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ABSTRACT

Conventional remediation techniques for toxic hemetals from polluted water are expensive and ajgaty not
environmentally friendly. In this research, bottmodified and mercaptoacetic acid modified oil beaed shells as
bioremediators were tested for their abilities tdsarb Cd*, N and PB* from their aqueous solutions.
Experimental parameters like pH of the solution d@ethperature were investigated using a batch adsorp
technique to explore their variation effect on tieg polluted water of trace elements. Results stbthat the
adsorption of these metal ions were pH dependeptin@m removal of Gd occurred at pH 8 with removal
efficiency of 99.99 % while Niand PB* had their maximum removals at pH 6 and 10 respelgtiand both having
removal efficiency 99.99 % by the unmodified bibsat. For the modified oil been seed shell, maximemmoval
for Cf* was at pH 8 with percentage removal of 99.989 %enthose of Ni" and PB" occurred at pH 10 with
removal efficiencies of 98.89 and 99.42 % respelgtivGenerally, high metal uptake was achieved at low
temperature for both unmodified and modified oiabeseed shell. The data correlated well with Aribermodel
with R values ranged from 0.7 — 08G°, AH® andAS’ values obtained showed that the adsorption provess
spontaneous, endothermic and occurred with increpdiegree of orderliness.
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INTRODUCTION

Anthropogenic activities such as industrial wastewalischarge to the environment have been a cluydle
especially in the field of environmental protectiand conservation [1]. Heavy metals are the mostngon
pollutants in wastewater [2]. Significant anthropoig sources of heavy metals in the environmenluds;
metalliferous mining, smelting operation, agricudtu activities, fossil fuel combustion, surface igining,
photography, electric appliance manufactory, aeazospand atomic energy installations [3-5]. Accaogdito
literature, much have been documented in the tiyxii heavy metals to humans and other forms ef [d] of
which cadmium, nickel and lead are not exceptipndl4].

Hence there is need to maintain pollution free mmhent. Conventional methods of heavy metals reinfsrom
industrial wastewater are sometimes restrictedtduechnical or economical constraints [15, 16prBmediation
technique through adsorption process as an alteenatethod is a generally acceptable technique ithaighly
advantageous and majority of these biomateriale l@en used in metal removal from industrial waaterg [17-
20]. In this research, unmodified and mercaptoacatid modified oil bean seed shell were used tlysthe
adsorption process. pH of the solution and tempezatvere used as important experimental parameters
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determine their effects on the adsorption proc€le. Arrhenius model and equation of absolute reaatite were
also used to describe the adsorption process thigrmaamically.

MATERIALS AND METHODS

The oil bean seed was bought from Umuahia Main Elarkbia State and processed to get the shell skl was
grounded into tiny particle size using manual blEmahd sieved through a test-sieve shaker aftehingsvith de-
ionized water and dried in an oven at’80for 12 h to get 250 um mesh size. It was theivaterl by soaking in 2%
(v/v) dilute nitric acid solution for 24 h, filtede rinsed severally with de-ionized water and a#dwo dry in the
oven at 105'C for about 6 h and labeled as unmodified sampl®muA 100 g portion of the activated sample was
modified using mercarptoacetic acid by soakingshmple into 1000 chrof 0.3 M mercaptoacetic acid for 2 h at
25°C, filtered, rinsed with de-ionized water and flgairied at 58C for 12 h. 100 mg/L concentration of €dNi?*
and PB* were prepared as an aliquot from the stock salutiol 000 mg/L. To determine the effect of pH orf'Cd
Ni?* and PB*adsorption from their aqueous solutions, 56 of100 mg/L portions of the metal ion solutionsreve
introduced into various 250 ml conical flasks camteg 1 gram of each of unmodified and modified ptan after
varying the metal ion solutions with 0.1M HCI faw pH and 0.1M NaOH for higher pH in order to ohtaH
ranges of 2, 4, 6, 8 and 10 at %D. After agitation for 1 h, the mixtures were fitd and the final metal ion
concentrations in the filtrate were determined PASA(Buck model 200A). Likewise, to determine théeef of
temperature on the metal ions adsorption from aggisolutions, the experiment was performed in &teon speed
thermostated water bath shaker and the effect efetlemperature variations [303K (8], 323K (56C), 342K
(70°C), 363K (98C) and 383K (11%C)] on adsorption were investigated. The experimgnocedure was repeated
just as in the case of pH at a pH of 7.5.

