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bstract

This study presents the development of an on-line preconcentration system for zinc(II) determination in aqueous samples. The analyte was trapped
n a mini-column filled with a chelating resin based on a chitosan biopolymer modified with 8-hydroxyquinoline obtained by the diazotization
eaction. Flow and chemical variables of the system, as well as the potential interference ions, were optimized through a multivariate procedure.
he factors selected were sample pH, eluent concentration (HNO3), and sample and eluent flow rates. It was verified through a full factorial design

hat the sample pH and eluent flow rate factors were statistically significant at the 95% confidence level. A final optimization of the significant
actors was carried out using a Doehlert matrix. The preconcentration system was linear between 2.5 and 75 �g L−1, with a regression coefficient of

.9995. The enrichment factor was 17.6. The limits of detection and quantification were 0.8 and 2.5 �g L−1, respectively. The repeatability and the
nalytical frequency were, respectively, 2.7 (25.0 �g L−1, n = 8) and 18 samples per hour. Results for recovery tests using mineral water samples
ere between 85 and 93%. Certified reference materials were analyzed in order to check the accuracy of the proposed method.
2007 Elsevier B.V. All rights reserved.
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. Introduction

The analytical control of heavy metals in several matrixes,
ncluding drinking water, is an important issue for the environ-

ental and health research areas, given that the development of
ensitive and selective techniques to obtain adequate detection
imits are in great demand. Zinc(II) is considered an essential
race element for human beings because of its relationship with
nsulin production and because it acts as a catalyst for more
han 200 enzymes [1,2]. An excessive consumption of zinc(II)
50 mg/day) can inhibit the absorption of copper(II) acquired
rom the human diet [3]. Also, a 160 mg/day zinc(II) supple-
entation for 16 weeks has been associated with a reduction in
igh-density plasmatic lipoprotein for men [4].
Although flame atomic absorption spectrometry (F AAS) is

ne of the most commonly applied techniques for the determi-
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absorption spectrometry

ation of several metal elements in a variety of sample matrixes,
his technique has some limitations, especially those related to
he low sensitivity [5]. To overcome these limitations, a precon-
entration step prior the instrumental analysis is mandatory. Of
he several enrichment procedures, the combination of solid-
hase extraction (SPE) and flow injection (FI) in an on-line
ystem is one of the most effective methods due to the low con-
umption of samples and reagents, high analytical throughput
nd minimal waste production [6–9].

In general, a sorbent is expected to have fast metal ion-
xchange kinetics, resistance in different solvents, and thermal
nd chemical stability [10,11]. A great variety of functional-
zed materials have been used as sorbents for SPE in on-line
reconcentration systems for the determination of several met-
ls. Polymeric chelating resins [12–14], silica gel grafted with
dsorbents [15–17] and, more recently, biopolymers, such
s Bacillus sphaericus-loaded Diaion SP-850 [18], Agrobac-

erium tumefacients immobilized on Amberlite XAD 4 [19]
nd Saccharomyces cerevisiae immobilized on sepiolite [20],
re examples of these materials. Of the biopolymers, chi-
osan has been receiving special attention because it is derived

mailto:carasek@qmc.ufsc.br
mailto:eduardo.carasek@pesquisador.cnpq.br
dx.doi.org/10.1016/j.jhazmat.2007.12.083
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rom chitin, which is the second most abundant biopolymer
n nature and a waste product of seafood processing indus-
ries [21]. The ability of chitosan to adsorb metal ions has
een applied in the preconcentration and determination of cop-
er(II), cadmium(II) and lead(II) in water samples [21,22]. The
nfluence of sample pH, particle size and adsorbent weight on
hromium determination has been studied using a crosslinked
hitosan [23]. The use of chitosan functionalized with com-
lexing agents is a very recent approach and it has been
roposed for the determination of trace metals. The chelating
esin obtained through the functionalization of chitosan with
-hydroyquinoline by the diazotization reaction has been used
or copper(II), cadmium(II) and lead(II) determination in aque-
us samples [6,24]. A chelating resin-based chitosan biopolymer
odified with 8-hydroxyquinoline-5-sulfonic acid using a spray

