+53 Scientific

American Journal of Analytical Chemistry, 2012, 3, 755-760
#% Research

http://dx.doi.org/10.4236/ajac.2012.311100 Published Online November 2012 (http://www.SciRP.org/journal/ajac)

Flow-Injection Flame Atomic Absor ption Deter mination of
Hexavalent Chromium with On-Line Preconcentration on
an Anion Imprinted Polymer

Maria Carmen Yebra-Biurrun®, Jesiis Manuel Castro-Romero®, Nieves Carro-Marific®
'Department of Analytical Chemistry, Nutrition and Bromatology, Faculty of Chemistry, University of Santiago de Compostela,
Santiago de Compostela, Spain
2Department of Analytical Chemistry, Escuela Universitaria Politécnica, University of A Corufia, A Coruiia, Spain
3Technological Institute for the Monitoring of the Maritime Environment of Galicia INTECMAR), Vilagarcia de Arousa, Spain
Email: “mcarmen.yebra@usc.es

Received September 11, 2012; revised October 14, 2012; accepted October 25, 2012

ABSTRACT

A flow injection preconcentration system for the flame atomic absorption spectrometric determination of hexavalent
chromium has been developed. The method employs on-line preconcentration of Cr(VI) on a minicolumn packed with
Cr(VI)-imprinted poly(4-vinyl pyridine-co-2-hydroxyethyl methacrylate) placed into a flow injection system. Hexava-
lent chromium was eluted with a small volume of diluted hydrochloric acid into the nebulizer-burner system of a flame
atomic absorption spectrometer. An enrichment factor of 550 and a 3¢ detection limit of 0.04 ug-L ™" along a sampling
frequency of 4 h™" at a sample flow rate of 3.5 mL-min '. The relative standard deviation is 2.9% for 1 pg-L™" Cr(VI) (n =
11). The flow injection system proposed has the advantage of being simpler because the use of expensive and sophisti-
cated instruments is avoided. Ease of use, continuous process and selectivity make this method suitable for Cr(VI) de-

termination in different environmental samples such as sea and river waters, soils and sediments.
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1. Introduction

Chromium exists in small quantities throughout the en-
vironment. Chromite ore (FeCr,0y) is the most important
commercial ore and is usually associated with ultramafic
and serpentine rocks. Chromium has two predominant
oxidation states in the environment: Cr(IIl) is an essential
nutrient in low doses and is a known essential element
which potentiates the action of insulin in peripheral tis-
sue, while Cr(VI) is highly toxic and carcinogenic. Hexa-
valent chromium compounds are widely used in the chemi-
cal industry for different applications, such as manufac-
ture of pigments, in metal finishing and chrome plating,
in stainless steel production, in hide tanning, as corrosion
inhibitors, and wood preservation. As a result, Cr(VI) is
released into the environment and can be available to hu-
man beings [1-3].

Flame atomic absorption spectrometry (FAAS) is a
widely used technique that offers many advantages.
However, there are analytical situations in which flame
methodology is limited in sensitivity and selectivity [4].
Therefore, in order to increase its sensitivity, achieve the
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separation of both chromium species and isolate the ana-
lyte from interfering matrix constituents were proposed
several methodologies including solid phase extraction
methods involving anion exchange resins [5,6], adsorp-
tion of Cr(VI) complexes with dithiocarbamate, or di-
phenylcarbazide on solids sorbents as macroporous poly-
styrene-divinylbenzene, Amberlite XDA, C18 bonded
silica or activated alumina and chelating resins to deter-
mine by difference between total Cr and Cr(IIl) the
Cr(VI) concentration [7-14]. Nevertheless, these methods
are tedious and subject to potential interferences because
require preliminary complexation with a chelating re-
agent or involve reduction of Cr(VI) to Cr(Ill). By the
other hand, other kind of methods separate Cr(III) and
Cr(VI) species in elution, which require a controlled elu-
tion step to avoid interconversion of both oxidation states
of chromium. More recently, molecular imprinted (MIPs)
or ion-imprinted polymers (IIPs) have been recognized as
suitable materials and they are increasingly used in trace
analysis because they are suitable for applications where
analyte selectivity is essential. Between IIPs, mainly
were synthesized cationic materials to be selective to trace
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metals [15-17]. Nevertheless, only few anions imprinted
polymers (AIPs) were proposed to the selective separa-
tion of anions. These are high selective for recognizing
chromate [18,19] and phosphate anions [20,21]. How-
ever, these AIPs were not applied for analytical pur-
poses.

