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In multi-syringe flow injection analysis (MSFIA), devices as selection, injection or commutation valves must be incorporated to the
o provide access to sample and standard solutions. Therefore, the definition of sample amount can be either volume or time-b
resent work, four configurations for sample introduction (two for each approach) were tested in order to establish if the different
ffect the analytical signal in MSFIA systems. The mean absorbance value from ten consecutive injections of a bromothymol blu
btained for the time-based strategy was lower than that provided by the volume-based approach as the exact volume delive
onfiguration was different from the “theoretical” volume. For time-based configurations, the exact volume delivered is 2–5% lowe
heoretical value while for volume-based configurations, the volume delivered was between 6 and 46% larger than the theoretic
oreover, for time-based sampling, the order of steps in the analytical cycle was of utmost importance since any alteration in the flo
ffected the volume delivered in the subsequent step in the analytical cycle. The influence of the two sampling approaches was al

n the MSFIA systems for the spectrophotometric determination of phenolic compounds and the potentiometric determination o
here was no evidence that the use of either volume or time-based sampling would improve the analytical features of these det
hen real samples were tested.

. Introduction

Multi-syringe flow injection analysis (MSFIA) was intro-
uced by Cerd̀a et al. in 1999[1] as a robust alternative to

ts predecessor techniques, especially when applications em-
loying organic solvents are considered[2]. The features of

hese flow systems allow the assembly of a flow network,
onnected to a detection system, where reagents from the
ifferent syringes can be either delivered to the flow system
r returned to its own vessel, without interfering with the
ther channels.
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In this type of flow systems it is not feasible to introdu
the sample into the system by filling one of the availa
syringes as it would take a long time of washing steps
avoiding carry-over between consecutive samples[3]. More-
over, the amount of sample required for those washing
would be considerably large, which is not compatible w
samples that are scarce or expensive.

Therefore, other devices as selection[4], injection[5,6] or
commutation[7–9] valves must be incorporated to the ma
fold to provide access to sample and standard solutions
different strategies can be used to define the sample am
volume-based and time-based strategies[10]. The volume
based approach is based on the entrapment of a certain v
in a well-defined tube portion, which is subsequently pus
by carrier. The time-based mode relies on the aspiratio
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propulsion of a certain volume, defined by the flow rate and
the time during which the pumping device is activated.

The main objective of this work was to establish if the
different strategies affect the analytical signal in MSFIA sys-
tems. Therefore, different configurations for sample introduc-
tion using both strategies were tried, using a colored solution
to evaluate the effect on the analytical signal. Moreover, the
influence of these two approaches in MSFIA systems already
described was evaluated. For this purpose, the spectrophoto-
metric determination of phenolic compounds[11] and the
potentiometric determination of chloride[12] were chosen.

Water from MilliQ system (resistivity > 18 M� cm) was
used for the preparation of all solutions, and all chemicals
were analytical-reagent grade.

For assessment of the influence of different strategies in
the analytical signal, a bromothymol blue (BTB) solution
was prepared from a stock solution (0.50 g l−1) by dilution
in 0.010 mol l−1 borax solution in order to provide an ab-
sorbance value of 0.725± 0.005 at 620 nm.

For the determination of the exact volume delivered us-
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burettes were used, where the piston movement was divided
in 5000 and 16 000 steps, according to the model applied.
Hence, when a 5.00 ml syringe was applied, the minimum
volume delivered was about 1 and 0.3�l, respectively.

For sample introduction, additional commutation valves
from NResearch with internal volume of 27�l (ref. 161T031)
and 57�l (ref. HP225T031) were introduced in the flow
system. Laboratory-made acrylic Y-shaped connectors were
used as confluences. The length of the inner channels was
15 mm.

The connections and sample loops were made of Om-
nifit (Cambridge, UK) PTFE tubing (0.8 mm i.d.) with Gilson
(Villiers-le-Bel, France) end-fittings and connectors.

A personal computer, running lab-made software written
in QuickBasic 4.5 (Microsoft), controlled the multi-syringe
operation (number of steps and direction of piston displace-
ment and position of all commutation valves).

