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Ultrasound-assisted  emulsification  microextraction  (USAE-ME)  procedure  coupled  with  UV–vis  spec-
trophotometric  measurement  has  been  developed  for determination  of thiocyanate  ion (SCN−)  in  water
and biological  fluids  samples.  The  method  is  based  on  protonation  of SCN− ions  in  acidic  medium  and
extraction  of  thiocyanic  acid into  fine  droplets  of  chloroform  as an  extraction  solvent  contains  rhodamine
B  (RhB).  The  RhB  was  protonated  in presence  of  thiocynanic  acid to form  highly  colored  ion-pair  complex
of [thiocynate][RhBH+] in  chloroform,  which  used  for subsequent  spectrophotometric  determination  of
SCN− ions.  Experimental  parameters  for both  spectrophotometric  reaction  and  USAE-ME  procedure  have

−

ltrasound-assisted emulsification
icroextraction

hiocynate ion
hodamine B
V–vis spectrophotometry
rine

been optimized.  Under  optimized  conditions  the calibration  curve  for  SCN showed  good  linearity  in the
range  of  38.0–870.0  ng  mL−1 (R2 =  0.9967).  The  limit  of  detection  (S/N =  3)  and  preconcentration  factor
were  5.0 ng  mL−1 and  40, respectively.  Relative  standard  deviation  for determination  of 200  ng  mL−1 of
SCN− was  2.8%  (n = 5).  The  proposed  method  has  been  successfully  applied  for  determination  of  SCN−

ion  in  tap  water,  mineral  bottled  water  and  human  saliva  and  urine  samples  with  an  average  recovery  of
99.2%.
aliva

. Introduction

Thiocyanate ion (SCN−) usually exists in the industrial wastew-
ters, pesticides residues and organism metabolites [1].  Low levels
f SCN− that normally present in human body fluids (e.g. serum,
aliva, urine) are produced during digestion of some vegetables
cabbage, turnip, kale) [2] or by intake of thiocyanate-containing
oods such as milk and cheese [3].  Higher concentrations of SCN−,
hich is a major metabolite of cyanide, in physiological fluids arise

rom exposure to cyanide, inhalation of fires or tobacco smoke [4].
he presence of SCN− in body fluids may  indicate cyanide expo-
ure. Since SCN− is an end product of detoxification of hydrogen
yanide included in cigarette smoke, its excretion in urine and
aliva can provide a useful marker of exposure in smokers and non-
mokers [1].  Although the toxicity of SCN− is significantly less than
hat of cyanide, chronically elevated levels of SCN− can inhibit the
ptake of iodine by the thyroid gland, thereby, reducing the for-
ation of thyroxine [5]. High concentration of SCN− in the human
ody will give rise to vertigo or unconsciousness [6]. Therefore,
recise knowledge of SCN− concentration in food, biological flu-

ds and water samples is mandatory. Many methods have been

∗ Corresponding author. Tel.: +98 811 8282807; fax: +98 811 8282807.
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© 2013 Elsevier B.V. All rights reserved.

developed for determination of SCN− ions in various samples, for
example, spectrophotometric [7–9] and flow injection [10] meth-
ods based on the reaction with Fe3+ ion or on the König reaction,
atomic absorption spectrophotometry [11], electrochemical meth-
ods (with ion selective electrodes) [12–14],  gas chromatography
with electron capture [15] or mass spectrometric detection [16],
capillary electrophoresis [17,18] and micellar electrokinetic capil-
lary chromatography [19]. Many of these methods suffer from poor
reproducibility, sensitivity and selectivity. They are complicated,
laborious to perform and require unpleasant or toxic reagents.
During the last two  decades perhaps the most common analytical
technique used for SCN− determination was  ion chromatography
(IC). For a long time IC with conductivity detection [20] had been
the most popular method for the determination of inorganic anions.
However, this detector is not selective and therefore not suitable
for the determination of SCN− in real samples containing large
amounts of other anions (Cl−, SO4

2−, etc.). On the other hand, SCN−

is electroactive and absorbs in the UV region, therefore selectivity
can be significantly improved by using amperometric or photo-
metric detectors [21,22]. However, even these selective detectors
often do not provide accurate determination of SCN− in complex
anion mixtures due to a relatively low efficiency of the conventional

anionexchange stationary phases.

