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Abstract

The application of Modified Melon Seed Husk (MMHh agricultural waste in the remediation of water
contaminated with lead ions was investigated inpessent study. Modification was done by soakirggrtelon
seed husk in 0.5M NaOH solution. Batch kinetic &adherm studies was performed to understand thieyaddf

the adsorbents. Effect of some process variables assessed viz: pH, initial metal ion concentraimd
sorbent dosage on the sorption process. The equitibsorption isotherm was studied using the Fréahdind
Langmuir isotherm models. The results obtained gubtihat the process of the sorption fitted bettith the
Freundlich isotherm, implying that the sorption wced on a heterogeneous surface of the MMH. The
monolayer adsorptioncapacity determined from thegnauir adsorption equation was found to be 52.0&ymg
which competes favourable with some other biosdshdbata obtained from the kinetics of the sorpfioocess
via initial metal ion concentration were analyzesing pseudo second order, the pseudo first ordelehrand
intraparticle diffusion model. The sorption proceseyed the pseudo second order kinetic modelritete the
pseudo first order kinetic model, thus suggesthegrole of chemisorption in the mechanisms of thgtson.
The intraparticle diffusion model showed that iptdticle diffusion is not the singular rate limgirstep in the
sorption process. The kinetic parameters suggasttisorption of lead ions by MMH was favourableefall,
the present findings suggest that MMH, an enviramadéy friendly, efficient and low-cost biosorbestuseful
for the removal of PB from aqueous media.
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Introduction

The danger of accumulation of trace metals in #wgous aspects of the environment has in recemstigained
prominence. Numerous literatures on environmentahitaring of surface water indicated that streamd a
rivers in the country are showing increasing treafisvater pollution due to population, industrialiion and
urbanisation advancement. Acid battery manufacguimdustries, metal plating industries ceramic ghaks
industries are some of the process industriesafeatajor sources of lead pollution in the envirent(Opeolu
et al., 2008). Industrial effluents when discharg@ectly into rivers without prior treatments hasapacity of
affecting water quality parameters. These wasteasis consist of salts, oils, sulphides, mixturesrghnic
compounds and toxic metals such as Cr, Cd, Pb,NHgCu and Zn (Patrick et al., 1992). Heavy metais
potential threats to the environment and ecosystamto their persistency and bioaccumulation in fteel
chain. Lead poisoning affects major organs in hwriike the kidney, liver and brain. Severe exposarkead
has been associated with sterility, abortion,stiths and neo-natal death (Ofomaja et al., 200&8sMivater
reuse has been made possible through the develomhdifferent wastewater treatment technologidado6ja
et al., 2006). Current abatement and remediationgutures for lead in wastewater includes pH adjestrwith
lime or alkali hydroxides, coagulation /sedimemtafi membrane filtration, reverse osmosis, ion —arge,
foam floatation and electrolysis. These procebssgever are limited in their technical and econowiability
(Sciban et al., 2007). Adsorption however offegniicant advantages such low cost, availabiligfiability,
easy operation and minimisation of chemical anttieficy in comparison with conventional methodseesuly
from the economic and environmental points of v{®afatullah et al., 2009). Moreover, conventionatinods
are not associated with problems like high costthednability to remove metals at low concentrasigNasir et
al., 2004). The quest for cheap and cost- effectahnology for removal of heavy metals from indiast
effluents has led to the use of materials of bimlalgorigins as adsorbents. The use of economicadible
materials in the remediation heavy metals is maied to a developing country like Nigeria wherenypaf the
industries are small-scale cottage — based andcaisrsay not be able to afford expensive treatmbmtg. Also
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to be noted is that treatment by sorption of palis from aqueous solution has proven to be a chedp
efficient method of water purification since it doaot need huge sludge —handling processes. Sorsie wa
biomass has been reported to effectively sequbstary metals. These include rice bran (Wang and2Qb),
corn chaffs (Han et al., 2006), black gram husleé8iaand Igbal 2003) and hazel nut (Cimino et 8002. The
adsorption capacities and the feasible removak sitt many adsorbents can be substantially boosted b
modification of the sorbent with suitable techniguEor this reason, modification and impregnatechhiques
were often used to increase surface adsorptiorremdval capacity of many adsorbents with the adgenof
adding selectivity to the sorbent (Mojed et al Q&P

