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Salting out and vortex-assisted dispersive liquid-
liquid microextraction based on solidification of
floating organic drop microextraction (SO-
VADLLME-SFODME) for extraction and
determination of polycyclic aromatic
hydrocarbons (PAHs) in water and solid samples
followed by HPLC
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Khorramabad, Lorestan organic drop by using high performance liquid chromatography
with containing UV for pre-concentration, the extraction and
determination of polysiclic in water and solid samples followed
by HPLC was studied. In this method three integrated and
combined approaches have been adopted so as to maximize the
advantages of the approach used while minimizing their
disadvantages. The effects of experimental variables such as pH,
the type and volume of dispersive extracting solvents (ul, pH),
the volume of organic drop microextraction (extracting solvent),
salt density (concentration), centrifuge condition (time),
extraction time and temperature were examined, and the
process of optimization was obtained by using a software based
on Response Surface Methodology (RSM) and Box-Behnken
design [as the experimental model] and Desirability Function
(DF). This method has appropriate linear calibration between 0.2
to 800ug/L, and a significant limit of detection coefficient (r2>
9991) and low detection range (between 0.05 to 0.09 pug/L). The
above method was also applied for the successful determination
of polycyclic aromatic hydrocarbons in industrial was water,
water and soil samples PAHs) and the percentage of recycling,
repeatability and reproducibility, resulting in satisfactory results.
Simplicity, being economical, quickness, proper repeatability,
less consumption of organic solvent and efficient decomposition
are of the principal advantages (merits) of the proposed method
for the decomposition and determination of polycyclic aromatic
hydrocarbons (PAHs) in water samples.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are
fat absorbent organic compositions formed
from two or three aromatic cycles, dissipating
into the through human
activities [1-3]. These compounds (solutions)
have rather low solvability in water, with a
high tendency to absorb particles, dust
floating in the street air and colloid [4]. They
are decomposed when exposed to ultrasonic
light (extraction). Natural disasters such as
volcano eruption, forest fire, defective and
imperfect combustion of organic materials
available in soil and fossil fuels and industrial
sources (wastes and residual) such as car
industries, power plants, thermal systems
consuming oil and coal, cigarette and
imperfect combustion of synthetic fuels are
among the most important factors creating
polycyclic hydrocarbons [5-7].

These toxic compounds transfer into the
environment and the atmosphere through the
system, irreplaceable
environmental damages [8].

Humans are exposed to hazard through air
breathing as well as consuming agricultural
products. The highest density of polycyclic
aromatic hydrocarbons is found in the seas;
these combinations can be absorbed through
eating fish and vegetables and enter the
human food cycle, easily [9-11].

These compounds are of
importance that result in causing cancer and
creating high gene-mutation the cancer-
creating feature of PAHs is due to bending of
these combinations with great a molecule of
DNA and RNA. As a result of fat-loving
property of PAHs, after entering the body,
they accumulate and their harmful and
dangerous effects appear after a while [12-
15]. In 1970,
agency prepared a list of polycyclic aromatic
available in the environment [16], regarded
as some of the most toxic polycyclic aromatic
hydrocarbons.
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Banzo[a]pyrene is more cancerous than
other compounds mentioned above [17-18].
This property is so great that its amount in

drinking water must not exceed 200
nano/liter.
Due to the breakability property of

polycyclic aromatic hydrocarbon compounds,
their available amount in the environment is
very negligible, and therefore they require a
sensitive and a confident method such pre-
contrition and extraction of samples before
analyzing them via GC-Mass detection [19-
21]. The methods of preparation of samples
are considered as the first essential phase of
chromatography. In the past, sample pre-
parathion was usually based on liquid- liquid
or solid phase extraction that are time-
consuming and need large samples and toxic
solvents. Therefore, it is necessary to offer
new methods of sample preparation with
special merits such as being sensitive, fast,
reducing organic solvent volumes, costs,
extraction time, being compatible with the
environmentally friendly, preventing the
sample from was in to during the extraction
process, pre-concentration of species before
chromatography
extraction efficiency process, capability of
self-automation  and ability
compared with common old methods [22-24].

Moreover, PAHs determination in the soil
needs further process due to low density and
complicated infrastures, direct floating drop
microextraction and salting out are
approaches that have been extensively used
in analytical chemistry [25-26].

