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Bacillus thuringiensis israelensis loaded on Dowex optipore V-493 as new adsorbent for the
separation-preconcentration of heavy metal ions has been proposed. The analytical conditions for the
quantitative recoveries of copper(Il), iron(Ill) and zinc(Il) including pH, amounts of adsorbent, sample
volume, etc. were investigated. The influences of alkaline and earth alkaline ions were also reported.
The recovery values for the analytes are generally higher than 95%. The preconcentration factor was 37.
The limit of detections of the analyte ions (k=3, N=21) were 1.14 wg L~ for copper, 2.01 pgL~! for iron
and 0.14 pgL-! for zinc. The relative standard deviations of the determinations were found to be lower
than 9%. The procedure was validated by analyzing copper, iron and zinc contents in two certified refer-
ence materials, NRCC-SLRS-4 Riverine water and NIST SRM 1515 Apple leaves. Agreements between the
obtained results and the certified values were achieved. The developed preconcentration method was
applied in the flame atomic absorption spectrometric determination of copper, iron and zinc in several
samples including a multivitamin-multimineral tablet, dialysis solutions, natural waters and some food
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1. Introduction

Due to the importance of heavy metals at trace level in the
human health and environment, the sensitive and accurate deter-
mination of the levels of heavy metals in the environmental
samples have been continuously carried out on the analytical and
environmental laboratories around the world [1-5]. Spectropho-
tometry [6-8], electrothermal and/or flame atomic absorption
spectrometry [9,10], radiochemical techniques [11], inductively
coupled plasma atomic emission spectrometry [12], inductively
coupled mass spectrometry [13], voltammetry [14] are the main
instrumental techniques for the determination of traces of heavy
metal ions. The relatively lower element concentrations than detec-
tion limits of the instrument used and the interfering effects
sourced from the matrix of the real samples; especially high saline
samples; are two main difficulties in these determinations [15-17].
In order to overcome these difficulties, enrichment-separation
methods including solvent extraction, cloud point extraction, solid-
phase extraction, membrane filtration, electrodeposition, flotation,
coprecipitation, solvent sublation and ion exchange have been com-
monly used for the sample pre-treatment [18-29].
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Solid-phase extraction of heavy metal ions for preconcentra-
tion is preferred to other techniques due to simple application,
easy methodology and high sensitivity [30-32]. Various adsorbent
including natural and synthetic materials have been used for the
preconcentration of traces of heavy metal ions [33-39]. Biological
materials are also at this field [40-44] due to their high adsorption
capacities and their low costs. Biosorption is exclusively respon-
sible for metal concentration by non-living biomass owing to the
absence of metabolic activity necessary for intracellular metal accu-
mulation [45,40]. An important part of the studies on biosorption is
based on the immobilization of the organisms on the natural or syn-
thetic polymeric materials. Microorganisms immobilized natural
and synthetic adsorbents have been used for heavy metal separa-
tion and preconcentration from various media with successfully
analytical results [40,44-47].

Dowex optipore V-493 is a macroporous divinylbenzene copoly-
mer. Its surface area is 1100m?2 g~! [48,49]. Because of its high
surface area, it has a good adsorption property. It is used for pre-
concentration of chlorinated and organic solvents from air streams,
particularly in fluid bed systems [48]. B. thuringiensis israelensis (Bti)
is a biological control agent for larval mosquitoes. B. thuringien-
sis israelensis is an insecticidal bacterium, marketed worldwide for
control of many important plants [50,51]. The usage of Dowex opti-
pore V-493 loaded on B. thuringiensis israelensis on heavy metal
preconcentration is not used according to our literature survey. This


http://www.sciencedirect.com/science/journal/03043894
mailto:msoylak@gmail.com
mailto:soylak@erciyes.edu.tr
dx.doi.org/10.1016/j.jhazmat.2008.02.021

336 M. Tuzen et al. / Journal of Hazardous Materials 159 (2008) 335-341

combination is used in the presented work for biosorption of metal
ions at first time. Trace metal ions play negative and positive roles in
human body. Some of them are necessary like copper, iron and zinc,
etc. for human and others are not necessary like lead, cadmium,
etc. [52-54]. For the present work, as target elements, copper(Il),
iron(Il) and zinc(II) were specially selected due to their essential
roles in our life.

