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Maize plant (Zea mays) as a source of potential
adsorbents: A review
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Maize plant (Zea mays), provides one of the most staple food In most countries. In recent times, the
non-edible parts of the maize plant have attracted much interest as a source of potential low cost
adsarbents. These non-edible parts are currently discarded as wasles in most developing countries.
This article provides a selective overview of past and present scenario of biosorption process carried
out using maize planl adsorbents such as maize tassel, maize cob and husk, leaves and malze stalk
which have demonstrated an amazing ability in the sorption and recovery of heavy metals from
simulated aquecus, non-agueous solutions and waste-water from industries. Various factors are
considered when choaosing a sorbent to be adopted at large scale and these are availability, cost,
renawability and sorption capacity. Factors that affect the biosorbent such as pH, initial concentration,
agitation rate, sorbent dosage and temperature were discussed. Future perspectives related to the use

of these biosorbents In making electrochemical sensors have been suggested.
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INTRODUCTION

Rapid urbanization and industrialization of the world has
been leading to accumulation of wvast number of
contaminams in our environment. Heavy metals hold a
superlative position in that list and are responsible of
contaminating soil, air and water in many parts of tha
world (Nriagu, 1988; Bontidean et al., 2004, Yerman and
Singh, 2005; Liu et al.,, 2007). The treatment of these
polluted sowrces, for example, wastewaler (nvolves
recuparative techniques such as solvent exiraction,
adsorption, fitration, precipitabon, Ion exchange,
biclogical reatment and destructive techniguas such as
pronation and oxidation for the remaval of pollutants from
gaseous and liquid phases (Karbassi et al, 1994;
Lakatos et al., 2002; Doyurum and Celik, 2006; Muruthan
el al., 2006). However, there are a number of challenges
to be addressed in arder to fulfill the applications of thess
mathods. Some of the challenges such as Incomplele
matal removal, high reagent requirements, high
reganeration cost, intraparticle resistance in adsorplion
process and poor mechanical streangth of adsarbents
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hava been highlighted (Aravindhan et al., 2009; Kumar,
2009). Giwen these disadvantages, efforts have now
been geared towards introducing low cost biomatenals
that can serve as alernatives for the biosorpbion of
anvironmantal poliutants

Biosarption process and its advantages

Bigsorption is a bioremediation technigue of remaoving
toxic metal jons or metalloid species, compounds and
particulate substances particdardy from  industrial
effluents by biclogical matesdial (Ting and Sun, 2000,
Riordan et al., 2001; Diniz and Volasky, 2005, Volasky,
2007). Das et al. (2008) further asserts that the process
imvolves a solid phase (sorbent or biosorbent; biologcal
material) and a liguid phase (solvent, normally water)
containing a dissolved species 10 be sorbed (sorbate,
matals ons). Sorption of heavy metals on the surface of
the hiomaterials occur through different functional groups
such amino, carboxylic, hydroxyl, phenolic, ester,
sulfydryl and phosphate (Wang and Chen, 2008). This is
furthar supported by JZvinowanda et al, (2008), who
characterized maize tassel and found out that it contains
functional groups such as -OH, NH;, C=0, C=C, -COCH




and phenolic groups. The sorplion process continuas till
equilibrium is established between the amount of solid-
bound sorbate species and its portion ramaining in the
solution. The distribution between the solid and liguid
phase |5 determined by the degree of sorbent affinity for
the sorbate, The foremost advantages of hiosorptaon
technaology over convantional treatment include low cost,
high efficiency of metal removal from dilute solution,
minimization of chamical and'or biclogical sludge, no
additional nutrient requirement, regeneration of
biosorbents and the possibility of metal recovery (Gadd.
19493, Kratochvil and Volesky, 1998)

