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INTRODUCTION 
 
Dyes are of major importance in almost all developing countries 
because dyes add color to textiles, paper, leather, and other 
materials to beautify and preserve them, and dyes are also a major 
concern because of the environmental pollution and health 
concerns of dye contamination [1]. A dye is a powdered material 
that is mixed with another product or dissolved in a liquid (like 
paint or ink). Pigments are dispersed solids that are often 
powdered [2]. The aesthetic and protective properties of both 

natural and synthetic dyes have led to their widespread use. 
Natural colors used to be simple to separate from their 
complicated mixes, but now the process is infamously difficult 
and time-consuming. The creation of contemporary synthetic 
dyes may also be traced back to these colors. Because of their 
conjugated structure, chromophores, and absorbing 
chromophores, dyes are exceptional among organic compounds 
in their ability to absorb light in the visible range [3]. It is a 
significant difficulty to remove colours from wastewater using 
conventional treatment methods. Fish and other aquatic species 
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 ABSTRACT 
The rice milling process produces rice husks as a by-product. It is one of the most important 
agricultural leftovers in terms of volume. The data of the sorption isotherm of Malachite Green 
sorption onto rice husks, which was plotted using linearized plots of isothermal models were 
reanalyzed using twenty isothermal models using nonlinear regression. Nineteen models — 
Henry, Langmuir, Freundlich, Jovanovic, Redlich-Peterson, Sips, Toth, Hill, Khan, BET, Vieth-
Sladek, Radke-Prausnitz, Fritz-Schlunder III, Unilan, Baudu, Marczewski-Jaroniec,  Fritz-
Schluender IV, Weber-van Vliet and Fritz-Schluender V – fitted the data best using non-linear 
regression. Statistical analysis based on error function analyses such as root-mean-square error 
(RMSE), adjusted coefficient  of determination  (adjR2),  accuracy factor (AF),  bias  factor  (BF), 
Bayesian Information Criterion (BIC), corrected AICc (Akaike Information Criterion), and 
Hannan-Quinn Criterion (HQC) showed that the best isotherm model was found to be the 
Redlich-Petersen with the lowest RMSE and AF, BF and adjR2 values closest to unity and lowest 
BIC, HQC and AICc values followed (descending order) by Jovanovic, Langmuir, Henry and 
Freundlich. The maximal adsorption capacity in the Jovanovic model will be used for 
comparative purposes since the Redlich-Petersen model does not feature a similar parameter. The  
maximal adsorption capacity expressed in milligrams per gram (mg/g), for the Jovanovic model, 
denoted by qmJ and Kj-the Jovanovic constant, showed the calculated values of 4.04 mg/L (95% 
confidence interval; 3.306 to 4.773) and 0.445 (95% confidence interval; 0.264 to 0.627), 
respectively. The nonlinear regression method provides parameter values within the 95% 
confidence interval, facilitating improved comparability with prior research. 
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are in danger from the toxic organic compounds found in the 
wastewater dumped into rivers from dye manufacturing and 
textile finishing industries [4]. Many industries rely on colorants, 
including those dealing with textiles, paper, and plastics. Large 
volumes of noxious, discolored effluent byproducts are produced 
and eventually make their way into water supplies [3]. Whether 
on purpose or by mistake, technical developments in industry 
have contributed to the increase in pollution that has 
accompanied the growth of cities and their inhabitants. Textile 
businesses must process their effluents prior releasing them into 
the environment to prevent the emission of industrial waste 
effluents [5]. The contamination of water supplies with 
molecules of synthetic colors has detrimental impacts on both 
ecosystems and human health. 

Dye runoff is a form of aesthetic pollution that causes to 
eutrophication. Dyeing textiles, leather, paper, paint, acrylic, 
cosmetics, polymers, and medicines is crucial to modern life. A 
lot of water is consumed by them as well [6]. This produces large 
amounts of muddy effluent. Because of the possible dangers 
associated with color pollution in drinking water, this study was 
conducted. 

