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The sorption efficiency of indigenous rice (Oryza sativa) bran for the removal of organics, that is,
benzene, toluene, ethylbenzene, and cumene (BTEC), from aqueous solutions has been studied.
The sorption of BTEC by rice bran is observed over a wide pH range of 1—10, indicating its high
applicability to remove these organics from various industrial effluents. Rice bran effectively adsorbs
BTEC of 10 ug mL~! sorbate concentration from water at temperatures of 283—323 + 2 K. The
effect of pH, agitation time between solid and liquid phases, sorbent dose, its particle size, and
temperature on the sorption of BTEC onto rice bran has been studied. The pore area and average
pore diameter of rice bran by BET method are found to be 19 4+ 0.7 m2 g~* and 52.8 + 1.3 nm. The
rice bran exhibits appreciable sorption of the order of 85 + 3.5, 91 + 1.8, 94 4+ 1.4, and 96 + 1.2%
for 10 ug mL~* concentration of benzene, toluene, ethylbenzene, and cumene, respectively, in 60
min of agitation time using 0.1 g of rice bran at pH 6 and 303 K. The sorption data follow Freundlich,
Langmuir, and Dubinin—Radushkevich (D—R) models. Sorption capacities have been computed for
BTEC by Freundlich (32 + 3, 61 4+ 14, 123 + 28, and 142 4+ 37 m mol g~1), Langmuir (6.6 + 0.1, 7.5
4+ 0.13, 9.5 + 0.22, and 9.4 + 0.18 m mol g~1), and D—R isotherms (11 + 0.5, 16 4+ 1.3, 30 £+ 2.2,
and 33 4+ 2.5 m mol g71), respectively. The Lagergren equation is employed for the kinetics of the
sorption of BTEC onto rice bran and first-order rate constants (0.03 + 0.002, 0.04 + 0.003, 0.04 +
0.003, and 0.05 + 0.004 min—1) have been computed for BTEC at their concentration of 100 ug
mL~! at 303 K. Studies on the variation of sorption with temperatures (283—323 K) at 100 ug mL™!
sorbate concentration gave thermodynamic constants AH (kJ mol~1), AG (kJ mol~1), and AS (J mol~%
K~1). The results indicate that the sorption of organics onto rice bran is exothermic and spontaneous
in nature under the optimized experimental conditions selected. This sorbent has been used
successfully to accumulate and then to determine benzene, toluene, and ethylbenzene in wastewater
sample.
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kinetics; thermodynamics

INTRODUCTION materials for the production of different commoditied 4).

Volatile organic compounds (VOCs), that is, benzene, toluene, The action and risk level of benzene, toluene, ethylbenzene,
ethylbenzene, and cumene (BTEC), are important environmenta/@hd cumene are dESCfIb?d in the European.Quahty Standards
contaminants because of their high toxicity and widespread for the assessment of soil and water contaminatio6). The
occurrence (12). BTEC frequently co-occur at hazardous waste determination of BTEC in environmental matrices is difficult
sites. Media contaminated with these chemicals include air, because of their trace level presence and losses that occur during
water, and soil. Contamination of groundwater with VOCs may sample handling, extraction, etc. Exposure to these chemicals
lead to their volatilization into indoor air when groundwater is leads to several health-related problems3j. To remove these
used for domestic purposes. BTEC are present in aviation fuel compounds from chemical and industrial wastewater, adsorption
(gasoline) and are widely used as industrial solvents and rawon activated carbon (9,0), photochemical decomposition by
ultraviolet radiationsX1,12), or aerationX3) is normally used.

gzg&f;fgeipfnﬂng :géhgi (g)ez-%%il?g?san)/@PinSteCh-Org-pkaSZ-Sl- However, all of these methods have certain drawbacks, espe-
; telephon -51- . . A h . .
* University of Sindh. cially their cost (4, _15)_. Presently, thgre is an increasing tren_d

8 Pakistan Institute of Nuclear Science and Technology. to evaluate some indigenous materials having good sorption

10.1021/jf058060h CCC: $30.25 ~© 2005 American Chemical Society
Published on Web 10/08/2005



