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Abstract

The flow injection (FI) analytical determination of Se(IV) with 2,3-diaminonaphthalene (DAN) was assayed employing enhanced fluo-
rometric detection. The different variables affecting the reaction rate between Se(lV) and DAN were studied in batch mode, and the best
conditions for the 4,5-benzopiazselenol (Se-DAN complex) formation were found. On this basis, two different FI manifolds able to give
optimal sensitivity were designed. Once established the optimal flow conditions for the product formation, a submicellar medium of sodium
dodecylsulphate with the addition Btcyclodextrin was tested to perform enhanced fluorometric detection. A limit of detectionjof0-3
of Se(IV), a linear dynamic range ranging between 1 andg®0* of Se(1V) and a sampling throughput of 40 samplesWvere obtained.

A full discussion on each stage of the optimisation procedure and the validation of the propose methodology is provided.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The main disadvantages of these techniques are the com-
plexity and cost of the instruments, together with the need of
The beneficial role of micro-amounts of selenium in bi- some degree of expertise for their proper operation. There-
ological and environmental systems has encouraged the defore, it is still important to develop highly sensitive meth-
velopment of analytical strategies for its determination at ods based on cheaper and easier to operate techniques such
trace levels. Selenium is a special case since it is essentiahs spectrophotometry or fluorometry. Amongst another fac-
for living organisms at low levels but toxic at slightly higher tors, the high sensitivity obtained with these last techniques
ones[1-3]. Thus, the analytical methods for the determina- depends on the selection of a suitable reaction between the

tion of selenium need to be sensitive and accurate. analyte and some kind of complexing agent. In the particu-
Particular attention has been focussed on the determinadar case of selenium, care must be taken with the oxidation
tion of Se in natural waterf4—10], where the “window” state as most reactions involve Se(IV). These reactions per-

of useful concentrations is very narrow. In this way, sev- mit Se(IV) determination but not total determination unless
eral spectroscopic techniques, mainly inductively coupled all forms of selenium are converted into Se(lV).
plasma mass spectrometry (ICP-MS) and graphite furnace The reaction of Se(lV) with aromatic diamines has
atomic absorption spectrometry (GFAAS) or hydride gener- been used as an alternative approach for the determi-
ation atomic absorption spectrometry (HGAAS) have been nation of selenium at trace levels. Se(IV) reacts with
reported in the literaturg/—18]. 2,3-diaminonaphthalene (DAN) vyielding the complex
4,5-benzopiazselenol (Se—DAN complex) which allows the
mspondmg author. Telt54-342-4571164x2542: determination of selenium in different matrices either by
fax: +54-342-4571162. spectrophotometry or fluorometrjl9-28] However, the
E-mail addressbonivar@fiqus.unl.edu.ar (A. Bonivardi). last alternative—which is more sensitive—presents two

0003-2670/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.aca.2004.04.016



230 J. Pedro et al./Analytica Chimica Acta 516 (2004) 229-236

kind of problems. First, the large number of variables that 2. Experimental
influence the reaction between selenium and DAN and,

second, the poor quantum efficiency of fluorescence of 2.1. Materials
Se-DAN in aqueous solutions.

Several works have been devoted to the study of the vari- Doubly deionised water (DDW, 18 Mcm~1) obtained
ables affecting the rate of the reaction between selenium andfrom a Milli-Q water system (Millipore, Bedford, MA, USA)
DAN [21,29] Se(IV) slowly reacts with DAN at room tem-  was used throughout the experiments. All the reagents were
perature and a heating stage is usually required to completeanalytical-reagent grade.
the reaction within some minutes. Nonetheless, several dis- Selenium(lV) stock standard solutions (1.0008)!
crepancies in the heating programs appear in the literature atvere prepared by dissolving WaeQ (Aldrich, St. Louis,
the moment of informing the optimal combination temper- MO, USA) in DDW. Working standard selenium solutions
ature/time. The same is true for the pH of the reacfiz$i. (1-500ug 1=1) were daily prepared by appropriate dilution

