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Abstract

A speciation procedure for Cr(III) and Cr(VI) based on column solid phase extraction on Amberlite XAD-2010 and flame atomic absorption
spectrometry combination. Cr(VI) was quantitatively recovered on Amberlite XAD-2010 resin at pH range of 2.0-3.0 as its diethyldithiocarbamate
complex, while the recoveries of Cr(II) was below 5%. The influences of the various parameters including amounts of the reagents, eluent type
and its volume, sample volume, etc., on the quantitative recoveries were examined. The interference of matrix and coexistent elements for method
were studied. The detection limit (corresponding to three times the standard deviation of the blank) and the enrichment factor for Cr(VI) were
found to be 1.28 pg/L and 25, respectively. To verify the accuracy of the method, drinking water certified reference material (CRM-TMDW-500)
was analyzed and the results obtained were in good agreement with the certified value. The proposed method has been successfully applied to the
speciation of Cr(III) and Cr(VI) in water samples and preconcentration of total chromium in environmental samples.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Transition metals at trace levels play important positive and
negative roles in human body [1-4]. As a trace heavy metal,
chromium has also important roles in our life [5—7]. Chromium
is a major pollutant for environment, usually as a result of some
industrial pollution including tanning factories, steel works,
industrial electroplating, wood preservation, etc., and artificial
fertilizers [8,9]. Chromium species exist mainly in two differ-
ent oxidation states, Cr(III) and Cr(VI) in the environment. Their
biological activity, chemical behavior and influences on the envi-
ronment are very different. While chromium (III) is necessary
specie for the living organisms especially for human, chromium
(VI) is toxic specie [10]. Chromium (III) is an essential nutri-
ent, effective in insulin action and thus influences carbohydrate,
lipid and protein metabolism. Cr(VI) are known to exhibit car-
cinogenic properties. Cr(VI) attacks liver, kidney and lungs
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[11-14]. Chromium speciation has a prime importance in differ-
ent branches of natural sciences. The importance of chromium
speciation originates from widespread participation of this ele-
ment in various environmental and biological samples [15].
Speciation of chromium (IIT) and chromium (VI) has been a
long-standing analytical challenge. The selective determination
of chromium (VI) is of particular importance because of its tox-
icity [16]. Due to these importance of Cr(Ill) and Cr(VI), the
accurate and sensitive determinations of these ions are the impor-
tant part of the analytical chemistry. Except some techniques
including electroanalytical methods, direct and simultaneous
determination of Cr(VI) and Cr(IIl) is difficult by the instrumen-
tal techniques like flame and graphite furnace atomic absorp-
tion spectrometry, inductively coupled plasma-optical emission
spectrometry, inductively coupled plasma-mass spectrometry,
etc. To overcome these problem, separation—preconcentration
techniques solvent extraction [17], coprecipitation [18,19],
solid phase extraction [20,21] have been widely used by the
researchers for the speciation of Cr(VI) and Cr(III).

Amberlite XAD-2010 is a member of Amberlite XAD
adsorption resin family [22-24]. It is poly(styrene-divinyl-
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benzene) copolymer. It has high adsorption capacity like other
members of this family [25]. Amberlite XAD-2010 has been
used for the solid phase extraction of biomolecules and pharma-
ceuticals [22,25]. According to our literature survey, Amberlite
XAD-2010is not used for the solid phase extraction of the heavy
metals ions.

In the presented work, a speciation procedure for Cr(VI) and
Cr(IIT) based on combination of solid phase extraction and flame
atomic absorption spectrometric determinations has been pre-
sented.

2. Experimental
2.1. Instrumentation

The measurements were performed with an atomic absorp-
tion spectrometer equipped with single element hollow cathode
lamps of Unicam AA-929 using an air-acetylene flame. The
wavelength used for monitoring Cr was 357.9 nm.

The pH values of the solutions were measured by a Hanna 211
pH meter using the full range 0—14. A mechanical shaker Nuve
SL 350 having speed control was used for batch experiments.
Milestone Ethos D closed vessel microwave system (maximum
pressure 1450 psi; maximum temperature 300 °C) was used for
the digestion of lichen and rock samples.