8656 J. Agric. Food Chem., Vol. 53, No. 22, 2005 Akhtar et al.

potential for the purification of waterl6—20). Adachi et al. conditions. The sorbed concentration of the chemicals was calculated
(21) reported some preliminary results of the use of rice bran by the difference in the detector response to peak height (mV) before
for the removal of certain organochlorine compounds from _(Ci) and after shakingde). The removal efficiency or percent sorption
water. is calculated as

Neither detailed paper describing sorption capacities and (€ —C)
energies of sorption of BTEC onto rice bran by Freundlich, % sorption= ——— x 100 (1)
Langmuir, and Dubinir-Radushkevich (D—R) isotherms nor G
any work d.lscussmg th? klnetlp and thermOdynam.lc StUd".as of whereC; andC. are expressed in mol/diniThe distribution coefficient
such sorption process in deta_ll, as h_as been camed out in the(Rd) may be evaluated using following equation:
present study, has appeared in the literature. This paper deals
with the sorption potential of rice bran, an inexpensive _ amount of analyte onto rice bran
indigenous agricultural waste, over a wide range of pH along Ra= amount of analyte in solution
with other parameters affecting the sorption of BTEC onto rice volume of solution (V), 5 _; 2
bran using HPLC methodology. amount of rice bran (W mg ) (@

EXPERIMENTAL PROCEDURES The percent s_,orption gnd d_istribution coefficieRg)(may be correlated
by the following relationship:

Reagents and Materials.All of the reagents used in the present
investigation were of analytical grade and procured from Fluka ) 100R,
Chemical Co. or E. Merck. BTEC of 99.9% purity were obtained from % sorption= Y, ©)
Sigma Chemicals Ltd. Methanol (HPLC grade) was procured from Ry +V_V
Merck and used for making synthetic aqueous solutions and for HPLC
technique. All glassware was of Pyrex and cleaned with a 20% nitric  The effect of temperature on percent sorption of BTEC onto rice
acid solution and repeatedly washed with deionized water followed by pran has been studied by employing the concentration of each BTEC
drying at 383 K in an oven for 5 h. Stock solutions of BTEC have component, 1Qug/mL, 0.1 g sorbent dosage at pH 6, and 100 rpm
been prepared by dissolving 1 g (appropriate volume from mass densityshaking speed using an agitation time of 60 min. Experiments were
ratio) of each analyte in 5 chof methanol and then diluting up to  conducted over the temperature range of 283—323 K, and the sorption
1000 cnt with doubly distilled deionized water as reporte22(23). potential of rice bran at each temperature was measured.
The solubility of these compounds in alcohols is indicated in the  The influence of agitation time on the percent sorption of BTEC
literature (24). The samples of required concentrations have beengnto rice bran was monitored over the range 6120 min using 100
prepared by further diluting the stock solutions. Buffers of pH31 ug/mL of BTEC solution concentration, at pH 6 and 303 K; all
4—6, and 7—10 were prepared by mixing an appropriate volume of remaining parameters were the same as for the evaluation of the effect
0.1 M solutions of HCI and KCI, CECOOH and CHCOONa, and of temperature.
HsBO; and NaOH, respectively (25). Under the same set of conditions, namely, 0.1 g of sorbent dose,

Rice bran (Oryza sativa), from an indigenous variety, that is, super 100 rpm shaking speed, 60 min of agitation time, and 2g6nL of
kernel basmati, was purchased from the local market, washed thor-BTEC solution concentration, the effect of pH was investigated over
oughly with doubly distilled deionized water to remove impurities, and  the range of 1—10 using different buffers.
dried in sunlight for 2 days. The washed and dried material was sieved  Effect of sorbent dosage on percent sorption of BTEC was monitored
to different mesh sizes from 100 to 100G by a Ro-Tap type electrical by employing 0.05-0.8 g of rice bran at pH 6 using 60 min of agitation

sieve shaker. The sieved material was washed thOrOUghly again Wlth“me’ 100 rpm Shaking Speed’ and WmL sorbate concentration.
distilled deionized water to remove the fine partiCles and dried at 383 The variation of Sorption of benzene onto rice bran was examined

K for 10 h, then placed in a desiccator at room temperature to be usedyijth particle size in the range of 100—10@én particle size of sor-
as a sorbent. The pore area and average pore diameter of rice brament onto 0.1 g of rice bran at a solution concentration of AGnL
were measured by BET method using nitrogen as a standard #s 19 at pH 6.

