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This study was aimed at employing response surface methodology (RSM) for optimization of process variables 
and identifying optimal conditions for the adsorption of bromate (BrO3

-) from contaminated water using 
multi-walled carbon nanotubes, based on iron hydr(oxide), Fe-CNTs nanocomposite. Fifteen experimental 
runs were conducted in batch mode to study the effect of individual as well as interactive process variables, 
i.e., pH, BrO3

− initial concentration, and adsorbent dose, on the removal of BrO3
− using Box–Behnken 

design (BBD) of RSM. The coefficient of determination (R2) at 98.34% indicated a good agreement between 
actual and predicted values. The main effect and contour plot were drawn to obtain the independent and 
interactive effect of operational variables on BrO3

− uptake. A process optimization curve was drawn to 
determine the optimum operating conditions that lead to a desirable response. The optimum conditions 
for BrO3

− adsorption using Fe-CNTs nanocomposite were found to be pH 2.0, initial BrO3
− concentration of  

10.0 mg/L, and adsorbent dose of 0.010 g per 50 mL solution.
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INTRODUCTION

Freshwater scarcity and lack of quality have become issues of increasing concern. Adequate 
wastewater management has thus become essential to protect and ensure a safe drinking water supply 
and for the preservation of public health (Naidoo and Olaniran, 2013). Wastewater reclamation and 
reuse have been recognized as effective management tools for water conservation and pollution 
control. Among the available processes, ozonation has been extensively used for reclamation and 
reuse of wastewater (Zhang et al., 2021). Ozone is one of the most powerful oxidants for either 
organic or inorganic compounds and is also able to inactivate even the most resistant pathogenic 
microorganisms; thus ozone treatments have been used since the 1970s to meet discharge regulations 
for coliforms and achieve virus inactivation in effluents of sewage treatment plants (STPs) (Ruffino 
et al., 2020). Ozonation has received further attention as a tertiary treatment due to the necessity 
of STPs upgrading in order to accomplish the oxidation of endocrine disruptors (EDC), and 
pharmaceuticals and personal care products (PPCP) (Naidoo and Olaniran, 2013; Ruffino et al., 
2020). Furthermore, ozone sanitation has been long used at municipal water purification facilities 
and bottled water plants (Loeb et al., 2012; Alsohaimi et al., 2015; Delpla et al., 2014). Nonetheless, if 
raw water contains bromide (Br−), bromate (BrO3

−) will be formed during water ozonation (Aljundi, 
2011; Wang and Chen, 2014) via complex mechanisms involving molecular ozone (O3) and hydroxyl 
radical (OH•) reactions (Dorevitch et al., 2020). BrO3

− is a toxic by-product with carcinogenic effects 
in humans – its maximum permitted concentration in drinking waters being 10 µg/L (Alsohaimi et 
al., 2015). The presence of BrO3

− in water is especially worrying since, unlike other by-products, it is 
not biodegradable, so biological treatments are not efficient in its removal (Aljundi, 2011).

Different physico-chemical treatments, viz., electrochemical deposition (Kimbrough and 
Suffet, 2002), zero-valent metal reduction (Wang et al., 2009; Huang et al., 2020), heterogeneous 
photocatalysis (Morais et al., 2021), ion-exchange (Wïniewski et al., 2015), catalytic hydrogenation 
(Zhou et al., 2015), reverse osmosis (Gyparakis and Diamadopoulos, 2007), nanofiltration (Lin et al., 
2020) and adsorption (Zhang et al., 2015; Ji et al., 2017), have been studied for the removal of BrO3

− 
from water. Amongst them, adsorptive processes are especially advantageous due to their relatively 
low implementation and operational costs and because they avoid the generation of transformation 
products with unknown toxicity effects. Activated carbon (Zhang et al., 2015; Chen et al., 2017), 
a widely used adsorbent in water treatment applications, and other adsorbent materials, such as 
biochar, zeolites, materials with layers of MnO2, TiO2, CeO2 on their surfaces, and polymeric resins 
(Ji et al., 2017; He et al., 2012; Alsewaileh et al., 2019; Yang et al., 2019; Barlokova et al., 2017), have 
been tested for the removal of BrO3

− from water.