So far various approaches have been used
to determine PAHs, some of which include
solid phase microextraction (SAME) and GC-
MS, nanocomposite as an absorbent for the
dispersive

analysis, improving

selective

solid-phase extraction,

microwave-assisted extraction, ultrasonic
extraction, single-drop micro extraction with
GC-MS detection, solid-phase
extraction based on modified single-layer

nanocomposite fiber, solid-phase fiber micro

micro

extraction, accelerated solvent extraction,
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dispersive
solid phase micro extraction by GC-MS,
dispersive solid phase micro extraction nano

liquid-liquid micro extraction,

modified iron dust with cholesterol, and nano
modified magnetic iron dust with graphene
for extraction.

Salting out is regarded as one of the most
applied approaches for pre-concentration
and extraction of a lot of organic compounds.
In this approach organic liquid-based
solvents such as EtOH, MeOH, CHsCN,
propanol and etc. are used as solvent [25-29].

As water-based solvents and water phase
are homogenous, extraction time in this
method is highly short because of their
extremely high connections
between organic and liquid phase. Another
advantage of salting out method is its
comparability of used solvents with a liquid
chromatography device having high efficiency
[30].

In this method the solvent is located above
and the liquid phases are placed below.

interactive
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Therefore, collecting low volumes of the
water-based solvent is really a difficult task
due to its being spread on the sample surface,
limiting using this method for large volume
samples of the solvent. Collecting solid-phase
after the extraction and freezing at ice-bath is
used in this method by somehow like hanging
solid-phase, which will keep the liquid phase
separate without waste, and it is one
difficulty associated with solid organic drop
microextraction. This is the technique that
has been used for the first time [31-33].

The present aimed at
introducing the solidification off-loading
organic drop microextraction by a salting out

research is

and Vortex-assisted dispersive liquid-liquid
microextraction for extraction of
naphthalene, fluorene, phenanthrene,
anthracene and pyrene (Figure 1) to remove
the obstacles and highlight their advantages
[34-35].

0 OO 3O

fluorene anthracene phenanthrene
naphthalene Pyrene
FIGURE 1 Polycyclic aromatic hydrocarbon (PAHSs) chemical structure
PBD, BBD and ANOVA were utilized to experiments through response surface
evaluate the effects of independent variables methodology, we can obtain the most

to optimize variables affecting. Response
surface methodology, as a further approach,
helping to optimize variables and to show the
effects of factors on the experimental results,
has also been used. Besides, it depicts the
interaction between variables. In designing

information by the fewest number of
experiments [36-38].

Designing experiments to determine
objectives and variables affecting them is
conducted and then goals and objectives are

expressed as a mathematical equation.
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The accurate number of optimized
variables experimented with mathematical
equations.

To achieve the goals and variables,
selecting experiments were carried out at
first, and then optimization variables were
chosen by using a response surface approach

[39-43].
Experimental

Chemicals and reagents

Naphthalene, fluorene, phenanthrene,
anthracene, pyrene, acetone, methanol,
ethanol, acetonitrile, ammonium sulfate,

sodium chloride, magnesium sulfate, sodium
sulfate, potassium dihydrogen phosphate, 1-
undecanol, 1-dodecanol and 1-decanol were
purchased from  Merck  (Darmstadt,
Germany). A stock standard solution of
phenol, naphthalene, fluorene, phenanthrene,
anthracene and pyrene, were obtained by
dissolving PAHs reagent
Working standard solutions were prepared
daily by diluting the stock standard solution
with double distilled water (DDW) to the
required concentrations.

in the water.

Instrumentation

Analysis of naphthalene, fluorene,
phenanthrene, anthracene and pyrene was
done using the HPLC system (model platin
blue, Knauer, Germany) equipped with a UV-
detector (Well chrome, K-2600; Knauer), and
areverse-phase Cig column (length ID 100 x 3
mm, particle size, 3 pm, packing material
Eurospher (II) 100-3 Cys, vortex plus column,
KNAUER) operating at a wavelength of 283
nm, dual solvent pump (model LC-10Avp)
and aerodyne model platin blue injector with
1uL was used for separation. The mobile
phase was made up of methanol and
phosphate buffer (35:65, v/v) adjusted to pH
5.9. The flow rate was set at 0.9 mL min-L.
The pH measurement was done with a 780
pH meter (Metrohm, Switzerland) equipped

G. Basatiet al.

with a combine Ag/AgCl glass electrode. A
Vortex (Biosan model V-1 PLUS, Republic of
Latvia) was used in the extraction procedure.

