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Abstract

A biosorption procedure for separation-enrichment of aluminum in environmental samples has been presented in this work. Pseudomonas
aeruginosa loaded on Chromosorb 106 has been used as biosorbent for that purpose. P. aeruginosa is a gram-negative, aerobic rod. The influences
of pH of the aqueous solution, eluent type, eluent volume, sample volume, etc. were examined on the quantitative recovery of aluminum in P,
aeruginosa loaded on Chromosorb 106. The effects of concomitant ions on the recoveries of aluminum were also investigated. The detection limit
based on 3 sigma for aluminum is 30 ng L~!. Three certified reference materials (LGC 6010 Hard Drinking Water, NIST-SRM 1568a Rice Flour
and NRCC-DORM-2 Dogfish Muscle) were analyzed for the validation of the presented procedure. The proposed procedure was applied to the
determination of aluminum in environmental samples including natural water and food samples. The concentration of aluminum in real samples

was found at ppb level.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Aluminum (Al) is a non-essential element to which humans
are frequently exposed. Aluminum is widespread throughout
nature, air, water, plants and consequently in all the food
[1,2]. Aluminum is most commonly used in food technology
as cans, packaging materials, kitchen utensils, and vessels [1].
Aluminum is also preferred due to its corrosion resistance
and easy processing properties [3]. Aluminum accumulation
may increase the risks of neurological and bone diseases,
e.g., Alzheimer’s disease, Parkinson’s disease, encephalopa-
thy/dialysis dementia, and osteomalacia [4,5]. Biologically,
aluminum is essentially associated to the development and
activity of the brain and to nerve conductivity [1,6]. The deter-
mination of very low levels of Al has become increasingly
very important in environmental and clinical chemistry since its
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negative roles in the human life [5,7,8]. Because of aluminum
accumulation in the tissues of patients with chronic renal failure,
also monitoring of aluminum concentration in dialysis fluids has
increasing attentions [5]. The diluted dialysis fluids should not
contain aluminum concentrations higher than 10 pg L=! [9,10].

The determination of aluminum and other elements at trace
levels by the instrumental techniques including graphite and/or
flame atomic absorption spectrometry, inductively coupled
plasma mass spectrometry is rather difficult due to interfering
effect of matrix and low levels of aluminum in environmen-
tal samples. Preconcentration/separation procedures could be
used to solve these problems for aluminum and other ele-
ments [11-16]. The procedures including solvent extraction,
cloud point extraction, coprecipitation, ion-exchange, electrode-
position and solid phase extraction have been used for the
preconcentration and separation of trace elements [ 17-23]. Solid
phase extraction of heavy metals on biosorbents is also popular
topic at these works [24—26]. The biosorption procedure is based
on biosorption of the heavy metals and desorption of these met-
als from the organisms [27-29]. Microorganisms immobilized
on natural and synthetic adsorbents have been used for separa-
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tion and preconcentration of heavy metal including aluminum
from various media [30-33].

Pseudomonas aeruginosa is a gram-negative, aerobic rod
belonging to the bacterial family Pseudomonadaceae. P. aerug-
inosa is pathogens of humans [34,35]. It is often preliminarily
identified by its pearlescent appearance and grape-like odor in
vitro. It is capable of growth in diesel and jet fuel, where it
is known as a hydrocarbon utilizing microorganism, causing
microbial corrosion [34,35].

The aim of the presented work is to show possible usage of
P. aeruginosa loaded on Chromosorb 106 as biosorbent for the
separation—preconcentration of aluminum at trace levels.

2. Experimental
2.1. Apparatus

A Perkin-Elmer AAnalyst 700 atomic absorption spectrom-
eter equipped with HGA graphite furnace and with deuterium
background corrector was used. For graphite furnace measure-
ments, argon was used as inert gas. The operating parameters for
working elements were set as recommended by the manufacturer
given in Table 1. Pyrolytic-coated graphite tubes (Perkin-Elmer
part no. B3 001264) with a platform were used. The samples of
20 wL plus 5 wL of 10,000 mg L~ Mg(NO3), as matrix modifier
during the study were injected into the furnace using Perkin-
Elmer AS-800 autosampler. The signals were measured as peak
areas.

