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Statistical Analaysis for Removal of Cadmium from Aqueous Solution at High pH
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Abstract: In the view of Cadmium (Cd) toxicity from human health, heavy metal concentrations in
water are controlled by strict standards and should be reduced to the standards permitted. This study
is concerning an approach of removing a heavy metal, Cd, from its aqueous solution by carbon
nanotubes (CNTs) absorption. The synthetic water was prepared with initial Cd concentrations of
1mg/L and shook with CNTs, before the water is separated by filtration. A spectrophotometer
procedure was applied to analyze the filtrate for the concentration of Cd. The effects of the varying
factors on the Cd removal efficiency, which are the CNT dosage, pH, agitation speed and contact
time, were studied. All of the factors used in the adsorption experiment were said to be significant
with the adsorption capacity which has been identified from the regression analysis. From the results
obtained, the highest percentage removal of Cd using CNT is at pH7, 10 mg of CNTs dosage, contact
time of 120 min and agitation speed of 150 rpm which gave 19.14% removal.
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INTRODUCTION

Nanotubes have characteristics that lead to various applications. For example, nanotubes are stronger than
steel but very flexible and lightweight, which makes them a suitable material for both super strong cable and
tips for scanning probe microscopes. In addition to the remarkable mechanical properties, their hollow and
layered man-sized structures make them a good candidate as adsorbers (Thomas, 2000). Thus, CNTs have high
heavy metals adsorption capacity and can be used as an adsorbent for Cadmium removal from water. In
addition to that, it is found that CNTs have significantly higher dioxin removal efficiency than that of activated
carbon which is another method of removing heavy metals from waste water (Saito, 2001). Cadmium-
containing water is harmful towards the environment, animals, and human being. Acute exposure of Cd will
cause flu-like symptoms like weakness, fever, headache, chills, sweating and muscular pain and subsequently,
pulmonary edema usually develops within 24 hours and reaches a maximum by three days. But in severe cases,
death from asphyxia may occur. The most serious consequence of chronic Cd poisoning is cancer (lung and
prostate). The first observed chronic effect is generally kidney damage, manifested by excretion of excessive
protein in the urine (World Health Organisation, 1992). In Malaysia, the water pollution involving Cd is caused
by industrial activities, waste disposal areas and mining as well as household wastes (Department of
Environmental, 2005). The main industries that use Cd are metal smelting, electronics, paint pigment
production, and other metal working and refining companies. It is now recognized that dealing with Cadmium
contamination may be a problem of global dimensions. Therefore, an increasing interest has been focused on
the  researches  on removing Cd from drinking water. There are different methods to remove Cd, including 
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chemical precipitation, ion exchange, reverse osmosis and adsorption. Adsorption method the most commonly
used due to its simplicity and cost-effective (Yan-Hui Li, 2002; Mondal, 2006; Selvi, 2000; Zhong, 2006).
Various adsorbents such as activated carbon, iron oxides, filamentous fungal biomass and natural condensed
tannin have been explored and the results are fairly reliable.

MATERIALS AND METHODS

CNTs were obtained from Department of Biotechnology Engineering, Faculty of Engineering at
International Islamic University, Malaysia. CNTs was kept in a bijou bottle and kept dried at room temperature
25°C. The morphology of filamentous carbon grown was observed using Field Emission Scanning Electron
Microscopy (FESEM). Firstly, the carbon holder used to place the adsorbents was cleaned using Acetone to
remove the impurities on the surface of the holder. After the cleaning process, the surface of the carbon holder
was coated with Carbon Coating to stick the adsorbents on its surface. Finally, the diameter and the surface
of the adsorbents have been observed

2.1 Preparation of Cadmium Stock Solution:
The preparation of Cadmium stock solution was carried to produce stock solution with concentration, 1.0

mg/L. Initially, the laboratory glass wares used in this project were rinsed with 2% Nitric Acid. This step is
very important to remove all the impurities and to prevent further adsorption of Cadmium on the surface wall
of the glassware. The stock solution was prepared by pipetting 1 mL of Cd from Cd standard solution of
concentration, 1000 mg/L, into 1000mL Schott Bottle, distilled water was added till the mark of the Schott
Bottle and mix thoroughly using magnetic stirrer. The stock solution was divided into three different working
solutions for pH adjustment (pH 7, pH 8 and pH 9). This is to explore the effect of higher pH on Cd removal
within its suitable pH range for the sorption of Cd. Initially, buffer solutions were added to the working
solutions to maintain constant pH during fixation. This is followed by the adjustment of pH using 1.0 M Nitric
Acid of 1.0 M NaOH. Finally, the initial concentration of each working solution with three different pHs was
analyzed using Atomic Absorption Spectroscopy. This initial concentration was determined after the pH
adjustment in order to validate that the Cd removal is caused by CNTs only.

