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ABSTRACT This study presents a chelating agent free solid phase extraction
method for preconcentration of AI(IID using hybrid nano zirconium dioxide—
boron oxide (ZrO,/B,03) sorbent. This method is based on the sorption of
Al(ID ions directly onto nano sorbent, followed by the elution with 10 mL of
4mol L' HNOj3 and determination by flame atomic absorption spectrometry
(FAAS). Preconcentration parameters, including pH of the sample solution, vol-
ume and concentration of the eluent, sample volume, and flow rate of the sam-
ple solution, that affect the recovery of the AI(IID ions have been optimized.
Under the optimized experimental conditions, analytical parameters such as
limit of detection, limit of quantification, linear working range, precision, and
accuracy were determined. The analytical limit of detection for AIII) was
found as 7.71 ugL™". The reusability and adsorption capacity of the new hybrid
sorbent for AI(TI) ions were also investigated. Interfering effects of matrix con-
stituent on the recovery of the AI(IID) ions were studied. The accuracy of the
method was checked by determining AI(IID ions in a certified reference water
sample (SPS-WW1 Waste Water). The proposed procedure was applied for the
determination of AI(IID) ions in dam waters.

KEYWORDS aluminum, flame atomic absorption spectrometry, nano sorbent,
preconcentration, solid phase extraction

INTRODUCTION

Aluminum is the richest element in the earth’s crust (8.1% by weight) and
is a redundant element to which humans are frequently exposed.”! Alumi-
num is most commonly used in the food industry as packing materials”
and in other industry arms such as aerospace and the automotive and metal
industries due to its special properties, especially its corrosion resistance and
easy processing plroper*[ies.[SJ Accumulation of Al in tissue may increase the
risk of neurological and bone diseases, such as Alzheimer disease, Parkin-
son disease, encephalopathy/dialysis dementia, and osteomalacia.'? Deter-
mination of trace levels of aluminum in water and food samples is very
important in environmental chemistry because of aluminum’s negative
effect on human health.”®
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The levels of aluminum in natural waters can vary
significantly depending on various physicochemical
and mineralogical processes. Aluminum levels in
waters with near-neutral pH values usually range
from 0.001 to 0.05mgL~""" Direct determination of
these concentrations by flame atomic absorption
spectrometry (FAAS) without using a separation/
preconcentration technique is impossible due to
the low detection limits of FAAS.®

Various methods are used for the determination of
trace levels of aluminum in food and environmental
samples. These methods can be classified as electro-
chemical methods, chromatographic methods, and
spectrometric methods. Especially, spectrometric
methods such as FAAS,[9’10] electrothermal atomic
absorption spectrometry (ETAAS),""'? inductively
coupled plasma optical emission spectrometry
(ICP—OES),[B] and ultraviolet-visible spectrophoto-
metry (UV—VIS)[14] were commonly used for alu-
minium determination. The direct determination of
trace aluminum by these techniques is generally dif-
ficult because of the low concentration of aluminum
and possible matrix interference problems. These
problems can be overcome by using a preconcentra-
tion and/or separation procedure before the detec-
tion procedure. A number of separation and
preconcentration procedures for preconcentration
and/or separation of trace metals involving cloud
point extraction,” solid phase extraction,®!”
coprecipitation,"™ and dispersive liquid-liquid
microextraction™® have been proposed to overcome
this problem. Among the preconcentration techni-
ques, solid phase extraction (SPE) has become the
preferred method for concentrating the analyte prior
to its analysis by FAAS and other techniques. Its
advantages over classical liquid-liquid extraction
methods are simple procedure, high enrichment fac-
tor, reduced solvent usage, permitting to combine
with different detection techniques, reduced disposal
costs, shorter extraction times for sample prep-
aration,®1°72" and the availability of a wide variety
of sorbent materials that mainly affect the extraction
efficiency.

In this work, nano ZrO,/B,0O; hybrid material was
used as a nano sorbent for preconcentration of
aluminum. This hybrid sorbent was first used for
the preconcentration of aluminum in the literature.
Experimental parameters including pH of the sam-
ple, flow rate of the sample, sample volume, eluent

type, volume, and concentration were optimized.
Analytical parameters such as accuracy, precision,
limit of detection (LOD), limit of quantification
(LOQ), and linear dynamic range were also studied.
The proposed procedure was applied for the deter-
mination of trace aluminum in dam waters.

