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ABSTRACT

Lead is one of the heavy metals, highly toxic ton&ns and can cause damaging effects even at very lo
concentrations. It is necessary that the high cabtegion of lead in aquatic decrease to permissildgel.
Carbonized pomegranate peels modified with ironehlagen investigated for removal of Pb(ll) ions fraqueous
solution. The effective factors were optimized &gt adsorption using factorial design approactotidain the best
model Pb(ll) biosorption. All experiments were penfied at Lab temperature (25°C), contact time 96, rand
initial pH of 6.5. The 54 experiment designingaiftbrial design were done for optimization condigo Maximum
removal efficiency was calculated as 80.1% and ®fio4 Fe”* andFe&*impregnated pomegranate peel carbons
respectively. Mass adsorbent was found as the sigsfificant factor with F= 25.657 and = 0.001 at 0.05%
significant level. The results described in thisdst showed that carbonized pomegranate peels impted with
Fe?*ions had high removal efficiency for treatment b{IP from waters and developed a model to pre&ibfl)
removal in a batch biosorption process.
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INTRODUCTION

Some heavy metals, like Fe, Zn, Ca and Mg, have beggorted to be of necessary to man and theiy dddke had
been recommended. However, some others, like AsPGdand Hg, have been reported to have no corteump
even at very low concentrations can be toxic. Tieeyl to accumulate in the food chain and in theybaa can be
stored in soft tissues such as kidney and hardesssuch as bone[1]. Lead inorganic forms are Abdothrough
ingestion by food and water, and inhalation. Itssmuinhibition of the synthesis of hemoglobin; dysfions in the
kidneys, joints and reproductive systems, cardiowias system and acute and chronic damage to th#ate
nervous system and peripheral nervous system[2HDVENd EPA have established permissible value@g thg/|
for lead in drinking water.

Among different technologies of purification, alystton has been attended to as a fast, cheap aruleeff
method[5].Adsorption process in batch systems lysdepends on several factors such as pH of seluidsorbent
dose, initial metal concentration, contact timenperature, etc. Many researchers tried to optirtlieeeffective

parameters on adsorption process[6-9].In theirnuiptition procedures, one factor has been usualiabla at a
time and the other factors fixed. Subsequentlyp@tmum value of first factor, the other factor ngas and
continues to optimize all experimental paramet&hés method of optimization is very time-consumingd needs
to do many experiments. Also, the interactions agrahfactors are neglected[10]. It is further impible to detect
the frequent interactions which occur between twaonore factors. Optimization by design of experitse{DOE)

procedure involves changing all variables from erperiment to the next. The advantage of this ghoeeis that
the influences of parameters are considered anbetevalues are obtained.
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Until now, the use of industrial and agriculturestess as adsorbent have been explored for remowRib@F) ions
from aqueous solutions[11-15]. Pomegranate peelsarasndustrial waste produced in large scales am.Ir
Pomegranate fruits are widely processed into jyams, syrup and sauce. The non edible portionlYpédruit is
about 40-45% of the total fruit weight. Therefotiee idea to change the wastes of pomegranate nenrifey
products to activated carbon for cleaning the emvirent is valuable. Previous study by El-Ashtouksleused the
raw pomegranate peel, activated carbon prepareth fpmmegranate peel (AC1), and chemically-treated
pomegranate peel (AC2) for removal of lead(ll) aogper(ll) from aqueous solution[16]. Ertas andkAtudied
removal of lead from aqueous solution by chestingil sadsorbent. They applied two-level factoriakida to
investigate the effects and interactions of paramsedn Pb(Il) removal and found that the adsordestge, stirring
speed, and pH had a positive effect on the ademiifr]. Kadak applied full factorial design to syutie removal of
lead from aqueous solution by precipitation. Thiesults showed that the precipitation time hadgiteatest effect
on removal efficiency[18].

The main objectives of this research were to modifgomegranate peel carbons surface by treatmigémtfe’* and
Fe* ions and to increase of their abilities for remasaPb(l1) ions from aqueous solution. An additbmbjective
was to develop a model using full factorial desigethodology that can be used ac a foundation fdil)Pb
biosorption has been demonstrated.

EXPRIMENTAL SECTION

Reagents

All chemicals used for experiments were of anahftigrade. The stock solution of 1000 mg/IPb(Il) Sowas
prepared from Pb(N£kindeionized water and used for optimization experits after dilution. Feglnd FeG 0.1
M solutions were used for treatment pomegranatés pSeandard solutions for determination of Pb laynke atomic
absorption spectrometry in the range of 0-50 mgftteaprepared from the stock standard solutions060Img/I
through dilution with 1% (v/v) HN@

Statistical design of experiments (DOE)

For quantification of the effects of the three ahtes on the Pb(ll) biosorption, three levels afhefactor were
optimized by factorial design as’ &ull factorial designs for two adsorbents incluBié experiments for Ph(ll)
biosorption. The order in which the experimentseveonducted was randomized to avoid systematiaseride
coded values of variables 1, 2 and 3 in the adsorptf Pb(ll) for solution volume (V), initial Pbomcentration (C),
and mass of adsorbent (m) are given in Table 1.