Classiflication of biosorbents

Soma potential biomaterials, which have emerged as
aco-iriendly, effective, low cost and with high metal-
binding capacity have been identified in parl. Amang
those biosorbents, are maring green algae e.9.,
Chiorelign vuigas (Aksu and Kutsal, 1991), Sargassum
sp. ( Antunes ot al., 2003; Cossich at al., 2004), Ecionia
(Park et al., 2008), Spirogyra (Gupla et al., 2001),
Lyngbya puleals (Kiran et al., 2006), bactera e.g.,
Pseudomona sp. (Addour et al, 1981); Saprophyficus
(lihan ot al., 2004); fungi e.g., Fhizopus arrhizus (Prestha
et al., 2005); Aspergifus (Kapoor at al., 1995, Kapoor and
Viraraghavan, 1898); veast e.g.. 5. cerevisas (Bakkaloglu
et al., 1998) and agricultural by-products such as rice
husk (Wong &t al., 2003), wheat bran (Ozer and Ozer,
2004). During recent decada, maize planl as a source of
potential adsorbents such as leaves (Babarinde et al.,
2006; Babarinde et al., 2008; Kamsonlian, 2011), stalks
(Garcia-Rosales and Colin-Cruz , 2010), cobs and husks
{lgwe et al,, 2005, Abia and Igwe, 2005; Akporhonor at
al., 2007; Igwe and Abia, 2007; Opeclu ot al., 2009) and
tassels {Zvinowanda et al., 2009; Dadzie et al., 2011) has
attracted significant attention for the removal of heavy
matals. The lollowing section of this review focuses on
lhe advantages of maize plant as a source of adsorbents,
physicochemical characterization of maize plam
adsorbents and discussion of optimum parameters
required for metal removal from aquecus and non-
aquecus solutions by maize plan derived adsorbents,

ADVANTAGES OF MAIZE PLANT AS A SOURCE OF
BIOSORBEMNTS IN METAL BIOSORPTION

Maize is a versalile cereal crop thal is grown widely
throughout the wordd in a range of agro-ecological
amvironmaents. Maize is a fas! growing, vigorous and tall
(2 =3 m) cereal crop having broad (5 = 10 em), long (50
= 100 cm) leaves. Maize forms from 16 to 22 leaves per
plant {(Wuana and Okieimen, 2010). Tassel, the male
irflorascence of the maize plant forme at the top of the
stern and provides the pollen for fertlizing the “ear” (also

known as a cob). Maize usually forms a single ear (or
cob). Cobs are usually 15 to 39 cm long. Generally,
malza plant is the most important cereal crop in sub-
Saharan Africa (SSA) and an important staple food for
mara than 1.2 billion people in SSA and Latin America
(ITA, 2010). Most parts of the maize plant including
tassel has no value after fertilization and farmers invalved
in sead production usually cut aofl the tasaal after
pollination period. The leaves and stalk after harvasting
are usually cut info pieces to make manure or left to
decay on the ground. Waste management in most
developing countries have often recommended the use of
ihe maize residues for animal feeds (Oseni and
Ekparisin, 2007), power generafion (Patel and Kumar,
2010) and anaerobic production of biogas (Eze and
Osika, 2012). Maize plani adsocrbents are generally
regarded as safe and can be easlly accepted by tha
public when appliad practically, hence there is a nead (o
make beller use of the different adsorbents in
emnvironmental management for removal of haavy metals.

PHYSICOCHEMICAL CHARACTERIZATION OF MAIZE
PLANT ADSORBENTS

Few resaarchers have charactenzed the physicochamical
of the maize plant derived adsorbents. Zvinowanda et al.
(2009) used the Brunauer-Emmett-Teller (BET) isatharm
to expenmentally model M; adsorption dala jup 10 a
ralative pressure of 0.30); the results indicated that the
powderad tassel was mesoporous with a BET specific
surface area of 2.52 m®/g, for the 150-300 pm fraction
Laser diffraction pattern analysis yielded particle size
distributions of varad fractions. The Scanning Electron
Microscopy (SEM) of the tassel showed thal the tassal
was flattish, with vary minimal porosity whilst the leaves
powder revealed a highly porous structure (Kamsonlian
at al., 2011). Generally, tha Fourner Transiormaton
Infrared Spoctrometry (FTIR) displayed functional groups
such as aliphatic ethers, aliphatic primary amines,
primary aliphatic alcohols, carboxylic acids, alkenas and
phenalic groups on the surlace ol tassel and leaves
(Zvinowanda et al., 2008; Kamsonllan & al et al., 2011).
Thesa wera balieved 1o act as metal-binding sites for
cationic species during sorption analysis.

