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Abstract: In this work, a statistical model which can be used to evaluate the removal of chromium
from aqueous solution using chitosan as an adsorbent has been developed. The experiment was
described by varying chitosan dosage (10-30 mg), pH (5-8), contact time (10-90 min) and agitation
speed (50-250 rpm). The initial chromium concentration was fixed to 20 mg/L. The results indicated
that pH is the most significant factor that affects the removal of chromium. The R2 of 0.9963 showed
that the overall model is good as the experimental values are close to predicted values. The optimized
conditions obtained at 28.79 mg chitosan dosage, pH 6.39, 20.16 minutes contact time and agitation
speed of 156.23 rpm. This optimum condition obtained to achieve 0.05 mg/L residual chromium
concentration or 99.75% removal that meets DOE effluent discharge requirement.
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INTRODUCTION

Pollution by chromium is significant environmental concerns as the metal has found widespread use in
electroplating, metal finishing, leather tanning, mining, dyeing and fertilizer, photography industries, nuclear
power plant and textile industries (Mohamed Kheireddine Aroua et al., 2007; Wan Ngah et al., 2006; de Castro
Dantas et al., 2001). Chromium occurs in aqueous systems as both trivalent, Cr (III) and hexavalent, Cr (VI)
forms (Venkateswarlu et al., 2007; Selvi et al., 2001; Wan Ngah et al., 2006). The Cr (VI) is of particular
concern because of its toxicity. Hexavalent chromium compounds are carcinogenic and corrosive on tissue, and
are found to be toxic to bacteria, plant, animals and people even at low concentrations (Demirbas et al., 2004).
Human toxicity includes lung cancer, as well as kidney, liver, and gastric damage (Mohamed Kheireddine
Aroua et al., 2007). Unlike Cr (III), it is essential in human nutrition especially in glucose metabolism. It is
considered to be nontoxic as it precipitates at pH higher than 5.5 with the formation of insoluble oxides and
hydroxides in soil and water systems (Jeyasingh & Philip, 2005). However, it becomes toxic in higher levels
(Wan Ngah et al., 2006). When released to land, chromium compounds bind to soil are not likely to migrate
to ground water. They are very persistent in water as sediments. There is a high potential for accumulation
of chromium in aquatic life.

By 2005, Department of Environmental (DOE) in Malaysia had monitored 88 wells at 48 sites in
Peninsular Malaysia, 19 wells in Sarawak and 15 wells in Sabah (DOE, 2006). Based on their investigation,
they found that the chromium levels exceeding the benchmark were recorded at municipal groundwater supply
(13 mg/L), solid waste landfills (3mg/L), ex-mining areas (gold mine) (17 mg/L) and golf-courses (4mg/L)
(DOE, 2006). However, based on DOE effluent discharge requirements, the tolerance limit for Cr (VI) to
discharge into inland surface waters and potable water is 0.05 mg/L. While for Cr (III), the standard limit is
0.20 mg/L for Standard B and 0.1 mg/L for Standard A.

2.0 Methods:
2.1 Chitosan:
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Chitosan powder (88% deacytelation) which had been provided by Department of Biotechnology,
International Islamic University Malaysia was used for this experiment as adsorbent. Standard solution of
chromium (1000 mg/L) was used to prepare the stock solution. Deionized water was used to dilute the stock
solution in order to get the desired concentration. NaOH (1M) and HCl (1M) solution was used to adjust the
pH.

2.2 Equipments:
A six place jar test of the model R000100174 from Flocculator SW6 was used in this experiment to run
coagulation process. Other equipments used include fine balance (model College B204-S), pH meter (model
SevenEasy) and atomic absorption spectrometer (AAS) model AAnalyst 400.