Carbon nanotubes (CNTs), which were first discovered in the 90s, are materials with advantageous 
physical and chemical properties over other adsorbents, such as high surface/volume ratio or 
high chemical and thermal stability (Herrero-Latorre et al., 2015; Fiyadh et al., 2019). In the past 
decade, magnetic CNTs (Fe-CNTs) have emerged as promissory materials for real-scale applications, 
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since they are cost effective, have high adsorption capacity, easy 
separation and enhanced stability (Alsohaimi et al., 2015; Tang 
et al., 2021). However, adsorption onto Fe-CNTs, as for most 
adsorbents, is highly influenced by operational factors, viz. 
pH, pollutant concentration, temperature and adsorbent dose 
(Alsohaimi et al., 2015).

Response surface methodology (RSM), a statistical tool, is an 
economically efficient experimental procedure for optimizing 
a complex process. RSM was selected and employed to find the 
optimum operational conditions for the adsorption of BrO3

− onto 
Fe-CNTs nanocomposite. Conventionally, during batch mode of 
experimentation, to study the effect of factors on adsorption of 
pollutants only one operational condition, i.e. factor, is changed at 
a time, while others are kept at unspecified constant levels. Such an 
approach, apart from being arduous, time consuming and costly, 
ignores the interaction between factors (Yang et al., 2019). RSM 
has an advantage over this conventional optimization method as 
it allows the determination of interactive effects of independent 
factors, along with the individual effect on the response. Fewer 
experiments need to be performed to obtain a large amount of 
information, which makes RSM a more economical approach. 
RSM also provides better reproducibility of the results (Oyekanmi 
et al., 2019a; Oyekanmi et al., 2019b; Oyekanmi et al., 2019c; 
Oyekanmi et al., 2019d). Out of many available RSM designs, like 
central composite and Doehlert designs, Box–Behnken design 
(BBD) has the advantage that it needs a reasonably small group 
of parameters to determine a complex response function, and also 
avoids having to perform experiments under extreme conditions 
(Singh et al., 2012).

In a previous work (Alsohaimi et al., 2015), Fe-CNTs 
nanocomposite was synthesized, characterized, and successfully 
applied for the adsorption of BrO3

− from water in batch mode. 
The study aimed to find the optimum adsorption of BrO3

− and 
to study its kinetics, isotherm, mechanism, and desorption. In 
the present study, the authors aimed to deploy the RSM tool for 
the optimization of the operational variables for maximizing 
BrO3

− uptake by Fe-CNTs nanocomposite, and also to find the 
interactive effect of variables on adsorption by performing only 
15 experimental runs.

MATERIALS AND METHODS

Chemicals and reagents

Unless otherwise specified, chemicals and reagents used in this 
study were of analytical reagent (AR) grade. Potassium bromate 
(KBrO3), ferric chloride (FeCl3), ferrous chloride (FeCl2), 
ammonium chloride (NH4Cl), ammonia (NH3), sodium hydroxide 
(NaOH), ammonium hydroxide (NH4OH), sulfuric acid (H2SO4), 
hydrochloric acid (HCl) and nitric acid (HNO3) were purchased 
from BDH Chemicals (London, UK). Acetic acid (CH3COOH; 
AA) and oxalic acid (C2H2O4; OA) were obtained from Riedel-
de-Haën AG (Seelze, Germany). Formic acid (HCOOH; FA) was 
purchased from Panreac (Barcelona, Spain). Multi-walled carbon 
nanotubes (MWCNTs; >95% purity) were obtained from Sigma-
Aldrich (Steinheim, Germany). Ultrapure water was obtained 
by a Milli-Q water purification system (Millipore Corporation, 
Burlington, MA, USA). A BrO3

- stock solution (100 mg/L) 
was prepared in Milli-Q water and used for the preparation of 
standards for instrumental calibration and working solutions for 
adsorption experiments.

Synthesis of Fe-CNTs nano-composite

Firstly, magnetite (Fe3O4) was prepared as described elsewhere 
(Abdalla et al., 2011). Briefly, 270.30 g of FeCl3 and 132.50 g 
of FeCl2 were placed in a 5 L Erlenmeyer flask and 150 mL 

deionized (D.I.) water added under stirring until homogeneous 
mixture. Thereafter, 250 mL of liquefied NH3 was added under 
continuous stirring till the colour of the mixed solution changed 
to black. The mixture was then filtered, dried, and finely crushed 
manually using a mortar and pestle. Ferric hydroxide (Fe(OH)3) 
was synthesized by mixing 200 g of FeCl3 with D.I. water under 
stirring until homogeneity. Then, a buffer solution (100 g NH4Cl, 
50 mL D.I. water and 200 mL NH4OH at pH 9) was added to the 
mixture, which was then filtered, dried in an oven and crushed. 
The synthesized Fe3O4 was then homogeneously mixed with 
Fe(OH)3 and MWCNTs in a 6:3:1 (w/w) ratio in order to obtain 
the Fe-CNTs nanocomposite. To remove moisture traces, the  
Fe-CNTs nanocomposite was oven dried at 323 K (12 h) and 
then stocked in a sealed plastic bag, which was placed in a  
desiccator.