In the presented work, a procedure on B. thuringiensis israelen-
sis loaded on Dowex optipore V-493 for separation-enrichment
of Cu, Fe and Zn has been established. Various parameters that
influence the adsorptive preconcentration of copper(Il), iron(III)
and zinc(Il) on B. thuringiensis israelensis loaded on Dowex opti-
pore V-493 including pH, amounts of adsorbent, sample volume
and interference of metals have been studied.

2. Experimental
2.1. Instrument

A PerkinElmer AAnalyst 700 (Norwalk, CT, USA) atomic absorp-
tion spectrometer with deuterium background corrector was used
in this study. PerkinElmer single-element hollow cathode lamps
were used in the flame atomic absorption spectrometric measure-
ments. All measurements were carried out in an air-acetylene
flame. The operating conditions adjusted in the spectrometer were
carried out according to the standard guidelines of the manufac-
turers. A 10 cm long slot-burner head, a lamp and an air-acetylene
flame were used.

A pH meter, Sartorius pp-15 Model glass-electrode (Gottingen,
Germany) was employed for measuring pH values in the aqueous
phase. The pH meter was calibrated by using pH 4.01 (PY-Y01), pH
7.00 (PY-Y02) and pH 10.00 (PY-Y04) buffer standards from Sarto-
rius.

Milestone Ethos D (Sorisole-Bg Italy) closed vessel microwave
system (maximum pressure 1450 psi, maximum temperature
300°C) was used. Digestion conditions for microwave system for
NIST SRM 1515 Apple leaves, multivitamin-multimineral tablet,
walnut, black tea and chickpea samples were applied as 6 min for
250W, 6 min for 400 W, 6 min for 550 W, 6 min for 250 W, ventila-
tion: 8 min [55,56].

2.2. Reagents and solution

All chemicals used in this work, were of analytical reagent grade
and were used without further purification. Deionized water (Milli-
Q Millipore (Bedford, MA, USA) 18.2MSQcm~1) 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.
The element standard solutions used for calibration were produced
by diluting a stock solution of 1000mgL-! of the given element
supplied by Sigma (St. Louis, MO, USA) and Aldrich (St. Louis, MO,
USA). Stock solutions of investigated diverse elements were pre-
pared from high purity compounds from Sigma. The calibration
standards were not submitted to the separation-preconcentration
procedure.

Sodium phosphate buffer (0.1 mol L-1) was prepared by adding
an appropriate amount of phosphoric acid to sodium dihydro-
gen phosphate solution to result in a solution of pH 2 and pH 3.
Ammonium acetate buffers (0.1 mol L-1) were prepared by adding
an appropriate amount of acetic acid to ammonium acetate solu-
tions to result in solutions of pH 4 and pH 6. Ammonium chloride
buffer solutions (0.1 mol L~1) were prepared by adding an appropri-
ate amount of ammonia to ammonium chloride solutions to result
in solutions of pH 8 and pH 9.

Dowex optipore V-493 was purchased from Sigma. It
(20-60mesh) was washed successively with methanol, water,
1molL-! HNO; in acetone, water, 1molL~! NaOH, and water,
sequentially [49,56].

2.3. Model studies

B. thuringiensis israelensis loaded on Dowex optipore V-493 was
prepared according to the procedure given by Tuzen et al. [56]. The
B. thuringiensis israelensis loaded on Dowex optipore V-493 column
was 10-cm long, and 0.5 cm in diameter. A small plug of glass wool
was placed on the bottom of the column. The column contained
about 500 mg resin. The B. thuringiensis israelensis loaded on Dowex
optipore V-493 column was prepared by aspirating water slurry of
the B. thuringiensis israelensis loaded on Dowex optipore V-493 into
the glass column. It was conditioned by passing 10-15 mL of related
buffer solution at the pH range of 2.0-9.0 then it was used in the
presented work.

40 mL of solution containing 2.5-10 wg of copper(Il), iron(IIl)
and zinc(Il) ions was added to 10 mL of buffer solution (desired
pH between 2.0 and 9.0). The B. thuringiensis israelensis loaded
on Dowex optipore V-493 column was preconditioned by passing
buffer solution. The buffered metal solution was passed through
the column at a flow rate of 5mLmin~'. The sample solution
was permitted to flow through the column under gravity. The
flow rates of the solutions were controlled by using stopcock of
the column. After passing of the solution completely, the biosor-
bent column was rinsed twice with 10 mL of water. The sorbed
copper(ll), iron(Ill) and zinc(Il) ions on the B. thuringiensis israe-
lensis loaded on Dowex optipore V-493 column were eluted with
8-10mL portion of 1 mol L~1 HCI. The eluent was analyzed for the
determinations of metal concentrations by flame atomic absorp-
tion spectrometer. This experiment was repeated at the pH range
of 2.0-9.0 by using related buffer solutions.

