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Abstract
Blending two or more feedstocks to enhance the adsorptive capacity of adsorbent materials for pollutant removal in aque-
ous systems has recently gained more attention. In this article, the adsorptive capability of blended bamboo (Oxytenanthera 
abyssinica) sawdust/rice husk (BSD/RH) at a ratio of 1:1 for the sorption of cadmium ions from aqueous solutions in batch 
mode was studied. The key process variable parameters; initial  Cd2+ concentration (20–200 mg/L), initial solution pH 
(5–9), ionic strength (0.001–0.02 mol/L of  KNO3), adsorbent dose (1–3 g), and contact time (15–180 min) were optimized 
to achieve maximum removal efficiency by employing the Box–Behnken design in response surface methodology. Results 
showed that; all variable operating parameters were significant in the removal process of  Cd2+ from the solution by BSD/
RH adsorbent, initial  Cd2+ concentration, and adsorbent dosage being the most significant. The optimum  Cd2+ removal of 
90.56% and 88.97% of predicted and experimental respectively, were obtained at the pH (8.9), ionic strength (0.012 mol/L), 
contact time (125.93 min), and adsorbent dose (1.99 g). The optimized conditions were later used to study the  Cd2+ removal 
efficiency of individual rice husk and bamboo sawdust and found 61.43 and 69.68% respectively. This observation signpost 
the potential of utilizing the biosorbent derived from blended feedstocks materials on removing heavy metals as cadmium.
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1 Introduction

Water is considered a vital resource because it is necessary 
for human livelihood and ecosystem existence. Nevertheless, 
both natural and anthropogenic influences have been adding 
up various pollutants to the ground and surface water sys-
tems. Heavy metals are among the most serious pollutants 
added by the aforesaid influences [1].

As a result of the rapid development of industry and has-
tened urbanization, heavy metal pollution has become a seri-
ous environmental hazard, particularly in water bodies [2].

Cadmium is at the top of the list of extremely dangerous 
heavy metals that pose a serious concern to human health 
and the environment due to its high toxicity and bioaccumu-
lation potential [3]. It is a well-known and harmful heavy 
metal in nature that results from natural and anthropogenic 
activities, primarily textile industries, mining, pesticide, fer-
tilizer in agricultural activity, and wastewater, among other 
things [4].

It is critical to remove cadmium from wastewater before 
it is disposed of away. Metal recovery from aqueous media 
is a difficult process that requires a range of techniques and 
separation principles [5]. Filtration, sedimentation, electro-
chemical processes, membrane processes, reverse osmosis, 
adsorption, coagulation, sono-chemical separation, and other 
methods have been used to remove metals from wastewater 
and aqueous solutions [6–11], with "limited metal removal, 
high chemical, energy, and high-tech equipment required, 
production of toxic sludge, or end-products that require 
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disposal" being mentioned as drawbacks to many of the 
methods. Adsorption has been recognized as one of the most 
frequent strategies due to its simplicity in operation, ease 
of recovery, high efficiency, cost-effectiveness, and renew-
ability. Nonetheless, due to the multi-faceted nature of the 
action, selecting an ultimate adsorbent remains difficult. For 
this purpose, an appropriate adsorbent material should have 
a high surface area, high removal efficiency, and adsorption 
capacity, as well as mechanical stability [12].

Agricultural waste products have been shown to be eco-
friendly and to have potential biosorption capacity among 
the various adsorbent materials available. “The advantages 
of employing agricultural wastes as biosorbents compared to 
conventional wastewater treatment systems are (1) reduced 
sludge generation, (2) recycling and renewability, (3) local 
availability, (4) high efficiency, and (5) low cost,” accord-
ing to Bhatnagar et al. [13]. A number of chemical groups 
such as carboxyl, carbonyl, hydroxyl, and amine groups in 
their macromolecules (hemicellulose, lignin, proteins, humic 
substances, and cellulose) have been proven to be found in 
Plant-derived biomass [14]. These chemical groups have 
crucial adsorptive properties mostly for ion- exchange or 
other interaction mechanisms. Varala et al. [14] listed the 
types of functional groups present on the biomass surface, 
and metal-ion types as the major influences of the biosorp-
tion mechanism include. Available literature reveals the 
potentials of abundant agricultural waste materials, includ-
ing wheat husk and bran, sawdust of several woody plants, 
the bark of the trees, rice husk and bran, ground-nut and 
coconut shells, bamboo sawdust, sugarcane bagasse, orange 
peels, and many more [15–18]. Enhancing further adsorp-
tion improvement to these adsorbent materials, different 
physical and chemical modifications such as enhancement of 
binding groups, elimination of inhibiting groups, pyrolysis, 
graft polymerization, etc., have been adopted [2]. Contrary; 
many of these enhancement approaches such as graft polym-
erization and elimination of inhibiting groups are associated 
with operation high cost and others like chemical adsorbent 
surface activation necessitate further treatment of effluents 
since they employ some bases, mineral and organic acids, 
and some strong oxidizing agents. However, recently it has 
been revealed that the application of blended feedstocks of 
these agricultural wastes can as well enhance removal effi-
ciency with minimal operational costs as well as reduced 
effluent treatment requirements [19–26]. Although the focus 
has been mostly on the biochars rather than raw/unmodi-
fied agricultural wastes feedstocks. Blending more than one 
feedstock to make a biosorbent has been proven to have a 
synergetic effect on the overall removal of pollutants from 
an aqueous system [23, 24].

