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ABSTRACT

The sorption capacities of tuber agricultural wastes for the removal of
lead(11) ion from aqueous solution were studied. The data obtained there-
fore were modeled using two physical chemistry isotherm models;
Langmuir and Dubinin-Radushkevich modelsrespectively. The results of
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these modeling showed that each of these tuber waste biomass fitted into
these established models. The Qmax obtained from the modeling was
thus; Qmax for yam peel s>Qmax for cassava peel s>Qmax for sweet potato
peels. The sorption energy obtains showed a reverse trend:- sweet po-
tato peels>cassava peels>yam peels. The obtained langmuir constants
for these tuber waste biomass are closely related in values.
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INTRODUCTION

Lead inone of the oldest metal sknownto man at
discovery, mining, and uses dated over seven thousand
years,*3. Lead isone of themetalsthat has no chemi-
cd, biologicd and bio chemica benefitstoman®4. Leed,
cadmium and mercury areexamplesf metalsthat have
been grouped as priority pollutants by the U.S. Envi-
ronmental protection agency>9. Amongin organic con-
taminantsintheenvironments; solid, lend and aguatic;
lead and cadmium are of public healthinterest dueto
their hightoxicity after bi accumulationin multipleor-
gansinthehuman body!"#. Lead hasbeen foundtobio
accumulatein food, soil hasbeen found to bio accumu-

lateinfood, soil, and street dust to anthropogenic ac-
tivities*9. Lead when in fasted by man, inhale or
consumed through contaminated food can cause ge-
netic mutation, cancer, meta recordation, ion children,
colicanemia, and vend diseasesamong other toxic ef-
fectd689, Thereis, thereforethe need toremove, lead
from theagueous environment evenwhen’ it ispresent
at tracelevel. The conventional methods of lead re-
moval from agueous solution especia wastewatersis
costly, not readily avail able and in some casesintro-
duces novel chemicalsto the environment(®9, There
comesthe need to develop an alternative cost effect,
and environmentally friendly method whichisthe sub-
ject of the present paper and the associated modeling
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carried out. Thetwo isotherm model sexaminedinthis
report include:-

Thelangmuir modd. Thismodd isusedto estimate
the maximum sorption capacities of thesetuber waste
biomass corresponding to complete monol ayer waste
biomass corresponding to compl ete monol ayer cover-
age of lead(I1) onto these biobsorbent surfaces.

Thisisexpressed by:

_ QmaxKICe (i)
Q&= T KICe (i) (1)
where Kl(Lg-1) is a constant which relates the sorption en-
ergy, Qmax isthe maximum sorption upon compl ete saturation
of these tuber waste biomass surface, Ce is heinitial concen-
tration of thelead(l1) in the agueous solution, Qeisthe amount

of head(l1) sorbed by each of these tuber waste biomass at
specified contact time(t)(6,11).

A Linear form of theequation | above after rear-
rangementisgivenby

| Ce
max KI - Qmax (2)

The experiment data obtained from each of these
threetuber waste biomasswerefittedinto equation 2,by
plotting Ce/Qevalues against thevaueof Ce.

Thedopeof thisplot yield thereciproca valuefor
Q...x and theintercept of each of theseplotsyield he
langamuir constant(K1).

Dubinin-Radshkelvich modd: Thismodel isused
to estimatethe characteristic porosity of each of these
tuber waste biomassinvestigated for lead(l1) sorption
and the apparent energy of sorption.

Thismode isrepresented as.