The recoveries of each analytes were calculated according to
formula:

found by AAS after application by presented method

added amount of the analytes to model solutions 100

The analytical performance of the procedure can be calculated
for the results from flame atomic absorption spectrometric mea-
surements. The reproducibility of the method was evaluated by
passing 50 mL of solution containing analyte ions through the col-
umn and repeating this procedure 10 times.

The limit of detection (LOD) of the presented solid-phase
extraction study was calculated under optimal experimental con-
ditions (pH 6, sample volume 250 mL, eluent volume 7 mL) after
application of the presented preconcentration procedure to blank
solutions.

2.4. Application of the presented procedure to real samples

NIST SRM 1515 Apple leaves certified reference materials
(100 mg) were digested with 6 mL of HNO3 (65%), 2 mL of H,0,
(30%) in microwave digestion system and diluted to 50 mL with
deionized water. The pH of the digested samples was neutralized
by the addition of 1 mol L~! of sodium hydroxide. A blank digest was
carried out in the same way. Then the preconcentration procedure
given above was applied to the final solutions.

The water and dialysis samples analyzed were filtered through a
cellulose membrane filter (Millipore) of 0.45 pm pore size. The pH
of the samples was adjusted to 6.0 by using acetate buffer solution.
The sample was passed through the column. The adsorbed metal
ions on column were eluted with 10 mL of 1 mol L~! HCI. The levels
of the investigated analyte ions in the samples were determined by
flame atomic absorption spectrometer.
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Fig. 1. The influences of pH on the retention of analyte ions from Bacillus thuringien-
sis israelensis loaded on Dowex optipore V-493 column (N=4).

0.25g of sample (multivitamin-multimineral tablet, walnut,
black tea, chickpea) was digested with 6 mL of concentrated HNO;
and 2 mL of concentrated H,0, in microwave system. Blank diges-
tions were also performed at the same conditions. After digestion,
the volume was made up to 25 mL with distilled water. The pH of
the digested samples was neutralized by the addition of 1 molL~!
of sodium hydroxide. The enrichment procedure given above was
applied to the samples. The metal concentrations in the final solu-
tions were determined by flame atomic absorption spectrometer.

3. Results and discussion
3.1. Effect of pH

The pH was the first parameter evaluated on the biosorption of
analytes on B. thuringiensis israelensis loaded on Dowex optipore V-
493. 2.5-10 p.g of analytes were used to optimize the parameters.
Various buffers given at experimental at different pH values at the
range of 2.0-9.0 were used for this study. The results are depicted in
Fig. 1. The best recovery values of pH for analytes were obtained at
the pHrange of 6.0-9.0. Due to hydroxide occurrence of the analytes
at higher pH values, a pH of 6.0 was chosen as the working pH for
the subsequent work. In order to maintain this pH value a buffer
solution of acetic acid—-ammonium acetate is recommended.

The works were repeated without B. thuringiensis israelensis
with Dowex optipore V-493 resin at pH 6. The recovery val-
ues for copper, iron and zinc ions were 42 +2%, 574+3% and
66 + 3%, respectively. Also the recovery values for analytes with B.
thuringiensis israelensis without Dowex optipore V-493 resin at pH
6 were below 50% for all the analyte ions. As pointed above para-
graph, when we used the combination of B. thuringiensis israelensis
and Dowex optipore V-493, the recoveries of analytes were quanti-
tative at pH 6. Due to this point, the combination of Dowex optipore
V-493 resin and B. thuringiensis israelensis were used for further
works.

The biosorbent is selective for the analytes at pH 6 for copper,
iron and zinc ions. While the recoveries of these ions were quantita-
tive under the optimal working conditions, the recoveries of Cu(I),
Fe(II), Co(II) and Mn(II) ions were below 40%.

3.2. Effects of some eluents on the recoveries

Various eluents (10mL) given in Table 1 was used to desorp
adsorbed analytes from B. thuringiensis israelensis loaded on Dowex

Table 1
Effect of various eluents on the recoveries of analytes (N=10)
Eluent Recovery (%)

Cu Fe Zn
0.5mol L' HCl 81+2" 90+2 85+1
1molL-" HCl 98+2 98 +3 99+3
0.5mol L' HNO; 77+2 90+2 91+2
1molL-!" HNOs 90+2 96+2 95+2

" (x+ts.)[N,p=0.95.

optipore V-493 resin. Analyte ions were quantitatively eluted from
the biosorbent only 1 molL~1 HCI. Also the influences of the vol-
ume of 1molL~1 HCI as eluent were investigated in the volume
range of 4-10 mL. The results are depicted in Fig. 2. Copper, iron
and zinc were quantitatively recovered in the eluent volume range
of 7-10 mL.