SO-VADLLME-SFODME procedure

Salting out and vortex-assisted dispersive
liquid-liquid micro extraction based on
solidification of floating organic drop micro
extraction method includes 4 steps (Figure
2). Initially 10 ml of liquid solution containing
PAHs (naphthalene,
anthracene and pyrene, and fluorene) was
prepared and then 400 pL of ethanol
(distributing phase) including 60 pL of 1-
dodecanol (extracting solvent) with pressure
was injected very quickly into the solution
from the top by an injector and it was
vortexed for 6 minutes. 1.4 ml of salt solution
of sodium sulfate 10% (w/v) was added to
the solution very fast, and vortexed for 5
minutes at a speed of 3000 rpm, and 1-
dodecanol at a high level of aqueous sample
was observed due to low density. At the next
step, designed lace hook made of stainless
steel was put in the experiment tube to
transfer into ice bath. After 6 minutes,
organic solvent 1-dodecanol became solid as
the result of low melting temperature (24 °C)
and following taking out the rich, solid, and
metal net from polycyclic
hydrocarbon samples were put
container with 1.5 ml capacity and to 10 pL
ethanol diluted, and then nearly 1 pL was
injected to HPLC by Hamilton syringe and
with a high efficiency (Figure 2).

We used drinking (mineral) water bottles
without doing any preparation work on it, but
sewerage water after passing from filtering
paper with being distilled twice in a
proportion of 1:1 was diluted in the Ilam
petrochemical company and
petrochemical company, respectively. Soil
samples were initially prepared by ethanol
solvent, for 5 minutes and was used in section
(SO-VADLLME-SFODME  procedure),
being softened and diluted in water.

phenanthrene,

aromatic

into a

near the

after
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Sodium solfate_

stainless steel

Ice Bath

FIGURE 2 salting out and vortex-assisted dispersive liquid- liquid micro extraction based on

solidification of floating organic drop

Results and discussion
Optimization of the SO-VADLLME-SFODME

In order to enhance extraction efficiency, the
effects of various factors, especially the type
and volume of organic extractor solvent, the
volume of organic dispersive solvent and salt,
type and its density, the speed of riling the
sample and centrifuge time were studied
separately.

Selecting the type of organic extracting
solvents

To optimize the type of extracting solvent in
the method, selecting an appropriate
extracting solvent from 1-dodecanol, 1-
decanol and 1-undecanol is an essential step.
Extracting an appropriate solvent in this
method has such characteristics as follows:
Immiscibility with water, being less solvent
dielectric constant, being economical and
available, being stable with few fluctuations
and changes, high extracting efficiency,
having a lower density than that of water, and
a melting point at a range between 10-30 °C
(somewhat near our room temperature), and

being toxic at a very low level. Considering
characteristics, we selected 1-
dodecanol with a density of 83% gr/ml and a
melting point ranging between 10-24 °C as
the extracting solvent in identical conditions.
The results, shown in Figure 3, indicate
that 1-dodecanol offer higher efficiency
compared to the other solvents. Using various
organic solvents to obtain drops with the
same volume and higher extraction efficiency
of undecanol may be due to the following
reasons:
1) Aromatic hydrocarbons are polycyclic and
among solvents mentioned as 1-dodecanol
has lower polarity.
The lower the dielectric constant of a solvent
is, the less interaction with water, it has, and
therefore it would be easier to separate from
the aqueous phase.
The effects of salt type being surrounded by
molecules of water, ions of salt, reduce
breakability degrees of different types in the
water phase. To select salt, the following

these

elements must be taken into consideration,
(1) salt solubility in an organic solvent must
be very negligible. (ii) Salt solubility must be
extremely high in aqueous phase.
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FIGURE 3 the effects of organic extracting solvent with frustration temperature point at a room
limits on the extraction efficiency of naphthalene, phenanthrene, anthracene and pyrene and FT

under the identical condition

To pick out appropriate salt, the extraction
efficiency of ammonium sulfate (solubility in
water 44% gram in 100 ml, and the
temperature of 20 °C), sodium chloride,
(solubility in water 39% gr in 100 ml) and
magnesium sulfate (solubility in water 35.1
ml, at the temperature of 20 °C) were studied.
As the solubility of the above-mentioned salts
in the water is different to obtain the highest
extraction productivity, the same volumes of
5% (w/v) in an identical condition were

added based on the method expressed in
section.