Regarding the fluorometric detection, the main problem of the stock standard solutions.
is the poor fluorescence quantum efficiency of Se-DAN in A 0.1% wi/v 2,3-diaminonaphthalene solution was freshly
aqueous solution, which drastically reduces the sensitivity of prepared each week by dissolving 50mg of 99% w/w
the direct determination. Thus, the extraction of the Se—-DAN DAN (Spectrum Quality Products Inc., USA) in 50 m| of
complex into an organic phase-fiexane, cyclohexane or  0.05mol -t HCI (Merck, Darmstadt, Germany), that also
toluene) is usually requiref8,23-27,30] contained 0.1g of hydroxylamine hydrochloride (Merck,

However, solvent extraction is troublesome and sev- Darmstadt, Germany) and 0.1 g of disodium salt of ethylene
eral works aiming to avoid this step have been reported. diamine tetracetic acid (Merck, Darmstadt, Germany) as
Rodiiguez et al.[31] studied the enhancement of the flu- reducing and masking agents, respectivgl9,21,23,27]
orescence of Se-DAN complex by adding water miscible The resulting solution was extracted three times with 10 ml
organic solvents but this is not a practical alternative in of cyclohexane to remove impurities.
flow systems because the separation of phases easily occurs A 0.07 mol 1 sodium dodecylsulphate solution was pre-
while employing samples with high values of ionic strength. pared from 90% w/w SDS (Riedel & de Haén, Germany).

Another approach for enhancing fluorescence in aqueous The SDS andB-cyclodextrin @-CD) mixed solutions
solutions is the use of a (sub)micellar medium. Zheng and were prepared by dissolving a suitable weighted amount of
Lu [32] studied the effect of different surfactants on the 98% w/w 3-CD (Sigma, USA) in the volume needed for
analytical signal of the Se—-DAN complex and found that obtaining a final concentration of 10 mmokll of B-CD.
negatively charged surfactant micelles, for example sodium The adequate volume of SDS solution was added to the
dodecylsulphate (SDS), notably increase the complex sig- 3-CD solution in order to obtain the desired molar ratios of
nal in aqueous solutions. On the other hand, the use ofSDS top-CD.

B-cyclodextrin 3-CD) also showed an improved fluores-

cence signal of Se—DAN piazselenol. But optimum results 2.2. Instruments

have been obtained by the combined use of SDSRaGD,

in a submicellar SDS concentration, which produces a syn- A spectrophotometer Perkin-Elmer UV-Vis Lambda 20
ergistic effect that drastically enhances the fluorometric sig- and a spectrofluorometer Hitachi F2000 equipped with
nal of the Se—-DAN complep32]. It is claimed that micelles  quartz flow cells of 80 and 18I, respectively, were used
or SDSB-CD “aggregates” provide some kind of cavities for the on-line measurements of the analytical signals. A
where the complex can be inserted thus changing its chemi-personal computer for time recording and data acquisition
cal environment: the lifetime of the excited state is increased was attached to each instrument. Conventional 1.00cm
and, at the same time, the possibilities of quenching are quartz cell were employed for the batch procedure in both
reduced[32,33] Nevertheless, the fluorometric method in instruments (vide infra).

submicellar media is tedious and time consuming when itis  The two manifolds tested for fluorometric flow injection
performed in batch mode and automation becomes manda-experiments are shown Fig. 1. An eight-channel Ismatec-
tory for routine analysis. IPC peristaltic pump (Valco, Houston, USA), 0.75mm i.d.

This work is devoted to the development and optimisa- PFTE® tubing and VICI-Cheminert C22Z injection valves

tion of a flow injection procedure for the determination of (Valco, Houston, USA) were employed in all cases.

Se(IV) in aqueous solutions employing fluorometric detec-

tion in a submicellar medium. The optimisation presents 2.3. Procedure

three stages: a batch study of the different variables that af-

fect the reaction rate between Se(IV) and DAN, the increase The product of the reaction between Se(lV) and DAN (i.e.,
of the quantum efficiency of fluorescence of the Se-DAN Se—DAN complex) was followed by UV-Vis spectrophotom-
complex by the use of SDS argtCD, and the design of etry. Once the conversion degree of Se(lV) was optimised,
two different FIA systems of enhanced sensitivity based on the enhancement of the fluorometric signal by the addition
the previous findings. of SDSRB-CD mixtures to the Se—DAN complex was tested.
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batch mode in order to mimic the confluence point of the
continuous system, i.e., including the dilution effect.

