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a b s t r a c t

A method for the separation and speciative determination of Cr(VI) and Cr(III) has been developed. The
procedure is based on coprecipitation of Cr(III) on 3-ethyl-4-(p-chlorobenzylidenamino-4,5-dihydro-
1H-1,2,4-triazol-5-one (EPHBAT) without carrier element. The Cr(III) can be selectively precipitated on
EPHBAT in the pH range of 8.0–9.0, while Cr(VI) cannot be retained. Total chromium was determined
eywords:
hromium
-Ethyl-4-(p-chlorobenzylidenamino-4,5-
ihydro-1H-1,2,4-triazol-5-one
peciation

after the reduction of Cr(VI) to Cr(III) with 0.5 mL of concentrated H2SO4 and 0.5 mL of ethanol. Cr(VI)
concentrations were obtained as the respective differences between total chromium and Cr(III). Exper-
iments were performed to optimize conditions, such as pH, amounts of EPHBAT, sample volume, etc. A
preconcentration factor of 50-fold was achieved for Cr(III). The detection limit of the method for Cr(III)
was 1.0 �g L−1. To validate the developed method, the certified reference materials (NIST SRM 1573a and
GBW 0703) were analyzed. The method was applied for the speciation of chromium in spiked natural

factor
lame atomic absorption spectrometry water samples with satis

. Introduction

Heavy metals (HMs) pollution is of great concern because their
oxicity threatens the human life and the environment [1–5]. In
he determinations of heavy metals at trace levels, atomic absorp-
ion spectrometry and atomic emission spectrometry are the main
nstrumental techniques [6–10]. However, the determination of dif-
erent species of heavy metals by atomic absorption spectrometry
nd atomic emission spectrometry are not directly possible [10–14].
n order to overcome this difficulty, the speciation procedures have
een immensely developed by researchers [15–20]. The speciation
rocedures require both a separation/preconcentration processes
nd selective removal of one of the species before determinations
18–23].

Chromium participates in different metabolic routes; how-
ver, at high concentrations it is toxic for many living organisms
24–28]. Chromium usually occurs in two different forms, Cr(III)

nd Cr(VI). The Cr(VI) is extremely toxic and may cause contact
llergic dermatitis on the skin and may also be a trigger for many
iseases [29,30]. Chromium(III) assisted different enzymatic reac-
ion in human body such as regulate functioning glucose, lipid, and

∗ Corresponding author. Tel.: +90 352 4374933; fax: +90 352 4374933.
E-mail addresses: soylak@erciyes.edu.tr, msoylak@gmail.com (M. Soylak).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.07.021
y results.
© 2009 Elsevier B.V. All rights reserved.

protein metabolism [29–35]. For the determination of chromium
species, Cr(III) and Cr(VI), different separation-enrichment tech-
niques including solvent extraction, membrane filtration, cloud
point extraction, solid phase extraction and coprecipitation have
been used [19–22,36–39].

The complexing regent, 3-ethyl-4-(p-chlorobenzylidenamino-
4,5-dihydro-1H-1,2,4-triazol-5-one (EPHBAT) was recently synthe-
sized and characterized by Kahveci et al. [40]. It was firstly used in
the presented work as coprecipitant for the speciation and precon-
centration of chromium species in environmental samples.

2. Experimental

2.1. Instrumental

A PerkinElmer AAnalyst 700 (Norwalk, CT, USA) atomic absorp-
tion spectrometer with deuterium background corrector, equipped
with a chromium hollow cathode lamp operated at 25 mA, was
used throughout this work. The wavelength and spectral band pass
were set at 357.9 nm and 0.7 nm, respectively. A 10 cm long slot-

burner head and an air–acetylene flame were used. The nebulizer
uptake rate was adjusted to give the optimum response for conven-
tional sample aspiration, the resulting rate being 6.0 mL min−1. An
acetylene flow rate of 2.5 L min−1 was used with an air flow rate of
17.0 L min−1.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:soylak@erciyes.edu.tr
mailto:msoylak@gmail.com
dx.doi.org/10.1016/j.jhazmat.2009.07.021
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A pH meter, Sartorius pp-15 Model glass-electrode was
mployed for measuring pH values of the aqueous phase. Mile-
tone Ethos D closed vessel microwave system (maximum pressure
450 psi) was used.