For the spectrophotometric measurements, a Jenway 6300
(Essex, UK) spectrophotometer equipped with a Hellma
(Mullheim/Baden, Germany) 178.710-QS flow-through cell
(internal volume 80�l) was used and the wavelength was set
at 620 nm (experiments using BTB) or 510 nm (determina-
tion of total phenolics).

For the potentiometric measurements, a millivoltmeter
(Crison, model 2002) and a double-junction reference elec-
trode (Russel, model 90-0029), with a 0.1 mol l−1 KNO
s ator
e ion-
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a

per-
f sing
t tem.
T xcel
2

se-
l -
b

the
s 6 in
p the
s ushed
t

e it
i nly
o ic in-
j ed to
t ed by
a tatic
f lled
o

ling.
I time

   

Materials and methods

Reagents and solutions
ng the different strategies, 0.5 mol l−1 HCl standard solutio
Titrisol®, Merck, Darmstadt), NaOH (0.08 mol l−1) solution
nd phenolphthalein indicator solution were used.

For the determination of total phenolics the follo
ng solutions were prepared as described by Oliveira[11]:
aOH (0.10 mol l−1); K3[Fe(CN)6] (1.50 g l−1); buffer so-

ution containing 0.124 mol l−1 of H3BO3 and pH adjuste
o 8.0 by addition of concentrated NaOH solution. The
minoantipyrine was dissolved in buffer solution (0.50 g l−1).
he working standards were prepared from a stock sol
ontaining 1.00 g l−1 of phenol. The reference material w
btained from LGC Promochem (Middlesex, UK).

For the determination of chloride, the solutions w
repared as indicated by Andrade-Eiroa et al.[12], excep

or the ionic strength adjuster solution (ISA), contain
.05 mol l−1 NaNO3 and 1 mg l−1 chloride.

The Crison multi-syringe burettes (Allela, Spain) use
he present work were multiple channel piston pump, w
ll pistons were driven by a single motor, controlled by c
uter software through a serial port. A three-way comm

ion valve (NResearch, Caldwell, NJ, USA) was connecte
he head of each syringe. For all valves, the exchange op
ere classified in on/off lines.
The piston displacement from the lowest to the hig

osition was divided in a fixed number of steps, which defi
he minimum volume to be delivered (that also depende
he syringe capacity). In the present work, two multi-syri

Apparatus
3
olution in the outer compartment were used. As indic
lectrode, a homogenous crystalline membrane chloride
elective electrode without inner reference solution and
tubular configuration[13] was used.
For both detection systems, data acquisition was

ormed through a PCL-818L interface card at 4 Hz, u
he same software developed for controlling the flow sys
he data obtained was analyzed using either Microsoft E
002 or Origin 6.1 software.

Different configurations for sample introduction were
ected for comparing volume-based (Fig. 1A and B) and time
ased (Fig. 1C and D) strategies.

Using configuration A, sample was aspirated through
ample loop by means of syringe 1 with valves 5 and
osition off. After commutation of the solenoid valves,
ample portion entrapped between the two valves was p
owards the flow network by action of syringe 2.

Configuration B is simpler than configuration A sinc
mplies a similar operation for sample introduction using o
ne valve. In this case, the principle behind hydrodynam

ection[14] was applied as the sample loop was connect
hree channels at the same time and one of them was fill
stagnant liquid. This column of liquid exerted a hydros

orce, which acted as a lock while the sample loop was fi
r washed by carrier.

Both configurations C and D rely on time-based samp
n configuration C, a sample amount defined by the

Configurations adopted for sampling



Fig. 1. Configurations adopted for sample introduction using volume-based (A, B) and time-based (C, D) strategies, including schematic representations of
sample uptake and introduction into the flow network. The solid, bold and dotted lines represent the channels filled with carrier, sample and stagnant liquid,
respectively.N andF represent positions “on” and “off” in the additional valves (V5 and V6). S, sample; FN, flow network; SL, sample loop; W(S1), waste in
syringe 1; C(S2), carrier in syringe 2; HC, holding coil.

and flow rate of aspiration was drawn into the holding coil
(HC). By flow reversal, this amount was pushed by carrier to-
wards the flow network. In configuration D, a larger amount
of sample was aspirated to fill the HC, reaching syringe 1 that
worked as waste reservoir. In the next step, an aliquot of the
sample contained in the HC was sent through a confluence
point towards the flow network. Its volume was also defined
by the time and flow rate of propulsion. Next, the sample plug
was propelled further by carrier from syringe 2. These two
last steps could be performed twice before filling the syringes
again.

