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Abstract: Problem statement: Major adsorbent materials used in heavy metal removal from
polluted aqueous streams are expensive and diffioutegenerate. In this study, the possibility of
using Zea mays tassel, as an alternative low cost biosorbent miahtéo remediate heavy metal
pollution was investigated. Lead (ll) was used liseaof its wide application in industrial products
and well documented toxicityApproach: Tassel was obtained from matwea mays cultivar R52
hybrid plants. The tassel was milled to a powdet @as used to adsorb lead(ll) ions from simulated
solutions in batch experiments. The desorptioreafl(ll) was carried out using nitric acid and sadiu
citrate solutions. The adsorbent was characterizgdFTIR, EDX and ESCA before and after
application of lead(ll) solutiondgResults: For samples with concentrations of 100 mig Bb(ll), 94-
98% was adsorbed and 57-74 and 57-67% recoveriesaghieved with 0.5-5 M nitric acid and 0.01-
0.2 M sodium citrate as the stripping solutionspestively. EDX spectrum of pure tassel indicated
that group 1 and 2 metals were the major exchamgeabs present on its surface. ESCA analysis
picked up small amounts of lead(ll) in the formRIf(OH) and Pb(NH) ions on the surface of tassel
adsorbent exposed to Ptns and none on pure tassel sample. Functionapgrsuch as -H, -NH-

C = O and -COOH which are polar and are legendstwhie capable of binding heavy metals were
identified by FTIR.Conclusion: The potential oZea mays tassel to adsorb and recover heavy metals
from aqueous solution was successfully demonstratgld Pb(Il) sample solutions. The results
obtained thus far demonstrated the possibilitysifigitassel powder in the removal as well as ragove
of metals from aqueous solutions.
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INTRODUCTION 2009). Very low levels of exposure to young childre
under the age of six can result in reduced 1Q niear
Heavy metals are widely used in processingdisabilities, attention deficit disorders, behasior
industries in the form of catalysts, additives,gex@s problems, stunted growth, impaired hearing. At high
and this has increased their presence in effluerievels of exposure, a child may become mentally
generated from these processes. Since a number aftarded, fall into coma and even die from lead
heavy metals such as Pb have adverse effects oarhumpoisoning. In adults, lead can increase blood press
health, particularly in children, their removal ifno and cause fertility problems, muscle and joint pain
environmental media is, therefore, necessary (Buets irritability and memory and concentration problems
and Sengil, 2009). Their accumulation in humans(Naiya et al., 2009). Consequently, the removal of
causes kidney failure, nervous system damage amel boheavy metals such as Pb(Il) from aqueous solutions
softening as well as other serious illnesses (\\éhad, have been reported using materials namely: Natural
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fruit shells (Murathan and Bdltun, 2006; utilization of a waste material, whilst cleaning tale
Senthilkumaaret al., 2000), rice husk (Wonet al., contaminated water and this is of particular reteeato
2003a; Kumar, 2006), granular ferric hydroxide developing countries such as South Africa, whick ha
(Banerjeeet al., 2008), coca shells (Meuniet al.,  been classified as water scarce country. This will

2003), olive cake (Amudat al., 2007), activated contribute towards good water quality and waste
coconut shell (Prasad and Saxena, 2007), naturghanagement in the country.

