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Abstract—A cadmium biosorption process was optimized by varying three independent variables pH (4.5-7.5), initial
cadmium ion concentration (10-30 mg L™"), and Yarrowia lipolytica dosage (3-5 g L") by using a Doehlert experi-
mental design (DD) involving response surface methodology (RSM). For the maximum biosorption of cadmium ion
in an aqueous solution by Y. lipolytica, a total of fifteen experimental runs were set and the experimental data fitted
to the empirical second-order polynomial model of a suitable degree. The analysis of variance of the quadratic model
demonstrates that the model was highly significant. Three-dimensional plots demonstrate relationships between the
cadmium ion uptake with the paired variables (when other variable was kept at its optimal level), describing the behavior
of biosorption system in a batch process. The model showed that cadmium uptake in aqueous solution was affected
by all the three variables studied. The optimum values of the variables were found to be 6.43, 17.56 mg L™ and 3.63 g
L™ for pH, initial cadmium ion concentration and biomass dosage, respectively, at a contact time of 40 min. At these
optimal conditions, the maximum percentage biosorption of cadmium was predicted to be 48.89. The experimental
values were in good agreement with predicted values and the correlation coefficient was found to be 0.9985. It showed
that both monolayer adsorption and intra-particle diffusion mechanisms were effective in the cadmium biosorption
process. Therefore, it is apparent that the DD involving RSM not only gives valuable information on interactions between

the variables but also leads to identification of feasible optimum values of the studied variables.
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INTRODUCTION

The presence of toxic heavy metals contaminated in aqueous
streams, arising from the discharge of untreated metal containing
effluent into water bodies, is one of the most important environmen-
tal issues [1]. Their presence in aquatic ecosystem causes a harmful
effect on living organisms [2]. In recent years, increased attention
has focused on the use of microorganisms for the removal and pos-
sible recovery of metal ions from industrial wastes. In fact, it repre-
sents a potential alternative to existing technologies (chemical precipi-
tation, reverse osmosis, solvent extraction), which have significant
disadvantages such as high reagent or energy requirements and gener-
ation of toxic sludge or other products that need disposal [3]. Bio-
sorption, the passive binding of metals by living or dead biomass,
can be used to remove toxic heavy metals from industrial waste-
water. Cadmium is attracting wide attention of environmentalists as
one of the most toxic heavy metals. The major sources of cadmium
release into the environment by waste streams are electroplating,
smelting, alloy manufacturing, pigments, plastic, battery, mining and
refining processes [4]. Cadmium has been recognized for its negative
effects on the environment where it readily accumulates in living
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systems. Adverse health effects due to cadmium are well documented,
and it has been reported to cause renal disturbances, lung insuffi-
ciency, bone lesions, cancer and hypertension in humans [5,6].

In recent years, Yarrowia lipolytica has emerged as an important
non-conventional yeast with significant biological relevance and
biotechnological applications [7,8]. This yeast has been used in the
remediation of various polluted environments [9-11] and is also ap-
plied in the degradation of different wastes [12-15]. Y. lipohtica is
able to utilize a variety of renewable carbon sources, and the biom-
ass of the fungus has been used as single cell protein or as single
cell oil [16,17]. Y. lipolytica biomass, to the best of our knowledge,
has not been used for the biosorption of Cd (II) ions, although this
yeast can survive metal stress and accumulate chromium, copper,
cobalt, cadmium, nickel, zinc and gold [18-22]. This microorganism,
therefore, displays a potential for the bioremediation of metal pol-
luted environments. Biosorption of cadmium ions by different living
and nonliving biomass has been studied by several authors [23-27].

