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Abstract Celestine blue (CB) was pre-concentrated by dispersive liquid–liquid
microextraction (DLLME) and subsequently quantified with spectrophotometry
in water samples. Moreover, it was simultaneously correlated in response to
variables like pH, disperser volume, extractor volume, ionic strong and extraction
time and was investigated by central composite design (CCD). The numerical
optimization indicates that the optimum %ER (100.2%) was achieved using
100µL of CHCl3, 800µL of ethanol, 0 mol L-1 NaCl, 5 min centrifugation and pH
of 7. At optimal conditions, the method has linear dynamic range over 0.01-3.0
µg mL-1 with a pre-concentration and enrichment factor of 100 and 147.9,
respectively. The limits of detection and quantification were 1.58 and 5.30 ng
mL-1, respectively. Average recoveries for spiked samples in the interval of 92%
and 100% supply the present DLLME method for CB determination in different
waters and wastewaters samples in accordance to the pre-specified optimum
conditions.
Key words: Dispersive liquid–liquid microextraction; Celestine blue;
Determination; Central composite design; Spectrophotometry.

1. Introduction
Celestine blue (Table1) is pale to mid-blue and occasionally green.
CB is applied in the rescued animal lead to trust humans again or
for the recovery and treatment of an injured animal to help nervous
children experience new activities and environments. CB is
applicable for the behavior of ear, eye, mouth, speech and throat
problems as well as headaches. It is applied to help relieve acute
anxiety and digestive disorders emerged due to stress. The most
widely used techniques are classical liquid–liquid and solid-phase
extraction [1-3], whose replacement by microextraction techniques
were developed for easier and low-cost sample concentration. In
this regard, solid-phase, single-drop and hollow-fibre
microextractions are widely applied to separate and pre-concentrate
the understudy analyte [4-6] and the recently dispersive liquid–
liquid microextraction (DLLME) which are also applied for such
purposes [7-15].
DLLME which is based on sole or mixture of organic solvent as the
extractant and disperser solvent is rapidly injected into an aqueous
sample and, as consequence of produced turbulence, leads to the
formation of fine droplets which are dispersed through the aqueous
sample. The emulsified droplets have great interstitial area and
consequently lead to the achievement of fast equilibrium and
instantaneous procedure and also supply high pre-concentration
factors [16-19]. After extraction, the turbid mixture is centrifuged
and the fine droplets of the extractant phase are sedimented at the
bottom of the tube [20]. The sedimented drop is injected into the
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chromatographic system or submitted directly to the measurement
instruments like spectrophotometry [21].
The present research is devoted to design and application of simple
and reliable extractive-spectrophotometric method for CB preconcentration and subsequent determination. The correlation
among DLLME response and variables like pH, kind and volume
of extraction and disperser solvent, salt effect and extraction time
were optimized by CCD and desirability function (DF). The
applicability of the presented method was checked in wastewater
and, accordingly, acceptable recovery and reasonable RSD
represent successful application of the present method.

2. Experimental
2.1. Reagents
All the used reagents were of the highest available purity and at
least of analytical reagent grade. Celestine blue was purchased from
Sigma-Aldrich (Steinheim, Germany). The stock solutions (100 µg
mL-1) of celestine blue were prepared by dissolving them into
water. The working solutions were prepared by appropriate dilution
of the stock solutions with double distilled water. Double distilled
deionized water which was used throughout the experiments , was
produced from Milli-Q system (Millipore, Bedford, MA, USA).
Chloroform,
dichloromethane
carbon,
tetrachloride,
dichloromethane and chlorobenzene were used as extracting
solvents. Acetonitrile, methanol, acetone, tetrahydrofuran and
ethanol as dispersive solvents were purchased from Merck
(Darmstadt, Germany). Sodium chloride (Merck, Darmstadt,
Germany) was of the highest available purity.