sericitic pyrophyllite (Demirbas, 2008) and agreséd
waste materials (Abia and Igwe, 2005). In particula MATERIALSAND METHODS
biosorbents of plant origin including maize cob,izea
husk, among others, have been reported to be godshtch adsorption experiments of lead(ll): Six sets (6
adsorbents for removing metals from aqueous saisitio samples per set) of simulated 100.0 mg Pb(ll)
(Abia and Igwe, 2005; Ricet al., 2003). To improve the samples of pH 4 were prepared in 100 mL volumetric
metal uptake capacities of some of these biosmbentflasks and then transferred into 250 mL Erlenmeyer
chemical modification has been employed (Prasad antliasks. To each sample, 1.00 g of 500 pm diameter
Saxena, 2007; McSweerg al., 2006; Chauhaset al., tassel powder was added and the mixture was then
2006; Nagibet al., 1999; Kobayashiet al., 1990). equilibrated at 25+0.5°C for 2 h in a water bathksr.
However, most of the materials being used adsor@he samples were then centrifuged at 2000 rpnd for
metals non-reversibly such that the disposal ofstiiel min and the supernatant filtered through 0.45 um
waste generated becomes a secondary problem. membrane filter. A Spectra AA 220 FS Atomic
The remediation of Pb(ll) in aqueous wastes byAbsorption Spectrometer (Victoria, Australia) with
adsorption has been reported (Doyurum and Celi®620 Varian SIPS pumps linked to a SP S5 Sample
Vaughanet al., 2001; Kim, 2004; Keskinkaret al., preparation system was used for sample analysis. Th
2004). The mechanisms of uptake of Pb(ll) and othequantity of Pb(ll) adsorbed {§ at equilibrium, was
toxic metals by adsorption have been elucidated bgalculated from the following equations:
kinetic and thermodynamic studies which gave fnth

insight into how biosorbents work (Naighal., 2009;  G= GG (1)
Banerjeeet al., 2008; Wonget al., 2003b; Awofulu and
Okonkwo, 2005; Igwest al., 2005). However, most of -G -G v, @)

the publications on the use of natural/agricultural = M,

materials as adsorbent for metal removal from agsieo

solutions have so far made no attempt to recovealme _C,

adsorbed by means of stripping agents. The recafery ea = M Vi ®)
Pb(Il) ions from synthetic adsorbents by stripphags '
been discussed in just few publications (Resal., Where:
2003; Guibal, 2004). The recovery of metals adsibrbe " .

is important since this offers the opportunity for %ea(Mg 9_1) = Quantity of Pb(ll) adsorbed
recycling metals for possible commercial use.Co(MgL™) =The initial [P6] in sample
Furthermore, the increasing demand for new and (mgL™) =Final [PB" in the adsorption filtrate
economic processes for the recovery of metal iommf C,(mg L™) =The apparent [P adsorbed

industrial effluents has led many researchers to/; (L) =The volume of sample treated with tassel
investigate the possibility of using biosorbentsrfetal M, =The mass of adsorbent added to the
uptake (Gardea-Torresdetal., 2002). sample

In this study, we report the removal and recovery
of Pb(ll) using Zea mays tassel powder. Surface The residue was then kept for investigation in

analysis techniques were applied for the elucidatid  recovery experiments.

functional groups on the surface of tassel and to

identify active binding sites that may be respolesfor ~ Batch recovery experiments of lead(l1): The residue
the adsorption of Pb(ll) in aqueous solutions. Thematerials collected from previous section were each
present report is part of an ongoing project on theinsed thoroughly with deionised water and thennove
suitability of Zea mays tassel as solid phase extractivedried at 105+2°C for 12 h. The residue material
material or resin for wastewater treatment. Theportions were weighed individually and then divided
utilization of tassels for the recovery of metatenfi  into triplicates. One set made up of six triplicateas
effluent solutions would, however, attach somethen transferred into 250 mL Erlenmeyer flask, to
economic value to this waste material that curyelhdls  which 100.0 mL of 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 M
no value. The obvious environmental benefit is theHNOjs,q was added to each triplicate. The second set
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was stripped using 0.01, 0.02, 0.05, 0.10, 0.15G20 x-rays at 20 W were used to illuminate the samples
M sodium citrate solutions. The mixtures were thenthe binding energy spectra were acquired at pasmggn
equilibrated for 2 h at 25+0.5°C before centrifugiat  of 117.4 eV for the wide scans and 29.35 eV for the
2000 rpm for 4 min. The supernatant was then @tller narrow scans. From the wide scans, the elemental
through a 0.45 pm membrane. The concentration ofoncentrations were determined by measuring thk pea

Pb(ll) in the leachate was determined using FAASe T areas and the manufacturer’s sensitivity factorse T
quantity of Pb(ll) recovered {) from the adsorbent chemical composition was determined from the narrow

was calculated according to the following equation: ~ Scans.
_C v ) Energy Dispersive X-ray analysis (EDX) of tassel:
Ger M, ? EDX analysis of tassel powder was carried out av JS
5800LV, Vantage 6, Analytical Systems with 130 eV
Where: detector (JEOL, Tokyo, Japan). The EDX was carried