The characterization of Fe-CNTs nanocomposite by Fourier 
transform infrared (FT-IR) spectrometry, transmission electron 
microscopy coupled with energy-dispersive X-ray (TEM-EDX) 
and N2 adsorption/desorption isotherm at 77 K can be found in a 
previous work (Alsohaimi et al., 2015).

Adsorption experiments

Batch-scale experiments for BrO3
− adsorption on Fe-CNTs 

nanocomposite were conducted under agitation at room controlled 
temperature according to RSM design described in the following 
section. Briefly, the desired mass of prepared nanocomposite was 
placed in stoppered conical flasks together with a known volume 
(50 mL) of BrO3

− solution of known concentration, whose pH was 
set by the addition of diluted NaOH and/or HCl. Then, conical 
flasks were equilibrated at 100 r/min. After attaining equilibrium, 
the mixture was centrifuged (15 000 r/min) in order to separate 
the solution from the adsorbent. The residual BrO3

− concentration 
in the solution was then determined in an ultra-performance 
liquid chromatography (UPLC) system, equipped with a Waters 
(Milford, MA, USA) quaternary pump system, using an Acquity 
BEH C18 column of dimension 50 mm x 2.1 mm and 1.7 mm 
particle size acquired from Waters (Milford, MA, USA) by 
previously developed method (Alsohaimi et al., 2012), the mobile 
phase consisting of a mixture of ultrapure water and formic acid 
(99.9: 0.1 v/v) and the injection volume being 5 µL.

The adsorbed concentration of BrO3
− onto Fe-CNTs at equilibrium 

(qe, mg/g) was calculated by the following mass balance:

q C Ce e
v
w� �( )i                                       (1)

where Ci (mg/L) is the initial BrO3
− concentration, Ce(mg/L) is 

BrO3
− concentration at the equilibrium, V is the volume of the 

solution (L) and W is the mass (g) of nanocomposite.

Response surface methodology

Response surface methodology is a multivariate statistical 
technique that explores the relationship between two or more 
independent variables and a single dependent variable, which 
is called the response. Response surface, which is the graphical 
representation of the functions, is used to explain the effect of first 
order as well as higher order variables on the response. RSM solves 
multivariate data acquired by statistically designed experiments 
to obtain the optimum response by using a quadratic regression 
model (Tan et al., 2008; Aslan et al., 2007).

In the present study, a 3-level 3-factor fractional factorial design, 
i.e., a Box-Behnken design (BBD), was used as experimental 
design for RSM. BBD is advantageous over full factorial designs 
since it permits the use of lower combinations of variables 
for determining the complex response function (Kiran et al., 
2007). BBD contains some chosen subsets, i.e., fractions of the 
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experimental runs of a full  factorial design, so allowing for 
reducing the number of experimental runs required to obtain the 
response value but still providing the necessary information on 
interaction between independent variables (Yang et al., 2020).

In this work, considering BrO3
− adsorption on Fe-CNTs 

nanocomposite as a response, the three selected independent 
variables affecting such a response were pH, initial BrO3

− 
concentration and adsorbent dose. The values of all three levels 
(−1, 0, +1) for these variables are given in Table 1.

The number of necessary experiments for BBD was determined 
by the following equation:

		       N = 2k(k−1) +Co	 	  (2)

where k is the number of independent variables and Co is the 
number of central points. Thus, 15 experimental runs need to 
be performed for a design that has 3 independent variables and 
consists of 3 central points (Kumar et al., 2007).

After performing experiments according to BBD statistical design, 
data were analysed through the polynomial equation (Eq. 2) in 
order to determine the correlation between independent variables 

and to predict the result.

	     Y = β0 + Σ βiXi + Σ βiiXii
2 + Σ βijXiXj + ε  	  (3)

where Y is the response, i.e., percentage of bromate uptake, β0 is 
a constant, βi is the linear effect of variable Xi, βii is the quadratic 
effect of variable Xi, βij is the interaction effect between the 
variables Xi and ε is the residual term.