rying technique for immobilization has been applied to cop-
er(II) and cadmium(II) determination in aqueous samples [25].
he on-line collection/concentration of trace elements and their
etermination using inductively coupled plasma-atomic emis-
ion spectrometry has been carried out using a novel chitosan
esin derivatized with a serine diacetic acid moiety [26]. Selec-
ive concentration and ultratrace determination of silver in
nvironmental water samples have been carried out using a
hitosan-based chelating resin [27]. Also, adsorption of plat-
num(IV), palladium(II) and gold(III) from aqueous solutions
nto l-lysine-modified crosslinked chitosan resin has been stud-
ed [28].

Recently, our research group has developed solid-phase F
AS procedures for the determination of heavy metals in aque-
us samples [6,24,25,29–31]. In continuation of these studies,
he possibility of developing a sensitive and selective on-
ine FI-F AAS procedure for the determination of zinc(II)
as investigated. The procedure is based on the retention
f zinc(II) on a chelating resin based on chitosan modified
ith 8-hydroxyquinoline obtained by the diazotization reaction
eveloped previously in our laboratory [6,24]. Its applicability
o zinc(II) determination in freshwater samples using on-line FI-

AAS is discussed. Also, in this study a two-level full factorial
xperimental design and Doehlert matrix were the multivariate
ools used not only for optimization of the factors affecting the
reconcentration system but also to investigate possible inter-
erences in the proposed procedure.

. Experimental

.1. Instrumentation

A Varian Model SpectrAA 50 (Australia) flame atomic
bsorption spectrometer equipped with a deuterium lamp as a
ackground corrector, and a zinc cathode lamp (Hitachi HLA-
S) was used for the analysis. The instrument was used under
onditions suggested by the manufacturer. The analytical sig-
als were measured as peak area. An Ismatec-IPC peristaltic

ump with eight channels provided with Tygon® and polyethy-
ene tubes with 0.8 mm internal diameter (i.d.) were used to
ump the solutions through the mini-column. A manifold with
our three-way solenoid valves was used to select the precon-

h
T
c
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entration and elution steps. Solenoid valves were controlled by
microcomputer running software written in Quick Basic 4.5.
320 Mettler Toledo pH meter was used to adjust the pH of the

olutions.
As the certified material, bovine muscle powder (0.5059 g) of

he standard reference material NIST 8414 (National Institute of
tandards and Technology, USA) was decomposed through acid
igestion using an MLS-1200 MEGA microwave oven (Mile-
tone, Sorisole, Itália). The certified material was submitted to
he following microwave program: 2 min at 250 W, 2 min at 0 W,
min at 250 W, 5 min at 400 W and 5 min at 650 W, followed by
min of ventilation. Deionized water was added to give a final
olume of 50 mL.

.2. Reagents and solutions

Ultrapure water from a Milli-Q® (Bedford, MA, USA) water
urification system (Millipore®) was used to prepare all solu-
ions. All chemicals were of analytical grade and were used
ithout previous purification. The laboratory glassware was kept
vernight in a 2% (v/v) Extran® (Merck, Darmstadt, Germany)
olution and then again overnight in a 10% (v/v) hydrochlo-
ic acid solution. Before use, the glassware was washed with
eionized water and dried in a dust-free environment.

Working standard solutions of Zn(II) were prepared daily by
ilution of a 2000 mg L−1 zinc(II) stock solution (atomic absorp-
ion grade, Fluka, Switzerland). Nitric acid solutions (Merck,
armstadt, Germany) used as the eluent in the flow system were
repared by appropriate dilution with deionized water from the
oncentrated acid.

Acetic acid–acetate buffer (pH 3–5) was prepared by mix-
ng appropriate ratios of a 2 mol L−1 acetic acid solution (Carlo
rba, Milan, Italy) and a 2 mol L−1 sodium acetate solution

Vetec, Brazil).
Sorensen buffer solution (pH 6–8) was prepared by mixing

.084 mol L−1 Na2HPO4 and 0.067 mol L−1 KH2PO4 (Vetec,
razil) in appropriate ratios.

