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a b s t r a c t

A trace element preconcentration procedure is described utilizing a minicolumn of yeast (Yamadazyma
spartinae) immobilized TiO2 nanoparticles for determination of Cr, Cu, Fe, Mn, Ni and Zn from water
samples by inductively coupled plasma atomic emission spectrometry. The elements were quantitatively
retained on the column between pH 6 and 8. Elution was made with 5% (v/v) HNO3 solution. Recoveries
ranged from 98 ± 2 (Cr) to 100 ± 4 (Zn) for preconcentration of 50 mL multielement solution (50 �g L−1).
The column made up of 100 mg sorbent (yeast immobilized TiO2 NP) offers a capacity to preconcentrate
eywords:
race element
reconcentration
iO2 nanoparticles
amadazyma spartinae
nductively coupled plasma atomic

up to 500 mL of sample solution to achieve an enrichment factor of 250 with 2 mL of 5% (v/v) HNO3

eluent. The detection limits obtained from preconcentration of 50 mL blank solutions (5%, v/v, HNO3,
n = 11) were 0.17, 0.45, 0.25, 0.15, 0.33 and 0.10 �g L−1 for Cr, Cu, Fe, Mn, Ni and Zn, respectively. Relative
standard deviation (RSD) for five replicate analyses was better than 5%. The retention of the elements was
not affected from up to 500 �g L−1 Na+ and K+ (as chlorides), 100 �g L−1 Ca2+ (as nitrate) and 50 �g L−1

Mg2+ (as sulfate). The method was validated by analysis of freshwater standard reference material (SRM
dete
mission spectrometry

ater
1643e) and applied to the

. Introduction

Heavy metal contamination has been a serious issue because of
he adverse effects of heavy metals on human and environmental
ealth, which in due course necessitates the development of rapid
nd sensitive methods for accurate determination of heavy met-
ls [1,2]. Inductively coupled plasma atomic emission spectrometry
ICP-AES) is widely recognized as a multi-element technique for the
etermination of elemental species, though direct determinations

n environmental samples at trace levels is difficult due to insuffi-
ient detection limits of ICP-AES. This limitation can be overcome by
he using enrichment methods in that metals ions of interest from
olution solutions are selectively separated and concentrated into
maller volumes to achieve better detection by ICP-AES. This task
an be achieved by using various methods, such as ion exchange
3,4], cloud point extraction [5], electro-deposition [6], copre-

ipitation [7], membrane filtration [8], dispersive liquid–liquid
icro extraction (DLLME) [9] flotation [10] and solid-phase

xtraction (SPE) [11–16]. Among these methods, SPE is the
ost frequently employed as it affords the highest attainable

∗ Corresponding author. Tel.: +90 384 215 3900x1329; fax: +90 384 215 3948.
E-mail address: sbaytak@nevsehir.edu.tr (S. Baytak).

039-9140/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.01.020
rmination of the elements from tap water and lake water samples.
© 2011 Elsevier B.V. All rights reserved.

enrichment factors with relatively rapid separation and low cost
[15].

In SPE applications, preconcentration of the metal ions in solu-
tions is achieved by means of a suitable chelating agent that
is either added into the sample solution (off-line) or immobi-
lized onto a solid support material, such as activated alumina
[16–20]. Various materials, including 1-nitroso-2-naphthol [17], 8-
hydroxyquinoline [18], gallic acid [19] and boric acid [20] that are
immobilized on solid supports have been successfully used in trace
element preconcentration. A similar tactic to this approach is the
immobilization of microorganisms (also known as biosorption) on
a solid support and passing solutions through the column contain-
ing solid phase (biosorbent) [11,21,22]. In the last two decades, the
biosorption process has been studied extensively using microbial
biomass as biosorbents for metal removal and preconcentration of
trace metals [21–29]. Metal ion uptake by biosorption may involve
the contribution of diffusion, adsorption, chelation, complexation,
and coordination or micro-precipitation mechanisms depending on
the specific substrate (biomass). Biological microorganisms includ-

ing fungi [22], yeast [25,26], bacteria [27], and algae [28,29] have
been shown to efficiently accumulate metal ions from aqueous
solutions. Recently, several review articles [30–32] are published
that illustrate the latest developments in the biosorption of met-
als by microbial biomass for analyte preconcentration, matrix
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Table 1
Operating conditions for PerkinElmer Optima 3300 DV ICP-AES instrument.

