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Abstract

An improved method for the determination of Triton X-100 in water samples has been developed using dispersive
liquid—liquid micro extraction (DLLME) prior to HPLC analysis. The volume of extraction solvent (CHCI3),
disperser solvent (acetone) and sample solution, pH, ionic strength, and extraction time were selected as interested
variables in DLLME process. Firstly, a screening experiment, Taghochi two-level orthogonal array, was employed to
identify the important factors. Then the elucidation and optimization relationship between the response and the
important factors was investigated by response surface methodology (RSM). The central composite design as the
most popular of the many classes of RSM designs was used. The optimum experimental conditions found from this
statistical evaluation were included: sample volume: 10.0 mL, volume of extraction solvent (chloroform): 137.7 pL,
volume of disperser solvent (acetone): 0.6 mL, centrifugation time: 5.0 min, pH: 6.2 (natural pH) , 2.5% (w/v) NaCl
and extraction time: 6.0 min. Under the optimum conditions, the preconcentration factor of 120 was achieved.
Calibration graph was linear in the range of 0.01-100.0 mg L' with correlation coefficient of 0.9961. The Limit of

detection (LOD) of 3.0 pg L was obtained for Triton X-100 determination.
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1. Introduction

Detergents are employed in wide range in
different industries. Among detergents, Triton X-
100 is a commercial non-ionic surfactant in the
aqueous solutions of detergent industry, agro
chemistry, cosmetic, metallographic and textile
industry. Detergents are employed in a myriad of
uses ranging from the biochemical solubilization of
membranes during cell lysis to viral inactivation [1]
to bactericides in the formulation of creams or
tablets [2]. With these widespread uses, a number of
sensitive and high resolution techniques have been
developed for the determination of low
concentrations of these analytes in different
matrices. Many of these techniques and some
applications have been reviewed by Vogt and
Heinig [3], in which a substantial number of these
assays were directed at evaluating trace detergents

and their degradation products in environmental
analyses. Morelli and Szajer [4, 5] also provided
additional and rather comprehensive reviews on
surfactant analyses and methodology. Other
examples of assays to determine the presence of
detergents in wastewater streams include that of
Barco et al [6].

In many circumstances, more than one type of
surfactant is used in various steps of the purification
process. For example, cell or membrane lysis can be
achieved by treatment with the non-ionic Triton X-
100. This application of the surfactant also aids in
the inactivation of some types of enveloped viruses
such as HIV and hepatitis B and C viruses. This is
the rationale employed for the production of human
plasma where Triton and non-ionic surfactants are
added to the plasma and incubated [1]. After the
incubation period, the biologically active plasma
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proteins remain intact and are then purified
chromatographically [7].

In the midst of these myriad applications, it is
therefore  essential to demonstrate  process
consistency and control by monitoring clearance of
detergents such as the nonionic Triton and/or
cationic detergents that have been introduced
throughout the purification process. The residual
concentrations of each of these surfactants may vary
widely depending on the step of the process and the
stage or extent of purification. Thus, any assay to
determine the clearance of these detergents would
necessarily need to employ a wide linear dynamic
range. In addition, there are potential matrix effects
because of the presence of the product (primarily
protein acetous in nature) as well as residual host
cell nucleic acids, carbohydrates and proteins.
Furthermore, in a process where ionic, non-ionic
and zwitterionic surfactants are used, mixed
micelles of these surfactants can develop,
complicating their separation prior to quantization
of the individual detergents. To enable in-process
decisions to be made in a timely fashion, it is
essential to evaluate large numbers of samples
quickly with conventional equipment [8].

Sample pre-treatment is often the bottleneck in a
measurement process, as they tend to be slow and
labor-intensive. In routine analysis, liquid—liquid
extraction (LLE) is the most widely used sample
preparation technique, whose goal is cleanup,
enrichment and signal enhancement. However,
some shortcomings like the use of extensive
amounts of hazardous organic solvents and sample
volumes, the generation of large amounts of
pollutants make this procedure time consuming,
expensive, environmentally unfriendly, tedious, and
laborious and hence potentially prone to sample
contamination when ultra-trace determinations are
required [9-11].

