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Flow System

ABSTRACT A procedure based on a multicommutated approach for the
determination of thiocyanate (SCN™) in human saliva is described. The
method was based on the reaction of Fe(Ill) with SCN™, producing a red
complex that was monitored at 480 nm. Under optimum experimental
conditions, a linear response ranging from 0.5 to 10.0mmolL™' SCN™
(R=0.9991), a relative standard deviation of 1.0% (n=10) for a sample
5mmol L™' SCN™, a detection limit (3¢ criterion) of 50 pmol L™", a sampling
rate of 60 determinations per hour, reagent consumption of 0.02 mg Fe(IID)
per determination, and a waste generation of 1.6 mL per determination were
achieved.

KEYWORDS human saliva, multicommutation flow analysis, multipumping,
spectrophotometry, thiocyanate

INTRODUCTION

Human saliva is a complex biofluid excreted by the salivary glands. Saliva
composition includes air, water, proteins, peptides, amino acids, hormones,
electrolytes, lipids, and other substances.!""? Salivary composition, however,
can be influenced by physiological factors as well as individual personal
features and diet.””

Thiocyanate (SCN7) is generated in the human organism during the
digestion of food, mainly vegetables of the cabbage family,™
when drugs are ingested for the treatment of thyroid and hypertension,
in addition to generation by metabolic products of substances present in
tobacco smoke that contain cyanide.

SCN™ is a metabolite of cyanide detoxification with similar toxicity that

as well as
[5]

has received attention from researchers in different fields such as medicine,
food chemistry, and environmental sciences.”” Saliva with a high level of
SCN™ is an indicator of cyanide poisoning, which could be caused by
chronic human exposure to hydrogen cyanide. SCN™ toxicity effects include
anorexia, nausea, fatigue, disorientation, and psychosis.[6’7] For these
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reasons, plasmatic thiocyanate concentration should
be monitored in order to ensure that its concen-
tration does not exceed 0.1 mgmL ™.

SCN™ is considered a biomarker of environmental
tobacco smoke exposure. The level of thiocyanate in
saliva, urine, and blood serum'®? is thus considered
a good way to distinguish smokers from nonsmokers
and its determination is useful to evaluate smoking
behavior'”) Whereas the saliva of nonsmokers
presents SCN™ concentrations in the range between
0.5 to 2.0mmolL™1*" in smokers, a concentration
of about 6.0mmol L™! has been found."

Various methods to determine thiocyanate in
wastewaters, "' synthetic samples,'™? biological
samples,[s_&lo’l1’14_16] and food™ have been
proposed. Spectrophotometers,®7? 12131719 poten-
tiometry with ion-selective electrodes," "' and
fluorimetry™> have all been employed as detection
techniques. Separation processes such as ionic
chromatography have also been used.® Though
some methods present high sensitivity,"1*1>17 they
are subject to interferences caused by concomitant
species. 1415 Others are fast and simple but present
low sensitivity.>71 131819 pyrthermore, some pro-
posed methods required complex instruments'® 1618191
or the use of hazardous reagents.’®!”

As was pointed out above, SCN™ determination is
very important for human health therefore, the avail-
ability of fast and reliable analytical procedures using
inexpensive equipment and a simple setup process is
recommended. It is possible to meet these require-
ments by employing a multicommuted flow injection
analysis process (MCFIA),"?>*" which allows facilities
to achieve reduction of reagent consumption and
waste generation.

In the analytical procedures employing an MCFIA
approach, the peristaltic pump is by far the device
most often used to propel a solution, although the
solenoid micropump has also been used for solution
pumping.*? The advantages of this device are its
smaller dimension and its propelling and commuting
ability, which permit the replacement of the peristal-
tic pump and solenoid valves in a flow system based
on multicommuted flow injection analysis.?*=" A
flow system that uses solenoid micropumps makes
different flow rates possible by varying the on/off
switching frequency. The electronic hardware
required to drive the solenoid micropump is similar
to that usually employed in the multicommutation
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process.”! The inherent features of the MCFIA, such
as versatility, low reagent consumption, and robust-
ness, are also enhanced using a solenoid micropump
to propel sample and reagent solutions.*®

In this work, we intend to describe the develop-
ment of a multicommuted flow injection procedure
for the spectrophotometric determination of thio-
cyanate in human saliva employing solenoid
micropumps to propel reagent solutions. The photo-
metric method selected is based on the reaction of
thiocyanate with Fe(ID) in an aqueous medium,
which presents radiation absorption at 480 nm.?%%%

EXPERIMENTAL
Reagents and Solutions

All chemicals were of analytical reagent grade.
Purified water (electric conductivity lower than 0.1
pScm™Y) was used throughout.

