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Abstract

The 1,3-diaminepropane-3-propyl-anchored silica gel (DAPPS) was successfully employed as a sorbent in a spectrophotometric flow systel
for the preconcentration of €tiin digests of biological materials (maize powder, soybean, citrus leaves, corn stalks) as well as water samples
(river, stream, streamlet, springwater and well). The system presented a minicolumn packed with DAPPS, where the sample solution wa
passed through it for a period of time, and subsequently, an eluent solution, stripped-out the retained analyte which was further determine
with DDTC at 460 nm.

The better preconcentration conditions utilized were: 120s loading, 60s elution, 30s regeneration of the column, loading flow rate
6.5 mImirr?, buffer solution for the preconcentration and regeneration of the column-borate buffer pH 8.5, elution flow rate 2:3 ptimen
of elution 60's, eluent composition, 0.4 mot HNO;. Under these conditions, the preconcentration factor obtained was 36, and the detection
limit achieved was 8.4 ng mt in water samples and 0.84) g~* in biological material. The maximum adsorption capacity of DAPPS & Cu
was 0.49 mmol g! (31.1 mg g?) obtained in a batch system.

The recovery of copper in the water samples ranged from 96.9 to 102.4% and in the biological materials ranged from 97.0 to 102.6%.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of the most successful sorbents employed in the analytical
laboratories, because the silica supports does not swells or
Spectrophotometry is not usually employed for the shrinks such as the polymeric redjg], and unmodified
determination of analytes in real samples because it suffersnatural occurrence materidl3]; allows the modified silica
severe interferences of concomitants present in the samplesorbent to be used during several cycles of preconcentration,
matrix. Therefore, its use for determination of analytes in real because the retention process (adsorption, chelation, ion
samples requires a separation procedure. Among the severatxchange) are reversib[d,5]; the modified silica may be
separation procedures, solid-phase extraction is the mostemployed in aqueous and organic solvents mddial;
attractive because it does not require the use of hazardoughey present good thermal stabili#,5] and appropriated
solvents, which generates large volumes of waste that need taaccessibility of the ions to the attached chelating groups; in
be treated subsequenily], besides being a time-consuming addition, the modified silica gel exhibits sorption capacities
procedure that leads to a decrease of the sampling throughhigher than polymeric resins, because the number of organic
put. Modified silica with different organic groups is one molecules immobilized on the support surface is higher,
allowing high preconcentration factdik,4,5].
* Corresponding author. Tel.: +55 51 3316 7175; fax: +55 51 3316 7304. 1€ organofunctionalized silica may be obtained by just
E-mail address: ederlima@iq.ufrgs.br (E.C. Lima). impregnating the support with an organic substaj;e],
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by sol-gel metho@-11], or by grafting an organic pendant  Tygor® and silicone tubes of different diameters were used
group to silicg12—-19] The first procedure does not produce  for the propulsion of the solutions in the flow system. For
asuitable material for the preconcentration of metals becausethe pH measurements, a pH/mV hand-held meter handylab
surface coverage of organic substances in the silica supportisy Schott (Mainz, Germany) provided with combined glass
low, leading as consequence to low preconcentration factors,electrode model BlueLine 23 pH was used.

in addition, the achieved analytical signal decreases with the

number of preconcentration cycles. The silica obtained from 2 > reagents and solutions

the sol-gel method for preconcentration of metals has few an-

alytical applications to real samplgx11], because this kind Doubly distilled water was employed throughout. Solu-
of silica synthesis leads to a microporous materials which aretions containing 0.1-1.0 mott of nitric acid (Merck, Rio
not compatible for reversible preconcentration systgirs de Janeiro, RJ, Brazil) was employed as eluent. A 1.08 g1