Figure 4 shows that compared with the other
two types of salt, sodium sulfate has high
efficiency in the polycyclic aromatic
extraction. This can be due to the more
solubility of ammonium sulfate in water and
its better salting out effects. Therefore,
sodium sulfate was selected for further/the
next experiments.
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FIGURE 4 The effects of salt type on the extraction efficiency of naphthalene, phenanthrene,
anthracene and pyrene and fluorene under identical conditions

Before picking out the effects of the type of
dispersive solvent two measures, namely
being nontoxic breakability in the water
phase and economic benefits, based on using
solvents like acetonitrile, acetone, methanol
and ethanol should be taken. To achieve this

goal, a certain amount of liquid solution
solvents containing 60 pL of each dispersive
solvent at certain volumes of 1-undecanol at
first was injected by Hamilton syringe with
pressure.
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As a result of the experiment, ethanol was
selected as the optimal dispersive solvent
with the highest productivity and efficiency
(Figure 5).
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Figure 5 demonstrates the effects of
various dispersive solvent on the efficiency of

the  polycyclic aromatic
extraction.

hydrocarbon

Ethanol Methanol

type of dispersive solvent

FIGURE 5 The effects of dispersive solvent type on the efficiency of naphthalene, phenanthrene,
anthracene and pyrene and fluorene on extraction efficiency under the identical condition

Plackett-Burman Design (PBD)

Plackett-Burman Design is a powerful
instrument with fast searching for main and
key variables in multi variable systems and
due to its simplicity, it could also be one of
highly useful approaches in the initial process
of optimization.

Using symbols of +1 (or +), -1 (or -) for
upper and lower variables respectively is the
most common approach to show the levels of
variability. The symbol of zero represents
central point’s variables. Among 7 variables
for solvent extracting volume of salt (uL), the
volume of salt with 10% (w/v), the volume of
dispersive solvent (pL), vortex extraction
time (the first phase) and in the second phase
vortex extraction and centrifuge time,
variable affecting extraction efficiency were
riddled by using PBD and optimized through
Response Surface Methodology LRM and Box-
Bohnken Design (BBD). In Table 1, levels of
variables their relevant code, the number of
required experiments and the
obtained for each experiment are reported.
Selecting these variables is based on SO-
VADLLME-SFODME method and their

results

relevant levels have also been in accordance
with initial experiments. To reduce the effects
of uncontrollable variables, experiments were
carried at random.

In order to estimate errors and
repeatability two central points were used.
The results obtained from Table 1 were
analyzed by using a Pareto chart (Pareto
optimization).

Figure 6, Pareto chart, implies the fact that
variables affecting the result of the
experiment include:

The volume of dispersive organic
extracting solvents (uL), pH, the volume of
salt solution with 10% w/v concentration,
which passes through the broken lines
showing a 95% confidence level. The three
remaining variables, i.e. vortex extraction
time, had no significant correlation with
effect on the results of the experiment. It is
probable that each variable has a positive or
negative effect on decomposable response.
Positive effect means decomposable response
increases with a change in (an increase) the
volume of the given variable and vice versa,
and negative effect represents a decrease in
decomposable response with changing the
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volume of variable. The vortex extraction
time (the first phase) and the second phase of
vortex extraction time as well as centrifuge
time has a negligible positive effect on
extraction efficiency. As a result,
variables were kept at low level of 2 minutes
to conduct the next experiments, but the first
phase of vortex extraction time and the

these

G. Basatiet al.

second phase of it centrifuge time were held
at a mid-level of 6 minutes. Increasing salt
volume caused an improvement in extraction
time through salting out effect, though it did
not have a significant effect. Adding salt to
solution sample led to an increase in viscosity
of aqueous phase while caused a decrease in
transferring mass of species.

TABLE 1 levels of variables, their relevant codes, the number of required experiments and
results obtained for each experiment in Plaket-Barman design to extract naphthalene,
phenanthrene, anthracene and pyrene and fluorene

Factors Levels
Low (-1) Central (0) High (+1)
(X1) Solvent extracting volume (puL) 10 50 100
(Xz) pH 2 5 10
(X3) Volume of dispersive solvent (uL) 150 375 600
(X4) Volume of salt (sodium Sulfate ) with 10%w/v 0.5 1.25 2
(Xs) Vortex extraction time (first phase)(min) 2 5 8
(Xe) Vortex extraction time (second phase)(min 2 5 8
Centrifiuge time (min) )Xz( 2 6 10
Run X1 X2 Xs X4 X5 X6 X7 Total peak
Area(x10¢)
1 100 2 600 2.00 2 8 2 57.6
2 100 10 600 0.50 8 8 2 37.9
3 10 10 150 0.50 2 8 10 49.6
4 100 2 150 0.50 8 8 10 41.3
5 10 2 150  2.00 8 8 2 76.3
6 10 2 600 2.00 8 2 10 79.1
7 100 2 600 0.50 2 2 10 47.1
8 10 2 150 0.50 2 2 2 74.3
9-Cp 55 6 375 1.25 5 5 6 82.4
10 10 10 600 0.50 8 2 2 64.1
11 100 10 150 2.00 8 2 10 27.6
12 10 10 600 2.00 2 8 10 61.1
13-Cp 55 6 375 1.25 5 5 6 78.2
14 100 10 150 2.00 2 2 2 42.1

Figure 6 Pareto chart was obtained from
Box-Behnken for the extraction of
naphthalene, phenanthrene, anthracene and
pyrene and fluorene: (positive effect) and
(negative effect).