A 9.0mmolL~" Fe(Ill) solution was prepared by
dissolving 0.5018 g of metallic iron in the mixture of
10.0mL of HNOj concentrated (Merck, Germany)
plus 30.0 mL of HCI concentrated (Merck, Germany).
After dissolution, water was added to complete the
volume to 1000 mL.

A 0.015 mol L™ ! thiocyanate stock solution was pre-
pared by dissolving 0.360 g KSCN (Merck, Germany)
in 250mL of water. Working solutions containing
0.5-10.0mmolL™" thiocyanate were prepared by
appropriate dilution of the stock solution with water.

In the interference studies, solutions using the
following salts were prepared: potassium nitrate
(KNO3), sodium sulphate (Na,SO,), sodium chlorate
(NaCD), calcium chlorate (CaCl,), magnesium chlor-
ate (MgCl,), and sodium citrate (NazCsHsO-).

Sample Preparation

Human saliva samples were collected from smokers
and nonsmokers in glass tubes. Prior to collection,
donors washed their mouths first with a 5gL ™" citric
acid solution (saliva stimulator) and then three times
with water."® The saliva samples were centrifuged at
2500 rpm for 10 min. Afterwards, samples were diluted
with an appropriate volume of water and analyzed.

Apparatus

The flow system comprised three solenoid micro-
pumps (8 uL per stroke; Bio-Chem 090SP, Boonton,
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FIGURE 1 Flow diagram of the multicommuted flow system. (a)
Diagram of the flow system. P4, P,, and P;: solenoid micropumps;
S: sample; R: reagent solution; C: carrier solution, B: reaction
coil, 0.8 mm i.d., 100cm; x: confluence; Det: detector, 480 nm;
W: waste. (b) Switch time course of micropumps, respectively,
t;, t5, and t3. St: Sampling step; Rt: Signal reading step.

NJ); a microcomputer furnished with an electronic
interface card PCL711S (American Advantech Co.);
a 700S Femto spectrophotometer (Brazil) equipped
with a flow cell, 10-mm optical path and 80-pL inner
volume (Hellma, Germany); a homemade electronic
B4 to drive the solenoid micropumps; and a
four-way acrylic connector. The reaction coil and
flow lines were made of polytetrafluoroethylene
(PTFE) tubing, 0.8 mm i.d. Control and data acqui-
sition from the micropumps were performed by the
microcomputer running software written in Quick
BASIC 4.5.

interface

Flow Procedure

Figure 1a shows the flow diagram of the system.
All pumps are switched off, and thus no solution is
flowing through the system. When the software
was running, the microcomputer sent control signals
through the PCL711 interface card to switch the
solenoid micropumps on/off, in the pattern, as
depicted in Fig. 1b.

As we can see, micropumps P; and P, were
switched on/off alternately five times, thus inserting

a string comprising five slugs of sample solution in
tandem with five slugs of reagent solution into the
reaction coil (B). Afterwards, the micropump P;
was switched on/off several times to establish a
stream of the carrier solution to displace the sample
zone toward the photometer (Det). The mixing of
solutions between slugs proceeded while the sample
zone was displaced through the reaction coil B, thus
causing a reaction that produced the compound that
was monitored at 480 nm.

Upon execution of the software program, the
microcomputer requested the control parameters
shown in Table 1. Afterwards, the analytical pro-
cedure was carried out as depicted in the pump
switching pattern. The time interval used to maintain
switched on/off micropumps P, and P, was settled at
0.1s; thus, the switching frequency was 5Hz. Fach
micropump delivered 8puL per stroke during the
sampling step (St, Fig. 1), thus inserting equal
volumes (40 uL) of sample and reagent solution into
the reaction coil. Afterwards, the micropump P3 was
switched on/off (Rt, Fig. 1) several times to maintain
the frequency of 5Hz, propelling the carrier solution
through the reaction coil (B) to displace the sample
zone toward the detector at a flow rate of 40 uLs .
The signal generated by the spectrophotometer
(Det) was read by the microcomputer through a
serial interface and stored as an ASCII file to allow
further treatment. While the analytical process was
in process, a signal plot was displayed on the
computer screen as a time function to allow its visua-
lization in real time.