In order to evaluate the influence of the different config-
urations in the analytical signal without reaction, the tubing

addressed as “flow network” inFig. 1 was composed by a
coiled section (l = 50 cm) plus a straight section (l = 50 cm),
connecting the injection module to the flow cell inside the
spectrophotometer. BTB solution was injected 10 times con-
secutively in a 0.010 mol l−1 borax carrier and the analytical
signal profile (peak height and time at peak maximum) was
determined.

For configurations A and B, the sample loop was com-
posed of PTFE tubing with 10 cm (50�l), 20 cm (100�l)
and 40 cm (200�l). These “theoretical” volumes were cal-
culated from the equationSv =πR2L, whereSv is the sample
volume,R the internal radius of sample loop andL the re-
spective length.



In order to determine the exact volume delivered by each
configuration, a 0.5 mol l−1 HCl standard solution was used
as sample and injected 10 times in a water carrier. The effluent
of the flow network was titrated against standardized NaOH.

The MSFIA system used for the determination of to-
tal phenolic compounds[11] is presented schematically in
Fig. 2(I). The analytical cycle comprised three steps. In the
first step, the syringes were filled with their respective solu-
tions. Next, the sampling step was performed: for configura-
tion A, 500�l of sample were aspirated through the sample
loop while for configuration C, 100�l was aspirated towards
the holding coil. In the last step, the sample was propelled by
NaOH solution and was mixed sequentially with the buffer/4-
aminoantipyrine solution, followed by the K3[Fe(CN)6] so-
lution. The steps of this analytical cycle were performed at
7.50, 2.00 and 7.50 (3× 2.50) ml min−1, respectively.
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In the potentiometric determination of chloride, the flow
manifold proposed by Andrade-Eiroa et al.[12] was modified
(Fig. 2II), since the ISA solution was only present in one of
the flow channels. The analytical cycle was also composed of
three steps and the first two were similar to those described
for the spectrophotometric determination, including the flow
rate. In the last step, the sample is pushed by water and subse-
quently mixed with ISA solution before reaching the detec-
tor. This step was performed at 4.50 (3.00 + 1.50) ml min−1

as the capacity of all syringes was 5.00 ml, except for the ISA
solution that was 2.50 ml.

The implementation of volume or time-based sampling in
MSFIA systems requires the introduction of different devices
and/or different configurations in the flow manifold, as de-
picted inFig. 1. As a consequence, the sampling steps in the
analytical cycle can take more or less time according to the
configuration chosen. This fact is particularly relevant when
it is necessary to perform the change to the next sample to
be analyzed. In this case, when volume-based configurations
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MSFIA systems for determination of chloride and
total phenolic compounds

General considerations about the operating
conditions using the two strategies

Results and discussion

 

ig. 2. MSFIA manifolds for the determination of total phenolic compounds
I) and chloride (II): MS, multi-syringe; Si, syringe; Vi, commutation valves;
, on position (solid line);F, off position (dotted line);�, spectrophotometer;

SE, ion selective electrode; RE, reference electrode; VT, millivoltmeter; Li,
TFE connections (L1 = 40 cm; L2 = 105 cm); C1, 0.10 mol l−1 NaOH; R1,
-aminoantipyrine/buffer solution; R2, 1.50 g l−1 K3[Fe(CN)6]; C2, water;

SA, 0.05 mol l−1 NaNO3 + 1 mg l−1 Cl−; SP, sample; W, waste.
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re used (Fig. 1A and B), no extra-operation is necess
ince the uptake of the next sample can be performed
ame time as the loop is filled, as long as the volume d
s enough to rinse all tubing containing the previous sam

For the time-based approach, when configuration D i
lied, the aspirated volume of the new sample has to be
ciently large to avoid contamination of the last aliquo
e used. When configuration C is used, sample chang
ore complex and takes more time since it is necessa

ll the sampling tube with the new sample and wash the
ith carrier before starting the analytical cycle. This c
guration usually comprises another commutation valve
irects the flow towards waste, without passing through
ow network or detection system.

