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ABSTRACT

The presence of Chromium in agueous streams arising from the discharge of industrial effluents into
water bodies is one of the most important environmental issues because of its toxic nature. In the present
study response surface methodological optimization strategy was used for biosorption of Cr(VI) ions by Azolla
Filiculoidus. Effect of various operating parameters such as initial pH of solution, initial concentration of
solution, biomass dosage and temperature was studied and optimized using response surface methodology.
Using central composite design, 30 experiments were carried out for the four test variables. From the
statistical analysis of the experimental data the optimum condition for maximum removal of metal ions was
achieved at pH-2.9, initial metal concentration-39.04, biomass dosage-0.3 g/L and temperature-33.34 °c. At
these optimized conditions, the maximum percentage of chromium removal was found to be 89.24. A high R’
value of 0.9906 indicates the fitness of the model to predict the experimental data
Keywords: Response surface methodology, central composite design (CCD), Azolla Filiculoidus, Cr (VI)
removal.
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INTRODUCTION

Effluents discarded from various process industries like bulk chemical production, fertilizer
production, pigments production, steel manufacturing sectors, etc., can cause heavy metal contamination [1].
The toxic heavy metal ions are non degradable in nature, and they enter into food chain through
bioaccumulation and biomagpnifications [2—4]. Among many heavy metals used in industries, chromium and its
compounds are widely used in leather tanning, chromium plating, metal cleaning and processing, wood
preservation, alloy preparation, rust and corrosion inhibition [5, 6]. Chromium exists in two forms viz Cr(lll)
ions and Cr(VI) ions, among the trivalent and hexavalent forms, hexavalent chromium has been considered to
be more hazardous due to its carcinogenicity and other health effects like skin allergies, stomach and intestinal
bleedings, liver and kidney damage, etc. [7]. Hexavalent chromium, because of the potential toxicity effects,
has been considered as the 16th toxic contaminant [8]. Chromium is present in the industrial effluents from
aluminum, ink, dye, steel, textile, paint, electroplating industries, and the tannery wastewater primarily as
trivalent and hexavalent forms. The World Health Organization Standard’s recommended guideline value for
total chromium in drinking water as 0.05 mg L™, The permissible limit for hexavalent chromium release into
inland surface water is 0.1 mg L* [9-11]. Therefore, treatment of the effluents before discharge of hexavalent
chromium into aquatic environments is highly indispensable.

Various methods used for removal of heavy metal ions from aqueous solutions can be ordered as
chemical precipitation, ion exchange, solvent extraction, phytoextraction, ultra filtration, reverse osmosis,
electrodialysis, and adsorption[12-14]. Application of such traditional treatment techniques needs enormous
cost and continuous input of chemicals which becomes impracticable and uneconomical and causes further
environmental damage [15, 16]. In this context, biosorption has emerged as an alternative technique with the
merits of being technically simple, eco-friendly, recyclable, using a minimal volume of sludge generation, and
highly economical [17, 18]. The biosorbents contain biomolecules such as the polysaccharides, proteins, etc.,
with specific functional groups, which are mainly responsible for Cr(VI) biosorption [19]. Different types of
biosorbents such as, Laminaria japonica [20], Undaria pinnatifida [20], Porphyra haitanensis [20], Gracilaria
lemaneiformis [20], Halimeda gracilis [21], Sterculia guttata shell [22], Maize corn cob [23], Ulva lactuca [24],
etc., have been investigated for the removal of Cr(VI).

In the present investigation, batch experimental studies were carried out for the removal of
chromium (V1) from aqueous solution using Azolla Filiculoidus. The experimental data points were used to
develop experimental model and optimization of process parameters. The optimization of process variables
was done using three factor central composite experimental designs combined with Response Surface
Methodology.

MATERIALS AND METHODS
Preparation of biosorbent

Azolla Filiculoidus a fresh water macro alga was collected from Sangam Diary, Biofertilizer and Cattle
field unit, Vadlamudi, of Guntur District, Where it is cultivated and used as biofertilizer. To remove mud and
impurities it was washed first thoroughly with tap water and later with distilled water. Then it was dried in a
hot air oven at 300C for two days. Then it is powdered by ball mill and the average particle size was maintained
at 100 um. Then it was stored in air tight polythene covers for further use in biosorption experiments.