0.7 n? g~* and 52.8+ 1.3 nm, respectively, greater than those of rice The concentration effect of benzene, toluene, ethylbenzene, and

bran variety reported earlier (21). _ _ cumene on their sorption onto rice bran surface was assessed from 100
. Instrumentation. A Hitachi model 6200 HPLC equipped with a  to 1000ug/mL, with all cited conditions kept constant.
Licrosorb octadecylsilane (ODS) columnyf (150 x 4 @ mm), and All experiments were performed at least in triplicate at pH 6 and

UV—visible detector loaded with a CSW32 software was employed 303 K or at pH values and temperatures specified otherwise. The results

for data acquisition, integration, and processing. Water/methanol are the average of three independent measurements along with standard

mixture (80:20) v/v was used as a mobile phase at a flow rate of 1 deviation (SD), showing 95% confidence level with the precision in

mL/min. Arbitrary unit full-scale deflection (AUFS) was 0.005, and  most cases being-3%. Linear regression analysis was used both to

the wavelength used was 254 nm. Redistilled methanol and doubly determine slopes and intercepts of the linear plots obtained and also

distilled deionized water (0.8S cnt?! conductance and pH 5.8) were  for statistical analysis of the data.

used as a mobile phase. The limits of detection (signal-to-noise ratio

of 2:1) were found to be 0.1, 0.05, 0.05, and 0.0%:hg* for benzene, RESULTS AND DISCUSSION

toluene, ethylbenzene, and cumene, respectively. The pH measurements

were made on a digital (inolab level 1) pH meter. The sorption of BTEC onto rice bran is affected by the pH,
Sorption Method. Appropriately weighed adsorbent (0.1-0.8 g) amount of sorbent, temperature, and agitation time between solid

was placed in a 100 chylass-stoppered Erlenmyer flask, to which  and liquid phases. Thus, these have to be optimized one by one

25 cn? of sorbate solution containing various amounts of analyte using 25 cm of 10 or 100ug/mL sorbate concentration, 0.1 g

(100—-1000ug mL™*) was added. The flask was then agitated using a of sorpent, and 100 rpm shaking speed at pH 6 and 303 K,
Gallenkemp 350-010 Stuart scientific wrist-action shaker at a speed of with all other parameters kept constant

100 rpm at 303t 2 K from 5 to 120 min. Finally, the sample was . Iy
filtered using a Whatmann filter paper 44 to remove rice bran. To assess Fl%ure ]]; g)_(rhét():lts t?e gffec;)t of tempt:rr]ature on t?z&;;cent
the evaporation losses of BTEC compounds, a control experiment wasSOrption o onto rice bran over theé range o