The grafting of organic groups to silica material is the most copper (l1) stock solution was prepared dissolving 0.5 g of
efficient method for modeling sorbents with desired chelating metallic copper, weight with the precision of the tenth of
propertied4,5,20] milligram (Merck, Rio de Janeiro, RJ, Brazil) in 10 ml of
Flow-injection preconcentration systems using mini- (1 + 1, v/v) nitric acid—water and this solution was quantita-
columns packed with a suitable sorbent for the preconcentra-tively transferred to a 500-ml calibrated flask and the volume
tion of several analytes in the most different kinds of sample was completed to the mark with distilled water. The cali-
has been successfully employdd,19,21-26] This proce- bration solutions within 25-400 ng m} (preconcentration)
dure presents several advantages over conventional colummand 1000-5000 ng mt (without preconcentration) of Gt
preconcentration procedures such as diminution of total time range were prepared by suitable serial dilution of the stock
of preconcentration of several hours to carry out just one cy- solution with doubly distilled water and adjusting the final
cle[21-26]to just few minutes which increases the sampling acidity to pH 1.0 with HNQ.
throughput remarkably; higher repeatability of the measure- A 0.15% (m/v) of sodium diethyldithiocarbamate
ments acquired with flow systeni27]; diminution of risk (DDTC; Merck, Darmstadt, Germany) solution was daily
of contamination because the manual operation is dimin- prepared by dissolving 0.375g of DDTC in 5ml of ethanol;
ished[21,22,27] However, flow-injection preconcentration afterwards this solution was mixed with 150ml of hot
systems present several advantages; it has been coupled twater (70-80°C), and then filtered to 250 ml volumetric
mainly to flame atomic absorption spectrometry (FAAS) flask and the volume completed to the mark with distilled
[18,19,24,28-32]Jand inductively coupled plasma atomic water.
emission spectrometry (ICP-AE)3-26,33] On the other For the buffer preparations, glacial acetic acid (Merck, Rio
hand, the applications of flow-injection preconcentration de Janeiro, Brazil), sodium acetate (Merck, Rio de Janeiro,
system coupled to spectrophotometry for the determination Brazil), ammonium acetate (Merck, Rio de Janeiro, Brazil),
of metallic ions are scard@4], there being a need to be ex- boric acid (Merck, Rio de Janeiro, Brazil), sodium tetraborate
plored more extensively. In order to achieve this application, decahydrate (Vetec, Rio de Janeiro, RJ, Brazil), potassium
more selective sorbents should be employed, since spechydroxide (Reagen, Rio de Janeiro, RJ, Brazil), hydrochloric
trophotometry alone, does not provide enough selectivity acid (Merck, Rio de Janeiro, Brazil) were employed.
for the determination of analytes in real sample matrices. For the interference studies, the following salts of elements
In this paper, 1,3-diaminepropane-3-propylsilica were employed: NaCl (Merck, Rio de Janeiro, RJ, Brazil),
(DAPPS) as a selective copper () sorbent was successfullyNaH,PO,-7H,O (Reagen, Rio de Janeiro, RJ, Brazil),
employed for its preconcentration in digests of botanic Na,SQO4-10H,O (Merck, Rio de Janeiro, RJ, Brazil), KCI
material as well as natural water samples. It was observed(Merck, Rio de Janeiro, RJ, Brazil), Mgg@H,0 (Merck,
that at pH 8, measured at the effluent of the column, the ionsRio de Janeiro, RJ, Brazil), Cag@QH,0O (Merck, Rio de
Fe¥*, Mn?*, zr?*, AI%*, CP*, C?*, Ni%* were not sorbed  Janeiro, RJ, Brazil), AIGH6H,0 (Merck, Rio de Janeiro,
on DAPPS. RJ, Brazil), CoSQ@-7H.0 (Vetec, Rio de Janeiro, RJ, Brazil),
Ba(NQs)2 (Reagen, Rio de Janeiro, RJ, Brazil), Gy6H,0
(Vetec, Rio de Janeiro, RJ, Brazil), FeSNH;4S0Oy-6H,0

