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ABSTRACT

In this work, a new inexpensive and easy to use micro-cloud point extraction (MCPE) method is pro-
posed for the extraction and preconcentration of Eriochrome black T (EBT) before spectrophotomet-
ric determination. To increase the extraction efficiency, the effecting factors on the MCPE procedure
were investigated and optimized using the Taguchi design method and Response surface methodol-
ogy (RSM). A second-order response surface model for micro-cloud point extraction of Eriochrome
black T is developed to predict responses. Under optimum conditions, the calibration curve was
linear in the range of 0.20-2.00 mg L™ with a detection limit of 59 ng L for EBT.

Keywords: Micro-cloud point extraction; Taguchi design method and Response surface methodology;
Eriochrome black T; Water and wastewater analysis

1. Introduction

Environmental pollution with organic dyes poses dire
effects on living beings [1]. Most of these dyes are released
to the environment by large industries such as textiles,
leather, paper, and food. This is due to the broad application
of dyes in such industries [2] and because most factories
do not apply appropriate refine on their wastewater. Con-
sidering their hazard to the environment, the determina-
tion of organic dyes in environmental samples has become
very important in recent decades, and many methods have
been proposed for the determination of dyes in water and
wastewater samples [3]. One industrial dye which has a lot
of applications in different industries is Eriochrome black
T (EBT) [4]. This dye is an azo dye which means it contains
-N=N-bond in its structure (Fig. 1). Eriochrome black T
(EBT) or Mordant Black 11 is a popular pH indicator. Eri-
ochrome black T is applied in dyeing wool fabric, silk, and
nylon [5]. Therefore, it was considered worthwhile to make
efforts to develop a simple method for the determination of
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EBT in water and wastewater samples. Due to the low con-
centration of dyes in water, usually, a sample preparation
step is necessary before the introduction of the sample to
analytical instruments. Many techniques have been devel-
oped for this purpose including solid phase extraction (SPE)
[6], solid phase microextraction (SPME) [7], molecularly
imprinted solid phase extraction (MISPE) [8], dispersive
liquid-liquid microextraction (DLLME) [9], hollow fiber-lig-
uid phase microextraction (HF-LPME) [10], and cloud point
extraction (CPE) [11]. CPE is a simple, inexpensive and easy
to operate extraction method, which a surfactant is used as
extractant solvent.

Usually, batch and dynamic adsorption processes have
been applied for the removal of EBT from waste efflu-
ents. Among the variety of adsorbents, microwave radia-
tion-treated almond shell [12], hydrophobic cross-linked
polyzwitterionic acid (HCPZA) [13], B-cyclodextrins/
polyurethane foam material [14], magnetic/silica/pectin
nanoparticles [15], bottom ash [16], NiFe-calcined layered
double hydroxides [17], activated carbon [18] and maize
stem tissue [19] have been used for the removal of EBT
from wastewater. Moreover, very few works are available
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Fig. 1. Structure of EBT.

for the extraction and preconcentration of Eriochrome black
T in aqueous solution [20]. In this work, a new micro-cloud
point extraction (MCPE) method is applied for the first
time in the extraction and preconcentration of EBT before
spectrophotometric determination. MCPE is an extraction
method based on CPE. In this method, the whole CPE pro-
cedure is carried out in brine, and consequently, the water
bath step is eliminated [21]. MCPE consists of a few simple
steps: addition of surfactant to sample solution, the addi-
tion of salt to form a cloudy solution (micelle formation),
and separating of enriched micellar phase from the aqueous
phase with centrifugation. In all the extraction methods,
there are some factors that can affect the extraction effi-
ciency. To reach the highest efficiency of extraction, these
factors must be optimized. Therefore, the optimization pro-
cess is very important. Optimization process requires an
understanding of which factors are important and to what
level they should be set. Usually, optimization is done by a
univariate method which means changing one variable at a
time. Because of the high number of experiments that must
be done, univariate methods of optimization are expensive
and time-consuming. Multivariate studies of effective fac-
tors where factors are studied simultaneously appear to be
good replacements for univariate methods [22]. This can
be achieved by applying the design of experiments (DoE)
methods [22]. In this way, the optimization process will be
done with the least number of experiments. DoE have the
ability to determine the importance of factors and their con-
tribution to the results. Then based on the contribution of
factors, it will set the best settings of factors as an optimized
condition. Of the popular DoE methods frequently used by
analytical chemists, we can name Fractional factorial design
(FFD) [23], Response surface methodology (RSM) [24], and
Taguchi design [25]. The Taguchi method is a very powerful
user-friendly method, which has some advantages in com-
parison with traditional univariate optimization method
such as keeping the experimental cost at a minimum level,
by reducing the time of experimental investigation and
being able to study the influence of individual factors to
determine the most effective parameter in the procedure.
In this paper, MCPE was applied for preconcentration and
spectrophotometric determination of EBT in aqueous sam-
ples. To find out the optimal conditions for the proposed
method, the Taguchi design method and Response surface
methodology are used. A second-order response surface
model for micro-cloud point extraction of Eriochrome black
T is developed to predict responses.