Volume-based sampling presents other advantages
ompared to the time-based approach. As volume met
oes not rely on the flow rate of aspiration/propulsion, it
e less affected by the physical properties of sample (vi

ty, surface tension) when large flow rates are applied. Fo
ame reason, the presence of air bubbles can affect s
antly the time-based sampling while it is not importan
olume-based sampling as long as they do not remain tra
nside the sample loop.

Nevertheless, the MSFIA systems presented in the
ture evolved from volume-based to time-based samp

n fact, the volume-based approach is only applied in a
f the first systems described. Despite the advantage
ented before, the time-based approach is far more fle
ince any alteration in the sample volume can be perfo
hrough software control, without physical change requ



by volume-based configurations. The alteration of sample
volume through software control enabled the application of
a dynamic concentration range in the determination of war-
farin [15] and the development of an expert system for the
determination of iron[16], where the analyzed volume was
adjusted to the concentration present in the sample.

When configurations C and D for time-based sampling are
compared, the first one is more adequate when scarce sam-
ples (such as biological fluids) are analyzed since only the re-
quired volume is aspirated into the flow system. On the other
hand, if the sample availability is not an issue, configuration
D seems more suitable as it is possible to perform several de-
terminations using aliquots of the same sample drawn. This
feature can enhance the determination throughput as it is not
necessary to refill the syringes between each determination.

As the objective of this work was the comparison between
volume-based and time-based strategies for sample introduc-
tion in MSFIA systems, four configurations for sample in-
troduction were used (two for each approach) and the peak
maximum values were determined for ten consecutive injec-
tions of a BTB solution using “theoretical” volumes of 50,
100 and 200�l (Table 1). For configurations A and B, the
v mple
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this case, there was a positive deviation of about 18–23�l
for configuration A and 11–15�l for configuration B. These
deviations were probably due to the contribution of the
internal volume of the valves and the confluence used in
both configurations.

This possibility was confirmed when the commutation
valves were replaced by others with larger internal volume
(57�l instead of 27�l). When larger valves were used, the
analytical signal was about 0.020 absorbance units higher
for configuration A and B while no alteration was verified
for configuration C. Moreover, for a theoretical volume of
100�l, the exact volume delivered was about 10�l larger
than that obtained using smaller valves, for both volume-
based configurations.

Nevertheless, when 200�l were used, the analytical sig-
nal for configurations A, B and D were similar (Table 1),
despite the differences in the exact volume delivered (217,
211 and 200, respectively). This situation was probably due
to a lower effect of the constant dead volumes of valves when
larger sample volumes were applied. In fact, the exact volume
delivered for the volume-based configurations was between
10 and 50% larger than that obtained by configuration D for
lower sample volumes (50 and 100�l).

The differences in the analytical signals obtained using
the two time-based configurations cannot be explained by
those features. Since the exact volume delivered was similar,
t C,
o into
t the
fl was
d , the
s ince
a il.
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T theoret

Precision and accuracy of volume delivery
olume was defined by the radius and length of the sa
ubing used as sample loop. For configurations C and D
ample volume was defined by the software instruction g
o the multi-syringe, comprising the number of steps and
elocity for displacement of the bar connected to the pis
or all cases, the sampling step was performed at 2 ml m−1.
he exact volume introduced in the flow system was also

ermined experimentally (Table 2).
Except for the volume of 200�l, the analytical signa

btained for the time-based strategy was lower than
rovided by the volume-based approach. In fact, the e
olume delivered by each configuration was different f
he theoretical volume. For configurations C and D, the e
olume delivered was 2–5% lower than the theoretical v
hile for configurations A and B, the volume delivered w
etween 6 and 46% larger than the theoretical volum