The working solutions were prepared adding 10 mL of buffer
olution and their pH was adjusted with 0.01 mol L−1 HCl or
.01 mol L−1 NaOH, the final volume of the solution being
00 mL. Only a 10 mL volume of a working standard solution
ontaining 100 �g L−1 of zinc(II) was introduced into the flow
ystem.

Commercial mineral water samples from Bugres River (Ran-
ho Queimado, Santa Catarina, Brazil), bovine muscle powder
f the standard reference material NIST 8414 (National Institute
f Standards and Technology, USA) and trace elements in fresh-
ater of the standard reference material NIST (SRM 1643e)
ere used to check the accuracy of the proposed method.

.3. Preparation of chitosan modified with
-hydroxyquinoline
The procedure for the modification of chitosan with 8-
ydroyquinoline was carried out as described in the literature [6].
he gel microspheres of chitosan were obtained mixing gelified
hitosan with an acetic acid solution followed by precipitation
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Table 1
Variables and levels used in the full factorial design

Variable Minimum (−) Maximum (+) Central
point

Sample pH 4.0 8.0 6.0
Sample flow rate (mL min−1) 4.2 6.2 5.2
E
E

t
c
t
V
m
t
(
s

3

3

r
m
t
t

0 J.S. Carletto et al. / Journal of H

ith a solution of NH3 using a peristaltic pump to drip the col-
oidal suspension. These gel microspheres were placed into a
ealed flask at 50 ◦C with 300 mL of a solution in chloroform
ontaining p-nitrobenzoyl chloride and 10 mL of triethylamine
o promote the reaction. The gel microspheres were filtered and
ashed with chloroform to remove the excess of reagents. The
enzoylated gel microspheres were crosslinked with glutaralde-
yde 10% (w/v) and then the –NO2 group was reduced to –NH2
ith 300 mL of sodium dithionite 5% (w/v) and the micro-

pheres were slowly poured into the reaction in a sealed flask at
5 ◦C. This aminophenyl derivative was diazotized for 40 min
t 0 ◦C with 200 mL of sodium nitrite 3% (w/v) at acetic acid
0% (v/v). After filtering and washing, the modified benzoylated
hitosan gel was mixed with 100 mL of 8-hydroxyquinoline 3%
w/v), previously dissolved in a solution of NaOH 5% (w/v) in
thyl alcohol. The chitosan derivative was ready for use after
ashing with 100 mL of 1 mol l−1 HNO3 and then with distilled
ater to remove the acid solution.

.4. On-line preconcentration system

The diagram of the flow system is shown schematically in
ig. 1. The flow system comprised a peristaltic pump fitted
ith Tygon tubing, four three-way solenoid valves and a mini-

olumn filled with the proposed sorbent. The mini-column with
110 mm length and 3 mm i.d. was sealed at both ends with

mall glass wool beds to prevent material losses, the working
ength being 75 mm. This system was coupled to a flame atomic

bsorption spectrometer. The loading and desorption steps were
ime-controlled. In the sample-loading step (Fig. 1A), valve V1
as initially open and the others were closed (selected accord-

ng to the experimental optimization design procedure), so that

ig. 1. On-line preconcentration system: (A) loading step and (B) desorption
tep. V1, V2, V3 and V4: solenoid valves; L: open way; D: closed way; R: sample
r eluent flow return.

o
T
c
(
t
a
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c
s
P

F
o

luent flow rate (mL min−1) 4.2 6.2 5.2
luent concentration (mol L−1) 0.5 1.5 1.0

he sample or standard solution was pumped through the mini-
olumn where ion exchange takes place and the effluent flowed
owards the waste. Valve V1 was then closed and V2, V3 and
4 were opened (selected according to the experimental opti-
ization design procedure) and the eluent percolated through

he mini-column displacing the Zn(II) ions from the adsorbent
Fig. 1B). The eluate was taken directly to the nebulizer-burner
ystem of the flame atomic absorption spectrometer.