A Box-Benhken experimental design was employed by
modifying the pH (1.2-3.2), the SDS #®-CD molar ra-
tio (SDSBR-CD = 0.4-10) and the volume (3-7ml) of
the SDSB-CD mixtures added to a constant amount of
Se—DAN complex. The experimental procedure is described

as follows. A set of testing tubes containing 1.0ml of a
standard solution of 5mgt of Se(IV) and 1.0 ml of a 0.1%
w/v DAN solution was prepared. The pH value and the
volume were adjusted to 2.0 and 8 ml, respectively. Then,
the samples were heated at°@ for 5min. The pH was
again adjusted at the values of the experimental design and
the volume was made up to 10 n"Wde—pan). The prefixed
volumes of SD-CD mixtures Vspse-cp) were then in-
corporated to the previously obtained 10 ml of the Se—DAN
Fig. 1. FI manifolds for the submicellar enhanced fluorometric determi- solutions, without gdjustlng the final volumes. Afterward
nation of Se(IV) with DAN: L: sample loop; HB: heated water bath; R~ the fluorescence signal of each sample was measured at
knotted reactor 1; R knotted reactor 2; D: detector; W: waste. rex = 375 nm andiem = 546 nm.

System Il

Hzo 5......4......4...........4.....5
SDS/B-CD

2.3.2. Optimisation of the FIA system

The operating conditions were carried out as described be- First, the optimisation of a flow system with spectropho-
low. tometric detection was performed to establish the best
FIA variables for the formation of Se-DAN complex, i.e.,
the on-line conversion degree of Se(lV). Second, the flu-
orometric detection was optimised for two flow injection
2.3.1.1. Formation of the Se-DAN complex (UV-Vis detec- manifolds shown irFig. 1 Under both modes of detection,
tion). Different experiments were performed to evaluate residence time was optimised adjusting the flow rates and
and optimise the degree of conversion of Se(lV) into the reactor length to attain the best signal to noise ratio. Sample
Se—-DAN complex. Optimal reagent concentration was ob- volume was modified to maximise the signal to noise ratio
tained by adding different volumes (0.25-2ml) of a 0.1% without significantly decreasing the sampling rate.
w/v DAN solution to 1 ml of a solution containing 10 mgf The influence of the residence time and the temperature
of Se(IV), adjusting to pH 2.0 and to 10 ml of final volume, of reaction over the conversion degree of Se(lV) was tested
and then, heating at 9€ during 5min. The best results by merging a 10 mgi! of Se(IV) solution and a 0.1% w/v
were obtained when 1 ml of 0.1% w/v DAN solution was DAN solution with a fixed flow rate ratio (equal to the vol-
added (se&ection 3. ume ratio stated from the batch procedure), pumping them

Once fixed the final reagent concentration, a Box-Benhken into a reactor immersed in a heated water bath and, finally,
experimental desigf84] was employed for the optimisation  monitoring the product of the reaction by spectrophotometry.
of the pH, temperature and time of reaction which ranged  After the optimum conditions for the on-line chemical
between 1.2-3.2, 70-9C and 2-8 min, respectively. The conversion of Se(lV) to Se—-DAN complex were set up as
experimental procedure is described as follows. A set of described above, the influence of the SDSPt&€D mo-
testing tubes containing 1.0ml of a standard solution of |ar ratio on the intensity of fluorescence was tested. In this
10 mg ! of Se(IV) and 1.0 ml of a 0.1% w/v DAN solution  last case, SDBLCD, carrier and DAN solution flow rates
was prepared. The different pH values were reached by the(Qsps/s-cp, OH,0 andQpan, respectively) were kept con-
addition of suitable amounts of HCI (0.1 mofi) or NaOH stant. The optimum value obtained for SDSBCD molar
(L mol I71). All solutions were made up to 10 ml with DDW  ratio (SDSB-CD = 0.6) was then used for the selection of
and the pH values were measured. The tubes were closed anche best ratio between tl@sps/e-cp and Qx,o0 + Qpan-
placed in a conventionally heated water bath for fixed val-
ues of time and temperature. Then, the reaction was stopped
by cooling down the tubes to room temperature and the ab-3. Results and discussion
sorbance of each sample was measured-at380 nm.