2.3 Experimental Procedure:
20 mg/L stock solution was prepared according to the chromium concentration of 20 mg/L in ex-mining

(DOE, 2006). About 800 ml deionized water was added into 1000 mg/L volumetric flask. Next 20 ml of
standard chromium solution was pipetted into the volumetric flask. 2% nitric acid (HNO3) was then added to
the solution. Lastly, deionized water was added to make up to the total volume (1000 ml). Adjustment of pH
was then carried out using NaOH or HCl. Batch experiments was conducted at ambient temperature by varying
all pertinent factors such as dosage, pH, agitation speed and contact time according to the experimental design.
For each experiment, chitosan powder was added to the chromium solution and the metal bearing suspension
was kept under magnetic stirring in the jar test until the equilibrium conditions were reached. Then the solution
was allowed to settle down. The sample of water after flocculation and sedimentation was collected and the
concentration of chromium was analyzed. The chromium concentration after the adsorption was recorded.

2.4 Experimental Design:
The Central Composite Design (CCD) with a quadratic model from the software Design Expert (version

6.0.8) was used in developing a statistical model for Cr removal. Four independent variables namely dosage
of chitosan (x1), pH (x2), contact time (x3) and agitation speed (x4) were chosen. The low, middle and high
levels of each independent variable were designated as –1, 0 and +1 respectively. A total 25 different
combinations including two replications were chosen in random order according to a CCD configuration for
four factors.

The removal efficiency (E) of adsorbent on Cr is defined as
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Where, C0 = initial concentration of chromium solution
C = final concentration of chromium solution after the experimental run

RESULTS AND DISCUSSION

The results of concentration of residual chromium and percentage removals due to the effects of chitosan
dosage, pH, contact time and agitation speed have been summarized in Table 1. The highest removal of
chromium by chitosan occurred at run 24 with 99.7% removal, while the lowest removal at run 16 with 36%
removal.

Table 1: Result Summary
Run A:chitosan B:pH C:contact D:agitation concentration of Percentage of 

dosage mg time minutes speed rpm residual Cr mg/L removal (%)
1 30 8 10 50 0.943 95.3
2 10 8 90 250 3.741 81.3
3 20 8 50 150 0.850 95.8
4 10 5 10 50 11.740 41.3
5 10 5 10 50 12.660 36.7
6 30 8 90 50 0.743 96.3
7 10 6.5 50 150 1.621 91.9
8 30 5 10 250 7.641 61.8
9 10 5 90 50 10.750 46.3
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Table 1: Continue
10 30 6.5 50 150 0.365 98.2
11 30 5 90 250 12.150 39.3
12 30 5 10 250 7.836 60.8
13 10 8 10 250 9.526 52.4
14 10 5 90 50 12.000 40.0
15 20 6.5 50 150 1.291 93.5
16 20 5 50 150 12.810 36.0
17 30 8 90 50 0.947 95.3
18 10 8 10 250 8.758 56.2
19 20 6.5 10 150 1.324 93.4
20 30 5 90 250 11.850 40.8
21 20 6.5 50 250 4.106 79.5
22 10 8 90 250 2.706 86.5
23 30 8 10 50 1.171 94.1
24 20 6.5 50 50 0.059 99.7
25 20 6.5 90 150 0.559 97.2

Analysis of variance (ANOVA) test result for 25 runs under CCD experimental design is shown in Table
2. ANOVA is used to investigate and model the relationship between a response variable and one or more
independent variables. Values of "Prob > F" less than 0.0500 indicate model terms are significant. Values
greater than 0.1000 indicate the model terms are not significant.  Based on Table 2, we can discuss the model
significance in three points:
1. Principal or main variables

The principle variables are A (chitosan dosage), B (pH), C (contact time) and D (agitation speed). B, C
and D are all significant while A is not significant. B and D indicate two very significant model terms.
2. Quadratic interaction

B2 and D2 are significant but A2 and C2 are not significant. B2 indicates the most significant model term.
3. Two factors interaction

AB, AC, AD, BC and BD show significant model terms but CD show insignificant model terms.