2.2. Reagents

All chemicals were analytical reagent-grade (Merck and
Fluka) and all solutions were prepared in distilled/deionized
water. Cr(IIT) and Cr(VI) stock solutions were prepared from
Cr(NO3)3 in 0.5 mol L~! HNO; and K,CrOy in water, respec-
tively with a concentration of 1000mgL~". 0.05% (w/v) solu-
tion of sodium diethyldithiocarbamate (DDTC) in ethanol was
used as a chelating agent. The model and standard solutions
of analytes were prepared by diluting from the stock solutions
using suitable ratios.

Amberlite XAD-2010 (specific surface area 660 m? g~! and
bead size, 20-60 mesh) and were purchased from Sigma Chem.
Co., St. Louis. Trace metal in drinking water standard reference
material (CRM-TMDW-500) were obtained from High-Purity
Standards Inc.

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, NH3-NH4Cl for pH
8-10, and NaOH-NaHPO4 for pH 12 were prepared in
water.

2.3. Sampling

Water samples were taken from a tap, which provides drink-
ing water for Karadeniz Technical University and from a stream
of Degirmendere River, which supply drinking water to Tra-
bzon city. Polyethylene bottles were used for sample storage
and were thoroughly washed with detergent, tap water, HNOs3,
distilled/deionised water, respectively prior to collection of the
water samples. Finally, the water samples were acidified with

HNOs3 and filtered through a nitrocellulose membrane with
0.45 pm of pore size.

A moss was collected from Hopa-Artvin, Turkey. A rock
sample collected from Kumbet Plateau (Giresun) in Turkey were
dried in an oven for 20 h at 105 °C and fine powdered.

2.4. Column preparation

A mini-column with 10cm length and 1.0cm diameter,
having a porous disk and a stopcock, has been used for pre-
concentration of the metals. First, XAD-2010 (grounded and
sieved to 150-200 pm) resin was washed successively with
1 mol L~ NaOH, water, 1 mol L~! HNO3, water, acetone and
water. Before placing 250 mg of Amberlite XAD-2010 into the
column, a small amount of glass wool placed in the lower part of
the column and after placing the sorbent another layer of glass
wool placed in the upper part of the column to prevent loss of the
XAD-2010resin. Then the sorbent was washed with ethanol and
1 mol L~ HNOj3. The resin was thoroughly washed with H,O
until the effluents were neutral. After each use, the resin in the
column was washed thoroughly with water, 1 molL~! HNO3
and related buffer solution, and then stored in water for further
applications.

2.5. Procedure of Cr(VI)

Twenty-five micrograms of chromium (VI), buffer solution to
give the desired pH between 2 and 10 and 5 mL of DDTC was
added to 50 mL model solution. The XAD-2010 column was
preconditioned by passing buffer solution. Cr(VI)-DDTC solu-
tion was passed through the column at a flow rate of 7 mL/min.
After passing of this solution, the column was rinsed twice with
10 mL of water. The adsorbed chelate on the XAD-2010 column
was eluted with 7.5 mL portion of 1 mol L~! HNOj3 in acetone.
The eluent was evaporated over a hot plate to near dryness. The
residue diluted to 5 mL with 1 molL~! HNOj. The eluent was
analyzed by atomic absorption spectrometer.

2.6. Oxidation of Cr(Ill) to Cr(VI) and determination of
total chromium

Oxidation of Cr(IIT) to Cr(VI) has been performed by using
the procedure given in literature [26,27]. After adjustment of the
pH of the solution pH 10, 10 mL of 3% hydrogen peroxide was
added. The amount of chromium (III) in this solution was 25 j.g.
The solution was heated at 80 °C for 40 min. Then the solution
was boiled for 10 min in order to remove any excess of HyO».
Then test procedure given above was applied to this solution.
Chromium level was determined by FAAS.

After oxidation of Cr(III) to Cr(VI) by using HyO» in basic
media, the method was applied to the determination of the total
chromium. The level of Cr(Ill) is calculated by difference of
total chromium and Cr(VI) concentrations.