2. Experimental (Merck, Rio de Janeiro, RJ, Brazil), Mng®,0 (Reagen,
Rio de Janeiro, RJ, Brazil), Zng@H,O (Nuclear, Di-

2.1. Instruments adema, SP, Brazil), NiS{&6H>O0 (Reagen, Rio de Janeiro,
RJ, Brazil).

A 600 S Femto spectrophotomete&(EPaulo, SP, Brazil)
provided with 15Qul flow cell (Femto) and a serial port 2.3, Synshesis and characterization of the
RS232C connected to AMD K6Il 350 MHz personal com- 7 3-diaminepropane-3-propylsilica (DAPPS)
puter for data acquisition were employed throughout for
the analytical measurements. Two four-channel Milam bp-  An amount of 15mmol of 1,3-diaminepropane was
200 peristaltic pumps (Colombo, PR, Brazil) provided with first activated using 15 mmol of sodium hydride in 10 mi
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of a mixture of aprotic solvent (toluene:tetrahydrofuran) made up to 50 ml with water (1.0%, v/v, HNGinal acid-
(1:1) (Merck, Hohenbrunn, Germany) for 30 min, and then ity) and the resulting solution was analyzed in the flow sys-
15 mmol of 3-chloropropyltrimethoxisilane (CPTMS, Acros tem.

Organics, New Jersey, USA) was added. The mixture was

stirred under argon at solvent-reflux temperature for a pe- 2.5. Isotherms of adsorption of Cu?* on DAPPS

riod of 5h. The solution was than centrifuged, to eliminate

the byproduct sodium chloride. The product of reaction, 1,3- A 10-ml of sample solution containing 7.8710°° to
diaminepropane-3-propyltrimethoxysilane (AMSIL) was 1.55x 10~2moll~1 of Cli?* solution plus 10.0 ml of borate
then used as organic precursor reagent for the silica graftingbuffer solution (pH 8.0) was transferred to a 50-ml conical

reaction. polyethylene flask containing 20 mg of sorbent. These flasks
Silica gel (Merck, Darmstadt, Germany) 0.02-0.05mm were placed in a horizontal shaker and agitated for 180 min
of particle size and a surface area of 25bgn! was ac- in order to adsorb the analyte. Subsequently, the solid phase

tivated at 150C under vacuum (10'Pa) for 5h. The was separated from aqueous phase by filtration, being the
AMSIL was dissolved in 300 ml of toluene and the ac- aqueous phase retained for analysis.

tivated silica (10g) was then added. The mixture was The C#* contents, which were not retained in the sorbent,

stirred for 48h under argon at solvent-reflux tempera- were spectrophotometrically determined, using 0.15% (m/v)

ture. The modified silica was filtered under argon in a sodium diethyldithiocarbamate (DDTC) as chromogenic

Schlenk apparatus, washed with toluene, hexane, ethyl al-agent. The measurements were carried out using a FEMTO
cohol, doubly distilled water and ethyl ether (supplied by 600 S spectrophotometer, according to the following proce-
Merck, Hohenbrunn, Germany). The resulting sorbent 1,3- dure: an aliquot of 1.00 ml of aqueous phase and/or analyte
diaminepropane-3-propylsilica (DAPPS) was dried for 2h standard solution plus 1.00 ml of chromogenic reagent plus
under vacuum at 12GC. The DAPPS presented a specific 1.00 ml of water were added to a Hellma glass cuvette (10 mm
surface area 230%y ! and a coverage of silica surface of of optical path). The analyte solutions with concentration

0.70 mmol of 1,3-diaminepropane groups per gram of sor- higher than those cited above were properly diluted with dis-

bent. tilled water. The metal ion adsorption capacity of the solid
phase §5), obtained in the saturation plateau, was calculated
2.4. Samples by applying the equatioN; = (Cs — Ce) x Vim, whereCs is