Manual separation procedures are labor, time, and re-
agent-intensive, and require large volumes of sample.
Flow injection (FI) on-line preconcentration systems cou-
pled with FAAS have demonstrated to be effective in
terms of enhanced sensitivity, efficient removal of the
matrix, high sample throughput, minimal sample and re-
agents consumption, easy operation and high precision
[22].

In the present work, a cheap, easy and sensitive on-line
FI-FAAS method for the determination of trace amounts
of hexavalent chromium is described. An AIP (Cr(VI)-
imprinted poly(4-vinylpyrdine-co-2-hydroxy-ethyl me-
thacrylate) (poly(4-VP-HEMA) synthesized as proposed
Bayramoglu ef al. [19] was used for the separation and
preconcentration of Cr(VI) from different environmental
matrices by complex formation between Cr(VI) anions
and 4-pyridine groups of the polymer.

2. Experimental
2.1. Instrumentation

The measures of absorbance were performed with a Per-
kin-Elmer flame atomic absorption spectrometer Model
5000 (PerkinElmer Life and Analytical Sciences, USA).
The hollow cathode lamp used as the radiation source
was operated at a wavelength of 357.9 nm. The flow of
acetylene and air was 4.5 and 15.0 L-min "', respectively.
The nebulizer flow rate was 3.0 mL-min"'. The on-line
system used for preconcentration of Cr(VI) is represented
by the Figure 1. It consists of a Gilson Minipuls-3 peri-
staltic pump (Gilson, France), two Rheodyne low-pres-
sure injection valves model 5020 (Rheodyne, USA). A
laboratory-made minicolumn (4.0 cm length and internal
diameter of 1.8 mm) containing 30 mg of the AIP was
inserted in the on-line system. A polyvinylchloride (PVC)
tube was used in the construction of the minicolumn,
which was sealed on each end with a small glass wool
bed to prevent material losses. Numerical analyses of
experimental designs were performed by means of the
statistical package Statgraphics Plus 5.1 (Manugistic, Inc.,
Rockville, MD, USA).

2.2. Reagents

All reagents were of analytical grade, unless otherwise
stated. Ultrapure water with a resistivity of 18.2 MQ
cm ' was obtained with a Milli-Q™ purification device
(Millipore Corporation, Bedford, MA, USA). Cr(VI)
anion imprinted polymer was prepared as described
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Figure 1. Schematic diagram of Fl-manifold showing the
two operational sequences for Cr(VI) determination by
FAAS. (a) Preconcentration step; (b) Elution step. E: eluent;
FAAS: flame atomic absorption spectrophotometer; 1V:
injection valve; MC: minicolumn; P: peristaltic pump; S/SS:
sample/standard solution; SV: switching valve; UW: ul-
trapurewater; W: waste.

elsewhere [19] using 4-vinyl pyridine as a complexing
monomer and copolymerized with 2-hydroxyethyl me-
thacrylate (co-monomer) and ethyleneglycol dimetha-
crylate (cross-linker) with a ratio 0.3:1.7:1.0 (v/v/v). Hy-
drochloric acid was of Suprapur quality (Merck, Darm-
stadt, Germany). Standard solutions of Cr(VI) were
made by dilution of a 1000 mg-L ™' stock solution made
by dissolving 2.8290 g of dried potassium dichromate
(Merck, Darmstadt, Germany) in 1000 mL of ultrapure
water.

2.3. Environmental Water Collection

All water samples were collected from beaches and coasts
(Atlantic Ocean and Cantabrian Sea) and from rivers of
Galicia (north-west Spain) in pre-cleaned high density
polyethylene bottles. The samples were filtered through a
Millipore cellulose membrane (0.45 mm) and were ana-
lyzed immediately after collection.