2. Experimental
2.1. Instrument

A Shimadzu UV/Vis spectrophotometer model UV-160
(Japan) equipped with two 10 uL microcells (Starna, UK)
was used for measuring the absorbance and recording the
spectra of EBT. A Metrohm pH meter model EasySeven
(Switzerland) was used for pH measurements.

2.2. Reagents and chemicals

All chemicals used in this research were of analytical
grade and were used as received. They were purchased from
Merck KGaA (Germany). Triton X-114 (1% w/v) and Na,
SO, (5% w/v) solutions were prepared in doubly distilled
water. A stock solution of EBT (500 mg L) was prepared in
100 mL of doubly distilled water. Working solutions were
obtained by daily dilution of the stock solutions. All solu-
tions were kept in a refrigerator at 4°C.

2.3. Micro-cloud point extraction procedure

To perform MCPE procedures, five mL sample solution
containing EBT in the range of 0.20-2.00 mg L' was pre-
pared in a centrifuge tube. The pH of the sample solution
was adjusted to 3 with the help of HCl and NaOH solutions
(0.1 mol L), and then Triton X-114 (0.2% w/v) was added
to it. To form a cloudy solution, a proper volume of Na,SO,
solution (1.5% w/v) was added to the mixture. After addi-
tion of the salt, the solution became cloudy, and the dye was
extracted into micelles. This mixture was centrifuged for 7
minutes at 5000 rpm to separate the enriched micellar phase
and aqueous solution. 20 pL of high density enriched micel-
lar phase which was settled at the bottom of the tube, was
transferred to a vial and dissolved in 50 pL of the diluting
solvent. Ten pL of this mixture was transferred to the micro-
cell for spectrophotometric determination. The absorbance
of this solution was recorded against the blank at the maxi-
mum absorption wavelength of EBT in 575 nm.

2.4. Design of experiments

Taguchi method is a powerful design of the experi-
ment method, which has been used widely by the analyti-
cal chemist in optimization procedures [26]. In the Taguchi
method, the number of experiments that can increase the
time and cost of analysis can be reduced by using an orthog-
onal array. Based on the orthogonal array, Taguchi can learn
the entire parameters space. Taguchi uses the signal to noise
(S/N) ratio to identify the quality characteristics. The S/N
ratio is quoted in dB units can be defined in three forms:
the smaller the better, the nominal best, and the larger the
better. Where larger is the better, which is the case in the
present research, S/N ratio can be defined as [27]:

—1Olog[12+12+...+12]
S Vi Y Yu 1)
N n

where 7 is the replication number of the experiment and y,
is the characteristic property.
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For MCPE, it was necessary to dilute the enriched micel-
lar phase in an organic solvent. For this purpose, four sol-
vents namely acetone, ethanol, methanol, and acetonitrile
were investigated. Therefore, 20 uL of enriched micellar
phase which was settled at the bottom of centrifuge tube
after centrifugation was diluted with 50 pL of dilution sol-
vent. Some important factors were considered in the selec-
tion of dilution solvent: the ability of the selected solvent to
dissolve the sedimented phase completely and rapidly, its
absorbance, repeatability of results. Dissolution of the sedi-
mented phase in acetone took place difficulty. On the other
hand, the absorbance of EBT and its repeatability using eth-
anol was high. Therefore, we selected ethanol as dilution
solvent for MCPE of EBT (Fig. 2).