Modern trends in analytical chemistry are
towards the simplification and miniaturization of
sample preparation procedures as they lead
inherently to a minimum solvent and reagent
consumption and drastic reduction of laboratory
wastes [12, 13]. Under this context, unconventional
LLE methodologies have been arisen like: single
drop micro extraction (SDME), wetting film
extraction (WFE), cloud point extraction (CPE),
homogeneous liquid-liquid extraction (HLLE),
dispersive liquid—liquid micro extraction (DLLME)
and dispersive liquid—liquid micro extraction based
on solidification of a floating organic drop
(DLLME-SFO). Among them, dispersive liquid—
liquid micro extraction (DLLME) firstly developed
by Rezaee et al. in 2006 [14].presented a micro
extraction technique, termed dispersive liquid—
liquid micro extraction (DLLME) based on ternary
component solvent systems. An appropriate mixture
of an extraction solvent and a disperser solvent,
with high miscibility in both aqueous and organic
phase (extraction solvent) is rapidly injected into the
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sample solution (aqueous phase). By this procedure
a cloudy solution (high turbulence) is produced,
which is consisted of fine droplets of the extraction
solvent, dispersed throughout the aqueous solution.
Consequently, the analyte is extracted into the fine
droplets of extraction solvent usually through
complex formation. After centrifugation, the fine
droplets are settled down at the bottom of the
conical test tube, removed by a syringe and
analyzed by various analytical techniques like gas
chromatography (GC) [15], gas chromatography—
mass  spectrometry (GC-MS) [16], high-
performance liquid chromatography (HPLC) [17]!

electro thermal atomic absorption spectrometry
(ETAAS) [18] and FAAS [19].

This method has been reported as a useful sample
pretreatment procedure due to its main advantages:
simplicity of operation, low time and cost, high
recoveries and enrichment factors, low consumption
of organic solvents, etc. Since its introduction,
DLLME has been applied for the extraction of
several organic and inorganic compounds mainly
from water samples [20].

2. Experimental
2.1. Apparatus

The HPLC system equipped with K-1001
quaternary solvent delivery pump with an online
degasser, a UVD K-2600 detector capable of
detecting at four wavelengths, and a sampling valve
with 20 puL sample loop (Knauer, Germany) was
employed. A reversed-phase Perfectsil Target C18
column (250 mm x 4.6 mm I.D., with 5 um particle
sizes) was used for separation at ambient
temperature and ChromGate software package was
employed to acquire and process chromatographic
data. The mobile phase used for the analysis
consisted of acetonitrile and water ratio of 60:40(1
(v/v) at a flow rate of 2 mL min 1. The wavelength
of detector was set at 280(1 nm. A BEL PHS-3BW
pH-meter (BEL, Italy) with a combined glass-
calomel electrode was used for pH adjustment. A
Hettich centrifuge model EBA 20 (Hettich,
Germany) was used for phase separation.

2.2. Chemicals and solutions

All chemicals such as Triton X-100, water,
acetone, methanol, chloroform, carbon tetrachloride,
dichloromethane and sodium chloride were highest-
purity grade reagents from Merck Company
(Darmstadt, Germany).

2.3. DLLME process

A 10.0 mL aqueous sample solution with the
ionic strength of 2.5% (w/v) NaCl, containing 0.01
mg L-1 of Triton X-100 compound was placed in a
12.0 mL screw cap glass test tube with conical
bottom. A 0.5 mL acetone (disperser solvent),
containing 130 pL chloroform (extraction solvent),
was injected rapidly into the sample solution by a
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1.0 mL Hamilton syringe (USA) and the mixture
was gently shaken. A cloudy mixture was formed in
the test tube. The mixture was centrifuged for 4 min
at 4000 rpm. The fine droplets of chloroform were
sedimented at the bottom of the test tube. Volume of
the sedimented phase was determined as 70 pL
using a 100 pL micro syringe. The sediment phase
is evaporated in room temperature. Then, 0.5 mL of
methanol was added to the sediment phase and 20
pL injected into the HPLC system for analysis.

