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Abstract: The objective of the present study was to investigate the efficiency of
chitosan as an adsorbent for the treatment of wastewater from the egg process-
ing industry. Parameters affecting the effluent treatment process, such as pH,
chitosan dosage, settling time and initial chemical oxygen demand (COD) on
the reduction percentage of turbidity, COD and biochemical oxygen demand
(BOD) were studied. The optimum conditions were found to be pH 4, chitosan
dosage of 1.1 g L1 and a settling time of 40 min. The maximum reduction
percentage of turbidity, COD and BOD were found to be 94, 88 and 83 %, res-
pectively. The effective adsorption process was confirmed by FT-IR spectral
analysis. The experimental data were analyzed by different isotherm and kine-
tic models. The Langmuir isotherm type | model satisfactorily described the
adsorption mechanism. The rate of COD reduction followed a pseudo-first-
order kinetic model. A four factor, three levels Box—Behnken response surface
design was employed to develop second order polynomial mathematical
models from the experimental data.

Keywords. egg wastewater; chitosan; adsorption; isotherms; kinetics; experi-
mental design.

INTRODUCTION

Water is a scarce resource of the world and only 0.03 % is available for
human activities.] Domestic and industrial sources have made the use of waters
unwholesome and have produced great amounts of wastewater. The release of
raw wastewater into the environment causes aesthetic problems and has a nega-
tive impact on environmental bodies and human living resources. A few decades,
there were no stringent laws guiding environmental pollution and hence, many
industries discharged untreated or inadequately treated wastewater into the envi-
ronment.2 Recently, pollution control boards made stringent regulation to adopt
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zero discharge methods in order to protect the ecological system. Therefore,
nowadays, effluent treatment is one of the most important targets for various
industries.3 Different type of industries discharge huge amount of wastewaters,
of which the egg processing industry generates more than 9.5 hillion liters of
wastewater annually. The discharge of untreated egg processing industrial waste-
water creates many environmental problems due to its high concentrations of
organic matter.4

Numerous effluent treatment methods, such as anaerobic,> aerobic,$ advanced
oxidation processes,” ozonation,® electro-oxidation,® photochemical oxidation
using UV/H,0,,10 electrochemical techniques,11 coagulation—flocculation,12 ion
exchange,13 membrane processes!4 and biosorption,1® have been used to treat the
various industrial effluents. Among these methods, chemical coagulation is a
widely used method for the treatment of industrial effluent, due to its superior
removal efficiency of toxic substances.16 In chemical coagulation processes,
aluminum and iron salts are widely used as coagulants that destabilize the col-
loidal materials and cause the small particles to agglomerate into larger settable
flocs; thus, effectively reducing the content of organic matter.17.18 However, the
chemical coagulation method has some disadvantages, such as large chemical
addition, sludge generation,1® economic viability and secondary pollution may
arise.20 Hence, there is critical need to identify a environmental friendly material
that has the capability to treat industrial wastewaters efficiently without having
any negative impact on the receiving environmental bodies.

Chitosan, which is derived from the de-acetylation of chitin, is one of the
most predominantly employed polymeric materials for use as an adsorbent to
treat different wastewaters, such as seafood processing wastewater,2 milk pro-
cessing wastewater,22 brewery wastewater,23 textile wastewater,24 pulp and
paper mill wastewater,2® olive oil industry wastewater?6 and metal industry
wastewater,2’ because of its biodegradability, biocompatibility, adsorption pro-
perties and possibilities of regeneration.28 Moreover, the sludge produced from
the chitosan can be efficiently degraded by micro-organisms?® without causing
any harmful effects on ecological systems. An extensive literature survey showed
that no research reports are available for the treatment of egg processing indus-
trial wastewater using chitosan as an adsorbent. Hence, the objective of the pre-
sent study was to investigate and optimize the effects of the operating para-
meters, such as pH, chitosan dose, settling time and initial concentration on
reduction percentage of turbidity, COD and BOD, on the treatment of wastewater
from the egg processing industry. Different isotherms and kinetics models were
employed to describe the obtained results. Finally, from the experimental data,
second order polynomial models were developed for the responses (turbidity,
COD and BOD reduction) using afour-factor, three-level Box—Behnken response
surface design (BBD). BBD is a spherical, revolving response surface methodol-
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ogy (RSM) design that consists of a central point and the middle points of the
edges of a cube circumscribed on a sphere, which is useful for developing and
understanding the performance of complex systems.30