.2. Reagents and solution

All chemicals used in this work, were of analytical reagent
rade and were used without further purification. Double deion-
zed water (Milli-Q Millipore 18.2 M� cm−1 resistivity) was used
or all dilutions. The glassware used was soaked in 10% (v/v) HNO3
olution for one day before used then cleaned repeatedly with dis-
illed/deionized water. For storage of water samples, polypropylene
ottles were used prior to analysis.

Stock solutions of Cr(III) and Cr(VI) (1000 mg L−1) were prepared
rom Cr(NO3)3 in 0.5 mol L−1 HNO3 and K2CrO4 in water, respec-
ively. The standard solutions used for calibration were prepared
y diluting a stock solution of 1000 mg L−1 of the given element
upplied by Sigma (Chem. Co., St. Louis). Stock solutions of diverse
lements were prepared from high purity compounds. The cal-
bration standards were not submitted to the preconcentration
rocedure.

The EPHBAT used as a coprecipitating agent was synthesized
s reported elsewhere [40]. For separation and preconcentration
ethod, 0.5% (w/v) EPHBAT solution was prepared in ethanol. The

ertified reference materials used in the experimental studies were
IST SRM 1573a Tomato Leaves and GBW 0703 Bush Branches and
eaves.

Ammonium acetate buffers (0.1 M) were prepared by adding
n appropriate amount of acetic acid to ammonium acetate solu-
ions to result in solutions of pH 4–6. For pH 7, sodium borate
0.1 M) buffer solution was used. Ammonium chloride buffer solu-
ions (0.1 M) were prepared by adding an appropriate amount of
mmonia to ammonium chloride solutions to result in solutions of
H 8–10.

.3. Test procedure

1.0 mL of EPHBAT (0.5%, w/v) was added into a 50 mL of aque-
us solution containing 20 �g of chromium(III) ions. The pH of the
olution was adjusted to 8.0. After standing 10 min, the solution was
entrifuged at 3500 rpm for 30 min. The supernatant was removed.
he precipitate remained adhering to the tube was dissolved with
.5 mL of concentrated HNO3. Final volume was completed up to
mL with deionized water, and then the content was subjected to

AAS by conventional aspiration for the determination of under-
tudy analyte ions.

Total chromium was determined as Cr(III) by the method
escribed above after reducing Cr(VI) to Cr(III). The reduction of
r(VI) to Cr(III) was performed by the addition of 0.5 mL of concen-
rated H2SO4 and 0.5 mL of ethanol [30]. Cr(VI) concentrations were
btained as the respective differences between total chromium and
r(III). The optimum conditions for separation of Cr(III) from Cr(VI)
nd for preconcentration of Cr(III) have been determined by using
he test procedure given above.

.4. Applications

The water samples analyzed were filtered through a Millipore
ellulose membrane of pore size 0.45 �m. The samples were stored
n polyethylene bottles and acidified to 1% with nitric acid and were

ubsequently stored at 4 ◦C in a refrigerator. Before the analysis,
he pH of the samples were adjusted to 8. Then procedure given in
ection 2.3 was applied.

Prior to preconcentration step for solid samples analyzed, NIST
RM 1573a Tomato Leaves, GBW 0703 Bush Branches and Leaves,
Fig. 1. Effect of pH on Cr(III) and Cr(VI) recoveries (N = 3).

wheat, black tea and tobacco were acid digested with microwave
oven. Digestion conditions for microwave system for the sam-
ples were applied as 2 min for 250 W, 2 min for 0 W, 6 min for
250 W, 5 min for 400 W, 8 min for 550 W, vent: 8 min, respectively
[41–43].