Optimization of biosorption of heavy metals by the classical method
involves changing one independent variable (i.e., ¥ lipolytica dos-
ages, pH, heavy metal concentration, temperature) while maintain-
ing all others at a fixed level, which is extremely time consuming
and expensive for a large number of variables. These drawbacks of
single parameter optimization can be eliminated by optimizing all
the affected parameters collectively by Doehlert experimental design
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(DD) 28] of response surface methodology (RSM). Basically, this
optimization process involves three major steps: performing the statis-
tically designed experiments, estimating the coefficients in a math-
ematical model, predicting the response and checking the adequacy
of the model. Several researchers have applied various designs for
optimization of different process variables [29-32]. The objective
of the present study is to optimize biosorption of cadmium (II) ions
in aqueous solution onto Y /ipolytica in a batch experiment. For
better understanding of different stages of biosorption at varying
heavy metal concentration, pH and sorbent dosages, RSM was used
to optimize heavy metal uptake.

MATERIALS AND METHODS

1. Microorganism and Growth Conditions

Yarrowia lipolytica NCIM 3589, obtained from National Chem-
ical Laboratory, Pune, India, was used throughout the study. The
culture was maintained on MGYP slants having the composition
(g L™"): malt extract 3, glucose 10, yeast extract 3, peptone 5 and
agar agar 20. The pH of the medium was adjusted (by using 0.1 N
NaOH or 0.1 N HCL) to 6.4-6.8 and culture was incubated at 30 °C
for 48 h. Subculturing was carried out once in 2 weeks and the culture
was stored at 4 °C.
2. Microbial Cultivation

The composition of culture medium was (grams per liter): pep-
tone: 5; yeast extract: 3 and NaCl: 3 [33]. The medium was sterilized
by autoclaving at a pressure of 1.5 atm and temperature of 121 °C
for 20 min. The yeast cells were grown for 16 h (at end of expo-
nential phase) and then filtered.
3. Preparation of Biosorbent

Yeast biomass was deactivated by heating in an oven at 80 °C
for 24 h [34]. The dried yeast was ground and screened through a
sieve with 100 mesh. The pretreatment of the biosorbent was carried
out with nonviable yeast cells in 700 g/L. ethanol solution for 20
min at room temperature. Then, it was centrifuged at 3,600 rpm for
10 min and the ethanol solution was discarded. The ethanol washed
biomass was rinsed several times with deionized water to remove
excess ethanol and adsorbed nutrient ions. The rinsed yeast was
again centrifuged and the remaining biomass was dried at 70 °C
for 12 h [35]. The dried cells were ground and screened as men-
tioned above. The purpose of grinding dried yeast was to make a
homogenized yeast biomass in order to destroy biomass aggregates
and increase uptake capacity [36].
4. Preparation of Cadmium Solution

All the chemicals used are of analytical grade. Stock solution of
1,000 mgL™" was prepared by dissolving appropriate amount of
3CdSO,-8H,0 in 1 L of deionized water. Cadmium solution of dif-
ferent concentrations was prepared by suitable dilution of the stock
solution to known volumes.
5. Experimental Procedure

2g L' of biosorbent was added to 50 mL of the cadmium ion
solution in each of 250 mL Erlenmeyer flasks. The flasks were incu-
bated in orbital shaker at a speed of 180 rpm for different agitation
times (1, 2, 5, 10, 20, 30, 40, 50, 60, 90, and 120 min). The resulting
samples were filtered by Whatman filter paper and analyzed for
cadmium concentration in flame atomic absorption spectrometer
(novAA® 350, Analytikjena, Germany).
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The percent cadmium biosorbed is calculated from the relation
C,-C,

o

x 100 Q)

where C_=initial concentration of cadmium in the aqueous solution
(mgL™)

C=final concentration of cadmium in the aqueous solution
(mgL™")

Preliminary experimental runs for the biosorption of cadmium using
Yarrowia lipolytica have been conducted by assigning three experi-
mental strategies, as listed below, varying one parameter and keep-
ing the other two parameters constant for an equilibrium agitation
time and temperature at 303 K.

Strategy 1: pH was varied as 1, 2, 3, 4, 6 and 7 keeping the bio-
sorbent dosage and initial cadmium ion concentration at constant
values.