RESULTS AND DISCUSSION

The effect of pH on Cd, Ni?* and PB" adsorption at a fixed concentration of 100 mg/shiswn in Figure 1.
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Figure 1: The plot showing the effect of pH on thedsorption of Cd?*, Ni** and Pt** by unmodified and modified oil bean seed shells

It can be seen from Figure 1 that maximum adsammioCd*, Ni** and PB* by both unmodified and modified oil
bean seed shell occurred at high pH. For the unfifieddithe adsorption of the three metal ions stdiemost
displayed a leveling effect at the varying pH séadiOptimum removal of G occurred at pH 8 with removal
efficiency of 99.99 % while Nf and PB" had their maximum removals at pH 6 and 10 respelgtand both having
removal efficiency 99.99 % by the unmodified bidsamt. For the modified oil been seed shell, maxinmamoval
for Cf* was at pH 8 with percentage removal of 99.989 %enthose of Ni* and PB" occurred at pH 10 with
removal efficiencies of 98.89 and 99.42 % respetfivThe maximum removal of Niat pH 6.0 for unmodified
could have resulted from the decreased protonabibrihe ligands at the surface of the biosorbentctvhi
consequently led to the corresponding decreaseeitompetition between the hydroxonium ions andGtfé for
active sites on the sorbent. Also at higher plécipitation becomes the ultimate mechanism of tloegss [21].
This explains that the maximum removal of?Cdnd PB" by the unmodified oil been seed shell as welltes t
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optimum removal of the three metal ions by modifiédsorbent at high pH of 8 and 10 could have teduirom
precipitation of these ions as insoluble hydroxid¢shese high pH. Results also showed that theodified
adsorbent showed better affinity for the metal idinan the modified oil been seed shell. The depereief
temperature on the adsorption of the metal ionhbyunmodified and modified oil bean seed shells® shown in
Table 1.

Table 1: Concentrations of Cd*, Ni** and Pi¥* adsorbed by unmodified and modified oil bean seeshells from aqueous solutions at
various temperatures

T (K) Unmodified OBS Modified OBS

Cd** (mg/L) NZ* (mg/L) PE* (mg/L) Cd* (mg/L) Ni”* (mg/L) PB* (mg/L)
303 99.99(+0.00f | 99.99¢+0.04¢ | 99.90¢+0.03¢ | 97.63¢+0.02( | 99.68(+0.32( | 96.52(+3.33]
323 99.989+0.005 99.999+0.046| 99.902+0.032| 98.778+0.531| 98.692+0.122| 95.692+2.961
343 99.985+0.003 99.884+0.005| 99.871+0.018| 97.728+0.061| 99.320+0.159| 83.498+2.492
363 99.976+0.001 99.873+0.010| 99.867+0.017| 97.572+0.009| 99.120+0.694| 86.860+0.989
383 99.952+0.012 99.721+0.078| 99.604+0.101| 96.242+0.603| 98.012+0.427| 82.785+2.811

It can be seen from Table 1 that higher adsorptias observed at low temperature for both unmodified
modified oil bean seed shell and that maximum gat&or was achieved by the unmodified biosorbenh ttiee
modified biosorbent. Increased adsorption at lowamnperatures indicated that the extent of the mietas
adsorption favour mechanism of physical adsorption.

The Arrhenuis model as stated in equation (1) veasl tio study the effect of temperature on the amoifuithe metal
ions adsorbed by the unmodified and modified odlrbseed shell.

Eq
2.303RT

logk = logA —

(1)

Where k is the rate constant for the adsorptiorgss, A is the pre-exponential factog,if€the activation energy, R
is the gas constant and T is the absolute tempergfoom equation 1, a plot of log k versus 1/Tudtidoe linear
with slope equal to 2.303R and intercept equal to log A. Figure 2 shtive Arrhenius plots for the adsorption of
cd®*, Ni** and PB* by unmodified and modified oil bean seed shells.
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Fig. 2: Arrhenius plot of log k vs 1/T for the adseption of Cd?*, Ni?* and Pt**by unmodified and modified oil bean seed shells.