2.4. Soil and Sediment Samples Collection and
Prepar ation

Soil and sediment samples were collected in pre-cleaned
hermetic plastic containers. Surface marine sediment sam-
ples were from coasts (Atlantic Ocean and Cantabrian
Sea) of Galicia (north-west Spain). Soil samples were
collected from industrial, agricultural and forest areas
located in Galicia (north-west Spain). The samples were
dried in an oven at 60°C and homogenized with a sieve
and completely homogenized in order to avoid unrepre-
sentative sampling. Sample preparation used was EPA
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Method 3060A alkaline extraction procedure [23]. Thus,
samples (2.5 g) were digested using 50 mL of an extrac-
tant solution containing 0.28 mol-L! Na,CO; and 0.5
mol-L ™' NaOH and heating at 90°C - 95°C for 60 minutes
to dissolve the Cr(VI) and stabilize it against reduction to
Cr(IIT).The cooled extract was then filtered through a
0.45 mm membrane filter. Samples were digested within
30 days of sample collection and the digestate was ana-
lyzed within seven days of preparation.

2.5. Procedurefor the FI Deter mination of
Cr(vl)

As shown in Figure 1, the preconcentration cycle runs
through two steps. Step 1: Selective retention of Cr(VI).
With the injection valve (IV) in the load position (Figure
1(a)), the sample (25 mL adjusted to pH 4 with diluted
hydrochloric acid) was loaded into the minicolumn
which was assembled to the FI manifold. The sample
was passed through the minicolumn at a flow rate of 3.5
mL-min"'. Step 2: Elution and transportation of the eluate
toward the detector. The selecting valve (SV) was
switched to its other position and with the IV in the inject
position (Figure 1b), 90 uL of eluent (2 mol-L™" hydro-
chloric acid) were injected into an ultrapure water carrier
stream which flowed at 3.0 mL-min"' through the mini-
colum in opposite direction to the sample stream. Thus,
the eluate was transported to the detector where hexava-

lent chromium was continuously monitored.

3. Resultsand Discussion
3.1. Optimization of Experimental Parameters

To optimize the FI system for Cr(VI) determination, the
main efforts were focused on the conditions for sample
loading and Cr(VI) elution from the minicolumn, as well
as the analytical FI-FAAS system which was coupled
on-line with the preconcentration/separation unit in order
to obtain highly sensitive, accurate and reproducible re-
sults. For the optimization of the FI preconcentration pro-
cedure, six variables were considered; namely, sample
flow-rate, sample pH, minicolumn diameter, eluent (hy-
drochloric acid solution) concentration, eluent volume
and elution flow-rate. The response variable was the per-
centage of Cr(VI) recovery. Optimization experiments
were performed on standard solutions of 25 mL contain-
ing known concentrations of Cr(VI) (5 ug-L™"). A Plack-
ett-Burman design 2°6*3/6 type III resolution allowing
six degrees of freedom and involving 12 randomized
runs plus one centre points was built for a screening
study of the behavior of the six variables potentially af-
fecting the preconcentration process. The upper and
lower values given to each factor were selected from the
available data and experience gathered in the preliminary
experiments. Both the tested and the optimum values
obtained for each variable are shown in Table 1(a). Nu-

Table 1. Factor levelsin the (a) Plackett-Burman design 2% 3/6; (b) Central composite design 2* star.

Tested range

Variable Optimum value
Low level High level
(a) Plackett-Burman design
Sample flow-rate (mL-min ") 1.0 5.0 -
Sample pH 2 7 -
Minicolumn diameter (mm) 1.1 2.5 1.8
Eluent (hydrochloric acid solution) concentration (mol-L™") 1 3 2
Eluent volume (pL) 70 150 -
Elution flow-rate (mL-min") 3.0 5.0 -
(b) Central composite design 2°* star
Sample flow-rate (mL-min™") 1.0 4.0 3.5
Sample pH 2 5 4
Eluent volume (pL) 70 100 90
Elution flow-rate (mL-min™") 3.0 4.0 3.0