Strategy 2: Initial cadmium ion concentration was varied as (mg
L™) 20, 50, 100, 150 and 200, keeping the other parameters constant.

Strategy 3: Keeping pH and initial cadmium ion concentration
as constants, the biosorbent dosage was varied as (g L™') 1, 2, 3, 4
and 5.

6. Doehlert Experimental Design

Once the variables having a statistically significant influence on
the responses were identified, a Doehlert experimental design [28]
was used to optimize the values of these variables. The number of
experiments required (N) is given by N=n’+n-+n,, where n is the
number of variables and n, is the number of center points. Repli-
cates at the central level of the variables are performed in order to
validate the model by means of an estimate of experimental variance.
For statistical calculations, the natural variables X, were coded as x;
according to Eq. (2):

% )
(XX, 2
X ( AX; i @

where X, is the coded value of the i variable, X, the natural value,
X,; the value at the center point, AX; the step change value, and ¢;
is the maximum value of the coded variable (i.e., 1.0, 0.866 and
0.816 for five levels, seven levels, and three levels, respectively).

The second degree polynomial (Eq. (3)) was fitted to the experi-
mental data by using the statistical software STATISTICA 6.0 (Stat-
Ease Inc., Tulsa, OK, USA) to estimate the response of the depen-
dent variable and the regression coefficients.

Y=b,tb, X, +b,X,+b;X;+b, IX? +b22X§ +b33X§
b1, X Xo by X X b X X 3)

where Y is predicted response, X, X,, X; are independent vari-
ables, b, is offset term, b,, b,, b; are the coefficients for linear effects,
by, by, b, are the coefficients for squared effects and b,,, by, by
are the coefficients for interaction terms.

Doehlert design offers the following advantages over the other
designs of RSM. First, this design needs fewer experiments; sec-
ond, the number of levels is not the same for all variables, which
allows flexibility to assign a large or a small number of levels to
the selected variables depending on their relative importance. Gen-
erally, it is preferable to choose the variable with the stronger effect
as the variable with seven levels in order to obtain maximum infor-
mation of the system. Third, considering that the efficiency of any
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Fig. 1. 3D view of the experimental domain. The dots represent the experimental runs of Table 2.

experimental design is defined as the number of coefficients of the
model divided by the number of experiments, Doehlert design is
more efficient than Central Composite design or Box-Behnken design.
Finally, Doehlert design is also more efficient in mapping the space:
adjoining hexagons can fill a space completely and efficiently, since
the hexagons fill space without overlap [37].

Fig. 1 shows the graphical representation of this network in the
space defined by the factors. This uniform distribution of experi-
mental points (shown as dots) allows interpolation by the mathe-
matical model of responses anywhere within the experimental domain.
Furthermore, the quality of the interpolation remains constant since
the network is uniform. The Doehlert design shows great flexibility
compared to other classical designs used in the process optimization.

RESULTS AND DISCUSSION

1. Effect of Contact Time
Time course profile for the biosorption of Cd (II) for a solution
of 20 mg L' is shown in Fig. 2. The data show that a contact time

335
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Fig. 2. Effect of contact time on biosorption of cadmium by Y. lipoly-
tica.

of 40 min was required to achieve an optimum biosorption and there
was no significant change in removal of the metal ions with further
increase in contact time. Therefore, the uptake and unadsorbed cad-
mium concentrations at the end of 40 min are given as the equilib-
rium values, q,, (mg g') and C,, (mg L™"). For further studies of
biosorption with other variable parameters the optimum time of 40
min for Cd (II) has been chosen for the contact period.
2. Effect of pH