Table 2: ANOVA for response surface quadratic model
Source Sum of Squares DF Mean Square F Value Prob > F
Model 580.61 14 41.47 192.53 < 0.0001 significant
A 0.79 1 0.79 3.66 0.0847
B 71.52 1 71.52 332.03 < 0.0001
C 2.10 1 2.10 9.76 0.0108
D 8.19 1 8.19 38.02 0.0001
A2 0.13 1 0.13 0.61 0.4527
B2 80.14 1 80.14 372.07 < 0.0001
C2 0.20 1 0.20 0.92 0.3604
D2 1.89 1 1.89 8.79 0.0142
AB 2.54 1 2.54 11.79 0.0064
AC 29.12 1 29.12 135.20 < 0.0001
AD 9.81 1 9.81 45.55 < 0.0001
BC 22.88 1 22.88 106.23 < 0.0001
BD 2.39 1 2.39 11.10 0.0076
CD 0.10 1 0.10 0.45 0.5193
Residual 2.15 10 0.22
Lack of Fit 8.242E-003 2 4.121E-003 0.015 0.9848 Not significant
Pure Error 2.15 8 0.27   
Cor Total 582.76 24    
Std. Dev. 0.46 R-Squared 0.9963
Mean 5.53 Adj R-Squared 0.9911
C.V. 8.40 Pred R-Squared 0.9836

The regression equation obtained after analysis of variance gave the level of adsorption of chromium
removal onto chitosan as a function of chitosan dosage, pH, contact time and agitation speed.

                     (2)
2 2 2 2Y = 1.230 - 0.628X  - 5.980X  - 0.342X  2.024X  - 0.227X  + 5.610X - 0.279X  +  0.862X  

1 2 3 4 1 2 3 4

+  1.195X X  1.349X X  - 2.349X X  - 1.196X X  + 1.160X X  - 0.077X X
1 2 1 3 1 4 2 3 2 4 3 4





Where Y is the predicted response. Square regression (R2) was significant at the level of 99.63%. The
coefficients of Eq. (2) were calculated using design expert. Equation (3) shows final equation in terms of actual
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factors. This equation was generated based on the results listed in Table 2. This equation is used to calculate
the predicted value of residual chromium concentration. From equation (3), it is seen that coefficient of pH
gives the highest value. This indicates that effect of pH contributes more to the successful of lowering the
residual chromium concentration.

                     (3)

-3 -3

2 2 -4 

Concentration of residual Chromium=+139.32252- 0.30604× chitosan dosage - 38.15500× pH 

+0.073879× contact time - 7.92379e  × agitation speed - 2.27249e

× chitosan dosage +2.49322× pH  - 1.74218e × 2

-5 2

-3 -3

 contact time +

8.62251e  × agitation speed  +0.079675× chitosan dosage × pH 

+3.37281e  × chitosan dosage × contact time- 2.34925e × 

chitosan dosage × agitation speed - 0.019931× pH × contact time

 + -3 -5 7.73000 e   × pH × agitation speed - 1.93750 e  

 × contact time × agitation speed

The relationships of predicted and actual values of percentage in which the differences are less than 5%
imply a good relationship between actual and predicted values. The relationship of actual and predicted values
can also be expressed in the graph form. As shown in Figure 1, a linear plot with R2 of 0.9963 was obtained.
This linear relationship indicates that the experimental values of residual chromium concentration are close to
the predicted values (5%). It shows that the model is statistically significant and the experimental values
somehow are correct.

Fig. 1: Predicted residuals chromium vs. the actual values

From the ANOVA analysis, AB, AC, AD, BC and BD show significant two factor interactions. It can be
seen that BD interaction plot gives the best contour plot. This is because the region of 
optimization is showed at the center of the contour plot.

For the validation of the model, the value of residual chromium concentration was higher (0.210 mg/L)
than the predicted. This is because the analysis of residual chromium concentration depends on the calibration
made in the AAS machine.

Table 3: Optimization solution
Chitosan dosage (mg) pH Contact time (min) Agitation speed (rpm) Residual Cr concentration (mg/L)
28.79 6.39 20.16 156.23 0.050

Percentage removal: 

                                 (4)
(20 0.05)

100% 99.75%
20

E


  

The value of optimized residual chromium concentration achieves the DOE standard limit for chromium
which is 0.05 mg/L.
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Fig. 2: Response surface of Chromium removal: (a) fixed contact time of 50 min and agitation speed of
150rpm and interaction of Chitosan dosage (A) and pH (B), (b) Wxed pH 6.5 and agitation speed of
150 and interaction of chitosan dosage (A) and contact time (C), (c) Wxed pH at optimum point (6.5),
concentration time (50 min) and interaction of chitosan dosage (A) and agitation speed (D), (d) fixed
chitosan dosage (20) and agitation speed (150 rpm) and interaction of pH (B) and contact time (C).