3.3. Flow rates

The flow rates of sample and eluent solutions on the recover-
ies of copper(ll), iron(Ill) and zinc(Il) on B. thuringiensis israelensis
loaded on Dowex optipore V-493 were also investigated in the

100
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80

70 —4—Cu
——Fe
—&—2Zn

Recovery (%)

60
50
40 - t } {

4 6 8 10
Eluent volume (mL)

Fig. 2. The effects of volume of 1 mol L-! HCl as eluent on the recoveries of analytes
from B. thuringiensis israelensis loaded on Dowex optipore V-493 column (N=4).

Recovery (%)
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Fig. 3. Effects of flow rates of sample solution on the recovery values of the analytes
(N=4).



338 M. Tuzen et al. / Journal of Hazardous Materials 159 (2008) 335-341

Recovery (%)

2 4 6 8 10
flow rate (ml/min)

30

Fig. 4. Influences of flow rates of eluent solution on the recoveries (N=4).

range of 1-10 mLmin~!. The results are given in Fig. 3 for sample
flow rates and Fig. 4 for eluent flow rates. Analytes were quan-
titatively recovered for both sample and eluent volume range of
1-5mLmin~!. All subsequent works were performed at the flow
rates of sample and eluent range of 5 mLmin~! because this value
had highest flow rate levels of analytes for the quantitative recovery
values.

3.4. Influences of sample volume

The effect of the sample solution volume on the metal sorption
was studied by passing 25-500 mL volumes through B. thuringiensis
israelensis loaded on Dowex optipore V-493 column at a flow rate
of 5mLmin~!. The results were given in Fig. 5. The adsorption of
the metal ions was not affected by sample volumes below 250 mL.
Above 250 mL, the percent sorption decreased. The recovery of ana-
lytes decreased likewise probably due to the overloading of the
column capacity with the analyte at increasing sample volumes
above 250 mL and washing effect. The preconcentration factor was
37, when the sample volume and final volume are 250 mL and 7 mL,
respectively.

100 T
20 +
9
Fa
g 804
=]
]
x ——Cu
—Fe
70 + —&—7Zn
60 : : } ! |
0 100 200 300 400 500

Sample volume (mL)

Fig.5. Influences of the sample volume on the recovery of investigated analytes from
B. thuringiensis israelensis loaded on Dowex optipore V-493 column (N: 4; eluent:
1mol L1 HCI).

Table 2
Influences of some foreign ions on the recoveries of analytes (N=4)
Ion Added as Concentration of Recovery (%)

foreign ion (mgL~')

Cu Fe Zn

Na* NaCl 20,000 96 £29 98 +3 95 +3
K* KCl 5,000 96 + 3 95+3 100+4
Ca% CaCly 5,000 98 +3 98+3 101 +3
Mg?* MgCl, 5,000 95+3 95+ 2 96 + 3
Cl- NaCl 30,000 97 +£3 96 + 2 95+ 4
F- NaF 3,000 95+ 3 96 + 2 95+ 3
NOs~ KNO3 3,000 95+ 4 96 + 2 95+ 3
S04%~ Na, S04 3,000 97 +£3 97 + 4 96 + 4
PO43~ NazPO4 3,000 96 + 3 95+ 3 97 + 4
cd* CdSO4 50 9% +4 102 +2 99 + 3
Co? CoSO4 50 97 +£3 100+£3 101 +3
Mn?2* MnSO4 50 95 +3 99+3 100+4
cr3t Cr(NO3)3 50 97 +£3 95+ 3 99 + 2
Ni%* NiSO4 50 95+3 95+3 98 +3
A3+ Al>(SO4)3 50 96 + 3 97+2 100+3

2 Mean + standard deviation.

3.5. Matrix effects

The influences of foreign ions which interfere with the determi-
nation of analyte ions by the presented biosorption method or/and
often accompany analyte ions in various environmental samples
was examined with the optimized conditions at above. These ions
and their concentration levels were selected according to their
level in environmental samples especially natural samples. A fixed
amount of analytes was taken with different amounts of foreign
ions and recommended procedure was followed. The amounts of
copper, iron and zinc were 10 wg, 10 wg and 2.5 g, respectively.
The results are given in Table 2. The recoveries of analytes were
higher than 95%. Tolerable limit was defined as the highest amount
of foreign ions that produced an error not exceeding 5%. As it is
seen, large numbers of ions used have no considerable effect on the
determination of analyte ions. Also, some of the transition metals
at mgL-! levels were not interfered on the recoveries of the ana-
lyte ions. These results show that the proposed biosorption method
could be applied to the highly saline samples and the samples that
contains some transition metals at mgL~1 levels. The adsorbent is
not effective for the matrix ions given in Table 2.