MATERIALS AND METHODS

Apparatus

A Varian (Palo Alto, CA, USA) AA240FS model
flame atomic absorption spectrometer equipped with
a deuterium-lamp background corrector, aluminum
hallow cathode lamp (Varian), and N,O-C,H, flame
were used for the determination of Al under the con-
ditions suggested by the manufacturer. The wave-
length, lamp current, slit width, acetylene flow rate,
and nitrous oxide flow rate were 309.3nm, 10maA,
0.5nm, 6.95Lmin ', and 10.24Lmin" ' for Al
respectively. All pH measurements were made with
a WTW 720 model pH meter (Weilheim, Germany).
A thermostat shaker (Nive ST-402), ultrasonic bath
(Sonicator) (Bandelin electronic RK100H), and peri-
staltic pump (Watson Marlow 323) were used for
preconcentration experiments.

Reagents and Solutions

All reagents were of analytical grade unless other-
wise stated. All solutions were prepared in ultra-
pure water (18.3 uQQcm). Various concentrations of
aluminum standard and model solutions were pre-
pared by dilution of single-element stock solutions
(1000 mg/L, Merck) of AlID. Nitric acid (65%),
hydrochloric acid (37%), and ammonia solutions
(25%) were also purchased from Merck. The labora-
tory glassware was washed with 5% nitric acid sol-
ution before every use. Afterward, it was rinsed
thoroughly with water and dried. Nano ZrO,/B,05
was synthesized and characterized by the methods
given in our previous paper.m]

Column Preparation

A glass column (150 mm length and 8 mm i.d.)
having a stopcock at the bottom and a tank of
250mL on top of the column was used. A small
amount of glass wool was placed over its stopcock
in order to hold the sorbent. Two hundred
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milligrams of dry hybrid nano material (ZrO,/B,0O3)
was made into a slurry with water and then placed
into the column. Then, another small glass wool plug
was inserted onto the top of the sorbent to avoid dis-
turbance during sample passage. The column was
preconditioned by passing blank solution having
the same pH with the sample solution prior to use.
After each use, the nano material in the column
was washed with dilute HCl (0.5 molL_l), HNO;
(4molL™Y, and water, respectively, and stored in
water until the next experiment.

General Procedure for the
Preconcentration of Al(lll) on Nano
Zr02/3203

Preconcentration performance for Al was investi-
gated with model solutions before analyzing the real
samples and certified reference materials (CRMs).
Twenty-five milliliters of model solutions containing
of 25pug AIIID was taken and pH was buffered to
working value (pH 5.0, with acetic acid/acetate buf-
fer). The resulting solution was drawn through the
column by using a peristaltic pump adjusted to the
desired flow rate (4 mLmin~Y). After passing model
solution through the column, it was washed at the
aqueous solutions of the working pH. Finally, AI(TIT)
ions were eluted from solid phase with 10 mL of
4mol L' HNO3. Aluminum was determined by FAAS
by applying a direct calibration method. Using the
procedure described above, percent recovery was
calculated from the following equation:

o CE.XVE

R(%) N Cs.X'VS

where Cp is the concentration of analyte in eluent in
mgL ™', Vj is the volume of eluent in L, Cy is the con-
centration of analyte in sample solution in mgL~", and
Vs is the volume of sample solution in L.

RESULTS AND DISCUSSION

Under optimized experimental conditions, analyti-
cal parameters including limit of detection, limit of
quantification, linear dynamic range, precision, and
accuracy were determined. Interfering effects of
matrix constituent on the recovery of the aluminum
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were studied. The reusability and adsorption
capacity of the hybrid sorbent were also investigated.