Tirgar et al. (2006) carried out a study on the removal of airborne hexavalent chromium mist using
chitosan gel beads, the highest Cr (VI) removal obtained at pH 6, low Cr (VI) concentration (<50 μg/m3), and
high sorbent concentration (20 mg/mL). The higher ions removal efficiencies were achieved at lower levels
of air velocities, pollution concentrations, and higher levels of solution pH values, temperatures, and sorbent
concentrations. Saifuddin & Kumaran (2005) investigated the removal of chromium using chitosan coated with
oil palm shell charcoal. From their research, they found that, the practical problems of chitosan solubility at
low pH aqueous systems, gel forming behavior and mass transfer limitations can be solved by coating chitosan
on oil palm shell charcoal. Cervera et al. (2003) evaluated the use of chitosan flakes for the removal of heavy
metal ions. The results showed that a 0.4 g portion of activated alumina can retain 0.6 mg Cr (III) from 20
mL sample adjusted at pH 4 and stirred for 30 min.

Based from Table 4, it shows that there are many studies on the removal of Cr (III &IV) using various
types of adsorbent. However, the percentage removal for each adsorbent is different due to the variation in the
operating parameters (pH, agitation speed, dosage, temperature and many more). Thus, this comparative study
was conducted to further understand the mechanism of adsorption and compare the types of adsorbents that
were previously used to remove Cr (IV). In comparison with the adsorption kinetics of the various adsorbents,
it was concluded that most of the removal process occurred very fast within the first 20 minutes. Thus, from
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table of comparisons, it can be concluded that the adsorption capability of the adsorbent is highly dependent
on many factors such as surface functional groups, the specific surface area and the solution components. In
order to achieve optimal removal of Cr (IV) ions, the pH of the solution must be maintained in normal
conditions for the complete removal of Cr (IV).

Table 4: Comparison of various adsorbents and its percentage uptake of Pb (II)
Adsorbent Condition % Removal Reference

--------------------------------------------------------------------------
pH Initial Agitation Dosage

Contact Speed (mg/L)
time (min) (rpm)

chitosan gel beads 6 - 20mg/mL 96 Tirgar et al. (2006)
chitosan coated with 5 180-300min 100 rpm - - Saifuddin & Kumaran (2005)
oil palm shell charcoal
chitosan flakes 5 30 50mg/L - Cervera et al. (2003)
cross-linked and non 5 30 400 100mg/L - Schmuhl et al. (2001)
cross-linked chitosan
Chitosan Coated 4 - - - - Dahe Fang et al. (2006)
Montmorillonite
chitosan impregnated 3.5 - - - - de Castro Dantas et al. (2001)
with a microemulsion
Chitosan 6.39 20.16 156.23 rpm 20mg/L 99.75 This study
Not mentioned

4.0 Conclusion:
The CCD experimental design method was seen to be applicable in modeling the Chromium removal from

synthetic wastewater. By the use of the model developed and the response surfaces, variation of the chromium
removal rate depending on the changes in system variables, pH, chitosan concentration agitation speed and
contact time, can easily be investigated and maximized for better treatment. The performance of chitosan for
the removal of chromium from water is 99.75%, this residual chromium concentration meets the permissible
limit of chromium effluent discharge that has been regulated by Department of Environment (DOE) which is
0.05 mg/L, the operating condition for the removal of chromium using chitosan was successfully optimized.
The optimum condition is 28.79 mg of chitosan dosage, 6.39 pH, 20.16 minutes contact time and 156.23 rpm
agitation speed and as thus a treatment system has been designed based on the water quality standard that meet
DOE effluent discharge requirement. This optimum operating condition was achieved at initial chromium
concentration of 20 mg/L which then reduced to 0.05 mg/L.
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