RF power (kW) 1.5
Nebulizer Cross-flow
Spray chamber Glass concentric
Plasma Ar (L min−1) 16
Auxiliary Ar (L min−1) 0.4
Nebulizer Ar (L min−1) 0.6
Sample uptake (mL min−1) 1.5
Delay time (s) 45
Scanning mode Continuous, axial
Integration time (s) Automatic (min. 0.5 to

max. 5 s)
Readings/replicate 3
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Wavelength (nm) Cr: 267.716; Cu: 324.754;
Fe: 259.940; Mn: 257.610;
Ni: 231.604; Zn: 213.856

eparation and speciation analysis. Various support materials,
uch as carbon nano tubes [32], nano alumina [33], iron oxide
Fe3O4) [34], silica [35] and titanium oxide (TiO2) nanoparticles
20,21,36] have been employed in biomass immobilization. The
se of nanometer size solid support has the added advantage of

ncreasing the active surface area, and thus is becoming increas-
ngly popular in biosorption applications [20,21,32,36].

Yeast are known to accumulate metal ions from solution to sub-
tantial levels as they exhibit high tolerance to heavy metals. In
his study, we investigated the performance characteristics of a
ew strain of yeast, Yamadayzma spartinae, for metal biosorption

n an effort to develop a solid phase extraction method for deter-
ination of trace metals from water samples. This strain of yeast is

ighly resistant to toxicity of heavy metals, and thus offers poten-
ial for bioaccumulation, bioremediation and biosorption of metals
ons from natural waters [37]. Dried biomass of Y. spartinae were
mmobilized on TiO2 nanoparticles, which was found to be highly
elective for preconcentration of Cr, Cu, Fe, Mn, Ni and Zn from
queous solutions. To achieve the quantitative determination of
hese elements, the experimental conditions, including load pH of
ample solution, mass of solid phase, flow rate of sample solution,
nd the concentration and volume of eluent were optimized. The
erformance of the method was verified by analysis of freshwater
tandard reference material (SRM 1643e) and spiked natural water
amples by ICP-AES.

. Experimental

.1. Instrumentation

A PerkinElmer (Shelton, CT, USA) Optima 3300 DV ICP-AES
nstrument is used throughout. The instrument is optimized for
ensitivity with 2 �g mL−1 Mn solution as needed. Data collec-
ion was achieved by ICP-WinLab software package (version 3.1).
lemental measurements were made in axial view mode using
he recommended wavelengths. The operation conditions for the
nstrument are summarized in Table 1. An OAKTON 510 model dig-
tal pH meter with glass electrode was used to adjust the pH of the
olutions.

.2. Reagents and standard solutions

Reagents of analytical and spectral purity were used. Deionized
ater obtained from Barnstead E-pure system (17.5 M� cm) was

sed to prepare all solutions. Standard stock solution of Cr, Cu, Fe,
n, Ni and Zn (1000 �g L−1) were purchased from Spex Certiprep

Metuchen, NJ). A 10 �g mL−1 multi-element solution was prepared
n 2% (v/v) HNO3 from individual single element standard solutions
nd used throughout the study. Trace metal grade HCl and NH4OH
4 (2011) 319–323

were used for adjusting the pH of the sample solutions. Titanium
oxide nano-powder (100 nm TiO2) purchased from Sigma–Aldrich
was used as solid support for immobilization of yeast biomass. The
yeast culture (Yamadazyma spartinae) was purchased from ATCCTM

(No: 18866) and kept frozen at −4 ◦C until use.