The effecting factors and levels used for Taguchi design
are shown in Table 1. The L16 orthogonal array, absorption
and S/N ratios obtained for each experiment are shown in
Table 2.

Response surface methodology is an important branch
of experimental design. It is to find a suitable approxima-
tion for the true functional relationship between y and the
set of independent variables used. The RSM uses the inter-
action between statistical and mathematical techniques
that are useful for modeling and analyzing engineering
problems and developing, improving, and optimizing pro-
cesses. Usually, a second-order model is used in RSM.

yzﬁo+ZBiXi+ZBix?+ZZB,-,'X,Xj+S 2)

The B factors applied in the mentioned model can be
estimated by the least square method.

3. Result and discussion
3.1. Effect of pH

The pH can potentially influence enrichment factor of
extraction of the analyte. In this study, Triton X-114 was
used for micro-cloud point extraction of EBT. The different
forms of the EBT have a different tendency for extraction in
the micellar phase of the Triton X-114 as a non-ionic surfac-
tant that can give different results by spectroscopy analysis.
The ionic form of the analyte normally does not interact or

Absorbance

& 2 @ & -
w PR V- B
® ~N o »n

o
[¥Y
o]

Acetone

o

Methanol Acetonitrile Ethanol

Dilution solvent

Fig. 2. Effect of dilution solvent on MCPE of EBT.

bind as strongly as its neutral form with a non-ionic surfac-
tant [28]. The sulfonate group of EBT turn to be anionic in
the aqueous solution, and a decrease in pH of EBT aqueous
solution turn azo group to be protonated. Moreover, pKa of
EBT is 6.2, and its anionic form dominates in pH > pKa. In
pH =3, EBT has a higher tendency for extraction in micellar
phase. This could be explained by the presence of a lesser
ionized form of EBT, which bind strongly with Triton X-114
as a non-ionic surfactant.

3.2. Effect of salt concentration

In the cloud point extraction, the micelle formation is
achieved by placing the sample solution in a hot water
bath for a period. However, in the present work, MCPE
was performed at room temperature simply by increas-
ing the ionic strength of the sample solution. To study the
effect of ionic strength on the formation of micelles and
efficiency of MCPE, different brine solutions of Na,SO,
in the range of 0.05-1.50% (w/v) were studied (Fig. 4). At
0.5% of w/v salt, the recovery was reduced. This result
might be related to increasing the viscosity of the surfac-
tant-rich phase, leading to a decrease in the signal. Further
addition of salt from 0.5 to 1.50% (w/v), reduced the sol-
ubility of EBT in the aqueous phase through a salting-out
effect and decreased the “free water” concentration in
the micelle phase. Consequently, the extraction efficiency
improved as the salt concentration increased, but above a
concentration of 1.50% (w/v) of salt, the signals remained
stable and sometimes even decreased.

3.3. Effect of volume of sample solution

The volume of the sample solution can effect micelle
formation and its dispersion throughout the sample solu-
tion. Therefore, it can have a great influence on the effi-
ciency of MCPE. To find out the best volume of the sample
solution, samples with different volumes (5-15 mL) were
prepared, according to Table 2, and the MCPE procedures
were applied to them. Based on obtained results, five mL
of sample solution showed the best efficiency for MCPE of
EBT (Fig. 5).