Dye removal is a prerequisite for discharging wastewater. 
Alternatives to physical diversion include chemical oxidation 
with chlorine and ozone and adsorption with alum, lime, ferric 
sulfate, and ferric chloride [7,8], membrane separation processes 
[9,10], and adsorption [9,10]. Adsorption-based treatments have 
shown the most promise. Adsorption and electrochemical 
coagulation are only two examples of the growing popularity of 
physicochemical techniques. Adsorption's increased popularity 
can be attributed to the many uses it can serve [11,12]. 
However, the idea that absorbed therapeutants may also have 
major internal effects was not taken into account when malachite 
green was widely utilized as a topical therapy in the aquaculture 
industry using bath or flush procedures. In addition to its uses as 
a food coloring agent, medical disinfectant, food additive, and 
anthelminthic, it is also put to use as a dye in the production of 
silk,  wool, paper,, cotton,  jute, leather and acrylic 
 

Malachite Green (MG), a component of the 
triphenylmethane dye family, has several uses outside of the 
textile industry, including those of a fungicide and an 
ectoparasiticide in fisheries. Many fish species are believed to be 
harmful to humans at concentrations as low as 1 mg/L, and the 
effects of MG on aquatic organisms are intensively 
being studied. However, the dye and its metabolites are known to 
accumulate in aquaculture products such fish, prawn, and crab. It 
may be harmful to human health since it is carcinogenic and 
genotoxic [13–16]. Leucomalachite green, a reduced form of 
malachite green used to treat and prevent fungal and parasitic 
infections, builds up in the tissues of exposed fish. Serum, 
kidney, liver, skin, muscle, and viscera of a wide range of 
experimental animals, including fish, are the primary storage 
sites for this protein [17–19]. 

 
For this reason, its usage has been outlawed in a number of 

nations. The United States of America, the European Union, and 
others fall under this category. Because of its great efficiency, 
low cost, and widespread availability, MG is still in use in several 
regions of the world. The ease with which it may be obtained 
raises concerns that it will be misused. In the US, it is used to 
cure diseases in tropical fish. The use of MG to treat external 
parasites and fungal diseases in fish farming has been prevalent 
in Asian countries. However, MG removal from aquaculture 
wastewater has been largely overlooked in comparison to the 
elimination of other pollutants.  

 

Consequences for the ecology may result from MG 
pollution in aquaculture wastewater [20–23]. There are various 
distinct types of malachite green on the marketplace, the most 
prevalent of which being a fifty % solution of the hydrochloride 
or oxalate salt. Industrial grade malachite green hydrochloride is 
precipitated as a double zinc salt with the introduction of zinc 
chloride during manufacturing. This dye, like other 
triphenylemethanes, may exist as the dye salt as well as the 
carbinol or pseudobase ionic forms. These ions are more ready to 
enter cells as the pseudobase because of its high lipid solubility 
[24].  
 

The adsorption process can only be understood in this 
setting if the kinetics and isotherms are correctly assigned. It is 
common practice in the literature to portray the plainly nonlinear 
curve in this data in a linearized manner. When nonlinear data is 
linearized, the error structure of the data shifts, making it more 
difficult to estimate uncertainty [25]. In this investigation, we fit 
several isothermal models to previously reported data on MG 
adsorption onto rice husks and performed a nonlinear regression 
analysis. In order to determine the isotherm that best fits the data, 
numerous error function studies were performed. 
 
METHOD  
 
Data acquisition and fitting 
Figure 10 data from a previously published study [26] was 
digitized using the freeware Webplotdigitizer 2.5 [27]. After that, 
Curve-Expert Professional, a curve-fitting application, was used 
to do a nonlinear regression on the data (Version 1.6). This 
software's reliability in conducting digital conversions has been 
lauded and showed excellent agreement to original data [28,29]. 
 
Table 1. Mathematical isothermal models that were utilized in modelling 
data [30,31]. 
 
Isotherm p Formula Ref. 
Henry’s law 1 𝑞𝑞𝑒𝑒 = 𝐻𝐻𝐶𝐶𝑒𝑒 [32] 

Langmuir 2 𝑞𝑞𝑒𝑒 =
𝑞𝑞𝑚𝑚𝑚𝑚𝑏𝑏𝐿𝐿𝐶𝐶𝑒𝑒
1 + 𝑏𝑏𝐿𝐿𝐶𝐶𝑒𝑒

 
[30] 

Jovanovic 2 𝑞𝑞𝑒𝑒 = 𝑞𝑞𝑚𝑚𝑚𝑚(1 − 𝑒𝑒−𝐾𝐾𝑗𝑗𝐶𝐶𝑒𝑒) [33] 