Effect of pH of Sample Solutions

The pH value is the most important experimental
parameter for metal ion adsorption on solid phase.
It strongly influences the sorption availability of the
metal ions. Therefore, pH was the first optimized
parameter. The effects of the pH on the recoveries
of aluminum ions were investigated in the pH range
of 2.0-8.0 due to the occurrence of AI(OH); precipi-
tate at high pH values. For this purpose, 25mL of
model solutions containing 25 pg AI(IID) were taken
and pHs of the solutions were adjusted to 2 with
0.01 mol L' HCl; to 4, 5, and 6 with acetic acid/acet-
ate buffer; and to 8 with phosphate buffer. The effect
of the pH value on the recovery of AIIID ion is
shown in Figure 1. The results show that high recov-
ery values were obtained for AIID in the pH range
of 5.0-8.0. Therefore, pH 5 was chosen for further
experiment. To study in acidic media minimizes
possible precipitation of metal hydroxides, and this
is one of the advantages of the method.

Effect of Eluent Type and
Concentration

The kind and concentration of eluent are the other
important parameters for such studies. To determine
the optimum value of these parameters, 25mL of
model solutions containing 25 pg AlI(IID ions were
used. pH of the model solution was adjusted to 5.0
with acetic acid/acetate buffer and the general pre-
concentration procedure was applied. For the elu-
tion process, first HCl and HNOj solutions having
various concentrations and various volumes were

100 1
80 1

60 1

% Recovery

40 1

20 1

pH

FIGURE 1 The effects of pH value on the recovery of Al(lll).
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TABLE 1 Effect of Eluent Type and Concentration

Eluent concentration and volume Recovery %°?

3mol/L 10mL HNO; 7942
4mol/L 10 mL HNO; 9% +3
4mol/L 5mL HNO3 83+5
4mol/L 10 mL HCI 65+3

“The average = standard deviation of three measurements.

tested. Ten milliliters of 4 mol L™* HNOj solution that
gives maximum recovery was found as the optimal
eluent solution to desorption of AIIID from the
hybrid nano ZrO,/B,03 material (Table 1). For sub-
sequent experiments, 10mL of 4 molL™' HNO; was
used for elution of AI(TID.

Effect of the Sample Flow Rate

The effect of flow rates of sample solution on the
recovery of aluminum was investigated by control-
ling the flow rate of sample solution with a peristaltic
pump. Flow rate not only affects the retention of the
analytes but also determines the duration of analysis.
Because a large volume of sample solution is needed
for obtaining a high preconcentration factor, it is
always expected that sample solution can be passed
through the column at higher flow rates without
reducing the recovery. Therefore, the effect of flow
rate of sample solutions on the recovery of alumi-
num was examined in the range of 1-7mLmin .
Under optimum conditions (pH: 5, eluent: 10 mL of
4molL™" HNOj), AI(III) was quantitatively recov-
ered up to 4mLmin~ ' of the flow rates (Fig. 2).
Above 4mLmin~"' the recoveries were decreased
gradually.

100 7

80 1

% Recovery

70

Sample flow rate (mL/min)

FIGURE 2 The effects of sample flow rate on the recovery of
Al(I).

Effect of Volume of Sample Solution

The influence of the sample volume on recovery
of the aluminum was also examined in order to
determine the maximum applicable sample volume
or minimum analyte concentration. For this purpose,
AI(IID ions were preconcentrated from volumes of
25, 50, 100, and 250 mL of sample solution contain-
ing 25ug AIIID ions, which corresponds to an
aluminum concentration of 1.00, 0.50, 0.25, and
0.10ugmL™", respectively. These solutions were
passed through the column at optimum experimental
conditions by applying the general procedure men-
tioned above. Results show that aluminum could
be recovered quantitatively up to 100 mL of sample
solution (0.25pgmL™" AI(IID). At higher sample
volumes, the recoveries decreased gradually with
increasing volume of sample solution. Since the
original sample volume and final volume of solution
(after preconcentration) are 100mL and 10mlL,
respectively, an enrichment factor of 10 can be
achieved for AI(IID).

Analytical Figures of Merits

By using direct aspiration in FAAS without the pre-
concentration system, the linear range for aluminum
determination was between 1 and 20 ugmL™'. The
calibration equation was A =0.0015 + 0.042C, where
C is the aluminum concentration in pgmL ™" and A is
the absorbance. Calibration equation calculations are
based on the average of triplicate readings for each
standard solution.