Chemicals

Analytical grades of K,Cr,05, HCl and NaOH were purchased from Merck, India. Chromium ions were
prepared by dissolving its corresponding sulphate salt in distilled water. The pH of solutions was adjusted with
0.1 N HCl and NaOH. All the experiments were repeated four times and the average values have been
reported. Also, blank experiments were conducted to ensure that no biosorption was taking place on the walls
of the apparatus used.
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Biosorption experiments

Batch mode adsorption studies were carried out to investigate the effect of different parameters such
as initial pH of the solution, adsorbate concentration, adsorbent dosage, and temperature. The solution
containing adsorbate and adsorbent was taken in 250 mL capacity Erlenmeyer flasks and agitated in an orbital
shaker at 180 rpm. After one hour of contact (according to the preliminary sorption dynamics tests)
equilibrium was reached and the reaction mixture was centrifuged for 5 min. The residual metal concentration
in the supernatant was determined by di-phenyl carbazide method after filtering the biosorbent with whatman
filter paper. The amount of metal adsorbed by Azolla Filiculoidus was calculated from the differences between
metal quantity added to the biomass and metal content of the supernatant using the following equation:

de=(Co—C)XT (1)

Where g, is the metal uptake (mg/g); C, and Crare the initial and equilibrium metal concentrations in the
solution (mg/L), respectively; V is the solution volume (mL); and M is the mass of biosorbent (g).

Estimation of chromium

Amount of chromium in a given sample solution was determined spectrophotometrically at 540 nm
using 1, 5-diphenyl carbazide as the complexing agent32. The sample containing Cr(VI) ions was mixed with 1
ml of 3N H,SO, and 1 ml of 0.25% 1, 5-diphenyl carbazide solution and made up to known volume. The
absorbance at 540 nm was measured for the purple coloured solution after 10 minutes incubation. A
calibration curve was drawn in the range of 5 to 50 ppm by plotting absorbance against concentration of
chromium.

Central composite design (CCD)

CCD is a statistical method based on the multivariate nonlinear model that has been widely used for
the optimization of process variables of adsorption and also used to determine the regression model equations
and operating conditions from the appropriate experiments [25, 26]. It is also useful in studying the
interactions of the various parameters affecting the process.

The CCD was applied in this present study to determine the optimum process variables for adsorption
of Cr(VI) ions using Azolla Filiculoidus. The CCD was used for fitting a second- order model which requires only
a minimum number of experiments for modeling [27, 28]. The CCD consists of a 2" factorial runs (coded to the
usual + notation) with 2n axial runs (%a, 0, O, ..., 0), (0, %3, 0, O, ..., 0), ..., (O, O, ..., xa) and n. center runs (six
replicates, 0, 0, 0, ..., 0). The number of factors n increases the number of runs for a complete replicate of the
design which is given in Eq. 2.

N=2"+2n+n, (2)

Basically the optimization process involves three major steps: (1) performing the statistically designed
experiments, (2) estimating the coefficients in a mathematical model, and (3) predicting the response and
checking the adequacy of the model [29, 30]. An empirical model was developed to correlate the response to
the adsorption process and is based on second order quadratic model for removal of Cr(VI) ions using Azolla
Filiculoidus [31, 32] as given by Eqg. 3 in order to analyse the effect of parameter interactions.

Y :,Bo"‘zn:ﬂixi +Zn:ﬂiixi2+znlzn:ﬂijxixj
=) =) il o1

where Y is the predicted response, ﬂo is the constant coefficient, ,Bi is the linear coefficient, ,Bij is the

interaction coefficient, ,Bii is the quadratic coefficient, and Xi , Xj are the coded values.
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RESULTS AND DISCUSSION

Optimization of the Selected Parameters Using CCD

Range and Level
Independent Parameters D) 1 0 1 2
pH(X,) 1 2 3 4 5
Initial Concentration(mg/L)(X,) 10 20 60 100 120
Biomass Dosage(g/L)(X5) 0.1 0.2 0.3 0.4 0.5
Temperature(oc)(X4) 10 20 30 40 50

Table.1. Experimental range and levels of the independent parameters for chromium biosorption onto Azolla Filiculoidus