Various countries around the world cultivate rice as a 
food crop, with approximately 700 million tonnes annual 
harvest. The rice milling process is associated with the 

production of a huge amount of residual rice husk approxi-
mating nearly 23 wt% of the rice [27]. Utilizing rice husk 
as a biosorbent will further improve the value chain of rice 
production since it has low nutritional value and high ash 
content where currently no economical use of it is practiced.

The greatest bamboo reserve in Africa is in Ethiopia, cov-
ering more than 1 million hectares of land [28]. Due to its 
fastest-growing and high-yielding characteristics, its uses 
have been increasing rapidly in a country as a substitute for 
slow-growing woody plants as a building material and other 
purposes [29]. Its processing mainly employs rudimentary 
technologies mostly low end- handcrafts [30] that are associ-
ated with significant production of wastes including sawdust 
among others, which currently has no further economical 
use.

Furthermore; the two feedstocks [bamboo sawdust (BS) 
and rice husk (RH)] are effective biosorbents due to their 
low moisture, high carbon, and lignocellulose contents [25, 
31–34]. These two aforesaid reasons influenced the selec-
tion of the biosorbent materials for the study. The chemical 
makeup of rice husk and bamboo sawdust (Oxytenanthera 
abyssinica) employed in this study is summarized in Table 1.

As a result, the goal of this work was to determine the 
 Cd2+ removal effectiveness of an unmodified agricultural 
waste biosorbent generated from a 1:1 blend of rice husk 
and bamboo sawdust in an aqueous solution. Response sur-
face methodology (RSM) was used to optimize influencing 
parameters (pH, contact time, ionic strength, adsorbent dos-
age, and initial solute concentration). Aktar [35] reported 
the chosen influencing parameters on this study as the major 
factors affecting the biosorption process and hence adopted 
for optimization.

Changing one influencing factor while keeping the oth-
ers constant at a certain set of conditions has been used to 
optimize influencing factors. This technique necessitates a 
large number of runs and is time-consuming, which most 
likely results in poor optimization due to the omission of 
some interactions [38]. A RSM technique can easily rem-
edy this gap. D-optimal design (DOP) [38], factorial design 
(FD) [39], central composite design (CCD) [40], and 
Box–Behnken design (BBD) [41], are some of the designs 
used in the process. Despite the fact that they both provide 

Table 1  Some chemical compositions of rice husk and bamboo saw-
dust (Oxytenanthera abyssinica) that was used in this research work

Cellulose 
(%)

Lignin (%) Hemicellu-
lose (%)

References

Rice husk 50 25–30 15–25 [36]
Bamboo saw-

dust (Oxy-
tenanthera 
abyssinica)

52 22.47 16.90 [37]
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enough information, the first three designs are less eco-
nomical than the last due to the increased number of tests 
required. Additionally, “The combinations in which all fac-
tors are at their highest or lowest levels at the same time, the 
BBD does not hold. This is important in dodging experi-
ments performed under extreme conditions that may cause 
insufficient results” [42], hence adopted to perform the task.

To the knowledge of the authors, no similar previous 
work has been reported on the internet accessed platforms 
on the adsorption process of rice-husk/bamboo sawdust for 
cadmium biosorption.

2  Materials and Methods

2.1  Preparation of 1:1 Blended Bamboo Sawdust/
Rice Husk Biosorbent Material

The experiment was carried out in Analytical Chemistry 
Laboratory, at the College of Natural and Computational 
Sciences of the University of Addis Ababa where the needed 
chemicals and other apparatus were purchased from reli-
able dealers in and out of Ethiopia. The chemicals and 
solvents used were all reagent grade. Rice husks were col-
lected from rice processing mills from the city of Woreta, 
Ethiopia; while the lowland bamboo (Oxytenanthera abys-
sinica) was purchased from Gumuz region, Ethiopia. Rice 
husk and bamboo sawdust were ground and the powder 
mixed thoroughly at a ratio of 1:1 to homogenize the mixer 
in equal proportion (Bamboo was cut into small pieces and 
crushed by crusher before grinding). For the study of the 
 Cd2+ removal efficiency of an individual feedstock, a portion 
of these powders was kept unmixed. Afterward; the mix-
ture was sieved and washed with de-ionized water to remove 
some impurities, later sun-dried for a week, and finally kept 
on a dry polythene bag ready to be used for the study.