2.2 Randomized Adsorption Experiment:
Experiments were conducted at 25°c to study the effect of initial solution pH, CNTs dosage, contact time

and agitation speed on the adsorption of Cadmium ions. The experimental design with randomized parameters
was set up using Design Expert software with a total of 21 runs. Each experiment was conducted in volumetric
flask and the initial and final concentration of Cadmium was analyzed using Atomic Absorption
Spectrophotometer. The final concentration of each run was tabulated in order to determine the percentage
removal of Cadmium by CNTs.

2.3 Experimental Design:
In the experimental designing, there are four parameters which vary accordingly as shown in Table 1. With

this conception, we used Design Expert software to obtain randomized runs for the Cadmium adsorption
experiment (Levine, 2001).

Table 1: Experiment parameters and its variation
No Parameter Value
1 Adsorbent Dosage (mg) 5

7.5
10

2 pH 7
8
9

3 Contact Time (min) 20
70
120

4 Agitation Speed (rpm) 50
100
150

The run orders for this randomized adsorption experiment were determined using Design Expert software.
The interface of the software is as below with a total of 21 randomized runs with four varying factors of pH,
CNTs dosage, contact time and agitation speed. Response is the Cadmium removal percentage.
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RESULTS AND DISCUSSIONS

3.1 Characterization of CNTs:
The adsorbents images before the adsorption experiments have been characterized using (FESEM, JEOL

JSM-6700F). Figure 1 shows the representative structure of Carbon Nanotubes at different magnifications.

 

Fig. 1: (a) and (b): FESEM representative images of CNTs before adsorption with different magnifications.

Figure 1 (a) shows the images at lower magnification while Figure 1 (b) shows the images at higher
magnification. Impurities have been observed on the surface of CNTs. These impurities could have been due
to the improper production method or improper cleaning method with Nitric Acid. The structures of the CNTs
are not straight, highly entangled and have crooked morphology. In addition, the CNTs are clump and not
aligned with each other. From the characterization also, the diameter of CNTs was determined. The CNTs used
in this study have average diameters in the range of 20 to 30 nm. Since there are many defects on the walls
of the CNTs, thus this implies that the adsorbent capacity of CNTs was not fully exploited during the
experiment.

Results of the Adsorption Experiment:
The experimental results on the percentage of cadmium removal results obtained for the adsorption

experiment are as tabulated below in Table 2. There were a total of 21 randomized runs which was designed
using Design Expert software. Each run were measured three times and the average reading was taken to
minimize error and to obtain a more accurate result.

Table 2: Experimental Results on the Percentage of Cadmium Removal from the Triplicate Runs
Initial pH Dosage Time Agitation Final Final Final Ave %
Conc. Conc. 1 Conc. 2 Conc. 3 Conc. Removal
0.789 7 5 120 50 0.656 0.683 0.653 0.664 15.843
0.714 9 5 20 150 0.668 0.639 0.679 0.662 7.283
0.731 8 7.5 70 100 0.644 0.655 0.648 0.649 11.218
0.731 8 5 20 100 0.628 0.631 0.652 0.637 12.859
0.731 8 7.5 120 100 0.667 0.639 0.623 0.643 12.038
0.714 9 10 120 50 0.649 0.685 0.679 0.671 6.022
0.714 9 10 20 50 0.681 0.669 0.666 0.672 5.882
0.731 8 10 20 100 0.637 0.664 0.658 0.653 10.67
0.789 7 5 20 50 0.649 0.671 0.687 0.669 15.209
0.789 7 5 20 150 0.682 0.675 0.656 0.671 14.956
0.731 8 7.5 70 50 0.628 0.642 0.641 0.637 12.859
0.731 8 10 70 100 0.65 0.646 0.657 0.651 10.944
0.731 8 7.5 70 150 0.666 0.634 0.65 0.65 11.081
0.789 7 10 120 150 0.621 0.644 0.649 0.638 19.138
0.714 9 5 120 150 0.647 0.667 0.651 0.655 8.263
0.789 7 7.5 70 100 0.626 0.659 0.653 0.646 18.124
0.789 7 5 120 100 0.683 0.67 0.66 0.671 17.586
0.714 9 10 120 100 0.671 0.668 0.683 0.674 5.602
0.714 9 5 70 100 0.635 0.657 0.637 0.643 9.944
0.731 8 10 120 150 0.621 0.645 0.648 0.638 12.722
0.714 9 10 20 100 0.699 0.697 0.674 0.69 3.361
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3.3 Modeling by Statistical Analysis:
Regression analysis by using MINITAB software has been used in this study to identify the significance

of the factors used with the response variables which is the adsorption capacity of the Cd ions in the
adsorption experiments. Theoretically, regression analysis is used primarily for the purposes of prediction. The
goal in regression analysis is the development of a statistical model that can be used to predict the values of
a dependent or response variable from the values of at least one explanatory or independent variable (Levine,
2001).