able 1
ean absorbance values at peak maximum (n= 10) for the same BTB sol

heoretical volume (�l) A

50 0.106± 0.001
00 0.181± 0.002
00 0.308± 0.003

able 2
ean values (n= 10) of the volume introduced in the flow network usin

heoretical volume (�l) A B

50 73.2± 0.7 (+23.2) 64
00 118± 1 (+18) 11
00 217± 1 (+17) 21

he values in parenthesis are the absolute deviation values from the
hey are probably due to the fact that for configuration
nly the amount of sample to be delivered was taken

he holding coil and subsequently propelled by carrier to
ow network. During these two steps the sample plug
ispersed in the carrier stream while for configuration D
ampling step did not involve dispersion in the carrier s
large amount of sample was drawn into the holding co

Previous work indicated that the order in which the
erent operations were carried out within the analytical
le would affect the analytical signal whenever there w
hange in the flow direction. In fact, Armas et al.[17] have
eported that a “dummy” step was introduced in the ana

sing different configurations (A–D) in the injection module

C D

± 0.001 0.071± 0.002 0.082± 0.001
± 0.001 0.147± 0.003 0.161± 0.002
± 0.002 0.288± 0.002 0.306± 0.002

ent configurations (A–D) in the injection module

C D

(+14.9) 47.5± 0.3 (−2.5) 48.6± 0.5 (−1.4)
+11) 94.7± 0.1 (−5.3) 98.3± 0.3 (−1.7)
+11) 195± 1 (−5) 200± 1 (0)

ical values.

Order of operations in the analytical cycle



Table 3
Values of maximum absorbance and respective time after injection obtained using time-based strategy (configuration C) for different analytical cycles

Step order in analytical cycle Movement direction Absorbance Time (s)

Prior to sample aspiration Prior to detection

1/2/3 = �= 0.154± 0.002 22.9± 0.3
2/1/3 �= �= 0.066± 0.001 21.8± 0.6
2/3/1 = �= 0.154± 0.002 22.7± 0.3
1/2/D/3 = = 0.152± 0.002 20.8± 0.3
1/D/2/3 �= �= 0.061± 0.003 21.0± 0.7

The steps are: (1) syringe filling; (2) sample aspiration; (3) propulsion to detector; (D) dummy step to change the movement direction. The sample volume was
100�l.

cal cycle to “avoid the loss of motor steps due to directional
change of the syringe pistons when small volumes are to be
handled”. For this reason some experiments were carried out
using the proposed configurations to evaluate how the change
of flow direction would affect the analytical signal.

For configurations A, B and C, the analytical cycle was
divided in three steps: (1) syringe filling (downward move-
ment); (2) sample aspiration (downward movement); and (3)
propulsion to the flow network/detector (upward movement).

When the order of steps 1 and 2 in the analytical cycle
was changed (analytical cycle: 2/1/3) there was no difference
in the analytical signal obtained using configurations A or B
for 10 consecutive injections of the BTB solution. Instead, for
configuration C, the maximum absorbance value was reduced
to about one third of the initial value (Table 3).

To further investigate if the change of flow direction be-
fore the sampling step was behind the reduction of analytical
signal, the order of steps in the analytical cycle was changed
once again. Hence, in cycle 2/3/1, there was not change in the
flow direction and, despite the aspiration steps were not con-
secutive, the analytical signal was the same as for analytical
cycle 1/2/3. Moreover, when a “dummy” step was introduced
between steps 1 and 2 in order to change the flow direction
before sampling, the analytical signal was also lower when
compared to that obtained for 1/2/3 cycle.

These results provided evidence that the change of flow
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Fig. 3. Mean absorbance values at peak maximum (n= 10) obtained using
configuration C when the step before sampling was performed in the same
direction (�, MS with 5000 steps;�, MS with 16 000 steps) or in the opposite
direction (©, MS with 5000 steps;×, MS with 16 000 steps).

posed by steps 1/2/3 to those provided by a similar cycle with
a “dummy” step (upward movement) placed between steps
2 and 3 to change the flow direction. The analytical signals
were similar but the time of peak maximum differed in about
2.1 s. For the first cycle (without “dummy” step), it took more
time to achieve the maximum absorbance, which was caused
by the delay in the piston movement due to the loss of steps.