2.2  Physicochemical Properties Analysis

In this study, the properties analyzed on the adsorbent mate-
rial were the point of zero charges and BET surface area. 
The point of zero charges of the adsorbent was measured by 
pH drift-method using a Eutech instruments PH 700 series, 
pH meter (the pH values were adjusted to an initial pH value 
of 2, 4, 6, and 8 using 0.1 M NaOH and 0.1 M HCl solution). 
Where 0.1 M NaCl was used as electrolyte solution at 0.1 g 
dose. The specific surface area (SBET) was examined by the 
SA-9600 Series Surface Area Analyzer (Horiba Instruments, 
Inc). Functional groups were also measured on Spectrum 65 
FT-IR (PerkinElmer) in the range 4000–400  cm−1 (resolu-
tion: 4  cm−1, number of scans: 4) using KBr pellets.

2.3  Cadmium Adsorption Experiments

A 1000 mg/L  Cd2+ stock solution was prepared with hydrate 
cadmium chloride  (CdCl2⋅H2O) by dissolving 17.9 g of 
hydrated salt into a liter of de-ionized water in a 1 L volu-
metric flask. Similarly, 1 M of  KNO3 stock solution was pre-
pared by dissolving 10.11 g of  KNO3 in a liter of de-ionized 
water in the 1 L volumetric flask. For each batch, different 
volumes of  Cd2+ and  KNO3 were diluted in a 25 mL volu-
metric flask to make three levels of solute concentrations and 
ionic strength using the dilution equation. 25 mL as the final 
volume of each batch experiment of the metal and  KNO3 
mixture was then poured into a 150 mL Erlenmeyer flask. 
The pH of the mixture was adjusted using 0.1 M HCl and 
0.1 M NaOH after which the adsorbent at different doses was 
added and the mixture was shaken with a mechanical shaker 
at 200 rpm, 25 °C temperature, and at different durations of 
time. The fixed parameters were the adsorbent dose, pH, and 
Ionic strength as given in Table 2 (levels of these parameters 
were decided after several pilot experiments guided by avail-
able relevant literature). After adsorption, the samples were 
centrifuged at 3600 rpm for 20 min and then filtered using 
0.45 µm Whatman filter paper. The residual concentrations 
of Cd(II) in the supernatant solutions after dilution were 
measured using the flame atomic absorption spectrophotom-
eter (ZEEnit 700 P, Analytik jena) using US EPA method 
7000B. Measurement of pH was performed using a Eutech 
instruments PH 700 pH meter. The %removal was calculated 
using Eq. 1 and the adsorbent adsorption capacity was cal-
culated using Eq. 2.

where R is the removal efficiency (%) of the Cd(II),  Ci and 
 Ct are the initial and residual concentrations of Cd(II) (mg 
 L−1), respectively.

where C is Cd(II) adsorption capacity of adsorbent (mg/g), 
 Ci and  Cf are the initial and residual concentrations of Cd(II) 

(1)R =
Ci − Ct

Ci

× 100,

(2)C =
(Ci − Cf )

M
v,

Table 2  Coding of experimental factors and levels

Factor Variables Coded variables levels

−1 0 +1

A pH 5 7 9
B Initial  Cd2+ concentration (mg/L) 20 110 200
C Ionic strength (mol/L) 0.001 0.0105 0.02
D Adsorbent dosage (g) 1 2 3
E Contact time (min) 15 97.5 180
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(mg  L−1), respectively, v is the volume of the solution (L) 
and M is the mass of adsorbent (g).

2.3.1  Design of Experiments

Box–Behnken design of RSM was employed to study the 
influence of initial solute concentration, pH, ionic strength, 
contact time, and adsorbent dose on the adsorption of 
 Cd2+ into the adsorbent. Design Expert 11.1.0.1 including 
ANOVA and regression to obtain the interaction between 
the process variables to the response was used to model the 
result and to generate the runs of the experiment. To present 
and explain the interactions between variables on the  Cd2+ 
removal effect, the plots of two-dimensional and contour 
were used. Additionally, three-dimensional curves of the 
response surfaces were also developed.

Response surface methodology “is a collection of math-
ematical and statistical tools used for designing experiments, 
modeling processes, studying the effects of independent 
operational parameters and their interactions, and determin-
ing the optimal values of those parameters to achieve an 
intended result” [43]. The independent variables were coded 
according to Eq. 3:

Xi is the dimensionless coded value of the of ith variable, X0 
is the value of the variable at the center while ∆X is the step 
change. Each of the parameters was coded at three levels of 
+1, 0, and −1 being the low, center, and high levels respec-
tively. Table 2 shows the experimental design protocol with 
each independent variable [44].