Freundlich 2 𝑞𝑞𝑒𝑒 = 𝐾𝐾𝐹𝐹𝐶𝐶𝑒𝑒
1
𝑛𝑛𝐹𝐹 

[34] 

Temkin 3 𝑞𝑞𝑒𝑒 =
𝑅𝑅𝑅𝑅
𝑏𝑏𝑇𝑇

{𝑙𝑙𝑙𝑙(𝑎𝑎𝑇𝑇𝐶𝐶𝑒𝑒)} [35] 

Dubinin-
Radushkevich 
 

2 𝑞𝑞𝑒𝑒 = 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒 �−𝐾𝐾𝐷𝐷𝐷𝐷 �𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 �1 +
1
𝐶𝐶𝑒𝑒
��
2

� 
[36,37] 

Redlich-
Peterson 3 𝑞𝑞𝑒𝑒 =

𝐾𝐾𝑅𝑅𝑅𝑅1𝐶𝐶𝑒𝑒
1 + 𝐾𝐾𝑅𝑅𝑅𝑅2𝐶𝐶𝑒𝑒

𝛽𝛽𝑅𝑅𝑅𝑅
 [38] 

Sips 3 𝑞𝑞𝑒𝑒 =
𝐾𝐾𝑠𝑠𝑞𝑞𝑚𝑚𝑚𝑚𝐶𝐶𝑒𝑒

1
𝑛𝑛𝑆𝑆

1 + 𝐾𝐾𝑠𝑠𝐶𝐶𝑒𝑒
1
𝑛𝑛𝑆𝑆

 

[39] 

Toth 3 𝑞𝑞𝑒𝑒 =
𝑞𝑞𝑚𝑚𝑚𝑚𝐶𝐶𝑒𝑒

�𝐾𝐾𝑇𝑇 + 𝐶𝐶𝑒𝑒
𝑛𝑛𝑇𝑇�

𝑛𝑛𝑇𝑇  [40] 

Hill 3 𝑞𝑞𝑒𝑒 =
𝑞𝑞𝑚𝑚𝑚𝑚𝐶𝐶𝑒𝑒

𝑛𝑛𝐻𝐻

𝐾𝐾𝐻𝐻 + 𝐶𝐶𝑒𝑒
𝑛𝑛𝐻𝐻 

[9] 

Khan 3 𝑞𝑞𝑒𝑒 =
𝑞𝑞𝑚𝑚𝑚𝑚𝑏𝑏𝐾𝐾𝐶𝐶𝑒𝑒

(1 + 𝑏𝑏𝐾𝐾𝐶𝐶𝑒𝑒)𝑎𝑎𝐾𝐾  
[41] 

BET 3 𝑞𝑞𝑒𝑒 =
𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝛼𝛼𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶𝑒𝑒

(1 − 𝛽𝛽𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶𝑒𝑒)(1 − 𝛽𝛽𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶𝑒𝑒 + 𝛼𝛼𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶𝑒𝑒) [42] 

Vieth-Sladek 3 𝑞𝑞𝑒𝑒 =
𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚𝑏𝑏𝑉𝑉𝑉𝑉𝐶𝐶𝑒𝑒

(1 + 𝑏𝑏𝑉𝑉𝑉𝑉𝐶𝐶𝑒𝑒)𝑛𝑛𝑉𝑉𝑉𝑉  
[43] 

Radke-
Prausnitz 3 𝑞𝑞𝑒𝑒 =

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚𝐾𝐾𝑅𝑅𝑅𝑅𝐶𝐶𝑒𝑒
(1 + 𝐾𝐾𝑅𝑅𝑅𝑅𝐶𝐶𝑒𝑒)𝑛𝑛𝑅𝑅𝑅𝑅  

 
[44] 

Brouers–
Sotolongo 3 𝑞𝑞𝑒𝑒 = 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚�−𝐾𝐾𝐵𝐵𝐵𝐵𝐶𝐶𝑒𝑒

𝑛𝑛𝐵𝐵𝐵𝐵� 
 

[45] 

Fritz-
Schlunder-III 3 𝑞𝑞𝑒𝑒 =

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚𝐾𝐾𝐹𝐹𝐹𝐹𝐶𝐶𝑒𝑒
1 + 𝐾𝐾𝐹𝐹𝐹𝐹𝐶𝐶𝑒𝑒

𝑛𝑛𝐹𝐹𝐹𝐹 [46] 