the initial metal concentratiorfe the metal concentration at
Ordinary samples of maize powder, soybean, citrus the equilibrium found in the solution in equilibrium with the
leaves, corn stalks and water samples (river, stream,solid phaseV the volume of the solution put with the sorbent,
streamlet, springwater and well) were employed. The andm the mass of the solid phase.
following reference materials were employed for attaining
the accuracy of the method, Chlorella (NIES-CRM-03) 2.6. Flow system
from National Institute for Environmental Studies (NIES,
Ibaraki, Japan), Apple Leaves (NIST-SRM 1515) and Trace  For the determination of Gii in the samples, a home-
Elements in Natural Water (NIST-1640) from National made injection valve made of Perspex was ug8]. The
Institute of Standards and Technology (NIST, Gaithersburg, glass minicolumn (4 cm, ID 2.5mm, 0.11 g of sorbent) was
USA). placed in the central position of the injection valve and was
The ordinary water samples were filtered with Whatman utilized for the analyte preconcentration. Also, two peristaltic
paper pH adjusted to 1.0 with HN@nd analyzed employing  pumps, 0.8 mm ID polyethylene transmission lines, Perspex
the procedure of preconcentration. connectors, flow cell and spectrophotometer were mounted
The solid samples were digested in triplicate with nitric as depicted irFig. 1 Initially, for developing the method,
acid plus hydrogen peroxide using a block digestor (Tecnal, the system employed a loop instead of a minicolumn. In the
Piracicaba, SP, Brazil) according to the following procedure preconcentration position (position 1), the sample solution
[37]: 0.5g of sample was accurately weighed with a preci- (25-400 ng nt C/?*, 6.5mImirr %, pH 1) and the buffer
sion of the tenth of milligram, and transferred to a 25-cm solution B, (0.8 mol I borate buffer, pH 8.5; 4.3 mI mirt)
long borosilicate digestion tube (25 mm internal diameter), are merged in the confluence point X, subsequently these
followed by the addition of 5.0 ml concentrated Hijt@he solutions are mixed in the coil {£(100ul) and directed
mixture was digested at temperatures not exceeding@60 to the minicolumn, for sorbing the analyte present in the
for 8 h. Afterwards, the digestion tubes were stand to reach sample solution and the aqueous phase is directed to the
the room temperature. Thereafter, 2.0 ml of 30% (m/p waste W (pH 8 measured at the effluent of column). In the
(Merck, Rio de Janeiro, Brazil) were dropwise added, and second channel, the carrier solution E (0.4 mélHNO3;
the block digestor was heated to 1@ for about 30 min, 2.3mImin 1) is being pumped to the system where at con-
obtaining a colorless solution. The excess of H\Was fluence point Y it merges with Bouffer solution (0.8 molt!
driven off by gently heating, and during this procedure water borate buffer, pH 8.5; 2.3 mImirt) and mixed in the coil
was added to the tubes to avoid dryness. The volume wasmixer G, (200ul), then the buffered sample zone reaches the
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Bpi the injection valve is positioned in the position I, and the col-
s | B umn is reconditioned with water and buffer solution. After
oH 8.8 a period (30, unless otherwise stated), the water channel is
substituted by sample solution and a further preconcentration
65| 8 cycle is carried out. The total time for a preconcentration cy-
| c ik cle and regeneration of the sorbent is 210 s, unless otherwise
1
- i EH 8 stated.
= e VTR o
3. Results and discussion
B, |26,pH85 A=460 nm
B 129 3.1. Optimization of flow system conditions without
preconcentmtion
Bp1
as | By The first variable investigated for the optimization of
pHBS5 the reaction between €tiand DDTC was the pH. Several
0.5-2.0molt? buffer solutions, in order to support higher
65| S acidic concentration of real samples, with pH ranging from
n c pH.d 4.5 to 10.5 were tested. It was observed that the pH interval
wsBH8 m LK for CU2* determination with DDTC is large ranging from 5.5
Bp2 to 9.0. Then at first approach, 0.8 motlborate buffer with
E_|[23 pH adjusted to 8.5 was chosen for the color forming reaction.

The flow rate of the buffer solution was also investigated from
2.0 to 5.0 mImimL. It was observed that the best sensitivity
occurred at flow rates of 2.6 ml nif.

The concentration of DDTC was fixed at 0.15% (m/v) be-
cause of the limited solubility of this reagent however the
chromogenic agent flow rate was investigated. It was ob-
served that DDTC flow rates ranging from 2.6 to 4.0 ml/min

B, |26.pH8S5
Ry |29

Fig. 1. Manifold employed for the determination of €n the samples. I,
preconcentration position; I, eluting position; 8.8 mol -1 borate buffer
solution; S, sample solution (pH 1); W ands\Wastes; E, eluent 0.4 molt

HNOs; Ry, 0.15% DDTC; B, 0.8 mol ! borate buffer solution; € C, did not presented significant changes in the analytical signals.
and G, coil reactors, 100, 100, and 200 respectively; Bpl and Bp2, A flow rate of 2.9 mI mirrl DDTC was employed throughout
peristaltic pumps; Det, spectrophotometric flow cell, 10 =460 nm. X, this work.