RESULTS AND DISCUSSION
Effect of Reagent Concentration

The effect of reagent concentration on the response
range was investigated using a set of reference
solutions with concentrations ranging from 0.5 up to
10.0mmolL™! SCN™, yielding the results shown in
Fig. 2. As we can see, the monitored signal increased

TABLE 1 Solenoid Micropumps Switching Course for Thiocyanate Determination

Step Description P1 P2 P3 Pulses Cycles
1 Sample or SCN™ standard introduction On/off? Off Off 1 5

2 Reagent solution Fe*" introduction Off On/off Off 1

3 Transport to the detection cell and system washing Off Off On/off 200 —

?0n/off indicates a 0.15/0.1s pulse of the solenoid micropump.
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FIGURE 2 Effects of the reagent solution concentration on
the linearity of the analytical curve. Experimental conditions:
5cycles, ratio 1:1 solution volume: (a) 1.8 x 1072; (b) 9.0 x 1073,
(c)3.6 x 1073;(d) 1.8 x 1073; (€) 7.2 x 10 *mol L' Fe**. The results
were obtained using a 5mmolL~' SCN™ standard solution.

with iron (III) concentration. A linear response (R =
0.999) was observed, however, when the reagent con-
centration was 9.0mmol L' Fe’" or less. Given these
results, a reagent concentration of 9.0mmol L™ Fe>*
was chosen to carry out further experiments. In these
assays, each sampling cycle comprised one on/off
switching step of micropumps P1 and P,. Each micro-
pump delivered 8pulL per stroke, and because five
sampling cycles were carried out, the volume of the
sample zone was 80 pL.

Effect of Reagent Slug Volume

Because reagent volume might affect the sensitivity
of the procedure, a set of experiments was carried out
in order to ascertain optimum conditions. Slugs of the
reagent with volumes of 8, 16, and 24 pulL were
inserted and the volume of the sample slug was main-
tained at 8 uL. These assays were carried out using the
set of SCN™ standard solutions described above,
carried out by switching on/off micropump P, one,
two, and three times to comprise each sampling
cycle, and the micropump P; was switched on/off
once. When iron (IID) solution slugs of volumes 16
and 24 pL were used, the analytical signals showed
an increase of 70% and 112%, respectively, when
compared with the use of a slug volume of 8pL.
However, no linear relationship with SCN™ concen-
tration was observed. Better results (R =0.999) were
achieved when the volume of the reagent slug
solution was 8pL. These results agree with those
presented in the previous section, where the reagent

J. J. Silva Junior et al.

concentration was increased, linearity was lessened,
and the magnitude of the signal increased. This effect
could be expected considering that the concentration
of [Fe?(SCN™),,P™ depends on the concentration of
SCN™.B

Effect of Reaction Coil Length

The results discussed above were obtained using a
100-cm reaction coil. Because the dimension of the
reaction coil may affect sensitivity, precision, and
sampling rate, a set of assays was performed varying
the length of the coil from 10 to 200 cm. The best
results considering signal magnitude, linearity, and
precision were obtained when a reaction coil with
a length of 100cm was used. A slightly decreased
signal magnitude was observed for reaction coils that
were longer. We could suppose that the decrease in
signal was caused by a dispersion effect, which
increased with the length of the reaction coil.

Effect of Sampling Cycles

The results commented on before were obtained
by performing five sampling cycles, resulting in an
80-uL sample zone volume (40 pL of sample solution
and 40 pL reagent solution). Considering that volume
of the sample zone might affect the signal magni-
tude, additional experiments were carried out
employing six and eight sampling cycles. With the
increased number of sampling cycles, the signals
increased 28% and 28.5%, respectively. Even so, five
sampling cycles was considered to be sufficiently
sensitive to process samples of human saliva as well
as saving the reagent, reducing waste, and improving
the sampling rate.

Interfering Effect

The main concomitant ions present in human
saliva that could cause interference are Ca*t, Mg*™,

TABLE 2 Tolerance Concentration Ratio (Interferent/SCN") of
Several Species in the Determination of SCN~ (5.0mmol L' SCN")

Foreign species Tolerance limit?

Ca’*, Mg®*, NO3 100°
SO2-, Cl, Na™, citric acid 10

“Data are interferent/analyte concentration ratios, in mmolL~".
PMaximum tested ratio.
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TABLE 3 Determination of SCN~ Concentration in Human
Saliva as Determined by the Proposed Method and by Standard
Addition Method®?