3.4. Optimization results and statistical analysis

According to the results shown in Figs. 3-5 and Table 3,
the most effective factor in MCPE of EBT is pH, and the
least effective factor is the volume of the sample solution.
Table 4 presents the optimum conditions chosen based on
the L16 orthogonal array of Taguchi design for EBT. Con-

Table 1
Factors and levels used for Taguchi design of MCPE for EBT

Factor Level 1 Level2 Level3 Level 4

(A) pH 3 5 7 9

(B) Concentration of salt  0.05 0.50 1.00 1.50
(%)

(C) Volume of sample 5 8 10 15

solution (mL)
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Table 2
L16 Orthogonal array and experimental results for EBT

Test A B C Abs SNR

1 1 1 1 1.33 2477033
2 1 2 2 1.24 1.868434
3 1 3 3 1.25 1.938200
4 1 4 4 14 2.922561
5 2 1 2 1.18 1.437640
6 2 2 1 1.1 0.827854
7 2 3 4 1.03 0.256744
8 2 4 3 1.15 1.213957
9 3 1 3 0.883 -1.08079
10 3 2 4 0.698 -3.12289
11 3 3 1 0.812 -1.80888
12 3 4 2 0.846 —-1.45259
13 4 1 4 0.372 -8.58914
14 4 2 3 0.341 -9.34491
15 4 3 2 0.345 -9.24362
16 4 4 1 0.495 -6.10790

Main Effects Plot for SN ratios
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Fig. 5. Effect of volume of sample solution on MCPE of EBT
based on S/N.

Table 3

Responses based on S/N for each level of factors
Level A B C
1 2.3016 —1.4388 -1.1530
2 0.9340 —2.4429 -1.8475
3 -1.8663 —2.2144 -1.8184
4 -8.3214 —-0.8560 —2.1332
Max-min 10.6229 1.5869 0.9802

Table 4

Optimized condition for determination of EBT with MCPE

3 5

~
o

Signal-to-noise: Larger is better

Fig. 3. Effect of pH on MCPE of EBT based on S/N.
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Fig. 4. Effect of salt concentration on MCPE of EBT based on S/N.

tribution results indicate that the most effective and least
effective factors in the MCPE of EBT are the pH and volume
of the sample solution.

After obtaining the optimal parameters for the MCPE
of EBT, the final equation was defined using Response
surface methodology. A quadratic model (second-order

Factor Level  Level description  contribution
A 1 3 0.4

B 4 1.5 (%ow/v) 0.068

C 1 5 (mL) 0.029

Total contribution from all factors 0.497
Expected result at optimum condition 1.401

polynomial equation) for the response surface was devel-
oped to explain the effects of the parameters. The model
coefficients were obtained using statistical software of
MINITAB Version 17 and Design-Expert Software Ver-
sion 10. The second-order surface response of the MCPE
can be expressed as a function of extraction parameters
such as pH (A), salt concentration (B), and sample solu-
tion (C) volume. From the observed data for MCPE of
EBT, the response function was determined in uncoded
units as:

Absorbance = + 1.25855 + 0.077552* A — 0.28112* B +
8.72109E-003* C — 0.017020 *A *B — 4.60939E — 003 *A *C -
9.29398E-005 *B *C — 0.014469 *A%+ 0.22874 *B?+ 4.47737E-
004 *C2

This model for MCPE of EBT could predict the exper-
iment results. Analysis of variance (ANOVA) has been
applied for any parameter to distinguish the significance
of the effects and interactions between the parameters. Fur-
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Table 5

ANOVA for response surface model
Source SS DF MS F-value p-value
Model 199 9 0.22 83053.45 < 0.0001 significant
A 0.63 1 0.63 2.365E+005 < 0.0001
B 1.350E-003 1 1.350E-003 508.09 < 0.0001
C 8.167E-003 1 8.167E-003 3074.53 < 0.0001
AB 2.629E-003 1 2.629E-003 989.72 < 0.0001
AC 7.632E-003 1 7.632E-003 2873.12 < 0.0001
BC 1.821E-007 1 1.821E-007 0.069 0.8022
A? 0.054 1 0.054 20174.58 < 0.0001
B’ 0.045 1 0.045 16852.76 < 0.0001
c 4.045E-004 1 4.045E-004 152.30 < 0.0001
Residual 1.594E-005 6 2.656E-006
Cor Total 1.99 15

R-squared = 0.9907, Adjusted R-squared = 0.9739, Predicted R-squared = 0.9704

thermore, a p-value lower than 0.05 has been statistically
considered significant. Results from ANOVA (Table 5) for
the quadratic model showed that the polynomial model
was highly statistically significant, as suggested by low P
value (P < 0.0001). The adjusted R-squared (R? adj) of 0.9739
and the predicted R-squared (R? pre) of 0.9704 are in good
agreement, indicating the experimental data suitability
with the generated second-order model.