UTILIZATION OF MAIZE PLANT ADSORBENTS FOR
SORPTION OF HEAVY METAL IONS

Maize cob and husk

Raw, modified maize cob and husk powder has boen
used 1o model the removal of heavy metal wons from
agueaus solution (Table 1). In thewr stuedy involving
agricultural waste by-products, lgwe and Abia (2003)
have shown hat maize cob and husk can be used as




adsorbemts for the removal of Cd (Il), Pd (1) and Zn (11}
lons from aqueous solutions. Sorption data for the metal
long fitted the Freundlich iscltherm model. In another
study, lgwe and Abia (2005) reported on the sorphion
kingtics and intraparticulate diffusivities of Cd, Pb and Zn
ione on maize cob. The fractional attainment aof
equilibrium followed the order Zn™, PE™ lon and then
lastly C©d®" ion. The mechanism of sorption has been
daduced 1o be paricle diffusion controlled. TI"-E rai-a
coefficients for pamcla ditfusion were 0.07 min ' for Zn®
0,053 min" for Pb™ and 0,081 min” for Cd™.
The possibility of moditying an adsorbent has attracted
much interest among many researchers. lgwe at al.
{2005) reported on the competitive adsorption of Zn {l1},
Cd () and Pb {Il) lons from aguecus and non- aqueocus
galution by maize cob and huss, Belore mnﬂhcallun the
maximum adsorption occurred al 485.9 mg.-g for In ion,
456.7 mg/g for Po™ ion and 493.7 mg/g for Cd® ion.
Adsorption efficiency of each metal ion was influenced by
factors such as the presence of other metal ions,
prasence of non-agquecus solvert and modilication by
carboxymathylation, Igwe and Abia (2007) reported a
study based on equilibium sorption isotherm studies of
Gd (1), Pb (I} and Zn (I} ions detoxification from waste-
water using unmodified and EDTA-modified maize husk.
Tha prepared maize husk was found o have an excellent
adsorption capacity for melal ions. The adsorption
capacity of maize husk after modification with
athylenediamine tetra acetic acid (EOTA) was Increased
dua to the chalating ability of (EDTA). The sorplion data
filness oblained followed the order of the Dubenin-
Radushkevich isotherm, the Freundlich isotherm and
then the Langmiur isotherm. Igwe and Abia (2007) also
demonstrated that modified and unmodified maize cob
could be used to remove Co (1), Fe (II) and Cu (1) ions
from waste water and also the mechanism of sorption
was astablished.
In anaother study, chemically medified maize cobs were
explorad to remove metal ions (Akporhonor and
Egwalkhide, 2007). Maize cob carbon was prepared by
pyrolysis at 300 and 400°C for 35 min, steeping in
saturated ammonium chionde belora sorplion studies.
Sorption data for the metal lens obeyed the Langmulr
|5.|;||har'r'n with accumulation following the order Zn®*
Ni**> Cd"™" in terms of binding capacities. These resulta
suggested the formation of homogenous monolayer of
the heavy metals on lhe surlace of the activated carbon
and indicated that the binding of the heavy metals may
be caused by interaction with funclional groups present
on the absorbent. This expermental work demonsirated
that carbonized maize cobs were found to ba good
adsorbants for haavy matal 1ons.
Recently, malze cobs were used as an adsorbent in order
to evaluate their polential for the removal of lead in
agueous solutions and effluents from battery and paint
indusiries (Opeolu et al, 2008). The sorption data
abtained ited the Freundlich model. Adsarption remaoval

of the Pb™ by maize cob from battery effluent was
59.99% while it was 47.38% for Dowex. Results from the
paint effluents weore G66.18 and 27.83% for maize and
Dowex respectivaly. The authors I:HI:IUI:I-EI:F that maizae
cob has the potental o remove Pb* from aqueadus
solutions and industrial effluents and the results implied
that maize cobs may also decontaminate waste-walers
containing other divalent metal ions