Ce/Qe=

Qe=QD exp(BD RTIn(1+1/Ce)? 3

where Qe is the amount of lead(ll) sorbed by each of these
tuber waste biomas studied, QD isthe Dubinin-Radushlkevich
constant that relates the degree of sorption by each of these
biomass, BD is related to the energy of sorption per move of
lead(l1) ion as it moves from infinite distance in the aqueous
solution, and Ceistheinitial conception, of thelead(ll) inthe

aqueous solution.
A Linear formof equationisgivenby:
INnQe=InQD-2BD RT In(1+1/Ce) 4

Theexperimenta dataobtained from sorption stud-
iesof lead(ii) ion onto each of thesetuber waste biom-
asswerefittedinto equation 4 by plottingin Qe against
RT In(4i/Ce). Thed opeof thisplot yield thevaueof -
2 BD whichistheapparent energy of sorptionfor each
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of thesetuber waste biomass studied Theenergy of the
sorption can be cd culated thus; 61112,
1
E= 728D ©)
In this study the sorption modelsof lead(i1) ionin
aqueous sol utionisreported using tuber waste biomass
ashiosorbent materias.

MATERIALSAND METHODS

Samplecollection

Whiteyam tubes(Dioscerarotundata) cassavatubes
(manihot esculanta) and sweet potato tubes(lpomea
batata) were procured from theroot crop researchin-
stitutefarm, located in Umudike, AbiaState, Nigeria.
Thesethreetuber cropswereidentified and authenti-
cated by Osuegwu C,U, of taxonomy unit, department
of botany, Micheal OkparaUniversity of Agriculture,
Umudike AbiaSate, Nigeria All chemicd reagentsare
analytical gradesfrom BDH ChemicalsLtd., London.

Samplepreparation

Thesetuber crops procurewerewashed clean, with
distilled-deionised weter, and each peded manudly with
domestic knife. Each of thetuber peelswerecollected
differentely intoacleanlabded sainlesssted trays. The
content of each they wasair-dried for 7days. Theeach
of the peels was oven dried at 65°C for 24hr. Each
dried samplewas ground into powder using an electric
milling machine(binatonemodd). Each of thesemilled
sampleswas sieved into 2mm-particlesizesusing a
2mm-steedl sieve. Each fine powder thus obtainswas
storedin alabeled plastic reagent bottle until itisre-
quired for thesorption studies.

Preparation of lead(11) solution

Lead acetate equivalent to 38gram of lead(I1) ion
waswelghed out and taken into aone-litre volumetric
flask, 25Mof distilled-deionised water was measured
out and wasadded, shakenvigoroudly to achievecom-
pletedissolution. Theonelitrevolumetricflask wasmade
up to mark with deionised water to obtain one molar
lead(I1) solution. Sorption student; To study the effect
of concentration of lead(11) on the sorption behavior of
thethreetuber waste biomass:- aserid dilutionsof the
heal (I1) solution were prepared.
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Theserid dilutionswere0.1M, O.2M, O.4M, and
0.6M, equivalent t03.80g/L, 7.60g/l,15.20g/L and
22.80g/L of lead(11),. Respectively. Four conical flasks
each labeled with an gppropriate concentration of lead(ii)
ionwereset up. Ten milliliter(10ml) of each concentra:
tion wasmeasured out and takeninto the gppropriately
labeled flask, O.1gram(100mg) each of Dioscerearotun
data) ped's, (manihot esculenta) ped sand(ipomeabatata)
peels was measured out and added into each of four
labeled flask, stirred and dl owed contact time of twenty-
fiveminuteseach.

At theend of the 25 minutesintervals, each of the
flaskswasfiltered using No. 40 what man filter paper
alded by suction pump.

Eachfiltratewas stored in aclean |abel ed regent
bottlefor A.A.Sanalysis.

Theabove sorption study procedureswere exactly
repeated using varying concentrationsof lead(l1) ion
solution and different tuber waste biomass. Atomic
Absoption spectrophotometricAnaysis: Each of the
samplefiltraleswasanalyzed & 283 nmwavel ength for
lead(I1) using Unicam 916 moddl.

