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HISTORY ABSTRACT

Biosorption is a sort of sorption technology in which the sorbent is a substance that is biologically
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Accepted: 15t Dec 2021 way for removing pollutants from the environment. One of the branches of bioremediation that
is utilised to decrease environmental pollution in the context of minimising improper textile waste

KEYWORDS disposal is this method. The sorption isotherm of Cibacron Blue onto bean peel were analyzed
Biosorption using ten models—Henry, Langmuir, Dubinin-Radushkevich, Freundlich, BET, Toth, Sips, Fritz-
giebaancg’e';lm“e Schlunder IV, Baudu and Fritz-Schlunder V, and fitted using non-linear regression. Statistical
Isotherm analysis based on root-mean-square error (RMSE), adjusted coefficient of determination (adjR?),
Langmuir bias factor (BF), accuracy factor (AF), corrected AICc (Akaike Information Criterion), BIC and
HQC showed that the Freundlich model was the best model in terms of overall best criteria. The
calculated evidence ratio was 8 with an AICc probability value of 0.89 indicating that the best
model was at least 8 times better than the nearest best model, which was Sips. The calculated
Freundlich parameters Kr (Freundlich isotherm constant) and nF (Freundlich exponent) were
5.369 (L/g) (95% confidence interval from 4.359 to 6.379) and 3.125 (95% confidence
interval from 2.717 to 3.533). The Langmuir constant was utilized to calculate the maximum
adsorption capacity Om.(mg/g) which gave a value of 27.83 mg/g (95% confidence interval from
23.69 to 31.98). The nonlinear regression method allows for the parameter values to be
represented in the 95% confidence interval range which can better allow comparison with

published results.
INTRODUCTION finishing methods that are to fault (Kant, 2011). Dissolved

oxygen, a key resource for aquatic life, has been reduced in the

Humans have been fascinated by colour for centuries, whether
from an aesthetic or a social one. More than a century has passed
since dyes and pigments were recognised as the primary source
of creative resources. A significant growth in the dyeing
industry's need for synthetic pigments has occurred in recent
decades, owing to the cheap cost of synthetic pigments, their
availability in a wide range of colours, and the simplicity with
which they may be manufactured. There are thousands of
different tints available on the market, with around 7 105 tonnes
of tint being manufactured yearly. Beginning in 2017, Malaysia
has been one of the country's major manufacturers in the textile
business. The technique, as a consequence, poses a substantial
danger of contaminating groundwater since it results in the loss
of up to 280,000 tonnes of dyes every year. It is textile waste that
is the most serious polluter of clean water, and it is dyeing and

water as a result of excessive dye discharge. Because of this, the
ecology has suffered a huge setback. Depletion will also have an
adverse effect on the capacity of water bodies to self-clean.
According to Kant (2012), in order to keep pollutants under
control throughout the dyeing and finishing process, an
environmentally friendly method must be implemented to replace
the hazardous steps that are now used (Wong et al., 2020).

Textile dye run-offs must be minimised because of the
threats they represent to the environment and the health of the
general population. Because of the rise in textile manufacturing,
the danger of excessive dye pollution of the water system is
increasing. Dyeing and finishing technology, as we all know, is
the most significant source of textile waste and the most
significant source of water contamination. With the poor
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effectiveness of typical wastewater treatment comes the issue of
excessive release of unresolved colourants into the environment,
which may be harmful to human health. During the textile
manufacturing process, a significant amount of water is used in
the dyeing and finishing stages. According to the amount and
nature of textile effluents emitted, textile effluents are the most
environmentally harmful industrial wastewater. Textile dyes
ultimately made their way not just into freshwater systems, but
even into marine systems (Slama et al., 2021). Depending on the
colour used, between 2 and 40% of the dye was released into the
environment as wastewater. Biosorption processes are
particularly significant in a variety of biotreatment processes,
including environmental and conventional biotreatment. In order
to remove or recover organic or inorganic stuff from solution,
biological materials such as live or dead microbes and their
constituents, marine algae, plants, agricultural wastes, and
naturally-produced inhabitants are designed to do so.

The precise assignment of biosorption kinetics and
isotherms is critical for understanding the process of biosorption
in these species. In many cases, the literature reports a linearized
version of an obviously nonlinear curve of these data. Nonlinear
data linearization distorts the data's error structure, making it
more difficult to assess uncertainty, which is often displayed as a
95 percent confidence interval range [1]. In this study the
published data from a Cibacron Blue onto bean peel is remodeled
with several more isotherms models (Table 1) and then regressed
using nonlinear regression method and assessment of the best
mode was carried out using various error function analysis.

Table 1. Isotherm models utilized in this study.

METHODS
Data acquisition and fitting

Data from Figure 1 from a published work [12] were digitized
using the software Webplotdigitizer 2.5 [13]. The data were then
nonlinearly regressed using the curve-fitting software
CurveExpert Professional software (Version 1.6). Digitization
using this software has been acknowledged for its reliability
[14,15].

Statistical analysis

A Dbattery of statistical discriminatory tests such as corrected
AlICc (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 (R’) were utilized
in this work.

The RMSE was calculated according to Eq. (1), [1], and smaller
number of parameters is expected to give a smaller RMSE values.
n is the number of experimental data, Ob: and Pd; are the
experimental and predicted data while p is the number of
parameters.

(Eqn. 1)

Model Formula

AS R7R‘éf thecoefficient of determination ignores the number of
parameters in a model, the adjusted R is utilized to overcome
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Adjustéd (R*)=1 =

The Efgc is calculated as follows (Eqn. 4), where p signifies the
quantity of parameters and » signify the quantity of data points.
To handle data having a high number of parameters or a smaller
numbgy of values corrected Akaike information criterion (AICc)
is utilized [16].A model with a smaller value of AICc is deemed
likely more correct [16]. The Akaike Information Criterion (AIC)
is baggd on the information theory. It balances between the
goodness of fit of a particular model and the complexity of a
modejofj17].

