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Abstract —The chemical structure of water makes it have
special properties due to lopsided electrical chagg that
enable water to be a solvent for ionic compounds. Hat
dissolving power is very important for life and has
contributed to 97 % of the world’s water being saly. As
water interacts with the environmental matrix, it dissolves
ionic material at different concentrations which ma render
this vital commodity polluted with dissolved matter of both
organic and inorganic origin. Presence of heavy mals in
water is a worldwide environmental concern due to gllution.
Therefore, there is need to find a sustainable andffordable
method to remove such pollutants from water to rendr it
safe. This study investigated the sorption efficiemry and
mechanism of onionskin in both their raw and modifed
forms on the removal of lead, copper and cadmium in
aqueous media. The modification of the study mateal was
done by anchoring ethylene-1, 2-diamine (EDA) witi the
structure of the onionskins. This was anticipatedd improve
the quality of the adsorbent material for applicaton on the
removal process. Sorption parameters were optimize@nd
the respective optimal values applied. Experimentatesults
confirmed that best sorption pH range for the metad was
ranging between 4.0 -6.0 which is within the physlogical pH
of water. It was also realized that the sorbent matrial could
remove 90 % of the metals within the first 20 minugs of
contact. The experimental data was analysed using
Freundlich and Langmuir adsorption isotherms and faind
out that the three metal ions fitted best in Langmir model.
However, the unmodified onionskin leached solublerganic
substances in the form of colour and smell thus caing a
secondary pollution. This was overcome by modificain of
the material. The sorption capacities for lead, cashium and
copper were found to be 71.85, 68.03 and 79.36 mg ig the
modified sorbent material respectively and 87.49,®99 and
90.8 mg ¢ in the same order for the unmodified form.
Despite the sorption capacity not improving, the ééct of
secondary pollution was minimized from 15.1 mg L to 7.9
mg L™ thus improving the quality of the sorbent material.
The resulting material was then applied on environrantal
water samples whose concentration was determined @n
thereafter spiked with lead, cadmium and copper ios of
varying concentration. The maximum percent recovees
were determined as 87.8+0.01%, 80.6+0.01% and 77%:for
lead, cadmium and copper ions respectively. This dhcated
that the material which initially had no useful purpose with
disposal problems has potential application for reradiation
of metal laden waters.

T.A.M. Msagati
University of South Africa (UNISA) College of
Science, Engineering and Technology, P O Box
392 Unisa, 0003, Pretoria- South

Ram Manohah
Department of Chemistry, Kenyatta
University, P.O. Box 43844-00100,

Nairobi, Kenya

Keywords — Adsorption, Sorbent, Heavy Metals Onion
Skins, Modified.

|. INTRODUCTION

The structure of water contributes to its pollutaiure to
its dispersing ability of ionic species that resudt
dissolving them. When water interacts with the digal
wastes from anthropogenic and natural sources, it
disperses them evenly and hence get polluted
(Selivanovskaya and Latypova, 2003; Singh et 8042
Such wastes which are either organic or inorganic i
nature can interfere with the equilibrium charast&s of
the natural water body and further enhance metal
solubility (Selivanovskaya and Latypova, 2003; &irag
al., 2004). This implies that when such wastes ictera
with water in the natural systems, they cause metal
pollution in the water bodies. Metals are non-
biodegradable and can accumulate in vital organenwh
ingested, and get concentrated through the foodncha
causing poisonous effects to living organisms (€hal,
1997). It is therefore essential to remove heavyatse
from drinking water taliminish the effects of heavy metal
poisoning.

Previously, the removal of metals from water hadnbe
achieved by methods which include; precipitation,
coagulation, evaporation, and conventional membrane
processes (Chat al, 1997). These techniques have
several shortcomings such as poor efficiency, Heasi
operating conditions and production of a secondhrgge
requiring further costly disposal (Abbas, 2010).rbtaver
they are not effective when the concentrationsrateace
levels ranging from 1 mg/L to 20 mg/L (Lodeisd al,
2006). Due to such limitations, this study expibtee
possibility of using onion waste skins which had no
economic value, to develop an efficient removal hrodt
and apply it for remediation of this vital commadifTo
address the above challenge, the study investigihted
efficiency of the removal of copper, lead and cadmion
in water by ethylenediamine modified onionskins dnd
parent form with a view to offer a solution to hgawetal
solution in drinking water as a green and low-c¢onsethod
and as an alternative for water purification.
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Il. M ATERIALS AND M ETHODS while maintaining the others constant. The pH oé th
model solutions containing a known concentratiomewe
2.1Chemicals and Reagents adjusted to a value between pH 3 and pH 8. Theectisp