Table 2: Arrhenius Parameters

System lons Slope Log A| EJ/mol) A R?
Modified C(_:i(ll) 0.9768| 0.8727 18.27 8.1496 0.88_38
OBS Ni(ll) | 2.3601 | -3.6618 44.13 0.000  0.8879
Pb(ll) | 0.8086| 0.4628 15.12 3.0422 0.73p4
Unmodified C(_:i(ll) 0.9769| -1.1462 18.27 0.0636  0.97p1
OBS Ni(ll) | 1.0927 | -1.0681 20.43 0.076f  0.9504
Pb(ll) | 1.0000| -2.6271 23.06 0.0018 0.82p0
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The Arrhenius parameters deduced from the plotspesented in Table 2. From the results obtainédyaRies
ranged from 0.7364 to 0.9701 indicating an exceliiagree of fithess of the adsorption data to thekius model.
From the Arrhenius plot, the activation, #alues were obtained and presented in Table Zalmt and entropy
changes for adsorption of the metal ions by unniediiand modifiebil bean seed shell were estimated using the
transition state equation [22].

AS? AH)
ads __ ads (2)

2.303R 2.303R

logg = log% +

Where k is the adsorption rate constant, T isehgperature, R is the gas constant, N is the Avagadumber, h is
the Planck’s constanpS?,, andAH2, are the standard entropy and enthalpy changethdéoadsorption process.
Figure 3 shows the transition state plot for theaagtion of Cd*, Ni** and PB* by unmodified and modifiedil
bean seed shells.
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Figure 3: Variation of log(k/T) with 1/T for the adsorption of Cd?*, Ni ?*and Pt** by unmodified and modified oil bean seed shells

Table 3: Transition state parameters for the adsorfion of Cd®*, Ni?* and Pt by unmodified and modified oil bean seed shells

System lons Slope Intercept AH°(J/mol) AS®(J/mol) R?

Cd(MD) 1.1261 -2.1003 21.56 -365.91 0.9099
Ni(MD) 2.4721 -6.5096 47.33 -450.33 0.8908
Pb(MD) 1.0526 -2.8278 20.15 -379.84 0.8827
Cd(UM) 1.1265 -4.1199 21.57 -404.58 0.9801
Ni(UM)  1.6918 -5.1988 32.39 -425.24 0.6264
Pb(UM) 1.3816 -5.5964 26.45 -432.85 0.8588

OBS

Thermodynamic parameters deduced from the plotpasented in Table 3. From the results obtairteckn be
seen thans?,. values are negative indicating that the adsorptfathe metal ions led to a decrease in the degfree
disorderliness while the positive values obtairad\f12,, indicated that the adsorption process is endoticerm

Also the Gibb's free energ(/AGO) of adsorption was calculated from equations (3] [2
AGOads: AHoads_ TASOads 3

The values obtained from Table 4 show that &&° values for the adsorption of these metal ionsregative
indicating that the adsorption process is spontasfeasible and exergonic (release of free en¢?gy)
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Table 4: The Gibb's free energy(AGO)for metal ions adsorption onto unmodified and modiied oil bean seed shells at initial

concentration of 100 mg/L

Temperature (K) Unmc_)dified Mot_jified

Cd* NiZ* PE" Cd* NiZ PE*
303 -101.02| -96.46| -104.70 -132.15 -183/68 -94/94
323 -109.11| -104.96 -113-3p -96.63 -98.13 -102/54
343 -117.20( -113.47 -122.0p -103.94 -107/13 -11Q.14
362 -125.2¢ | -121.97 | -130.67 | -111.27 | -116.1¢ | -117.7:
382 -133.3¢ | -130.4¢ | -139.3¢ | -118.5¢ | -125.1F | -125.3¢

CONCLUSION

Bioremediation techniques for toxic heavy metalmaeal from polluted water are cheap and eco-frigniai this
work, the use of unmodified and modified oil beard shells of 250 pm particle size were testethiadsorption

of C*, Ni** and PB" from their aqueous solutions. The effect of pH &emiperature were investigated. Results
showed that the adsorption process was pH deper@ptimum removal of Cd occurred at pH 8 while Rii and

PE* had their maximum removals at pH 6 and 10 respagtby the unmodified biosorbent. For the modifisti
been seed shell, maximum removal for’Cdas at pH 8 while those of Xiand PB" occurred at pH 10.
Thermodynamic assessment of the experimental dilsorglata shows that the process was spontaneous,
endothermic and occurred with increasing degreerdérliness. The results obtained showed that uifradcil

bean seed shell had a better performance thandb#ied oil bean seed shell, hence could be arceéfie adsorbent

for the removal of these metal ions from aqueoligisns.
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