NIST SRM 1573a Tomato Leaves and GBW 0703 Bush Branches
and Leaves standard reference materials (0.25 g) and wheat (1.00 g),
tobacco (1.00 g) and black tea (1.00 g) samples were digested with
6 mL of HNO3 (65%), 2 mL of H2O2 (30%) in microwave digestion
system and diluted to 50 mL with deionized water.

After microwave digestion, the volume of the sample was made
up to 25.0 mL with deionized water. Blanks were prepared in the
same way as the sample, but omitting the sample. The preconcen-
tration procedure given above was applied to the samples. The final
volume was 2.0 mL.

3. Results and discussion

3.1. Influences of pH

The effect of pH on the recoveries of Cr(III) and Cr(VI) ions on
EPHBAT precipitate were studied in the pH range of 4.0–10.0. Each
pH was adjusted by using related buffer solutions. The results were
given in Fig. 1. The quantitative recovery values were achieved for
Cr(III) in the pH range of 8.0–9.0 but the quantitative recovery val-
ues were not obtained for Cr(VI) in the pH range of 4.0–10.0. Based
on the result of optimum recovery, pH 8 was selected as working
pH for all further coprecipitation works.

3.2. Influences of amount of EPHBAT

The effects of amount of EPHBAT on the recovery of Cr(III)
were also investigated at pH 8.0. Different amounts of EPHBAT
were tested and the results were given in Fig. 2. The recoveries
of Cr(III) were not quantitative (67%) without adding EPHBAT. The
results show that the recovery of Cr(III) increased with increasing
amounts of EPHBAT; and reach to quantitative values at 5 mg of
EPHBAT. For further works, 5 mg (1.0 mL of 0.5%, w/v) of EPHBAT
was used.

3.3. Centrifugation time
The influences of the centrifugation time on the recoveries of
the analyte ions were investigated in the range of 5–30 min at
3500 rpm. Quantitative recoveries were obtained for Cr(III) in the
range of 20–30 min. All further studies were performed for 30 min
centrifugation time at 3500 rpm.
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Table 2
Influences of some foreign ions on the recoveries of Cr(III) (N = 3).

Ion Added as Ratio of analyte to
matrix ions

Recovery (%)

Na+ NaCl 10000 96 ± 2a

K+ KCl 2500 97 ± 2
Ca2+ CaCl2 1500 95 ± 2
Mg2+ MgCl2 1500 95 ± 1
Cl− NaCl 15000 95 ± 3
F− NaF 125 95 ± 2
NO3

− KNO3 1500 97 ± 3
SO4

2− Na2SO4 1500 96 ± 2
PO4

3− Na3PO4 125 95 ± 3
Mn2+ MnSO4 50 96 ± 3
Fe3+ FeCl3 50 97 ± 2
Cu2+ CuSO4 50 97 ± 2
Pb2+ Pb(NO3)2 50 96 ± 2
Zn2+ ZnSO4 50 99 ± 4
Cd2+ Cd(NO3)2 50 98 ± 3
Fig. 2. Effect of quantity of EPHBAT on the recoveries of Cr(III) (N = 3).

.4. Effect of sample volume

The effect of sample volume on the recovery of chromium(III)
ons on the coprecipitation system was analyzed. The sample
olumes were investigated at pH 8.0 range of 25–250 mL. The
recipitate EPHBAT was added to sample and after precipitation
f analyte ions and then the solution subjected to centrifuged at
500 rpm for 30 min. The precipitate was dissolved with 0.5 mL of
oncentrated HNO3. Final volume was made 2 mL with deionized
ater, and then the content was analyzed by FAAS for the determi-
ation of analyte ions. The results are given in Table 1. The analyte

ons quantitatively recovered from up to 100 mL of sample volume.
he preconcentration factor is calculated by the ratio of the high-
st sample volume (100 mL) and the lowest final volume (2 mL)
or Cr(III) at pH 8.0. The preconcentration factor was calculated as
0.

