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Abstract

The present work proposes the use of Bacillus subtilis immobilized on Amberlite XAD-4 as new biosorbent in trace metal determination. The
procedure is based on the biosorption of Cu and Cd ions on a column of Amberlite XAD-4 resin loaded with dried, dead bacterial components
prior to their determination by flame AAS. Various parameters such as pH, amount of adsorbent, eluent type and volume, flow rate of solution
and matrix interference effect on the retention of the metal ions have been studied. The optimum pH values of quantitative sorption for Cu and
Cd were found to be 7.0 and 7.5, respectively. These metal ions can be desorbed with 1 M HCI (recovery, 96—100%). The sorption capacity of the
resin was 0.0297 and 0.035 mmol g~! for Cu?* and Cd?*, respectively. The tolerance limit of some electrolytes were also studied. This procedure
was applied to Cu** and Cd** determination in aqueous solutions, including river and well water systems. In order to evaluate the accuracy of the
proposed procedure, the certified reference materials, NRCC-SLRS-4 Riverine water and LGC7162 Strawberry leaves were analyzed.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Pollution of the various environmental compartments (water,
soil, and air) is an important consequence of industrial processes
and human activity. Metals are naturally redistributed in the envi-
ronment both by geological and biological cycles. The metal
contamination of the environment reflects both natural sources
and the contribution from industrial activity [1,2].

The threat of heavy metal pollution to public health and wild
life has led to an increased interest in developing systems that
can monitor the metals in soil, sediments and water. Particularly,
the presence of heavy metals in waters is a major environmental
concern. The determination of heavy metals such as cadmium
and copper in water and biological matrices is a good tool for
environmental and toxicological monitoring.

Heavy metals used in the present study include Cu and Cd:
Cu is essential, but harmful at high concentrations while Cd is
very toxic metal for living organisms. Copper is an essential
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element not only for mammals but also for plants and lower
forms of organisms. It has various and many biological effects
as an essential and as a toxic element. In natural water and
biological samples its level is low, and previous steps of sep-
aration and enrichment are usually required for trace analysis.
Cd is a natural element from the earth’s crust that is taken in
by plants and then passed on to animals through food chain.
Its metabolism and toxicology are of great concern, since it
has accumulation capabilities in living organisms besides its
high toxic potential. Exposure to abnormal levels of cadmium
can result in its accumulation in the renal cortex, causing a
series of adverse effects, as well as development of carcinogenic
activity in organisms. Cadmium is widely used in rechargeable
nickel-cadmium batteries, pigments, stabilizers, coatings, alloys
and specific compounds for electronics, such as cadmium tel-
luride [2]. The great deal of cadmium input into the environment
also results from the mining activity.

In nature, microorganisms are known to catalyze the transfor-
mations of organic and inorganic compounds. However, unlike
organic compounds metals cannot be destroyed, but must either
be stabilized or removed and it can be achieved by bacteria,
fungi, and algae [3].
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The determination of metal ions at trace level is also very
important in the context of environmental protection, food and
agriculture chemistry and high purity materials. However, the
direct determination of metal ions at trace levels for example
by FAAS is limited due to their low concentrations and matrix
interferences, particularly for Cd [4]. In trace analysis, therefore,
a preconcentration and/or separation of trace elements from the
matrix are frequently necessary to improve the detection limit
and selectivity for their determination. For this purpose, several
methods have been evaluated for preconcentration and separa-
tion of trace elements according to the nature of the samples, the
concentrations of the analyte and the measurement techniques
[1,5]. These methods include ion exchange, coprecipitation, sol-
vent extraction, cloud point extraction, chemical and biosorption
[6-8]. Solid phase extraction (SPE) is currently being used as
an enrichment technique when low concentration analytes have
to be recovered. The basic principle of SPE is the transfer of
metals from the aqueous phase to the active sites of the adja-
cent solid phase; it can also be termed as solid-liquid extraction
[7].