Maize leaves and slalks

Utilization of raw dried maize leaves powder and cut
pieces as solid phase sorbents for metals have bean
explored by many researchers {Table 2). Babarinde et al.
(2006) studied the viability of using maize leaves as
adsorbent for the removal of lead ions from dilute
aqueous solution. The authors demonstrated that metal
ion concentration has an effect on adsorption capadgity
showing that biomass adsorbed the lead lons from
solution. Tha amount of adsorbed Pb (Il) ions increased
with the increase in initial metal ion concentration.
Sorption data for the metal jon obeyed both (he
Froundlich and the Langmuir isolherms. In anather stuty,
Babarinde et al. (2008) showed that the biomass from
maize leaves can provide a cheap and effective mathod
for removal of Zn (I} from agueous solution. The
adsorption isotherms fitted well inte both the Freundlich
and Langmulr Isctherms. The remaval of Cd (Il) Trom
dilute agueous solution using maize wrapper as a
biosorbent was reported (Babarinde et al., 2008)
Recently, powdered maize leaves biomass have beéen
used for the remaval of As {11} ion from agueous salutian
utilizing the biosorption process (Kamsonlian et al,
2011).The authors deduced thal the mechanism of
adsorption involved functional groups such as aliphatic
elhers, aliphatic primary amines and primary aliphatic
alcohols present on the surface of maize leaves biomass
The Freundlich isotherm was better fined with he
axparimental data. A kingtics and thermodynamics sludy
an the adsorption of As (lll) was demenstrated. The
adsorption kinelics data were well fitted by the pseudo-
gocond-ordar rate modal with high regression coalhiciants
(R® =0.897). The negative value of Gibbs free enargy
(AG") represented the feasibility and spontanecus nalure
of bicsorption onto the surlace of malze leaves. The
positive sign for change in enthalpy (AH") and entropy
(AS" indicated that As (llIl) ion biosorption Was
endotharmic
Maize stalk, on the other hand has also been used for
sorption of heavy melals such as Pb (ll) from aquecus
sclution. The Freundlich model was found 1o descrioe tha
sorption enargetics of Pb (Il) by maize stalk sponge
{Garcia-Rosales and Colin-Cruz, 2010). The kinetics of
Pb (11} sarption oMo maize blosorbent were describad by
Ine pseudo-second-order  eguation (A*=0.9808) The
results obtained showed that maize stalk sponge was a




Takdn 1, Propenies of oned, posdered maze cotm and s s ugad In slady jamgenl of meln o PO aqUaTUE and Nen- aQUBTUE Boklisd.

Mode o Exparimenisl Sorption lgatharm  Application af  Remark Referancn
sorbant condilians capasily binding abaynd sorbent
cagacity

Maize cab ard 2 g adearbenl, inral Linmadiling cob and - - A iaaus and Amaurt of adsaroed matalans  Igwe at &, [2005)
nusk conceniraiion 1000 mpll  busk Zn*[496.9 pon-aquecus  was docroased as a result of

Calll), Pom) and Zrdll),  mgigl, P {4547 soluticne madiying the adeoroent in

oH 7.5, enaking sme 10 mgrg). Ca™{48a.7 aquaous solution, e presence

imir moal ol Fon-agusius salutan

decragsed (ha amaury of mets
adaorhed bul an increaas ir the
poncaeviralinn ol Ron-AoUnGLS
did not have an agpreciable
adflnel an e amcun] adearbed,

Maizn cob 2 g dosage, 2 000 mgil.  Zn™ (T1%), Cd™ Aqueous A plot al Ind1-x) agams! tima Ania and |gwe
eorfact ime 10 min. [22%). PE™ {305, senians. showed siraight lines indicagng  [2008)
tha sarplion process for Zn™,
Cad™, PO™ lon is partiche ditfusion

eoriroled,
Maiza cob- 1 g carbanised dosaga, AL 4OT°C (Bn” Largmuir  Syrilhobc InGraan in temperaiue of Aupartanar and
darived carpon pH 6-8, shawng  0.358, M 0,135 isatherm sngratory carbonisalion incraases tha Eqwaikhice [2007)
activated carban  Hime B0 min, nilial cd™ a.914); at sabliona. amaurt ol metd lons nbscried,
cenoaniraticn 2-60 A00G (Zn"" D214
L N 0.124: Cd2s,
0.101]
Miagilied and 7 g deaage, contnct 1 br,  2Zn (1) = Pb (W) = Cd Ciinin- Waslowmler, Modficasion by EDTA enhanced  igwe and Atia
unmaadilied pH 7.5, concentration 2 (1} Fadushh fhe adsorplion proceds, sorpion (2007
malze Fuss, 00 mg-1 000 mgil Ieh wih foumid b0 b A phyRosorptan
Isotnenm, (ER R
Fas maize cob, 0.4 g dosage, 30 mn-3.0 Bl 190,595, Freundlich  Batltery Enharced adsorplion wilh Cppak et al
Dawas hr sarphan l:lrr'm_sz 2.8, Dowex (47.38%)n  lsotherm.  élflusis, ircroasing pH Irom 2 to 8, initial (@0
20-800 mgiL P, pattary atfiuent, Paint effluents.  mefal conceriralon tends to
agtation 150 fpm. P66, 18%], nave ne allect an maize col
Dawanex (27.83%) acsorplion of PR'™ which is
im painl effluent corsiglent with oiner sorpants
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Talho 3. Daich whedbas ol meatal ioss using deisd aeves