. Results and discussion

.1. Factorial and surface response optimization

A 24 two-level full factorial design with a central point (C),
esulting in 17 runs in total, was carried out in duplicate to deter-
ine the influence of the selected factors and their interactions in

he preconcentration system. Preliminary tests were performed
o investigate the factors that could influence the Zn(II) retention
n the chitosan adsorbent modified with 8-hydroxyquinoline.
he factors which were shown to be of importance in the pre-
oncentration procedure were: sample pH, eluent concentration
HNO3), sample flow rate and eluent flow rate. Table 1 shows
he minimum and maximum levels used for the selected factors
nd Table 2 shows the experimental design and the respective
nalytical signals.
Analysis of variance (ANOVA) and P-values were used to
heck the significance of the effects on the preconcentration
ystem. The main effects and their interactions can be seen in the
areto chart shown in Fig. 2. The sample pH, eluent flow rate and

ig. 2. Pareto chart obtained from the full factorial design used for optimization
f preconcentration of zinc(II) in water samples.
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Table 2
Experimental values used during the multivariate optimization (sample volume 10.0 mL; sample concentration 100.0 �g L−1; sorbent mass 100.0 mg)

Run Sample pH Eluent concentration
(mol L−1)

Sample flow rate
(mL min−1)

Eluent flow rate
(mL min−1)

Integrated
absorbance

Integrated
absorbance

1 4 0.5 4.2 4.2 0.1602 0.1696
2 4 0.5 4.2 6.2 0.1079 0.1214
3 4 0.5 6.2 4.2 0.1527 0.1474
4 4 0.5 6.2 6.2 0.1064 0.1039
5 4 1.5 4.2 4.2 0.1026 0.1201
6 4 1.5 4.2 6.2 0.0818 0.0800
7 4 1.5 6.2 4.2 0.1037 0.0923
8 4 1.5 6.2 6.2 0.0632 0.0475
9 8.0 0.5 4.2 4.2 2.3854 2.3342
10 8.0 0.5 4.2 6.2 1.8404 1.8400
11 8.0 0.5 6.2 4.2 2.4415 2.3979
12 8.0 0.5 6.2 6.2 1.8580 1.8475
13 8.0 1.5 4.2 4.2 2.3316 2.2899
14 8.0 1.5 4.2 6.2 1.8338 1.8027
15 8.0 1.5 6.2 4.2 2.1997 2.2115
1
1

e
p
a
l
a
t
s
i
i
a

(
D
r
o
w
w
a
r

Z

T
D
t

R

1
2
3
4
5
6
7

m
e

3

t
u
added each time to the working solution. Thus, the effect of each
ion on the preconcentration procedure is evaluated individually.
This study is tedious and time-consuming and is not represen-
tative of a real situation, in which a sample may contain several
6 8.0 1.5 6.2
7 (CP)a 6.0 1.0 5.2

a Central point.

luent concentration, as well as the interaction between sample
H and eluent flow rate, were the factors statistically significant
t the 95% confidence level. The eluent concentration showed
ower significance in relation to the other two significant factors
nd was fixed at 0.5 mol L−1 in order to prolong the lifetime of
he adsorption material and reduce reagent consumption. The
ample flow rate was not statistically significant and, therefore,
ts value was fixed at 4.2 mL min−1 to guarantee a better stability
n the preconcentration system in spite of the reduction in the
nalytical frequency.

The significant variables indicated by the full factorial design
sample pH and eluent flow rate) were optimized using a
oehlert matrix. In this case, seven experiments were car-

ied out as shown in Table 3. All experiments were carried
ut in duplicate. The data obtained from the Doehlert matrix
ere used to build the surface response shown in Fig. 3
hich is described by a quadratic equation (Eq. (1)), where x

nd y represent, respectively, the sample pH and sample flow
ate
= −25.859 + 5.497X + 2.87Y − 0.343X2 − 0.035XY

− 0.277Y2 (1)

able 3
oehlert matrix used for sample pH and eluent flow rate optimization to obtain

he response surface for determination of zinc in aqueous samples by FI-F AAS

un pH Eluent flow rate
(mL min−1)

Integrated
absorbance

6.5 4.7 1.7538
7.0 5.2 1.9567
7.0 4.2 2.0600
7.5 4.7 2.2711
8.0 5.2 2.2143
8.0 4.2 2.2410
8.5 4.7 2.0512 F

a

6.2 1.6789 1.6974
5.2 0.8283 0.8379

The Doehlert study shows the optimal conditions for a maxi-
um integrated absorbance value using a sample pH of 7.8 and

luent flow rate of 4.7 mL min−1.