conducted following the same methodology except the addition of rice (= 2) K at a solution concentration of 1@/mL, 0.1 g sorbent
bran. No difference between control and treated samples has beer@0Se, 60 min agitation time at pH 6, and 100 rpm shaking speed.
observed, which indicates no losses due to evaporation of organics. AA blank sample (without rice bran) is simultaneously run to
10 uL solution was then injected to the HPLC under optimized estimate the losses due to evaporation. An inverse relationship
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100 - Table 1. Few Characteristics of Organic Compounds (24)
s 97 dipole  solubility
"§_ 90 4 organic compound and mol bp moment in waterd
3 " formula mass (g) (°C) (D) (ug/mL)
s benzene, CeHs 78.11 80.0 0 1800
S 80 toluene, CgHs*CHs 92.14 110.6 0.37 470
o ethylbenzene, CgHs-C;Hs 106.17 136 0.59 150
75 T T T T 1 cumene, CgHs*CH(CHs3), 120.19 152 0.79 50
280 290 300 310 320 330
Temperature (K) 2 Private communication from a referee.
o Benzene A Toluene 90 4
x Ethylbenzene o Cumene
Figure 1. Influence of temperature on percent sorption of BTEC onto § 791
rice bran using 0.1 g of sorbent and 25 cm?® of 10 ug/mL sorbate g
concentration at pH 6. & 604
<
@
80 - S 454
o
g 30 T T T T T ]
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e pH
0
% —=— Benzene —A—Toluene
o 40 1 —¢— Ethylbenzene —6— Cumene
0)
o Figure 3. Effect of pH on percent sorption of BTEC onto rice bran using
20 . . . . . 25 cm? of 100 ug/mL sorbate concentration and 0.1 g of sorbent dose in
0 25 50 75 100 125 the pH range of 1-10 at 303 K.
Agitation time (min) 90 -
—B8—Benzene —A—Toluene
—¢— Ethylbenzene —6—Cumene s
Figure 2. Effect of agitation time on percent sorption of BTEC onto rice 'g-
bran using 0.1 g of sorbent and 25 cm? of 100 «g/mL sorbate concentration it
of BTEC at pH 6 and 303 K. g
G
of temperature with percent sorption is observed. A gradual & -
decrease in percent sorption, although not significant, is observed 0 0' ) 0' 4 0' 6 0' 8 1
with an increase in temperature. For further studies, the optimum ’ o ) )
. Amount of Rice Bran (g)
temperature of 303 K was chosen. Percent sorption was found
to be 85+ 3.5 for benzene, 9% 1.8 for toluene, 94t 1.4 for —B—Benzene —a—Toluene
ethylbenzene, and 96 1.2 for cumene at the above cited —*—Ethylbenzene —6—Cumene

conditions. . . Figure 4. Percent sorption of BTEC as a function of dosage of rice bran
Figure 2 shows the results of the removal efficiency of rice using a concentration of 0.05-0.8 g of sorbent and 25 cm? of 100 xg/mL

bran for BTEC as a funption of shaking time. Percent sorption o pate solution of BTEC at pH 6 and 303 K.

was studied over a period o820 min, using 0.1 g sorbent

and 303 K. The sorption increased with an increase in agitation resulting in an increase in the uptake of BTEC by sorbent sur-

time and acquired equilibrium within 60 min. For further face. The presence of hydroxylions at higher pH values is likely

experiments 60 min of agitation time was employed. The order to cause suppression of sorption of BTEC onto rice b28).(

of removal efficiency remained cumere ethylbenzene> Furthermore, the effect of the sorbent concentration has been

toluene> benzene throughout the entire range of shaking time investigated for BTEC in the range of 0:66.8 g/25 cm by

investigated. This order may be correlated with molecular employing 60 min of agitation time at pH 6 and 10@/mL

weight, boiling point, dipole moment, and solubility of BTEC sorbate concentration. The results are depictdtgare 4. The

in methanol as given iffable 1. The greater are the molecular percent sorption increases with increasing amount of the sorbent

weight, boiling point, dipole moment, and solubility of organics and continues to increase up to 0.8 g/25%cmhereas the

in methanol, the greater is the sorption onto rice bran. More distribution coefficientRy, decreases with a further increase in

soluble substances in water prefer to remain in aqueous solutionthe amount of sorbent. The percent sorption follows the trend

than to be sorbed on the sorbent surface. cumene> ethylbenzene> toluene> benzene throughout the
Figure 3 indicates the influence of pH on the removing entire range of sorbent dosage investigated. This order can be

efficiency of BTEC by rice bran using 60 min of agitation time  attributed to few characteristics of BTEC mentioned in the

at 0.1 g sorbent dose. BTEC solutions have been prepared inpreceding paragraph. The molecules with higher molecular

specified pH buffers; sorption was observed over the pH range weights will have more probability to come into contact with

of 1—10. An inverse relationship of the removal efficiency with  the sorbent surface (27).

pH is observed in the case of all organic compounds monitored. Figure 5 reveals the effect of particle size of sorbent on the