Ger (Mg g*) = The quantity of Pb(ll) recovered during oyt in order to characterize the metal distributiorthe

desorption process surface of the tassel. A small amount of powder was

G :;I;]téeleca(l)cnhcae;gtratlon of Pb(ll) recovered in spread on the sample stage coated with gold. The

M = The mass of dry tassel used in recoverysample was then bombarded with electrons acceterate
2 procedure by 20 keV power supply at a take off angle of 3&° i
V, = The volume of HNQ or order to get an EDX spectrum.

NaH,(C3HsO(COQY)) used for stripping
Pb(ll) adsorbed during adsorption FTIR analysis of tassel: A Perkin-Elmer GX2000
process FTIR spectrometer adapted with Perkin-Elmer Auto
] ) Image Microscope System was used in the
The percentage recovery obtained after stripping Ojgentification of the functional groups that may be
adsorbed Pb(ll) was calculated using Eq. 5-7: responsible for adsorption of metal ions on tassel
surface. The pure tassel and tassel with Pb(ll)pszsn

R =CC%C% % .10¢ (5)  were first dried at 105 248°C for 16 h and themestdn
o M a desiccator. The dry samples were then dilutefi%o
in KBr and cast into disks before FTIR analysis.
or=2 M YV 100 (6)
Ca M, V, RESULTS

As described previously, the concentration of

Pb(Il) recovered was determined by means of FAAS. Batch experiments for adsorption and recovery of

Pb(I1): The results of batch experiments of Pb(ll)

Electron Spectroscopy for Chemical Analysis removal and recovery from simulated samples are
(ESCA) of tassel: ESCA was used to determine the shown in Table 1-4. Nitric acid in the concentratio
surface composition of the tassels before and afteigdnge of 1.0-5.0 M gave recoveries between 64-67%.
metal absorption. The analysis depth was typically=or the second cycle of re-stripping of the lead
about 10 nm and the detection limit was approxifyate adsorbed on the tassel, 1.0 M HN@as then chosen as
0.1%. The powdered samples were analyzed with a PHhe optimum concentration for the stripping exegcis
Quantum 2000 scanning ESCA microprobe (Physicallhe second cycle of stripping managed to recover on
Electronics, Eden Prairie). The samples were maunteaverage, 7.0% of lead which was still remajnin
on sticky paper and inserted into the vacuum system after the first cycle of stripping. A lineplot, with

a base pressure <frorr. Monochromatic Al K-alpha R’ of 0.988 was observed as shown in Fig. 1.

Table 1: The recovery of Pb(ll) from tassel usiA§lOs as stripping agent

HNQ; (mol L™
0.5 1.0 2.0 3.0 4.0 5.0
Co(mg L) (initial) 100.00£0.10 100.00£0.10 100.00£0.10 1030.10 100.00£0.10 100.00£0.1 0
Ca(mg L) (adsorbed)  98.01+1.10 94.82+1.10 97.68+0.71 gL 97.631.80 98.22+1.70
Ci(mg L) (leached) 49.25+0.50 63.58+0.40 62.38+0.00 6D 66.32+0.80 62.74+0.80
R (%) (desorbed) 50.25+0.03 67.05+0.01 63.860.01 4.74+0.60 67.93+0.02 63.88+0.03
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Table 2: Recovery of Pb(ll) in the second cyclelby M HNGQ; as stripping agent

Sample 1 2 3 4 5 6

C/mgL* 48.76+1.3 31.24+1.6 35.30+1.3 34.35+1.3 31.31+2.2 35.48+1.9
Ci/mg L 3.47+1.5 2.19+1.9 2.70+1.6 1.86+1.8 1.73+2.6 208+
Recovery (%) 7.1243.9 7.01£7.9 7.6515.3 5.4148.6 535813.7 5.86%+9.0

" 2nd cycle conditions (25.5°C; 5 h contact timehere G is the concentration of Pb(ll) on adsorbent sarfidt after first cycle, Cis the
concentration of Pb(ll) in the leachate in secoymle