Unilan  3 𝑞𝑞𝑒𝑒 =
𝑞𝑞𝑚𝑚𝑚𝑚
2𝑏𝑏𝑈𝑈

𝑙𝑙𝑙𝑙 �
𝑎𝑎𝑈𝑈 + 𝐶𝐶𝑒𝑒𝑒𝑒𝑏𝑏𝑈𝑈

𝑎𝑎𝑈𝑈 + 𝐶𝐶𝑒𝑒𝑒𝑒−𝑏𝑏𝑈𝑈
� 

[15] 
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Statistical analysis 
A set of statistical discriminatory tests such as corrected AICc 
(Akaike Information Criterion), Bayesian  Information  Criterion  
(BIC),  Hannan  and  Quinn’s  Criterion  (HQ),  Root-Mean-
Square  Error  (RMSE),  bias  factor  (BF),  accuracy  factor  (AF) 
and adjusted coefficient of determination (R2) were used in this 
study. 
 

The RMSE was computed using Equation 1, and it stands to 
reason that the fewer parameters utilized, the smaller the RMSE 
will be. n is for the total number of observations made in the 
experiment, Obi and Pdi stand for the total number of 
observations made in the experiment and projections, and p 
stands for the total number of parameters [25] . 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �∑ (𝑃𝑃𝑃𝑃𝑖𝑖−𝑂𝑂𝑂𝑂𝑖𝑖)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛−𝑝𝑝
      (Eqn. 1) 

Because R2 or the coefficient of determination ignores the 
number of parameters in a model, the modified R2 is used to 
overcome this limitation. The entire variance of the y-variable is 
given by S2y in the equation (Equations 2 and 3), while RMS is 
the Residual Mean Square. 
 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 10 �∑ 𝑙𝑙𝑙𝑙𝑙𝑙𝑛𝑛

𝑖𝑖=1
(𝑃𝑃𝑃𝑃𝑖𝑖/𝑂𝑂𝑂𝑂𝑖𝑖)

𝑛𝑛
�     (Eqn. 2) 

 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 10 �∑ 𝑙𝑙𝑙𝑙𝑙𝑙𝑛𝑛

𝑖𝑖=1
|(𝑃𝑃𝑃𝑃𝑖𝑖/𝑂𝑂𝑂𝑂𝑖𝑖)|

𝑛𝑛
�   (Eqn. 3) 

 
The AICc is computed as follows (Equation 4), where p 

represents the number of parameters and n represents the number 
of data points. The corrected Akaike information criterion (AICc) 
is used to manage data with a large number of parameters but a 
limited number of values [47]. A model with a lower AICc score 
is considered more likely to be right [47]. The information theory 
is the foundation of the Akaike Information Criterion (AIC). It 
strikes a compromise between the goodness of fit of a given 
model and the model's complexity [48]. 
 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 2𝑝𝑝 + 𝑛𝑛ln �𝑅𝑅𝑅𝑅𝑅𝑅

𝑛𝑛
�+ 2(𝑝𝑝+1)+2(𝑝𝑝+2)

𝑛𝑛−𝑝𝑝−2
   (Eqn. 4) 

Another statistical tool based on information theory apart 
from AICc, is the Bayesian Information Criterion (BIC) 
(Equation 5).  The number of parameters is penalized more 
severely by this error function than by AIC [27]. 

𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑛𝑛In �𝑅𝑅𝑅𝑅𝑅𝑅
𝑛𝑛
� + 𝑘𝑘In(𝑛𝑛)      (Eqn. 5) 

The Hannan-Quinn information criterion (HQC) (Equation 
6) is another error function approach based on information 
theory. Because of the ln ln n element in the calculation, the HQC 
is more consistent than the AIC [47]. 

𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑛𝑛𝑛𝑛𝑛𝑛 �𝑅𝑅𝑅𝑅𝑅𝑅
𝑛𝑛
� + 2𝑘𝑘In(In 𝑛𝑛)     (Eqn. 6) 

The Accuracy Factor (AF) and Bias Factor (BF) are two 
further error function analyses derived from Ross's work [47].  
These error functions evaluate models statistically for goodness-
of-fit but do not penalize for the number of parameters 
(Equations 7 and 8). 

