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INTRODUCTION 
Inmovingtowardstheneweraofscienceandtechnol
ogy,theworldhasseenmajortransformationsinnum
erousaspectsoflife.Attheheartofthis,tremendousa
dvancementliestherapidindustrializationoccurring
atvariouspartsoftheglobewhichcausesdetrimenta
leffectsformankindandanimals.Onewidespreadp
henomenonwhichhasdrawnmuchattentionisthec
ontaminationoftoxicmetalssuchascopper,lead,zin
c,nickel,potassium&chromiumintheaquaticenviro
nment,whicharesourcedfromchemicalindustriess
uchaspetrochemicals,refineries,fertilizers,pulpan
dpaper1-

3.Heavymetalcontaminationmaycauseserioushea
lthproblemssuchascancerandbraindamage,duet
otheaccumulationinlivingtissuesandorgans2-

4.Generally,metalscouldbedividedintofourdistingu
ishedcategorieswhicharetoxicmetals,strategicme
tals,preciousmetalsandradionuclides.Amongthes

e,toxicmetalsaretheonesassociatedforcausingse
riousenvironmentalthreats,makingitsremovalfrom
theaquaticenvironmentessential.Fromthevarioust
ypesoftoxicmetalspresentinwastewater,Potasssi
umwaschosenforthisbiosorptionstudieswithregar
dtoitswideuseinindustryandpotentialpollutionimp
act.Inindustrialwaste,Potassiummainlyappearsto
beintheformofthemonovalentK(I),whichismoretox
icthanthemetalitself.Thisisbecauseitissolubleinw
aterinitsionicformandcaneasilyabsorbintolivingor
ganisms.HighdosesofPotassiumintheaquaticenvi
ronmentgeneratetoxologicalconcernsasitcandep
ositintothebrain,liver,pancreasandmyocardium3-

4.Thus,K+concentrationsofwastewatershouldbere
ducedtoavalueofatleast0.2to8mg/LasperWHOgui
delinesfordrinkingwater.Theincreaseofmetalbeari
ngeffluentsintotheaquaticenvironmenthascaused
progressivedevelopmentsinwastewatertreatment
.Atypicalwastewatertreatmentplantisdividedintos
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ABSTRACT 
The  potential  of  mango  leaves  (Mangiferaindica),  as  a  low-cost  adsorbent  for  the  removal  of  
K+  ions  from  aqueous  solution  was  investigated  in  this  study.  The  influences  of  pH,  contact  
time,  initial  metal  concentration,  agitation  rate,  particle  size  and  effect  of  biosorbent  dosage  
were  studied  in  batch  experiments  at  room  temperature.  Maximum  sorption  for  metal  was  
found  to  be  at  pH  6.5.  Process  parameters  which  include  initial  metal  ion  concentration,  
adsorbent  dosages,  initial  pH  and  temperature  of  solution  were  varied  in  order  to  evaluate  
their  influence  on  the  adsorption  process.  The  results  obtained  indicate  that  the  adsorption  of  
K+  on  MLP  is  better  at  higher  metal  ion  concentrations  and  lower  adsorbent  dosages.  
Langmuir  and  Freundlich  isotherm  models  were  fitted  to  the  biosorption  of  K+  ions  on  the  
mango  leaves,  it  giving  correlation  coefficient  of  0.9991.  Langmuir  model  fitted  the  equilibrium  
data  better,  giving  correlation  coefficient  of  0.9999  and  a  maximum  adsorption  capacity  of  
42.5mg/g.  This  indicates  monolayer  coverage  on  adsorbent.  The  results  showed  that  mango  
leaves  have  the  potential  to  be  applied  as  alternative  low-cost  biosorbent  in  the  remedy  of  
metal  contamination  in  waste  water. 
 