2.3. Water samples and preparation

Freshwater standard reference material (SRM 1643e) was
purchased from National Institute of Standards & Technology,
Gaithersburg, MD. Tap water samples were obtained from Jackson
State University campus water. Lake water samples were collected
from local lakes in Jackson MS, USA. Tap water and lake water sam-
ples were filtered through a 0.45 �m pore-size Millipore cellulose
nitrate membrane to remove any fine particulate matter present
and then acidified to 0.2% (v/v) HNO3.

2.4. Cultivation and preparation of biomass

A solid medium containing agar (Pateto Dekstro Agar (PDA-
Oxoid), potato extract 4.0 g L−1, glucose 20.0 g L−1) was used for the
cultivation of the laboratory strain of Y. spartinae prior to storage.
Y. spartinae was stored in a refrigerator at 4 ◦C. The liquid medium
to produce starter culture was prepared by dissolving 0.3 g malt
extract, 0.3 g yeast extract, 1.0 g glucose, 0.5 g peptone in 100 mL
water. This liquid medium was sterilized by autoclaving at 120 ◦C.
Y. spartinae was inoculated into the liquid medium from the solid
medium and incubated with string on an orbital shaker (250 rpm)
for about 24 h at the room temperature. For preparing the experi-
mental culture, 200 mL of liquid medium was further prepared and
inoculated with 10 mL of the starter culture and incubated on a
shaker for 24 h at the room temperature. The yeast grown in the
liquid medium was separated from the growth media by filtering
through 0.45 �m filter paper (Whatman). The isolated biomass was
washed with doubly distilled water and dried at 100 ± 10 ◦C for
about 1 h.

2.5. Preparation of column

Before immobilization of biomass, TiO2 nanopowder was
cleaned by treating with 5 mL of 5% (v/v) HNO3 and then with
5 mL of 5% (v/v) HCl solution and finally washed with water to
remove surface contamination. The immobilization of Y. spartinae
was performed according to the procedure described elsewhere
[27]. Briefly, 300 mg of powdered dried biomass was mixed with
3 g of decontaminated TiO2 nanopowder. The mixture was wet-
ted with 2 mL of pure distilled water and thoroughly mixed. After
mixing, the paste was heated in an oven at 110 ± 10 ◦C for approx-
imately 1 h to dry the mixture. Higher temperatures were not used
to avoid charring of biomass during drying. The wetting and drying
steps were repeated to maximize the immobilization of the yeast
biomass on TiO2 nanopowder and then used as a solid phase in the
column without any further physical and chemical treatment.

2.6. Procedure

A glass column (15 cm × 0.4 cm i.d.) equipped with a valve to
control the solution flow rate and a 50-mL reservoir at the top
was used to prepare analytical column. A small amount of glass
wool was placed at the bottom of the glass column above the valve,
and then 100 mg of Y. spartinae immobilized-TiO2 nanopowder was

slurried in water, and uniformly dispersed onto the glass wool.
Another piece of glass wool plug was placed at the top of the biosor-
bent. Total height of the biosorbent bed was approximately 1 cm in
the glass column. Before use, 5 mL of 5% (v/v) HCl and 5 mL of 5%
(v/v) HNO3 solution were passed through and then the column was
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Fig. 2. The effect of amount of biomass on the recoveries for a 50 ng mL−1 solu-
ig. 1. The effect of pH on the recoveries for a 50 ng mL−1 solution (50 mL) of Cr, Cu,
e, Mn, Ni and Zn. Mass of biosorbent = 100 mg; flow rate = 1 mL min−1; eluent = 5 mL,
% (v/v) HNO3.

eutralized with deionized water. The pH of the sample or standard
olutions were adjusted off-line to the desired value with dilute
Cl and NH4OH, or alternatively with dilute HCl and ammonium
cetate solution (pH 10), and then passed through the column at a
ow rate of 1.0 mL min−1. The retained elements were eluted into
mL of 5% (v/v) HNO3 solution at a flow rate of 0.5 mL min−1. All
reconcentrated solutions were then analyzed by ICP-AES for the
race elements of interest.

