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An automated, simple and inexpensive double-valve sequential injection analysis (DV-SIA) spectropho-
tometic method with online liquid-liquid extraction, for the determination of thiocyanate has been
developed. The method has been based on the formation of an ion associate between thiocyanate and

Keywords: Astra Phloxine in acidic medium, and the subsequent extraction with amylacetate. The absorbance of the

DV-SIA extracted ion associate was measured at 550 nm.

Ehéocy:“ate The calibration function was linear in the range 0.05-0.50 mmol L-! and the regression equation was
Xtraction

A=(1.887 +0.053)[SCN- mmol L-1]+(0.037 + 0.014) with a correlation coefficient of 0.995. The precision
of the proposed method was evaluated by the relative standard deviation (RSD) values at two concentra-
tion levels: 0.20 and 0.50 mmol L. The obtained results were 1.0 and 2.8%, respectively, for the intra-day
precision, and 4.2 and 3.8%, respectively for the inter-day precision. The calculated detection limit was
0.02 mmol L.

The developed method has been successfully applied for determining thiocyanate ions in human saliva

Biological samples

samples.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Thiocyanate is usually present in human saliva in low amounts,
but its concentration could be increased as the result of the diges-
tion of glucosinolate-containing vegetables such as cabbage, turnip,
tomato, or by the intake of thiocyanate-containing food such as
milk and cheese [1,2]. It is also present in drugs that are used in the
treatment of thyroid problems and arterial hypertension. Another
important source of this ion arises from tobacco smoke, because
thiocyanate is the main metabolic product of cyanide.

Though not as toxic as cyanides, thiocyanate in chronically
increased levels can be harmful for life and its determination is
of great interest [3,4].

A considerable number of methods for monitoring the level of
thiocyanate are available in the literature in which different tech-
niques were applied including amperometry [5], fluorimetry [6]
and flame-atomic absoption spectrometry [7]. Several thiocyanate-
selective electrodes have been reported over the last years [8,9].
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Separation techniques such as electrophoresis and chromatog-
raphy were applied to thiocyanate determination in biological
samples [1,10].

Although some of these techniques have low detection limits
and a very good selectivity along with the ability to perform multi-
elemental analysis, spectrophotometry is still very popular because
of its speed, simplicity and instrumentation availability. Many spec-
trophotometric methods have been developed to determine thio-
cyanate based on the Stugart reaction [11], on the well known Kon-
ing reaction [12] and on the quantitative oxidation of thiocyanate
using permanganate [13]. Thiocyanate also forms colored com-
plexes with copper and 2,2-dipyridyl-2-quinolylhydrazone that are
extractable with chloroform [14], and with the ion-pairing reagent
1-(3,5-diamino-6-chloropyrazinecarboxyl) guanidine hydrochlo-
ride monohydrate that are extracted with 4-methyl-2-pentanone
[15]. Another method that has been published was the reaction of
the analyte with chloramine-T in the presence of iron (III) chloride
as catalyst to give cyanogen chloride, which reacts with a mixture of
v-picoline (4-methylpyridine) and barbituric acid to form a soluble
violet-blue product [16].

Thiocyanate ions interact with a poymethine dye, 1,3,3-
trimethyl-2-[3-(1,3,3-trimethyl-1,3-H-indol-2-ylidene )propenyl]-
3H-indolium chloride (Astra Phloxine, AP) to form an ion associate
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Fig. 1. Schematic view of the DV-SIA manifold for online liquid-liquid extraction and spectrophotometric determination of thiocyanate. AP, Astra Phloxine; BS, buffer

solution; S, sample; AA, amylacetate; Al, air input.

in acidic medium. In general, the merits of polymethine dyes over
other classes of analytical reagents include the stability of their
solutions over time and their high values of absorbance [17]. AP
has been applied in our laboratory as reagent for the determination
of various analytes [18-20] but, to the best of our knowledge, it
has not been previously employed in thiocyanate determination.