3.6. Adsorption capacity

To investigate the adsorption capacity of B. thuringiensis israe-
lensis loaded on Dowex optipore V-493, 0.1 g biosorbent was added

Table 3
The results for tests of addition/recovery for trace metal determination in some real
samples (sample volume: 250 mL, final volume: 10 mL (N=4))

Element Tap water Acidic dialysis solution
Added Found Recovery Found Recovery
(rgl ) (ngl™) (%) (pgl™h) (%)
Cu - 2.6 £0.12 - 175 £ 11 -
5 75+ 04 99 219 £ 15 97
10 123 £ 09 98 271 £ 1.2 99
20 222+ 11 98 36.6 + 1.8 98
Fe - 213 £ 0.9 - 471 £ 1.7 -
5 259+ 13 98 498 + 1.9 96
10 30.8 + 14 98 55.6 £ 2.1 97
20 39.6 + 1.8 96 65.3 £3.2 97
Zn - 6.9+ 0.3 - 91+04 -
2.5 91+03 97 11.3 £ 0.5 97
5 11.5 +£ 0.7 97 13.7 £ 09 97
10 16.6 £ 0.9 98 184 £ 1.2 96

2 Mean + standard deviation.
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Table 4
The results for reference standard materials (N=4)

Element NRCC-SLRS-4 Riverine water (ugL~") NIST SRM 1515 Apple leaves (pgg!) Multivitamin-multimineral tablet (mg tablet ')
Certified value Our value Certified value Our value Certified value Our value

Cu 1.8 2.0 +£0.12 5.64 5.72 £ 0.50 1.0 0.96 + 0.05

Fe 100 103 £ 5.6 (83)P 80.5+5.8 10.0 10.2 £ 0.10

Zn 0.93 0.91 + 0.07 125 132+ 12 0.5 0.48 + 0.03

2 Mean + standard deviation.
b The value in the parenthesis is not certified.

Table 5
The application of presented and reference methods in real samples (N=4)

Samples Cu Fe

Zn

Present method  Reference method [61]

Present method

Reference method [61]  Present method  Reference method [61]

Mineral water (ugL-1) 12.8 £ 0.72 121+£0.9 154 + 1.2 14.8+0.8 251 + 1.6 26.5+19
Snow water (pgL1) 18.6 + 1.4 N.D. 219 + 1.7 N.D. 81 +0.5 N.D.
Basic dialysis solution (ugL=1) 256 + 1.9 241421 58.8 + 3.2 61.3+4.3 245 + 1.5 22.8+11
Acidic dialysis solution (wgL~!) 175 £ 1.1 184+ 14 471 £ 1.7 45.6+2.5 91 +04 9.6+0.7
Tap water (ugL—!) 26+0.1 47402 213 £ 0.9 213+14 6.9+ 03 59406
Walnut (ngg1) 4.77 + 0.40 410+0.32 9.41 £+ 0.75 10.2+0.6 141 £ 1.1 129+0.8
Black tea (ngg™!) 5.96 + 0.25 7.35+0.50 541 + 3.2 593 +4.1 4.77 £ 0.36 5.15+0.20
Chickpea (pgg") 2.68 £ 0.14 2.30+0.18 3.93 £ 0.19 412+0.30 1.93 £+ 0.12 2.07+0.14
N.D.: not determined.