This may be due to the presence of hydrogen ions at lower pH sorption of benzene onto rice bran in the range of 100—1000
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Figure 5. Influence of particle size on the percent sorption of benzene
onto rice bran using 0.1 g of sorbent and 25 cm? of 100 ug/mL benzene Figure 7. Freundlich sorption isotherms of benzene, toluene, ethylbenzene,
solution at pH 6 and 303 K. and cumene onto rice bran using 0.1 g of sorbent and 25 cm® of sorbate
600 concentration shown in Figure 6 at pH 6 and 303 K.
5004 Table 2. Freundlich Characteristic Constants for BTEC onto Rice Bran
‘g 400 + analyte 1n Con (mmol g~?) R2
ng 300 - benzene 0.38£0.03 323 0.9612 +0.0322
> 200 4 toluene 0.45 +0.04 61 + 14 0.9424 +0.0483
x ethylbenzene 0.53£0.04 123+ 28 0.9619 + 0.0463
100 - cumene 0.54 +0.04 142 £ 37 0.9557 +0.0515
0 T T T ' ]
0 0.003 0.006 0.009 0012 0.01! 2.5 -
Ci (mol.dm™) _
—B8—Benzene —A—Toluene "o
—¢— Ethylbenzene —o—Cumene 3
) . . . £
Figure 6. Effect of concentration of BTEC on sorption onto rice bran -
using 0.1 g of sorbent and 25 cm® of (1.3-13) x 1078, (1.1-11) x 1073, 3
(0.9-9) x 1073, and (0.8—8) x 10~ mol-dm~3 BTEC at pH 6 and 303 K. 3
um monitored. It is evident that percent sorption increases with 04 - . . .
a decrease in particle size. This increase may be attributed to 0.000 0.004 0.008 0.012
an increase in the surface area of smaller particle size of sorbent. C. (mol.dm?)
However, an average particle size of 30@ has been selected SBenzene AToluene
for further studies. X Ethylbenzene o Cumene

Figure 6 portrays the influence of BTEC concentration on
their distribution coefficient over a 10-fold variation in the
ranges of (1.3—13x 103 mol-dn12 for benzene, (1.1-11x
1072 mol-dn2 for toluene, (0.9—9)x 1072 mol-dm2 for

ethylbenzene, and (0:8) x 10°% mol-dm* for cumene onto  for each of BTEC components, resulting in straight lines as
sorbent surface using 60 min of agitation time and 0.1 g of shown inFigure 7. The slopes of the straight lines give the
sorbent dose at pH 6. The distribution coefficienf)(@creases  yalues of 1, which are<1, indicating the intensity of sorption.
with an increase in the concentration of all BTEC compounds The values of 1 show that the removal of BTEC by rice bran

monitored. This may be interpreted in terms of limiting sorption s effective at low concentrations, and the intercepts yield the
sites, which may not be sufficient to accommodate increasing yajye of C,, as given inTable 2. A value of 1/n= 0.43 is

numbers of BTEC molecules available to be sorbed onto sorbentreported for benzene (21) onto rice bran, which is close to 0.38

surface. . . + 0.03 for the same evaluated in the present study.

The sorption capacities of rice bran for benzene, _tolue_ne, The Langmuir modelZ9) represents monolayer sorption on
ethylbenzene, and cumene have been evaluated using differy set of distinct localized sorption sites having the same sorption
ent isotherms, namely, Freundlich, Langmuir, and Dubinin  gnergies and no interaction between sorbed molecules. It is also

Radushkevich (D—R), employing data shown in Figure 6. The applied to the sorption data and tested in the linearized form
Freundlich sorption isotherm gives an empirical expression

Figure 8. Langmuir sorption isotherms of benzene, toluene, ethylbenzene,
and cumene onto rice bran using 0.1 g of sorbent and 25 cm? of sorbate
concentration shown in Figure 6 at pH 6 and 303 K.

encompassing the surface heterogeneity and the exponential CJ/C,4s= 1/Qb+ CJQ (5)
distribution of energies28). The Freundlich sorption isotherm
was tested in the following linearized form where Q is the maximum sorption capacity indicating a
monolayer coverage of the sorbent with sorbatelargpresents
log Cyqs= log C,, + 1/nlog C, (4) the enthalpy of the sorption, independent of temperature. In