.2. Effect of foreign ions

In general, the effect of the interference of foreign ions on
he extraction efficiency of a method is investigated through a
nivariate procedure, in which one possible concomitant ion is
ig. 3. Response surface obtained using Doehlert matrix to optimize sample pH
nd sample flow rate.
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ig. 4. Pareto chart of effects of foreign ions on zinc sorption in the proposed
reconcentration system.

ons at the same time. For this reason, in this study, interference
as investigated using a 27−3 fractional factorial experimental
esign including a central point, resulting in 17 experiments.

Fig. 4 shows the Pareto chart, where the main and interac-
ive effects of the concomitant ions studied with regard to the
nalytical response can be seen. The concentration of each con-
omitant ion studied was 10−4 mol L−1. This study suggests
hat Ca2+, Mg2+, Na+, K+, Cu2+ and Fe3+ ions do not interfere
n the zinc(II) preconcentration at a 95% confidence level. For
l3+ ions a great reduction in the analytical signal was observed
sing the proposed preconcentration procedure. However, the
evels of Al3+ concentration in the real samples are much lower
han the level studied in this research [32,33] and, therefore, this
on will not interfere in the proposed method to quantify zinc(II)
n aqueous samples.

.3. Analytical features

The calibration graph obtained using optimized conditions
s given as A = 0.01523 + 0.01986 × C in the linear range of
.5–75 �g L−1, where C is zinc(II) concentration in solution
�g L−1). The correlation coefficient obtained from this graph
as 0.9995. The limits of detection (LOD) and quantification

LOQ) were calculated as 3σ/S and 10 σ/S, respectively, where
is the slope of the calibration curve and σ is the standard devi-

tion of 11 consecutive measurements of the blank solution.
he LOD and LOQ values were, respectively, 0.8 �g L−1 and
.5 �g L−1. The precision of the procedure was 2.7%, calculated
s the relative standard deviation of eight consecutive measure-
ents of a 25 �g L−1 zinc(II) solution. The enrichment factor,

alculated as the ratio of the slope of the calibration graphs with
nd without preconcentration, was 17.6.

The proposed method was applied to the analysis of mineral
ater samples collected from the Bugres River, in the town of
ancho Queimado, Brazil. The concentrations of the analyte
n the water samples were below the LOD of the method. In
rder to evaluate the accuracy of the preconcentration proce-
ure, recovery experiments were carried out with spiked water
amples (10 �g L−1). The efficiency of the on-line preconcen-
ous Materials 157 (2008) 88–93

ration system was good for all samples analyzed, resulting in
ecoveries of between 85 and 93%. The accuracy of the pro-
osed method was also investigated by analyzing two certified
eference materials (N = 3) and a good agreement with the certi-
ed data was obtained. The first reference material was Bovine
uscle Powder NIST 8414 with a zinc(II) concentration of

42 ± 14 �g g−1, and the result obtained using the proposed
ethod was 131 ± 14 �g g−1, corresponding to a 92% recov-

ry. The second reference material was freshwater SRM 1643e,
ith a zinc(II) concentration of 79 ± 2 �g L−1, and the result
sing the proposed method was 71 ± 1 �g L−1.

. Conclusions

The use of chitosan modified with 8-hydroyquinoline as an
dsorbent for the determination of zinc(II) in aqueous samples
n an on-line FI-F AAS system was very efficient, presenting
n excellent sensitivity and analytical frequency. Chemometric
ools allow the optimization of the proposed system and check-
ng of possible effects of concomitant ions in a more efficient
ay than the univariate method requiring a low number of exper-

ments. The proposed chelating resin and FI–F AAS system gave
ood results for the recovery test carried out on real samples
nd certified materials, low limit of detection, good precision
nd relatively high adsorption kinetics, which resulted in greater
nalytical throughputs.
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10] I.L. de Alcântara, P.S. Roldan, M.A.L. Margionte, G.R. Castro, C.C.F.
Padilha, A.O. Florentino, P.M. Padilha, Determination of Cu, Ni and Pb
in aqueous medium by FAAS after pre-concentration on 2-aminothiazole
modified silica gel, J. Braz. Chem. Soc. 15 (2004) 366–371.