Table 3: Regression Analysis for Cadmium removal (%) by CNTs
The regression equation is
result = - 48.2 + 8.42 a + 10.8 b + 0.470 c + 0.296 d - 1.40 ab - 0.0557

bc - 0.00021 cd - 0.0420 ad - 0.0649 ac - 0.0158 bd + 0.00713 abc 
+ 0.000005 bcd + 0.000080 acd + 0.00188 abd

Predictor Coef SE Coef T        P
Constant -48.20 24.14      -2.00    0.093
a 8.421 3.598       2.34    0.058
b 10.822 3.211       3.37    0.015
c  0.4696 0.3070      1.53    0.177
d  0.2959      0.1704       1.74   0.133
ab -1.4025     0.3542      -3.96   0.007
bc -0.05572    0.02847     -1.96    0.098
cd -0.000205   0.001637     -0.13    0.904
ad -0.04200    0.02334      -1.80    0.122
ac -0.06486    0.04960      -1.31    0.239
bd  -0.01580    0.03351      -0.47    0.654
abc 0.007130    0.003316       2.15    0.075
bcd  0.0000046   0.0001133       0.04    0.969
acd  0.0000799   0.0002856       0.28    0.789
abd   0.001881    0.003529       0.53    0.613
S = 0.6425      R-Sq = 99.4%     R-Sq(adj) = 97.8%
Analysis of Variance
Source            DF          SS          MS         F       P
Regression        14     381.353    27.239     65.99   0.000
Residual Error    6      2.477       0.413
Total             20     383.830

The regression equation comprising all the explanatory variables is as follows:
Cadmium Removal (%)=- 48.2 + 8.42 a + 10.8 b + 0.470 c + 0.296 d - 1.40 ab - 0.0557 bc - 0.00021

cd - 0.0420 ad - 0.0649 ac - 0.0158 bd + 0.00713 abc + 0.000005 bcd + 0.000080 acd + 0.00188 abd
T” and the fourth column “P” indicate the test statistics and significant P value respectively. Therefore,

the significance of the parameters included can be identified. The larger the magnitude of T-test value (above
the T critical value) and the smaller the P-value (close to 0.00) indicates the high significance of the
corresponding coefficient (Levine, 2001). From T-table with α-value to be 0.05 and the degree of freedom
equal to 20, the critical value of T is 1.725 has been determined. From the output, the T-values for most of
the parameters are above the T-critical value with small P-values. Thus, all parameters are said to be significant
to the response variable. The coefficient of determination, R2 has been determined to be 99.4% which means
that 99.4% of the variation in the removal percentage can be explained by the pH, CNTs dosage, contact time
and agitation speed. However, the adjusted R2 obtained is 97.8% of the variation in the removal percentage.
This adjusted R2 value is necessary when comparing two or more regression models that predict the same
dependent variable but have different numbers of explanatory variables (Levine, 2001). By using this adjusted
R2 value, the best model can be identified as in Table 4.

3.4 Adsorption Isotherm:
Equilibrium studies in adsorption indicate the capacity of the adsorbent during the treatment process. To

learn and study the adsorption isotherms, the Langmuir model and Freundlich model were generated for pH
7 (since Cd removal is best at this pH condition) at three different time contact, specifically at t1= 20min, t2=
70min and t3= 120min.Taking into account the fact that the pH of the solution was constant at pH 7 during
the adsorption process, in order to optimize the adsorption process parameters, the equilibrium curve was
modeled in Figure 2.
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Table 4: Predicted values for the Cadmium removal (%) obtained from the regression equation
a b C D result predicted
7 5 120 50 15.843 15.84
9 5 20 150 7.283 7.29
8 7.5 70 100 11.218 12.122
8 5 20 100 12.859 12.84
8 7.5 120 100 12.038 12.502
9 10 120 50 6.022 5.872
9 10 20 50 5.882 6.012
8 10 20 100 10.67 10.644
7 5 20 50 15.209 15.29
7 5 20 150 14.956 14.92
8 7.5 70 50 12.859 12.77075
8 10 70 100 10.944 11.254
8 7.5 70 150 11.081 11.47325
7 10 120 150 19.138 19.216
9 5 120 150 8.263 8.14
7 7.5 70 100 18.124 17.23175
7 5 120 100 17.586 17.53
9 10 120 100 5.602 5.692
9 5 70 100 9.944 9.6625
8 10 120 150 12.722 12.364
9 10 20 100 3.361 3.032
pH Dosage Time Agitation %Removal  

(A)

(B)
Fig. 2: Adsorption isothermal model for, (a) Langmuir Kinetic Model and (b) Freundlich Kinetic Model.