2.7. Analysis of the real samples

Before the analysis, the pHs of the water samples (tap water,
river water and CRM-TMDW-500 trace metal in drinking water
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certified reference material) were adjusted to 2.5. Then 5.0 mL of
0.05% (w/v) DDTC solution was added. The sample was passed
through the column. DDTC chelates adsorbed on column were
eluted with 1 mol L~! HNOj in acetone. The effluent was evap-
orated to near dryness and made up to 5.0 mL with 1 mol L~!
HNO:s. The levels of the investigated analyte ions in the samples
were determined by FAAS.

Prior to preconcentration step for solid samples analyzed,
moss and rock sample were microwave digested. Digestion con-
ditions for microwave system for the samples were applied
as (45bar) 1 min for 250 W, 1 min for 0 W, 6 min for 650 W,
Smin for 400 W, 8 min for 250 W, vent: 5 min, respectively.
Moss (1.00 g) were digested with 6 mL of HNO3 (65%), 2 mL
of HyO, (30%) in microwave digestion system. Rock sam-
ple (0.5 g) were digested with 4.5mL of HCI (37%), 1.5mL
HNO;3; (65%) and 2mL HF (39%) in microwave digestion
system.

After microwave digestion, the suspension was filtered
through a blue band filter paper, and insoluble part was washed
with distilled water. And then the volume of the sample was
made up to 50.0 mL with distilled water. Blanks were prepared
in the same way as the sample, but omitting the sample. The pre-
concentration procedure given above was applied to the samples.
The final volume was 5.0 mL.

3. Results and discussion
3.1. Effect of pH

The effect of pH on the retention of Cr(Ill) and Cr(VI) on
to the Amberlite XAD-2010 column has been investigated sep-
arately. pH of the solution was adjusted in a range of 2.0-12.0
by using buffer solutions and passed through the column. The
retained ions were eluted by 7.5 mL of 1 mol L~! HNOj3 solu-
tion in acetone. Cr(IIl) and Cr(VI) have been determined in
the eluate by FAAS. As can be seen in Fig. 1 quantitative
recovery (>95%) was found at the pH 2.0-4.0 with Cr(VI)
while the recovery of Cr(Ill) is rather low (<5%). This point
could make it possible to separate Cr(VI) from Cr(IIl) at the
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Fig. 1. Effect of pH on the recoveries of chromium species on Amberlite XAD-
2010 (N:3).

Table 1
Effect of the type of elution solution on the recovery of Cr(VI) (N:3, eluent
volume: 7.5 mL)

Type of elution solution Recovery (%)

1.0mol L~ HCI <5
2.0molL~! HCI <5
1.0mol L~! HNO; <5
2.0mol L~ HNO3 <5
Acetone 3241
Ethanol 2641
1.0mol L~! HCl in acetone 80+4
2.0mol L~! HCl in acetone 7245
1.0mol L~! HNOj in acetone 96+3
2.0mol L~ HNOj3 in acetone 9143

pH range of 2.0-4.0. All further works were performed at
pH 2.5.

3.2. Effect of ligand amount

Due to the amounts of chelating agent is one of the important
factor for the quantitative recoveries of analyte ions [28-30], the
effects of the sodium diethildithiocarbamate (DDTC) amounts
on the adsorption of Cr(VI) on the resin was investigated. The
recoveries of Cr(VI) was <10%, when DDTC was not added to
the solution. The recovery values increased with the addition
of DDTC. The quantitative values were obtained after 2.0 mg
(4mL of 0.05% (w/v)) of DDTC. After this point the recov-
eries were quantitative in all working range of DDTC. In all
further studies, 2.5 mg (5.0 mL of 0.05% (w/v)) of DDTC was
used.

3.3. Eluent type and volume

In order to elution of adsorbed Cr(VI) on the XAD-2010,
hydrochloric acid, nitric acid, acetone, ethanol and their com-
binations have been tested as eluent. The results were given in
Table 1. It was found that 1.0 mol L' HNO3 in acetone could be
used to elution of the adsorbed Cr(VI) on XAD-2010 column. In
all further works, 7.5 mL 1 mol L~! HNOj solution in acetone
was used.

3.4. Effect of amount of Amberlite XAD-2010

The influences of amounts of XAD-2010 on the retention
of Cr(VI) were investigated. The results were given in Fig. 2.
The recovery values for chromium (VI) were not quantitative
till 200 mg of XAD-2010. Quantitative recovery values were
obtained in the 200-600 mg range of XAD-2010. In all experi-
ments were performed with 250 mg of XAD-2010.