The software MINITAB was used to analyse the data obtained 
from statistically designed adsorption experiments.

RESULTS AND DISCUSSION

BBD was used to statistically design the necessary experiments 
to evaluate the interactive effects of operational conditions (pH, 
Ci (mg/g) and adsorbent dose (g)) for optimizing adsorption of 
BrO3

− onto Fe-CNTs (qe, mg/g) nanocomposite. Results from the 
15 batch experimental runs are presented in Table 2, together with 
the results predicted by the BBD. As can be seen in Table 2, the 
experimental qe (mg/g) for BrO3

− was different for each run, which 
indicates that its adsorption onto Fe-CNTs is affected by each 
of the selected variables and shows a different response pattern 
under different combinations of these operational conditions.

Regression analysis

Results from the regression analysis are shown in Table 3. The 
magnitude of the coefficient for each variable factor indicates 
intensity and the sign indicates the nature of influence, i.e., 
synergistic or antagonistic effect, of the individual variable on 
the response, namely on qe (mg/g). Meanwhile, the SE coefficient 
measures the variation in determining the regression coefficients. 
The effects having p < 0.05 are considered significant. The larger 
the t-value, the larger is the significance.

Table 1. Experimental ranges and levels of independent factors 
selected for BrO3

− adsorption onto the produced Fe-CNTs nano-
composite

Factors Range and levels

−1 0 +1

pH 1.0 5.5 10.0

Initial concentration (mg/L) 2.0 6.0 10.0

Adsorbent dose (g) 0.010 0.055 0.100

Table 2. BBD design matrix for the three selected variables along with experimental and predicted response (qe for BrO3
− adsorption, mg/g)

Run pH Ci (mg/L) Adsorbent dose (g) Experimental qe (mg/g) Predicted qe (mg/g) Residual (mg/g)
1 2.0 1.0 0.055 1.20 0.82 0.38
2 10.0 1.0 0.055 0.40 −1.53 1.93
3 2.0 10.0 0.055 25.38 27.31 −1.93
4 10.0 10.0 0.055 10.12 10.50 0.38
5 2.0 5.5 0.010 20.61 20.70 −0.09

6 10.0 5.5 0.010 7.27 8.91 −1.64
7 2.0 5.5 0.100 17.71 16.07 1.64
8 10.0 5.5 0.100 8.81 8.71 0.09
9 6.0 1.0 0.010 4.40 4.69 0.29
10 6.0 10.0 0.010 28.53 29.51 2.02
11 6.0 1.0 0.100 2.81 4.83 −2.02
12 6.0 10.0 0.100 21.83 21.54 0.29
13 6.0 5.5 0.055 2.99 2.99 0.00
14 6.0 5.5 0.055 2.99 2.99 0.00
15 6.0 5.5 0.055 2.99 2.99 0.00

Table 3. Estimated regression coefficients (using coded units) for the experimental response (qe (mg/g) for BrO3
− adsorption onto Fe-CNTs)

Term Coefficient SE coefficient t-value p-value
Constant β0  2.990 0.1965 2.499 0.050
pH −4.788 0.7327 −6.534 0.001
Ci (mg/L) 9.631 0.7327 13.145 0.001
Adsorbent dose (g) −1.206 0.7327 −1.646 0.161
pH x pH 2.746 1.0785 2.546 0.051
Ci (mg/L) x Ci (mg/L) 3.539 1.0785 3.281 0.022
Adsorbent dose (g) x adsorbent dose (g) 7.864 1.0785 7.292 0.001
pH x Ci (mg/L) −3.615 1.0362 −3.489 0.017
pH x adsorbent dose (g) 1.110 1.0362 1.071 0.333
Ci (mg/L) x adsorbent dose (g) −1.278 1.0362 −1.233 0.272

https://en.wikipedia.org/wiki/Factorial_design
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Figure 1. Main effect plots for: (a) pH; (b) Ci (mg/L); and (c) adsorbent dose (g) on the qe (mg/g) of BrO3
− adsorption onto Fe-CNTs

As can be seen in Table 3, the constant β0 was found to be 2.990, the 
p-value (0.050) and the t-value (2.499) indicating its significance. 
The value of the constant shows that average uptake of BrO3