The empirical second-order polynomial model used to fit 
the experimental data to obtain the model terms is given as 
Eq. 4 below as proposed by [45].

where, Y is the response variables  (Cd2+ reduction) and b0, 
 bi,  bii, and  bij are constant coefficients of intercept, linear, 
quadratic, and interactive terms, respectively and  Xi and  Xj 
represent the five independent variables (pH, initial concen-
tration, ionic strength, adsorbent dosage and contact time).

A total number of 46 batch adsorption experiments were 
carried out with six replicates at the central points.

3  Results and Discussion

As stated in Table 2, the actual values of process vari-
ables and their variation limits were determined based 
on values derived from accessible literature and explora-
tory experiments. Table 3 shows the actual and expected 

(3)Xi =
XI − X0

ΔX
,

(4)Y = b0 +
∑

biiXi +
∑

biiX
2
i
+
∑

bijXiXj

 Cd2+ percentage removal efficiency as well as adsorption 
capacity by adsorption utilizing BSD/RH adsorbent for 
various combinations of influencing parameters. The  Cd2+ 
concentration in the solution was effectively decreased by 
the BSD/RH adsorbent material. The percentage removal 
ranged from 29.5 to 99.9%. As the most suited polynomial 
regression equation, the quadratic model was suggested. 
“The model selection is by the sequential model sum of 
squares which is based on the polynomial’s highest order 
where the model is aliased and the additional significant 
terms” [44].

3.1  Physicochemical Properties Analysis

The point of zero charges (pHZc) of the BSD/RS was 
found to be around neutral (6.6); this implies that the sur-
face of the adsorbent has a net positive charge. The SBET 
surface area analysis gave the value of 0 showing that our 
adsorbent has an insignificant pore.

3.1.1  Fourier Transform Infrared Spectroscopic (FTIR) 
Analysis

The Fourier transforms infrared (FTIR) spectroscopy 
provides some information on the accessible functional 
groups that operate as the contaminant's primary bind-
ing site. Agricultural waste biosorbents contain functional 
groups such as phosphodiester, carbonyl, sulfhydryl, car-
boxyl, hydroxyl, amine, imine, imidazole, amide, phenolic, 
phosphate, thioether, and sulfonate [12].

The FTIR spectra can be utilized to examine the vibra-
tion frequency changes for different functional groups in 
the adsorbent [46]. Figure 1 shows the FTIR spectroscopy 
of BSD/RH before and after Cd(II) adsorption. The fol-
lowing bands were visible in the FTIR spectra of BSD/RH 
prior to adsorption as presented by the lower plot in Fig. 1: 
the broad peak at 3382  cm−1 indicates the presence of free 
and hydrogen-bonded −OH (hydroxyl), Si–OH (silanol), 
and −NH2 (amino) groups, as well as 2919 and 2851  cm−1 
(C–H in aliphatic), 1743  cm−1 (C=O), 1643  cm−1 (C=C), 
1518   cm−1 (C–C in aromatics), 1375 and 1247   cm−1 
(O–H), and 1045  cm−1 (C–O of alcohol).

The intensity and position of peaks in the FTIR spectra 
following Cd(II) adsorption show some major modifica-
tions. The upper plot in Fig. 1, shows the almost complete 
disappearance of all peak bands which indicates the com-
plete involvement of the functional groups in the adsorp-
tion process. Interactions with amines, silanol, hydroxyl, 
carboxylic, amino, and acid groups have been linked to 
Cd(II) removal [44].
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Table 3  The Box–Behnken design (BBD) shows the actual and predicted  Cd2+ removal as well as the adsorption capacity of adsorbent at differ-
ent combinations of influencing parameters by adsorption using BSD/RH adsorbent

Run pH Cd conc (mg/L) Ionic strength 
(mol/L)

Time (min) Dosage (g) Actual value (%) Predicted 
value (%)

Adsorption 
capacity 
(mg/g)