Y, Z, confluence points. The flow rates are expressed in mithin The dimensions of coil reaction,Gnd G were also in-

vestigated, and the dimensions that promoted the highest and

sharpest analytical signal was 100 and gQGrespectively.
confluence point Z, where it merges with reagen{®15%, The G reaction coil serves to buffer the sample zone previ-
m/v, DDTC; 2.9 mimin1) and subsequently it reaches the ously to the addition of the chromogenic agent. After adding
mixture coil G (200p.1) and this sampling zone passes inthe the DDTC to the buffered sample zone, this reaction zone is
flow cell (150ul) of the spectrophotometer (460 nm) produc- mixed in the reaction coil & It should be stressed that higher
ing the baseline and subsequently this solution is directedvolumes of reaction coils (£and G) leaded to broad peak
to the waste (W). After 120 s of preconcentration period, profiles that lasted more than 25 s to return the baseline after
unless otherwise stated, the injection valve is positioned in the appearing of the maximum of the peak.
the elution position (position I1), and the minicolumn is in- The sample loop was varied from 75 to 500As a com-
serted in the eluent line, eluting the retained analyte at flow promise between the sensitivity and sharpness of the peak
rate of 2.3mImin!. At the confluence point Y, the sam- profile, a sample loop of 375l (75 cm) was chosen. For sam-
ple zone merges with Bbuffer solution and mixed in the pleloop of 500l (100 cm) the analytical signal achieved was
coil mixer G, then the buffered sample zone reaches the broaden. Also it was observed that the time for the analytical
confluence point Z where it merges with the chromogenic signal to return to the baseline after the maximum of peak
reagent and then mixed in the coil mixeg (200.l) form- appearance was more than 25s.
ing the Cu(DDTC) complex[39]. This zone is subsequently The last variable investigated for the optimization of the
directed to the flow cell of the spectrophotometer (460 nm), flow system without preconcentration, for the color forming
producing a transient signal, and finally this zone is directed reaction was the concentration of the HN@sed as carrier
to the waste (W). During the elution and reaction color de- solution, ranging from 0.1 to 1.0 mott, and also its flow
veloping step, the sample solution is replaced by water andrate. The best conditions were obtained when 0.4 ol |
this plus the B buffer solution are directed to the wasted\W HNO3 at flow rate of 2.6 mImint were employed. Under
After the suitable elution time (60 s, unless otherwise stated), these conditions the analytical calibration curve, without pre-
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concentration, was performed obtaining the following equa- was significantly diminished, probably the amount of acid
tionA=—4.24x 1073 +6.06x 10~° [Cu?*], r=0.99801 for was not enough to strip-out all the retained analyte from

copper (1) concentration expressed in ngl the DAPPS minicolumn. For eluent flow rates higher than
2.9 mlmin! the analytical signal also diminished, probably
3.2. Optimization of the flow system for the due to dilution of the analyte stripped out from the DAPPS
preconcentration and figures of merit sorbent[21,22] By these reasons, the eluent flow rate was
fixed at 2.3 mImin?,
The amount of C#' that percolates the column is an im- The last variable to be studied was the time of precon-

portant variable to be optimized. The more analyte percolatescentration Fig. 2E). The C@* preconcentration was linearly
the column, higher is the analytical signal obtained until the increased with the time of preconcentration up to 180 s, after

saturation of the sorbent is attainfil,22] In Fig. 2A is that the preconcentration was levelled off. In order to not de-
shown the effect of sample flow rate on the analytical sig- crease the sample throughput, the preconcentration time was
nal. It was observed that 6.5 ml mih of 250 ng mt* Cu?* fixed at 120 s. In this situation, the sample throughput was 17

passing through the column, the highest analytical sighal wasmeasurements per hour.
achieved, being this sample flow rate chosen for improving  Using all the optimized conditions of the preconcentration

this work. of CL?* onthe DAPPS sorbent, the analytical curve for the an-
The DAPPS sorbent presents two amino groups which alyte determination in water samples was achie¥egl OF).
chelate the metal ion, as depictedSnheme 1The forma- The linearity was obtained for Gti solution ranging from

tion of five and six member rings chelates are thermodynami- 50 to 400 ng mit!. For the copper determination in digests
cally favorable leading to a high complex formation constants of biological materials, the linearity of the analytical curve
(Ks), however, the conditional complex formation constant ranged from 25 to 200 ng mt.