All the chemical reagents were of analytical graddnixtures were allowed to equilibrate and removeafr
Stock solutions of lead, cadmium and copper (1088)p the mecha_nlcal shaker at different time intervalbe
were prepared by dissolving 1.000 g of their retipec r.esultlng mixtures were fllterec_j throggh thtman.No
metal powder from Sigma Aldrich (United Kingdom) infilter paper and the metal ions in the filtrate eer
10 ml nitric acid and then diluted to one lire @i M determined by AAS. The concentrations of dissolved
sodium acetate solution in order to maintain a toits °rganic matter (DOC) were determined by UV-Vis
ionic strength. method. -

2.2 Preparation of Adsorbent 2.3.3 Optimization of pH on the Modified and

Onionskins were collected from a local market (Giga Unmodified Onion .

Kiambu County) in Kenya. They were put in to a nlea Sorbent material weighing approximately 0.3 g was
plastic bag and transported to the laboratory. TH¥aced in 100 mL polythene screw cap bottles. Théer
onionskins were washed with water and rinsed witRO ml of the metal model solutions of 10 mg/L
double distilled water to remove dirt. The matesiads concentration, adjusted to the desired pH values of
then dried in a hot air oven at 45°C until constaeight between pH 3 and pH 8 were added to each sampée. Th
was attained. It was then ground and sieved thraufiie- mixtures were equilibrated for 1 hour and theneféd.
mesh (150-250 mm). The resulting material was keph ~ The metal ions in the filtrate were determined ahel
airtight bottle prior to the experiment. optimum pH for the sorption was established.

2.2 Instrumentation 2.3.4Effect of Time .

An atomic absorption spectrometry (AAS; Buck The effect of time on adsorption of metals was
Scientific 210 VGP) was used to determine the metdetermined by mixing 0.3 g sorbent material withr80
concentrations in the sample solutions. The funafio Of the metal solution of 10 mg/ L concentrationeThitial
groups on the sorbent material were characterizimgu PH of the model solutions was adjusted to the optim
Fourier transform infrared (FTIR) spectroscopy Kiter values for each respective metal under study. Auigor
Elmer 100-Waltham, MA USA) while the dissolvedof cadmium was adjusted at 6.0 while the valueldad
organic matter was determined by UV-VIS spectrogcopias set at 5.4. The best pH for the sorption opeopvas

(Specord 200- Germany). found to be 5.9, 4.2 for modified and unmodifiedbsmts
2.3Experimental Procedures respectively. The sorption kinetics was done by
2 3.1 Modification of Onion equilibrating the mixture at predetermined timeeimals