Copyright © 2012 SciRes.
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merical analysis of the results produced the standardized
main effects Pareto Chart (Figure 2). The conclusions of
this screening study were that sample pH and eluent
volume were statistically influential factors with negative
and positive sign, respectively at 95% confidence level.
Although sample and elution flow-rates are non signifi-
cant variables within the ranges under study, they have a
high negatitive estimated effect, and its optimum value
was obtained by a surface response design. Minicolumn
diameter and eluent concentration, were also not statisti-
cally influential factors at 95% confidence level within
the ranges under study but they have estimated effects
very low. Thus, intermediate values for these variables,
1.8 mm and 2 mol-L™" for minicolumn diameter and elu-
ent concentration, respectively, were selected for subse-
quent experiments.

Significant variables (sample pH and eluent volume)
and sample and elution flow-rates were optimized by us-
ing an orthogonal central composite design 2* star with
two center points, resulting in 26 randomized runs with
eleven degrees of freedom. Axial distance (o) was se-
lected having a value of 1.48258 in order to establish the
orthogonality condition. Results obtained confirmed that
sample pH, eluent volume and elution flow-rate were
statistically influential factors at the 95% confidence
level in the ranges studied (Table 1(b)). The sample
flow-rate and the eluent volume are critical parameters in
preconcentration procedures. The sample flow-rate
largely determines the residence time of analytes in the
minicolumn, but it is also a crucial factor affecting the
sample throughput. The eluent volume is intended to be
the minimum possible in order to obtain the highest
preconcentration factor. As the elution flow-rate was a
statistically influential factor with negative sign the low-
est value tested (3 mL-min") was fixed as optimum. The
sample pH has a positive sign, but with an estimated ef-
fect very low, so a pH 4 was fixed as optimum. Taking
into account these considerations, in order to determine

OO > Mm@
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Figure 2. Pareto chart for the Plackett-Burman design ap-
plied to optimize the FI preconcentration of Cr(VI). A: sam-
ple flow-rate; B: sample pH; C: minicolumn diameter; D:
eluent (hydrochloric acid solution) concentration; E: eluent
volume; F: elution flow-rate.
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the highest sample flow-rate and the lowest eluent vol-
ume that could be used obtaining a quantitative recovery,
a response surface was obtained (Figure 3). In this figure,
can be observed that a flow-rate of 3.5 mL-min' and an
eluent volume of 90 pL are adequate for quantitative
recovery of Cr(VI). Optimum values of all variables are
shown in Table 1.

3.2. Perfor mance of the Method

The characteristic performance data of the FI-FAAS sys-
tem for hexavalent chromium determination are pre-
sented in Table 2. The detection and quantification limits
were defined as the concentrations of analyte giving sig-
nals equivalent to 3 and 10 times, respectively, the stan-
dard deviation of the blank plus the net blank signal. The
preconcentration factor was determined as the ratio of the
slopes of the linear section of the calibration graphs be-
fore and after preconcentration, and the sample through-
put was calculated as the number of samples analyzed
per hour.

Sample flow-rate (mL min-1) e\\,e,“

Figure 3. Response surface estimated for the central com-
posite design applied to optimize the FI preconcentration of
Cr(Vll). Sample pH = 4 and elution flow-rate = 3.0 mL
min~.

Table 2. Performance of the FI-FAAS system for hexavalent
chromium determination under optimized conditions.

Analytical parameter measured

Sample volume (mL) 50

Calibration graph (C, ug-L™") 0.031C+4.6x 107

Correlation coefficient (1%) 0.999
Detection limit (ug-L ") 0.04
Quantitation limit (ug-L™) 0.14
Linear range (ug-L™") 0.14 - 9.09
Precision (%RSD, n= 11, [Cr(VI)] = 0.5 pg- L™ 34
Precision (%RSD, n=11, [Cr(V)] =1 pgL"’ 2.9
Precision (%RSD, n=11, [Cr(V)] =5 pugL" 0.8
Sample throughput (h™") 4
Preconcentration factor 550
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3.3. Determination of Cr(V1) in Presence of
Cr(l11)

In order to assess the selectivity of the proposed proce-
dure for Cr(VI) determination, this was applied to vari-
ous standard solutions using different concentration rela-
tions between the two chromium oxidation states. The
results obtained demonstrated that Cr(VI) can be deter-
mined quantitatively in the presence of Cr(III).