.5. Effect of divers ions

The influences of matrix ions were investigated on the recoveries
t optimum values of other variables. The maximum concentrations
f the various matrix ions were selected and investigated. There was
o significant effect of matrixes ions was observed on the quantita-
ive recovery of Cr(III).The results are listed in Table 2. The presented
rocedure could be applied to the speciation and preconcentration
f Cr(III) and Cr(VI) at pH 8.0 with 1.0 mL of 0.5% (w/v) of EPHBAT
n ratio of analyte to matrix ions. The tolerance limit of foreign ions
as taken as that value which caused an error of not more than
5% in the absorbance. The ions normally present in water do not

nterfere under the experimental conditions used. Also, some of the
ransition metals at 100 mg L−1 did not interfere with the recover-

Table 1
Effects of sample volume on Cr(III) recover-
ies (N = 3).

Sample volume
(mL)

Recovery (%)

25 97 ± 2a

50 95 ± 3
100 95 ± 2
250 70 ± 3

a Mean ± standard deviation.
Ni2+ NiSO4 50 95 ± 2
Cr6+ K2Cr2O7 125 95 ± 3

a Mean ± standard deviation.

ies of the analyte ions. Cr(III) recoveries were quantitative at the
presence of 250 mg L−1 Cr(VI).

3.6. Determination of total chromium

In order to investigation of total chromium, firstly model
solutions were prepared. These model solutions were contained dif-
ferent amounts of Cr(III) and Cr(VI). After Cr(VI) ions in the model
solutions were reduce to Cr(III) were performed by the procedure
given by Bulut et al. [30]. The reduction of Cr(VI) to Cr(III) was per-
formed by the addition of 0.5 mL of concentrated H2SO4 and 0.5 mL
of ethanol to the water samples and applied to coprecipitation pro-
cedure then precipitate dissolved in acid solution and total Cr(III)
was analyzed by FAAS. The results are shown in Table 3. The results
show that this method could be applied for the determination of
total chromium.

3.7. Figure of merits

Calibration curve was linear in the range of 0.5–10 �g mL−1.
Regression equation was A = 0.0245C + 0.0011 with (R2 = 0.9998).
The limit of detection, defined as the concentration equivalent to
three times the standard deviation (n = 21) of the reagent blank.
The detection limit (LOD) of this work was calculated as 1.0 �g L−1

under optimal experimental conditions. The precision of the deter-
mination of Cr(III) was evaluated under the optimum conditions
mentioned above for this procedure. The recovery values for the
analyte ions were in the range of 95–99% at 95% confidence level.
The relative standard deviation (RSD) was calculated <8%. Relative

error was found to be lower than 4%. These values were quantita-
tive and it shows that this coprecipitation method can be applied
for the speciation and preconcentration of Cr(III) and Cr(VI) ions in
real samples at pH 8.0 with using 1.0 mL of 0.5% (w/v) of EPHBAT.

Table 3
Total chromium determinations in spiked test solutions (volume: 50 mL, N = 4).

Added (�g) Found (�g) Recovery (%)a

Cr(III) Cr(VI) Cr(III) Cr(VI) Total Cr Cr(III) Cr(VI) Total Cr

0 30 – 29.3 ± 0.9 29.3 ± 0.9 – 98 ± 2 98 ± 2
10 20 9.7 ± 0.5 19.4 ± 0.8 29.1 ± 0.8 97 ± 2 97 ± 2 97 ± 2
20 10 19.3 ± 0.9 9.6 ± 0.4 28.9 ± 0.9 97 ± 3 96 ± 2 96 ± 2
15 15 14.5 ± 0.7 14.2 ± 0.6 28.7 ± 0.8 97 ± 2 95 ± 2 96 ± 2
30 0 28.7 ± 0.9 – 28.7 ± 0.9 96 ± 2 – 96 ± 2

a Mean ± standard deviation.
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Table 4
Speciation of Cr(III) and Cr(VI) and total chromium in some natural water samplesa (sample volume: 100 mL, N = 4).