The dry powdered onionskins was activated at 86fC foetween 2-120 minutes. After the set time mteqmtthe
12 hours, cooled in a desiccator, and then storeddean sorbent was f||§ereq off _and th? metal ion coneiran for
plastic bottle. A sample (10 g) was suspendedd@tamL each equilibration time in the filtrate de'termlrtquAS:
of N-N-dimethylformamide (DMF) followed by drop veis 2.3.5Effect 01_‘ Metal an Concentrat_lon on S(_)rptlon
addition of 35 ml of thionychloride (SO}lat 80°C, under T he adsorption capacity was determined by mixirSg0.
mechanical stirring. The stirring continued for urs With 30 mI model metal solution (concentration B2
maintaining the temperature constant. The resultif§9/L) at their optimum pH values. The mixtures were
mixture was washed with 0.1 M ammonium hydroxid&@ditated for 1 hour, and the resulting filtratezobed and
solution to bring the pH to neutral. The solid casite the concentration of the metal ions determined.
was separated by filtration through a sintered gylag-3-6 Effect of Sorbent Dose on Percent Recovery of
crucible and dried under vacuum (Molony and MurthyMetals lons
2005). Masses varying from (0.1-0.3 g) of modified and
A portion (5.0 g) of the chlorinated biomaterial sva unmodified onionskin were packed in separate cokimn
refluxed with 25 ml of ethylene-1, 2-diamine fohaurs. Model solutions 100 ml, with a concentration of g/L
The resulting mixture was then filtered throughirdesed and their pH adjusted to each metaptimum value were
glass crucible and the residue dried in a vacuunoa@n loaded onto the column at a flow rate of 3 ml/ min.
temperature for 24 hours. The level of modificativsas Content of the metal in the solution was then arealy
determined with FTIR and later the product was uUsed 2.3.7 Determination of Dissolved Organic Carbon
sorption experiments (Tashiro and Shimura, 1982). (DOC)
2.3.2Batch Sorption Experiments Dissolved organic carbon originating from leachiofg
Sorption studies were carried out in batch equilibr soluble organic matter in the solution during the
experiments to determine the adsorption capaciiisct adsorption process was determined by dichromate
of sorbent dose and pH for the maximum adsorpfibre  reduction method as used by Baumann (1974) and
experiments were done by agitating approximatedyg0of Gonzalez (1986) as they used potassium dichroneate f
the dried adsorbent with 30 ml of the model solytin a the determination of DOC in waste and saline wafEng
mechanical reciprocating shaker (model SKZ-1 NGQconcentration of the reduced dichromate ions was
1007827-India) using plastic screw cap bottles.ipn  determined using a UV-Vis spectrophotometer. The
adsorption parameters were investigated by vargng method was adopted according to Baumann (1974) and
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Gonzalez (1986) who used potassium dichromate fdhe samples were then loaded on to the solid-phase
determination of DOC in waste and saline wateextraction (SPE) column containing 0.3 g of each
(Baumann, 1974). adsorbent and the retained metal ions were th@pstt

A standard stock solution was prepared by accyratelith 5 mL of 0.5 M nitric acid. Their concentration
weighing 200 mg of tannic acid dissolving it in 10f determined by AAS.
water (Vazqueet al.,2009). To this solution, 50 mL were 2.3.9 Calculation of Metal lon Adsorption Capacity
taken and treated with 3 g potassium dichromateclwhi of Modified and Unmodified Onionskin
was previously dried for 2 hours at 103°C followeel  The amounts of metal ions adsorbed per unit mass by
addition of 167 mL of concentrated sulphuric a@dd the modified and unmodified onionskin, during thetc
3.33 g of mercurous sulphate. The mixture was xeflu investigation were calculated as;
for 2 hours, cooled and then diluted to 100 mL with Amount adsorbed

double distilled water. The absorbance reading tif (C, -C,)Vv

standard solutions and samples were then recotdg@ba 0, =————— (1)

nm using a UV-Vis spectrophotometer. A calibration w I I
curve was prepared and concentrations of unknowe we Where G and C are the initial and equilibrium
evaluated. concentration (mg/L) of metal ions in solution,

A known weight of 0.3 g of bio-sorbents was plaied respectively. V is the volume of the solution inLjmvhile

to a 250 mL plastic bottle containing 100 mL of Heu W IS the mass of the adsorbent in (g).
distilled water. The mixture was placed on to a netig
stirrer plate and stirred for a period of 1 houretdract
soluble organic compounds. The solid was filterédamd
the absorbance readings of the resulting solutiemew 3.1 FTIR Characterization
recorded. From the experimental data, the condamtraf Both modified and unmodified forms of the adsorbent
the leached organic material was evaluated. were characterized using FTIR and the resultingtspe
2.3.8 Analysis of Metal Content in the Environment&resented in Figures 1, 2 and 3. The results fratR¥
Water Samples characterization of the onionskin indicated thespnee of
Water samples were collected from Chania Riveteveral functional groups such as —-NH, C=0,-COOH,
(Kiambu County, Kenya). Known concentration of cepp S=0, -OH and C-H stretching which are responsihle i
cadmium and lead ions were spiked separately isath Pinding of metal cations (Moraret al., 2008 The
sample (10 mL). The concentration of the respectiétmodified onionskin was characterised and thelteesu
metals was determined by the standard addition adeth Presented in Figure 1 below.