In spite of the different techniques that have been employed to
determine SCN-, often the pre-treatment of the sample is required.
One of the most commonly and widely used sample pre-treatment
techniques in analytical chemistry is liquid-liquid extraction (LLE),
due to its simplicity, flexibility, selectivity and, in some cases, suit-
ability to achieve the analyte preconcentration. Likewise other
sample manipulation, the manual implementation of this tech-
nique introduces errors that affect the accuracy and precision of
results. The application of the automation and miniaturization to
perform LLE contributes greatly to improve the quality of the results
and leads to significant reduction in solvent consumption and an
inherent decrease in waste generation. In addition, the risks for the
operator and sample contamination are minimized and the sam-
pling throughput is significantly enhanced. The search for new and
improved methods are thus still of great interestin analytical chem-
istry and has been the focus of many recent developments. In fact,
several articles were published dealing with the use of LLE in flow
systems [21].

A simple, user-friendly and universal dual-valve sequential
injection (DV-SIA) system with the online incorporation of LLE cell
into the SIA manifold has been designed [22,23]. The design of the
SIA manifold was based on the separation of extraction and detec-
tion units, avoiding some common problems in such kind of flow
systems due to the different affinity of the organic and aqueous
phase to the walls of the PTFE tubing, and bubble formation. One
of its main advantages is the variability of samples and organic
solvents that could be used and analyzed in the same system.
Furthermore, the system was constructed only with commercially
available components, which makes it accessible and easy to be
assembled in any other laboratory.

In this work, the DV-SIA system was employed to the spec-
trophotometric determination of thiocyanate ions. The reaction
between the analyte and AP, the extraction of the formed ion asso-
ciate and the subsequent determination was carried out on-line.

The automated method was successfully applied for the determi-
nation of SCN~ in saliva samples.

2. Experimental
2.1. Reagents

Solutions were prepared using analytical grade reagents and
ultra pure water Millipore Milli-Q RG (Millipore, USA). Toluene
99.8% (HPLC grade, Fluka, Germany) and Amylacetate >99% (Sigma
Aldrich, Germany) were used as organic solvents.

A 1.0 x 10-2 mol L-! Astra Phloxine (AP) (Jiacheng-Chem Enter-
prise Ltd., China) solution was prepared by dissolving 0.1963 g of
the dye in 0.5 mL of methanol and filled up with water to 50.0 mL. A
2.0 x 103 mol L~! solution was prepared by diluting 5.0 mL of this
solution to 25.0 mL with water.

A 1.0x10"2molL-! NH4SCN stock solution was prepared
by dissolving 0.0381g of ammonium thiocyanate purum p.a.
(Chemapol, Czech Republic) in 50.0 mL of water. The working solu-
tions were prepared by appropriate dilution of the stock solution
with water.

The pH of the medium was adjusted with an ammonium acetate
buffer solution, pH 3.0. The buffer solution was prepared by mix-
ing 49.65 mL of a 1.0 mol L-! CH3COOH solution with 0.35mL of a
1.0 mol L~ NH4OH solution.

2.2. Apparatus

The DV-SIA system divided into two parts (extraction and detec-
tion part) is depicted in Fig. 1. A commercially available FIAlab®
3500 system (FIAlab® Instrument Systems Inc., Bellevue, USA) con-
sisting of a syringe pump (syringe volume 5mL) and a central
eight-port Cheminert selection valve belongs to the extraction part.

The central port of the selection valve was connected to a PTFE
holding coil (0.75 mm i.d. and 150 cm length). The extraction cell
consisted of a 1.5 mL polypropylene tube connected to both extrac-
tion and detection parts of the system.

External six-port Cheminert selection valve (Valco Instru-
ment Co., Houston, USA), a holding coil 34 cm in length and an
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Table 1
SIA procedure for the extraction and determination of thiocyanate ions in DV-SIA.
Step Port selection Flow rate (uLs™!) Operation Description
1 - 200 Aspirate 600 L Syringe pump in the valve in position: aspiration of carrier
2 8 50 Aspirate 10s Syringe pump in the valve out position. Aspiration of air
3 2 50 Aspirate 50 p.L Aspiration of AP (2 x 1073 M)
4 3 50 Aspirate 10 pL Aspiration of buffer solution pH 3
5 4 50 Aspirate 50 uL Aspiration of standard solutions/samples
6 5 80 Aspirate 350 pL Aspiration of amylacetate
7 7 120 Empty Empty syringe pump into the extraction cell for the
extraction and self-separation of phases
8 100 Aspirate 600 pL External syringe pump in the valve in position: aspiration
of amylacetate as carrier
9 3 100 Aspirate 30 pL External syringe pump in the valve out position. Aspiration
of the extracted ion associate to fill the port by the
measured sample
10 1 100 Dispense 100 L Cleaning the external holding coil
11 3 50 Aspirate 100 pL Aspiration of the extracted ion associate
12 2 50 Empty Empty the external syringe pump into the detector and

measurement of absorbance

1-8-ports of selection valve in extraction part of the DV-SIA system.
1'-4'-ports of selection valve in detection part of the DV-SIA system.