Table 1 The coded values and ranges of variables fadsorption of Pb(ll) from aqueous solution

Level
Factors Name Type 1 > 3
Ads  Type of biosorbent Qualitative ~ #PC F&-PPC -
m Biosorbent dose (w/v%) Quantitative 0.1 0.5 1
C Pb concentration (mg/l)  Quantitative 10 50 100
\ Solution volume (ml) Quantitative 50 100 150

Preparation of adsorbents

Pomegranate peels were prepared from Nodousharergaat Yazd province, center of Iran. They wereheds
three times with water, dried at room temperatorakisence of sunlight and sieved in the size rah§e6—-2.0 mm.
To modify biosorbents, 20 g of dried granule waskso with 20 ml of 0.1 M Feglnd FeGisolutions at 25 °C for
24 h, separately. Then, the granules were carbdiza temperature of 400°C for 3h in a programenélbhace in
the atmosphere of nitrogen. The mixture was wasesgral times with distilled water to remove angess ions
from the treated pomegranate peels. Finally, the imodified pomegranate peel carbons were dridd@t°C and
kept for further use.

Batch adsorption studies

Batch adsorption experiments were conducted byedlasontainers using Orbital shaker at 150 rpm aad L
temperature (25 °C). According to the DOE, the 5eemental conditions were performed to achieve th
optimization condition in the closed containersteAfreaching to equilibrium, the solids were sefetaising filters
and the absorbance of the clear liquid was analyaedlame atomic absorption spectrometry at maximum
wavelength of 283.3 nm. Control samples withoutsbibent were run in parallel. All of the experingemtere
carried out at initial pH solution of 6.5 and fixsdaking time of 90 min for 3 replicates.
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Data analysis

The remaining concentration of Pb(ll) in clear siom was recorded three times in a standard modk an
concentration of Pb ions in aqueous solution wésutsted from Beer-Lambert equation. The adsorpéfficiency

of iron modified PPC was calculated from experiraédata as equation 1.

(Co - C)

0
The results of the experimental design were andlyasing MINITAB 16 software to evaluate the effects
coefficients, standard deviation of coefficientson@non statistical tools, such as F-test and t-teste used to
define the most important variables affecting thed adsorption efficiency. The interactions betweelependent
factors were determined by analysis of variance QMA) and the main effects of parameters on the
Pb(I)biosorption were identified based on the psea0.05 of confidence level.

%RE = " 100 @

RESULTS AND DISCUSSION

SEM of biosorbents

The SEM images of the PPC and iron modified PPGwardied and represented in Fig 1 (a) and (bpectively.
The comparison of images illustrated that the waé@ PPC has regular surfaces with low porosityighes,
whereas in iron modified PPC biosorbent the nunabgrarticles on surface increased and their poratgt/eloped,
consequently the active surfaces of carbon pastitées been enhanced.

SEM HV: 15.00 kV WD: 5.849 mm " MIRA\ TESCANSEM HV: 15.00 kV WD: 5.704 mm I MIRAW\ TESCAN
View field: 2.167 ym  Det: InBeam 500 nm [ View field: 2.167 ym  Det: InBeam 500 nm ;
SEM MAG: 100.01 kx Date(m/dAy): 01/15/13 IROST lfl SEM MAG: 100.00 kx  Date(m/dAy): 01/15/13 rost 4

Fig 1: SEM images (a) PPC (b) iron modified PPC

Table 2 Estimated regression coefficients and analis of variance for Pb(Il) adsorption on F&-PPC

Statistic
Factors D.F  Coeff SE Coeff SS MS F P
Constant 9 35.93 46.22 1423.7 1581.8 7.60 0.448
m 1 6295 26.57 9512.8 1169.5 5.62 0.030
C 1 2.25 26.57 419.5 1.5 0.01 0.933
\Y 1 -51.88 26,57 2706.0 794.2 3.81 0.067
m. m 1 -1153 5098 798.1 798.1 3.83 0.067
c.C 1 -3.08 5.89 57.0 57.0 0.27 0.607
V.V 1 10.18 5.89 622.2 6222 299 0.102
m. C 1 3.13 4.17 117.8 117.8 0.57 0.462
m. V 1 -0.05 4.17 0.0 0.03 0.00 0.199
CV 1 -051 4.17 3.1 3.1 0.01 0.904
Error 17 3540.0 208.2