depends strongly on the pH the reactjds,36] In Fig. 2B is The preconcentration factor obtained was 36 and the
presented the effect of the pH, of the buffer solution inthe exit detection limit defined as ((blank t¥slope analytical
of the minicolumn, on the sorption of Elionthe DAPPS.As  curve), whereo is the standard deviation of blank de-
can be seen, the maximum signal was obtained, when the pHermination =20) was 8.4ngmil. The quantification

of the buffer solution in the exit of the minicolumn was fixed limit ((blank + 10)/slope analytical curve) was 13.4 ngmhl
7.0-8.5. Based on these results, the buffer solution employed(n = 20). Multiplying the detection limit and quantification
for the preconcentration of Gtiin acidic water samples (pH  limit by the dilution factor (100 mlg?), the detection and
1) was 0.8 molt? borate buffer pH adjusted 8.5, which allow  quantification limits attained for the biological materials were
a solution at the exit of the minicolumn with pH 8. 0.84 and 1.34g g1, respectively.

In Fig. 2C is presented the effect of the flow rate of the In order to evaluate the adsorption capacity of DAPPS sor-
buffer solution (pH 8.5) on the sorption of €ion the DAPPS bent for C#*, solutions of this element were placed into con-
sorbent. It is observed that the higher sensitivity obtained tact under agitation with the DAPPS adsorbent for 180 min
was when the flow rate of the buffer solution was set at using a batch procedure. The maximum adsorption capacity
3.4-4.5mImirL. For lower flow rates, the buffer solution of CL?* was 0.49 mmolg? (31.1mgg?) (seeFig. 3.

(pH 8.5) was not efficient for mixing with the sample solution

(250 ng mit Cw?*, pH 1) flowing at 6.5 mI min, in order to 3.3. Interferences and recoveries studies

keep the amino groups of the sorbent non-protonated. It was

also observed that, for flow rates lower than 2.7 mindinf As it is known that DDTC form complexes with €l
the buffer solution, the time for the regeneration of the sorbent Mn2*, Zn2*, Fe&¥*, C&?*, Ni2*, P+, C*, Hg?t [39], it
for a subsequent preconcentration cycle should be increasedis necessary to know if these ions will be retained in the
reducing the sample throughput. For flow rates higher than DAPPS minicolumn. As the ions Py C#* and Hg* are
4.8 mimin1, the dispersion was increased resulting in a de- always present in very lower concentrations thad ‘G bi-
crease of the analytical sign|27]. As a compromise be- ological materials and watef40] these ions were not stud-
tween sensitivity and sample throughput, the flow rate of the ied. InFig. 4is presented the sorption of 250 ngThICL?*,
buffer solution for the preconcentration of €was fixedat ~ 5mg?! Mn?*, 5mgl! zn?*, 50mg ! Fe¥*, 5mgmi?

4.3mlmin 1, Co?**, 5mgml! Ni2* on DAPPS in function of the pH of
Other important variable for the preconcentration of ele- the exit of the minicolumn, using 0.15% (m/v) DDTC as

ments in flow system is the composition of the eljedt22] chromogenic reagent, and monitoring the analytical signal at

In previous studies, using the flow system with sample loop, A =460 nm, and all other Gl optimized conditions. As can

the best sample carrier used was 0.4 mbIHNOs, which be seen at pH 8, all the tested concomitant species were not

was suitable for removing the analyte from DAPPS column sorbed on DAPPS minicolumn. Therefore it is expected that

completely. Then the eluent was fixed as 0.4 M&IHNOs. the proposed method for Eupreconcentration will be free

The eluent flow rate was also optimizddd. 2D). As can from interferences with samples having up to 5 mgVin2*,
be seen, the best eluent flow rate is 2—2.5 miThirFor elu- 5mgl?! zn?*, 50mg?! Fe*, 5mgmi! Co?*, 5mgmi?
ent flow rates lower than 1.8 mlmifi the analytical signal ~ Ni2*.