EXPERIMENTAL
Wastewater sample

Egg wastewater samples were collected from an egg processing industry located in
Erode, Tamilnadu, India. The samples were stored at <5 °C in order to avoid changes in the
physico-chemical characteristics of the effluent. Chitosan (fine white powder), hydrochloric
acid (98.5 % of purity) and sodium hydroxide (98 % of purity) were obtained from Merck
Chemicals, Chennai, Tamilnadu, India. The characteristics of effluent used in the present
study are givenin Tablel.

TABLE |. Characteristics of the egg processing industry wastewater

Characteristic Value
Turbidity, NTU 306832
COD/mgL™? 1574-4000
BOD / mg L 894-2185
pH 6.9-7.5
Conductivity, mS cm® 0.588-0.724
Total dissolved solids, mg L1 3120-3876

Experimental procedure

Conventiona batch studies were performed with different dosages of chitosan (0.7-1.3 g
L1) in 100 mL of composite wastewater of pH values in the range 2—7. The pH of the effluent
was measured and adjusted with 0.1IM HCI or NaOH solutions. Then the samples were
agitated (1 min at 100 rpm followed by 3 min at 40 rpm) in a combined incubator and shaker
(GeNei™ (0S-250, India) and then allowed to settled down. The clear supernatant effluent
was centrifuged (Remi R-24 Centrifuge, India) and filtered through a 0.45 pm filters. The
COD and BOD content of the filtered effluent were analyzed by the procedures suggested by
the American Public Health Association (APHA) standard method of examination of water
and wastewater.3! The turbidity of samples was determined using a turbidity meter (Elico
CL52D, India). All the adsorption experiments were performed in triplicate to check the
reproducibility of the results. The value of g, was cal culated using the following equation:32

qe = (—CO — Ce jv (l)
w
The value of ¢, was calculated using the following equation:32
G-G
= \Y 2
a-{229) >

where, ¢ is initial COD concentration and ¢; is concentration of COD at time t, V is the
volume of the wastewater sample (L), and w is the weight of the chitosan used (g). The
reduction efficiency (RE) was calculated by the following equation:33

Available on line at www.shd.org.rs/JSCS/

(CC) 2014 SCs. All rights reserved.




746 THIRUGNANASAMBANDHAM, SIVAKUMAR and PRAKASH MARAN

RE = (ﬁj %100 ©)
Co

where, ¢y and ¢, are the initial and after treatment concentrations, respectively, of COD or
BOD, or the turbidity.
Fourier-transforminfrared red (FT-IR) spectroscopic analysis

The FT-IR spectra of chitosan (raw and after adsorption process) were recorded on an
FT-IR spectrometer (Instrument model RX;, India) in the range of 4000-400 cm! using
potassium bromide (KBr) pellets.
Satistical analysis

Different statistical parameters such as standard absolute errors (SAE),3* the Marquardt
percent standard deviation (MPSD) and average relative error (ARE)3® were used to analyze
the various isotherms and kinetic models. The following equations were used to evaluate the
different statistical parameters

n
SAE = Z|Qe,cd - Qe,ap| (4)
i=1 i
i[ Qe,@<p — Oecal ]
MPSD —100{/ 0o (5
n-p
n —_
ARE = @z qe,@(p qe,cd (6)
i1  Geep |,

where, p is the number of parameters in the isotherm equation and n is the number of data
points.
Box—Behnken (BBD) design

Response surface methodology (RSM) is an empirical statistical modeling technique
employed for multiple regression analysis using quantitative data obtained from properly
designed experiments to solve multivariate equations simultaneously.3 In the present study, a
three-level, four-factor BBD was employed to study the effect of process variables such as the
initial COD concentration, pH, adsorbent dose and settling time on the reduction efficiency of
turbidity, COD and BOD. The process variables were coded at three levels (low, middlie and
high, i.e, -1, 0 and +1, respectively) for statistical calculations and the design is given in
Table 1. The coding of the process variables were realized according to the following
equation:37

- Xi = Xep
VX

where x; is a dimensionless value of an independent variable; X is the real value of an
independent variable; X, is the real value of an independent variable at the center point and
VX, isthe step change of the real value of variablei, corresponding to a variation of a unit for
the dimensionless value of the variablei.