Based on Figure 2, the adsorption capacity (qe) and adsorption intensity was determined from the slope
and intercept of the graph respectively. Table 5 is tabulated to recap the results of both adsorption isothermal
models.

Table 5: Freundlich and Langmuir isothermal adsorption parameters for the adsorption of Cadmium ions at pH 7 (10mg).
Freundlich Langmuir
----------------------------------------------------------------------- ----------------------------------------------------------------------------------
n (mg/g) KF (L/g) Qe (mg/g) R2 Xm (mg/g) KL (L/mg) Qe (mg/g) R2

-0.208 1.896 0.239 0.968 5.817 -1.852 34.36 0.996

Comparison of Langmuir and Freundlich isotherms, Langmuir isotherms have a better fitting model than
Freundlich, as tabulated in Table 5, which shows good linearity for Langmuir relationship (correlation
coefficient, R2=0.996). Langmuir isotherms gave a higher adsorption capacity than Freundlich isotherms with
values of 34.36 mg/g and 0.239 mg/g respectively. This indicates the applicability of monolayer coverage of
the Cd ions on the surface of the adsorbent. This is due to the fact that activated carbon has a small surface
area for metal adsorption (Karthikeyan, 1996). Therefore, only monolayer adsorption occurred on its surface.
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3.5 Kinetics of Adsorption:
The kinetics were investigated with using the information obtained from the effect of dosage (dry-weight

basis) at 25°C at three different time intervals up to 120 min. Pseudo first-order kinetic equation was not used
in this study since it is not applicable to all the results as reported by Jianlong et al., 2001. Therefore, the
pseudo second-order equation was used in this study in order to investigate the mechanism of adsorption of
Cd by the CNTs and the potential rate-controlling steps, such as mass transport and chemical reactions.

Fig. 3: Pseudo second-order kinetics of Cadmium using different dosage of CNTs.

From Figure 3, the values of pseudo second-order rate constant K2, the initial adsorption rate, h and the
adsorption capacity (qe) computed from the slope and intercept are presented in Table 6.

Table 6: Kinetic parameters for pseudo second-order model
Adsorbent (mg) qe (mg/g) H (mg.g-1.min-1) K2 (g.mg-1.min-1) R2

5 31.646 17.361 0.01734 0.9998
7.5 36.900 23.866 0.01753 0.9999
10 39.683 4.669 2.965 x 10-3 0.9940

From this study, it is proven that the adsorption kinetic of adsorbent followed the pseudo second-order
equation when the plot of (t/qt) versus time yielding straight lines with a high correlation coefficient of 0.99.
The present second-order rate data suggested that chemisorptions as the rate controlling step in the adsorption
process.

4. Conclusion and Recommendation:
CNTs had been used in the study of Cadmium removal from water by comparing the initial concentration

of Cadmium in the stock solution prepared with the final concentration after the addition of the CNTs for a
given duration of time. The efficiency of the adsorption has been determined in terms of Cadmium removal
percentage. There are four factors (CNTs dosage, pH, contact time and the agitation speed) which were found
to be contributing to the adsorption capacity in the experiment have been studied and the optimized conditions
for each parameter have been identified. The values for each parameter are completely randomized throughout
the designed experiment. All of the factors used in the adsorption experiment were said to be significant with
the adsorption capacity which has been identified from the regression analysis.

From the adsorption isotherms analysis, it has been found that Langmuir isotherms gave the better value
of the regression coefficient compared to Freundlich isotherms due to the applicability of monolayer coverage
of the Cadmium ions on the surface of the adsorbent. The optimum conditions for the maximum adsorption
capacity can be obtained in Table 4.2. The highest percentage removal of Cadmium obtained from the
adsorption experiment is 19.14%. Therefore, it can be concluded that the parameters of pH 7, 10mg of CNTs
dosage, with 150rpm of agitation speed for 120 minutes of contact time was the most effective for the removal
Cadmium ions within the limitations of this study (pH 7 – pH 9). In conclusion, at high pH (pH 7 – pH 9),
it is not recommended for Cadmium removal since removal at pH 7 is 14.96 - 19.14%, removal at pH 8 is
10.67 - 12.86% and removal at pH 9 is 3.36 – 9.94%. This indicates a more progressive Cadmium removal
in acidic condition (the lower the pH value, the higher the Cadmium removal) as the highest removal at pH
7 is still not very high with only 19.14% removal.

As a recommendation for further experimental studies, adsorption studies to elucidate the mechanism of
adsorption and recover the metal loaded adsorbent should be added in the continuation of this study. This study
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should also be extended for the removal of other heavy metals such as chromium, lead, mercury and arsenic.
In order to further this study, the optimization for scale-up process can be developed. 
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