(x1) stands for solvent extracting volume
(uL), pH (x2) represents the volume of
dispersive solvent (uL),
volume/concentration of salt, sodium sulfate
(w/v), (x4) indicates vortex extraction time
(the first phase), and (min) x5 shows vortex

(x3) shows the

extraction time (the second phase) (min) (xs)
and demonstrate centrifuge time (min) (x7)

Box-Behnken Designs (BBD)

Box-Behnken Designs experimental model is
usually expressed as an Equation 1. This is in
from of a multi variable second order
equation based on an incomplete factorial
design with vast applications to determine
optimal conditions of the experiment, each in

accordance with the cited values of codes.
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Y=Bo + Y, Bi-Xi + ), BiirXi% + ), By XiXj+ & (1D

In this equation y (dependent variable)
indicates decomposable response (total peak
area), B is model constant, 3; Bi and f; show
linear, second order and interaction between
variables, respectively. Independent variables
X1, X2, X3 and X4 represent coded factors of
independent variables. As a matter of fact,
these processes of optimization contain 3
steps:
1-Conducting designed experiments,
2-estimating coefficients in a mathematical
model, and
3-Predicting results
quality of established model. Here in this
experiment (Scheme) we used 3 central
points based on the number of variables and

and evaluating the

central points in accordance with the
Equation 2.
N= 2K (K-1) +Cp (2)

Where N represents the number of
experiments, K is the number of variables and
Cp stands for central points.

In Table 2 the results of experiments
carried out by Box-Behnken design, including
variable their relevant codes, the
number of required experiments and the
obtained rescue for each experiment are
reported. To reduce the
uncontrollable variables, experiments were

level,

effects of

conducted randomly. After selecting an
appropriate mathematical model, and
statistical analysis of data, we studied the
properness of the empirical model as well as
drawing optimization and diagrams by using
Mini-Tab and Design Expert software’s. After
identifying and determining significant
variables in placket-Burman design optimal
conditions, we used a four-variable PBD,
including the volume of organic extracting
solvent (uL) (x1), pH (x2), the volume of
dispersive solvent (x;), and salt concentration
of Sodium sulfate (10% w/v), respectively,
(x4), and coded factors of independent
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variables. In order to prevent uncountable
errors, the experiments related to BBD were
carried out randomly. In Table 2, the name of
variables, their relevant codes and levels have
been offered. In the last column of the Table
2, experiment results in terms of total peak
areas of naphthalene, phenanthrene,
anthracene and pyrene and fluorene as well
as predicted peak areas are reported.

Obtained results from Table 2 were
reviewed and analyzed by using a Pareto
diagram.

As it is observed, the linear effect of the
line crossing through the vertical dotted area,
showing the confidence interval of 95%, on
experiment results such as four discussed
variables, was significant (meaningful). The
four variables included:

e Solving extracting volume (uL) (x1)
pH (x2)
volume of dispersive solvent (puL) (x3)

e volume/ concentration of (Sodium sulfate)
with 10% w/v) (uL) (x4)

The reported results in the Pareto chart of
PBD were consistent with those of Pareto of
BPD (Figure 6). Linear effect (L) and second
order (Q) of each variable except for the
volume of dispersive solvent were significant
as well.

We used variance analysis to evaluate the
results obtained from schedule (Table 4). The
results from analysis (ANOVA) of BBD is
repotted in Table 3. The P values in Table 2
reveals that, with confidence level certain
terms in the model are significant (P values
<0.05), though some others are not (P values
>0.05). When the P value is greater than 0.05,
it means lack of fitness (LOF), which is equal
to 0.2035 here, showing that the model
designed to process experimental data has
been appropriate. As reported in Table 2, the
coefficient of determination (r2) is 0.9845,
indicating ability of the model to process the
empirical (data strong and significant
correlation between variables).