AICe=2 p+n1n(R—SSj+2(p+1)+M (Eqn. 4)
n

[10] n—p-2

[11]
Aside from AICc, Bayesian Information Criterion (BIC) (Eqn.
5) is another statistical method that is based on information
theory. This error function penalizes the number of parameters
more Bttongly than AIC [18].
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BIC =n. ln% +k.In (n) (Eqn. 5)

A further error function method based on the information theory
is the Hannan—Quinn information criterion (HQC) (Eqn. 6). The
HQC is strongly consistent unlike AIC due to the In In # term in
the equation [16];

HQC=nxln%+2xk><ln(lnn) (Eqn. 6)

Further error function analysis that originates from the work of
Ross [19] are the Accuracy Factor (AF) and Bias Factor (BF).
These error functions test the statistical evaluation of models for
the goodness-of-fit but do not penalize for number of parameter
(Eqns. 7 and 8).

[ Zlog(Par,. /0, )}
— n
Bias factor = 10" ™ (Eqn. 7)
[ilog (Pd;/Ob; ), ]
= n
Accuracy factor =10"" (Eqn. 8)

Another error function analysis is the evidence ratio regarding
the difference between the two lowest AICc values (Eqn. 9),
where if it is the same, then each model will have an equal chance
of being true. If the difference in AICc scores is 6.0, model A has
a 95% chance of being correct, making it 20 (95/5) times more
likely than model B to be correct [1].

eO.SA
Py = Tro058 (Eqn. 9)
RESULTS AND DISCUSSION

The equilibrium data from [12] was analyzed using ten models—
Henry, Langmuir, Dubinin-Radushkevich, Freundlich, BET,
Toth, Sips, Fritz-Schlunder IV, Baudu and Fritz-Schlunder V,
and fitted using non-linear regression (Figs. 1-8) Statistical
analysis based on root-mean-square error (RMSE), adjusted
coefficient of determination (adjR?), bias factor (BF), accuracy
factor (AF), corrected AICc (Akaike Information Criterion), BIC
and HQC showed that the Freundlich model was the best model
in terms of overall best criteria (Table 2). The calculated
evidence ratio was 8 with an AICc probability value of 0.89
indicating that the best model was at least 8 times better than the
nearest best model, which was Sips.

The calculated Freundlich parameters Kr (Freundlich
isotherm constant) and nF (Freundlich exponent) were 5.369

(L/g) (95% confidence interval from 4.359 to 6.379) and
3.125 (95% confidence interval from 2.717 to 3.533). In the
published work, the Freundlich parameters Kr and nF' values of
4.965 (L/mg) and 0.3418 were obtained [12], which showed a
large difference in value for nF. The Langmuir constant was
utilized to calculate the maximum adsorption capacity Ome
(mg/g) which gave a value of 27.83 mg/g (95% confidence
interval from 23.69 to 31.98).
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Fig. 2. Biosorption isotherm of Cibacron Blue onto bean peel as
modelled using the Langmuir model.
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Fig. 3. Biosorption isotherm of Cibacron Blue onto bean peel as
modelled using the Freundlich model.
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Fig. 8. Biosorption isotherm of Cibacron Blue onto bean peel as
modelled using the Baudu model.
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Table 2. Error function analysis for the fitting of the isotherm of Cibacron
Blue onto bean peel.

Model p AlICc  BIC HQC BF AF

Henry 1 58.72  54.09 5340 023 4.52
Langmuir 2 3528 27.74 2638 0.80 1.34
Freundlich 2 1839 1086 9.49 1.04 1.12
BET 3 32.09 2078 18.74 0.96 1.15
Toth 3 2277 1146 942 1.02 1.11
Sips 3 2264 1134 929 1.02 1.11
Baudu 4 27.52 1120 848 1.01 1.07
F4 4 27.14 1083  8.11 1.01 1.06
F5 5 36.57 1340  9.99 1.01 1.06

Note:

RMSE Root mean Square Error

P no of parameters

adR?>  Adjusted Coefficient of determination
BF Bias factor

AF  Accuracy factor

AICc Adjusted Akaike Information Criterion
BIC  Bayesian Information Criterion

HQC Hannan—Quinn information criterion

The Langmuir isotherm is among the most cited best
isothermal models to govern biosorption of xenobiotics followed
by the Freundlich model [20-27]. The Langmuir model was the
best model for the biosorption of Cibacron Blue by inactive
mycelial biomass of Panus fulvus [28] while both the Langmuir
and Freundlich models were found to be the best for Cibacron
Blue sorption by activated sludge [29]. The sorption kinetics
reported in this study were within the range of published
literature for sorption of Cibacron Blue [12,28-31].

CONCLUSION

In conclusion, the absorption kinetics data of biosorption
isotherm on the biosorption of Cibacron Blue onto bean peel has
been successfully analyzed using modelled according to various
models ranging from one to five parameters models and fitted
using non-linear regression. Statistical analysis based on root-
mean-square error (RMSE), adjusted coefficient of determination
(adjR?), bias factor (BF), accuracy factor (AF), BIC, HQC and
corrected AICc (Akaike Information Criterion) showed that the
Freundlich model was the best. The calculated Freundlich
parameters Kr (Freundlich isotherm constant) and nF
(Freundlich exponent) showed a large difference in value for nF'
from the original publication. The Langmuir constant was
utilized to calculate the maximum adsorption capacity Ome
(mg/g) which gave a value of 27.83 mg/g (95% confidence
interval from 23.69 to 31.98).
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