. Results and discussion

.1. Effect of the pH

In highly acidic solutions, the binding sites on the column are
rotonated while alkaline conditions may lead to the precipitation
f metal ions as hydroxides. The pH (acidity) of a solution, there-
ore, is an important variable that influences the retention process.
he effect of solution pH on the retention pattern of the trace ele-
ents on Y. spartinae immobilized nano-TiO2 column is illustrated

n Fig. 1. While Cr, Cu and Fe were retained quantitatively between
H 6 and 8, the recoveries for Mn, Ni and Zn were about 80% at pH 6.
ighest signals for these elements were obtained at pH 8. Because

he cell walls of the yeast are negatively charged, the decrease in
ecoveries with decreasing pH was due to the competition between
rotons and the metal ions for the adsorption sites on the column.
ecoveries tended to decrease above pH 8.5 which could arise from
he formation of anionic hydroxide complexes as well as the com-
etition between the ligand of cell wall and ammonia. Based on the
esults from Fig. 1, a pH range of 7.8–8.2 appears to be the suit-
ble to achieve quantitative retention of all elements of interest
imultaneously.

.2. Effects of biosorbent mass and eluents on recovery

For quantitative determination, the amount of biosorbent is crit-
cal to provide sufficient interaction for the retention of the metal
ons. Excess amount of biosorbent may not only decrease through-
ut by reducing the solution flow rate, but also it may lead to
ncomplete elution of the elements from the column by small vol-
me of eluent, which in due course deteriorates both precision and
ccuracy. Thus, the amount of biosorbent placed into the column
as optimized at pH 6 and 8. The results indicate that a minimum

f 100 mg of sorbent should be used to achieve quantitative recov-
tion (50 mL) of Cr, Cu, Fe, Mn, Ni and Zn. Mass of biosorbent = 100 mg; flow
rate = 1 mL min−1; eluent = 2 mL, 5% (v/v) HNO3.

eries (Fig. 2). Retention was lower for smaller masses of biosorbent
because of the weaker interaction and loss of the elements from the
column during loading, and thus, the column was filled with 100 mg
of biomass in further experiments. Higher masses of biosorbent did
not show any improvement, but rather compromised the through-
put as the flow rate was reduced substantially. Preliminary studies
with nano-TiO2 support (100 mg) without biomass yielded inade-
quate retention (ca. 52–60%), especially at pH 6. At pH 8, recoveries
were somewhat better around 75–80%, which was probably due to
the retention of colloidal metal hydroxides on the column. These
results in light of the better recoveries with increasing biosorbent
mass (Fig. 2) confirm that both yeast biomass and nano-TiO2 sup-
port contribute to the retention of the elements.

For elution, 1, 2 and 5 mL of 5% (v/v) HCl and 5% (v/v) HNO3 were
studied. Recoveries were consistently higher with HNO3 when
compared with same volume and concentration of HCl. When elu-
tion was performed with 1 mL of 5% HNO3, average recoveries
ranged between 81% for Ni to 86% for Cu. For complete removal
of the elements from the column, 2 mL of 5% HNO3 was sufficient,
which afforded a preconcentration factor of 25 for a sample vol-
ume of 50 mL. Elemental recoveries for 5 mL HNO3 were not any
significantly different from those of 2 mL, but yielded lower a pre-
concentration factor.

3.3. Effects of the flow rate and sample volume

In SPE utilizing an analytical column, the flow rate of the solu-
tion not only affects the retention of elements of interest but also
the total analysis time. Under the optimum pH, the flow rate of the
sample solution (50 �g L−1) was varied from 0.5 to 2.0 mL min−1

to determine the optimum range. All elements were quantita-
tively retained on the column when loaded up to 2 mL min−1. In
the subsequent experiments, the flow rate was kept constant at
2.0 mL min−1.