Optimization of adsorption process by factorial degn
Factorial design is employed to achieve the bestallvoptimization of the system. It was used tuee the time,
overall process cost, and to obtain better respfiri®e The design determines which factors haveadirtgnt effects
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on a response as well as how the effect of onerfacries with the level of the other factors. Thenber of
experimental runs at n levels i§ where k is the number of factors [20].In our @ware,27 possible combinations
were obtained for three variables with three le¥eiseach variable in the experimental design mafrbtally, 54
combinations were performed because each experiwvastione for two adsorbents. The range levelsléTHbfor
the factors were selected according to some pnadirgiexperiments.

The results of experimental design were interpratedg with analysis of variance (ANOVA) and lineagression
model. The statistical plots, the main effects, amdractions between factors were estimated withNinitab 16
software. The results of the linear regression amalysis of variance for EePPC and F&-PPC are presented in
Table 2 and Table 3, respectively.

Table 3 Estimated regression coefficients and anais of variance for Pb(Il) adsorption on Fé-PPC

Statistic
D.F Coeff SE Coeff SS MS F P
9 59.06 5.61 9960.4 1106.7 9.11  0.000
1 19.52 2.60 6860.1 6860.1 56.50 0.000
C 1 3.50 2.60 2212 2212 182 0.195
\Y 1 -10.35 2.60 1928.2 1928.2 15.88 0.001
m. m 1 -6.24 4.50 2340 2340 193 0.183
1
1
1
1
1

Factors

Constant
m

C.C -8.86 4.50 4711 4711 3.88 0.065
\AY 0.90 4.50 4.9 4.9 0.04 0.843
m.C -2.64 3.18 83.7 83.7 0.69 0.418
m. V -3.61 3.18 156.2 156.2 129 0.272
Cv 0.28 3.18 0.9 0.9 0.01 0.932
Error 17 2064.3 1214

Analyses were done by means of F-test, and p-vdlbe. F-test was used to determine the significasfcthe

regression coefficients of the parameters. Thelpegawere used as tools to check the significafi@ach of the
interactions among the variables, which in turnidgate the patterns of the interactions among théabkes. In

general, the larger the magnitude of F and the lem#ie value of p, the more significant is theresponding
coefficient term [20, 21]. According to Fisher'sdst and p-value, the parameters adsorbent dosar(thyolume
(V) were statistically significant for Pb(Il) adgtion on two biosorbents, while the other interasi effects were
statistically insignificant compared to the othéfeets. The interactions effects of m.m fo’FEPC and C.C for
Fe*-PPC were statistically significant compared to titeer interaction effects. Discarding the insigmift

parameters instructs to following regression equafior Pb(I1) adsorption efficiency on #ePPC and F&-PPC:

% Pb biosorption = 35.93 + 62.95m - 51.88V 11.58m (on F&-PPC) (2)
% Pb biosorption = 59.06 + 19.52m - 10.35V 8.86C. (on F&-PPC) ()

The effects of individual variables and interactaffects can be estimated from the above equatidesording to
equations 2 and 3, mass of the biosorbent hasitiveosffect, while volume has a negative effectRimremoval in
the various ranges of each variable. In additioassnof biosorbent has the greatest effect on Pbratom,
followed by volume of solution and initial conceatipn, respectively. To confirm it, the main effeglots were
generated to represent the results of regressialysis. The main effects represent the deviatidnthe average
between high and low levels for each of them. Wiheneffect of a factor is positive, adsorption@éncy increases
as the factor is changed from low to high levetscontrast, if the effects are negative, a redactivadsorption
efficiency occurs for high level of the same fad@i?].

Fig. 2 shows the main effects of each parametethenPb(ll) adsorption efficiency. It can be infatrthat the
biosorbent dose had strong positive influences @gutmorption process efficiency, thereby, increastiegbiosorbent
dose from 1 to 1.5 g in 100ml solution, increading Pb(ll) adsorption. The other important maireeffregarding
the adsorption process was the effect of the volafreolution. It had a negative influence upon agson process
efficiency, as its coefficient was the largesttfoo biosorbents studied. It means that Pb(ll) gatsom was favored
at low volume values. The initial concentration RPI(Il) also had a considerable effect on Pb(ll)oapi$on
efficiency. An increase in initial concentratiorofin 10 to 50 (level 1 to level 2) resulted in anr@ase in Pb(ll)
adsorption, while further increase to 100,inducetkerease in Pb(ll) adsorption for the”FePC. An increase in
initial concentration from level 1 to level 3 remd in a decrease in Pb(ll) adsorption for thé&"#C. This
difference has been presentedim?.
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Main Effects Plot for %Pb biosorption Main Effects Plot for% Pb Biosorption
Fe2+PPC Fe3+PPC