1 7 110 0.0105 15 1 58.4 62.35 64.24
2 7 110 0.02 97.5 3 98.88 103.59 36.26
3 7 20 0.0105 15 2 89.88 92.9 8.99
4 7 110 0.0105 97.5 2 86.01 91.05 47.31
5 7 110 0.001 97.5 3 90.92 89 33.34
6 7 200 0.0105 180 2 94.8 97.62 94.80
7 7 20 0.0105 97.5 1 93.24 92.09 18.65
8 7 110 0.0105 97.5 2 91.2 91.05 50.16
9 9 20 0.0105 97.5 2 96.91 95.89 9.69
10 7 110 0.02 97.5 1 51.78 54.61 56.96
11 9 110 0.001 97.5 2 94.08 99.22 51.74
12 7 20 0.0105 97.5 3 88.27 84.76 5.88
13 7 110 0.001 15 2 85.29 89.33 46.91
14 5 110 0.0105 97.5 3 97.04 97.12 35.58
15 9 110 0.0105 180 2 99.86 100.06 54.92
16 9 110 0.0105 97.5 1 79.73 77.24 87.70
17 7 110 0.0105 97.5 2 92.3 91.05 50.77
18 7 20 0.001 97.5 2 99.92 97.21 9.99
19 5 110 0.001 97.5 2 99.7 100.28 54.84
20 7 110 0.02 15 2 81.67 83.37 44.92
21 9 110 0.0105 97.5 3 99.49 102.92 36.48
22 7 110 0.0105 180 3 99.98 95.91 36.66
23 9 110 0.02 97.5 2 95.14 95.75 52.33
24 7 110 0.001 97.5 1 92.03 88.23 101.23
25 9 200 0.0105 97.5 2 83.81 82.91 83.81
26 7 200 0.0105 180 2 79.61 76.29 79.61
27 5 200 0.0105 97.5 2 60.48 65.61 60.48
28 5 110 0.02 97.5 2 88.67 84.72 48.77
29 7 20 0.02 97.5 2 96.92 94.46 9.69
30 7 110 0.0105 15 3 97.03 95.53 35.58
31 7 110 0.001 180 2 99.95 101.57 54.97
32 5 110 0.0105 15 2 89.48 86.38 49.21
33 7 200 0.0105 97.5 3 88.9 91.67 59.27
34 5 110 0.0105 97.5 1 78.89 73.06 86.78
35 7 200 0.02 97.5 2 65.12 62.4 65.12
36 5 110 0.0105 180 2 95.39 97.47 52.46
37 7 200 0.001 97.5 2 81.64 78.68 81.64
38 5 20 0.0105 97.5 2 98.21 103.22 9.82
39 9 110 0.0105 15 2 98.75 93.77 54.31
40 7 110 0.0105 97.5 2 91.2 91.05 50.16
41 7 110 0.02 180 2 89.23 88.51 49.08
42 7 110 0.0105 97.5 2 96.4 91.05 53.02
43 7 200 0.0105 15 2 66.76 63.64 66.76
44 7 200 0.0105 97.5 1 29.47 34.59 58.94
45 7 110 0.0105 180 1 77.98 79.35 85.78
46 7 110 0.0105 97.5 2 89.2 91.05 49.06
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3.2  Adsorption of Cd2+ onto BSD/RH Adsorbent

3.2.1  Statistical Analysis

Hill and Hunter [47] states that there are four main phases to 
implementing RSM with BBD for optimization. “(1) Create 
and carry out a statistical experimental strategy based on the 
independent variables. (2) Based on the replies of the experi-
mental results, propose a mathematical model and elaborate 
the conclusion of the analysis of variance. (3) Diagnostic 
plots are used to check the model's correctness. (4) Con-
duct response analysis and anticipate the model's optimal 
circumstances, as well as verifying the model through an 
experiment.”

3.2.2  Model Fitting and Analysis of Variance (ANOVA), 
Quadratic Model Equations, and Selected Model 
Diagnostic Test

To examine the logic of the model prediction for BSD/RH 
 Cd2+ adsorption, the important findings after analysis of 
variance are given in Table 4 and regression of the data set 
disclosed in Table 3. The model coefficients for constant 
terms, quadratic effects, cubic effects, and interaction effects 
were all assessed in this study. The low p value of 0.0001 

and big F value of 24.36 in the BSD/RH  Cd2+ adsorption 
setup [48] indicate that at least one of the variables in each 
model has a substantial effect on the response.

The lack of fit p value of 0.2836 beings ≥ 0.05 made 
lack of fit not significant for the experimental setups [49]. 
At the same time, its sum of squares (SS) was found to 
be > 400, this further explains the insignificant lack of fit 
in the model. As seen from Table 4, the initial pH (A), 
and initial  Cd2+ concentration (B), ionic strength (C), con-
tact time (D), and adsorbent dosage (E) are significant to 
the model, where the most significant parameters were 
initial  Cd2+ concentration (B) and adsorbent dosage (E) 
both with a sum of squares of > 2000, followed by ionic 
strength (C) then contact time (D) with SS of > 300 and 
last was pH (A) with SS of 99.55.

For the case of interaction between parameters, the most 
significant was between initial concentration and adsorbent 
dosage (BE) with SS of > 1000, contact time and adsorbent 
dosage (CE) having the SS of > 500 as well as the interac-
tion between themselves initial  Cd2+ concentration  (B2) 
and adsorbent dosage  (E2) where both of these interactions 
were having SS of > 500 and > 400 respectively. The inter-
action between pH and initial  Cd2+ concentration (AB) and 
that between pH itself  (A2) were also significant with the 
SS value > 100.