[ll. R ESULTS AND DISCUSSIONS
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Fig. 1. FTIR Spectra of the unmodified onionskins

The spectra in Figure 1 show strong bands betweemay be due to the presence of the carbonyl groopr€$s
3438 cmt which may be as result of either —OH or —NHet al, 2003) while the band at 1031.8 was assigned
groups (Avishaet al, 2012), however the peak appears asulfoxide group which resulted after oxidation of
one sharp peak, thus an indicator that it is niketyl due thiosulfonate group which is unstable and quitectiea
to —OH groups (Stuart, 1996). The 2923.9'cmay be (Kochet al, 1970).
attributed by -CH stretches of the aromatic ringd an The raw onionskin was chlorinated and presented in
2856.4 cm was attributed to —COOH groups (Avishal, Figure 2.

2012). The band at 1645.2 ¢énwhich appears to be broad,
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Fig. 2. FTIR Spectra of the chlorinated onionskins

The spectra in Figure 2 Shows strong band at 1666 asuggested to be as a result of carbonyl functignaup is
1506 cm', which could be as a result of carboxylic groumbsent in the chlorinated form. This is becauseoitygen
or N-H bending (Khazagt al, 2007). At 1353.9 cththis was replaced during chlorination process giving vi@y
was because of sulfonylchloride while the band 8% the anchoring of ethylene-1, 2-diamine.
cm® could be as result of -COOH group. The peak at 812Part of the chlorinated sorbent was treated witiheate-
cm® which was absent in spectra A was as result of C-@,2-diamine and then characterization was done. The
due to chlorination. The band at 1645.2 “crearlier spectra of the modified form were presented in Féd
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Fig. 3. FTIR Spectra of modified onionskin

Spectra in Figure 3 Show strong band at 3355' cm The absence of 1031.8 ¢meak in both chlorinated and
which may have been because of an amine group whigtodified form was an evidence that the sulfoxideugr
appears as two bands (Avishet al, 2012). The which resulted from oxidation of thiosulfinate gpou
displacement of the band at 3438.8 to 3355.9 after which is responsible for the pungent smell in aivomwas
modification and the appearance of the band at.9586d replaced making modification viable (Krest al, 2000).
1506.3 crt shown in figure 3 is due to the angularThe presence of 3355 ¢hin modified onion shows there
deformation of the N-H (amine group) which is arwas successful anchoring of an N-H group from
indicator of EDA immobilization of the adsorbentethylenediamine which was absent in unmodified @nio
(Silvertein et al, 1991; Paviaet al, 1996). The band Absence of 2923 cth 3355 cni and 1645 ci peaks in
at1355.9 crif was assigned sulphonylchloride (Matheickathe modified onion shows lack of C=H stretch , Nahtl
and Yu, 1996; Kappoor and Viraraghavan, 1997), evhilC=0 respectively which could be the reason why tsamp
the band at 1226.6 chwas assigned N-H group (Khazaelcapacity was not improved after modification.
et al, 2007).
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3.2 Determination of Dissolved Organic Matter inmade by the other researchers who reported DO@mbnt

Water of 9.85-19.55 mg/L (Mwanget al, 2012) when they
The organic matter content inform of DOC wagnodified green sea weed.
determine by UVv-vIS spectrophotometer3.3 Effect of pH on Adsorption of Metal lons