external 5mL syringe pump (FIAlab® Instrument Systems Inc.,
Bellevue, USA) constituted the detection part of the system.
The absorption spectra were recorded by the fibre-optic charge-
coupled detector USB 2000 (Ocean Optics Inc., Dunedin, USA),
supplemented with a micro-volume Z-flow cell of 20 mm optical
path length and the VIS light source LS-1 tungsten lamp (Ocean
Optics Inc., Dunedin, USA).

FIAlab® for Windows software, version 5.9.290, was used to con-
trol the units of both parts of the SIA set-up and to perform the data
acquisition.

PTFE tubes of 0.75 mm i.d. were employed in the SIA manifold,
except for the aspiration of the carrier solution, which was made
of 1.5 mm i.d. PTFE tubing.

2.3. Optimization of the DV-SIA system

The physical and chemical parameters of the DV-SIA system
for the thiocyanate determination were optimized. The aspiration
sequence, AP aspiration volume (30-70 L) and AP concentration
(1x1073 to 5x 103 molL-1) and the buffer aspiration volume
(0-30 L) were tested to find the most favourable extraction con-
ditions. Additionally, the variables of the extraction procedure like
the method of mixing, the aspiration time of the air used for mixing
(2-145s) and the flow rate to deliver the aspirated solutions into the
extraction cell (80-140 pwLs~1) were thoroughly studied.

The sample volume was kept constant at 50 L. All measure-
ments were done in triplicate and average values with RSD (%) were
evaluated.

2.4. DV-SIA procedure

Table 1 shows the SIA procedure employed to carry out the
determination of thiocyanate. Firstly, 600 wL of water, used as the
carrier, were aspirated at 200 wLs~! in the extraction part. After
switching to the Valve Out position, an air plug was aspirated into
the holding coil during 10s at 50 wLs~!, followed by 30 pL of a
2 x 103 mol L1 AP solution, 10 p.L of buffer solution (pH 3), 50 L
of NH4SCN working solutions (0.05-0.50 mmol L~1) or sample solu-
tion and 350 pL of amylacetate.

Next, all aspirated zones were delivered into the Extraction cell
at 120 pLs~1. The air was used for efficient mixing of the solutions
and to speed up the extraction of the ion associate into the organic
phase. The phases were then self-separated (3 s delay) due to their
different densities, leaving the organic phase with the extracted
compound in the upper part.

Then, the aspiration of 600 wL of amylacetate, using as a car-
rier, was carried out in the detection part. The valve position was
changed and the aspiration of 30 wL of the extracted ion associate
was performed in order to wash and fill port 3’ with the sample.
The excess volume was pushed into port 1/, used as an auxiliary
waste, by 100 L of the organic solvent.

To carry out the measurement of the absorbance, 100 wL of
the sample were aspirated and transferred to the detector by the
port 2’ using the remaining volume of the carrier. The signal was
recorded at 550 nm. The extraction of blank and sample solutions
is depicted in Figs. 2 and 3, respectively, and a real-time procedure
for the sample extraction is demonstrated with a short video file in
Supplementary data (Video 1).

Finally, the extraction cell was emptied aspirating the resid-
ual solution through port 7 and discarding it through port 1
to the waste. In order to prevent sample cross-contamination,
the extraction part of the SIA system was washed with water
between determinations (washing step was included in the control
program).

Fig. 2. Extraction procedure of blank solution measurement. The slight color of the
upper organic phase is caused by low amount of extracted AP. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version
of the article.)
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Fig. 3. Extraction procedure of sample solution measurement. The ion associate
formed is extracted into the upper organic phase.