A pH meter, Sartorius pp-15 Model glass-electrode was
employed for measuring pH values in the aqueous phase. Ethos
D (Milestone S.r.1., Sorisole, BG, Italy) closed vessel microwave
system (maximum pressure 1450 psi, maximum temperature
300 °C) was used.

2.2. Reagents and solution

All chemicals used were of analytical reagent grade and were
used without further purification. Deionised water (Milli-Q Mil-
lipore 18.2 MQ cm™!) was used for all dilutions. All the plastic
and glassware were cleaned by soaking in dilute HNO3 (1+9)
and were rinsed with distilled water prior to use. Aluminum
standard solution used for calibration was produced by diluting

Table 1
Instrument settings and analytical conditions for GFAAS determination of
aluminum

Wavelength (nm) 309.3

Slit width (nm) 0.7

Instrumental conditions
Argon flow (mL min~!) 250

Heating program temperature °C (ramp time (s), hold time (s))
Drying 1 100 (5, 20)
Drying 2 140 (15, 15)
Ashing 1700 (10, 20)
Atomization 2500 (0, 5)
Cleaning 2600 (1, 3)

a stock solution of 1000 mgL~! (Sigma Chem. Co. St. Louis,
MO, USA). Stock solutions of diverse elements were prepared
from high purity compounds. The calibration standards were not
submitted to the preconcentration procedure.

Phosphate buffer solutions (H,PO4 ~/H3PO4) were prepared
by mixing of appropriate volumes of 0.1 mol L™! sodium dihy-
drogen phosphate and phosphoric acid solutions for pH 2 and
3. Acetate buffer solutions (CH3COO~/CH3COOH) were pre-
pared by mixing of appropriate volumes of 0.1 mol L™! acetic
acid and 0.1 mol L™! sodium acetate solutions for pH 4. Phos-
phate buffer solutions (H,PO,~/HPO4%™) were prepared by
mixing of appropriate volumes of 0.1 mol L~! sodium dihydro-
genphosphate and 0.1 mol L™! sodium hydrogen phosphate for
pH 5, 6 and 7. Ammonium buffer solutions were prepared by
mixing of appropriate amounts of 0.1 molL~! ammonia and
0.1 mol L~! ammonium chloride solutions for pH 8-9.

2.3. Preparation of biomass

The liquid medium was prepared by mixing 2 g of peptone,
2 g meat extract and 1 g mineral medium (10 g CaCl,-2H;0,
20 g MgCl,-6H;0 and 1 g MnCl,-4H;0) and was dissolved in
the 200 mL distilled water, and sterilized at 120 °C for 20 min.
To prepare a starter culture, the bacterial strain, P. aeruginosa
was grown in solid stock medium. It was inoculated into a 10 mL
liquid nutrient medium. It was incubated at 30 °C for 24 h. The
previously prepared 200 mL sterile liquid mediums were inocu-
lated with 2 mL of the starter culture, and incubated in 10 vials at
pH 7.3. The bacterial cultures were kept in continuous shaking at
30 °C. The stationary phases of each 200 mL liquid bacterial cul-
tures were detected by microscopic observations. After reaching
stationary phases, 16-24 h of incubation periods, P. aeruginosa
cell density was 4.0-4.6 at 600 nm, and at this time the bacte-
rial cells were harvested and separated from the media using
centrifugation at 7000 rpm for 15min. The isolated biomass
was washed three times with 0.1 mol L~ HCI, and rinsed with
distilled water and dried.

Hundred and fifty milligrams of dry and dead P. aeruginosa
was mixed with 500 mg of Chromosorb 106 [24]. The mixture
was wetted with 2 mL of doubly distilled water and thoroughly
mixed. After mixing, the paste was heated in an oven at about
105 °C for 1 h to dry the mixture. The wetting and drying step
were repeated to maximize the contact between P. aeruginosa
and Chromosorb 106, thereby improving the immobilization
efficiency. Then, the product obtained was used as biosorbent
for the present work.

2.4. Column preparation

A 10cm in length and 1 cm in diameter column, with a small
plug of glass wool, placed on the bottom of the column was
used. The column was filled with 650 mg of biosorbent. The bed
depth of biosorbent in the column was approximately 2.5 cm.
The resin column was prepared by aspirating water slurry of P,
aeruginosa-loaded on Chromosorb 106 into the glass column.
It was conditioned by passing phosphate buffer solution then
it was used for separation—preconcentration study. After each
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use, the column was washed by passing 10—15 mL of phosphate
buffer solution for regeneration of the biosorbent.