2.2. Apparatus
The absorbance was measured with a Jasco UV–vis
spectrophotometer model V-530 at a wavelength of 644 nm using
1.0 cm quartz cells. A Hermle Labortechnik GmbH centrifuge
model Z206A (Germany) was used to accelerate the phase
separation. A Metrohm digital pH-meter model 686 (Switzerland)
with a combined Ag/AgCl glass electrode was used for pH
adjustments [22, 23].

2.3. General procedure
10 mL aqueous solution containing 0.5 µg mL-1 of CB and 0 mol L1 NaCl in 15.0 mL screw cap glass test tube with conical bottom
was prepared. A mixture of 800 µL of ethanol (as disperser solvent)
containing 100 µL CHCl3 (as extraction solvent) was rapidly
injected into the sample solution with 2.0 mL glass syringe and,
then, the mixture was gently shaken. A cloudy solution consists of
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very fine droplets of CHCl3 dispersed into aqueous sample was
formed. In this sense, the following CB extractions undergo a
significant color change. After centrifugation at 3000 rpm for 5 min,
the chloroform phase was sedimented at the bottom of the
centrifuge tube. Finally, 50 µL of the organic phase was removed
by micro-syringe and placed in a microcell for CB determination by
UV–vis spectrophotometer. The CB spectra in aqueous solution and
chloroform (Fig. 1(A)) show that CB exhibits λmax of 644 nm and
614 nm, respectively, which are used for absorbance measurements
at all subsequent stage. The Design-Expert software statistical
package software version 7.0 was used for experimental design
analysis and data processing [24].

The present DLLME technique applicability for CB quantification
depends on the understudy method recovery and, consequently, to
the extraction and dispersive solvents and their volumes, pH effect,
extraction time and ionic strength. The extraction recoveries were
calculated from Eq. (1) as follows:

ER%=
Equation 1

Where Cset and Caq are CB concentrations in extraction phase and
aqueous sample, respectively. Cset is determined from a calibration
curve which was obtained using direct injection of standard
solutions. Vset and Vaq are volumes of the collected phase and initial
aqueous sample, respectively. All experiments were done in
triplicate and mean of the results was used in plotting figures and
preparing Tables. The enrichment factor (EF) was defined as the
ratio between the analyte concentration in the extraction phase (Cset)
and its the initial concentration (Caq) in the aqueous sample as
follows [22]:

Table 1 Properties of the Celestine blue.

Color
index
number
CAS number
EC-No.
Chemical Formula
IUPAC ID

Molecular weight
(g mol-1)
Maximum
wavelength(λmax),
nm

51050
1562-90-9
216-346-2
C17H18ClN3O4
(1E,6E)-1,7-bis
(4-hydroxy3methoxyphenyl) -1,6- heptadiene-3,5dione
363.80
644

EF =

Cset
Caq

Equation 2

2.5. Response surface methodology

Molecular
Structure
composition
Use

Cset ×Vset
×100
Caq ×Vaq

The five-level central composite design (CCD) experimental design
32 runs were carried out to correlate response to pH, ionic strength,
extraction solvent, disperser solvent and centrifugation time which
were denoted as X1, X2, X3, X4 and X5, respectively. According to
the preliminary experiments, their range and levels are selected and
listed in Table 2.

Dye content, 80%
May be substituted for hematoxylin in
hematoxylin and eosin procedures.

2.4. Calculating the extraction recovery and enrichment
factor

Table 2 Design matrix for the central composite designs.

Factors
X1: pH of sample solution
X2: Ionic strength (NaCl Concentration) (mol L-1)
X3: Extraction solvent (CHCl3) (µL)
X4: Disperser solvent (Ethanol) (µL)
X5: Centrifugation time (min)
Run

X1

1
2
3
4
5
6
7
8

7
7
6
7
6
4
5
5

X2
3
3
2
3
2
2
3
1

-α

Low (-1)

4
0
60
400
1

5
1
100
600
2

X3
100
100
140
180
140
140
180
180
2020-02-14

Levels
Central(0)

High(+1)