2.5. Preparation of the samples

Human saliva samples were collected from 4 healthy volunteers
between the breakfast and the lunch time in three non-consecutive
days. The sample was taken in previously weighted plastic tubes
and after that, the tube was reweighted to calculate the amount
of sample to be analyzed. Then, the sample was diluted to 7.0 mL
with water and centrifuged 10 min at 5000 rpm. The supernatant
solution was collected and 50 wL was aspirated to the SIA system
for the analyte determination.

For the recovery study, samples were spiked with 62.5 pL of
1 x10"2molL~! NH4SCN solution using automatic pipette and
the same protocol was followed. The recoveries were calculated
according to the AOAC definition [24].

3. Results and discussion
3.1. Preliminary studies

To investigate the adequate conditions for the thiocyanate-AP
interaction and the suitable extraction solvent, some preliminary
studies were carried out in batch conditions.

To set the acidity of the medium to carry out the reaction,
the optimum pH value was studied. For this, ammonium acetate
buffer solutions of pH values between 3.0 and 8.0 were used, and
varied in increments of 1.0 unit. Briefly, in a test tube, 0.5mL
of 1x 1073 molL-! NH4SCN, 4.0mL of ammonium acetate buffer
solution and 0.5 mL of 1 x 103 molL~! AP were manually mixed
with 3.0 mL of amylacetate. After the separation of the phases, the
absorbance of the organic extract was measured at 550 nm against
the reagent blank. The highest difference between the sample and
the blank signals was obtained using the buffer solution of pH 3.
Furthermore, at pH values lower than 3 the interference of some
anions, such as nitrates, can be observed; and at pH values higher
than 6, the absorbance of the blank increased. Thereby, pH 3 was
chosen for further experiments.

In order to obtain the best extraction efficiency with the lowest
blank signal, several organic solvents were tested. Amylacetate and
toluene met these requirements, but in case of toluene the forma-
tion of air bubbles in the extraction cell was observed. Therefore,
amylacetate was selected for the extraction in the DV-SIA system.

3.2. Optimization of the DV-SIA system

3.2.1. Optimization of the aspiration sequence

Different reagent sequences were tested at two thiocyanate
concentration levels, keeping the aqueous phase (dye, buffer and
sample solutions) together at the beginning or at the end of the
aspiration sequence. The optimum values were selected taking into
account the compromise between the highest value of the ana-
lytical signal and the lowest value of the % RSD, obtained for two
standard concentrations (0.50 and 1.0 mmol L~1).

Three possible combinations for the aqueous phase were
tested when the organic solvent was aspirated at the end of the
sequence: (1) sample-buffer-dye, (2) dye-sample-buffer, and (3)
dye-buffer-sample. The best results were obtained with the last-
mentioned combination, when the aspiration of the AP solution
was carried out in the first place and buffer solution was aspirated
between the dye and the sample solution.

Keeping the chosen combination of aqueous solutions, the aspi-
ration of the solvent at the beginning of the sequence was tested,
but an ineffective mixing between the solvent and the aqueous
phase was observed. Thus the aspiration of the organic solvent
after all aqueous solutions was the selected aspiration sequence
(dye-buffer-sample-amylacetate).

3.2.2. Optimization of the volume of reagents

The optimization of the volume of reagents was carried out using
three concentrations of the thiocyanate standard. To choose the
optimal value of the reagent, a criterion was established to achieve
the highest difference between three concentration levels (0.05,
0.25 and 0.50 mmol L-1) and the best repeatability of the measure-
ment.

The volume of the carrier was adjusted in order to keep the total
volume to be transferred to the extraction cell constant.

The volumes of the ammonium acetate solution and the AP solu-
tion were studied in 5 pL increments, in ranges of 0-30 L and
30-70 pL, respectively. The volumes of 10 L of buffer and 30 L of
the dye were selected.

3.2.3. Optimization of the AP concentration

The effect of dye concentration was investigated in the range
1x1073 to 5x 103 molL-! of AP. In this case, the linearity of
the calibration function was used as the criterion of choice and a
2 x 103 molL-! concentration was picked out. At lower concen-
trations, the linearity was affected and similar absorbance values
were obtained for the higher standard concentrations, meaning
that the concentration of the dye was not high enough to inter-
act with the thiocyanate present in standard solution. At higher AP
concentrations RSD % values were increased.