Keywords: Mango  leaf  powder,  K+  ions,  biosorption,  adsorption,  waste  water. 
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everalareasandtheremovalofmetallicpollutantsis
performedmainlyinthetertiarystage.Currentdevel
opedmethodsinthisstageincludefiltration,ionexch
ange,membraneseparation,nutrientstrippinganda
dsorption1,7.However,thesemethodshavesomeli
mitationsduetotechnicalandeconomicalconstraint
s.Theionexchangeprocessneedsahighoperationa
lcostbecauseitinvolvestheuseofexcessiveamount
sofreagentforitsresinregeneration.Italsorequiresa
highcapitalcostfortheequipmentused.Meanwhile,
themembraneprocessapplicationislimitedbytheco
nditionofthemembraneused.Thismembranetends
tobeunstableinsaltyoracidicconditionsandfoulsby
organicorinorganicsubstancepresentinthewaste
water.Themajordisadvantagefortheprecipitationp
rocessisthatitgeneratesatoxicsludgethatrequires
carefuldisposalasperregulations.Forelectrolysis,it
sinefficiencyatlowconcentrationswhichcausesinc
ompletemetalionrecoverywhichisoneofitsdisadva
ntages8.Duetothesefactors,researchhasbeencon
ductedtostudytheuseofnaturaladsorbentsasanalt
ernative,basedontheeconomicalandenvironment
alpointofview.Themostcurrenttechniqueemploye
dformetalremovalfromwastewaterisbiologicalads
orptionorbiosorption.“Biosorption”isthetermgivent
othepassivesorptionand/orcomplexationofmetali
onsbybiomass9.Itisareversibleprocesswhereconc
entrationofmetalionsinsolutiondecreasesduetoad
sorptionontothesolidphaseuntiladynamicequilibri
umbetweentheaqueousandsolidphaseisestablish
ed.Thistechnologywhichutilisesnaturalbiomassm
aterialsisveryeffectiveforthedetoxificationofmetal-
bearingindustrialeffluents.Thebiosorptionprocess
involvesseveralmechanismsthatdifferqualitatively
andquantitatively,dependingontheoriginofthebio
mass,thespeciesusedanditsprocessing10.These
mechanismsaregenerallybasedonphysico-
chemicalinteractionsbetweenmetalionsandfuncti
onalgroupspresentonthecellsurface,whichinclude
ionexchange,complexation,electrostaticattraction
andmicroprecipitation11.Theprocessofbiosorption
hasmanyattractivefeaturesincludingtheselectiver
emovalofmetalsoverabroadrangeofpHandtemper
ature,itsrapidkineticsofadsorptionanddesorptiona
ndlowcapitalandoperationcost.Duetohigheraffinit
yofthesorbentforthesorbatespecies,thelaterisattr
actedandremovedbydifferentmechanisms.Thepr
ocesscontinuestillequilibriumisestablishedbetwe
enamountofsolid-
boundsorbatespeciesanditsportionremaininginso
lution.Varioustypesofbiomasshavebeenusedasth
ebiosorbentfortheremovaloftoxicmetals.Amongth
ese,plantleavesarechoseninthisstudyastheyarep
roposedtobenatural,simpleandcheapbiosorbents
fortheefficientremovalofseveralheavymetalions.T
heycanbeeasilyfoundandarearenewablesource.

Plantleavesarealsonontoxicandbiodegradable.Af
terthebiosorptionprocess,theyareexpectedtoprec
ipitateandbecomesedimentswhichcanbedispose
dsafely.Mulchplantleaveswereusedforthebiosorp
tionofcadmium,leadandcopperions.Theresultspr
ovedthattheperformanceoftheleavesisclosetothe
efficiencyofusingactivatedcarbon.Theresultsalso
showedthatovendriedleaveshavebetterperforma
ncecomparedtothenaturallydriedones.Thefunctio
nalgroupwhichiscommonlyfoundinplantleavesisc
arboxylate9.Availableliteratureinvolvingtheuseof
mangoleafpowder(MLP)forthebiosorptionofheav
ymetalsisquitelimited.Particularly,nostudyinvolvin
gMLPfortheremovalofPotassiumionwasfound.On
epaperwasfoundinwhichtheresearcherusedsever
altestplantmaterialsincludingMLPasthebiosorben
tsfortheremovalofleadions12-18. 
 