A total number of 29 experiments were performed in a randomized order. A second order
polynomial model was used to fit the experimental data in order to develop mathematical

()
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models to represent the predicted experimental data using a statistical software package (Stat

ease design expert 8.0.7.1). The generalized second order polynomial equation is given
below:37

k k k
Y=L+ Z Bixi+ X Bixe+Z T BixXi + 8
IBO j:l'BJ j 1:1,3” | i<j:2ﬁj)q j i ( )
where Y is the response; x; and x; are variables (i and j ranged from 1 to K); f, is the model
intercept coefficient; B B and pij are interaction coefficients of linear, quadratic and the
second-order terms, respectively; k is the number of independent parameters (k = 4 in this

study); and g isthe error.

TABLE II. Ranges of the independent variables and their levels

Variable Factor X Level

-1 0 1
Initial COD concentration, mg L1 Xy 1574 2786 4000
pH Xy 3 4 5
Chitosan dosage, g L1 X3 0.9 11 13
Settling time, min X4 10 30 50

RESULTS AND DISCUSSION
Effects of pH

The effects of different pH values in the range 2—7 on the reductions of tur-
bidity, COD and BOD were examined. It was observed (Fig. 1) that the reduction
percentages of turbidity, COD and BOD all increased with increasing pH up to 4.
In acidic pH, chitosan forms -NH3™ groups that attract the negatively charged
organic matter in the wastewater,38 which increased the reduction percentage of
turbidity, COD and BOD (88, 80 and 76 %, respectively). Above pH of 4, the
positive charge on the chitosan surface decreased3® and it became insoluble,40
which negatively affected the treatment process and decreased the reduction
percentage of turbidity, COD and BOD.
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Fig. 1. Effect of pH on the reduction percentage of turbidity, COD and BOD
(chitosan dosage = 0.9 g L1 and settling time = 50 min).
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Effects of chitosan dosage

The effects of chitosan dosage on the treatment process were evaluated at
different levels (0.7-1.3 g L~1). As shown in Fig. 2, the reduction percentage of
turbidity, COD and BOD increased with increasing chitosan dosage up to 1.1 g
L-1 and the maximum percentage reductions were found to be: turbidity, 94 %;
COD, 88 % and BOD, 83 %. This is mainly because higher dosages of chitosan
increase the number of exchangeable reaction sites?! available for an effective
reduction process of organic matters in the effluent, which could increases the
reduction percentage. Beyond a chitosan dosage of 1.1 g L1, no significant
effect on the reduction percentage of turbidity, COD and BOD were observed.
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Fig. 2. Effect of the adsorbent dose on the reduction percentage of turbidity, COD and BOD
(pH 4 and settling time = 50 min).

Effect of settling time

To study the effective settling time on the treatment process, studies were
performed at different settling times in the range from 10-60 min. The bridging
flocculation mechanism of chitosan enhances the compact nature and strength of
flocs,42 which could affect the treatment process significantly. The reduction
percentage of turbidity, COD and BOD increased with settling time up to 40 min
resulting in values of 94, 88 and 83 %, respectively (Fig. 3). Thereafter, no signi-
ficant changes were observed in the reduction percentage of turbidity, COD and
BOD.

Effects of initial concentration

The effects of the initial concentration on the reduction percentage of tur-
bidity, COD and BOD are shown in Fig. 4, from which it was found that reduc-
tion percentages of turbidity were 96, 95 and 94 % for initia values of 306, 416
and 832 NTU, respectively (Fig. 4A). Moreover, the COD reduction was found
to be 91, 90 and 88 % for initial concentrations of 1574, 2786 and 4000 mg L1,
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respectively (Fig. 4B) and BOD reduction was found to be 85, 84 and 83 % for
initial concentrations of 894, 1324 and 2185 mg L1, respectively (Fig. 4C) under
treatment process conditions of pH 4 and a chitosan dosage of 1.1 g L~1. From
the results, it was observed that longer settling times are required to enhance the
reduction percentage of turbidity, COD and BOD when their values are higher.43
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Fig. 3. Effect of settling time on the percentage removal of turbidity, COD and BOD
(pH 4 and chitosan dosage= 1.1gL"Y).