Page |735 Eurasian
Chemical

Communications

G. Basatiet al.

) sAmI
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FIGURE 6 Obtained Pareto diagram in BBD to extract naphthalene, phenanthrene, anthracene
and pyrene and fluorene

TABLE 2 ANOVA results obtained by Box-Behnken design for extraction of naphthalene,
phenanthrene, anthracene and pyrene and fluorene

Sum of

Source df MeanSquare F-value p-value
Squares
Model 7.627E+15 20 3.814E+14 1088.42 <0.0001 significant
A- Volume of
extracting 1.298E+15 1 1.298E+15 3704.03 <0.0001
solvent(puL)) -X1
B- pH -(X2) 9.168E+13 1 9.168E+13 261.66 <0.0001
C-Centrifiugetime 5000 14 1 53826414 153618 <0.0001
(min) )Xs
D- Volume of
dispersive solvent 7.331E+14 1 7.331E+14 2092.20 <0.0001
(uL) —(Xa)

E-Xs-Salt 1.398E+14 1 1.398E+14 399.09 <0.0001
X1X2 3.306E+13 1 3.306E+13 94.36 <0.0001
X1X3 1.225E+11 1 1.225E+11 0.3496 0.5609
X1Xa 4.900E+11 1 4.900E+11 1.40 0.2508
X1Xs 4.692E+13 1 4.692E+13 133.92 <0.0001
X2X3 4.000E+10 1 4.000E+10 0.1142 0.7390
X2Xa 5.550E+13 1 5.550E+13 158.41 <0.0001
X2Xs 1.332E+13 1 1.332E+13 38.02 <0.0001
X3X4 6.864E+14 1 6.864E+14 1959.16 < 0.0001
X3Xs 9.923E+12 1 9.923E+12 28.32 <0.0001
X4Xs 1.166E+14 1 1.166E+14 332.90 <0.0001
X4 1.774E+15 1 1.774E+15 5062.71 <0.0001
X2? 2.053E+15 1 2.053E+15 5860.45 <0.0001
X3? 3.102E+14 1 3.102E+14 885.32 <0.0001
X4? 4.916E+14 1 4916E+14 1403.19 < 0.0001
X52 3.501E+14 1 3.501E+14 999.34 < 0.0001

Residual 7.007E+12 20 3.504E+11

Cor Total 7.634E+15 40

Lack of Fit 8.82000E+12 4  8.82000E+12  0.81 0670  not
significant
R? 0.9991
Adjusted R? 0.9982
Predicted R? 0.9247
Pure Error 8.82000E+12 1 8.82000E+12
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In addition, the quality of the fit of
polynomial equation
interaction between decomposable responses
of total peak area (Y) and significant
variables.

Y=+7.860x107+9.006x106X;-
2.494x106X,+5.800x106X3-+6.769x106X4--
+2.956x106X5-2.875x106X1X2-1.750x 105X X3-
3.500x105X1X4-
3.425x106X1X5+1.000x 107X X3
+3.725x106X,X4-1.825x106X,Xs-
1.310x107X3X4+1.575x106X3Xs-
5.400x106X4X5-2.393x107X,2-2.575x107X;2-
1.001x107X32-1.260x107X42-1.063x107X52

model shows the

ey
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0,
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The interaction among naphthalene,
phenanthrene, anthracene, pyrene and

fluorene has been demonstrated in three
dimensional diagrams (Figure 7).

Considering the value of P-value in the
analysis table and three imensional diagrams,
we have demonstrated significant interaction
between variables
L.linear and Q: second order derivatives
volume of organic extracting solvent (pL)
(x1), pH (x2), volume of dispersive solvent
(uL) (x3), - volume of salt concentration
(Sodium sulfate) with 5% w/v) (uL) (x4),
demonstrate centrifuge time (min) (x7).

Frssses
RIS
oot AR ARIEIRICIIRS

RS e RRRSS
SR 259,25 7050,9 Sl
ot SR

250

A: solvent extracting volume (uL), B: pH, C: Centrifiuge time (min), D: volume of dispersive solvent (uL),
E:volume of salt ( Sulfate Sulfate ) with 10%w/v

FIGURE 7 three dimensional diagrams in BBD to extract naphthalene, phenanthrene,
anthracene and pyrene and fluorene.(x1) Volume of extracting solvent (pL), x3 volume of
dispersive solvent (uL), (x1) salt concentration (Sodium solfate) with 5% w/v) (uL)

In the next step, empirical data were
obtained to evaluate normal distribution the
reminder decompositions.