Earlier studies on heavy metal biosorption have shown that pH
of the solution is the most important physical parameter influencing
the adsorption process. Batch biosorption experiments were con-
ducted at different pH (1.0-7.0) values and the results are depicted
in Fig, 3. There was an increase in biosorption capacity of Y. lipolytica
with increasing pH from 2.0 to 6.0 for Cd (II), and maximum ad-
sorption capacity was observed at pH 6.0. The pH dependency may
be due to the binding of the metal through an ion-exchange mecha-
nism through functional groups or positively charged ligands with
Y lipolytica.
3. Effect of Initial Cadmium Ion Concentration

The relationship between the percentage biosorption of Cd (II)

40 4.0

354 | —*— % Biosorption
—s— Metal uptake

30 4

25 4

20 4

% Biosorption of cadmium
Metal uptake (mg g~ l)

Fig. 3. Effect of pH on cadmium biosorption for 20 mg/L of metal
and 2 g/L of yeast biomass concentration.
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Fig. 4. Effect of metal ion concentrations on biosorption of cad-

mium by X lipolytica at 2 g/L. of biosorbent concentration
(pH 6).

and its initial concentrations using different dosages of yeast biom-
ass is presented in Fig. 4. The initial metal ion concentration remark-
ably influenced the equilibrium metal uptake and biosorption yield.
The amount of metal ion adsorbed increased with increase in initial
concentrations (due to higher availability of metal ions for sorp-
tion), while the percentage biosorption of metal ion decreased with
an increase in initial metal ion concentration. The increase of metal
uptake is a result of the increase in the driving force, i.e., concen-
tration gradient, with an increase in the initial metal ion concentra-
tions (from 20 to 200 mg L ™). However, the percentage biosorption
of Cd (I) on yeast biomass decreased from 34 to 21%. Though an
increase in metal uptake was observed, the decrease in percentage
biosorption may be attributed to lack of sufficient surface area to
accommodate much more metal available in the solution. At lower
concentrations, all metal ions present in solution could interact with
the binding sites, and thus the percentage biosorption was higher
than that at higher initial metal ion concentrations. At higher con-
centrations, lower biosorption yield is due to the saturation of bio-
sorption sites.
4. Effect of Biosorbent Dosage

Studies on the effect of yeast biomass dosage for Cd (II) removal
are important to get the trade-off between the adsorbent capacity
and percent removal of metal ions resulting in an optimum biosor-
bent concentration. The percent of biosorption and adsorption capac-
ity for Cd (I) as a function of biosorbent dosage was investigated
(Fig. 5). The removal of cadmium was also dependent on the con-
centration of biomass used in the biosorption medium. The result

Table 1. Experimental range and levels of the variables

S. B. Imandi et al.

—— % Biosorption
—— Moetal uptake

40 4

38 4

36

% Biosorption of cadmium
Ivietal uptake (mg g~ I)

(]

T

Biosorbent dosage (g L'l)

Fig. 5. Effect of biosorbent dosage on biosorption of cadmium for
20 mg/L of metal concentration (pH 6).

shows that with the increase in the yeast biomass dosage, the metal
removal efficiency also increased. The percentage biosorption of
cadmium increased 31 to 41%. Results show that the biosorption
efficiency is highly dependent on the increase in biomass dosage
of the solution. This is expected because higher dosage of adsorbent
in the solution increases the availability of exchangeable sites for the
ions [38]. It was earlier reported that the increase in the efficiency of
metal ions removal with an increase in the biosorbent dosage was
due to the increase in the number of adsorption sites [39]. The drop
in adsorption capacity is basically due to the sites remaining unsat-
urated during the adsorption process.

5. Optimization of the Medium Constituents Using DD

The selection of the range for process variables is extremely im-
portant when planning the experimental design; otherwise, after com-
pletion of the experimental runs, the optimal conditions, obtained
either by response surface methodology, might not be found inside
the experimental region. The following experiments were carried out
to study the variables in such a range so that reasonable percentage
removal of cadmium would be achieved within that range.

