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ABSTRACT

The potential of economically cheap cellulosic materials from two different species of cassava-manihot esculenta
cranz (ME) and manihot walkarae (MW) was assessed for Cd(l1), Ni(Il) and Pb(ll) adsorption from aqueous
solutions. Batch adsorption experiments were carried out as a function of adsorbent mass and exposure time.
Results showed that the percentage removal of the metal ions as@é with increasing adsorbent dosdgjestic
experiments revealed that equilibrium adsorption for the metal ions were reached within 120 min. The pseudo first-
order, pseudo second-order mechanism and Elovich equation were applied to examine the kinetics of the adsorption
process. Results showed that kinetic data fitted better into pseudo second-order model than the pseudo first-order
and Elovich equations. Results generally showed that the metal ions were considerably adsorbed onto the cassava
wastes and this could be considered as an economic method for the removal these metal ions from agqueous
solutions.
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INTRODUCTION

Indiscriminate release of heavy metals into theirenment due to industrialization and urbanizatmses a great
threat to our environment. Unlike organic pollutaimt which majority of which are biodegradable,\hemetal ions

do not degrade into harmless end products [1]. Tdreyvery persistent and can accumulate the foathdh the

environment and thus may pose a significant dat@géuman health. Most of the industries dischargstewater
and their effluents containing toxic materials imigers without adequate treatment. Heavy metaés ragjor

pollutants in marine, ground, industrial and eveated wastewater.

Environmental pollution particularly from heavy rakst and minerals in the waste water is one of thetreerious
problems in industrialized nations.

Some of the point sources of heavy metal pollutamts industrial wastewater from mining, metal pesieg,
tanneries, chloralkali, radiator manufacturing, kime, alloy industries, storage battery industrigsarmaceuticals,
pesticides etc. [2, 3]. The heavy metals are tramsgd by runoff water and contaminate water soudmsnstream
from the industrial site. To avoid health hazaitlis essential to remove these toxic heavy mdtats wastewater
before its disposal. Most of the heavy metals disgbd into the wastewater are found toxic and oaggnic and
cause serious threats to many life forms [4].
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Advanced wastewater treatment methods such asxidraage, chemical precipitation, electrolysis, apl$on,
reverse osmosis, electrodialysis, ultrafiltrationofiltration, coagulation, flocculation, floatati etc. have been
used to remove these non-biodegradable wastes [e&t of these processes are efficient in remotiregbulk of
metals from solution at high or moderate conceiatnatand also generate a large amount of met#litdtge, making
metal recovery difficult. The sludge also needshier disposal. These chemical processes when dpplidilute
metal wastes or lower concentrations of metal ians,either ineffective or not cost-effective arduire high level
of expertise; hence they are not applied by mamyueers. For these reasons, adsorption technolag\gained a
wider application due to its inherent low cost, glicity, versatility and efficiencyStudies on the treatment of
effluent bearing heavy metals have revealed adsorpd be a highly effective technique for the remoof heavy
metals from waste stream and activated carbon éas Wwidely used as an adsorbent [8,9]. Despitxisnsive use
in the water and wastewater treatment industrigt/ated carbon remains an expensive material.

In recent years, the need for safe and economietthads for the elimination of heavy metals fromteominated
waters has necessitated research interest towsdsroduction of low cost alternatives to commédigiavailable

activated carbon. The low cost agricultural wastepinducts such as saw dust [10-12], sphagnum meaf13,
14], modified pine bark [15], husk of Bengal grab®] sugarcane bagasse pith [17], bagasse fly @&tvste acorn
of Quercus ithaburensis [19] rice husk [20-22] ,efor the removal of heavy metals from wastewat@rehbeen
investigated by various researchers. Low cost ddsws derived from agricultural by-products andeotolid agro-
wastes can now be used to remove recalcitrant eéste synthetic wastewater. Conversion of thesteras into
adsorbents for wastewater treatment would helpetiuce the cost of waste disposal. The technicaildidity of

various low-cost adsorbents for heavy metal reménasth contaminated water has been reviewed [23425}ead
of using commercial activated carbon, researchave lworked on inexpensive materials, such as esolihitosan,
algae, fungi, yeast, and other biosorbents, whaote thigh adsorption capacity and are locally atgla

Therefore, there is an urgent need for all possiblerces of agro-based inexpensive adsorbents ¢xpglered and
their feasibility for the removal of heavy metalsosld be studied in detail. The objective of thiady is to
contribute in the search for less expensive adstsbaend the utilization possibilities for agriculil waste by-
products, which in many cases are also pollutiarrses.Cassava wastes from two different species of casgav
manihot esculenta cranz andmanihot walkarae are being evaluated as possible biosorbents forption of lead,
nickel and cadmium ions from aqueous solutions. gaa in the present study is to compare the raternoval of
these metal ions by the adsorbents and to propd&ela mechanism for the adsorption process udgliffgrent
adsorption kinetic models.