The experiments with different pH values of 1- 5, different lead concentrations of 20-100 mg/L,
different biosorbent dosages of 0.1-0.5 g/L and different temperatures of 10-50 °C were coupled to each
other and varied simultaneously to cover the combination of parameters in the CCD. The levels and ranges of
the chosen independent parameters used in the experiments for the removal of chromium were given in Table
1. A 2* — factorial CCD design, with eight axial points (o= v4) and six replications at the center points (n,=6)
leading to a total number of 30 experiments (Table 2) was employed for the optimization of the parameters.
The calculated regression equation for the optimization of process variables showed that percentage removal
of lead (Y) was function of the pH (X;), initial concentration (X;), biosorbent loading (X3) and temperature (X,).
Multiple regression analysis of the experimental data resulted in the following equation for the biosorption of
chromium:

Y =88.79-0.87X, —2.21X, +1.05X, + 0.61X, — 0.6 X, X, + 2.20X, X, +0.70X, X, —1.09X, X,
—0.039X, X, +2.92X, X, - 7.77X} —=3.13X > —5.80X 7 —3.50X ]

The coefficients of the regression model were calculated and listed in Table 3. They contain one block
term, four linear, four quadratic and six interaction terms. The significance of each coefficient was determined
by p-values and listed in Table 3. The smaller the p-value, the more significant was the corresponding
coefficient. This implies that the linear, quadratic and interaction effects of pH, initial concentration, biomass
dosage and temperature are highly significant as is evident from their respective p-values in (Table 3). The
parity plot (Figure 1) showed a satisfactory correlation between the experimental and predicted values of
percentage removal of chromium indicating good agreement of model data with the experimental data. The
results of the second order response surface model, fitting in the form of ANOVA were shown in Table 4. The
Fisher variance ratio, the F-value (= Sr2 /Se2), is a statistically valid measure to test the significance and
adequacy of the model. The greater the F-value above unity, it is more certain that the factors adequately
explain the variation in the data about its mean, and the estimated factor effects are real. The ANOVA of the
regression model demonstrated that the model was highly significant, as is evident from the Fisher’s F-test
(Fmodel = 112.98) and a very low probability value (Pmodel > F=0.0001). The correlation coefficient (RZ)
provides a measure of the models variability in the observed response values. The closer the R’ value to 1, the
stronger the model is and it predicts the response better. In this present study, the value of the correlation
coefficient (Rz = 0.9906) indicated that 99.06 % of the variability in the response could be explained by the
model. In addition, the value of the adjusted correlation coefficient (Adj R’ = 0.9818) was also very high to
advocate for a high significance of the model. The response surface plots of percentage biosorption of
chromium versus the interactive effect of pH, initial lead concentration, biosorbent dosage and temperature
were shown in the Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, and Figure 7. Each response plot represents
a number of combinations of two test parameters with the other parameter maintained at zero levels. The
maximum percentage biosorption of level is indicated by the surface confined in the smallest curve (circular or
elliptical) of the response plot. The optimal set of conditions for maximum percentage biosorption of lead is pH
= 4.72, initial concentration of lead in aqueous solution = 58.523 mg/L, biosorbent dosage = 0.271 g/L and
temperature = 39.230C. The extent of biosorption of lead at these optimum conditions was 83.775%. The
optimum values of variables for lead biosorption from regression equation were shown in table 5.
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Coded Values of Process Variables % Removal
Run No. Initial Biomass dosage(g/L) Temperature (°C) .
pH (X1) Concentration(mg/L) (Xa) (Xs) BelE p (Xa) Observed Values Predicted Values
1 -1 -1 -1 -1 74.89 74.09
2 0 0 0 0 88.79 67.76
3 1 1 1 1 70.29 73.14
4 0 0 0 -2 74.51 64.39
5 0 2 0 0 73.46 68.13
6 1 -1 1 -1 70.91 70.60
7 2 0 0 0 57.52 62.81
8 -1 1 1 1 67.78 62.86
9 0 0 0 0 88.79 68.16
10 -1 1 -1 -1 72.93 64.63
11 1 -1 -1 1 65.46 67.05
12 0 0 2 0 69.14 61.10
13 1 -1 1 1 77.28 73.86
14 0 -2 0 0 81.34 79.14
15 0 0 0 0 88.79 68.39
16 -1 1 -1 1 66.59 71.25
17 1 -1 -1 -1 66.31 59.45
18 0 0 0 2 77.29 55.97
19 0 0 -2 0 64.25 80.70
20 0 0 0 0 88.79 71.86
21 0 0 0 0 88.79 63.48
22 -1 -1 1 1 74.56 67.67
23 0 0 0 0 88.79 73.55
24 1 1 1 -1 62.37 76.01
25 1 1 -1 1 60.28 88.79
26 -2 0 0 0 60.14 88.79
27 -1 -1 -1 1 66.59 88.79
28 -1 -1 1 -1 66.89 88.79
29 1 1 -1 -1 63.54 88.79
30 -1 1 1 -1 61.83 88.79