2.5. Preconcentration procedure

Forty to fifty millilitres of solution containing 0.20 pg of
AI(IIT) was added to 10 mL of buffer solution. The P. aerugi-
nosa loaded on Chromosorb 106 column was preconditioned by
passing buffer solution. The buffered metal solution was passed
through the column at a flow rate of 5 mL min~!. After passing
of this solution completely, the column was rinsed with twice
10 mL of water. The sorbed metal ions on the column were eluted
with 8—10 mL portion of 1 mol L~! HCI. The residue is diluted
to 10.0 mL with distilled water. The eluent was analyzed for the
determinations of aluminum concentrations by graphite furnace
atomic absorption spectrometer.

2.6. Application to real samples

LGC 6010 Hard Drinking Water leaves certified reference
material, tap from Tokat city, seawater from Black Sea and river
water from Greenriver—Tokat analyzed were filtered through a
cellulose membrane filter (Millipore) of 0.45 wm pore size. The
pH of the samples was adjusted to 6.0. Then procedure given in
Section 2.5 was applied to each sample. The levels of aluminum
in the samples were determined by graphite furnace AAS.

Digestion conditions for microwave system for the samples
were applied as 2 min for 250 W, 2 min for 0 W, 6 min for 250 W,
Smin for 400 W, 8 min for 550 W, vent: 8 min, respectively
[36,37].

Rice Flour (NIST-SRM 1568a) and Dogfish Muscle (NRCC-
DORM-2) certified reference materials (250 mg), yogurt (1.0 g),
rice (1.0 g) and chicken meat (1.0 g) were digested with 6 mL of
HNO3 (65%), 2 mL of HyO» (30%) in microwave digestion sys-
tem and diluted to 50 mL with deionized water. A blank digest
was carried out in the same way. Then the preconcentration
procedure given above was applied to the final solutions.

In order to digest cow milk, red wine produced in Tokat City,
beer and whisky, 1.0 mL of each sample was mixed with 1.0 mL
of concentrated HNOj3 and 0.5 mL of H>O; in microwave sys-
tem. After digestion, the volume of the digested sample was
made up to 25.0 mL with distilled water. Blanks were prepared
in the same way as the sample, but omitting the sample. The
separation—preconcentration procedure given above was applied
to the samples.

3. Results and discussion
3.1. Influences of pH

A critical parameter in achieving quantitative adsorption and
recovery of trace elements on solid phase extraction studies
is pH [38-40]. The effect of pH on the adsorption of alu-
minum on biosorbent was investigated in the pH range of 2-9 by
using model solutions containing 0.20 pg of aluminum(III). The
adsorbed aluminum on biosorbent was eluted with 1 mol L~!
HCIL. The results are depicted in Fig. 1. Aluminum ion was
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Fig. 1. The pH effects on the recoveries of aluminum ions on biosorbent.

quantitatively recovered at the pH range of 6-8. The recover-
ies for aluminum were not quantitative at the pH value lower
than 6 and higher than 8. At the pH values lower than pH 6,
due to positive charges on the surface of biomass, the recoveries
were not quantitative. At the higher pH values than 8, aluminum
hydroxide precipitate was occurred under the optimal working
condition; due to this point the recoveries were not quantitative.
All further works were carried out at pH 6 by using phosphate
buffer.

3.2. Eluent type and volume

The influences of various eluents given in Table 2 on des-
orption of aluminum from P. aeruginosa loaded on Chromosorb
106 were also investigated. For these studies, 10 mL of each elu-
ent was used. Aluminum was quantitatively recovered only with
1 mol L~" HCI. The effects of volume of 1 mol L~! HCl as eluent
were also investigated in the range of 5.0-10.0 mL. Quantitative
recovery values (>95%) were obtained after 8.0 mL of 1 mol L~
HCI. These results are agreed with works in literature [41-43].

3.3. Flow rates

In the solid phase extraction works, flow rates of sample and
eluent are two important parameters [43—46]. The influences of
the sample and eluent flow rates on the recoveries of AI(III)
were investigated in the range of 1.0~10.0 mL min~!. The flow
rates were adjusted to use of the stopcock of the column. The
retentions for aluminum(IIl) on P. aeruginosa loaded on Chro-
mosorb 106 column were virtually quantitative for sample and

eluent flow rates up to 5.0 mL min~!.