The results in Figure 8 show that the
errors were distributed according to normal
distribution Function, while no specific
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pattern is observed in the diagram. This fact
shows lack of fit (LOF), a specific systematic
error in the used model. The liner relation
between values of total peak area was
measured and the used empirical model
showed that the linear regression coefficient
r2 (Determination regression coefficient r?) is
equal to 99.91, implying that 99 percent of

G. Basatiet al.

extraction efficiency values is related to [in]
dependent variables and only 2% these

changes cannot be explained by the
prediction model. High values of r? is
therefore another confirming sign of

properness of suggested (empirical) model,
used in the present study.

New Solvent pH Cenrifug Dispersi Salt
I'c”gh [6%0002'86] [51807'[1]6] [615]3'861 [40620 %’5042] 1 %'9056]
ilg . . . . .
10000 1w 10,0 20 20 150.0 0.50
Composite
Desirability
1.0000
Aera / \ /\
Maximum
y = 8.004E+07
d =1.0000

FIGURE 8 Normal distribution diagram for the reminder (decompositions), to

extract

naphthalene, phenanthrene, anthracene and pyrene and fluorene

Predicted vs. Actual
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FIGURE 9 The linear relationship between the predicted values measured by the empirical

suggested model

To obtain the optimal value of each
variable we used the desirability function.
According to the results reported in Table 2,
the highest and the lowest values of total
peak areas are 2.7x106 and 82.4x10¢

respectively. And thereby, desireability! is set
to the highest value total peak area, zero for
the lowest and 0.5 for an average result
(58.48x109).
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The results obtained from desirability
function in Figure 2 show that by increasing
the volume of organic extracting solvent (uL)
from 10 to 100 pL the extraction efficacy
decreases and in volumes less 60 (uL) less
than 10 pL, extraction efficacy is also low, due
to insufficiency of solvent volumes for
(various) types; in volumes more than 10uL
this variable is decreasing as well, because of
an increase in volume and there by diluting
analytes concentration.

The effects of the volume of dispersive
solvent on extraction efficiency were
examined in a range from 150 to 600 pL. The
results in Figure 2 illustrate an increase in
(dissoluble) results up to 403uL of dispersive
solvent. The reason for this reduction in
extraction efficiency while using volumes less
than 403uL is that the solution still has the
capacity and maintainability as well as
eliminating more analysts. Desirability
function diagrams are proper and the most
total peak areas that are obtained using
solvent extracted (1-undecanol, 60 pL ),
dispersive solvent (403 pL), salt volume (1.4
ml), sodium sulfate (5% w/v) and pH - 5.9.
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To check whether there is consistency
between optimal results with obtained from
desirability function and empirical or not,
repeated experiments were also carried out.
Obtained demonstrate
consistency and coincidence between theory
and empirical experiments, with the error
level less than 4.6%.

To evaluate the method used in the
present research, we calculated the figures of
merit such as linear ranges (LRs), limits of
detection (LODs), limits of quantification
(LOQs), enrichment factors (EFs) and r2. The
results achieved, are reported in Tables 3 and
4.

retrieval values

Calibration curves for naphthalene,
phenanthrene, anthracene (at a concentration
level of 10) and for pyrene and fluorene, at
concentration levels of arc were depicted.

To calculate the enrichment factor and
limit of detection, equations of (1) and (2)
were used respectively.

Moreover, to calculate the limits of the
quantifications, equation (1) has been used.

In above elongation m shows the slope of
the calibration curve and Sy stands for the

standard deviation.

TABLE 3 Analytical figures of merit, proposed So-VAPLLME method

fraliie LRs LODa LOQP
(ngL1)2 (ngL?1) (ngl?)
Fluorene 0.5-800 0.09 0.20
Anthracene 0.5-800 0.07 0.23
Fenantern 0.2-600 0.05 0.25
Pyrene 0.2-600 0.06 1.09

aDetection limits are calculated as signal to noise ratio of three times.( LOD =3Sp/m)

RSD% RSD%
r2 EF (within day, (between day,
n=5) n=5)
0.9961 186 4.1 4.7
0.9969 162 3.8 4.9
0.9934 139 3.9 5.2
0.9947 147 2.8 4.3

blimits of quantification(LOQ =10Sp/m) ('s' and m are the standard deviation and the slope of each

calibration curve, respectively).

Analysis water, vegetables and fruits samples

The volume of recycling of naphthalene,
phenanthrene, anthracene, pyrene and
fluorine were analyzed by So-VAPLLME-SFO
DME method and by adding various amounts
of standard solution of procyclic aromatic
organic hydrocarbons. As for the sample from
tap water, mineral water industrial sewerage

water, river and irrigation water for
vegetables and fruits were evaluated. To
calculate the recycling percentage, we used
the formula 1-3, the recycling percentage of
procyclic aromatic hydrocarbons.