2.4. Calculation of enrichment factor

The enrichment factor (EF) was defined as the
ratio between the analytes concentration in the
sedimented phase (Cseq) and the initial concentration
of analytes (Co) within the sample:

Csed
Cao

EF =
1)

The Cseq Was obtained from calibration graph of
direct injection of Triton X-100 standard solution in
the chloroform at the range of 0.01-10.0 mg L™".

2.5. Data analysis and statistical methods

For multi factor linear regression, statistical
analysis, and the polynomial equation, response
surface curve Minitab Trial Version 15 software
was used (Minitab, Inc.).

3. Results and discussion

The type of dispersive and extraction solvents
used in DLLME is an essential consideration for
efficient extraction. The extraction solvent should
be higher density than water, high extraction
capability of the interested compounds and low
solubility in water and dispersive solvent should be
miscible with both water and the extraction solvent.
Type of the extraction and disperser solvent will be
figured out by the elementary examination.
Therefore, acetonitrile, acetone and methanol were
tested as the dispersive solvents and chloroform,
chlorobenzene and 1, 2 dichloromethane were
studied as the extraction solvents. For determination

of type of extraction and disperser solvent, 9
experiments were performed that have been shown
in Table 1. Because sediment phase was not formed
in experiments 4, 5 and 6, therefore the results have
not achieved for these experiments. Through the
experiment the most suitable dispersive and
extraction solvent pair was selected as acetone—
chloroform solvent pair. Two levels of designing
was done to investigate effective factors on
extraction efficiency and to optimize them.

3.1. Screening design

Different variables can affect the extraction yield
in the DLLME process such as the types of
extraction solvent and disperser solvent and volume
of them, salt effect, volume of sample, extraction
time and initial pH of solution. An experimental 2-
level factorial was built for the determination of the
main factors affecting the extraction efficiency
(Table 2). This design is useful as with few
experiments it is possible to detect the most
important factors that affect significantly the
process [21]. The effects of the studied factors in the
screening experiment are portrayed in Figure 1 in
the form of a Pareto chart. Considering the positive
effect, the wvolume of extraction solvent
(chloroform) was the most significant factor and
was evaluated in the central composite design for
further assessment. The volume of dispersive
solvent (acetone) seems to be the next most
significant factor, with a positive effect on the
extraction efficiency. On the other hand, volume of
sample, addition of salt and sample pH showed low
positive effect and therefore, volume of sample 10.0
mL, amount of salt (NaCl) 2.5% (w/v) and natural
pH (pH = 6.2) was chosen for further experiments.

Finally, the factors that were considered in the
next optimization step were volume of disperser
(acetone) and extraction solvent (chloroform), time
of extraction respectively, was chosen for next step
experimental design

Table 1. Design experiment for determination of type of extraction and disperser solvent.

Number of experiment ~ Type of extraction solvents Type of disperser solvents Peak area

1 Chloroform Acetone 267658

2 Chloroform Methanol 207654

3 Chloroform Acetonitrile 45027

4 1, 2 dichloromethane Acetone 0

5 1, 2 dichloromethane Methanol 0

6 1, 2 dichloromethane Acetonitrile 0
Chlorobenzene Acetone 128442

8 Chlorobenzene Methanol 227818

9 Chlorobenzene Acetonitrile 99859
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Table 2. Assignment of factors and levels of the orthogonal array design.

Levels
Factors

1 2
V1: Volume of extraction solvent (uL) 50.0 138.0
V,: Volume of disperser solvent (mL) 0.15 15
V3: Volume of sample (mL) 5.0 9.0
t: Time of extraction (min) 0.9 6.0
S: Salt effect (%ow/v) 0.0 5.0
p: pH 4.0 9.0
Experimental Design
Trials no. Vi V, Vs t S P
1 -1 -1 1 1 -1 1
2 1 1 1 1 1 1
3 1 -1 -1 1 -1 1
4 -1 1 1 -1 1
5 0 0 0 0 0
6 -1 1 1 1 1 1
7 1 -1 1 1 1 1

0978 Where y is the dependent variables EF; x; is the

Term

F

06 08 10 12 14 18
Standardized Effect

A: Time of extraction (t)

00 02 04
B: Volume of sample
C: Volume of dispersive solvent (acetone) E: Addition of salt

D: Volume of extraction solvent (chloroform) F: Sample pH

Figure 1. Pareto chart of the main effects obtained from the 2-
level factorial design for Triton X-100.