From the results of preliminary experimental runs, the three vari-
ables (pH, initial cadmium concentration, and biosorbent dosage)
were identified as the potential variables for the percentage biosorp-
tion of cadmium. Out of them, pH showed stronger effect on per-
centage biosorption of cadmium, and hence it was assigned seven
levels, followed by initial cadmium concentration which was assigned
five levels and biosorbent dosage was assigned three levels. A sum-
mary of the independent variables and their range and levels is pre-
sented in Table 1.

Variables

Range and levels

Coded variable, x, -1

Initial cadmium concentration, X, (mg L™) 10
Coded variable, x, -0.866
pH, X, 45
Coded variable, x; -0.816
Biosorbent dosage, X; (g L™) 3.0

-0.5 0 0.5 1
15 20 25 30
-0.577 —-0.288 0 0.288 0.577 0.866
5.0 5.5 6.0 6.5 7.0 7.5
0 0.816
4.0 5.0

May, 2013
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Table 2. Doehlert three variable experimental design along with experimental and predicted values
Experiment Coded values Natural values % Biosorption of cadmium
number X, X, X3 X, X, X, Experimental Predicted
1 1 0 0 30 6.0 4.0 32.18 31.6600
2 -1 0 0 10 6.0 4.0 39.23 39.7500
3 0.5 0.866 0 25 7.5 4.0 33.67 33.9362
4 -0.5 —0.866 0 15 4.5 4.0 32.53 32.2637
5 0.5 —0.866 0 25 4.5 4.0 31.45 31.7337
6 -0.5 0.866 0 15 7.5 4.0 41.78 41.4962
7 0.5 0.288 0.816 25 6.5 5.0 29.43 29.6837
8 -0.5 —-0.288 —0.816 15 55 3.0 40.24 39.9862
9 0.5 —0.288 —-0.816 25 5.5 3.0 37.59 37.8262
10 0 0.577 —-0.816 20 7.0 3.0 41.65 41.6675
11 -0.5 0.288 0.816 15 6.5 5.0 35.85 35.6137
12 0 -0.577 0.816 20 5.0 5.0 29.71 29.6925
13 0 0 0 20 6.0 4.0 45.32 45.5533
14 0 0 0 20 6.0 4.0 45.98 45.5533
15 0 0 0 20 6.0 4.0 45.36 45.5533
X,=initial cadmium concentration (mg L"), X,=pH, X;=biosorbent dosage (g L")
Fifteen experlmental runs (Table 2) mgludlng three repl{cates at Y 5556-0.19 6X,—0.234%,—0.071X, =0 )
the center point were carried out for 40 minutes of contact time. By 0X,
using multiple regression analysis (STATISTICA 6.0) the coefficients
of Eq. (4) were estimated, and gave the following equation. g% =50.999-0.234X,-7.318X,-0.123X;=0 ©)
2
Y=-250.781+5.226X,+50.999X,+48.783X,~0.098X; - 3.659X;
—6.337X5-0.234X,X,-0.123X,X,-0.071X, X, 4 g% —48.783—0.071X,= 0.123X,~12.674X,=0 %)

The predicted percentage biosorption of cadmium that resulted
from Eq. (4) is in close agreement with the experimental values, as
evident from last column of Table 2, and hence the above equation
was deemed to be adequate in representing the percentage biosorp-
tion of cadmium under the specified range of experiments. For qua-
dratic models, the optimum point can be characterized as maximum,
minimum, or saddle. It is possible to calculate the coordinates of
the optimum point through the first derivative of the mathematical
function, which describes the response surface and equates it to zero.
The above quadratic equation obtained for three variables is described
below:

Thus, to calculate the coordinate of the optimum point, it is ne-
cessary to solve the first grade system formed by Egs. (5), (6) and
(7) and to find the X, ,,, X, ,, and X ,, values. The optimal set of
conditions for maximum percentage biosorption of cadmium is pH=
6.43, initial cadmium concentration=17.56 mg L', and biosorbent
dosage=3.63 g L™". The extent of biosorption of cadmium at these
optimum conditions was 48.89%. An experiment was conducted
at the optimum conditions of the above process variables; the experi-
mental value of percentage biosorption of cadmium (48.12) was
found to be very close to the value predicted by Doehlert experi-