(model.specort200. made in Germany) based on carbon. Adsorption of metal ions by sorbents is pH depehdsn
Tannic acid standard solution was used as a sanfrceit influences the charge of the binding sites & storbent
carbon. The analysis was carried out at a wavetenfit and the chemistry of the metal ion (Unlu and Er2G06).
606 nm. A linear plot of y =0.0091x over theln this study, the optimum pH for metal ions uptakas
concentration range of 20-100 mg/L with a slope ofietermined through batch adsorption experimente Th
0.0091 and a correlation coefficient of)fR 0.998 was optimum values were then applied for subsequent
obtained. experiments. The effect is due to the fact thatbesuts
The sample had a content ranging between 15.1 &nd fiave sorption sites due to the presence of funation
mg/L for the unmodified and modified onion respectivelygroups, whose charges are influenced by the pHrésou
The result shows that modification has a signifieffect and Serre, 1996).
on the reduction of leaching out of organic mafitem the Results for the adsorption experiments at differgt
bio sorbents into the treated water (Chen and Yangglues are presented in Figure 4.
2005).The finding of this study agree with the otsadon
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Fig. 4. Effect of pH on metal ions sorption; (A)?PHB) Cuf*and (C) Cd'by modified and unmodified onion.
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The pH value for maximum sorption of lead ions byharge on the adsorbent surface which is causeds®y
unmodified and modified onion skin was observedaat ions in the acidic media that would hinder metaless to
value of 5.0 for both unmodified and modified oni&uch the ligands of the adsorbent due to repulsive force
a pH value was reported by Mwangi and co-worker@Hamead and Ahmad, 2009). It is also possible thate
(2012) as they investigated sorption of metal idnys was competition between protons and metal iondtiegu
maize tassels. The optimum pH value for onion wa® low adsorption capacity of these metals (Hamaadi
adopted as 5.0 for sorption of lead ions in thiglgt The Ahmad, 2009)
sorption of cadmiurnons was carried at pH 6.0 and pH 5.0 At high pH, the adsorbent is relatively more negyi
for modified and unmodified onion respectively vehil charged as compared to solution. This contributes t
sorption of copper ionwas carried at 4.2 and 5.9 for thehigh adsorption of metal species in solution (Siegfal,
unmodified and modified respectively. Abu Al- Rubda 2006). This arises from the fact that, when theaistin
co-workers (2006) reported a similar observatiortheey  solution it is positively charged and will be atired to the
studied sorption of thosemetals using sorbents of negatively charged surface at that high pH, fawprin
biological origin. adsorption. At pH > pH 6, there is metal hydrolysis

The reason why copper had two pH values could lee dleading to precipitation due to formation of hydybmetal
to the presence of two oxidation states of coppear{d ions hence the removal may not only be due to adisor
(1) in solution. Malik and Salahuddin (1963) refgat a (Wang and Qin, 2005).
similar observation. They attributed the observatiothe 3.4 Effect of Contact Time
reductions of copper (Il) ions in solution due tistdrtion The rates of metal ions uptake is related to tfieieficy
by the nitrogen containing ligands in the presesfogther of the adsorbent binding sites to hold the metakiand
functional groups. the activity of the metal, therefore determine thedesce

The metal ions adsorption capacity was seen t@as& time of sorbate at the solid-liquid interface (Depaisaet
with an increase in pH from 3-6. At low pH, theal, 2004). The results obtained are as presentedyime-
adsorption in all the three metal ions was obseteebde 5,
lower. This may be as a result of the overall pasit
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Fig. 5. Effect of contact time between sorbentsthednetal ions; and (A) PiB) Cdf* and (C) C&"
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From Figure 5, the plot reveals that, the ratellofn@tal formation of repulsive forces between metal ionssolid
ions uptake was fast at the beginning, such th&0> phase and the liquid phase (Srivastatal, 2008). The
percentage of the total uptake occurred within 36, m experimental data obtained for the adsorption efrttetal
after which a slower uptake rate which was folloviegda ions showed that, a contact time of 30 min was ghdo
steady state where no significant adsorption oecurfhis achieve maximum adsorption as there was no further
is probably due to large surface area of the aésdrb change observed in concentration with time. Equilih
available at the beginning resulting to physicapson or was set at 120 minute for the sorption capacitfdead,
ion exchange at the cell surface. On the handslinger copper and cadmium in order to allow ample timetacin
phase may have been attributed by other mecharsigsols 3.5 Effect of Initial Metal lon Concentration
as micro-precipitation, complexation or saturatminthe (Determination of Sorption Capacity)
binding site (Khani, 2006). All these mechanismdl wi Metal adsorption is significantly influenced by tinéial
make the driving force of mass transfer betweemdi@nd concentration of metal ions in aqueous solutionsthis
solid phase in an aqueous adsorption system tea®er stydy, the initial metal ion concentration was edrfrom

with time elapse (Khani, 2006). Furthermore, thetahe 20-200 mg/L maintaining the adsorbent dosage at 0.3
ions have to pass through the deeper surface gbdhes g/mL.