3.2. Optimization design

This step is concerned with optimizing the values
of the significant variables in order to obtain the
best response. The second-order model correlating
the response function with the independent factors
could be established using the data provided by the
central composite design. There were three factors
chosen from the first screening experiments, so the
model takes the following form [22]:

0 ;% %;

3 3
3 3
N
i=1 =1 1t =1

(2)
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independent variable. The terms represent the
regression coefficient of the models. n is the number
of design evaluations. Ay is the deviation between
the observed and the predicted response in the
design point i and n. This equation following the
main effects, interaction effects, and quadratic
effects were optimized and evaluated in this design.
A3-factor, 3-level design used is suitable for
exploring quadratic response  surfaces and
constructing second-order polynomial models. In
this study, the three variables considered were
volume of chloroform (Vi) and acetone (V) and
time of extraction (t). The low, central, and high
levels of these variables, as well as the location of
their star points, are also given in Table3.

The five-level factorial design allows for the
fitting of a quadratic model to the data. The
mathematical models were obtained by applying an
edited Minitab program to perform the multivariate
regression analysis on the chromatographic data for
each design point. The second-order equation can
quantitatively describe the relationship between the
responses and independent variables, so that the EF
can be predicted at any point within the factor
domain, even though that point has not been
included in the design.

After fitting Eq. (2) by a least-squares regression,
the mathematical model obtained for the responses
is listed in Table 3. The experimental data shows a
good accordance with the second-order polynomial
equations. The coefficient of determination, R? were
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Table 3. Experimental variables, levels and matrix of the circumscribed central composite design.

Level Star point(a)
Variables

Low Central High - +a
Volume of Chloroform(V,) 68.0 pL 94.0 pL 120.0 pL 50.273 137.727
Volume of acetone(V5) 0.5mL 1.0mL 1.5mL 0.159 1.84
Time of extraction (t) 2.0 min 3.5min 5.0 min 0.977 6.023
Experiment number Vi(uL) V,(mL) t (min)
1 94.000 1.000 3.500
2 68.000 1.500 2.000
3 120.000 0.500 2.000
4 68.000 0.500 2.000
5 94.000 1.000 3.500
6 94.000 1.000 0.977
7 120.000 1.500 5.000
8 120.000 0.500 5.000
9 50.273 1.000 3.500
10 68.000 0.500 5.000
11 94.000 0.159 3.500
12 94.000 1.000 6.023
13 94.000 1.841 3.500
14 94.000 1.000 3.500
15 94.000 1.000 3.500
16 120.000 1.500 2.000
17 137.727 1.000 3.500
18 68.000 1.500 5.000
19 94.000 1.000 3.500
20 94.000 1.000 3.500

more than 0.95 (0.9611) for EF. The adjusted R? is
equal 0.99471 which indicated a good accordance
with the experimental data and a good fitting ability
for the model. Thus, the procedure demonstrates the
ability of the model to work as a predictive tool.

The five-level factorial design allows for the
fitting of a quadratic model to the data. The
mathematical models were obtained by applying an
edited Minitab program to perform the multivariate
regression analysis on the chromatographic data for
each design point. The second-order equation can
quantitatively describe the relationship between the
responses and independent variables, so that the EF
can be predicted at any point within the factor
domain, even though that point has not been
included in the design.

After fitting Eq. (2) by a least-squares regression,
the mathematical model obtained for the responses
is listed in Table 3. The experimental data shows a
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good accordance with the second-order polynomial
equations. The coefficient of determination, R? were
more than 0.95 (0.9611) for EF. The adjusted R? is
equal 0.99471 which indicated a good accordance
with the experimental data and a good fitting ability
for the model. Thus, the procedure demonstrates the
ability of the model to work as a predictive tool.