In Table 4, recovery percentage (%) of
polycyclic aromatic hydrocarbons at 3

concentration level 10,200 and 400 ug/L for
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naphthalene, phenanthrene, anthracene and
pyrene and fluorene as well concentration
levels of 10,200 and 400 ug/L for
phenanthrene and anthracene are reported.

To obtain the accurate level of proposed
method, formula 4 was used. The results
indicate more than 88.2%
compositions (solutions) is recovery by the
method mentioned, with on error of less than
2.9%.

Recovery of aromatic
hydrocarbons  from (water),
vegetables and fruits samples are listed in
Table 4.

of mentioned

polycyclic
aqueous

G. Basatiet al.

Chromatograms of water, vegetables and
fruits samples, after applying the method
proposed are displayed in Figure 10.
According to obtained chromatograms and
values reported in Table 4, some of solutions,
studied in this research, in waste water and
river water were detected.

The results showed that among vegetables
and fruits, cabbage and cauliflower were
polluted with a number of polycyclic aromatic
hydrocarbons.

The volume found in cabbage and
less than limits of

so-VADLLME-SFODE

cauliflowers
qualification
method.

were

(LOQ)
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FIGURE 10 The chromatogram of (a) standard of analytes (1; naphtalene), (2; pyrene), (3;
phenantherene), (4; fluorene), (5; anthracene) (b) Tap water (Ilam river); and (c) Wastewater, spiked at
200 pg L-1of each, after SO-VADLLME-SFODME method under optimal conditions naphtalene, naphtalene,

anthracene, pyrene and fluorine

Extraction conditions: Using 60 pL from
(1-undecanol), 403 pL from dispersive

solvent, pH 5.9 and salt volume of 1.4 mL salt,
sodium sulfate (5% w/v)

TABLE 4 Recoveries and RSD (%) (n = 3) obtained for different water and wastewater samples.
Spiked of Naphtalene, naphtalene, anthracene, pyrene and fluorine

Recoveries (RSD%)
Amount add (pg L1)
sample Compound  Amount found (pug L-1+SDa) 10 200 400
Naphthalene 6.8 96.7(3.1) 98.6(4.2) 99.3(3.5)
Tap water Fluorene 7.7 95.5(4.3) 97.1(3.1) 96.4(3.2)
(llam,Iran) phenantrene 9.8 96.3(3.1) 99.5(29) 94.7(5.2)
’ Anthracene ND 88.2(3.8) 96.6(4.2) 96.8(4.7)
Pyrene ND
Wastewater Naphthalene 6.4 95.3(48 99.1(4.2) 98.1(3.8)
Collected Fluorene 9.7 97.8(5.0) 97.2(4.1) 97.5(3.1)
from a phenantrene 12.8 98.6(3.2) 97.6(4.3) 98.2(4.1)
municipal Anthracene 3.8 98.8(4.8) 95.8(3.8) 93.7(4.7)
wastewater
treatment Pyrene 6.5 97.7(3.8) 93.8(4.3) 93.5(4.7)
plant

Determination of low concentrations of PAHs in water samples
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Conclusion

Upper space-solid-phase micro extraction,
soxcole, solid phase micro extraction and gel-
agarose- liquid phase micro extraction for
polycyclic hydrocarbons
extraction have been reported. The efficiency
of salting out liquid-liquid extraction (SALLE)
is observed.

Combined with Vortex-assisted dispersive
liquid-liquid micro extraction based on
solidification of floating organic drop method
has been applied (used) as a simple, fast and
method for

aromatic micro

accurate determination of
polycyclic hydrocarbons. The
advantages of this method compared with
solidification of floating organic drop micro
extraction and salting out approach are as
follows:

1. Using a solvent compatible with the
environment (an friendly
method) and liquid chromatography with
high and effective performance.

2. Being faster in micro extraction and
reducing extraction time of salting out and
Vortex-assisted dispersive liquid-liquid micro
extraction based on solidification of floating
organic drop micro extraction

3. Collecting the organic extracting solvent
easily, by using an innovative and simple net
as well as preventing wasting of solvent and
integrating liquid;

4. further enhancing extraction efficiency
compared with other methods;

5. having the merit of salting out and
dispersive micro extraction method;

6. not using surfactants; and

7. integrating three extracting methods
together to increase extraction efficiency.

aromatic

environment
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