Since the matrices of biological samples are often complex, sam-
ple preparation plays an important role in the determination of
these species. In last decade, liquid phase microextraction (LPME)

dx.doi.org/10.1016/j.jchromb.2012.12.030
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:s.m.daryanavard@gmail.com
mailto:daryanavard@basu.ac.ir
dx.doi.org/10.1016/j.jchromb.2012.12.030
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as been introduced as an efficient alternative to traditional meth-
ds for sample preparation and extraction of organic and inorganic
ompounds. LPME is a single-step extraction method that has a
ery high sample to solvent ratio which leads to a higher enrich-
ent factor of target analytes. LPME is fast, simple, inexpensive and

ince very little solvent is used, there is minimal exposure to toxic
rganic solvent.

Recently, the use of emulsions generated by ultrasonic radia-
ion has found interest in LPME. In this way, a microextraction
echnique for aqueous samples, known as ultrasound-assisted
mulsification–microextraction (USAEME) has been proposed [23].
his approach is based on the emulsification of microvolume of
rganic extractant solvent in an aqueous sample by ultrasonic radi-
tion and further separation of both liquid phases by centrifugation.
he application of ultrasonic radiation accelerate the mass-transfer
rocess between two immiscible phases, which with the large
urface of contact between both phases leads to an increment
n the extraction efficiency in minimum time. Thus, USAEME can
e employed as a simple and efficient extraction and preconcen-
ration procedure. Up to now, this method has been successfully
pplied for determination of organic and inorganic species using
roper detection methods such as gas chromatography [24], high
erformance liquid chromatography [25], electrothermal atomic
bsorption spectrometry [26], graphite furnace atomic absorp-
ion spectrometry [27] and flame atomic absorption spectrometry
28].

Compared with the expensive instrumentation, the application
f spectrophotometry is mainly limited by its poor sensitiv-
ty. Recently, some research works focused on the combination
f miniaturized extraction methods with micro volume UV–vis
pectrophotometry [29] and fiber optic-linear array detection
pectrophotometry [30]. Cost of conventional spectrophotome-
ry and its simplicity makes it a widely used detection method.
herefore, hyphenation of advanced microextraction methods and
rdinary spectrophotometry should be meaningful and important,
hich could improve its sensitivity and expand its applica-

ions.
One of the multiple options for the extraction spectropho-

ometry of ions is based on the formation of ion pairs followed
y their extraction in organic solvents. In this way, quaternary
mmonium salts (e.g. tetrabutylammonium ion, Bu4N+; trioctyl
ethyl ammonium ion, MeOc3N+), organometallic cations (e.g.

etraphenylarsonium ion, Ph4As+; tetraphenylphosphonium ion,
h4P+; triphenyltin ion, Ph3Sn+) or cationic colorants (e.g. rho-
amine B) have been applied with this aim. These cationic
pecies form non-solvated ion pairs with anionic species such as
nCl6−2, AuCl4−, MnO4

−, SbCl6− and SCN− [31]. Several approaches
nvolving the formation of ion pairs with SCN− and subse-
uent solvent extraction have been reported in the literature
32]. Guerrero et al. showed that various acids, HnX extracted
n benzene and those which are strong enough react with RhB,
orming ion association complexes with the general formula
RhBH+)Xn−[33].

In continuation of our previous research work on application
f USAE-ME for determination of some organic compound using
C [24], the present paper describes the successful application of
SAE-ME procedure for extractive-spectrophotometric determina-

ion of SCN− using RhB reagent. To the best of our knowledge, this
tudy is the first report describing the application of USAE-ME for
he spectrophotometric determination of an inorganic species. The

ethod is based on the ion-pair formation between SCN− with
odamine B cation and subsequent USAE-ME of ion-pair complex

or spectrophotometric determination of SCN−. The main param-
ters influencing extraction and determination were investigated
n details. The characteristics and performance parameters of the
roposed method are described below.
 B 917– 918 (2013) 5– 10

2. Experimental

2.1. Chemicals and standards

All chemicals were of analytical high grade. Carbon tetrachlo-
ride, chloroform, nitrobenzene and chlorobenzene, as extraction
solvent, RhB as a cationic dye, potassium thiocynate, sodium chlo-
ride, sulfuric acid (98%) and nitric acid (65%) purchased from Merck
(Darmstadt, Germany, http://www.merck-chemicals.com). Dou-
bly distilled deionized water was used throughout. SCN−working
standard solutions prepared daily by stepwise dilution from
standard stock solution (1000 mg  L−1) in double distilled water.
Solution of the RhB dissolved in chloroform was prepared daily.
All test tubes cleaned with 0.1 M nitric acid, deionized water and
acetone.