The use of unmodified biosorbents can bring seyam@tblems such as low adsorption capacity, ince&seD,
BOD and TOC of the sludge due to the release afid®lorganic compounds contained in the plant rizdser
(Gaballah et al., 1997; Nakajima and Sakaguchi 19®Wdification methods for the purpose of increasi
efficiency of metal adsorption include basic treamts, acidic treatments and the use of organic ocomgs or
oxidizing agents. An agrarian country like Nigegaich in many agricultural by- product, majorafwhich are
laying waste as litters in the environment. Mel@rtrullus lanatus) is a cucurbit crop that belongs to the family
cucurbitaceae. Melon seeds ‘Egusi’ are grown, lseceand processed by removing the seeds fronriite f
followed by washing and sun —drying. The fleshnisdible but the seeds are a valuable in Africa.yTend
usage either as food supplement (soup condimemtlsorfor medicinal purposes. They are used irtrd@ment
of urinary tract infection, hepatic congestion.estinal worms and abnormal blood pressure. Melskhare
shells that are discarded after shelling of mekeds. Melon husk is a lignocellulosic plant biomasd a waste
product from the food industry, having proteindjueses and lipids coated on its surface. Adsorpfirocess
can therefore occur on these organic functionaliggoMany thousands of kilograms of these are tkthélom
the seeds each year their conversion as packirngriada for heavy metal removal would create jotxsthe
unemployed (Olayinka et al., 2005). The objectif¢his study was to evaluate the adsorption peréorce of
modified melon seed husk (Citrullus lanatus) fa temoval of PH from aqueous solution. The Pladsorption
equilibrium and kinetics parameters were determineahgmuir and Freundlich isotherm equations were
employed to quantify the adsorption equilibriumeTéffects of solution pH, adsorbate initial concation and
amount of adsorbent on the sorption potential efMiMH were examined. An intraparticle diffusion nebdvas
used to investigate the adsorption mechanisms.

Materials and Methods

Chemicals and ReagentsAll chemical used were of analytical-reagent gradaOH and Pb (Ng¢), were
purchased from Finlab Chemicals Ltd and were usétbwt further purification.

Preparation of Adsorbent: Melons husk used in this study was obtained frocallonarkets in Wukari, Taraba
State, Nigeria. A magnetic bar was used to remowe raetallic objects which may constitute as adddio
source of metallic ions in the melon husk. It wasshed with plenty of water to remove surface intjgsj sun-
dried and then milled to reduce the size. The nicatibn of the melon husks was done by heating 5fi(pe
melon husks (MH) for 4hrs continuously in 0.5M NaQ@Hthe oven. This was done twice with fresh NaOH
solution. The NaOH was then filtered out and thalified melon husk (MMH) was washed several timehwi
distilled water until the supernatant became cl&he husk was then oven dried af@dor 8 hours, grinded to
sieve size of 180-300um and stored in an air fightainer pending usage as an adsorbent.

Preparation of Adsorbate: Lead nitrate Pb (N¢), salts were used in the preparation of the satkstolutions.
Stock solution was prepared by dissolving the aately weighed amounts of Pb (W@in 1000ml distilled
water. Working solutions of concentration rangingni 5 to 60mg/l were prepared from the stock soiutyy
serial dilution with distilled water.

Metal Analysis: Metal ion concentrations were measured by Atomisdkption Spectrophotometer (Model
969, Solar Unicam Series), using an air-acetyldaend and single element hollow cathode lamps. The
instrument was calibrated with standard solutioh& ¢o 20 mg/L. Lead absorbance was measured atr@l17
The spectrophotometer was linked to a microprocassiog SOLAR AA software.

Sorption Studies: In order to determine the sorption isotherm, 0.1dghef adsorbents was brought in contact
with 50ml of the varying concentrations of the wark solutions (5-60mg/l) of the sorbate. The migtuvas
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agitated in a mechanical shaker at ambient temyrer&r 120 minutes at a constant agitation spé@9@ rpm.
At the end of the agitation, suspensions were se¢parby filtration and the supernatant was analyiped
residual lead ions via AAS. The equilibrium sorptiof PB* ion by MMH was tested with Langmuir and
Freundlich isotherm models to determine the bessditherm equation.