Table 2
Influences of various eluent on the desorption of aluminum

Eluent Recovery (%)
0.5mol L~! HCI1 80 £ 2
1 molL~! HCI 97 + 3
0.5mol L~! HNO; 70+ 3
1 molL~! HNO; 90 £ 3
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Fig. 2. Amounts of microorganism and recovery of aluminum relations.

3.4. Influences of amounts of microorganisms

The influences of amount of P. aeruginosa that loaded on
650 mg of Chromosorb 106 column for the recoveries of Al
ions were investigated in the range of 0-150mg. The results
are given in Fig. 2. The recovery value of aluminum without
microorganisms was 50%. The recovery values increased with
the increasing amounts of microorganism and reach to quantita-
tive value 100 mg of microorganism. All further works 150 mg
of microorganism was loaded on to 500 mg of Chromosorb 106.
This value is agree with our works in literature [24,47,48] for
biosorption of heavy metals.

3.5. Effect of sample volume

The effect of sample volume on the retention behavior of
aluminum(IIT) on biosorbent column were also examined. The
recovery values as a function of sample volume were shown in
Fig. 3. The recoveries were constant when up to 500 mL of the
sample solution was used. At the higher volumes, the recover-
ies for analytes were decreased. The recoveries of aluminum on
biomass were not quantitative probably due to the excess ana-
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Fig. 3. The influences of sample volume (N =3).

Table 3
Influences of some foreign ions on the recoveries of aluminum (N=3)

Ton Added as Concentration (mg LhH Recovery (%)
Na* NaCl 20,000 95 + 3
K* KCl 5,000 96 + 4
Ca2t CaCl, 5,000 95 + 3
Mg? MgCly 5,000 95 +3
Cl- NaCl 30,000 96 + 3
F~ NaF 1,000 99 + 4
NO3~ KNO; 3,000 95 +2
N NapSOy4 3,000 96 + 2
PO43~ Na3PO4 3,000 96 & 4
CH3CO0~ CH3COONa 3,000 99 +2
HCO3~ NaHCO3 3,000 97 +3
Mn%* MnSO4 50 96 + 2
Fe* FeCl3 50 98 +2
Cu?* CuSO, 50 96 + 3
Pb* Pb(NO3), 50 97 £+ 2
Znt ZnSO0y 50 96 + 3
Ccri* Cr(NO3)3 50 96 + 4
Ccd* Cd(NO3), 50 97 4+ 3
NiZ* NiSO4 50 95 +2
Co%t CoSO0y, 50 98 4+ 2

Iytes loaded over the column capacity with increasing sample
volume above 500mL. The preconcentration factor is calcu-
lated by the ratio of the highest sample volume (500 mL) and
the lowest eluent volume (10 mL). The preconcentration factor
was 50.

3.6. Influences of concomitants

The effects of possible matrix ions in the environmental sam-
ples and some transition metals on the recoveries of aluminum
were also examined by adding known concentrations of each ion
in a solution containing aluminum(IIl) and then determining the
latter. The results were summarized in Table 3. The tolerated
amounts of each ion were the concentration values tested that
caused less than 5% the absorbance alteration.

As shown in Table 3, the ions normally present in natural
samples do not interfere under the experimental conditions used
for the recoveries of aluminum ions at trace levels. Also, some
of the transition metals at mg L ™! levels had no interference on
the recoveries of aluminum ions. This results show that the pro-
posed preconcentration/separation method for aluminum could
be applied to the highly saline samples and the samples that
contains some transition metals.