Table 3. Model coefficients estimated by multiple linear regression (significance of regression coefficients)

Standard error

Term Coefficient Value . t-Value p-Value
of coefficient
Constant b, —250.781 13.36738 —18.7606  0.000008*
Initial cadmium concentration b, 5.226 0.31575 16.5516  0.000015*
pH b, 50.999 2.58929 19.6962  0.000006*
Biosorbent dosage b, 48.783 3.26676 14.9331 0.000024*
Initial cadmium concentration x initial cadmium concentration b, —-0.098 0.00476 -20.6971 0.000005*
pHx>xpH by, -3.659 0.15861 —-23.0719  0.000003*
Biosorbent dosage x biosorbent dosage b -6.337 0.30094 —21.0579  0.000004*
Initial cadmium concentration x pH by, -0.234 0.03475 —-6.7434 0.001088*
pH xbiosorbent dosage ba; —-0.123 031722 —0.3888 0.713434
Biosorbent dosage x initial cadmium concentration b, -0.071 0.05494 —1.2983 0.250845
* Significant at p<0.05
Korean J. Chem. Eng.(Vol. 30, No. 5)
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Fig. 6. Parity plot showing the distribution of experimental vs. pre-
dicted values of percentage biosorption of cadmium.

mental design.

The significance of each coefficient in Eq. (4) was determined
by student’s #test and p-values, which are also listed in Table 3.

Table 4. ANOVA for the entire quadratic model

S. B. Imandi et al.

The larger the magnitude of the #-value and smaller the p-value, the
more significant is the corresponding coefficient [40]. This implies
that the linear and quadratic effects of initial cadmium concentra-
tion, pH and biosorbent dosage were highly significant, as is evi-
dent from their respective p-values. The interaction effect of initial
cadmium concentration and pH was found to be significant (p<0.05).
The remaining two interaction terms, pHxbiosorbent dosage and
biosorbent dosagexinitial cadmium concentration, were found to be
insignificant (p>0.05), which was also presented in Table 3. The
parity plot (Fig. 6) shows a satisfactory correlation between the exper-
imental and predicted values of percentage biosorption of cadmium,
wherein the points cluster around the diagonal line, which indi-
cates the good fit of the model because the deviation between the
experimental and predicted values is less.

The results of the second order response surface model fitting in
the form of Analysis of Variance (ANOVA) are given in Table 4. It
is required to test the significance and adequacy of the model. The
Fisher variance ratio, the F-value (=Sf/S§), is a statistically valid
measure of how well the factors describe the variation in the data
about its mean. The greater the F-value is from unity, the more certain
it is that the factors explain adequately the variation in the data about

Source of variation Sum of squares (SS) Degree of freedom (d.f.) Mean squares (MS) F-value Probe>F
Model 472.3209 9 52.48010 193.1558 0.000008
Error 1.3585 5 0.27170

Total 473.6794 14

R=0.99856499; R’=0.99713204; Adjusted R’=0.99196972
P,.04>F=0.000008

% Biosorption of cadmium

\\\'\\'\'J\ e

phl

Fig. 7. Response surface and contour plot of initial cadmium concentration vs. pH on percentage biosorption of cadmium (biosorbent

dosage was kept constant at (4 g L™")).
May, 2013
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its mean, and the estimated factor effects are real. The ANOVA of
the regression model demonstrates that the model is highly signifi-
cant, as is evident from Fisher’s F-test (F,,..,=193.1558) and a very
low probability value (P,,,..>F=0.000008).