Data Analysis: Lead uptake by the MMH during the series of batarestigation was calculated using the mass
balance equation as stated below:

g= _v (G-Q) (1)
m

where,gds the amount of sorbate sorbed (mg/g) at equilib, ci is the initial concentration of Bb(mg/l) in
solution;ceis the final residual PH concentration (mg/L) at equilibrium anm,is the mass of MMH (g), v is the
volume of initial sorbate concentration (L). Titemoval percentage (R %) defined as the ratio fiéreince in
metal concentration before and after adsorptigr-(G) to the initial concentration of the Adsorbateagueous
solution (G) was calculated as shown below:

(R%) =G.= G, x 100 @
G

Kinetics of Sorption Studies:The time- concentration profiles of the adsorptiéthe adsorbates were assessed
to obtain the kinetic parameters by the additio®dfg of the adsorbent into a 200ml working solutad the
adsorbates of varying concentrations, agitated wihaker at 200 rpm. Solution samples were wittdrat
intervals between 2mins - 2hours of contact, #iteand the supernatant was analyzed for residutl no@s.
The kinetics of PBsorption on the MMH was analyzed using Langerengséirst order and pseudo second
order kinetic models and Intraparticle models.

Sorption Process variables Optimization

pH Effects : The sorption process variables were optimised Isgssng the effects of pH on the sorption
process varying the pH of the initial adsorbateisoh of 50ml between pH2-6 with 1M HCI or 1M NaGird
fixed sorbent dosage of 0.1g at ambient temperdtur&20mins and agitation speed of 200rpm.

Effects of initial metal ion concentration: The effects of initial concentration variation dretkinetic of the
sorption process were assessed by varying the otatiens of the adsorbate between 25mg/l — 100rfigdd
sorbent dose of 0.1g and 50ml of initial adsorlsateition at ambient temperature for 120mins andatign
speed of 200rpm.

Effect of the sorbent doseThe effect of the sorbent dose on the sorptionge®avas investigated at different
adsorbent dosages of 0.05g-0.60g by contacting %@ithl of adsorbate for 120mins at ambient tempegadnd
agitation speed of 200rpm.

Results and Discussion

Sorption Isotherm Studies: Adsorption is usually described through isothernesamount of adsorbate on the
adsorbent as a function of its concentration @éilil) at constant temperature and whose paramgtesent the
surface properties and affinity of adsorbent tautol The evaluation of a sorbate’s affinity for artpcular
sorbent is usually obtained from the analysis @& tbsults obtained from the equilibrium isothermdsts.
Equilibrium studies are described by sorption isoth characterized by certain constants whose vawe®ess
the surface properties and affinity for the sorbélrite results obtained in this study were testeth wivo
isotherm equations, Langmuir and Freundlich eqnati@he Langmuir isotherm which hints on homogeneit
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describes the monolayer coverage of a sorbatesmmbent surface at constant temperature. The liiogar of
the Langmuir equation is:

Celg=1/KGgn+ CelGh e vvvieaiiiiieiiiiiiiiiiiiieaneennn. (3)

where Ce is the concentration of the sorbate atlilequm (mg/l), g is the amount of sorbate sorbed at
equilibrium per unit mass (mg/g)mgs the monolayer sorption capacity at equilibrigmg/g) and k is the
Langmuir equilibrium constant (I/mg). The values gafand k were obtained from the slope and intercept
respectively of the plot of straight line graph @fe/q against Ce. The Freundlich isotherm is regardednas
empirical isotherm. It indicates the surface heermity of the sorbent. The linearized form of uradich
equation is given by:

INge = (A/M) ING+ Koo (4)

wherekand n are Freundlich adsorption constants, relatecadsorption capacity and sorption intensity
respectively obtained from the plot of Inge agaln§te which gives a straight line graph with 1/nskgpe and
log k as intercept. In order to understand the mechawisPE* adsorption on MMH, the experimental data
were fitted to the aforementioned equilibrium igoth equations. An error function is required toleate the
fitness of each isotherm equation to the experiaiatdta obtained from the process employed. Inptesent
study the linear coefficient of determination$, was used. The values of the linear correlatidmfreach
isotherm equation and their parameters when fitiettie experimental data are presented in Tableellilghest
values of ¥ was obtained when the experimental data werdlfitto Freundlich isotherm equations (0.993).The
description of the sorption of Pbon MMH by the Freundlich isotherm equations is @infer to the
heterogeneity of the surface of the MMH and the titayler adsorption nature of the ¥bon MMH.The
equilibrium adsorption plots, relating the soliddahiquid phase concentrations, for the two isotheara
presented in Fig 1 and 2.