As analytical figures of merit, LOD, LOQ, pre-
cision, and accuracy for the proposed method have
been determined. In order to determine the instru-
mental detection limit for aluminum, 50 mL of blank
solution was passed through the column under the
optimum experimental conditions (pH: 5, eluent:
4.0mol Lt HNO;, flow rate: 4mlL min~ Y. Blank
solutions were prepared by adding a minimum
amount of the analyte to the water in order to obtain
readable analyte signals. The sorbed analyte was
eluted by 50 mL of 4.0 mol L' HNOj3 solution (there
is no preconcentration) and the signal of this blank
solution was measured about 20 times. The instru-
mental detection limit based on three times the stan-
dard deviation of the blank (LOD; =3¢/m, where m
is the slope of the calibration curve) was found to be
77.1pgL~" for aluminum (n=20). The analytical
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limit of detection (LOD,) has been calculated by
dividing the instrumental detection limit by the
enrichment factor (10 in the present work).?*%
The LOD, for aluminum was 7.71 pg L' The analyti-
cal LOQ based on 106/m was 25.7ugL ™", As it is
well known, this AI(III) concentration cannot be
determined directly by FAAS with sufficient accuracy
and precision.

Influence of Foreign lons

The preconcentration of AI(III) on solid phase
may be affected by the other ions in samples. For this
reason, the reliability of the proposed method should
be examined in the presence of possible interfering
ions of the samples. To investigate the effect of other
constituents on the recovery of AI(IID), the possible
interfering elements (Na®, K*, Ca**, Mg*", Ni*T,
Cu®", Fe*', Mn?*", and Co*") were added to 25 mL
of model solutions containing 25 ng of AI(IID. Inter-
fering ion concentrations causing 5% deviation in
recovery of the AI(TIID is considered as the tolerance
limit. Influence of foreign ions on the recovery of
AI(TID ions was shown in Table 2. These results show
that the proposed hybrid nano ZrO,/B,0O5 as solid
phase extractor could be applied for preconcentra-
tion of AIC(IID from the various samples that contain
other metal ions at mgL™" levels.

Application of Proposed Method

The proposed preconcentration method was applied
for the determination of AI(IID in water samples, under
optimal experimental conditions. The accuracy of the
method was also checked by measuring the recovery
of AI(ITD in spiked real samples and analyzing certified
reference material (SPS WW1, Waste Water). A good
agreement was obtained between the certified (or

TABLE 2 The Effect of Foreign lons

lons Tolerance limit mg/L Recovery, %°
Na* 1000 9543
K+ 500 98+ 4
Ca%* 500 9642
Mg+ 50 93+3
Ni2* 25 93+2
Cu?* 25 94+3
Fe3* 25 9442
Mn2+ 25 96+3
Co?* 25 94+3

“The average = standard deviation of three measurements.

added value for real samples) value and the found
value of the analyte. The results obtained are given in
Table 3. Relative errors below 5% demonstrate the
applicability of the method and indecency from matrix
constituents of the samples.

Reusability of the Sorbent

The proposed nano sorbent can be used alone
many times due to its strong structure. The stability
and potential reusability of nano ZrO,/B,0O3 were
investigated by monitoring the change in the recov-
eries of the AI(IID) ion through several adsorption—
elution cycles. The passage of model solutions
(25 mL containing 25 pg AI(IID), buffer solution, elu-
tion solution (10 mL of 4molL~" HNOj), and water
through the column packed with 200 mg of hybrid
sorbent was defined as one adsorption—desorption
cycle. The adsorbent was always stored in water
when it was not in use. It was observed that the col-
umn could be reused up to about 100 times without
a decrease in the recovery of AI(IID ions. This is
another advantage of the proposed method. Classic
sorbents usually loaded with chelating agent cannot

TABLE 3 Determination of Aluminum in CRM and Water Samples

Sample

Certified or added valuemgL™"

Found value? mgL~" Relative error, %

(SPS-WW1) Waste Water
Dam Water?

2.004+0.1
1

Dam Water¢ —

1

2.04+£0.06 +2
0.31+0.06 —
1.28+0.04 -3
0.46+0.05 —
1.39+£0.04 +5

?Mean of five determinations at 95% confidence level.
bKurt Bogaz!.
“Cubuk.