3.5. Influence of flow rate of sample

The flow rate of the sample solution affects the retention of
Cr(VI) complex on the adsorbent and the duration of complete
analysis. Therefore, the effect of the flow rate of sample solution
was examined under the optimum conditions. The flow rate of
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Fig. 2. Effect of resin amount on the recovery of Cr(VI) (N:3).

the sample solution was adjusted in a range 0.5-17.0 mL min~!

(Fig. 3). It was found that the retention of Cr(VI) was prac-
tically not changed up to 8.0mL min~! flow rate. Above this
value, the recoveries were decreased gradually. For that reason,
7.0mL min~! was chosen as the optimum flow rate.

3.6. Effect of sample volume

In order to deal with real samples, the maximum applicable
sample volume must be determined for the solid phase extraction
studies. Fifty to 300 mL of sample solutions containing 25 pg
of Cr(VI) were passed through the column under the optimum
conditions. The results are depicted in Fig. 4. The recovery of
Cr(VI) was approximately quantitative (>95%) up to 125 mL of
sample volume. Above 125 mL, the recovery decreased quickly
with increasing volume of sample. The adsorption of chromium
ions with 250 mg resin was not affected by sample volume till
125 mL. The highest preconcentration factor was 25 for analyte
ions when final volume was 5.0 mL.

3.7. Effect of diverse ions

In order to assess the possible analytical applications of
the recommended procedure, the effect of some foreign ions
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Fig. 3. Theinfluence of flow rate of sample solution on the recovery of chromium
(VI) from XAD-2010 (N:3).
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Fig. 4. Influences of sample volume on Cr(VI) retentions (N:3).

Table 2
Influences of some ions on the recovery of chromium (VI) on the XAD-2010
(N:3, V: 50mL)

Tons Concentration Recovery (%)
(mgL~h
Na* 10,000 96 + 3
K* 1,000 94 +5
Ca2* 1,000 94+ 6
Mg+ 1,000 97 £ 2
cl- 12,500 9 + 5
PO43~ 1,000 93 4+ 4
Nt 500 94 + 4
NO3~ 10,000 96 + 2
Cu?*, Ni%*, Cd?*, Co?*, Pb2*, Zn?* 10 9 + 4
Fe3*, Mn%* 20 9443
Mixed? 92 + 4

# The solution containing ions in this table altogether.

was examined. For this studies, 25 pg Cr(VI) was taken with
different amounts of foreign ions and recommended proce-
dure was followed. The results were given in Table 2. The
recoveries for Cr(VI) were not affected when the solution
contained sodium, magnesium, calcium, potassium, chloride,
sulfate, phosphate, nitrate and various metal ions. The toler-
able levels of the some heavy metal ions are suitable for the
separation and preconcentration of Cr(VI) in the real sam-
ples examined present study, because of the levels of tran-
sition metals in these samples are lower than their interferic
level.

Table 3
Determination of total chromium in spiked test solutions (N:3, V: 50 mL)
Added (pg) Found total Recovery
- chromium (p.g) (%)

Cr(V]) Cr(11I) Total chromium

0 25 25 243 £ 0.7 97

5 20 25 24.0 £ 0.9 96
10 15 25 239 £ 0.5 96
15 10 25 248 + 0.4 99
20 5 25 242 + 0.3 97
25 0 25 244 + 0.6 98
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Table 4
Determination of Cr(III), Cr(VI) and total chromium in tap water and river water (N:3, V:125 mL)
Sample Added (pg) Found (p.g) Recovery (%)
Cr(III) Cr(VI) Cr(I1D) Cr(VI) Total chromium Cr(III) Cr(VI) Total chromium
Tap water - - N.D.2 N.D. N.D. - - -
5 10 4.7+£0.1 10.1£0.2 14.8+0.2 94 101 99
10 5 9.7+£0.3 5.1£0.2 148+04 97 102 99
Degirmendere river water - - 3.0+0.1 N.D 3.0+0.1 - - -
5 10 7.7£0.2 94+£05 17.1£0.5 96 94 95
10 5 126 +£0.6 4.8+0.1 17.4+0.6 97 96 97
2 Not detected.
3.8. Determination of total chromium Table 5