 
 
AIM AND OBJECTIVES 

1. Tofindaninexpensiveandeffectiveadsorb
enttoreplacecommercialmethodsinremo
vingheavymetalsfromaqueouseffluent. 

2. Toinvestigatethepossibleuseofmangolea
vesasalowcostadsorbentforremovalofK+i
ons. 

3. TostudytheeffectofpH,effectofinitialconc
entrationofK+ions,contacttime,effectofagi
tationrate,effectofparticlesizeandeffectof
chelatingagentontheadsorptionofK+ionso
nmangoleaves. 
 

MATERIAL AND METHODS 
Preparation of biosorbent 
Matureandfreshmangoleavesas figure 
1werecollectedfromlocaltreesandwashedthoroug
hlybyusingdistilledwatertocleanthemfromdirtandi
mpurities.Afterthat,theleavesweresundriedforada
yonaperforatedtrayuntiltheleavesturnedbrownishi
ncolour.Theleaveswerethendriedfurtherinanoven
(Labtech,EIE-
101)for24hoursuntiltheleavesbecamecrisp.Afterd
rying,theleavesweregroundbyamechanicalgrinde
r(Premir,Xprees750),toconstantsizeof80µmandth
eresultingMLPwaskeptinaglassbottlereadyforfurt
herexperiments. 
 
Preparationofadsorbate 
Thepotassiumstocksolution(1000mg/L)wasprepa
red,whichwaspurchasedfromSuvidhinath 
laboratories.Necessarydilutionsweredonetoobtai
n50mg/L,75mg/Land100mg/Lofpotassiumionsol
ution.Standardconcentrationsof10,20,30mg/LofK
+solutionswerealsopreparedforcalibrationpurpos
es.Theinitialandfinalmetalconcentrationswerean



IJRPC 2015, 5(1), 196-207                                            Chaudharyet al.                       ISSN: 22312781 
 

198 

alyzedviaFlamePhotometry(Chemiline,Cat#:CL4
10)usingtheflameatspecificcondition.ThepHofthe
K+solutionwasadjustedbyadding0.1MHClor0.1M
NaOHandthemeasurementwasdonebypHmeter(
Chemline,ATCCL120). 
 
Biosorptionexperiments 
ThebiosorptionofK+fromaqueoussolutionwasinve
stigatedinbatchbiosorptionexperiments.TheMLP
withdifferentdosages(0.4,0.6,0.8,1.0and1.2g/L)w
ereaddedeachin5conicalflaskscontaining100mLo
f100mg/LKClsolution.5mLoftheKClsolutionwaswi
thdrawnandaddedinvolumetricflaskthatcontained
45mLofdeionisedwaterforthepurposeofdilution. 
Afterthat,thebatchshakeflaskexperimentswerepe
rformedusingasonicator(Toshconultrasonicclean
er,ToshniwalinstrumentPvt.Ltd.Ajmer)with75rpm
at30°Cfor3hours.Forthefirsthour,thesampleswer
ewithdrawnevery15minutes.Forthefollowinghour
s,thesameprocedurewasrepeatedatevery30minu
tesinterval.ThesamplesweretestedfortheirK+ionc
oncentrationwiththeFlamePhotometry. 
ForpHexperiments,thepHofthesolutionwasadjust
edto2.5,4.5,8.5and10.5byusing0.1MHCland0.1M
NaOH.Fivedifferentsetsofexperimentswithvariabl
econcentrationofK+solution,pHandtemperaturew
ereperformed. 
Theamountofmaterialadsorbedperunitmassofads
orbent(mg/g)isgiveninequation(1): 
 

.......................(1) 
 
Where,Coistheinitialconcentrationofadsorbate(m
g/L)andCtistheconcentrationofadsorbateattimet(
mg/L). 
Theadsorptionefficiencycanbeexpressedasperce
ntageadsorptionofmetalionperequation(2): 
 

..................(2) 
 
Where,CoandCtaretheinitialadsorbateconcentrat
ion(mg/L)andtheadsorbateconcentrationattime,t(
min)respectively. 
 