3 Mean + standard deviation.
Table 6
Comparative data from some recent studies on biosorption of heavy metals on microorganism immobilized on adsorbents
Analytes Media PF DL (pgl1) R.S.D. (%) References
Fe3*, Co?*, Cr3* Saccharomyces carlsbergensis immobilized on Amberlite XAD-4 - 2.8-74 <5 [43]
Fe3*, Co?*, Mn?*, Cr3* Agrobacterium tumefacients immobilized on Amberlite XAD-4 25 2.8-3.6 <10 [40]
Mn?* Saccharomyces carlsbergensis immobilized on Amberlite XAD-4 - 60 <5 [46]
Cu?*, Pb?*, Fe3*, Co?* Bacillus sphaericus loaded Diaion SP 850 50 0.20-0.75 <5 [56]
Cr3*, Crb* Saccharomyces cerevisiae immobilized on controlled pore glass 12 0.45-1.5 - [57]
Pt2*, Pd?* Saccharomyces cerevisiae and Chlorella vulgaris immobilized on silica gel - 0.4-0.8 <5 [58]
Cu?*, Pb2*, Zn?*, Fe3*, Ni2*, Co?* Aspergillus fumigatus immobilized on Diaion HP-2MG 50 0.30-0.72 <7 [59]
Cu?*, Zn?*, Fe3*, Ni?*, Cd** Aspergillus niger immobilized on sepiolite 50 - <5 [60]
Cu?*, Zn?*, Fe3* Bacillus thuringiensis israelensis loaded on Dowex optipore V-493 37 0.14-2.01 <9 This study

PF: preconcentration factor.

to 50 mL of solution containing 1.0 mg of metal ion at pH 6.0. After
shaking for 30 min, the mixture was filtered. 10 mL of the super-
natant solution was diluted to 100 mL and determined by flame
atomic absorption spectrometry. This procedure was repeated for
each analyte ions separately. The capacity of B. thuringiensis israe-
lensis loaded on Dowex optipore V-493 for analytes was found as:
Cu: 2.55mgg~!,Zn: 2.82mgg-! and Fe: 4.05mgg1.

The stability of biosorbent was excellent. On storing for six
mounts its properties and sorption capacity do not change sig-
nificantly. Biosorbent filled columns could be used at least 100
cycles without any loss their adsorption capacities. The recov-
eries of copper(ll), iron(Ill) and zinc(Il) were 96%, 97% and 95%,
respectively, after 100 experiments. The adsorption could be
attributed to ionic attraction between analytes and the biosorbent
[43,45,40,47].

3.7. Figure of merits

The limit of detections, defined as the concentration equivalent
to three times the standard deviation (n=20) of the reagent blank
were found as: Cu: 1.14 ugL~1, Fe: 2.01 pgL—! and Zn: 0.14 pgL1.
The relative standard deviations (R.S.D.) were below 9%.

3.8. Applications

The accuracy of the results was verified by analyzing the con-
centration after addition of known amounts of analytes into a tap

water from Tokat-Turkey, an acidic dialysis solution. The results
were given in Table 3. Good agreements were obtained between
the recoveries of analyte for spiked and control samples using the
experimental procedure for analytes. The recoveries calculated for
the additions were quantitative, thus confirming the accuracy of
the presented procedure and the absence of matrix effects.

The validation of the presented procedure was checked by
the analysis two certified reference materials (NRCC-SLRS-4 River-
ine water and NIST SRM 1515 Apple leaves). Analytes content of
a multivitamin-multimineral tablet were also determined. The
results are given in Table 4. The results are in agreement with
certified values with a precision of less than 9.0%.

The procedure presented for analyte ions was applied to a min-
eral water, snow water and a basic dialysis solution, also various
microwave assisted digested food samples. The results are given in
Table 5. The accuracy of the presented method was also checked
by analysis of the samples by the reference method based on solid-
phase extraction method [61](Table 5). The results are in agreement
with the present method and reference solid-phase extraction
method.

4. Conclusion

A biosorption procedure based on biosorption B. thuringiensis
israelensis loaded on Dowex optipore V-493 for the atomic absorp-
tion spectrometric determination of copper(ll), iron(Ill) and zinc(II)
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at trace level is described. Dowex Optipore V-493 and B. thuringien-
sis combination is used in the presented work for biosorption of
metal ions at first time. The proposed method has the following
advantages: simple, rapid and low analysis cost. Instead of the use of
fresh solvent as an extracting phase for each sample, the reusability
of B. thuringiensis israelensis loaded on Dowex optipore V-493 was
as high as greater than 100 cycles without any loss in its sorption
behavior. The effect of matrix can be overcome by the method, and
the results are satisfying. The method proposed here is rapid and
has good reproducibility. The usefulness of the method is shown by
the control analyses of standard reference materials. The compar-
isons of the presented procedure with the some works in literature
are given in Table 6. The detection limits of analytes are superior to
those of preconcentration techniques for analyses. Also the method
isrelatively rapid as compared with previously reported procedures
for the enrichment of analytes.
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