EXPERIMENTAL SECTION

Preparation of the adsorbents

The source of the adsorberanihot esculenta cranz andmanihot walkarae cassava were collected from a cassava
experimental site at National Root Crops Researstitlite, Umudike Abia State, Nigeria. Their pestre washed
extensively in running tap water to remove dirt atiger particulate matter. They were subjecteditthér washing
with distilled water repeatedly. Subsequently, peels were air-dried and later oven-dried for 12irhBoat a
temperature of 98C. The dried samples were crushed using grindinfited with sieves to obtain a particle size
of 500 um. The samples were labelled and stor#idlin plastic containers and kept for the adsorptoalysis.

100 g of each of the sample size of the two spexfitise cassava were soaked in excess of 0.5 M F¢dl@tion in
a beaker, stirred for 30 min at a temperature 8€34nd then left undisturbed for 24 h. They werentfikered
through a whatman filter paper and rinsed severaillly deionised water until a pH 7 was obtainede Bdsorbents
were finally air-dried. The treatment with acid apeup the pores of the adsorbent samples in ptépafar the
adsorption analysis and to destroy any debris lobsobiomolecules that might interfere with thetatéons during
the adsorption process.

Adsor ption studies

A standard solution of 100 mg/L of each of the rhistias, cadmium, lead and nickel were prepared ftioeir salts,
CdsQ.8H,0, (CHCOO0)Pb.3H0 and NiSQ.6H,0 respectively. 50 mL of each of the standard smistprepared
were transferred into different 250 mL conical Kesvhile maintaining the pH of the solutions at.5[Sereatfter,
1.0 g of each of the adsorbentdH and MW) was weighed into the flasks, corked and labeledl @gitated in a
rotary shaker at different contact times rangirgmrl0 min to 120 min.At the end of each exposure time, the
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content of each flask was filtered, centrifuged ahd residual metal ion concentrationsg)(@nalyzed. The
concentrations of the standards and the test eahitivere confirmed using buck scientific Atomic Alion
Spectrophotometer (AAS) model 210. The pH of theoadate solutions was kept at 5.5 using pH metedéin
pHS-25). For the study on influence of adsorbesiedin the adsorption process, a similar procedasecarried out
just as in the case of contact time except thanthes of the adsorbents were varied from 1.0 g/LOtg/L while
keeping the temperature fixed at’29 The amount of the metal ions adsorbed was cakdlby difference. The
analysis was carried out in triplicates and measidtal concentrations analyzed. The amount of mietas
adsorbed at different times (@gng/g) was determined using the mass balanceiequa)).
G =S "Gy (1)

m

whereC, and C; are the initial and residual concentrations (mgiL)s the volume of solution (L) anch the dry
weight of the adsorbents (g).

RESULTSAND DISCUSSION

Effect of mass of the adsor bent

The influence of adsorbent mass on the adsorptidheometal ions Cd(ll), Ni(ll) and Pb(ll) onto tresorbents
(ME andMW) was measured at five different adsorbent conagiatrs (1, 2, 5, 8 and 10 g™ for initial metal ion
concentration of 100 mg L The equilibrium amount adsorbed and the remoff@iencies are presented in Figs.
1- 4. From Figures 1 and 2, it can be observed ttetamount of these metal ions’\iCd** and PB" adsorbed
decreased as adsorbent concentration increases.RHEsult shows that more active sites are utiliaedower
adsorbent concentration, producing a higher adsorgapacity, while only part of the active sitee accupied by
these metal ions at higher adsorbent concentrdgadjng to a lower adsorption capacity and this iaccordance
with earlier observation made by Argu al. [11] in their study of heavy metal adsorption impdified oak
sawdust. Also, from Figs. 3 and 4, it is clear tN&t', PF* and Cd" percentage removal increases with increasing
adsorbent concentration. As the adsorbent maseases from 1.0 g/L to 10 g/L, the percentage reinoivRl?*
increased from 98.85% to 99.30%,’Cihcreased from 96.02% to 96.67% while*Nincreased from 91.16% to
91.62% for their adsorption onto MW and for ME *Pimcreased from 99.47% to 99.67%,%Cétom 96.97% to
97.07% while Ni* increased from 93.53% to 93.61%. This increasg beadue to the presence of more active
adsorption sites for these metal ions at higheordsnt concentrations. A similar observation hadrbmade by