Equilibriumstudies 
Equilibriumdata,commonlyknownasadsorptionis
otherms,arebasicrequirementsforthedesignofads
orptionsystems.Classicaladsorptionmodels,Lang
muir(1918)andFreundlich(1907),wereusedtodes
cribetheequilibriumbetweenpotassiumionsonthe
MLPatconstanttemperature. 
TheLangmuirequationisvalidforamonolayersorpti
ononahomogenoussurfacewithafinitenumberofid
enticalsitesandwhentherearenointeractionsbetw

eenthesorbedspecies.ThelinearformofLangmuire
quationisgiveninequation(3): 
 

.................................(3) 

whereCe(mg/L)istheequilibriumconcentrationofa
dsorbate,qe(mg/g)isthequantityofadsorbedmateri
al(mg/g)atequilibrium,KListheLangmuirequilibriu
mconstantrelatedtotheenergyofsorption(Lmg-

1)andqmisthemaximumamountofmetalionsperuni
tweightofMLPtoformacompletemonolayeronthes
urfaceboundathighCe.Italsorepresentsapracticall
imitingadsorptioncapacitywhenthesurfaceisfullyc
overedwiththemetalionsandassistsinthecomparis
onofadsorptionperformance,particularlyincasesw
herethesorbentdidnotreachitsfullsaturationinexpe
riments16-18. 
 
TheempiricalFreundlichequationappliestomultila
yersorptiononaheterogeneoussurfaceandcanonl
ybeemployedinthelowintermediateconcentrationr
anges.TheFreundlichequationisgiveninequation(
4): 
 

..............(4) 
 
wheretheKf(mgg-

1)andn(valuebetween0and1)aretheFreundlichco
nstantcharacteristiconthesystem.Kfandnareindic
atorsforadsorptioncapacityandadsorptionintensit
y,respectively17,19-26. 
 
RESULTSANDDISCUSSION 
1)EffectofpH: 
ThepHoftheadsorbatesolutionisconsideredoneoft
hemostimportantfactorsaffectingthebiosorptionpr
ocess.Thisfactoriscapableofinfluencingnotonlyth
ebindingsitedissociationstate,butalsothesolutionc
hemistryofthetargetmetalintermsofhydrolysis,co
mplexationbyorganicand/orinorganicligandsandr
edoxpotentials. 
TherangeofpHtestedinthisexperimentwasfrom2.5
to10.5.SolutionswithpHlowerthan2.5wasalsonots
uitableasforthesesolutions,thesurfaceactivesites
oftheadsorbentwouldbeprotonated,resultinginac
ompetitionofk+andH+ionsforthesamesurfaceactiv
esiteswhichwouldresultinalowpotassiumuptake4,2

7-29. 
Inthepresentstudy,thepHwasadjustedintherange
of2.5-6.5byusingdiluteH2SO4and8-
10.5byusingNaOH.Theexperimentswerecarriedo
utat50mg/L,75mg/L,100mg/Lofinitialmetalioncon
centrationwith1.2g/LMLPdosage.Drawthegrapho
fpHvs%adsorptionaccordingtotable1.FromFig.2,i
tcanbeobservedthattheadsorptionishighestforpH
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6.5followedbypH.Theseresultswerealsopresente
dinmanypreviousstudieswhichinvolvedamaximu
madsorptionfrompH4.5to5.5.Thistrendwasexpect
edasatlowpHvalues,mostofthebindingsitesonther
ootsurfacewouldhavepositivechargesmakingtheb
indingandsorptionofthemetalionsunattractivetoth
osesites30-32. 
ThecompetitionofK+withH+ionsforappropriatesite
sontheadsorbentsurfacelowerstheadsorptionofK+