FT-IR analysis

FT-IR spectrophotometric measurements were used to study the mechanism
of the treatment process and it is shown in Fig. 5. Curve A shows that, the broad
band at 3402 cm~1 (N-H stretching) and the peaks at 1604 and 1415 cm™1 (N-H
bending vibration and N-H deformation) indicating the presence of -NH» groups
on raw chitosan and the band at 1371 cm~1 exhibited the presence of O—H group.
Both of these functional groups on raw chitosan can serve as reaction sites for the
present treatment process.#4 From Fig. 5, it was found that, transmittance shifted
from 3402 cm1 (curve A) to lower wave number 3287 cm1 (curve B) shows
the interaction between chitosan and organic matters and also disappearance of
the peak at 1604 cm~1 (curve A) and the formation of a new peak at 1640 cnmr1
(curve B) was related to consumption of -NH» groups.4® It could be concluded
that, both -NH» and —OH groups were involved in this treatment process.

|sotherms

In this study, various isotherm equations, i.e., the Langmuir (type I-HV),
Freundlich, Tempkin, and Dubinin-Radushkevich (D-R) models3® were used to
describe the present treatment process. The isotherm parameters and statistical
error values for the models are given in Table I11. The separation factor (R.) in
Langmuir isotherm models can be used to verify whether the adsorption process
isfavorable (0 < R_ < 1), irreversible (R_ = 0), linear (R_ = 1) or unfavorable
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Fig. 4. The effect of initial concentration on reduction percentage of turbidity (A), COD (B)
and BOD (C) (pH 4 and chitosan dosage=1.1g L-1).
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Fig. 5. FT-IR spectra of raw chitosan (A) and after treatment (B).

TABLE I1l. Isotherm parameters and error analysis values for COD reduction; conditions. pH
4; wastewater, 100 mL; adsorbent dose, 1.1 g L1, SAE, sum of absolute errors; MPSD,
Marquardt percent standard deviation; ARE, average relative error

Langmuir Langmuir Langmuir Langmuir . . Dubinin—
Parameter ? ?I ﬁl R/ Freundlich Tempkin Radushkevich
Om 735,73 78158 743.04 0.008 Kg 185 gy 14956 qpr 785.88
K. 0.001 65549 74304 14956 n 140 Ky 0.1 B 0.0026
R 0.27 0.00 0.00 000 1/n 071 By 1684 E 0.11

Statistical error analysis

Langmuir Langmuir Langmuir Langmuir . . Dubinin—
Parameter ? ?I Igll R/ Freundlich Tempkin Radushkevich
SAE 1.70 650.53 61200 131.03 1673.12 116.56 951.70
MPSD 1.30 496.44 467.03 99.99 1276.80 88.95 726.27
ARE 1.28 83.23 82.36 <1000 92.74 804.97 87.89

(R > 1).%6 In this study, the R_ values ranged from 0 to 0.27, which indicate the
Langmuir isotherm model can hardly describe the studied system. In the case of
the Freundlich isotherm, the Kg parameter (heterogeneity factor) can be used to
indicate whether the processis linear (Kg = 1) or whether a chemical process (Kg
< 1) or physical process (Kg > 1) is favorable. The value of Kg obtained in this
study was 1.85, which indicates that a physical process was favorable for the
studied system. In the Tempkin isotherm model, the positive value of the Bt
constant (16.84) showed that the studied system was exothermic in nature. From
the Table |1, the estimated values of the D-R constants do not represent the
experimental data for the reduction of COD satisfactorily. The best fitting of the
Langmuir (type I-HV), Freundlich, Tempkin, and Dubinin—Radushkevich (D-R)
models were analyzed by three different error functions, i.e.,, SAE, MPSD and
ARE, and it was found (Table I11) that the Langmuir type | isotherm was the best
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model (lowest statistical error value) to describe the present treatment process
adequately.
Kinetics