− by 
a Fe-CNTs nano-composite was 2.990 mg/g. This value was not 
affected by any factor or interaction of factors. Linear parameters 
pH and Ci have a significant effect on BrO3

− adsorption, while 
the linear parameter of adsorbent dose (p = 0.161) was not found 
to be significant. However, the second-order term of adsorbent 
dose was found to be highly significant (p = 0.001). Indeed, the 
highest t-values were those determined for the linear term of Ci 
and for the second-order term of adsorbent dose, which shows the 
sensitivity of BrO3

− adsorption onto Fe-CNTs to these variables. 
As for pH, the linear term coefficient has a negative sign, which 
points to its antagonistic significant relationship with BrO3

− 
adsorption onto the nano-composite, the second-order term 
having a coefficient with a smaller absolute value. The coefficient 
of Ci has a positive sign, indicating the synergistic relation with 
BrO3

− uptake. It was found that the second-order term of initial 
BrO3

− concentration was also positive (3.539) and significant  
(p = 0.022) but, since the value of the coefficient for first-order 
term of initial concentration is larger (9.631), the linear term is 
more important than the quadratic. Regarding the adsorbent 
dose, the quadratic term of adsorbent dose has a large positive 
coefficient and significance (p = 0.001), which indicates a peaked 
behaviour of BrO3

− adsorption, initially increasing with increased 
dose of Fe-CNTs and then decreasing.

In order to establish the relationship between the response  
(qe, mg/g), and considering coefficients in Table 3, the following 
regression model (Eq. 4) was proposed:

q Ce � � � � � � �

�

2 990 4 788 9 631 1 206
2

. . . .  pH     
adsorbent dose  

i

.. .
. .

746 3 539
7 864 3 615

2 2

2

  pH    C  
 adsorbent dose   p

i� � � �

� � � HH  C    
pH  adsorbent dose   adsorbent 

i

i

� � �
� � � �

1 110
1 278

.
. C ddose

  (4)

The standard deviation of this model (2.07232) reveals that the 
above equation satisfactorily explains the response (qe, mg/g) 
and that the independent variables are well associated. On the 
other hand, the value of coefficient of determination, R2 (98.34%) 
indicates high dependency and closeness between predicted and 
experimental values of the response factor, which had already 
been inferred from data in Table 2.

Main effect plots

Main effect plots are used to find out the relation between the 
independent variables and the response by graphing the response 

mean for each factor level connected by a line. In this way, a 
main effect is detected when different levels of a factor affect the 
response differently.

Main effect plots were here determined for pH, Ci and adsorbent 
dose and are illustrated in Fig. 1.

The figure shows that the mean uptake of BrO3
− on Fe-CNTs is 

10.26 mg/g. The pH plot (Fig. 1a) shows that the uptake was larger 
than the mean at pH 2.0, and was smaller than the mean at pH 
6.0 and 10.0, i.e., the maximum uptake occurred at pH 2.0. This 
is because at lower pH, hydronium (H3O+) ions are also present 
in the solution together with BrO3

−, due to which electrostatic 
attractive forces are generated between BrO3

− and the surface of 
Fe-CNTs composite, leading to higher uptake. However, with 
increasing pH, hydroxyl ion (OH−) concentration increases in 
solution and competition establishes between negatively charged 
BrO3

− and OH− ions to occupy the active adsorption sites on the 
nanocomposite surface. The main effect plot of Ci, i.e. Fig. 1b, 
illustrates that BrO3

− uptake shows a value above the mean at  
Ci = 10.0 mg/L and below the mean at Ci = 5.5 mg/L and 1.0 mg/L. 
The increase in uptake with increase in Ci can be explained by 
the adsorption equilibrium displacement with increasing Ci. With 
regards to the effect plot for the adsorbent dose (Fig. 1c), it shows 
that uptake initially decreases with increasing adsorbent dose 
but then increases, showing larger values than the mean qe for 
adsorbent doses of 0.010 g and 0.100 g, but a smaller value than the 
mean at 0.055 g. This decrease in uptake with gradually increasing 
adsorbent dose may be because at the increased adsorbent dose 
the BrO3

− ions are not sufficient in number to completely cover 
the sites available for adsorption, resulting in low uptake of  
BrO3

− ions.