for binding and encounter a much large resistalw@rsy  |n order to obtain the sorption capacity of boti bi
down the adsorption during the later phase of @d&mr sorbents, the data collected for each metal wasedl@s
(Srivastaveet al, 2008). the concentration of the metal adsorbed in mg/ghef

The sorption remained constant after equilibriuns wasorbent (g against the initial metal concentration in

attained. This could be because the binding siteeew sojution (G). The results obtained are as presented in
limited and the remaining vacant surface sites wenggure 6.

difficulty to be occupied by metal ions due to the

0 m w0 o om0 2%
Imitial Conc (meL)

——unmad

e {mEih
.

i 140 200 300
Imitial Conc. (mz L)

100 - ;

e g

A0 o ——nmnd
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Fig. 6. Effect of initial metal-ion concentration adsorption - (A) P& (B) CU#* and (C). C&'
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The modified onion showed little bit lower adsoopti capacity. The maximum adsorption capacity fof CRE*
capacity compared to it unmodified onion form. Thiay and Cd* ions were 77.2 mg/g, 68.3 mg/g and 67.1 mg/g
be due to complete removal of S=O and C=0 compoundsspectively for the modified onion, while that tife
during modification, resulting to decrease in bigdsites unmodified sorbent were 83.7 mg/g,77.3 mgfhyl 84.8
of the modified sorbent. The profile of sorptionroktal mg/g in the same order.
ions was observed to increase with an increasehén t3.6 Application Studies
initial metal concentration up to 150 mgficopper after 3.6.1 Effect of Sorbent dose on Percenta(é)
which a plateau was observed. Removal of Copper, Lead and Cadmium lons

An overall observation for all the metals shows a pjasses varying from (0.10-0.30 g) of modified and
continuous metal uptake followed by plateau as thgmodified onionskins were packed in separate cotum
concentration of the metal ion in the solution wagjggel solutions 100 mL, with a concentration of Sg/L
increased. This may be due to an increase in Mweaor 5 their pH adjusted to each metalptimum value were
the fixed amount of the adsorbent material and @ue |5aded onto the column at a flow rate of 3 mL/ nifhe
saturation of available sites on the sorbent regin @ content of the metal ions in the solution was then

saturation effect showing a steady state on theessipn analyzed. The results are presented in Figure 7.
plot (Benhimaet al, 2008). At this stage, the sorbent is

said to have attained its operational maximum gudigr
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Fig. 7. Effect of adsorbent dose on removal of fsdtms (A) unmodified and (B) modified

The general observation made for all metals wag tha The order of percentage removal with unmodified
adsorption increased with increase in sorberdnionskin was Cd > Cu > Pb. This could have been
concentration. This is because the more the sarlleat attributed to the fact that the binding sites alal# in the
more the adsorption site hence more metal ions wilinmodified onionskins had high affinity for cadmiuoms
occupy the available adsorption sites (llfenal, 2004). (Koch et al, 1970). On the other hand, the percentage
However, the increase of adsorbent against constatdl removal with modified onionskin was Cu > Pb > CHisT
ions concentration leads to depletion of metal iams may be due to the fact that, the affinity for thiading
solution hence a plateau. sites are related to the ionic sizes of the regspmeatetals

Copyright © 2016 I1JAIR, All right reserved
939



International Journal of Agriculture Innovations an d Researcl
Volume 4, Issue 5, ISSN (Online) 2319-1473

hence the polarizing power being responsible fae@ th(Koch et al, 1970). However, unmodified onionskin
observation (Horsfakt al, 2006). leached red color and smells to the solution dutimg
The maximum adsorption of copper for modified onioradsorption process lendering the method unappécabl
(Figure 7) was 84.6 % when the sorbent dose wag,0.1unlike modified sorbent. Hence, need to modify the
above 75.9 % for lead at 0.2 g and 72.6 % for cadmi onionskin before their use in the water treatmentess,
when the sorbent was 0.2 g. It was observed that tm order to prevent secondary pollution (Clegral, 2002)
modified onion removed less metal ions from theisah  3.6.2 Analysis of Environmental Water Samples
than the unmodified onionskin. This could be beeaofs The results of river samples analysis for the aunté
the derivatization of functional groups such as thie, copper, lead and cadmium ions are given in Table 1.
carbonyl and amino groups, which have a relatitsédjer
affinity for these metal ions in unmodified adsarbe