RESULTSAND DISCUSSION

Theresults of the modeled equationsand there-
sulting plots obtained from eachmodd are showedin
figures1, 2 and 3respectively. Thedataused in each
plot was presented in TABLE 1. From figure 1, it was
showed that increaseininitia incantation of lead(ll) so-
|ution depicted anincreasein sorption of each of the
tuberouswaste biomass studied. At the contact time of
twenty fiveminutesinterva at whichthesorptionactiv-
ity wasmonitored, each of thesetuber waste biomass
has not attained equilibrium saturation pogition. Thisis
depicted by astraight line nature of the concentration
plot. Figure 2, thelangumuir plot do not yield astraight
lineplot but areciprocal plot. Thismodel was effec-
tively used in obtai ning the maximum sorption capacity
of each of these tuber waste biomassmodel ed as pre-
sentedinTABLE 2. FFrom TABLE 2, thelangmuir model
showed yam peal swith maximum sorption capacity of
332. 33l/gfollowed by cassavapeds227. 273L/g. The
least interm of maximum sorption capacity been sweet
potato peels. Thesevaues correlates positively with
percent sorption of lead(l1) ion by each of thesetuber-

TABLE 1: Dataobtained for lead(l1) ion sor ption onto tuber
agricultural wastes

Biomas Ce(g/l) Qeg/l) Ce/lQe In Qe

RT

%

In(1+i/Ce) sorption

Yampeds 3.80 3.549 1.071 2.267 48.557 93.40
“ 7.60 7.385 1.029 2.00 25.693 97.20
15.20 14.969 1.015 2.706 13.243 98.48
22.80 22.546 1.011 3.116 8.922  98.89
g:elsf"a 3.80 3.347 1.013 1.266 48.557 93.34
7.60 7.359 1.038 1996 25.693 96.83
15.20 14.949 1.01682.705 13.243 98.35
22.80 22.5351.01183.115 8.922  98.84

Sweet
Sototopecls 380 7.612 1.04341.203 48.557  95.84
« 7.60 7.355 1.0333 1.995 25.693 96.78
15.29 14.787 1.028 2.694 13.249 97.28
22.80 22.552 1.011 3.116 8.922  98.71

TABLE 2: Equilibrium congtantsfor sor ption modelsof lead
(i) ion ontotuber agricultural wasted

. . Dubinin-
Biomass Langmuir M odel r adushkevich M odel
Qmax KL QD -BD E
(L/g)  (L/g) (g/L) caloriesmole(calories)
Yam 33.33 1.018 6.172 5. 807 0. 294
peels
Cessava 557 273 1.021  67.357 4165  0.346
pedls
Sweet
potato 33.33 1.014 33.116 1. 200 0.646
pedls
Effect of concentration variation
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Figurel: Theconcentration plot
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Figure2: Thelangmuir plot
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Dubinin-Radushkevich plot
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Figure3: Dubinin-Redushkevich plot

ouswaste biomass(TABLE 1). Figure 3, showed the
plot obtai ns using Dubinin -Radushkevich model. The
straight linenature of thisplot showed agood modd of
tubeswastebiomassfor lead(I1) ion solution. Thismodel
was used to predict and calculated the free energy f
lead(I1) ion sorption by each of thesetuber waster bio-
massasshored in TABLE 2. The negativeva uesof the
parameter-BD suggeststhat the sorption of lead(l1) ion
by tuber waste biomassisexothermicin nature. This
may explain why thesorptionisrapid, fast and sorption
present leve of up to ninety-eight percent obtained for
yam peelsand cassava peel swithin the contact time
interval of twenty-five minutes. The sorption freeen-
ergy of thelead(l1) ion using theretuber waste biomass
showed that sweset potato peel srequiresmore energy
for maximum sorption cgpacity attainment and soyiel ded
theleast maximum sorption capacity(TABLE 2.)

Theover al results have showed that these stan-
dard i sotherm model slangmuir model and Dubinin-
Radushkevich model can be used inthe prediction of
M aximum sorption capacitiesof tuber waste biomass,
sorption porosity and face energy of sorptionfor lead
(1) ionfrom aqueous sol ution.
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