Figure 8 CJ/Caqsis plotted againstC,, yielding straight lines
whereC,gsandCe are equilibrium concentrations of sorbate on for all organics investigated, indicating that the Langmuir
sorbent surface and in solution, respectively, @gis the sorption model is followed by the sorption data very well. The
sorption capacity (mol of). Log Cugsis plotted against log. values ofQ are calculated from the slopes of the linear plots,
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Table 3. Langmuir Parameters for BTEC onto Rice Bran

analyte Q(mmol g~?) b (dm?3 mol=) R?
benzene 6.6+0.1 592 + 36 0.9981 £ 0.0257
toluene 75+0.13 659 + 35 0.9976 + 0.0187
ethylbenzene 9.5+0.22 569 + 30 0.9956 + 0.0156
cumene 9.4+0.18 683 +29 0.9770 £ 0.0110

82
4.5 T T 1
180
__-5.04
K
g 55
‘3 -6.0 4
-6.5 4
70 4
O Benzene AToluene
X Ethylbenzene o Cumense

Figure 9. D-R sorption isotherms of benzene, toluene, ethylbenzene,
and cumene onto rice bran using 0.1 g of sorbent and 25 cm? of sorbate
concentration shown in Figure 6 at pH 6 and 303 K.

Table 4. D-R Constants for BTEC onto Rice Bran

Xm E
analyte B (k2 mol—2) (mmolg=%  (kJ mol~1) R?
benzene —0.00514 £ 0.00023 11+0.5 9.86+0.09 0.9835+0.0483
toluene —0.00588 £ 0.00036 16+1.3 9.26+0.1 0.9704 £0.0797
ethylbenzene —0.00966 +0.00038 30+2.2 7.19+0.08 0.9880 + 0.0595
cumene —0.00982 + 0.00037 33+25 7.14+0.3 0.9889 +0.0594

whereas the values df are estimated from the intercepts of

the plots. The results are listed Trable 3.

J. Agric. Food Chem., Vol. 53, No. 22, 2005 8659

Time (min)
-0.8 T T T J
15 30 45 60
& 121
5
T
(=4
o
-1.6 4
-2.0 4
OBenzene AToluene
X Ethylbenzene O Cumene

Figure 10. Lagergren plots of benzene, toluene, ethylbenzene, and
cumene onto rice bran, using 0.1 g of sorbent and 25 cm? of 100 gg/mL
sorbate concentration at pH 6 and 303 K.

Table 5. Lagergren and Morris—Weber Constants of BTEC onto Rice
Bran

Ry (,umol
analyte k (min=1) R? g~ min12) R2
benzene 0.03+0.002 0.9739+0.0371 0.017+0.001 0.9804 +0.0157
toluene 0.04 £ 0.003 0.9557 £ 0.0640 0.014 +£0.0009 0.9793 +0.0168
ethylbenzene 0.04 +0.003 0.9739 +0.0510 0.013 +0.0006 0.9796 + 0.0143
cumene 0.05£0.004 0.9674 +0.0684 0.013 +0.0005 0.9775 + 0.0196
0.16 -
< 0.12 4
@
k]
£
= 0.08 1
5
0.04 T T T T T T 1

Another dimensionless equilibrium paramefgr,(30), may
be estimated from the relationship

Time (min)"?

OBenzene AToluene
1 X Ethylbenzene O Cumene
R =1Tbc ©® - . .
G Figure 11. Validation of Morris—Weber equation for benzene, toluene,

ethylbenzene, and cumene onto rice bran using 0.1 g of sorbent and 25

where b is the Langmuir constant an@; is the initial cm?3 of 100 ug/mL sorbate concentration at pH 6 and 303 K.

concentration of BTEC in the solution. The application of

this equation led to values &% in the ranges of 0.110.57, required to remove a molecule to infinity from its location in

0.12-0.58, 0.16-0.65, and 0.150.64 for benzene, toluene,  the sorption space, being independent of the temperature. This

ethylbenzene, and cumene, respectively, in aqueous solutionmodel assumes the heterogeneity of sorption energies within

The higher range dR_for each BTEC indicates an appreciable sorption spaces. The plot of 8.5 versuse? for the data

sorption of these compounds onto rice bran. obtained in the present study should yield a straight line. The
Figure 9 shows the application of the D—R isotherm (31) to  |inear plots shown irFigure 9 indicate that the B-R isotherm

the sorption data in the linearized form is obeyed over the entire BTEC concentration range monitored.