Table 3: The recovery of Ph(ll) from tassel usirgHCsHsO(COOY}) as stripping agent
Citrate (mol [%)

0.01 0.02 0.05 0.10 0.15 0.20
Co(mg L) 100.00+0.1 100.00+0.1 100.00+0.1 100+0.1 100.0D+0 100.00+0.01
C.(mg LY 94.84+0.5 97.83%1.9 93.85+0.7 97.86+2.0 93.64+1.3 97.42+1.4
Ci(mg L 9.02+0.6 14.11+0.8 14.66+0.6 23.65+0.4 28.140.7 36.94+0.2

Where G, C,and Gare Pb(ll) initial, adsorbed and leached concéptra

Table 4: Recovery of Pb(ll) in the second cyclédt®/M sodium citrate as stripping agent

Sample 7 8 9 10 11 12
CJmg L* 85.82+0.9 80.73+2.2 80.18+0.9 71.19+2.1 66.70+£2.0 57.90+1.7
C/mg L 40.37+2.2 33.15+0.8 30.38+1.4 27.57+0.7 21.91+0.9 17.05+0.4

*: 2nd cycle conditions (25.5°C; 5 h contact time)evehG and G are Pb(Il) concentrations left on adsorbent istfaycle and Os the leached
one in the second cycle

9000

Table 5: Percentage of elements determined onutiace of tassel sok -c1s |
powder with and without Pb
Pure tassel Used tassel oo 1
Element (%) concentration (%) concentration soook
Cc 815 81.0 ) )
o) 15.5 16.4 P
N 15 1.8 “ 4000 .
Si 1.0 0.5 - |
Ca 0.4 0.2 ’ i
Pb Nil <0.1 2000 E
Phaf
1oo0[ -Si2s -Si2p -C2s
40 0 X : ) . . :
1200 1000 800 600 400 200
- 35 Binding energy (eV)
g 30 Fig. 2: The ESCA survey scan of used tassel
= 25 y = 140.8x +9.504 800 |- ' ' ' ' ' ' ' ' '
2 20 R?=0.988
:: 700 = e
é 15
= 600
2 10¢ -
= 5 o
0 E
400 -
0 0.05 0.1 0.15 0.2 0.25
Citrate concentration (mg L™*) 300 | ]
Fig. 1: Plot of lead recovery withNaH,C;H;O(COQOY)) wor
solution e
546 544 542 540 538 536 534 532 530 528 526 524

Binding energy (eV)
In the second cycle of re-leach, 0.20 M citrate . _ )
solution was used and a further recovery of betvagen Fig. 3: Osl XPS spectrum of tassels without lead
47% was realized. absorbed
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Fig. 7: FTIR of used tassel

FTIR analysis of pure and used tassel: The pure
tassel (Fig. 6) shows the presence of the following

) functional groups O-H stretching vibrations (3466)
ESCA analysis of pure and used tassel: Two tassel c.4  stretching vibrations(2921, 2853), C-H first

powder samples were investigated with ESCA, bothsretch  overtone  (1734; 1643), €Hbending

consisting of 150-300 micron particles. One samy#e  (1456:1401);C-O valence vibration (1036). The

pure tassel and the other was used tassel, bselthat  spectrum for used tassel as shown in Fig. 7 shbes t

had been used to adsorb Pb(ll). presence of O-H stretching vibrations (3344.5, 2850
(2340.1), (1636.4), C = O and COOH overtones (668.1

EDX analysis of pure tassel: The EDX spectrum of 620.1).

pure tassel shows generally elements which are

commonly found in plant cells. These include C, K,comparison of Zea mays tassel and other

Mg, Ca, S, P, O and Cl. The presence of Au andafir ¢ hjosorbents: The performance ofea mays tassel as

be attributed to the stage where the sample wasgas an adsorbent material for heavy metals is compared
since it was gold plated (Fig. 5). The major eletedry  with other biomass sorbent in Table 6. Tassel has t
weight found in the material were K(46%), CI(21%), highest Langmuir monolayer adsorption capacity
Al(10%), Si(9%) and Mg(4%) and the rest of the when compared to other biosorbents listed in the
elements were less than 3% by weight (Table 6). Table 6.