For configuration D, the syringe filling (1) and sample as-
piration (2) were performed simultaneously. In this case, the
steps of sample introduction into the flow network and fur-
ther propulsion towards the detector were performed twice

Fig. 4. Relation between the injected and the theoretical volume using con-
fi same
d teps)
o teps;
b

irection before sampling using configuration C affect
xact volume aspirated. To investigate if this situation
aused by mechanical reasons due to loss of steps duri
hange of direction of piston movement, the determina
f the analytical signal and the exact volume delivered
erformed using multi-syringes with the total piston displa
ent divided in 5000 or 16 000 steps.
Two analytical cycles were tried (1/2/3 and 2/1/3) for t

retical volumes between 50 and 250�l (Figs. 3 and 4).
rom the absorbance values presented inFig. 3, there is a
ystematic deviation when the flow direction is changed
ore sampling. This effect is more pronounced for the 5
teps multi-syringe and it is probably due to the lower volu
rawn when this device is applied (Fig. 4), even for volume
p to 200�l.

The change of flow direction affects not only the aspira
ut also the propulsion of solutions. This can be verifie
omparing the results obtained by the analytical cycle c
guration C when the step before sampling was performed in the
irection (grey bar, MS with 5000 steps; white bar, MS with 16 000 s
r in the opposite direction (bar with diagonal lines, MS with 5000 s
lack bar, MS with 16 000 steps).



Table 4
Figures of merit for the determination of total phenolic compounds using volume-based (A) and time-based (C) strategies for sample introduction

Configuration A Configuration C

Calibration parameters AU = 0.0234± 0.0001, C + 0.008± 0.001,R= 0.99995 AU = 0.0195± 0.0001, C + 0.005± 0.001,R= 0.9998
Limit of detection (mg l−1) 0.17 0.34
Determination frequency (h−1) 70 85
Repeatability (RSD,n= 5) <1.3% <2.5%

Application to sample analysis (concentration in mg l−1)
QCI-043-1 (10± 1.53) 8.85± 0.09 8.87± 0.08
QCI-043-2 (5.01± 0.757) 5.38± 0.07 5.39± 0.06
Spiked tap water (+2.50) 2.56± 0.04 2.63± 0.06

All concentration values are expressed in mg l−1.

before filling the syringes again, originating two peaks for
each analytical cycle. When five consecutive analytical cycles
were performed in this way, the first peak was always lower
(0.056± 0.001,n= 5) than the second one (0.159± 0.002,
n= 5). In order to change the flow direction between the
syringe filling and the first step for introduction of sample
aliquot, a “dummy” step where the solutions were directed
towards their reservoir (upward movement) was introduced.
In this case, the peaks were similar (0.161± 0.002,n= 10) to
the second peak of the previous analytical cycle. Therefore,
the introduction of a “dummy” step is mandatory to avoid
systematic error in the first analytical signal when using this
configuration.

The multi-syringe flow systems described for the deter-
mination of total phenolic compounds and for chloride were
chosen to study the influence of sampling strategy in the an-
alytical features. These two determinations were chosen be-
cause they are based in different types of detection system
and the systems previously described were based on either
volume-based or time-based sampling.

The analytical features obtained when using configura-
tions A and C for sample introduction (theoretical volume of
1 n
c ency
a

racy
w l and

spiked sample while the detection limit was calculated us-
ing the calculated intercept as an estimate of the blank signal
and the statisticsy/x as an estimate of the respective standard
deviation[18]. For the determination of chloride, the results
obtained by the MSFIA system were compared to those pro-
vided by the Mohr titration[19] and the practical detection
limit was taken as the concentration at the point of inter-
section of the extrapolated linear segments of the calibration
graph[20]. For both systems, the repeatability was assessed
from 5 consecutive injections of each sample and the deter-
mination frequency was calculated from the summation of
the time taken for all steps in the analytical cycle.