“Hiate af Balch aptimum Maximum remouil  Analysis method Remark Relerence
maiza |oat condilians capacity
biosarbenl
Dinesd cut 0.6 o pH 3, contact time P (I} (95-100%).  Alomic abeomiian Agsomiion capadgty of mage lnaves Babannde et al.
42200 30 mins speciraphotomater. lcwing ko e comparabla o thas ol (200
proven marnng algas ard
Aspergiivg agar
Dried oul 0.5 g sortertt, pH range 4. Zn () 84-06% Asomic absceplion Bioscrphon capacty of maize inaves  Babarnde of al,
pincea 7, eoniact 40 ming, intial Bpsciropnalcmatar increased with pH, contact ime and [&008)
poncentration 100 mg'l, wnitial conaseniralion.
ternperatura 27 °C
Grpiundod 1 g dosage, pH 8, contast  As {1} (B4.88%). Siver dietny As (111 san sonpticn was fourd 1o Be Kam&ankan & al
leal powdar  bme 4 hrs, agitasan rabe dinthasarbamate highly pH dapendant, uptake of A8 (11 (2007)
180 Fpim, bmparature (SDOC) mathod usng ien ircreases rapidy with the lapsa of
G speclroplatomater, tirme and incraasa in temparalurs

irducan positive irmgact on remaval al
As {11} lon from aqueous solution,

yealyd blomalerial for Ph () sorplon  ARd
biogomplion capacily was pH dapendant,

Maize 1agnal

Maize ragsals, which were died in an aven al
105°C for 24 b 1o sxpel ary MolsShae prasanl wans
frgciananes eme dilleren) pamicies s2es and uked
ig moded e removal of metals from diffensn
anvironmaerts (Tabla 3. The first sludy on Iha
ramareal al Phn matal from aqueous soluban by
means ol maaa tassel powder a8 A saobkd phase
porbenl lor matals was reponad {Okoneo ol &l
2006]. Tha best adsomtion (with respect o pH)
wis onlaimed from neuirsl pH T, with percertags
adscrptions of approwmately 80% for Po (II).
Denowanda & &l (2009 aled showed ihat
acscrption of befh chromium (V1) And cacminm
(Il using maize tassel powder was highty pH

dapendant. In A smilar Sudy ullizing the mae
tasssl, Denowanda o al [2009) reported 1ha
reenoval of B (10 drom slmulabed sobutiora and
flinally in baranole water sontaminabed with ming
washawater, The Fresundich moded was leund 1o
geacrion the sorplion anargetios of Po (Il) on
tassel more fuly than the Langmuir. The
adsarptian procass could be well descrbad by
bath the Langmuir and the Freundich isothams
with B valuas of 0.887 and 0972 respectively.
The recoeary of coppar rom ynihatic incustrial
wastawater usng maize 18ssel, an agrculbual
wasta materal was roported (Sekbala @ oal,
2010). Dadzie af al. (2017) also gave & short
communicaon on the use of 1assel for the
FEMOVE MBrGUry, Ansaric, manganess and lad
frorn contaminaied wales.

Recantly, Zvincwanda a1 al, (2010) demonstratad
the possinikty of usng maize assel o adsorb ard
recaver heavy metals using Pb (I} sample

golubans, The SFEipping process wis CETIBD out
with mither scchum Gimbe o nitfe acd and proved
10 b wanle, Thess conoapin ol meldl Gesarpban
and recoyery i an imgortant canesdaration lar
large scale industial uses. Das el & (2010) has
raported ThAl tha desorplion procoss requinss
proper sslection of spping salulons, which 12 &
funclion of the bDoscebes and mechanipm o
biogorption. The Sconomic mpplicaton of A gaan
bosorbant (8 governad ral only by DOSdrmiNe
capacity bl also by A vanety of Faons such tha
pase of & genaration af, reuse. All | These
congiderations ahoukd be laken inio acoour] whan
gealing with recowvery ol melals, In Suremary,
malza lassnl has been comparsd wilh ofher
adeorherts in the recovery of metals (Table 4).
Tha use af maize taass as the low cosl AESOMTENT
i recovery of hadrey metal cong Bas baon loung 1o
pamparable with other adscrbents listed in Table
iq.