Development of chelating materials for solid-phase extrac-
tion has gained special attention due to the advantages in the use
of these substances in metal ion enrichment. These advantages
include high degree of selectivity by controlling the pH, ver-
satility, durability, good metal loading capacity and enhanced
hydrophilicity. Chelating ligands have been functionalized in
several support materials, including commercially available
XAD resin series. Amberlite XAD are resins widely used to
develop several chelating materials for preconcentration pro-
cedures due to its good physical and chemical properties such
as porosity, high surface area, durability, and purity [5,9,10].
Amberlite XAD-4 has been often used as a solid sorbent
to prepare a ligand-loaded resin. Recently, the XAD-4 resin,
impregnated with many compounds as complexing agents has
been used for preconcentration of heavy metals [9—-13].

The use of biological materials for effective removal and
preconcentration of heavy metals from contaminated waters
has emerged as a potential alternative method to conventional
treatment techniques. Of all the preconcentration methods,
biosorption by microorganisms immobilized on solid support
seems to be the most effective preconcentration methods, due to
their higher recoveries, economical advantages, simplicity and
environmental safety [4,8,10,14,15]. The term biosorption is fre-
quently used to describe the uptake or binding of heavy metals
to cellular components. Microorganisms have a high surface
area-to-volume ratio, because of their small size and therefore
can provide a large contact interface with heavy metals present
[1,16]. Biological materials such as bacteria, algae, and yeast
are well known to accumulate metals from aqueous solutions.
Biosorption takes place on cellular membrane by two differ-
ent processes: (1) with biological activity (2) without biological
activity. The former involves the use of live cells, while the latter
process utilizes the dead cells [10,17].

Biosorbents may be viewed as natural ion-exchange materials
that primarily contain weakly acidic and basic groups. The met-
als can be stripped from the biomaterial after loading by sulfuric
or hydrochloric acid, sodium hydroxide or complexing agents,

whether dead biomass or live bacteria are used. The sensitivity
of living cells to extremes of pH or high metal concentration
and need to furnish metabolic energy are some of the major
constraints of employing growing cells for bioremediation.

Many researchers have found that non-living biomaterials
can be used to accumulate metal ions from environment [18].
Biosorption by the dead cells seems to occur via an ion-exchange
process, in which metal ions compete with hydrogen ions for
negatively charged binding sites on the cell wall [10,17,19,20].
The use of immobilized cells of yeasts, bacteria, and fungi on
appropriate support for preconcentration and determination of
various heavy metals has been recently recommended because
immobilizing cells to a solid support avoid the disadvantages
of the reduced ability to regenerate and/or reuse of the biomass
[8,21].

The rationale using Bacillus cells to study the uptake of heavy
metal elements is the previous knowledge that gram-positive
cells accumulate a much higher amount of heavy metals than
gram-negative cells. Gram-positive bacteria have a high adsorp-
tive capacity, due to the high peptidoglycan and teichoic acid
content in their cell walls [19,22]. Particularly, Bacillus subtilis
was found to possess carboxyl, phosphato, hydroxyl amino func-
tional groups in the cell wall [20,22]. B. subtilis is gram-positive
aerobic species whose surface is uncharged below approxi-
mately pH 2.2, but becomes increasingly negatively charged
at higher pH values. Bacterial cell walls are negatively charged
under pH conditions and the cell wall chemically functional
groups such as carboxyl groups display a high affinity for metal
ions in solution [18]. However, the actual mechanisms involved
in the adsorption process are not fully understood and adsorp-
tion to any material is always affected by pH, temperature and
ionic strength.

Many studies were carried out on the metal contamination
of Tigris River by Ergani Copper Plant, mostly determining
metal levels in fish and sediments [23]. However, there is a
need to determine the metal levels directly in water by pre-
concentration methods. In this study, we have therefore utilized
a functional minicolumn with Amberlite XAD-4 loaded with
B. subtilis employed for the preconcentration in trace metal
analysis, particularly for water systems from a river and a well.