Two kinetic models, i.e., pseudo-first-order and pseudo-second-order (type
I-1V), were employed to evaluate the present study and the results are given in
Table IV. From the Table IV, it could be seen that the ge values calculated using
the pseudo-second-order kinetic models did not fit the experimental ge values as
well as those calculated using the pseudo-first-order kinetic model. The statistical
error analysis results also indicated that the pseudo-first-order kinetic model
fitted well the obtained experimental data (Table 1V). From these results, it was
confirmed that the present system followed pseudo-first-order kinetics.

TABLE 1V. Kinetic parameters and error analysis values for COD reduction; conditions: pH
4; wastewater, 100 mL; adsorbent dose, 1.1 g L1

Kingticmogel ~ COP Concentration Geaqy Qe AE MPSD  ARE
mg L mgg mgg
Pseudo-first-order model

1574 131.04 120.38 10.66 8.13 8.86
Lagergren 2786 229.16 221.86 7.30 3.19 3.29

4000 320.87 386.71 65.84 20.52 17.03

Pseudo-second-order model

Typel 1574 131.04 155.47 24.43 18.64 15.71
Typell 131.04 0.01 131.03 99.99 <1500
Typelll 131.04 151.52 20.48 15.63 13.52
TypelV 131.04 152.99 21.95 16.75 14.35
Typel 2786 229.16 333.37 104.21 4547 31.26
Typell 229.16 0.00 22916 100.00 <1500
Typellll 229.16 308.12 78.96 34.46 25.63
TypelV 229.16 319.23 90.07 39.30 28.21
Typel 4000 320.87 912.53 591.66 18439 64.84
Typell 320.87 0.00 320.87 100.00 <1500
Typelll 320.87 913.09 592.22 18457 64.86
TypelV 320.87 920.21 599.34 186.79 65.13
BBD analysis

The BBD consisted of 29 experimental runs with 5 center points and the
experiments were performed according to the experimental design, and the
results are listed in Table V. The statistical analysis was performed using Design
Expert Statistical software package 8.0.7.1 (Stat Ease Inc., Minneapolis, USA).
The adequacy of the models was justified by Pareto analysis of variance
(ANOVA).
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TABLE V. Box—-Behnken experimental design and the obtained results

COD Chitosan Settling time Turbidity COD BOD
Run Concentration pH  dosage 9 reduction Reduction  Reduction

mg L1 gL? min % % %
1 2786 3 13 30 30.58 28.76 25.67
2 2786 3 11 10 9.564 8.46 5.12
3 1574 3 11 30 45.85 43.54 40.25
4 1574 5 11 30 55.64 53.48 50.84
5 1574 4 11 10 65.45 63.47 60.54
6 4000 5 11 30 66.34 64.58 61.78
7 2786 5 13 30 66.247 64.28 61.72
8 2786 4 0.9 10 45.28 43.58 40.28
9 4000 4 13 30 92.54 90.28 87.58
10 2786 4 11 30 94.53 90.38 87.54
11 2786 5 0.9 30 64.28 63.54 60.24
12 2786 3 11 50 44.78 4358 40.54
13 2786 4 13 10 55.64 54.28 51.42
14 2786 4 11 30 94.53 90.38 87.54
15 4000 4 11 50 94.28 90.28 87.32
16 2786 4 11 30 94.53 90.38 87.54
17 4000 4 0.9 30 85.24 83.56 80.46
18 2786 4 13 50 94.28 89.64 86.48
19 2786 4 11 30 94.53 90.38 87.54
20 2786 5 11 10 30.86 20.34 26.68
21 1574 4 0.9 30 88.64 86.42 83.54
22 4000 3 11 30 31.54 30.87 27.84
23 4000 4 11 10 34.58 32.84 29.64
24 2786 3 0.9 30 50.84 52.84 49.62
25 2786 5 11 50 64.58 63.48 60.48
26 2786 4 0.9 50 84.28 86.94 83.24
27 1574 4 11 50 94.25 90.28 87.48
28 2786 4 11 30 94.53 90.38 87.54
29 1574 4 1.3 30 94.28 90.78 87.54