Tamdn 3. falch aorplion of maled End wuaing maile jesiol poster

Optimum congllhans Rmival

pH 1, pH 4. 200 ppm

1 ¢ adearoent, pH 7.00-7.20,
temparature 26°C.

ok 2, 25°C, 1 kfar Cr (W)L pH
B, 25°C, 1 hlar iCd I,

20 g tassel, ¥ma 0-80 miruies,
# mod simulsted sample
contnining As, Mn, Lead, Hy

el n
Aecowary ol 29,5909 % at
FH 1| H.?'mua *‘l-“ FH ql

P (1) (332 3mgig).

Cr (VI (78.1%), Ga {Il) (88%)

Arsenic (0,001 mgiL),
Manganess (0,005

mpLl. Lead] 0,203 mg'L)
and Mersury 0.020 mg/L in

opplication Ramark Faleranae
Synthelic ndusing Facavery of copper Gy lasss 3 pH Sokhula ot al.
Wi EhEwEler gepardent. (2010
Simulated and Borahole The uptake of malals Irom Zvinowanda ol
WARTOF GOREE INAtHE wesh errireremeniil samples dapandort on Al 2009
[Ferf WaEDRWATIRT pH, ionic grangth, compeding species,

thie lalloing wees recowarad fom

wasiewnbar Se (100%), S [541-

549,050, U (10086), W (46, 1-100%)
Sirnilnind samples. Aemoval of chromium from agqueous  Zvinowanda et

solutions sirongly depandad an |:H of & 2008

e sclutiaon, adsorbent masa, initial

chremiym conceniralion, cortacl lims,

adsomption of cadmium strongly

imunnced by pH of soluon
Simulated sampies and Maize tnsssl had adsamglion Dadzia ot a
conlaminated groundwatar.  capabidities for aresnic, mangannss {2011}

sirulaled samgien, Arganio
{0L0006 mg/L), Manganess
{0U0021 mygL), Lead {0050
me'L).and Mescury (00025

Comparigan ol the diffearent adsomenis
derived from the malze plant and olher
LTI

Tha performarce o (ke maize planl dedved
aosorpants  lor somlion ol heayy melals s
pampared wilh cther blomass sarbants in Tabla &
Froem Taids 5, il can bd cbeanqed tal maaa plan
adsorbanis fuch a8 maize 5008 8nd husks gava
the highas Langmus mondlaysr  Adsorphion
constants (85,8 mg g : 458,7 mp g’ P,
493.7 mg g Cd™) lor tha difterant matals iors

THEL" i ﬂfl}l..l"l'ﬂ#EI‘IBr.

lad, macury and adsanption
depandant on bmea

followed by maize tassels with 3333 mg o'
(Po"]. Bio-adsorbanis such as algss wast gave
vilues ranging from 227-243 mg o (PB™' whils!
natural matenals (zedlite) gave a value of 200.54
m{ g (Fo). Actneason wak also lound b have &
fignificant effect on adsarption capadly ol rce
kuigh carban giving a walue al 112,43 mg g

(Cu™). Ingusirinl wastes for axample coal Ny ash
was found fo kave a low adscrplion capacity
conmant (0401 mg g Co). This companison
shaws that the maize plart adsorbenis had high
sofpbon  capacilies for hesvy matal ong a8

compared o ofher adsarbants:  henca  @eir
caniirmiad wEe in anvianment mansgement |8
preouragesd,

CONCLUSIONS AND FUTURE PERSPECTIVES

Tha use of maize plant adsodoents lor melal
bigearption has been reviewed Tha differant
adparnonis showed excalen] adeorplicn aDIlss
for serveral malals siuded,

Tha bosarplion grocsss has Desn lound 15 ba




Takdn 4. Desorplion and ressvary 2l saksciad metal ione using dilirem sobosis

AdRLIEar Biripping | Desorplionicondidl | Aecovery Application  Advantages and Relersnce

solitian ons dizpcvantagpes
Cassia acd, base. G (70520 Lot - W Eata Tha procesn i ragnd and the heisgune al al.
avguanitoNa park (RE.-TH %), P WalArs hiasarbent can ba (2011

(T84 ), AFpH 1, regenerabed, the procass is pH
dapancan|,

aouatic fem, Aznda HMNOy, HO, - =B0%: Mi {(EDTA), Folluted The Figh recovery percantage  Ahmady-
Mieulaidns ECTA, <B0%, (CH,CO0H,  wators. of Nl jlone by EDTA allows e Asbehin el 8l