A method for the determination of these metal ions by flame
atomic adsorption spectrometry after their preconcentration on
a column with B. subtilis immobilized on Amberlite XAD-4 has
been developed and applied to the analysis of river and well
waters. The results of these investigations are reported in this

paper.
2. Experimental
2.1. Apparatus

For SPE, 1.0 cm x 10.0 cm filtration columns equipped with
polypropylene frits were used. A Metler Toledo MPC 227 model
digital pH meter used to adjust the pH of buffer solutions.
A Unicam model 929 AAS using an air—acetylene flame was
used. Measurements were made using the instrument conditions
shown in Table 1.
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Table 1
The operating conditions of the AAS instrument are as follows
Parameters Metal ion

Copper Cadmium
HC lamp current (mA) 3.0 3.0
Slit width (nm) 0.5 0.5
Wavelength (nm) 324.7 228.8

2.2. Reagents

Deionized water was used to prepare all solutions. All
solvents and reagents used were analytical reagent grade.
Metal working solutions at wgL~! level were prepared daily
by diluting a corresponding 1000 pg mL~! solution (Merck).
Hydrochloric and nitric acid solutions used as eluents were
prepared by direct dilution with deionized water from the con-
centrated solutions (Merck). The laboratory glassware was kept
overnight in a 5% (v/v) nitric acid solution. Afterwards, it was
rinsed thoroughly with deionized water and dried.

2.2.1. XAD-4

Adsorber resin (polystyrene divinyl benzene) Amberlite
XAD-4 (surface area 725 m? g~ !, pore diameter 4 nm and bead
size 20—60 mesh) was supplied by Sigma. X AD-4 resin obtained
from the supplier contained organic and inorganic impurities. To
remove the contaminants, it was treated with 4 M HCI. The resin
was firstly rinsed with distilled water until its pH was neutral,
secondly with an ethanol-water (1:1) solution and finally with
distilled water again [24]. Then, it was stored in a polyethylene
bottle.

2.2.2. Buffer solution

Buffer solutions were used for pH adjustments. Therefore,
solutions containing suitable amounts of Na; SO4—NaHSO4 for
pH 2, HAc-NH4Ac for pH 4-6 and NH3-NH4Cl for pH 8-10
were prepared in distilled water.

2.3. Preparation and immobilization of B. subtilis on
Amberlite XAD-4

B. subtilis cultures were prepared by inoculating 100 mL of
sterilized NB media in 500 mL flasks with 10 mL fresh cultures
grown at 37°C on a shaker for 24h (200 rpm). The cultures
were centrifuged at 14,000 x g for 20 min to isolate the biomass
and then the bacterial pellet was acid-washed (with 10 mL of
0.1 mol L~! HCI) and rinsed with distilled water. These rinsed
bacteria were again centrifuged and the resulting biomass was
lyophilized to obtain the dry bacterial powder, as described pre-
viously [10,25].

The immobilization of bacteria on the substrate was per-
formed as follows: 150mg of dry and dead bacteria powder
was mixed with 1 g of Amberlite XAD-4. The mixture was wet-
ted with 2 mL of doubly distilled water and thoroughly mixed.
The amount of bacteria taken up by the resin was determined by
measuring the increase in the weight of the resin after mixing
the paste which was heated in an oven at about 105 °C for 1 h to

dry the mixture. The wetting and drying steps were repeated to
maximize the contact between B. subtilis and Amberlite XAD-
4, thereby improving the immobilization efficiency. Then, the
product obtained was ground to get original size (20-60 mesh)
and used as an adsorbent.

2.4. Preparation of the column

Two hundred and fifty milligrams of Amberlite XAD-4
loaded with B. subtilis was wetted with 5 mL of distilled water.
The mixture was transferred to a 1.0 cm x 10.0 cm polyethylene
column. Before use, a 1 mol L~! HCI solution and doubly dis-
tilled water were passed through the column in order to condition
and clean it. Then, the column was preconditioned by pass-
ing buffer solution. A flow rate of 2mL min~! was employed
throughout the experiments. The effluents were collected frac-
tionally and analyzed using AAS.