Table 1: Sorption isotherm models constants and céfecients of determination for the sorption of Pb (I)
ion by MMH.

Langmuir Freundlich

K. (dnt/mg) = 0.88 Kt(l/mg) = 1.9089
gm (mg/g) = 52.08 n=1618
r’=0.968 r°’= 0.993
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Fig 1: (a) Langmuir plot of Pb**sorption by MMH (b) Freundlich plot of Pb?*sorption by MMH

The value of n (1.618) the sorption intensity ip@inter to a favorable adsorption process. The mami
adsorption value, 52.08 mg/g, obtained in the preseidy indicated a good uptake of Pin aqueous solution.
Comparison of the potential of MMH as a sorbentRtf" uptake in aqueous systems showed that MMH can
compete favourably with other sorbents (Poplar 21@/g, Walnut 6.54 mg/g, Pinussylvestris 9.71 n{tlicet

al., 2007; Yasemin and Zek 2007and TatyCostodak,e2003).

Effects of Solution pH Organic functional groups such as alcohol, aldebyKetones, carboxylic, phenolic and
ether group usually present on the surface of bbmstds have been found to participate in catiodlibiop due to
their ability to ionize in aqueous solution (Kapaidral,1999; Ofomaja and Ho, 2005). pH is an imgatrfactor
controlling the process of adsorption. The ability form electrical charges on the biosorbent serfé
dependent on solution pH. At lower pH most of thiesetional groups are dissociated and can readithange
H* with metal ions in solution. In the present stubigsorption of Pb could not be carried out beypht6 due
to the precipitation of Pb(ORpat higher pHs and therefore the experiments were in the pH range 2-6. The
effect of solution pH on the uptake of lead ioreniraqueous solution showed an increase in percengagoval
from 30-92%, 43-90% and 39-90 % for 30, 60 and @@l wf Pb ion in solution shown in Fig 2a. As sabatpH
increases, the amount of metal sorbed increasé® pfesence of positively charged sites on theobient
surface may be responsible for the low metal iotakg at low solution pH. Increasing the pH reduttes
competition between the*Hind PB" leading to interaction between the surface fumetigroups of the sorbent
and PB". It should be noted that there is only a slightiation in the % removal between the different
concentrations used. For the study an optimum pblwés chosen.

_ 100 . 40
b 50
5 50 gt ——30 mg/| gzo gpEE *25mg/g
° v —m—60mg/| & 10 oo?® B 50 mg/g
0 0
23456 90 mg/l 0 100 200 “100me/8
pH Time (min)
(a) (b)

Fig 2: (a) Effect of Solution pH on PB" uptake by MMH
(b) Effect of Initial Metal ion concentration on Pb?* uptake by MMH
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Studies on Sorption kinetics: Sorption kinetic parameters of adsorbate uptakeiraportant for choosing
optimum operating conditions for the full scalediaprocess (Guptet al., 1997). These parameters which give
information for the designing and modeling of tlis@rption processes are also essential tools éoprbdiction

of adsorption rate. In order to understand the tyithg mechanism of any sorption process, differkinetic
models have been proposed and used to analyzelatiaed from different sorption experiments. Copmsnt
upon this, data obtained from study of the effeciniial Pb*"ion concentration effects were analyzed using
Langergren Pseudo first order, Pseudo second @kier1998) and Intraparticle diffusion kinetic mdsl¢o
explicate the mechanism guiding the sorption of By MMH. The linearized form of the pseudo —firstler
equation of Lagergren is generally expressed é®asl

log (G-qr) = log(ar) - _tk (5)

2.303
where@ and q are the sorption capacity at equilibrium and tinmespectively (mg/g). kis the rate constant of
pseudo — first order adsorption. A plot of log-(p) against t gives a linear relationship from whikl pseudo -
first order parameters can be determined from tbpesand intercept of the plot. The pseudo-secamuiero
kinetics represented by the linear equation preskiélow was also used to test the experimental dat

t/q = ilkyQe + /gt (6)

whereg, ¢ and t have the same meaning as explained abgve.the overall rate constants of pseudo-second
order sorption ((g/mg)/min) . The plot of t/ggainst t of equation (6) should give a lineaatiehship, from
which ¢ and k can be determined from the slope and intercepheflot. The initial sorption rate (h) can be
obtained from the pseudo-second order linear pdatgyt approaches zero:

h = Iﬁqze (7)