Samples Added (�g) Found (�g) Recovery (%)

Cr(III) Cr(VI) Cr(III) Cr(VI) Total Cr Cr(III) Cr(VI) Total Cr

Tap water – – 1.1 ± 0.1 BDL 1.1 ± 0.1 – – –
3.0 3.0 3.9 ± 0.2 2.9 ± 0.2 6.8 ± 0.3 95 ± 2 97 ± 2 96 ± 2
5.0 5.0 6.0 ± 0.4 4.8 ± 0.3 10.8 ± 0.5 98 ± 2 96 ± 2 97 ± 2

Hot mineral spring water – – 1.5 ± 0.1 0.5 ± 0.1 2.0 ± 0.1 – – –
3.0 3.0 4.3 ± 0.2 3.4 ± 0.2 7.7 ± 0.4 96 ± 2 97 ± 2 96 ± 2
5.0 5.0 6.3 ± 0.4 5.2 ± 0.3 11.5 ± 0.8 97 ± 2 95 ± 2 96 ± 2

Sea water – – 1.3 ± 0.1 BDL 1.3 ± 0.1 – – –
3.0 3.0 4.1 ± 0.2 2.9 ± 0.1 7.0 ± 0.3 95 ± 2 97 ± 2 96 ± 2
5.0 5.0 6.0 ± 0.3 4.9 ± 0.2 10.9 ± 0.6 95 ± 2 98 ± 2 96 ± 2

BDL: below detection limit.
a Mean ± standard deviation.

Table 5
The level of total chromium in certified reference materials and environmental samples after application of the presented procedure
(N = 4).

Reference material Certified value Our value Relative error (%)

NIST SRM 1573a Tomato Leaves (�g g−1) 1.99 1.93 ± 0.10 −3.0
GBW 0703 Bush Branches and Leaves (�g g−1) 2.6 2.50 ± 0.15 −3.8
Wheat (�g g−1) – 1.10 ± 0.10 –
Black tea (�g g−1) – 1.49 ± 0.12 –
Tobacco (�g g−1) – 1.98 ± 0.15 –

Mean expressed as 95% tolerance limit.

Table 6
Characteristic performance of some recent studies on chromium speciation using coprecipitation.

Detection system Precipitant Carrier element pH PF DL (�g L−1) RSD (%) Reference

FAAS 5-Chloro-3-[4-(trifluoromethoxy) phenylimino]indolin-2-one – 8.0 40 0.7 <5 [30]
GFAAS 8-Quinolinol/tannic acid Pd 5.1–5.3 – 0.02 <1 [47]
FAAS Ethyl xanthate complex – 2.5 100 0.5 3.1 [48]
FAAS – Tm 12.0 200 0.87 <10 [49]
FAAS and ICP-MS 9-Phenyl-3-fluorone Cu 7.0 30 6.1 <2.8 [50]
FAAS 5-Chloro-2-hydroxyaniline Cu 8.0 50 1.2 <5 [51]
GFAAS – Tb 9.0 – 0.3 3.2 [52]
FAAS – Ce 6.0 200 0.18 1.6–8.0 [53]
G
F azol-5

P

3

c
s
e
r

d
L
(
T
w

4

h
t
c
p
C
a
c

FAAS PDC
AAS 3-Ethyl-4-(p-chlorobenzylidenamino-4,5-dihydro-1H-1,2,4-tri

F: preconcentration factor; DL: detection limit.

.8. Determination of chromium in real samples

We have investigated this procedure for speciation and precon-
entration Cr(III), Cr(VI) and total chromium ions in some water
ample and real samples. The water samples (tap water, hot min-
ral spring water and sea water) results are given in Table 4. The
ecovery of water samples results were obtained satisfactorily.