3.7. Reuse of biosorbent

The stability and potential regeneration of biosorbent were
also examined. The column can be reused after regenerated
with 10mL 1 molL~! HCI and 10 mL distilled water, respec-
tively, and relatively stable up to 50 runs without appreciable
loss. After 50 runs, the recovery values were found below 80%.
The biosorbent could be stored for at least 3 months and used
repeatedly without any appreciable amount of reagent being
lost.
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Table 4

The results for tests of addition/recovery for aluminum determination in some real samples (sample volume: 250 mL, final volume: 10 mL (N=4))

Added (pgL™") Spring water

Acidic dialysis fluid

Basic dialysis fluid

Found (pgL~") Recovery (%)

Found (ngL™")

Recovery (%) Found (pgL~") Recovery (%)

- 10 + 12 - 15+1
5 15£2 100 £ 3 19 +2
10 19 £2 95 £2 24 £2
20 29 £2 97 £2 36 £2

- 17 £1 -
95 £ 2 21 £2 95 £2
96 £ 3 26 £ 2 9 £ 3
103 £ 2 36 £2 97 £2

2Standard deviation.
3.8. Accuracy of the results

In order to estimate the accuracy of the procedure, differ-
ent amounts of aluminum(III) ions were added to spring water
from Sivas and; acidic dialysis fluid and basic dialysis fluid.
The resulting solutions were submitted to the procedure given
in Section 2. The results are shown in Table 4. A good agree-
ment was obtained between the added and measured analyte
amounts of aluminum. The recovery values calculated for the
added standards were always higher than 95%, thus confirm-
ing the accuracy of the procedure and its independence from the
matrix effects. These results confirm the validity of the proposed
preconcentration method.

3.9. Adsorption capacity

In order to study the adsorptive capacity of biosorbent, batch
method was used. To 0.1 g of sorbent was added 50 mL of solu-
tion containing 1.0 mg of aluminum(III) ion at pH 6.0. After
shaking for 1h, the mixture was filtered. Ten millilitres of the
supernatant solution was diluted to 100 mL and determined by
atomic absorption spectrometry. The capacity of biosorbent for

analytes was found as 10.5mgg~!.

3.10. Precision, detection limit and sensitivity

The relative standard deviations for graphite furnace atomic
absorption spectrometric determinations for aluminum(III) are
lower than 10%. The detection limit of the present work was
calculated after application of the preconcentration procedure
to blank solutions. The detection limit for aluminum, defined as
the concentration equivalent to three times the standard deviation
(N=11) of the reagent blank were found as 30ngL~".

The absolute sensitivity is defined by the mass of an element,
which gives a peak absorbance of 0.0044; it was found 16 pg for
Al

3.11. Analysis of the real samples

The validation of the presented procedure is performed by
the analysis of three certified reference materials (LGC 6010
Hard Drinking Water, NIST-SRM 1568a Rice Flour and NRCC-
DORM-2 Dogfish Muscle). The results are given in Table 5.
The certified and observed values for certified reference mate-
rials were in good agreement with the certified values of
SRM’s.

Table 5
The level of aluminum in certified reference materials after application of the
presented procedure (N=4)

Reference material Certified value  Our value
LGC 6010 Hard Drinking Water (mg L") 0.206 0.202 £ 0.010
NIST-SRM 1568a Rice Flour (ugg™") 44 45+02
NRCC-DORM-2 Dogfish Muscle (ugg™!) 10.9 104 £ 0.8

Table 6
The concentration of aluminum in natural water samples and microwave digested
food samples (N=4)

Sample Concentration
Tap water (mgL™1) 6.5+ 04
River water (ugL~") 34+3
Sea water (ugL~") 15+£2
Red wine (ugL™") 88 + 3
Beer (ugL™1) 40 + 2
Whisky (ngL~1) 120 + 8
Cow milk (mgL~") 1.5+0.1
Yogurt (ngg™!) 28402
Chicken meat (pgg~") 0.60 + 0.04
Rice (ngg™") 12+ 0.1

The presented preconcentration procedure was applied to var-
ious natural water samples and some microwave digested food
samples produced in Turkey. The results are given in Table 6.
The concentration of aluminum in real samples were found at
ppb level. These levels are lower than the levels of Turkish
Authorities for food samples [49].

4. Conclusion

P. aeruginosa loaded on Chromosorb 106 is an effective
biosorbent for the separation and preconcentration of aluminum
ions in the real samples. It exhibits good chemical stability and
reusability. The high stability of the resin permitted hundreds of
adsorption-elution process along the studies without a signifi-
cant decrease in the recoveries. The preconcentration factor is
50. In addition to validating the developed method by success-
fully analyzing standard reference materials, aluminum content
was established in natural waters and food samples.