Fig. 1  FTIR spectra of BSD/
RH before Cd and after Cd(II) 
adsorption
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3.3  Ultimate Equation Based on Actual Factors

The below second-order polynomial equation express an 
empirical relationship between  Cd2+ % removal efficiency 
and the variables in terms of actual factors:

where is, conc, t, and dose stands for the initials of the pro-
cess variables ionic strength, initial concentration, contact 
time, and adsorbent dose respectively. The regression coef-
ficient  R2 of 0.9512 demonstrates the model's applicabil-
ity in predicting response in experimental data [49]. The 
adequate precision of 23.6 also denotes a reasonable and 
satisfactory signal-to-noise ratio. The modified  R2 of 0.9122 
is lower than the  R2 value, implying that “adding a new num-
ber of factors to the model in an attempt to modify it could 
improve nothing” [48]. Furthermore, the difference of less 
than 0.2 between the predicted  R2 (0.8206) and the adjusted 

% Removal efficiency = 166.387 − 17.2947 pH + −0.505694conc − 3521.35is + 0.212099t

+ 12.1442dose + 0.0342083pH × conc + 0.178889conc × dose

+ 1268.68is × dose + 0.958229pH2 − 0.000984516conc2 − 7.30042dose2,

 R2 (0.9122) is in reasonable agreement. The measured  R2 
values show that the regression models well explained the 
BSD/RH adsorption process. Hence, the model developed 
in this study was considered to be satisfactory for predicting 
 Cd2+ removal efficiency.

The output can be determined with the premise that both 
of the models were adequate because the points in the plot 
form a fairly straight line. Figure 2 displays the normal prob-
ability plot of residuals. There should be no series of increas-
ing or decreasing points patterns, such as increasing residu-
als with increasing fits and a high proportion of positive or 
negative residuals, for a model to be dependable in the event 
of actual residual against fit plot [48].

Figure 3 shows an alignment between residuals and 
expected  Cd2+ removal, which supports the data provided 
in Table 4. The close agreement between the actual and 

Table 4  ANOVA and regression 
results for the response surface 
quadratic model for cadmium 
removal efficiency by BSD/RH 
adsorption

R2 = 0.9512; adjusted  R2 = 0.8206; predicted  R2 = 0.8206; adequate precision = 23.6081

Source Sum of squares df Mean square F value p value

Model 9117.60 20 455.88 24.36 < 0.0001 Significant
 A—PH 99.55 1 99.55 5.32 0.0296
 B—initial concentration 2559.35 1 2559.35 136.78 < 0.0001
 C—ionic strength 362.14 1 362.14 19.35 0.0002
 D—contact time 302.24 1 302.24 16.15 0.0005
 E—adsorbent dosage 2474.81 1 2474.81 132.26 < 0.0001
 AB 151.66 1 151.66 8.11 0.0087
 AC 36.54 1 36.54 1.95 0.1746
 AD 5.76 1 5.76 0.3078 0.5839
 AE 0.6480 1 0.6480 0.0346 0.8539
 BC 45.70 1 45.70 2.44 0.1307
 BD 15.72 1 15.72 0.8402 0.3681
 BE 1036.84 1 1036.84 55.41 < 0.0001
 CD 12.60 1 12.60 0.6735 0.4196
 CE 581.05 1 581.05 31.05 < 0.0001
 DE 69.14 1 69.14 3.70 0.0660
  A2 128.21 1 128.21 6.85 0.0148
  B2 555.00 1 555.00 29.66 < 0.0001
  C2 0.1032 1 0.1032 0.0055 0.9414
  D2 1.88 1 1.88 0.1007 0.7537
  E2 465.13 1 465.13 24.86 < 0.0001

Residual 467.79 25 18.71
 Lack of fit 408.73 20 20.44 1.73 0.2836 Not significant
 Pure error 59.05 5 11.81

Cor total 9585.38 45
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anticipated results is further evidenced by the predicted 
and actual plots in Fig. 4, implying that the model could 
accurately predict within the range of influencing parame-
ters. As a result, it can be determined that the model estab-
lished in this work, which correlates  Cd2+ removal with 

process factors, is good enough to be adapted to describe 
the BSD/RH adsorption process' experimental data.

3.4  Effect of Individual Operating Parameters

The plots in Fig. 5 indicate the effect of specific oper-
ating parameters; pH, ionic strength, treatment time, 
initial  Cd2+ concentration, and adsorbent dosage, which 
were all investigated in this work. The parameters were 
calculated as a function of the amount of  Cd2+ removed 
from the equation. These variables are recognized to 
be important in adsorption system operation [14, 44].

3.4.1  Influence of pH

It can be seen from the plots that when the pH rises, the 
percentage of  Cd2+ removed by BSD/RH rises as well. 
The alkaline pH rose from > 7 to 9 in Fig. 5a, indicat-
ing a considerable rise. In general, when cationic metals 
are removed through biosorption, the pH of the solution 
rises, while anionic metals fall. The biosorbent will have 
a positive total surface charge at lower pH.  H+ ions effec-
tively compete with metal cations, lowering biosorption 
capability. The biosorbent surface becomes increasingly 
negatively charged as pH values rise, favoring the uptake 
of metal ions due to electrostatic interaction The biosorp-
tion process comes to a halt at a very high pH, and the 
precipitation of hydroxide begins [12].