— ‘ S

Fig. 2:Main effects of each parameter on the Pb(lIpiosorption efficiency

The interaction effects of each parameter on th@l)Pddsorption are shown in Fig. 3. Some lines-ig. 3 are not
parallel and present evidence for strong interastiamong control factors. It is obvious that thisra significant
interaction between volume of solution and ini(Il) concentration for adsorption efficiency oe?FPPC, at
level 2. It was also observed for two biosorbeng the effect of C was more noticeable when tHerme was high,
but at higher biosorbent dose, the effect of ihat@ncentration was insignificant.

Interaction Plot for % Pb adsorption Interaction Plot for% Pb biosomtion
Fe2+ PPC Fe3+PPC
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Fig. 3:Interaction effects of each parameter on th&b(ll) biosorption efficiency

According to the ANOVA analysis, the interactioreen biosorbent dose and solution volume was mifsignt.

It means that the conclusion must be drawn vergfally, because the interaction can mask the miiéces of the
control factors.

CONCLUSION

The treatment of pomegranate peels ifif Belutions and follow the carbonization at 400 °@dified their surfaces
for adsorption of heavy metals. This methodologn t& used to develop of cost-effective and enviremial
friendly for removing of heavy metal. Factorial @gswas employed to achieve the best overall ogation of
system and the effects of parameters on each ofherresults indicated the biosorbent dose hadgtpmsitive
influences upon adsorption process efficiency. Aditg to the ANOVA analysis, the interaction betwee
biosorbent dose and solution volume was insignifick means that the conclusion must be drawn eargfully,
because the interaction can mask the main effét¢teaontrol factors.

Acknowledgments

We thank the Iranian Research Organization forrgegieand Technology (IROST) and Shahid Sadoughi éssity
of Medical Science which supported this work.

44



Abedi M. et al J. Chem. Pharm. Res., 2016, 8(1):40-45

REFERENCES

[1]J Duruibe;M Ogwuegbu, J Egwurugwimt J Phys Scj20072(5), 112-8.

[2]R RennerEnviron Health Perspecf010,118, A68-72.

[3]V Andrade;M Mateus;M Batoréu;M Aschner;AM dosrfBas,Biol Trace Element Re2015,166, 13-23.
[4]LD Grant; Human Exposures and Their Health Bfe@hird Edition2008,757-809.

[5]S Babel;TA Kurniawan). Hazard Mater, 2003,97(1), 219-43.

[6]D Lakherwal,Inter Environ Res Develog014,4, 41-8.

[7IMHEhrampoush,MMiria;MHSalmani, AH Mahul; Environ Health Sci Eng015,13(84), 2-7.

[8]S Pollard;G Fowler;C Sollars;R Peyigci. Total Environ1992,116(1), 31-52.

[9]MH Salmani,MH Ehrampoush;M Aboueian-Jahromi;Mkasishahj J. Environ Health Sci En@2013,11(21), 1.
[10]S Chegrouche, A Bensmaili)Vater Res.2002,36(11), 2898-904.

[11]G Taha;A Arifien; S EI-Nahas]. Solid Waste Tech and Man2@11,37(2), 128-40.

[12]M Sekar; V Sakthi;SJ Rengardj; Colloid Interface Sc004,279(2), 307-13.

[13]R Nadeem;TM Ansari;K Akhtar; AM KhalidChem. Eng .J2009,152(1), 54-63.

[14]M Kazemipour;M Ansari;S Tajrobehkar;M MajdzadidR Kermani;J. Hazard Mater, 2008,150(2), 322-7.
[15]MH Ehrampoush, H Masoudi; AH Mahvi; MH SalmaRresenius Environ Bullteirf2013,22(8), 2314-8.
[16]E-S El-Ashtoukhy;N Amin; O AbdelwahaBesalination,2008,223(1), 162-73.

[17]R Erta; N Oztiirk;Desalination and Water Treatme013,51(13-15), 2903-8.

[18]D Kavak;Desalination and Water Treatmer?013,51(7-9), 1720-6.

[19]LS De Lima; MDM Araujo;SP Quinaia, QW MigliorJR GarciaChem Eng .J2011, 166(3), 881-9.
[20]WC Navidi; Statistics for engineers and sciststi McGraw-Hill Higher Educatior008,229-250.

[21]N Oztiirk;D KavakDesalination2008,223(1), 106-12.

[22]D Bingol;N Tekin;M Alkan; ApplClay Sci2010,50(3), 315-21.

45