2.3.1. Optimisation of the batch procedure

3.1. On the optimisation of the batch procedure
2.3.1.2. Enhancement of fluorescence intensity of the
Se-DAN complex (fluorescence detectiorfhe enhance-  3.1.1. Formation of the Se—-DAN complex
ment of fluorescence intensity of the Se—-DAN complex  The experimental results show that a maximum degree of
by the addition of the SDBLCD solution was studied in  conversion of Se(IV) to Se—-DAN complex is attained from
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S 031F B the several steps involved in the fluorometric determina-

S 028 3 tion over-dimension the quantity needed for a good reaction
® 025F 7 yield. In this work, it was observed that the increase of DAN

& 029 b 3 concentration above a given value leads to the development
g I ] of turbidity when mixing with the submicellar media. This

28 0'19;' E fact produces a considerable increase of the blank signal
< o016k 15 35 VIR which decreases the signal to noise r§ti9,26—28,30]

@ ' pH ' The effect of pH on the degree of conversion of Se(lV)

also deserves particular attention. While some authors rec-
ommend pH values ranging between 1 and2,25,26]
others mention that no strict control is needed in the range
1-3[27,30] However, the control of pH seems to influence
markedly the efficiency of extraction of the Se—DAN com-
plex with cyclohexane and a value of 18(.05) is strongly
advised[25,26] Cukor and Lot{29] found that the chemi-
cal species of Se and DAN that participate in the reaction are
- — the undissociated selenous acig8¢Q) and the monopro-

8 82 g tonated form of DAN (DANH"). According to the 5 val-
Temperature (°C) ues of both acids (b5eQs: 2.46 and 7.3135], DANH2*:
Fig. 2. Effect of the temperature, residence time and pH of reaction over .0'50 and. 2'].'][29])’ .the maximum concentration of reaqt-
the formation of the Se—DAN complex & 380 nm). ing species is restricted to a narrow range of pH, particu-

larly due to the DANH concentration. As a matter of fact,
the monoprotonated form of DAN is important at pH values

approximately 50-fold DAN to Se molar ratio. This can ex- close to 1.5 (1/2(Fa1+pKa2)) and its concentration sharply
plain the addition of 1.0 ml of a 0.1% w/v DAN solution as decreases at lower and higher values of pH. Thus, it is clear
an optimal value in the batch procedure. Regarding the otherthat under no strict pH control, an increase on the reagent
variables, the experimental design shows that the three fac-concentration needs to be used in order to reach a suitable
tors (temperature, time and pH) are significant at the 95% excess of DANH . This can explain why reagent concentra-
confidence level. The model explains 98.1% of the variabil- tion reported in the literature is several orders of magnitude
ity. higher than the optimum value found in this work.

No correlation between pH and the other variables was Several discrepancies are also found regarding the heat-
found. The dependence of the degree of conversion of Se(IV)ing programs[19,26-28,33] In most papers, temperature
into Se—DAN on the acidity is shown iRig. 2a A maxi- is fixed at a certain value and sufficient time is given for
mum analytical signal (absorbance) is found at pH values the reaction to reach equilibrium. However, the whole pro-
ranging between 1.2 and 2.2. Because the change of Se(IVess involves two consecutive reactions, the formation and
conversion is below 5% in this range, a pH close to 2 was the decomposition of the Se—-DAN complex, both favoured
selected as optimum. by temperature. Therefore, excess of heating may lead to

Conversely, temperature and time are highly correlated asa decrease in the analytical signal as observed when tem-
expected Fig. 2b. It is obvious that the lower the temper- peratures close to 9€ are kept for more than 10 min.
ature the higher the time required to obtain the best yield. Furthermore, side reactions as those involving the reagent
Nonetheless, as the Se-DAN complex decomposes at highdecomposition may be favoured bringing about several
temperatures, it was observed that heating &fbr 5 min problems (e.qg., turbidity, increase of the background).
yields the best results.