Acknowledgements

The authors are grateful for the financial support of the Unit
of the Scientific Research Projects of Gaziosmanpasa Univer-



524 M. Tuzen, M. Soylak / Journal of Hazardous Materials 154 (2008) 519-525

sity and the Unit of the Scientific Research Projects of Erciyes
University. The authors also would like to thank Dr. Canan Usta
for her helps in experimental studies.

References

[1] ER. de Amorim, C. Bof, M.B. Franco, J.B.B. da Silva, C.C. Nascentes,
Comparative study of conventional and multivariate methods for aluminum
determination in soft drinks by graphite furnace atomic absorption spec-
trometry, Microchem. J. 82 (2006) 168-173.

[2] M. Soylak, U. Sahin, A. Ulgen, L. Elci, M. Dogan, Determination of alu-
minum at trace level in water samples by visible absorption spectroscopy
with a laser diode, Anal. Sci. 13 (1997) 287-289.

[3] S. Turhan, Aluminum contents in baked meats wrapped in aluminum foil,
Meat Sci. 74 (2006) 644-647.

[4] M. Buratti, C. Valla, O. Pellegrino, EM. Rubino, A. Colombi, Aluminum
determination in biological fluids and dialysis concentrates via chela-
tion with 8-hydroxyquinoline and solvent extraction/fluorimetry, Anal.
Biochem. 353 (2006) 63-68.

[5] A. Shokrollahi, M. Ghaedi, M.S. Niband, H.R. Rajabi, Selective and sen-
sitive spectrophotometric method for determination of submicro-molar
amounts of aluminum ion, J. Hazard. Mater., in press.

[6] L. Qiong, W. Lirong, X. Danli, L. Guanghan, Determination of trace alu-
minum in foods by stripping voltammetry, Food Chem. 97 (2006) 176-180.

[7]1 A. Mehra, C.L. Baker, Leaching and bioavailability of aluminum, cop-
per and manganese from tea (Camellia sinensis), Food Chem. 100 (2007)
1456-1463.

[8] I. Carpani, E. Scavetta, D. Tonelli, Spectrophotometric determination of
aluminum and nickel, Ann. Chim. 94 (2004) 365-372.

[9] European Commission, Off. J. Eur. Commun., 23.07.1986, C/184/16, 1986.

[10] P.O. Luccas, J.A. Nobrega, P.V. Oliveira, F.J. Krug, Atomization of Al in a
tungsten coil electrothermal atomic absorption spectrophotometer, Talanta
48 (1999) 695-703.

[11] K. Suvardhan, K.S. Kumar, D. Rekha, K. Kiran, B.J. Raj, P. Chiranjeevi,
Novel solid-phase extraction and preconcentration technique coupled with
ICP-AES for the determination of Cr(III), Ni(II), and Zn(II) in various
water samples, J. Anal. Chem. 62 (2007) 336-341.

[12] H.Z. Mousavi, Application of naphthalene-captopril column for pre-
concentration and determination of trace amount of copper(Il) in waste
water samples by flame atomic absorption spectrometry, Asian J. Chem.
19 (2007) 3519-3524.

[13] M.S. Hosseini, A.R.R. Sarab, Cr(IIT)/Cr(VI) speciation in water samples
by extractive separation using Amberlite CG-50 and final determination by
FAAS, Int. J. Environ. Anal. Chem. 87 (2007) 375-385.

[14] M. Soleimani, A. Morsali, A. Khani, A new reagent for solid phase extrac-
tion and atomic absorption determination of trace amount of Fe(III) in water
samples, Asian J. Chem. 19 (2007) 3554-3560.

[15] M.D.S. Pereira, B.FE. dos Reis, Spectrophotometric aluminum determina-
tion in high salts concentrations solution used in hemodyalisis employing
preconcentration in flow injection, Quim. Nova 25 (2002) 931-934.

[16] R. Deloncle, F. Clanet, Aluminum determination in hemodialysis waters
by sequential sampling on a chelating resin, Analusis 20 (1992) 36-39.

[17] L.L. Sombra, R.G. Wuilloud, R.A. Olsina, L.P. Fernandez, L.D. Mar-
tinez, On-line preconcentration system for aluminum determination in
parenteral solutions using flow injection inductively coupled plasma
atomic emission spectrometry, J. Trace Microprobe Techn. 18 (2000) 431—
439.