ions.However,asthepHofthesolutionincreases,thi
scompetitionweakens,whereK+ionsreplaceH+ion
sboundtotheadsorbentsinceincreasingnumberof
protonsaredissociatedfromfunctionalgroupsonth
ecellwall.Inaddition,athigherpH,therewillbeachan
geinthedominantfunctionalgroupsresponsibleforb
indingonthecellwall,withcarboxylategroupsanddi
aminegroupsbeingthemostimportantonesforpH<
5andpH6respectively35.Morenegativegroupswer
ethenmadeavailableontheadsorbentsurfaceaspH
increases. 
Thenegativelychargedadsorbentsurfaceincrease
dtheelectrostaticattractionbetweenpositivelychar
gedadsorbateandnegativelychargedadsorbentpa
rticlesandtherefore,leadingtoanincreaseintheads
orptionofK+ions.However,furtherincreaseinthepH
willcausethemetalstoformprecipitates. 
 
2)EffectofTime: 
Theeffectofcontacttimewasstudiedatdifferentiniti
almetalionconcentrationsandMLPdosages.Itcanb
eclearlyobservedthatthepercentageofadsorption
generallyincreaseduntiltimereached120minutes.
Afterthistime,therewasadropintheadsorptionperc
entage.Thus,120minuteswaschosenastheoptimu
mtimewheretheadsorptionreachedequilibrium. 
Thehighestpercentageofadsorptionwasfoundtob
e31.86%,27.36%and54.54%forconcentrationof5
0mg/L,75mg/Land100mg/Lrespectively.Fromthe
concentrationexperiments,100mg/LofK+wasfoun
dtobeoptimalforthedosageofMLPused.Therelatio
nshipofadsorptionefficiencywithtimeatvariedMLP
dosagesisdepictedinFig.3 according to table 
2.Theresultsrevealasimilartrend,whereMLPremo
valishigheratthebeginning(forthefirst45minutes)f
orallthedosagesused. 
ThisisduetothelargersurfaceareaofMLPavailable
duringtheinitialcontacttime.Asthesurfaceadsorpti
onsitesbecomeexhausted,theuptakerateiscontrol
ledbytherateatwhichtheadsorbateistransportedfr
omtheexteriortotheinteriorsitesoftheadsorbentpar
ticlesSimilarresultswerereportedusingwheatshell
asthebiosorbent.Figuresshowthattheinitialmetali
onconcentrationandMLPdosagedidnotaffecttheti
mefortheadsorptiontoreachitsoptimumtimeof120
minutes.Aftertheoptimumtime,bothplotsalsoshow
edadecreaseintheremovalefficiency.Thisindicate

sthatdesorptionprocessmayhaveoccurred,asads
orptionisareversibleprocess36-45. 
 
3)Effect of Metal Ion Concentration 
Theinitialmetalionconcentrationplaysanimportant
roletowardstheperformanceofabatchbiosorption.
Theeffectcanbestudiedfromtheresultsofexperime
ntsatconstantdosagesofMLP.As shown in 
Fig.4,themetaluptakeofdifferentdosagesofMLPin
creasedastheinitialmetalionconcentrationincreas
edfrom50to100g/L,wherethemaximumvalueofme
taluptakewasobservedtobefrom42.5mg/gto7.5m
g/grespectively.Thesevalueswereobtainedattheo
ptimumcontacttimeof120minutesandMLPdosage
of0.4g/L.Thevalueof42.5mg/gisthemaximummet
aluptake,orthemaximumadsorptioncapacitythatw
asachievedbythebiosorptionofK+onMLPinthisstu
dy.Thisobservationwasalsoinlinewiththeresearch
performedbytwootherresearcher46-48. 
Theresultisexpectedastheinitialmetalionconcentr
ationfunctionsasthedrivingforcetoovercomemass
transferresistancesbetweentheaqueousandsolid
phases.Inaddition,theincreaseintheinitialmetalion
concentrationalsoincreasedthenumberofcollision
sbetweenthemetalionandthebiosorbent,henceinc
reasingthemetaluptake.Thus,itcouldbeconcluded
thatthehighestmetaluptakewouldoccuratthehighe
stmetalconcentration,whichis100mg/L,atoptimalc
onditions49. 
 