When the figures of merit obtained were compared, the
limit of detection was lower for both determinations using
volume-based sampling while the sensitivity for the spec-
trophotometric determination was higher when this strategy
was applied. Those features were obtained as the exact vol-
ume delivered by configuration A is larger than that provide
by configuration C. This situation did not affect the sensitivity
in the potentiometric determination.

For the spectrophotometric determination of phenolics,
the results obtained for the samples analyzed were similar for
both configurations and comparable to the certified value for
the reference material. In the potentiometric determination
of chloride, larger deviations were found, especially when
configuration A was applied. When the results for repeata-
b f the
c

sed
s n for
s , for

T
F (A) an

C 1± 1,R
L
D
R

A

A

Application of time-based and volume-based

strategies in the same analytical determination
00�l) are given inTables 4 and 5, including the calibratio
urve parameters, limit of detection, determination frequ
nd precision.

For determination of phenolic compounds, the accu
as assessed by analyzing certified reference materia

able 5
igures of merit for the determination of chloride using volume-based

Configuration A

alibration parameters E=−53.2± 0.5 log [Cl−] + 27
imit of detection (mg l−1) 2.3
etermination frequency (h−1) 54
epeatability (RSD,n= 5) <3.3%

pplication to sample analysis (concentration in mg l−1)
Mineral water (9.9± 0.2) 9.1± 0.1
Wastewater (161± 1) 174± 4
Wastewater (18.7± 0.2) 24.7± 0.3

ll concentration values are expressed in mg l−1.
ility were compared, there is no evidence that one o
onfigurations can present better results than the other.

The determination frequency was higher for time-ba
ampling (configuration C). Nevertheless, the time take
ample change was not taken into account. Therefore

d time-based (C) strategies for sample introduction

Configuration C

=−0.9993 E=−53.0± 0.4 log [Cl−] + 275± 1,R=−0.9993
3.5
62
<1.8%

8.1± 0.1
158± 2
17.0± 0.2



the reasons stated in the Section3.1, the sampling frequency
for configuration A would be equal to the determination rate
while the value for configuration C would be lower than that
presented inTables 4 and 5, depending on the time and num-
ber of steps required for sample change.

Flow injection systems are based in the reproducible
insertion of a sample plug into a flowing stream. From the
results gathered in the present work, this requirement was
fulfilled for all configurations tested for sample introduction
in MSFIA.

Nevertheless, when the exact volume to be delivered may
be important, there are some aspects to be considered, namely
the internal volume of the devices (valves and confluence)
used in the volume-based approach. Furthermore, the order
of steps in the analytical cycle was of crucial importance
when performing time-based sampling. In the present work,
it was shown that any alteration in the flow direction affected
the volume delivered in the subsequent step. Therefore, the
introduction of a “dummy” step is recommended whenever
the flow direction is changed before the sampling step.

There was no evidence that the use of either volume or
time-based sampling would improve the analytical features
o alyt-
i tivity
f it of
d due
t the
t hich
t

u-
n 02.
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Acta 455 (2002) 149.
18] J.C. Miller, J.N. Miller, Statistics for Analytical Chemistry, 3rd e

Ellis Horwood, Chichester, 1993.
19] L.S. Clesceri, A.E. Greenberg, A.D. Eaton (Eds.), Standard Me

for the Examination of Water and Wastewater, 20th ed., Ame
Public Health Association, Washington, 1998.

20] G.G. Guilbault, Pure Appl. Chem. 53 (1981) 1907.


	Sample introduction in multi-syringe flow injection systems: comparison between time-based and volume-based strategies
	Introduction
	Materials and methods
	Reagents and solutions
	Apparatus
	Configurations adopted for sampling
	MSFIA systems for determination of chloride and total phenolic compounds

	Results and discussion
	General considerations about the operating conditions using the two strategies
	Precision and accuracy of volume delivery
	Order of operations in the analytical cycle
	Application of time-based and volume-based strategies in the same analytical determination

	Conclusions
	Acknowledgements
	References