The capacity of the column was examined by loading 25, 50,
100, 250, 500, 750 and 1000 mL volumes of sample solutions con-
taining 100, 50, 25, 10, 5, 3.33 and 2.5 �g L−1 of Cr, Cu, Fe, Mn, Ni
and Zn, respectively. The recoveries for the elements of interest are

shown in Fig. 3. All elements were quantitatively retained for up
to 500 mL solution, which when eluted into 2 mL 5% HNO3 would
yield a preconcentration factor of 250.
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Table 2
Recoveries for preconcentration of 50 mL of multi-element solution (50 �g L−1).
Detection limits are obtained from preconcentration of 50 mL of 5% (v/v) HNO3

(n = 11).

Element Recovery (%)a Detection limit (�g L−1)

Cr 98 ± 2 0.17
Cu 99 ± 2 0.45
Fe 100 ± 2 0.25
Mn 99 ± 2 0.15
Ni 99 ± 4 0.33
Zn 100 ± 4 0.10

a Uncertainty at 95% confidence limit (n = 5).

Table 3
Results for Cr, Cu, Fe, Mn, Ni and Zn from the analysis of freshwater standard refer-
ence material (SRM 1643e).

Element Certified value (�g L−1) Found (�g L−1)a Relative error (%)

Cr 19.9 ± 0.23 18.6 ± 0.3 −7
Cu 22.20 ± 0.31 20.8 ± 0.4 −6
Fe 95.7 ± 1.4 90.2 ± 1.6 −6
Mn 38.02 ± 0.44 35.6 ± 0.5 −6

water and lake water samples (Table 4) were also deemed accurate
within 95% confidence interval suggesting that the preconcentra-
tion method by using Y. spartinae immobilized nano-TiO2 could be
suitably used for determination of the trace elements in freshwater
samples by ICP-AES.

Table 4
Results for Cr, Cu, Fe, Mn, Ni and Zn from tap water and lake water samples.

Element Added (�g L−1) Found (�g L−1)a

Tap water Lake water

Cr – 24.2 ± 1.2 34.4 ± 1.2
50 70.6 ± 2.1 80.2 ± 2.1

Cu – 30.6 ± 1.3 40.6 ± 1.6
50 74.6 ± 2.2 84.4 ± 2.6

Fe – 45.6 ± 2.6 57.6 ± 2.2
50 88.0 ± 2.8 102 ± 2.8

Mn – 35.4 ± 1.2 42.4 ± 1.6
50 80.2 ± 2.6 88.2 ± 2.8

Ni – 10.2 ± 0.4 16.4 ± 1.8
ig. 3. The effect of sample volume on elemental recoveries. Analyte mass was
ept constant in each volume. Mass of biosorbent = 100 mg; flow rate = 2 mL min−1;
luent = 2 mL, 5% (v/v) HNO3.

.4. Analytical performance and detection limits

Alkaline and alkaline earth elements increase the concentration
f total dissolved solids and thereby interfere with the retention of
he trace transition metals on the column. The influences of Na+,
+, Ca2+ and Mg2+ were investigated for high-purity (99.99%) salts
f NaCl, KCl, Ca(NO3)2 and MgSO4. The tolerance limit, defined as
he ion concentration causing a relative error of ±5%, was measured
or different concentrations of each salt. The column exhibited high
olerance up to 500 �g mL−1 NaCl and KCl in solution. For salts
f Ca and Mg, maximum concentrations were about 100 �g mL−1

or Ca(NO3)2 and 50 �g mL−1 for MgSO4. Concentrations above
00 �g mL−1 Ca(NO3)2 and 50 �g mL−1 MgSO4 reduced the reten-
ion performance below 85%. Still, these tolerance limits were
dequate to provide accurate determination of Cr, Cu, Fe, Mn, Ni
nd Zn in natural water samples using Y. spartinae immobilized on
ano-TiO2 sorbent.