Fig. 2  Normal probability plots BSD/RH adsorption process

Fig. 3  Residual vs predicted plots for  Cd2+ removal by BSD/RH 
adsorption process

Fig. 4  Plots for predicted against actual results for  Cd2+ removal by 
BSD/RH adsorption process
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Fig. 5  Main effect plots of parameters for  Cd2+ removal efficiency on BSD/RH adsorption process



288 Chemistry Africa (2022) 5:279–292

1 3

3.4.2  Influence of Initial  Cd2+ Concentration

The  Cd2+ percentage removal efficiency appears to decrease 
with an increase of initial  Cd2+ concentration. The signif-
icant decrease started from 80 to 200 mg/L as shown in 
Fig. 5b. Because the active sites of the adsorbent are sur-
rounded by more  Cd2+ in the solution at higher solute con-
centrations, the adsorbent's equilibrium adsorption capacity 
improves as the Cd(II) ion concentration rises, improving 
the adsorption process. Furthermore, as the metal starting 
concentration rises, the removal % decreases. Because the 
ratio of the initial number of  Cd2+ to the accessible active 
sites of the adsorbent is low at low solute concentrations, 
the removal efficiency of Cd(II) is higher, and more residual 
Cd(II) ions remain in the aqueous solution at higher concen-
trations [50].

3.4.3  Ionic Strength Influence

From the plot (Fig. 5c) it can be noticed the decrease in 
 Cd2+ percentage removal efficiency as Ionic strength 
increases. This can be due to an increase in competition 
between  Cd2+ and  K+ from  KNO3 solution over the avail-
able adsorption sites on the adsorbent surface. The adsorbed 
 K+ at the adsorption site of the adsorbent, block  Cd2+ from 
accessing the adsorption site. As the number of K(I) ions 
increases the competition between it and Cd(II) becomes 
more tense leaving more residual Cd(II) ions in the solution 
un-adsorbed [51]. Also, it can be associated with precipita-
tion of the metal to salt (Cd(NO3)2) as the concentration 
of  NO3

− increases by increasing background electrolyte 
 (KNO3) in the solution [52].

3.4.4  Influence on Contact Time

In the batch adsorption process, contact time is one of the 
most important elements. The adsorption rate grew rapidly 
at first, and the ideal removal efficiency was obtained in 
around 147 min for any initial concentration, as shown 
in Fig. 5d. The uptake of the Cd(II) ion proceeded in two 
stages, with the first being quick and the second being 
gradual. When the number of potential adsorption sites 
is substantially greater than the number of metal species 
to be adsorbed, the adsorption process appears to move 
quickly [53]. The contact time required increased as the 
amount of metal adsorbed increased. A saturation of 
adsorption sites on the BS/RH adsorbent can be attributed 
to the subsequent slow absorption (beyond 147 min from 
Fig. 5d). After 147 min, there was no significant change in 
the equilibrium concentration, indicating that the adsorp-
tion phase had reached equilibrium.

Fig. 6  The combined effect of a initial concentration and pH, b adsorbent 
dose and initial concentration, c adsorbent dose and ionic strength on  Cd2+ % 
removal efficiency
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3.4.5  Effect of Adsorbent Dosage

Since the contact surface of adsorbent particles became 
more available, cadmium removal efficiency improved 
correspondingly with the adsorbent dosage increase, as 
seen in Fig. 5e. Increased adsorbent dosage results in more 
active sites for adsorption, making metal ion penetration to 
the adsorption sites simpler [12]. At a dosage of 2.5 g of 
adsorbent, 100% removal was observed. Adsorption of any 
adsorbent dose greater than 20 mg/L resulted in roughly 
the same uptake. As a result, the utilization of a 2.5 g 
adsorbent dose may be sufficient to justify the method in 
terms of cost.

3.5  Combined Effect of Operational Parameters 
on Cadmium % Removal Efficiency

In this study, among the total of ten possible combinations 
between two operating parameters on effect on  Cd2+ removal 
tested by RSM, only three interactions of them were found 
significant. These combinations were between; initial con-
centration and adsorbent dosage (BE), contact time and 
adsorbent dosage (CE), and lastly between pH and initial 
 Cd2+ concentration (AB) as discussed above.