Proposed Standard addition

Samples® method method Recoveryd (%)
1 1.14+0.1 1.2+0.3 104+7
2 0.8+0.1 0.7+0.2 9242
3 0.6+0.1 0.8+0.1 93+6
4 0.5+0.1 0.6+0.1 103 £1
5 0.84+0.1 0.9+0.1 107 +8
6 0.5+0.1 0.6+0.1 101 +1
7 2.0+0.1 1.7+0.1 97+9
8 1.5+0.1 1.5+0.2 104+4
9 1.9+0.2 1.6+0.2 90+5
10 1.8+0.1 1.7+0.1 9444
1 2.1+£0.1 2.0+£0.2 92+3

Results expressed in mmolL™".

bp _

n=3.

“Samples 1-6: nonsmokers; 7-11: smokers.
dAfter spiking 1.0mmolL~".

Na*, NO3, SO?~, CI7, and citrates. The studies were
performed to verify whether the presence of these
ions in the sample caused interference (matrix
effect). Analyzing the results displayed in Table 2,
the least tolerance observed occurred for SOF,
Cl7, Na®, and citric acid. The complex [Fe’"
(SCN), >, which only has a pKf of 3.02, is less
stable than Fe,(SO4)3 (pKf=4.18). A tolerance limit
up to 10 times the concentration of SCN™
(interferent/SCN™) would not cause interference,
however.

An acceptable tolerance for the assays was
considered to be an absorbance variation of £2%
as a result of the interfering ion. Table 2 demon-
strates results using this criterion. These results are
higher than those normally found in this sample
type.l12!

Results Comparison and System
Performance

Once the optimal operational conditions had been
established, a set of human saliva samples was
analyzed in order to test the usefulness of the
proposed procedure. The standard addition method
was also used to test the accuracy of the assessment
samples, yielding the results shown in Table 3. As we
can see, the recoveries obtained with the addition of
1.0mmolL™' SCN™ to each of the samples are within
the range of 90-107%, which is considered accept-
able for this type of sample. The theoretical t value
(2.23) for a 95% probability level and 10 degrees of
freedom is less than the t calculated (1.70), indicating
that both procedures provide statistically comparable
results.

The calibration graph is linear over the range
0.5-10.0mmolL™" with a detection limit of
50pmolL™". A sampling rate of 60 determinations
per hour and a relative standard deviation of 1.0%
(n=10) for a typical solution containing
5.0mmol L~' SCN~ were also achieved.

The main parameters usually employed to evalu-
ate the performance of the analytical procedures
are summarized in Table 4. As we can see, the per-
formance of the proposed procedure compares very
well with results recorded in other published papers,
mainly considering those of Gumus et al."” and
Themelis and Tzanavaras,"® which were applied to
determine thiocyanate in human saliva. The linear
response range of the proposed procedure is broad
enough to determine SCN™ concentration in human
saliva.®? Analyzing the values related to sample
and reagent consumption as well as waste gener-
ation we observed that the comparison is very
favorable to the proposed procedure.

TABLE 4 Analytical Performance Comparison of the Different Procedures for Thiocyanate Determination

Parameters Proposed procedure [11] [12] [17] [18]
Linear range (mgL™") 29-580 2.0-150.0 0-5.0 0-4.0 20.0-800
Correlation coefficient (R) 0.9991 0.9996 0.9998 0.9998 0.9980
Relative standard deviation (%) 1.0 1.2 1.8 <1.0 1.0
Limit of detection (mgL™") 2.9 1.1 0.08 0.007 5.0
Sample volume (uL)’ 40 50 70 180 200
Reagent consumption (mg)’ 0.02 4.9 14.7 897 3.1
Waste generation (mL)~ 1.6 15 3.1 4.4 10
Throughput (hr—") 60 24 10 60 —

The labels ~ and " indicate that the values are related to consumption and waste generation per determination, respectively.
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CONCLUSIONS

The micropumping multicommutation flow
system was successfully applied to determine thio-
cyanate in human saliva samples and to distinguish
smokers from nonsmokers. The statistics from which
this conclusion was drawn are considered to be at a
95% confidence level with a theoretical t value of
2.26 for 9 degrees of freedom, when the value of t
is 70.69. This indicates a significant difference
between the concentration of SCN™ found in the
saliva of smokers and that in nonsmokers.

The proposed system is simple, fast, and easy to
operate, with the additional advantage of being
robust and having low reagent consumption, result-
ing in low waste generation. The solenoid micro-
pump could be viewed as a commuting device and
in this sense a set of pumps can be easily assembled
to comprise the hardware for the handling of reagent
solutions controlled by software.
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