The values off andX,, computed from the slopes and intercepts,

respectively, are given ihable 4. The value of sorption energy,

(7)
. E, can be correlated {® using the following relationship3@):
where C,qsis the amount of sorbate onto sorbent surface and

Xm represents the maximum sorptighis a constant related to 1
the energy, and is a Polanyi potential, which is equal to

¢ = RTIn(1+ 1/C) 8)

InC

— 2
ads In Xm - ﬂE

9)

Values ofE for each organic compound calculated from eq
whereR is the gas constant in kJ mdlK~1, T is the absolute 9 are also given imable 4. The higher values o, Q, and
temperature in Kelvin, an@, is the equilibrium concentration  Xg, (mmol g™%) for ethylbenzene and cumerigaples 2-4) may
of sorbate in solution. This model postulates a fixed volume or be due to increased surface activity and higher molecular
“sorption space” close to the sorbent surface where sorption weights, because surface activity increased strongly and regu-
takes place. The Polanyi sorption potential,is the work larly with ascension of a homologous series and as molecular
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1.0 - The effect of temperature (28323 K) on the sorption of

0.5 - BTEC (100ug/mL) onto rice bran at pH 6 is monitored using
' / 0.1 g of rice bran, an equilibration time of 60 min, and a shaking

0.6 speed 100 rpm. The corresponding plots oKlaversus 1/T
4 (K1), shown inFigure 12, are linear over the entire range of
£ 041 temperature investigated. The value of the equilibrium constant,
0.2 - D/ K¢, may be achieved at each temperature from the relationship
0.0 : . T . . ] K.=FJ1-F, (12)
3 31 32 33 34 35 36
103K whereF; is the fraction sorbed at equilibrium. The thermody-
SBenzene AToluene namic parameters enthalp&lﬂ), entropy AS), a_nd Gibbs _free
x Ethylbenzene O Cumene energy (AG) were estimated using the following equations:
Figure 12. Variation of sorption equilibrium of benzene, toluene, In K. = —AH/RT+ AS/R (13)
ethylbenzene, and cumene onto rice bran with temperature using 0.1 g ¢
of sorbent and 25 cm? of 100 ug/mL sorbate concentration at pH 6. AG = —RTInK, (14)

Table 6. Thermodynamic Parameters of BTEC onto Rice Bran From the slopes and intercepts of the plots showigure

AH AS AGaos 12, the values oAH andAShave been assessed, wherA&s
analyte (kImolY)  (Imol~1K~%) (kI molY) R? has been calculated using eq 14, and the results are listed in
benzene 107404 -318+13 -04+001 09804+ 0.0054 Table 6. It may be deduced from the negative values\#f,
toluene -111+04 -285+13 -1.0+0.04 0.9793+0.0081 AS, and AG that the sorption process is exothermic and
ethylbenzene  —95+03 -185+11 -17+005 0.9796+0.0089 spontaneous in nature, suggesting no structural changes at the
cumene -124£05 -259+16 -192005 0.9775+0.0099 solid—liquid interface, with weak bond formation between

sorbent and sorbate (35). Moreover, the negative valua<sof
for all of the organics indicate the feasibility of their sorption

weight increases more water molecules will be displaced; thus, onto rice bran surfaces from agueous solution containing traces
points of contact of sorbate onto sorbent surface increase, as q 9

: .. of methanol.
Lleﬁl';gggrrggketc(%l%s' of sorbate have more points of contact with These observations indicate that rice bran is very effecti\(e
The kinetic data of BTEC sorption onto rice bran were applied for t_he _removal of fat soluble substances and has potential
to the Lagergren equation (33) applications for_the remqval of BTEC from surface waters an_d
groundwater. Rice bran is the outermost coat of the rice grain.
kt Generally, plants store lipids in oil bodies or spherosomes.
log(q, — @) = log d, — 2303 (10) Spherosomes are organelles rich in lipids, and they differ in
' morphology and origin from large oil bodie3g). Compounds
and tested by plotting logée o) versust, which would give ~ With high lipophilicity are more easily removed by rice bran
a straight line for each organic compound as showRigure (37). The uptake of BTEC by rice bran has been reported mainly
10, wherege andg, are the equilibrium and sorbed concentration t0 be due to spherosome particles. Spherosomes are intracellular
at a timet. The values ok, the first-order rate constant, were Cil-containing particles of-1 «m in diameter, with an osmio-