Table 1. Percentage removal of metal ions from mgdmples (metal ion concentration in mg/L)

Metal Added/mg L™ Found/mg L* % Removal
Lead 0.0C 0.08¢ -
2.00 0.245%0.002 87.81£0.01
4.00 1.031+0.001 74.2+0.02
6.00 1.816+0.001 69.7+0.01
8.00 2.928x0.001 63.41+0.01
Copper 0.0C 0.10¢ -
2.00 0.386%0.011 80.6+£0.01
4.00 1.071+£0.001 73.2+0.01
6.00 2.067x0.001 65.6+£0.01
8.00 3.237+0.001 59.5+0.02
Cadmium 0.0C 0.067 -
2.00 0.458x0.001 77.1+0.01
4.00 1.167+0.001 70.8+£0.01
6.00 2.000z0.001 66.6+£0.02
8.00 3.500%0.002 56.3£0.01

The results show that there was high removal okimet3.7.1Langmuir Isotherms
ions at low concentration but decreased with aresse in Langmuir isotherm has been used extensively for the
the spiked metal ions concentration. This may ketdwan  sorption of many heavy metal ionsangmuir assumes
increase of the metal ions against constant adsbrbedsorption of an ideal gas on an ideal surfacassumes
material. that sorption occurs on a homogeneous surface fzatd t
The sorption of lead by modified onionskin was fdun adsorption can only occur at fixed sites and cdy loald
to be the highest followed by copper and then cadmi one adsorbate molecule at a time (monolayer). géur
This adsorption trend may be explained by the that assumption is that all sites available are equitabnd
copper ions compared to lead ions, have relatikédier there is no transmigration of sorbate in the plah¢he
affinity for ligands containing a quaternary N- mtdn surface even on adjacent sites (Boukleiaal, 2008). The
DOC (Topperwieret al, 2007). This would result in the Langmuir equation may take the form shown below
removal of copper by the DOC and hence posing legsangmuir, 1918):

competition for the lead ions to adsorb on the rinedi Ce 1 Ce
onionskins (Topperwiet al, 2007). Such ligands, which ==+ 9 (2)
are smaller than the adsorbent, have a higheritgffior % bQnax Qmax

the metal due to their high basicity (Comuetal, 2001). Where; gg is the amount of solute adsorbed (mg/Agy,
The result shows that the method was effective ande equilibrium concentration of the solute in thelk

reliable. solution (mg/L),q, ., is the monolayer adsorption capacity

3.7 Adsorption Isotherms 1 s
Adsorption isotherms describe how the adsobafg? 9 _and b is the constant related to the energy of
adsorption (L/g)

interacts with the adsorbents (Shokoehial., 2009) The The experimental data were apolied to the equation
model isotherms applied in this study were Frewnddind P P q
Langmuir adsorption isotherms’ (Langmuir, 1918; Ce _
Freundlich, 1906). above and a plot ofq— againstC, was plotted. A plot
e
with a good linear correlation indicates that ttegmuir
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model describes the adsorption process, (Langrh@i8; isotherm and the experimental data were subjeabed t

Ng et al, 2003). equation 4.
3.7.2Freundlich Isotherms 1
It is a multi-site sorption isotherm for heterogene 109, =109k +;|09 Ce (4)

surfaces. It says that the ratio of the amount abiite

adsorbed on to a given mass of sorbent to theWhere ggand Cghas the same meaning as that of
concentration of the solute in solution is not ¢ans at |Langmuir, K constant, is an indicative of the relative
different concentration. It is widely used in highl 1
interactive species. The general equation is asvishoadsorption capacity of the adsorbent (mg/g), wh#eis

below (Oubzigaranadmt al.,2007) the function of the strength of adsorption in tldsaption

Je = KFCQ 3) process, (Freitagt al, 2008). A plot of logje versus

The equation is made linear by taking logarithmd anl0gCe Wwith a good linear correlation implies that the

then applying it on heterogeneous systems with fighsorption fits the Freundlich model. The resultsaobed
interactive species. The three metals were testethis after testing the three metal ions with the two eisdare
presented in Tables 2, 3 and 4.