+α

7
3
180
1000
4

8
4
220
1200
5

6
2
140
800
3
X4
1000
600
800
600
800
800
1000
1000

X5
2
4
3
2
3
3
2
4

%ER
88.083
90.030
74.430
49.170
73.604
68.648
64.156
77.561
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

5
7
5
7
6
6
6
5
6
8
6
6
5
7
7
5
6
5
7
6
6
6
6
6

1
3
3
1
2
2
2
1
2
2
2
2
3
1
1
1
2
3
1
0
2
2
4
2

100
180
180
100
220
140
140
180
140
140
140
140
100
180
100
100
140
100
180
140
140
140
140
60

3. Results and discussion
3.1. Selection of extraction and disperser solvent
Preliminary selection of extractive solvent is dependent on the
following four requirements including higher or lower density than
water, immiscibility with water, good solubility for derivatives and
compatibility with derivatizing reagent and ability of quantitative
and repeatable extraction of analytes and subsequent easy phase
separation. Accordingly, dichloroethene, carbon tetrachloride,
chloroform, chlorobenzene and dichloromethane with density
higher than water were investigated in the preliminary experiments.
Solvent in DLLME must be selected according to the compromise
between their miscibility with organic phase (extraction solvent)
and aqueous phase (sample solution) which permitted achievement
of fine droplets of extracting solvent in aqueous phase.
Accordingly, solvents like tetrahydrofuran, acetonitrile, acetone,
methanol and ethanol were applied as disperser solvents for the
current study. In this regard, all combinations using CCl4, CHCl3,
C6H5Cl, CH2Cl2 and C2H4Cl2 (200µL) as extractants with
tetrahydrofuran, acetonitrile, acetone, methanol and ethanol (1.0
mL) as dispersive solvents were tried. Based on the related (Fig.
1(B)) results, ethanol combination of chloroform can supply
achievement of 90.0% recovery and consequently can be selected
as a suitable mixture for the subsequent experiments.

3.2. Effect of extraction time
An optimum extraction time is the minimum time necessary to
achieve equilibrium between the aqueous and the organic
phase.This parameter is the time interval between the injection
moment of the ethanol/chloroform mixture and the initial of the
centrifugation process. The influence of the extraction time on the
extraction efficiency was studied in the range of 1 to 5 min.
Involvement various mass transfer mechanism and acceleration of
analyte transfer to extraction solvent as consequence of more
surface area and higher concentration gradient lead to fast
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1000
1000
600
600
800
800
800
600
1200
800
800
800
600
1000
1000
600
800
1000
600
800
800
400
800
800

2
4
4
2
3
3
3
2
3
3
5
3
2
2
4
4
3
4
4
3
1
3
3
3

87.517
79.083
51.561
80.213
53.109
74.083
71.256
47.039
83.444
71.648
85.057
72.561
81.778
62.970
91.865
86.900
71.083
89.170
70.057
71.996
63.274
61.896
73.256
98.996

equilibrium. Therefore, the extraction time was very short and
equilibrium was achieved in very fast stage of 4 min. Thus, 4 min
was chosen as the extraction time in subsequent experiments.

3.3. Statistical analysis
The analysis of variance (ANOVA) for CB extraction was used to
ensure the model. The results of the second-order response surface
model fitted by ANOVA are given in Table 3. The following
second-order polynomial model equation described the %ER(Y) of
CB.
%ER  165.7  0.426 X1  1.1X3  0.0042X 4  11.98 X5  0.0252 X1X3  0.00582 X1X 4
1.62X1X5  0.025 X 2 X3  1.37 X 2 X5  0.00038 X3X 4  0.054 X 3X 5  0.000686 X32

Equation 3

The larger the magnitude of the F-values, the smaller p-values are
close indicators to represent more corresponding coefficients. As
can see from Table 3, the model was statistically significant at F
value of 77.448 and p-values less than 0.0001. The ‘‘Lack of Fit’’
F-value was 2.1038 which suggests the presence of some systematic
variations unaccounted for the hypothesized model. This was
thought to be due to the exact replicate values of the independent
variable in the model that supplies the estimate of pure error [25,
26]. P-values less than 0.05 are also proportional with high
significant regression at 95% confidence level. The high values of
coefficient support good agreement between the calculated and
observed results within the range of experiment as the values of the
determination coefficient (R2 = 0.993) and adjusted determination
coefficient (Adj. R2 = 0.985) were close to 1. The actual and
predicted extraction efficiency plot for CB is displayed in Fig. 2. It
suggests that the predicted values of CB%ER achieved by the
model have good argument to the actual experimental data which is
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Table 3 Analysis of variance (ANOVA) for CCD.