At this point, some comments should be made on the op-3.1.2. Enhancement of fluorescence intensity of the
timal conditions found in this work. Mostly, studies devoted Se—DAN complex
to classical or enhanced fluorometric determination opti- Once the best conditions for the chemical reaction were
mise variables by following the intensity of fluorescence of established, the enhancement of the fluorometric signal was
the Se—DAN complef23,26,27,33] However, since several tested taking into account the influence of the SBED
steps are involved in this determination, there is not a clear molar ratio and the pH of the resulting solution. The results
understanding of the effect of each variable on the ultimate of the experimental design show some degree of correlation
response. To overcome this problem, we have used UV-Vis between pH and SDB/CD molar ratio Fig. 3). A range
spectrophotometry to study the factors that influence only of 0.5-0.7 SD-CD molar ratio was selected, being the
the chemical reaction and, based on these findings, we haveoptimum range of pH 1.9-2.8 as showrFig. 3a Moreover,
worked separately on the fluorometric signal. Thus, the op- the batch experiment revealed that the addition of a volume
timum DAN concentration is at least 50-fold lower than that approximately equal to 5ml of a solution of SIBSCD =
already reported by other studig—28] probably because 0.6 to 10 ml of sample containing the Se—DAN complex (i.e.,

z
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of the intensity of fluorescence of some compounds. Espe-
cially, it has been reported a synergistic influence on this
enhancement when a solution of tBeCD is added to a
surfactant below its modified critical micellar concentration
(cmc), i.e., under submicellar conditiof&2].

The synergistic effect over the fluorescence quantum effi-
ciency of 4,5-benzopiazselenol after using a surfactant and
B-CD mixture have been previously reported by Zheng and
Lu [32]. They found that, the intensity of fluorescence of
the Se—DAN complex in aqueous solutions could be in-
creased 30 times for the addition of a SP®ID solu-
tion. Our results are similar to those reported by Zheng and
Lu [32]: an enhancement of two orders of magnitude in
) |F=400| the fluorescent signal was achieved by the co-addition of
J SDS andB-CD (SDSB-CD = 0.6), and only a poor in-

3 : crease of the signal was observed when either SOS@D
<z 3 were used separately. The maximum signal enhancement
7\47% 5 0.7 was obtained for a concentration of SDS below the cmc of
0.4 0.6 08 =53 RN, SDS modified by the presence gfCD. Once the maxi-
SDS/B-CD (mol/mol) \‘505“'?(\\\“\\\ mum is reached, a decrease of the signal is observed, be-
\ cause the modified SDS cmc have been exceeded. In this
way the highest signal was found for a final concentration
: of SDS equal to 6 mmott! (lower than the modified cmc)
o e and a final concentration @-CD equal to 10 mmoHi?! (see
E [ 1= 200 3 .
= 3 Fig. 3b.
L 3 Finally, the figures of merit for the batch fluoromet-
E ric determination of Se(lV) were calculated for the op-
| timal experimental conditions (pH= 2, SDSB-CD =
0.3 0.5 07 0.6, Vspsg-cp/Vsepan = 0.5) and are reported in
© Vapssp.col Veo.oan(MI/MI) Table 1 A good analytical performance in terms of
limit of detection (LOD) is observed when compared
Fig. 3. Effect of the.pH, the SDS t@-CD molar ratio and the vol- the use of the SDBLCD signal enhancer with the clas-
ume of SDSB-CD mixture added to a constant_amount of Se-DAN sical organic extraction procedure (LOB= 1pg |_1)
complex (/secpan = 10ml) on the fluorescence signalet = 375nm, - . .
hom = 546 nm). [25-27,30,33] However, manual operation is laborious,
particularly when a large number of samples needs to
be handled. Thus, a flow injection automatic strategy
Vsps/g-cb/ Vse-pan = 0.5) was optimum fig. 3b and §. was developed in order to apply the technique to routine
Note that the signal ifrig. 3does not include the correction analysis.
of the dilution effect, and then, allows us a more realistic
comparison with the fluorometric FIA systems, as we will
see later. Eblu f merit for the batch and FIA fl ic d ination of

The use of a (sub)micellar medium is very important SE(T{/‘;Su:inéngrgﬂfcé iﬂxiﬁfe ainsignal egﬁ;?]r::rtr'c etermination o

at the moment of optimising the fluorometric determina-

I (a.u.)