2.2. Instrumentation

A UV-Vis Spectrophotometer Model T80 (PG Instruments Ltd.,
Korea) and 100 �L micro-quartz cell (Fisher Co., Germany) was
used for the spectrophotometric determination. A 40 kHz ultra-
sonic water bath Model Parsonic 2600s (Parsnahand Co, Iran) was
applied for emulsification process and phase separation of USAE-
ME was achieved via a centrifuge Model 16105 (Farayand Co., Iran)
in 10 mL  calibrated conical glass tubes (Isolab Co., Germany). Vor-
tex mixer Model L46 (LABIN Co., Netherlands) was  used for better
combining and accelerating reaction between reagents.

2.3. USAE-ME procedure

A 4.5 mL  aliquot of the SCN− sample solution was placed in a
10 mL screw cap glass test tube with conical bottom. 0.5 mL  of
1.0 × 10−3 M H2SO4 solution was added to glass tube and solu-
tion mixed by using vortex mixer. The tube was  immersed into
ultrasonic bath in such a way  that the levels of both liquids (in
bath and sample tube) were the same. Then, 180 �L of chloro-
form (extraction solvent) containing RhB (1.5 × 10−4 mol L−1) was
injected rapidly into the sample solution using a 250 �L syringe.
Emulsification and extraction was  performed at 40 kHz of ultra-
sonic frequency for 20 s at 25 ± 1◦C. As a result, oil-in-water (O/W)
emulsions of chloroform (dispersed phase) in water (continuous
phase) were formed. After equilibrium time (1 min), emulsion dis-
rupted by centrifugation at 3500 rpm for 5 min, which resulted in
the sedimentation of colored organic phase at the bottom of the
conical test tube. 100 �L of the settled down phase was quan-
titatively transferred to quartz microcell using a syringe for the
spectrophotometric analysis.

3. Results and discussion

3.1. Optimization for USAE-ME

In this work, UV–vis spectrophotometry has been applied to
hyphenate with USAE-ME for determination of SCN−. Presented
method is based on extracting an acidic solution of SCN− in chloro-
form and subsequent protonation of RhB dissolved in chloroform
to form a highly colored ion-pair complex which is readily solu-
ble in organic solvents. The absorption of ion-pair complex was
measured in the range of 400 nm to 700 nm.  The ion-pair shows
maximum absorbance at 560 nm (Fig. 1) which can be used as
the wavelength for the analytical determination. The reagent blank
at this wavelength shows a low absorption. The remarkable color

difference after USAE-ME procedure between sample solution con-
taining SCN− (pink color) and blank solution (colorless) is the key
factor contributed to the high sensitivity of method for SCN− deter-
mination.

http://www.merck-chemicals.com/
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Fig. 1. Absorption spectra for the ion-pair of [SCN−][RhBH+] (a) and blank solu-
tion (b) after USAE-ME: conditions; sample volume: 5.0 mL,  SCN−: 0.5 �g mL−1,
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Fig. 2. Effects of different extraction solvent volumes on ion-pair complex absorp-
hB: 1.5 × 10 mol  L , H2SO4: 1.0 × 10 mol  L , extractant: 180 �L chloroben-
ene, sonication time: 20 s, equilibrium time: 1 min, centrifuging time: 5 min  at
500 rpm.

In order to find the appropriate conditions for USAE-ME, exper-
mental parameters have been studied. There are several factors
hat can affect the spectrophotometric reaction and extraction pro-
ess, like the kind and the volume of extraction solvent, H2SO4 and
hB concentration, salt addition effect, sonication, equilibrium and
entrifugation time. The optimization was carried out on working
olutions of 0.5 �g mL−1 for SCN−. All the experiments performed
n triplicate and the means of the results used for optimization.