The goodness of the fit of the model was checked by the deter-
mination coefficient (R). The R” value provides a measure of how
much variability in the observed response values can be explained
by the experimental variables and their interactions. The R’ value is

% Biosorption of cadmium

always between 0 and 1. The closer the R’ value is to 1, the stronger
the model is and the better it predicts the response. In this case, the
value of the determination coefficient (R*=0. 9971) indicates that
99.71% of the variability in the response could be explained by the
model. In addition, the value of the adjusted determination coeffi-
cient (Adj R’=0.9919) is also very high to advocate for a high sig-
nificance of the model. Also, a higher value of the correlation co-
efficient (R=0.9985) justifies an excellent correlation between the

Biosorbent dosage (g L)

pH

Fig. 8. Response surface and contour plot of pH vs. biosorbent dosage on percentage biosorption of cadmium (initial cadmium

concentration was kept constant at (20 mg L™")).

% Biosorption of cadmium

Biosorbent dosage (g L)

W2 W % W % 2 M # H M

Initial cadmium concentration (mg L)

Fig. 9. Response surface and contour plot of biosorbent dosage vs. initial cadmium concentration on percentage biosorption of cadmium

(pH was kept constant at 6).

Korean J. Chem. Eng.(Vol. 30, No. 5)
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independent process variables.

Based on the above experimental results, surface contours were
generated to understand the impact of one variable on the other using
fitness function with the help of MATLAB 7.0. Figs. 7-9 represent
the surface contour plots for the optimization of percentage bio-
sorption of cadmium. Fig. 7 shows the interaction effect of initial
cadmium concentration and pH on percentage biosorption of cad-
mium at the fixed biosorbent dosage (4 g L™). It is evident that per-
centage biosorption of cadmium significantly increased with the
initial cadmium concentration up to about 17 mg L', and reached
the maximum percentage biosorption of cadmium at some 16-18
mg L' initial cadmium concentration, but decreased slowly beyond
this concentration. Similarly, the percentage biosorption of cadmium
drastically increased with increase in the pH in the range 5-7, and
then steadily decreased beyond that range. Fig. 8 depicts the sur-
face contour plot of the effects of pH and biosorbent dosage on per-
centage biosorption of cadmium at a fixed initial cadmium concen-
tration (20 mg L™"). As can be seen, with the increase of biosorbent
dosage from 3.5 to 4.5 g L', the percentage biosorption of cadmium
increased gradually from 43 to 44 but the trend is negligible beyond
45g L. Fig. 9 shows the effects of interaction of biosorbent dosage
and initial cadmium concentration on percentage biosorption of cad-
mium at a fixed pH (6). With the concentration of initial cadmium
increasing, the percentage biosorption of cadmium increased in the
biosorbent dosage of 3.5-4.5 g L', but decreased slowly beyond
that range.

CONCLUSIONS

The present study involves the use of Doehlert experimental de-
signs to optimize process conditions for maximal biosorption of cad-
mium from aqueous solutions using Yarrowia lipolytica NCIM 3589
biomass as biosorbent. Three variables--pH, initial cadmium con-
centration, and biosorbent dosage--were identified by preliminary
experimental runs as significant for percentage biosorption of cad-
mium. These variables are optimized with Doehlert experimental
design using STATISTICA 6.0 for the necessary computations. All
the three variables showed significant influence on the percentage
removal of cadmium. Significant interactions between the three vari-
ables were also observed from the response surface and contour
plots. The maximum percentage biosorption of cadmium was pre-
dicted to be 48.89 when the optimized process conditions were set
as follows: initial cadmium concentration 17.56 mg L™, pH 6.43,
and biosorbent dosage 3.63 g L™'. When an experiment was con-
ducted at the optimum conditions of above process variables, the
experimental value of percentage biosorption of cadmium (48.12)
was found to be very close to the value predicted by Doehlert experi-
mental design. Thus the present data confirms that marine yeast
biomass can be used as efficient biosorbent for the removal of cad-
mium (II) ions from aqueous solution, and that this methodology
could be effectively used to study the importance of individual, cumu-
lative and interactive effects of the test parameters in biosorption
and other processes.
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