Malkoc and Nuhoglu [19] in their study on theletermination of kinetic and equilibrium parametefshe batch
adsorption of Cr(VI) onto waste acorn Quercus ithaburensis. The plots (Figs. 1- 4) show in general that the
percentage removal of these metal ions increastdimgreasing adsorbent dosage while the amourdriaeld per
unit mass decreased and became almost constaighat hosages. The increase in percent removdleskt heavy
metals with increase in the dosage of the adsorisedtie to the greater availability of the exchaide sites or
surface area of the adsorbent while the decreaserption capacity with increasing adsorbent dosageainly due

to unsaturation of adsorption sites through theogud®n reaction. It is also worthy to note thaer was no
significant effect in the removal efficiency of Mr the metal ions as the mass of adsorbent inecebeyond 1.0
g/ L and this is reflected in the leveling effebiserved with the curves. This shows that thereshight increase in
percentage removal as the adsorbent dose incréased.0 g/L to 10 g/L.

The increasing adsorption trend for the metal gaserally follows Pb(Il) > Cd(ll) > Ni(ll) for adsption onto both
adsorbents. Comparison of adsorption capacitiéiseofivo adsorbents shows that ME adsorbed betarNiV.
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Fig. 3 Effect of adsor bent

mass on the metal-removal efficiencies of ME

Results (Figures 5 and 6) indicate that adsorpgtfitiencies increased with increase in contactetibefore
equilibrium was attained. The amount of metal iasabed by an adsorbent at a particular time is ainthe

important characteristics defining the efficienotdsan adsorption system. Optimum contact timeafdsorption of
Cd(l), Ni(ll) and Pb(ll) by 0.5 g of both adsortisrwas 120 min. This result is vital since equdiion time is one
of the important parameters to be considered foe@momical wastewater treatment system. The figaitso

indicate that greater amount of the Pb(Il), Cdéiid Ni(ll) ions were taken up by the adsorbentfiwithe first 60
min and that equilibrium was attained within 90 raimd on the overall, the amount of the metal Edsorbed onto
the ME was higher compared to that adsorbed onta MW
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ADSORPTION KINETICS
Adsorption kinetics enables us to measure theaatemechanism of metal ions adsorption onto theradsts. In
our present study, three different adsorption kinetodels viz; pseudo first-order, pseudo secom#ioand Elovich
models [26, 27] were applied to analyze the expenial data. The values of correlation coefficigiit$ values)
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obtained from such plots were used to assess et & fitting of the experimental data into thepépd kinetic
models. Rvalues close to or equal to 1 shows that the mietstribes the kinetics of the metal ion adsorption.
The pseudo first-order model

The integrated pseudo first-order equation is gdhegiven as:

In(g. —q,)=In(q.) —kt (2)

Where @ and @ are the adsorption capacities (mg/g) at equilioriand at a time t, respectively, Is the rate
constant of pseudo first-order adsorption (MirThe plots of In (g- @) vs. t yielded straight lines from which k
and g were determined from the slope and intercept efiittear plots and are presented in Table 1. Fgydrand 8
show the linear plots for the pseudo first-ordedeio
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Table 1. Kinetic rate congtantsfor pseudo first-order reaction
ME MW
Constants =77y Ni(l1) Pb(I1) cdan Ni(l1) Pb(i1)
g (mg g% 0.225 0.215 0.137 0.439 0.214 0.207
ki (minY) [ 363x10 | 1.84x 10 | 3.00x1CF | 6.25x 17 | 4.64x 1F | 4.77 x 1
R? 0.9972 0.9942 0.9918 0.9458 0.9737 0.9755

Pseudo second-order kinetic model
The pseudo second-order is based on the assumghi@nsorption follows second order chemisorptiohse
integrated Pseudo second-order model is usualbngas:
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t 1 t
b 3

. 2

G k& a
Where i = k¢ is usually described as the initial adsorptiore ras$ t approaches zero. The pseudo second-order
model was applied in this analysis and a plot gf\ts t gave linear plots, from which the pseudo sdearder
parameters gk, and i were evaluated. According to Hbal; [14]; if the plots are linear, then the rate-liimg step
for the adsorption process may be described as ishgstion. As shown in Table 2 and Figures 9 and thé
adsorption data of both adsorbents fitted the psegtond-order model perfectly judging by the highrelation
coefficients R >0.990), suggesting that the rate-limiting step of “Picdt* and Nf* adsorption by the adsorbents
in our study may be chemical reaction.