Residual graphs

The normal probability plot (NPP), which represents residuals 
versus their percentage probability, is depicted in Fig. 2a. As can 
be seen in Fig. 2a, residuals almost fall on a straight line, which 
indicates that the distribution of points is normal. The maximum 
range where the points fall on a straight line is ± 2, which means 
that no outliers or skewness are present. Residuals were also 
presented in the form of histogram for frequency (Fig. 2b). This 
plot was fairly symmetrical and bell-shaped, further confirming 
the normal distribution of errors in the range of ± 2 with a mean 
value of zero. The random scattering of error terms around zero 
in both Fig. 2c (plot of residuals versus their fitted values) and Fig. 
2d (error terms versus observation order) indicates that the errors 
have a constant variation and are all in the range of ± 2.
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Contour plots

Contour plots are drawn to understand the effect of individual 
variables as well as their interaction on the response. Figure 3 
represents the contour plots corresponding to the qe (mg/L) for 
BrO3

− adsorption onto Fe-CNTs composite. When drawing a 
contour plot to determine the interactive effect of two variables, 
the value of the third variable is kept constant. In the present study, 
the held value was the middle value of each variable, namely,  
pH 6.0, Ci 5.5 mg/L and adsorbent dose 0.055 g.

Figure 3a presents the interactive influence of pH and Ci on qe 
for BrO3

− (at a held adsorbent dose of 0.055 g), and points to the 
increase in qe with increasing pH and Ci. Figure 3b depicts qe at 
different adsorbent doses and pH values (at a held Ci of 5.5 mg/L), 
showing the increase of qe with increasing pH and an initial 
decrease followed by an increase with increasing adsorbent dose. 
Finally, Fig. 3c represents the mutual effect of Fe-CNTs dose and 
Ci on qe (at a held pH of 6.0), which further confirms the curved 
relation of uptake to adsorbent dose and the linear relation with 
Ci. According to the contour plots, the uptake of BrO3

− onto  
Fe-CNTs composite reaches a maximum at pH 2.0, Ci 10.0 mg/L, 

and adsorbent dose 0.010 g, which was further confirmed through 
experimental results.

Process optimization curve

The process optimization curve, which enables the determination 
of optimum conditions of independent variables for obtaining a 
desired value of the response, is presented in Fig. 4. In the present 
study, the desired value of qe, i.e., the goal, was to obtain a value 
at or near the target value of 30.0 mg/g, and the minimum and 
maximum qe were set at 10.0 and 50.0 mg/g, which means that 
qe values lower than 10.0 and larger than 50.0 mg/g are not 
acceptable. As can be seen in Fig. 4, for this target value the 
predicted response of 18.9968 mg/g was obtained at optimum 
conditions of independent variables that were pH 2.05, Ci 5.0 
mg/L, and adsorbent dose 0.010 g (in a volume of 50 mL), with 
a good desirability score. A perfect desirability score could have 
been obtained if uptake had achieved the ideal settings. However, 
it is well within the acceptable range and in good accordance with 
the experimental response. The maximum uptake is shown to be 
achieved at pH 2.0, Ci 10.0 mg/L, and adsorbent dose 0.010 g.

Figure 2. Residual graphs, namely (a) NPP for residuals; (b) histograms of residuals; (c) residuals versus fitted values; and (d) residuals versus order 
of the data

Figure 3. Response surface contour plot for the adsorption of BrO3
− onto Fe-CNTs nanocomposite under batch operation (a) Ci (mg/L) x pH  

(b); adsorbent dose (g) x pH; (c) adsorbent dose (g) x Ci (mg/L). Held values: pH = 6.0, Ci = 5.5 mg/L, adsorbent dose = 0.055 g.
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CONCLUSIONS

Adsorption of BrO3
− onto Fe-CNTs nanocomposite was optimized 

with the help of BBD, a fractional factorial design of RSM. A 
quadratic polynomial model equation including pH, initial bromate 
concentration and adsorbent dose was proposed to successfully 
predict the adsorption geometry of bromate and optimize the 
process variables. R2, which is a goodness-of-fit measure for the 
regression model, was found to be high, representing smaller 
differences between the observed data and the fitted values. The 
adsorption process was sensitive to initial BrO3

− concentration. 
The order of significance of individual variables which affected 
the adsorption of bromate on nanocomposites was initial bromate 
concentration > pH > adsorbent dose. The interaction of pH and 
initial bromate concentration significantly affected the adsorption 
of bromate. The optimum values of process variables for BrO3

− 
adsorption onto Fe-CNT were found to be pH 2.0, Ci 10.0 mg/L 
and adsorbent dose 0.010 g/50 mL.
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