookiican be used as biosorbent for the removal of Zn
(1) ions from the industrial effluent.

(2) This adsorption process is influenced by factoke IpH, adsorbent mass, contact time and metal ion
concentration. Maximum adsorption was achieveda9 and the optimum dosage of adsorbent mass was 29

(3) Removal of Zn (Il) increases with the increaseeimgth of time. Maximum removal was observed at #and

this remains constant under all other optimum cina.

(4) Maximum removal was 97.9% at the concentrationGff @pm. The Adsorption of biomass also dependhen
particle size. The smaller the particle size latbe surface area and optimum particle size was.df.

(5) The adsorption capacity is in accordance with lnamg and Freundlich isotherms.

(6) The leaves of the A.C. are found to be the biestolobents to remove the Zinc in the industrialueffits and the
leaves are non edible and at the same time amwoddst.
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