11] S. Saracoglu, L. Elci, Column solid-phase extraction with Chromosorb-102
resin and determination of trace elements in water and sediment samples
by flame atomic absorption spectrometry, Anal. Chim. Acta 452 (2002)
77–83.

12] V.A. Lemos, W.N.L. dos Santos, J.S. Santos, M.B. de Carvalho, On-line
preconcentration system using a minicolumn of polyurethane foam loaded
with Me-BTABr for zinc determination by Flame Atomic Absorption Spec-
trometry, Anal. Chim. Acta 481 (2003) 283–290.

13] I. Narin, Y. Surne, E. Berci, M. Soylak, SP70-alpha-benzoin oxime chelat-
ing resin for preconcentration-separation of Pb(II), Cd(II), Co(II) and
Cr(III) in environmental samples, J. Hazard Mater. 145 (2007) 113–119.

14] V.A. Lemos, P.X. Baliza, J.S. Santos, L.S. Nunes, A.A. de Jesus, M.E.
Rocha, A new functionalized resin and its application in preconcentra-
tion system with multivariate optimization for nickel determination in food
samples, Talanta 66 (2005) 174–180.

15] Y.H. Ren, Z.F. Fan, J.Y. Wang, Speciation analysis of chromium in natu-
ral water samples by electrothermal atomic absorbance spectrometry after
separation/preconcentration with nanometer-sized zirconium oxide immo-
bilized on silica gel, Microchim. Acta 158 (2007) 227–231.

16] J. Fan, C.L. Wu, W. Wei, C.Y. Peng, P.G. Pen, Preparation of xylenol
orange functionalized silica gel as a selective solid phase extractor and
its application for preconcentration-separation of mercury from waters, J.
Hazard. Mater. 145 (2007) 323–330.

17] F. Li, P. Du, W. Chen, S.S. Zhang, Preparation of silica-supported porous
sorbent for heavy metal ions removal in wastewater treatment by organic-
inorganic hybridization combined with sucrose and polyethylene glycol
imprinting, Anal. Chim. Acta 585 (2007) 211–218.

18] M. Tuzen, O.D. Oluozlu, M. Soylak, Cr(VI) and Cr(III) speciation on Bacil-
lus sphaericus loaded diaion SP-850 resin, J. Hazard. Mater. 144 (2007)
549–555.

19] S. Baytak, A.R. Turker, The use of Agrobacterium tumefacients immo-
bilized on Amberlite XAD 4 as a new biosorbent for the column
preconcentration of iron (III), cobalt (II), manganese (II) and chromium
(III), Talanta 65 (2005) 938–945.

20] H. Bag, A.R. Turker, M. Lale, A. Tunceli, Separation and speciation of

Cr(III) and Cr(VI) with Saccharomyces cerevisiae immobilized on sepiolite
and determination of both species in water by FAAS, Talanta 51 (2000)
895–902.

21] F. Li, P. Du, W. Chen, S. Zhang, Preparation of silica-supported porous
sorbent for heavy metal ions removal in wastewater treatment by

[

ous Materials 157 (2008) 88–93 93

organic–inorganic hybridization combined with sucrose and polyethylene
glycol imprinting, Anal. Chim. Acta 585 (2007) 211–218.

22] H. Minimisawa, N. Arai, T. Okutani, Electrothermal atomic absorption
spectrometric determination of copper(II) using a tungsten metal fur-
nace after preconcentration onto chitosan, Anal. Sci. 15 (1999) 269–
275.

23] G. Rojas, J. Silva, J.A. Flores, A. Rodrugues, M. Ly, H. Maldonado, Adsorp-
tion of chromium onto cross-linked chitosan, Sep. Purif. Technol. 44 (2005)
31–36.

24] A.O. Martins, E.L. da Silva, M.C.M. Laranjeira, V.T. Fávere, Application
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