4)EffectofBiosorbentDosage 
Theinfluenceofthebiosorbentdosageontheproces
swasexaminedbyusingfivedifferentdosagesat0.4,
0.6,0.8,1.0and1.2g/L.Fig.5showstherelationshipo
fmetaluptakewiththebiosorbentdosageatK+ionco
ncentrationof100mg/Landtimeof120minutesacco
rdingtotable4.Itcanbeobservedthattheincreaseint
hebiosorbentdosagecausesdecreaseinthemetalu
ptake.SimilarresultswerealsoobservedforK+conc
entrationsof50mg/Land75mg/L.Thisphenomenon
isduetothesplittingeffectofflux(concentrationgradi
ent)betweentheadsorbateandbiosorbentwithincr
easingbiomassconcentrationcausingadecreasein
amountofmetallicionadsorbedpergramofbiomass
. 
Anotherfactoristhatathighsorbentdosages,theava
ilablemetalionsareinsufficienttocoveralltheexcha
ngeablesitesonthebiosorbent,usuallyresultinginal
owmetaluptake50.Besides,itmightduetotheformati
onofaggregationduringbiosorptioncausingadecre
aseintheeffectiveadsorptionareawhenthebiomas
sconcentrationincreases.Thus,itcouldbeconclude
dthatforthisstudies,thehighestmetaluptakeoccurs
atthelowestbiosorbentdosage(0.4g/L)ifotherproc
essconditionsarekeptconstant51. 
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5)Adsorptionisotherms 
Manymodelshavebeenproposedtoexplainadsorpt
ionequilibria,butthemostimportantfactoristohavea
pplicabilityovertheentirerangeofprocesscondition
s.Themostwidelyusedisothermsforsolid-
liquidadsorptionaretheLangmuirandFreundlichis
otherms.Bothoftheseisothermsrelatetheadsorptio
ndensity,qe(metaluptakeperunitweightofadsorbe
nt)toequilibriumadsorbateconcentrationinthebulkf
luidphase.Langmuirisothermmodelisvalidformon
olayeradsorptionontoasurfacecontainingafinitenu
mberofidenticalsites.Thisisothermisderivedfromt
heassumptionthatamaximumadsorptioncorrespo
ndstoasaturatedmonolayerofsolutemoleculesont
headsorbentsurface,withconstantenergyofadsor
ption,andnotransmigrationofadsorbateintheplane
ofthesurface52-

53.Thecorrelationcoefficientthatwasobtainedfromt
heLangmuirplotasshowninFig.6is0.999.Thistrend
isalsoobservedforadsorptionatdifferentMLPdosa
gesandinitialmetalionconcentration.Thesevalues
provethattheadsorptionisfavorableforaLangmuiri
sotherm.Freundlichisothermgivestherelationship
betweentheequilibriumliquidandsolidphasecapac
itybasedonmultilayeradsorption(heterogeneouss
urface).TheFreundlichisothermisbasedontheass
umptionthattheadsorptionsitesaredistributedexpo
nentiallywithrespecttotheheat.BasedonFig.7,thec
orrelationcoefficientthatwasfoundfromtheFreundl

ichplotis0.9991.Thishighvalueindicatesthatthead
sorptionisfavorableforaFreundlichisotherm.Inadd
ition,theadsorptionintensity,n,whichwasfoundtob
e0.625,furtherprovesthisfinding.Thisisasthisvalu
eissmallerthan1.Meanwhile,theFreundlichconsta
nt,KFwasfoundtobe1.628.Theseresultsalsoindica
tethattheMLPsurfaceisheterogenousinthelongran
ge,butmayhaveshortrangeofuniformity54. 
 