3.2.4. Optimization of the extraction procedure

To ensure the best mixing of aqueous and organic phases in the
extraction part, three methods of mixing were studied: (1) unidi-
rectional - sample and reagents passed directly through the holding
coil to the extraction cell, (2) flow reversals in the holding coil and
(3) mixing with air bubbles in the extraction cell. In the last case,
zone of the air was aspirated followed by all reagents and bubbling
in the extraction cell ensured effective mixing of all solutions [23].
The value of the slope and the linearity of the analytical curve were
established as main criteria to choose among the methods.

At first, a comparison between (1) and (2) was made and bet-
ter results were found by repeating flow reversals three times
using 20 L increments. Thus, different flow rates for the mixing
in the coil, and the subsequent movement to the extraction cell
were tested (80-140 uLs~1). The optimal value (140 wLs™!) was
compared with mixing the solutions by aspirating an air zone (3).
Significant difference was not found when evaluating the slope and
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linearity. Taking into account the analysis time, mixing with air
zone was chosen for further determinations.

The quantity of air that was necessary to accomplish the ade-
quate mix of the solutions in the extraction cell was investigated.
For this, the time of aspiration was optimized between 2 and 14s
with a flow rate of 50 wLs~!, finding 10s as the optimum value.
Lower air aspiration times were insufficient to carry out mixing
and extraction of the ion associate and some troubles with the sep-
aration of the phases were observed. At higher aspiration times,
significant changes in the measured signal were not observed.

The flow rate used to dispense all aspirated zones into the
extraction cell was also optimized between 80 and 140 wLs~! in
increments of 20 wLs~!. The best results were achieved with a flow
rate of 120 uLs~1, and successive increase did not influence the
obtained results.

The volume of the organic solvent used for the extraction was
350 L following previous experience [22]. Lower volumes of sol-
vent were not suitable owing to the SIA configuration.

3.3. Analytical performance

The analytical performance was evaluated by the calibration
function, limit of detection (LOD), limit of quantitation (LOQ), sam-
ple throughput, intra-day and inter-day precision, and selectivity.

3.3.1. Analytical curve, LOD, LOQ and sample throughput

Using the proposed DV-SIA system and the optimized values
for physical and chemical parameters, an analytical curve for the
thiocyanate determination was constructed from seven data points
over the range of 0.05-0.50 mmol L~!. The regression equation was
A=(1.887+0.053) [SCN~ mmol L] +(0.037 +0.014) with a corre-
lation coefficient of 0.995.

The LOD was 0.02 mmol L~ and LOQ was 0.07 mmol L~! calcu-
lated from the calibration function. The sample throughput was
5h~1 for samples aspirated in triplicate and including the washing
step.

3.3.2. Precision

The intra-day and the inter-day precision were checked by the
RSD (%) values at two concentration levels: 0.20 and 0.50 mmol L1,
The intra-day precision was carried out performing 10 determina-
tions and the results were 1.0 and 2.8%, respectively. The inter-day
precision was evaluated measuring the same concentrations by
triplicate over 10 days. The results for both concentration levels
were 4.2 and 3.8%, respectively.

The obtained RSD values showed good repeatability and
inter-day precision of automated extraction procedure and were
comparable with the values obtained when applying other methods
found in the literature [25-27].

3.3.3. Selectivity

Human saliva is produced by salivary glands and it is composed
of 98% water, but also contains macromolecules, antibacterial com-
pounds, proteins and inorganic ions. The effect of various ions
(possible interferents) on the extraction and determination of the

Table 2
Effect of some possible interfering ions on the extraction and determination of SCN-.
Tolerance level (mM) Error (%)

$,032 20 3.1

Cl- 60 23

H,PO4~ 70 -1.6

Anions Br- 2 -1.2
S04%- 200 -4.7

F~ 300 -23

HCO;~ 200 -4.2

NiZ* 2 -1.1

Pb?* 30 -1.9

Zn%* 2 -2.0

Co?* 2 -2.6

. Cu? 1 -0.7
Cations Ca2* 30 21
K* 200 -4.2

Mg?* 200 -23

Fe?* 2 -0.6

Cr3* 20 -3.1

analyte was tested. For this purpose, a 0.2 mmolL~! SCN- solution
was used. The tolerable amount for each ion was evaluated as SCN~:
interferent ion ratio that resulted in an error that did not exceed
+5%. The tested species and the tolerance limits are summarized
in Table 2. Nitrates significantly interfered with the determination
of thiocyanate, but in case of real samples nitrate levels are about
100-times lower than thiocyanate concentrations, for this reason,
in such conditions, it does not interfere with SCN~ determination
[10]. Although phosphates can react with AP [20], they can barely
be extracted with amylacetate giving a tolerance level higher than
the quantity of phosphates that can be found in saliva samples.