2.5. Procedure for sorption studies

The biosorption procedure applied in the present study was
tested with model solutions. Metal solutions containing 5-50 g
of Cu, 2.5-25 pg Cd in 100mL, or 100 mL of river and well
water samples at the chosen pH were passed through the column
at appropriate flow rates determined experimentally. After pass-
ing this solution completely, the column was rinsed twice with
10 mL of distilled water. The stripping of the metal ions from the
resin column was carried out by 1 M HCI. The stripping solution
was diluted when required and analyzed by FAAS.

2.6. Analysis of the solid sample and liquid samples

The polyethylene bottles (2 L) used for sampling river water
and well water were successively precleaned with detergent,
double deionized distilled water, dilute HNO3, and double
deionized distilled water. The samples were taken from Tigris
River and a well at Diyarbakir city. High-purity HNO3 (10 mL)
was added to keep the final acidity of the water at about pH 2
after sampling, in order to prevent adsorption of the metal ions on
the bottle walls. The samples including NRCC-SLRS-4 River-
ine water were filtered through a Milipore cellulose membrane
with pore size 0.45 wm immediately after sampling and stored
at4°C.

The certified reference material LGC7162 Strawberry leaves
was analyzed. For its decomposition, 0.25 g of material was
treated with 5.0 mL of HNO3 (65%), 2 mL of H,O» (30%) solu-
tion and kept overnight in Teflon vessel, after which the Teflon
vessel was closed and put into a pressurized digestion system.
The thermal heating was carried out in a stove at 120 °C for 8 h.
After cooling at room temperature, this solution was adjusted
to the required pH with 0.1 M sodium hydroxide solution and
appropriate buffer solution. The solution was made up to the
required volume with deionized water into a 50 mL volumetric
flask and this solution was then used in the preconcentration
step by applying column procedure given in the Section 2.4.
The analysis of certified references samples was repeated as
triplicate.
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3. Results and discussion

Although there are many studies on the effects of toxic heavy
metals on microorganisms, in terms of their growth and prop-
agation as well as their ability to accumulate these metals in
living and non-living biomass, relatively little information has
been published on the preconcentration of trace metals by using
microorganisms as biosorbent materials. Column procedures
which are time consuming and allow easier regeneration of the
biosorbent have been already used to immobilize fungi, yeast
and alga [8]. In this paper, we have utilized a gram-positive soil
bacterium called B. subtilis immobilized on Amberlite XAD-4
resin for the preconcentration of Cd and Cu from water sam-
ples. Since the biosorption of metals by microorganisms depends
mainly on the chemistry of the metal ions, the structure and the
constituents of the cell wall and the external conditions, some
parameters such as the effects of sample pH, electrolytes and
foreign ions and the influence of flow rate and eluent have been
investigated and optimized.

3.1. Effect of pH

Biosorption of the metal ions in the mini column is attributed
to ionic attraction between the metal ions and functional groups
of the biomass [7,18]. Therefore, the pH of the metal solu-
tion is an important parameter to study in this system [26-28],
because the influences of pH of the aqueous solution on the
retentions of the metal ions on B. subtilis immobilized XAD-4
resin is strongly dependent on hydronium (or hydroxide) ions
concentration in the media.

In order to find the effect of pH on the degree of metal biosorp-
tion, an amount of 250 mg Amberlite XAD-4 loaded with B.
subtilis was packed in a 10 mm i.d. polypropylene column and
50 mL metal solution containing 1 wg mL~! Cu(II) or Cd(II) was
passed at optimum flow rate at various pH values (pH: 2—-10).
The metal ions were then eluted by 1 M HCl.