Also this coprecipitation method was applied to microwave
igested standard reference materials (NIST SRM 1573a Tomato
eaves and GBW 0703 Bush Branches and Leaves) and real samples
wheat, black tea and tobacco) for total chromium determination.
he results are given in Table 5. The results are in good agreement
ith certified values for chromium.

. Conclusion

Trace elements play important negative and positive roles in
uman life [44–46]. EPHBAT is firstly used in the presented work for
he coprecipitation of chromium species in natural water samples,

ertified and other real samples. A comparison of the presented
rocedure and some recent speciation procedures for Cr(III) and
r(VI) in the literature were given in Table 6. The detection limits
nd preconcentration factors are superior than some of the precon-
entration/separation techniques [30,47–57]. This method is very
Pb 9.0 15 0.02 3.9 [54]
-one – 8.0 50 1.0 <8 This work

simple, rapid and low cost. Only 2.0 g of EPHBAT is used in all the
experiments. Matrixes ions effect were negligible.

Acknowledgement

The authors would like to thank the Scientific and Techni-
cal Research Council of Turkey (TUBITAK) for financial helps. The
authors are grateful for the financial support of the Unit of the Sci-
entific Research Projects of Gaziosmanpasa University and the Unit
of the Scientific Research Projects of Erciyes University.

References

[1] Y.K. Rui, J.B. Shen, F.S. Zhang, Y. Yan, J.Y. Jing, Q.F. Meng, Application of ICP-MS
to detecting ten kinds of heavy metals in KCl fertilizer, Spectrosc. Spect. Anal.
28 (2008) 2428–2430.

[2] A. Sasmaz, The distribution and accumulation of selenium in roots and shoots
of plants naturally grown in the soils of Keban’s Pb-Zn-F mining area, Turkey,
Int. J. Phytoremediat. 11 (2009) 385–395.

[3] V.I. Slaveykova, I.B. Karadjova, M. Karadjov, D.L. Tsalev, Trace metal speciation
and bioavailability in surface waters of the Black Sea coastal area evaluated by

HF-PLM and DGT, Environ. Sci. Technol. 43 (2009) 1798–1803.

[4] J.A. Da-Col, S.M.A. Domene, E.R. Pereira-Filho, Fast determination of Cd, Fe, Pb,
and Zn in food using AAS, Food Anal. Meth. 2 (2009) 110–115.

[5] Y.K. Das, A. Aksoy, R. Baskaya, H.A. Duyar, D. Guvenc, V. Boz, Heavy metal levels
of some marine organisms collected in Samsun and Sinop coasts of Black Sea,
in Turkey, J. Anim. Vet. Adv. 8 (2009) 496–499.



zardou

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

O.D. Uluozlu et al. / Journal of Ha

[6] M.G. Yalcin, Cluster analysis approach to identify metal sources in bottom sed-
iments of Sultan Marsh canals, Turkey, Int. J. Environ. Health 3 (2009) 106–125.

[7] J. Slivkova, M. Popelkova, P. Massanyi, S. Toporcerova, R. Stawarz, G. Formicki,
N. Lukac, A. Putaa, M. Guzik, Concentration of trace elements in human semen
and relation to spermatozoa quality, J. Environ. Sci. Health 44A (2009) 370–375.

[8] M. Kacaniova, V. Knazovicka, M. Melich, M. Fikselova, P. Massanyi, R. Stawarz,
P. Hascik, T. Pechociak, A. Kuczkowska, A. Putala, Environmental concentration
of selected elements and relation to physicochemical parameters in honey, J.
Environ. Sci. Health 44A (2009) 414–422.