CH;CO0H HCI), 50-80% racydling ol iong from the {2011}

{HMO,) Biomass & indusing
Ssmaneum MaciH AT A {10). 1% Diluie Rapid procass, geldd from dilute  Satfeshkumar il
solutians, golutions can be recovered al. (2040]

thraugh grean procaRses =
icnig, nanperysialine, ar
rmgtalic lomm as desipad by e
and-consLEmer uiing
Sarpassun bicmass as

BmaElenal.

immpbilized Manlha HG! e Cull), Znfli) - Agunous Biomass cHNNoT Do re-used Harel &l &l
anvensE distilation soluliong. {2009
waste | |MADW]
Gipmnss
Maira tasanl 0L5-50 M 8% Pin (Il} 57-74, 57-67  Agquecus Tassal can be regansraiad. Sainoaanda of

Mitre &cid, % respectively, SolLgang, al, (2080

Q.01-0.2 M

godum

citraba
Biamass vath mistura of  HGL, Bl [Ph, Cd, Cu) im tha first oycies, Industsial Desorplion process was fast Leaxcang of al.
chlaraphyte aigas with  NaHCD,.  first & min with HOI,  HOI ranged betwoen  elfuents. and the amaunt depended an (2011)
caduciphobs plants firg! 300 min womm B3 - 100%, MNaHCC, Thia siripping soluticn,

MaHCoa, ranged betwnen 1-

T

signilicarsty affected by paramelans such as pH, praparation of the Adsorboms and anvironmental  bicsorbenis  obtained from  the maize | plant
adsarbert desage and, contact timae, Considering dispeasl problems In some developing couniries, Hawevar, since commersalization s s0l la rom
g aaminEds ol culvasan of Tie plant, oany boscrption oflars an attractive application of he bsing roalized, effarts are now geared Lowards the




Table 5 Overview summary al selecied studies on metal sorption by adsarbenis,

Adsorbent Metal R (%) Qe (mgg ) Relerence
Bioadsorbents: Algas waslo Cu™, Pb™; 85-04, 227-243, Fang and Aldrich, (2004)
Ahzopus oryzas Cu™ 52-91 Fu et al. (2012.)
Agricultural solid waste:Cocoa  Ph, Cr, Cd, Cu, 95{Pb) 6.2 (PB) Meunier ot al. {2003)
sholls Mi, A
| Cd, ™, Pb :
M n el ga, 79.1 333.3 (Pb) Zvinowanda el al, (2009)
' A di
Maize leaves 5 84.08 855 Kamsoriian ot &, (2011)
. F 2
NBE s P - 80 Garcia-Rosales and Colln-
Cruz (2010)
Maize cobs and husks Zn®, Po™, Cd™ lgwe et al. (2005)
4659 456.7,
483.7.

Rice Straw Cu' 74.70 Buasri et al. (2012)
MNatural materials: zeolite Po 200,54 Kleinubing et al. (2008)
Activated carbon: Tridax Pb, Cd: g5, 98; 280, 2.68 Singanan (2011),
procumbans (Asleraceas )
Rice husk activated carbo

el b ool Cu ™ 112.43 Khan @t al. (2011)
Miscelianeous lype of
bie oo Mi 08 1.07 Aikpokpodion et al. (2010)
Industrial wastes:
Coal fly ash Cao 0.401 Musapatika et al.{ 2010
Bagasse Fly Ash Cd, Zn 6.19, 7.03 Srivastava et al.(2006)

e B is ke remosal parcant; Oa is the Langmuir manalayes adsaplion conslam

use of the adsorbents derived from the maize plant in
ramaving organcphosphates from agueous solutions and
in biosansing on electrodes. Malze tassels, loaves, stalks
and husks which have shown potential for trace melal
removal, could also be used as electron mediators and
immabilization matrix in biosensor development desgn
as witnassed by the presence of funcbonal groups SUCH

as —NH;, =C=0 and -COQOH from FT-IR sludies. Thasa
malerials can be blended with sol-gel or nanomaterials 1o
anhanca the physicochemical properties so that afficient
edeciron transfer between the electrode and enzyme is
improved. N is believed that the merits of biomaterial
based sensors will bring dramatic changes In future
sensor technology and environmantal cleanlinass.
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