 

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑅𝑅2) = 1 − 𝑅𝑅𝑅𝑅𝑅𝑅
𝑆𝑆𝑌𝑌2

          (Eqn. 4) 
 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑅𝑅2) = 1 − (1−𝑅𝑅2)(𝑛𝑛−1)

(𝑛𝑛−𝑝𝑝−1)
     (Eqn. 5) 

 
RESULTS AND DISCUSSION 

The equilibrium data from [26] was analyzed using seventeen 
one to three-parameter models (Table 1) by utilizing non-linear  
regression. As the datapoints are small, higher parameter models 
are excluded. Of these models, only Temkin and Dubinin-
Radushkevich did not fit well with the data (Figs. 1 – 15).  
 

The best isotherm model was found to be the Redlich-
Petersen with the lowest RMSE and AF, BF and adjR2 values 
closest to unity and lowest BIC, HQC and AICc values followed 
(descending order) by Jovanovic, Langmuir, Henry and 
Freundlich (Table 2). As enough models fitted well with the rice 
husks data, it explains and justifies the more accuracy of using 
nonlinear regression as against the linear regression used in the 
original publication which suggests the 2-parameter Jovanovic 
isotherm as the best model. 

 
Fig. 1. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Henry model. 
 

 
Fig. 2. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Langmuir isotherm model. 
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Fig. 3. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Freundlich isotherm model. 

 
Fig. 4. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Jovanovic isotherm model. 

 
Fig. 5. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Redlich-Peterson isotherm model. 

 
Fig. 6. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Sips isotherm model. 

 
Fig. 7. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Toth isotherm model. 

 
Fig. 8. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Hill isotherm model. 
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Fig. 9. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Khan isotherm model. 

 
Fig. 10. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the BET isotherm model. 

 
Fig. 11. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Vieth-Sladek isotherm model. 

 
Fig. 12. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Radke-Prausnitz isotherm model. 

 
Fig. 13. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Fritz-Schlunder III isotherm model. 

 
Fig. 14. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Unilan isotherm model. 
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Fig. 15. Adsorption isotherm of Malachite Green onto rice husks as 
modelled using the Brouers–Sotolongo isotherm model. 
 
 
Table 2.  Error function analysis for the fitting of  the isotherm  of  
Malachite Green onto rice husks. 
 
Model p RMSE adR2 AICc BIC HQC BF AF 
Henry 1 0.394 0.93 -2.27 -2.27 -10.47 0.86 1.22 
Langmuir 2 0.100 0.99 -8.01 -8.01 -26.42 1.03 1.05 
Freundlich 2 0.174 0.98 -1.38 -1.38 -19.80 1.21 1.25 
Temkin 2 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Dubinin-Radushkevich 2 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Jovanovic 2 0.095 1.00 -8.70 -8.70 -27.11 1.01 1.02 
Redlich-Peterson 2 0.035 1.00 -20.49 -20.49 -38.91 0.94 1.08 
Sips 3 0.114 0.99 23.73 23.73 -24.89 0.95 1.07 
Toth 3 0.080 1.00 19.60 19.60 -29.03 0.93 1.09 
Hill 3 0.114 0.99 23.73 23.73 -24.89 0.95 1.07 
Khan 3 0.103 0.99 22.62 22.62 -26.01 1.00 1.02 
BET 3 0.109 0.99 23.27 23.27 -25.35 1.01 1.03 
Vieth-Sladek 3 0.093 0.99 21.29 21.29 -27.34 0.99 1.03 
Radke-Prausnitz 3 0.104 0.99 22.62 22.62 -26.00 1.00 1.02 
Brouers–Sotolongo 3 0.201 0.97 30.62 30.62 -18.01 1.21 1.25 
Fritz-Schlunder III 3 0.083 1.00 19.96 19.96 -28.66 0.95 1.06 
Unilan 3 0.116 0.99 24.01 24.01 -24.62 1.03 1.05 
Note: 
RMSE Root mean Square Error 
adR2 Adjusted Coefficient of determination 
p no of parameters 
AF Accuracy factor 
BF Bias factor 
BIC Bayesian Information Criterion 
AICc Adjusted Akaike Information Criterion 
HQC Hannan–Quinn information criterion 
 

The Redlich – Peterson isotherm features of both the 
Freundlich and Langmuir isotherms are incorporated into the 
three-parameter model. This model is a mixture of the two, 
therefore the adsorption mechanism does not follow the rules of 
ideal monolayer adsorption [49]. Numerous applications exist for 
the Redlich-Peterson isotherm model, which includes 
homogeneous and heterogeneous systems. The equation is as 
follows [50]. Adsorption equilibrium is represented by a linear 
dependence on concentration, which holds true over a wide 
concentration range. This is because the numerator is based on 
the Langmuir isotherm model, which allows it to enter the Henry 
zone at infinite dilution [51]. As the isotherm does not permit the 
qmax feature needed for comparing efficiency of sorption, the qmax 
value for the next best model, which is the Jovanovic isotherm 
will be used instead. 