Table 2. Adsorption isotherm of lead ions

Langmuil Freundlict
Sample OmaMY/C b dn/g R 1/n Kimgl/c R
Modified 71.8¢ 0.152¢ 0.656¢€ 0.921: 1.23¢ 0.643"
Unmodifiec 87.4¢ 0.104¢ 0.957: 0.285¢ 24.04¢ 0.582¢

Table 3. Adsorption isotherm of copper ions

Langmuil Freundlict
Sample OmaxMQg/c b dr/g R 1/n Ksmg/c R
Modified 79.3¢ 0.255: 0.898" 0.141: 42.01 0.767¢
Unmodifiec 90.¢ 0.111¢ 0.943¢ 0.850: 3.20¢ 0.908¢

Table 4. Adsorption isotherm of cadmium ions

Langmuil Freundlict
Sample OmaxMg/c b dr/g R 1/n Ksmglc R
Modified 68.0:¢ 0.031¢ 0.917: 0.574( 5.068¢ 0.8721
Unmaodifiec 96.9¢ 0.138: 0.950¢ 0.541° 7.99¢ 0.921°

The result revealed that all the metal ions prbscrito The function of the strength of adsorption (1/n)isth
the Langmuir model in both raw and modified oni@e?*  modified and unmodified onion was less than one, an
ion had an R=0.8987, C&" had B=0.9174 while that of indication that the process was favorable in Larigmu
PE* was R=0.9566 for the modified sorbent (appendicessotherm model. The adsorption capacity of coppasi
10, 14 and 6 respectively). Thé ®r Cd*, Ci** and PB* was higher than that of lead ions in the modifigdon.
ions were R= 0.9509, R= 0.9435 and ®&0.9573 This may be explained by the high interaction betwe
respectively for the unmodified sorbent (appendicesll copper and adsorbent arising from lanthanide cotitra
and 7 respectively). Gion had the highest adsorptiondue to high polarizing ability of copper ions (Hgaand
capacity of 96.99 mg/g in an unmodified onion. @e t Vansant, 1973). A similar observation was made by
other hand, Cii had the highest adsorption capacity oMwangi and co-workers (2012) as they studied the

79.36 mg/g for the modified onion. sorption of copper using both raw and modified alga
The unmodified bio sorbent had the highest affirfidy
Cd®* ion with a b value of b=0.1383 dfg, while the IV. CONCLUSIONS

modified bio sorbent had the highest affinity farrCwith

a b value of b=0.2552 dily. A similar observation was  The study successfully functionalised the onionstith
made by Wang and co-workers (2009) as they stutlied ethylenediamine as confirmed by the FTIR analyfise
sorption of copper using rice bran. This implieatfithe anchored functional group then acted as the bindites
mechanism was a chemisorption (Bigal, 2003), which  for adsorption of metals under study. It was obsérthat

is in agreement with (Mwanget al, 2012) who studied poth modified and its unmodified form removed lead,
sorption of the same metal ions using maize tasitels copper and cadmium ions but the unmodified form aad
also an indication that, lead, copper and cadmims &re higher capacity. The adsorption capacity of unmedif
possibly chemically attached on to the adsorbeay/(&, adsorbent was found to be higher than the adsarptio
2003). capacity of the modified sorbent. The sorption citgdor
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lead, cadmium and copper were found to be 71.88368 [14]
and 79.36 mg gin the modified sorbent respectively and

87.49, 96.99 and 90.8 mg*gn the same order for the

unmodified sorbent. The observation made couldugetd
the absence of the functional
previously in the unmodified biosorbent being deriised
with ethylenediamine in the modified sorbent.

(18]

groups which were

[16]

The

ethylenediamine form then happens to have a lowerr

stability constant with the metals under study. ldaer,
modification provided a significant reduction inatding
of organic matter from 15.1 mgLto 7.9 mg [* hence
alleviating the risk of secondary pollution durimgater
treatment. The rate of sorption was very fast agentitan

(18]

90% of the total metal ions were removed from th&°

solution within the first 30 min. The metal remowahs

effective in the pH range of 4-6. Use of onionslin

expected to improve the quality of metal pollutedtevs
and make it safe for consumption
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