Development of mathematical equation and validation

A second order polynomial equation (quadratic) with interaction terms was
fitted to the experimental data obtained on the basis of BBD and the final
equation obtained in terms of coded factors are given below:

Yi = 94.53-3.30X1 +11.24X5 +1.25X3 +19.59X4 +6.25X1 X2 +
+0.42X1 X3+ 7.73X1X4 +5.56 X2 X3 — 0.37X2 X4 —0.09X3Xa - (9)
—3.26X2 —39.20X3 — 2.83X% —19.61X 2
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Yo = 90.38-2.96X1 +10.89X5 +0.09X3 +19.36 X4 +5.94X1 X2 +
+0.59X1 X3+ 7.66X1 X4 + 6.21X2 X3 —0.25X5 X4 —2.00X3X4 — (10)
—3.02)(12 - 37.23)(22 —1.21X§ —18.55)(‘%
Y3 = 87.54—-2.96X1+11.06X5 +0.25X3+19.33X4 +5.84X1 X +
+0.78X1 X3 +7.69X; X4 +6.36 X2 X3 - 0.41X5 X4 —1.97X3X4 - (11)
- 3.01)(12 - 37.27)(22 —1.39X32 —18.71)(‘%

where, Y1, Y2 and Y3 are the predicted reduction percentages of the turbidity,
COD and BOD, respectively, and X1, X2, X3 and X4 are the initial concentration,
pH, adsorbent dose and settling time, respectively. The adequacy and fitness of
the models were tested by analysis of the variance (ANOVA) and the results are
listed in Table V1. Analysis of the variance followed by the Fisher statistical test
(F-test) was applied to evaluate the significance of each variable. The high Fisher
F-values of 89.34, 84.81 and 83.83 for turbidity, and COD and BOD reduction,
respectively, imply that the developed model was statistically significant. The
values of R2 were calculated to be 0.9760, 0.9753 and 0.9750 for turbidity, and
COD and BOD reduction, respectively, which indicated that 97 % of experi-
mental data was compatible. The values of adjusted-R2 (0.8617 for turbidity,
0.8577 for COD and 0.8562 for BOD) were aso high and showed a high corre-

TABLE VI. ANOVA table of the responses

Source Turbidity reduction COD Reduction BOD Reduction
RC P value RC P value RC P value
Model 94.5273 <0.0001 90.3776 <0.0001  17086.7 < 0.0001
X1 -3.2992 0.0631 —2.9633 0.0856 105.435 0.0876
X5 11.2362 <0.0001 10.8908 <0.0001  1468.29 < 0.0001
X3 1.25081 0.4568 0.09533 0.9534 0.76768 0.8777
X4 19.5939 <0.0001 19.3567 <0.0001  4481.88 < 0.0001
X12 6.25243 0.0444 5.94252 0.0503 136.308 0.0555
X13 0.4166 0.8851 0.59221 0.8341 2.44662 0.7837
X14 7.72709 0.0163 7.65891 0.0153 236.33 0.0157
Xo3 5.55675 0.0698 6.205 0.0421 161.671 0.0392
Xo4 -0.374 0.8968 -0.245 0.9309 0.6561 0.8869
Xas -0.09 0.9751 -2.00 0.4829 15.6025 0.4914
X42 -3.2602 0.1646 -3.0192 0.1875 58.8518 0.1916
X2 -39.204 <0.0001 —37.225 <0.0001  9009.27 < 0.0001
Xg? —2.8258 0.2244 —-1.2067 0.5885 12,5701 0.5362
X42 -19.614 <0.0001 -18.548 <0.0001 22715 < 0.0001
CV/% 8.37 8.47 8.94
AP 22.39 2223 22.16
R2 0.976 0.9753 0.975
Adj-R2 0.952 0.9506 0.9501
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lation between the observed and the predicted values. The low values of the cor-
relation of variance (8.37, 8.47 and 8.94 for turbidity, COD and BOD reduction,
respectively) clearly represent the high degree of precision and good reliability of
the conducted experiments. An adequate precision measures the signal-to-noise
ratio and compares the range of the predicted values at the design points to the
average prediction error. A value of this ratio greater than 4 is desirable?” and
indicates adequate model discrimination. In the present study, the ratio was found
to be >22.15 for al the responses, which indicates an adequate signal. Therefore,
the quadratic model was used to navigate the design space. The validation of
guadratic model was confirmed by diagnostic plots, such as the predicted vs. the
experimental values (Fig. 6A, B and C). The data points on this plot lie reason-
ably close to a straight line and indicate an adequate agreement between the real
data and the data obtained from the models.48
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Fig. 6. Experiments vs. predicted plot for the reduction of turbidity (A), COD (B)
and BOD (C).