Effect of initial Pb?* concentration: Different concentrations of the adsorbate from@3@0 mg/L were used
to study the effect of initial gb concentration on the kinetics of adsorption by MMgjitation was carried out
at 200 rpm for 120 min. The effect of initial cont@tion on the sorption of Pb ion is presente@im2b. The
plot obtained when the amount of#Phdsorbed per gram of MMH was plotted against ttmewed that the rate
of sorption was fast at the inception of the sampttudies and reduced as equilibrium was bgipgcached.
The sorbate removal increased with the increaskeeirinitial concentration. This could be assumeddalue to
the fact that resistance to the uptake of the sertacreased with the increase in sorbate concientrd his
trend was common for all initial concentrations duge order to understand the underlying mechani$th®
sorption process under the influence of varyingiahPt#* concentration, the data obtained from the sorption
process were tested with different kinetic modelgeeviously highlighted. When the data obtainexdnfrthe
adsorption experiment were interpreted with thegetic models, the Lagergren pseudo-first orderetn
model was the least to conform to the descriptiothe sorption of lead ion by MMH (Table 2).

Table 2: Kinetic Parameters for the sorption of PB* by MMH at varying initial concentrations

Pseudo First Order Pseudo Second Order
Conc R? J&a  QGxp K, SSE R K2 geas geexp h SSE
(mgll)
25 0.9935 8.033 9.011 0.0466 0.2 0.983 0.0072 10.05011 0.7272 0.2
50 0.8064 11.69 18.03 0.0522 1.2 0.979 0.0098 18.118.0 3.238 0.036
100 0.9435 20.45 33.021 0.0811 25 0.999 0.0240 2233.33.021 26.486 0.044

geexp : Experimental amount adsorbed per unit gram of MMH, q.cal- calculated amount adsorbed per unit gram of MMH, KKy

First and Second order rate constant, h- initial rption rate , SSE-Statistical Sum of Error Square Correlation coefficient —R

Table 2 showed the kinetic experimental data fdi Bbrption onto MMH. Accepted kinetic model for arg
adsorption is characterized by a good and highetation coefficient, R which is an indication of the
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applicability and reliability of a given model, sl® agreement between the calculated and experingeatdues
(precision test) and least values for error analgguares for N number of data points which isrdeteed as:

\/Z(qe exp- gecal)?

SSE (%) = (8)
N

Comparing the two models used, (Table 2) the dieviatbetween the calculategvalues and the experimental
gevalues were relatively lower for pseudo second iotdan for Langeren Pseudo first order model ared th
pseudo second order gave a lower value for thetB&ELangeren pseudo first order. The regressiefficent
values of the pseudo first order were found torbthé range of 0.9935-0.8064 which shows that tbeéeican
be applied but are not appropriate to describeettiiee process. The Pseudo first order adsorptta constant
were in the range 0.0466-0.0811 (Mjnfor initial PKconcentration of 25-100 mg/L. Het al., (2000)
considered pseudo second order equation to be @ for studying metal ion sorption. Sequelhis tthe
data obtained from the sorption experiment watksiith the pseudo second order kinetic model. ggeudo
second order kinetic model considers the rate itigistep as the formation of chemisorptive bondinwng
sharing or exchange of electrons between the sodvad the sorbent and predicts the behaviour tieewhole
range of studies supporting a pseudo second odieatien (Ho and McKay, 1998). The applicability tbe
pseudo second order kinetic model to experimerdtd & presented in Fig. 2a. The pseudo-second-oatke
constantk;), the initial sorption ratehj and the equilibrium sorption capacitye] were obtained from the slope
and intercept of Eq. (6). THeandge values of the MMH increased with increase in thi@al concentration of
the lead ion.