0. Yalcinkaya et al.
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FIGURE 3 Adsorption isotherm of Al(lll) on hybrid nano
Zr02/B203.

be used repeatedly due to the probable loss of che-
lating agent with every adsorption—desorption cycle.

Adsorption Isotherm and
Adsorption Capacity

The adsorption capacity of hybrid nano ZrO,/
B,O; was determined by the batch technique.”®
The adsorption behavior of hybrid nano ZrO,/
B,O5; was determined by studying the amount of
adsorbed aluminum as a function of equilibrium
aluminum concentration. For this purpose, 50 mL of
sample solutions having the aluminum the concen-
trations in the range of 10 to 300 mgL~" at pH 5 were
shaken for 50 min with a constant weight (100 mg) of
nano sorbent. The profile of the adsorption isotherm
of the nano sorbent for aluminum is shown in
Figure 3, representing the amounts of adsorbed
aluminum versus the aluminum concentration of
the supernatant under equilibrium conditions. The
analysis of the isotherm data is important in order
to develop an equation that accurately represents
the results. When the adsorption profile reaches a
plateau, a monolayer adsorption is supposed to be
established. The data of the isotherm reveal that

y=0,0093x+0,9816
R?=0,9843

Ce/Qe (g/L)

0 50 100 150 200 250 300 350
Ce (mg/L)

FIGURE 4 Linearized Langmuir adsorption isotherm of Al(lll)
on hybrid nano ZrO,/B,0;.

the adsorption process conforms to the Langmuir
model. In Figure 4, the graph shows an excellent
fit to the data in the concentration interval studied
in all cases for the Langmuir model. A modified
Langmuir equation conformed to this kind of adsorp-
tion isotherm is represented below:

GG
Qr Qo Qb

where Cjis the concentration of AI(TID) in the solution at
equilibrium (mg L™ "), Qs the amount of sorbed alumi-
num per gram of nano sorbent at equilibrium (mg g~ "),
b is the “affinity” parameter or Langmuir constant
(Lmg ™), and Q, is the “capacity” parameter (mgg ™).
Based on the linear form of the adsorption isotherm
derived from plots of Cy/Qp versus Cy, the constant
Qo values were calculated from the slope of the graph.
The value of Q, (adsorption capacity) and b were found
to be 107.7mgg ' and 0.0094Lmg ", respectively.

Comparison of the Method
with Others

The analytical performance of the sorbent is com-
parable with the other sorbents. Some comparative

TABLE 4 Comparative Data for Various SPE Preconcentration Methods

LOD Adsorption capacity Determination
Preconcentration system (ng LM (mg g™ PF technique Ref.
Amberlite XAD-1180/pyrocathecol 0.02 6.45 150 ETAAS [8]
Silica-glycerol sorbent 2 0.4 500 FAAS [10]
Pseudomonas aeruginosa- Cromosorb 106 0.03 10.5 50 ETAAS [11]
Nanometer-sized TiO, 40 4.1 20 ETAAS [27]
Nano ZrO,/B,03 7.71 107.7 10 FAAS This work

PF, preconcentration factor; ETAAS, electrothermal atomic absorption spectrometry; FAAS, flame atomic absorption spectrometry.
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data about sorption is summarized in Table 4. The
present work has relatively high adsorption capacity
when compared to other methods. The limit of
detection and preconcentration factor are relatively
lower than those of the other methods. However,
the stability of the proposed sorbent is higher than
the others.

CONCLUSION

Nano ZrO,/B,0O5; composite material as a new
solid phase extractor provides a simple, selective,
accurate, economical, rapid, and precise method
for the preconcentration and determination of
AI(TID. This nano material was first used as adsorb-
ent for enrichment of the AI(IID) ion. The proposed
solid phase extraction method has sufficiently good
recoveries, a high tolerance limit of interfering
ions, and a low detection limit for determination
of AI(DID ions in various water samples. The other
advantage of the proposed preconcentration pro-
cedure is the applicability of it in acidic media,
which minimizes possible precipitation of metal
hydroxides. There is no need for loading any chelat-
ing and/or complexing agent before the preconcen-
tration procedure to obtain quantitative recovery of
AI(IID. The adsorbent was stable up to 100 cycles,
without a major loss in its quantities or metal recov-
ery properties.
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