5

Fig. 5: EDX spectrum of pure tassel powder
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Table 6: Overview summary of selected studies otahserption by biosorbents

Metal Biosorbent Time T Optimum conditions R (%) Qngg* Reference
Pb, Cr Cd, Cocoa shells <2 pH 2; 22°C 95 Pb 6.2 Pb (Meunieret al., 2003)
Cu Ni, Al
zn* Modified 2 pH 2-6 93 60.41 (Amuda al., 2007)
activated carbon
P Olive cake -1 pH 6 96.92 19.53 (Doyurum and G&006)
CoP* pH 4.5 82.9 10.56
Cuw Modified 5-25 mL min* 99.95 14.68 (Wonet al., 2003b)
PE? rice husk
99.16 48.92
PE Hop pH 2-6 99 74.2 (Gardea-Torresdewgl., 2002)
Cu Tea waste 1/4-1/3 pH 5-6 90 48 (Amarasinghe\diligams, 2007)
Pb 65
CdP* Olive cake 2 pH 6 66 65.4 (Al-Anber aiMhtouq, 2008)
28-45°C
Cd* Bean peel pH 4 147.71
Peas peel 4 pH 4.5 118.91 (Benaissa, 2006)
Fig leaves pH6 103.09
Cd Starfish pH6 <50 0.57 (Chetial., 2008)
Pb P. putida 2 <50 0.73
U (VI) 88.4 1.14
P 40
cr* peat pH 4.1 13 (Koivulet al., 2009)
cw 8.4
As (Il 0.06
c 83.5
Cw Marine alga 2 pH6 85-94 (Feng and Aldrich, 2004)
P 227-243
PE* Tree fern 1 40 (Het al., 2004)
cr* Jute fiber 10 min pH3 95 62.9 (Kuretral., 2008)
C* P. sanguineus 4 pH6 79 3.32 (Mashitagt al., 2007)
(ofo Sugar beet pulp 1 pH5.3 70-75 46.1 (Pehlistzad., 2007)
P 70 435
P 98
Cuv, Neem oil cake pH 4 92 54.9 Pb (Rao and Khaayp
c 95.7
Cu Chitosan coated  4-Mar pH 4 64-94 87.9 (Pogtad., 2009)
Ni PVC pH5 120.5
Pb, Cr, V, Tassel (previous  2-Jan pH 3 47-100 8.4 (Zvinowandat al., 2009b)
Sr, Se, U study)
Cr (V1) Tassel (previous  2-Jan pH3 89 (2Zvinowasial ., 2009¢)
Cd(l study) pH 4 87
PE* Tassel (previous  4-Feb pH 4 87 (Zvinowasdal ., 2008b)
study)
Pb(ll) Tassel (this study) 2-Jan pH 3-4 94-98

%: R is the removal percent; Qe is the Langmuir ateyer adsorption constant

DISCUSSION real pores is ruled out since SEM and BET studfes o
tassel have shown that tassel powder is mesoporous

The poor recovery of Pb(ll) ions during stripping (Zvinowandaet al., 2008a; 2009a). The total recovery
in the second cycle could be attributed to theterie  of Pb(ll) ions by sodium citrate as a strippinggesat
of some strong active binding sites on or inside th achieved 57-67% for the two cycles for solutionshie
tassel matrix (chemisorptions interactions) betweertoncentration range of 0.0-10.20M citrate. An
Pb(Il) ions and some of the functional groups oa th interesting observation was that in this conceiumnat
surface of tassel. Tassel has a high absorptiom 0dt range, the recovery was directly proportional te th
water and this could possibly create channels wherstripping reagent concentration.
ions could be logged in but find it difficult to e@® out The possibility of achieving higher recoverieshwit
during stripping process. Furthermore, the trapmfg sodium citrate solution as a stripping reagent rbhay
Pb (Il) ions within the “pseudo pores” formed as aextrapolated from the linear graph obtained. Madgli
result of the aggregation of the tassel particleay from the equation of the relationship of recovefy o
have contributed to the poor recovery. The exigteafc Pb(ll) and the concentration of the sodium citrate
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solution used, suggested that a 100% recovery ean hassel spectrum. Another spectral shift is obselived
achieved by using 0.65 M citrate solution. Res@al.  the 1600-1700 ci region. The spectrum for used
(2003) reported 99% recovery of the bound Pb(lfisio tassel has only one peak observed in this regiofewh
after exposing the metal laden hop biomass to 8150 the pure tassel has two. In the finger printaagb00-
sodium citrate. In the same report, the recovery ofi000 cni',the spectra of used and pure tassel exhibited
bound Pb(ll) from hydrolyzed hops biomass using 0.kwo and one peaks respectively. Observations from
M HCI afforded 85 and 86% desorption for stems andsimilar cellulosic compound have been reported Abi
leaves respectively; while recovery from the efis®i  and Igwe, 2005; Alét al., 2001; Soudaiet al., 2007).