S.V.M. de Moraes et al. / Spectrochimica Acta Part A 62 (2005) 398—406

403

A more extensive interference effects of other elements and K ions could be tolerated up to 5000 mg) Mg2* up

on the sorption of 250 ngmk CL?* on the DAPPS sorbent
(0.11 g) was also investigateHi§. 5), employing the copper

to 1000 mgt?, C&* up to 500 mgt?, AI* upto 50 mgt1,
Ba?* up to 50mgt?, Cr* up to 20mgt?, SO4%~ up to

optimized conditions. The recovery value is defined as 100 500g -1, PO;3~ up to 200gt?, and CI up to 5000 gt?.

times the relationship between the signal ofCplus con-
comitants divided by the signal of Elialone. The tolerance
level was established at 1805% as a reference. The Na

Based on these results, it can be concluded that the method
could be successfully applied to the determination ‘G
digests of biological materials as well as natural waters, since
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Fig. 2. Optimization of preconcentration flow system. Chromogenic agent 0.15% DDTC, 2.9t rirffer for color forming reaction, 0.8 mott borate
buffer solution (pH 8.5), 2.6 ml mint: (A) effect of sample flow rate, 250 ng Ml CL2*; time of preconcentration 120's; buffer solution pH 7.0; buffer flow
rate, 3.4mlmin?; eluent, 0.5 molt! HNOs, 1.8 mImirr?; time of elution, 60s; time of regeneration, 60s. (B) Effect of pH on the sorption, 250y ml
Cu?*; sample flow rate, 6.5 ml mitt; time of preconcentration, 120 s; buffer flow rate, 3.4 mimireluent, 0.5 molt! HNO3, 1.8 mImir?; time of elution,

60 s; time of regeneration, 30s. (C) Effect of the buffer flow rate for the copper preconcentration, 256 g At sample flow rate, 6.5 ml mirt; time of
preconcentration, 120's; buffer solution pH 8.5; eluent, 0.5 oHNO3, 1.8 mImir1; time of elution, 60's; time of regeneration 30s. (D) Eluent flow rate,
250 ng mtt Cu?*; sample flow rate, 6.5 ml mirt; buffer solution pH 8.5; buffer flow rate, 4.3 ml mifh; time of preconcentration, 120's; eluent, 0.4 mdl |
HNO3z; time of elution, 60's; time of regeneration, 30's; (E) Time of preconcentration, 2501iguf*; sample flow rate, 6.5 ml mitt; buffer solution pH
8.5; buffer flow rate, 4.3 mlmint; eluent, 0.4 molt! HNOs, 2.3 mImirrL; time of elution, 60 s; time of regeneration, 30 s. (F) Analytical curve, sample flow
rate, 6.5 mlmin®; buffer solution pH 8.5; time of preconcentration, 120's; buffer flow rate, 4.3 mttieluent, 0.4 molt? HNOsz, 2.3 mImir?; time of
elution, 60's; time of regeneration, 30 s.
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Scheme 1. Sorption of Gtion the DAPPS.

the concentration of the concomitant species in these kind of  Also, the preconcentration system using DAPPS as

sample are usually lower than the proposed preconcentratiorsorbent was also employed for the determination of'Cu

method can toleratjO]. in digests of biological material§éble 2. The contents of
copper were determined in four ordinary biological materials

3.4. Determination of Cu?* in the samples using the and for obtaining the accuracy of the method two biological

proposed preconcentration system

The proposed preconcentration system using DAPPS as a
sorbentwas employed for the determination of Qi = 3) in
seven ordinary natural water samples and one water reference
material Table 1), which was employed in order to achieve
the accuracy of the preconcentration procedure. In addition,
a recovery study was also carried out, by spiking the natural
water samples with 100 ng mt Ci?*. The recoveries ranged
from 96.9 to 102.4%.
80+ ;
el 1 10 100 1000 10000
0,54 120
04 1104
. 100-
E 0,3 a_>;
So2 § %
C £ 80
0,14 * 1
70+
0,0 —————— 60
0 2 4 6 8 10 12 14 16 18 20
Ce/ mmoll” 50+
Fig. 3. Adsorption isotherm of Ci on DAPPS. Time of agitation 180 min. 115]
1104
O T=—or : 1054
1 —e— M : =
0,6 e : QE: 100
0,5{ —o—Fe" 3 951
Q —A— NP 3 90
c 0,44 —o-Co* T g5
© X0
‘9 o 80,
S 0,34
o] 75+ |
< 0,24 70 A
61 65 : ; -
N 1 10 100 1000 10000
0,04 % : i : xS Concentration/mg| -
2 4 6 8 10
pH Fig. 5. Interference of several elements on the sorption of 250 n§ &+