3.4. Sample Analysis

The methodology for Cr(VI) determination described
above was applied to the analysis of sea and river waters,
soils and sediments from different origin in Galicia (NW,
Spain). Results for liquid samples are shown in Table 3,
and results for solid samples are shown in Table 4. It

Table 3. Results for hexavalent chromium determination in
environmental water samples.

Sample Cr(VI)* Sample Cr(VD)*
River water 1 0.23+£0.02 Seawater 1 0.27+0.02
River water 2 1.01 £0.02 Seawater 2 0.21 £ 0.02
River water 3 0.97+0.03 Seawater 3 0.15+0.02
River water 4 1.14 £ 0.05 Seawater4  0.35+0.03
River water 5 1.18£0.02 Seawater 5 0.44 £0.05
River water 6 1.07+£0.02 Seawater 6 0.20 +0.02
River water 7 0.90 +0.03 Seawater 7 0.27 £ 0.04

Seawater 8§  0.15+0.02

Cr(VI) concentration (mean + SD, n = 3), ugL’l.

Table 4. Results for hexavalent chromium determination in
soils and sediments samples.

Sample Cr(VI)* Sample Cr(VD)?*
Sediment 1 11.14+0.98  Agricultural soil 1 3.41+0.37
Sediment 2 4.91+£0.37  Agricultural soil 2 448 £0.64
Sediment3  7.06+0.64  Agricultural soil 3 2.98+0.37
Sediment4  4.27+0.37 Industrial soil 1 92.8+£2.32
Sediment5  9.64 £ 0.64 Industrial soil 2 105.69 +2.58
Sediment 6  10.07 +0.37 Industrial soil 3 118.80 £ 2.61
Sediment 7  6.63 £0.98 Forest soil 1 18.45+0.98

Forest soil 2 2210+ 1.34
Forest soil 3 27.26 +1.62
Forest soil 4° 56.91 + 1.34
Forest soil 5° 65.08 +1.93

*Cr(VI) concentration (mean = SD, n = 3), pg-Kg'; "Samples collected in a
forest area where recently had occurred a forest fire.

Copyright © 2012 SciRes.

was observed in this table that the highest hexavalent
chromium concentration was located in industrial soil.
However, is important to point out that forest soils sam-
ples number 5 and 6 have a concentration of Cr(VI)
higher than the rest of forest samples analyzed. This can
be explained by the fact that these samples were col-
lected in a forest area where recently had occurred a for-
est fire and a partial oxidation of Cr(Ill) with atmos-
pheric oxygen could have taken place. With regard to
river and seawater, all samples analyzed were below a
Cr(VI) concentration of 1.2 pg-L™". The recovery of the
method was checked for solid and liquid samples. Thus,
for solid samples, were added 0.15 pg of Cr(VI) to the
alkaline extractant solution and 0.25 pg directly to liquid
samples, and these solutions were analyzed by the pro-
posed methodology. The recovery obtained was in the
range 97.5% - 100.1%. A comparison of the slopes of the
calibration graph and the standard addition graph using a
t-test (95% confidence level) was made and no difference
was observed, which indicated that there is not a matrix
effect.

4. Conclusion

Cr(VD-imprinted poly(4-vinyl pyridine-co-2-hydroxy-
ethyl methacrylate) (poly(4-VP-HEMA) proposed Bay-
ramoglu et al [19] was applied to preconcentrate Cr(VI)
from environmental samples such as river water, sea-
water, soils and sediments. FI preconcentration by using
a minicolumn filled with poly(4-VP-HEMA particles re-
sults in a preconcentration factor of 550 (50 mL of sam-
ple and 90 pL of eluate), which offers a limit of detection
of 0.04 ug-L ™' by using FAAS as detector. The FI system
proposed in this paper has the advantage of being simpler
because the use of expensive and sophisticated instru-
ments is avoided. Ease of use, continuous process and
selectivity make this method suitable for Cr(VI) deter-
mination in different environmental samples.
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