The degree of sorption for Cu(Il) was between 96 and 100%
between pH 6.5 and 7.5, respectively, while for Cd(II) the reten-
tion was close to 100 between pH 6.5 and 9.0 (Fig. 1). The
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Fig. 2. Effect of flow rate on sorption. Experimental conditions: Copper(Il):
1 wgmL~", 50 ml pH 7.0, Cadmium(IT): 1 pgmL~!, 50 mL pH 7.5.

optimum pH values of quantitative sorption for Cu and Cd were
found to be 7.0 and 7.5, respectively. From the results shown in
Fig. 1, it could be concluded that the cell surface becomes pos-
itively charged at low pH values which decrease the attraction
between metal ions and the functional groups on the cell wall,
whereas the cell surface becomes negatively charged at high pH
values, increasing the attraction until a maximum is reached at
around pH 7. For pH values higher than the optimum values, the
retention decreases again due to the competition between the
hydroxylated complexes of the metal and active sites of the cell.
Similar results were obtained with both Agrobacterium tume-
facients immobilized on Amberlite XAD-4 and Saccharomyces
cerevisiae immobilized sepiolite for the column preconcentra-
tion of heavy metal ions [10,14]. However, higher optimum pH
values (8—10) were required for maximum recovery of metal
ions in a study carried out on Aspergillus fumigatus immobilized
Diaion HP-2MG resin [15].

3.2. Effect of flow rate and eluent

The degree of metal ion retention on the Amberlite XAD-4
loaded with B. subtilis (0.25 g) was studied at various flow rates
of the metal ion solutions. For each metal ion, a set of solutions
(50 cm?) containing its 50 wg were adjusted to the optimum pH
value. Thereafter they were passed through and the B. subtilis
packed column at a flow rate varying between 1 and 5 mL min~".
The optimum flow rate for all the two metal ions was 2 mL min~!
(Fig. 2). Flow rates slower than 1 mL min~! were not studied to
avoid long analysis times. However, at a flow rate greater than
4mL min~!, there was a decrease in the percentage of sorption,
as the metal ions could not equilibrate properly with the resin
bed. The influence of the flow rate of 1 mol L~! hydrochloric
acid solution on cadmium and copper desorption from the mini-
column was also studied. The flow rate of 2 mL min~! was found
most effective for stripping the metal ions from the matrix.

3.3. Effect of the type and volume of elution solutions

The other important factor that affects the preconcentration
technique is the type and concentration of the eluent used for
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Table 2
Effect of the type and volume of elution solutions on the recovery of Cu(II) and
Cd(II) (n: 3)

Element Type of elution Volume Concentration ~ Recovery
solution (mL) (molL~1) (%)
Cu(Il) HCl 3 1 84
5 1 98
HNO;3 3 1 73
5 1 87
Cd(In) HCl 3 1 88
5 1 99
HNO3; 3 1 79
5 1 86

the release of metal ions from the bacterial surface. The concen-
tration of the acid used as an eluent must be the lowest possible
level in order to prevent degradation of the biomass [29]. Two
acids, namely HNO3 and HCI, were tested as eluents. Optimiza-
tion of the elution conditions was performed in order to obtain
the maximum recovery with the minimal concentration and vol-
ume of the elution solution. The effect of different volumes of
nitric acid and hydrochloric acid in water was tested to remove
the bound metal ions from the bacterial biomass loaded onto the
column. As can be seen from Table 2, 5mL of 1 mol L~ HCI
solution was found to be satisfactory (recovery >98%) for Cu(Il)
and Cd(II).

3.4. Effect of the sample volume on the recoveries

Real samples such as water, biological, etc. contain metal
ions in very low concentrations. Therefore, it is important to
know the applicable volume of sample solution to be able to
determine these trace concentrations. To obtain high precon-
centration factor, the effect of sample volume on copper and
cadmium extraction was investigated by passing 50, 100, 250,
500, and 1000 mL volume solution containing 0.20, 0.10, 0.04,
0.02,and 0.01 wg mL~" of Cu and Cd through the column under
the optimum conditions. It was found that both copper and cad-
mium could be recovered quantitatively (>97%) up to 250 mL of
the sample solution (Fig. 3). At the higher volumes, the recov-
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Fig. 4. The effect of column reuse on recovery of Copper(II) and Cadmium(II)
by Amberlite XAD-4 resin loaded with Bacillus subtilis.

eries for analytes decreased. In this study, elution volume was
5 mL, therefore the preconcentration factors were 50 for the ana-
lytes. These results show that Cu and Cd could be determined
in the concentration of 0.04 wg mL~! by the proposed method,
which could not be determined directly by AAS.