[18] J.D. Kumar, D. Rekha, K. Suvardhan, P.R. Prasad, B.K. Priya, B.C.V.
Reddy, P. Chiranjeevi, Copper (II) preconcentration on Amberlite
XAD-2010 loaded micro organisms prior to it’s spectrophotometric deter-
mination, J. Hazard. Mater., in press.

[19] A. Efendioglu, M. Yagan, B. Bati, Bi(Ill)4-methylpiperidinedi-
thiocarbamate coprecipitation procedure for separation preconcentration
of trace metal ions in water samples by flame atomic absorption
spectrometric determination, J. Hazard. Mater. 149 (2007) 160-165.

[20] D.X. Yuan, L.L. Shuttler, Flow-injection column preconcentration directly
coupled with electrothermal atomization atomic-absorption spectrometry

for the determination of aluminum-comparison of column packing materi-
als, Anal. Chim. Acta 316 (1995) 313-322.

[21] S.Knezevic, R. Milacic, M. Veber, ETAAS determination of aluminum and
copper in dialysis concentrates after microcolumn chelating ion-exchange
preconcentration, Fresenius J. Anal. Chem. 362 (1998) 162—-166.

[22] X. Zhu, X. Chang, Y. Cui, X. Zou, D. Yang, Z. Hu, Solid-phase extraction
of trace Cu(Il) Fe(Ill) and Zn(II) with silica gel modified with curcumin
from biological and natural water samples by ICP-OES, Microchem. J. 86
(2007) 189-194.

[23] FA.C. Amorim, M.A. Bezerra, Online preconcentration system for deter-
mining ultratrace amounts of Cd in vegetal samples using thermospray
flame furnace atomic absorption spectrometry, Microchim. Acta 159 (2007)
183-189.

[24] M. Soylak, M. Tuzen, D. Mendil, I. Turkekul, Biosorption of heavy
metals on Aspergillus fumigatus immobilized Diaion HP-2MG resin for
their atomic absorption spectrometric determinations, Talanta 70 (2006)
1129-1135.

[25] A.R. Turker, S. Baytak, Use of Escherichia coli immobilized on amberlite
XAD-4 as a solid-phase extractor for metal preconcentration and determi-
nation by atomic absorption spectrometry, Anal. Sci. 20 (2004) 329-334.

[26] G.Y. Yan, T. Viraraghavan, Heavy metal removal in a biosorption column
by immobilized M. rouxii biomass, Bioresour. Technol. 78 (2001) 243-249.

[27] G. Ozdemir, S.H. Baysal, Chromium and aluminum biosorption on
Chryseomonas luteola TEMOS, Appl. Microbiol. Biotechnol. 64 (2004)
599-603.

[28] H.S. Lee, J.H. Suh, I.B. Kim, T. Yoon, Effect of aluminum in two-metal
biosorption by an algal biosorbent, Miner. Eng. 17 (2004) 487-493.

[29] S. Baytak, A.R. Turker, Flame atomic absorption spectrometric determina-
tion of manganese in alloys after preconcentration onto amberlite XAD-4
loaded with Saccharomyces carlsbergensis, Turk. J. Chem. 28 (2004)
243-253.

[30] B. Godlewska-Zytkiewicz, Preconcentration and separation procedures for
the spectrochemical determination of platinum and palladium, Microchim.
Acta 147 (2004) 189-210.

[31] H.S. Lee, B. Volesky, Characteristics of aluminum biosorption by Sargas-
sum fluitans biomass, Mar. Biotechnol. 1 (1999) 380-383.

[32] B.C. Hard, C. Walther, W. Babel, Sorption of aluminum by sulfate-reducing
bacteria isolated from uranium mine tailings, Geomicrobiol. J. 16 (1999)
267-2175.

[33] M. Tsezos, Z. Georgousis, E. Remoudaki, Mechanism of aluminum inter-
ference on uranium biosorption by Rhizopus arrhizus, Biotechnol. Bioeng.
55 (1997) 16-27.

[34] http://en.wikipedia.org/wiki/Pseudomonas_aeruginosa.

[35] M. Gelmi, P. Apostoli, E. Cabibbo, S. Porru, L. Alessio, A. Turano, Resis-
tance to cadmium salts and metal absorption by different microbial species,
Curr. Microbiol. 29 (1994) 335-341.