hops biomass afforded 25% desorption for leaves and

29% for stems. It has also been reported that the CONCLUSION

recovery of Pb(ll) on a myxococcus xanthus bionasss

adsorbent gave 92% desorption with 0.20M sodium  The applicability of tassel as an adsorbent with

citrate solution (Hinterstoisseat al., 2001). From the potential to be regenerated after use was demadestra
present study, it was observed that the strength ofassel proved to have a high adsorption capacity fo
interaction forces between the metal species aed thPh(ll) ions and the stripping process with eithatism
functional groups on the surface of the adsorbentitrate or nitric acid proved to be viable. The
(Zvinowandaet al., 2009a) played a major role in identification of functional groups such as -OH,=@
determining the percentage recovery obtained. Resuland -COOH on the surface of tassel powder opens
from the present study and our previous reportedyst another avenue for possible derivatisation of the
on tassel are fairly comparable in terms of tassematerial to further improve its adsorption capadiiy
performance as a biosorbents as well as the réiléysi  other base metal ions. he information furnishedHsy

of the adsorption process with those reported bgrot EDX spectrum of pure tassel managed to give an
researchers (Table 6). insight on the naturally present exchangeable iNa,

As can be seen in Table 5, the percentagg*, Mg®* and C&" which can undergo competitive
concentrations of all the elements showed a smathdsorption process for the active sites on theetass
difference between the two samples which can mosgurface with Pb(ll) ions. The information observed
likely be explained within experimental errors andfrom FTIR spectral data has shown that the -OH and
homogeneity, except for the small amount of Pb thapossibly the -NH groups were present on the surface of
was present on the used sample. This ESCA surfaagssel and may have been responsible for the uptake
data only relates to chemical information from thp  Pb(ll) ions on the tassel. These functional groaps
10 nm of the tassel powders. Figure 2-4 repredent t known to act as very active legends and therefere
ESCA survey scan and the Pbf and the noise spectfg bind readily with metals ions. The current resha
from used tassel material respectively. BecauseéPthe has demonstrated the potential of tassel powder to
peak is so small and close to the detection linfit oadsorb Pb(ll) ion from aqueous solution and theesam
ESCA, no accurate chemical information could betime allows for the desorption of the metal. Howgve
obtained from the Pb peak. However, the energyurther study needs to be done to fully eluciddte t
profiles depicts that the active sites wheré Rins  mechanisms of adsorption and desorption of heavy
are located on the surface of the tassel are ifothe of ~ metal ions such as Pb(Il) by this novel adsorbent.
Pb(OH) and Pb(NH). The hydroxyl and the amine ESCA analysis managed to identify some of the activ
groups identified by the FTIR analysis could besites present on the surface of tassel respongible
possibly linked to the ESCA results. The elementsmetal ion binding. The low surface density of Pions
which are in high quantities in the powder are lgasi identified by ESCA could imply that tassel has int#
exchangeable by heavy metals which have low lying &hannels which it uses to adsorb metal ions and wer
and f orbitals. The sites on tassel surface holdipg below the zone sampled during the analysis.
these exchangeable metal ions can then act asactiv

sites for the exchange of heavy metals. The tough ACKNOWLEDGEMENT
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