3.5. Reusability of the resin

Accuracy and reproducibility in analytical data is a chal-
lenging task on reusing the same resin. In order to study these
effects, the metal ions were sorbed and desorbed on 250 mg
of the Amberlite XAD-4 loaded with B. subtilis several times
using a solution (50 ml) having a concentration of 5-50 wg mL ™!
under optimum experimental conditions. It was found that the
sorption capacity after 10 cycles of sorption and desorption does
not vary more than 2 .0% (Fig. 4). Therefore, repeated use of
the resin is possible.

3.6. Effect of electrolytes and foreign ions

One of the main problem in the atomic absorption spectro-
metric determination of the heavy metal ions is interference
from the matrix. In the present study, the influences of the some
ions such as NaCl, KBr, KI, NaNO3, NaySQOy4, Na3PQy4, Ca(Il),
and Mg(Il), which are known as interferic ions in the AAS
determination, on the sorption of Cu(Il) and Cd(II) metal ions
(concentration 1 wgL~") by B. subtilis loaded onto Amberlite
XAD-4 in the column were investigated. The tolerance limits
of the electrolytes or cations are given in Table 3. The reported
tolerance limit is defined as the electrolyte ion concentration
causing an error of +5%. These results show that the ions present

Table 3
Tolerance limits of electrolytes on the sorption of metal ions on resin®

Metal  Electrolytes or metal ions (mol L™')

NaCl KBr Nal NaNO; Nap,SO; NayPO; Ca** Mg*
Cu(Il) 0.15 0.15 0.10 0.10 0.05 0.05 0.10 0.10
Cdan 0.15  0.15 0.10 0.05 0.05 0.05 0.10 0.10

2 Experimental conditions. Resin: 0.25 g; volume of solution passed, 50 mL,
1 pgL~!, Cu(Il) pH 7, Cd(II) pH 7.5.
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Table 4
Preconcentration factors

Metal ion Volume of solution (mL) Concentration (g Lh Final elution volume (mL) Recovery (%) Preconcentration factor
Cu?* 250 20 5 100 50
cd* 250 10 5 99 50
120 Table 6
Total sorption capacity of the metal ions on Amberlite XAD-4 loaded with
100 - Bacillus subtilis
Metal ion Capacit
< 80 4 pacity
= = Cu (ngg™") Resin (mmol g~!) Resin
2 604
e —&— Cd Cu?* 1884 2.97 x 1072
2 cd** 3920 3.50 x 1072
@ 40
4
20
3.9. Accuracy of the method
0 T T T T T |
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Fig. 5. The effect of the amount of adsorbent on recovery of Copper(Il) and
Cadmium(II) by Amberlite XAD-4 resin loaded with Bacillus subtilis.

in water at their normal concentration levels do not interfere
under the experimental conditions used. It means that the pro-
posed preconcentration method could be applied to natural water
samples that contain such ions at the tolerable levels given in
Table 3.

3.7. Preconcentration factor

Quantitative recovery of copper(Il) and cadmium(Il) were
feasible from 10 to 20 wgL~! solutions with recoveries of
99-100%. The preconcentration factor was 50 for both met-
als for a sample volume of 250 mL. The results are given in
Table 4.

3.8. Effect of the amount of the adsorbent

The effect of the amount of adsorbent (Amberlite XAD-4
loaded with B. subtilis) on the retention and the recovery was
studied for Cu(Il) and Cd(II) (Fig. 5). The amount of adsorbent
was varied from 50 to 500 mg. The retention and recovery for
the adsorbent amounts between 250 and 500 mg were close to
100% for two metals. Therefore, 250 mg of the adsorbent was
used for Cu(II) and Cd(II) in subsequent experiments.

dure, the following certified reference materials were analyzed:
NRCC-SLRS-4 Riverine water, LGC7162 Strawberry leaves,
confidence intervals are at 96% level. According to Table 5,
amounts of cadmium and copper determined in these materials
are in good agreement with the certified values. Application of
the presented method was performed on river and well water
samples.