The rate constank,, the equilibrium adsorption capacity, the initial sorption rateh, andR? values are presented
in Table 2. These parameters were calculated flamritercept and slope of the linear plots ofuégsus t.The
equilibrium adsorption capacities, @plculated from the pseudo second-order kineticehagree very closely with
the experimental values.
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Fig. 10 Pseudo-second order plot of t/qt vst for adsorption of the metal ionsonto MW

Table 2. Kinetic rate congtantsfor pseudo second-order reaction

Constants ME MW
Cd(1) [ Ni(l) | Pb(ll) | Cd(l1) | Ni(l) | Pb(1)
0 (mg/qg) 4.869 4713 4.990] 4.82] 4.57 4.9

0
ko(g.mg'min™) | 0.424 [ 0.272] 0.601] 0.423 0.562
ho(mg.g'min®) | 2.356 | 3.678| 1.663] 2.35] 1780 1.74
R? 1.000 | 0.9999] 1.000 1.00 1.04o0

o O
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Elovich model

The Elovich equation is used successfully to dbscgecond-order kinetics on assumption that theahsblid
surfaces are energetically heterogeneous [19,T2&] linear form of the equation is given by [29]:
4= Bln(af) + Blint 4)
Wherea andp are known as Elovich coefficients representing itiigal sorption rate (mg § min®) and the

desorption constant (g fijrespectively. The Elovich coefficients are evéddafrom the intercept and slope of
linear plots of gversus In t and are shown in Figures 11 and 1fewhé parameters are presented in Table 3.
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4.9 - ecd()
W Ni(l1)
4.8 - y = 0.0628x + 4.5577
— Pb(1I) R2=0.990
X
téo 4.7 -
= y =0.0722x + 4.3376
4.6 - R?=0.9847
45 -
4.4 T T T T T 1
0 1 2 3 4 5 6
Int
Fig.11 Elovich plot for adsorption of the metal ionsonto ME
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Fig. 12 Elovich plot for adsor ption of the metal ionsonto MW
Table 3 Elovich Kinetic parameters
ME MW
Constants =7y Ni(Il) Pb(Il) caqi Ni(Il) Pb(Il)
a 5259 x 16 | 1.709x 16’ | 5.30x 16° | 2.161 x 16’ | 1.532 x 16 | 8.667 x 1°
B 6.28x10 | 7.22x1F | 3.97x1F | 740x1F | 6.83x1F | 4.87x1CF
R 0.9902 0.9847 0.9779 0.9579 0.8782 0.955

Comparison of the pseudo first-order, pseudo second-order and Elovich rate constants for the two
adsor bents.

The validity of the three kinetic models-pseudstfiorder, pseudo second- order and Elovich modekstested by
the magnitude of the regression coefficients\(&ues), given in Tables 1, 2 and 3. As showr@tables, the high
correlation coefficients (Rvalues) obtained for pseudo second-order revhatspseudo second-order provided the
best description for the kinetics of the metal agson on both adsorbents as compared to pseustadiider and
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Elovich models. Therefore, the fitting of the agg@m data into pseudo second-order model meanghbéaate of
occupation of active sites is proportional to thaare of the number of unoccupied sites [30]. Afsmm the tables,
it was observed that, ¢alues obtained from pseudo first-order kineticdelovere lower and significantly different
compared to experimental values and alsedtues were found to be fairly lower, indicatimgt pseudo first-order
was not be the best model for the description efdtisorption data.

However, for pseudo second-order, the calculaje@lyes agree very much closely with the experiedemtvalues
and with B values all close or equal to 1, indicating thet thaetics of the adsorption process is best desdrby
pseudo second-order kinetics. The data obtaineergliy show that lead(ll) ions were better adsorlblean
Cadmium(ll) and nickel(ll) ions onto both adsorksent

CONCLUSION

The present study evaluates the potential of algmich wastes from two different species of cassézamanihot
esculenta cranz (ME) and manihot walkarae (MW) in removing Cd(ll), Ni(ll) and Pb(ll) ions from agous
solutions. Based on the findings of this presami\stthe following conclusions can be drawn:

1. The adsorbent materididE and MW have the potential to adsorb Cd(ll), Ni(ll) and(Pbions from aqueous
solutions. The batch adsorption studies were degggnzh adsorbent dosage and exposure time. Thibeigun of
the adsorption process was attained within 120 min.

2. The pseudo first-order, pseudo second-ordettikimeodels and the Elovich equation were used tdyae the
adsorption data. Results obtained indicate thatigisesecond-order equation provided the best ctioeldor the
adsorption data.

3. The obtained results show that the agricultwmadtes from the two species of cassava can ad$dgth), Zd(11)
and Ni(ll) ions from aqueous solutions and couldabeeffective alternative method for the economeatiment of
wastewater.
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