.1.1. Selection of type and volume of the extraction solvent
Selection of appropriate extraction solvent is critical to the

ASEME process since its physicochemical properties not only
ffect the emulsification phenomenon but also the extraction
fficiency. The extraction solvent should meet the following
equirements: it should have higher density than water, low solu-
ility in water, high extraction capability for the formed ion-pair,

east tendency to the reagent blank and good emulsification effi-
iency. On the basis of these considerations, carbon tetrachloride,
hloroform, nitrobenzene and chlorobenzene selected as potential
xtraction solvents for the study. 5.00 mL  of SCN− sample solution
nd 200 �L of each solvent sonicated for 30 s. After centrifugation,
hase separation was observed in all cases. Among studied solvents,
hloroform exhibit high extraction efficiency, considerably lower
bsorbance for reagent blank and forms a well stable cloudy solu-
ion, therefore, chloroform was chosen as extraction solvent for the
ubsequent studies. In order to examine the effect of extraction sol-
ent volume, and according to volume of quartz microcell (100 �L),
olutions containing different volumes of chloroform (150, 170,
80, 200, 225 and 250 �L) subjected to the same USAE-ME pro-
edures. The volumes smaller than 150 �L were avoided due to
issolution of organic phase in aqueous phase and because of
he difficulty of sample manipulation which led to a reduction in
recision. The sensitivity increased by increasing the volume of
hloroform from 150 to 170 �L (Fig. 2). As can be seen, the sen-
itivity decreased with increasing the volume of extracting solvent
rom 180 to 250 �L due to dilution effects. This behavior can also
e explained by considering the enrichment factor equation:

 =
(

Co

Caq
0

)
= Kt

1 + Kt(Vo/Vaq)
Where CO and Caq
0 are the analyte concentration in organic phase

nd its initial concentration in the aqueous phase, respectively.
o/Vaq is the volume ratio of organic phase to the aqueous phase
tion. Conditions; Sample volume: 5.0 mL,  SCN−: 0.5 �g mL−1, RhB: 1 × 10−4 mol L−1,
H2SO4: 1.0 × 10−3 mol L−1, Sonication time: 30 s, Equilibrium time: 2 min, Centrifug-
ing  time: 5 min  at 3500 rpm.

and Kt is the distribution coefficient at time of t. This equation
shows that for a constant aqueous volume, the enrichment fac-
tor has a reverse relationship with the volume of organic phase.
At volumes lower than 150 �L of the extraction solvent, collection
and transfer of settled down phase to quartz microcell not quanti-
tative. Therefore, the gain in sensitivity was achieved using 180 �L
of chloroform.

3.1.2. Effect of sulfuric acid and rhodamine B concentration
The sulfuric acid concentration is a key parameter on the

formation of the HSCN acid and its effective extraction into
chloroform droplets. Thus, the influence of the H2SO4 concentra-
tion in the range of 1.0 × 10−6 to 1.0 × 10−2 mol  L−1 was studied
on the extraction efficiency. According to the results, sensitivity
was nearly constant by increasing concentration of H2SO4 up to
1.0 × 10−3 mol  L−1, and decreased gradually in higher concentra-
tion. Therefore, 1.0 × 10−4 mol  L−1 H2SO4 was  selected as optimum
amount of acid for further studies.

RhB as cationic dye was chosen due to its ability to form an ion-
pair with the SCN− ion in acidic medium, which can be extracted
into an organic solvent [32,33]. The effect of the RhB concen-
tration was studied in the range 1.0 × 10−5 to 5.0 × 10−4 mol  L−1.
As shown in Fig. 3, increase in the extraction efficiency of the
ion-pair occurred with increasing the RhB concentration up to
1.5 × 10−4 mol  L−1 and then decreased gradually upon further
increasing in RhB concentration. Thereby, 1.5 × 10−4 mol  L−1 con-
centration of RhB was selected for subsequent experiments.