In order to determination of total chromium, firstly model
solutions that contain different amounts Cr(VI) and Cr(III) were
prepared. Then Cr(III) ions in the model solutions were oxidized
to Cr(VI) by using H>O; in basic media according to procedure
given by Demirata [26]. Because of the quantitative recoveries
for Cr(VI) were obtained at pH 2.5, the pH of the basic solution
was adjusted to pH 2.5 by the addition of 0.1 molL~! HNO;
carefully. The pH of this solution was controlled by pH meter.
Then the procedure presented was applied to these solutions.
The results are given in Table 3. The results show that the pro-
posed method could be applied for the determination of total
chromium.

3.9. Capacity of XAD-2010 resin

In order to the adsorptive capacity of XAD-2010 resin, batch
method was used. 0.1 g Amberlite XAD-2010 resin was added
100 mL of solution containing 1.0 mg of chromium (VI) chelated
with DDTC, at pH 2.5. After shaking for 2h, the mixture
was filtered. Two milliliters of the supernatant solution was
diluted to 4 mL. Then chromium content was determined by
atomic absorption spectrometry. The capacity of sorbent was
440mgg~! Cr(VI).

3.10. Figures of merit

The detection limit (LOD) of the present work was calcu-
lated under optimal experimental conditions after application of
the preconcentration procedure to blank solutions. The limit of
detection for chromium (VI) based on three times the standard
deviations of the blank (k=3, N=20) was 1.28 pg L~

The precision of the determination of chromium (VI) was
evaluated under the optimum conditions mentioned above. For
this purpose, the procedure was repeated 10 times for chromium
(VI). It was found that the recovery of Cr(VI) was 96 + 3 at 95%
confidence level.

3.11. Applications

The proposed method was applied to the speciation of Cr(VI)
and Cr(III) in tap water and river water samples collected from
Trabzon. The tap water and river water samples were filtered

The level of total chromium in the standard reference material after application
of the presented procedure (N:3, V:50 mL)

Sample CRM-TMDW-500?
Certified (pgL~") 2040.1

Found (pgL™") 20.340.2
Recovery (%) 102

 Certified reference material trace metals in drinking water.

through 0.45 wum MFS membrane filter. The Cr(VI) and total
chromium were determined in unspiked and spiked tap water
and river water samples. For this purpose, Cr(VI) and Cr(III)
were added to all samples at different amount and proposed
method was applied. The obtained results were given in Table 4.
As can be seen from Table 4, the method could be applied suc-
cessfully for the separation, preconcentration and speciation of
trace amount of chromium in tap water and river water samples.
The accuracy of the results was quite satisfactory. Relative error
was lower than 6% for Cr(VI), Cr(III) and total chromium.

The accuracy of the proposed separation/preconcentration
method was examined by determination of total chromium
in certified reference drinking water materials (CRM-TMDW-
500). The results are given in Table 5. The results show that this
system provided analytical data within the ranges of the certified
values.

The proposed preconcentration method was applied to deter-
mination of chromium in environmental sample. The results
were given in Table 6.

Table 6
The level of chromium species in environmental after application of the pre-
sented procedure (N:3)

Sample Concentration (ug L™")

Chromium (IIT) Chromium (VI)
Tap water BDL? BDL
River water 24.0+£0.7 BDL
Sample Concentration (g L) (total chromium)
Moss (pgg™!) 1240.1
Rock (ngg=hP 147 £ 0.6

Uncertainty at 95% confidence limit.

2 BDL: below the detection limit.

b Total chromium content of rock was determined as 15.68 wg/g (R.S.D.: <5%)
by ACME Analytical Lab. (ISO 9002 Accredited Co.) in Canada.
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4. Conclusion

The speciation procedure presented for Cr(III) and Cr(VI) is
simple, facile and economic for their speciation and preconcen-
tration. Amberlite XAD-2010 resin can be used all throughout
the works without any loss in recovery values. The proce-
dure presented is comparable for the procedure in the literature
[16-21] with quantitative recovery values and lower detection
limit for chromium speciation.
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