5+ 35 4
y = 0.0995% + 1.3773
RI=0.983 30 -
4 - y=0.055x+0.3088
R1=0,9793 = 25 -
3 ~ 70 -
o]
= v=0.0301x+0.0374 'én + 25mg/l
2 R=0,9986 157 gm ]
% 10 W50 mg/g
11 * 100 m
» 4
0 ; T 1 .50mg/| 0 T 1
0 20 40 0 5 10
Time (min) 100mg/I $05
Fig. 3: (a) (b)

(a) Applicability of pseudo-second-order kinetic modeto experimental data at
different initial Pb ?* concentration.
(b) Intraparticle diffusion model

Adsorption process is usually controlled by thdééerent steps: (i) transport of solute from thékbsolution to
the film surrounding the adsorbent (ii) transfeonfi the film to the adsorbent surface leading tdase
adsorption and (ii) diffusion from the surface ke tinternal sites followed by binding of the adstebto the
active sites (Bhattacharyya et al., 2004). The aleate of the adsorption process is determinethbyslowest
steps. The intraparticle diffusion model was useddtermine the rate determining step. Accordingpéomodel,
fractional uptake will vary with the functioa(r2)*2. For the intraparticle diffusion model, a plottbé amount
of sorbate sorbed per unit weight of sorbeqt), (/ersus square root of contact tinfe, gives a linear plot which
indicate that intraparticle/pore diffusion is thete limiting step in the sorption process. The ltesobtained
when the intraparticle diffusion model was usednterpret the results of the effect of initial centration of
lead ion on the sorption process are presentedji@ll: The plots obtained indicated multilineartplmstead of
a linear plot thus suggesting that intraparticledpdiffusion is not the singular rate limiting stepthe adsorption
process but rather two or more steps influencedcatis®rption process according to Weber and Moii863).
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The plots showed that the data points can be telatawo straight lines. The first straight linerppon depicts
macropore diffusion and the second represents puceodiffusion (Oladoja et al., 2010).

Effects of Dosage AmountThe variation in the extent of adsorption with #raount of adsorbent expressed in
% removal is presented in Table 3. The adsorptieneased rapidly as more and more of the adsorkast
added. The adsorption increased from 21.1% to 27%®®n the adsorbent amount was increased fromt6.2g
1.0g for a contact time of 2mins. Increasing thebent dosage makes a large number of sites availaatiing

to an increase in adsorption.

Table 3: Variation in the extent Percentage Removaidf Pb** on different dosages of MMH

Time (Mins)  0.2g 0.4g 9.6 0.8g 1l0g
2 21.2 24.3 25.4 26.4 27.9
5 29.1 354 39.3 40.5 42.2
10 48.0 52.1 65.6 65.4 67.1
15 86.3 89.3 92.5 96.2 98.4
20 88.4 90.1 93.4 96.6 98.3
30 92.2 93.2 95.3 96.8 98.4
40 91.3 94.2 95.2 97.4 98.5
50 92.2 95.1 96.1 98.3 98.6
60 934 96.4 96.5 98.6 98.7
120 94.4 97.2 98.3 98.8 98.9

The results indicated that the amount of Pfay, mg/g) sorbed per gram of the MMH increased withet
(Fig.3). When the values of gt obtained for each Mildosage were compared, the gt values reduced with
increase in sorbent dosage while the extent ofratien (%) increased with increase in sorbent des&jmilar
trend have been previously reported (Ho, 1995, Hd &fomaja, 2005). Implying that the equilibrium
adsorption capacity of the MMH is a function of thesage used.

200
%5 150 —+=10g
B
£ 100 ——08g
& 50 06g
0 T 1
—i=-04g
——0.2
Time (min) 8

Fig 5. Plot of Amount of PE* sorbed versus time at various initial MMH dosages.
CONCLUSION

The results obtained from the equilibrium adsorpigptherm studies showed that the capacity of MigiHead

ion was 52. 08mg/g which competes very well wittmeoother biosorbents for lead removal from aqueous
system and that the sorption took place on hetermes surface of the MMH. The kinetic of the sanptivas
better described with pseudo second order modeglgesting chemisorption mechanism of the sorptiatgss.
The intraparticle diffusion model might also plagignificant role in the adsorption process slowiliyvn the
approach towards equilibrium. Optimum pH for leadpsion by MMH was 5 with a contact time of 30 mins
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.This study showed that MMH is a promising low cogtsorbent for lead ions in aqueous system arsnaval
of 98% was possible at optimum conditions.
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