Source
Model

Sum of Squares
5127.2

df
20

Mean Square
256.36

F Value
77.448

p-value
< 0.0001

X1-pH

42.106

1

42.106

12.721

0.00442

X2-Ionic strength

3.0609

1

3.0609

0.92473

0.35690

X3-Extraction solvent

3401.8

1

3401.8

1027.7

< 0.0001

X4-Disperser solvent

669.43

1

669.43

202.24

< 0.0001

X5-Centrifugation time

588.72

1

588.72

177.86

< 0.0001

X1X2

11.582

1

11.582

3.4990

0.08822

X1X3

16.275

1

16.275

4.9169

0.04858

X1X4

21.611

1

21.611

6.5288

0.02674

X1X5

41.916

1

41.916

12.663

0.00448

X2X3

16.449

1

16.449

4.9694

0.04759

X2X4

9.3774

1

9.3774

2.8330

0.12048

X2X5

30.214

1

30.214

9.1280

0.01163

X3X4

145.38

1

145.38

43.920

< 0.0001

X3X5

74.619

1

74.619

22.543

0.00060

X4X5

1.8191

1

1.8191

0.54957

0.47402

X12

4.1978

1

4.1978

1.2682

0.28407

2

1.7066

1

1.7066

0.51558

0.48770

X3

2

35.353

1

35.353

10.681

0.00749

X42

1.8658

1

1.8658

0.56368

0.46854

X5

2

11.498

1

11.498

3.4736

0.08924

Residual

36.411

11

3.3101

Lack of Fit

26.080

6

4.3467

2.1038

0.21591

Pure Error

10.331

5

2.0661

Total

5163.6

31

X2

approximately a good evidence for the validity of the regression
model. The actual values were the measured response data for a
particular run arranged by the CCD and the predicted values were
determined by Eq. (4).
The Contour plots of the response functions are useful in
understanding both the main and interaction effects of the factors
[27-29] which are shown in Fig. 3. This figure also shows the
estimated %ER parameter as a function of the normalized
independent variables. The Contour plots of the response (%ER)
indicated the same results as observed in the interaction plot (Fig.
3). Fig. 3(B) strongly supports the idea that elevating the extractor
and disperser volumes lead to enhance the extraction percentage. It
seems that at lower disperser volume, due to insufficient mixing and
also non-complete cloudy formation, it refuses quantitative transfer
of analytes from source phase to extraction. At moderate CHCl3
volume, raising ethanol volume leads to slight increasing the
recovery and reaching a plateau, while high CHCl3 volumes higher
than 100 µL and further ethanol volume will have a negative effect
on the %ER. At more volume of disperser solvent, increase in the
solubility of the target analytes in the mixture of water-ethanol leads
to significant decrease in extraction recovery. Centrifugation of
time and pH influence on the %ER strongly denotes that high
centrifugation time and medium pH lead to slight an increase in the
recovery and after that reaching a plateau. Also, larger amounts of
NaCl lead to the achievement of the high volume of the floating

phase which emerged from lower solubility of floating solvent in
the aqueous phase and accordingly decreased extraction recovery.