3.4. Analysis of real samples

The proposed method was applied for determination of thio-
cyanate in human saliva samples. To study the thiocyanate
concentration levels at different day-times, saliva sample was col-
lected from two volunteers early in the morning before breakfast
and brushing teeth (1), before lunch (2), and after lunch (3). The
results were expressed as milligrams of SCN~ per gram of saliva
sample. The added amount of standard solution was recalculated
considering the sample weight. As can be seen in Table 3, a sig-
nificant decrease of the SCN~ concentration and the recoveries
values occurred after lunch, probably because of the changes in
the concentration of the different ions in the saliva as a result of
the digestion process. On the other hand, sampling in the morning
proved recovery values in the range acceptable for biological fluids
(100 4+ 10%).

Hence, the concentration of thiocyanate was determined in
saliva samples collected between the breakfast and the lunch time.

Table 4 showed the obtained thiocyanate concentration for the
samples and the results of the recovery study. The variation of the
obtained results can be attribute to the strong relation between the
SCN~ ions and the individual saliva composition (the thiocyanate
concentration is different for each person). This fact can also be
observed in the values found in the literature [2,8,27]. Additionally,

Table 3
Thiocyanate determination in real saliva samples at different day-times.
Early morning Before lunch After lunch
Concentration (mgg') R (%) Concentration (mgg!) R (%) Concentration (mgg') R (%)
A 0.105 + 0.011 101.0 0.178 +£ 0.014 104.1 0.088 + 0.010 773
B 0.141 + 0.009 94.2 0.140 + 0.008 84.3 0.133 +£ 0.014 78.1

A, B: person A, person B; Confidence limit x =st//n, where s means standard deviation, t is Student coefficient for n — 1 degrees of freedom, n=3; R%, recovery percentage,
%R =((Cf— C)/Ca) x 100, where Cf=measured analyte concentration in the spiked sample; C=measured analyte concentration in the non-spiked sample; Ca=added analyte

concentration.
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Table 4
Thiocyanate determination in real saliva samples.
A B C D
0.102+£0.010 0.067 £0.024 0.116 £0.005 0.165 +£0.041
Dav 1 Added (mgg™1) 0.026 0.022 0.065 0.033
v Found (mgg!) 0.134+0.029 0.134+0.024 0.206 +0.054 0.179+0.066
R (%) 104.5 86.8 1134 110.8
0.104 +0.009 0.102+0.020 0.089-+0.009 0.127+0.014
Day 2 Added (mgg!) 0.052 0.041 0.033 0.035
y Found (mgg!) 0.140 £ 0.004 0.119+£0.003 0.139+0.013 0.137+0.009
R (%) 92.3 83.3 114.0 85.4
0.107+0.014 0.062 +0.007 0.140+0.014 0.168 +0.030
Dav 3 Added (mgg1) 0.034 0.052 0.028 0.050
v Found (mgg1) 0.161+0.013 0.078 +0.006 0.142+0.016 0.242 +0.042
R (%) 114.0 80.3 84.3 111.0
Each measurement was done in triplicate.
A, B, C, D: person A, person B, person C, person D; R (%): recovery percentage.
a small variation could be observed for the same person at different References

days and this is possible to attribute to changes in the diet.

In spite of that, the obtained values are within the range of val-
ues found in the literature for the determination of this ion in saliva
samples [2]. The recovery percentages varied between 80% and
114%. It is worth to notice that the values were almost equal for
the same person, and it is related to the unique saliva composition
of each person and the diet.

4. Conclusion

The DV-SIA system was successfully used for extraction and
determination of thiocyanate ions in human saliva samples. Opti-
mal chemical and flow conditions were found. Repeatability of the
automated extraction procedure was 2.8%. Day-time of sampling
was studied in detail to achieve accurate results proved by recovery
tests.
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