onthe DAPPS sorbent. For details of the optimized conditions of flow system,
Fig. 4. Sorption of several metals on DAPPS in function of the pH. seeFig. 2
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Table 1

Determination of C&* in water samplesi(= 3) employing an on-line preconcentration system

Samples [CE&*] £ S.D. (ngmt1) Found with spike 100 ng mf %Recovery
NIST 164G 85.6+ 1.7 185. 4 2.7 1001
Countryside river water 79.2 29 179.14+-2.4 999
Urban river water 218.% 3.4 311.4+2.2 969
Streamlet water 160.@ 11.8 258.1+2.4 989
Stream water 199.4 1.6 304.2-2.2 1024
Springwater 216.Gt 3.7 319.9+1.4 1018
Well water | 236.8+ 3.7 342.0:1.6 1022
Well water I 206.1+ 4.4 304.4£1.7 992

Results are expressed as average v&l8eD. (2= 3). The samples were spiked with 100 ngmCW?*.
a Certified value 85.20.9ngmt1.

Table 2

Determination of C&" in biological materials{= 3) employing an on-line preconcentration system

Samples [C&]+S.D. wggl) [Cu?* ] £S.D. (ngmt1) Found with spike 50 ng mi* %Recovery
Maize powder 4.7%0.16 47.13£0.7 97.41+ 0.20 1006
Soybean 6.6530.17 66.48+ 0.8 114.46+ 0.66 970
Citrus leaves 5.18:0.12 51.02+ 0.4 102.33+ 0.75 1026

Corn Stalks 7.7%0.14 78.010.4 126.44+ 0.05 980
NIST-SRM 1513 5.69+0.11 56.96+ 0.4 106.78+ 0.56 997
NIES-CRM-0% 3.47+0.12 34.74:1.6 85.28+ 0.30 1016

Results are expressed as average val8eD. (2= 3). The samples were spiked with 50 ngthCu?*. Dilution factor 100 ml gL,
a Certified value 5.640.23ugg L.
b Certified value 3.5-0.3ugg L.

certified materials were employed. In addition, to improve immobilized in silica gel using ICP-AES as a detector in a

the accuracy of the proposed method with the ordinary flow system, whose value was Z5].

samples, the digests of the biological materials were spiked  The detection limit obtained in this work was 0,8¢ g1

with 50.0ngmt?! Cw?*, and the recoveries ranged from for biological materials, which is comparable with the de-

97.0 to 101.6%. tection limit of 0.64ug g~! obtained with ETAAS for cop-

Based on the results ®&bles 1 and 2 can beinferredthat ~ per determination in biological materig#l]. It is important

Cu?* can be successfully determined in natural waters as well to point out that the cost of the implementation of the pro-

as in biological materials, with good accuracy, employing a posed procedure, employing a homemade flow-injection sys-

simple preconcentration system using DAPPS as a sorbentem was less than US $4000. It also should be stressed that a

and spectrophotometric detection. graphite furnace spectrometer cost not less than US $50,000.
Therefore, when the flow preconcentration systems coupled
to selective sorbents as DAPPS, became widespread, the anal-
ysis of low concentration of elements could be attained at any

4. Conclusion simple analytical laboratory which are numerous in underde-
veloped countries.

A simple flow preconcentration system for the deter-

mination of Cé* using DDTC as chromogenic agent with

spectrophotometric detection and DAPPS as a sorbent was

successfully employed for the determination of the analyte Acknowledgements

in biological materials as well as natural water samples.
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Cu?* determination in real samples is not one of the highest Quimica da Universidade de Campinas (IQ-UNICAMP) for
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