[9] M.K. Jamali, T.G. Kazi, M.B. Arain, H.I. Afridi, N. Jalbani, G.A. Kandhro, A.Q. Shah,
J.A. Baig, Heavy metal accumulation in different verities of wheat (Triticum aes-
tivum L.) grown in soil amended with domestic sewage sludge, J. Hazard. Mater.
164 (2009) 1386–1391.

10] M.K. Jamali, T.G. Kazi, M.B. Arain, H.I. Afridi, N. Jalbani, G.A. Kandharo, A.Q.
Shah, J.A. Baig, Speciation of heavy metals in untreated sewage sludge by
using microwave assisted sequential extraction procedure, J. Hazard. Mater.
163 (2008) 1157–1164.

11] S.Y. Ly, M.J. Kim, Diagnostic assay of chromium (VI) in the ex vivo fluid of the
urine of a smoker using a fluorine-doped handmade sensor, J. Clin. Lab. Anal.
23 (2009) 82–87.

12] A.A. El-Bayaa, N.A. Badawy, E.A. AlKhalik, Effect of ionic strength on the adsorp-
tion of copper and chromium ions by vermiculite pure clay mineral, J. Hazard.
Mater. (2009), doi:10.1016/j.jhazmat.2009.05.100.

13] C.-H. Weng, Y.C. Sharma, S.-H. Chu, Adsorption of Cr(VI) from aqueous solutions
by spent activated clay, J. Hazard. Mater. 155 (2008) 65–75.

14] M. Ghaedi, K. Niknam, A. Shokrollahi, E. Niknam, Determination of Cu, Fe, Pb and
Zn by flame-AAS after preconcentration using sodium dodecyl sulfate coated
alumina modified with complexing agent, J. Chin. Chem. Soc. 56 (2009) 150–157.

15] S. Kalidhasan, N. Rajesh, Simple and selective extraction process for
chromium (VI) in industrial waste water, J. Hazard. Mater. (2009), doi:10.1016/
j.jhazmat.2009.05.071.

16] P. Sun, Z.-T. Liu, Z.-W. Liu, Chemically modified chicken feather as sorbent for
removing toxic chromium(VI) ions, Ind. Eng. Chem. Res. 48 (2009) 6882–6889.

17] M.S. Hosseini, A. Hosseini-Bandegharaei, H. Raissi, F. Belador, Sorption of Cr(VI)
by amberlite XAD-resin impregnated with brilliant green and its determina-
tion by quercetin as selective spectrophotometric reagent, J. Hazard. Mater. 169
(2009) 52–57.

18] L. Yao, Z.-F. Ye, M.-P. Tong, P. Lai, J.-R. Ni, Removal of Cr3+ from aqueous solution
by biosorption with aerobic granules, J. Hazard. Mater. 165 (2009) 250–255.

19] H. Bag, A.R. Turker, M. Lale, A. Tunceli, Separation and speciation of Cr(III) and
Cr(VI) with Saccharomyces cerevisiae immobilized on sepiolite and determina-
tion of both species in water by FAAS, Talanta 51 (2000) 895–902.

20] X.H. Bai, Z.F. Fan, Determination of chromium (III) in natural water samples
utilizing capillary micro-extraction on nanometer zirconium phosphate coating
coupled to electrothermal atomic absorbance spectrometry, J. Environ. Monit.
11 (2009) 326–329.

21] D. Baralkiewicz, H. Gramowska, M. Kozka, Determination of speciation of Cr(III)
and Cr(VI) in water by selective retention on chelating resin and electrothermal
atomic absorption spectrometry (ETAAS), Chem. Anal. 49 (2004) 905–913.

22] A. Tunceli, A.R. Turker, Speciation of Cr(III) and Cr(VI) in water after preconcen-
tration of its 1,5-diphenylcarbazone complex on amberlite XAD-16 resin and
determination by FAAS, Talanta 57 (2002) 1199–1204.

23] I. Narin, M. Soylak, K. Kayakirilmaz, L. Elçi, M. Dogan, Speciation of Cr(III) and
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