I (a.u)

/

py 14

(b)

I(a.u)

tion of selenium at trace levels. As it is well known, the Parameter Batch  FIA systen?
addition of surfactants or organic solvents increases the system [ I
intensity of Iur_ninescence of many compounds, particularly Detection limit, 35 fgl-%) 3 0% 0
organo-metallic complexef31-33,36,37] This enhance-  |jnear dynamic rangeug 1) 10-500 1-500 1-500
ment is produced by changes in the viscosity and microp- precision, R.S.D.z = 10, 37 0.3 0.7
olarity of the tested solution, which contribute to stabilise ~ 20ngl™* (%)

the excited state (singlet) of the fluorescent molecules re- Sampling frequency (samplest) 10 40 60

ducing their collisional deactivation. Inside this group of 2 Dispersion coefficients for the optimised systems lower than 1.1.
“stabilising or protecting” compounds, cyclodextrins are b Calculated on the basis of three times the standard deviation for 10
very well known: in agueous solutions they tend to form replicate measurements of the blank. o
hydrophobic cavities where non-polar compounds can be 4 Calculated on the bas!s of three t_|mes the baseline noise..

; . . . Calculated on the basis of three times the standard deviation for 10
located[38—40] This type of interaction restricts the mo-  repjicate measurements of the blank.

bility of the molecules, and thus we can expect an increase ¢ Calculated on the basis of the reaction time.



234 J. Pedro et al./Analytica Chimica Acta 516 (2004) 229-236

100 . - . - - observed at temperatures higher thary®@0Therefore, the
temperature of the reaction was fixed at@0and the time of
80 F ® ] residence into the reactor was kept close to 60 s. Under these
conditions, the degree of conversion achieved for Se(lV)
6o - [ | was approximately 80%. Larger residence times produce an

increase of the dispersion of the sample plug; consequently
the expected increase of the sensitivity for higher degrees of

Conversion of Se (IV) (%)

4T s 70C | conversion would be lost and an additional decrease of the
® 380°C sample frequency would be obtained.
20t A 90°C A It must be mentioned that the degree of conversion of
Se(IV) as a function of the residence time for a given tem-
o . . . . . perature is higher in the flow system than in the batch proce-
04 06 08 10 12 14 16 dure (comparéigs. 2b and % because the transfer of heat
Time (min) to the solution is more efficient in the FIA system as the

diameter of the reactor (0.75 mm) is much lower than that
Fig. 4. Degree of conversion of Se(lV) to Se—-DAN complex as a function employed in a testing tube (15 mm) in the batch procedure.
of_ the residence time f"‘t differe_nt temperature values using a FIA system sty respect to the optimisation of the FIA variables for
With spectrophotometric detection. the fluorometric detection in the system | (Sksble 2, a
knotted reactor of 200 cm @R was employed and the flow
rate of the carrier plus of the DAN solutio®(,0+ Opan)
3.2. On the optimisation of the FIA system was adjusted to 0.9 mlmirt to obtain a residence time in
the reactoiR; of 60s. A sample loop of 100cm was used
FIA systems for trace analysis require a strict control of pecause higher values do not significantly increase the signal
the dispersion of the sample to keep the sensitivity and LOD pyt decrease the sampling rate.
of the steady-state procedure. However, low dispersion is  Another confluence for the introduction of the SPSZD
not easily achieved in our reacting system because largesolution was connected at the end of the manifold and the
residence times are unavoidable for Obtaining, ﬁrst, a hlgh Optimisaﬂon of the fluorometric signa| was performed_ A
degree of conversion and, second, an efficient mixing of 60 cm knotted reactor @ was employed to obtain a good
the reaction product (Se—DAN) with the fluorometric signal degree of mixing between the reaction product and the so-
enhancer (SDB+CD). Additionally, heating may produce |ution of the fluorometric signal enhancer. Shorter reactor

noise, which contributes to impoverish LOD. lengths lead to a reduction on the peak height and an in-
Since the reaction between selenium and DAN is not fast, crease on the baseline noise, i.e., a decrease in the signal to

a single line configuration was discharge@d] and a flow noise ratio.

manifold where sample and reagents merge in a confluence The molar ratio of the SD8/CD was 0.6 before the di-

point was chosen. The flow rate of each merging reagent|ution at the confluence point, which is approximately the