3.1.3. Effect of salt addition
To evaluate the possibility of salting out effect, the salt effect

on extraction of [SCN−][RhBH+] ion-pair complex was  investigated
by adding different amount of NaCl in the range of 0–3% w/v. The
results (Fig. 4) showed that salt addition decrease the extraction
efficiency and sensitivity of SCN− determination. Although, the
addition of salt could decrease the solubility of analytes in the aque-
ous phase and promote the transfer of the analytes towards the
organic phase, however, it could also increase the viscosity of the
solution. The viscosity of sample solution plays an important role
in the USAE-ME procedure since ultrasonic waves can be absorbed
by the viscous resistance of the solution and dispersed as heating
energy. As a consequence, the organic phase was not able to be dis-

persed in so fine droplets and therefore, the efficiency of emulsion
formation can be drastically reduced and the extraction efficiency
decreased with the addition of NaCl. On the other hand, by increas-
ing the ionic strength, the solubility of the extraction solvent in the
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Fig. 3. Effects of Rhodamine B concentration on ion-pair complex absorption.
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Fig. 5. Effects of sonication time on the ion-pair complex absorption. Condi-
tions: sample volume: 5.0 mL, SCN−: 0.5 �g mL−1, H2SO4: 1.0 × 10−4 mol  L−1, RhB:
onditions: sample volume: 5.0 mL,  SCN−: 0.5 �g mL−1, H2SO4: 1.0 × 10−4 mol L−1,
onication time: 30 s, equilibrium time: 2 min, centrifuging time: 5 min at 3500 rpm.

queous phase diminishes. As a result, the volume of the settled
own phase increases, which decreases the extraction efficiency
29]. According to the results, no addition of salts was chosen in
he subsequent studies.

.1.4. Effect of sonication time
Sonication time plays an important role in the emulsification

nd mass transfer phenomena. As the sonication time increases,
he fraction of dispersed phase increases. This can lead to a greater
urface contact between two phases and therefore provide efficient
ass transfer and better extraction efficiency. However, long son-

cation time may  result in the increasing of the solubility of formed
on-pair and organic solvent. These can reduce the extraction effi-
iency. The effect of sonication time on the extraction efficiency was
tudied in the range of 15–40 s under constant ultrasonic power.
he results are shown in Fig. 5. As can be seen, by increasing of
onication time, the absorption of the formed ion-pair complex

emind nearly constant up to 25 s and decreased gradually up to
0 s. Therefore, the sonication time of 20 s was selected for further
tudies. This sonication time was sufficient to ensure that effective

ig. 4. Salt addition effect on ion-pair complex absorption. Conditions: sample vol-
me: 5.0 mL, SCN−: 0.5 �g mL−1, RhB: 1.5 × 10−4 mol  L−1, H2SO4: 1.0 × 10−4 mol  L−1,
xtractant: 180 �L chlorobenzene, sonication time: 30 s, equilibrium time: 2 min,
entrifuging time: 5 min at 3500 rpm.
1.5 × 10−4 mol  L−1, equilibrium time: 2 min, centrifuging time: 5 min at 3500 rpm.

emulsification was occurred without any possible analyte loss due
to increased solubility.

3.1.5. Effects of equilibrium and centrifugation time
Equilibrium time is usually an important factor in the most

of microextraction procedures. In this work, equilibrium time is
defined as interval time from the occurrence of the cloudy state
and just before centrifugation. The effect of the equilibrium time
was investigated in the range of 0.5–5 min. The results showed that
the variations of complex absorbance versus extraction time are
not remarkable. In fact, the surface area between microdrops of
organic phase and aqueous sample solution is infinitely large and
consequently, the mass transfer from sample solution to extract-
ing solvent is very fast. Therefore, the equilibrium state is achieved
quickly and extraction time is very short. This is the most impor-
tant advantage of this method. Thus the time of 1 min  was selected
as equilibrium time for subsequent experiments.

Centrifugation was  required to break down the emulsion and
accelerate the phase separation process. The effect of centrifuga-
tion time at 3500 rpm was  examined in the range of 2–10 min. The
results showed that the best extraction efficiency was  achieved
with a centrifuging time of 5 min. At shorter time the emulsion
state was  not well broken and the complete phase separation was
not achieved, thereby, the extraction recovery decreased. Also long
centrifuging time resulted in the heat generation which led to the
increasing of the solubility of chloroform and complex in aque-
ous phase and loss of sensitivity. Therefore, 5 min  was adopted for
further use.