[36] M. Tuzen, H. Sari, M. Soylak, Microwave and wet digestion procedures
for atomic absorption spectrometric determination of trace metals contents
of sediment samples, Anal. Lett. 37 (2004) 1925-1936.

[37] M. Soylak, M. Tiizen, I. Narin, H. Sar1, Comparison of microwave, dry and
wet digestion procedures for the determination of trace metal contents in
spice samples produced in Turkey, J. Food Drug Anal. 12 (2004) 254-258.

[38] A. Martinesteban, P. Fernandez, C. Perezconde, A. Gutierrez, C. Camara,
Online preconcentration of aluminum with immobilized chromotrope
2b for the determination by flame atomic-absorption spectrometry and
inductively-coupled plasma-mass spectrometry, Anal. Chim. Acta 304
(1995) 121-126.

[39] M. Soylak, A.U. Karatepe, L. El¢i, M. Dogan, Column preconcentra-
tion/separation and atomic absorption spectrometric determinations of
some heavy metals in table salt samples using Amberlite XAD-1180, Turk.
J. Chem. 27 (2003) 235-242.

[40] D. Bohrer, A. Gioda, R. Binotto, P.C. do Nascimento, On-line separation
and spectrophotometric determination of low levels of aluminum in high-
salt content samples: application to analysis of hemodialysis fluids, Anal.
Chim. Acta 362 (1998) 163-169.

[41] M. Dogru, R. Gul-Guven, S. Erdogan, The use of Bacillus subtilis immobi-
lized on Amberlite XAD-4 as a new biosorbent in trace metal determination,
J. Hazard. Mater. 149 (2007) 166—173.



M. Tuzen, M. Soylak / Journal of Hazardous Materials 154 (2008) 519-525 525

[42] A.A. Ensafi, A.R. Ghaderi, On-line solid phase selective separation and
preconcentration of Cd(II) by solid-phase extraction using carbon active
modified with methyl thymol blue, J. Hazard. Mater. 148 (2007) 319-325.

[43] S. Kruanetr, S. Liawruangrath, N. Youngvises, A simple and green analyti-
cal method for determination of iron based on micro flow analysis, Talanta
73 (2007) 46-53.

[44] N.N. Basargin, N.V. Chernova, Y.G. Rozovskii, Preconcentration of alu-
minum and titanium in analysis of natural and drainage waters using a new
chelate sorbent, Ind. Lab. 66 (2000) 297-299.

[45] J.L. Boudenne, S. Boussetta, C. Brach-Papa, C. Branger, A. Margaillan,
F. Theraulaz, Modification of poly(styrene-co-divinylbenzene) resin by
grafting on an aluminum selective ligand, Polym. Int. 51 (2002) 1050-1057.

[46] 1. Narin, M. Tiizen, M. Soylak, Aluminum determination in environmental
samples by graphite furnace atomic absorption spectrometry after solid
phase extraction on amberlite xad-1180/pyrocatechol violet chelating resin,
Talanta 63 (2004) 411-418.

[47] M. Tuzen, O.D. Uluozlu, C. Usta, M. Soylak, Biosorption of copper(II),
lead(II), iron(IIT) and cobalt(IT) on Bacillus sphaericus loaded Diaion SP-
850 resin, Anal. Chim. Acta 581 (2007) 241-246.

[48] M. Tuzen, O.D. Uluozlu, M. Soylak, Cr(VI) and Cr(III) speciation on Bacil-
lus sphaericus loaded Diaion SP-850 resin, J. Hazard. Mater. 144 (2007)
549-555.

[49] Anonymous, Regulation of setting maximum levels for certain contami-
nants in foodstuffs, Official Gazette, October 16, 2002, Iss: 24908.



	Biosorption of aluminum on Pseudomonas aeruginosa loaded on Chromosorb 106 prior to its graphite furnace atomic absorption spectrometric determination
	Introduction
	Experimental
	Apparatus
	Reagents and solution
	Preparation of biomass
	Column preparation
	Preconcentration procedure
	Application to real samples

	Results and discussion
	Influences of pH
	Eluent type and volume
	Flow rates
	Influences of amounts of microorganisms
	Effect of sample volume
	Influences of concomitants
	Reuse of biosorbent
	Accuracy of the results
	Adsorption capacity
	Precision, detection limit and sensitivity
	Analysis of the real samples

	Conclusion
	Acknowledgements
	References