ANOVA and regression analysis is used to assess
the significance of the variables. Statistical
significance were evaluated on the basis of the
magnitudes of the coefficients in the regression
equation, which could also illustrate the relative
effects of linear, quadratic and cross-product
interactions between the variables (Table 4). The
lack of fit (0.174) was not significant (p > 0.05).
The three-dimensional (3D) response surfaces plots
relating EF with independent variables were
generated by Minitab software (Figure 2).
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Table 4. Coefficients of the regression equation for target analyte

A

Ao 80.681
Xo 18.854
X1 -4.963
Xz 5.438

X2 -6.710
X2 -4.502
R? 0.9961

(a)

Recovery

8

A
g
Recovery
2

g

©)

Recovery

Figure 2. Response surface plots when optimizing the following pair of factors, while maintaining constant the remaining one at its
mean values: (a) volume of extraction solvent- volume of disperser solvent (extraction time 3.5 min), (b) volume of extraction solvent-
extraction time (volume of disperser solvent 1.0 mL), (c) volume of disperser solvent-extraction time (extraction solvent 94.0 pL).

Also shows from result at high volume of
acetone, the solubility of Triton X-100 in water
increases, which will result in the decrease of the
extraction efficiency and at low volume, acetone
cannot disperse extraction solvent properly and
cloudy solution is not formed completely. As could
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be seen, extraction efficiency decreased with the
increase of the volume of acetone. Mass transfer is a
time-dependent process, and thus it is important to
set up the extraction time profile of the target
analytes so as to optimize the time parameter. In
DLLME, extraction time is defined as an interval
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between the injection of the mixture of disperser
solvent (acetone) and extraction  solvent
(chloroform) and starting to centrifuge. After
formation of cloudy solution, the surface area
between the extraction solvent and the aqueous
phase is infinitely large. As could be seen,
extraction efficiency increased with the increase of
time of extraction. By increasing the volume of
chloroform, the volume of the sedimented phase
increases, hence the effect of sedimented phase
causes enrichment factor to increase slowly.

According to results obtained from screening
and optimization study, the optimal experimental
conditions were: the volume of extraction solvent
137.7 uL, the volume of disperser solvent 0.6 mL
and extraction time 5.0 min.

3.3. Analytical performance

Quality variables including the limit of detection
(LOD and linear range were investigated to evaluate
the analytical performance of proposed method. The
LOD was obtained based on a signal-to-noise ratio
(S/IN) of 3 using distilled water spiked with the
Triton X-100 at very low level. The LOD value
obtained in this study was 3.0 pg L-1. The
employed working range was set from 0.01-100.0
mg L-1 (number of calibration points, N=7). The
experimental  results showed good linear
relationship between the peak area and the
concentration with a correlation coefficient of
0.9961. These results indicated the proposed method
had high sensitivity and stability and high potential
to be a powerful and suitable preconcentration tool
for trace analysis.

4, Conclusions

In this study, a new method based on
microextraction technique described as dispersive
liquid—liquid microextraction (DLLME) has been
developed to determine the Triton X-100 in water
samples. The optimization of the variables of
DLLME was carried out with the aid of response
surface methodology and experimental design. The
mathematical model developed for enrichment
factor to the main variables of DLLME proved to be
an efficient strategy for optimization of the DLLME
process. The proposed method greatly simplified the
optimization procedure of DLLME on contrast with
previous related studies. The resulting optimized
procedure allowed quantification of trace levels of
Triton X-100 in water samples whilst using
DLLME coupled to HPLC.

5. Acknowledgements

The authors gratefully acknowledge the financial
support for this project from the Semnan University
Research Council.

69

References

[1] A. Strancar, P. Raspor, H. Schwinn, R. Schutz and
D. Josic, J. Chromatogr. A 658 (1994) 475.

[2] P.-C. Tsai and W. H. Ding, J. Chromatogr. A 1027
(2004) 103.

[3] C. Vogt and K. Heinig, Fresenius J. Anal. Chem.
363 (1999) 612.

[4] J. J. Morelli and G. Szajer, J. Surfactants
Detergents 3 (2000) 539.

[5] J. J. Morelli and G. Szajer, J. Surfactants
Detergents 4 (2001) 75.

[6] M. Barco, C. Planas, O. Palacios, F. Ventura, J.
Rivera and J. Caixach, Anal. Chem. 75 (2003)
5129.

[7] R. Lander, M. Winters, F. Meacle, B. Buckland and
A. Lee, Biotechnol. Bioeng. 79 (2002) 776.