3.2. Interference study

The effect of diverse ions on the determination of 100 ng mL−1 of
SCN− was  studied according to the above-described procedure. The
tolerable amount of each interferent was taken as SCN−: interferent
ratio that resulted in error not exceeding ±5%. As could be seen in
Table 1, alkaline and alkaline earth ions and common anions such
as Na+, Mg2+, Ca2+, Cl−, F−,SO4

2− did not interfere with the deter-
mination of SCN− at more than 1000-fold excess. Also, presented
method was  remarkably free from transition metal interferences.

However, some ions such as Mn2+, Cr6+, I−, NO2

− showed nearly
significant interference during SCN− determination.
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Table 1
Tolerance ratios of diverse ions on the determination of 100 ng mL−1 of SCN− .

Ion Tolerance
limit (w/w)

F− , Cl− , Br− , NO3
− , CO3

2− , CH3COO− , SO4
2− ,

PO4
3−

1000

Na+, K+, NH4
+, Ca2+, Mg2+, Co2+,Ni2+, Cu2+ Zn2+,

Fe2+, Fe3+, Sb3+, As3+
1000

2+ 6+ − −

3

o
c
o
(
o
o
m
r
2
r
s
u
t
s
s
o
o
T
o

3

s
a
t
m
A
s
w
o
t
a
i
t
T

T
A

v

Table 3
Determination of SCN− in the spiked water samples by the proposed method.

Sample Added
(ng mL−1)

Found
(ng mL−1)a

Recovery
(%)

Tap water
Intra-day (n = 3)

– ndb –

60.0 63.0 ± 2.1 105.0
120.0 117.2 ± 2.0 97.6
240.0 248.1 ± 2.6 103.3

Inter-day (n = 3) – nd –
60.0 64.8 ± 2.1 108.0

120.0 118.3 ± 1.9 98.6
240.0 250.6 ± 3.7 104.4

Mineral bottled water
Intra-day (n = 3)

– nd –

60.0 59.3 ± 2.4 98.8
120.0 122.1 ± 2.2 101.7
240.0 252.3 ± 3.8 105.1

Inter-day (n = 3) – nd –
60.0 57.9 ± 2.3 96.5

120.0 124.0 ± 2.7 103.3
240.0 255.1 ± 4.2 106.3

a Mean ± SD (n = 3).
b Not detected.

Table 4
Determination of thiocyanate in the spiked human biological fluids samples.

Sample SCN− added
(�g mL−1)

SCN− founda

(�g mL−1)
Recovery
(%)

– 94.2 ± 2.1 –
Saliva (non-smoker)b 60.0 156.6 ± 3.4 101.5

120.0 209.0 ± 2.2 97.5
240.0 332.3 ± 5.4 99.4

– 226.7 ± 4.1 –
Saliva (smoker) 60.0 281.5 ± 3.1 98.1

120.0 355.9 ± 6.7 102.6
240.0 465.0 ± 8.2 99.6

–  100.9 ± 3.5 –
Urine (non-smoker) 60.0 159.1 ± 2.4 98.3

120.0 221.4 ± 3.4 100.2
240.0 340.0 ± 3.3 99.7

–  302.0 ± 3.6 –
Urine (smoker) 60.0 374.0 ± 3.6 103.3

120.0 416.5 ± 4.8 98.6

To evaluate the proposed method for physiological samples, it
was applied for determination of SCN− in nonsmoker and smoker
saliva and urine samples. Saliva and urine samples from smokers

Table 5
Mn , Cr , I , NO2 50

.3. Performance of the analytical procedure

Analytical characters of the presented method evaluated under
ptimized conditions. The results are presented in Table 2. A linear
alibration graph was obtained over the range 38.0–870.0 ng mL−1

f SCN− with the linear regression equation A = 0.0016C + 0.0066
C, ng mL−1 SCN−) and correlation coefficient (R2) 0.9967 (number
f calibration points, n = 12). The limit of detection (LOD), based
n signal to noise ratio of 3 was 5.0 ng mL−1. The precision of the
ethod, expressed as relative standard deviation (RSD %), for five

eplicate determination of 200 ng mL−1 of SCN− was  found to be
.8%. The pre-concentration factor (PF), which was defined as the
atio between the volumes of settled down phase (Vsed) and the
ample volume (Vo), was used to evaluate the extraction efficiency
nder different experimental conditions, was found to be 40 for
he system. These results indicated the present method had high
ensitivity and stability and high potential to be a powerful and
uitable preconcentration method for trace analysis. A compression
f the analytical features achieved by the proposed method and
ther methods for SCN− determination are presented in Table 2.
he presented method has distinct advantages in terms of low limit
f detection, wide linear range and simplicity of instrumentation.