Calibration was made with multi-element solutions containing
, 1, 2, 5, and 10 �g L−1 in 50 mL volume. Each solution was passed
hrough the column and collected in 2 mL of 5% (v/v) HNO3. The
alibration graph was linear (r2 = 0.994–1.00) for Cr, Cu, Fe, Mn,
i and Zn. The detection limits were calculated by 3 s method for
reconcentration of 50 mL blank solutions (5%, v/v, HNO3, n = 11)
rocessed as the calibration standards. The pH of the blank solu-
ions were adjusted to pH 8 and passed through the column and
hen eluted into 2 mL of 5% (v/v) HNO3 yielding a enrichment fac-
or of about 25. Under the optimum conditions, the detection limits
ere found to be 0.17, 0.45, 0.25, 0.15, 0.33 and 0.10 �g L−1 for Cr,
u, Fe, Mn, Ni and Zn, respectively. The precision (% RSD) for three
eplicate measurements was better than 5% with mean recover-
es of 98 ± 2%, 99 ± 2%, 100 ± 2%, 99 ± 2%, 99 ± 4% and 100 ± 4% for
r, Cu, Fe, Mn, Ni and Zn, respectively, from preconcentration of
0 mL multielement solution (50 �g L−1) into 2 mL 5% (v/v) HNO3
Table 2).

The stability of the column was also tested by monitoring the
hanges in the elemental recoveries of Cr, Cu, Fe, Mn, Ni and Zn
hrough several adsorption-elution cycles. In each cycle, 50 mL

ulti-element solution (50 �g L−1) was passed through the column
nd then stripped with 5 mL of 5% HNO3. This procedure was carried

ut 10 times in a day followed by another 10 runs in subsequent
ays. It was found that the column was stable up to 50–60 runs for
r, Cu, Fe, Mn, Ni and Zn without any changes in the performance.
otable degradation occurred in retention when column was used
Ni 60.89 ± 0.67 58.4 ± 0.8 −4
Zn 76.5 ± 2.1 72.7 ± 2.2 −5

a Mean of three determinations at 95% confidence level (x̄ ± ts/
√

N).

over 70 cycles.

3.5. Analysis of real samples

The method was validated by determination of Cr, Cu, Fe, Mn,
Ni and Zn an NIST freshwater standard reference material (SRM
1643e) and then applied to the determination of the concentra-
tion of the elements in tap water and lake water samples. For
analysis of SRM 1643e, 20 mL sample solutions (n = 3) were passed
through the column and then collected into 2 mL 5% HNO3. The
experimental values agreed with the certified values within 95%
confidence interval (Table 3). The relative error (−4 to −7%) was
acceptable for quantitative trace analysis, though recoveries were
3–6% lower, unlike those from multielement solutions (98–100%)
in deionized water. This reduction in recoveries could be induced
by the matrix ions of about Ca (33.3 �g mL−1), Mg (8.0 �g mL−1)
and Na (20.7 �g mL−1) in the SRM 1643e. The recoveries from tap
50 56.4 ± 1.6 60.2 ± 2.6

Zn – 24.0 ± 0.4 34.2 ± 1.8
50 70.0 ± 1.4 80.0 ± 3.2

a Mean of five determinations at 95% confidence level.
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S. Baytak et al. / Ta

. Conclusion

The use Y. spartinae for solid phase extraction via immobilization
n TiO2 nanopowder was demonstrated in this study. The method
ffers several advantages, including long column reusability up to
0–60 cycles without experiencing any significant deterioration,
igh capacity to achieve higher preconcentration factors and abil-

ty for trace metal preconcentration without using any chelating
r complexing agent that minimizes the risk of reagent contamina-
ion. The retained trace elements can be completely eluted by dilute
NO3, which is also advantageous to minimize memory effects in

ubsequent samples but also allows rapid reconditioning of the
olumn for next cycle.
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12] H. Çiftçi, H. Yalçın, E. Eren, A. Ölçücü, M. Şekerci, Desalination 256 (2010) 48.
13] A. Karatepe, E. Korkmaz, M. Soylak, L. Elçi, J. Hazard. Mater. 173 (2010) 433.
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