 
The Jovanovic isotherm considers an adsorption surface 

assumption, which is similar to the Langmuir's. A second 
approximation for localized monolayer adsorption in the absence 
of lateral interactions corresponds to this scenario. The main 
distinction between this model and the Langmuir model is that 
the surface binding vibrations of an adsorbed species are 

considered [33]. The maximal adsorption capacity in the 
Jovanovic model, expressed in milligrams per gram (mg/g), is 
denoted by qmJ while Kj is the Jovanovic constant, and the 
calculated values were 4.04 mg/L (95% confidence interval; 
3.306 to 4.773) and 0.445 (95% confidence interval; 0.264 to 
0.627), respectively (Table 3).  The isotherm additionally 
considers the surface binding vibrations of the adsorbed species. 
A 3-parameter Jovanovic isotherm is also available and considers 
multilayer adsorption [33]. 
 
Table 3. Isothermal models’ constants for the TB dye adsorption using 
Pseudomonas sp. strain MM02.   
 

Model p Unit Value 
 

(95% confidence 
interval) 

Langmuir qmL  
bL  

mg g-1 
L mg-1 

5.614 
0.372 

3.903 to 7.325 
0.122 to 0.622 

Jovanovic qmJ 
KJ 

mg g-1 
dimensionless 

4.04 
0.445 

3.306 to 4.773 
0.264 to 0.627 

Redlich – 
Peterson 

KRP1 
βRP 
KRP2 

L mg-1 

dimensionless 
L g-1 

1.131 
5.381 
0.0000 

1.070 to 1.191 
2.655 to 8.106 
-0.001 to 0.001 

Sips qmS 
KS 
nS 

mg g-1 

L g1 

dimensionless 

4.993 
0.408 
0.858 

0.155 to 9.831 
0.010 to 0.807 
-0.330 to 2.046 

Hill isotherm qmH 
nH 
KH 

mg g-1 

dimensionless 
dimensionless 

4.993 
1.165 
2.448 

0.155 to 9.831 
-0.447 to 2.777 
0.059 to 4.838 

Note 
*Isotherm with ln term should not be plotted using data that starts from the origin (0,0) 
‡Isotherms having an RT term should be plotted using the temperature (Kelvin) studied 
 

Different sorbents can be coated, chemically synthesized, or 
otherwise manufactured to remove dyes, effluents, and trace 
elements from wastewater [46–51]. The milling process produces 
rice husks as a byproduct. It is one among the largest agricultural 
byproducts by volume. Twenty percent of Egypt's rice harvest 
has been attributed to the production of this waste [52,53].500 
million tons of rice would be produced annually in developing 
nations, with around 100 million tons of rice husks accessible for 
use. In addition to being burned in boilers in the rice business, 
rice husks have also been utilized to make blocks and panels for 
use in civil construction [53,54]. But there are so many more rice 
husks that may be used locally that waste management is 
becoming an issue. This material was chosen because it does not 
need regeneration, has a granular structure, is chemically stable, 
and can be produced cheaply.  
 
CONCLUSION 
 
Seventeen adsorption isotherm models with one to three 
parameters have been fitted to the adsorption of MG to rice husks 
using non-linear regression. Root-mean-square error (RMSE), 
adjusted coefficient of determination (adjR2), bias factor (BF), 
accuracy factor (AF), bias information coefficient (BIC), and the 
corrected Akaike Information Criterion (AICc) all indicate that 
the showed that taking into account all of the criteria, the Redlich-
Petersen model came out on top. Since the isotherm does not 
provide the qmax characteristic necessary for comparing sorption 
efficiency, the qmax value for the Jovanovic isotherm will be used 
instead. The nonlinear regression method provides parameter 
values in the 95% confidence interval, which improves 
comparability with previous research. 
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