10. The results are listed ifiable 5. (38); these membranes are inferred to be related to the uptake
Another kinetic relationship, that is, the Morrisveber ~ Of BTEC compounds into spherosomes. It is suggested that
equation (34), was examined in the form molecular size, molecular structure, steric form, or configuration
of sorbate also influences the sorption. The more soluble a

G = Rid‘/f (11) substance is in water, the lower its sorption on the sorbent

surface is likely to be. In general, a polar sorbate will be strongly

whereq; is the concentration of organics sorbed at tinand sorbed from a nonpolar solvent by a polar sorb@s){

Rq is the rate constant for intraparticle transport. Plotgjof
versust2 are shown inFigure 11. The sorption data follow
linearity up to 60 min of agitation time. The slopes of the linear A contaminated water sample was collected from Phulaili

plots gave values dRyq for different organic compounds and canal, Hyderabad, from a location containing petroleum-based
are also given inrable 5. automobile service station wastewater and pharmaceutical and

APPLICATION TO WASTEWATER SAMPLE

Table 7. Percent Sorption and Percent Recovery of Benzene, Toluene, and Ethylbenzene from Contaminated Wastewater

concn of analyte determined with

concn of analyte spiked sample? (BTE) (ug/mL) + SD % recovery with
analyte determined («g/mL) £ SD before sorption after sorption % sorption 2 mL of methanol
benzene 0.451 +0.002 10.45 £ 0.002 0.22 £0.001 98 +0.13 96.2+ 0.4
toluene 0.334 +£0.002 10.33 £ 0.003 0.1+0.001 99 +£0.22 97.3+£04
ethylbenzene 0.214 £ 0.002 10.21 + 0.002 0.1+0.001 99 £ 0.06 97.3+£04
cumene NDb

aSpiked sample (BTE) = 10 ug/mL. ? Not detected.
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other industrial and agricultural effluents from the top of the
water surface close to the left bank of the canal. The sample
was taken in a rinsed dark glass bottle of 5 L capacity and was
transferred immediately to an air-conditioned vehicle for
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(13) McCarty, P. L.; Sutherland, K. H.; Graydon, J.; Reinhard, M.
Volatile organic contaminants removal by air stripping. Presented
at the 99th Annual National American Water Works Association
Conference, San Francisco, CA, June 1979.

transportation to the laboratory, where it was placed in a freezer (14) Rominder, P.'S. S.; John, C. C. Removal and destruction of

at—4°C. Benzene, toluene, and ethylbenzene in the wastewater
sample were estimated by comparing the retention times and

peak heights (mV) of individual organic compounds with

synthetic sample solution, as per the procedure in the literature

(40); cumene was not detected in the sample. A 100 mL aliquot

organic compounds in water using adsorption, steam regenera-
tion, and photocatalytic oxidation processksEnadron. Eng.
1999,125, 897—-905.

(15) Sosnowski, P.; Wieczorek, A.; Ledakowicz, S. Anaerobic
codigestion of sewage sludge and organic fraction of municipal
solid wastesJ. Adv. Eniron. Res.2003,7, 609—616.

of the wastewater was taken into a 250 mL glass-stoppered (16) Hasany, S. M.; Ahmad, R.; Chaudhary, M. H. Investigation of

Erlenmeyer flask spiked with 1g/mL of each analyte sample
(BTE), containing 0.5 g of rice bran, and agitated for 60 min
under the experimental conditions discussed earlier. Ten mi-
croliters was injected onto HPLC for the analysis by adopting
the sorption procedure as mentioned under Experimental
Procedures. Rice bran effectively removed0®.13% of the
benzene, 99 0.22% of the toluene, and 29 0.06% of the

ethylbenzene from the wastewater sample. The sorbed amounts

of BTE were recovered with 2 mL of methanol by sonication
on an ultrasonic bath for 10 min. The percent recoveries were
found to be 96.2t 0.4% for benzene, 978 0.4% for toluene,
and 97.3+ 0.4% for ethylbenzene, respectively. The results of
the analysis along with percent sorption onto rice bran and
percent recovery with 2 mL of methanol are listedTiable 7.
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