 
CONCLUSION 
Thefollowingconclusionscanbedrawnbasedonthe
investigationofK+adsorptionbyMLP: 

1. ThemaximumadsorptioncapacityofK+on
MLPwas206.85mg/gwhichwasobtained
with0.4g/LMLPdosage,100mg/LK+conce
ntrationandapHof4.5. 

2. Theoptimumcontacttimeforthemaximum
adsorptioncapacityofK+onMLPwas120mi
nutes. 

3. ThemetaluptakeofK+onMLPdecreasedwi
thincreasingMLPdosage. 

4. Themetaluptakeandadsorptionefficiency
ofK+onMLPincreasedwithincreasingmeta
lionconcentration. 

1. 5.Theexperimentaldatafortheadsorption
ofK+onMLPfitswellfortheFreundlichisothe
rm. 

 
 
 
 

 
(a)             (b) 

 
Fig.  1: (a) Natural mango leaves (b) Dried mango leaves 
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Table 1:  Effect of pH in K+  ion  concentration 

Sr.no pH 
Conc.  Of  k+  ion  

(mg/ml) 
50 75 100 

1 2.5 16.48 13.68 19.19 
2 4.5 25.27 23.15 38.38 
3 6.5 32.96 29.47 52.52 
4 8.5 29.67 27.36 45.45 
5 10.5 15.38 17.89 36.36 

 

 
 

Fig. 2:  Plots  of  adsorption  of  K+  ion(50,  75,  100  mg/L)  on  MLP  (1.2  g/L)using  various  pH 
 

Table 2:  Effect of time in K+ ion concentration 
 

S.N
o. 

Time  
(min) 

Conc.  of  K+  ion  (mg/ml) 
50 75 100 

1 0 91 95 99 
2 60 12.08 9.47 8.08 
3 120 31.86 27.36 54.54 
4 180 24.17 20 17.17 
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Fig. 3:  Plots  of  adsorption  of  K+  ion(50,  75,  100  mg/L)  on  MLP  (1.2  g/L)using  various  time  
interval  (60,  120  and  180  mins) 

 
 
 

Table 3:  Effect of concentration in metal ion uptake 
Concentration Metal  uptake 

I II III IV V 
50 5.1 6 8.12 19.2 37.9 
75 6 4 10.6 20.21 40.6 

100 7.5 7 12.5 23.33 42.5 

 
 

 
 

Fig.4:  Plots  of  metal  uptake,  q  against  K+  ion  concentration   
withdifferent  MLP  dosages  at  30oC 
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Table 4:  Effect of biosorbentdosage form in metal ion uptake 
S.No. Con.  Of  MLP  (mg/ml) Metal  Uptake(q)in  % 

1 0.4 42.5 
2 0.6 23.23 
3 0.8 12.5 
4 1.0 7 
5 1.2 7.5 

 
 

 
 

Fig.5:  Plot  of  metal  uptake,  q  against  MLP  dosage  at   
100  mg/L  K+  concentration  at  30oC 

 
Table 5: Langmuir adsorption isotherm 

Ce/Cq  (mg/ml) Ce  (mg/ml) 
1.36 42.5 
0.91 23.33 
0.65 12.5 
0.52 7 
0.54 7.5 

 
Table 6: Freundlich adsorption isotherms 

log  qe log  Ce 
2.64 1.62 
2.47 1.36 
2.3 1.09 

2.16 0.84 
2.17 0.87 
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Fig. 6:   Langmuir  plot  for  adsorption  of  K+  on  MLP  with  dosage  of  0.4  g/L  and  at  30oC 
 

 
 

Fig. 7: Freundlich  plot  for  adsorption  of  K+  on  MLP  with  dosage  0.4  g/L  and  at  30oC 
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