(DAN and the SDS3-CD mixture) was lowered in orderto  same value found as optimal in the batch experiments (com-

obtain minimal dilution of the Sample without affecting the pare F|gs 3b and ﬁ F|g 6 shows the fluorometric Signa|

stability of the flow pattern. A practical criterion of 8to 1 a5 a function of the ratio of the flow rates of SBSZD

for the sample to reagent flow ratio at the confluence point to carrier plus DAN solution. It is clear that fa@H,0 +

was selected while the DAN concentration was 0.1% w/v in OpAN= 0.9ml min—1, the maximum Signa| is achieved for

order to produce an excess of the reagent (vide supra), beingQSDS/B_CD approximately equal to 0.4 mlmid. A higher

the pH of the out coming solution stream equal to 2. flow rate for SDSB-CD solution increases the dilution of
Several experiments were performed to optimise on-line the sample, and the signal starts to decre&ap ) which

the conversion of selenium into the Se-DAN complex. Using was also observed for the batch procedufig.(30).

a FIA system with spectrophotometric detection, the curves  The analytical performance of the FIA system | is shown

of the degree of conversion versus the residence time atin Table t a good LOD is found and the method can be ap-

different temperature values were obtained and are shownplied over a wide range of concentrations. Although the sam-

in Flg 4. It is relevant to remark that bubble formation was p||ng frequency is re|ative|y low Considering conventional

Table 2
Optimised chemical and FIA parameters

Systen? Sample loop length (cm) Rlength (cm) R length (cm) Qoan (MIMIn~!) Qgpgp-co (MIMIN~) Qu,o (Mimin~t) SDSB-CD molar ratio

| 100 200 60 0.1 0.4 0.8 0.6
Il 50 200 60 0.1 0.4 0.8 0.6

a FI manifold configuration are shown iRig. 1
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T T T T Table 3
Analytical results of spiked tap water samgles

1 Selenite added  Selenite found g 1~1)

-1 X
. (ko™ Fluorescence Atomic absorption
/:?: i System | System I FIA-HGAAS
©
T 5 5.1+ 0.3 5.1+ 0.4 5.1+ 0.3
i 10 9.8+ 04 10.2+ 0.6 10.4+ 0.3

2 Mean and 95% confidence limits for four measurements.

formance of the system Il is shown Table land is similar
0.0 ’ 0.2 04 0.6 0.8 to that obtained with the previous one. Although the peak
SDS/B-CD (mol/mol) width obtalneq from the system Il is S|gq|f|cantly_lower than
the one resulting from system |, sampling rate is about the
Fig. 5. Fluorescence signal vs. the SDSRCD molar ratio using the same in both cases as it is controlled by the reaction time in
FIA system |. Experimental condition&: = 90°C; Qn,0= 0.8 mimin~1; the first reactor (R).
Qoan = 01mimin™; Qspgp-cp = O.Amimin~t (10mmol of The accuracy of both FIA systems, | and II, was tested by
B-CD). o : . .
spiking a tap water sample with two different concentrations
of Se(IV) (5 and 1qug1~1) and using another FI manifold
FIA systems, it must be noticed that the performance of the with hydride generation and atomic absorption detection as a
batch procedure is markedly improved. reference methof 3]. Table 3shows the excellent recovery
Along the experiments performed with system I, a brown- results in both employed methodologies with fluorometric
ing of the tubing located after the heated water bath was detection. Thus, for the concentration levels that foreign ions
observed. This browning, which is attributed to the slow de- are present in drinking tap water, selectivity problems were
composition of the reagent with time (probably a polymer not detected in our work.
of DAN [29]), promotes an increase of the base line after
several days of continuous work. Since this process can oc-
cur inside the flow cell and can affect the performance of the 4. Conclusions
fluorometric detection, the alternative FI manifold (system
II) shown in Fig. 1 was tested. In this approach, the sam-  The use of SD®-CD mixtures as fluorometric signal
ple loop is fed with a solution where the Se—DAN complex enhancers of the Se—-DAN complex for the determination
is already formed and thus, the contact between the reagenbdf selenium allows the effective determination of Se(lV)
DAN and the cell is minimised. Under these conditions, the with similar analytical performance to those obtained with
optimisation of this new FIA system is based upon keeping the classical organic-phase extraction procedure, but with
the dispersion of the injected plug and the optimised param-the advantage of avoiding an extraction step. On this basis,
eters are reported ifiable 2 The resulting analytical per- it have been showed that under optimised conditions, the
on-line submicellar enhanced fluorometric determination of
Se(IV) with DAN is a very simple, rapid and reliable method
for the determination of low levels of selenite in drinking
waters. Additional work is currently being performed in re-
lation to the inorganic speciation of selenium in more com-
] plex matrix samples.
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