3.4. Optimization process
Highest treatment performance is possible following optimization
of variables which are simply achieved by layout of the surface
contour. The verification of the optimization results was carried out
by an experiment under the predicted optimal conditions. The
results of corresponding experiments were strictly justified and
approved by t-test which confirmed the efficiency of the current
optimum point. These findings clearly denote that CCD is a
promising approach to optimize the experimental variables to
CB%ER. The difference between the predicted (100.2%) and the
observed values (98.6%) is negligible and a good evidence for the
efficiency of the proposed quadratic models is witnessed for
predicting the optimum conditions. The numerical optimization
indicates that the optimum %ER (100.2%) was achieved using
100µL of CHCl3, 800µL of ethanol, of 0 mol L-1 NaCl, 5 min
centrifugation time and pH of 7.

3.5. Quantitative analysis
DLLME coupled with UV–Vis spectrophotometry, according to
optimum conditions, was conducted and accordingly respective
characteristic performance was investigated and presented in Table
4. Under the optimal experimental conditions, the linear dynamic
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ranges (LDRs), determination coefficients (R2), limits of detection
(LODs) and relative standard deviations (RSDs) were determined
and summarized in Table 4. The calibration curves were prepared
in the range of 0.01–3.0 µg mL-1 of CB with ten concentration levels
and were characterized with high correlation coefficients (R2) of
0.9997. Moreover, the enrichment factors based on Eq. (2) were
nearly 147.9. The limits of detection (LODs) based on
CLOD=3Sb/m (where CLOD, Sd and m are limit of detection, blank

standard deviation slope of the calibration graph, respectively) were
1.58 ng mL-1 and The limit of quantifications (LOQs) was
calculated based on 10Sb/m was 5.30 ng mL-1. The precision of the
method was assessed in terms of reproducibility (inter-day
precision) and repeatability (intra-day precision). As shown in
Table 4, reproducibility and repeatability of the method varied from
3.0 to 2.33%, respectively.

Table 4 Analytical characteristics of the proposed method..

Quantitative analysis
Sample volume (mL)
Extraction solvent (CHCl3) (µL)
Regression equation (n = 10) before preconcentration
Regression equation (n = 10) After preconcentration
Linear range (µg mL-1)
Limit of detection (ng mL-1)
Reproducibility (RSD, %) (n=5, 0.5 µg mL-1)
Repeatability (RSD, %) (n=5, 0.5 µg mL-1)
limit of quantification (LOQ; ng mL-1)
Average Extraction recovery
Pre-concentration factor
Enrichment factor

R² = 0.99998
R² = 0.9998

Conclusion

3.6. Interference studies
The selectivity of the proposed method at 0.5 µg mL-1 of CB
solution in the presence of various amounts of interfering ions was
investigated. Tolerance level was defined as the content of each
species that do not change recovery more than ±5%. The results
(Table 5) strongly support that most of the tested ions do not have
significant effect on the CB determination.
Table 5 Tolerance limits of interfering species in the determination of Celestine
blue.

Interference
Na+, Ca2+, SO4-, K+ ,I- , Ca2+
Ba2+ , Ni2+ , Cr2+, BrBi3+, Cu+, ClNO3-, Mg2+
NH4+ , Ag+, Co2+
Tartrazine
Allura Red AC, Ponceau 4R
Carmoisine, Sunset Yellow FCF

10
100
y = 0.0195x + 0.0098,
y = 2.8840x + 0.0011,
0.01-3.0
1.58
3.0
2.33
5.3
95.55%
100
147.9

Tolerance ratio (mg L-1)
200
150
50
20
10
20
10
5

Understudy DLLME method was applied for the pre-concentration
of CB prior to spectrophotometric monitoring. The method is
simple, rapid, accurate, sensitive, easy to use and economic. The
small amount of chloroform and ethanol also minimizes the toxicity
of the method and their lower volume supplies good preconcentration factor and low detection limit using only 10 mL of
sample. The combination of CCD and desirability function (DF=1)
help the achievement of CB extraction recovery 100.2% at optimum
conditions set as 100 µL of CHCl3, 800 µL ethanol, 5 min
centrifugation, 0 mol L-1 NaCl and pH of 7. The method developed
in this work is proposed as a suitable alternative to more expensive
instruments for CB determination in water and wastewater samples.
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