CONCLUSION

The present investigation revealed that chitosan could be used to reduce the
turbidity, COD and BOD from the wastewater from the egg processing industry.
Under the optimum conditions of pH 4, a chitosan dosage of 1.1 g L1 and a
settling time 40 min, the maximum reductions of turbidity, COD and BOD of 94,
88 and 83 %, respectively, were attained for initial values of 832 NTU, 4000 and
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2185 mg L1, respectively. The effective adsorption process was confirmed by
FT-IR spectroscopy. Various isotherm and kinetic models were fitted to the expe-
rimental COD reduction data. Among the various isotherm models, the Langmuir
isotherm Type | described the process adequately. From the kinetic studies, it
was found that, the reduction rate of COD followed the pseudo-first-order kinetic
model. The developed mathematical models using BBD provided a very high
degree of correlation with the experimental data and showed all the independent
variables have a significant effect on the responses.

U3BOJ

TPETHUPAILE EQJIVEHTA Y HHAYCTUJU ITPEPAJIE JAJA KOPUITRELEM XUTOCAHA
KAO AICOPEEHTA

K. THIRUGNANASAMBANDHAM, V. SIVAKUMAR u J. PRAKASH MARAN
Department of Food Technology, Kongu Engineering College, Perundurai, Erode- 638052, TN, India

ITum oBe cTyauje je 610 Oa ce ucnurta epUKacHOCT XUTOCaHA Kao aficopdeHTa 3a TpeTMaH
OTHAJHUX BOZA U3 MHOyCTpHje npepaze jaja. OnpehrBaHu cy mapameTpH KOju YTHUY Ha IpO-
nec agcopnuyje, xao mwro cy pH, nosa azcopbdenra, Bpeme HenoBama U IMOYETHA KOHIIEHTP-
anyja xeMHjcke MOTpolumke kuceoHuKka (BOD) Ha mporeHaT ymamewa 3amyheHoctd, HPK u
duoxemujcke norpoumwe kuceonuka (COD). Haheno je ma cy ontumanuu yciosu pH 4; nosa
xutocana 1,1 ¢ L' u Bpeme nenosama 40 min. MakcumanHo cMameme samyhenoctd, BOD u
COD ounu cy 94, 88 u 83 %. EdexrusHu npouec agcopnuyje duo je morspher FTIR cnek-
TPaJHOM aHalu30M. EKCIEpUMEHTaIHM pe3nyTaTH Cy OWIM aHa/lU3UpaHU KopuIIhemem
PasMYUTUX U30TEPMHU U KUHETHUKHUX Mogena. Jlanrmuposa (Langmuir) usotepma trna I Ha
3a[j0BO/baBajyhy HauMH je OoIucasa afCcoOpNLUHUOHN MeXaHu3aM, a Op3uHa omagawa HPK mpa-
THJIa je KHHETHYKH MOJe NCeyAo-NpBor pefa. Ha oCHOBY excliepMMEHTaIHUX TofaTaka pas-
BUjEeHH Cy MaTeMaTHYK{ MOJEIH ca NOJIMHOMHMA ApYyror pefa kopuurhemeM merone Bokc—
—benkeHoBe (Box—Behnken) noBinHe ca Tpu HUBOA.

(ITpumsbeHo 1. dedpyapa, pesunupano 14. Maja, npuxsaheHo 15. Maja 2013)
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