[8] Lorenzo H. Chen, Colleen E. Price, Aaron Goerke,

Ann L. Lee and Pete A. DePhillips J.
Pharmaceutical and Biomedical Analysis 40
(2006) 964.

[9] A. N. Anthemidis and K.I.G. loannou, Talanta 80
(2009) 413.

[10]JA. N. Anthemidis and M. Miro, Appl. Spectrosc.
Rev. 44 (2009) 140.

[11] F. Pena-Pereira, I. Lavilla and C. Bendicho,
Spectrochim. Acta B 64 (2009) 1.

[12] M. Miro, J.M. Estela and V. Cerda, Curr. Anal.
Chem. 1 (2005) 329.

[13] A. N. Anthemidis and I. S. I. Adam, Anal. Chim.
Acta 632 (2009) 216.

[14] M. Rezaee, Y. Assadi, M. R. Milani Hosseini, E.
Aghaee, F. Ahmadi and S. Berijani, J.
Chromatogr. A 1116 (2006) 1.

[15] A. Bidari, P. Hemmatkhah, S. Jafarvand, M. R.
M. Hosseini and Y. Assadi, Microchim.Acta 163
(2008) 243.

[16] W. C. Tsai and S. D. Huang, J. Chromatogr. A
1216 (2009) 5171.

[17] M.A. Farajzadeh, M. Bahrama and J. A. Jonsson,
Anal. Chim. Acta 591 (2007) 69.

[18] E. Z. Jahromi, A. Bidari, Y. Assadi, M. R. M.
Hosseini and M. R. Jamali, Anal. Chim. Acta 585
(2007) 305.

[19] M. A. Farajzadeh, M. Bahram, B. G. Mehr and J.
A. Jonsson, Talanta 75 (2008) 832.

[20] M. Rezaee, Y. Yamini, S. Shariati, A. Esrafili and
M. Shamsipur, J. Chromatogr. A 1216 (2009)
1511.

[21] R. Lopez, F. Goni, A. Etxandia and E. Millan, J.
Chromatogr. B 846 (2007) 298.

[22] R. H. Myers and D.C. Montgomery, Response
Surface Methodology, Wiley, New York, 2002.



Journal of Applied Chemistry Asghari et al. Vol. 7, No. 23, 2012

i mlommle zl sl 9,50 ey 5 eolitul b Of (s diges g3 XYoo g0 5 (655 o5l
ghaw gusly bgy oS b HPLC 4

O T

Il o o5 liouw ol o o oS

/-2IYD &j‘%a)l: LRTRYIAR c:_,ha; @)[} /-y C"éli)‘)c',)l:
:o..\ts.?

oo 28l axwg HPLC 5 isy glemle glisiinl 5,80 5l ookl b o (glo aiged joo XoVev (s 655 o3l (sl (o,
il o5 5 iz D08 « PH g Jolono 5 (gt oaisS iy IS 35,15) gl el Pl o Jto DLLME )b calisis
Pl gog0e al)] (b 53 (256 (g 5l enlial b e sl )sS (i sl 68 S8 GtalesT izl iads Sl g3l aite S
O paye Olye 4 63 e 55 (Phb gy a8 10 el 5 eae o, G LS e Gl (B 5l 03litul b s 05
e i e Vo aiged pz il wsg ke glel Gl g ol sy age pRLT Ll oS esliiul gl sl s
PH) PIV:PH « adds O s5gnds iles ploy o yid (s 17 0yl 00S Ay Pl on ¢ 23 S VYVIV (e 29 19) el P>
el S Vo bl Lalis jeuST6 ang Lalps conaido £1e gl sl Gloj 5 IS o (somm (35 1 Y10 (aisad Jolro (ol
Sl Ghey pais 9> g (bt AP Lol (Sheen cupi b pe)S e Verle B ee) edgame p3 (gl I (o
gyl S 98w Ve b plp KXoV e (g 5 (5 o3l

HPLC «isloj] b XV - 5555 DLLME :g0,lS oolels

E-mail: aasghari@semnan.ac.ir Olios ola3ls 4320 condh JLobiw] i Jggumo odduns s *

70