Table 2: CCD matrix showing coded values of process variables along with the observed and predicted values for percentage

biosorption of chromium with Azolla Filiculoidus

Standard error of

Term Coefficient Value F-value p-value
coefficient
Constant Bo 88.79 0.545639 112.9777 <0.0001°
X, B -0.869 0.27282 10.14975 0.0061°
X, B, 221 0.27282 65.6196 <0.0001°
X, Bs 1.045 0.27282 14.69515 0.0016°
X, Ba 0.613 0.27282 5.05408 0.0400°
X, X, [ -0.605 0.334134 3.27845 0.0903
X, X, Bis 2.2 0.334134 433514 <0.0001°
X, X, B 0.7 0.334134 4.388881 0.0536
X, X, B -1.091 0.334134 10.66612 0.0052°
X, X, Bas -0.038 0334134 0.013449 0.9092
XX, Bas 2.916 0.334134 76.17409 <0.0001°
X 12 Bu -7.769 0.255199 926.8081 <0.0001°
X 22 Bx -3.126 0.255199 150.1081 <0.0001°
X ; B3 -5.802 0.255199 517.0513 <0.0001°
X f Bu -3.501 0.255199 188.2741 <0.0001°

A= pH, B= Initial Concentration, C= Biosorbent dosage, D= Temperature. “Significant (p<0.05)

Table.3. Coefficients and significance probability of the model for biosorption of chromium onto Azolla Filiculoidus
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S | ot | o | e [ e | pveeroser
Model 2825.42 14 201.82 112.98 0.0001
Error 0.000 5 0.000
Total 2852.22 29

R?*=0.9906; Adjusted R?>= 0.9819

Table.4. ANOVA for the entire quadratic model for biosorption of chromium onto Azolla Filiculoidus

Parameter Optimum value for chromium
pH 2.9
Initial Concentration(mg/L) 39.04
Biomass Dosage(g/L) 0.38
Temperature(°C) 33.34

Table.5. Optimum values of variables obtained from regression equations for the removal of chromium onto Azolla Filiculoidus

Predicted vs. Actual
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Figure.1. Parity plot showing the distribution of actual vs. predicted values of percentage biosorption of Chromium onto Azolla
Filiculoidus
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Figure.2. Response surface plot of the effects of pH and temperature on percentage biosorption of Chromium onto Azolla Filiculoidus
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Figure.3. Response surface plot of the effects of biosorbent dosage and temperature on percentage biosorption of Chromium onto
Azolla Filiculoidus
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Figure.4. Response surface plot of the effects of inicial metal concentration and temperature on percentage biosorption of Chromium
onto Azolla Filiculoidus
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Figure.5. Response surface plot of the effects of biosorbent dosage and pH on percentage biosorption of Chromium onto Azolla
Filiculoidus
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Figure.6. Response surface plot of the effects of initial metal concentration and pH on percentage biosorption of Chromium onto Azolla
Filiculoidus
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Figure.7. Response surface plot of the effects of initial metal concentration and biosorbent dosage on percentage biosorption of
Chromium onto Azolla Filiculoidus

CONCLUSIONS

A detailed batch experimental study was carried out for the removal of Cr (VI) from waste water by
using Azolla Filiculoidus. This work has demonstrated the use of a full factorial central composite design by
determining the optimum process conditions leading to the maximum percentage removal of Cr(VI) from
aqueous solutions. Response surface methodology using CCD proved very effective and time saving model for
studying the influence of process parameters on response factor by significantly reducing the number of
experiments and hence facilitating the optimum conditions. Using this experimental design and multiple
regressions, the parameters namely, temperature, pH, biosorbent loading, initial lead ion concentration were
studied effectively and optimized The Experimental values and the predicted values are in perfect match with
R’ value of 0.996. This methodology could therefore be successfully employed to study the importance of
individual, cumulative, and interactive effects of the test variables in biosorption.
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