3.10. Total sorption capacity

The total sorption capacity of metal ions was determined by
the following procedure: first 0.25 g Amberlite XAD-4 loaded
with B. subtilis was packed in a column, then a suitable aliquot
of metal ion solution at its respective pH was passed through at a
flow rate of 2.0 mL min~!. The concentration of metal ions in the
supernatant solution was determined by AAS until the Amber-
lite XAD-4 loaded with B. subtilis was saturated. The loading
capacity for each metal ion on the resin was evaluated from the
breakthrough curve plot by a method given by Bag et al. [14].
The capacities were found as to be 0.0297 and 0.035 mmol g~
for Cu(Il) and Cd(II), respectively. The results are shown in
Table 6.

3.11. Determination of cadmium and copper in river and
well water samples

The proposed preconcentration procedure was used for cad-
mium and copper determination in water systems from Tigris

E:;fltss obtained for the certified reference materials analyzed after application of presented procedure
Sample Cu* Ccd**

Certified value Found Certified value Found
NRCC-SLRS 4 Riverine Water(ug L™") 1.81 1.79 £ 0.02 0.012 BDL
LGC7162 Strawberry leaves (mgkg™") 0.17 0.16 & 0.02 - -

BDL: below the detection limit.
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Table 7
Determination of cadmium and copper in river and well water samples
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Sample Cadmium amount (g LhH Recovery (%) Copper amount (g L h Recovery (%)
Added Found Added Found
0.0 2.12 + 0.06 - 0.0 21.72 + 0.04 -
River water 5.0 7.04 £0.14 98 10.0 32.14 £ 0.18 104
10.0 12.32 + 0.22 102 20.0 42.56 £ 0.09 104
0.0 1.6 £ 0.07 - 0.0 2.34 + 0.07 -
Well water 5.0 6.42 + 0.56 96 5.0 7.12 £ 0.18 96
10.0 12.1 £ 0.72 105 10.0 12.16 + 0.12 98

River and a well at Diyarbakir city. The samples of 250 mL were
used. The results are described in Table 7. In order to evaluate
the accuracy of the preconcentration procedure, known masses
(1.25-5.0 g) of cadmium and copper were added in sample
volumes of 250 mL. Recoveries (R) of spike additions to river
water samples were quantitative. R was calculated as follows:
R(%)={(Cy, — Co)/m} x 100, where C,, is a value of metal in
a spiked sample, C, is a value of metal in a sample and m is the
amount of metal spiked [5]. These results demonstrate the appli-
cability of the procedure for cadmium and copper determination
in the river and well water samples.

4. Conclusion

Solid phase extraction (SPE) offers several advantages. These
include (i) flexibility, (ii) higher enrichment factors (50x),
absence of emulsion, low cost because of lower consumption
of reagents, more importantly environment friendly, (iii) the
preparation of the extractor system is simple and fast, (iv) low
detection limits and high tolerance to interferences from the
matrix ions allows the application of the proposed procedure for
cadmium and copper determination in a large range of samples,
(v) the reusability of the column several times.

In the proposed SPE methodology, the dead cells of B. subtilis
immobilized on Amberlite XAD-4 was successfully applied for
the determination of cadmium and copper by FAAS. Moreover,
it can be used for other samples and other analytical methods like
ICP-AES. Copper and cadmium were quantitatively recovered
from the column with a high precision (96-100%). Low detec-
tion limits and tolerance to interferences from the matrix ions
allows the application of this procedure for copper and cadmium
determination. The preconcentration factor was 50 for 250 mL
of sample volume and 5 mL of final volume. The capacity of the
resin is sufficient to preconcentrate the metal ions in water sam-
ples. Each column was used for at least 10 successive analyses
without considerable change in metal ions recovery.
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