.4. Application to real water samples

Since there is no interference from major consistent of water
ample and transition metal ions, the method is especially suit-
ble for water analysis by simple standard calibration. To evaluate
he applicability of the proposed method, the extraction and deter-

ination of the SCN− in different water samples were performed.
s a result (Table 3), no residues of the SCN− were found in the
amples. To test the accuracy of the method, these water samples
ere spiked with the standards of the SCN− at the concentrations

f 60.0, 120.0 and 240.0 ng mL−1, respectively. For each concentra-
ion level, three replicate experiments for whole analysis process
s described in the experimental section were made. The recover-
es of the method were expressed as the mean percentage between
he amounts found and the ones added. The results are given in

able 3.

able 2
nalytical features of the proposed method.

Regression equation (n = 14) A = 0.0016 Ca + 0.0066,
R2 = 0.9967

Linear range (ng mL−1) 38.0–870.0
Limit of detection (3SB/m blank, ng mL−1) (n = 5) 5.0
Preconcentration factorb 40
Relative standard deviation (for 200 ng mL−1 of

SCN− , n = 5)
2.8%

a Concentration in ng mL−1.
b The ratio between the volume of settled down phase (Vsed) and the sample

olume (V0).
240.0 530.2 ± 7.6 97.8

a Mean ± SD (n = 3)
b All saliva and urine samples are diluted 20 times by deionized water.

3.5. Human saliva and urine samples analysis
Comparison of USAE-ME with some reported procedures.

Method LODa (ng mL−1) LRb (ng mL−1) Ref.

Capillary zone
electrophoresis

41.0 147–2900 [1]

Ion  selective electrode
– modified by
nanoparticles

2.3 30–2300 [34]

Head space–gas
chromatography

2.9 Up to 1700 [35]

Partial least squares
regression

25.0 50–1200 [36]

Flow injection analysis 29.0 250–5000 [37]
Ultrasound-assisted

emulsification
microextraction

5.0 38–870 This work

a Limit of detection.
b Linear range.
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five man, mean age = 28 years) and non-smokers (five man, mean
ge = 24 years) were collected and centrifuged for 3 min  with a
ate of 3000 rpm. After appropriate dilution, the samples analyzed
ccording to the procedure described above. The recoveries of
CN− have been determined by adding known concentrations to
aliva and urine samples. As is shown in Table 4, the recoveries
f SCN− from human saliva and urine (smoker and nonsmoker)
amples were 97.5–102.6% and 97.8–103.3%, respectively. These
esults suggest that the matrix components do not interfere with
he determination of SCN−

. Conclusions

This study presents the successful development and application
f USAE-ME procedure coupled with UV–vis spectrophotometry
or the determination of SCN− in water and biological fluids
amples. The results indicate that this extraction procedure has
utstanding advantages such as simplicity, high enrichment factor
nd minimizes the sample preparation time and the consump-
ion of organic solvents. Also, analyses of real samples showed
hat sample matrices had no adverse effect on the efficiency of
SAE-ME procedure and SCN− concentrations in saliva and urine

amples determined rapidly and easily by the proposed method
ithout any special sample pretreatment, except centrifugation

nd appropriate dilution. Compared with other conventional
ample preparation methods applied for SCN− determination
Table 5), the analytical technique offers advantages such as
ase of operation, low cost, short analysis time, environmentally
riendly and corresponds to the requirements of green analytical
hemistry. The results of this study show that hyphenation of
SAE-ME procedure with ordinary UV–vis spectrophotometer
quipped with 0.1 mL  quartz cells can significantly improve the
ensitivity of measurements. The enrichment factor of 40 achieved
llows determining SCN− in natural waters, human saliva and
rine samples at ultra trace levels. As a consequence, the developed
SAE-ME method has been demonstrated to be viable, rapid and
asy to use for the qualitative and quantitative analysis of SCN− in
ifferent water and biological samples.
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