To evaluate the interaction between the various inde-
pendent variables and their corresponding effect on the
response, we draw three-dimensional (3D) and two-di-
mensional (2D) contour plots (Figs.6 a—c). To study the
effect of pH (A) on the extraction efficiency, a few experi-
ments with a pH of 3-9 at a salt concentration (B) of 0.05,
0.50, 1.00, 1.50 and the volume of the sample solution
(C) of 5, 8, 10, 15 were performed. Figs. 6a, b show that
by increasing the amount of pH (A), the extraction effi-
ciency decreased (see also section 3.1).To see the effect of
concentration of salt (B) on the extraction efficiency, few
experiments were carried out with a constant pH value at
a varying concentration of salt (B) of 0.05, 0.50, 1.00, 1.50
at the volume of the sample solution (C ) of 5, 8, 10, 15
Figs. 6a, c. It was observed that with increasing concen-
tration of salt (B) from 0.5 to 1.50% (w/v), the extraction
efficiency increased (see also section 3.2).

3.5. Linear range, limit of detection and precision

To study the effectiveness of the proposed method,
the analytical figures for the MCPE of EBT were obtained
under optimum conditions (Table 6). The limit of detec-
tion (LOD) was calculated based on 3S, /m, where S, is the
standard deviation of 10 blank measurements and m is the
slope of the calibration graph (Table 6). The relative stan-
dard deviation (RSD) was calculated for five replicates of
the standard sample at an intermediate concentration of
the calibration curve of the dye (1.0 mg L™ for EBT). The
enrichment factor (EF) was calculated as the slope of the
calibration curve after and before the MCPE. It found to be
123.78 fold for EBT.

3.6. Analysis of real samples

The MCPE procedure was applied to tap water and
wastewater samples for determination of EBT as described
for standard solutions in Section 2.3. Wastewater samples
(from the recycling wastewater system of The University
of Sistan and Baluchestan) were filtered through 0.45 pm
nylon membranes and then subjected to centrifugation for
5 min at 5000 rpm prior to analysis. Since no dye pollution
was observed in both samples, the samples were spiked
with three different concentrations of EBT to investigate
the matrix effect on its determination. The results are
shown in Table 7. As can be seen, good recoveries were
obtained for EBT.

4. Conclusions

In this study, a fast, economical, efficient and easy to
operate method based on micro-cloud point extraction was
evaluated for the preconcentration and determination of
traces of Eriochrome black T. Triton X-114 was used as a
non-ionic and green extractant solvent. In the present work,
we coupled the MCPE method with UV-Vis spectropho-
tometry as an inexpensive, fast, and available instrument.
With using microcells, the consumption of toxicorganic sol-
vent was reduced, and consequently, enrichment factor and
sensitivity of the method for target analyte was increased.
The total analysis time including microextraction and spec-
trophotometric determination was less than 8 min. In this
study, the optimization of effective factors on MCPE was
carried out with the help of Taguchi design method and
Response surface methodology. A second-order response
surface model for micro-cloud point extraction of Erio-
chrome black T is developed to predict responses.
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Figs 6. (a—c). 3D and 2D plots showing the effects of parameters.

Table 6

Analytical figures of merit for MCPE of EBT

Table 7

Data analysis for determination of EBT in tap water and
wastewater samples by MCPE

Parameter MCPE

Equation of calibration curve A =0.6865C ;. + 0.0583 Analyte
Dynamic range (mg L™) 0.20-2.00

R? 0.9842

RSD (%, n = 5) 1.54 EBT
Limit of detection (ng L) 59

Enrichment factor (fold) 123.78

Tap water Wastewater

Added  Relative Added  Relative
(mg L") recovery% (mg L") recovery%
0.20 89.98 0.20 92.80

1.00 90.79 1.00 93.00
2.000 98.94 2.00 101.98
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