Figure 6a shows the 3-dimensional surface plot of the 
combined effect of pH and initial solute concentration (AB). 
It can be observed that maximum % Cd(II) removal was 
obtained in the basic range of 8–9 at a lower initial Cd(II) 
concentration. Within this condition, the residual  Cd2+ was 
insignificant in the supernatant as well as  H+ was minimum 
to out-compete  Cd2+ over the adsorption sites of the BSD/
RH adsorbent. Figure 6b shows the 3-dimensional surface 
plot of the combined effect between initial concentration 
and adsorbent dosage (BE). The  Cd2+ % removal efficiency 
was maximum at a higher adsorbent dosage of about 2.5 g 
at a lower initial solute concentration. At this condition, 
there were enough adsorption sites to be offered by BSD/
RH adsorbent materials to accommodate all available  Cd2+ 
from the solution i.e. High adsorbent dose enhances complex 
formation between the metal ions and adsorbent [44]. The 
combined effect of contact time and adsorbent dose (CE) 
effect on  Cd2+ % removal is illustrated in Fig. 6c. Similarly, 
at this condition, the maximum  Cd2+ % removal efficiency 

was at a higher adsorbent dosage (2 g) at lower ionic strength 
(0.001–0.0048 mol/L  KNO3). At this condition, the com-
petition offered by  K+ from  KNO3 to  Cd2+ over available 
adsorption site were less intense and so the significant  Cd2+ 
were able to be adsorbed.

3.6  Process Optimization

Process optimization was carried out using RSM with the 
analysis set at maximum % Cd(II) removal. The influencing 
parameters were set as follows; pH (in a range, 5–9), ini-
tial solute concentration (maximize, 150–200 mg/L), ionic 
strength (maximize, 0.005–0.02 mol/L), contact time (min-
imize, 15–180) and adsorbent dosage (minimize, 1–3 g). 
Optimum adsorption conditions obtained were pH of 9, ionic 
strength of 0.012 mol/L  KNO3, contact time of 126 min, 
initial concentration 163 mg/L, and adsorbent dose of 2 g 
for 90.6% Cd(II) removal equivalent to 73.8 mg/g adsorption 
capacity at the desirability of 1.00 as presented in Table 5. 
The function's high desirability indicates that it could rep-
resent the experimental model and conditions. The experi-
mental Cd(II) removal was 88.9% under these conditions. 
For the rest of the two optimized conditions, the % removal 
efficiencies difference between predicted and experimental 
values were not significant i.e., 90.3% predicted value to 
88.6% experimental value and 90.3% predicted to 87.8% of 
the experimental value (Table 5). The conditions were cho-
sen to maximize  Cd2+ % removal efficiency at a minimal 
adsorbent dosage and contact time and maximal Initial  Cd2+ 
concentration and ionic strength while pH was left to be at 
a range. The model proposed many sets of experiments, and 
the best three were carried out.

3.7  Percentage Removal Efficiency of Individual 
Feedstocks of Rice Husk and Bamboo Sawdust

Using the optimized parameters obtained in Table 5, i.e. 
pH of 9, solute concentration of 163 mg/L, ionic strength 
0.012 M, and contact time of 126 min at an adsorbent dose 
of 2 g. The Batch experiment studies were run for individ-
ual rice husk and bamboo sawdust to compare the removal 
efficiency of blended biosorbent against the individual 
adsorbent materials. The  Cd2+ removal efficiency of 61.4 
and 69.7% were obtained for rice husk and bamboo sawdust 

Table 5  Experimental and predicted results on a few selected solutions suggested for optimization tests for  Cd2+ removal by BSD/RH adsorbent

pH Initial concentra-
tion (mg/L)

Ionic strength 
(mol/L)

Contact 
time (min)

Adsorbent 
dosage (g)

Predicted (%) Experimental (%) Adsorption 
capacity (mg/g)

Desirability

9 163 0.012 126 2 90.56 88.97 73.8 1
9 152 0.018 143 2 90.33 88.61 68.65 1
9 160 0.01 149 2 90.27 87.83 72.2 1
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respectively. This may confirm synergistic enhancement 
of the chemical and physical properties of the surface of 
blended feedstock.

4  Conclusion

In this study, optimization of process parameters for Cd(II) 
ions adsorption into bamboo sawdust/rice husk biosorbent 
materials from aqueous solution using BBD–RSM was car-
ried out. To correlate the response with the process vari-
ables, a quadratic model was developed.

The parameters investigated include; pH, initial  Cd2+ 
concentration, ionic strength, contact time, and adsorbent 
dosage. The analysis of variance showed that both studied 
parameters were significant on  Cd2+ removal from the solu-
tion, although the most significant parameters were initial 
 Cd2+ concentration and adsorbent dosage both with a p value 
of < 0.0001, followed by ionic strength with a p value of 
0.0002, then contact time with a p value of 0.0005 and last 
was pH with a p value of 0.0296.

Applying the predicted optimum conditions of pH (2), 
ionic strength (0.012 mol/L), contact time (126 min), and 
adsorbent dose (2 g), Cd(II) removal of 90.6% was obtained. 
Furthermost; the blended feedstock adsorbent material has 
been found to have higher % removal efficiency compared to 
individual feedstocks of rice husk and bamboo sawdust. This 
observation signposts the potential of utilizing the multi-
feedstock sources (mixture) of known biosorbent materials 
on enhancing the pollutants removal by adsorption on aque-
ous systems.
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